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A Quantitative Evaluation of the Water Purification Function of
Kosugaya Tidal Flat in Ise Bay

Hiroaki AoyaMA, Masanobu KAl and Teruaki Suzuki

The water purification function of Kosugaya tidal flat, in Ise Bay, was investigated in June and September of 1996. We
applied the box model analysis method to estimate the particulate organic nitrogen (PON), dissolved total nitrogen
(DTN) and total nitrogen (TN) budget of the tidal flat. The results of this study are compared with the results from
Isshiki tidal flat in Mikawa Bay, neighboring on Ise Bay, investigated by Aoyama and Suzuki (1996). The removal rates
of PON (9.9 and 21.5mgN m™? hour™! respectively) were larger than those of Isshiki tidal flat, nevertheless the mac-
robenthos biomass was smaller than Isshiki tidal flat. It seemed that the purification function in the removal of particu-
late organic matter from sea water could cope with temporary pulses of high primary production at the time of sam-
pling. We also tried using production per biomass (P/B) ratio as another method to calculate a more continual removal
rate of PON from the macrobenthos biomass. It was calculated as 3.9 mgN m™ hour™". The rate of Kosugaya tidal flat

was inversely smaller than that for the Isshiki tidal flat.

Key words: tidalflat, water purification function, macrobenthos, box model
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Figure 1. Location of observation area and sampling stations. Depths are expressed by chart datum level. Solid cir-

cles indicate sampling stations. The area surrounded by the dashed line indicates the area analyzed by the box
model method.
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Figure 2. Schema of the field observations such as tidal level, sampling time, measurement periods of primary pro-
duction and calculation periods of nutrient budgets on 25-26 June. Solid circles indicate the sampling time.
Dashed arrows indicate measurement periods of primary production. Solid arrows indicate calculation periods of
nutrient budgets.
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Table 1-1. PON and DTN budgets for the box analysis area (2.34 km?) on a summer day.

Unit kgN
Temporal  Advection Diffusion Biologycal  Primary  Biologycal
change change Production production
Budget period AV*Cy) Q+Ca  Ack#T*AC/AL Be PP Bp
PON budget
period 1(day) 3-Jun 13:40 (L) DL+ 0.10
3-Jun 17:50 (H) DL+ 2.00 324.5 622.2 4.4 -302.1 96. 4 -398.5
period 2-1(night) 3-Jun 17:50 (H) DL+ 2.00
4-Jun 1:20 (L) DL+ 0.85 -31L.8 -340.3 2,8 25.7 51.6 -25.9
period 2-2(night) 4-Jun 1:20 (L) DL+ 0.85
4-Jun 7:15 (H) DL+ 2.39 468. 4 472.8 1.6 -5.9 63.1 -69.0
period 3{day) 4-Jun 7:15 (H) DL+ 2,39
4-Jun 13:15 (L) DL+ 0.10 -652.6 ~703. 4 2.4 48.5 99.5 -51.0
I day 3-Jun 13:40 (L) DL+ 0. 10
4-Jun 13315 (L) DL+ 0.10 -171.5 51.3 11,1 -233.8 310.6 -~544.4
DTN budget
period I{day) 3-Jun 13:40 (L) DL+ 0.10
3-Jun 17:50 (H) DL+ 2.00 846.5 772.9 -1.1 74.8 -96. 4 171. 2
period 2-1(night) 3-Jun 17:50 (H) DL+ 2,00
4-Jun 1:20 (L) DL+ 0.85 -522.9 ~520. 8 1.0 -3.0 -51.6 48.6
period 2-2(night) 4-Jun 1:20 (L) DL+ 0.85
4-Jun 7:15 (H) DL+ 2.39 668. 1 680. 4 1.3 -13.6 -63.1 49.5
period 3(day) 4-Jun 7:15 (H) DL+ 2.39
4-Jun 13:15 (L) DL+ 0. 10 -769.1 ~-1015.8 -2.0 248.8 -99.5 348.3
1 day 3-Jun 13:40 (L) DL+ 0. 10
4-Jun 13:15 (L) DL+ 0. 10 222.6 -83. 4 -1, 0 306. 9 -310. 6 617. 5

(L) “Tow water, (H): high water, DLidatum level

Table 1-2. PON and DTN budget for the box analysis area (2.34 km?) on an autumn day.

Unit:keN
Temporal  Advection Diffusion Biologycal  Primary  Biologycal
change change Production production
Budget period AV*Cv) Q*¥Ca  AoxK¥T*AC/AL Bc PP Bp
PON budget

period 1{(day) 25-Sep 10:30 (L) DL+ 0.42
25-Sep 16:45 (H) DL+ 2.51  1322.1 704.9 6.6 610.5 1050, 5 -440. 0

period 2-1(night) 25-Sep 16:45 (H) DL+ 2.51
25-Sep 22:56 (L) DL+ 0.64 -902.5 ~798. 5 6.4 -110.3 216.9 -327.2

period 2-2(night) 25-Sep 22:56 (L) DL+ 0.84
26-Sep 6:10 (H) DL+ 2.32 341, 9 524. 4 8.1 -190.6 90.7 -281.3

period 3(day) 26-Sep 6:10 (H) DL+ 2.32
26-Sep 11:20 (L) DL+ 0.38 -413.0 -637. 1 7.0 217.1 4217 -204. 6

1 day 25-Sep 10:30 (L) DL+ 0.42
26-Sep 11:20 (L) DL+ 0. 38 348.5 -206. 3 28,2 §26.7 1779.9  -1263.2

