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Fig. 1. Location map of sampling stations in

Hichirippu-numa.
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Fig. 2. Temporal variations of rainfall amount (mm) and atmosphere temperature (°C) at Sakakimachi,
amount of solar radiation (MdJ/m* at Nemuro, from April 2003 to March 2004. Arrows indicate the date

of observation.
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Table. 1. Averaged current direction and speed (cm/sec) at Stn. 0,10,6 between April 20 and 26, 2005.
Flood Ebb
Direction Speed (cm/s)  Direction Speed (cm/s)
Entrance Stn.0 NW 311° 193 = 12.3 SE 145° 18.6 = 13.9
Inner Stn.10 NNW 337° 55+ 35 S177° 6.3 = 3.7
Innermost  Stn.6 NW 315° 23+ 19 ESE 130° 3.6 26
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Fig. 3. Horizontal distributions of surface water temperature (°C) from April 2003 to March 2004. Shaded
regions denote ice covered area. H and L indicates the high and low concentration, respectively.
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Fig. 4. Horizontal distributions of surface water salinity from April 2003 to March 2004. Shaded regions
denote ice covered area. H and L indicates the high and low concentration, respectively.
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Fig. 5. Horizontal distributions of surface water NO;+NO, —N (uM) from April 2003 to March 2004.
Shaded regions denote ice covered area. H and L indicates the high and low concentration, respectively.



KEARTRIC B 2 REHR O ZER 014 & ki

2003/4/21 2003/5/22 2003/6/19 2003/7/17

2003/8/21 2003/10/23

2003/12/25 2004/1/20 2004/2/21 2004/3/17

Fig. 6. Horizontal distributions of surface water NH,—N (uzM) from April 2003 to March 2004. Shaded
regions denote ice covered area. H and L indicates the high and low concentration, respectively.
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Fig. 7. Horizontal distributions of surface water PO,—P (xM) from April 2003 to March 2004. Shaded
regions denote ice covered area. H and L indicates the high and low concentration, respectively.
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Fig. 8. Horizontal distributions of surface water Si(OH),—Si (¢« M) from April 2003 to March 2004.
Shaded regions denote ice covered area. H and L indicates the high and low concentration, respectively.
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Fig. 9. Horizontal distributions of surface water chlorophyll a (xzg/1) from April 2003 to March 2004.
Shaded regions denote ice covered area. H and L indicates the high and low concentration, respectively.
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Fig. 10. Tidal level (cm) at Stn.TL and variations of
nutrients concentrations (« M) of surface waters
observed every three hours at Stn.(0,10,6 during
36—h period in August 21—23, 2003. Vertical lines
indicate the highest tide or lowest tide.
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Table. 2.

(LT - fgdE - P9

Averaged nutrient concentrations (M) and fluxes of nutrients (kmol/half tidal day) at

Stn. 0 during 36 —h period in 21—23 August, 2003. Values for water fluxes are computed from aver-
aged current speed at Stn. 0 between April 20 and 26, 2005.

Water volume ~ NO3+NO2-N NH4-N PO4-P Si(OH)4-Si
(X 10 m¥half tidal day) (M) (kmol/half tidal day) (M) (kmol/half tidal day) (uM) (kmol/half tidal day) (M) (kmol/half tidal day)
Influx 1001 4.34 4.34 3.36 3.37 1.18 1.18 24.17 24.18
Outflux 980 3.19 3.12 3.43 3.36 1.19 1.16 32.88 32.21
Budget 21 1.22 0.01 0.02 -8.03
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15:00, 23 H0:00 %2kx<, 10 [FOEHIICT Stn. 0
A I THRETHR L v (Fig. 10).

