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Water quality environment and variation in hypoxic water in Mikawa Bay
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K, Hasy, VAR (DO), LM ERE (COD), 7 uu7 4 )ba MEAHESESE (PON), BEE (TN), &
) (TP), HAFMEREEZEFRE (DIN), BAMMEEY » (DIP) &, 1970FERDRICE=4 ) ¥ 7 L =B OKE % 3
VIR L7z, ZO8EE, REOKFH5A ORI ISR ), RKEOEENIIRINN R BN D 5 2 & 235050 7z,
BEWIEEIX TN, TPAE A5 72 1990 SEARHT AR <, AR L Tz, 208k, BEBHNC X 2EE,S0EE, Y
YRAMEEIEICE 5 TTIN, TPIZEMA Lz, LA L, BEEKMERIETN, TP, RMERHEOWD, EWHEOHINE
WEACIERMEAMICH > 7. HEMRSHT OREL, 19804E5 5 19974 O, BEEFKIICIE 73 (Rudittapes philippina-
rum) AERRHERA/NER E L TR KE CEHBRL T2, —77, 1990 4EA 2 LIRR I 7 9 ) AE RISt R ASBE i L T v
HI2H b S FEM AP I IR D > 72, 1997/1998 4F 1 KIAETIC LA LTH Y, BAWBEAILOILKIENA
KCEMEOREOZALNE Z bz, L L, 2011 4ERRE, EmEAMIGHEMImICH Y, ToBKE LT, KL
WX DHBREEOISFE Y, 7Y EEEORN, ATTEOBERIVRE S .

The water qualities observed in Mikawa Bay, such as water temperature, salinity, dissolved oxygen (DO), chemical
oxygen demand (COD), chlorophyll a, particulate organic nitrogen (PON), total nitrogen (TN), total phosphorus
(TP), and dissolved inorganic nitrogen (DIN), and dissolved inorganic phosphorus (DIP) were analyzed using the
monitoring data since the 1970s. As a result, it was found that the water-quality properties of the horizontal distribution
differ locally, and that there is a long-term trend in the variations of water properties. The transparency was low in the
water column in the first half of the 1990s when TN, and TP concentrations were higher and red tide had occurred fre-
quently in the same time. After that, TN and TP concentration decreased due to the reduction of nitrogen and phospho-
rus from the land. However, the hypoxic water area tended to expand in contrast with the decrease in TN, TP, total
number of red tide days, and the increase in transparency. The results of multiple regression analysis, from 1980 to
1997, fishery catches of short-necked clam (Rudittapes philippinarum) had greatly contributed most to the suppression
of hypoxic water. On the other hand, the hypoxic water area tended to expand regardless of fishery catches of short-
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necked clam that had been increasing since the second half of the 1990s. The water temperature rapidly increased be-
tween 1997-1998, and the cause of the expansion of the hypoxic water area was thought to be environmental change of
Mikawa Bay. However, since 2011, the hypoxic water area has been shrinking. This was caused by the weakening of
the stratification by a decrease in the water temperature, an increase in short-necked clam resources, and construction

of artificial tidal flats.
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Figure 1. Observation stations in Mikawa Bay. Data from 10
stations, which have been active since 1978, were mainly
used for this analysis. Stations A5, A6, A7, A8, A9, A10 are
located in Atsumi Bay area, and stations K4, K5, K6, K7 are
located in Chita Bay area.
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Figure 2. Observation stations of hypoxic water area in Mikawa
Bay.
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The difference between mean value of all stations in Mikawa Bay and mean value of each station of the standing stocks and

concentration of (a) Water temperature, (b) Salinity, (c) Sigma-t, (d) Transparency, (e) Dissolved oxygen (DO), (f) Chemical ox-
ygen demand (COD), (g) Chlorophyll @, (h) Particulate organic nitrogen (PON), (i) Total nitrogen (TN), (j) Total phosphorous
(TP), (k) Dissolved inorganic nitrogen (DIN), (1) Dissolved inorganic phosphorous (DIP), and p values by t-test. Test of signifi-
cant difference between mean values of Atsumi Bay area and Chita Bay area was analyzed by the #-test. Values within a row with dif-
ferent letters are significantly different at p<0.05 (Scheffe’s F, a>b>c>d>e>f>g>h).

