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Seasonal change in concentrations of nutrients and
chlorophyll @ at a coastal station off Yoichi,
Ishikari Bay, Hokkaido

Ichiro KANOMATA, Tomomi WATANABE, Iori TANAKA,
Moriyuki KOTORI and Tkuo NASUKAWA

Hokkaido Central Fisheries Experimental Station
Yoichi, Hokkaido 046, Japan

Seasonal change in chlorophyll a, DIN (total amounts of ammonium, nitrite and nitrate)
and phosphate concentrations were investigated at Coastal Station (43°15"'N140°47.2°E; the
depth of bottom, about 50 m) off Yoichi in Ishikari Bay faced on the northern parts of
the Japan Sea during the 8 years from 1978 to 1985. The maximum sea surface temperature
(22°C) was found in August and the minimum (5-6°C) in February - March; the salinity
was as high as 33. 8-34. 1%othroughout the vear except the upper 10m in spring (April -
June) . The higher chlorophyll a content (>>1 mg. m™ %) was in spring (March - April) and
autumn (November); the lower values in summer (August - September) and winter (January)
The maximum value, 5, 6mg chl, a-m™® (a mean value for 5 layers through Om to the
bottom) , was recorded on 9 April 1985, The relatively high values of DIN and phosphate
were occurred in the cold season (January-March) ; they ranged 4-6 #g atoms N . [~}
and 0.4-0.6 #g atoms P .[~1, respectively. These values rapidly decreased into less than
lrg atoms N.I7land 0.2xg atoms P.[~!just before the occurrence of the spring peak
of chlorophyll a concentration. In contrast, silicate concentration kept it high value, more
than 10#g atoms Si.l ™!, even during the spring bloom.
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Present address : Hokkaido Wakkanai Fisheries Experimental Station, Horai, Wakkanai,
Hokkaido 097, Japan
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Fig. 1. Location of Coastal Station (43°15'N 140°47,2'E;the depth of bottom, about 50m)
off Yoichi in Ishikari Bay.
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Table 1. Records on water samples used in this study. Samples
were collected with a bucket at the surface and with
Nansen bottles in the subsurface waters.

Serial No. Date of sampling Number of replications
1 14 December 1978 1
2 9 & 22 January 1979 2
3 8 March 1979 1
4 14 July 1980 1
5 20-28 April 1982 6
6 8 & 17 June 1982 2
7 6-13 October 1982 4
8 9-18 November 1982 5
9 24 March 1983 1

10 12-22 April 1983 6
11 8-29 June 1983 8
12 23-26 August 1983 3
13 21-23 May 1984 2
14 28 August 1984 2
15 6 November 1984 1
16 27 February -6 March 1985 6
17 9 April 1985 1

okt AT, HEI0m, 20m, 30nbLUBEE EOAH 5 MT, RiimiEAkMH <4 ¥ & Nansenif
IKEBER O TERKEIT - 120

HKOMTIRUUTOHEICE DT>,

7907 4 valC 20 TRHMETESICES (0.33mm>DF » b TRLAAKIC0.5BRBET 7Y
LEFFLY? 9 b= YGF/C7 409 —=T0.2~0.5 [ @) SaEEREL, BBE0OLE (FKs 1975) itk
Dt Lo RTINS, 1978519835 4 HE TR Y —+—11IREH LB EAHVThEBE
—F—FHA 10RO~ BT R V-,

HEsmicidBRU V21085554 Bt A @R L, TvE=9L83 4 v F 7 = / — ik (SASAKI
and SAWADA 1980), AEM¥REHii: B R (BENDSCHNEIDER and ROBINSON 1952), R4EEHEiin F v
L—§ih 7 L BCH: (STRICKLAND and PARSONS 1968), V) vEiiiz ) 77 v 71— Kk (NORIKI
1983), Y1 M€ ) 7F¥ 1 T ok ORF 1970) itk b, 3/, BERERZ Y7 5—H(R
A@FFES 1970) KL L. £, FAHCBONAKBPEIFSOT— 7 &b ETHV .

Bonft-2BERIcOVL TR, Fifid SEME TO2RBOEENLEELERET 5 - DRk 5 oY
fili (LI#k Mo-B ERRT) 23K, i, ZEOEAKASIVWERDLNABXE L 10m 2 B Fia

(Ll Mo-10 £ 2R d) b3k, ThE¥hE2JZESHORREBICEY LSEORIICAVW -, 8H (Fig.
PO ToOMIZTEEE (@H), RAfM (@HICH Lo LR, S/l (FTR), Hamm
(A - M Lo R x) £2%4,
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. Seasonal change in temperature at coast-

al waters off Yoichi. Circles indicate
mean values through 0 to 10m at Coastal
Station ; crosses indicate mean values
through O0m to the bottom at the same
station. Data obtained through 8 years,
1978 to 1985, are all combined. Dots
indicate 30-year averages (1951-1980) of
10-day mean sea surface temperature
observed daily at a pier of Hokkaido
Central Fisheries Experimental Station,
Y oichi.
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Fig. 3 A-B. Seasonal change in salinity at Coastal Station off Yoichi. Mean values
through 0 to 10m (A) and through 0 m to the bottom (B) are indicated.
Vertical bars denote ranges of values. Data obtained in 8 years, 1978

to 1985, are all combined.
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Fig. 4 A-B. Seasonal change in chlorophyll a content at Coastal Station off Yoichi.
Mean values through 0to 10m (A) and through O m to the bottom (B)
are indicated. Vertical bars denote ranges of values, Data obtained in
8 years, 1978 to 1985, are all combined.
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Fig. 5. Seasonal change in transpa-
rency at Coastal Station off
Yoichi. Mean values (circles)
and ranges of values (vertical
bars) are indicated. Data
obtained in 8 years, 1978 to
1985, are all combined.
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Fig. 6 A-B. Seasonal change in AOU (apparent oxygen utilization) at Coastal Station
off Yoichi. Mean values through 0 to 10m (A) and through Om to the
bottom (B) are indicated. Vertical bars denote ranges of values. Data
obtained in 8 years, 1978 to 1985, are all combined.
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Fig. 7 A-B. Seasonal change in DIN (ammonium+nitrite+nitrate) concentration at
Coastal Station off Yoichi. Mean values through 0 to 10m (A) and
through O m to bottom (B) are indicated. Vertical bars denote ranges
of values. Data obtained in 8 years, 1978 to 1985, are all combined.
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Fig. 8 A- B. Seasonal change in phosphate concentration at Coastal Station off
Yoichi., Mean values through 0 to 10m (A) and through 0 m to bottom
(B) are indicated. Vertical bars denote ranges of values. Data obtained
in 8 years, 1978 to 1985, are all combined.
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Fig. 9 A-B. Seasonal change in silicate concentration at Coastal Station off Yoichi.
Mean values through 0 to 10 m (A) and through 0 m to bottom (B) are
indicated. Vertical bars denote ranges of values. Data obtained in 2
years of 1983 and 1985 are combined.
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ARBLZzORBEERO* v b 77 7 YRABEARL
* + 7 3 Thysanoessa inermis (KROYER)
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INESSFZ o BEX— L« e « A7) 1Bk **
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Carbon and nitrogen contents of natural populations of
net plankton and individuals of Thysanoessa inermis
(Euphausiacea) in Ishikari Bay and adjacent waters

Moriyuki KOTORI, Ichiro KANOMATA, Iori TANAKA and Ikuo NASUKAWA
Hokkaido Central Fisheries Experimental Station, Yoichi, Hokkaido 046, Japan

Total carbon (C) and nitrogen (N) contents were determined on the natural populations
of net plankton collected by standard vertical tows shallower than 150m with two types of
NORPAC nets (0.33- and 0.10-mm mesh openings) and by simultaneous horizontal tows
upper 100 m with 2 to 5 MTD 56-cm closing nets (0.33-mm mesh openings) in Ishikari
Bay and adjacent waters at different times during cruises by R/V Kinsei Maru through
6 years from 1980 to 1985. The C and N contents were also obtained for the euphausiid
Thysanoessa inermis (KROYER) which occurred in the surface water around the Shakotan
Peninsula in March 1985, and were fished by commercial boats. A Yanagimoto CN Corder
(MT -500) was used for the determination. The values of C content of mixed plankton
collected with MTD nets ranged between 53.1 and 15.2% of dry weight; the N content
ranged between 9. 1 and 2. 8%. Thus, the C/N ratios varied between 9.7 and 3. 7. However,
obvious trends in changes of these values with depth were not observed in the upper 100 m
in the area. The C content of mixed plankton collected with NORPAC nets varied from 61.9
to 12.4% and the N content from 16. 3 to 2. 66%. The monthly average values of the C and
N contents ranged from 46 to 17% and 14 to 3.4%, respectively. Seasonal variations of
the C/N ratio were observed especially in the 0.33-mm mesh size net samples : the signif-
icant difference (t=3,80, 0.025>P >0.010) was found between the mean values of C/N
ratios in April (meanx1SD=8, 2+1,3) and in February - March (4.5%0.7). It is suggested
that the difference was mostly caused by the faunal and floral changes in the natural

* HAMEE2198EMKFAL (MF60EI0A 30, ET) TOMBERL..
** i o Rk E SR R R R
®WXHS A136 (19854F12H 2THSZFER)
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populations of net plankton through these periods in the area. The values of C and N
contents of 34 individuals of T. inermis (16.3-62. 6 mg in body dry weight; 15.7-27. 8 mm
in body length) ranged from 37.1 to 46.6% (mean*1SD=42,8%2, 16%) and 8. 38 to 13. 7%
(11. 2+0, 91%), respectively. These values are comparable to those previously reported for
Euphausia pacifica HANSEN, E. superba DANA, Thysanoessa longipes BRANDT, and Tessara-
brachion oculatus HANSEN. Since the C content of Thysanoessa inermis increased with size
(dry weight) while N remained similar, it is suggested that the C/N ratio of the euphausiid
increased with size in March in the present area. Therefore, it may be safe to assume
that the same phenomena would be observed in the other zooplankton species from late
winter to early spring in Ishikari Bay and adjacent waters.

# B

ARB2EOF v VT 5 v b o BERICET 2BEHI19TFELEFR S50 5 UMK 1983a

&) 1eEL, TUODOBERNI2TT 5 v 27 b YEEROMEHERICE SO TV S, @BEICET 24Tt
EECRYMSIC T A MRS 2 1-0iciE, 77 27 b YEERABERTEDT B TRA ST,
RO FBILERD TH ZREROEXZMA ML 4EHH 5 (CURL 1962a, BEERS 1966), A IFEHOD
INBTHZBRBIC6~THICHET 28077 v 7 + YITHORESHE L EESERIITTIC IKEDA
(1974) ik >TH~NBhTWE, LL, AiESEichi > TRINICT 7 v 7 + VIBEERICOWL
TH~hHliTInE TV,

FIvs b vEERERLEME» ORAEMTE-T, 772 v ELTHET AERIERENICH
ERMIC B LT A, ZEORBRASEELTHES * v FEXDLERAEZZTOEFAHDTRILL,
FTRAIC, HET2EE/Ic>VT, BRI EZEH L TE(OMBELVFIRASL LALKYL (2
& Z¥, CURL 1962a, OMORI 1969, IKEDA 197470 &), L#L, 77 v 7 + vBEERDRHEEEFRINC
FEEHIHS Y L TTh o EB(LER S A0 - ER T AERFRAEERIC OV TITHEEIT~A
TRADIREVREEFHELEL TS, £, AFEOL S iC, HERMRETROUEERNICRSh
NEET, BE, BETRE Ay MR- TE oA 2 OREYEL VLS RAELDLERS
EofEid i, EERSOREMLSEtERIFEEEDH L EBTELLLLAKEL,

f->T, TTTH, 19806Eh 519864EIChz > T2 ~11HICANE L EOFBOBETEI v b 77
Vo b VRABEEOLRELLBZROSERELBERA RN, CNSOFEOEBHMEEIC OV TR
Be & 5iz, MAHREDGEOBRES 2 ATFa» S 4 A bRichd TEREERT 24 +7 10—
Thysanoessa inermis (/NG 1980 BI) OILEEMC>WThH, FORIEHEEBR~E,

APEEAERA OARE L 2Bic, BELSHEL Vo2 WA= EREKEERO RAT KBERLEFIIK
ZREROME EEHLickslEBRL EF 5. £, BEEELTVFHLAFT7 I EXOAFICHERSE
35 - TFE o ke th Sk EE BRI D 1 2 ASCHER IC 2R { il 5.

mE LA E

ARFE (C) L2%E (N) OFHBREICHLLT 7 v 27 b YERRLUTFICERS 3FEHTH 5.

