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Numerical Study on Nutrient cycles in Akkeshi Lake Focused on the role of Benthos

Yuko OsHmMA, Michio J. Kishi and Hiroshi Mukail

Abstract

To discuss the role of benthos and epiphyte on the material cycle in Akkeshi Lake, which is located in eastern

Hokkaido, Japan, we modified a three-dimensional physical-biological coupled model (MK-3).

The ecosystem

model includes eelgrasses, epiphytes, oysters and clams together with phytoplankton, zooplankton, POM and DOM

and is based on nitrogen and phosphorus cycles. A physical model was forced by M2 tide.

In this lake, the role

of clams on the material cycle is much larger than that of oysters, and epiphytes uptake nutrient twice as large as

phytoplankton.

We estimated nutrient release from sediment was smaller than previous estimation in sensitivity

analysis, and we found that eelgrasses and epiphytes had an important role in supply for the food of clams and

oysters.
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Lk, MEHh, THEHIES) X > TRESEFL, 2hick-
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Table 1 Notation used in the physical model and their values

Horizontal grid size Ax, Ay 500 m
Time interval At 20 sec.
Average amplitude of tide 0.5m
Period of tide 12 hour

Vertical grid size

0.5,05,20,2.0,5.0,5.0, 5.0, bottom m

Mo 3FNITHY, FRCHEHALTHYS, #08&
FIREIXEZE 5 B) TUEEE 2ton/s, L HIEF 34 ton/
s, k& (10 A) TUHEF 13ton/s, LIHIEF 6 ton/s & e
ANTWw3 PIEREFRREAS, 1991), 3 FIEGFHORR
HEREIX, 4695km?> T, FD 355 574% 2 BTz 5 256.45
km? IR, 13.5% 12 H7- 5 6034km? i3/ sf v b
7 x—> (hEbkH), 121% 1272 5 5428 km? ZEHN S 5o
TWwa, 2055, FIFEAF)E 3 I OR TEABL T
bIAL, 37897km? T, ZDHDLUEBFHPLBRTH 2,
ZHx LT, KAWIN SRR L 38.68 km? L/hN& <, %
D 65.7% 2 dpTz B 2543 km? HEHT, [HIPEEFEIL 34.3%
D 1325km? TH 3, & v Ko [IZFHEEEOIZIZ 100% 12
Bl 293km? BHEREZBETHS GRH, 2001),

BEBOERTIOF
EEREHRTOEERESE < (Winata, 2001), ¥ F Vi1,
Ry H A L EBEONB, BEAMKEEYENRE T 5%
PEENRDLEHIZ, H< pohF, 7Y OHEERED
T T &7, WWEDEEEE» S H T, BERBOEYE
BEX, JVEORREERFYF, 7HIZEOHRENE
HLix-oTw3 (FHEs, 1987, 1988),
ERMOF B REEHOMSHEIL, Tlizumi et al. (1995)
DD S, BHRB L UERIC OB T 5 DWAD
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FEDSELRITE BBV K &V, —T, & v Rull|OhEEERE
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B, BEL Tz, BIESAEN 4 vy RallicB T, B
WL D U EBE 2 REL T 20, HIFEI4)
T OFIREBOESLUE, 4 v R ol TRIEIR 100%% &
DIBREPHERTH S LEZ 505 (lizumi et al, 2002),
WY 7oy 7brorzua 7 ) alBEiR4~6 Bick
FREIIZ 10 wg/1 BB/ Sy F RSN 508, FET5 L4 3
ug/1°C, 3 ARV 7~10 Bid a8 2 ug/l (A3 i, £F
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Table 2 Boundary and initial condition of compartments

Layer CHL NH, NO, PO, PON DON POP DOP ZOO T S
1 477 432 028 045 040 300 004 030 040 115 309
2 487 402 030 045 040 300 004 030 040 113 309
3 512 328 034 046 040 300 004 030 040 113 300
4 551 209 041 047 040 300 004 030 040 110 313
5 676 178 071 071 040 300 004 030 040 110 315
6 794 137 168 09 040 300 004 030 040 108 321
7 807 054 239 08 040 300 004 030 040 106 324
8 807 054 239 087 040 300 004 030 040 105 324
Unit u/gl yM  uyM M xyM M M gM gM C -
Table 3 Nitrogen and phosphorus flux in Box 2 (g/day)
Eelgreass  Oyster Clam Epiphyte Phytoplankton  Advection
N 1,988,000 274400 2254000 1,010,800 555,800 363
P 85,560 44,330 403,000 223,820 123,070 352
ERRETN EWHLFER