DTN budget

period 1{day) 25-Sep 10:30 (L) DL+ 0.42
25-Sep 16:45 (H) DL+ 2.51 -419.1 2046. 5 -3.8 -2461.8 -1050.5  ~-1411.3

period 2-1(night) 25-Sep 16:45 (H) DL+ 2.51
25-Sep 22:56 (L) DL+ 0.64 -1245.7 -1133.1 ~1.6 -111.2 -216.9 105, 8

period 2-2(night) 25-Sep 22:56 (L) DL+ 0.64
26-Sep 06:10 (H) DL+ 2,32 8B7.6 873.1 -2.4 16.8 -90,7 107. 6

period 3{day) 26-Sep 06:10 (H) DL+ 2.32
26-Sep 11:20 (L) DL+ 0.38 -661.3 -1052.1 -8.1 398.8 -421.7 820.5

1 day 25-Sep 10:30 (L) DL+ 0.42
26-Sep 11:20 (L) DL+ 0.38 -1438.5 734. 6 ~15. 7 -2157.3  -1779.9 -377.5

(L) :low water, (H):high water, DL:datum level
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Table 2. Primary production on 3-4 June and 25-26 September.

period June September

Depth  Primary Depth  Primary

production production
m mgNm™h! m mgNm™®h!

st time surface 0.1 3.9 0.1 44.8
(day) bottom 3.0 7.7 3.0 7.0
2nd time  surface 0.1 0.7 0.1 -0.3
(night) bottom 5.0 -1.9 5.0 4.7
3rd time  surface 0.1 2.6 0.1 22.0
(day) hottom 5.0 4.3 4.0 7.1

hour™ ' & -7z, JRETIZ, 77443 mgN m™? hour ' & 7%
DEBLODEEP 7. —T7, FADERIZ, 448 £ 220
mgNm > hour ' &40, 6 LD & 10EREEES & -7,
FEEIZD0WTIE, 702 7.1mgN m™3 hour™ & 6 A D L &
FNEDLLEP o

TFRUEH Y 7= O DM R E % Table 1-1, 1-2127R L7z,
1HY7=DTADE6HD310.6keN day™' (5.62mgN m™>
hour™) , 9 H A% 1779.9kgN day™' (30.58 mgN m™ hour™")
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Horizontal distribution of surface water quality at low tide on 4 June.
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Horizontal distribution of surface water quality at low tide on 26 September.
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Figure 4. PON, DTN and TN budgets for the box analysis area on two sampling periods (3-4 June and 25-26 Sep-

tember).
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Table 4. Biological change and production rate of PON , DIN
and TN in Kosugaya and Isshiki tidal flats. Plus values indi-
cate a source. Minus values indicate a sink.

Kosugaya Isshiki*
Unit June September June
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Figure 5. Macrobenthos biomass classified by feeding types,
sampled on 17 June and 15 October. SF: suspension feeder,
SD: surface deposit feeder, SSD: subsurface deposit feeder,
C: Carnivore, SC: Scavenger, U: Unknown.

Table 3. Macrobenthos biomass of Kosugaya and Isshiki tidal

flats.

Kosugaya Isshiki*

Depth Unit June October Average June

< lm gNm™ 3.56 10.94 7.25 6.47
1-3m gNm™ 0.97 5.48 3.23
3-5m gNm™ 1.27 1.55 1.41
Areal weighted average N m™ 2,20 7.52 4.86

The average per unit coastal line gN m™ 1.25 4,29 2.77 10.67

#Aoyama and Suzuki, 1996

R L7, FREBEEETE, 6H2220eNm™, 10
B#3752gNm2, FHF B L486gNm &k o7, iz,
MR 7 0 ISR B & T2 gNm 2 e B o 1

% =B
1. KE2

6H, 9L g 7T T 4 J)La, PONMBHATEL, ZORK
WMEMTHBE 7247 4FY, DINBRERITEVLE LS
T BB e AR A E X he 2y, TR EMEO—ETE
R (FIL - 8, 1996) TEIME MR EFERIL
T, ZOKESFIEZvr7uxY P ADFHE—FHLT
B0, FERTOABRME I ORY | Rk B 58EA

Average PON concentration at out of the box uglt 165.8 178.1 109.5
Primary production rate mgN m™*h! 5.62 30.58 2.08
Biological change rate of PON mgN m™h! -4,23 9.05 -4,20
Biological production rate of PON mgN m™ ht ~9.85 -21.53 -6.28
Biological change rate of DIN mgNm™*h? 5.55 -37.06 3.34
Biological production rate of DIN mgN m™ h! 11.17 -6.48 5.42
Biological change rate of TN mgN m™ k! 1.32 -28.01 -0.86
Biological production rate of TN mgN m™ h™ 1,32 -28.01 ~0.86
*Aoyama and Suzuki, 1996
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Table 5. Macrobenthos bisomass and removal rates of PON cal-
culated form P/B ratio (Aoyama and Suzuki, 1997) of Kosug-
aya and Isshiki tidal flats

Kosugaya Isshiki*
Unit June October  Average June
Macrobenthos biomass aNm™ 2,20 7.2 4.86 6.47
Suspension feeder biomass gNm™ 115 5.04 3.10 5.08
The biomass per unit coastal line  kgN m™ 0.65 2.88 1.77 8.38
Removal rate of PON mgN m™ day™ 34,6 151.7 93.2 153.0
The rate per unit coastal line gN m™' day™! 19,6 86.7 53.2 252.4

*#Aoyama and Suzuki, 1997
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