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Long-term Variation of Secchi Depth in Kesennuma Bay

Kazue HIsSAMATSU, Hisayuki ARAKAWA, Tetsuo SEKI and Tduyomu MORINAGA

Abstract : The Secchi depth, temperature, and specific gravity of water in Moune, the head of
Kesennuma Bay were measured daily from 1971 through 1989.The collected data were statisti-
cally analyzed to study the long—term variation of Secchi depth and the causes of the varia-
tion. During the 19 years of measurement, the mean value of Secchi depth was 10.0m, and the
standard deviation was 0.7m. The monthly averaged variation became about 5m before the year
of 1977, and after that, approximately 8m more. In particular, it had 4m larger in winter. The
yearly averaged variation increased with time, showing a value of 2.1m in total. Throughout
the year except in winter, the watermass of the bay was covered with the coastal surface water.
In winter, the water mass at the depth of 3m to 10m was under the influence of outer ocean.
The correlation among Secchi depth, temperature, and salinity was high for the water in the
depth down to 1 m from the surface. The transparency was negatively correlated with tempera-
ture, while correlated positively with salinity. It is suggested that one of the causes for increase
of the long—term variation is due to the sludge dredging conducted from 1976 to 1988. This
probably causes the volume of the bay to increase; as a result, the transparency becomes
higher. The distinct variation of the Secchi depth is the result of the effect of organic/inorganic
particles carried through rivers to the bay after a downpour, and the effect of watermass origi-

nated from outer ocean.

Keywords : Secchi depth, Transparency,
Kesennuma Bay.
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Fig. 1. Map showing the observation site, Moune in
Kesennuma Bay. Hinatagai is the position con-
ducted by Kesennuma Fishery Station.
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Fig. 2. Frequency distribution of transparency val-
ues from 1971 to 1989.
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Fig. 3. Seasonal variation of monthly averaged
Secchi depth during 19 years. Error bars repre-
sent standard deviations.
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Fig. 4. Monthly and yearly averaged variations of Secchi depth from 1971 to 1989. Broken/thin line represents
one month/year moving average, respectively. A strait line means a trend from 1971 to 1989.
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Fig. 5. Temperature-Salinity diagram. (a):surface and 3m depths. (b): 5 and 10m depths. Capital letters show
water types (after Hanawa and Mitsudera,1986). K:Kuroshio water, T: Tsugaru water, O: Oyashio water,
C: Coastal Oyashio water, S: Coastal surface water, D: Cold deep water. Numerals indicate months.



4 La mer 46, 2008

5. TDH% 1979 4EE T 2.0m BEL T L, €Dtk 1988
FETHE AL IR T, 19FERTA S &,
B ARG MER (FRKHE5%) 2L, #
21m EFLTH 3.

3-3. HIETHKBOZHE(L

Fig. 5 i Hanawa and Mitsudera (1986) ®7K%%>
U > TR L T-S 51 ¥ 7' 5 LG H O 7 —
YELALICEDTH S, Fig. 5D (a) 3FE/EE 3m
%, Fig. 50 (b) 35om#EE 10m FEEZhZhRT.
i, FHNOKBMEEEHE2E®KT 2. T, F
Mz LT, FRHICAZR, IRFEREKRICE ST 5K
IZEDLN TS B H»S 10 A F TiEsS 32% LI F oD
72D, 3mFEICE T, 3 HTEBEBKRICEND
IKBEA, 2 Dfld H TRIREREKRNE % 5L T

Mo, BNTREMEZE L T EFEKS O KIS
MLTHBIENbrs. 72, 3mENPS 10m EOD
KT Y — v oRRDKHEET, W—Td
528, BXUME (1 H) &#EE BH) Kbu
TEMIHAKRRDOEBEEZITITODE I E A 5.

