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Nitrogen-phosphorous coupling model combined with

circulation in coral reef

Katsuhiko Kurosawa! and Yoshimi Suzuki!

Abstract Recently the experimental result which insist nutrient up-take depends on
flow rate by ATkiNsoN (1987) and ANDREw (1998) has been reported. The aim of this
study is re-determine of gross phosphorous and nitrogen up-take which determined by
Mizuokamr (1995 MS) and Kurosawa (1996 MS),

The statistical examination between calculation and observation for nitrate correla-
tion coefficient was 7*=0.88 and for nitrate was 7=0.76. But for phosphate and nitrite
correlation coefficient was very low, suggesting being another fluxes. Gross uptake
rate of nutrient in 1994 was 1.4 times higher than in 1993. Because flow rate in 1994 was
3.4 times higher than in 1993, although TIN concentration in 1994 was same as that 1993.

Assuming a zooxanthellae’s C/N ratio of 20, gross organic carbon production rate
calculating with this model was smaller than that calculated change of DO concentra-

tion in 1993, but it was same order of magnitude as DO in 1994.

Key words: coral reef, model, nutrient up-take, flow rate.
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FAE, HEROBEBLREsEE I TE TV, EiE
EDHEL T EIT & » TRERKDOESOIET, HBEo L
7, PR/ #HEROEER /NS v ZOELE W - FHIERE
MOREMESREET EZE VDN TV S (GRBB,
1990). HiFREBE(LEIEOFRK & 13, At DOEEILE)
kot a2y v, 7oy, FLTBbRE
RENERTHBZEINRTWVWS (IPCCL & — b,
1995). B _BBALIRFEIC & B EBILEBEDORE ~ SRR
BITbHahTE Y, 2ORTEHESN TV 3 OHMEHT
DODBERD Y 25 L&2HAWT, FERNICKIN BEESH
TLEBHIEWVWSIETH 3.

COHRYRAF LOHWTHEEZED TV S DHEE D
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+ v THEOERAEEYONARGEE 1R & R BEHEE,
ZTHICTERICIKIET 5 EFRL, IhohnNs 2 —5&
oTWaY v TEEFEMONEKE T VRN EHObD
L.

4V IS BT BREERERO € F AR EEL2D 7
V=iV TIIAKE (1995 MS), MUTER (1996 MS)
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(1996 MS) TREZRBBICOVTRITINTX /208,
WEESI DT Y Z—X 5 O, (Tamiva, 1951) %
HOTWB eI/ ORNDIE T 2 & RBHE R A
0Z/I13 05K EMHBDT, FNENDORELESY v I
DO KBEYNC & > TOLAKROHIBRFTcH B EFE
RLTWA,

H VIO REBEYICE - TY VEEZDESL S
DHIBAERTTHEDH, FhEHERBEEDT 5 v 7 R
BEDLSVWTHBEDH. T35 LEREARRT 2125
CEREBNRER» SBEOHBEEFVEITY, 75927 X
DR ESEHENNKD TRNITRYV. AL B
(VRBEBOXRBEFERT F VIR EERESEZRAL, &
D IEHES REBER OB B PHERIC O W THHET 5. (2
FRRFRE D O KD BRI R OHAEER O & g -
B4 2, 20D 2/HIHOVTTH 3,

g A

EFNVITHOWEBRAFT— 21319934 10 H 13 H» 5
14H, BLU19944E7 H 22 Ha S 23 Bic @R =1
EFEIOMEEBAED Station M3 EFEIF 4 2 BIIHE S
TiT-72bDTH 3 (X 1), Station M3 iZH/KSFRA
LT BY)—7DF v iR MBEICHD, V—7 Fow

h ' Z_A

Reef Flat *
1 REBEOAE & B,
Fig. 1 Location of Bora Bay and sampling station.

YIADEENE - EbMIERShTWEEEZ SN S
S TH 5.

-3 icE S NERIF — 2o WTRT.

B 6 C LicFisAE < bR L, WiHiZZEhic
EoTRESLEFHLTVD, TEECHED 0127 3,
F OISR ICRE SR EZ R B H DT, BN
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2 i8N/ / L 10
EANL S p. 3o
(m) 1 k hf\\.}}ﬁ - 5 (mmin.”
o JF VAN hmle L’\ 0
400 | 26
B . - ]
, 300 A 55
200 b o A ] 35 (%)
(uM) e J 35
100 - hm.vm%
0 1 - 1 1 34
= 4 06 _4
NH,' NO,
o 2 404 _o -
NO, PO,
(uM) O | -4 02 (uM)
D) x| : * ] 1 3 0
00:00 12:00 00:00 12:00 00:00

"R 2 1993410 A 13-14 Ho Station M3 ic B 28, #

W, 5y, AR, KREEEEORBZ( L.