Atsumi Bay area

Chita Bay area

Station Mikawa Bay
AS A6 A7 A8 A9 A10 K4 K5 K6 K7 (mean of total)

difference  —0.5 0.2 -0.5 0.3 -0.2 -0.6 0.7 0.5 0.4 0.7

(2) Water temperature (C) P (¢1es) 081 0603 0210 038 0598 0109 0057 018 0283 0059 174
mean=SE 17.0+0.2** (n=2,520) 17.9%0.2** (n=1,680)
difference 0.0% —0.8%¢ 0.5%® 0.9 0.6 —-1.24 —0.7 0.1 0.6 —0.1%

(b) Salinity (pleesy 0997 <0001 0002 <0001 <0001 <0001 <0001 0368 <0.001 0588 208
mean+SE
difference 0.]2bed 0.5%® —-0.9¢ 0.6 —0.20d

(c) Sigma—t p (test) 212
mean+SE 21.1%0.1 (n=1,630)
difference  —0.2¢¢ —0.8" 0.3% 0.8 0.4 —0.6%" —0.3% 0.2% 0.6 —0.8%"

(@) Transparency (m) P (o) 0054 <0001 0001 <0001 <0001 <0.001 <0001 0.008 <0001 <0.001 36
mean+SE 3.6%0.03 (n=2,510) 3.6%0.04 (n=1,670)
difference 0.3 0.6° 0.1% =020 0.0% 0.2:b¢ —0.4¢ —0.15de —( .44 —0.200¢

(e) DO (mg - 1) (plees <0001 <0001 0494 0069 0578 0010 <0001 0152 <0001 0009 95
mean+SE 9.6%0.03** (n=2,520) 9.2%0.04** (n=1,678)
difference 0.4 0.6 —0.0¢¢  —0.5° —0.2% 0.9 —0.1¢ —0.3% —0.4% —0.3%

(£) COD (mg - 1”") _plest) <0001 <0001 0961 <0001 0016 <0001 0462 0004 <0001 0.002 31
mean+SE 3.3%0.05** (n=2,520) 2.8%0.04** (n=1,680)
difference 2,600 7.5% =210 —5.9¢ -2.6% 9.0° 0.420cd — gbed —3.5 —3.5¢

(¢) Chiorophylla (ug - 1) P (e 0160 <0001 0210 <0001 0429 <0001 0794 0270 0040 0035 160
mean+SE 17.4 + 0.8* (n=2,383) 13.9%0.5* (n=1,580)
difference  39.3% 66.9° —9.20d  —334¢ —15.5%% 683 —21.5%  —298%  —333%  —p(.4ck

(h) PON (g - I™") p (i-tes) 183
mean+SE
difference  20.7% 78.4%d  —530fh  —g7.8" —-70.58"  154.5% 48.5%¢ —38.6°"  —63.3¢ 11.0%f

() TN (ug - 1) pleest) 0421 <0001 <0001 <0001 <0001 <0.001 <0001 0002 <0001 0387 428
mean+SE 435+5.8* (n=2,520) 417+4.5* (n=1,680)
difference  —1.4%% 7% —8.0%  —12.4° —8.9% 13.5° 9.1% —3.4¢d —3.9%%¢ 8.4

() TP (ug - 17) plest) 0503 0001 <0001 <0001 <0001 <0001 sooor oo om0 soor 50.5
mean+SE 48.8+0.7** (n=2,517) 53.1£1.2** (n=1,680)
difference  —27.2% 44 —372d  —379% 399 22.6% 79.44° 0.6 —18.6% 53.7%

(k) DIN (ug - ) plees) 0002 0616 <0001 <0001 <0001 0012 <0001 0948 0031 <0001 8.6
mean=SE 68.7+ 280** (n=1.152) 110.4%5.05** (n=768)
difference  —2.2%¢ —0.7%4 -334 -8« -3.5¢ —1.2¢ 8.3 0.8 —0.8% 5.4