PO,—P BB X 0 Si(OH),— Si R 13 B 75 BRfH
fbz/R& 9, NO;+NO, —N, NH,—N EEFIicE W\ ThE
BEInhfc ko nERMKEEEMHcsnro 1
(Fig. 10), #01TdH % Stn.0 2B %1 PO, —P BE
B T, FUERIC L 2 EVERES > 0Tkt
L, ¥ Si(OH),—Si BRI IR 24.2, T
IR 32.9 4 M & BB <, FU#EiicEsWiEE
/~ L7 (Table. 2),

4. EBE

41 KEHBROKERIE
411 KEABKDFREA

KA GEKEES NS RERAMINZE b fcisnw &
Mo, PFARKMHERBDRVESNTOA S (FE R,
2006), TDOZHFHICBHIL T, K E R L o E RS
ALY 3—UitbhTuimw, & 2 TAREITRA#K
DEEEHE LT, MKOFEN/NSE W EE2EEIIT
eI 2, REkmo AR, MOHRARRY 72D ©
POKBEFA B, IR % Table. 3 12 & W7z, HIAIHE
[l 72 © OEIKHEG R 1 H R KE I KT D 5K
iERE (20.64 km?) ZHFT— o HH 72 0 OBIKEEE
| LTRDI, TOBRKEHEE (m’/month) % HE
GLICHE L 7ctg, KR O AR GRIRE 3.58 km’ X
K 70 em,  FE - HIEEBE, 2006) TE| > CT—HIZH
WITHRAT 2 BKENAERHICED 2EEGEHR L
(Table. 3)o F 7o, MFEEHMLIAAR 2 EAFRY 72 0
OKEE ETE  F S vz (Table. 3), Table. 3
Tk BE, —HY7 0 OPKBEAR 1 22~200 X 10°m?/
day OEPHTEE L THH, —HTKEARICHBIN
5K E T KRR D 0.9~8.0% Th » 7o, F /e,
IR 0.4~3.7 » HOHPHTEF L T, 18,
RO BIKBERR IS B HEEM 1, BRKE & Sk
LEIEHHENTVWARZ ENS, 2 ) =201 5DHRA
HIN S DR E W - I ORI THHNICH S N 5
ETCOYRKOELGAEEB LIIRELD THDEVZ B,

AR U 72T I & 0, KB IE A O KEERE O 25508
HIBH L 72 £ 2T, RITKEARTEN DSV EK DA D
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Table. 3. Freshwater input rate and residence time at Hichirippu-numa.

Total Freshwater input PResidence
rainfall time
(mm) (X 10*m*month) (X 10> m?/day) (%) (month)
2003 Apr 75 1548 52 2.1 1.6
May 33 681 22 0.9 3.7
Jun 290 5986 200 8.0 0.4
Jul 161 3323 107 4.3 0.8
Aug 125 2580 83 33 1.0
Sep 166 3426 114 4.6 0.7
Oct 59 1218 39 1.6 2.1
Nov 100 2064 69 2.7 1.2
Dec 39 805 26 1.0 3.1
2004 Jan 65 1342 43 1.7 1.9
Feb 60 1238 43 1.7 2.0
Mar 34 702 23 0.9 3.6

aThe percentage of total volume of the lagoon accounted for the daily volume of freshwater input.
bCalculated by dividing the total volume of the lagoon by the monthly volume of freshwater input.

FHEITOWVWT 3 DDOTEIT TR ZIT-> 70 £, T
DEIRLZED & KEATIRN DIVEK DI AR ZGHHR T %
EIRD &SI -t KEUHTE D R 3.58 km* & 2003
4 H 18 H~5 H 1 HITAT » 72 BRI th D S 7K R
80em ZHWT, PP EREHEHT 5 & 2864 X10°m’
Th 5 EFHRTE B, [EBHAIAR D KA O il
RTHEIROSFEEERZENEN, 127, 32cm Th - 12
TEMD, B 358 km A 5 & KM OEA
TS, 4546 10°m”®, e TiHE, 1146 < 10°'m*&
HETE, FUEIFIC 1683 X 10°m* HsiRA L N R
1718 X 10'm* FH L TV B T EDbind, Lich-T,
RKEHARNC I, FOEIRICEAR O 59% B4 i & i
AL, NFEIFICIE 60% 2358~ L Twv b EHEE
T %, /N Ic > TEB I 5 &, B
RIS TEAFED 34% (967 X 10°'m*) 234 SR A L
TR T 1Z 38% (1074 X 10°m?®) A4~ FRE LTV
3 EEETE, R & T/ NEIIRT I 3R A R
PEFT B EDnbrb, TNODOFEAERIZLH2ME
e C Bl O iR (Rt MG, i O AR PR
(XTI ZHOWTB B >TWS I, —i#liy Y
(—[El o & T o) cEmIicib A S 24Kk o
KADOHETHD, 1H2M5 XL I NS TADF
BT RSO,