(1) MTD:# v bEEA : 19808 £ 19814ED 4 AH 5 7 AORIc, HFF#EA® 4 58 (Stns B, C, D
L UG, Fig. 1) TEML - cHAKERAB A » b (MTD % » b, O#56cm, #H0.33mm, MoToDA
1971) 2~ 5 @A RO EERAK 100m £ TOEEEFKERE (Serial Nos. 2, 3, 5, 8BLU
10, /& 1983b@ Table 18M8) itk - TiH 158K LR 4% » b % Serial No.22 (19834 4 A14H
1188329 70 542453 £ TD1043, Stn 2 THEME, f7i#(343°22.6"N140°38.3'E, Fig. 1) THEHI0m
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|40‘roo'E : . 30" 141°00' 30'
B -1 43°50'N
SER.NO. STN DATE
2 G 274.80
3 B 136.80
N 5 C 14.7.80 i "
8 B 15.6.81
10 D 26.6.8I
22 2 14.4.83

\
!
\
)] .
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YOICHI OTARU
1 1 L |

.. NORTH
ﬁﬂ%?mmawm
1

Fig. 1. Location of stations for MTD 56-cm closing net hauls. Serial numbers (Ser.
No.) of the simultaneous horizontal tows and the date of collection are also
indicated (see KOTORI 1983b).

ET0mo 2 [l 6157 2EADEINTEEATH 5,

(2) NORPAC % » hEEA : 1980%FA> 519854 T 6 SEMlE L+ L T2 A Fah 6 7T Bichd T, BFF
- T OEBDWBHIS S L UEREEARND S RE S0 ICE SBOBRO 4 15 (Fig, 2) TIERTE
HERET T2 b % b (NORPACE » b, O 45cm, #H0.33mm, .Ml 1957) £ /23 WFANORPAC
% b (NORPACH » M3 —-#laa¥, —HO#EHIZ0.33mm, ADEHI20.10mm & LAz b, #&FHE
1965) @ 0.33mmi#BIc & 5 NORPACEREIR (150 ~ 0 mESEERE, KFEH 150 mEIEOMISA T, L
B il TORERE) Lk - TiBit628ER L WFANORPACE » PO 0.10mmi8ic £ b 1341
(Fig. 20RANTERDOLMSELUStns 1, 2BXU5) THAHBEROGIHBEETH 5.

0.33mm #ic £ 2B Stn 1 TREE L, 9ETH S, KO TStn 2 TR 7[E], Stn 5 Ti2 4[E
OFRBEAEEM L 72e 0.10mmBic £ 2REEH L Stn 1 THRLE L, IETHS, LoL, fthotRiis
(Fig. 2 it BALEAMLTRL /S TR, Hfkh, 2 ChH2E0RRELMBL1ZD T, RER
Hud 1 BloHBE&HEE L,

7145, BLEN), QomElEsgit 12 X30Fh b NEAREREMRSEN (68 + », 197T9F12A #K,
19834F 12H ) DOFBOBRICIH/I-bDOTH 5,

3) 447 38854 1985% 3 A 8 HIMFPER LR BRl##EM 1 =4 v (Fig, 2) iIctHE L /2156
o4+ 7 3 LEABAHKCEEEEAROMBEAED O RRAEICE LB (Fig. 2) KB L 19EE
DOAFT7 1 A2BEKE L, ThoDA+T 1348 T Thysanoessa inermis (KROYER) TH -7 W
hd3A8HHAVE5AORMICHEEE ¢ IC/F LEEL-bOT, YRy @ TREL - boo—
HBTHdo

VLo 3 FSOERD S b 3 o MMEREAGRER b iIo ETERSEIE (MoTopa 1959) %M
WTAN L, —SMEERAOMBEREEHICI0% 7 + v=) v KTEEL, RFLL. BDIEEE4.Tem
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@ Whatman GF/C Z 4 V% —TRI @@L CO7 407 —i3dH 55 #1450 °CT 6 BRELLED
BENEBAKL:-LOTH S, MBHKIC, 74y — LOBEFEFRKEEEFE RS L TEPBE
Ltze D%, 2 bIcHliA: —20°CLU T THERE L. COBEREE LOERETERLELIETE

BFoFvr—sATRERRL, cofifjticmERs L TidkL 7.

140° 140"

E o
TS ML e i T e )
JAPAN SEA <

Fig. 2.

Location of stations for NORPAC net hauls (circles
and dots) and fishing grounds for Thysanoessa
inermis (darkened areas on the Shakotan Peninsula,
see also Fig. 1). A total of 85 net samples was
collected. At each stationshown with an open circle,
one sampling with a paired NORPAC net (0, 33- and
0. 10-mm mesh openings) was made; at each station
shown with a dot, one or two samplings with a
NORPAC standard plankton net (0.33-mm mesh
openings) were made; at each station shown with
a solid circle (Stns 1, 2 and 5), more than 5 samplings
(~19) with both types of NORPAC nets were com-
pleted, and about one half (42 samples) of total
samples was collected.
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A7 IBARRERTZ AR ERZICHLRD, ERKICL2%PRERES i @kdF-
ZRTFOBETr—NTERLEZ2TITERLA, RELELZELTOLLOT, EERIPPEAK
KB 3 afEdsrisb b, BICB<ECNI—FIC LA ATERICRERORBAICL ZBIERELEE
hanlfiEtEdidH 5 (CURLI962b). 7oL, BBAKERICL->TELEhLLOALVAFT I HRHOKE
HiavoBEHREh-b0EEI LGNS,

LRE (C) LL2FH (N) OSHFFAEICREMACNI —FMTH000EFRA L, §ibbL, Lid
DERBALAK LR THREL, TO—ER (1.7~9mg) ZFIICOCNI—FiIc LBt L1,
- BRI 8L D v b ThH B, BBEFORSEREE 810 °C, BrfFo£hid 490°CE L, i
1AW T2~50@O AL LABELH LM, 1HKICO X 1 EOAEMLBELH 5, 19804
4 A2THIZA P 43°15. 0'N 140°49. 0'E T#H 0.33mm @ NORPAC # » b T8/ 1484 (Permanent
Sample No. 8024, At#ii 1980 8H) Ic>W\W T4 [EHROHA Latricfi L 2Bl oh oo B F¥
(REEERZ /FYfliolk) RCT40%, NTI120%ThH-7.

BRRLEE

1l 772+ VRGEXDOC, NEEFRORBENES

Fig. 3icid, ARBOF » + 77 v 7 + YRABEXOEERICHT 5C, NEFRCIHENLEHER
BEBHLLLEBTEEMEIDEHEDAIDIC, MTDF » MEAOC , NSHELT 8R4 5R L1,

SEIORES BAFREFEFRHI0m) LoV TRAE, CEEREME53. 1% (MTD4 » MEE
Serial No. 3, 1980%£ 6 H13HIZStn BOMI10mM CTH#%E L /-84, Permanent Sample No. M8008,
/NG 1983b BMH) 5 SIRE15.2% (Serial No.22, Stn 20#70mME THR%, Permanent Sample No.
M8304, FEFH HFRATHTh~/) ORTELL 72, L EOCEFRBHAMBLURICOAED 5
Nize THEBEOETIE, CEHEROBAMIL 42.5% (Serial No. 5, Stn C, #40miE) TH -7 L
ML, SEIOHBERRLSIE, CETRICES I AR ERFAEAEZH AL LI TE U1,

N c % dry wi
0 10 20 30 40
o T [—[Azl | | L | I LI L l | L) l | I L ] IZI I
5 a
e f ad 3
A
= .'m{s o
22
. ao S o
50—
L L SERNO. STN DATE
- a
€ 2 o @ - b 2 G 27480
= 3 B 136.80
E 5 C 147.80
w 8 15.6.81
= | ]
R . 10 D 266.8I
o Ep—— 22 2 14483

Fig. 3. Vertical change in total carbon (C) and nitrogen (N) contents of mixed
plankton collected with MTD nets in Ishikari Bay, Numerals attached to each
simbol denote serial numbers (Ser. No.) of MTD net hauls.
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Serial No.22 DA HED TEVWCEER Q0L T) 2R L1, COERITIT KRR Coscinodiscus
BERICEINTEYD, L Fo2 358681, #7727 F »OCEBE (FH24%, PLATT
and IRWIN 1973) #7727 b vD & (CEH47~29%, CURL 1962a, b, BEERS 1966, OMORI
1969, IkEDA 1974, Kotorr 1976, HiroTa 1981) &b &K<, HoEBEMO CEFRIZE T LA
Mo TWA (CURL 1962a, b, BEERS 1966, IKEDA 1974, IKEDA and MITCHELL 1982),

NEFRIEME 9.1 % (Serial No. 5, Stn COMTOMETHE, Permanent Sample No. M8013)
PoR{E2.8% (Serial No.22, Permanent Sample No. M8304) ORI TE(L L1z, 7L, NEFASR
ZoVWTHZOMENEBICHEOMAARVWHE T LR TEEh 7,

Serial No.220EEXRDONESEHF M H<TE,r 7. COBELER, COEBXKICEINSFROED
W77 2 kv (PLATT and IRWIN 1973) &RERSEHY) (BEERS 1966) EMBRICZTEN T iodd
LBEbh3,

Fig. 4icid, Fig. 3iciBf - BE» 5B L :C/NRAFEEMNICR Lice C/NHIZHRA 9.7 (Serial
No.5, Stn C, #20mf@) 7 S5&%/N3. 7 (Serial No.22, Stn 2, $40mB@) OB TE(L L7, $EMICIE
A IS AR £ B B T L TEE DT,

W77 v vOBEEIOVT, 0~8 C/N RATIO
600 m @R TR/HE, HEEMEIC L > TC/N 0 3 :
BB BEALESHEVEE DS B0 0 &
(IKEDA 1974), 0~ 100 m 2RO HEMEVE . a
WNT/LT 7 2 b YIRAERDC/NRITIE, - 3 a5
FECLAZRRZIHOONL TYHRML LA
LA
2 77v7 + vBAEFXDC, NEFXOFE

it 2

Table 1i2i¥, NORPAC # v b % 7z {3 WFk 50—
NORPAC % » MiTk » T6HEMITH 1z - T
777 b VBEEERADC, NEHRORER
BARLA. ¥4, Table 2iTid, S EIOHA B

