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<avJd RyArAard

Saccharina japonica Saccharina japonica var. religiosa
TR 1.5~3m, ¥M8 20~40cm, EE 1~5mniZ/E  KFTISHECER 04~1m, FEHE 5~10 om, IRATTITE
B, BBEMAIBIEL, ZEE, £ 1.5m. 3E0E 160m (735, — 2.

by ;’q‘k;“'
y)ard ToH
Saccharina japonica var. ochotensis FEisenia bicyclis
ER5~9cm,. ER 15~25m, PFFENAYaILTL ER1~15m ENIC2mEBZ DS, DRER 15~25
Y3k, £, cm, ZEWE 5~10cm, HHEAE,

HHIA

TN HA

Fisenia nipponica FEcklonia radicosa
FETIETER 04~1m 18 5~10cm, RKFATIEE &K 1.5~3m, 3EIE 20~40 cm, —F 4, (FEF LA
R 15m%EHBX. 1@8H 8~15cm [Zhd, BEAE, AT 5,

B2-1-1 VTG, 734 - hOAGEEET SRKRNGEEE



HUA | =

FEcklonia cava FEcklonia cava var. kurome
(K 60~100cm , HRER 20~30cm, EHIE5~6 FER 3~50cm, PRER 15~50cm, 3 H1E 3~10
cm (2755, KEFAICEE, 2ELE, cm, R RELBARE KEEUO—BIZHMH, £
F4,

VILT S A JAhAA
FEcklonia cava var. stolonifera Undaria pinnatifida
ER5~%cm, TR 15~25m, BRBIFE. &R FERO05~15m, K 2m ZHEZ 5. FRICEAN
PMEUTHFERRT S (EBEETE) A TELGENVE &L, EHETHMARET S, AT LM TE
AT (OOAE) KB HD, BEE, (AP D RET D, —F4A,

B0 "

TATHA EOA
Undaria peterseniana Undaria undarioides
2R 1~35m, KMILE~AIMDFEMICRET S R 1m, KM AP ER~ AN IR AT ERICHR
THADEIGEFHROER T, FHERFELEL HRE DROER TG BFELELT FEH
TR THEE@MFERSI A SIND, —FE, ZEBEL. DOALOFEELE, —F4,

B 2-1-2 73X - hADAE - DA AGEERT DHARNGEERE



ThEY
Sargassum horneri
£ 1~10m, K[ 20m ZE A 5, (TERTRER
T, IBRHERMHEVL, [SIEEAERK, BA. —F
&,

Ja¥YEY
Sargassum macrocarpum

2E 1~4m, BB ITAMK. FBROKREHELE

o, SREHERTRBEN DD, BEE,

¢y

: AT
RUETS
Sargassum fulvellum
2R 1~2m, AEHRITRERK, HFEYRTHIT. &
AIATIEFIIDESIZRZ S, BRA. —~ZF
%,

X 2-1-3 (1)

YYIEEY
Sargassum patens
ER1~2m, BREEERAILIZKLY, fFERIEEIK,
[T EhEEIK, ZFELE,

e+
Sargassum fusiforme
2R 1~2m, #HFFICEBL. THERICIEIE DD
M.EKEEIZIEILIE EAS, BA. 854,

RARTS
Sargassum piluliferum

2R 3~5m, [TERTBIK, [AHN KR THEE,

EEBSORRMERE. $F4E,

A EGEERT S2RRNGBEE



e RAS FLINEY
Sargassum ringgoldianum Sargassum alternato-pinnatum
EORENKEN, (MESZITAMR, BRABRADOE BARDKRIEISHE, [FERESBIK, FOLTESR
NEWRSTIEVFFEY (BEEMRILIE) LLTR KRIFLIELIER KT S, 2R1m, $E4E,
d. &R 1~2m, $FAE,

ISYEY )

Sargassum carpophyllum Sargassum assimile
BARDKRUZ TS, [FERSEK, BETBEE BARDOKRUAISHE, FERIIBER, TLETHER
FEERIRANEL D, 2R 1~2m, BFELE, KRIEDIKT 5, K 1m. BF4E,

®2-1-3 (2) HSEHEBHT HRKRMGIBERE

XY eSO
Gelidium elegans Ptilophora subcostata
TUUHETRHRIADIDEXRFE, AFEFBT IRICHMAHD, KFFHERRAICSN, &
(LEBREAATHERE, 2R 10~300m, EEE, XKFEE. £2R20~30cm, FF4£,

2-1-4 TUUHGERRT SRRMLIBERE



2. 2 EBHO&EE

B, KPE B RN ESZ OO SRR EMIZ L > TOEIFOETHD & &bz,
WBREO—RAEFEDY; 72> TnD, £lo. BRERESOSE L CTARBRTIICEEREERZH
L (& 2-2-1) . Fex okt LT h RER B REFE T 545 & L TR STV %,

& 2-2-1 EiEOHEEE (BME, 2001)

B B
D ERLEE | KBOXIRILE—ZHEIR-REEAE
Q@ FEWIR |FKEBEE(BR.JV. MExHR)ZRIN FE-BER
@ B |HE-HBEICEYEZRE
@ ®RERIE |FEREEE./NZEH. BRAOBEREZAE
® REHM | AOEKRESGEEMEMREEEN
® EPEIR |BLHEOBE S - EETFILICKY R R EYMERIR- FIR
@ RE#WH |FYERNE. T LIFELHHE
1) £EDG

B TYE ORIt A b DT RERETHEEY OAERY (K 2-2-1(1) &) X
BRAG L7220 . SIHFHINC W CIIREFT Y & 70 D, WA ORE F1T1X, fmsE
REBMEL, ENEELET LT IE, I avEH, HER EOBREHESMAERT S (K
2-2-1(1) ). SHIT, ENOLEEHE T L2RNBEOREY L 725, RECA VHICTE > T
FEONSGC 72D (K 2-2-1(2) 75), BEAERAKRT 2 EMEAES ML R, TV vy alk
EOHFRASHTY I 2 EORBHAOERILY L 70D, Fio. TR LB 7 803 EJE
BEHLFVEELY TUE Y v EFOBBEIROIZ 5 (X 2-2-1(2) £),
T TN DI E R R FRI AR T E . KEREIT TR, BRSNS AT 7 /0
V=D BFIZHEBRL TN D,

