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Hermaphroditism in a Sea Urchin,

Strongylocentrotus intermedius

Ken-ichiro TAJIMA and Kyoji TOMITA
(Hokkaido Wakkanai Fisheries Experimenial Station)

Only two hermaphroditic individuals of a sea urchin, Stromgylocenirotus intermedius,
were found among 1,352 specimens collected to determine the seasonal reproductive cycle of
the animal in northern Hokkaido. One was found among 1,069 specimens at Rebun Island. The
other was found among 283 specimens at Sova, Wakkanai City. Standard histological techniques
were used to prepare stained section of gonads for detailed microscopic examination. Each

gonad contained female and male fractions, being mainly female.

VoI ARBERATHY, TNTRIIFChETIBEREHARIFEMEshTWE, LAL,
Strongylocentrotus TZ DM BIL S. droebachiensis', S.franciscanus?, S.purpuratus®® TWE
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Fig. 1. Map of northern Hokkaido showing positions of localities at which hermaphroditic sea

urchins were taken.

Table 1. Strongylocentrotus intermedius. Measurements of two hermaphroditic sea urchins.

’ T i el i
Locallty Dete:of eolisction est diameter Total weight Gonad weight

(cm) ® (=)
Rebun [s. Aug. 11, 1973 5.8 76.1 16.4
Soya Aug. 13, 1975 5.0 56.8 54
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BHREEh LS54 (Platel —C)o ZOEEOEMMD K FRERRS T REVES 7, HIEHT & LRREHT S
2%

FETHBEFEDZ /7 o7 FREENLZOLBATHY, ZOEKIERINFCETOMFFIZLA
HTETHMMICHE I EAZ, LA LHEEFEFNRECLZ BIES7E B N3211T, K¥iE
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Plate . Sirongylocentrotus intermedius. (A) Photomicrograph of the section showing two
areas of ovarian and testicular lobules, from Rebun Island. x 20. (B) Ovarian lobules

in the same section as above. X65. (C) Testicular lobules in the same section as

above. X65. (D) Photomicrograph of the section showing two areas of ovarian and
testicular lobules, from Soya. x40, (E) Ovarian lobules in the same section as above.

x 150, (F) Testicular lobule in the same section as above. x150.

OC=o00cyte; OV=ovum; SC=spermatocyte; ST=spermatid; SZ=spermatozoon.
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Maturity, seasonal and diurnal variation of occurrence sprouting
sporophytes in Laminaria japonica var. ochotensis OKAMURA

Yoshiaki NIIHARA, Shin-ichi NABATA, Minoru MATSUYA®*and Fumio TAKEI

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

To find a way to overcome an irregular annual yield, which has been the largest fault in Lami-
naria japonica var. ochotensis in northern Hokkaido, we studied the fertile season of sporangial
sori, seasonal and the diurnal variation of sprouting sporophytes of the species at Misaki, Rishiri
Island, during the period from September 1976 through April 1979. The results obtained are summa-
rized as follows:

1. On 1-year-old plants in shallow areas, the sporangial sori appeared from early September
through the following April with a peak in mid-October or in November.  They appeared between late
July through late November on a 2-year-old plant.  The plants in the deeper areas matured once a
year in autumn.

2. Two seasonal peaks could be found in the sprouting sporophytes. The first peak was found
during the mature period of both l-year and 2-year-old plants, between October and December. The
second peak was seen between March through May, however, the amount of this occurrence seemed
to be small, about 10 % of the former. The period of these peaks were usually changeable for the
year.

3. The zoospores were understood to be shedding during night, after sunset and before sunrise,
on the basis of two observations in the autumn,

4. Acrochaetium sp. abundantly occurred during sprouting season of the Laminaria.

¥ z2 ¥ &

deiEE o BAREGRILE o4 F— v 7SR AT THMAT 2 ) ¥ ) a7 (Laminaria japonica
var. ochotensis OKAMURA:E, Jbigd#ifi#lic #1133 » 7 (L. jeponica ARESCHOUG) |2k ¢HE
LEERETH S, EMEERIGBRIED T THZ, 500k » Th- T, EMIITEH40% D1, 000 F » »HE
s, 515, TOLREEMMBICH-ZFME, ILEL ETIH0%H566% L W IEMEL L30T,
fER, ZORMVEREHPAGIIEYTARAOMBEE LTEESA TS, ZOBXOBEK B L, LE
Y HCES A98 (19804E 1 H19H 2B
AR K A R T 0 R
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LENELZIP2 00K ERASNEH, hTEaY T/ 474 L5 (Ceinina japonica STEPH-
ENSEN) 12k 3 U2y 7OMEFELIFEML 2T (1947), 6 (1962), ) ¥ )23y 7OEFROK
LEMoPIZL TERED O K E 2015 20 O MBS 288 L Z2BHFES(1967), 1223y 724EH
ERRERNZ 5y 1, HEPSICRIESRE L HBRMEORE Y S BXIO Tl £ A& 2 HIR(Q970), H3WidY Y
Iy TOHK LS, AKENOHBR, s OBOBFEI IOV TR ST - HE (1977 & X
Ak B,

FEHESL) ) Ay TORFEOBBEIIOWTOBRELRFONMUIA»SIT ) 2 &124Y, 20HBLIHES
FHitE L O S AFEOS T M MBI EEOEEBII o THENK S LEL, ATERARAVT
FEEERL 2. 72, HHORTEOTO I BEOBICRI 2 Fiinl, REMNIZZCSL Tl S ETTO
BFEA»S, FHOFRMEFT S THIIELALLED, FOIMLAL, BFEOEMMIZZhi%kts
Z &, WEETOHE, BFGHHIEA (1971) AHBIO) )2y TTHELAOLFERIIK»SMALE
EDLW/AHET L, HAMMEIZDWTAS L, #ETIHM BB EhEmAH 5, HHWEIZE-
DTEET 5.

Z AR ORH & 02272 o 2 dbiEE KRR EES O RS L CREOBEE R T L L L0, BEICIH
h %&b - 7= B S P A E Sl i RS 0BG, Ml A SR E 20, £ RS A OH
GHERB RS CE@LERL LT3,

7 &

AR 3 R B O f i S iR T A FRETLEE TR TH 5 (Fig. 1). FOIMBREEOHE1Z 2
F 2= NHARTO.5m DR A RO TIRE L 220 BT ¥ 7OF O 5 BEEAE £ B A#9300m, 7K R30m
DFFTIT - TV EMREM (BRAFH Sm) OLDEMERAL A, 2 ¥ 7ORFHEOREZKE 0.5m D
WE»SBBEOERZEEL, 5’ DHBHRERC T L2, B sh 2t FHE2RET 31245 T
HE2mmDERLZT 7 )LBIEHRA A5 4 FH T AOKEE (75%25mm) 12809, 5 7 ¥ (100X 90 X 15mm)
C2HA3MER b0 ) X THEL LD EFENL L THWA (Fig 2-a), RFHEEFHROBEED
REIA 20020, KEMLSm OBERFEOBAMIZH VT, FARES & FHRE0 3m,0.5m B U 1m 2
AL e ZOMERIIIT6HEI0H H 51979 A H  TECHE L 0 £ 72, laF 338 o A RED % 5
4791z, 1978 10H17—18H L 11H14—15H (Z[EHess T, HMERIZH /- 5 6054 3LHE 12, 6 RFMIMBR T 4
], FREHZOERETE 7 (Fig. 2-b),

CHSIREROT 7 ) LBHERITARI00mIOMES & v — L IZA#, ESI H3# (TATEWAKL, 1966) %
LR T/RIRI0C, HBEEZ, 500—3, 000Lux, RAMIL4ESR O F @R T A O S F TR 21T 47
HWEMBLAARVIAAKRIII > 7ORTFHRABATEINEZRBFHEE L, &61023 7S OBHROHE
B4 AEMN (5 X5mmHE) &AL Tll- 2. &4, T2 7OMEE IZZEH - PE (1966) DHET
AFNTN—DT 23— EHE T E & et L TIT % - 72, REKE T D 1 [0, [ T~ B -
FLHER, @S S e A8 S OB A H v 7,

# R & £ K

1. FOIWEDRK.

ExO0SmOIERI Y 7IR9A L 6 FO I 8E2 2T LY, 10AFEIZ L2 ERE MO IZER
xh3 (Table 1) =03 ¥ 7HFOBEERLIEIZE, FEHOBESICFOIRERL TEET S, 2
DIHES I FOIMABH LN AL 20 EBENI—A4HTHS, —F4, 2EAI>7TIE, THATH
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A map showing the location of Misaki, Rishiri Island.
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Fig. 2. The collector with acrylic-plates used for examination.

(a) A collector with two acrylic-plates.

(b) A collector set up for the study.

PEFOIROERSFEE N, BEOFETSIATHE CEIOMRENFEDSNS, £/, Table 112k h
W, M TOFOIMIEART L 7ENH pABL ETHET 3. &5 CEROFRT » 71, 12
FoTHETOMBRIEIHZ L0, FHOLOENBLATTOIMABKTAMAINE L TH S,
AHENDEH T » 7ORMKIZMET 3853 Table 2 ZRTMOTHS, ThALHME 24 LS ZHEH
HDZHPMENI VA4 >3 »7 (L. angustata KIELLMAN) T 1 EEA»5 3EHT » 7% CHEThIT 4
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HESRUNOFTXTOFERIZFO IHOEKHIED 5 Tws (HASEGAWA, 1962), £ 7-, HIH 1E 2
(1971) I2&khuE, #BEY L V3> 7 TR THTEH»SREIHETTOIMOHFEIRE STV,
BiFEIZA (1967) G 1ERY V3> 73—MIZ9A >S5, 2BV Y3 7TRTHDE»5FO 58
DEEENSZLE2LZTED, &5, GARIZEZMENHSBIETIL4RHI26%, 5HIZ1T%, 6HI35
%DEIZFOIHNDEREZRH TS5, 72, BEN - HF (1958) $9#@n I 74 370 14%H, 2
FHEEFEEL TOIHME, FOIREATIMAES b2 TBETOREPIT2bA, Fhiz(
STREEOERENDHEZ Z L i Tvd, WESWE, 2L -4 AOFKMRI Y TES HOBMT »
TholE AR E S LA TE, RESenOFFIZE TSI LA TEL, £, 6HIZE, oo
AFEIFAT L TRRIRIILABELRI AT TETFO BRI EREATVIDEA 1, B, EX
D@L, SHOMEEHLS, V) A TERBECHOANFOIROGFEFWETEILDLVE L),

2. RFARFBOBFEER

WEETEFREE ST L, R BRMEC L THRFL 223 2 7IF19765E10H 2 51979 4 B 12 1 THSE
a2 (Fig. 3)e TS oL LI, BEMOLEWIEHEKASLX (BIM &, & (BIH o
2E@EBsht, 4, MASEAOREVEOHAA5 L, 1976 CIE11—12H T¥— 7 1211H T, 1977

Table |. Seasonal and vertical changes in the rate of fertile fronds (%), on l-year-old and
2-year-old plants (Most 2-year-old plants consist of 1-year-old and 2-year-old

parts after autumn).

I;ahitat Natural rocky bed ?;g;‘i‘l“tr;
Date m) 0.5 1 2 3 5 id 10 5
Sep. 29, 1976 90 - - - - = = —
Nov. 24,1976 | 100 - = - e = - o
Feb. 8, 1977 95 — — — = = — 80
Mar. 15,1977 | 27 - = - - s = 3
Mar. 31, 1977 0 — — = — — - —
May. 20, 1977 0 — — — = - = 2
Sep. 8, 1977 8 — — - == _— = s
Sep. 30, 1977 100 — — — — — = —
Oct 22,1977| 100 - - 72 68 = — 70
Nov. 14, 1977 100 — — i = s = 92
Jan. 8,1978| 24 - - - - = = 55
Feb. 14,1978 | 36 = - = = = . 19
Mar. 25, 1978 0 — — — — == =5 37
Sep. 11, 1978 88 = 40 — 8 - P =
Oct. 17,1978 | 100 94 90 85 80 = = =
Nov, 14, 1978 100 100 100 100 94 100 68 =
Feb. 15, 1979 48 — — — — ZEN — S
Apr. 3,1979 9 — — — — = = _
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Table 2. Mature seasons of Laminaria species found in the previous reports from Hokkaido.