SER.NO. STN DATE

EREEROEGREER LR LT, : 2 G 27.4.80

SEOHRBHERELWMiIc>LTRAE, C [ 3 B RS0
SERICERD619~12.4 ¥0Michy, W | et
NEHREFL < 16.3~2.66 FOMICH - 120 10 D 26.68)
HRBE O, CEAEETIE~1T%, lool— 22 2 14.4.83

NEBFERTIHU~3.4FTH -1

Fig. 5 A-BZHWT, ZhodffinZEhic Fig, 4. Vertical change in carbon:nitrogen
EMHHABEH SNEHESDARE L. O ratios (C/N ratios) of mixed plank-

” ; ton collected with MTD nets in
S ﬁ%ﬁ@%%&i?:&h%ﬁﬁtfsﬁ Ishikari Bay. Numerals attached to
$H1:C/NHED ASIESE LR L1, Fig, 5AIC sach simbol as in Fig. 3.
120.33mmicd » THRIE L1 BRED S8/ E
BHERL, Fig. 5BiIci20.10mmBic & » THRELEBELSBLEREZR L

Fig. 5 A-Bid, 4~5 HIcC/NEbE LA BRIARF O AR L T35, fiZ, Fig, BAITRL
7-0.33mm #8840 4 AOC/NHOFEHE (8.2 + 1.3, EHffi+ 1 SD, n=5) & 2~3 AiIci§C/NK
DOFEME (4.520.7, n=2) LOERFETH-7 (t=3.80, 0.025 >P>0.010), #7#L, 6 HIT
B RIMERDOC/NHFESE (6.2 £0.5, n=2) LFidD 4 Aoz hiOETIAEREGED ShE
(t=2.08, 0.10 >P>0.05),
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Table 1. Summary of analyses of total carbon and nitrogen contents (% of dry weight)
of mixed plankton collected with two types of NORPAC nets (0.33- and 0. 10-
mm mesh openings) by vertical hauls shallower than 150 m in Ishikari Bay
and adjacent waters, northern Japan Sea, 1980-1985.

Date of Area  Number of Carbon Nitrogen
sampling samples¥* Max Min Mean+SD Max Min Mean*SD

0.33-mm mesh size net samples

na2/3/1983 KA gq 00 560 166 2584738 550 350 515+180

y
27/2-4/3/1985 7(1) 426 211 3524571 109 769 gg2+1ll
23-27/4/1980 701-4) 530 324 4341661 728 415  548%117
28/4/1982 12) - - 3861457 - — 409049
12&13/4/1983 32-3) 345 254 304+462 568 422 495%073
19/4/1984 Bl 409 544 254 461%139 671 291 536169
11/4/1984 “ﬂ;‘;‘i 3(1-2) 423 402 413+106 508 426 4594043
15-23/5/1984 71-2) 518 380  459+528 827 456  6.06t141
13-26/6/1980 9(1) 619 281  400+113 115 450  6.92%225
9-27/6/1981 9(1-2) 390 189  289+605 600 329  441+096
14&16/7/1980 6(1) 533 223 367+119 163 121  144+167

0.10-mm mesh size net samples

27/2-4/3/1985 ‘S‘ga";ﬁ 82-5 205 124 173+247 390 266 339037

11/4/1984 22) 212 265 26.8+049 432 332 3.82£0.71
19/4/1984 ngfﬂu 41-3) 407 289 36.9=5.41 794 497 6.51£1.44
15-23/5/1984 ls%l:;n 6(1-3) 518 416 4731433 778 AT 6.26£1.04
18&19/6/1981 21) 463 314 388x105 129 511 9.00+550
6/11/1984 12) .- = 19.0=0.03 - == 5.76+0.70

* Figures in parentheses denote the number of replication of determinations.

- T, AW|AMBRICHE O TO.383mmBIc L -> TREENE T 7 7 b YOIRSGERDOC/NLIE 2~3
AE4HLETRRY, BETHLAEEEZEDTEOTH A9,

19834 3 H TH)ICIH 1 6 BIAD CEFROFIHE (25.8 £ 7.38%, Table 1) i1, 0.33mm BEEDH
WEBRPTROBVETH 1o THODOEXRICRKREY T 5 v 7 + v HERICETHhTED, HIC6
EAPD 4 BEA TR THMETH -7z Table 2iICRLALSi, @75 v 7 + vEXOCEHEIR
BT 57 vEEOFNL YD HYEY (CURL 1962b 3 LT PLATT and IRWIN 1973 O 7
IO VERODVWTRO SOl & ARBE NIV, 85T, 198343 A FEOEVWCEERIZ 033
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Fig. 5 A-B. Seasonal change in contents of total carbon (C) and nitro-
gen (N) and C/N ratios of mixed plankton collected with
0. 33-mm mesh size nets (A) and 0. 10-mm mesh size net
(B) by vertical hauls shallower than 150 m in Ishikari Bay
and adjacent waters, 1980-19856. Data obtained in different
yvears and at different stations are all combined. Simbols
and vertical bars indicate the mean+1SD. Numerals attach-
ed denote number of samples.

mmBEEXCLEROEYM T 7 v 7 b vHEGEhTOARHEEEL O,

19855 2 A T~ 3 A LD 0.33mm #EAO CEHER L, fiHF R L TRAVLD, PPE (Table 1,
Fig. 5A) ChoOBEADIzid, KBOEMRBIZBEALETO TV b 755, 19845 4 HOEEA LI
£, BHE, % CalanusO HBRADE L Fos 3 yYBOHBLGEE TS - 1. flIcbili~ik
Hic, EFos 3 REEORBBHMCH SHROCESHBREIPREA7 7 v 2 b YA LEVZ &40
SHTV A S, 19854 2 A Fil~ 3 A L@ici§/:0.383mm @FEEAO LBEMNEVCEERE, EFos 3
SEOZRURERMLI-EDTHAS 5,

Zhtidxteic, CEFRoEr -4 HOBRIZRTH X H 5 3 ¥~ 2 Calanus plumchrus
MARUKAWA OKRHBHEH ShAE T LB o1,

#-T, 2ATHOH» 54 AL TEH SO AC/NEOMMERIZ, D&oicid, GHBICHEAT %
9 b7 I 0 b vORBBRY T OBICAE{ELT L (AL - EM 1926, Bp 1947, ;A S 1950, §7
B« mF 1953, /N 1980) ERBRL-bDEEEDR S,

i, W77 7 v OCEFROEHEINSHROEHICH~KTH Y (IKEDA 1974), [El—HiD
HMICRoN 2 CEAROEHR T 0EROEHEERROZEFHORBMIZLEEL SN TS (OMORI and
IKEDA 1984), 3~4 HOGRHBEICRSROEN 77 »7 + »HithBi4 5 (8k% - EF 1953, FEX S 1983),
#-T, oM, ARBSOEAEEOH T 7~ 7 b YRIFAXEAZRICERT 2b 6 LN
Vo EOR, CEHERLEYD, C/NEAESHATfEEEEZ Sh 3,
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Table 2. Carbon and nitrogen contents (% of dry weight) of plankton species or mixed
plankton collections in various regions.

Region Season Carbon Nitrogen Sample Authority
Max Min Mean Max Min Mean
Sept 1956 17 zoo-
Conti. to Feb 46.8 6.4 —= 78 02 = plankton CURL
Skl 1958 species 1962a
shelf Zooplank-
water, - ol E ton species
i gl 46.8 64 383 e
New York, collection  CyrL
gzlantlc Mixed 1962b
= - 120 71 = - = —  phyto-
plankton
Sargasso
Sea off Oct 1962 9 zoo-
Bermuda,  to Oct 476 30 285% 1118 098 700* plankton  BEERS
Atlantic 1963 groups 1966
Ocean
North Apr 1967 33 zoo-
Pacific, toNov 635 170 3545 131 15  91%  plankton  OMORI
4-0°N 1968 species 1969
St. Marga- Phyto- PLATT
ret’s Bay, April plankton and
Mok 1969 347 165 24.3 6.33 108 3.07 SuEy TeerN
Scotia collection 1973
Tropical,
subtropical,  June
temperate 1970 More than
and to 66.7 46 - 13 04 - 100 zoo-
boreal seas, March plankton
and deep- 1972 species
water IKEDA
1974
gﬁgﬁ?} June to " 17 zoo-
iy | July 495 113 374 130 37 9.4%  plankton
nilari 1970 species
Bay e
Sub- ’
arctic August W O L & E/::ed KOTORI
North 1969 faidh 1976
Pacific pibaikdon
More than
Inland June
Sea of 1969to 5196 3611 4670 1314 837 1 oo HIROTE
Japan Sept 1971 pration
species
Feb to Wi 1
Ishikari July & . . X s
Bay Nov, 1980 619 124  46-17 163 266 14-34 plankton study
to 1985

* Calculated from original data by the present authors.
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(3] Thysanoessa inermis ®C, N&HH

4@, C, NOSTici L7234k (K ER16.3~62. 6mg, {£5&15.7~27.8mm) @ T. inermis ®
CERRRIAELERD 37.1 ~46.6 BOMMHIcH D (FigEi+1SD=42.8 £2.16 %), NSHEHRIL8.38
~13.7% (BILCK 11.2+£0.91 %) TdH-7o

T.inermis OC, NEFRIKDVLW T, BEOREAEROGAZ EETELh» i, RO
Wik, WORLBMUNELCBREERBS AT LHTER, §iibB, v/ + ¥4+ 7T 1 Euphausia pacifica
HANSENTIZC, NEHRiE, Th¥h, 3B T7~46.5FBLT10.1~10.9%TH 5 (OMORI 1969,
IKEDA 1974), Tessarabrachion oculatus HANSEN Cif, 47.2% & 10.0 #ThH 5 (OMORI1969). F
7z. Thysanoessa longipes BRANDT Ti340.7 % & 10.5 $Th 5 (IKEDA19Td), X5, # v+ a ¥
A ¥ 7 I Euphausia superba DANATIE41.1 ~47.6 % & 9.9~ 11.0 BDfEHEBESH T3 (IKEDA
and MITCHELL1982), it~ T, 4, T. inermis K2V TiHo/fliid, ChoDflE L —FdT 3
EBA LD

T. inermis {4 Chaetoceros 1L EDOWYT'7 7 + & KRICH&T 5 134, Calanus, Pseudocalanus
LEOEMEPERLE, AEET OB T v 2 b b EDHE LT A (PONOMAREVA1963), 3 A
EA~TREEAEERLICHELL T inermis ® CEARIC LATEHITHR~I & 5 S EAKE TOZBH
BHONBETHEIN?