Fig. 2 Change of tide, flow rate, salinity, DO (disolved
oxigen) and nutrient concentration at Station M3
during October 13-14 1993.
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NH," 2 | ’i\»}\ - 04 NO,
—— &+ _mm ';'::.:I —
NO, o | - 02 PO;
| TN (ko
2 1 ! ! 0
00:00 12:00 00:00 12:00 00:00
3 19944 7 H 22-23 H® Station M3 icBiF 28IA, Fidk,

oy, AR, KEEEE OBREZ( L.
Fig. 3 Change of tide, flow rate, salinity, DO (disolved

~

oxigen) and nutrient concentration at Station M3

during July 22-23 1994.
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NFRAT B EKOFRIIFEREICE > TRELEFH LTV
5350 EEHN S,

TR IR & & BRRERAICEBED LR L
TWa, ChizZDRIORRIcEKOFENMIEE D,
) — 7 FTHEBRESKBRICEITIAA AL —KIT
Station M3 ICHA L TX 2 Th b, L ERM
H v TicEd ABREA I L AIEAREIT- TV A
EBIDPMBZ B,

R EA LT LW, IO Tk ME
BOFhFOEL DRcHEMICHD LTV, i
Station M 3 Tz 2LAL I (K1) RRpEAK &V - #2
WK DREEDS, FEI/NE 185 LB EL 53
DTHobhdidThsEEZ o5, KH (1993
MS) kD EHEOH N/KDIEERER 25 170 uM 1o &
R EDBGHh-TEYD, HAKICK > THRBEBESAE
SEET A ENTFRHINS.
KEEER) V8 HER T vrEe=72T
Bt ERLTVWA, HHBELYY YBBEICOBEOSE
DRicoxyg —vhBH NIV, e 7 vy E=7ICH
L CTREEFICTHBRIBE 25 EAsn, SHROBHiTT
T=TEENESBZEVWHI NI —UAERSNE, IS
DF— & SRIEWNTIES A DS 2HAD Y — 213
EEThBEELELI.

EFI

EFILOBE

K4 i3eFLhoERBONAR TS5 (FER, 1996
MS % —HiE). EREBAES 200m, §E800m 0EH
ko) —7 &, BEHFER800m OXPRD S 7 — vic KBl
45, LELY =75 7—vEibd 1m0t cd
5 EERELL.

57—} —7DDVBHEEETT BHMEIC 50
BOEEFEDED AR » 7 2124, HENCHEKBHEA LE
YIOHEBBENENET B Ry 725Ky 2 X0, RD
Ay 7 A% Station M3 IcHELLEY 7 21 & L1
AR IE Ry 7 ANOYEN/ILFHBRBEI—fTh 5
ERETBFE Y 7 2EF VAL .

HATBEENE 1min & U, BAATHERSY - 0 1B IC RS
2B Z 575y 0 AEEHESEE RO CHEES LE
EARDI, 57— VTlERy 7 ANOEBEOBES
ROT, ®y 7 2OBBETEHZ &Ik > TEELZRD
o, V=7 om0 TL 2KORBEEEIAESRE
FNE) —7 EOHREER (.t transit time O/R) T
ST 3 &ick->TRDT.

900m 1m

4 REBOEFVOBESK (BIR, 1995MS).
Fig. 4 Concept of Bora Bay model (Kurosawa, 1995 MS).

box n W

Vo t) —d dd,epth
t
A C
|
[
[Vt 7 Vox )
B Yy A’
/
L

B 5 +vy 7 20fEEER{LEE 5BKOKRE

Fig. 5 Sea water volume changing box volume.

