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Supplying path of nutrients and mechanism maintaining
chlorophyll a at a high concentration
in Nagatsura-ura Lagoon, Miyagi, Japan

Kenji Kaneko'* T, Yutaka Okumura® and Motoyuki HARA'

R BT~ T EHAURA BRI TH 25, FOBOBIHFOLES Y X2 2 XBHOME By TS v 7
b VAEEOMEFI B II A TH 5. ABFZETIE, 201420154FI12H T, RERBE LMW 7T >~ 7 b VEEOIREE L
T20uu7 4 Va (Chla) IREOFWHEALEZRMRDLI LT, ZOMFEMBZYW S L. EEOChaiEEIZ3AT
WHhHIHFETHL, FIC6 AURBICHF ISR WEEZ R L. mwwMa%FﬁﬁM§nt39Hi FHHICEET 5080
Je LN o E2HIms 2 2 22z, m$;D®M#%<_ XY, AHEERESRE r AT A KRS ETIIIIIK
PEEHICHA LR T 25720 L S N7z, 126 ADIIIREH OB oK EA & BMEoBBEILY,
ﬁ#%mﬁTéU/@MU/k?/%~7%%$%W#L%Ltg&T,ﬁ%77/7}/®%hﬁﬁﬁ§h,E%ﬁ
12720 B\ Chl a i EASHERF S N7z LHEI S e,

X—T—K:y0u7( Va FAE W <70

Nagatsura-ura Lagoon is the main sea area producing oysters in Miyagi, Japan. However, there is little information re-
garding the nutrient supply process or the primary production process that maintains high productivity of oysters in the
lagoon. Seasonal changes in nutrients and chlorophyll a concentration (as an indicator of primary production) were
surveyed in the lagoon and the surrounding area from 2014 to 2015. Chlorophyll a concentration was found to be high
from late March to September, and especially high from June to September. The amount of river water containing rich
nutrients (NO,~N and SiO,-Si) flowing from the Shin-Kitakami River into the lagoon increased from March to Sep-
tember due to increases in both the river flow rate and the frequency of northeast winds blowing from the mouth of the
river to the lagoon. Moreover, the release rate of certain nutrients (PO,~P and NH,~N) from the sediment of the sea-
floor increased due to rising water temperature and decreasing dissolved oxygen concentrations at the bottom layer of
the lagoon after June. It was concluded that the high chlorophyll a concentration over the long period from March to
September is due to the supply of nutrients from the river and from the sediment in the lagoon.
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ETHRE, BN # R K2

FC&IC

FE TR 3 H IR = B 8 0 38 9% 75 o b B 13k A2 Ar
B3 5 1.41 km? DIRAKIMTH 5 (Fig. 1). 2 Ol
< /¥ Crassostrea gigas #EIH A A R I8 C, = BEifpR O
< A XTI 2 T L2 BAE I Tb I
B8 (FIRIEL, 1994), REIH CTRBEENI W &2 5,
T L7AE ISR fTbN S (HHE, 2006). #EIE
T, ARFEIIRK L E 2 N5 8~ 7 F 0%
W72 0AE L2 s (TR, 2006), #EARSSH
e E OBV R AR R O LB L CTHFZED T b T

&7z (FBI32, 2004; W% - HH, 2004; 45032, 2005;
Purwanto et al., 2005; Purwanto et al., 2007; #3413, 2009).
ZOFER, BIEE L R % 2% KB ) RIS
AT 28 EIN O NIRRT O 5 R BB Hz R &0
KEBRBEICHBELEZ G2 TWAI EARBE N LA L,
A FOEFEIZED B RKERCWMW T T 27 N ZHT A
WZIEfTHNTE ST, BWAEEENED X 5K s
TWVBONEHLNIZEN TV,

2011 AR IS FEA L2 R H AR E K (DIRER K EIE5) 1,
FALH R S M O = T, TR &S 5 I3
ML a0 ELEFI SR L (F121E, HhiEs, 2011;
HEE 2y, 2012; DT A, 2012; HAPE A, 2012; A3
A, 2013; KAFIZA, 2014), FARRLBRI R0 V5 75 it 5t 2 it 3
L7z (B2, lH, 2012, %, 2012; /KT A, 20125
Y& - Vaky, 2014). ToOfER, KE, KE WWH7TI v

I
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} o]
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Figure 1. Map showing sampling stations in Nagatsura-ura
Lagoon.