Fig. 6icid, T.inermis O@EFOEEREC, NEFELOMOBMFRERIT 2200, EREBRIIC
SEEOEE (X)) CHiEd5C, NEEFE (Y#h) 2R L1, FE26mg LI FoME&id 3 B Laick
HLkERcDAEH SN, 483mgll LOBEEZ3IA FAREELERLOABD Sz - T, Sl
OFRBERD T. inermis (3, TORICTERICEAE#H %17 - TREL TOABEER S 57125 5,

s Thysancéssa inermis
3 * 8 March 1985 e
o @25 « ®e. L »
R . L ( ]
© + ® g.- ~ aC L ]
2 . ® ®
40 . '
g . '
20L
* ' e
L]
“w ®do
S iof ’ e g o .
L]
b
z
) 1 | | | : O 1
10 20 30 40 50 €0

BODY WEIGHT, mg dry wt

Fig. 6. Relation between carbon (C) or nitrogen (N) contents and body dry weight
of the euphausiid Thysanoessa inermis collected around the Shakotan Penin-
sula on March 8 and 25, 1985, Significant positive relation was found between
C and body weight (0. 28<r<{0.76 at 95% confidence limits), but no relation-
ships between N and body weight (=0, 47<r<0, 19 at 95% confidence limits).
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SEORIE i L EEOFBICE-> T, &E (X) LCEHER (Y) LOMICEY ICHEBREIEIEK O
V2ob0&ELTYTREAMMRATESTSE, Y=38.3+0.13X (r=0.56) 2755, #HBHEHr ® 95
BIEFEMRAUL0.28 ~0.76 TH > THOLICIEDFERKICH 555, BE L CEHREOMICII IR R
WELEMNTES,

[ERkIcEER (X) ENSER (Y) LoMic bRy icEREWBROYL2E LT, HTiE 0%
REHWTSE, Y=11.681—-0.016X (r=—0.156) %2185, COBED r OIS HIEMRFIL— 0.47~
0.19 ThH-> TIEAMSIcE 14505, FE (X) ENSGEE (Y) ofiicida  HEMEEZEDS C
ERTEIL,

Tibb, SEAEH L EEORHICH > TO T & THEH, T.inermis O CEHERIFEERHMIC
P> THOPYMINT 2MEATRTH, NEFRIIAE & GEMRICIO~12%E L BIE—FLM &L > T
5LEZON5,

IKEDA and MITCHELL (1982) {3 + »#* a3 74+ 7 3 Euphausia superba DANA D5 DDA X+
F=7I20TC, NEFREFESLHER, NEFRICOVWTIE, 4 XOMRICHE S HEOEBHERN
BEH oL 1chs, CIL20 TR, 4 XML & bt EFERIHEMNT 2 HREZEDH TS,

-7, 3A LA~ TaICHPEREIEEc MR L T, inermis ©&ic s, CZOMOREICH
TCEAERHIELHATHEMNRHB1249, £/, NEFRRIZOMBE—ETH 555, C/NHLEL
R5aEERH /A5, oI, ANELTORIOERICHERT 20877 v 7 + vOEBEICS,
B SBFICHI T T. inermis BHICC/N B B AHEHEH i b Lhii,

i E

1. 198044 51986 ICh 15T, 2~11HIT, AfFil & Z 080K TNORPAC 4 » k (#H 0.33mm)
EXWFKXNORPAC & » b (MH0.33mm & 0.10mm) D150 - 0mEFEEES LOMTD+ » + (EEO0.33
mm) iLL 2 ERIKEFRBICL-TEA v 75 2 b VBSEA L SEMIT & - THEFE:D 5
TS icA +7 1 Thysanoessa inermis O2HH (C) LLHEE (N) OSHEREH~, T0ZEH
HRERE Lize CENDOAMTIBELAF » MEAOREIL 102 TH S,

2. AFBO100mElEED 2 ~5 @B oFELET T v b viRAEAD CEHERFERERRDE3.] ~
15.2 #OfEkHic, NSFERIZ 0.1 ~2.8 ¥0®@hic, £/-C/NHIF9.7~3.7 0fiichd -1 LoL,
ChSOEORMENZETICE, WThOoBAE, BEOEEEBED AL LB TELAL -1

3. ShlofLBFEHEMBIc>VWTRELE, 757 F ViBAEADOCEERIL61.9~12.4%, NEHR
(216.3~2.66 ¥DOMITH 720

4. WHEABOT 7 v 7+ YREEXO CERRLNSHEOFA ML, ThEFh, 46~1T%&14~3.4
FBOMICH - 7120

5 4~5RICBohET 5 v b VIRAEEADC/NERMOAICE SN AEROC/NELD EE
B B HRME S 170, FHT, 0.33mm B THLRAEADLH OC/NLOFME (8.2 £1.3) £2~3 A4
Dzh (4.5%0.7) LoECBEERESED SN,

6. 2~3AL4ADT I vy + YREEAOC/NEOHRIZ, FL LT, MilcHBSTE75 2 b
Y OFERO BN AL bDIZEEL NI, $/, 2~3AbS4 Bichd THET 2877 ~
27 b vEEBETNETNC/NRAEG A lfett bIER L 2.

7. Thysanoessa inermis ({KHdiHt 16.3 ~ 62, 6mg, &£ 15.7~27.8 mm) OCEHERIL37. 1~
46.6 % (FHfl£1SDI342.8 £2.16%), NEHAFEI8.38~13.7% (AL 11.2+0.91%) TH-
fro THODOMMIR, ERABTHONTVLAME BIEF—-HL 1,

8. SEIOSHrct L T. inermis OKEOTIE TS, CEHBIIATED MICLE - THMT 2[4
Alize LU, NEBERIIEEL IHPARICIZIEF—EOM (10~12%) L5 LTSN,



22 /NRSFZ « X R - Heh R - )RR

-T, 3 A LAE~TFTaICHAEERADICHET 3 T.inermis DC/NEE OB OREICE > TEL S
THA A

o ik

BEERS, J. R. (1966) : Studies on the chemical composition of the major zooplankton groups
in the Sargasso Sea off Bermuda. Limnol Oceanogr. 11 520-528

CURL, H., Jr. (1962a) : Standing crops of carbon, nitrogen, and phosphorus and transfer
between trophic levels, in continental shelf waters south of New York. Rapp. Proc.-
Verb. Cons. int. Explor. Mer 153 183-189

CuURL, H., Jr. (1962b) : Analyses of carbon in marine plankton organisms. J. mar. Res.
20 181-188

[LHM—ER (1981) : #EANBICE A TEHN 77 7 b v OEBREREEEHER BAT 722+ v
oW 28 19-24

Ikl (1980) : BRFOS4SERERFFAFHE M BN ARESE 198 pp.

fRIZ W - HREE (1953) : BFCRUIERHBEOT 5 v 7 b YRIZBWT dkEAW 10 (6)
39-50

IKEDA, T. (1974) : Nutritional ecology of marine zooplankton. Mem. Fac. Fish., Hokkaido
Univ. 22 1-97

IKEDA, T. and A. W, MITCHELL (1982) : Oxygen uptake, ammonia excretion and phosphate
excretion by krill and other Antarctic zooplankton in relation to their body size and
chemical composition. Mar. Biol. 71 283-298

BX—8 - EA8E - HNER - NBFZ (1983) : HEoRmpELAICET 5 H 7 X DR EAMEH
bk H#H 40 297-303

KoTorl, M. (1976) : The biology of Chaetognatha in the Bering Sea and the northern North
Pacific Ocean, with emphasis on Sagitta elegans. Mem. Fac. Fish., Hokkaido Uniuv.
23 95-183

INESFZ (1980) : AREO T 7 v 2 + v ATGERE 12 749-760

NEFZ (1983a) : bl ARFHEE7 7 v 7 b YHAE VI 19806 L 18IFE0®N7 7 v 7 b VBl
B &3 (25) 1-6

NEFZ (1983b) : LB EFFEE 7 7 v FEAE I BT 7 v 2 vBIGROMESN  KE
(25) 7-13

A LEE - BEIEZSE (1926) : biEFSER TN v T KEBERSE ugdkERRE)
16 1-276

TR (1965) :@itEH v b & Ly iy FORESHRIERE BA7 7 v 7 b vIESEESH
12 54-60

tH & (1957) AL AFEHEEE TS vy b vd oy FIEDOWT BET S 2+ yHIREESE 4 13-
15

MoTODA, S, (1959) : Devices of simple plankton apparatus. Mem. Fac. Fish., Hokkaido
Univ. 7 73-94 +Vlplts

MoToDA, S. (1971) : Devices of simple plankton apparatus V. Bull. Fac. Fish., Hokkaido
Univ. 22 101-106

ol e fRIE W Bk (1950) Akl RICRlEd A4 A - THROAERE S1#W
ki, BBDT 7 v 7 b 4, EBEYE, REHARMES, mRE LGEKERRSHARE 7



Fou b T3V b VBEERLF 7 I EREROLREL LEE 23

46-55

OMORI, M, (1969) : Weight and chemical composition of some important oceanic zooplank-
ton in the North Pacific Ocean. Mar. Biol 3 4-10

OMORI, M. and T. IKEDA (1984) : Methods in Marine Zooplankton Ecology, 332 pp. John
Wiley & Sons, New York etc.

PLATT, T. and B. IRWIN (1973) : Caloric content of phytoplankton. Limnol Oceanogr. 18
306-310

PONOMAREVA, L. A. (1963) : Euphausiids of the North Pacific. Their Distribution and
Ecology (Translated from the Russian by NEMCHONOK, S., 1966), 154 pp. Israel Pro-
gram for Scientific Translations Ltd., Jerusalem

Hep L (1947) : HEEPICRDG2EBET 5 » 2 + v HOEBICHT JKEAHE 4 (6) 8-12



JekiEE 28 (25-32) 1986

b ERE, HliEmRicE T 5
oy F A EEREOBRFERR

@ o R EF
(bt S PR EE A BRIR)

The factors of mortality of the Japanese surf clam
(Pseudocardium sybillae) off Bekkai, eastern Hokkaido.

Noriyoshi TAKAMARU

Hokkaido Wakkanai Fisheries Experimental Station
Horai, Wakkanai, Hokkaido 097, Japan

The Japanese surfl clam, Pseudocardium sybillae (VALENCIENNES), living in a sandy
bottom, is one of the most important commercial shellfish resources in Hokkaido. For
the purpose to estimate the annual mortalities of the surf clam population, and to find
out the factors of its depopulation, several investigations were carried out from September
1981 to October 1984 off Bekkai shore, eastern Hokkaido. The results obtaind are summa-
rized as follows.

(1) The annual mortalities of the 1979 cohort were calculated from measured changes in
density from 1981 to 1984, Those were evaluated 0,97, 0, 75, 0. 28 and 0, 14 at 1, 2,3 and 4—age
class, respectively.

(20 To estimate the seasonal changes in number of the surf clams washed ashore, two
traps were set on sandy bottom at intertidal zone. The surf clams in the traps were col-
lected at intervals of twice a month. The largest number of the surf clams washed ashore,
6. 19ind. /m-shore line/day, was observed in September 1982, And also, the individuals
washed ashore were increased in June and December 1983, and were 3. 14ind./m/day and
3. 23ind. /m/day respectively.

(3) Positive corelationships were observed between numbers of the surf clams washed
ashore and frequency of the east winds.

(4) The proportion of dead individuals injured by floating ice was estimated 4.04% in
the surf clam population,

(6) Decrease in numbers of the 1979 cohort was 17, 5ind. /100nf from April 1982 (3-age
class) to September 1983 (4-age class). For the above period, decreases of the cohort in
the area studied were caused 55. 4% by washing ashore, 6.3% by floating ice and 38, 3%
by other factors.