B 4
-

S ABIIEET B HSTBIEET 5735
2-2-1(1) ESEFET LW



it

HSEBIZE

BAL1=7 A4 h D5
®2-2-1Q2) ESEFRFT3EY

2) —REEDSG - BRERE2DS

BRI R, BARRRTERL) R EA2WINT 5720, INFEER O E## L%
BHlE9 5, BEGIEET H 2 & THIRZE TEX 5, WEROLAIZE D h~ETIAL
P biFE (CO2) ZWIN L, MEHICEE LT 5, 207, i (71— —R
VAERER| L LT CO DEIBENENHIFFE TS (T A 2-2-1), ZiHEEGOREEE
P A 721X, MBOmEBOAER (27 A 2-2-2) 2EL TEBLERH D,

3) RECPRRFEZERMET L5

WhAaR (XA er7), hEREz, 80 ARZEOFRBIZE EN D85, 8O
LYY —EROBIE 0D, W& T OARER O BEENEPRREE T XIROBF 2 RO 5 720
DRI « EE~DBEGERBREEFEEH DS L 72 %,

(a5 L 2-2-1) TiL—H—K>

TN—T1—R X, WEEWIZ L o ThRBE - Irt SN D IRFOZETHD (K,
2017), KRN DT ~ZE{bRFE (CO2) MW AV CTHEHTICIETIAATIRFE X, ¥
BOMFE DN AR L W IRNICAEREIRE L LTIRVIAEN S, ZoifE% (Rt &I
S LT TIRBE SN AREREDAEREROWEIEER DAV CEMBEIRGFEIND £
TOWEREZ [IFE] EIF, ROTF—ZABEZ LTS (K1), £, #E T
W UT-BRRD T30 ) (2o 720 | IiiduvEe) & Uil 25 > T L2 L7214,
RN 2 VI WEREE FIC® 2O LHETICHERE LR T 2580350 5
(HEFE - HY%) . S BIT, ZO—EBR KR EWEE L O CO2 MR D B AL P AT
~BREEINDIGAEND D (RIS, T2, FEOBYE Lo Ao N i S -
D RISV SN AEIRED 5 B MR TEIT o720 | W 5 E TR IR
DT 0T DHENNMEDFIRFE Z R TIBE NS D B fRMEAIRE) .,

B0 CO2 DIFHEEIZ DWWk, A ERE (ERE) O 30~35%% F¥7k
fRFEE L L, BALHFE 4720 O COz EICHE L TRAE IR TWD (1), oI,
2 7T 60.5t-C02 ha 4E, 7T AT 24.6t-CO2, ha /4, 7 T T 16.0t-
COz/ ha/#:, 7~ EH T 12.6t-CO2 ha/ FL#fEINTWD (F 1), FEEGOMHE




oD B TR R FE O REE S V7o &iX. AEHK 470 5 t-CO2 /L RFEb bind, =
OEIE. BARDIEEDNESD ZAORPEHED 12.4 (5t (CO2 %, 2018 4EfE) &~
HEMRVINSWVETHD (EHBRMF, 2020), LvL, KEZICLVHEH SN D 8
{bRSERIL, 2008 FEIZ 574 Tt TH Y, EGHIZ XL > TREES LTV 2D &EITIZIXL
Wb EREIND, 20X ITWBICB T A2MEEEII R ENTEE I TV DI,
Afl L7z TB@lE) o7 — A Z LIZEREEZH LML, EENRTHEMICZ ED 5 LE
N5,

BRBE T R & 2 s AR ORI B 5 R P Rk & 45 CHL Y fL A, HEES
MR PLR S/ D Z L1, KEMR AT » MM T, #85» CO2 & @ik LT

(BPE) CE D [T —h— R AR & L CTREDEST APHHIBICERR T 5,

AR
BHRER

18% - TR

B1 EEMOREALIEEROHIE. X, 28 INhD
BHRERD TB7E) BREOA A —2 (, 2019)

&1 BXRRFOEGICE T 4EEENIHEINT:
FROZRIERFORME (FBL, 2017) ZHE

BEERELY | o, o | BEERSLY | '"ﬁf@é‘fi
%5 | EE-oREAsEE | N | CHCREREE | o

kete®/mi/m) | B | (oo e | PN (E;)COZ/
avJig 6.2+6.8 30.0 605+71.8 2.0 116.0
T oA 21+04 325 246+47 6.3 163.2
HSES 14402 32.0 16.0+26 8.8 1414
T IES 1.0%+0.7 35.0 126+8.9 6.2 50.8
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(054 2-2-2) BEOERMMEESELTREE

L OERRAPERIT., 2 7MY 1.8 ke/ m (FzEE : dw.). 60~200 kg, m
(BEE: ww) &I, 77 A8 20 ke/m (ww.), BT A L7 B A0H) 2.8 ke
S (dow.), RZTTHEN 0.25~83 ke, m (dw.) LHEINTND (R1), &
PERIT, FROMEMAROBE O OIE), [ UHETHAEBTKE, HRSCEEOR B/ L
IZEDRRDZ NN TWD, Fio, FHOKRKE FREICHT HMfiEEROKL (P
S B) X, 27N 1.5~2.3, 77 AFN 1.0~2.4, FX T THN 1.0~1.9 TH
be MFRB AT THOX L AT T, EEREN 025 ke/ o (dw.) DR F

HOR 1,/ 4 I FEERVEZ R L2, P/BIIh ERZETH -7,

xK1 EBEOEMMEEE. RXREFEEELP/BLH

FHMEEE RRKREE

RS # 5 o P) (B) P/B X #
(kg-m2-y") (kg-m™®)

