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Life history of the smelt, Hypomesus transpacificus
nip ponensis McALLISTER, in Lake Abashiri.
3. Seaward and upstream migration.

Hitoshi Uton *' and Shigeki Sakazaki *2
*! Hokkaido Central Fisheries Experimental Station, Yoichi, Hokkaido 046, Japan
=2 Abashiri Municipal Office, Abashiri, Hokkaido 093, Japan

In Lake Abashri, Hokkaido, the smelt, Hypomesus transpacificus nipponensis, McALLISTER,
has an anadromous type that leaves the Sea of Okhotsk and ascends the lake in autumn, but
little information is available on its migration ecology. The present study dealt with the seaward
and upstream migration of this fish and its age and size compositions in an outlet stream of
the lake during 1981 and 1984.

The migrants were mostly the young-of-the-year, and 1- and 2-year-old fish were involved.
Three-year-old fish were also rarely found. The young-of-the-year fish hatched in inlet
streams in the spring stayed for a some time in the lake and migrated to the sea during
mid-July to November with a peak in August, when almost all fish became juveniles. After
the life in the sea during about two or three months, most of them returned to the lake from
October to December, but some moved upstream in April of the next year. The sea-going
young were larger in size than those remained in the lake. The seaward migration of 1- and
2-year—old fish took place during May and September with a peak in July. They returned
during the two periods October to December and April to May of the next year, the runs in
the former period being bigger than those in the latter.

Based on its life history, it is suggested that the smelt of Lake Abashiri, excluding the
2- and 3-year-old fish, was divided into the following five groups : 1) non-migratory fish;
2) fish that moved downstream and upstream in the year of the birth and remained in the
lake in the second year of life; 3) fish that moved downstream and upstream both in the

first and second years; 4) fish that proceeded to the sea in the year of the birth and returned
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to the lake in the second year; and 5) fish that remained in the lake in the year of the birth
but moved downstream and upstream in the second year. The ecological information for the 2-
and 3-year-old fish is still limited.
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Table 1. A list of samples of smelt caught in the Abashiri River, 1981-1984.

D No. of fish Fishing Age deter-
e age 0 age =1 gear mination
1981
Jun, 11,12 0 | cast net Ax
Jun. 17 0 0 larva net A
Jul, 21 253 16 dragnet A
Aug. 24 6, 710 2 dragnet A
Oct. 14 2 33 cast net B*
Nov. 4.5 6 3 cast net B
Nov. 10 2 0 trap net B
Nov. 24-30 3,146 0 trap net B
Dec. 1-18 1,082 % 10° 25x%10% trap net B
1982
Apr. 19-24 1, 142 73 trap net B
May 13 0 0 larva net A
May 17-22 0 19 trap net A
Jun, 1 18 0 larva net A
Jun. 24 0 0 larva net A
Jul.  12-17 430 0 trap net A
Jul, 14 0 0 larva net A
Aug. 2-7 34,352 0 trap net A
Aug. 19-28 5, 496 0 trap net A
Sep. 7-11 285 4 trap net A
Oct, 5-16 1,876 1 trap net B
Oct. 26-30 315 0 trap net B
Nov. 15-30 1,772 x 10? 174 x 10 trap net B
Dec. 1-24 2,929 x 10° 199 x 102 trap net B
1983
Jan. 17-22 86 7 trap net B
Feb. 23-28 2 0 trap net B
Mar. 1-3 2 0 trap net B
Apr. 6-16 5,950 121 trap net B
May 12-20 0 28 trap net A
Jun. 25 127 0 larva net A
Jul.  11-24 2 125 trap net A
Aug, 3-12 255 % 108 42 trap net A
Aug. 19-31 1, 107 % 102 19 trap net A
Sep. 1-8 6,513 6 trap net A
Oct. 3-8 417 6 trap net A
Nov. 1-30 913 % 109 372x 10 trap net A
Dec. 1-18 562 x 107 482 trap net A
1984
Apr. 16-21 4,325 10 trap net A
May 30 27 0 trap net A
Jun. 12,29 171 0 larva net A
Jul. 20 0 0 dragnet A
Aug. 1-24 2,144 x 10? 16 trap net A
Oct. 11-15 896 154 trap net B
Nov. 19-23 11, 565 2,833 trap net B

« A : based on body size, B : based on scale reading.
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Table 2. Dates and places of recapture of smelt marked and released at Station A in
the Abashiri River in mid-April 1983, and their biological characteristics.
Date Place ki Mty Sex Maturity Date of release
length weight
Apr. 17 Abashiri River 94. 2mm 6.9g 3 mature Apr. 12
Apr. 18 Memanbetsu River 98.6 8.6 3 mature Apr. 14 or 15
Apr. 22 Memanbetsu River 81.9 6.5 Q mature Apr. 13
Apr. 23 Memanbetsu River 83.4 5.9 ? mature Apr. 14 or 15
” ” 82.8 6.5 ? mature Apr. 12
Apr. 26 Memanbetsu River 77.8 5.9 Q mature Apr. 12
May 2 Lake Abashiri 89.4 5.3 a spent Apr. 14 or 15
” ” 83.2 4.7 o spent Apr. 14 or 15
May 3 Lake Abashiri 75.8 4.0 9 mature Apr. 12
” ” 92.0 6.9 d mature Apr. 12
# ” 83.5 4.9 ad spent Apr. 13
May 10 Lake Abashiri 84.3 — —  spent Apr. 13




8 ik 35 - TS

3 EYMPEHNER

(1) Fhey

FEWRAE LTS R, 0 FEREER LFEL Eo@o i Table 1SR LISED Th 5o BIRMED
HOHER T L b SO, RO0ERSHELLV5, 6 ADERR R L, HERCESNC £ S
Py ts

o, EY LR LA SRuie KRR A O T L Ao BRES A Table 3R L1S M 1 SELL
ED#DS L TERTH -1z, 2HFEROFIGHHEMNEL Lt 3SFRSRSH-BAL, 1981410 A
M Lo TSN b DT TH T, L LAEREEL TAD L, 3EOCThoric b 2 EfbAbh
1

(2) {4 FRABE

5, B AICHER Sy MICE >THS hcFROEREEA Fig. 8iORL s Wihd AR20mm Ll T o ff
BTH -1 1984EDEE, BOHBIC - THERL TV A MDD 5D, Tods, T OBEAS FRE I
CHRORETH N ERDOHN & 12EF—B LTV 1,

Table 3. Age composition of aged 1 and more

smelt caught in the Abashiri River, Jun.24-25, 1983
1981-1984. Ages were determined 20 N:50
by scale reading method. Numerals
represent fish numbers, 10
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Table 4. Gonadal maturity compositions of smelt caught in the Abashiri River, 1981-1984.