7 b EOWFERBEOZAEE I N TWE (B2,
A F 1T 2, 2013; Kamiyama et al., 2014; #1111 2, 2014; f1
JZ 2, 2015; REEIEA, 2015; LA IE A, 2015; Fukuda et
al., 2016 ; Okumura and Kaga, 2017; Matsuoka et al., 2018).

FEH#, DATEE S 1. 7km, TE30m, RAKFE2 mA
JED, ERVKBETEEE L D% > Tnizns, BRI
X o TRBEDO A Y DA L 7Bk L, KERIX
RAIERI200m FTRECIED o7 S HITKBOKED
WARY, RRKETHSmM, RBEFVHASTLHISmE
“olz TOXIHIC, REMfHEITY, BEICK o TKE
MEDHIEATKE LB L2 Eh s, HBEORE it
FILD—DTH BMNKDTHEAKNIZENL, ¥ HFDHE
PECHB R L2 2R H 5. L L, BEBOREMH
TIKIR, 39, BRRELR IOV TREN AL %
ENbon FEERIEH, 2013), #HAL L2 5 o)l
KROFARKD, RHEHORBEREB LY 7 >~ 7 b
VHEEDOIEE b0 7 4 Vg (Chla) BEREDS
X OHPRIBRELIIH O IS Tw v,

Z 2 TABIZETIE, BEBICREWHICBW T -5
H— % 7= R & A o S il 4TH) 2 LT
Bt L) & OFIIKOTA RN & R, KEEO MR
B GUIKB & R B OFARHRED D DBH) &
L, REHE ChlaREOMREZILBLA. 72, &
DX ARy L RLBREE (ChlailtfE) 2T 52 &
T, RWHICBT 5 7R 2GS ORNS L2\ S 22 L7z,

M EFE

IR

201441 H~20154F 12 H OB H 2 1~ 3 [l O EE TR A
AT 7z REHOKFEEILMTIZIZImE, BEHlTR
RHEL4-10mTH Y, v FOEGEIIIKRETmUIED
BHRIICAE L, FI205-5mOKEICTFFNET Sh
Twb (Fig. 1). AWFZETIE, MaKRPeHAL LNIo)IK
DOEMH~NOWMAZILRT 5720, Bl 0= (St A,
Ff o B ), RTHIR (St B, KO A L)
BI o (st.C, KiEHK43m) IZBWT, ZLIHHKEE
(Rinko-Profiler JFE7 KNV 5 v Z 48 # v, )
SIS B F CRER0.5 m BIBE TR, YE4r, BAFEERIRIE,
raua 74 VDR (RS TIEChlaiigEL 5 5) 2l
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L ATTHER Tl 6-8 A o @K % i & L5 12 Mo
FIZBWT, N FURRIBCL YRR ET - 72 RNl
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MR O KEITIMZHEEDP S 2 m EOKIETENLEFNIRKL
720 FRILL 72 #E K IE K PVDE 7 4 Vv 4 — (Millex-HV,
LEE0.45 um, ANV AHE) CTEEKR T EREL, KB
(MHMRREZE K NON, 7 v E=T7HERFE I NHN, U~
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feRE1) 1 POP, 7 AFRIET A 5 1 SiO,~Si) DI
L7, ¥#EHRIC— VT 7B OF— b T F 54—
3% (NH,N B X USi0,-Si), SYNCA (NO,N) B X ¥
QuAAtro (PO,-P) THHT L7z, At CH—#let 2 121
WE LR E T W T O RIEEET L 4% DN TH - 72.