iz, K EoFEA A Stn. 0 1 THIE S 470 iiHE
& Stn.0 OWrEIRE D S A KO A DZFH-% HiES -
foo HEiD S KEICH I THIfRITH 5 2005 44 H 20 H
~26 HICER S N7 Stn. 0 iT BT 5 B « Nl
D ENZENOFHH 19.3, 18.9 em/s & Stn. 0 Wi
F 240 m®, EOE], NOEIREEE 6 R & L TR
% & (Table. 1), _EF#IE /KA S 1001 X 10°'m*
A, FFEIERC /A E 980 X 10°m it L T W5 & &
bbb (Table. 2), T8 L, KEIHIBDERD 34~
35% 13 & DIFEEAZIT-TVWEEVWZ B, TORM
3~ KEIEIC 1 B 25| &k s h 2 iHAD
55, 1B EBICE > THRIIAT 540Gk D
LicfEch b, LLoMMZEDSHEIS N3y i
T AT 200K D HEKRm AR N 34~
38%, K#IM 59~60%) &I3RLZMHEOMTH 5 7
Y, INSEMERE T2 EIF@EY TRV,

S5, WK REOERK (D Ga, 1984) %=H
WT, KO A DTS ZHEE L 72, 2005 44 H
20 H~26 HIZ Stn. 10 IS TRE L 7ty 7 — 4, RUE
FEMER,

re = Sr— Sk / So—Sg (1)
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A-line o bPEL D DES AL ICTHAS NI T —
% (FRA, 2009 A-line Database) &% &, il
e DS 4y Sp=29.3, T i O SEgHE 4y Sy=28.5,
NI DB KL 15 WK DSy (A 1127T 2005 45
Hicfgohtc7—4) S,=33.8, Stn.10 1ZH1F 2 HlE L
MR OS5 Sy =289 TH - 72o TN 5 DEMEZ K
(D AT 3 &, KRS (ro) =015 LkDSH
foo DL, —EIY A ORIC Stn.10 D/KD 15% 5
A7 LT B EHEE S Nfc, T T TRD FoigikA
FRASFIOLA S D S fighT U 7o — iy i 3 % i
AR L O /NS h - 723, fFE (1984) oKX EH»
5 E—EANBITHT, BORNICE > TL 2iiKkDEE
WX ENL D Th b EHfETE 5,
FITROIGTERER A2 E D5 &, RAKMBEIEI—H
12 22~200X 10°m* T&H 2 DIzt L (Table. 3), &Y
& B AhiEIK D H K A B /N 967~1074 X 10°
m®, K#EI 1683~1718 X 10°m’® & MK LFA & D 5~T8 %
REL, hE~KEpics 2 H o AR (980
~1001 X 10°'m*) (3K KHEFE D 5~45 fEREp - 7o C
Lo, K, i, NI hb 5, ko ES
FiEAkozFE A+ k0l s C EhERS Nz, F e,
TBIATED 0.9~8.0% DKk —HITIHRALTL 5—4T,
— Y EE FPEH) iccamkicR s s ko EIS
(7K sHe) »Ehge (Stn.10) 12T 5% ThH 5 T &
LHLTH, KGO FE 3N KRADZTSZ T
[1% C EBnh b, U LOBIEERD» S, KEAHEEK
H/INEIC B S ISR IS £ 0 by Ic & B 44K
DRHBADSL e L 12 TH 5 EMMERTE, Kk
B OYIE % 2R 2 B & 5 2 EERFENE S
Nz,

