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Yoshihiko Sakanishi' and Hitoshi lizumi'? : Underwater quantum irradiance at the Pacific coast of Nemuro Peninsula, Hokkaido : relationship
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By using data logger for underwater quantum irradiance, incident PAR was measured at intervals of 10 min. throughout a year in the
subtidal zone at the Pacific coast of Nemuro Peninsula, Hokkaido. The monthly average of daily PAR at the depth of 6.0m (below
mean sea level) showed the minimal value of 0.3 mol m2 d! in March, and increased to reach the maximal value of 4.5 mol m2 d-! in
July. Incident PAR showed a similar seasonal change in PAR on land, except for the period from March to April. Extremely lower
value of incident PAR in March may be partly attributed to shading by sea ice cover at the measuring site. On the basis of the data for
underwater radiation, productivity of Laminaria coriacea Miyabe under in situ light condition were discussed. The growing depth limits
of individuals of a kelp (4garum cribrosum Bory) near the study site was 16 m. At this depth annual incident PAR was 0.2% of surface
irradiance, which is lower than the annual PAR (0.4-1.4% of surface irradiance) received at growing depth limits of laminariales plants
in several different geographical coastal waters. The data obtained in the present study will contribute important ecological information
on productivity and depth limits of marine macroalgae including the Laminariales.
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BREELLIZ, AERED2 V7T HEOABRRCESAKE
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Maps showing the study sites at the Pacific coast of Nemuro
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FELaVTEOEBRR L OBEBERALNIT HDIZ,
20034E8 A 27 H &9 A 27 HIZ, KBNEBEFELZBIE LI
DR (b 43°19°, HHR 145°43°), KiE1lm, 16m (FEHK
E7 B DIKIE) DUFEEIZRVT, SCUBAB/KIZ L LD ER
B2, ©F 3/, 50cm X 50cm D F % B 51K OV
EEToT,

B/R

Sea level

Mean sea level

A |_ Datum level
D Tidal height

Depth meter

| +— Quantum meter

Fig. 2. Schematic illustration of measurements of underwater quantum
irradiance and water depth. D, actual depth (measured by depth meter)
; D,, depth from mean sea level; D,, depth from datum level; Tidal
height, value in Tidal Tables (Japan coast guard). D, (m)=D - tidal
height + 0. 86
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Fig. 3. Diurnal changes in PAR (photosynthetically active radiation) on land and at 6m depth (from mean sea level) and water depth, which were

simultaneously measured at intervals of 10 minutes by using datalogger.
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@z RE R o7= (Fig. 40),
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1£8.6 gC m2d' THY, BV BLUFD A OHAEEIIFEN
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) Thotz, £7=, SADH v HFa v THEDMAEDT
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KFNETFREE HIE LI #EEED T/T > 72 SCUBABE KIZ &
BBERRE L L ITEBROLEFRIE Table 11IRY, KR
11mTi, EEEECER (ERA25em Lk InkiE), K
A (EBRMNImLLE) Thot-, 7F A Agarum cribrosum Bory
(EEFE : 20 indiv. m2) BELETHY, TOMICT Y
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Miyabe, X7 NEZ Cystoseira crassipes (Mertens ex
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Fig. 4. Seasonal changes in PAR on land and at 6m depth and attenuation coefficient of scawater at Habomai, the Pacific coast of Nemuro
Peninsula, Hokkaido from October 1999 to September 2000. A, daily PAR on land and at 6m depth; B, monthly averages of daily PAR on land
and at 6m depth; C, monthly average of attenuation coefficient of seawater, which were calculated from the data for daily PAR on land and at 6m
depth and daily average of water depth for daytime at Habomai, the Pacific coast of Nemuro Peninsula, Hokkaido from October 1999 to September
2000. Vertical bars denote SD of means in B and C.
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Fig. 5. A, photosynthesis-light response curve at 5°C for sporophytes

of Laminaria coriacea growing at 3m depth (below mean sea level) in
May; B, daily net production of L. coriacea community (LAI=4.6) at
3m depth under different weather conditions in May, whose values were
calculated from by using P-I curve equation. Vertical bars denote SD of
means in A.
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DKREHFTIZ, 7TFHADIEINI, A VFY, EAMFBEFR
X, BUeN, =AYV T0E, AU)HT, ZVFAVD
AEENRHERINT, S OICHEVKIER TIX, EEIXRET
bolehd, THADEFIIMRTE enole, iz, HAS
BT o T2 KIEH T, grazingl K W EAEICE B 52 57
BEtED S B = /N7 7 = Strongylocentrotus inetermedius
(A. Agassiz) IXIF LA LBEINRN T,

F£7-, Fig. BOE (A FHE) » o3RO B LUK
F o 1 FEROBENET & L BHEOKEDOERFEHEL AW
T, FHEEELR TR & KIE L OBEFR% Lanbert-Beer DI
ERLT, 7T ADEERMIETH 2 KE 16mIZEET D
FEEEXARETE BME) 2HELLE A, #iEtoEh
D0.18% Tho7- (Fig. 6),