(1) DIP (ug - 1) pleest) 0018 0487 <0001 0003 <0001 0219 <0001 0487 0394  <0.001 98
mean+SE 8.0 = 0.3** (n=1,152) 12.7 £ 0.5** (n=768)

n; number of data.
*; Significant at 5% level.
**; Significant at 1% level.
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Figure 3. Long-term variations in Water temperature (a), Salinity (b), Sigma-t (¢), Transparency (d), COD (e), Chlorophyll a (f),
PON (g), TN (h), TP (i) into surface layer in Mikawa Bay from 1978 to 2013, shown as a 3-year running average. Horizontal bars
show the average values for each standing stocks, and concentration of seawater qualities.
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WCHAREBEICED > 72 (p<0.05). PON I Chl-a & [ £,
A6 (250 ug - '), A10 (251 ug - I'") DRFBRET TR -
7. MEB T TRTOUMEA =B EIROFHE (183 ug -
) AR, SRR OKERIIEERE I L P72 (p>
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HRLTWS., EMMICAL L, HERHEE R AN %
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1985/1986 4F & T1X3.3-3.5m & Z B IE A /M &  F4EAH
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5108 ug - I CHER L7225, REIMICA L & AR BN
E A SN - 72 (=0.0003, p>0.05). PON (Fig. 3 (g))
131997/19984E £ T % P34 % & 182ug - 7' THAEMH
(183 ug ') EAMETH - 72, 1999/2000 4 12 M A AE D
222 ug - FUTELABIE, LA -KTFAEEDEL, 2012/
2013 4E I FAEM X D v 168 ug - I THER L, R
AHEFEBRETMHENIZH > 72 (=-0.123, p<0.01). TN
(Fig. 3 (h)) 13 1982/19834E F T EH L7124, ZOHOE
B /N S < 1989/19904F F Tl 425462 ug - I O T
MR L7z, 1990/1991 4F PR E L A-BIM % 75 L, 1992/1993
AEVTPAEAE (428 pug - 7)) K D 109 ug - I EHAAE (537
ug ) WCELL FOBILEF-BEKTE2EIEL,
2007/2008 4E LLFE I AR LT CHERR LT Y, RIS
AL EABRKTMEINICH > 72 (=-0.561, p<0.001). TP
(Fig. 3 (1)) 1X1999/20004F F Tl L&A - K F &M VKL,
1987/1988 4F- & 1992/1993 4 |2 KAl % Fpo &L &y 2 /R L 72
A%, 2000/2001 4F LLRE X 4R (50.5ug - 17') 2 FIEID,
2012/20134E121338.6 ug - I FTIKT L, RMMICA S L
ETHEHMIETTH o7 (=-0.613, p<0.001).
EMRAKROEHLTE)

Fig. 4 \IZ =12 BT 7-9 I & 72 DO Sl EE 30%
DUF o 8K R D& L% 3 7 SEBREI TR L7
30% LA T ORI 1973 4R LR, JK - M/ Z2 8D R L
1978/1979 4 (154.9 km?), 1985/1986 4 (176.1 km?),
1998/1999 4F (161.6 km?), 2008/2009 4F- (187.4 km?) |Z 6
KE B 10F M CTEB) ¥ 58I %2R L7z, 1991/1992
£ (18.4km?) [IFFEED112.8km?> % K & { FlH» 7295,
ZDOBRITIEK - /b E AR & L 2011720124213 129.6 km? T
HRRLTHY, BYMICAL EHEERILREINICSH > 72
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Figure 4. Long-term variation in the hypoxic water area with
less than 30% saturation in Mikawa Bay from 1971 to 2012,
shown as a 3-year running average.
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Figure 5. Long-term variation in the red tide total number of
days observed in Mikawa Bay from 1978 to 2012, shown as
a 3-year running average.

(+=0.176, p<0.05).

FHAENBBRORPALEH

Fig. SICHRMIER H B OZAL % 3 7 FRE) T TR L 72
RWIHE H $01321973/19744E 121X AFH TS50 H TH - 72
N, FOH%1985/19864E1233.0 H Z7tsk L, T 124EMT
6.6 5 IZHIM L7z, 1993 F ISR DE =5 V) ¥ KMl A%
WEN//20, 1993 4ELLHT & DRI 0 TN 2 A % &,
1993 4E DLRT A B9 2 A 5 2 B e (=0.712, p<0.001)
L7z, —75, 19944 LR3I A & 2 i (=—0.464,
p<0.001) 1Z&H D, 2011/20124F DFREIER H £ 10.7H T
HRLTWD, &M TAL L, HiELRAMENIC
-7z (=—0.080, p<0.05).