Age of Abundant period

Species Locality Laminavia - - Observer
Laminaria angusiata Mithuishi Early in Late in p——
1 October March HASEGAWA, 1962
2 July February
3 June March
L. religiosa Oshoro bay 1 Early in Late in HASEGAWA ef al.,
Qutside July December 1963
" Early in Late in
Inside September November
L. angustata Kushiro 1 September March SAsAKI, 1969, 73, '77
var. longissima ; g
2 Middle in T
June
L. japonica Wakkanai 1 September February ~~ SAKAl ef al., 1967
. ochotensi: iwaki
var. ochotensis Oniwaki ; Middle in
July
Monbetsu 1 Middle in March YANAGIDA et al.,
August are 1971
2 }':lt;? = December
Misaki (Rishiri KANEKO & NIHHARA,
Island) L Segeshe 1977
Misaki Early in !
1 Seiketnbor April Present paper

Late in Late in
July November

FI210—12H T — 7 2RRICINA FHTH N, 1978 IX10—-12A T — 7 1210 LA TH - 2o BE—7
DR B IE 2 1om? S 1 1976451232, BEfE, 19776447 9.5k, #i< 19785 433, TRETH - 2. £ DMl
ARESHEPCH--AHTHRL, 1Y) OMICRRETAE, 197658 44, TR, 197790, 6k, 1978
EH. 8k L 20, 19765FED Y — 7 1F19TTEDMDT. 8, 1978FD26fETH - 7=

KW, 19773 —6H, 1978F 2 —4 AR 1979 3 —4 HIRFBO S VIFHI B bOATEHD, Eh
Fhlem® N9, 6k, 1. 3MEERCA2M@EEE VI BEAEENA WE, LATOALS 2ZARREIITO
SEEHITIIIEO. 2B ICE AU S ANE, ChIZ2EEORFBFLEDSZEHTEL I,

Ok % Fig. 3 CHMIRL A, FAA6H622 L 10, BEAKEZ8ATRIZA SR, 197TTF
(220.0C, P1978HEI21.9C THh- . T-REAZE2ATAL»53A L3 0CHETH 34, 1978
XA G — Y 7855 OFAKRORETLTC (HREKARIZ0.2C) LEHTELI- 2. ZOKRDH -
TEALTREBOE A b 75 7 EIET 58, KEAFILIST 25K 5T AT A0H0 125 1 [0 O R
O¥—75Bbh, FEOKELEMIIE2HOE— 75K 5, 2L T40OWH, 4 — 6 COKBHIEMMIZH
o THRHHPRFRODEZ OHMmAFBOo N,

Fig. 4124 3 &5 CRARMBIZH T2 3> 7TRaFHoEBREE RO AL 2803 > 7T, 10’
W 197742 HI23TRE T, EEOE— FI250—60cn, 19787 2 H (Z12{(H T, €— F1230—40cm, 19794
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Fig. 3. Seasonal change of sprouting sporophyte on the acrylic-plates set up at the inlet
site between October 1976 and April 1979, with seasonzl change of surface sea-
water temperature at Misaki, Rishiri Island (e-+: sea-water temperature, seeess :
Unkown period as collectors were washed away). Arrows indicate a range of the

developmental period of the sperangial sori.

2HIZMBERTE— FRITO—8an T & »7, BOBHEIZMB L 280 B 813 25em® Y ) 19774 3 B 1213278
fEfk, 197873 H 12 168 flifk, 197944 HIZ 196 AFETH - 2. BEOERIOmEMOEREILZ N Fh,
B0.9%, 35.4%. 71.7% & 1978iEABEE 120 2 ¢, 10—20emizE— F#i& 6,

T TDHFOERMNK (Fig. 4) »o MO EEREELHER L, 1LY lemb ), 202k
PoRrulE0 iMoo, 1977 R 1990 B ETHIEOLZH Bh, 1978E 0B S IATENIZH M & 4 0,
EOBE3—4 HIM0—S0mTH 24, ZhsNEBOEME2ZA s 03281245, 2hs bR
EEL T 7 ) VER ETORFESAKEZOBEARLA-12ZHOF0FN#2 » HikE 20, GBOHER
EEASEMIBI BRI a0t ELZ NS, (E4K (1969) (X, +# 2 >~ 7 (L. angustata var.
longissima MIYABE) (22W Tl EFOM &L FROERECLIZALELCNOOB BTS2,
HBARTVE, ZOLHIIBISMEERIEFIB ] SO T S050, BEH, BHES0ERCE) %
FstoeEILNS, LAL, RBAMO D > 7O RIS E BRIz bRE s OBRPCRORBERL &
ETALENFHDS

BN HOMATRMREE M FRZ 26 5VRMBEE LTiETst0 R Esh 3, ZOELFK
d, 1) SI8ChETamBBCcHLsSTanTnd, 2) 19773 B I2%EL, 5 HFRICEYR L 2-4RE
BULEEH o T 7ORFHAFBLNLEZ L ASME - FNOEHEZHEETYWS, 3) 4H, 5HIZK
MEn2-BEF MBI TCORFAMARIZ A BTS2 45, HHOEKER, SEENRME
TR RIZ%22 T TERTEVIZRMEBOBMTCILE S, 4) B BIHESTRIESFVOZTDOLTHD



U3y 7O E T ERFROBFEEDR U0 RLE
7() -
o Feb. 8, 1977 (N : 31)
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Fig. 4. Blade length composition of 1-year-old fronds in each year at the natural Laminaria

bed. : Early group. D : Late group. N: Number of plants per 25 c¢m? at
a depth of about 0.5 m.

EFICEENBEY, 2T 2N TE LI,

3. REHOBAEY

Fig. 5127 7 ) WHHIEAR EICR3FEL 2 1lem® Y 0 0 3 » 7{A{EE D %L %, Table 3 (C3FEHD AR, 7&K
i, B - BonE, e - TEIog kIS E AR LA FRII kS & 10H1T—18H D% #1118
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18052120 3K T & - 720 % 7=, 11 B 14— 150 TIE 1265 0 5 1885 7L, 2[4, 180540 5 0 BEA™36. Offl 4, 0 0¥

13



14 FRIEFEEY - BHGE - - R 92 - IR SCHE
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5 HEEFIZ AT TOMMIEE FIX 2t an, [tHTab0EEbna, &, &F (1972) 11, V2
U3y TOBEFERFBET 2O CHEMIIHE OBE £1T-> ThH Y, E FERE T ICRMIZfTbh
2£9THS. CORFHUIMELEMOIMAEZ RO TH S NAEBOBELY 204, ZOBEAE L TH,
HAM POl rof g baro kbt EL NS,
4. AL TUNOBEDRESF

19774 L 1978FED 2 M2 >V TR LT 2V, 32 HIZ oA WIcay ., BEL - ELBROMES
Tabled (ZFR L7z, ZhizZkB2E T TORFHO £110—-12H 1213 Ulva pertusa 7+ 7 4+, Entero-
morpha sp. T4 / VKD 1 B, Punctaria latiforia />3 F¥, Acrochaetium sp. 7 7 2 F7 LI/
1 HOEHE 0% L, BT L 2, $RiC2 > 70 £ RIEL 7219764 L 19784121 Acrochaetium sp. O
FEIXB0% 12 L T/, %45, Tabled (2R L LI OERTEH - 2HIE Monostroma sp. & T 74
®® 1#, Cladophora sp. ¥+ ¥ HIE®D | #, Chaetomorpha sp. ¥ 2 ZEJ/D 1, Rhodoglossum
japonicum T H3¥ ¥+ /%, Ptilota sp. 7 ¥Rz NBO1#%ETH-7/. LAL, Zh 5 ILEHET

1
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0.5
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Fig. 5. Daily changes of sprouting sporophytes per 1 em® Black belts indicate the period

from sunset (S.S.) to sunrise (S.R.).
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Table 3. Environmental conditions during two diurnal variation studies on zoospore shedding

in Laminaria japonica var. ochotensis. The datum level is close to the lowest

low water.
(C) (c) Tide condition
Date Air Water Sunrise | Sunset - (cm)
temperature | temperature | time time | Time Height from the datum
22:45 15
Oct. 17-18, 1978 8.3-15.1 14.3-15.4 5:52 16:47 3:45 4
17:47 25
16:32 21
Nov. 14-15, 1978 4.5-7.5 10.7-10.8 6:29 16:06 | 10:00 0
17:19 22

REEF L THRELAOTH S, ZOEBERFILYRI Y 7 IidbE /2, BROVCEEHEORME, &
ROMBEA L, SSULRKCHF LD H ok, T2 7LNOEET, Fic2OEETHRL D
¥ Acrochaetium sp. TH A #, Aorochaetium sp. 27 7 ) LIRIEROBIZEL{ 260, ar7TLEILH
ST ET 259 THE. 40, FOFMmEIZIE Ulva pertusa, Monostroma sp., Enteromorpha sp.,
Colpomenia sinuosa 771 /'), Chorda filum ¥ )WE, Punctaria latiforia EHFE{EEL Tl

Table 4. The dominant algae found on the acrylic-plates in 1977 and 1978, shown by average
percent cover. 1: 1-25 %, 2: 25-50 %, 3: 50-75 %, 4: 75-100 %.

Species Month Jan. — Mar. Apr. — Jun. Jul. — Sep. Oct.— Dec.
Ulva pertusa 2 3 2 3
Enteromorpha sp. 2 3 2 3
Spongomorpha sp. 1 0 0 2
Ectocarpus sp. 2 1 3 2
Colpomenia sinuosa 2 1 1 2
Petalonia fascia 1 1 3 2
Punctaria latiforia 2 1 1 3
Chorda filum 1 0 0 2
Laminaria japonica var. ochotensis 2 1 2 4
Sargassum sp. 0 il 1 0
Bangia fusco-purpurea 3 0 0 2
Acrochaetium sp. 3 3 1 4
Porphyra sp. 2 0 0 2
Ceramium sp. 1 0 1 1
Polysiphonia sp. 1 0 1 2
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FIAMTIEE TG 12 500 ¢, 19768E10H » 519794 HETY 2 ) o 7OEETEOMKREME 26,
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EIH:1 - 2EHI 7L TOIMEDTAL0-12HOFA SWELIZEL, 2OE— 2 3FICEDHET
%Y s,

FhHE 3-S5 HOKFCZHY, V-7 EB TR, F L0 EW»H 5. ZORFHIEIET HOMI0%
a3,

3. MfEoRFHIEE» S BREE T2, EEFOBM, FE3Fccoizirbh s,

4. Ty TORFEHOEVE, HIZIE Acrochaetium sp. DWIRA L {, 2 7ORFHLEWEEFH
2LEZLNA,

X [
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Ecological and maricultural studies on Laminaria japonica
growing on the shores of Date City, Hokkaido

1. Ecology of L. japonica

Takashi FUNANO
(Hokkaido Institute of Mariculture)

This study is designed to obtain data on eclogical characteristics of Laminaria japonica
Areschoug (Ma-Konbu), and on factors controlling laminarian® stock, numbers of plants and biomass,
and to effectively create laminarian forests growing on concrete blocks and cut stones. The experiments
and observations were carried out from 1962 to 1970 at the following localities: Kita-Kogane, Funaoka,
Nagawa and Usu (at stations Ponusu-hana, Toshiraru and the lamnarian culture apparatus offshore),
all localities being near Date City, Hokkaido, Japan.

Locality and station:

1. Substratum composition at each locality and station: Kita-Kogane - shallow (£2-4 meters) and
sandy; Funaoka - sandy with scattered boulders and gravel; Nagawa - sandy; Ponusu-hana - sandy
and flat reef covered with sand, blocks and rocks; Toshiraru - islet composed of rock and isolated
blocks, and the place of the culture apparatus- 1300 m. off-shore to the west of Noyanoma at a
depth of 10 m.

2. The algal communities at the sites changed from complex (at Ponusu-hana) to simpler (at Toshiraru)
to simplest (at Funaoka). The dominant species of the algal association in these sites were L.
japonica. Costaria costata. Chondrus spp., Gigartina jeponica and Ulva periusa.

Sporophyte phase:

1. The sporophyte phase of Laminaria japonica includes the developmental stages of the embryo,
juvenile stages and the adult plants. The longevity of this species is one or two years.