#WXES A137 (19854F12H2TH 1)
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bl - A Ic F LR AE T A5 v F 44 (9547 4) Pseudocardium sybillae (VALEN-
CIENNES) (%, +sA 44 FHoR4 2 bt —HETH 5, dbfgliic B0 T, REAEDEBYERIC
BB SN, 5T HACRSEBEE HEARREL > TV B, & o+ 4413, EREH208MOEE
EFEARETHEICI L, EBAEARTICHTT A0, REEE, S HERP#ES S oMBENERIC X DBE
TEHEEGICEMMICEIET 22, Ko+ A1 OMEERIE, ok BUENERIC L 2BHO
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Fig. 1. Map showing the location of research area.
The broken line showing an isobathic line of 5m.
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e EHE, NEgmRicEr 5+ 3 471 BEBORERRN 27

108 i/ DB HUK X HEE (K860, BHS 1.5a) Z3I0mBELTH o ¥ 474 2HE L1, HRL
fkowdH4A3, BREBLIUVEERZAEL, —BoBEIRZOREYD STFRERE L
F oy F H A DITREA~OITS LI L 2 BERZ T T 2 -0 BERHROMMN (D.L.+ 30a) T,
MTbbFF o F KA o b5 7" (Fig. 2) 2 28BEB L1 T LT F o 454 « + 7 » TOMiER,
Cond Tl e B3m, BiT2mT, 20 ABICHETEE
— —_— AT, CHhiCES40camiBit (H& 1.5
T @) MO bDTH B, 198264 A
»51983F 128 F THIK S 24 FM LMK =
S BH2EAMBL Ry 454 24~ THRE
Lt b7y 7RIRAB LI KR+ 4101,
ImE&D SV ERAVCTR oSN
— 2m — 1oo AFMICHIMH LBIcTbHE SN
Fig. 2. A trap structure of the surf clam F oy ¥ 54 OBEBERET 5720, 1983
washed ashore. £E 4 Bic#ifE Lo 14Sic W THER
(1nf) CLAREET-T.

=0.4m+4

# 2

GOk 3)'(;#:!:. SRlOFHEHBIRICE O ORICTE L1979 FEREBOWE L | FEMEL TRET 5L
stk y, EEMMMHORIBARLAOHIC Lz, SEIZ, ArAics|S8s Z0FRBOBEELER
#L, 1EELLSERE TOREGEAHNL 2. SREWKICE Y S PEEE &EEMBEA979E9 A)
%100 & L7 B#% Table 1 1R L7z, 19794E 9 AiTid, Co#gsTid 2,352, 375 @ik / ol ORI

Table 1. Changes in density and survivorship of the 1979 cohort
of the Japanese surf clam.

Sample date Age class Density (ind./m?) Survivorship (% )
Sept. 1979 0 2,352.375 100

Oct. 1980 1 46.500 1.976
Sept. 1981 2 1.435 0.061
April 1982 3 0.425 0.018
Sept. 1982 3 0.351 0.014
April 1983 4 0.277 0.011
Sept. 1983 4 0.250 0.010

Oct. 1984 b 0.212 0.009

KEOHEMA St COERBOEE LSRN D L, BENPL SokBRIZ 1 E~5FH%T
Zh&Eh1.976, 0.061, 0.014, 0.010 %% 750,009 % TH - 70
KEOBEERHICHY 5 LHEE & EMRIERE Fig, 310k LA, 22T, THUERIERIICERDR
FLLAZ COTHREBTR L. FMEEE (M) BBTFoR'C£MOTR® .
& Nt
M=1-e7%, a=-(ing2)/t

M : SR, o HCEH, t - Ea8FEH, No: tH 00 & 20FHEE, Nt: tFEROESEE
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Fig. 3. Variations in density (@—®@) and annual mortality (O—O)
of the 1979 cohort of the surf clam population.

EMIRFER L, BEORDBIEE L, 1980F10H 2519814 9 A (14~ 24H) 12 0.97 LIEH
ICERIEHS, 19814F9 A 5198249 H (2F~3FEH) ITiL 0. 75 L 0PETF L. TOHK, FERMIFFESR
BELLETL, 198289 AN 5198359 (3F~45FH) BLU1983EI M H19844E10H (4 F~
5FR) IKIFZFNEFN0.28 £ 0.14 L1 -7,

Ty FH A DOITHE~DITH L EEROFMEA Fig. 4 10R L1, &y + 41 0T LR, i@

Number of the surf clams washed ashore
(ind./m-shore line/day)

Fig. 4. Seasonal variations in number of the surf clam washed ashore.
®—® : Total numbers of the surf clam washed ashore.
O—0O : Numbers of the small individuals (less than 30 mm in shell length).
O -0 : Numbers of the 1979 cohort of the surf clam washed ashore.
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B 1mico% 1 BH - HOFEITH FHEEE (EE/m/B) THRL1,

1982Eicid, 15 FHBEEEEESICONL, 0.5 #8E/ m/BLUTF TS 5. AFC3—EICHEMLES
Sh, 6 A TE~TH LI 1. 94 @&/ m/B &S -1245, BHICIREDL | B/ m/BEITFEE -1,
BEcEFLOMML, 9AIIE6.19@E/m/H, 11HITIE 5. 70 @i/ m/HOBWELES ST,
HRAMERIC L DHEE SN AL FH0T 5 Lk, L8d@E/ n/BEBRFELDRD LABEVELETR
L

1983EiTit, & o+ H1 O LFREE~EFichI THHELDE{, 6 H FHI23.84 B&/m/H
Elf otz L, 8 HICRATELGBHICEVEE 1S -7, BRBEICEIBUITS LFRASEML 9 A FELL
HOPAERITIE 2 A/ m/H L EOERL .

fTb b ohsdty 44 3DNREESABSEED, T LT 44 « b7 o FICABLIZE
FHA4D84.7T% (19820F) B L1U86.1% (1983F) A5k E3I0mLl FTH 72,

Ty FHADITE EFRECORRE LS HRAERE X €350 50 B (NNE~SSE, LITHEE T
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Fig. 5. Seasonal variations in frequency of days blowing the east wind
in a month, at Nosappu near Bekkai.
® : Above 5m/sec., O : Above 10m/sec.

iz, BAEED 5m/sec Pl EH L T10m/sechl LA R4 HEO AMIFEEAHE LR L /o BREEH 5 mEl
Eo®RIZ, 1982iEicii 6, TABXLU9, 10HIC, 1983FICII2 HBLU6~9ILEZ W, —F, &K
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5m/secbl b3 L UF10m /seckl EOBRBMFELERE & & » F A4TH LR &0 HBEERI§IEMST =
= 0.096 3 L U Hir= 0, 5337C, FiFiCi3 L HBEMELA SHT, EHICH ETHBIER/KE0.05,
df =12) B o1z,

Hoy FHADITH Ehtid 10m/secEl Lo RRFBEAEHRE & HBLA O T £ 5, RICHBOME &
15 EFBROMBRICHOVTHRIT Lz BRKBES m Pl A RTHBOEH LB 5 RE A Fig.6 ITR
Lo doFHAITH LT E S AOHBESBE E O HBIGRHIZ r=0.544 T, HEIHEN Bkl
0.05, df =12) v ot

L ERSEE T, FKOERGF » + 71 BREREO—BRE W TV 5, ZORICHERR
TEHRKICEAECRA, BKE®RDI983F 4 ik 545 o 44 MK EEEC L DEEL .
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Fig. 6. Seasonal variations of the mean velocity of the east winds
(more than 5m/sec.) at Nosappu near Bekkai,

KT & 5 BEFEMEIAK L R ER O IC & 2 HIRMEE & A8 SHBIL 720 CORBBHIREINE -+
A ORBEMY, FEEMRE X CHKIC L 2 8EEEE Fig, 705 L1 SFEROSHITIIE SRR

Frequency (%)

120
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Fig. 7. Frequency distribution in the shell length of the Japanese
surf clam population in April 1983. The normal curves fit
each age class (1 ~VI), drawn by using a probability graph
method. Dotted area shows dead individuals injoured by
floating ice.

ARV, BEREOBRRIFERBICLIhL0BEONT, TXNTOFEBICBLIATH S, O
TKBIRR EEA S 28 EEO WBEL S, YERicH T 5+ o 471 BHRBOTHKIZ L 28EEE
4.04 % EHEE L1,

CHhE TORRICETE, 1979 FEREBOIBE4 A G183 9 HE TORBERNT LoRER%
Table 2 TR L71ze € Z THRGFERLIL 100 nidd 7o © ORGEMES ([8{/100nf) Tm L1z, LEGERE, &
AT B PHEE (Table 1) OFESLORDI, TH L ic L 2RERE, ITHEF & +44 -
b7y FiCE 0B oM COFERBOITE L BEE (Fig. 4) & 6Rb 1z, #okick 2M#ERE, 1983
FARICB B19T9FEREBOFHEED 4. 04 B (Fkic L 258E8) & L 15 LB X UHFKES
DRI TNTHOBERE L. COHR, ThThoBRIICL 28EREZ, T L ic X 2868459.7

@4 /100 nt, #HIKIC & S wkEEDS 1.1 & /100 nf, fihed BT & 5 WFEDS 6.7 BE/100n T, £ Eh 55.4
%, 6.3FBLUFB.IBTH- 1,
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Table 2. Estimate of mortality caused by each factor of the 1979 cohort of the surf
clam. Mortality was calculated from measured changes in density at each
sampling time given in Table 1.

Factor of mortality (ind./100m?)

Period = Total mortality
Washing ashore Floating ice Other
April-Sept. 1982 2.1 . 5.3 74
Sept.-Dec. 1982 29 ==
0.2 74

Dec.-April 1983 3.2 il |
April-Sept. 1983 1.5 - 1.2 2.1

Total 9.7 (55.4) 1.1(6.3) 6.7 (38.3) 17.5 (100)

( ): showing each mortality in percentage.
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Population dynamics of Strongylocentrotus
intermedius in Akkeshi Bay

Jyo TAKI

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

Dynamics of the S. intermedius population in Akkeshi Bay was analyzed based on
the age composition known by use of annual rings on the 5th genital plate. Between
the number of annual rings (t) and the test diameter (D) or body weight (W), the following
growth formulae were obtained.

D = 103.030 [1 = e—0.184(l+0.030)J
W = 372.232 [1 - 9—0.184(t+0.030)] 2. 757

The age composition of the population showed that young age groups have been decrea-
sing and old ones increasing since 1975, and that the population tend to grow old.

Gradual decreases in C P UE and catch in number of urchins also showed the decreasing
recruitment. It was estimated that the catch exceeded the recruitment in 1979, and the
catch was nearly equal to the recruitment in 1980. It was concluded from these results
that the stock size of S.intermedius in Akkeshi Bay is declining and, therefore, the effort
of fishing more than the present level should be avoided.

The stock abundance of S. intermedius in Akkeshi Bay was calculated by three different
methods, the stripe-fishing method, the DELURY method and the BARANOV-RICKER method.
The amount estimated was 690 (1973) —2600 (1974) metric tons by stripe-fishing method,
300 (1980) —630 (1976) metric tons by the DELURY method and 810 (1980) —1600 (1977)
metric tons by the BARANOV-RICKER method. The differences in the estimates must have
been caused by differences in preconditions applied. A comparatively high accuracy in
stock size value should be obtained when calculation is made with each age group in
BARANOV-RICKER method compared with the other two method in which age composition
of the population is not considered.

The age determination by use of pigmented-growth lines on the 5th genital plate showed
that the management of sea urchin stocks would be greatly improved through making it
possible to estimate correct age composition necessary for population analyses.