ERF2T

Table 21Z/RL72& B D, AWM (1980-19974F) o &l
SATC, 79V ERfEER], (K], [PON] oMl
BRBRAEN, HFi2onTid [KiRl 25 ET, [7%
VAEM#ER ], TPON] 2MEATH - 72, HEIBEEEA~O Bk
Vi 2 R 3R AR AL U 72 00T 28 B o0 (s I AR B8 o e ki 1
[ 79 ) sER R ] 250653 LD KE D o7z B
(19982012 4F) O FE R4 CIE, [Kilaz], [cop], TP
AR SN, 51 KR [coD] 25k, [TP]IZfAT,
MST RO ERARE DML, [KEZE] £50.533 & i)k

24—
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Table 2. Partial regression coefficients of determination adjusted by degree of freedom (CD), and Akaike's information criterion (AIC),
estimated by multiple regression analysis from 1980 to 1997 (A period), and from 1998 to 2012 (B period). Standardized partial re-

gression coefficients are also shown parentheses.

Independent variable

Dependent variable Constant CD AIC
x1 x2 x3
Hypoxic water area Clam Temp. PON
A yfrio 4. 1980-1997) ~0.708 0.601 ~0.134 ~364.76 0.86 176.71
petiod, (—0.653) (0.434) (—0.216)
Hypoxic water area ATemp.* CoD TP
(B aerind. 1998.2012) 0.732 0.376 ~0.360 ~65.08 0.75 161.07
period, (0.533) (0.359) (~0.250)

*; difference in water temperature between the surface and bottom layer

b KED o7z ERURHH O E HE R A EREL,
A 0.86, B 0.75Tdh - 7.

zZ =

KEQGH S I E=FABEDKEHFH

— T, N O T E ORI L AT 01
WEREAREL T HH, ZETIEEN & RO —Fam) o
RN S (K - B, 1981). 2095 HLHEEDRESE
BICH AT 5 2011 4E 0 )1 O FF N F ()14
BIET) 1214303 m’ - 57!, PHEHOMELBEIHAT 5 KME
N (R TRE B ET) 325,868 m® - 57! T,
FAEN DS D181E e o TV B (E 1588, KUK
B 7 — % X — X http://wwwl.river.go.jp, 201348 H6 H).

Table 1WZ/R L 72 P R KB DO KT 54k 2B &, »
COPOTE TEABENT D MBI EN D B Z & HTRIE
ATz, KEOKVEGAZID L, MBEIREBE LN
METIICERICE o 72, AZEIEEOBBUTH L THRA
WHIKENREEBLVLL, TAF27 ) —FRICLS B
JEih, FREEADOHKZHEINEZZBICHLIKE Y (]
AL 1981 HHEIE A, 1985) Z &A% FOJEEKE &%
Zbhb.

Wiy, BEIZEEIBD A6, A10 GBEEE), K4 (L)
T RS, FICTN, TP E W &2 n, BN, ZKfE
N2 OBKFTADEDRANEBbND., —F, BOHK
D A8 (BEW), K6 L) Ty, ®HWENEL, TN,
TP ML WELHIZ D W TIAMER KO A RN T % & &
A bz, AFTIE, RIMMICEEZH 2 SODMEE LR
FEETEMTEEY oS, BEICABRREIRDONE
Mo 728, ik L7z & 9 ISR EB AL B2 gk s
AVNE L, ZME TR E ATHEOMEME SN 2 & 2R
WENTWD (TR, 1978). T kid, AMEEK
DOFGEREEB TR, ZOHBEDL K& Vv (Suzuki &
Matsukawa, 1987; 71 - J5, 1996) Z & 25 HRIBS 7z,
BEWEE AR D E A6 (B, K7 (HEE) OBRET TR