2. The embryonal stages include the monostromatic phases of development (YENDO, 1911) and the
histogenesis phases of development (FUNANO, unpublished). The juvenile stages® include phases of
rapid growth and mirimum growth in annual plants, and periods of rapid and slow growing in pere-
mnial plants. An annual laminarian plant, having matured in the first autumn season, is detached by
strong waves. A perennial laminarian plant grows through the sorus developing period in the first
year and persists into a second-year growing period in which the blade is renewed. The perennial
plant goes through periods of rapid and mirimum growth in development of the second year blade.

These thalli erode away in the second autumn.

*WoES A99 (19804F 1 A19H %)
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3. At Kita-Kogane the earliest developing populations became annual ones, and the populations developing
later became perennial.

4. At Usu embryonal development was earlier than at Kita-Kogane, and all of the plants seemed to be
annual.

Growth and maturity:

1. The earlier a population developed, the more rapid it grew and matured.

2. At Kita-Kogane the population developed late because undergrowth showed slow growth and maturity.
The survivors through the first autumn matured earlier than newly grown one year old plants, and
were harvested as well thickened Konbu.

3. The growth and maturity of laminarian plants were influenced by internal factors including age (diffe-
rent times of sporophyte initiation), intraspecific competition (related in density) and environmental
factors differing in site, year and substratum. The environmental factors include depth, water move-

ment (velocity of flow), water temperature, competing algae, illumination and nutrients.

L

At Kita- Kogane the laminarians grew into lanceolate shapes in regions of the open sea, whereas at
Toshiraru the plants in calm seas grew into ovate shapes. Their growth patterns seem to be in-
fluenced not only by the factors mentioned above (3), but also by the ecological characteristics of
the particular site.

5. External factors that seem to influence growth of embryos are water temperature, illumination,
water movement and competing algae (including attached diatoms and algae forming a gelatinous
adhesive layer at the substratum surface including myrionemoid species, Rivuiaria, etc.). Crowth
of juveniles and maturation into adult plants seemed to be influenced mainly by water temperature
and illumination (accumulated hours of sunshine).

6. The frond length of the embryonal sporophyte that is necessary for it to grow in order to compete

with the small algae seemed to be more than 0.5-1.0 mm.

Production, depopulation, recruitment, density, standing crop, attaching area and competing algae:

Swarmer liberation from parental laminarians, which induced the development of embryos, was limited

—

to 4 (-5) months from autumn to early winter (Sept.-Dec.).

2. The maximum number of developing embryo sporophytes occurred in one month between December
to January (February). After that time gradually decreasing embryonal sporophyte development
continued for 4 to 5 months.

3. The laminarians originating at or about the time of the maximum development period for embryonal
sporophytes became the main components of the annual population. The embryo sporophytes deve-
loping after that time became recruits of the annual population or components of a perennial popul-
ation. (At Usu the populations behaved differently.)

The period of optimum settling and germination of swarmers, which is directly related to the

—

maximum number of developing embryos, seemed 1o coincide with optimum periods for growth and
maturity of gametophytes and development of embryos. During this time depopulation and recruitment
of embryos were comparatively high, but most of the survivors lived to be adults.

5. Swarmers settled on.new surfaces of a concrete substratum within a month. Judging from the
growth of fronds, the settling of swarmers may have been within 2-3 weeks after the new substratum
was laid.

6. Despite relatively short periods of time required for settling of some swarmers on new surfaces,

development of embryos from these gametophytes required 2 to 6 months.
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7. The main factors influencing the biomass and numbers of individuals in a perennial laminarian
population are numbers of embryos (related to the limits of the attaching area) and the early orlate
start of embryo development.

8. Both of the factors influencing the embryonal stage seemed to be further influenced by time of
swarmer liberation and environmental factors including water temperature, water movement, illumi-
nation (with ultraviolet irradiation from sunshine) and competing algae (diatoms and other algae in

the gelatinous layer).

# B

I ORI AEREEC, ISR CRERR GBI s bh v B & o T
HEHFEZ 2 b0, 1929508 » EMAEEME T3, ZHhIcHLTAT (1947) 3, BHRTLER
Lavnd XaXay 7@ &L 2, B, EROERE LT, #kHL TasBeks 10, #6475 Aol
BRTEZIZ2bh AL 1D, BRAHETHY, BEXEILC L THRBEE GE - (L,
1962). —7, MAROEHARBREEY, 2{HLVRASLLT, 2v2Y—-Fr7ay 7 (LUF, 70y
7 LBEHT) T 7HOEREED . ChEBHTLREEY, { Ao L) 2BRFH 0, hHUE
i, 1958—1960) #*4NENRHIZ LA 8BAEA LT, B2 EEE2 254 TOHHE, MOk
ERBRBHYFEMEO 2, T THIREY, 2%, 36 (EHRA) b, oy THERED EET —<0
=2k LTHI ST &4 (dtiml, 1966—1971), Chick-T&MT > 7OERN S EEL, KEICHS
PRESTETVWEINERBEFLHFTELR L,

Tay s OFEIE, 1) ETLEE, e, 2) M TE, BANFERT, 3) 3 7OMEE
EAECBERE £{, 4) BBAEBTCEA2LTH5, RAR]) 22 7R&EEHE L TORRELH
Himn<,2) a0 7HEo%28 ¢ (Plate2WH), 3) 25 A3 O BRM L —H T2 DIcFHFHEFELL
ZETHB, ThizL TEHAEOHLE, —Far7TRRARBLTZHSNRBRLLOITESH, Kuld
P THEE LB, §E, AFRFEVILTH S,

7Oy 7 OFEFEPENAOIE, SHEICH L ARRODE, SMRCHELASEERT, 7oy 77BN
NHAERPHI L THBARBAELL, WEWF LB (BATHL,S 2mE) 1538 THB, Zhid
FRIZENTAREVLVIEIDTEL, BRILE->TLERT 2, 2ONFAPMBIZL>TETI|L
VRBRIZE T, RRAEDERCRBAN(, MEL 23R 282 XOHF P2 T, HEEF LD £
CENBROEREL, —F, B~ 7ay 70k, MBELEIFRIZL-TIEHSNEHE5THS,

ARETIRY I THEOFERGR O, D, S8ET, 7o 2 LR EHCT, 1962—19704
FTTTMENODRBEEL S LA L0 EREL A, BRZ <2 Y 7OEE L BEHORMZEDIZM
bIBEREMS 2izl, 3y TROFDLEN T EERBT I L0635, ARTIEEFEOLFER - HE
REHTHEML, 0560 CHEM, M, T EHORS 3 MAROEE L R, B, M,
A, W, BER, FEEM, BEAERICOVTMS MIL, &S s BB ER A EFER s U
T, BHEBRANL ELEI0) HCRBIZSHTEEL L,

ZhoDHRIZ2VT, BIMELTIZIZHELAY,

ARIZABHNC, HIRIZEAOTERE & 022 o 2 JblRE A F R R R BUE R, HR
ZELDZRAE VAV AdLEE TR K ERRERNMA (8 EBCZER, RREE AR BHIE
HER, EVEIARES LY s —MBEE THEGEIR, 4o ofmEhEirms IRER, fRiRiiEMs

* Laminarian : Plant of Laminaria japonica in this report.
* Juvenile stage : From this stage the shedding in the upper part of-a blade begins and has continued till

its wearing.
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LEBEAH D, FOLDCEBEMORICE CHERS S, DELDEIORE, BADKY T AN,
B, RO, POBIZRI (Fig 2). 2oMicibEoipGuSiEss Atbas Lk,

ERETIET Ty 7 REEREIAT I, HEICRA, a4 <, 1961E ICRIERDI0 - 10870y 7
(B2, &X100cm, ¥ &20emTEA'S 5 MR, —L30m® HHEOMEI 7) PALLATHE, MIBHTHE
WEEAER SN, 20K, 9 - 8870y 7 (EHENem, #HE80m, EEX15mTENH 5MHH, EE
0emDMEI, EBE1Y) &6 - 687oy s (HE HE60em, FE1R2mTEDS 5MEFE, —5020em®
HROME 3 7)) 2441 A S AL S E ToHA, il L20-200mO MO KE2—4mDFFIHEAShE,

HETEBEICLIHE VT Y THEAREL CHETH D, HAL10—30mEE@ ¥ 5 & 25m* FI210—20BTH -
o BHROBEIIBEEIZ7I YT, AVA, kv ¥750O8T, —HIZrony 74, Ty 74, AH
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E, THN, FTIH, LI, A VASHEF, 70, XY ) FESMICEEL, 0
TWLTH, AN IH, FHALY, £ TR, BERTA LY, TS NI, T RATAS
U, YT b, FRI4TH, /XA, T, NrHFRIAF) RIS, AN, AXESY,
F/NE, EOL MTH, AVAL FTH, ARV IV VFEEEHEENS,
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LELERELTOLAY, FBLAZIONMIIzE 3 (Tab., 2, 3),

RERAENH 5B > 2P0 BISIHEIRIZEL, 9 88L 6 - 6870y 7 H961EL, 5 AN S hi,
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Fig.1. Localities of Kita-Kogane, Funaoka, Nagawa and Usu along the coast of Volcanic
Bay, Hokkaido, and the magnified map of the coastal destrict of Date Fisheries

Co-0Operative Association.
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Table 1. Settling number of blocks on the sandy shores of Kita-Kogane, Funacka and Na-

gawa, the destrict of Date Fisheries Co-Operative Association, between 1962

and 1967.

"% Settling number of blocks Total l\!umber of
Settling date Locality | Kita-Kogane  Funaoka Nagawa fishermen
Mid-Sept ~ mid-Oct, 1962 930 900 1,830 171
Late-Aug ~ late-Sept, 1963 875 875 1,750 188
Early Sept ~ late-Oct, 1964 860 850 1,710 188
Mid-Sept ~ late-Sept, 1965 1,380 300 1,680 171
Late-Aug ~ late-Sept, 1966 1,524 1,524 145
Late-Aug ~ late-Oct, 1967 762 762 140

Total 5,569 2,625 1,062 9,256

vaAL7 0%

BFFEEFREOHAZOH LLWERL, ThICH#STHHR

deig o o > FEE (BB S, 1963; E4 AR5, 1964 ; BRH - #55F, 1965; BRI - thilt, 1966a : [RIF
5, 1967; £4 A, 1969, 1977; #3%F - HNl, 1970; WWH S, 19714 &) kv 2327, +Ha 27, )
YUar7, w3 7ORTEOEFERR Y, shikm, fRM, SR, RSN (FEN), BEmCs T
7o TOW, FWTIIHEMEDIEM, (F - KE) ERE SR, SRR L REHE L2,
SHEEERIZSETCHELL(1905b) (264 (2 fEvy, YENDO (1911), KILLIAN(1911), SAUVAGEAU(1918) %>, %
NETOMAELIEL 72OLTMANN(1922) ¥ FRITSCH (1945) @£ i b & 7= SETCHELL(L c.)ix, 2D
Mz 2To 3 7Y, VY ED LaminariaB4 & 5L L, T0#%, BOFRIHAED S L,
i Dlarval stagell#fiE X Tpost-embryonal staged LT3, $RHAIE & 5 (C NG #IBRIA( YENDO,
Le.) Sl (fF, £ER) 603, ZOMOMD ZIIEREREIEER KRS S, Zh
& SETCHELL(1891), YENDO (l. c. ), SAUVAGEAU (L c. ), DREW (1930) & 4L T3,
IR & KO MO TS 2. ZohT—F4E2 > 7T}k, EOMBRERL LT 5%
CEAERMOhD) EEEWE Lz, 2EEOLOTE, BOMEFRATLAShIOTEBERME L
2o, BEEEITAHFCEREERME 25, $ABEEN (REELNLED) OO MM, $HEM
HHVERENCMbOL Y, MERME L, LAF->TEEEOBENE, EERBICIHES,
EERMIRREAOMM T, BNCEEoSKRBIZALN, —2i (BE) EEIHIET LTS
#H(SETCHELL, 1905a) & i 13E A THLkRE T 2 & T 38 (FALLIS, 1916) #H 3, MR Iz E-T1k
WFRLIELL, Mick->TaE), A—MMOERIZL->TERE Y, F—M, [RERTS->THERML
HEBFIZL->TRE 3, FHTL, —FEOLRV ATy 7TTIRMELERIELT 205N TEY (&
#N5, 1963), FFELEOMTIRBELERIBRLE 23D MUESNA TV S (HASEGAWA, 1962; f£ 4 &K,
1969 ; MiH 5, 1971). PARKE (1948) & ZOB4 EM% Fperiod of slow growth: L, &k & I EE
fitaLLTwa,

MO RIEEAENT, BEREOTMMIE L 2 EMTELMTS 5, —H4£3 2 7T i
EERENT, REMOTO 5 MERMERD, BHLE25 LTkt 5, “HFEa> 703 1 EBOF
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Table 2. Vertical distribution of algae in accordance with depth, on the rocky shore of
Toshiraru Islet, in June and October of 1964.

