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Sediment Conditions and field observations
of hypoxia in Kojima Bay, Japan

Shuzo Takagi', Takahiro Ishiguro' and Masanori Hirooku'

Abstract: Field observations were carried out to identify the effects of hypoxia on 2 macro-benthos
in Kojima Bay during 1996 to 2012. Sediment conditions (COD, IL, AVS, content of mud) in a
semi-enclosed section of the bay showed higher values than in the bay mouth. Hypoxia in the
bottom layer developed in August and September. Macro-benthos species in September were lower
than in June. Bottom DO decreased during neap tides, and increased during spring tides. High DO

water mass intruded intermittently into the bottom zone from the bay mouth during flood tides.
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Bottom DO fluctuated 2 ~ 3 mg/L with the tide over 12 hour periods.

Key words: benthos, Kojima Bay, hypoxia, sediment condition.
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Fig.1 Location of the sampling stations in Kojima Bay.

@ in sub-panel (a) indicates the monthly
research stations.

O in sub-panel (b) indicates the salinity,
temperature, and DO continuous monitoring
station.

/\ in sub- panel (b) indicates the CTD

observation stations.
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Fig.2 Annual mean of TN and TP concentrations in surface from April 2008 to March 2012.

Vertical bars indicate the standard deviation.
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Fig. 3 (a) Cross sectional distributions of monthly mean salinity, chlorphyll a, and DO from
April 1996 to March 2012. (April, May, and June)
(b) Cross sectional distributions of monthly mean salinity, chlorphyll a, and DO from
April 1996 to March 2012. (July, August, and September)
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Fig. 4 Annual mean sediment condition in Kojima Bay. (a) COD, (b) IL, (c) AVS, and (d) mud content. Vertical bars

indicate the standard deviation.
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Fig. 5 Annual mean benthic condition on June and September in Kojima Bay. (a) Number of species, and (b) Shannon-

Wiener diversity index (H’) . Vertical bars indicate the standard deviation.
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Table 1 Frequency of low DO conditions (< 4.3 mg/L) in August and September from 1996 to 2011.
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Fig. 7 Time series of number of macro-benthos species
at St. 1 and St. 2 in September from 1996 to 2011.
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Hoid, BROFKEZEKL, MEOEBICBN
TEWEZR Uz, H69 29 DU EOKELA, S f
~iDEETRLNT (K11 (b)).

Kimld, ZETE&EL, KETEEN>7 (K
11 (o). KT, e DWEKE LZHRLE L
T 27.5 CLUROKEEM R SNz, &SI b,
i DEETIE, ZOKIEEDE 02 ~0.3 Crgv kit
MFELTZ.

R, 9 H 19 HORHFHRFIC OWTHS &, DO I,



b VR IR ST 50 2 IREERBE O BUR & B2 KBLOBREIC B9 % Bkt @]

Depth (m)
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(c)

Depth (m)

B11 2012 4F8 H 20 HO LR OSATE R ).
Krh DA, CTD OEIHINZ/RT.

(a) DO, (b) 7y, (o) 7K.

Fig. 11 Cross sectional distributions at rising tide on
August 20, 2012. Alphabet letters adjacent to each
triangle indicated the CTD observation stations.

(a) DO, (b) salinity, and (c) temperature,

W d ~h DOIKGE3 ~ 5 mIAKEBZKID R S5 N,

MEE F XD EFEIcCBOTRWEZ RUZ. &
JETix, 8 HORMREFERIC, KHE L EXTEWE

ZmRlic (K12 ().

Fro, KETE, #5283 L DKM o
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Fig. 12 Cross sectional distributions at high tide on
September 19, 2012. Alphabet letters adjacent to each
triangle indicated the CTD observation stations.

(a) DO, (b) salinity, and (c) temperature.
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Fig. 13 Time series of bottom DO and tide leve in 2012. (a) August 16 to 23, (b) September 19 to 26. White arrows

indicate the CTD observation time in each period.

R 5 9 A 26 HD 12 Kf & TOWFIEE _ED DO & il
NOHBRZEK 13RI, Fiz, WX E SIS, )
B A 72 TR 72 REH (=) TRU T,

R & B, SRS 10 T LIRS &[RRI,
IR & <, THIRHCR N 9 5 &V HAI 722
Lz, B, 8 19 AAS 22 HE TOMI,
THEARFICIETHEIC O mg/LETIK FLTED, iy
Eic & < BRI DO BMiLR X N B IR TH - 7=
(K13 (@). —/7,9 19 AMS 26 HIcOWTI,
TR IC B VT EBRICK S T &1k Ll, Bic—
TELLEDMEZRUEDNSHER L (K13 (b)), HEkEk
Mgk, B IR A >TWe. 2, mkE s
i, E11 (a), K12 (@) TRUZEHALC, el
DUFEE D DO & KHIT/R LTz D DO 131F1F
[ CEZ R Tz,
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AWZETIE, FHSEENETH 2 REBICBW T
B EJREEMNITOWTIHNRS L & dIic, EREICE
U % AlE KL OBREIC DWW TNz,