4.1.2 RBA#, BHRE, BRHFICETIREOEN

AITET I T KB TR O Y- ik 1< 3B 1 5 2K A
() OEBEWSHR SN &M D, TTTRMY
& 2K DT A DZF A7 GAO, thik, B
ICED X HITHERY > TW A ARG 2, KEHHEAD
FEFIE O SIERICED > TEBIE R LTWA T &
6 (Table. 1, WO EEHTIBRIC[AD > THHE -
TLWEEEZOND, 61T, BRITAET % Stn. 6

(LT - fgdE - P9

ICB T 2 HE B R RMAEITH % Stn.10 OFHFEE T
b5 ENS (Table. D, A0, #hduckl~N, JHHR
Y O M2 4 2 KORII/NE <, KON
LPdTn EMHERISN G, T/, KEKEEBKDE
DNEDHER SN P> En S, FHEKETOem &
IR, S SITKEEEM DI CRIc X 21RA
DIRE W KEARTE S ERE R S IR G 035 L 7o s AR
KTk s vz, KELEBEOKIBZIEIEICRSS
nNTwa &t s N,

Xz, COERIC & 2B OMEGHMEN, HRICE T
KR« O OB ZERICKB L TW 3 0 &R L
too KIBDOEE) Y5 — v i, K« BEFICEIBRLH,EE
T, B ZAFICRBHRENVRETH - 72 (Fig. 3).
OEENZFETIHLOKEN 1~1.5m TH DIt L, i
BRI DIKEZ 0.5~1m (Fig. 1) &HITEWT &IiThni
T, Pl U 7iB O & iR B O iR & 2 IR A& D 5RES D
EORERTHLEEZONDE, THbL, BREICH
LT, MBEOEE—EY R OIS 2 KOR)E
Wic®, ZOKIERETICHHEDOIKIEDEEEZZ T PT 0
7S, BRI L D IRREIC R L ioKIFH RO Z
W&« EFITE, KEBEVWWZ, KERICXDBEE
TTACmd SN B cdEmIcEh, —JT, £FITiF
ETNERIAKEDOEEE S P, fHKicwisic
ORI st iR Tcx 5 (Fig. 2,3), 7/, 6 A®
8 HouKid7 — & LMk L, ®lAT 5 Hiilo2 XK H &
A 10.9 MJI/m?E /NS I 5 72 T H O KR A BEE 1T
TLTWZ Eh S, HFEOKBMBEDOKEREZHICEH
FHESZECBEES L Twd EEZ Nz (Fig. 2, ),

B RN - T EA 2 KD B A2 7
W ERL, Bhkcrye v b 2ERL, BRICCTT
KELEFLTOWE (Fig. Do 2O T &G AMEKDE
BHOTHBRIC [ > TRMICEE - TR Y, RO, HEphk
IHER LT, BRICB O TIRHA S ok h s L
TV EEMLIERTHDLEVE B, £, EHOD
K22 LN O B A BRE IR L T D, BllHO
—ARILINIT 25 mm LI EOBIKD S - HBRIA D S B,
6 HEBWA T, 9, 11 AlcBLWTHRIC L 28
Z o5 26 LLFOBFEBEESKPED o i, (K1
K4, 2, 3HOBMFRCBWTbA LN, h
[ FERRICBALR LS WA 27RO IK D RfR I KT 2 %
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K@ ShicicwTh b EEZ 5N (Fig. 2, 4o
mA<, bR U7iitn SiEmEs, g, EREo
BRIEBGARECELY, TnETn2RETLZTEHELT
Stn. 0, 10, 6 Zfilit L e 24 s i,

4.2 BREEOER

KB ELIENO T vy b IREEORIFESFES (%K)
THBD0, NEFTHBDO0EHEET B DICIEL GRS
NThO, ThoIWERERIELT 25546, IR
DIK—iE K DTHIREIT & - TEEE(LT 2 HEED
O TH B ST E, I QBRI L IS