<arJ ERRXIIE 1~2 1.27(d.w.) 0.83(dw.) 15 Hi#S, 2001
A=av7J eiEEREE 2~4 85.6(w.w.) 37.3(ww.) 23 %4 -EH, 1996
RUAIVT EFRMZEL 3~5  632~206.3(ww.) 421~922(ww) 15~23 EEDS, 1993
ThA EFREMZIELE  RHGL  609~921(ww) 478~758(ww) 12~14 hHi, 1993
TR A RRHBFEKRE 7 1.03(d.w.) 0.93(dw.) 1.1 ENiED, 2017
T4 ERRREE 2~4 20(w.w.) 15~20(ww.) 1.0~13 FH, 1970
YHIA BHRMSHEE 1 5.23(d.w.) 221(dw) 24 RS, 2009
AT A FEETH 5 2.9(d.w.) 30(dw) 1.0 Yokohama et al, 1987
HTA BHELIEEL 6~7 2.73(dw.) 257(dw.) 1.1 =KD, 2004
7J=Pg RIBGE B 5~7 2.79~2.88(d.w.) 1.53(dw.) 18~1.9 /\&A5, 2014
JaAXYEY REFFEE 2~25 2.13(d.w.) 126(dw.) 1.7 Yatsuya et al, 2005
JaAXYEY AJIERAZ 4~6 8.25(d.w.) 7.07(dw) 1.2 A0O-1LME, 1978
JaAXYEY WRRERIE 8 1.60(d.w.) 1.16(dw.) 14 Murase et al, 2000
YTBAEY REFFEE 2~25 2.41(dw.) 161(dw) 15 Yatsuya et al, 2005
NIYIZEY AINREREZ 4~6 5.53(d.w.) 402(dw) 14 #A0-LH, 1978
TARTS REFFEE 2~25 1.47(d.w.) 0.98(dw.) 15 Yatsuya et al, 2005
THEY ERENREE 1~5 21.42(w.w.) 1921(ww) 1.1 #A0-LMH, 1988
TLRUEY tBEER+LS 1 0.95(d.w.) 0.90(dw.) 1.1 FEH - FRith, 2001
TVRCEY REBFTHEET 4~7 1.11(dw.) 0.84(dw) 13 I\B5, 2007
aLey RERRT 45 1~13 4.04(d.w.) 212(dw) 19 I\B5, 2007
aLey REFFEE 2~25 1.46(d.w.) 1.11(dw) 1.3 Yatsuya et al, 2005
aLey REBFTHEET 4~55 0.71(d.w.) 049(dw) 14 I\B5, 2007
IV/ROEY  EEEHEHS 1~2 0.90(d.w.) 0.81(dw.) 1.1 Agatsuma et al, 2002
IV/RDEY  EEEHEHS 2~3 1.96(d.w.) 1.83(dw.) 1.1 #iE - gEE 4, 2003
RAXEY MEREBREYS 1~3 10.48(w.w.) 10.35(ww.) 1.0 fh#k- A0, 2002
TanE¥y REFFEE 2~25 1.20(d.w.) 0.78(dw.) 15 Yatsuya et al, 2005
JanEy REBFTHEET 3~4 0.75(d.w.) 0.77(dw) 10 I\B5, 2007
7XALEY RERRT 45 0.5~1 3.95(d.w.) 3.04(dw) 13 I\B5, 2007
FLNAEY RIGE R 5~6 0.25(d.w.) 0.23(dw.) 1.1 FEED, 2017
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2. 3 EBSOBEFWIMIE

BES DK PEERIRRIE N FNT, MG D 2 A 7O I N DN EOREIC L - TR D,
L E I BT 2B ORFEDREICONT, BEOREICLIVUL, 2T TIE 15 7
M/ m, 774« AVAGTEYYFT - o= TULEREOMY L LT 1.7 TM,/ m,
77 Y EERROIEN S 2.0 T/ mBRAEN TS (KEF, 1996), HEAMIIT#EE
AR L TWRNR G, JEIC > THIOGI~BEI T 2 FEN 2 <. FHITE Lvas,
77 4 TOHAFRAFE DB DRI W NED > 1 AL THAR G 54.0 T~T72.5 77
M hal MESN TS (N, 2009), 7=, EEEREIIETOERBCORA L 725
BFREVCEZRINLTRET D720, BEEIIIKEE SN 5, BFE LY VOETE
LB DX A WLV By av T TIALBIOT 72 TCIILEREEEN 112
~136 gN,/'ni 4, U UETEEN 7.8~85gP,/ /i 4ETH D (£ 2-3-1 M), —Fh. F
A% 21 SEFERRAER FAKEFHEER LY . TARLBIBICHBITAEHL Y oD 1t 4720 DO/
HERZHG T 5 &, 2N 2,070 ., 118 4,820 M &7 5 OKPET, 2011), 0
TAMEE 2 A M EEAT S &, Y 1 haXi72 0 OKEE L ORI IL, ZHE T 2,312 H~
2,812 FHM 4, U T1,034 5~1,258 FH L AfEL HND (3 2-3-1 A1),

xR 2-3-1 BBIA TRABHRE LV VOBEEE LHEEE (OKEM, 2003, 2011)
B 1 mA-YoEREEE Ei5 1 hadlyf=Y D EREFEMEE
BEBEDRA4T == D =E D
(eN/ i/ ) (eP./ M./ %) (FAha/ %) | (FM.ha/ )
OV 135.85 8.49 2,812 1,258
TIAE 124.53 7.78 2,578 1,153
HSES 111.70 6.98 2,312 1,034

—Ji, B LD CORBEEIZ DWW TIX, 7 7 A CTIEAFEM T 24.6t-CO2, ha /4 L3k
HINTHWd (2742210%K1), Zhizd &l CORBEEOEELZKAD L, EU-
ETS (RN AN PEH RS HE) 12k D CO ik 2y 2020 4E 3 HiTix 24 =—1 (K
2,895 F,/t-CO2) THo7=d (BrHE4, 2020), 2020 47 A% 30 =—1 (%9 3,700
M,t-CO2) DOEMEZA T2 (=2—F 1, 2020), ZHODOF@SHEMICHET D L&
1 ha D7 7 AEOEAITITERTHK 71,217~91,020 H4E L BFEL 5D,

