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Long-term changes in nitrogen and phosphorus concentrations and these ratio in Mikawa Bay

and their relationships with Asari (short necked) clam and Nori production

TSUGE Asataro”, NINOKATA Keisuke*, KAWASUMI Taiga®, OSAWA Hiroshi*, and ISHIDA Toshiro"

Abstract : Long-term changes in nutrients (TN, TP, DIN, and DIP) were examined in Mikawa Bay since the
2000s. The concentrations of TN and TP in Atsumi Bay (eastern Mikawa Bay) and TN, TP, DIN and DIP in
Chita Bay (western Mikawa Bay) decreased significantly. But trends in TP and TN/TP ratios changed after
November 2017, when the discharge of increased nutrients from the purification center began. Both DIN/DIP
and TN/TP ratios in both bays exceeded the Redfield ratio in many periods, suggesting that Mikawa Bay has
a strong tendency to be phosphorus limited. The concentrations of DIN and DIP tended to be higher in Chita
Bay than in Atsumi Bay, and decreased larger also in Chita Bay, and the DIN/TN ratio and DIP/TP ratio
decreased more significantly in Chita Bay continuously. The relationship between TN and TP changed every
decade, and the ratio of TP to TN was smaller in the 2010s than in the 2000s. Comparison with previous
findings suggests that TP concentrations of 40.7-45.8 png/L on average per year are required for the growth of
Asari (Manila) clams. In recent years, the number of years in Chita Bay where nutrient concentrations did not
reach the levels required to produce good-quality nori has been increasing. The current fishery environment
is not at the level of nutrient concentrations necessary for the production of clams and nori, and effective and

sustainable nutrient management measures are needed.
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Fig. 2 Long-term changes and trends of TN and DIN concentrations and DIN/TN ratios in Atsumi and Chita Bay. The 7 and p-

values in the figure show the results of the Mann-Kendall test. The dotted line in the figure indicates the regression line during

the study period.
200 200
sumil pba i
180 | Y TP ——  7--0.157, p<0.01 180 | Chita Bay —— 7=-0215, p<0.01
—~ —~
§D 160 DIP 7=-0.029, p=0.470 < 160 | DIP 7=-0.128, p<0.01
0
3 140 3
120 ~
S 100 s
© =}
T 80 c
€ k=
5 60 S
c 40 8
o o
o 20 o
0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
90 90
Atsumi Bay Chita Bay
80 | 7=0.024, p=0.553 80 7=-0.050, p=0.217
70 | 70 |
60 @ 60 4
&
50 50 H
a
40 a0
a
30 3 30
20 I 20
IPETLYO A N A
10 | ’ 10
0 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 I\ 1 0 1 I 1 1 1
11 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

Fig. 3 Long-term changes and trends of TP and DIP concentrations and DIP/TP ratios in Atsumi and Chita Bay. Other supplements

in the figure are the same as in Fig. 2.
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Fig. 4 Long-term changes and trends of TN/TP and DIN/DIP ratios (weight ratio) in Atsumi and Chita Bay. Other supplements in

the figure are the same as in Fig. 2.
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Fig. 5 Long-term changes and trends of TN and DIN concentrations and DIN/TN ratio in Atsumi and Chita Bay since November

2017. Other supplements in the figure are the same as in Fig. 2.
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Fig. 7 Long-term changes and trends of TN/TP and DIN/DIP ratios (weight ratio) in Atsumi and Chita Bay since November 2017.

Other supplements in the figure are the same as in Fig. 2.
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Table 1 Monthly averages of TN and DIN concentrations and these long-term changes in Atsumi and Chita Bay. The higher the

concentration, the darker the background color is shown.
Atsumi Bay

™ Annual
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

1 2

average

314
360

DIN Annual

average

2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
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Table 3 Monthly averages of TN/TP and DIN/DIP ratios (weight ratio) and these long-term changes in Atsumi and Chita Bay.

The higher the ratio, the darker the background color is shown.
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15.7) 9.4 11.3
73 79 80 8
13.0. 94 80
10.3) 8.0
9.0 9.0
12,504
138 122
140 93
121, 93
79 11.7]
8.2
10.8
8.6

average

15.8
9.1
8.5

113
10.9
118

86
15.7
111
121

9.0

9.6
10.4.

16.3

EE 112 127.3]
51 4.5

3.2

8.9
20.8,

17.7 105

ratio, the darker the background color is shown.

