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Verification of a technique to quantify the water purification function of
a macrobenthic community using a tidal flat experimental facility

Kazuya TAKEDA'", Motoo IsHipA2, Hiroaki Aoyama® and Teruaki SuzUK1®

In order to quantify the water purification function of a macrobenthic community, the concentrations of nutrients in
overlying water were monitored hourly using the tidal flat experimental facility at Aichi Fisheries Research Institute,
which reproduced physical environmental conditions such as tidal level, tidal currents, waves, and winds. The experi-
mental ecosystem supported a macrobenthic community dominated by bivalves. All the nutrient elements (NH,—N,
NO,-N, DON (dissolved organic nitrogen), PON (particulate organic nitrogen), PO,~P, and DOP (dissolved organic
phosphorus)) except for NO,—N in the water column were removed. The calculated removal rate of PON by the mac-
robenthic community (50 mgN-m™2-day ') was found to be similar to that estimated by an alternative simple index, or
PONrm (41 mgN-m~?-day™"), which had been devised based on the biomass of the macrobenthic community, and
standing stock of chlorophyll a and pheo-pigment in an earlier study conducted by our research group. This finding
suggests that PONrm is a simple and proper index for quantifying the water purification function of macrobenthic com-

munities.
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Figure 1. Plan and section views of the tidal flat experimental facility.
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Figure 3. Changes in the concentrations of nitrogen in the
reservoir and experimental pool.
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Table 1. The standing stocks of TOC, TN, chloropyll a, pheo-pigment and bacteria for each tidal flat area.
TOC TN Chl-a Pheo Chl-a/ Bacteria
(mg-dryg™") (mg-dryg™") (ug-dryg™") (ug-dryg™") (Chl-a+Pheo)  (cells-dryg™")

Areal 2.61 0.44 11.3 214 0.35 2.2x%10%
Area I 0.63 0.13 4.0 33 0.55 2.8%108
Area 11 0.64 0.13 4.4 2.9 0.60 1.1x108
Area IV 1.01 0.18 1.4 1.8 0.44 1.2x10°
Weighted mean 1.82 0.31 7.9 13.4 0.37 2.0x108
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Table 4. The nutrient budgets for the experimental pool.

NH,-N NO,N NO,N DIN

DON DTN

PON ™ PO,~P DOP DTP POC

Cross inflow: Q,, (g-day™") 14.0 1.6 9.2 248 8.5 333 2.1 353 4.9 0.3 5.1 153
Cross outflow O, (g-day™") 54 0.6 15.7  21.6 6.5 28.2 0.6 28.8 4.2 0.1 43 4.7
Stock at the start: O, (g) 2.0 0.2 6.9 9.0 2.6 11.5 0.3 11.8 1.8 0.1 1.8 2.4
Stock at the end: O, () 1.8 0.3 8.6 10.6 3.1 13.7 0.3 14.0 2.0 0.0 2.0 2.2
Removal amout: Q (g-day ™) 8.7 09 —8.1 1.5 1.5 2.9 1.4 44 0.4 0.2 0.6 10.8
100X Q/Q,, (%) 62 57 —88 6 17 9 69 12 8 77 11 70

Removal rate (mg-m~>-day” ') 249 26 —232 42 42 84 41 125 10 6 16 308

mgN-m 2 Tdh 7. BEWEHEL, 79, A FF2
74 (Musculista senhousia), ¥ 12 & &2 FEARITEO 378
Th, ThoOBHGFROME YO AGHE 1,429
mgN-m > Tdh -7, REWRYRET, 3,534, 7
VY F AYERX (donides oxycephala), I A FITHA, TL
71 7 RIARBHFE (Caprella sp) D4FETH D, ZhEDBIFE
DIEDEEHE 336 mgN-m 2 Th - 7z,

MBI

Table 412 R EBYH O UYWL #/7F . NH-NIEZHR A &
D 62%, WAL FE D 72 D TiZ 249 mgN-m 2 day ' 237 2%k

L, NONTI&, #¥HEARD57%, 26mgN-m 2-day ' A3
U722, NO-NTIEWIZ, i A®RD 88%, 232
mgN-m 2-day ' 23K L 7=, DIN TIZMRTEA ED 6%, 42
mgN-m 2-day ' 2372 L, DON TR ARED 17%, 42
mgN-m 2-day ' 232 L, DINTIZHT AR D 9%, 84
mgN-m~2-day ! AW L 72, PON TITHRIRA R D 69%, 41
mgN-m 2-day ' A L, TN TR A B D 12%, 125
mgN-m 2-day ' 2K L7z, PO,~P TIFHFHARD 8%, 10
mgP-m 2-day ' 2V L, DOPTIEMBMARED 77%, 6
mgP-m2-day 'k L, DIP CIZRIRARD 11%, 16
mgP-m 2-day ' WY L /2. POC TIEHRIRAED 70%,
308 mgC-m 2 day ' 2NWHA L 7=,

FEEA LTI TIENO NSO EEH AL T
7z. NONODOARKIE, NHNOHKEIZIFFETH - 7=
) v OIEFRFEIE, POP I IUDTPIFHIZH10% Th - 7=
2, DOPTIX71% CTh »7=. 7=, HHEEEY POC,
PON) DR IZHI70% TH - 7=.