<, Chl-ald#ITE VB Z/RT T &b, EHEIIHE
EREBTRDTEBELRRNTEIEM T I V7 N OEETH
D, ELICEBRITIEZOEELZMIZITLLEEZLN
7o, F7z, A8 (BEE), K6 NEZE) oBOMCENE
ME L, WHOKFEGAE S —FHLTnwD I L biER
KDOFEBEIIREE N2 PON, Chl-a% &5 &, REEEE
DAI0TE TN, TP, COD &3FIi L TWB Z Eh s, i)l
PODOFRBIEOHAICHEEL TWH EZZ NG, Kk
I2A 5 L BEEBEPMELEBILA_EZICE L, Wl - FHA
(1977) 12X %L, ZAERFTEIRHERLIINM TS >~ 2
FUREMETIWHEMEZMATEY, ZOZ LPERE
ILEATEZETAIERNTH L Z DRI TWS. BAF
BHFIRE (DO) HEEBVFHMEBEBICHRERICIEL, &
CITERED A6, A10 TZ DM AR > 72, T O IX
Chl-a 22— 25T EMh6, WWTI 7 b UI2X5
B D REITRIE E N7z, DIN, DIPIZHIZEIEEE X
DEEICEL, TOEMNIZOWTIE, ZENOFEI L)
DI THAHI NS, TAF 7)) —HRIENT S
WPEAGER O E VAT B O DIN, DIPEE D #E L o> T b
LEZOLND.

O LD WEEB TOBE LAKILOEN I, =, &
CIZHERIC BT 2T EMEOER R S KR 7Z > 7 b
v OB R B A WREIC L, BRI M L TR
WMoMFEEb L LzeEZbNTWS (g - TEHA
1977).

KBDEENFMH

MBI B A KRELE RIMICA S L, Fig.3 (a) I
RL72E 910, 3 AEBEFEY CIIAE R LABEINICH Y,
& <IUZ, 1997/1998 4F I AKIATY v ¥ 7 LT/, 2o
Wk, HARBDHEE A SN [TRA - A
FORERREEI RS L] LY=L - 7 E—HLTH
D, BOETIHBREEOEESRIIBWTHLY -4 YT b
WP AL CoBHEER S HME SN Tw D (Filig
A, 2009).
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Table 3. The 7 and p values of the Kendall's rank correlation analyses applied to a 3-year running average of the surface water tempera-

ture of each month in Mikawa Bay from 1978 to 2013.

Month Jan. Feb. Mar. Apr. May Jul. Aug. Sep. Oct. Nov. Dec.
T 0.307* 0.367**  0.464™* 0.073  0.298* —0.091 0.536** 0.246*  0.064 0.276*  0.589** 0.347**
p 0.012  0.003 <0.001 0.551  0.015 0.458 <0.001 0.044 0.603 0.024 <0.001 0.004

*: p<0.05, **p<0.01
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Figure 6. Long-term variations in the water temperature in Mi-
kawa Bay (solid line), in the temperature in Nagoya (dotted
line) from 1978 to 2013, shown as a 3-year running average
(a). Correlation between water temperature in Mikawa Bay
and temperature in Nagoya from 1978 to 2013 (b).

SETIEFEHN R ME - HEHIC L 2HEEIL ST,
BRI E RS Y, RKiE L IREOSEN 2
JERE: &R — T, AZTIIKIREE OMiE B S 2B R
THEY, PFEETIEZOREM, ®iERRINERKDIERE A
SENNOHEATRIH SN TS (BIRITZD, 1992; FiG
1374, 2000).

IR ORI RIS LT AN » SEBEEE T 5
&, Table 312" T X 9 IWHEM (103H) o3 XTHOH
THBEIZLA (p<0.001-0.05) LTHBY, MBH (49H)
TIXOHICABETIRZWDDDMT LTW5A I & AU
¢, Mann Kendall D7 3513 % H 1 250.408, hn #4300 1%
0.159THh-72. 2O s, ERTFHMEOKIE LA T
FUITKTFELAFIIBIT L MERAMO LAISERT 2 &%
Zbhz, 2o X) eEHMoEKELIEX, ZWE2EgT
S BEE (ZREIE A, 2003; AKIED, 2004; 44 THE A
2008) RIS GEMEEA, 2005) THHEINTED,
JARIED (2004) 1F, HEE TIEEMNN 2K EAH 5
SLEMESTWAZ RS, HHWNIBIT A KR EABIS
D—D AN B OB RKIZAE 5 SR & NEIBA OB 7
5w 7 ZOHMERR L TWwb. INERKD ZENA~O