Atsumi Bay
DIN/TN | 12 3 4 5 6 7 8 9 10 1 12 "M
average

2000 21 29 28 19 29.6|
2001 5.0 47 25 14.2 21.3] 171
2002 7734 60 21 26.8[EER]
2003 105 75 76 23 8. 58.0 X
2004 148 20 36 1.9 132 . 9.4
2005 32 35 s3I 47) 1480076 133
2006 4.7 4.7 1714 6.4 139
2007 43 25 91 04 130
2008 6.7 73 5.3 3.8 10.1
2009 33 71 50 44 125 116
2010 11.7 217 30.5] 29 3.2 26 25 5.1 138
2011 |66 88 160 sofi6 58 18 11.0
2012 a4 41[I68
2013 8 o3 6s
2014 75 89]143
2015 2.6 15 6.6
2016 2B 69 62
2017 4.7 31 5.3
2018 40 107D
2019 4.3 5.7 5.2
2020 10.1 7.0 gl
2021 76 74 49 112
2022 57 6.3 4.0 78 9.5 8.0 47
2023 61 102 57

pp/P |1 2 3 4 5 6 7 8 9 10 1 1 ™

average

2000 K] 36.4 0207 CPRNET IS VERNE RIS T 325 250 30.9 5
2001 99 35 3.6 42 5.2 88 103 71 EE] 595 239 39.2 15.4
2002 29 39 128 115 20 459
2003 47 45 21 82
2004 34pLR] 110 132
2005 15 LEX 96
2006 6.6 7.7 100 74
2007 70 30 96 63
2008 0.9 26 3.1 8.3
2009 19 79 43
2010 3 5@% 09
2011 89 81 43igd 519 366 29.3
2012 45[JIBEI50 9 241 560 294
2013 18 82 131 115
2014 76 54 45 cofER
2015 9.6 55 0.9 6.2 X
2016 so oo EENEEH
2017 3.8 56 6.1 9.7
2018 solig 34 97
2019 6.3 13.7 6.1 8.8
2020 k] 41 127 3.8
2021 64 103 43 129
2022 6.3 59 9.0 143
2023 72

2000-2009 average
10.0
2010-2022 average
10.9

2000-2009 average
16.0
2010-2022 average
14.9

2000-2009 average
135
2010-2022 average
13.0

2000-2009 average

16.3

2010-2022 average

15.9

2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

DIN/DIP

I
12 3 4 5 6 7 8 9 Annue
average

125 15.9

9.9 98

7.
10.8
12.4]

10.0

Annual
average

13.8 19.8) 81
3.4
16.6 .

36.2

174

19.2

17.7

14.0

13.7

117

376

15.7

Chita Bay

2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

Annual

average

57.2 56.9 SN 74
EYRAIN] 119 153
46.9 395 615 31.2]
kIR 123 157

34.7
26.3
49.4]

37.2 438 573

26.7 228
47.6 29.0 43.8

333 283] 22.0

26.7 425 56.5]

70.8
44.4
42.7
48.0|

59 22

137

2000-2009 average
9.4
2010-2022 average
105

2000-2009 average
12.7
2010-2022 average
11.2

higher the

2000-2009 average
26.4
2010-2022 average
20.4

2000-2009 average
28.9
2010-2022 average
244
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Fig. 8 Relationship between TN and TP at Atsumi and Chita Bay in each decade. The dotted lines in each figure indicate regression

equations.

Table 5 TP concentration at each TN concentration level calculated from the relationship equation

between TN and TP in each decade.

Atsumi Bay
™
Caer) 250 300 350 400 450 500 550
2000s  28.6  33.4 381 428  47.6 523  57.0
U 2010s 26,1 30.1 342 383 424  46.5  50.6
(ug/L)
020s 241 293 345 397 449 501 553
Chita Bay
™
Caer) 250 300 350 400 450 500 550
2000s  32.7  37.1 415 458 502 546 5.0
U 2010s  29.1 325 359 393 427  46.1  49.5
(ug/L)
020s 241 295 349  40.3 457 511 565

FRMH L EZA (Table5), 2010 AARICTEIT D 2000 4

L FIRRE O TP JREE X, 2000 4EA8IT5% L CTIEEE T 50
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HRBEMI/NES L o TEY (2000 FRICKHT 5

2020 FAROMHEZ DZEITETHE ; p<0.05), TN IZXT 2
DIN OEGITEL 2ol B HNIKEFEMRI S TN
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FERBNCER D b OO, RFERERD Z 812 ER Lz,
T —Z B3 % < BUED BRIV 2010 FROENFH
(St.1, y=0.727x-129.21, St2, y=0.649x-93.573, St3,
y=0.438x-55.407, St.4, y=0.308x-23.912) /5 ./ UFEIHIC
V7R DIN JREEIZEIT D TN IBEZ R Z L ICHE T2
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Fig. 9 Relationship between DIN and TN of nori farming season (Oct-Mar) at each sampling station in Chita Bay. The dotted lines

in each figure indicate regression equations.
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Fig. 10 Relationship between DIP and TP of nori farming season (Oct-Mar) at each sampling station in Chita Bay. The dotted lines

in each figure indicate regression equations.

x =
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HENBRE—F LTV, 1735 O Z ORER TR
AR FOER & LT, KERERKIICE2EHE - Vv
O3 O TAESLFEO FH2S J)ITORER
BECKT 2O SN LNTWD, —F, RIFETIH
5 O DOV THRERHIZRRGE Z AT - 7o/ 2R, MZE T
X TN, TP, DIN }U* DIP £ CMEHANICH EICHD L
708, BEETIXI TN KO TP BEREICHED LTEY, i