3-4. FERE LIKIR - 185 & DBER

Table 1 (2iEMJE Lk OHHBIRE AR T, KHNOK
fED FHIE 5% DHEKIEOHETHR LD EXKT. C
DEMS, BHELKE () OMBIREE 1 H»
S9HETIHO02LTT, MHEEsEL. %72, 10 A»
SI12HFE TR, 2FEEUCTHBEREIZ 05405

Table 1. Correlation coefficients between Secchi
depth and temperature.
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Fig. 6. Scatter diagram between Secchi depth and temperature.
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Table 2. Correlation coefficients between Secchi
depth and salinity.
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Fig. 7. Scatter diagram between Secchi depth and salinity.
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Table 3 . Dredged area, dredged mud volume and removed organic matters at Shishiori district in Kesennuma

Bay.

Work Year DredgedZ Dredged . COD. ton T'otal Ignission
area, m volume, m sulfide, ton loss, ton

1976 47,800 29,100 4317.9 37.5 1,623.1

First 1977 217,460 21,200 417.9 46.6 1,632.7

Period 1978 66,175 52,100 960.9 65.0 311.8

Amount 141,435 102,420 1,816.7 149.1 3,567.6

1980 22,850 13,800 1441 12.7 624.1

1981 20,610 8,900 141.2 12.7 648.9

iiiggg 1982 32,240 16,100 230.7 15.0 809.0

1983 25,960 14,900 147.0 11.6 695.0

Amount 101,660 53,100 663.0 52.0 2,777.0

1985 18,000 7,200 122.7 5.1 418.6

Third 1986 36,700 14,700 229.6 12.4 847.1

Period 1987 28,000 13,520 288.0 10.9 791.5

Amount 82,700 35,420 580.3 28.4 2,057.2

TOTAL 325,795 190,940 3,060.0 229.5 8,401.8
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Table 4. Difference between value in 1979 and one averaged during 19 years. Small bars indicate no differences.

Surface 3m Sm 10m
MONTH TEMP. SAL. TEMP. SAL. TEMP. SAL TEMP. SAL
MAR. +2.1 +1.6 +1.7 +0.2 +1.7 +0.1 +1.7 +0.1
APR. - +0.2 +0.8 - +0.9 — +1.0 -
MAY +0.1 —2.2 +0.5 —0.2 +0.7 —0.2 +0.8 —0.2
OCT. +1.7 —2.8 +2.4 —0.2 +2.3 - +2.4 +0.2
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Fig. 15. Comparison of transparency with annual yield of oyster.
WA, KIZ, 10 HoKBI3HTRLOFH ERBE, #eE M= & ORI 3 A OHBIBR S 5 Lt L

JEKRICHGE I N, 2B 2KIEE L OHES L6
HAZHARTER (F1.705 24°C), & (iR, 3m
02,05 —-28%) THB. Zok, BkE HE
HEB LSS MBlEICkk~xTZERZE R 21 15,
1A~22 B X LA SR LT A, Chonl &
S, BWEOEKTOENIT, NELEEKROHIE, £
HORENIC & 5 BERIEO R - BmotiR, Thic
K BRBEFAROWKELIT TS V7 b v OBGED
WL TE B,

PUbkoz &Ens, BWHED LA (1976 4E) B4,
B HERIER KO Bl XOCDH GERBEKE
1299mm) 2%, FEWHED TR (1979 F) OB&iE,
FREREKDO 568 XN GEMEKE: 1519mm, &
BN O K& NEREhBBELTWEEELS
ns.

