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Development process of tidal flat ecosystems and their functions to purify water:

a study using a tidal flat mesocosm system

Yoshito Honpa!f, Hiroaki Aovyama?, Teruaki Suzuki' and Teruhiro TAKABE?

To examine how tidal flat ecosystems develop and how they purify water, we deployed a tidal flat mesocosm system
(TFMS). This system was composed of two types of sea sands with different grain size compositions, that is, fine and
coarse sands (0.19 mm and 0.95 mm in median grain diameter, respectively) spread over experimental pools equipped
with a tide generator. Seawater from Mikawa Bay was then introduced to the system. For about one year, fluctuations in
the water quality of the reservoir and changes in sediment matters and benthic animals were monitored. Chlorophyll a
concentration (Chl-a) in the water column was suppressed by macrobenthos, suggesting that the intake of Chl-a would
be in proportion to the biomass of macrobenthos. Nitrogen content of detritus increased with the appearance of suspen-
sion-surface deposit feeders followed by meiobenthos and surface deposit feeders, which utilize the increased detritus.
These observations were different from previous understanding that chemical changes in sediment matters control ben-
thic communities. The biomass of macrobenthos and meiobenthos were larger in the tidal flat with coarse-grained sands
than with fine-grained sands. DIN (dissolved inorganic nitrogen), DON (dissolved organic nitrogen) and PON (particu-
late organic nitrogen) in the water columns were removed and the estimated TN (total nitrogen) budget indicated that
the removal rate (13%) in the coarse sand pool was larger than that (9%) in the fine sand pool. From these findings, it is
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clear that the purification function in the TFMS was established within one year.
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Figure 1. Plane view and cross section view of the tidal flat mesocosm system.
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Figure 2. Grain size composition and median diameter in the
fine sand pool (pool 1) and coarse sand pool (pool 2).
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Table 1. Mean values of water temperature, pH, DO, salinity,
turbidity and chlorophyll a concentration (Chl-a) in the reser-
voir for tide generation, fine sand pool and coarse sand pool.
Values are means=S.E. (n=126). Values within a row with
different letters are significantly different at P<<0.05 (Schef-
fe’s F, a<b).

Fine sand Coarse sand
pool pool
(dsy 0.19mm) (ds, 0.95 mm)

Reservoir for
tide generation

Water temperature

C) 18.1+0.6 18.7+0.7 18.6+0.7
pH 8.09+0.01®  8.06+0.01*  8.12+0.01°
DO (mg-/™") 7.7+0.1 7.3%0.1 7.6%0.1
Salinity 30.2+0.1 30.2+0.1 30.2+0.1
Turbidity (mg-/"") 2.6+0.2° 1.7+0.1* 1.7+0.1°
Chl-a (ug-1™") 8.8+0.4° 6.1+0.2° 6.0%0.1°
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otz LU, MK AR S TIXAER TR
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Table 2. Mean concentrations (ug-/~") of nutrients in the reser-
voir for tide generation, fine sand pool and coarse sand pool.
Values are means*=S.E. (n=58-121). Values within a row
with different letters are significantly different at P<<0.05
(Scheffe’s F, a<b).

Fine sand Coarse sand
pool pool
(dsp 0.19mm) (ds, 0.95 mm)

Reservoir for
tide generation

NH,-N 95.2+6.2° 51.3%3.3° 49.3+3.3°
NO,-N+NO,-N 108.0+4.9* 138.3%£7.2"  128.8+6.4®
DIN 203.2+9.5 189.7+8.2 178.1%x7.5
DON*! 224.0+5.0° 197.3+4.6*  187.0+5.03"
DTN 4272+14.0° 387.0=11.4* 365.6+10.8°
PON 122.3+5.9 114.1+4.1 111.1%3.5
TN*? 549.5+19.9°  501.1*x18.5* 476.2*16.3°
PO,-P 37.9+2.6 34.1%2.0 31.5+1.9
DOPpP*? 18.2+0.5 14.4+0.5 14.0+0.4
DTP 56.1+3.2° 48.5+2.3"%  455+2.1°
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Figure 4. Fluctuations in the concentrations of nitrogen and phosphorus in the reservoir for tide generation, fine sand

pool and coarse sand pool.
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Figure 5. Fluctuations in the concentrations of sediment parameters and the cell density of bacteria in the fine sand

pool and coarse sand pool.