WEHE 1 ha?d CO2 [E E A
=R AN HEH B HS [ D CO2 ik X #EREED COg [HE &

Bl TT A Y AGOEE
(FRINHEHHER S| 2020 4E 3 H Offiks DI5E
= 2,895 (H,t-CO2) x24.6 (t-CO2,/ha %) = 71,217 (M, ha/4F)
(BRINBEHHERR S| 2020 4F 7 A OAfikg D54

= 3,700 (H,t-CO2) x24.6 (t-CO2, ha, 4£) = 91,020 (M, ha 4)

ek, BHFE, U B LU CO ORFIMMEOREIZ OV TIE, HERHE EOIFE e
(2T 5 221) OFEENFMMEEEL T, SOLRIBEEPLETHD,
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2. 4 EIGEREOEERE
WSRO 2 TR, RV AU T, T S EOETE R AR 2-4-1 12T,

M

2%

W
™ B

=45
. /\W
e e
“ @
L U2y, '; \ E’é?ﬁi
7 maﬁw Vs

WEEF ‘
FEU
FRUE

VT, TISANDABOEFR

I

AR

=15
/\gp RE
*i

FEZFA

Y
Vad /
i {ESESTESPN
HEEAETERRR

i LTRSS

BB

) v BT
(m5RaF4E)
5 RaF
uosRFE
TUUHEOEFER

2-4-1 VT8, RUADSE, TUTHEOEER

AT (T T A AP AEEGET) T B0 < DEARITHERED DX D 72 il -
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KThHs, MARIZEICKICFEEZIER L, T I0bHH SN EFITHEICEE L
FHFET D L MEE T2 ITHED XRNN T E DBEUMBIRIC 2 D, HEMERCARMAIZIN, HEMERCARARIZ IR
FTRELIL, ZNORZHE LT, BHET D LT IE~ERET S, R EROFEmILZ~a
T2 (R, 1993), —EIRIBFEDOT T AN T~8 4, 1Y AN 54 (Maegawa, 1990)
LHEINTWVD,

R X T THDOL L OFSETIE, #iGE O DRIt N 720 | FICEFR~F I
DOFk & HEMEDORR D BT AETRIRIR & MEEN 2 AGlan B AR S, TRENTINE K105 ME
HID, SR LIRS D LHRE 720 | IEICHEIE L CREDMED IO BRIZ LR
T5, THEZIZ—HEETHLN, £ DOFRF YU FTHIILELETH D, ZELEDHMIE
MAEIIER SN D R ER (FEig) 2D ECE2MERHY ., FEBREDO 7 VAV EY
N B~T4E (45, 1980). HHRRINETIZI LEZ K94 (Ff S, 2003), / ax
U794 (FE, 2005) @& TnD

TR, MEETITREDO X B 22 TR (AR 7)) & M 72 I3 RE X8 T
X DEBIRD 3 SOBARBIFEL, TN HITEANICFEERIKTHD, T 7 HEDO~ 7

T BB O SN DT OHRIET DL HO & HERN D DOREBEIN LB DL,
SR THMD 3FLRE SN TWD (BH, 2004),

WA FEOATE R 25D Z L ITEETH V. EEOMASCEL, Fi/e Sidikic X
0E2 D720, BEBETIRICI T D EHECERGER CREZ LB L T 558 1f 2 T, SFal
OBIGHHAIC LD AL AR L TR 2 B RUTH D,

2. 5 EBSOEHMEER
1) ZEEBENERT I2EBEDOFEHEL
AR Y. FHIA LR LN b —FEPREENEO NS (K 2-5-1),

tEriE &5 g Lo £ & &8
R - |FRERLLER ONBBDBIHDE
v L [AY:3F Sk (N = Nz BhaE
S T [0 25108 N S vy
ko oSowe N R N-=2 Y
7 DN ZE . Nz JSZ
g \\:2:2:1:: -] = = T oftgosicoT
7 P ™ e oy ~ ! S, e BERGVE
% »’\/‘// \\f" 1’_':'\\/’ 4"’\//"’4\ “AIEY
- S ""‘ — YT EEY
- “TAIS
OE D L&HAHEC
—g?fﬁéﬁ‘“m BeLEND
; t g 75
HTA
* {7]=F]
h
:

M 2-5-1 ZEABEOFHEL (FH, 2011 2HEK)

R UG AT ClG OB 2kt CWD & BN ER L TWADEH EFIBRL TV A EFN
BOBND, —RINZ, ZHEERCZ T FTHITBK~FRICHE L, BE~EITRA (A5HER
KER) LTHimaH4 &, B (T8 NEMLSEEN CRAT D, UL, fHERmD R

-14 -



2L, T TICEWVER D ARREMONTWD, 77 A « 7Y AEIT, KO TR & (R
i) DNEEINT 508, K~F&ICEEFEZH LR AR L, BRIEENED 2,

2) EIZ0HEEE
FUIMNA D S ALV TRERL S D BESE 73 . 2000 B8 L 0 HER~VIE ST IR S
HEITIRY ZOESE TFERES) L LTRAT S Z R REESN (ERS, 2009),

Z DOFREG EE D TR OREMX N, £ 25117 ERBYTH D,

% 2-5-1 AMBEICHTZEEOERRS (HIB, 2010 ZKE)
x
| s | MR o T SHOZEIE®D
e ;:E B | it FHHERE e
e R
55 SE(/axyE | B
5 O AFNEY, | B
S ESFAE)
s 2 & B #
= AE#gBIN
= _ | 215
& 2 & B M
FU5 . A
£ 2 5 4 Y dEERE
IERRRS LTI ——
i X & B M
& EE D BB
| LR oo
e Eﬁlﬁ]ﬁ::ﬁ VEDZE(F DHH
" mEhsig | ST X8 g
= 75.¥VT4
EBORE) x = B M
_ E~WEIZH
e | —EEOTHE
—E = H.THA TV
XEALBA K | 1ot
H* ﬁiéh%{&liﬂﬂ%
A RYOYAL =2 X & 3 W%

OB TIR. ZAEAR OIS D TS & REY, —HFAmR TRk
SND T8 O 3220 bnd, WFREIE, Fill U T8I 2 KA R &/
RMEEE TR S, BTEIET T 4 - IR U T, REITT 7Y LAY
TERFR EPMEET D, Y ERRGILRR STV BRI SN D RS