PON Dikf&=

ARWFFRIZ I 5 FiRiRk& ik (35m?) TO PON Dk &
13031 gN-day ' LA &, PONFRIRAED 15%, HAL
HfEdH 720 TlE9.0mgN-m 2-day ' Tdh - 7=,
FRBEWIREEE (PONrm)

EARIE A (2000) DFEIZHE, BEY B B K X EHE

R fr & OBIAF RO IMEN-1Y (Table 3) 7 & OIS WG M S
(Table 1) & (b) RUZRAT B &, F2EA L TEID PONrm
1341 mgN-m 2-day '&EIR I N7,

Z =

ERAILTREOIRE

=WEACERIR RIS H 2 TR (F1,000ha) Tk, F
WIRIC B 2 BIGR LB IZB T 5 £ < O AT
bhTx7= (AL, Matsukawa and Sasaki, 1986). 4l
BERED 0) RATHHLEZ/ ST X =213, ZO—@TE
WTORy 7 ZETNEOHR (FHIL - #3K, 1996) &b
3 Z ikt h T s (Fil - $Ak, 1997),
FEEN L HRIRO BRI 2 — G E L 4 5 & i
DES>THoT-.

WEIBREIZ DWW TR, TR IFER G OPIEE Y 2 5
B - HAREDA RV M EED, FEOTRBOREDY
fre < BUHEYS BT 2 2 L 3WEETh 528, Mk
BEROFETHRAR K51, M) TR V400 25 s B
Brhbd ks, REHEEEOLELERE L. KAiiks X
OHMERR 2T, [ARRD SR & 0 FURAERER % K
ELE-MER AL ED S HUINEA2, 1996; Kuwae and
Hosokawa, 2000; Z={1{Z7>, 2000a, b, 2002, 2004; AHIE A,
2004). Th 6 OWEL S B TIRFERMEHRIE, FERALT
EOHER R U, FEBIC W GHERER
DI BFEONNEGZohEELZONS.

WMAKBIZDOTUE, AHARAEFEAERSR (R
BB A A AEE, 1995, 1996, 1997, 1998) 12Xk b &, —
ETEBRMN D 4E D RREIZI1T 5 1994414 7 5 1997 4F-
JED PON DFFHMEIE, ZhZ 167, 159, 174, 167 ug-1""
THY, 72, FHil - #K (1997) 13, —ETEEM A
BIZBIT A PON % 140 ug- 17 EE L T3 0%, KAl
BB AKBOPON 44+20ug- 1) 1x, ZTh656D
25~31%FETH 72, ZOHEE LT, BUKO2 R
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fRLIZRRE SN TS 7280, TREICHHE S h s Rk &
WL T 7 7 v o b v &0 - A EEDIRE HK

otz Z e, UK & Pl AR ICHG K X5 £ TORM,

VKBRS L7227 L £ 3R Y (Ciona intestinalis)
FIZXZHD AACYIFRRRIC K O, ATEEREYIIRE A
KT LZmRESEZS5NS.

JK'EIE H (Fig. 6, Table 1) I2DWT A B &, ok
(0.69mm) i3, FERIGAERERYS (2000) 12 & 5 — @K
IZH 1 B MEE (0.16~0.77mm, “F-150.39mm) DHPHA
WZH o 7=h, FHHETIE 185 ThH - 72. TN (0.31
mg-dryg ) &, FIU < —@EFEBICH T 5 REME (0.08~
0.57mg-dryg™", F3¥022mg-dryg ") &EFEETH > 7=,
Chl-a (79 ug-dryg H 1%, UL —GTEBIZK T 58
i (1.9~13.5ug-dryg™", ¥ 52ug-dryg™ ) &EFEET
& 572, Pheo (13.4pug-dryg™H) &, UL —@TEIKICE
AWM (1.1~743 ug-dryg™, 7.8 ug-dryg™) &
[FIFEETd > 7=,

AW (Table 1, 2, 3) I2DWT A DB &, R (2.0%
108cells-dryg™") 1%, FIU < —@FEIHIZ I 2 B
(1.38%X108~2.05%10%cells-dry g~ !, 44 6.30X 108 cells-dry
g ) DHPHNIZDH 7248, FHETIEN% TH 7. A
A XXy 20MMKE, AILRE, #Bddd, oo 5