Algal arrangement: dominant to inferior algae. Substrata: R, rock; S, sand; B,

block.
gi:;]ar;cht:’r & g:gsﬂt'rat - Large algae (upper) and small ones (lower)
(June) 1m Laminaria japonica
o Gigartina japonica-Dyctyopteris divaricata-Neodilsea _wndoam-(;elifﬁum
Vi subfastigiatum-Ulva pertusa-Symphyocladia latiuscuda-Colpomenta sinuosa.
(Oct) 1m L. japonica
R U. pertusa-N. yendoana-G. subfastigiatum-Chondrus armatus-Dasya sessilis.
18 L. japonica-Undaria pinnatifida-Costaria costata
s R U. pertusa-N. yendoana-C. sinuosa-Polysiphonia sp-Rhodomela lavix-Chondrus yezoensis
1.5m L. japonica
R U. pertusa-N. vendoana-Folysiphonia sp.
23 L. japonica-U. pinnatifida-C. costata-Sargassum Sp.
i R U. pertusa-N. vendoana-C. yezoensis-R. larix
2.5 L. japonica
R G. subfastigiatum-U. pertusa-C. armatus-K. larix.
3.0 L. japonica-Phyllospadix japonica
i R & sand | U. pertusa-Gelidium sp.-C. vezoensis-C. armatus-N. yendoana
3.0 P. japonica (sand)
S & block | U. pertusa-Gelidium sp.-C. armatus (block)
4.0 P. japonica (sand)
S & B | U pertusa-Gelidizm sp. (block)
i 38 P. japonica (sand)
S & B | Gelidian sp.-U. pertusa-N. yendoana (block)
45 P. japonica (sand)
S&B U. pertusa-Gelidium sp. (block)
= 45 P. japonica (sand)
S & B | U pertusa-Geliditem sp. (block)
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Table 3. Ecology of laminarians and competing algae on the rocky reefl of Toshiraru Islet,
in August of 1964 and 1965.
Upper, late-August of 1964 ; lower, late- August of 1965.

Meanarea Staring crop Blade ength Blade widh Blade weight Competig algse | P20 M Pegyy Sqmpiing aren
18Bem  623kg/m'  Tem  126em 83g | Ulva pertusa, Ceramisom kondor, 5m 15m  4000cm?
13% 691 ™ 131 O | Polysiphonia morrouri, Cladophora 1 15 4760

9 B4 83 113 6 | stimpsoni, Gigarting japonica 5 15 290

250 238 0 113 60 | Costaria aostats, Gelidiom subfastigiatem| 5 15 250

12 3 59 119 64 | N yendoans, U pertuss, P. morrousi | 18 25 50
W0 105 156 149 5 2 2500

M 5% 134 160 165 5 2 250

D5 HMERBOFED 25, FHE, X BESTOEEIFBUHET LY, ZORBMIZSEED CHEME L
7o IB¥E (15B) TRFOIUHAZoNTE, BEMCHESSHEZR, —BMIZRESh LV, IBE
EMALTERRINEL 23S, 20k, RELENEAT28HOF0O)IRHNLEL, Bax
295 Lkt s,

t®EEOTI L TRFBOLEFTER

Bk

EEED~ T TOMTHOEFERR L, &b OREHRIRO1969FE A, 5 BEOERIZ, MOFED L
ATHIELZ, EAOHBEL “EFEFEOMB, " LAHETEKD, 2—4 AREABOFHEARE KD
F2o KIZB, 9 HOMEKBAIEREHRIZ LT, F#O6 RIS, RIEMRBEOPH#EYROL, Zh
L HBREED 4 A HHEBOM & OMIZ, Fg 11OMRICHG S ¢ THEBRRLZEE, COBOME L LA, @R
Omiz2, 3 AHRBEOMEE, HREBOMEECLTHE,,

1 —4 RSB OIE AR e a8 - L, EABFO@EHELHMTIL, 1 —4 ARBBOsEL 20l
FTHOEFERBEML ML,

E=E 3
HREFMAD 2 2 5 kR

REFE(Hon21 ARREZ, 1—2AFTHYEME, 3—8AMFHEMT, 5, 6 HItRbEEIE
LS, T—BRADOMIZ1 » AR EOMEHSIEL T, REMIZAS. F0 5 EERNEIZILA F TV,
Chs—FETI L TOERE ZS 2,

2 AMBEIE, —EEI Y TOMERE 25, WAL, 3, 4 HUNARLEATHAAHMT B, L
A T—HEDRWODIINE 1 —5 H, SHFWNI3—9 A, AEWI8—12HTH 3,

ARSI Y 783 (4) AMBES ERE 2 A4, —fi22, S HHEBAS 5, DA 3—5H, 9¥
WAS5—9HT, B—9HIZEEMETT 3, 0HA»6F0 I BHEMMIZAN, ZoMEIE» <11—128
DMIZHERIZAS, 2AICEBELFHLLT, 6 HLERLERIBAL LD, 208, FHIEYEOM
EHIEED, 8HICIEFO IHEMMICAD, 11H £ TH< (Fig. 3).

R

I HESRBIORERROBMIZ L3407, EEFARER) A0, 2 HHBABE—FE40BRE 3
AHBBEDE S, | HEAPREL 22, BEEHSAEER2430T, —FEOHERE VL
£7:3(4) ARRBRIALNIOHFBVGZY, “FEOBELA{EES, 1, 2AROEMIZE-THE
BR3MEEh, BLZ0R 2 HEOBREEDILA5N05, 20HO (4) SARE2EE~ERID
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Monostromatic Minimum Spore releasing period (Rs)
period P . ITOWING
; Rapid growing period (Rg) -
Histogenesis period period Q vt 1 (Sd)
(MH)) (Mg) S0rus aeveloping period (S¢
Embryonal stage Juvenile stage | Adult stage

1-year-old Jan-~ Apr-population
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1 L 1 1 1 1 1 1 A 1 1

\ Liberation of spores

Adult stage

Embryonal stage Juvenile stage

2-year-old Mar-population

] I M A M J J A S 0 N D
1 [ I [
) \ I-Rs
Slow growing
First year MH 1 -Rg H I-Sd
period 1
“ ! blade
\ I1-Rs
Second vear I1-Rg Mg
renewal I Sd
]1!‘I'I(|(I
T T T 1 T T T T T T

Fig.3.

Life span of a 1-year-old Jan-population, a 2-year-old Mar-population and 1-year-old Jan~ Apr- populations
of Laminaria japonica at Kita-Kogane in a ordinary year.

Jan-population, laminarians produced during January; Mar-population, ones produced during March (and
early April).
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MLk, THITERIETES RIS, 1—34) HBEOTEVwE 25T, L0&/MEL, H
ABATHRET A0 EH5NE, LA T3 (4) AHBBE, “H#E22T7OERLVWI LS. 254
(5) AL, AEEOMRIBLhZL 02 (Plate 3MB), 2(EFH~NERIZLDFE50 3,

BEEROERERR

Hi&

MAIE1963—1965, 1969—19704 12, WM EM & ARRO BB PO BEZRC, WERG)THEIZ-
oo HHEETHMLERD, 6 - 6829 - 8BIOTT 7, $lh, EFRTH- . FEM(A), EH,
EEOMFEE, JERE: AEO1963—19656126 - 68E 9 - 8B TOy 7, JLRED 1969 —1970 FiT
9-8RDLDOTH-1. HED, FYANTOINERTE, F FLDIB4HER6 - 68Ty 7, i
BV RMAERDI969—1970FE I ETFHRTSH - 12

AL, M, AAk2»504 Y VENEBK-ILZLDE 524, SLIBRRZERIIBITT, B
ETEELSME, KEOLOL 5O, SERNE L URRNAS S - 22

BRI OEHIE, SDIEMOLOTIE2—3 »FD, 100—200em® & L, ML 5 R 12, Z0@ER%E
1000cm? fii e £ THIA 472, 2 HFEFRTIE, RO b D1225—50em® THRELL, SEO L O TH100-
200em® TH - 7=.

Iy 7ER, FiE, ERR E4 (FE+E) R OER BHEEICFED, EXE0R, Z0%LH
WL, 5123 (k) ER 7 BEXEEI L TIRARE, BE EEI L TEBEMS 120 2, BRI
FO I BBOFEELY, EXHLSEOERWIZH T THRI- 2.

IR CAIE MR & L 2B4, bR EOD 70 v 7 01969—1970 88 & HERRAMMRD1969—1970F0 ¢
DI, WEIEARRTE 1 200 L0T, EEfATH- 1,

fERTONL VI, BFDoRGRD, SPEliA, P BEEETH 5.

EE 3
k&L A{O—F£~vaT
a. m¥Wm$ﬁ&%

JEW®EN1963, 194FEE T2, EETEHIILEEI B, 2ONBBIZAZ0OLBRZ, 1963FFOL
ML 2 —4 (5) H, $HEM5—8 (9) H, ®XAEMI—1IATH- %,

FiMl21963, 19648 T3, EHBEREEEAMIZIERELMT VA, La LlilEs b OIEED M ERAGE |
ok RETLRAEAAS R, ThIZEMbS T, HilEL LILRE LD FRBMIZAS 2,

LR EDI16IEROITF RO EFERB I T, Blznxk,

b. R

JERED1963, 19HMEROEREOMFIIMTVAA, Kish 3B THI-2 (Fig. 4).

A 01963, 196483, SHETHEBOMUPBY -2, LALTHIZRMBOMULFELL, Wit
DFERAOmE G720 IHETORBRIIHMTCHTL -2,

JEMEDIOHEEEL, 7THIZHRELEZNAMTHD, 20RIEENOBIZ LT 9 HIERMIZIE2.6m
Lhol, BEOHIZRZAMINE, MEEEREEHIOEIILST, 77RCL7AFRIZE RS, 5,
6 HORPTOMERIL6on/dayTH -7 (Fig. 5).

c. HERE

L/ EN1963, 1961FERHOEROENOBEIILIT VA, LA LAMTORMMY, 4—8 AP THE-
Tw# (Fig. 6)o

FHIE 1963, 1964FETETIE, THE TIIMBEOMMAFE L o720, 20k, WLTatimAAshnt,

* R, MRS S BB AR, DIRERE (7)) OFEFERL ¥, KR (DIRE) HEO
BABoNEFEEREE L1,
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Fig.4. Growth in blade length of the laminarians at Kita-Kogane, Funaoka, and Usu in
1963, 1964 and 1965.
The growth curve at Kita-Kogane in the under figure shows that of 2-year-old
plants. Substrata: cut stones, at Usu in 1963; 6 X6 concrete blocks, at the other
localities in 1963, 1964 and 1965. This detail explanation is the same as that in
Figs. 6 and 9.
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Fig.5. Growth in blade length of the laminarians at Kita-Kogane between February and
November of 1969.
The growth curve was described with the 20 samples from the first to the 20th
in the rank of blade length or frond (blade+stipe) weight. The samples were
collected by quadrat method with the areas of 100, 200, and 1050cn’ This

explanation is the same as that in Figs. 7,8 and 10-13.

BT, IAZTHL»ICHART .

ALREOIBIFH OO, R L FBRICHIROM 2 3D a0, KECHIMEmN HEE D, 6
RICERLEIE16eme o7, ZORBICIERHEE & & IcBIEL A0 L EEL 25, 7 HLERIE
BHELBRAICEN A2 2T, ELEPHRIMORMN P25 LT&%4 (Fig. 7;Plate 1),

d. #EE

JEB®ED1963, 194 EHOEROLOMEIIEIT VA, FETEN A 1 Bli bk, ERIFRL
o727 AV, METI81, HET.8TH-1,

FfRED1963, 1964 FHOEHROELRL RGO L DI TV, HETLEB LRV BIA L), %
BHOREHET LT ACOMIE, A#T20.4, BHT2.5Th- 7,

ALHEDI6IEFEDERL L, IR & EHIZIER W IZ s 54, 4 HE THIZHEBEOFE 25 1LAH -
=H, AHORERTLA5N3 L9100, hilLilds P22 3FOLDTH 5, ZORIEHE
MELRRELT, BEVWHIIE-> TV RATRIOBLEY A AN, # -7, HUWH
BWBIZZ -0 7THICIZERMABBTRME & -2, RIEERNE, SMEICE, BECOEITEREN
DHIZE> TR 2D, WEWHIZEZ-Tuwa7 (Fig 8).

e. W (ff) HA
LEED1963, 19AFHOEERL, MMWTRE—THIIMMAELL, 20EEL»I2HZ, 9A
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Fig.6. Growth in blade width of the laminarians at Kita-Kogane, Funaoka, and Usu in
1963, 1964 and 1965.