TEABEHEZ S 22 XN TR WS, Fig 3 (a), Fig. 3 (b)
VR LK, #aoREmE A% &, ZMETlEEE
ST LD ERIEZES T, —75, Fig. 6 (a),
Fig. 6 (b) 2R X 12, 19784E4 H 20124E 12 H D44
BIZBI A5 (RZT, http://'www.jma.go.jp, 201445 H
8 H) & ZWREDKIRE 3 7 ERE T 5 & MY v
YTLTBY, MHIIEHCIEOMHB (=0.918, p<0.001)
WHotz. TOZENS, ZMEOKIMIE, /KT,
(2004) HYIEHET B A D S WEBEBADET 5 v 7 A2
W, SEZs, L8, AlEORKIRICE DM EEL
ZFHEEZONS. TOZEIE, ZIEE LWL
BREAVNE L, RO (IR, 1978) 2 &0
HYHRIE SN

—7J5, WEE R OB KR MK T E I B
LI EHWEFSNTBY, HEEEIFA (2005) ICLbE, M
BB O KRG T &, sHE#EBE o KRICEKZ L v F
BALNEVI ERLBNORFINZBELTHY, BN
DRI D FHITER T 5 Lk RT W5,
ERMRKRICHEE RIFTER
BWFERWOBEENE LTI, K757 roil
R - HERE L RE O MRS TE T~ O AW A= o RN, K
M WA EIC X HEARZ EXFH S Tws (HIZ
2, 1998; KEIZA, 2005; FEIF A, 2007; M - £, 2009).
T/, ABEENFOTH) PAMBENEZIH TSI L ik
HEINTWD (UARIFA, 2008).

TR, SEICBT A KEEEH oL & 5
B 74 ) iR OB Z W L, SRREKIIEEE K
T ENEELET 5.

(1) BEXRBIHREDOREE

TN 1 1988/1989 4F 2> & 5 L 1993/1994 4 IC ¥ — 7 & 7
D, ZORIIEMBIIERAMEN %R L7 (Fig. 3 (h).
ROMEDPELS ZoRBHUMoMEE RS L,
20122013 4E121 384 ug - I F TIRA L, 1980 SEACHT =D
REEICIHIE L7222 27 B, TPIZ 1990 £0 52 2 DA% o i 4>
MEHFE T, LHEIZ0ug - M E THLZMETHERL TS
(Fig. 3 (i)).

PR &) =MEOKRE 2 ERELBIR L OBRTR
HICAB E, TN, TPASE D - 72 1990 4EA T 1 13 & B
MWL, RMIENHEA S o7z, ZiEx2 et HEE T
B H D CoD, EHK, V) OHEMBHIAFE K S 1,
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Figure 7. Correlation between concentration of chlorophyll a
and TN (a), TP (b) in Mikawa Bay.

y=-26.809Ln(x) + 66.377
r=-0.763
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Figure 8. Correlation between concentration of DO and PO,-P
of the bottom layer at station AS.

TN, TPIXIEAMEINICH LI L0, ZMBOERELE
LTl Ehood5 L H1cdbAzb. Ll
EWIWIZA S &, Fig 4108 LB MRFKBMAL X, TN,
TP, MRIEERH B OA, FEWHEE OGN & 1358 12 95 K M6
MIZH Y, BEFICIERE L TEREKRASREL T
%. F72, Fig.3 (e) II/RT L HIZ, CODIZDWTH I
EIANCH Y, ZWEOWFERRIIRA L LTEEL WA
W EDG L. PENEIREREKERAE (1978-2007 4
FE) 12k B &, CODICIER, A COD D 5734 T
ETHY, BAMOERY ML, BEEOEKY I
LAWMA LTS Z EARB I NG, EAERECOD DB
IZDoWTIE, T, BB B W TRAFRBAERD O
Bmafsd s ncsy (5, 2002), ZOEFEEIION
TREBROMESLETH 5.