Age 0
Date No. of Mature Immature
fish ' 2 a2
1981 % % %
Nov, 26 123 42.3 42.3 15.4
Dec. 2-18 500 46.0 50.2 3.8
1982
Apr. 20,21,24 295 38.0 48.8 13.2
Oct. 6,11,14, 27 400 49.0 42.0 9.0
Nov. 16-29 600 45.7 43.5 10.8
Dec. 3-22 695 47.3 52:.1 0.6
1983
Jan, 18-20 89 39.3 52.8 7.9
Apr, 7,13 200 44,5 55.5 0.0
Nov. 2,14 100 13.0 20.0 67.0
Nov. 22,28 200 23.5 34.0 42.5
Dec. 5,12,14 300 36.0 4.7 19.3
1984
Apr. 17-21 200 28.0 36.0 46.0
Oct, 12 81 51.9 43.2 4.9
Nov. 20,22,23 444 37.8 46.2 16.0
Age =1
Date No. of Mature Immature
fish g Q g Q
1983 % % % %
May 13 28 42.9 BTl 0.0 0.0
Jul. 20,23 48 0.0 0.0 43.8 56.2
Nov, 2 20 45.0 55.0 0.0 0.0
Nov. 17 11 36.4 63.6 0.0 0.0
Nov. 25 50 48.0 52.0 0.0 0.0
1984
Apr, 17-21 12 33.3 66.7 0.0 0.0
Oct. 12 19 42.1 57.9 0.0 0.0
Nov. 20, 22,23 72 47.2 52.8 0.0 0.0
Z "

EEOREC, AREY A FOEFRCETAREOMB AR L, TOME AR L (FE - 50 1983 ).
AIPEE 7 AT, FOAEFROERS SMFEER L EEERAHBR T B, EoflE, bl
SINCEIM 5 a 24 7 &, Bhclies SWICH L LT s, felARIICERE ET5b 447
D 2Eht b, ThEhcgKEFER ML TS (FRH 1961 ) o

BEME 7 21 b 24 7ORET, BB~ 0P L rhThERE - FROFLIcABRL L SR
Thd,



REEMRE 7 Hh o FOLFESL FI@W 13

MESOREFNIC Bt 2 ABESER T, EEF—FEXO 4 ARVEFE _FHC BB ES O hts,
DTFeeRR—FARUVAFRE_FHLBOBEIC OV T, ThThEBLNL, ROTHEME? »+r¥04%k
ERIEOWTERTS,

1. £FF—FB8 (0FR) 0BH

ARSI, SHRUIAS LLRI2HA Y — 2 L Li-7 A ¥O KR B®H S5 L4m LTkD,
BB, TBHRUGHRICALHEDb ThThREEE), BNBE8LArIhis,

—7%, OOt PR TS BAEMY AL, 7 FHRECH, TIESORMElIca A3
B ENHBILE, 5, 6 AciffAELEEI LY, hxERCoTAFRO—SKLIcbDLEL
bbb

11, 2AOHEERI RS 5\ 2 5BHLE L, AL ARSI BHLRISY, FHRUTEHORES:
LENEFhMELBERTHA L E L bR D, 10HILs { ~WBOFM R 2B 2B EORME L EE
HOMHES - aa8 LTV 5. ThbbiEdEuc 2 oisie {, Eicmd B Sans,
FTHicEF =B E i AR R B E0: 5 1o Lok, TREB B0 7 A2 6108, BVWB411%T
Oz ), —HRABEH L EL B SL L0 L E L LD, RBBEHOBRMIE 8 AL - PRIZALR
1oL E— 2 2R LI FEL B D, hIETROBELE LN D, B35 L 5 0D
BE, BEBE L F0%E FoBREI NS IR A D Lab, EWEEOHRE) BERGEF RO BRc AR L &
btz bh#ER b,

T YR ARAT R S h b AR EIC X i HANc R0 h 1083, "82 "81 EME TL b 5t
WEMAP IS, THERED 11, 12 ADREBEO S LG LT 0, SEESSVBEICE L hR<
BlhobhE Bz kAT LTV A b AR,

LZAT, 1A»63A0EROFEMHIE LIV, RLALBRIT V- ADEELLNRDS, 4 Hitid
PEBIALBEI A bR, Shit
5o OB F 12 E 2 1B E DR 1, 000f
FEBO MR U BRI R O FRiRAS B [ : 1978 S
2, ECHEBEBLALERE, L a00f : 13;3 /
B L 1982, " B4 SEDERMBIC(THIFE i /f

L]
~=

1 1976
11977 "

m » > @® O

Ko BAIBHCIZ A B v A R

,

bh, Lok ZOSRBEMATS - ,/«\

otz BEERICH 2 FEM L1 1983 0 100+ iS; e /ﬁ\\ J/A\

BT TR TH ), KRR e AT

BESAILT LR mESh 50 %ﬁv
ERFaftve LA LT, ZORK //

BB BRR TS L AT S \/ \_O

i b SIR
LUEOBEERLEETL L, 0F
fRoOBEBEI 7 A slIA0H 30 1 2 30 10 20

EfThbn 54, ToBEPNlcEs Sep. Oct. Nov.

LT %o R #imEBEh210A0:512 Date

HoMM - 4 Bzfibhsss, Eill, Fig. 13. Seasonal change in average values of five-day
N . T catch of smelt by a fishery household in Lake

RZACKPLTEY, 4A2hER Abashiri during autumn fishing periods, 1976-

VT b 1980.

Catch (kg)




14 FHE 35 - S

BEOWETIL, SEMET » ¥ ORBBHOBPIES S I5~6A L SA TS (BEH 1930, &
B 1937, #REH 1961 ). @ ABEORCOWTIHES (1930) 11 8 HEAHEE H, 10HCRL%
AT £ L, k% ( 1937 ) 128 H LA bIAE S & LTV %, F1z, Bt (1961 )i210A - Fay L
BELTV S,

Al L7 & 3s VB EORINL 8 A TH Y, LEEOoRE R ZORALMBE) & 1B L icagErks &y,
o, MEBEOBRRC OV T AREERE EROME L —H Lich o1 FREEETLITOMEIEC L
TEBLTHY, 10cEWrb5B8548E1605,

Z Z TREBEES ORFERALERECET 5 1976~ "80FE0RH ((HYHEE, MI4ERES ) »H5H
FRCHGESE 47 D O A R, Z ORSRYE(LAF~: (Fig. 13 % 198 0FXE-Tl1A b aic il
BYBMCHEINL T b, ZORHCHEFROMADLD 1o 2 L2TE LTV Do 198 0FEOBELIAFEOM
AR oo b D EEZ B D, LIsdi 5T, Pied & bReao 8 FEMcB-T 51 0 MnBioi 18
L d oo b O LS S ha, FohlliicounTh, 1966FEUEOMERKEMCREA TS H
BHERD-5, 243011 L InAAREE S his
2. EFE_FHELEBOBEH

FHESS) CEER _FHUERIC L v 4 v FIIRRBROMIBE LT 52 LB L, 704k 1 ELLE
LEnf-RO—Hicid 0 FROGEEERO P THICHY T 2HREYT T OO LFELY, ThlT~TI1
FRATHN 2, IFRCIALIhALL T, T2, IFAIVTHL IFROBERBICE ThT\vWi

o XS5 EofL, FRE (1953 D2MERL 1o EEF—FHicEE LoV B0 6k LTV 5 aTEERS R
BEXN A, —7, AMK( 1936 ), WES ( 1940 )iIEBCL THEK L L OBBIERERLZ LLHS
ERE LTV D, Lo T BEMTL—HO LTRSS i EFREEOT(L LB0HE L - O S
h, ¥k LV L ATt S BRI R . SRRSO TS 7 A F e Bologis, EROL VEL
Wil B E .