Fw|z150gic B L, RBETIZ6 —8 HIZ—FRICHINL Tw 34, Z0EbEICRICEL L, 95D 12160g

IZ3EL 7=,

FMD1963, 1964 FHOREER L, MM TCIEIS—THIZEML, Z0&, IHLZATTEABLTL 3,
7 AOREIZ210gTH -7, BT, FUCEOAREHOERROEIRIT VL AA, M & 420g
&% > T, 8 HORMGILIZI50g% 82 72 (Fig. 9),

AL EDI6IERTIL, LDIRMICERTR IIHD THVY, ZORITRBCHML TV, ERORKL
HiL-75, 6RAIZE, Fhomitbans, B2 LOMERTHL10g/dayTh -, 2Dk, BAET
WAROEX (T2 TE00gIES 1241, FOHBITED LBITIIHIZ200g¢ % -7 (Fig. 10).

.o B
b ED1963, 1964 EROEDEAN 2 RTIRARENOE I, BTuArMBECECEmSALhE, 3
VER I L 729 HEIW 12, ABETI0me/em?, HEET115mg/om? TH- 72,

FHM 1963, 1964FEBOIEKE L, L#E LR UMICEBTHINERS R EbN, 9D IZIIHHT
100mg/cm* 212 L& b0, ERBETI0mg/om? (2352 - 2,

JEREDI6MERTIE, 5 HE TIRIE—HRIZ 1 » H% 0 12—15mg/em® THIIL, Z O3 8 A £ T30mg/em’
M CHML 72, 8 AIZEREE 21 135mg/en® TH Y, 2OHRIE—ET2mA S 50% (Fig. 11)e

g HERH
HERMIHARS ¢ KRB0 - E->T, BRI SMAEALES .
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Fig.7. Growth in blade width of the laminarians at Kita- Kogane between February

and November of 1969.
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Fig-8. Seasonal variation in blade form of the laminarians at Kita- Kogane between
February and November of 1969.

Blade form is shown by the ratio of blade length/blade width.
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Fig.9. Growth in blade weight of the laminarians at Kita-Kogane and Usu in 1964 and

1965.
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Fig.10. Growth in frond weight of the laminarians at Kita-Kogane between February and
November of 1969.

The upper left figure is the magnified one.
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Fig.11. Growth in degree of thickness of the laminarians at Kita-Kogane between
February and November of 1969.
Degree of thickness is shown by the ratio of blade weight/blade lengthX
blade width (mg/em?®).

JEEED1963, 1964FEHD B8 HOL DI, WfFs LMIHOELHEMR L 20HF1—2%Tho1,

MR 21963, 1964312, 8 AOMBOIZIEREMO2008 A 2P IEOHERLHO L D ILES - 2,

AL ED1969FETD 8 A OF3608AF 12, MFOERLO L D EES, I HOBOERFOE» 1 %0 L
OHFABTH - 1,

Fr ERSUBEOLZLOFBLNE (Plate 20G),

h %

FEREOBOELLWEL T, WAL BARHOEE - LT, EXRINATHEOES S, £HEL
S FACREIZRIES h =M - 7,

JEHED1963, 1964EHD S ADL DT, T ¥ 7OEEHMEV 70 v 7 21312, EAHEMNED HEUFME
TRIEEhZLONB N, 20OEIBIE3—4%Tho, EOEEE, 6—10HOMIZ,1964FEH T4 .4
—5.lem& ML,

AHEID1963, 196448 8 HO & M1z, Millfd £20—40% DA N, A » (I E cHAE T
Hot, RBOEOMUPIZE—10H124.6—5.1enk & 572,

HUIBEERME TERLMG 2, L&EOL1B9FRO ZOMOL DIE, EET5—6m, Ehho
HTEO R T8 — 9m, HEIT6—8mTH-7,

i &S

BEAFIEE 5T, HA 20 L THERERO, fHFRETEHICRL T EREE ERILTAS,

AEEED1963, 1964FHO 8 HOL DU BO LRtk 5455, B TAHEL5—10FDHETHY, 8,
IEDELDHFERL L1,
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FHE 01963, 19G4BT HMITEDZLTRA LR T, EBTH5L 7T—8 HiZ, TR 8—10kT
bty

fHEHL RIEERME CER LY, EREO16EHD ZOMOL 0D EIREEIE, 8—9FTHoT,
HHEHOEHEE3—dom, BEIEF > TV ARNFEO S L FTOEZEII4—5mThHho 7,

Jt&E, B3> THEEAEGIBITIZ, 10—-30% DA TREDERF S - L0 A EH 5N
(Plate 2 DF),

i B

T I8, ERAOREIES oK S D, KBICTHE LAABREBL, ZoMICRECLEEE
FART2< bhi,

#1963, 1964 TIE, MBTREMIIAZIOFEL -, FOIHEF MBI Z5HL8AIC
EHIBET 5 %, BBTO8%TH 2

FFMD1963, 1964EHTE, B TREMIZAZOF T, 8HATHNS LHEETI%, BB TL.6% 0
FIzFOIMAFH LN,

A EOL1969FBEE, 1963—1970EOMEN T, HKbMAEMIZFE{ Ak, 8 HICE35% OEENHER
HIzDH, FOIHLFAELENE. ZOBE, BEL1LLTTFOIHBORSEL5L, EETL50.180
EZAETHEL TV, ZORZRMARADRBEAHEA T WAL OA D%, BEFREZ LTV
HLhhot, 9BIZRTI%OMEEFSEE 20, ZoR, BEICELEEIFOIHFELSN, Z0ES
EHIEA A 5 ERD0.2UTH -2, REIZH -0, EROI%OEET, Z0ESIERE» S, EE
D013TH 7. NAIITEREASEE 20, POEOXKEAFEIC FOIRABSNE, FOKET, B
EMAHSHERED, BETO.45, XHT0.25TH-7~ (Fig. 12, 13),

JEHEDIBIEROMED A % 513, 8 HTHEE282em, #EHEE437g, IBAME131mg/om?, IHTIE211em,
301g, 123mg/em* Ch o1,

BHO—F4£va 7
a. REFEoEFERS
Ry And (FG) O1963FEEE, 12 (1) AHIdiEr G Tlbh, SHFHIE3—8 A, KiFm
8(9) AHZSIAMBETCTH =0
F2oh (6 68170y 7) OIBIERE, Ky AN+ LUABERZ LSO LAS, BB AL
EH, REHIZAZO LN,
M%wﬁmmﬂ(ﬁTﬁ)mwmﬁﬁm,9.m.u.mHmméﬁmﬁEuiaqto%¥m¢v.%
LORERBOR 25 b OTHELTH, 10HRTIE1969E12H (2 ARRAY 2 hIRIE A2 5 h, 197056 H
RO RE CREMIGES W, 9 HRTIXI9704E 1 B Icsittkr'& 5 h, 11AKTIZ2 H, 12HKTIE3 A
Thorz. ARMSHIEAEA R 5 AMEIZ, R REGEF v,
b, #f
YT ANTOI63ERIE, 3—4 AZABTEROM U HFELL, BELL-75HIZI3250emiZiEL
TWwiz, FORBERHNALEEFT, 9 HIZEmEETH - %o
by T NDIBAER T, FIFCESTEREOMUFDPENE o7, HBEBL -2, BRLE-20
27 BFATCI4Semt o2, 9 HEIBDIZIE, MHEOEMAERIZLZ-7~ (Fig. 4)
ERFER 197058 D, W0ARO LD TIE2 » Ak ICHBASIRE,F Hbh, 20%LIERCHRUT, #
U (7 HFA) 1606 BiZ, HEEE310mIzE o7, KRUTIBROLOOEEANRL, 4 2BEoTH)

* P AV OBARZTI969 9, 10, 11, 12H, 19701, 2 AIETFRAEEL A4, 9—12HKIZD
YIABEbNA, WThLI70EMTH - 724, 2N FholEHO LRI RE 20T, 9—12A(ETF)
*ﬁ#t L«f:o
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Fig.12. Increase in the percentage of mature laminarians in the populations of a
block between July and November of 1969, at Kita- Kogane.
Number of samples:124, in August; 98, in September; 135, in November.

HEFE6H, 6 HZBIABROLOIEWERIZE > Tui, L1AKTIE 3 » AR ICHERED BB HD,
4AETIRIABMO LYUAMTERLAEY, 20HREBENTEHIZI30emIZEL 7=, 12BRTL 3 » ARIZY
kALY, EOMEIES TR, 6HIZZ2-TLE, IS TH -,

AHOETHTO, ERAELLS--BMOR, 1 EOMEIZ, 10HET3m/day, 12HRTCIEE?2
mm/dayt K& ZMEHNB SN (Fig. 14).

c. ¥

R IANTOI6FEBHTIE, 3—5HEIEVI-AEEOMMNE A7, THIZEBBLEEL 2D, 20m
1B L2,

FYFLDOIBAFERTE, MFLU-BLEEMMOMmEA Y, SHEFDICRLEES 25T, 121F20
amé& %7 (Fig. 6),

RAMERO170ERO, 10HBOB T4 A CRUOKRLEVBRTOERRRYP o=, LA L0k
RN L DB EN, 6 HIZ2m: &7, 9, IAWO 28Ti2, 3 HE CUAEEMNETLES,
EORIZIAMOHTRO TR, 6HIZMem: 21, —F, 11HEOE19mE 257, 12HK T, ¥iE
TOEERLEOTHES, 6HTL3amIZEL 242 (Fig. 15).

d. ¥R

RV ANT DIBEHOEROERE, v VAREZLN2A6E, 2EVMEVELTL, BESRE

&2 o725 BiZix, ¥EEMIS.66 %57,
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Fig.13. Sorus development of the laminarians at Kita- Kogane between July
and November of 1969.

Sorus range was obtained by the ratio of its length/blade length.

Py FROIBAERTIE, BIELVL LD RIOBEL R TELL, EEFREE 278 HIZ,
R 121058 2 - 1=,

RS OI70EH T2, I0AKREZBROTIACRLMBOFEL 254, L2 L10AETIE, 1 HIZ#A
2L, 2, SHLUAEBELE-T, 6HICI3L 257, 9, LIHEORTIE, 3HETALE
I BEERAER LN, ORI IARTERY DL, 6 HIZIAROBEMAERE -2, —F,
LIAROBIR6 A TO, BETOFRBNAELL 24D, vAAHEIFTVE, 6HOMIET Tho
o RABODIR, MHLSBEOAARO, WhO3EEEED, 6 HOERIES TH- 2~ (Fig. 16).

e. IR

Ry TANFTOIGSERTIE, 3—5HIZERMRIIEL ML, 20#%, BHETRAIM2~, 8H
DERRIIII L TH -7,

FYFADIGAERTIE, 3AZTOMIMIELZ2vA, 4, SAICEKL, Z0HRL6HTTHA.
BEMERLEZ6ATANLDII3008TH -2, ZORIBEBIOZHFL 5T, 9HMIHIZ206812%->T
v/ (Fig. 9).

RAMMEROI970ER TI1E, ERROMMEI0, 9, NAKOMIZB>» -2, 9, 11ARIEL-HEESS
a4, —H, RHRTREMOHDLDIZHNT, F0OBXYEHTE-7. 6 HOEERL2 25+, 10HHK
637g, 9 AMR527g, 11HM141g, 12AH0.868TH - 7=,

I—RAETHROFERMOERNE L VIO, RA T LOMERL S5 L, 10HK 6g/day, 9 B
5g/day, 11H#] .2g/day, 12H#13mg/dayTH > 7= (Fig. 17),
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! —o—Sept-settling
300 —e—(ct-settling
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Fig.14. Growth in blade length of the laminarians appeared on the monthly concrete
collectors( Sept-Deec, 1969), at the cultivation apparatus, Usu offshore, between
December of 1969 and June of 1970.