7 ZHMBHPLT, —EFRBILHEO AT HEE (FRIES,

2003) LU Tz, XA+ RV 2O BLEE O
Yl (237.9MfK -em™2) &, SREIEA (2003) 2L B 9HD
WA (1~4x10° MK -em ™2, F¥2.3X10* K -cm2)
CRFRETH 7=, v uxy F ZOMHKIE, WTFho
XEZBWTEBARFIIMNB L A7 00, =35
WO FEIR L AR ISRk A B L O BIL 72, v o1
NV 20 MBIE (10F8) 13, FHi - #K (1997) 12 &
B[ CZEHiO —@TEkic o 2 MSE (7~26F0) O

HMIZdH 57z, v z7axy b 2BER (1,776 mgN-m™2) %,

i - 8K (1997) 12 & 5 — @ TEIBIC BT 2 M
(260~11,880mgN-m 2, F#5620mgN-m2) X, I
KBRS (2000) (2 & 5 —ETEIIC 51T 2 Wi (89~
28,679 mgN-m 2, FJ6,634mgN-m 2) DOHHNIZH > 7=
LOO, FHMETIX27~32% TH 72, ZDH b EENR
FHOBFE (1,429mgN-m ) 1220\ TiE, R KRERER
% (2000) 12 & 2 — T ERIIC B 2 MEE (0~27,774
mgN-m 2, F#45987mgN-m2) DOHWHNIZH >72& D
D, I TIZ24% TH - 7=,
KRALTBEICE T 2REVEDINE

Table 41278 U 72 KREEWBE I OFER D 5 |, FEN L
[ PONFRZNC & 2 “RIALPEHEHE (41 mgN-m2-day ") (X2
DThL, INBRZEIZX 2 S RALPEFEBE (125mgN-m™%
day ™) AL CW72. ZDONFRIZDIN, DON DR EHRZ
Zh, PONKE & IZIFM% &2 492mgN-m -day ' Tdh - 7=
ZEIZk-oTn3, ZOFH & mFE DRSS Hh O E T

HENFEE L CEREEBIZEAWNDIAADHG L TnW5 &
HEJI X M7=, F 72, NHAND 5 NO-N D ZHH 2 ik A
LT\ Z ens, MEWE S & -2 heErdH %
N, ThES5HOBETH 5.
FHREBRBSYEREREE (PONrm) DIREE

FEEA S, FEERAN T TEEANTA T 2 A EERE 2P
KL, v uRY P ABGERIEIRORD A, 52EDD,
R, AL i3 —a TR EEPLL Tz &l
L, KifEIZHE T 52 PONmDET R TiE, —@TEEKT
Ry 7 ZEFNELEDORETHRIESh-BERED/NS
A =5 (FHil - gk, 1997) AWML T, 41mgN-m 2
day ' #1572, $HAKIEA (2000) 1%, ZIVAEHFIR o MIX 12
$1F %5 PONrm% , 6 A TiZ0~446mgN-m > day ! (*F-13
49mgN-m2-day'), 8 H TiZ0~545mgN-m2-day ' (*F
YJ49mgN-m 2-day™!) Tho7oeWMELTHD, FHX
DHTORAME (DL.£0~D.L.—3mTHH) DOTF-HfEi
151mgN-m *-day ' THh 7. 7z, PONrm & IXIX[FH U F
BTHHR L 72— BT IO FHTIE 153 mgN-m ™ 2-day ' T
botz (FHil - gk, 1997). KRWFFEIZH T 5 PONmm i Z
NS D =MENO TERIZB T 3l0OR27% Th 72, Z
hid, EBRA L TERADFH AKX O PONIRE 2 —@T
VHRANDFEAKD 25~31% F2E LK 722 & &, FERBRA
LFERBOBEYRE OBRARS —@TRIKD 24% &4 7%
Mozl EIERTEEEZ NS, AR TR S
PONrm Dl &2 RGET 5125 720, FEERA L TERIZ T
£ XN PONDWERIZDWTLL I3 3

