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Influence of River Discharge to the Phytoplankton Biomass
in Matoya Bay, Central Japan

Tadashi Imar', Atsushi TaNIMURA', Hideo TaHARA® and Akito KAwAMURA'

To clarify the influence of river discharge on the phytoplankton biomass in Matoya Bay, physicochemical parameters,
i.e. salinity, water temperature, dissolved oxygen content, transparency and concentrations of NO,-N, NO,-N, PO,-P,
Si0,—Si and chlorophyll a were investigated from July 1996 to September 1997 in the bay and in main inflow rivers. In
Matoya Bay, the phytoplankton biomass based on chlorophyll ¢ increased in summer and autumn. NO;—N was mainly
supplied from the inflow rivers and the concentration increased in summer and autumn in the bay. On the other hand,
PO,~P and NO,-N were mainly supplied through regeneration from the bottom at the interior bay, and the active regen-
eration of PO,—P occurred in summer and autumn. The main source of Si0,-Si in the bay was the inflow rivers, but it
also influenced by regeneration from the bottom at the interior bay in summer and autumn. Redfield ratio and half satu-
ration constants were indicated that phytoplankton biomass in the bay was usually limited by nitrogen, and occasionally,
by phosphorus when river flow was higher in summer and autumn. Therefore, it was suggested that loading nitrogen
from the inflow rivers and active regeneration of PO,~P from the bottom at the interior bay triggered the increase of
phytoplankton biomass in summer and autumn in Matoya Bay.
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Figure 1.

Study area and location of sampling stations in three inflow rivers (Nogawa, Kamiji and Ikeda Rivers) and

Matoya Bay. Yamada and Jizo Rivers are tributaries of Nogawa and Ikeda Rivers, respectively. The generic name
for Nogawa, Kamiji and Ikeda Rivers is [sobe River. Circle with dot indicates sampling station.
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Figure 2. Seasonal variations of euphotic layer and water depth
at the three stations in Matoya Bay.
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Figure 3. Time-series horizontal distributions of physicochemi-
cal parameters (water temperature, salinity, NO;—N, NO;=N,
PO,~P, Si0,—Si and Chl. a) at surface waters in Matoya Bay
including Isobe River. Shaded portion indicates relative high
measurements. The data for Isobe River is flow-weighted av-
erage of the three inflow rivers. Flow rates were estimated
from the regression models (Imai and Kawamura, 2000).
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Figure 4. Mixing diagrams of nutrients at spring (March to May), summer (June to August), autumn (September to
November) and winter (December to February) in Matoya Bay. Data of salinity and nutrients shown at each sym-
bol are the average at each season, respectively. Solid line is linked two points; Isobe River and 4.0 m layer at St.
C.
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Table 1. Correlation coefficient between Apparent Oxygen Uti-
lization (AOU) and concentration of nutrients at 4.0m layer
for the three stations in Matoya Bay.

StA  StB  StC
(n=32) (n=32) (n=32)

NO;-N 0.18 047  041%
NO,-N 0.29 0.35%  0.26
PO,-P 0.81*  0.63*  0.60*
Si0,-Si 0.58*  0.53* 0.35*
n: Number of data. * p <0.05.
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4, RE|EIEFE L AOU DER

BHEE D 4.0m B OHEIEIRE & AOU (Apparent Oxygen
Utilization) D BAFRIZ DWW THRES L 72 (Table 1). T DHER,
3L & I2POP I AOU EHEWLVEBIZTR L (720.60), H
BB (1) 13 St A TROKIEAMR L7z, £72, SiO,-Sid Sts.
ABIZBWTAOUE LB VHBE AR D 5 Mz
(r>0.50). —77, NO;-NI{ZSts. B, C, NO,-N{Z St. BiZ&H1»
TAOU L HE LGB ARED s, HBEREII/NE
n -7 (r<0.50).
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ANAROEE AL 215 0.5mBIZDWT, Chl a ¥
L LSRR Ok, 185, RBIEE) OBtRE
AT~ ONERABEE A& BT EEBNUIRE U 72 (Table
2). FOFEE, Chl alEEIZKEIZE VW TNO,NLUSOR
R e HE A b s, ZOMOERTIET

Table 2. Spearman’s rank correlation coefficient between con-
centration of Chl. @ and physicochemical parameters (water
temperature, salinity, NO;-N, NO,-N, PO,~P and SiO,-Si)
at 0.5 m layer for the three stations in Matoya Bay.