This detail explanation is the same as that in Figs. 15-18.
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Fig.15. Growth in blade width of the laminarians at Usu between December of 1969 and
June of 1970.
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-o—Sept-settling
-o—(ct-settling

-o0— Nov-settling
-s— Dec-settling

20p

15p
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Blade form (blade length/blade width)

[=1 .

T T T T T -

D J M A M J
1969 1970

Fig.16. Seasonal variation in blade form of the laminarians at Usu between December of

1969 and June of 1970.
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—o— Sept-settling /

—e— QOct-settling __—*
—o— Nov-settling
—u— Dec-settling
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0.05F /\/
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Fig.17. Growth in blade weight of the laminarians at Usu between December of 1969 and
June of 1970.
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f.  BEKEE

Ry ANF OIBIEROIBKENE(IL, 3—THICAFTIRIT-HRCWMUBET 2. BAICH@BE L
S, FOMIE130me/em TH -7,

FY I AOIGAERTIE, 4—T7HE TIERE—RIIHIIL T 22, ERitoL oL ERIZ, AFIzE~
THMERHE D o2, BEE 2R L2 8 HOMIZ120mg/om® Th - 72,

EMMEROL970FMTIE, FHOETHL G, BARZZIE-RIMNLET A, ZOhTLI0HEN
DOHFBROLET, 1 »HY) Cl3mg/an® F2OHIZ, 6 HiZ9mg/an® & B ok, THIZKCDIRIAKRT, 2
HUIEEZ ] » B4 9mg/om® THEAEET, 6 AIZTImg/cn® 1258 L 22 11H#BDIZ, HEABIZL AN ->TH
IMEEEFEZ, 6 AI55mg/om® & B2, ZARTIREMEGEYRLEL, 6 HTCL2mg/m? 12857128
£#wv (Fig. 18).

mg/cm?
100p —o=—Sept-settling

—se— Oct-settling
—o—Nov-settling
—a— Dec-settling

Degree of thickness

D J F
1969 1970
Fig. 18. Growth in degree of thickness of the lamainarians at Usu between December of
1969 and June of 1970.

g W

YD ANFTOI63FH, HLFFY 7LOI64FHE &, HKEMOMAEY 5 RIEEEMZH,3T,
EREHFPIET, VhOITLSROERIMITEL, 20OXEE L FVDIBIEHTH S L, HED
toirelEph, 6HT6—8%, 7H30—36%. 8 A30—40%TH -7 (Plate 20D, E),

RRMEROIIT0ERTIE, 6 ARETRIESEM-ASZEMTH 24, 10, 9 ARTS %LUT CERSE
OREOEESFZ LN, 11, RAKRTYL, AEOLOF6HIZ2—1%TAbN, ThLIREELRE
{, EHLHET, “whWI3wABWEE LTV,

h %

YD ANFOI963HEM, ELU L 7 VO1648EL b, 6 AP S X WHICRES L7z, HilfET
HBAROLOVMATE L, P2 FVIBAERTAH S L, 6 HTI0%5, 7H70%, 8 HI390% I8 -7,
FLEOMBIE6—8HIZZS—4amTH o1,

MR OI970ERTIE, 6 HBRESTHS A, 10, IAROLDIZ8, 4%OMET, EFRESATY
7o EF1210, 9AKTIZ4S, 4, 11AKR3Imd, 12ZHET6mTH- 7.
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i. &S

Hr T ANFOI63ER, BEUFSSLOI64ERL L, FEEIRE ZMREOBEROEmITAEIT Y
Foo PP FNIGAERTAD L, 6—9HIC, HHELEFICRL TS ERBEIZT 13k MI0L 2,
HREMEERO1970FERTIE, 6 ABSTIEH 2 2 EMEIL, 10, 9 AIRIZ104, 11AMT 4, 12AMIE5 &
ThHol,

joo HEER

Hr Y ANFOIERTIE, THIZHREFE L0, BEbhD2%, 8HIZIEN% L &7,

P I UOIBAERTIE, THIZFO IR AR OREEKIES S0, 8 HIZN%OMEEIRES %572,
EAMMERO1970EHTIE, 6 ASTHREEALNE o /2,

ft#E&EN_—F4£va7
a. RaFho EFHERRE
SHERPEIIOVTIS, RICEBELTONS, 227, 196419650 "FEa > 7T, 8FE 2 -~
Ei124(5) HICHBL 28, —F4~HELAERE -2,
b. #EE
I9MELRED L DT, 1 FHOFO I BERMT, BEIMETTOIROEHFD XD E20uboodi,
NAECHEMZA- B BEbOhL, Th3WELHLORBELMRESELHS5, BESAELSAE
T D EEERMIL, 6AIZ280mE Z -7, ORI AEFTIRIFMUAEE LRS- 2 FHOERE
MTt, 1EBICRNTHERIE], EROFLVEHNITEL, B2 LEOLOIE Tm/dayThH - 12
(Fig. 4 : Plate 2A—C),
c.  HEIE
WEEMIE AR BRI TH AWML T, 20RIGHESL,IZHINL 2, EEZ2FEHO 1 ALZ10em
39, 5H15em, 8—9H216em& 20, [FUEMHO—FELED L OO S L 2 FEREEIOH OFEN
SEEFH - THPHEHIEL, 6HIZAZ E—FERELENTZIOMYBEL- 2 Z>%, 1 FHNSH®D
HE$20 .8om/day, 2HFEHD 4 —5 AI2130.5om/dayThH -7~ (Fig. 6 ).
d.  ERE
1fEHD 8 HIZ, FEMANNIEOLOH EHh 24, 2FEFIREBOLIFDOEIZE, ERIFMUL
Hokkd, THOLODOMLTI—12E, BLEVWEIZEL
e. ¥&ER
ZHEEIC 702 FHORM, FEEROBMELMNTS 4. | FHOBERMS S BEBOMOIZH
BT, EEREEVL TN, BELFHETIEIARMLED, 5, 6HIIELLTAIRME -,
1 HOBEMO#M) TN TH-2-0HF, 7HIZMM0gIEL =,
2E§0')¥LL‘B#U)E¥J‘I11:UNE§$(1_, 1 fEH Tl .8g/day, 2 HEHTI37.58/dayé & -7 (Fig. 9).
f. BRI
BAEL, 1FEHOTFOIHERMOMS £ T, BEMCA-TEAIZETL, 2FE0REERM
2 THEML TS, 1EHO 7H FEIZIAREIZI05mg/en?, 10H130mg/em®, 1 HOE 4 MO
(IB3EF %EE) 1212100mg/em?, Z DI —RIZHIM L FE13 7 A160mg/em®, 8 A170mg/em* %2, HAY
NRWIAYTEr ol
g MM
Fo I HOERRRAL, —FELIFELCT, WHERAORSES 28bh, TH- EH~HEL, ok
hikETLEURATERSA L, FOIMFZEN500, —FEOLOL) _FRIFL, 1965F7
Hizizgd -4, 8H9%, 9 HhATII25%DMBEIEiEE &> Tuwik,
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8

B, ZHRIZE-T, 3 CR-HA0GMAs 30N E shTwhary 7, R—EBnleHE, £EY
LEhMAH S (SUNDENE, 1962 ;SVENDSEN-KAIN, 1971)s & Z A3 ¢, It#&E L HHRO—FE=T ¥ 7,
ERED FETILTERNTEEE, BB LUEEBRRL 2208253, 22T, EREIEVE
MEAO—EET Y 7E Y Y Y227 (MIYABE, 1902) & BIfRIZ#R- 724, =2~ 7O R GEBE, 1911)
DA DT, A—HE L -7 (B, 1936)MABEORLADICERTS, Zhsl>0MAROK
OEELY, HFERIIERTATLEGSZHEHEE S L0LEE50 3,

ERELHEO—FE~ 0 75, BiET BI04 58, HESLERE RBZEVTENIELS
BEHLZ2240%, MABBALBIR-FITERTS, METIE, 1) (E¥o) BN R2Y, 2) &%
WHEAFRE T, FREAABGOEGVHFRL 5, BETIE, FHEL BIEA RTET 5 PASRBE 2LV iR
NETETS, 1) HAEHORLY, 2) KBORED, 3) XREOREY, FH5. MABEHTIE
2y TOHEMOMHH SFEEEAMET L TL 5 (89K, 1965; FiES, 1976; BH S5, 1977a - b; Hik,
1977) #, HERTRZOBEIIEMEEZA-LOHRBEL, KELZVT, BURBEL LTHEMENL S
ARENFED, COBPETLIERS LV EEOEEIEL YV,

Z 0¥z, SANBONSUGA * TORII(1973) AR U TV 3, BiEL EMEDO 2V, HRZLL ABRY, fi#
THAEL TV S & Ebh 3, i idhEEy), Ry, M- LEgEsh Ty 200 T, Most (#H,
1974 : JAMESON ed.,1977) BEZX2VTH 534, HERMOETE U AEBY (WAHY) L LToat
BHEETETHA I,

ZokS ItRE L HRO—FECT L 713, BEEBEAL RO ER, HLUENLLZBEOH
BIZEST, HEPERE, RBCIRRIAELAbOEEERT S,

0 —FE L THEEYT Y TOMRE, EBMERTORLZVIELES, vy TEBAMI—EE
ETHEEORTROBGETRL, 205, “EEL IO ERENAN - BRI L THEIEA, 1
EHTEREL LTEFCERET, 2o EMEIEL - 24, 2EA~BEL TRELTREE3 L
v, lfk- EERSCESO TV LRI L), A2, SCITEHLZGNEE S 2V0IR, BEVTER
BABMEZY, EBNIIVSTHEEREREV AL N5, EELEMETIE, M- @ARSIZE-
T, RETH300520EBbhd, LENFoTRKARTHBCHET @K, RUEB(BHbOIELLOTR
4, —HREOEN, BEHORIIBELLZLOT, ~EEOHBBIZIMY - AREICEZ 5 3EhEE
26DEVE LI,

HEOERAT, BEBEAOLOE, 1) HBEBOEL, 2) REVHLOBARATETSEEDEN,
BB 5, HEREOL O, 1) KFEEILEZEEDBR, 2) EHEE EAkBCL534E0EN, 3) @
MBEG-L2EROEN, »H5, ChENERIMEHE-T, £ I FHENEHLEHFSE, £N0
EMpE TV AT, BERIGLE0THES D,

FHOLOTEENBNLYN, BEE(LET L2012, TTIEMLESN TS (PARKE, 1948 ; SVENDSEN*
KAIN. 1971 ; KAIN, 1976). BN EH T, BEFSFE{ 250 B 5T w3 (PARKE Le. )

ERENFZOEVTO 9 7T, KEO S 7L BHOHI3EE—F1 07, thilf#icE-TR
HFLHESI2Ebn T, BExaTHEobRBIHFELTwED AN E, 4 F, BRHITEROED
TEVLDIIAShAHFERTH S,

HERTIE, 2EBUMIc b TRy 72RVELTV ARV, 20ERL LT, 1) HBEMHH
RS LD 1 2 HUERL, 2) @A ESEES DR, 3) FEATOIrTHPEL, 4) KRAWH
{, 5) BEETHE2L, ¥l EHTERLAZRECHS LD, HBETI3@AKYE oL HERT
3.

[t En—EEvT > 70, 1969821963, 1964ENTMEE TI2, BRE-HFCE-THEREE S
TWa, 70y 7 TA Y 7ORVEROBVESGH» 5, BN T3 TRRALETH 3, L4 LI96YERTIL,
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EERHIEEERTE ] 2000 ERGEB4BATHY, —7%, 1963, 1964EETIHBIN) 24 % HuT
Wh, liF e L FElTH SN, MEOHLI0E L BFZOMA 2IHEIChE - TH5E, BREIT.TL9.8,
HEIEB2.1410.9, FIEMME6. 1 +14.3, HEH88.2410.5, IBAIEI. 4+ 8 Th - 7,

—H, MEOHD) £MEOTHEL, REOLOLHML TATH, EELVERSHL L L OLEREY
PEYVRL1,

KBORETEH, 1969FHIIMDENED LN, L DEH o7 (Tab, 4).