Zdh o7z, &<IT, FERRB212H (10 A) DIERISHEBAK
¥ (73209 ug-dryg™ ") AHIELAKRE 23x1.0ug-dryg™!) &
DHERBISENZ LA TH > 72 (Mann-Whitney’s URRIE
P<0.05). MG EEIZ D S Chl-a® #EA (Chl-a/(Chl-
a+Pheo.)) (TAMEDAKE, Kb AKMEE ¢ 253H (11 7) £7T
FIRIBE I THERE L 7=, LA L, ZORIIHI AR TR

BRI ES, RE KM CRBAWICIRT U, M AR

0.8+0.1) M KFE 03+0.1) KD AEBIZEL Ko7z
(Mann-Whitney’s UBE, P<0.05). 732 7 V) 7I3BHAGE %

I21X10°cells-dryg '"FREOMIEA A S, Dk, Wih
D KK & Rk Zs fdi i) CTHRERTRGE IS ECIEIT L, M AR
(2.21X108%6.04X107 cells-dry g™ ") & fHD KFE (1.76x10%+
5.86X107cells-dryg ") & ORIICHRE 52X %57 > 7=, Fig
6DHERITh T M) & 2 TN & [6lbk 2 Z B fd e & 75 L |

156 H (8 H) & TII MDA 23 f b A 1 e R il ©
HERE L, MRS KEE IR RSB R OB 2 {EIf 5 -
7=, HHBAKEETIX183H (9H) 2»5212H (10H) 122

TRMIZEH L, 20RIZEHHKRZVT LAKHT
Ho7.
E£&Y
YTHIONY MR
Table 3 12 EERHIIHICHEI L 22 a XV |+ Z2OF MK %

JR A (1996), A (1986) % 2HITHEMARNIZR L 72.
D AKRE CIZ 19%8 /BFHBL L, WER Tl &5 2 6 Fd
T, 7% (Ruditapes philippinarum), X\T, K5 b b F 2
7 A (Musculista senhousia) 7385 U Tz, KgHEREY) &
HixofA B L, #AFEO ST T H A BRI (Hediste
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5 sp.), A7 T4 (Ceratonereis erythraeensis) 734 ZH BT
RO 2% & 7z, MY -REHEMEFH I s 4 4
~— 4 VIBD 1 (Corophium sp.) MIBLL , EXRBIGFHE (LI,
g BUR T 5) 121K 8 OO BEIE TIRAIED 49% % 1
z 3 Wi, ZOM, FRER R SR, HRE 4B
Z UZe. —J7, MRKRE T 1488,/ BEAHER & 7. AR
Z TRBEI 2 STBIL 225, VSR BRI %
S Motz REWEDEEISHENEL, B5HEO AT T
A B AHFEARBITF R D 90% % b 7=, B — R EHERE
0 —_t YRHEINOZ ZLVED 1T, b EEE T AR
ot A M o 85, N e g LRI SRIA AR o 7. ZOf, TR 2

22 49 80 129 183 253 316 377 OIS R B L7
time (days) Fig. 712727 uxy F 20N O BT RS L OB
_O_ Fine sand pOOl (dSO 0191111]1) Fg@%{ﬁb%ﬁ'{ L/f':. %L%ﬁif&é <‘: y ﬁ‘*lﬂ@ﬂ(@, ?FEM‘K

e g EEME80H (6 H) IS8 L. wWThokiEg
156H (8A) Ti3muL, zo#k, 212H (107) »5
Figure 6. Fluctuations in the nitrogen content of sedimentary 253H (11H) 1223 A a@Emizd 7. 283 H
organic matter (SOM: gN-m™?) in the fine sand pool and (12 ) DI ARE 12 2B 200 X b 728, RIS A

1. _ ’
coarse sand poo BITIRAIRICRIM L Tz, 2530 (11A) % TOBER

—@— Coarse sand pool (d 55 0.95mm)

Table 3. The list of macrobenthos species categorized by feeding type with average biomass (mgN-m~2) and aver-
age density (ind.-m™?) in the find sand pool, and coarse sand pool.