Kawamiya et al. (1995) 3—#AIGHRREEERET LV E
LT o6 DOBKERPFHOBRMERETNVERBEL, Th
B OMPDNRTA—IEEETLI LI LT, 8FE
¥ oe¥ERicBE I TVw3 (Kawamiya et al., 1996 55), &
B (1997), Oshima et al. (1999) iZZhic) VEBRET7 v E
OEYREREMZ, RS (2003) i34 + OEYRERRE %
Z, ABREED S ERFEERM E COLRRCBU 2YE
BREET LI, AR TE, SSRERBRFLLTY
FERAZEL LB ETNU LR KELSEELEZ THRL LE
ZoNBT7HVE, 7TRREIMEFEL, KPOFKEETRUC
BOTHEM 7S 7 b BIVT T ERETEEEZS
NBTERE EYREROBRERICMZ, &) UAHD
FEREICAIL 72 PR R RS T2,

EERETNVOEREFBERRIXADLBY TH S,

L (W C= 0+ V(K14 C)

Jt
E{ )

ERRETNVONI A-FBUATOLBY TH 2,

%)
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0(C) : EYtFaiE
Kre Ko: SRERIBRER DR E

AR THWLERRET LDV /S—F A MO
v R— A MEOMERER % Fig 31277,

BEVHCERBOERMEB L UT X —FHI A *, 7
HY, FEREEUANOEHIZOWTIEKE (1997), Oshima
etal. (1999) IZ U735 THRE L2, 7 FOHEDERN LS
T A= EZ DB TERFFS (2003), 74 DEDER
b= %7 A—FfHIZ DT ik Winata (2001) 1 & Y #5E
L, (FEEEOEYBRIC OV TIRARMIZEA LR L
2, HELEIU L REREKS tE 2 @R, IME), B
Sy b rDERLERL & Uiz,

ST & EYE

TEDEYBRIBAEE D L C4ALS6HETO
25 QBT 255 LIREL, 6 HOEYBROEAE 4
ARG SH, 19 o, 4 HO7vEDLEYRY
200 g/m? & L7z (Oshima et al., 1999), F7-, {I&ED
SFE T v EDOGEE LR & U (Fig. 4), 4 BOEME
13 20 mgChl/m? & L7z (BB, BB A F ET7H ) D53
filgid Fig SIRT B L, 4 FDOEHRIHFICOV
TIRFAFS (2003) KEICE Uiz, 7HVOEWEIZ4H
OB X 5 73V OEEOIEGES 3200ind./m? Th
n, EEHO0.15g 4/ind. THBZDT, 480g,/m? & L7z
(Winata, 2001),

A%, THY, FEEEUAD 2 — b 22 b OYHA
{8 & ORI Oshima et al. (1999) B X U S
(2003) k[ElkE L7z (Table. 2),
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lizumi et al. (1995) ZBRAKER LV 10 BRrOBH S %
3557 - B A BBiE - SEERREOW)IH 3L, &Y
VB OEAIR 4 HE, HABOBAOHAY OTH 5
HEB3HED 3 DDWERICHEHEKRS Z L 2R L,
Oshima et al. (1999) TiXFhE2SEC L, FEE I HHBRE
BE PRI CHER), BB 2iIkEEOBN
OEFEEER (1 H1R), ZDEH»OEAE (T8I 34T 5
SRS EN R T o0 AFETRYERRZILET 28N E
Oshima et al. (1999) &% 5 ->TBox 2 & LTEELT:
(Fig. 6), Fig 6 2R L7z Box L IZfAJIIZKOTWADEEE KA
XL B BAFIRTH Y, Box 3 BZBNTOWHERTH 3,
BN, WA TOERNLYEEREZEET 270124
ARy HEE, MWIFRE GRS, 2003) T 100 HE
SHEERFEIT U, FEREEIEL T3 100 HE O BOX 2
SETOREELY) Y OWYAAE, BIUBH - HBEIT
Table. 21z, %7z Box 2B 2 | BOWERER% Fig. 7,
Fig. 8 IZ7~" 9,

Table. 3 245 k&, BR-HBICL2ER ) L OBEE
WEYRERIC L 28 a0/ 5— P XV MEOBERIZNL T

Table 4 Cases of sensitivity analisys

Standard model

without Clam compartment

without Epiphte compartment

nutrient release flom sediment=POM sink X0.01

51(1/2), 2004.