PONVERE S, Z DR RFHRIIER S 2 % < AT
Tikd 57, TEFBRIERCEAEARRRET L (- I,
2004) ZEA L 72FE, KPS L Uik % 5 2 7254
IR K BUIMEA B S h 2 826 (BRIEAKPER
B35, 2007), FFEMIKIZITRY TH -7 FEALEN 5.
FEERAE A EZRT 5720, Fig 71 FHAMIZKT 5
KHD Chl-a s K OWEDOHERS &, BE L 7= Fs OfE il
EEBITURNT. Chl-adb KOWEEIT, Js2 Ak E WHIRIC
B — oAt oh, ZORICHEENSEZ 5%
AONB. TSy vy, BRAEEHE, T2 20OH
BEEEIXIZIEE L W2 (IhARIEA, 2005), Chl-ad
¥— 2 BR2id, MM Chla 2275 v 2t v
AR OMIZ T+ ) 4 2 %G 72 VAT 23 P8 L
EEZONS., —F, WEOY - 2HHIIL, TFEAED
A CURbepetn (§01) S IRIREICPHRE L 722 E 2 5
N5. Fig. 7% A5 &, Chl-ak XOWEIZ, s H22HIZIE
IFIFR CHERE 278 U 722%, 23 H OBEDIBISTEE D A2 2 8
=2 hH0, Chlalcld€—2o 2o, ZOZ LI,
PRAMRR I 28 & 0 K& ek (k) PESEBREEAS BRI 2%
2003) A FHERE L 72128 BD S THEMI R L 2 >
=l ehs, ERETTRESUEAEEM G L s 5722
LEBIRLTED, ZNE TSR L =AM IFIEST
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Figure 7. Changes in the concentrations of chlorophyll a and
turbidity in the experimental pool.

AREICHEEL THEL TWAREE L SNS, HEA BN
S CRE LTS TERTIE, POND LR & FEE &
W o 2UPRHBEFR I RIS NS v 2L TnwbEEZ 6N
THh (FLIEAH, 2000a), FRALTFERICENTES
B OBHIAB 2 7 — LTk, kR =HEERECH - 72
EEioh5.

RIZ, K75 v o b v OEERIZOWTIHE TS, &
[ (6:00~18:00) {2351+ % Chl-a DF-¥J¥RIE 6.6 ppb (Fig. 7),
B EARD KBS em (Fig. 2) 26, TERAR (35m?)
DO AKF O Chl-a EiX 120mg & WS 57z, KA
PG A 3mgC-mg Chl-a '-h™' (E4 K, 1989), 1HD®E
AR A 2R E $5 & ERRAMOMEIZL ST
WHNOFEHHEZERKHHEDON125DT, 1HD
720 DAEPERIZ2,100mgC-day ' & 5. CN=66 (L v
F74—LFl) &T5L, ERRN-ZD1HI-D A ER
13320mgN-day !, HAIHIAEDH 72D TiZ9mgN-m 2 day !
EHEN XN,

IhoDBIEZE & &2, ARESREYIRZEE (PONrm)
ARGEET 5. £, FBRATLTERICE T 2 KEZEL»5
LHBOWXE #5HR L7285, PONDH L E I 4l mgN-
m~2-day”! (Table 4) TdH >7=. ZOWNRIE, (PONDIH)
= (BB AEIC &k SR+ (MR~ O TR — FHERE) +
(UBIFRENDOZAL) - (75 v 2 b Y O4E) Th 5.
ZZT, [HERWI~ DMk — ) =0, (> v 2 b
VOEE]=9mgN-m 2day ' & HFZ SO T, [EEY
BFIZ L BREI=50(mgN-m™?-day ) — UEFREANDZAL)
b, (WEFRE~DZL]) £ LTiE, DON, DIN \DS} i
RS e VS 2ERELA D D, Zh 5O BIZANE
TIEIAHTH 55, ZOMOFEMFEL L THhhr -7z
LEAZOND 1D, BEYEHIZXSMERIZRKTSO
mgN-m >-day ' & BAEE 6. Ln->T, Bifigk

5 EHID U 72 PONrm (41 mgN-m ™ 2-day™ ') &, A7 < B
& o TE, KEZED 5RO EEM A2 K 2 kFR
F& (50mgN-m~2-day™") D% ITHY L7z, ZDIZ & H
5 PONrm id, BEM B HIC X 5 G EDIR FH g % 6
G RALT 5 FHEE L TREYARLDTH S Z L HURIE X
Nz, Lo L, K220 T = 0ENO T-E & g
LT, MAKPOPONIREIZRRMEL, vZ7uxy | 2
BUFERIEIRRD BN 70T, 58%1F, KhBERISENE
T CHEERIET 2B END 5. £27T0O, w75 v
7 b IZ K BEMER, PONDORTFEANOZEL R -
PHEEGE M 2 KO GFHNCHE L €, KO LiGlE 35
ZLWHETH B,

E

AWFZEOELD £ & DIZEEL TiE, (fh) e ssiihige
PO TFAL B B I AR TS 2THW-, $7-, K5
KEFRFBEEE R 2R O LA RREGZ, Hil K5
RO I BT, B R AR AR T o
Vo ORGP, (BR) BRI O
S REANIEAA 6 SCHk - B ZHit s KO TS ATHN
72, ZZITitL, #EEEKT.
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