-15 -



BRI D 720, R UHATIER SN D O3 L, —FARL 1 HFEE S ThhD -
D, 6 CHATICEG DR SN D LITR SR NENRE SRR D,

E~% E~H

S6 it 3

Wik EFOHE A

S ¥ 3

Yk B =

Sb ¥t ot

S6 ¥t |
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3) BESDHMY

FEGE, SEAEMRORIENE D BN FEZ P E T2 HERICB S, &Y OHiH
IXFE D CTHEBET O X S BBl RT, BRI MESROLREEMT LYY~ HES,
VAR T TGIREDRENER L AT IR LTS VIR IR DO RV A TS
TR SN, BERGOMAMAZONTIFIRDO L HICEZ LN TS, PZEEY TR
PEREORBENRKE 20, 7 axX s R EOIRBIER XU THETIEEERORE
B, 7T A BV AFETIIEORIGTICH Dk ES (D) £ TRELND LR
TLEY, £7/2. TF A « AP AITEARIC LT (FHES, 2018), Z DfEHE., 58
MNOREEEZFAETE DRI NAEZRY, BOoMBEICNT TEXT S, ENLHP4ITIE
EHEREITAT B D EHWBIKD IR D -, FEBETZ - < W 0 RBICET S (X 2-5-
3, YAXT TR EIFEAKETFCEIKEAVEEATEHIEELHD (HED, 2011), &
FRABZTFHIT X 2 U THENRK LZE, LIZs I3EEZToRETEI L,
AKIEAME L 72 DE B LUV A HIET &0 ) Fia Fio U\A D, 2011), LR RESE
HB (PR, 2012) ITZ<RBOOLNDLD, FUEENIIEBETL IO L) Bl (v AZ U
TRELR) N TV,

7 E A

IR

& &KE

AREFRELI-RN
BEHEAEY. B
I2BERbhD

HEHHEE

OffmHRDAHIC
o THRNGLE
AJEY
> X UTEEY

- {4“ TAEDS

HORRBAICEALbh TER
1255 GRWFEE)

"/z{(mﬁ%)

T ELAEs
“IHLEY
- THIES

N "412{ C ORI

; L ¢ L [ mEmiEEn
. /§4 F L L | (AR _
A7 >

’ ~i
< BT E Y ORBELS >

X 2-5-3 FEGSAHFINLILEA (FH 2011 2HE)
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JKEEHETA (Suisanzoshoku) B2(4), 365-374 (2004)

M RBIGIC B ARETTY 7 A, Undaria pinnatifida O
ARB\EEN, PIBRPGEE

FBEHT - PG

The Growth Process and N, P Uptake Rates of
Undaria pinnatifida Cultured in Coastal Fish Farms

Yuuki Kirapar' and Shusaku Kapowaki®

Abstract: Biological water purification by culturing Undaria pinnatifida in coastal fish farms was
estimated as a function of dissolved inorganic nutrients, light intensity, and water temperature.
U. pinnatifida was cultured from 1 m to 4 m depths in coastal fish farms from November, 2002
lo May, 2003. The maximum growth rate and growth of blade length were recorded 4.2 em/day
in growth phase, reached to 182 cm in maturation phase at 2 m depth. Average contents of total
nitrogen (N} and total phosphorus (P} in blade part of U. pinnatifida reached to 19 mg N/g dry
and 2.3 mg P/g dry in all phase. The maximum N, P uptake rates by blade part of U. pinnatifida
were 3.1 mg N/m”/day and 0.54 mg P/m%/day at 2 m depth. Michaelis-Menten's constants of N,
P uptake rates were 17 g N/I and 6.2 g P/l Downward irradiance of 670 z mol/m?/s resulted
in the maximum N, P uplake rates. N, P uptake rates by blade part of /. pinnatifida at 161C were
2.5 mg N/m%/day and 0.44 mg P/m?/day. Water temperature coefficients of N, P uptake rates
were 1.090 and 1.081. The N and P uptake rates of cultured U pinnatifida were formulated from
dissolved inorganic nutrients, light intensity and water temperature characteristics found in coastal

fishk farms, and the calculated values corresponded well with the observed values.

Key words: Undaria pinnatifida; Coastal fish farm; N, P uptake rates; Growth process

7 # A, Undaria pinnatifide {3 2 > 7B Laminariales
F S 4V E Alariaceae |2/ L (FH 1998), A&oin
FEHTEREE T 260 mEOS AT T L (g
2002), FREIOD T H A BRI 19624 (2 BB AR AT
SITLR, &EEMICER L (b 1992), 20024
OEMEERBESRIINI6t TH - (BHAEEH
FHER 2004) . BEE TN ADERIZR L, BAMPH L5 #
ABRTERISO cmiZET L (EHS 1987). F 72,
BETIAORAFEWMEFEIRM I m YV EERET
17kg b MESNTVE I Ed b (G 1964), NiE
DEFRFITHHE T DD TAADONI AT RIZL

B BTN (A S 1991, 1992),
—7, RBEESTCIERNICEET L AEE
FOWEML T Hig L€, EHREBEOUM L mEEIZAME
FRKOIH A BT 205 KESLE I E L
BRI RKO LTS, F2T, [BERHE
A THEZBEIDL > THREL, FOFETBA
PEAMFI IR 2 S CRIEAYE % 18R+ 2 B
EROEE X IBEBARB I T3 (Pl 2001,
2004) o

LaeL, BEOBFEHIEICLAKERLEHTT S
o0, AFBUERTHHEBII L kE e E

20044 7 H24H 544 - 20044108 180 &

VR R KA BRI SRt BRSA BE (Laboratory of Marine Production and Environmental Studies,
Graduate School of Agricultural Science, Kagoshima University, Korimoto 1-21-24, Kagoshima 890-0065, Japan) .
PR BREAKES SRR E KBS (Laboratory of Aquatic Resource Science, Faculty of Fisheries, Kagoshima

University, Shimoarata 4-50-20, Kagoshima 890-0056, Japan).