#b iz, BYWEORZSREENICE T 5KEE
BB T RO E OMEIZ > THEbd 5. M-
NI (1997 13 B AT BRI B 0 THEF B &4

7. Fig.15 &, KUNEE QT E Y EE & H + A
LOMBROREEAERT. HFEEROT— 71
MAA D KEE GABTEBETT « KEER) | B3 X O [
FNToKEESE (M) « BEEIREED | XKoL, #&
R Te kR GRAP) 2R3, 1976 46 K UF 1980 4
MO 1984 4EF Tid, B LF & FAFERBERM,
1979 48 & UF 1989 4ETIREAREAK T & 747 3+ pE st
N, ThZEh—H LT3, HFOHBEMBRICENT
1%, 1971 4 5 1975 4E TIRARFEEWE & 7 F 4=
OMRIZATH 24, 1976 FELIBRIIIE (r=0.56) 258
wohd, i, BREMIRTS, EFEEWE L4
M7 FAEFEREE 2 AELSE (FRAIESY%) F#H S
NTEERETH D, HMMKROEELE—H LT
3. WHOBENEMN S IENE—ET 5 1976 4£13 51
BIBEFICH Y LTWA T En s, BEHENHE D
BIfgoZbicflds s 82 on5b. 7, HEEHED
NI T D #7 F38GH A AT REIC U 2 IERE UMt 3% 0 B8R,
1964 4ED 162 57> 5 1969 FEIZ11F T 600 5 L NIV~



ST B 5B O B WIZS) "

FFELU, 1979 LR TIZ 800 B L NILA &ML TEH
b, BETRENO A FEEROKIEHEZEHTHS
UEMA SR AFHI). C OmEFEREFBHITIC
ST, A FBIMMBEND S EELRAEKANERM L
DT 1979 FEEI E b TE D, Zh 5 ORI
BB & FAERO RS E D S IEAL D 5 K
KA LTWS, 4%, SUWBEFED 77 F AR T —
5 & TBN SN IX 5 U Tl O Bk D fifT 2 A B
WEE B B, EYEIRREAEEREHET 2 HEO
VDEDEABTIENTEDLEEZ S,

E ik

KL EROEEDBITH D, HitWTEPEE
RO R MRS, R R PR R R AT
RHBIELBRHOEEELE T, T/, WXERE
OHOFWB IS IKEHOEERLETT. 61T,
MEKED T — & % AW 7272 0 7 E IR IR SUE K B
ARSI LE R LU B E T,

3k

DHgE® « MH#Z « TR (1994): [AliHES L0
RIN Tl o B B —11 mIR&UKEIFR, 9, 85—
99.

OBt « BRIAAIZE « T35 (2005): KAl TH AR
1231 B B BRBE O 2 UK EEDT#R, 5, 27-35.

ORI « ERERIE « TIEALT (2006): SALHEE I
2B B R ERE O ML E, HWUKENER, 6,
51-57.

KHE@E « Tk « R A (1989): SAliiEE S
L ORI TSRO EEBRSE =30 KT 8, 69—

81.

EMWZ, /NMIFEE (1997): H A BI85 %
Hpga RO A ERORIEE LT OERE
& D% Bull. Japan Sea Natl. Fish. Res. Inst.,
47, 23-32.

[AETLALEN (BFBEESR) http://www.data.
kishou.go.jp/etrn/index.html.

Hanawa, K. and MITSUDERA, F. (1986): Variation of
Water System Distribution in the Sanriku
Coastal Area. J. Oceanogr. Soc. Japan, 42, 435 —
446.

P (2004): A7 DL B & 2 O ERICBE S
BHESE. &5 95 B 1 ) —
http://www.fish.nagasaki—u.ac.jp/fish/
kyoukan/ishizaka/seminar03/seminar95.htm

AFRAFITHE (2006): SULEIEIC B 1 2 B O RIHZB)
T2 T,

PG PER PR PR PR Bk o JERHE AL
M 1-57.

HERGEKER « & — (1970): #ERERLEAE L, 4
BIFPEELIV PR KR BRI RS

EHIE (1988): SUMlAE KBIBRAadE (NFo
B OMBITONT. BRI, 1-25.

RSN KRR (1971-2001): B K EH
TR« BRIFIRIGRENA - IR RENE,
EIRSUKBE IR, B IR

PGS« TR o S IRHER - BEEIIFE (1978):
SN 778 B o 6 R AR AL BERE 7 3 SR AR 4,
99-T75.

20064:12H 13 H 32 A4
20084F 6 H 16 H 328