VTR LTS 1 FROBEIC OV TIHGEATHY, £OE—27THLIIAG LLRI2ZATH -1 Th
S ERD 0 FROBEY LA T, ThTnBERUBNBHALELZ OIS, 4L 1 FER SRR AL
2, TRTEBRIORATH ) FABHRLEL NS, 5 AICEHZN | FROE{IEPEDO LD TH -
f2o CHLZDBOBEY T REBHTH), —FEABELALNDI LERL TV 5. LIS S TIER
OBBEBENIS AroHEE L TED, ARSERENTH -6 AL TV 26D LE 260, FOEMN
BTAXNLRVAEE LS 5.

EEP=FALIEOBEI- -T2, 2, JEHOERARLA, 1 bR LASH#HORMELH . FHEAR
HTh 5.

3. WENETNYFOEFE

B ( 1953 ) XRGERE 7 2 v ¥ OgEk L B E2#E 063 b1 5 AR ERoBBRAER L L X
BThsd o Lol s s, —4kkis Loy SirpiRaitt - SIS HiclRl - BAL, Tofkadicdt
AROFELXTEL T 4o

AAERETIL EER T HC LBBRUEABESA LN . £ER_FHCRETL 7 A FL, MR
A il - B0 L8, BRI LB ORELELOTHS S, 31, EUSE_FERH
457 A4 ¥, FOFCERE L, GETTHOOEER—FERcREL, £EH_FHF thaHz
TOHELLRELELDTES 5. & L4 AoSEBE BBCRONS L L1ch, ORHOKS#EIL
M E R L aliE L B0, Be { CORGTOEOKERIC 1EREL LTHRT00LELL
hAENBTH A,

THE (1953 ) Avri L1cBRic, LOEBRER:LHANLEE A THATS L, KHEY » ¥zt



REEMIE 7 HFOEEE F3I® 15

DAEFERN B TioRnT s 2OBF TS EIhd, 1) —4@@ Ly, 2) £EF—FHcEdE - B0 L=FH
ICERE L 7ev e 3) AiEE—FHCsE —EHC b - M3 5. 4) £EEFHCHEEL —FHIC
#4565, 5) EEF—EHCIEEe, —FHckE - B+ 5,

ChLOREUAGEH=FHUEOEFEL BT/ s A THLL, 0L 5 iEEROMRL, Kk
H (1953 )MERLAL 5K, TOER - £RHHVEBBECERL LD LEL bhD, LicdiL T, S
DRV TOF LVt BT s,

Tz L 5 eBBAEOR: ARORET S8, o HE o & BINERERIC OV TETEREYNA L.

W - = AR i A BRERER L R KRG oS, SR LRGSR EEE LTS (AR 1980,
SHEH 1984, FEE 1981 ). Ff, FMERERWIEE(CEEC L L UBEELY4 U, kit Lol
¥ 57ck, BB LB, ERASECRAKRER LOMEYE LTS (Hoaar 1976 ) o

7 A4 X¥OBE, EEARLOBEIRG-LE X bhD, Thit 0 FEROBBRICIISTERBB TS D, 26
MR, REBROVLThIALhAENBTHE, £z, 7 HFOlaAEiitk sbEdEsHHEH
<, ThUBORRBETL AR IAVL5ThH o (B EE ), FlEHER - BREREForich
KECHRIECLEZLR G,

ZOL T T ASFOWRE, - ~AETABRA L 5 oldfEH L BREROBEN, EEMEEIRR T
BOHLRT, HoTHAERLOTHAEVEZEL bR, LIz 5T, MFOFHE - hicEr>/ErN, 4B
Mz & 5T, BREFT R TV 0T rIERSR L E 2 Bh b,

0 ERORHEBEN BT R DRER~OBTA O E b, o7 (BB 1 FoRRiBiaiiiy
BiOREEE, FSMCERCS AT 5 0FROb T, HEMETFOEALZ LD TH ST Zhbid, [
BEIDVEFICHE S EEOBLLBIE L CUA S &, i, EFEEOMMIC L 5T, L h B HERMCBTEMS
Bt Op L, BhibonHPCEET A LS S -BFREATE LTV A b ERLin .

ZDROBGEAEDTC, B L ToiiEOMEBANROTE It 2 7 h v F oL SR T h
%O

g #

198146 As5 1984F 1 1A oMz, REEMORILEIIT Y »+FOBEN L B#RO ARHK, Fib
RO &8, L FoERY 8.

I 0 FEfRoBRBEEIEL T ~115, @MaBEHsl0~12A L ¥E0 4 B Tho, BB IbsEn
MIeEfrtr 2, TOERACHBVIIEFECRP LTI AUERZ /MIBLE 5. BBEISICL 5T
FTRicay, T8 A LAITHD, BUBBHOBEMIFC L , TR S, 1I~12ATHS,

2. 0FROBBEHLFRS SRER~OBITRH L HE LTV 5. COHORBRAFEACIATIL0
I 0 HEaER 1A T B,

3. F 1 EL EO 7 » 4 FORBBOREL 0 FERICE~NT AV, ToRBEEEIRzS~9 8, FHBH
Bpliz10~12A L 4~5 A TH 5, BEELITH, #RENIIIATHS.

4. EWE7 HHFILOEFRHHRD S OOFARE Lz 1) —ERB@E LV, 2) £EE—FHcHE
B -MeL, —FHCBEE LIV 3) EEE—FHos 2 EHc bBE, #d 5o, 4) EEF—FH
BB L, —FHCHEPT A, 5) AEFFHcuBEeT, —FHckE - BT s,



16 S ¥ - SR

X L

LHBFE - IR - PRERHEEE (1984 ) [ R 7= AMtfo#Bbic s LETESHOME HARE 5004)
565-571

FEEE - LR (1940 ) AROEIRDFRICVT  KEFESE  8(1) 47-62

DL (1953) @ 7 FOEREFHIE HIW HEME Y 2R RIS X SR AE O AN
EHOBA  AtxoKERE  4(1)  46-53

Hawmapa, K. (1961) : Taxonomic and ecological studies of the genus Hypomesus of Japan, Mem,
Fac. Fish, Hokkaido Univ. 9 (1) 1-56

Hoar, W.S. (1976) : Smolt transformation : Evolution, behavior, and physiology. J. Fish. Res. Bd,
Canada 33 (5) 1233-1252

ASREED (1980) : LD Y 2 7 < AOETELCHT A% 2 - T T5BEE 34 1-95

INPRAME (1936) @ BEFEIC X L THIBIT A v A Fo4RE Bl 6(3)  100-102

e = (1937) ! #EBO £ BB RECE T BERE 34

RE=R - MBEE (1930) | FEWRE HWRHAE F44E AEHEERS F2M Bxa fuRd

FHE B (1981) %2 5= A, Oncorhynchus masou (Brevoort) DHATEHR & AEREF I  Frcil)l|4:1% Ui
DT AbHEE KK R

FHE 3 - SRS (1983) [ MEME Y 2 FOEEE— | FBEMICKT D 7 0 FFEFEOEL L EFELH
ZOHR JLKAA®R  40(7) 147-156

FH#E B - SUREE (1082) @ @EEEE v FAREFE B EEEEREE  121-132
e KR

FHE 3.k B JURPEEE (1083) ALk FRRISTEEEREMA®E  130-154 #EEAR

FH# 5. NE & SUERH - B 14 (1984) AL EBRSAEEEEREE  14-176 FBEAR

FHE B RTES - Bk 4 (1985) [ EEREY » FEESE ERSOEERHISHESE  146-168
ek

LA - SR - BIEIEA (1986) © 7 2+ +¥&ERAE MASIFEEHFEREE 35-55 MEAR



Jekats 29 (17-24) 1987

RERACKEITIIBFRHOFHEIL

B H W - 7O OB —
b o7 M K 22 B )

Seasonal change of the hydrographic
condition in Lake Notoro, Hokkaido.