WXES A138 (19854F12H27TH M)
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HRRMICE Y RBOMIT LN, HA, 8, FHHC0h AREIRKESD SEREETL, o
SAMBEROERMRE RO T DNG, v =HAEKD & 3EHENOBERORT I 1L RISH
BHD [HEEZOERENEOM) & LTk ahiE (BE-Tl), REHTEEEROT (RS
113% b O iRk & FRER & OMIE | 5 5k 555 (DELURYIE) Ai—ARMIcEL o', ERbR
FHOABRROBERZZLAEASHE L, LoL, EMERICEchAEBRIE LS LT 3HLEE
() &, RRHCAERT 20 EAMICHEE L TOADT, HED Y =fmEDm< 1205 HBE 2
ATo3 5 AMICb b 5 EBEHEBMOIILE T 284 Y, HEomALZE LAV REROKE
HHETH 9 =ORHRA FH#ICRR LS5 Rh S S h 3,

EHRAE T, BROKEIROH BT RS 1A RERSSNIERE NS, WbWE, &
MTHERTHSC EAHE L1, ARG THIERET /87 v v =ic o0 TRIEOERA B CERATE
AUV, REOWTERA . $7-, TOBREEND S DA TREBREIETRIC L SRBEH
BRI AT - 120

AXICABICERE LS, CHEEECRMEERD - 7 LA KIS L AHID, AR —i%iE,
Wt WS, BEMTFEL 0 A — 5 —FHEIC ST CEGR & B ATH /- H AR KRR L
B BEFRRE, BEOETE AT - ISR AR, FEEEBEMA DS £ B 5
WEERT 3.

BmH LA &

19774E 3 HicEREo KRS, NEmBATICT, #KBEHOTRBLEZ /Y7 ¥ 9= (Stron-
gylocentrotus intermedius) OO LR (FF#)% JENSEN " DHEAROTHREL, F#EI0F
E#EAEKRY, Th% BERTALANFFY DRICH TIHHH THREX A KD 7, R 197D S 19804F F
THERBEEITHL, ThESOBRICOLTRMESE S+ VicLitisT, i e REDH
BIRAMER L Tkovre, 72, RRROMERTE " A0 KM IEATHET 5 240 R4 &FiH 4
F oo AERy 22 THTEICHGEEBYRITE (BARANOV-RICKER &) Itk -1, S6iT, kD
SHEO O THRAEE -, DELURYEEIC L - TEHERA T hThiEE L, BEYRITE TR
TEEREHERH L, R, RS ookt aeil v —RESORED R L ERFER
FHEEDEED» LR 2. iTRIZSEIKO S-500 ¥2 7 b w73 v Ea—9—2H0, BREEFICHD

FE HOLT et al " W P ic Uit

5 ®

1. BEDDZB%

v =@ HONh . EEEcEFEY= ﬁ@iﬁu@k%%,m%ﬁéﬁﬂ& ORI RO
> TEAM-TVd, EELT, BOHEOKRE, ﬂ%m%ﬁﬂt*rﬁﬁ ot iitic & 52k
WO, U, SHMBECH - TBRIFET, T4bE, 7T4=rvA v ZTEDL LT VBET
O, BAOEMBEICH > TF v ~ORD SRR F TOHEBO 4 ITRIsh5 (Fig. 1). €L
T, ZORBTRHEIZAHD» ORE2 HE TOMBIKSEEHOTERENTTEON TV 5,

flEfR : ThEhossics 5 kiR, ﬁ%ﬁﬁéwﬂﬁmowf&é&Tmmlwr?&hbtb
%, HRifEROEHIARE, ¢%ﬁ%ﬂﬂ&$f@ﬁrﬁﬁéﬂfab z Ogsh Yy =0 F EiRi T
b s, TOMOHEETIIEBESEOO TERESBOHHN SN S (), EREAO LD E TOER
ICH il B, E1:, RERMADELZBICERSNG (F /OB LEO, MEOFIH
KBV, Choofifich it 2RERMOEA L BEBROINEBEEIZRKTS - 12,

BEICET 2 —ORIMEREFEEMNICAS L, Table 2 1R3¢ 260 ~ 410 b »OFPATH - 12,
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Fig. 1. Fishing ground of sea urchin, S. intermedius, in Akkeshi Bay.

Table 1. Catch and effort on the fishing ground of sea urchin,
S. intermedius, in Akkeshi, 1977.

Effort in hours Catch in metric tons
Effort Rate(% ) Catch Rate(% )

Fishing ground

Nakase 270 45 19 4.6
Bansaki lom s uw
Paikoknim. | a8 85.7 356 86.4
Chinge po hana 366 6.1 23 5.6
Total 6019 100.0 412 100.0

19714F 1977 £ TO MR MO BRICH 255, 1978 F LI ICLYE S S 5,

2. BRLIEBER

Wk : BRET /N7 v =OFERIOEEHEEA Table 3 i0/8 Liz. £ % BERTALANFFYDRE
REHTED
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Table 2. Annual catch of sea urchin, S. intermedius, in Akkeshi.

Year 1971 1972 1973 1974

1975 1976 1977 1978 1979 1980

Catch
(Metric 258 276 368 317
tons)

355 374 412 340 338 261

Table 3. Average test diameter estimated from pigmented-growth lines on the genital

plates.

No. of
growth lines

Average test
feaiond 185061 3412066 43.6+0.71

5261125 610126 683+310 7564430

D = 103. 030 []__e—ﬂ. 184 (r.+0.030)]

%87 (Fig. 2). v =EOBE Lkl & OMic
BW=A - D" (DIRBE, WiIKkE) OBMFER
MR D LT """, C OB % 19738 51980
FETORBYHETEERIC DV TRHB DY
Table 4 TH 5. 19THFEOMEFREUL 2.757 TH

bo LizhiaT, EOMERR
W= 372. 332 (1 i 0. 184 (t+ 0. 030 )J 2. 757

E18B, 1L, tIZEFERETRT.
ThoSORERD 5K S/ FRNORE L
EEEXThTHhOMEEE L1z (Table5). 2
COBREEEMEE 3L ERLTVWS, LA
#-T, BREx /"7 vo=gtRoRicLi
HORERETRT ODOLEEL SN S, UB, TIT

TEST DIAMETER
un
[(—)
Ll

I II IIIV V VI VI AGe

Fig. 2. Growth curve of the test diameter
of S. intermedius in Akkeshi.
Black and open circles indicate
theoretical and actually measured
values, respectively.

Table 4. Regression between the test diameter (D) and the
total weight (W) of S. intermedius in Akkeshi.

Year Regression formula

1973 W = 0.991 x10°3p2.754
1974 W = 0586 x10"3p2.889
1975 W =0.732 x10"3p2.837
1977 W = 1.050 x10"3p2.757
1978 W = 0.644 X103 p2.879
1979 W =0.620 x10"3D2.887
1980 W =0.632%10"3p2.876
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Table 5. Theoretical values of test diameter and weight of S. intermedius calculated by
growth formulas.

Age I I il v v Vi Vi VI
Test diameter(mm) 1779 3211  43.03 5395 6220 69.06 7477  79.52

Weight (g) 294 1497 3573 6255 9260 12357 153.83 182.30

DOERTEFERER G, EIR%IZAATIE, 2478

= . 1973 T24EE L,
Y, EAHR EREES LUER R0
=11 M £ 3R 1219T3E D & 19804F 3 TOEMML % Fig. 3
0p - I TR Lice 197384 519754 % T} 4 v = HSHKD
|—f_]—_|“l—|_ EBATH, 19T 5 ELLEO SR Y = A
»r i P L, 1978LIE I & 5 ic 2 OMfifEbHE - T 5. &
'—ﬂ_ [T RET /N7 v ={iEE T ER{EOBEEETRLTH
= i BOOLEALNG, £, REOREICIE 3EL
¢ J—ﬂ—‘: Fov=dREALGENT, 4ELEDY =HiRE
: M i - DHPEN - THY, 2OFMMRILRBEETES
e N 4 FEL Loy =Mk & 12IZEET, 197548
i _m_:”: i R EMEEHHEN L, EREESED LT 5,
3. HEORF
o M b B REERED t EOMEKRNABE (1+1)
T L e FICBNi+1IciBE45 L, HERSIE
Fi - " g = S OO (1)
ig. 3. Age composition of S. inter- Nt

Rty dn SN $h, RCHE, EBREES, LEUECHNE

Z, BEEREECHREAEF, BRBRECHREEME
T5L, ROFBEBAFEHED LD,

B S5 (] i conromsintmrmvsassssnnes e o Ve e S o e a0 SRR Y P e R S e (2)
S=e™F Fo o8 e i e s i RS R v sk rasnen s s e (3
T SN AT oo oot mom o 6 5 i A W N B e SR ST (4)

BEthst+ 1 TTOEEHIT,
Nt*a=Ny (1-e™%)
THb. ThEARICL Y EREL & BEECICEN S5 &,

B ARBEC 12 %Na (1-e~%)
HOHAE L 13 %N: (1-e~%)
L3 B, WA CE LTBIHT AL,
L L B LT ey g L L
Nz—CtF(l_e_z) (5)

E1EH, THDPSCt, ZHLUFZ2H-» TEHBNiASHETE 5,
iz, FE P 1c Uit THARERES 5. t &EAD | FORBED ORFRE NG 12 | 0B
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i s BRECICL - TRDL,
Nti.:Nti.e-—(Fi‘!-M) .................................................................................... 8

ETiB, THIR 1+ 1 FORBIEHICEBH 5 t+ 1 REROABIFELOOEEZHKVBHMTH S, —H, t+18&
BO i+ 1 FieBd 2 0ERE,» SEIRICE-> THHEESO t+ 1 B0 i+ | FofliByick T 28K
BE (Ne+1,i+1) 3, t+18A0 1+ 1 FicBU AMAR (R) 28ATV A0 5, MFDELSMA
BOHETE 5, $Hbb, t+ 1 &R0 i +1FickamARZ

Rt+1,i+1=Nt+l.i+]—Nti .............................................................................. (7)
L85, MABGEROGREIZZDF 20 FEOMARIC—HT 5.

CPUE &#flifafds : HBEMNEROL LD TS I19TIFELIREO Ml E R4, BEE DO FERE
TH| 2 LEEHOBFHY hoRBERSRD NG, ChASFERNOY —EEOFEERTY S &
BT HY 0 OflEERICE 5 (Table 6). CPUERI9T6/ELIEER, AEAHOVLFhoBE LED
LTz,

Table 6. Catch per unit effort of S. intermedius in Akkeshi.

Year 1973 1974 1975 1976 1977 1978 1979 1980

Catch (metric tons) 368 317 355 374 412 340 338 261
(number X10%) | 6434 5428 6814 6361 4876 3917 3304 1968

Effort (hours) 5775 4936 5203 5664 6019 5441 6752 5928

CPUE

Catch (weight Kg) 63.7 64.2 68.2 67.3 68.5 62.5 50.1 44.0
(number) 1113.6  1099.3  1309.0 11446 810.7 720.0 489.7 331.8

11, 18)

BRSTEE ©  RE, SRR ERRO SCROZOSBROEBOHETH S ' o EREY
=TiiTable 71T L2 AL 1 O O HipBIFEBEEOSBERFOE S ROBRERZTHLHLLT,
WREAVTMADTET T 5 4 ELBO 9 =220 THERBICEREERYD, COFHEEEMOERE
& L7ze 1974, 198BFED 6D =&, 1980FED 5 FY =D EThEhOEKREH 1.042, 1.198, 1.245
LRENfA, 1L0LULEOABRERIERNAICLHDBLEVOT, T2TREREN0.900 & LTHRL

Table 7. Catch number per unit effort by age groups of S. intermedius in Akkeshi.