REMOERICAIET B 1 T, Zhlso
M & EEXT TN, TPEEIEE L, HIE2, 3, 40
MNCIHME R 2 IR b NEh oz, iz, HlA1
DORBIEIMONFL & L U TR o 72, T HIC,
WK 23 AR O VLR OHLENIC I % TN, TP i
JEDETEEEIZZFNZF N 92.8 uM, 581 uM L &N
Ko Emh o (FILE, 2011). chsoc &h
5, WEMMSHMALEEELY VO RZIT
T, BHREEO TN, TPEEN LA LIEEZ SN
FA SIFREEICHEA U T E M) HROZEZD Y
NE, EEMICHEIKICHERTT % & & &I b2k
BIIERT T 27 b VOB D AR K > TEOEICTE
fe, HEFEd A2 MG TWVWS (B, 1996).
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AWZE T, AR 2 F 72 HEREY) OO iR T 72
ToTWEWD, WEMHROZESR, Y UAERIC
EEINIER, BHROEEMNEL U THEMED &,

BT, —HFEREBCTESEEIEREINTE
n, FEHSDEEAD DO HAAHHIE & N5 R
THote., Fiz, ERPITIEZBRETLE UTHEK
I KBRICIEET B & L BI, Sk EiEE
FoREEESHEIZH L, DO &7z, Th
5%, BEROEBICHE W TEME/KDFIET % i
BRI 2R L THED (U, 2004), WEEICEH
WTh, B RCHE S BBERNE O E £Eh
5 DOEEMFAR O X > T, EFEED DO H
DI BT EHRBENT. BEMEHEEICDOWVT
&, fEKIED (2011) IZHEIAMFHICIBNT 0.72 ~ 2.88
mg0,/L/day & L, #iAKiEH (1998) Z=iEIcE
T 0.59 ~ 0.66 mgO,/L/day & L, E/KiERFD AR
Tl 1.34 ~2.18 mgO,/L/day & LT\ % (RH: -
8y, 1992). ARFAAED AT OBLEIEELEE 3%
' T% 050 mgO,/L/day TH D, BAEMZEOMER L
HRTHWE DT AEWD, BICIENS K ICEE
TIMRIIC DO HMIHEE N 2 RN a BRI 24 L
T, Hucts s 3Ly, 5%, 3
BRE I BRI A L T < B 7KEE1dD DO Db
Z RSN, BT 2 0805 5.

F7z, 6 H& 9 HDORY b ZOMEEEE [Higd %
&, HELETXTORRICBNT I ADSFH DR
Mofz. —fIC, BV TEBEDH/KED
BRIBZEN D - 156, EFRICEARBE R Ik
PIBHTEPMENTVS (HAREBEES, 1986).
[ CEEICHETEENMAAEL, BIEE LOEMK
TEEFEAERONTOEREWT &S, B4tz
ISR 5. 2 e ) K DR AN S P x
BILTId R, BETHSZAlREED EV. B
@ DO WP 9 % LKHIC RS 2 AW AN
Kzl xo, EENEIEING. Tz, AR
AT, MEERICT < 2% & PRI C b 5 il
RITHR DOTEMED @ X O (LKEDNFET S, Wbk
FIBTHF Fra— L a3 O bR L, (Kl
FIE L AREOIEIRZF & L, EVEEREE5
(Lehninger, 1977). T @ DO DA FE S B,
MR BT K > C, B O ORFEIE D
<, HFRIEEBOBDNECITREENE 2 5
nr.

CNETOMENS, EZFOD DO DAY
B HZ T0WSEEZLNDT, LR, B
JEIE B2 & LI, BREZEKILOE RS
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& FOBREIC DN TERETTS.

WS I3 % DO X, 15 HEW D2 S %R
U7z (K8). KD S/NEHREIC ) T DO H3Jk
DU, INEIEED B REIRFIC DT THINS % & D
15 HEOZHE, AHELHONBTEHON
THEH JEKIZD, 2009; FZ5Eh, 1991), HFH
JED FEFICK T, KR EERED RN T S
Ly, MEHNSD DO OEFEERNENNT %728
EEZBNTVS. WEBTERBEDIEHMNET 2
T EIck > T, FWIMIC DO B2 L Tz Al HENE
.