AT IR ZRWNITB T B2 « MIER %252 0
TW3ZEzEHRLTVS (Kemp, 1989), = TK
LTI KBMBICB I 2 8 REBRLEO 70w + %
Fig. 1112 % & ¥, ThZhosREHERFEIC> TR
190 Fig. 1113, BWFEOR, H, B, £F&N
KT 557—4ELT20345, 8 10 H, 20044E1 H
DOREKDF— & Z2H Wi, £, NO;+NO;, —N, K&
U PO,—P, Si(OH),—Si &5 OB ZEFIE
B, Aline Lo bFEX D OFE /M AL T Tlal R
(200345, 10, 1 A) ki oshic7—% (FRA, 2009)
ZlEBRICT By b Lo, F72, 411 8B LS,
KBTI TBARTE D i K 60% D /K A3l B i & -

(a) 2003/5/22 (b) 2003/8/21 (c) 2003/10/23 (d) 2004/1/20
2y
g 10 =0.09, n=14 =0.72"", n=14 r=0.66"", n=15 =0.51, n=8 .
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Fig. 11.

Plots of salinity versus nutrients concentrations ( M) of surface waters in spring (a), summer

(b), fall (c), winter (d). Values observed at A 1 shown as open circles. The solid line represents least
square regression except for A 1 data. The r represents the Pearson’s product-moment correlation coef-
ficient (*: p<0.05, **: p<0.01,***: p<0.001). The p value is based on significance test for the correlation

coefficient.
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THOALOTH S Stn. 0 »SiRHBALTBY, LM
HHZ A L 7oK DA D 122 A N Ik 34 A~
HUHEHELN1S (Table. 2)o L7chi->T, KEAHIA
DRBEORMAZ RS 201013, KEHEESHOD
BRI K s 2 B oAl >WTE T TR L,
IEROPFEIC > W CHEREIT O B ENH 5, T I T, 36
5 f B e BRI CRlik S 7z Stn. 01T 1 5 KB
O EE, NIEIHONFEEREIC, 4.1.1H11T Stn. 0
OfED SEE S N HIEiH, RAKEEERRL,
TNThORBERO—RIOMKEY (L0, T
L) b1z 0iRA7I v 7R, HHL75 5272
(mol/half tidal day) ZHH L, [EHROfiEEIZOL
TOMF %217 > 72 (Table. 2)o iH, MHEAT I v 7
Z DFFEICRA S e BT, RAKERE & i~
KT RE S W EERdE» SRS Tw 2 M
A.11 8D, Z o & iR ic it S n o
REBEERPEDONLB P> E» S (328, 36
KB s Th el (b)) D AKERE LT
BH>EMTES, F1o, RASNIIKEREIZ, TOW
ABERHENSFERETH L L0 5 (Table. 2), &
H & N EBR O R EE A E X LI, RO
HRBIRRE CRELIcETh b, RAShaiAK
ARECHEOLST, oM EERTE b, INOSDi
A7 597 2057 — 4 B L OREE LESOHBEN %
HOWT, DM TERBROERICO WTEEEITI,
NO;+NO, =N BEF 8 H, 10 HicbwTlEn LA
ERIEOMBBRE R L&D S (FnENn r=0.72,
p<0.01, r=0.66, p<0.01), NO;+NO. —N 34\ ik
ZEERBERET S EFZEZ 5N, LrL, Ak
(AD © NO;+NO, —N j#E30.3 (5 H) ~10.8 3 H)
uM OFIHICT, B~MEFELD SAFCHREEEZRT
IS FEIAE 2R L, FICEEEO NO;+NO, —N
ZEATOVDE DI TR -7z (FRA, 2009), £ I T,
FEE RN = 72 A4k D NOy;+NO, — N RE
EKEARIBN TR S Nz NO;+NO, — N B % i
T5E, 5 HOKBAGIRICE T 5 NO;+NO, —N EEZ
0.1~05 M OHEIPHTH 3 DIt LA #EKIZ 034 M T
b0, 3 HDHEAND NO;+NO, —N EEI1F 0.7~5.1 M
TH B0 LAHKIZ 108 M TH - 72 (Fig. 5o
Lh->T, #ifiZkd NO;+NO, —N B D FHiZ )