Year I\ v Vi vii Vil X X Total
1973 720.5 200.4 1225 61.3 8.9 1113.6
1974 548.6 247.3 208.9 87.9 6.6 1099.3
1975 755.3 301.1 1715 70.7 10.4 1309.0
1976 587.1 228.9 176.3 119.0 33.2 11445
1977 287.8 174.3 220.5 106.2 21.9 810.7
1978 1771 188.6 208.8 113.8 31.7 720.0
1979 68.6 90.1 156.7 139.6 34.8 489.8
1980 70.2 85.4 74.0 54.9 29.0 13.0 53 331.8
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Fo LT, FROTHEREELBEECHRMICHRN L2, 7751, 197650 FRMEEHRY TO B0
<, THZP0HEE RO T OEOFERMR AR L1, HRBIEC R KD 20 5HWBTH 720
€, et P OERIEFEREA A TO.200 & Ui, SEMECEHEN S B ABEECENE 5
5 MBI A KB, T 0 5ORIED SEEERE 0. 251 ~0.441, BRECEE 0. 134~0. 156
EThThiEgEhiz (Table 8).

Table 8. Parameters used for calculating the stock size of S. intermedius in Akkeshi.

Year 1973 1974 1975 1976 1977 1978 1979

Survival rate S 0.517 0.425 0.513 0.512 0.593 0.579 0.531

Total mortality , | 0660 0856 0667 0669 0523 0566 0633

Fishing morta- F
lity cofficient

Natural morta-

0.460 0.656 0.467 0.469 0.323 0.353 0.433

lity coefficient M 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Exploitation g | 0337 o441 0341 032 0251 0267 0321

Unconditional

natural morta- D 0.146 0.134 0.146 0.146 0.156 0.154 0.148
lity rate

VNERR : EREEY-—B4ETNABRERTTL0T, 45D L0V THREZRAV TN
BHM ARz (Table 9). F72, 198040 FFRHEE ICIZ 1979 EOBHFR @A RA L 72 MEER

Table 9. Initial stock size by age group (individualsx10® of S. intermedius in Akkeshi.

Year 1\ v Vi Vi Vil X X Total Weight
1973 12366 3440 2103 1052 152 19113 1400 t
1974 6148 2771 2340 985 75 12319 997
1975 11521 4593 2617 1079 161 19971 1511
1976 9532 3716 2863 1934 537 18582 1559
1977 6887 4171 5276 2541 524 19399 1639
1978 3611 3846 4258 2321 647 14683 1275
1979 1442 1894 3295 2935 732 10298 1054
1980 1297 1579 1368 1015 536 240 99 6134 813

B AR 600 JT~1, 0005 fthd 5 C &Licti B, 197458 S L TI9TEEIC Tk L 2249, 19774141973
FRBLCI9FDOAEICETRIEIMEB LA, UL, 19TTHEURBERDERICS S, £/, 1975FL%
BB 44E, 5EY =D L, SR 8 7 —OEXnsSA S, RHRERTHIIIELR
WT, 19T TREMOMELA ST AI9T8ELIB R HREEHOR L L & SIcERLEL LTV .

mAREBEROME: VIREER, TARS LUBREREZEENICHEL 20 Fig.4 TH 3. M
ARZ(TEE BV TI9T4E D 5 19805 £ TR 7=,

MARZ S UIC BRI & I1975FLBREDERICH b, 19TTHELIBOMA R 28icED L TU
ZL T, MEREIMAREOESRTICHED LY, 1979F i mARE 82 4750, 108082
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BIMARE BEE CAEO BEAETE -1 &
b s, MAR%E L2 fEEETHEH>T L
HREDBERERL I BB LN EZOT, T
DT EIZ1981FFELIBRO B lift & S i (3 R
FEREES A 28BN hb B, £1, 19T8ELIBRD
IABROETREBEE LK E D iobickEBic
WLt EZONS,

4 BUHRAFREESNCLIETREROL

L4

I - Ak (Stripe-fishing #), DELURY
i, faMEYiRiT 2 (BARANOV - RICKEREE) %
ENENHWTHESE L2l % Tablel0icR L 72,

A B Recrurmment

INnoo 3 20Kk s 5 EREHEEMIEEL §S curen
KR ->TVW3, ZhidzhThohEERN 7
SESSTERENOEIEL S SO SN Fig. 4. Comparison of stock, recruitment
S05. PIAM, HE - EREE R B T and catch of S. intermedius in
Ao @HEROKEEICE AV O, WRE Akkeshi.
YA O S HEEAR B 2 @AM 4177

INDIviDuaLS X 10°

Table 10. Annual stock size (metric tons) of S. intermedius in Akkeshi estimated by
three different methods.

v Year| yo73 1974 1975 1976 1977 1978 1979 1980
Strip-fishing 694 2603 1126 = 1207 1319 2302 2092
Baranov-Ricker | 1400 997 1511 1559 1639 1275 1054 813
Delury * - & 530 634 604 456 403 308

* Applicable to Daikoku Jima, Kojima and its adjacent area

HCEDAREHLE TV S, COFRBABESEI0ELVHEMOMEALERT 5. LD T,
ERGERBEZREONRE T4 L &, HAWKE, A8, AEMHESEah S LEEHs DI 5D,
HEHEOMELEFE AT Lictid,

DeLurY#: (Fig.5) TidxtR4EmEeEsBisn T, b AMRECs KOBHIic k280, I
AL & Bt &, faleEH/ BRI A7 £ 078 LicERrchE s h, lEsEEED
§§Kﬁﬁm<—mfbéc&mﬂm¢5tb®mﬁﬁﬁémvfwaaﬁﬁﬁﬁmo T C oAk
RUAEHRTEX-ORARE, ¢%Hz&xr&ﬁ®ﬂ%®af ZOfthd FE T I BRI, AR
Hi& bic/bis{ (Table 1), £7-, RIBORAICh L DS -0 L T, COFERBATE ih -1,

M (BARANOV - RICKER ) TREBRAEEHIE L {iT1ibi, BEYOTFEHERSEEED
M AER TS B C LDHHRERH TS 3, BRICET 2y —EGMKSESHV O, BEE, REEmS
SUIHBORBIC >V THIZ R 2 BHIRA VO T, Y OF ik IZRE v — EE#o0 #ak% (3
BREL TV A LA EN L. AMEGEOHAR, BRI EKEER S ERBRICL > TREZDT,
AL 2 2O HEICH<TERIICERBARD L IO KR, JOBELGVWEFEZL OGNS, LHL, T
DHET LB EEE VA0 T, DELURYOSEERICHBEGREO XSS LhHETERWRA
2HL TS,
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Fig. 5. Relation between the catches per unit effort
and the cumulative yield of S. intermedius
in Akkeshi, 1978.
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HEMABRORESHNELECOVHAILE-T, MAEAEELL, FN SR ZFOBEBROERE
k& R k> THEET A EHTE D, Lizh-T, MREMBEBEORRT, L83 Ss:mikey
DEMMRAEMA T EH% 1 CHBIBIE LSS, L, MREVBEEOFERBTENSIE L  fTabhing
hif, ELVWHBRSHEAFOATERNICEE -~ BROMIT, BHAR T EiICHY, BREMLEE
KiEWEE51 5T Liclia,

EHROBR, ERET V<7 v BRSO ERBRI19TFLBEREEOMALRD L, KM
komss oh, BEBLECER(LOERSA SN, TOL, EEEBENSIPCCPUERED
HEickh b, £/, MARGIITSELESED L, 1979 FICEMARE PEAHmEAT, 198023
AREBEBLKEOREATIL > Tl Eddbr o1, ZHhoDlEhs, BRKBH 390K
REIBELLTOALHMEN A, Lizdi-T, AESNIOMMBREROBRSAH OB 5<2THD,
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A comparison of Laminaria religiosa with

L. japonica, L. ochotensis and L. diabolica
by transplanting culture experiments

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

To obtain the characteristics of Laminaria religiosa MIYABE as a industrial species
(the merits of forced cultivation and marine forests) and the systematical relationship of
L. religiosa, L. japonica ARESCHOUG, L. ochotensis MiYABE and L. diabolica MIYABE, the
transplanting culture experiments were carried out at the Shikabe coast of Hokkaido
from 1973 to 1975. The results were obtained as the follows.

1. L. religiosa was inferior to the other 3 species as a industrial species. This charac-
teristics emerged, in spite of the exchanges of parental sporophytes different in producing
district and the cultivation methods (from l-year-old cultivation to forced one).

2. By the forced cultivation, the growth of Laminaria was accelerated and the indepen-
dent and the common characteristics of 4 species were observed significantly.

3. Morphologically, L. religiosa resembled to L. japonica most. The former seemed to
be an annual dwarf of the latter, having the similar blade width.

4. According to the orientation of the currents (from Oyashio from Kuriles) around
Hokkaido, the systematical relationships of the 4 species were shown as follows: L. dia-
bolica- L. japonica- L. religiosa and L. diabolica- L. ochotensis.

The speciation of the 4 species could be inferred to be the above-mentioned 2 flows, by
the additional informations of their genetics, systematics and distributions and Ishikari
Straight (about 2x10° years ago, biogeographically).

5. About Laminaria cultivation at the Japan Sea coast of southern Hokkaido, to collect
spores by the excellent L. japonica (called 2-year-old L. religiosa commercially) surviving
at the limited districts and to culture more forcedly were recommended.

H$XES A139 (19855E12A27THEZE)
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HENR)) BB U7 BB E PR, 197550 ABE L1z, EEAMOET, BEOREOTO S MERE & H

4R, BIUBEREREAEL 2.
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wvravFR=arys, Yy)avg, A=a v TL0EENE -, BEOEMEST, IMETHE
BBLEZTS, TH—FHM, ERRELEZ TS, BLTH -7 (Figs. 2~6, Tables1~2, Plate I),
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L. japonica (Shikabe)
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D Jaon F M A M ] J
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Fig. 2. Growths in the blade lengths of Laminaria religiosa, L. japonica,
L. ochotensis and L. diabolica at the Shikabe coast in 1974 and
1975.
The producing districts of parental sporophytes : religiosa, Yoichi
in 1974 and Otaru (Oshoro) in 1975 ; japonica, Shikabe ; ochotensis,
Kabuka ; and diabolica, Rausu. In 1974, l-year-old cultivation
;and in 1975, forced cultivation. These notes are common in Figs.

3-6 and Tables 1-3.
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Fig. 3. Growths in the blade widths of Laminaria religiosa, L. japo-
nica, L. ochotensis and L. diabolica at the Shikabe coast in
1974 and 1975.
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Fig. 4. Growths in the blade weights of Laminaria religiosa, L. japo-
nica, L. ochotensis and L. diabolica at the Shikabe coast in
1974 and 1975.
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Fig. 5. Growths in the blade forms of Laminaria religiosa, L. japo-
nica, L. ochotensis and L. diabolica at the Shikabe coast in
1974 and 1975.
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Fig. 6. Growths in the blade substantialities of Laminaria religiosa,
L. japonica, L. ochotensis and L. diabolica at the Shikabe
coast in 1974 and 1975.



Table 1. Statistical comparisons between Laminaria religiosa and L. japonica, L. ochotensis and L. diabolica at the Shikabe coast
in April of 1974 and 1975 (to.1 test).
Locality in parenthesis : the producing district of parental sporophytes. Stipe major and minor axes: measured at the centre
in stipe length. Positions of blade ruffled margin: the undermost (left number) and uppermost (light n.) portions shown in
the ratios of each blade length from the blade base, and the frequency percentage shown in parenthesis. Italics : not
statistically significant with L. religiosa.