512, RETHANOHRKOTARNZ LIRS 2720, StA
FHE D~ 7 F LI BV TEIHHKEE (DS-5 Hydrolab
B FKFE I mICEE L, 30455 [k T4 2 i 1
E L7z

AIRET —4

R ~A S 2 KOG T 2 Frdb BN E KD
MmzHE T 572002, Fde LIRS KT ERDL &
CHBMEEICB T 5imT— % (http://www].river.go.jp/,
20184E3 1 H) & Rl o> K800 B 0> B 3 U A %% 1l e
E DR R (http://www.jma.go.jp/jma/index.html, 2018 4F
3ATH) 2R L7z #rdb Blloda e & Hk
EIN DI E D FFIALE S 2 B OF R A & 5t O 1]
T EINCET 8% I 2L THIBLA F77,
FEBE OB IR BT 2 B o B JEHE 7 — 5 (http:/www.
jma.go.jp/jma/index.html, 2018 43 H 1 H) 122w, dth»
LR OEM (DR, F L TIHE L FF5R) s
Im-s'PAl& 2 B0 MBUHEZ 1 HZ & IZHI L7

T — SR

JEBBSE T — 5 25 Ho bA), Wiy, TR L7 E
VT, #EHEBINCX DV BoNRMHOERE OkEE
1m) DI OWFTFIME %2 ERERIS, Bk, W
B X OHEO MBS 2 Mor 2 e U CENE G & 4T
W, RI#OEREOESIITTRA=Z, Wiliies LU
WO BEZHONIT S ET, RMTHNDRKOALSE
ARG L7z, o BdiRAR% (Variance Inflation Factor) 1
LI-13 TH o722 en b, MTEBHOMBIEK S E
IRPEIZE T T v BT S .

s 2
REAOEREES L AAREOEZHEL
ST A 2 0 JU A JRGE V2 X T R A B 8 8 — O HSRD S
N7z (Figs.2,3a). 20144ED 15 AhAys X O 11 H E4g-
12 HOMFE»HEFICE, JAE10m-s ' FREOHBNIE LD
DAL, ALHWDOFEE 1L 20% LT TH - 72Dk L
5 AT LRIRGEAY £ 2 & & b IACHR D S EE 75 %0 %
BEIML, 8-9 HIZHFT30-80% D iliz R L7z, 20154
D 2014 4F L FWL L 72520 72285, 24 HIZ2 T
JEHRDIEEAT20144FE X D R R E VPR 5 72,
Bl ORBAKRIZEICE VIR E VDS, 20144,
20154E & B BEAREDO D WIINZ 12 AT, 45 mm-d!
UTFThot (Fig.3b). —h, BAKEIL WX 2014
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Figure 2. Seasonal changes in wind vectors at Enoshima, which
is located near Nagatsura-ura Lagoon. Values refer to the
data provided at http://www.jma.go.jp/jma/index.html.
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Figure 3. Seasonal changes in the frequency of northeast winds
at Enoshima (a), the amount of rainfall at Ogatsu, which is
located near Nagatsura-ura Lagoon (b), the flow rate of the
Shin-Kitakami River (c), and the salinity of the surface layer
in Nagatsura-ura Lagoon (d). Open and closed circles indicate
data obtained in 2014 and 2015, respectively. Wind values
were calculated using the data provided at http://www.jma.go.
jp/jma/index.html, and rainfall and flow rate values refer to
the data provided at http://www.jma.go.jp/jma/index.html and
http://www 1 .river.go.jp/, respectively.
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72, Frdb BN oGmEASE RIS % 3 Hhd-s A
A, ALBREOBE IR < 1d RS, WK T 58
GN% o7 (Fig 4). $i220144E4 A Licizdegmo
BEDMERCIZ S 2220 55, M5 A 30 K5 & 7 2 W 2
2 B ERkGE L7z L B od s s KT L7z
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BIOKREDYED - 7284 (0154611 H2 H, SRR DK
w18 mm) THGOMFIIA SN h o7
Riifio&BOMEs &, FKm, W)ilias X 0L
DHEE % BIRGEHHT L7zRER, R ZRE O 53R
OFEB L OFd Lot L FE2AOHMBAIED S
ool L, BAERLIAELHBERO N L2572
(Table 1). FEHEAR R FREBUT AL BR O SHE A — 0.54, ik
A-031THY, EWHOKTICIFFE XD &AL EOHE
DFEEDR N EHIB S 7