Lt

Tredt)= | (Ecological Model) dt

]
B, V-7 LoKOHEERERRY —70oES%
Water mass balance € FIVDETRKD -1 — 7 LD
HTE L itk - Tkt

Water mass balance T 7/l
K5y 2720, v 27 X1ITBIF S water mass

balance € F N OEEXTH 5. Ky 7 2 1 OFEREHEE
L&+ B#E/KIE Station M3fHED GHALTS 7' — v
ZREU) 5K (A), AFoMIE itk Ty —7 E%
W TRy 7 2ICENE(LE b oT K (B), Fu7
ACENELE S o Lk (O, v 7 2555
T 5K (A) D421 KAl Th S DKD KR
ik - TEALT B, BAIRFREIY 7 © OKBIE OYER 7
5w 7 AR FTOBEARICK > TE LK.

ax

dt
XEFy 7 ANORBEDOREE, xdV—RAE7E 51
KDRBEEDEE2%KT. volume ZRIBL 72 A~A'D
HIKOBHEER L TV 3,

¥ BHEKDBHE, A~ARBLIFOFHEREICL > TK

»i. (X5)

A =Upox n(t)*Lboxn*D(t)

B=0wer1(t) k Wk D(@)+C

C= 'd‘ggtp—th” K (Lpox n Loz nt1) K Wiy 5 %

A’=A+B~C

=xkvolume
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Hro
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1993 4F 10 A (b)) & 1994 F 7 BEaes (F) o
Station M3 2 &) 25 OELNIE & HE € 7 VO
Fig. 6 Compring observed salinity with caluculated one
during October sampling 1993 (upper), July
sampling 1994 (downner).

X 6

XD 5 2 -7 OKGIERMBEEILX LITRLI, BWBBD
Vrees n(t) ELL R DRIT & » THKRD 12,

* ox n
Ureefn(t):vbﬂxl * {2—1 * Ln;u)ZbT} +C0

niEKRy 7 Z20FS, CidEy 7 20IcEBIFBC (Ky
7 R BMELE 70 LES0EKOERE) 2EK7.
i fs: Lboxn (iHT(DiUCJ: 2 Tsk&b 7:.

Lioox n=+450— (nk W)’

Water mass balance & FLERREET 57201, &Y
DEBHIZEALZIROVN L —H—Th HESOFEE
EFNE[T- 1. BN EESEIWKOFET 5 » 7
RFEREREF VOB D L. K6 IicZ OfERZR
9.

EoAoEAEEFR: S AVEE OHEBIRE O &
1993 4 10 HERIO & A3 0.61, 1994 4E 7 HERID b D
M059 LM -7. FREFNVEBESAZELS Y75y
7 ZIIERKDEEBDAEHAIAATEY, KOERICK
ZIESO PR EREE L TRV nIicHERKIRS
WA, BHORAD LR UDSEBPREDER—L
TW3, X->TYER7 5 v 7 23RO b DE2HEH
LTWBEEEZ 3,

HREZRETI

HEBREFTLVOBASNKAX TR L., 87— VDK
SiE POS Y VB, NO; ZTHEE, NO,” (dHhiER,
NH, g7 v&=7, Coral i3# v ITAEL T35, S
D75y 7 RAIBKOEECE ZHEEEOMRE 75 7
ZAEFRLTWSE (57— yHDA). HERE F IV EVER
T3iIEHlc->Tid, UTOEAESICE SV, (1) KE

Coral

R 7 H4fERe s rof&X.
Fig. 7 Concept of ecological model.

WOBAR 7 5w 7 2 (RBK7 7 v 7 X) BEE, K
EIE R, FollcikEd 5 (ATKINSON, 1987; ATKINSON
& BILGER, 1992; ANDREW, 1998 fthZ¥0). (2) V) VBB DEGA
BTl RRTVEZTOERAAT I v 7 R&EHNXT
Fosiz w9 2 KIEAH 1.5~2 2K %4 (ATKINOSN et al.,
1994). @)y vToR#IcLtBET7rE=TOHH7 I
7 ZBEGAA T 5w 2 REHNRTI0% 1TV
(MULLER-PARKER et al., 1994; SzMANT et al., 1990). (4) ¥
e, HIHBE V- BILEEROHAL 7 5 v 7 R 3,
TrEZTEENAGVELDETLETHEELETVESTOD
HHEICBRVAEFNZOT, BRI TLZ S
(WRoOBLEWSKI, 1977; Kawamiva et al., 1995 fthZ2%0.
DO~@ BLU @D INAKIC X DKBEDOHAS 7
5y 2%FLE @ @3V v ITORBEENC L BHK
gHEOHH 75 v s 2 2%HoblLi. ® ® 7 FY
7 OERIC & AEEEEEROB(LT 5 v 7 2R KL K.
D~ FHFTJNKPEIFEK & WV 5 7K OB & 5%
BHEOWMBE 7S v 2 25K LKk, 87597 ARUTO
Ak -THELLE.
@, @ : photosynthesis =coverora * (Loox n+Loxni1)