(LT - fgdE - P9

IZEDET, KEmBIcB W TEEE N5 NO;+NO, —
NEEORAEGEH LTI LV, ThidE~
MELD bEAFBICHEEA/RT EV S NO;+NO, —N
RS D BEEFBAK & KEAEENICBOWTRETEL T
WaZEMSbEFrxn (Fig. 5), NO;+NO, —N 28
JEFEAE LoD S S T 3 afREE R S » & &
b, B, HHENO;+NO: —N D7 a .y b
WICHBESIEOMBRERE RS B> D lid, EoP
NO;+NO, =N BE oM/ N WS 6, 1H) 1«
13, WooiEins & SIREDS FAT 2N EEA 5 C
EDHERE D o fctcw EEETE 5 (Fig. 1D, 36 i
BRI ORERIT X 2 &, NO;+NO, — N EEE (32 L &
K —HLEELtERL TV (Fig. 10), 7z,
L#Ea b1 ® NO;+NO. —N A, #it7 7v 7 213,
ZhEN 4.3, 3.2kmol/half tidal day TH b, 5
DG TH S 1.2 kmol 5 1171 THEMWITIERIC LA
STz (Table. 2), 7005, O 36 R BIK
Fd LR TGRS BEHITH 5 L WVWA, NO;+NO, —
N FHKHRES Tl <, e FEERERE LT
W5 I EMNEI NI,
NH,—NRBEE 5 AicdEn L AELSAEOHEE (r=
0.55, p<0.05) Z5iL7—hT, 10 HIcHEBLEDH
B (r=0.61, p<0.05) #/xL7 (Fig. 1D, ¥/, %
OHBIRIFR IF VIO HITB W TS p<0.05 L5550 -
el &hp o, NH—NOEEQERFE, #Kks L <4t
MK &0 5 72250 & DFRIBA TR IR WATEEE D S b &
EZoNl, TOTERFRNHL-NIEA K75 v 2
2 D75 (ENOIEROAEE) 43 0.01 kmol/half tidal
day EIEF /NS VW & LA TH D (Table. 2),
NH,—N 355 GRK2IEK) 7> 5 G S 0 5 mlEErE:
DR TN W T EMHERI & Ntc, B2 B EKIB TR
A9 5 NH,—N X0 bRNIcTfnafn s NH,—N ©
HEPREIWETZHRERLFI»LZ SN TVWSE T E
o (FA1F Page et al., 1995 ; Montani et al., 1998
5E), KEMIBICHEVTHRNICT NH N s
NTWBHBEENE Z 515, Komorita et al. (2010)
BABmBICTEZES 8 H) @74 Y (Ruditapes
philippinarium) 12 & 3 NH,—N kit 7 5 » 7 2 13
7.7kmol/day TH 5 EHE L TV 5, AIFFLIC TEIM
SN KEARHEO 8 HOYI NH,—N B2 240 M T
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HY, THICEEBEEREL 2 LIHELEKOKE NH,~N
BHHEEELT86kmol ik oMb, Lichi-T, 7
H ) 3—H TKEAR A O K NH —N BifF&E D 89% %
T3 E VWA B, 2D D% NH,—N O In#Efes
FAET 5 & Lice, NH,—N BRI EUmEEcE <,
TR WEE RT3 TH B0, AFEICTHES
Ntz 36 BEEEBIARE R 132 0 & 2 BB A /RS 180 - 72,
Komorita et al. (2010) itk 3 &, T &3k
BTiE TS ) HPE L 72 NH,—N O 52~96% 23 [EAE D
REfAEEE L HESh S ch T ws, Lido
fEtrichinz <, 74 Vick s NIL-NHt7 5 o 7 =
(7.7 kmol/day) B NH,(—NHA « wH7 5 v 7 2 (§
3.4 kmol/half tidal day) ZK&< ERl5Z&h 5,
NH,—N o LTid, g« ke v 71cmfin o
DALY b, FHCEFITEI T ) 2 EOBENEDIC
L 2HAEEIC L ZFGAIREOAEESEVEEZ SN
foo MMAT, TOIEREFICHTINICEWEEZRT
NH,—N OBz L A Th 5 (Fig. 6)o
PO,—PREIF 5, 8, 10 HicbBWwW TS L FAELIE
OB AR LI &5 (r>0.75, p<0.0D), =
DOEEIR IS HEKTH 5 LS e, Lo L, 36 Fefd
BN oSSR < PO—P &y A [A3 U 7o R &AL
&4 (Fig. 10), TOHRA «ifwith7 5 v 7 2DES
(B~DIERO#48) 53 0.02 kmol/half tidal day & JF
Wic/hsh ot (Table. 2), F72, PO,—P O
MK THBET B E, AR E KEAIFN O PO, —P i
BB L e FEIA B 2R3 rlREME DS @ VA%, SRk
(AD ©PO,—PEEIF02 (TH) ~1.0 BH) DF
PICT, B~KFLD bAXFICHBEZR LD L
(FRA, 2009), BN PO,—P BEIZE « KF I =i
fE, BRIEEEZRLTVWE (Fig. Do §75bH, 36
R DA R P A K D FEIZ ) 3, 5 & PO,—P
D7y OB LNAEREBEANTR N i
Z 5B, LIchi=>T, PO—P 3K EFESEFE 4
BEEZONBD, ZOMITEHNTOD PO,—P O
BEOEAT 2 AR RE TE 1S h - 1,
Si(OH),—Si #EE1E 5, 10 HickB W TR A DHEE
Bt (= hZh r=—0.78, p<0.001, r=—0.41,
p<0.0D) %#/xL (Fig. 11), #ifE/kd Si(OH),—Si i
B 0~23 ¢ M O REE CHER L Twic (FRA,