Fine sand pool (ds, 0.19 mm) Coarse sand pool (ds, 0.95 mm)

Scientific name Feeding type*
Biomass Density Biomass Density
Ruditapes philippinarum (7 %)) SF 1.5 4 <0.1 1
Musculista senhousia (& b b F X H ) SF 1.2 4 0.1 1
Raeta pulchellus (3 J )NF H 4) SF 1.0 9 0.0 0
Pseudopolydora kempi (F 04 = Z %) SF 0.7 24 0.7 24
Polydora sp. (A ¥ #) SF 0.7 2 0.8 3
Mtilus galloprovincialis (57 %% A4 1) SF 0.1 3 0.2 8
Hediste sp. (17 3714 &) SD 165.7 437 554.9 612
Ceratonereis erythraeensis (27 T 51 1) SD 86.2 93 6.4 9
Cirriformia tentaculata (I Xt F T 5 1) SD 10.0 8 0.0 0
Nitidotellina nitidula (%2 5 57 1) SD 3.3 1 0.1 1
Moerella rutila (27> 51 14) SD 1.1 1 0.0 0
Theora fragilis (¥ X2 5 4 ) SD 0.1 1 0.0 0
Perinereis cultrifera (7<) 3T H 1) SD 0.0 0 3.8 3
Hesionidae sp. (* Mt X THAJE) SD 0.0 0 0.1 1
Corophium sp. (N T2 & LV )g) SF-SD 15.7 637 36.2 1,789
Armandia lanceolata (VY 44+ 7 ) 7) SSD 3.6 55 4.0 37
Capitellasp. (4 + T A 4)E) SSD 0.2 2 1.7 59
Heteronemertini (Z&ffHLH) C 10.7 3 0.0 0
Harmothoe sp. (71 43 1)) C 2.4 1 5.7 1
Eumida sp. (%333 5 1 &) C 0.1 3 0.0 0
Polycladida (%5 H ) C <0.1 1 0.0 0
Total 304 1,290 615 2,549

* SF: Suspension feeder, SD: Surface deposit feede, SF-SD: Suspension and surface deposit feeder, SSD: Subsurface deposit feeder,
C: Carnivore

— 270 —



TEAERROIEEMAE & RE SRR — T8 AV 2 2 L & v 7cii%E

o Fine sand pool (d5,0.19 mm)

2000 (a)
1500 |

1000

Biomass (mg N- m'z)

500 | %

M J J J A S OND J F
63 99 2 156 8 212 253 283 316 350

time (days)

14000
12000
10000 (b)
8000
6000
4000
2000 =

Density (ind. - m'z)

J A S O N D J F
63 80 99 129 156183 212 253 283 316 350

time (days)

MM J J
49

B Suspension feeder Surface deposit feeder
M Subsurface deposit feeder

Coarse sand pool (d 5y 0.95 mm)

2500

E 2000 | (a) 7
4 é %
s 1500 | 4 g
» 1000 | o é g
2 ‘AN
£ 7 0 107
a AON NG om0 &
MM J J J A S OND J F
49 63 80 99 129 156 183 212 253 283 316 350
time (days)

14000
<~ 12000 | o
.E_ 10000 |
T 000 :
Z. 6000 | b
Z 4000 |
& 2000 | e
0 b
M

49 63 99 156 102 212 2°% 983 316 350
time (days)

= Suspension - surface deposit feeder

Carnivore

Figure 7. Fluctuations in the biomass (a) and density (b) of macrobenthos in the fine sand pool and coarse sand pool.

%MD KBS (261261 mgN-m™2) & MW K (294+86 mg
N-m %) THNB AR AL 7208, 283 (12A) M
B 3D KRS (1,576 328 mgN-m™2) ASHlRD KA (43460
mgN-m~2) IZHARFEIZEL H 57 (Mann-Whitney’s URUE ,
P<0.05). BVERIBEE T AR, M AR L & 925
WM AW U CREHERI B S 2 5l L e, EREET
AD LB EFRGMEINCZS 2 D0, MWK T
183H (OH) IS - REHEMEFZEOMAL =2 &5
e, wehokiie316d (1H), 3500 2H) 12k
R - R R EE SR 7Ry 2D 90% L A
i 7=,

ALANL PR

AAF Ry ZFEFEHE SIS 6M oM iR, M
WAKKE T 1458/ B, MR AR T 15k B2 MBLL 72
(Table 4). MIRDARE , FHEDAKRE & & #EHHH (Nematoda), i
Hifil (Rotatoria), i fLH (Foraminiferida), /NL/¥2 F 2 Z
H (Harpacticoida) 8 KUK 1 & & AV JFOD 158 (Corophium
sp) LB L7240, SEBAERTIE LSy F2 2 H
Eras g AVEO 1M EG L, MDA, AR O
FHAMB A BHE 2 2503 e o 7.