5 Wioen ¥ - 3 I(6) % Uox t) ¥ Xoox nlt) ¥ @ K €XD

2
(b Vpox n(E))
: photosynthesisyo,=photosynthesis

* eXp(¢ *NH4box n+(t))

: excretion =cover o X (Lox n + Lbox n+1)
1

* Wbox n * m

: nitriﬁcation == Xbox n(t) * (Lbox n +Lbox n+])
1

*Woon* 5 D)%k
©@, 0 : flesh water input=_(Lpox nt+ Lpox n+1)
X Wbox n X % *D(t) * k * (depthlimit - @J}ﬁ[ )2

* 8 * X, flesh water + Vriver X Xsediment water
FRBEEFARPD NS 2 — s DEPELEELIEC, €
F OV OFHHE PR HIKEREE 132 2 1T/R L 7e.

D, @I ER (1996 MS) DHEEKD € F LRI
AtkinsoN (1987) DOHERFEWUAEAAAILSDTH
3. v TOREIT 1993 4£E RITE®REEICEBIT 35
BHiEDF— 7 2H W, EIERALE (1995MS) ok
S, 6 5 18 B DI REDS 1 & 75 2 WHIERIR D
EFARICEL-THSD LI, KEBEETETVIC
Ko THBEINLETH S, a lXREEHER 1M, XE
1 (BK) OEORBIEOIFUAABRERL TV, b 3R
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1 =FHDNT % — 5 DERILHEE Z O,
Table 1 Parameter notation and value in model.

Water Mass Balance Model

D(t) tD KD EHAL
w box DE
v, () station M3IZ BT B iE

box 1

FERMER

RE1uM, XE1OKOEEIVALEE 0.01

BUA B DR A HR 5K
BEALHR S R EUA & O IR R 3K

T ERIT OB EERE

a

b

¥

e MRRIT &k B AR S L
k

kﬂ

EHIE (m)
45  (m)
ELHME (m min.™)

(mmo! m™ min.™)

0.07 (min.™)
-1.5 (m® mmol™)
0.001 (mmolm”®min.™

0.0003 (m’ mmol ")

) HAEEE OB b EE (R % 0.0001 (m®mmol™)
Y UHER
a BE1uM, XEB1OKOYU CEBUAAEE 0.02 (mmol m?min.”)
b BUA B D i EAR A R 3 0.15 (min.™)
e MERIZ K B HEHREE Y PR R 0.0005 (mmol m™® min.™)
%82
Imax HBRAER 1800 (tEm?®
Ik KE DK FIEL 350
day B o H o EriE 6:00
night HOAD OEsRE 18:00
wWKkOYE
depth, . MBRKFE LT U D280 1.5 (m)
g eI K DA TEE 0.02 (MmM’min.™
Rflow  {FJIKRDHAEE 0.2 (m® min.™)

BRI EH 5 L, O~Q DIEESEREE O
AL TRFEES 1051022 EHGALBIE 2 2, @ o
BARKBEORUAA TII SIS B LI ICREL .

®, @RORic7 ve=7EE I L THEEBERY
IR LEEEROFALEESHIRs N s =752 MA
726D TH 3 (WROBLEWSKI, 1977).

@, @IV vITORHHHEERI—ETH B EKEL, B
FEICREEE T o — R CREBEHH 75 v 7 2% 55
HlL7.

®, ® 7 7Y T7TOWLIEBI I —ETH 3 LIRE
L, V—RENLBREEORBIREAEH T -—kX%E
HAuwtThobli

O~ FRTFSREBEK, BEVHIIKOREBE S 5b
LTW3B, depthym \EPEKBEELIZUD B0, k
BEIBEKOREEREEH obhT, MJIIKOEE I —FED
HERTEBRICHEIVAATWA EREL, REBICEESH
F5—RATHhoblLi.