2009), %7z, HFEEN T Si(OH),—Si YA
PcEF L A A RS S, ZOHRA <R 7 5 v
7 213, ENZEN 24.2, 32.2kmol/half tidal day T&H
D, ITNSHDOESTHSIEM8.0kmol A5 1Y IZ T
PofFbEon T (Table. 2)o ITNHDT EMDL
HWrd 5 &, Si(OH),—Si ZEITHKEROESTH b,
S h 5 Si(OH), —Si AT 2 ATREM: (312 IV &
RIS 17z NO+NO, —N KU PO, —P 2% 13 A%
TR K > TEFT 201t L, Si(OH),—Si iFHKD
JEALE KA~ DI D R EE Ev B LT3
(J5 5, 2003), L 7z4%-> 7T Si(OH),—Si (3 A& NI
2 & BRBHEMMAIZITMN EEZ SN B KEAEEICE
W, BokETEBREE T 2 afe 0 R b &0k T
bBEVWZB, LrL, Si(OH),—Si 32 TOHEMH I
BOTHESLAEBAOREREZRLILOTE W &h
5 (Fig. 11, Si(OH),—Si 3EKDHITKIFST 2D T
3275 <, ZWNTO Si(OH),—Si D] & o fHn, kE
BRI B AREVEDS S 245, THhIT>VTRASHD
MEtERE & L7z,

43 BEBRAEEBREOFIRER

KRB DS B, EAfEEL FICHPRT 2 ERWE 21
ZNOHMCRED oEtd 5, £9°, NO;+NO, —
N & NH,—N ofITdh 5 ii5fr ks (DIN) #EEE
PO,—P ,Si(OH),—Si E ot (N/P, Si/N L)
Tl 5 &, N/P HEAEkho 94% 0Ly K7 4 —
W RE (N D P=16: 1, Redfield, 1963) &b &/NE W N
HIBRDfEA R L, Si/N HidaalEiho 99% 28 Si/N>1
D NHR DR Z7x L7 (Si: N=1:1, Redfield,
1963 ; Brzezinski, 1985), 97545, N/P I, Si/N I
EHICER (N) BHHHNCE L /M WA ZR L, K
WAmBOKER T 13 (SD Y v (P) &0 & N HHIR
WICPEM T 2 BRETH 2 T EWRB S N, KIT, &K
B ORI o HBEEE ORIRERN £ M4 5, i~
7 v b i (HEEE © DIN, PO,—P, Si(OH),—Si
T 20 ASFRAER I TN Eh, 0.1~5.9uM,
0.68 M, 042~131pgM E#HESNL TV S (eg.
Eppley et al., 1969 ; Conway & Harrison, 1977 ;
Paasche, 1973 ; Conway et al., 1976 ; BSi% « (A,
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1990), =TT, KHKRBIEEED C O FREMEKRLLT
BETNZNOREHOHIRERE TH 5 & L Talk