FETIEI3AAB L9100 T, FH5-22 mm-d”' OFEKE
Do 7z 2015FE TS9O A ICHAKELRREL L, ¥
820mm-d ' TH o 7.

Frde BN o OB /85 — 1320144 & 20154F
TIZIT—H LT/ (Fig. 3¢). 12 121X 100 m* s FR
THho7zh, 3 LA»S EA LD, 4 FAICIE500-
800 m* s IZEL, 6 LAIZTHU100 m* s~ A1 T T
L7z, 6 HUREOmEIZ—FEMIZS500m® s £ TEAT5
WEbH o728, 213200 s ' LT OETH - 7.

EHloEE KElm) OESOFHLEHIIEET S
&, 20144 L 2015 THM L - FHIZB) /8y —  FRL
7z (Fig. 3d). 1-3 Ao idlbmm < 121330 L L Th -
7208, ENLDREIEZR R T L2530 L -7z 89K
AT CTESITIESAMET L, FFI220154F 13355 2%
20 EFTRE KT LAA, 9 FULIRIRIZIZ30 L E
D HCHRY i A AR L7z

WaoOEEEEEE OBRIERT S &, Juf)a o
& RETHOME S O TFIIERS2SH S 1, LR O B A
Bind e, ToEHBICRMBORRE OKEIm) OHisg
WET T 28560% 0> 72 (Fig. 4). $F12, 20144E L 2015
L B ALHURARERGE I HE < S & D% D2 7289 AT
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Figure 4. Temporal changes in the frequency of northeast winds, the amount of rainfall in the vicinity, the flow rate of the Shin-Kitakami
River, and the salinity of the surface layer in Nagatsura-ura Lagoon (see also the legend for Fig. 3).

— 174 —



BRI B A RERO MG & WIREO 7 0 a7 1 v a OHERERE

T4.521.0°C TEALL, EFICEHEH TR HWVKIREZ R
L7 (Fig. 5a). EH#HTIE3-10 O, FEoKiksst
A$25ZLT, KEBEDREENRKREL Lol

Wik, R T14.2-33.6, RITHEE T4.9-33.9, T
28.3-34.0 CZA L L, EWIH & MO R TIRwWiE
W% 7o 72 (Fig. 5b). i 16 8 C L3 55 32 Kl 0 g K A3
—REICRKEAmAEE CTBIESNLZ L b H 7278, £
COWMTREI2mBETTCTHo72. —F, EHET
IR R2 RO ARDI LD THOKGEIAmBEREF TH

Table 1. Summary of the multiple regression analysis of the sa-
linity of the surface layer in Nagatsura-ura Lagoon vs. the
frequency of northeast wind, flow rate of the Shin-Kitakami
River, and amount of rainfall.