366 A - P

BT L HEIREIN TV, T4, ElSEaEokx
Hiibh Bme L-BEOSEE (N), 28 (P)HIR
HETEEEE L OBRCENME LR, g GE
£ - I8 2003, 2004} OEFIERTLITICTE
FUE  BFIAEETL T T A ORISR Y
IARSY ISR

FOT, ANRITREEAG ISR BER
BUKEEEERL RO —BE LT, &FIERET
LN ADERBELE, N, PRIGERE & S %18
R EEBIUKEBEOBGEEERILL 2. 7,
AR IR TR /- B & HEHE & % i L B sl oWGE
BT o720

MBS L UHE

RIBRE

AFAEII20029E11H 9 §~20034E 5 HUUH b o
CHEM L 7zo WERBUI Fig. LISRL7E B, A4t
R P IC BT B REREHATIHET (32°N, 130°E)
DSt A (), SLB (#F) BLUSLC (5—i#)
DKEIZ~26mD 7)), VI 77BLUIvTI0E
MBTEMGL e K SLOEIRE, L&, BEEERS
#% (LUF, DIN) #BEB &L BTrEsss (DT,
DIP) B, BHE—BEESN L7, BERiE1ImB
THAKL, DINREB L FDIPEBES S/ » F 72 /7 —
N, FIFNLFLUVT I, BRI YLAAT
LEFEER L F ) 77 v (Strickland and Parsons
1972y 12X 0, BEHE UVmin- 12408 5B 2

Yatsushiro Sea
130°18°E §30° 200
1 i

— 32°18°

Fig. 1. Map showing Sts. A-C at Goshoura coastal fish
farms in the Yatsushiro Sea, Kumamoto, Japan.

AGTHRT Lz St BieBIT 58, LI-CORMH
LFI90SA BN ER a2 AW, 13 mBBL2mE
THEfEE S L /2. T ABEE I Lambert-Beer O3 &
DIHBRHE A ROEH L 2o & SEoRiRRE, YSIHSE
GO0RB L —2 WL, ETImBTCINHE
(TEEER L 7.

£RBLN, PIRITEE

ThAOFER (2 mm) b REEIE BB HARE
PHBA LTz, HADBEEIEILI0 om [CWH L7
Fx 7 LETHM (§20mm) CELALHRE L
&5 0EAMIBIEI0 cm, 25¢cm, 50 cm B & U100 em
ARELT, BAHRBILAEEOERTY R, &
BGHRTI~4mBIZlkgDEY 2T TETL
AR

THADWAEIE Fig. 2R LA EBY, HERE,
B L URTEROZ=FMICES LCEE LA 7
HAOEREERCH S — - VEA D) CREEH
ALCEH LA OREF - &)1 1970), R, (R X
Pl TERIE, 1 mBREOERT S A 2 HEL TR
LT 2EMEIIRH L. BEROAREHFIZ, BRE
EESmm O 2 BREICHT T loB 8L
MM P CcHRLTER LA Mann 1973) . A2 EER VI,
EROERI - CEREO LFCBEHTL 2 20
B, Lo iER, XRS5 om RiHmOME CIERER

Fig. 2. Lengths of blade (BL), stipe {STL) and sporophyll
(SPL) of cultured Undaria pinnatifida.
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BEHORED 6523 em LHIZ, ERTS em LLEOEE
T340 em LA & L7z (W) 1974; 4017 1993) o
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i, BEEEETEE) 7T rETERENG
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BRETHE
T HARERBOBNEFY D O N, PoH BRI
B, ROERRTRD I,

Pyp= (Cypm—Cyp,) * @/t (1)

I IT, Py pdBEIREON, PRILERE (mgN, P/
m*/day), Cy p /3 EBRRBEIOBIRBON, PEHE
(mg N, P/g dry}, Cy piit BROEREON, P&
HE (mgN, P/gdry), o 38 RMBEVEREYSY O
EEARTER (gdry/m?), tIZEEHE (days) T
HbH,

FEABKODINBEEB L UDIPEE L 7 H AR
#Hoo N, PRILHERE & oM E L, MichaelisMenten @
w3 (Dugdale 1967) TRb 7,

Py p=Pmy o Sy p/ Ky p+tSy p 2

I ITC, Pmy pld3ERBON, PRARIGES (mg
N, P/m?/day), Sy pti DIN ¥ B & U DIP & K
(ugN, P/D), Ky pid¥¥fatnesl (ugN, P/I) Th
B

B EEREON, PRINGEE - DBEFZIE, Steel
DEF IR, (Steel 1962) THRH -,
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Z 2T, HidE (umol/m%/s), Im i Pmy pic
BY AR (gmol/mi/s) THhb, 4B, Steel
DEFVRANOBENIE, BERI O L FH@iar
Va7 r—3ia 7+ [DeltaGraph 4.0

R, FERERA TSR ORI L (BHES
2003} .

Al & FERMO N, PRNPGERE & oMRIE, R’at (M
Bh - AT 1994) TR,

Pono=Puxp Qun o ? 70 (4)

ZIT, Py pHKROTIIBITAERBON, P
W UHEEE (mg N, P/m?/day), Py pid7KiB16T 12
B A¥IKHEON, PRILEE (mg N, P/m?/day),
Qorn, pHHIRERE, KR (C)THha,