BTENOOEMIZENH D Z EBRHALNC -T2, &
72, 2000 A4 & 2010 4R LLE TN, TP, DIN, DIP @
A1, F O DIN/TN kb & DIP/TP FLoD Ml % el 5
L, WTRBAZEBOHENRRKREIET LT\, %
AT DRI, BEBICHRAT D8N A~ &
W 18MH%<L, YOI EOMGE, BIbHAARED
BN E YRS TS EE X BT,

Eo 1L, PENBICRT 2 REEHOE A & fiRiT
L, TN, TP BREHMICED L TnD Z &0, NP AR
HIMIZIR T L, Redfield th2%) & L2 LY, 1980 44K
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Table 6 DIN and DIP concentrations at each TN and TP concentration level calculated from the relationship equation between TN

and DIN, TP and DIP in each decade.

St.1 st.1
™ TP
250 300 350 400 450 20 25 30 35 40 50
(ug/L) (ug/L)
oI 2000s 49.5 92.7 135.9 179.1 222.3 P 2000s 11 5.5 9.8 14.1 18.5 27.1
2010s 52.5 88.9 125.2 161.6 197.9 2010s 4.7 7.8 108 13.8 16.9 22.9
(ug/L) (ug/L)
2020s 44.8 71.8 98.8 125.8 152.8 2020s 4.6 7.8 11.0 14.2 17.4 23.8
St.2 St.2
™ TP
250 300 350 400 450 20 25 30 35 40 50
(ug/L) (ug/L)
oI 2000s 55.1 94.5 134.0 173.4 212.9 op 2000s 5.7 8.8 12.0 15.1 18.2 24.5
2010s 68.7 101.1 133.6 166.0 198.5 2010s 5.5 8.4 11.3 14.2 17.1 22.9
(ug/L) (ug/L)
2020s 72.8 96.9 121.0 145.1 169.2 2020s 6.4 9.5 12.5 15.6 18.6 24.7
St.3 St.3
™ TP
250 300 350 400 450 20 25 30 35 40 50
(ug/L) (ug/L)
oI 2000s 67.5 89.3 111.1 132.9 154.7 op 2000s 4.8 7.7 10.6 13.5 16.4 22.1
2010s 54.1 76.0 97.9 119.8 141.7 2010s 5.5 7.9 10.4 12.8 15.3 20.1
(ug/L) (ug/L)
2020s 44.9 58.7 72.5 86.3 100.1 2020s 5.9 8.2 10.6 13.0 15.3 20.0
St4 St.4
N TP
250 300 350 400 450 20 25 30 35 40 50
(ug/L) (ug/L)
oI 2000s 63.0 78.7 94.4 110.1 125.8 op 2000s 5.9 8.2 10.5 12.8 15.1 19.7
2010s 53.1 68.5 83.9 99.3 114.7 2010s 4.6 7.5 10.4 13.2 16.1 21.8
(ug/L) (ug/L)
2020s 37.8 44.9 52.0 59.1 66.2 2020s 5.8 7.5 9.3 11.0 12.7 16.2

RHIMICER L TR, BB L IZR R MR TH o7z,
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—757C, DIN/DIP IEIZ DWW T TN/TP bbb (38720 2
EBIIRITV, MEZBIE B TH Y, 2017 4 11 AL
B 12 IR SV DB O T IT VMR TR HR U 72 A3 K & 78
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»5,
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IXASETREDolz, KED Y 11978 705 2008 4F %
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B TR D, UARB 2T 28 RN L ZDFEA
Ik & 70 2 IR BB AL ERHE 2 8 0 DIN/TN L% Of DIP/TP L
FHRAEL, KEJOWIIKTIEZENZEN 70% &% T 61%T
HoTeDIIR L, TR EEACEEE TIE 26% K O 39% & X
TFAZEEHALMNMILTWNS, ZTORTFTERKE LT,
R TOWM T 7 b U EREIC L B IREEE~Dis
Mz, MZEICLDEFEOBD ORBEFTFTCND, =
ATV CJEIARAR (59~ 2 BRI 2 ) O WS 1, A
KIBIZRAR D H OO, BEN BN DI ON THREBEEW
TR L TN 2O 2L, FRIRROMEERE L 35C
FCIXERICHMT 22D Z BT\ 5, RIRYE
IR B UTAE, KIS EREIICH Y, 18 32 Jiiy
Ty N OIERESCHEOMEIC L EELY 52T
WHTEREMEDN H B, F72, 2014 FELIE, FHRICEIT S
THURERITAML TRy, & T Y EHT T R
VAOERENMET Lz 0 IGEiE) SIRFE~ Dl
BRNBKEL L LTWD EBE X B D, DIN/TN LA
DIP/TP FLITHIZBICBW TR TENRKRE W &b, £
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