ER

MR DORAREUT, (KGOS EKTIZO0. 1UTF, B
ELTHIADZIUTEVMEZ RTBANH D, INEATIE
#420.1 - 0. 30HFFAICH D (BE 1973, HHE - HEIE 1979)
ZEBHBONTVD, THHDHEIZLAS L, AFETED
NIELEE (Fig. ACOAFHEL S OICEHLI-E=
0.44) [I@EM 7=, KA S (2001b) 1X, B ULl EEAE
FEROYIBIBRICBNT, b RKFONREFREEL R
ICBIEL, 0—3mE TODO. 5mis & D/KIE & HE HIRE & D
{%% Lambert-Beer M AT HIFRITIL L THEA DR SLiRER % 3K
b, HHERETHEONELY LELICEWVE (ERDOFEY
fE=10.67, KA H 2001b) /T3, ZhbHOMEIF, EIZ
W77 b DOBESICRRT HRMREOE S TR
D LN DHBIAEK (Taguchi er al. 1992, Kasai et al.
1998) DHEERBL TWEbDEEX LN D,

AMETIE, BIETOEGKAENSRERZ L2, EEE
TONBELZERL/EE L (M) OXIEE L BERAITK
HI-Et#R (Campbell & Aarup 1989) M OHEFE L7243, £
AN B ARMEESES (1979), Kirk (1994) OFEZ L=
BoT, WBRKORNFEEHELE, | BV ORFERSE
HEICHWARD, I ERSIOKPONBEXLIBHZYD
BEME, KEIZBEBOEHEZ AV TR IR A FHE L7223,
1043 Z &I ER L -BERME (Fig. 3) ZHWTEHEL®L
R L DEF2%RBTH - 1=, 72, HFEBHEL (8T
1985) (B I N TV 2 &AM EE AV -tEXCEE L
AR E DEIF0. 1% KRB TH o=, LI=NoT, AFE
THLNET—4, SETIIHBEINTEET—2 L +5
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BGREBREOKFRETFHOBE, MFEHREICLSE
U —DFEICEE S BIEBOBRELRTHILERH D, &
FEMIROEBEHESICBW T, AFETHEALEZLOEREL
KPHETFE MPQ-1) I T A R—Z2EW) FiF7=b D
(1B EICYY a v TLROT A =t — Ex20FE
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Table 1.
Pacific coast of Nemuro Peninsula, Hokkaido.

Species found at the depths of 11 and 16m at Habomai, the

Depth
m 16m

@)

spcecies

—
—

Phaeophyta Agarum cribrosum
Laminaria coriacea
Laminaria yezoensis
Cystoseira crassipes
Rhodophyta Bossiella cretacea
Callophyllis rhynchocarpa
Congregatocarpus pacificus
Constantinea subulifera
Corallina pilulifera
Lithophyllum yessoense

ONONG)

Peyssonnelia dubyi
Ptilota filicina

Turnerella mertensiana

ONCHONONONONONONONONONONG,
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Fig. 6. Attenuation of light as yearly integral of PAR (solid line) which
were calculated from the data on PAR on land and at 6m depth (Fig.
4B), and vertical distribution of kelps (shaded area) in the subtidal zone
at Habomai, the Pacific coast of Nemuro Peninsula, Hokkaido.

HSEE CTREICDIZ VKPP HREFREELREL, MEORE
Ex RS Lz, TORER, RERBENLORTETD 1,
BROBIEBEORDIZ 1 — 11% (FEMEH %) CREL R
£) ThHhaZ b, KREIZKITHREMBOBEL FEE
DHLOLEHEIND,

Y UarF [ ochotensis Miyabe TlX, EAVHDE
KAFRLYUEFOEZROE 2T (BEE, BREEER
CEREEIZHBIN D) OFIE L ORMICHEERARLHLNT
WA (B 1998), SEDOH v AT a7 ORMEEDHE
% (Fig. 5B) &, 7 Ha T DHFEA (Sakanishi et al
2004) LA, ZO XD RBEMEEEICEHDL L ABARE
EHRBANLEMITILDELEERD, 5%, S OICHEME
EELKFONRBEICETIMAEERTAIZLICLY, &
Har7 BREOMEERBIIRIETHREGEORE LA LN
THZLNAREICRD EER D, £, BRARFHERRRS
DO THBRIEBIITE RV, AR THELNIZADN v
HTaryTHEOMAEEDHEM (W, &, BhoBOfE, 1.0

—8.6 gCm2d!; AEHE, 4.6 g m2d") 1T, VTR
(Laminaria sp., L. longissima) THE SN T\ DHMAERE
DfE, 3.0—8.0 gC m2d! (HH 1986, Sakanishi et al
2004) HIFER ULV ERBRTENTE D,