Mamoru Kurata and Yuji NisHiHaAMA

Hokkaido Abashiri Fisheries Experimental Station,
Abashiri, Hokkaido 099-31, Japan

Seasonal changes of temperature, salinity, transparency, nutrients, and chlorophyll-a were
investigated at the deepest part of Lake Notoro from December 1984 to May 1986. The results
are summarized as follows,

1. Water temperature ranged from —1.5C to 21.4C. The sea surface was frozen, from
the beginning of January to the middle of April

2. Salinity below 10m depth ranged from 31.4 to 33.5. The waters from the Soya Warm
Current Chigh salinity) entered into the lake in May and remained till October. In November,
the waters from the East Sakhalen Cold Current (low salinity) entered into the lake.

3. Nutrients below sea ice in January-March were very rich. The mean values (from 0 to
15m depths) of phosphate-P, silicate-Si, ammonium-N and nitrate-N were 1.1, 19.0, 4.7 and
9.6 pg-at/ £, respectively. In April after sea ice melted, the mean values of nutrients decreased
into less than 0.2 pg-at. P/ ¢, 4.0 pg-at. Si/ ¢, 0.2 pg-at.N/ ¢ (ammonium) and 0.4 pg-at. N/ ¢
(nitrate), respectively, when the concentration of chlorophyll-a reached the peak. Nitrogen
source was considered to be a limiting factor in the spring phytoplankton bloom.

4. The maximum chlorophyll-a was 14~16 pg/ ¢ in April, immediately after the ice melted.

5. Nutrients except nitrate were rich in the bottom layer from June to August, and the
chlorophyll-a level was 1~3 pg/ { near the surface layer in summer.
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H 270 DERIIHEYT 77 b v, HBWEF b FA 2 ACEFELTV DD T, (KRBT HMES
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Okhotsk Sea

\

Lake Notoro
o '

Hokkaido

Ubaranai ¢ 1 1 3

Fig. 1. Map showing location of Lake Notoro and sampling station
(closed circle) in the present investigation. Dotted line
indicates bathymetry in meters.
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Fig. 2. Seasonal change of temperature (C).

H and L indicate higher and lower regimes than the surrounding water,
respectively, Black bar indicates the freezing season.
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Fig. 3. Seasonal change of salinity.
H and L as in Fig. 2.
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Fig. 4. Seasonal change of transparency (m) as a reading of Secchi disc.
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Fig. 5. Seasonal change of phosphate-phosphorus (ug-at/ ().
H and L as in Fig. 2.
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Fig. 6. Seasonal change of silicate-silicon (ug-at/ ).
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Flg. 7. Seasonal change of ammonium-nitrogen (ug-at/ ().
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Fig. 8. Seasonal change of nitrite- and nitrate-nitrogen (ug-at/ ().
H and L as in Fig, 2.
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Fig. 9. Seasonal change of chlorophyll-a (ug-at/ ().
H and L as in Fig. 2.

FRIWEFL, 1 ~3ACKAI»CEITHBE THont, 4A TR LS5~ L 2TEEP LIL 2
vre7 Aaf( 0~15m5BDOESM ) 7:0.2 ug L TH-123ALW( 3A6H), ¥ L UEMHRBE
14. 3ug  L%RUIcAATH( 4A248 )D, P, NESiD0~15mbBDESRE ( ng-at L) 2%
hZh1.11, 14.3£19.0, 5XV0. 16, 0.57T L 4.1 THh ot FTAOAMOBEEREO M A #E »
CARBIENHETSEITCORVOAEHEETS L, V vi28H, ERI28, Y1 H23H LB, 2DZ
LLERIEW T 7 v 7 b oD IEREOFERBERC - TV A I L HERIND, F1, EHROBREHPIh
Sfel Eph, AA24BDBHEAEH 7 S v 7 F YHAAXBEL-REHCRE—HL V5025,

FEEHI6H L 8 HOERTERECER SN TV 1 1oL, WBESECERE TH »71o. Fu(1979)
i, ye<#ics CSARIER (1Tm ) T7 ve= 7EREEN S ug-at/ /L L HRECERL Tkh, SRR
LLTI00BDT7 v E=FTHARL Tl &, BIV IO BEFERERIEL(ETL TV L28E
LT3, $7-REF - R (1985 ) i3, fEfMicH T8 HRERB CHEBESVERL T\ oo L L, EE
PETH I LG LTVA, B % R To 8GR ( BREEE A< ) 0&H L BB
MR IGEL-BRTH A LB S, SO L2, &S0 LR oo, BIETO KR —HHERT S
TEI L BDTHA Ho EMIIREMN O KRAE /e 20T, EROAEH DHMOES, FFEEESh
Helbic, BHAEIMATE - Licicd,

Table 1. The seasonal relations between amount of nitrogen and chlorophyll-a in the
surface layer* at four different areas around Hokkaido.

Winter Spring Summer
Area nilrogen** Chlorophyll-a nitrogen®* Chluro hll -a Literature
(pg-at/ Q) (pg/ 2) (pg-at/ 1) (pg/ )
Funka Bay 11.3 11.0 <€0.3 1.0 Nishihama et al.1976
Suttu Bay 4.0 3.5 <0.5 0.5 Nishihama 1982
Ishikari Bay 5.0 5.7 1.0 €0.5 Kanomata et al.1986
Lake Notoro 14.3 14.3 1.1 2.3 Kurata and Nishihama 1987

* Average values in 0~15m water column was calculated by the present workers.

** Ammonium, nitrite and nitrate-N included.
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Changes of distribution and population density
of Pandalus kessleri CZERNIAVSKY
in Notsuke Bay, Hokkaido,

Toshihiro MizusHimMa

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

The distribution, movement, and population density of the grass shrimp, Pandalus kessleri
CzernIAVSKY, was investigated in Notsuke Bay, a cove on the eastern coast of Hokkaido, from
1977 to 1980. This shrimp was restricted in distribution to the Zostera belt throughout the year,
but movement with it growth was observed. Youngs were the most abundant in the inner part
of the bay, and extended their distribution in the whole area with their growth.