L2 T, 87 5 AT O N, PRILEE (P)
&, FFERRER), LB BIUKR(E) L OER
REBBLLKRETRESRL,

Pl= [Pm-S/(K+8)]
P T/ Im) - expl—I/Im)]
. EPJS' Qm(ﬂ—lﬁ)} (5)

fa R

FREFRAREICBIT AT A0EERRIL, S EH
{11~ 3 A, 12~17C), ®#8 (4 8B, 16—~180)
BXUHEEH (5H, 18~19C) o=#Hizaii s i
7: (Akivama and Kurogi 1982). 7 77 A O3RN
BITASL A~ COIEBH F 3 mBoOKES X EWHE
i, #hEh122~194C B L %65~128 m DFHFET
#ol (Fig. 3LID. £SLSBITAHDINEEL LW
DIPiEEIL St HTHEENA LN (Friedman-test,
P <0.05)s Thbh, SLATIHEE~156ug N/IB &
U°16~25 4. P/I, St. BTI358~113 g N/I 15 X 1810~
19ug P/l St CTIE30~69ug NAIB L UF6.3~11ug
P/IDONE TR HEREL 7 (Fig. 311, IV) . LMD
DINEBEBIUDIPEFEBVWINO KENAKLES
~EOFHEIIH -7 (BAKREERRERS 2000),
DIN/DIP Hid Fig. 3VICAR L7- £ B 0 4.7~72TH h,
St THEEZRR NG D -4 (Friedman-test, P>
0.05)c 2mBIZ BT 5 AHOFESHT Hdeais, 1A,
2H, 3R, 4B XU5H TENFRE0, 670,
710, 7008 X U750 umol/m?/s & BE S i,

St OFHERE, Fg 4om L E8h, AN
fB100 cm, 50 em, 25cm B L 10 em OIETE - 720
TP, ZABRBRI00em i LAEREE, 25em B &
U0 cm DEAMRE i L TR ERERENRE LR
1z {ttest, P<005) %, 50 em OEARBE CIIEE
EFR LN ot (P>0.05),

FIT, EAEBIOmEy AR ELTERTFRD
FRBRALHER BRE ERBIUVRTERG,
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BICRTERL StMTERICERIIALN
(Friedman-test, P<0.05) #°, EE T SLMizk 3
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Fig. 3. Weekly changes of water temperature (I), trans-
parency (II), dissolved inorganic nitrogen concentration
(IfD), dissolved inorganic phosphorus concentration (IV)
and DIN/DIP (V) in Sts. A-C. O, St. A; @, 5t B; x,5tC.
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Fig. 4. Average growih of blade length in Undarie
pinnatifida hanged on ropes at intervals of 100 cm, 50 cm,
25 cm and 10 cm at 1 m, 2 m; 3 m and 4 m depths in Sts.
A-Cin fish farms. [}, 100 cm; MR, 50 cm; &, 25 cm; M,

10 cm.

St ATHRAKIZ2 e 2R L, EEBIURTFERIZ
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Fig. 5. Lengths of blade (I}, stipe (I}, sporophyll (III}
in Undaria pinnatifide hanged on ropes at intervals of
100 cm at 1 m, 2 m, 3 m and 4 m depths in Sts. A-C in fish
farms and the growth rates of blade length (IV), stipe
tength (V) and sporophyll length (V). O, St. A; @, St. B;
x, 8t C,

500 e B0
o
Ywet=741-10-4-X ° .
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g .O . ] 4 40 "g‘
2 300 > e e * Z
= o =
5 % *® ° B
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Yary=7.33-1073-X
Pidry = 0.B6, 1 = 86, P < 0,001
0 £ : ) 0
4 6
Blade Area (X 10* cm®)

Fig. 6. Relationship between blade area and blade weight
of cultured Undaria pinnatifida. O, wet weight; @, dry
weight.
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Table 1. Composition of water, organic matter and ash in Undaria pinnatifida parts of blade, stipe and sporophyll cultured
at Sts. A-C in fish farms from January to May: I, growth phase; II, maturation phase; III, disappearance phase

Ph& 1 11 1

Part Content January February March April May Mean

%) (%) %) (%) (%) (%)

‘Water 90.5 90.3 %0.1 89.8 89.7 801

Blade Organic 6.3 6.6 6.8 7.2 7.1 6.8
Ash 32 3.1 31 3.0 3.2 31

Water 94.2 93.8 93.1 92.2 915 93.0

Stipe Organic 29 32 37 45 4.2 37
Ash 29 3.0 3.2 33 4.3 3.3

Water ND 93.8 93.1 92.2 915 92.7

Sporophyi Organic ND 43 49 6.1 5.6 5.2
Ash ND 19 2.0 1.7 2.9 2.1

ND: no data.

B L D057 cm/day T o 7288, HEDIZENRLFH0.2,
0.033 X 150.05 cm/day BLF VST L 7= (Fig. 5IV, V,
Vo

ERBOER X, om®) L&, $ER Ve gy,
EOMRE, Fig. KRB, FhFRERAE

Bz
Voer = 7411074+ X (6)
Yoy = 733 - 107% - X (7

EROBERE 1 0 120,831 & UF A2y 130,860 ¢
Boh, WThLIHFETH-7 (n=86, P<L0.001),
Lo, 70 ARRBEMEE YY) OEER (g
TR DEH o 113733 g dry/m* %1572,

ERYBLTRKTOEREILTable 12k L. ¥
KEEOKY, HEYWE LTRSS OEFEIL, 458
BIrLiEEEZHRoE D o/ (oneway ANOVA,
P>0.05), Lol, EFEBFEROADIE LU
WaEAaSEl, ERERM - WAL T, KashH$E
AR RS HEHE TERFRAEESBRBIZLS
HEENR LN (Hest, P<0.05). — K, TIEE,
EEBLIURTERORKGEEER, £+h001,
0308 LURMNTHY, BRELE BTEMLT
iz X AEEEDPR LR {ttest, P<0.05). IR
i, ERB L UETEROCERYEARE, Bk
HHEBENH LR (ttest, P<0.05), FhFh68, 3.7
BLUB%TH o7, IR, EWB LR TETD
RGEFHTIX, ThFN31, 33BXLU21%TH -1,
Thbh, ERBEERORTEEEOEEZIIAS
nidrorz (Hest, P>0.05) 45, BRE - EHEBT
ERLCHMICIA2HEENSR LN, (P<0.05),

Stipe Sporophyl

Calorie
(kcal/g doy>

Eﬁmm—

N content
(mg/g dry)

HH
Al

P content
{tg/g dry)

Fig. 7. Phenological changes of calorific value (1), nitro-
gen content {II) and phosphate content (IIT), in parts of
blade, stipe and sporophyll of Undaria pinnatifida at 1-
4 m depths in Sts. A-C. ], growth phase; [ maturation
phase; [, disappearance phase,