Holdfast Stipe Blade
Species ) : .
Year P Major Minor | Length  Width Weight Form Suosam Width - Position
Lol O EEN ks ais | oW W) W) @) S median  ruffled
haptera (W/L-Wi) fascia margin
cm mm mm cm cm g mg/cm® cm
Laminaria religiosa 17+0.14 893+ 55 B83+10 160+29 113+13 214+14
1974 (Yoichi) )
L. japonica (Shikabe) 334020 16934169 62+07 315+56 27.9+37 298+15
(April 25)
P L. ochotensis (Kabuka) 23+0.15 1038+ RS  74+1.1 243+72 156+14 305+13
L. diabolica (Rausu) 354039 1014+ 67 56406 160+29 185+17 280+09
L. religiosa (Oshoro) 63405 | 33403 67405 52+04 200 +14 160+12 118+15 129411 369+23 4.2+02 0-}20;1500
1975 | L. japonica (Shikabe) |63+t0.5| 52403 65+04 45102 | 239 +15 [49+1.0 148+17 163+t11 41.7+25 38+02 0 (165)1'00
(April 26)| L. ochotensis (Kabuka) |6.3+0.5| 52405 74+04 58+02 302 £18 146+10 199423 208+14 448+16 4.6+02 0'1(?65)]'00
L. diabolica (Rausu) 6.6£0.5| 75+05 75504 65£04 |202 +10 135+06 133+12 151+09 483+19 42+01 O (1&”1-00

B & W oS



Table 2. Statistical comparisons between Laminaria religiosa and L. japonica, L. ochotensis and L. diabolica at the Shikabe coast
in July of 1974 and 1975 (tgq test).
Positions of blade bullation : indicated the same as the positions of blade ruffled margin (Table 1). The other notes : the same
as those in Table 1.
Holdfast Stipe Weight Blade
Species ] o Pusiti
Year Raoe Major ~ Minor % Length Width Weight Form Suhstan vil}th Pns;}mn ko
(Locality) of | Length ;| Dok MY ey i o
axis axis and stipe (L) (Wi) (W) (L/Wi) o el 4 ;
haptera (W/L'Wi) fascia margin bullation
cm mm mm g cm cm g mg/em’  cm
Lﬂ"’fm'}v-”iﬂm - |21kem - - ~ | T3+ 76 97+l 34+ 62 62410 653481 - - -
1974
L. japonica (Shikabe) =, 551028 = = = 1874241 102209 14921340 186+20 753+44 = = =
(July 17)
L. ochotensis (Kabuka) o 38+04 = - - 1334+181 119+08 1520+333 108+13 93453 - = =
L. diabolica (Rausu) = 400 = = = 81.6+21.8 82+09 5711214 9014 705t97 i - -
L nligisa Oshoro) | 85308 | 42405 96106 S7+05 | BH15 | M4 £ 93 10E12 L U7 8708 W81 45503 04N g
1975 | L japonica Shikabe) | 81+08 |58:05 8902 49%05| W3 |6 24 158108 55 +40) 918 1835 4arpz Oyt O
Gy 17) |L ocholenss (Kabuka) | 7.7:08 |61+03 10405 7005 | 16£51 |25 +104 13914 319 +341 178220 W7+69 53xe o100 0Z-L00
L digbolica (Rausu) | T1+05 |85:05 109+04 7304 | 26+64 |206 +162 6110 369 +400 130+11 112472 45401 0(105)”’” (1000)
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{.@Eiﬁt%t:d;%&d:vx avy, wavF, Voavs, d=a v Tt EEBRH -, 15
oMV EHE L LERE L Bbht: (Figs. 2~6, Tables 1 ~2, Plate [ ),
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ADDEWa vy FEtiat,

R E=2 70 T~8 HOEERTHES 5 &, RERMAENL1A DT 1, 2500, 1284
HTIAM 5509, | HFETIdK 1509 L7572 (Figs. 4, 7)s
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Fig. 7. Growths in the blade length, width, weight
and substantiality of Laminaria japonica at
the Shikabe coast in 1973, compared those of
1975 (one month later than the former in cul-
ture start).

RYXxaAvF, vavyd, yivyard, FzaviodEERERIER

1. to I BEREZ RV AavFEwavy, Vo)avd, £4=a 7LD 2HHALE

2 BMOEEEOEEEARAL DO to1 BEICE-T, dv a7 Lth3fEE, dHELTAOE
Aick LI (Tables 1 ~2),

LB th2 @Llbs 4y 2 v 7 EERH L, MK, ZoR4, $HBTH -z, HEOH

* | AFROEER 2 v 7 Laminaria $BIETH O, AEEESBTHEEL TV 5723, MIYABE
(1902) oI LI LER, HIE, PHELS L OREREO2TEERE, EAEA, K#HlE
TiREHEE L.
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TREERSMD Y, HOATRERIMD -1,

Ao v FEERRARLEVER, w3 T Th-1. BHOMIESOE (HEl 88 T
HET2L, =a0vFLETIR4733, YYa»79 /33, #=03712/33TH -7 (Tables 1~2),

(BT EH) +v A2y 7OHFEOMUETR, FRLEETH -1 BIb, BWELEVETH -1
(Tables 1~2),

{BARARIE & L7 B (19754F) icid, HESBLZEolit, HER, BRETL, v oy FI3AEL
BTt 2B, Hhd -1,

1ERME LB (19744E) i, BE, BERT, w2y 7, Vv )av7eRiu-1, @ELD,
B BVWETH -1,

GLERHEORLZV a2y 7EOhE) vavFéty A0y 7RBLERL TH3icbhhbod,
FOEFENHR b T 22 EDER TR 12,

w A Dy IR, EoRs B, DHE, SHoRS LIRS LUCHEE, BN
B, RABET<av7EdliLi. LipLEy 43 v 7, NUIORFELSAESD SHVRELREL,
HhVELE, 80 (8%, EBLUR) Tva v F7ERUE -/ (Tables1~2), b, v 423 ¥
TR=a vy TOBNIT, BOALES, -1,

2. HARTLEYBER L ZRvAavF, =avF, YWyyavd, #=a3 70 4 @RLE

2 BELLLOEEEOG/ELSH S 2O HARTLEY (1955) O®WEH: (a=0.05) LL->T, THO+
yrayF, zavy, YyYyavs, =3 7OHEEEREL (Table 3).

(4 BRI HE—19754) RSO+ 22 v 7, =avF, Yo Yav 7, #=a0r7oMIkEE
i, BELERTH - 7. HBEHIBEHTH -7 (Table 3),

Yy)ay 73 @i 0T ERAED - 1z, i3 Mo IGEREEOHEE S DEEE, A TiRT
ERELY, BRROGZELLOLT, hREILEL 1. HEBLEOERL AV Ay TE<a T
A=a v 7OPETHINIEHEE L e FLRAELES, Vo Va v, d=avd, wavF, sV
Aav7olfic, 2HEEMESHOLEETE L~/ (1ERMETIR, VY2 vy TORAEIBRLEL, &
fHoA0MIEHEEE 1),

(FY 22y FEM3MmED 2 BRHE—1974, 1975F) 4 BLEORERER L, sV Aa v TiIC
i) v a vy FEoBEELSES -, —F, MET=a 7L T (BN, A=2r7LR6EHR
Hidt@ L7 (Table3).

F YA TE2wa v I TR, BERLEAEN@EES bIEL . BEficL-T, ZoEMW, bHF
\Bhmb -7,

FvAavFTEA=a T TR, BEREICL-T, FE, PHEHIEL:. —F, ZoFicHEL
- EREERRG, | FEMCELEEHRL -2,

(wav7, Y¥Yavy, a=a3v7D3MMEHEE—1975F) EXkEEo~a 73, VvIav
T =a vy FLORBEHESZL -1 (BHOMEY ¥ : A=y FLTR5/11, V¥Yav
FETR2 711, Table3),

VoNaryFid, var7iod =y 7LOMERANEL - (HIHORK : =2 7L TS
Z11)e

A BEORBEBERL L, ravFE) ) a v JORBEHAREROATH 1:c —H, =247
LA=avTETR, IBRBLEOER, BRLDHE, EAELEE L. VY2 TEt=avT
TR, EoRME iGN, HER, EABELSIEL.
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Table 3. Statistical comparisons among Laminaria religiosa, L. japonica, L. ochotensis and L. diabolica at the Shikabe coast in July

of 1974 and 1975 (HARTLEY's test).
Test of HARTLEY (1955): statistical comparison of the means among more than 2 populations. =

Abbreviation : religiosa, R ; japonica, J; ochotensis, O; and diabolica, D.

: not statistically significant.

II

Holdfast Stipe Weight Blade
Year Nur:fber — Major Minor h olgtf— G Length Width Weight Form i;’i?:tami‘ “:i)‘%th
el axis axis | andstipe | (L) (Wi) (W) (/W) o wh) ‘}‘:sdéf:
1974 D=0 D=R J=R 0=] O0=D J=D=R
July 17) - N B i D=R N
- R=J=0=D| 0=] D=0 D=0 D] R&D&~] ©O=%=D 0=D ~R=]
i R=] 0 0 D]
J=R

#w O OEW ¥
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Thbh, =2 7HBEGTH-1.

HERII=av7 (41.5%), Vo Yax7 (1%), #7437 (4%) OMEL, A=2371
ATEBNLTVWE. w2 v 7OHEHES, KX 16.3+3. 9@ (mts), W7.25 £t 1.2aTH~ 1.
Yo)avTihy 22y 7OHRETH, Wil b= 701/ 20%TH -1,

B #E

tEEEAERROAY X2 THBICE T A '/'J’{Emﬁ;i;%

(EFME) R BT & AR T, AR~ v TICEATH O, B L (5
P8 R PR M K B B R P, 1985 5 Bild, 1985),

AT L4 5 &, Mo & BT A Blbh, #EE (&) BoEEofEss
mL7. BER#@H (Rif) THLEICTHS (SANBONSUGA, 1984),

EEo v 7ic s - THIRRSO bl A Adwrmiinhic €, Mokl @5 Led T o
OFEBERESAE LT RETH A,

(RBROBENE LUOKE) AEBO <2 v 7T, ABROREREEHIREERBB( L1
(Fig. . ZHIZEEE - (BKERM (M, 1977a) ic, LEROECEFTERE (M, 1980a) Hi—H
T5HEELL, HEBRTLE L THS (SANBONSUGA, 1984),

ItEEERO A ABINETIE, £TH->ThH, KEFRRICE~TEBEROREIEY (FAk, 1977
a*b, 1982). Lichi-THERBRRETE, LORMICEEEIEET~ETH S, ThidBKOB{LERL
BTOLRLUNEBRICLEEV 2.

LaL, CoBBEORARS (BB~2v7) o, —fICI0APRTHh, By (BRAMKE
Ef B s, 1985), L7chi- TH—ic, PN (M) oFk, B, @i~y 7428
BidAVEFEARKERICKL - T, RBERET S, B=C, BHLRHE2~3 08204 K - RO
W (5,000~10,000 lux+ HE12~14h+12°C) THEET S, Bz, 704 V7 LREHBE T LT
HEREEOD, BEEE LSV THAROESI-NTAEH T ~2 TH 5 (FIA - 2 - T - L - K
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Llaminun'a ochotensis Miyabe

Laminaria diabolica Miyabe ]

Laminaria japonica Areschoug I

N

Eam inaria religiosa Miyabe

Laminaria angustata Kjellman I

Fig. 8. The speciation of the n=22 industrial species
group of Laminaria diabolica, L. japonica,
L. ochotensis, L. religiosa and L. angustata
in Japan.
n: chromosome number.
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Plate [.

Laminaria religiosa, L. ja-
ponica, L. ochotensis and
L. diabolica of transplan-
ting culture experiment at
the Shikabe coast in July
of 1975.

A, religiosa; B, japonica;
C, ochotensis; and D, dia-
bolica.
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