The densities of 1-and 2-year old shrimps were, respectively, the highest in the inner part
of the bay in the spring. They gradually concentrated in the central part of the bay in the
summer, and dispersed to the whole area before their wintering. 3-year-old females appear to
move inshore in the hatching season. The population density sharply decreased in 16 months
after hatching, owing to the fishing catches in the bay.
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Number in parensis shows ages of month.
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Fig. 8. Distribution of 1 year group of Pandalus
kessleri in 1978.
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Fig. 9. Distribution of 2-and 3-year groups of Pandalus kessleri in 1979 and 1980.
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LT oOBEOET Ml £ 5 BEL E: bhd, AMOFEDE) I R KX ERL LTERT
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Table 1. Catches of Pandalus kessleri at Notsuke
Bay in 1978 and 1979.

1978 1979
Fishing
o Summer Fall Summer Fall
Cat
i 35.2 33.2 25.3 24.1

(ton)
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An ecology of Alaria crassifolia
KJELLMAN at Esan, southern Hokkaido.

Yoshiaki Ninara*1, Atsushi Kupo*2, Kouetsu Oono*2 and Seiki Takavya*?

*\ Hokkaido Wakkanai Fisheries Experimental Station, Wakkanai, Hokkaido 097, Japan
*2 Esan Town Office, Esan, Hokkaido 041-05, [apan
*3 Esan Fisheries Co-operative Association, Esan, Hokkaido 041-05, Japan

Growth, maturation, longevity and depopulation of the sporophytes of Alaria crassifolia
KJELLMAN, competitor of useful Laminaria spp., were studied at Esan, southern coast of Hokkaido,
during the period from April 1983 through October 1985.

The results obtained are summerized as follows.

1. The maximum longevity of A. crassifoelia was estimated to be 8 years old by counting
the number of annual constrictions in rachis and layers of haptera produced 1-2 layer in fall,

2, The sprouting sporophytes of A, crassifelia appeared visually in February. The attaching
term of swamers was estimated from September to February of the next year.

3. Blade length and blade width of the 1-year-old A. crassifolia sporophytes reached the
maximum in June and the minimum in October. The sporophytes more than 1 year old reached
the maximum of blade length in June and that of blade width in May, and both the growth
minimums in October-November. The plants repeated this cycle until washing away or collecting
by fishermen. The plants grew very rapidly in blade length and width from late winter to
early spring when the seawater temperature was below 15C.

4. The population of A. crassifolia reached 22 plants’ 100 ¢4 in sprouting season of April
The depopulation was 55 % in the 1-year-old population and about 71 % in the 2-year-old une

5. Most of 1-year-old sporophytes of A. crassifolia were not able to produce sporophylls.
even if they produced few ones, they could not become to mature. All sporophytes more than
1-year-old bore the numerous remnant of old sporophylls above which new sporophylls were
sprouting from April to August. Sporangial sori had developed on the new sporophvlls during
August and April of the next year.

WYFES A 143 (198741 A 30 HSM )
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6. About 30 % of individuals of A. crassifelia growing at the depth of 0 — 1.5 m had
sporangial sori not only sporophylls but also the blade. Such a case has been described by
Kawasuima (1977) in Alaria sp.

7. Correlation between total stipe length and age of sporophytes of A. crassifolia was
shown by following formula.

L;=296.240, (1 + et 703220y = (r =(),999)

¥ A N =

2 7 Pl i+ 5 5 74 7 ( Alaria crassifolia Kyerom. )ik, Abiili o AR R ESF (FBE 1972)
hb, EREEET QI REETET (45t 1985 ) ¥ THML, TOROEILUETIZS S KT 1940), &
MTIEE HIS 90 6 Wi R LACFFE ) B BRE MR £ 2htuv 5 (B8 1984, M 1936 ),

FHA VI A =S TH 2 LT, 75 4 (Undaria pinnatifida Suvrivear) DfUHGE LT
fHic2h, 3~5 AKEREh TV 3,

JtimE T B F AV DEEROHEBY 2 5 L, 1955 ~ '64FCFEHT21 b v, 1965 ~ ' T4EKIF
554 + v, 1975 ~ "84 KITFHI0B + v L WP LT 2, ZOFRRERZ, 72 s BREORRICHV-F4
1Y DEEIFEARPL, SOCRBEO-HRBRE IOETLRE, 4ERIEE L LDOLEL LIS,
FHZBO SEMOEISEER L T1 b v ZOFEAEE LY,

FHA VATV TRIVA vy 7 LiEE CKEFCEF T, BB Tav70RSMEnn, B
EEZhT5(Yenoo 1919, AKTF1940 ), FJBSIEILED RiglBflgs T, 751 VKB~ 14m¥
I GERICHB L, ThBCOHEATCBESh, Lrd =2 v 7EBTOREBEY S L) @2 L 2 H Hhic
L, =2v 7, ivAvav7ORSMEEI->TVHD EXBE L1 (FHE@D 1983, Hidh 1984, 1985 ),
#oT, VT BB ORER L —RAOIAY EB AT, FHA Y DL 0D LEND b,

LinL, ## 4 VB 2 MRS, 34, I8 (fE 1935 , MF 1896 , Yenoo 1919 ) 4iEEOH
B4 (Yenoo 1919, AT 1940 ) icouTHifE Sh Ty 525, ABEERMRILZ Lv.

EEFIELBIOF HA Y OEBE - TREL T, TOFS, &K, ME, BRATLSCOVWTETORR
oD T D OB ERET S,

AJRZADLELD, BECERD S NE oG CRILETAKER, HIEFERRES, SEHFRERRE
&, EEERRE KRS EIEEmORBEICE A TELS L BT 5,

bl &

19834F 4 A~ "R54E 10 A ic, BILETEILeOBIRKIC SR 2 3T, (2EghR 1 B4 1 ¥ D4 EMEL T
ofc (Fig 1)o MEAOERITER, #0670, KBELEMET0~2mTFy1 YORMEL S ¥4
vav I BT LTV,

FHA 7 OffiE FORAERE, KFAEOHBERELMLIS, 2020 —F 78,2 (50X 30 X 16em ) #
19834 10 AN "84 4 6 Hiavd Tiifgh 2S5 A LT, 70, 736 LUKRIED LD F 14 ¥ ik
DRI 5 X 5em, 12 10 X10em DA GTIT 120

EhiT, 198346 HICHMe — 7% R, HCHBROEMY (T +41 ¥ OLhES 240 O EiE L
hftd, TheDERVERICEZEL, &, BE R, \o4al, rEosd, ERTEOKE,
B FEORCR, FHBIOTH#E, J5 (Rachis) i B Syfilgl 7=