KT, EHEBOZEFNOW TS 5. #ifi &
ki, DO DORfRZHZ &, JiiiRFEIC 1T Rp e
E AT DO I 2 mg/L F2EE, /KRl 0.3 ~ 0.5°CHE
EEARTZEVWHIEHZEOR L (X 10). Tz,
B0 LR OhiEN I Z R THB &, Hit=
21 v THiIE X O & EDEEICE DO, mEKIEO
IKBLDMEIEL Tz, —J7, TR iE, Pgick-
BREF/KBDMEAE L, R E RIS ah 5 &k,
& DO KBEDRA LT W, DD, JliRsc i
B E DO DKM AT ST LICKk->T, K-
AEFKBITTEICEEIL, ZTOMRE L CEEE
EODOIF ERLUIzEEZ BTz, RFETZITF T,
ZOHBOKMOBFZICONWTIE>E D LT LIEE
ZIR0AY, FEIRHCIE R BICIE R S N - B3R
KBS EICEIEN S & L B, EHE E TR
ICHEEMEE E N, FHO DO MME R L7zalREdAVE
V. HE NS OE DO KBED TR AT % —HD
YA 7N ERDIRTC LICE>T, BIRNZE DO D
ZEHPEC TR EEZ SN, TOMRNEZEL
&, DO WD WE (K13 (a), 2V (X
13(), Dl FICBWTEEBICHA NI &5,
ZOMBRICAEIIA SN S E DD, BEFTITFICE
CTWaEHRTHS LEZ LN,

& DE DO JKELOFHAIIC X > TEED DO A |
FL, HEICABIKIEDER S NS85, H#
BUBERAKRBTEALNTWVSA (HE, 2010 ;
Fujiwara et al,, 2002), TN HIETRAF 27 1) —FEER
ICEERT BIMATH D, #WEIACES & DT
V. AT, TS T IR K AN
ANT5HTEICE-T, BEMEEGEIN, A1 TH
7 DO DZAb7Z/RT T EANVHILN TN SH GEUKIZE
m, 2006), ARIETIE, WHHARHC DA D S ESE
I BRI DO MG E Tz, 5%k, [A—H
REIC BV KA & IR, %, DO DOBfRZFANS
Ledic, WEBTRLNIZERKOBIICX %
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JEEIE D DO OZLMUDIHRKTE RENEHhES
WEMRT Z0ENH 5. Fiz, [AETIE—HOW
I 2 mg/L YL EDOERMNR SN, DX, BiTD
WINIAE R IZE ALEBL TOARVEFRNEHET
EZDNTDEOFEZYRTE RN, FED
AlGFRIEZ EEICHIET 22 N TEHRNT EN
minote.

HEDEKE DO DIFENKEbE Rz T 3,
1996 4E/0 5 2011 4EF TORNTHIA 1 Tl 2.5 mg/L,
P2 TlE 22 mg/LEMLTEHED (K6), FHEM
WCREEETE, (KEEZ/KOBIE R IMERICH -
7z (EFD. %, REMO TN EE & COD XK
EENcH O (B - W, 2009), VEAEENO TN E
FEEETFLTWAZ ehD (B, 2011, Efis
DI IKE R E D E R KLz D EE X
bNic. —J, BRONY b ZAOMBITFEN
Zikid7x <, DO & OMICIZIHMERBIRN RS i
otz (K7). TNETIE, A4 717 DO D
ZezER L TWiah o zlz8, [EWE7R DO Dffiz
KL TWiah o zrlfettE e H 20, TOFEIE—
DOHREMZRET S, Thbb, KL mIlk
IZDWTCIE, BEEIREIMHENICH D E DD,
EYNCIERER I 2 EE Lo DO iFdEET Ty
BNEWVWHIHETHD. FHE, AFECBNTE8H
OWFEE _ET, HIPIHETIX 4 HREEEEEEIIRE
Mk L (X8), [ O DO fitiaid & < BRI
TH-1 (X13 (a). TOMEEZIRAENFEE |-
ICHRET B T LI K o TEEEYNCEmMIN I B A —
VB ZTOWABAREEND . BOKIHKAFT 2 Y«
VIS —ETIRBEE FO DO 7F—2%155%C L
#EL LAY, S DO JIE D AT AEZR CTD MBHFEE N,
BoNE T2 ELTW3. 51513,
RIERIDOEE & AbE Ol DO DE=ZY
ThiFH L eslc, KEhSHEEE FFTODO %
AR, K0 EEICEREZR & Y O 2 RS 2 0
HEhd 5.

T —ZDOEIHICTH I LT fenTz, IKESEHT
OHBICE#H L XY, £, BEATERZWVEE
W RREUERC U R B R R, T2 W %
W25 2 TR T BRI R AR B AR
Ric#HEZ R RLET.
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