MFE=BEIBT2FEE T - HEE L UF
BN, PEEREIIFRg TR L. BIRE, WML
Ul EROFHAo) —BgiE, FhEN251+
0.13, 216%0.0535 & 14269+ 0.16 keal/g dry Td o 72
{Fig. 7D . #BRELBTFEROS D) —LHEOFEE
RGN d o7 (Ftest, P>0.05) #%, FEI L TR
Mz LB HEBEENR S R (P<005), EREE, %
HELURTEROESINEHEIL, 21190
1.1, 1242048 L 16111 mg N/g dty T b
(Fig. 71D, AL L 2 HEEPR LN (tHest, P<
0.05). —7, FRE, EHB LUTRTEROFEHTP
SEER, ThEN232019, 1420128 L 020
021 mg P/g dry T&H -7z (Fig. 7l % bbb, #
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Fig. 8. Monthly changes of calorific value (I), nitrogen content (I}, phosphate content (111}, uptake
rates of nitrogen (IV) and uptake rates of phosphate (V) by blade part of cultured Undaria pinnatifida
at 1 m, 2m, 3 m and 4 m depths in Sts. A-C. [_], January; {], February; £, March; Wl April; Il May.
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Fig. 9. Relationship between DIN concentration (5y) and
nitrogen uptake rate (Py) by blade part of cultured Undaria
pinnatifida at 1 m, 2m, 3 m and 4 m depths in fish farms.

KL FELOTPEFEOFEEEZRO LA D -
7z (Htest, P>0.05) H7, X#& TEMIIC L HHEED
Rehrsz (P<0.05),

BIREO DT ) — BB, KISt AG2ZmE
THRAMZ R L, 287 kcal/g dry % #17- (Fig. 81},
HEIRFON, PEEEE, RHABT21+16mg N/g
dry 5 & UF2.7+0.19 mg P/g dry 123# L 72 {Fig. 8II,
ID., HIETH AEREON, PRIGERE (P, Pp)
OFEFE, XD L HEEL Fig 81V, VIZR L7,

Fig. 9 £ X U Fig. 101 @ 114U 14 2408 K @ DIN,
DIPEE (Sy, Sp) &7 4 XAEREON, PRILHE
B (Py, Pp) bOBFEERLZLOTHL, BED
BRI EEIEREMR S, N, PEBBUERILRE
TRREILKE (K 20— ZREM IR 2 8D
v, 20T, BEETRETRQ)OKy pB L F
Pmy p 2 RSB R120L 7 NEQOBMIZE - T,
HEIC Sy B LU Sy, MBI Sy/PyB LU S/P % HYL
S, Fig 9B L U Fig. 10D BHTHELA LS 1T,
MR -KyB LUK COLEENEO RS, 20
BAROWE O SN Pmy pEICHYT 2, 20 L3
LT, SETRED Ky pB LU Pmy ph0kE 2 (H
5 1997) .

DINEEBLIUDIPEELN, PREMFELNDHE
BRI, Fig. 9B XU Fig 10IRLAEBH, 1m,
2m, 3mBLET4mBO Pmy it F R FR20, 3.1,
1.8 L UF1.3 mg N/m?/day, Pmp 4 F 1L 210.47, 0.54,
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Fig. 10. Relationship between DIP concentration (S5p)
and phosphorus uptake rate (Pp) by blade part of cultured
Undaria pinnatifide at 1 m, 2 m, 3 m and 4 m depths in fish
farms,
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Fig. 11. Uptake rates of nitrogen (Py) and phosphorus
{Pp) —irradiance curves in blade part of cultured Undaria
pinnatifide at 1 —4 m depths in fish farms.
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Fig. 12. Effect of mean water temperature on Pay/Pigy
and Pyp/Pygp in blade part of cultured Undaria pinnatifida
in fish farms. [ ], January 20 - February 13; O, February
14 —March 16; @, March 17 — April 14.

0413 £ T°0.30 mg P/m?/day » B S h7:0 1~4m
BIBTLDINBEBIUDIPEEDEHENER
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EBh, XS RDAN, PRILEEL LS LD
PRIS TN ENH B L BHRIE SN (n =36, P<0.05),
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670 umol/m*/s E BE I hi,

77 ARIRE DN, PRIGEEAR & 47 £EH
F20034E 1 A0 ~ 2 A13H, 2 B141~ 3 B161
BLUFIAIB~4AMHOKEIZ, #hFh124=
0.4, 134058 L U160+ 06T THh o7 KiB16T
KB LA AEREBON, PRIGERE (Pyy p)
3, D TR TRSZFNR 2125 mg N/m?/day B
L U'0.44 mg P/m%/day & B 5 70, BEHEQ,
W Fig RTRLA-KERXOME TEENS, L
2T, KEATIZBITEN, PRI L KiR L
DEFEILRN TR ERT,

Pyn =25+ 1090 (01 (8)
Pgp =044 - 1,081 7718 (9)
Tabbt, N, PRIUEFEORERE Qb I

Quip - FNFNL090E L P10 L Bsg 2 47,
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BUIAN, PIRIGERE (Py p) &, HFEIRREES),
RBDBLIUKRO) EOBRBLEG*HE L HEE
KTRDOHAT. ERBIZEBTAN, PEARINERE
(Pmy p) B EUHRRIES (Ky p) OFEMEIL, Table
2t i,

12, Table 2 DEEEL & UIIIRBELE M &2 R (5) 1T/
ALTHELEEE Py, Pra) SR B LU Fig. 8

Table 2. Calculated values of maximum N, P uptake
rates {Pmy p) and MichaelisMenten's constants (Ky, p)
of Undaria pinnatifide cultured at 1 m, 2m, 3mand 4 m
depths

Depth PmN Pmp KN Kp
(m) (mgN/m’/day) (mgP/m®/day) (ug/D (pg/D
1 2.0 0.47 15 59
2 3.1 0.54 17 7.1
3 18 0.41 19 6.3
4 13 0.30 17 58
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Fig. 13. Relationship between calculated and observed
values of nitrogen and phosphorus uptake rates by blade
part of cultured Undaria pinnatifida at 1 — 4 m depths in
fish farms.
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