BT B VT D 1990 4EDIRE, Sea=dhig B s 12K
TLTWEA, BAMFEARIMOBIEIL1988-1996 412/ S <
%o 72f%, 20004ELLRE, BOMLEKMEINICH S (AHED,

2008; A - KA, 2010). TD XS IT, KSR L AR
FABORMEII =B L HAEETHM LWL EEZ
SN, WARMHIIC X 2 BMELOHRhRIEA SR
W, 2D, BRA RIS KRERBEINED S LD H
ELOBLEEIBIHEIhTwE, 72E 21E [H7RKE
FEFIROLE D HIZDWT (2010) ] OEHITIX, COD &
L TR S N 2K OGRS W 25, KAE
WEADORELILTLIORN LW ERHL, EmB X
CEOABBBICHBEN 2 EEE RIZL TV HFTH S
SIS OB AFE TR AR O 72 KA HEEE L TIRE S
ncwa (FH, 2013).

(2) REER

Fig. 7\Z/R L72 TN, TP & Chl-a & DRZEADL L, WTh
LABELRILEOHENH S Z &5 (TN, =0.457, p<0.001;
TP, 1=0.428, p<0.001), =& D — KA FE T A S DA
fif, BLOZZXF 27 —IFRIZHED TR O O RFREM
WICHRKAGET DL EZBND.

WA CIRRE K 1) BRI 0 e KB I RE K
DIBFALIIE T 2WEICA LN, BEFRIKRD,SEHT
5 VBIEOFEFANOMEAII T AF 2 7)) —J5ERASEH I 4
B F R LTWD GEERIED, 2005). ZiEOKE DO
LIKIEPO,-P & DRIRIE, Fig 8ICRTEIICHELAD
B (,=—0.763, p<0.001) H’Ho72. KE»HDY ¥ DE
B — ISR En T CRES N 22 (FiE,
2003), #RICIRRE & 7 o - B ERFKILTH TR 2> & K
KANPOPOSEI L, MKEHEOREICKE B2 RIT
LTWAZEDRBENT. LA o T, HsERE % 4
T 5 72 OIIIHEREY O K8 % ISR D, HER A
S50 YORHENHTAIENEETHLEEZ LN
5.

() BEBEEHEY

C/Chl-a=30 (Strickland, 1965), C/N=6.6 (Redfield, 1934) &
L, W75 27 b VEENIZHS L7 Chl-a D391l % 5K
WHE, 733ugN -1 L7 ) PONFHE D 40.0% & HEE
N7z, PONIZED 28T T v 7 N VENOEHAGIZZ
METIE59% GFENNED, 1993) THDH I &b,
PONDKSENT M) ¥ ARE LD, ZOXI%T )Y
ARERLFIIRRATERE, MR 2 MR TDOMHE SN D
728, EREBEBRAORBIREVEEZONS.

@) 7%V

R - B (1997) RILAITZA (2008) DOFUEE TV T,
B EBIE L CERFRLL-NEICBT 2 AEHEKIO
FAEBBEAEH IR TWS, 72, I1ARIES (2008) 13,
19611990 4F 2 BT % 7 4 1) B & =& O AR FEKIL
DOFSMHRE & O BRI TR BIBIW ISWE Z A DM D %
Zenn, HOGREPSARFKIMOMAI RITTHED
KEWZEZRE LTV A,

Fig. 9 (a) 2R L2 MR 7 ) 4R R & B
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Figure 9. Transition of the hypoxic water area in Mikawa Bay
(open circles) and fishery catches of short-necked clam
(solid circles) from 1971 to 2012, shown as a 3-year run-
ning average (a), and correlation between the hypoxic water
area and fishery catches of short-necked clam from 1971 to
1997 (b).

KILTEFE (DOSUFIEE30% LLT) %3 7 SEREIFH TS &,
1990 EEMFE T F CRBMAHOMBRTER L Tz, iE
DOFBIZ 19974 F TH IR D &<, O, MR
5 & BRI IR EARICEA L, FREEAD
B (=-0.592, p<0.01) AFBH N7z (Fig.9 (b). Th
&, AT A (2008) DAERE—FHLTHY, Table2!Z
R L7zEBRGAT 0GR (AIIE) T, ARERKIER
W7 ) SRR RSN B & L TR D RE (L
Twiz, TEECTZUVF v N —%&E L, WEkiEK
DOREEALZMET 5 2 & TTH Y OAEBRE kI g
ZROTZBBGIEICE B E, TH VL BilEKAEEE T
TH VMR GAEEREH/Z) 3357 gN - EFHES
o (FI -8R, 1997), =3E O B ERFERILIE I B4R
LT Ty 7 AEHWT H 72010, 1D - P
(2008) A3EHES % & 912, W25 DA EEZ D S
52503, ZHHOGHEEEMINT S Z EWEMNRTET
HY, ToOZ LTKRELE, ARERFKLOWH, M4~
DPEFIRE, e RRIRVHON, BEORRERIE LA
DHEEZLNL. HIEIZA (2014) X, =B OREAS
2006 4EDIREIZIRA L2 I & LT, 79 R 532007
LR, SE0CHEmMLTws 2, BXOTIN, TP O
RAPNENWT LN S, TN, TPOKA T 7% < A HHEIC
IHABEAEFEOBMERBL TS, 7H Y oBERKE L
TIE, 1998-2004 412 H L K B IS % FH v~ 72 620 ha D A
TFEE, B X 071999 4E LB B 1 O 48)