ERGEORINTIC I 2h s ¥ v 7OH, RaFEOEBREIO ¥ ( Basrosetn 1956 ) LfIHFBICTEHH4
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e 2
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72(Fig. 2), EMT1I0A %248+ L 0 200m
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TEE Lz
A% 1983 T A5 8443
RET, BURTA 7 7 T10RFAEHAEL Fig. 1. Map of Hokkaido and Esan showing the
TUHEEAN - 120 investigating location.
HERLER
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BRI OB R 6, F 4 Y O ER ( DB RE <5 ) Bk Td 0, mEH LA
2B EUE 4 B c|BRO ER0 X6 IIELES £ 5 1~ 2067 Al L LTS h, RN ok
RO (RIS ) 2B 5 L1l > THHRERAE 52 LORETH L, o, FIEETH Luk
FHEXOTHE, ERAICED: > TR ICRIEL, &RV 2HEHICHT THEMS0PEL, {Uhied
L%o ZO{ThDEAEVIFERLIVEI S, HFEUTELLZ LML ot ZOUhDHELTH
E DL ZIFERS TS (Fig. 2) 2&06, ZOLUNR(BA ) ERYTRIHE: LTHYTEL L
£z bhts, EECHEL CEFEFOFERLOARCLIVF#A LIS, BRTEETRLS D TEL,
LoaL, #7428 U7o— S0 9 3350 R R ARACH LT 2@ Sbh, ZOF
IO V-1 DLER DL, FH AV OBDEMBEL 705, LR HHLBCERT 2771 738
| ~2ETHST 5 EHBEE R,

Yesoo (1919), AT (1940) w rhid, 41 ¥ OBGL 2F LANTV38, LBk~ 4ET
RGBT THS 5.

Yenoo (1919 ) i3 Alaria DEORERIC Y ~» 7 DH5H - L4 WE LT 5. Baarbsers (1956) 2/ 4
v = —ED Alaria sp. DEOR - @FE «7 ¥ 2 B, K LRSI T2 50, LIELEAYg
TR ROND LBt T Do BRI TE 2RET CERYHEEETD D LEARTETA Y,
LARFERO RGO ARSI 06, ThoDORBYELZ Lk > TERYHEETEZ S &
L, Alaria sp. DF@¥HITHEL LI

Kamw (1963) & Laminaria hyperborea Gusn. O IE % EOREHEI 2 & o v DFEEHS Rfchs,
18 2 v 7 DBECFERIRBRD D055 Z L 2 WE LTV 5,
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Midrib

Midrib width

Blade width

i~ Transition zone

Blade
4 year old rachis

Blade length
3 year old rachis
Total stipe length

2 year old rachis

=
| 1 year old rachis

Transition zone

Stipe

4 year old haptera

3 year old haptera
Heoldfast 2 year old

haptera 1 year old haptera

Fig. 2. Schematic drawing of a 4-year-old A.crassifolia sporophyte, showing
the parts of measurement.
A : the widest point, in the plane of new rachis.
B : the point of the newest constriction of beneath the new rachis.
C : the point of the lowest stipe.
D : side view of holdfast.

FHA VORI A 2 o b DRI L - THE L 12FER S oz HHIE L oEiiz g —s L
A5, B 1R L Ao BRI RS AT D A DA H 0, HIC < TAb FRAERY I H AN A LLE DM@
THLHZ HMOTWMOATEREh T b Db H o1,

o, HERORTHD O FEREEC RAH Y, BEROEETL 1~ 2EHORSEHL TV S0
B% <, SHILHELENLCOTEcHBE H L2 L THD,

BT, FEWO < ChBHOFREES, SEALLEDFH 1 Y OBE T OChD BEH VIO T
FAHI N K TebThES, BECIRRBD HkEEL bh b,

2. FHAVOEREGH, MIEFE

BARBIDT v 2, KIROFM KL OFHE e — 0L LIcF 44 Y SEOREE, EREEWE, b, %
WFRY 198446 H 4 Hicdi#&k L, TORE% Table 1 iRl 1

FHA Y OEERI0ABAT v o 2 (CABRICEZE W0 2 ApaED26T, 3 AN ARAT vy 7
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CFHA Y OBEENBDENI, FH1 VOFELSBEHLNICI0A D620 TIeAZIh 7 v » 2O,
LR AED oD AT = o 7 T20K /100 THY, 2H7 0 5 72 T4E100cr LS P o1

INHFHA Y ORI AFROF T v o, 7OBEEEREKED -1 RRERICEFT L O oFH 1 ¥ D
BERRIE, 7 ey 2 OThbL% EBl 5> TWA D & LR TH~DFE ORI 6, 10 A LR EE L@
BOBHBLEATWL T D, ZHBDI Ehb, FH4 Y OMEEFOFAGLIAENS2AECD64 A R &
Ez bh, AHICARIOCHELBTITES T3 »Alddh ot L HEE Shts 11LA7 e 5 2IKEBL T
foFHA Y DEBRROFHEL A Fig. 3IomLin F44 ¥V ORBELS A1c100cd 4720 224 (4 B3100%)
LBHHIR LA, R EL, 11 A 9.9K(45.0%), BFE6 Az 6.44( 29. 1%) inh oty 1
FEHFHA VD 2ERCBITT 58 E TIo 55 BHEEL 1o - Linie B,

Table 1. Density, blade length and blade width (mean + s.d.) of the A. crassifolia sporophytes
growing on the concrete blocks and a cultivation rope on 4th June 1984,

Substratum Setting date Depth Density Total length  Blade width
of substratum (m) (N/100cri) Cem) (em)
Concrete block 6, Oct. 1983 2.0 8.0 57.3+31.9 1.7 0.6
1, Nov. 1983 20 20. 0 48.8 + 38.6 1.2 1:0..4
2, Dec. 1983 1.5 12. 0 46. 8 + 26.6 1.6 0.8
1, Feb. 1984 1.5 4.0 33.0+ 243 1:8 =05
6, Mar. 1984 1.0 0 s —
3, Apr. 1984 1.0 0 - =
7, May 1984 1.0 0 == =
4, Jun, 1984 1.0 0 = —
Natural rock 1.5 55. 5 94.6 + 31.6 2:6 0.7
Rope 29, Jun. 1983 0.5 1.0 576+ 221 R et
*N10cm
00 e
<] \
o ]
® i
L . '
T * ! ™~
> ]
E : \'—-.
'3 4 :‘ '--._.___‘_____-
:
FMAMUJ JASONDIJIFMAMUJ
1984 1985

Fig. 3. Seasonal change of survival rate of the sporophytes of
A. crassifolia growing on the concrete blocks settled
on Ist November, 1983.
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3. FEMINOER

a) ¥R

B (HT R F 74 v DA BIEEREE & i RO FHEE% Fig. 4imLis

1EADF 41 Vit A RES S SF i cfpRERY TV, 6 HitlA L s, TAEMLEBRAL{th,
10Ai B hefc B, 11 AL BER ( 2RMEER ) i), 2FEAF51 V26 AREUORK D, T
REhoBURRhYREIL, NA»G1IZATRCl LTS, 12AF06BER( 3RBRER ) vilRC
Bo DL RS —vERVELLHLARHE, AANTEINCL » FGERLD,

ZOERSAF— v KRS 6A5E, RO AKRSEISCIET S L BB OBRERSIETH, TEHFD
ARVBISTIoETLEBERHEL LV 5l A b 5,

Sunpene (1961) (388 / Lo=—@&D Alaria esculenta Dihik% K 4~20T, E5BE 15, 20, 25, 30
%o DA THAR L, EDERITKE 14T, HGBRE25~30 % T B> 1o & i, I —0 oD F ik~
OBEFEEDH 8 ADERTIESKE 16 THTH L FOMBKIC ST 4F 5 2 LA TE, Alaria esculenta ©
Eico AR ER KRICH D LB ~T LB,

483 LU0 Aic—REgh EEIC R 1o F 771 ¥ OFERIEERDO Z{b% Table 2ICR L1z, 3EHFH
A 2 DIERH 225. Aemb AT, 4FHLLOERITIZ LA LEN LV, 10 1K, 2EERBFHT V2R L K
&<, 3FEHILERDHEMMCHECE L5,

24
-25
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= / o/o'o [-2(] "
E / e
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4 / i
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{- old year 2 - old year 3-old year 4-old year

Fig. 4. Seasonal change in mean blade length (—O—) of the tagged A. crassifolia
sporophytes and the surface seawater temperature (—@—) at Esan.

b) HEE, iR LER

EWOLER- 5 — /2R LE LE{kx L1z (Fig. 5) .