Fig. 812X 4 XYV b 2D 5 FMR O BIfF &= & Ok
BEEOZEHZRL 72, REFRTARS &M IR
f183H (OF) I2md %<, ZO®%WAL3I6H (1H)
DI ORI 2 EMC & - 72, FR KRS T3 K
AP 2@ &2 R L7228, SR AKRE I bR & D FRO kg

(63 HEE) 2 oBFREAMML, ZOZE MK &
NRTREWZEWRETH - 72, 283H (12H) Dlai& DX
b T oM AR L MK OBF R A2 KT 5 L, wWih
AR TII S O DOKMIRDAKE 23 MRS A RE 12 Lo R 2 e
IZ& - 7= (283 HLLT, MEDAKEE 14561 mgN-m~?, i
K 348+101 mgN-m™2; 283 H LUK, HI#DAKI4 193+126
mgN-m 2, H KM 448+147mgN-m 2). &4 BZEE T
AB L&, WMEANE, HebKE ehme3H (SH) 1I2md
m<, T OB%OZEEE AN AME TIEIIRE T A - 7
A%, D KRS T I3 RRGE S PR B A B - 7.
SFEREANC A B &, WS oK S BRI G 63 H (5
H) I22<MAL, NSz 32 2HIE99-183H (6-9H)
BRI 2EANEP 572, Fus &4V ORI
T ISR ARE , MR AR & 183 H (9H) DIBRICHEIL
212H (10H) OBFRESRE L h -7z,

zZ B

FBAVIARLIZE T BKE, EEIRE

KEIRE

AIZER T O WAL 100% T, il B Wi 2 130T L
KAHED AR, F KB SIRAT B2REICE->THRD , B
KK & MDA | KD AR 0 A B I 13 g L [l R 1
BIHIL 72, U723 T, MIRDKEE, FRKMIZ 51 5 Chl-
a & PONOZALI, 512 #IC & 0 K O BEEATHEY 73 HE
RS B EMR N TR, 72, HERIZOW
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Table 4. The list of meiobenthos species with average biomass (mgN-m™2) and average density (ind.-cm™?) in the
fine sand pool, and coarse sand pool.

Fine sand pool (d5;, 0.19 mm) Coarse sand pool (ds, 0.95 mm)

Class Scientific name
Biomass Density Biomass Density
Crustacea  Corophiumsp. (K02 & L)) 52.9 185 107.7 434
Harpacticoida (/ML2827F 2 ZH) 75.0 173 195.6 550
Polychaeta  Capitella sp. (4 b =77 4 &) 34 6 15.9 25
Nereidae (T4 4 F}) <0.1 4 <0.1 2
Unidentified Polychacta (% B 0.0 0 13.9 5
Polydora sp. (A ¥ ®) <0.1 <1 0.0 0
Arenicola brasiliensis (2~ F 35 1) 5.8 2 5.8 1
Pseudopolydora kempi (F 04 = Z¥'+) 0.0 0 0.0 2
Nematoda  Unidentified Nematoda (% Hi) 13.6 621 26.2 1,198
Rotatoria Unidentified Rotatoria (i HUifi) <0.1 270 <0.1 793
Gastrotricha  Unidentified Gastrotricha (&Gl <0.1 <1 0.0 0
Ciliate Unidentified Ciliata (%€ Huffi) <0.1 54 <0.1 116
Sarcodinea  Foraminiferida (45 fLH) <0.1 363 <0.1 461
Turbellaria ~ Unidentified Turbellaria UmiEZ8I41™) <0.1 <1 1.1 2
Bivalvia D-shaped larva (Z#Efii (D)) <0.1 5 <0.1 3
Unidentified Ostracoda (1 fiffil) 29 1 0.6 1
Mytilus galloprovincialis (&7 % F 4 H4) 0.0 0 <0.1 2
Total 154 1,685 367 3,593
Fine sand pool (d5,0.19 mm) Coarse sand pool (d 5 0.95 mm)
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Figure 8. Fluctuations in the biomass (a) and density (b) of meiobenthos in the fine sand pool and coarse sand pool.
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T, KEIEA 2007) ESMEALZZTEA Y I ZALT
OB T PON VL 81X PON B R ICIZITH LW I & &
HE2IZLTWE, ZhoDZ s, Sl -y
A & RS AR | AR AKAE & O Chl-a, PON DZL R,
TN 2~ & fe N & C D5 WO - VY RERR A I8 A
VIAZLTHRI 5HMOEEIC L 22 AB T LN TE
5.