FlE-T, ZHFEIVTHFEOLDO L VRBARL, —F, EEHTAS L% EH, AEOME
FTHRBEFRVEVL LI,

FE/REN1969, 1963, 1964EHTIE, ZOMIZHBIIAR S, ERLR{, BBLEH o7, ZOEE
& 5% L, RBROZIPRAEOHROBEHIZ L - TELERHITE S,

ZOff, HR (1970) b O<Tw 381z, FMTOERII KR HERAHBEBLTWEEA6h0, 20
ROBEML, HDEMTOEE Mb-TVwiE8bh3,

vaAr707a— EBHET, FERFICERL, ARCHBICEL ST THAERET L, BEH 5 0I3E
MET, CRERARHEBNS (B, 1978, RUKRE).

EPRICHBHRBEOOI963—19700 (2) 3—8 HOABROMBRAL 23 &£, 194EDOTIROBETIZ,
SERW A S MDD IS ZEFHICHE L D <, FORIBES, HH- 20 A" EL o4 (Ll
R EREIB AR TS, 1969, RUKREHE; Fig. 19, dtigl, 1964—1979). AL TRIETH - /219664
DEICWMIZE, 1964F LA KBROERH B S N, £ 21970FOTEOEIZE, SR 5 HF MO
DTG, KBIFELDLE, LALEMTRAELIZERLETH - 22— H,8IRTH - 7:1963,
1965, 1967—1969F M AL, HEFMA & HMWHOMD 12 Y AEFHICER TH Y, ZOHRBIEM-RRLT,
B mAkR e E-Tuwk,

HE (Bld, =M, AADRMAILHEEAL, 1963—1971) 125w TH 2 &, HIEEHBROGED 1255,
AIEDIZA 2 5 45 2 A  TOME A IS, 1966, 197040 FAOBFZHAFE LI E 2 -TV S,

Table 4. Annual and local variation of the percentage of the adult laminarians in the diffe-
rent populations of blocks, at Kita-Kogane, Nagawa and Usu between 1965 and
1970.
Upper row in Kita-Kogane, 1-year-old plants; lower, 2-year-old. Sign in paren-
thesis: e, early part of the month; m, middle; 1,late. The nimber in a parenthesis:

number of samples.

AD Locality July Aug Sept Oct
Kita-Kogane 0%(m, 91) 2.6(1, 190) 6.3(m,63)
1965 0 (m, 69) 89, 67) 25.0(m.46)
Usu 0 (m,281) 6.7(1, 72)  43.3(m,68)

1.8(m,220)  37.0(1,216)

R 125(m, 32) 3830, 60)
1965 Usu 0.40, 266)  49.4(, 85)
og; KitaKogane | 150,65  L0(e 150 420050 1000,50)
Usu 6.40,39)  57.0(e. 62) 9100, 34)
1968 Kita-Kogane 1.6(1, 89) 2.0(e, 79)
Nagawa 50.0(e, 50)

1970  Kita-Kogane 1.5(e, 50) 21.0(m,50) 100(e,50)
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LA LIMED TRDEFIZIE, BROEOPHEAMAIC TR T 3ICBER2 v, F-BBETH, SH
h1FTH 24, ZOMEOHEAREMIZAZVECLONH -2, 3—8 HOMEHRTIL, 1964,1966
FETHENFFELIVECHFITETRHENES HV, 1970F I r 2 v EFICLIBELHELTVL I,
WMEIZAA» S SEBHE COMBRETAS L, MRETHBIREOREN LD LN, #50 — 10085/ L %
ol

LIE&#RET 2L, —FEar 7OEECHEBIIRELHMbi01, YRFLROEEREZ5H0, kv
THIRMA» S MO KR, HEEALsh 5, HBEAARA, POEFEBICHEL Z2VWKEPHEBIZEST,
ERAHBOTRAZ0E, AEREFERORAEFROLOTLESIZIPP DO S,

19705R 13 0 2 TIRETH D, DIRFOHBELE, ERLEOTE, RAEMIAIOLEB o7k (
Fig. 19; Tab. 4), ZOEQIREND I Y 7TORBO L HL, FETH 2 LKL 5 RANLR 4 IZTFD
IMAERENT VL DI, L90FEOREDERTENF DL, »2RMUZTFD I HHHLA -/ (Fig. 20),
g, ERBEAIRBROBRFIEL, SEFREREY £ L, BHOBRMA DHIREEROBERICAb & X
5 &T 5, HE#ED, —ooMMERE V2 LI,

BHOERT, EE2tondizf-2bod, E¥E, AMTALNL (Plate. 20F), Ths5I3%E
ROERTH, —FEFRIVE»THEFE TR, Thiz—HETHO, WNNLHEERL A5 N,
EROERE LI, HEOWETLEEOHIZBEZELAT, EAERTEL P LflkEA5N 5,

AEEEMMEROINVEROETIHOLOT, IAROEAFIARCLO LV ERN B -01E, HEFIL
PLERLEZAS G, Bk, WHE HEZCOBREICLIBEFICIL-T, BBEDERCRE, BHARE
DERFBEhAZ LICEETEEEbN S,

IAMTEET 2 UEAH 2001, HIFTHHTFIHHRL TETsATV 20T, L LBEFOEKRES S
3T 34518, 120 () £ TEETHE - HIEBREFES0T, 1) I AROBOERFI0BHOH
DERICHE LR, 2) 9 ARODIREEREAN—12ABROHFBMESA TS, BT THS, £/, 3)
INAWROHTLIZAMOE L Y HBHIEZV T T 3.

LA LERIZIEL) —3) oRBIEEY, 9RO, $ESEES SHBL T, EFRAD S510HE

t 107yen
300 F —o—ton 915
i & —e —107yen
250}
200p d
% - 10 E
-8 £
Z 150f 5
= i
= i E
100 4 5
% .
i /\. \ 5
50 \\
o

1962 1964 1966 1968 1970 1972 1974 1976
1963 1965 1967 1969 1971 1973 1975 1977

Fig.19. Annual variation of Laminaria(Konbu) product in ton and yen, on the coast of Date
City, Hokkaido, between 1962 and 1977.
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[7)
100:{7

—eo—Elevated surface
—-o-Depressed surface

50

Frequency of mature fronds in a population

N

Fig.20. Increase in the percentage of mature laminarians in the population of a
block between August and November of 1970 at Kita-Kogane.

Number of samples: 50 in each month.

ETORMOD, 1B E0ELOHMICEEFEREL L0/ DIREESICEUT VEEAERS, 3) O
LTLEREZEHEL 3,

I0AROBTIFIMREL £ T, LI-12BHOEH, —H, RBMEhTO3#I2225, L»LIOAKD
HORMLIRY (64 1 /em? ) & 11, 12ZAROTED BHUHBLE (26248 (F /o) &t 5 L BEF A F , 10H
Wed, 9, LIAME AR TERTH S, WWARTHEAKY 25 - 203, BEFREOBEMzYY,
POEBEOER, RE, DIRFEEROEBRIRIIY - T, &0 2 BB HRFORB L ERIZEVOL
LtorBbhi,

ZIT—OORM, 1) WA, ##ET 38ETORK  BEEthiFtwaod, FMbh, 2) TR, %
BRo#EFOHE - RFETREMMZ L 2 A, HHBEE 25, 1)1 Rivelaria sp. PfTHEEMBE L L O,
BLURETIDRTH S, 2) GETHOZEFNZ A S L2 L 00FERMETHHL L0 e, ELW
RO shawy, AROBERTIRL »ALUAO 2—3@MIE & L RS 5.

TLFHOLL, 12BHEOBEE, RIZEESF T, 3 7 IRFRCHEL, WI0KAEHY, pHEo
HBRAFCRED» 5 A5 0 A{HEY -4, 12AHOIE6 HIZEEOmii# TH - T HEMOMMAEILS,
RERTT7TI7E LTV, BEHBIZHMR THRELREL, METH-TLHBMZA-TVEE
R BN, ZOEFERE, BulBItkoT, AFERICGESAGKR (HE) ofilz %17
e, FNCHELAMESRER, FH Iy 7TLUAEROBEIRLE ATV S (B4R, 1977)

FER0emE 5 &, —REIZIE=a L7, kv ATy, V) ar TOHEMOFENEIZ YY) (S5EF -
BN, 1970 ; BH: - AREF, 1965; BRI - i, 1966a), JLEEOHEO P LEKTIE, BRIE2 S5 ORED
ffidh 34, HOBMBOMRIIES, EHZERBMET, PREOMMNH L3 228 513 IBE L,
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HEOEIG, 7oy 2, BEFHOEHE LTo&dly cik, #lEL a2 ) — FEE TOLEMZEER
% 25 9 (FELDMANN, 1951), 7= 2% E CIEpHAKE T 3012, okl h A5 L Bbh b, 320
HEPGERMELEIR LAY, Zhc#izz, BAEHOEREPEREZYOEIASNEZ, ZhsDERF, —
(FEEH OENE, 5 3R SO E), K, BHEOELCLoTELLLDLERT 5. BAKRBIOM
WAERE, ERIIEDLY, KREIERI, BEE (36) 3ESOB#HTI » 7ORKIIMb3. Zhsod
DERMEZ, EMORMEL LWES 55, BARBEEbnb,

MEARI AR ERPEECERTSZILIE, 1) 550, BEIINEOECHMO 70 v 7 & SHERE
BOLO, 2) @—709 70, BEOEARTEFVHO, T TOEBERKT LML PIZES ),

BHHOMR, WE, #FX, BE, BFE, SLERSLUREER

Hi&

EERBIE O, W (H), 6, EARNS L CREO S, ARBOEELRBRTOAEDLEFE
CLThd. 2AMAEBROERCERRE YOMKEMA 25, BRNOBAD 2ELREM Y ) OEAD 2K
Z2uTh, BRICWETHEL 2.

INEmHEE L, GBI AREMOBA ORI L, WE, AL A0 SHER), RERE
HloZo Z0%, ELLEEYVINZREZIE, 2TENVI-T, E£# 17 %0 0[S (BEH) L8
it (BEB) 2RO, MONNBE O 7T1E, BRIV HP £ LT, MEgEREREY, &
SEHEE BGFREOEMTRE L 28 Iib 20y 7o BREOE £%, MOBRBIZHVWT, Zhsn#
A PHECE A OERORS -4 ERICOVWTE, B CHEEEEHGEREZ S EMHS 2L
RED T IFHA Y ) OB BAER A RS 72,

ShitfAo HHRIE, EEMHRT 1l FORPELPHELILEPIZETHEREL A,

B0 HItE LR, EREO1BIERETIE, 2 HIZEES lenll EOBH T %H-7-0T, 1 A H8LH
o HWEL 2. LA 2-4 HBRMORM(Fig. 22) 12k ->TA%, AEROEFRIOERTIE, ik
MOYIEFELHEOBIFEME L, FIESamll FTh-L0T, 20 F FHBHKE LA,

2AAE 5, FEORET, SEED 12 AMORANEEL Skl FEHELT, SemllFO#EH
BEHE Tl AMOEREE L, 5.lanll EOBAFA E THE L AROERED & LA, ZAIERELF
WMTH-720T, ALERAE LA,

BmR
&N —FEva LT *
a. iR
PIRMISHALIE D (ML, 2 HICEESL(HE, 16) ankl EOfliEA", +CI27 %A 507, ZHIZHBH
WMAIHATHA2ZLEETRLTWVS,
SR BRI, 1emll FORA 2H1255%, 3H40%, 4H55%THY, SfEIE1 —4HETHEL
7= (Fig. 21),
iRtk EE, 1B 1oy 38. 35({k, 2 H9.944E{&, 3 A5.56{f{k, 4 H2.66(f{%, 5 H0.04{f{k
Th -z (Fig. 22),
REMBHIT 2 HIZ Loy 0 48. 298{%, %0 5 AI356. 55k ThH -7, ZhizEhE#MTHN, 2h
i2xt+ 51 HOWREOHI51367.8%, 2H17.6%, 38B9.8%, 4H4.7%, 5H0.07%Th -7,
ERHMDZERIE, 2—4HETE Sl TORHAT0—90% % &0, 27T 1 emll FORSM I HAEE % 15

* ZOHE T, BELEREOIBUERL FHIZL TRRNTWE, 27, BEL 7Oy 7 40 OMfEE,
HERIZ-> VTR, LEED1963, 196448, /W™ 1963, 19M4FEHOERA{HIIMATVS, ZOHBEH
B FERAMHEL 2,
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Fig.21. Production of the embryonal laminarians per the areas of 100-200 em* of a block
between February and May of 1969 at Kita- Kogane.
Block: 9 X8 type, in Figs. 22, 23, 25, 26, 28, 29 and 31.