AARIVI0Ack 2 FRNEELY A 5L, 4HI2 1, 2 FHFH 1 Vi MEHE<, 3 FHLU ETRH25
emTiR L AL ENE . 10 Bt X 0 EEL Tomiiifgic’c 5 (Table 2) .

FizFH 4 2 DX Z S 5mm (LD ghiE 6 HIRICRENTES L 517D, 4 Ak Zh0RIER
DI & £ Lo R, 10 At ERSKRhC L DE (A 1cs, BIESRL b ERAIGEL LD TPR
P2 D, Lo LERDE Bk LEL K 2L (Table 2) .




Table 2. Blade length, blade width, midrib width, plant wet weight and blade wet weight
(mean + s.d.) of the A.crassifolia sporophytes collected in April and October 1985.

Plant wet weight

Blade wet weight

Age Date of observation N  Blade length (cm) Blade width (cm) Midrib width (cm) (9) (9)
1 23,Apr.’85 21 21.31+16.4 18X 08 0.4+02 — -
23,0ct.’'85 74 42.31+26.3 48+ 18 0.6 +0.1 147+ 12.6 Bk i
2 23,Apr.'85 75 123.8 + 53.1 10.7+ 4.6 0.5+0.2 5.9+ 28.2 4.3+ 32.5
23,0ct. 85 267 66.2 + 36.5 b9t 3.7 0.8+0.2 48.9+ 40.7 17.2% 116
3 23,Apr. 85 140 225.4 + 55. 3 24.3+19.7 0.8+0.2 210.5+ 75.9 1925 + 721
23,0ct. "85 208 55.9 1+ 29.0 64+ 22 0.8+0.2 68.7+ 622 i-2+ 113
4 23, Apr. 85 85 216.5 +57.9 25.2+ 6.9 1.0+0.2 265.8 + 117.0 250.3+ 90.0
23,0ct. "85 27 51.0 + 20.6 1.1k 2.8 0.9+0.2 124.4 + 84.7 181+ 10.1
5 23,Apr. '85 67 214.1 + 51.6 26.4t 5.1 1 312.0 + 1181 265.4 + 90.2
23,0ct. "85 12 42.8 1 16.0 7.1+ 2.6 1,70 141. 8 + 875 174t 8.7
6 23, Apr. 85 54 212.0+ 54.3 26.6+ 6.0 1:8 F0:7 353.0 +110.8 275.5 + 92.1
23,0ct. "85 16 36.31t13.0 6.8+ 2.0 L8 30T 163. 4 + 175 4 1401+ 7.4
7 23, Apr. "85 11 220.3 +51.9 25,5+ 5.6 1.4+0 2 386.1 1 167.2 268.3 +103.0
23,0ct.’85 5 35.5 1 14.9 7.8+ 3.6 1.8 01 164.2+ 37.9 156+ 5.7

BWF@ AV H+T AN @R

14
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EBREROROZLEER I VP3EEL->TV 5, 10ATOD 3FEHLL EDMBHELX LS &, ERTKREIUC X
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Fig. 5. Seasonal change in mean blade width (—O—) and meam stipe length (—@®—) of
the tagged A. crassiforia sporophytes.

c) FF LW
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(Fig. 5) , 2ERIFEROEMICH T ESOCMEER LA (Fig. 6),

10ADFERHISER, FEBORS, 2ER+ABEBOREOB L Fig.TRA Lo Thb D@L

Robertson oY Tixa 5 - HEEERED T £ 0. 999, 0. 957, 0. 998 & &v-HBA L, £EE04E
RULL 1=296. 240/ ( 143570322 1) (mm ) 28BNtz

ZOEREANS, 1EENGBEREITOERIF 1 v OLEEYHE T2 L T Fh 9.2, 112.3,
136.8, 163.0, 189.7, 215.6, 239.6, 261. 0mmTH 3,

EROBINEHHFNCFR TS0, lTFELLO LIk L, BB S, ERBloTED
REQCFEETERT S, ERIRERIERLLV. ERIINE L EROER BE(Y) 225, B
THOZETIIE L1, BFECHETOERMDO (A TR LI~ 2 L—ELTV-55, BFELATARLE
RO BABOFILFERCE DY =0. 226 X+2. 064 ( r=0.971 ) DI RD LR (Fig. 8) o

10ADERHIE- 2, RFESZOLETERL 2ERL OBMFELZR L L Y=12. 72 X— 93. 258 (r=0.995)
pontz(Fig. 9 )o 2ZRDERKNLROLLEROMEX ZOKIMRAL, 1 FBHHBEHETOE
ENEEERVHEE TS L thth 215 49.6, 80.8, 114.1, 148.0, 181, 211.5, 238 TgThad,

d) RaTEL TRMOMR
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Age (year) Age (year)
Fig. 6. Total stipe length of the Fig. 7. Total stipe length(A), holdfast height
A. crassifolia sporophytes (B), and total stipe length with
in the Esan population. holdfast(C) of A, crassifelia in relation
Solid and open circle show to the age,
both the specimens collect- Eqation formulas were calculated by
ed in April and October Robertson’s expression, from the data
1985. of the plants collected in October 1985.

V0AICisiT 2 B3, Ul BERTFEO P L ToBRREEL FMINICTL 1204 Table 3 T
H5o

B FEER SORFOER:HUHEMCERIh s, 10~ 11 BicEE Lo+ 44 Vicik, BF4 AECH
BAMGE D 108 £ Tich il 3~ A o BaFiEx#Eo2%, 12 A DBicEdE Lol s L Tiohsicl
EFirv, BFEOHEBIIERLIGCEZ 2, 2FALEDFH A Yicled b, Fiiclcld FSgloRs 1 ~ 25§
ALV RTINS 4~ 6 At it RO R F E4FEL TR S LHEIMFL TV <. ZhbHD
RGBT THEATE |, i FoRNBIC ik« ickih, 835, 1 FAF /1 VIO hic i LT
TR LTsv e SRR TECHEAT A MK E S LRI Ve EEL Hhb,

FEHEORILE HAN S BT, FIRicZthsd, 10~11 Ao 2 BLEOBEDR & A L
Sh, BEE b B TAEO RO 5t -8R b R TFEECFI T3~ 6% E L, By c 18
BEARIOBEEA T OB G fa-F3E0 e T2 5 248 afEedkic TE5 2B A ), K
ECBR Ehs, FHEY b oRFEIEE4H ETlfRsShs

KDL FRBEIEBIZ > T Oxamura (1896), Mivase (1902), Yewnoo (1919), AT (1940)
O®ELDHD, Yewoo (1919), AT (1940) RRAFEOBEN T, BAKLALIhL EBRNTVABD, &
T4 AD LR Shiz, )G 1977) i1 Alaria sp, DERFICFEEXEZHRTH0055 2 &
AEEL TV A0S, IR, HFHE] (HEPE) OKEO~ LimitEH LTV 5554 v D5 blaTHELNC
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Width of axis (mm) and ratio
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Fig. 8.