B/ R

EFNICLBZBFRERD 7S 74K 8, K9 wwxRrLT.
IO MBI HSERUE, FRHBEFAEEELTVWS, 1993 4F
10 HEHoBHME & B = 7 VEOHBRE () 17
YE=TH 088, HHEHEEAS 045, THREAS 0.76, U vEEHS
001 &7 -7z, F/ 199457 ABRIOBRAE - B <
FNEOEEREIL T v € =75 022, dERNEEHS 0.01,
HER LS 0.54, V) VEEDSHIEMEAHE VD T ND (not deter-
mine) R -t REFEELTT vE=T LHBOHEM
MR, HHEE Y YBBOHEBEREIEVEREL -

T ryEST EHBROBEMSREVLOII, Station M3
TREKOEEN NS DRBEOER ICHFELT
WEHIHTHBHEFAS. KEEEEIZAEHE L8
BELIRD IR UD B 6 HEL SEDAIGD, FEEHs/NE
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R 2 KREERY OYHIE & BOKh ORBIRLE.

Table 2 Initial nutrient concentration and nutrient con-
centration of fresh water.

¥
ammonia 1 (mmol m*)
nitrite 0.1 (mmol m™)
nitrate 0.4 (mmol m”)
phosphorous 0.1 (mmol m*)
ST-
ammonia 0.5 (mmol m”™)
nitrite 0.1 (mmol m”)
nitrate 1.8 (mmol m*)
phosphorous 0.12 (mmol m*)
K
ammonia 200 (mmol m™)
nitrite 3 {mmol m®)
nitrate 100 (mmol m”)
phosphorous 05 (mmol m™)
) B 7K
ammonia 200 (mmol m*)
nitrite 5 (mmol m*)
nitrate 1 (mmol m™)
phosphorous 1 (mmol m?)

{185 EMIKDFEEMS K E 1 - THRRHSBE S £
LEWHEFNY — AR

HhEERE ) YEROD € FIAENHEANE & &S B s R
DiF, THOOKREFEICIAPFETEEL TWBLAD
BHO7S v 7 AR 7~ B KELEBLTVWLLHT
HBEEZONE, APFETHW TR LRIIERERE
FADETHRRIEEH W ThebI3BERTIINID
DTHBHDT, TTICEFNVRICHIATH TS 7
S5y 7 ZADKESPHENKIBIE-TVWEEREZIC
S, BEOHFEFIL D EFdiclAAETNTEST
o DORBROBEISEEICEA57 5 v 7 XITRK
DEHIBHOMEZSNS. (VN7 F ) 7OMEHICLS
BE(LEEZERDOEIC. Y YBD vV b PR~ E
(FEJIZE=HB, 1996). Q)Y vEBRA VY oL ELTOH VY
IOEIEER (LE, 199D,

x5 K

EEODTETIEATEICL - TRD SN REOHBEE
H &, Station M3 ICB I 2B HFBREEOE(/LEN S
ko icHEEE GHAER) 2Lk BEBRREE
DEALED CHAEFERARD 5F8:13, FE (1994MS)
% SorokIN (1993) ZETHWLNTW 3,

CO;+H,O0 < CH,0+0,

&
NO,

BfE

NO,
FHELH
(M)

(= R = ]
T

NH,"
BHIE

niL o .
e | /

(M L I I #=0.88

® 08
NO,
Bl

<4

6
04

NO,
EEE PRI

M o r=045 ,

0.4
[ J

poj’ 03
BRI 0z

- L [ J ——
po; Ol 2y ooy
R |

] 1
M go:00  12:00

.

r=0.01
00: 00

00: 00 12: 00

B 8 1993 4F 10 A&l Station M 3 iI2 B 13 2 KB OEIHI
B &R M,

Fig. 8 Comparing observed nutrient concentration with
calculated one during October sampling 1993.

EitofbERIERIcE D 2 IAEREOLE L AR 04
FEOENVEN 11 THEEREL, KI0icdsLHic
FEHRARBEE ORI L T X 2 BRI 72 » ot
HEEERIE, WD Lo & A BATERT Y 72 b ORI
BEEZD, MAEEEEPTRERIT—ETH S LIKE
L, MRS 12 BRIZ2ENT 7o £ 0 0 O#iAEE
B, FEOREERE I 24 B %80 folids 2 o H o MRk A,
MAERI 120 0FREEMA /ol HAEERT
»H5.