y = 50.134¢8-05

25 [ ] r=-0.705
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Figure 10. Correlation between fishery catches of short-necked
clam and concentration of chlorophyll a from 1998 to 2012.

TERI L7227 %) i HO RN KRG~ O BRI IZHE D 7
T BFROMRIEZ SN,
(5) BRE®E
Fig. 9 (a) \I/RT LI IT1998 4 DIBER A D &, 74 1) 4R
RSB L T 5125 D & FE MR KBLRRL 29K
A dH ), 7HVICL BB MBI EMELOMHICE
LT wilggtEaRg s 7z, Lo L, 1998-20124F
BB 7Y AERSER & Chl-a & OB4R (Fig. 10) &,
HERAOMBE (=—0.705,p<0.05) »HDBZ LD, T
P X %A MERIEHERE S Cw s L fERSh. 2o
BWEFAROIREH E LT, ZEICBT DiEERED
B EALDE 2 b7z Fig. 3 (a) 1R L2 REKIRLIZ
1997/1998 412 Y ¥ » 7 L TEB Y, 19974 LLai 1 ¥
16.9°C DAEIKIRMI, 1998 4F- LLR# 1L 45 17.8°C D w K
Xor SNz, BEEFKEAFETSHT7T-9HICBITHEE -
JEJE D IKIRAE DM (£SE) (&, 1997 4ELAFTAS3.5 (£0.1)
°C, 19984F LLBEIX4.6 (£0.1)°CT, A& &2 tME,
p<0.001) A3A L7z Fig. 11 (a) TR L7z & 9 121971-
20124F7-9 HIZB1) % AR FOKBLmAL & & - KR DK
%3 AERBEITIET A L, 1997 D OBKEIZ B 5
AR 2 E B 2 g A% 72 < (=—0.023, p>0.05), Fig. 11
(b), Fig. 11 (¢) WTRT X912, AMREAIEM L £k -
g DKiRFE, B X UK L BEE L OBR D T
otz (p>0.05). LA L, 19984E LI mKkigIc B
% AU A2 IR e Pk KA T A5 A S A (=0.405, p<
0.001), FWEFEAKBLIEFE & AKIZE & OMICIZA B AR IEDH
B (=0.732,p<0.01) 2B -7z (Fig. 11 (d)). Tz, 2D
M, Fig. 11 (e) IR $ &) ICEKE - EIFDOKimA & B~
EOMIZHAHEZRIEOME (=0.676,p<0.01) 23H b7z,
Table 2 127 L 72 [V GHT OF5 R (BEIR) & AREHAI
AR IR AEAERER L L TIRDRECEEL TV
ZEERLTVE, INHDZENE, ERRcET S
BRFABLOPRIFRE, g - KRG ORI
R E ORI LTEB Y, EKEANOSE N % B FE
WaE LABEALOBELREST 5720, ABENEE
(2 & 2 BRI R BRZARRE DA S T B T REEAVRIZ &
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Figure 11. Long-term variations in the hypoxic water area in
Mikawa Bay (solid line) and difference in water tempera-
ture between the surface and bottom layer (dotted line) at
station A5 from 1971 to 2012, shown as a 3-year running av-
erage (a), correlation between the hypoxic water area and
difference in water temperature at station AS from 1980 to
1997 (b), 1998 to 2012 (d), correlation between difference
in water temperature and difference in sigma-t at station AS
from 1980 to 1997 (c), 1998 t0 2012 (e).
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