345678
Age (year)

The axis width of
rachis and stipe of
the different ages of
A, crassifolia collect-
ed at Esan in
October 1985.

For explanation of
A, Band C see Fig. 2.
A - major axis,

® ' minor axis, and
QO : the ratio of major
axis to minor axis,

Total stipe wet weight (g)

200

Y=12.T2X — 93.26
r=0.995

8 10 12 14 16 18 20 22 24 26 28 30
Total stipe length (em)

Fig. 9. Wet weight of total stipe with holdfast of

A. crassifolia in relation to total stipe
length in October 1985.
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FRUE1~10mEF# 1 ¥ DEFKBHLIEY, @FH4 ¥,
ivqvavy, =av7 iR, A, ERicCREED
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LGRS L D R Bos, EILETEM, AGRED FILEE
W (1m' Mo h) (FH4 V48K, 174 vav7h
0.5%&, 15EH~a v 75 3.3KLFH( ¥ OBEELE,
@FH4 Vix=av s, i 94 v a7 LRERRE
BlavziERLTHS, G2 vy, § ¥4 ¥ av IDEH
2, 3HETHEDICHL, FH1 VX8 FA LFREL,
®LEHFHS Y DEEZRDVEINLBB LG, LD FH
A Vid=avy, i94 vavy7OBEPRE TSNS
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Table 3. The sporophyll length, number of sporophyll and riped sporophyll (mean + s.d.)
of A, crassifolia collected on 23rd October 1985.

Age Sporophyll length Number of Number of riped (B)/(A)*x100

Cem) sporophyll (A) sporophyll (B) (%)
1 2.3 £33 37k 33 — =
2 1.4+ 8.0 128+ 7.0 9.4+ 6.3 73.4
3 144377 17.91+10.3 1$9: 91 77.7
4 19.8+ 9.5 27 1F11.1 23.31+10.0 86.0
3 203+ 87 3.0+ 8.6 260+ 9.3 83.9
6 23.7+8.8 3264+ 7.0 20.2+ 5.5 89.8
7 2.0+ 9.3 30.1 + 10. 4 26.6 £10.7 88.4
8 25.0+ 5.7 24.8+ 5.1 22.3+ 54 89.9

T E 3|

BEUETELI 3T 1983~ "854, w27, 74 v av7 L BPBRCHHF #4 v 0F e, BRI,
ARG, I, KA EDABEERXT, KOBRELE L N ETOEELY L1,

1. F44 7 OFEHREEI IR TE 2 (OO AEBC T2 2 BEROBIIBREBA 500 HHTH D,
Zhic L > TREFSY 8 FLHE L1

2. F4H4 v OFEFOF AL 9 A~FFE 2 AT, SFEOHRIHBRFNL2 AT 5,

3. BR - EROARAF - BB L, ERROKRSS CiodTd &R Ri kg0, FRREDK
A6 Cicle B & LR hE 5

4. $hED 6 1ERDOKDD ¥ TOMFERILSS%, 2EHF 71 VETOFRILTI B TH -1,

5 VERFHA iz ALRTELR G- GAESL, BFELRET 2EEL TIIEA R LV, 2
FRUEDFH 1 7 2IBRFED R H -l T S AAEBE A, KIC KEX LEXML, 8AnG
FED AR TTEEATERL, #5E P iibiE iy BT ES Ka B ET 5,

6. FTEHEGBTECARMEIASY, KB~ L5miICEH LTV 58 30 BDF44 7 OFERBO MEimc
L FEIS TR S T e,

7. REROEBIERAL t =296. 240,/ ( 1+’ 7% 322 Ly p g

X 3

Baarpsers, E. (1956) . The growth rings in Alaria stipes. 2nd Int. Seaweed Symposium
153-157

BOBEEs (1984) | MRS EASEARSE ( FRmET B ik ) dofed ik E S
1-66

ihs (1985) . BRFISBE Ml AR &8 ( LT HEGE, A R ) dbiE sk ER

B8 1-84

iy (1985) & WAFISO A He pi sl A e 8y ( AULIRT 8 « JGR » £oB6)1 138X ) JbimE s 5K
EEE  1-97

Kam, JM.(1963) : Aspects of the biology of Laminaria hyperborea 11. Age. weight and
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length. J. mar, biol. Ass. U. K. 43 129-151

AET— (1946) | JbEREOEERGTBMMORBEFAOTE SEKEKERFEPR 1 1-4

Niwg BE— (1977) @ Alaria ORERF~OHATEEMICOVLT 8 256 M 95-100

iy FdizAs (1985) 1 BWERNST ~ 50 4ERE Hp R AT H A I (TS K ) dbai ST A AR S
1-53

ATFR—BE (1940) @ ##4 YO bl KEES 1-3

Mivasg, K. (1902) : On the Laminariaceae of Hokkaido. Jour. Sapporo Agr. Coll. 1 1-150

Wit |2 (1983) @ BEWIST FEMRAER SR SN (AR AR BIpe K ) JLlmEnR s K EHERE
1-36

BEEWIES - BBY XA (1894) [ Wi icks 52 v 7 BEBO S WHERKENHM -+~ — Pl
# (3)15-18

Oxkamura, K. (1896) : On Laminaria of Japan. Bot.Mag. Tokyo 10 97-99

ftEA Rl (1936) @ AAHEMESE PO T

Sunpene, O. (1961) : The Implications of Transplant and Culture Experiments on the Growth
and Distribution of Alaria esculenta Nyt Mag. Bot. 9 155-180

TR XEE (1972) | BSBREoERICoVT BEUpHiss (5) 151-162

Wipbowson, T.B. (1971) : A statistical analysis of variation in the brown zlga Alaria. Syesis
(4) 125-143

Yenpo, K. (1919) © A monograph of the genus Alaria. Jour. Coll, Sci., Tokyo Imp. Univ,
43 1-145
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1-year-old sporophyte of Alaria crassifolia collected at Esan, on 2nd August 1984.
3-year-old sporophyte of A. crassifolia collected at Esan, on 2nd August 1984,

A part of 2-year-old sporophyte of A. crassifelia collected at Esan, on 2nd August 1984,
showing constriction in rachis and sporophylls.

A, crassifolia having sporangial sori on the blade collected at Toi, on 28th September 1984.
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