X2, 30BEEHRREEOEEMGFHETSE, 10H
R O EER L 549 mmol C m~2 day ™!, JHFERE
12 371 mmol Cm%day !, fHAEERI!Z 735mmol C m~2
day ' &85, X7 ABAIFTRIMAER T 362 mmol
Cm2day~!, $HFFIEEIZ 377mmol C m 2day !, 4
pERIZ 551 mmol Cm 2day '&WVWHEERICE 5, —
BICI0AE D LD REBOE VT HOENEYEER
BEVWEELLRTVAY, IBEFHREEEOZE(LL 5K
OICHAEEROEEREOMEERLL. EHEMAIE
Bicks8Alick s s, PRIV I1994FETH 22 HD A5
19934E 10 B 14 HLX W RKHHENEL K ->TWw 5 (it
TREFEEL DY), L L SteeLe (1962) T3t X5
KEBRD A » THILREEYONSEHRIEE 2 HEST 5 C
EERERHLTOVA, X0 19944 7 HERAITIZEED
WY X DICHARPIHIE N TV B afetE»nd 5.
AFEICHOWAZETVICIRIDLE I A H = X L3
ATV, Zhico>\WTIdy v ITHEERERICE - T
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[ )

No, 8

HHE 4

No, 4

HEE 5

M

(M) o P=0.54

[ ]

NHo 3

I

2

N

aHEE

(uM) £=0.22
® o0s
NO,
g 00

_ 04
NO,
amw 02
(uM) 0 r=0.01
0.4

™
poj' 0.3
),
POF Ol b
CE TR ) ! ! oD
(M 00:00 12:00 00:00 12:00 00:00

B 9 19934 10 AEIMIE D Station M3 12 B 3 KBEOEIHI
fli & HEM O B,
Fig. 9 Comparing observed nutrient concentration with
calculated one during July sampling 1994.

101 VATEEE FETE DR R
(HTHs b T 2T
g At wmE ommg ‘/
(A M FE )

1 1 |

0 6 12 18 24
time

R (REREBECRME) X (1 2 F5E)
WL R = (AEREBEOROR) X (2 4FH)
W14 e B = /L P B+ IR R 2

K 10 AEBRREEOBMA, > ofEER, MRE, A
FERORDHOAB (SorokIN 1993).
Fig. 10 Concept of calculating net production, respiration
and gross production from change of DO concen-
tration (SOROKIN 1993).

DEBENXEOPRSED & L2 HiEFd 5.
BEBREE O SRD 1 I o DFER & AR
DODHBEEFVLOKRD SN ABEEROMAERLL

BL75 7P THD EFLELDERD OGN
TIN O¥EUAS 7 5 v 7 A KIS L THEBAER
OHAERARY, X512 OfHic MULLER-PARKER et
al. (1994) 1Tk > TR ShiBREBEOHEED C/N
(GEFSE AR T 2 IRB EERDEVH) 20 2T THE
BRFZOHEEEE kY. EF VX DKRD 7 1993 4
10 H 14 BoGHEEROHAESE L 276 mmol N m™?
day ' THBEDT, ThXDEBREIKZOHAEERIT
552mmol C m2day ' &5, F/ 199447 H22H
DOFEEEFROMAERERZ 388mmol N m~2 day ),

K o THEBERKZOHAERIZ 776 mmol N m 2 day !
Lama N, 1993410 HOfEL D & 19944 7 HDfE
DFPRKEVERL LS -DIRE 3 ICH B L 5 IcfimEss
SEHMEIC L TR 3AERZ VDT T O & D SFFME &

(mmol C m*day™)

1000

800

600

400 +

200

0 | ] 1
93.10DO 93.10N 94.7DO 94.7N
K 11 BEBRIZRBEEOR(EI ORDIABKROHEER S
REHBERT F AP ORDIERRTZEOMAEER.

Fig. 11 Gross production calculating from change of DO

concentration and that calculating from nutrient
circulation model.

£ 3 1993410 B Ay LI ETHE MK B T 3

Station M3 O#i# & TIN EE O HE.
Table 3 Comparing flow rate and TIN concentration
during October sampling 1993, July sampling

1994.
93FE10H HE |934E10HTIN | 9447 H ik 944E7 HTIN
(m min.™) (e M) (m min.™) (uM)
e (30) |1.568 (3.73) |1.74(2.09) |5.38(6.71) |2.15(5.38)

Ll 1.61 1.45 5.48 1.563
BRI 5.28 4.45 10.86 3.64
B/IMiE 0.00 0.76 0.66 0.82
HEE X X X X
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BotcbEZL NS,

19934 10 H OBRR B OMAEEES—H LTV EL
ST &R, TOEHSOFBIKR IBHRBEOMEE T
MW EA2BHLTWA., Atkinosn & SmitH (1983) T
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