Fig. 312/R U 72 Chl-a DZAL & A 5 L 292561 75 BAHITAK
FCHEIC MBI L 7228, FEERBAGG 80 HEd (6 H) 2 &l
Kbl AR CIME A SN E I 1Tk 572, ZORY
v ruaxy P ZBGFENAZE U 2R (Fig. 7) & 5T
2205, MREFEA L EIFFIZE < OFEREY AL A
—IE IR U 72051 & SR LUk Tl I s
PN E S, RN ERAIEIT 2R AR Lo
EEbhd, LaL, sHilica s & AR & Frb K
IBWTE AN A EAPe ARG MBlL, BlAIE7H
3THIZIEREN 5 EAOHHIIRIZAS N o572, %
O, KpERBRIGHI & G OEEBILECiEnTa s 7
B (Heterocapsa circularisquama) O 7% (% =l iz %
2,700 cells - m/™!) MMl TN TED, HTETH VDA
WIER M S h T (BRI KRB, 2001). He.
circularisquama % ¥ £ % 50 cells-m/' D% E TFALT 5 &
LTHRALHFADAKEIZ2124D, 100cells-m/~ P
TRAAKPDIFZIFEIETEZERME IR THYS (KB,
2003). 7=, HEDSMZ R 2 575 DT T 4 T TIlAllio
MRAGE) 2 P A EE S T g (B8, 2003). L7223
T, WBT27 707 F YORHIZEK > TUIT S » DS
BOBIZ X D EREME T U, RN & EROIRRIR A A
b nGA e b5 Ll ez,

Fig. 91TR L= & 5102, BMIH Z & OlrKigE & fiwh AR ,
KD AKKE & O Chl-a DA BB (N=5) §5 &, fHbK
Tld~vruxy F 2BFEOZEF & KB 5 2 &h
5 Chl-aid~v 2z uxXy b ZBAERICIHIL THDAE N,
RN s ERAPE S h i sl . IR ARRE T,
12HE T3 ARE AR~ axy b 2BGERICH]
FlL T Chl-a X N AN ARTEDOD, 1, 271
FHGEEAAD VI 2 0b & TR KEY & [F 2 O Chl-
aDEWH A S N7z, 1 ALK, Chl-a DR~ oy
b ZBAFEIZIEHI L 222 5 T2 IR NS 6 22 Tld e, Z
DI~ 7 a XY b 2 % N3 &K IR AR
THBIL L2 o 7B EIEED 7YY 25mgN-m?),
AbFEFZHA (6mgN-m™2) & EDO KREHNBAF R
Srntoo 1l AURBICIMALEZZ L, £72, MipkiET
FLALEE, oI h A EAWEES? S 37 T A 12 HE
BRERLEZZEND, TNODERPEEL -alREE1E
Abhsb.

Fig. 4 D NH,-NI(ZHIFDAKE | RO AHRE A3 By KRS o E
BTN Z &, NO,-N+NO,-NIEZ O b AR, F#
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Figure 9. Moving average of the chlorophyll @ intake and fluc-

tuations in the biomass of macrobenthos (solid circles) in the
fine sand pool and coarse sand pool.