Lining & Dring (1979) i%, dLEO~NTT > NERE
(KFGEE) TLEIDT 0 EGERIE LK PR RE b L ic
EROBENXBFREKELOBRERD, MBRFEERD =
VT HEEDRE (M) BEOLBRAKELBEELE
FELOBERIZOWTH LU TWD, b, L. hyperborea
(Gunn.) Fosl. DIREE 2R DRLIL R KR ED4% D
BAEGET H4m, EiE L L TOAEBRMIH EDO. 7% DN
ENEETH8mTHH I EEHALNIL, BHENRRD
HOHEHRTOHELEH T, ZOBEOMEKL L TOEFRR
I L0, 7— 1. 4%RTHE OB EZE Y HAKE (8—26m) T
BB ERERITTND, Eie, JLKRKEREDO AL B (K
) T, ROLBVKEHICEE TS 7B (dgarum
cribrosum (Mertens) Bory) DfE{E L~/LTOAEFRAAH40m,
F ZATET A YEIIAKE L D0. 44% (Vadas & Steneck 1988),
BEEOFHy Y 7+ V=T inlE (KFEE) TiE, BHEHD
KIE#NZAET T2 27 B (Pleurophycus gardneri Setchell
& Gardner) DEEL AL TOEFTRAMN S MTHY, £0D
BRSICEET I HBIKEETOZADK0.9%THDHZ &
MBS > TS (Spalding et al. 2003),

SCUBA #/k iz L DHEABEDORKE, AREEEO=TH
(Agarum cribrosum Bory) DEE L~/ THOEBRFKIEL
16m T & T S, AE LoKEE I, EEIZEICE
FEFRKEATHY, aVTHOEFTICKES 52D
NTZvy=PREANEBBRINR P22 LD, 2 TR
DEFRINBIZL > THIRIN TV A AREESE W EE XL
N3, Zosn a7 BOEFRFKEIZE T 5%
E130.18%TH Y, 3 A DKFRAEFENTHINBRED
KOBEBEEZ T TNHOT, HEFE/NFHEDOFREELRH S b
DO, ek, BEINTE IR LDk~ et 7 H
DAEFRAATIZI T DA HIEE (0.44 — 1.4%) (Fredj
1972, Lining 1990, Lining & Dring 1979, Spalding et al.
2003, Vadas & Steneck 1988) IZL~2 L{EVMETH o7
(Table 2), AA ¥ (KEE) TiX, 72, b= 7
B (L. Iongicruris de la Pylaie) IZH~T, IRUWVKEH
FTHAEB LTS (Vadas & Steneck 1988) Z & WREER X

Table 2. Light levels as percent of surface irradiance at the depth limits of kelps in different geographical coastal waters.

Species Locality Lower limit Light level Origin

(m) (% of surface)
Agarum cribrosum Maine 40 0.4 Vadas & Steneck (1988)
Laminaria hyperborea Helgoland 8 0.7 Liining & Dring (1979)
L. hyperborea Roscoff 25 1.2 Liining & Dring (1979)
L. hyperborea Aran Island 32 1.2 Liining (1990)
Laminaria rodriguezii Corsica 95 0.6 Fredj (1972)
Pleurophycus gardneri Calfornia 45 0.8 Spalding et al. (2003)
A. cribrosum Habomai 16 0.2 Present study
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Fig. 7. The relationship between the growing depth limits of kelps (=)
different geographical coastal waters.

TWBR, AFAE (KEE) OBRLEKETH-7=, T4
13, EEERRATERICAETTZaTHOFTY, LV
RIS LI A R Z > THB Y (Sakanishi et al
2004), ZDOZ LR L VIBVKIERDOETEFREICT 2ERD
—DLtEZLNS,
FREOERLED T2 RIEBRICBIT 22V 7TEDAEFE
RAKIETOHMAMELZ L THB L, HAHREDENR
LNBEN, TORRIZOWTHALERET TI1-0I0F, 4
%, IBIEEA RIERORFEEMSEICAET T 2EOAEAE
RERRERAPRICET AT — 2 2 EETOLERH D,
Table 2 DEWHRD =2 T BDAEBRFICE T DKIELE
R DE & AKEE T O HIRE (93% & L) bk
12, MR FIETR LXK MK OB AR A KD, Fx
RUERD a7 B OAEFIRFKE & HEKOR R E OE%
7uy b¥3L, Fig. 70X 5 RBGRBROBNB, =
OBFRIT, £FICHT 5 grazing REE DEEN L2 VODX
1B T/h S L HIE S B TlY, 8—95m (Fredj 1972
Lining 1990, Lining & Dring 1979, Spalding et al 2003,
Vadas & Steneck 1988) LBV =17 HDAEFRFKIED
BV, AFWEIROMEAKDORNGEEE I LIoKRONBRED
BICE-T, BREBETEAZLERLTND, £,
Wiz T, Fig. TOER»L TRIKXEEThiz7a v
C M ETRTEERIE, X oHIBTEND 2T BBEEOBTERNR
ABRAKEE THMELT SRRVTH0OFIRER (1

and the light attenuation coefficients (k) of the overlying seawater in

Z AT HRE R Ta SRR OBEBE MBI O grazing 2 &) &%
DU THD LAEIRTE 5 (Duarte 1991 ),

AT EEETRESNTWVWA LI, —RICEROFHE
FHEIIAIBEFIZE-THWAT S (A51996, K 1998) Z
b, RBENEL LiThE, 4%, BEAICHES KR
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