AR RGGET IS BT ava Yy 7OEBEEUa Y 7 — b7 oy 2, BlRIZ LS T 7TilER BIR 49

n/cm?

40 . .
o Estimated value with the regression

® Measured value equation
y=238.35x 1872

(] (o]
(=] (=]

Number of new embryonal fronds per 1 cm?
—
=

T T T T -1

1969 J F M A M

Fig.22. Monthly production of embryonal laminarians (=5cm)per 1 cm® of a block

between January and May of 1969 at Kita-Kogane.
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Seasonal variation in composition of laminarian blade length in the population

of a block between February and September of 1969 at Kita- Kogane.

Sampling area: 100cm®, in Feb-Mar; 200cm?, in Apr-May; 1050cm?, in June-S ept.
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Fig.24. Comparison in composition of laminarian blade length in the different populations
of the blocks on the sandy shores of Kita-Kogane and Usu during harvesting season
1969 and 1970.
Block; 9X8 block, in Kita-Kogane;6X6 block, in Usu.
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Fig.25. Decrease in density of the laminarians at the sampling part of a block, at Kita-

Kogane between February and September of 1969.
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Fig.26. Decrease in number of laminarians per a block at Kita-Kogane between February
and September of 1969.
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Fig.27. Decrease in number of laminarians per a 6X6 block at Kita-Kogane and Usu
between 1964 and 1965.

Block settling: during autumn of 1963 in both the localities.
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Fig.28. Variation in standing crop of the laminarians at the sampling part of a block, at
Kita-Kogane between February and September of 1969.
Sampling area: 100-1050cnt
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Fig.29. Variation in weight of laminarians per a block at Kita-Kogane between February

and September of 1969.
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Fig.30. Variaticn in weight of laminarians per a 6X6 block at Kita- Kogane and Usu be-
tween 1964 and 1965.
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Fig.31. Decrease in attaching area of laminarian per a block at Kita- Kogane between Fe-

bruary and September of 1969.
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Fig.33. Monthly production of embryonal laminarians(=5cm)per lem? in the collectors,
between December of 1969 and June of 1970 at Usu.
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Fig. 34. Seasonal variation in survival percentage of laminarians and cumulative
percentage of monthly new sprouting embryonal plants(=5em) in the
collectors, between December of 1969 and June of 1970 at Usu.
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Fig.35. Comparison in composition of laminarian blade length at the denuded part of the

first sampling in the collectors, between February and April of 1970 at Usu.
Solid circle: below 2%.
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Fig.36. Seasonal variation in density of the laminarians in the collectors, between Dece-
mber of 1969 and June of 1970 at Usu.
Upper small figure: the laminarian density at the part of the first sampling

denudation in the collector.
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Fig.37. Variation in numbers and total weight of laminarians per a cut sone, between

January and August of 1963 at Ponusu-hana, Usu,
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Fig. 88. Increase in standing crop of the laminarians in the collectors, between December

of 1969 and June of 1970 at Usu.
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WHOTMEHL, BEBFANE 2N &ML 25 5, EHER BT 3 &, YIONTEHRO%
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DT, BWOEREF &2 5, WEMTIE, RREEBN, MIEFSD, Zhs Ak, R, SR &
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FRe @b L5426 2 p AR LM, LHEMEh 3,

2) Wi, dEFHREERO 08, DIEHEOBBOR U, AR5,

3) WS, MR CEGREINNE, EMEOEE LR, DIERORE CRERIEL 25 R, Z DRl ER
REAROTTEREL 250 5,

4) PIEENBUERHOI Y TH-FEERE 25, REVEE, HHRTIETELELSY, tHETIR
FTORTRODIIEEE, BVl "FEBLE5.

5) 7y y, EMEROHEWME CL, BEFHEZ 2 HUNTHS. Zoh T, SDIEBIIIN
BO#EEEL 3,

TNEORIEE, LTFCERIREORREOMTI L THE AL, Zh5 kAL TREZEHIZ>
WTiRET %,

1) #1131 —2 HEEEE #4585, 20—40mdeik+ 5 2%, {E0BAE, (K8 Clalkesi o & v, IiEFT
121 BRIE ST 5, FEIE, @ADL, BERELRG. SE, SHETRERL IS 23,

L idio TlEEFIE, i, #idk Bz ko THHEML, R FORRICE(, RBLVFELTE
WEHRENS, ALY LMLILETIIONT, ERERILY3EA505,
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L7222 Tk o e M (5) 3200 7OEEA S, fr7uy 2 TROGE, SHEE» %
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* KERIL1972—19756F 12HN, —HFEI T, BEEO~vI > 7RO THE I L - 22, BHIZHOEE. A
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DO Fe R, OMEEORE CRLB Y -2, 3) OFEOTRRIE, @E, 10— 7C HARER, #HR16,
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Gametophyte Sporophyte Swarmer
Culture Survival Fertility | Culture Frond
term rate % % term length
«| 22¢ | 2months low 0%
g g 20 2months ¢ 9% 10 1 month 0.2 mm
£(S| os 40 days 100 98 1 month 0.7
% 5 | 20—15 | 1months 100
= E 15— 10 |20 days 100
& 10 5 |20days 100
6 1041ux | 15 days 10 c 9 |I5days 0.2
4% 10¢ |15days 60 c 9 |I15days 0.4
2 x 10¢ | 15days c. 9 c. 90
B R R R U -+ M.
2 3% 10° 15 days 045
E 10° 25 days 100 100 15 days 0.2
= 5% 10° 15 days 0.8
- 3% 10° 15 days 05
g 15 100 * | 1month c. 100 30 15 days 0.08
% 50 1 year c. 100 0
& 50— 1002 1zl x - c 05
2 % 104 15 days 0.2
g 5% 10° |15 days . 100 100 |15 days 0.15
3% 108 15 days 0.09
10° 27 days c. 100 100
Exposed  Survival Exposed Survival |Exposed  Survival
term rate % term rate % term  rate %
o e | 30 minutess 1009 0 minutes*™* 0 % |30minutes 0%
Ultraviolet Fays | 10 minutes™ 0 10 minutes* 0 10 minutes 0

Table 5. Effects of temperature, illumination, solar rays and ultraviolet rays on the fer-
tility in female gametophytes, the growth in sporophytes, and the survival in
swarmers, gametophytes and sporophytes.

#1: Temperature gradient =—5T /1 month.

#2: The same samples of the upper row which were changed into 100 lux after the
cultivation of a year at 50 lux.

#3: Five-day cultured gametophytes at 10C and 5000 lux of 12 h photoperiod daily.

#4: Sporophytes of 30 in frond length cultured at 10C and 5000 lux of 12 h photo-
period daily.

Culture condition: medium, filtered seawater or ESI (TATEWAKI, 1966); light, white
fluor-lamp (=20,000 lux) or flood lamp (=20,000- 60,000 lux); photoperiod,
12 hours daily.

Parental sporophytes: L. japonica collected from Shikabe, Oshima Prov..
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HHROFETRIZHEbN - DIREOEROEH s h 38R 45K 5,

ZFAOETHE b, &k, 1| » HUNICSEEFEEL 260 L > SIRERRICES 22 222011,
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BEY) 12560, PORREDMGERE L THEL L LOBREI DL o0 LERT S,

9, 10HH T, SHARMRMB O |- HMERINGE - USMEF S b 20k, 3, 27HBTH), 11,
12ZAHRD 1 » HRIZEAXTEL 72, Zhi2, ARTESEZ XL 3RBEKROMFESEZSRH, 10
HR TR L 2L OBOBRRIC L3RRS AL (ERLTVLSEA50 5, 11, 12AHTIE, 10
AWO & 5 ZREH 2, RECHEPERIMEANT, ~Z2UHEBRLALA5N0 3. ZHRNETLYM
EAEEEL 20, BHZT4 7THELTE, 20 7)) = FROBNEMAIZ, EEEPZHREROLSD
- TwhEDvThs I,
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Tw3 (Fig. 34). ZHUE10—12H O il AR A 5 (R4S I ZHERE LT, 2 BIDHM A5 BWIMIZ H 72T
HEIobhlibeERT 5. £ IHRTEMOLODHEF L L L2013, EEFORBIREIZLS
Te

ZHOEFHE G, FBEL THS 1 » HUPNSEE FA 8K L 2575, 910 L#) OGNS, 3—
4 3y AOEFECLAF, ZhiIHEEREEECTI Y TORBMICES LD LHERT 5.

FELRERO1963—1970E0 2 > 7 ($IZ—FE£3 2 7) OBRIZHVT, K& 0B O R N
ACHET S (Fig. 19; Al, AERMEO, L rep Ao sl A8k 145, 1969, #%8%,; R, =,
HAARBEILHEEAS, 1963—1971), AfHEIL1964, 1966, 1970 ¢, —F4E0K£TN 7 » 71340-81".
P64, MOETIEI22—176,, AT THo 1,

WE—FEI T IBYT I, TRIZEZARFL LT DO L HFEZ SN, —2IIRBRA S HE
INRLESEOREL, MFRIAFFFELVBAAFEORELETRILZ-TV S, WETIZI—10
HoKk@ERE FRFAELD LR GEN, »20-11HOMEOMIEMEFELY 22 - /. BRETRITEE
Kb Fa Lo L, HERREME HEME S 2,

=7, ERESFFELDRCBEbhAEIZ BRI E TV S,
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WitAdoh, PBELLHICERE KBNS HEREZ X CLIMERR(RIALESNE, ZOHK
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SEMEEL D

IKEMTROMRIZMb - T AERE LTI, #EFL 2NHFBET B85 5, #ETTHE, 20%
HLMBoBENS S, WlzovTiE, MIKRORIFEL D Y TRTONE,
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Plate 1. Growth of 1-year-old L.japonica attaching on the blocks at Kita-Kogane between
February and November of 1969.
A, February; B, March; C, April; D, May; E, June; F, July; G, August; H, Sep-

tember; I, November. The ruler of D-H is the same as that of L.
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Plate 2.

Second-year-old L. japonica at Kita-Kogane, 1-year-old plants at Usu, 1-year-

old plants with undeveloped haptera, and injured plants.

A-C and H. Second-year-old plants: A, February 1965; B, May; C, August; H,
injured ones in May. D-E. Plants at Usu: D, round type in blade base; E.wt'd.gc
type. F. Plants with undeveloped haptera: three in left, abnormal holdfast; three
in right, normal holdfast with well developed haptera. G. First-year-old injured

plants: blade base injured.
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Plate 3-A & B. Production of the embryonal plants of L. japonica on the different parts
of two 9X8 blacks, at Kita-Kogane in 1964 and 1969,

Plate 3-C & D. Cut stones and laminarians at Ponusu-hana in 1963,
A. Plants on the outer side (reclining posture) of a erect block in early March
of 1964. B Embryonal plants (< lem) at the marginal portion of large ones (
Im) in late April of 1969. C. A cut stone and small embryonal laminarians in late

January. D. Young jevenile laminarians and embryonal ones in March.
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Plate 4. Laminarians and their attaching parts of some l-year-old blocks, at Kita-Kogane

in July and August of 1964.

A. The erect 6 X6 block covered with laminarians. B. The reclining 9X8 block
after cutting blades. C.The reclining 6 X6 block with lower density of laminarians.
D. The erect 6X6 block with lower density of laminarians. E. The erect 6X6
block with higher density of laminarians. Figs. B and C, in July; the others, in
August. The dark part of the block bottom, without organisms in Figs. D and

E, is in sand.
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Plate 5. Laminarians and their attaching parts of some l-year-old 6X6 blocks, at Toshi-
raru in July of 1964-1966.

A. The erect block covered with laminarians, 1966. B. The erect block covered
with laminarians at the two parts of its mouth, 1964. C. The laminarian growing
part of the same block in Fig. B. D. The erect block with low density of lamina-
rians, 1965. E. The reclining block with comparatively high density of lamina-
rians, 1965. F The reclining block, in erect posture, showing the dispersion of
laminarian attaching parts, 1964. G. Laminarians at the outer edge of a block
mouth, 1964. H. Laminarians at the inner edge of block mouth, the opposite

side shown in Fig. G.
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