KA I A REHITICH S Z &6, FIRLET
NH,-N 7> 5 NO,-N+NO,-N DI AL Z > Tz &5 2
b5hd. 72, DINARAD EHFEDO Y — 7RISR AKEE,
FHRDABE AP AR e AR 728, TR SIS & B
NG L IFREEFEA 6N 5, 512, DINIZDON %1
Z7-DIN T & Ak AA SIS Z & H 5, DONDJE
EAIER IS KB E R S s, PO,PIZSHA S 10
FZh o TR, IRV ARE 23RS L DK Z &2 5
JRAEMANESIC X AMINAE Z 5 5. —J, PONIZ10
AU, BRI Jo b AR MK TN Z &2 5,
Chl-g E[ARIZ~w 70XV b 22K BB ENR T 5 Tz
EEZBENS. XIZIZ/ARL TWARWADIN & PON % A5
U 72 TN TIIAMRD AR, HLRD RS A3 BT RS 12 Jo A FE I
W= FEERAT TR TIRRML, Bz X O i
FHIZK BRI, RV b 2 & 3 BEEERI O L x LI
F D INDOBREHEN KB Eh T eFELILh 5.
EERESLUCNITUT

Fig. 5128 L72& 512, TOC, TNIZHEERFAMEA S5 129 0 (7
H) & THIBD KRS 2 HIED RS & 0 @O IRE THERE L 7228,
156 H (8 F) 1ZI3MImAME & M K D2k 5%
A 6 iz, ZOMANE, REHERYIEE ORI
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WHERIh N O GBI OFEAT R BodI A 72 2 & AT
HHEEZ NS, WIGaRRIC Ebé%m@%AKM-
a/(Chl-a+Pheo.)) 13 5ERFALA 283 H (12 A) DB K
A3 AR AR 12 b N BAS{K < (Mann-Whitney’s U
P<0.05), vz uaXY b 2ZOBIFE (Fig. 7) {3 KE T
RICEML Tz, 202 &3 KETIZ~ 7 axy b

IC& A EAEMMERS KO 77 v 7 P v OER L,
Z 16 OO EFETHEM X 5 Pheo. ND IR ATHFH T
HolZEERBKL TS, Ny 7)) 7 BFE AR
EHRD AN TENE U 5 2HHIEAWTH 55, /32
7V TIETOC, TN & [Flkk, KEEESEIZEOEML Tk D,
AR E B L CEB) L e il Eh .

EREEMBEOETIL
= &/A=NIAN §
Fig. 71SR L7 K512, w27 u~y b ZBE RIS AR
ﬁ@*@&é%ﬁ%%éﬁ0§%%%%%ﬁﬁﬁbfwt
, AHEDACHE T 13 — R IEHER T 8 2 A U 72 5%
%ﬁ%mﬂﬂ@H)%ﬁu%wﬁﬁﬁﬁﬁit%ﬁiu
BRI AA S NIz, %7, Fig. 6 DHERMH 7 L) & 2 %
AB L AR TIIBEY -REHERDBEHE DA
(183H) HIcE¥MimL TH 0, MKV TE
Y -REHERE EEOMA (316 H) %, [FARICHERE
Yirp 7 b ) & 2B 2 EAAA S N7z, TS Ol
T - R R A S OB X 0 K & HEREYI
NDERET Ty 7 ANMMLEZEREREEZ 5, X

12, HEREIRIC T M ) 2 AL -2 86, Thb
RIS 2 KEHERI B H VRN 2 & el S h 5. —07,
HHRDACHE T IR KRS THISR S 72 183 H TO &M -
JEHERIBEDIMADRA SN R 5722 6, Kb
HERIh NDERT 7 v 7 ZOBITHENEL , 2D &
PHERITH T b ) 2 ZDRE A B S RIEHRI R
OBEAGREEMNEEA» - X5, LarL, M
KBET & 316 H LIBR IZ M — RS HER Y 2 E A L <
Wb Zens, ThPFE, REHERDRE2BEMU 726
P %2, FEEETICKOFHMEIAHTH 5. 212H
(10H) Bifkic~v 2z axy b 22D AKR, MR AR & &
—HERIZHRA U 72 (Fig. 7) BRI E LT, ZOBHIIZHHE S
N T4 BRI EEHKE NOERBE S h T e h
5, ARG E%OHARCELAEZ NS,

KIFIZ A (1997) (SR LEO SR TRICELT 5
A B & HERI OB - ALF MBI DO W THEBItR %
B, HEROPIER ER MR 2 RE L, 201l
SPHIMEE IS & o TRABIO DA RE b Z & 2R
LT3, L2aL, SOV 3 2 LEERETIERHEND
e 38 a D, MY - KRB H O IMA % 224 &
LTREMNKRELZLL, 202 &2 R KEHEREY)
BEOBFEISHE L RITT VI BRI e Shz, Z