Spring Summer Autumn Winter
(Mar.-May)  (Jun.-Aug) (Sep.-Nov.). (Dec.-Feb.)
n=18 n=39 n=21 n=18
W.T. 0.46 0.04 0.83* 0.21
Salinity -0.38 -0.10 -0.63* -0.39
NO;-N 0.38 -0.01 0.50* -0.27
NO,-N 0.06 0.20 0.23 -0.22
PO,-P 0.06 0.21 0.62* -0.06
Si0,-Si 0.32 0.22 0.47* 0.00

n: Number of data. * p <0.05.
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Figure 5. Seasonal variation of Apparent Oxygen Utilization
(AOU) at 4.0 m layer for the three stations in Matoya Bay.
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Figure 6. Seasonal variations of vertical circulation at St. A in

Matoya Bay and flow rate in Isobe River. Vertical circulation
was quantified using a formula (Unoki, 1998).
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Figure 7. Synthetic graphs of N:P:Si ratios at the three stations in Matoya Bay. The six areas were delimited by
Redfield ratio (N:P:Si=16:1:15). Each area indicates the rank of potential limiting nutrients. N: P ratio indi-
cates NO,-N+NO,-N: PO,~P ratio and Si: N ratio is SiO,~Si: NO;~N+NO,~N ratio.
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Table 3. Frequency of samples with nutrient concentration lower than the half saturation constant (Ks) at the three
layers for the three stations in Matoya Bay. Ks were defined as a median of the range based on Lalli and Parsons
(1997); NO;-N=6.0 uM, PO,~P=0.26 uM, SiO,-Si=2.75 uM.

Spring Summer Autumn Winter
(Mar.-May) (Jun.-Aug.) (Sep.-Nov.) (Dec.-Feb.)
=6 n=13 n=7 n=6
StA StB StC StA StB StC StA StB StC StA StB StC
NO;-N 5 6 6 7 9 9 3 3 4 6 6 6
0.5m PO,-P 0 1 4 0 0 1 0 0 0 2 2 0
Si0,-Si 0 0 0 0 0 0 0 0 0 0 0 0
NO;-N 6 6 6 11 10 12 5 6 6 6 6 6
2.0m PO,-P 0 1 3 0 0 0 1 0 2
Si10,-Si 0 0 0 0 0 0 0 0 0
NO,;-N 6 6 6 13 12 11 6 6 7 6 6 6
4.0m PO,-P 0 2 2 0 0 2 0 0 0 1 1 1
Si0,-Si 0 0 0 0 0 0 0 0 0 0 0
n; Number of data.
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Figure 8. Seasonal variations of salinity and N: P ratio
(NO4y~N+NO,-N: PO,~P) at St. A in Matoya Bay. The same
variations were shown at Sts. B and C.

FEnEnk, Z'EREOERE anmit B S &
BEL TR0, LEOERICESRH#HOBLELE

. &k, KFEO %mi%ﬁﬂ?m
FEE10660177) ICEDTHNZBDTH B,

REME (FR

productivity in Tokyo Bay. Rec. Oceanogr. Wks. in Japan. 9, 115-
128. ‘
[EARRTIE
PEEERORE
154,

WT S - WTJF%EEC(1998)?ﬁf%?m15

ABEOD T B LR -g B ISR DR,
10, 53-63.

[EAP N HE S i
IR A RE RS %fKL = T
Lalli, C. M. and T. R. Parsons (1997) BlOlOblCdl Oceanography An Intro-

duction (2nd ed.). Butterworth-Heinemann, Oxford, 314 pp.

B4
64, 144-

A (2000) REIZE T 2 EEHE AN OB
FE RIS O, KPEUF I

BORE .

4_/\,)1-. SREIC BT B

IR A

Py
7

i

B % (1994) ¥HEMAIRIC BT 5 AN ARG IR O 23R M i 00 25
IR zkﬁr‘ 7. 58, 1-9,

B - &g 50993 BBz 20NAKDHAL 70O
7 41b¢1A:E10>% AR E). FKRFRE. 43, 55-68.

AHINZ TS (1991) PEAE ORI 4. FIAREBEK. 33, 459-462,

Parsons, T. R., Y. Maita and C. M. Lalli (1984) A manual of Chemical and
Biological Methods for Seawater Analysis. Pergamon Press, Oxford,
173 pp.

Parsons, T. R., M. Takahashi and B. Hargrave (1977) Biological Oceano-
graphic Processes (2nd ed.).Pergamon Press, Oxford, 332 pp.

Poole, H.H. and W.R.G. Atkins (1929) Photo-electric measurements of
submarine illumination throughout the year. J. Mar. Biol. Assoc.
UK., 16,297-324.

PEIR 55 (1958) WY IETRULETT S

AT S M RIBIZ B 5 HEE

— )



TR AD IO 75 > 7 b Y BFRICK

OFHE, B L e LTIz 20 T—, MRE

wmwm 1. 72pp.
3 (1968 ) 2T RG22 0T —F OB R OBE, AR
RSN D W T —, [I?}x77 VA o A

20-37.

Shibata, Y. and Y. Aruga (1982) Variations of chlorophyll a concentration
and photosynthetic activity of phytoplankton in Tokyo Bay. La mer.
20, 75-92.

Suzuki, R. and T. Ishimaru (1990) An improved method for the determina-

2T

tion of phytoplankton chlorophyll using N,N-Dimethylformamide. J.
Oceanogr. Soc. Jap., 46, 190-194.
H”“Wu%&mwmmuﬁlﬁmammﬁ
2. 7, 283-292,
mmMT-Aﬁ~w AR
7 OBFREEA
63-72.
AR - PASE 5 - AT IR - W"Lbu%nzmﬁuﬁwé
AR Z IEFO R ORFR, REMEHEIFE. 61, 114-122,

LR, WO

B 1994 BB BT BT
&Wﬂ®+m*m.mﬁmmw.m,