¢®%§ﬁ%ﬁ%%ﬁbtoéﬁﬂ¢f%%%ﬁﬁﬁﬂ
HAAFIERLL T A2/R L cElA 1, DIN, 80%, PO,—
57%, Si(OH),—Si, 0% TH -7 Em b5, J\%ﬂﬁ‘(ﬁ
I2B VT3 DIN MO PO, —P IT & - THMEAFE AR
SNBEGEMH 20, Si(OH),—Siic &k 2HIBRIFE T 5
WO EBREEIN, /2, DIN, PO,—PoDEH5
BRELAEH LTV 20052 Kad %5 &, DIN, PO,—
P & &I ERfEH LT (DIN<5.9 M, PO,—P<
0.68) %R L 7D 3ablklo 52%, DIN (3 -Aaf0E L
N, PO—P & FAafEKLLE (DIN<5.9u¢M, PO,—
P>0.68) Z/RL 7D i3k D 29%, DIN (3FEME
Bl b, PO—P 3 FEFEHLLIT (DIN>5.9 1M,
PO,—P<0.68) ZRL7cDIZERABD 6K TH-7c &
mb,P&m@LfN@ﬁmﬁé BRELNT END
Wb TNODONPRIES D B N kER I, Ahdo
N/P It, Si/N b o s N 5w & BENTH - 72,0
— I i o BB AEEE 13 N DSHIFRAIS/ER L4 v
(Howarth, 1988), Aihi#kk7s & D NANMTHEGDE L
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Spatial-temporal distribution and origin of nutrients
in the subarctic lagoon of Hichirippu (Hokkaido, Japan)

Natsumi Suga 1, Seiichiro Shibanuma !, Toshiro Yamada 2,
Naoyuki Higaki®3 and Shigeru Montanit!?

Abstract

Monthly field observations and a 36 —hour survey were conducted in the brackish la-
goon of Hichirippu in the eastern part of Hokkaido, Japan (43°02'N, 145°00'E). The lagoon
covers an area of 3.58 km” and has a mean water depth of ca. 70 cm. It is inhabited by many
animals and benthic plants (e.g. short-necked clam, swan, and the Japanese red-crowned
crane), and is designated as a wetland under the Ramsar Convention. The rich natural envi-
ronment of the lagoon, with a catch yield of fish, shellfish and seaweeds of about 90 ton/yr,
should therefore be preserved as a fishery area. In Hichirippu lagoon, we investigated the
spatial and temporal distribution of nutrients and physical properties. The daily volume of
freshwater input was 0.9~8.0% of total volume of the lagoon, while the volume of water en-
tering the lagoon on the rising tide per half tidal day was 34~59%. The N : P and Si : N ra-
tios were nearly below 16 and higher than 1, respectively, indicating nitrogen limitation.
Plots of nutrients vs. salinity suggested nitrate+nitrite supply from the adjacent sea (Pa-
cific Ocean), while the origin of ammonium was neither the adjacent sea nor freshwater. The
results of the 36 —hour survey showed that tidal nitrate +nitrite influx and outflux was 4.3
and 3.1 kmol/half tidal day, respectively. It implicates 1.2 kmol/half tidal day was supplied
to the lagoon. Tidal ammonium flux values are nearly conserved. This suggests that ammo-
nium is mainly regenerated by clam excretion in summer. Previous studies generally have
shown that the freshwater input plays an important role in controlling estuarine primary
production. Our results suggest that in Hichirippu lagoon both the nutrient import from the
adjacent sea and the processes of nutrient regeneration within the estuary have an impor-
tant effect on the primary production rather than the freshwater input.

Key words: Hichirippu lagoon, nutrient, estuary, primary production
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