FEFINES W L bh 5, BIWEFICX > TBOXHEH
AT HERIERFB AN o k& WY, —HE2EH# I
T2Era v — b AV MNEEBETAWEREDIZD NS
PIZREVERED bhiz,

Fig.7, Fig. 812k 3%, AF LD 7V VOENT 28
FHUVENEL, ~IEBLEoTRE, ZOLSKETY
) REEROIV S AV N ELTEMLEZEIE
D, MEBHORL FARINETOETLVEERDEDE
RAERE KT, Tihbb, 7YV RBEEERYEE
WT 2720 TRL, @757 b KREREBRERD
JTwd, Zie, (TEEEPEY T > 27 b O 2 &%
BEPERNL TV I Edbd 5,

Wtk B 2BESMELCREL 77 Vi
BR7YY 8 LU0 FOMESER BMPEMEL, 7E
= MR, BEEE - ERERRIEIRREE I T < € LTEERED
SRz BB, ) VEBIEREIXT <€ LEEED
PERSERIFILRRZT, HE G SBVIHER-
Twd, ZhiZ) Y 3KFL ST 77 b7
T« (PEEECER AN BN, BEBEREBYOGBE
AR ORI & > ORISR U Tt s h 24
EVERIDIKREHSTH D,

FRBERRAT

79 ENEEESHINOESR - )V OERCERL LT
WBBEIDOR X IREET L1201, 7V OEEED
FELRWEEDE T VEERTY, WEIEET 258
D EHROUE 21Tz, 72, BINTOWEBROR
B DI ENITERD 5> ORBEOEHIRERBEICK
EREELEZ TWBED, ZRRIERDET N (Oshima et
al,, 1999, FRPIS, 2003) 2B TERBREEEY ORI

Table 5 Nitrogen that compartments takes in Box 2 (kg/day)

Standard No Clam No Epiphyte Release X0.01
Eelgrase 1,988 1,820 2,310 1,364
Oyster 274 560 241 230
Clam 2,254 0 2,044 1,918
Epiphyte 1,011 920 0 433
Phytoplankton 556 2,478 692 307

Table 6 Phosphorus that compartments takes in Box 2 (kg/day)

Standard No Clam No Epiphyte Release X0.01
Eelgrase 86 48 125 55
Oyster 44 104 37 35
Clam 403 0 357 329
Epiphyte 224 204 0 96
Phytoplankton 123 549 153 68
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NI, #ME) 720, E»SORBEOBHIZ OV T HERAZ
Totz0 BETLT-7 —AD—E % Table. 4 1Z7RF,

%9, BOX2 (Fig.6) &ko7 <%, »%, 74V, ff
EERE EYSI50 7 b rDRAVS— I AV VBTN T
NEDIALEFR -V VEDHE %~ T (Table. 5, Table. 6),
zhizcknid, 7YV RSERWr—ATRT VLS
BEELRAZLDEM TSI 7 b oz, TR
HEEEORBEENESZ DR TV B EBbhr 5,
AFFERICBWIEETI 7V VALY, DA
UEEMEU BT TWD, i/, NBEEES I L
r— AT, (TEREL SRR THRET 51HEY
IS P UBIUT R EDORERESENEIIEZTHS
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WKL B2, 7rEoy AEOTRMSERENOEET
bHohH, FERE - EEEEOE2HRIFEEIITH S, Ly
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2003 4 A 15~16 HOEBOBRAIcKE T 57007 4
N a (Fig. 14), 7= A (Fig 15), fHEE+EHEE
(Fig. 16) 3L U') BRI (Fig 17) OBRESM 2 TR
T (AH fh, KFER),
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EHbind, ZORIZIRREY, REEBERER,SD
BHBMENT —ABEEE L DiEWw (LHLZEDEED
roua7 4 aBEOHEMEIEELRy A LD HEN)
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EBERHBAOT7 E=y AR ) VBRI, BIRTORE
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Fig. 1 Akkeshi Bay and Akkeshi Lake, eastern Hokkaido.
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Fig.3 Material flows based on nitrogen and phosphorus.
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Akkeshi Bay

Fig. 4 Eelgrass and Epiphyte area in Akkeshi Lake.

Oyster

Clam

Fig. 5 Opyster and Clam area in Akkeshi Lake.

Fig. 6 The divided three areas of Akkeshi Bay and Lake.
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Fig. 7 Nitrogen flow in the Box 2. (N g/day)
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Fig. 8 Phosphorus flow in the Box 2. (P g/day)
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Fig. 14 Observed chlorophyll a. (xg/ 1) distribution at Fig. 16 Observed nitrate and nitrite (M) distribution at
the surface on April 15-16, 2003. Data from Mukai et the surface on April 15-16, 2003. Data from Mukai et
al. (unpublished). al. (unpublished).
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Fig. 15 Observed ammonium (xM) distribution at the Fig. 17 Observed phosphate (xM) distribution at the sur-
surface on April 15-16, 2003. Data from Mukai et al. face on April 15-16, 2003. Data from Mukai et al.
(unpublished). (unpublished).
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Fig.2 Depth contour (m) of Akkeshi Bay and Akkeshi Lake.
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Fig. 9 Simulated distribution of chlorophyll a. at the surface.
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Fig. 10 Simulated distribution of ammonium at the surface.
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Fig. 11

Simulated distribution of nitrate and nitrite at the surface.
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Fig. 12 Simulated distribution of phosphate at the surface.
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Fig. 13 Simulated distribution of PON at the surface.
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