FIHG 5,

S AKER, EfEIReE

B L 75 o 7= MRS KK & KD AR C RV — 2 e HE R
BHOMAHHAR 222234 C 2B RRIZ>W T, xv 3
ZAﬁiﬁ%ﬁﬁ%ﬁ@Q&EﬁW%%UTﬁi@TH*
ThdZ b, FRODOYPMER P ERE L ERE -
N5, KRR B - R EHERY 8 O MAL %@
ROV, SHOEERLMGHREEE L T3,
ALFXNL PR
FHEPAKFED x4 XV + ZABUFE (Fig. 8) l&v 7 axXYV b
2 DR - R EHER & HEOIMA (183 H) (Fig. 7) LI
ICEES AEMICH D, HEREITh T M) 4 ZDEE) (Fig.
6) & IRBRAMHIA B - 7=, T35 O IZIETE ) — % R HE
T8 O B K 0 K O BRIERE A B A SO HERE)
OPBEIEBRRICHAT L, HERPIhIcT M) 2 258U 7=
728, IRERIHTS A4 A XY b 2L 7= & X

5. —J, MK TIZ 183 HICBIfFEA S L Th D,
ZOMEANZ R D HERI T N ) & ZRE O LS. (Fig. 6)
EXBLTWB EBbh b, ZORE FHE~v Xy
b 2 & OBFRIZIA S 22T,

A A XXy b ADE BB THEE Ok & BAfR A
H5 (GREH, 2004) ZERFISNTNS, LA L, AFER
TOHERZEARBRD | A4 F NV b 2BIFEICHEL KT
ﬁ%labfﬁﬁ%¢«®£$77/7x@%mﬁ$¥&

REER-LTHBERbh, LI, BEY - KEHER
%ﬁ%@mﬁﬁﬁﬁ%¢7buaz%m@ B & 7e AR
PR Xz,

KE#LEREDFIR

Fig. 41ZR L72 K 512, PONIZFERFAG2 5 10 H & Tldly
KR &AM AR, R AR & o 213/h & <, PONFR Z 1%
BZEHE IS Ty, Lo L, MR bkl
Chl-a V&AL TH D (Fig. 9), MARIHADO 7 a Xy + %
IZPONDHI T T T v & b v HED TR REAT B 4 58
PRI T2 TREMEA D 5. Table 512 F2BRFHAA 204
HZEBICHTE, %20 2 HroKi & AR Fab K
LDPON, WI7T 5V o+ VEENDESS KK 7 5 v
2 M VREN/PONIL AR U 7. MW KES , KT

PON DT, MW KM CIZRi L2 3ugN-17", %1k
24ug N-I7' MKz ZhZF N3 ugN-I7", 36 ug

N-I'eHEE SN b, KIZ, C/Chl-a=30 (Strickland, 1965),
C/N=6.6 (Redfield, 1934) & L, K75 v 2 1+ VRENIC
RELL 72 Chl-a DIHK ZHEE T 5 &, MIRDAHRE TIEHTF A

SugN-I"', %P 2ug N- 17, B K TIZZhTh
3ugN-I"", 23ugN-I"'& %%, WWT 7o VREN/

PONILTA S & MW AR TIERiY, %1 & & PONEL
BORFYHChl-a b LTHEIhZEHE S5, HK
BT, BIEISIZPONTE RS D KFEH Chl-a & U TRZ: &
N7zHs, %10 PONHIL S EHKI 60% A3 Chl-a TH V), Fidth
T30 bV UNOPONK T & EEN 5 L HEH S 7z,
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Table 5. Differences of PON, phytoplanktonic N, and ratio of phytoplanktonic N to PON between reservoir for tide
generation, fine sand pool and coarse sand pool. Unit in ugN-/"".

PON Phytoplanktonic N Phytoplanktonic N / PON
0-204* 205-355* 0-204* 205-355* 0-204* 205-355*
Fine sand pool (ds, 0.19 mm) 3 24 3 22 1.0 0.9
Coarse sand pool (ds, 0.95 mm) 3 36 3 23 1.0 0.6

* period (number of days after experiment)

ZOFRRNC, KRR L LTS 5
OfEES A IR dF 5N 5. MK CIZEBER O~ 2 o
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