Variable  Standardized correlation coefficient ~ p-value
Wind —0.54 <0.0001
Flow rate —0.31 <0.01
Rainfall —0.02 0.87

Adjusted R*=0.36 (p<0.0001)
St. A

(Nagatsura-ura Lagoon)
(a) Water temperature

St. B
(Frontal Sea)

T BYENS o7,

Chla 1L, R TO0.2-51.3 ug+ /™", Al 8 CT0.2-
174 ug-17", MT0-9.1ug /"' TEILL, BHEHTHWEZ
R L7z (Fig.5¢). ChlaiEEEiZWFhoiscd3H T
AT St S YA/ T SV R I AL DX = 4 N1 TR(IS L Ak L QIS
SHFRECTTH 7. —J, RiEHTIE10 HEE TRY
BICH72) Sug 17" 2 5B E R L, FEICHE A
SIS T lopg I 2B 2 2 B 2D Bl
nr.

AR R IRIE X, RINHC02-19.0mg- /™!, Filfi#EHT
6.6-14.8 mg-17!, #T6.5-16.0mg-I"' TEAL L 7= (Fig. 5d).
WENOWEHR T H HFIK L, LFITHVDS, AR
MCREFOWEMNE TS 6mg [ BECLIL TSR0
DK LT, RUHOMWEAMAETIES H T2 5T Lk
W, 6-10 A TAE T3mg- /' 2 N2 EMHEKRISHBLL
7z, 20, KB X O EERE O & RIRHZE K
EHE L7, o), RENE T 100 THORERED
I Chl a DT & B K O K251 ([
T Z 5T,

St. C
(Offshore)
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Figure 5.

2015 2014 2015

Seasonal changes in the vertical profile of water temperature, salinity, chlorophyll a concentration, and dissolved oxygen con-

centration at Site (St.) A (Nagatsura-ura Lagoon), St. B (frontal sea) and St. C (offshore).
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FEEREDZHE(L LFFIRE & OBR

NO;-N R & Si0,-Si i BE IS HI 8 D 28 T <, NOs-N
T 20 gmol- /' LL k., SiO,~Si T & 100 umol -/~ LL E o> i
MBI s N7z (Fig. 6). —F, NH-NEEL PO PREILE
T O JERE The b B W iEZ /R L, NH-NTIE S gmol /7" A
I, POPIE2 pumol /' LL EOMEASEI S N7z, dpTldwg
NORFEHRE D R, A TNO;NIE10.1 gmol -7,
NH,~N (& 3.1 umol-/~!, PO,~P & 0.8 umol-/"", SiO,-Si i&
21.9 umol+ /"' TH - 7=.

TG I D FE @ 2 & PG 20 T D RFEIRIE DA
@w“? NI DZEB LG L (Figs. 5b, 6), K5 Ok
(ZRARIR IR EE DS I ASHL S Mz BTTENES O 258 Tl
WINORERCTOLH G LA BELRAOHBD S (Fig. 7a,
AT < Y O EREOME, p<0.05), $12NO-N
aSioz—Sif%u\$ﬁﬁ§ﬁfE6n7: (p<0.01). RiHioRRE
’(*‘%)NOfN&SiO ~SilCOWTIE, BRI & R AR
rORICENMEZ R A 75\%’7< (Figs. 5b,6), AHE%HA
OMBEPR SN (Fig. 7a, A YT < ¥ ONEN AR D
MiE, NO,-N: p<0.05, SiO,~Si: p<0.01). TN UA DN

WZOWTIIES L DMICEREZBARIEE SN o 7.

# B EZ

JEJETlE, RIMHMNONH,N & PO, P DI, A%
ALASHEATT % 6-10 H TRICE 2> > 72 (Figs. 5d,6). il
DIESBIC BT 5 RATEILEE L, NO;N & BTkl & X IE,
BARRIRE L TR OA B MENRD 5L (Fig. 7b. A
Y7 < v ONEMAHBERE OME, p<0.05), HFFIZPOP &
SiO,~Si CHEME 2 - 72 (p<0.01). —J, Rl TIE
WENOKEE S KR CTIIGRETH ), NH-NOARELRF
RFRIRE L ORICEE ZAOHBARD Sz (p<0.05).

Z =

REVENDRKDFRA

M2 & O SFEE O BURIE TR T 5 s o SRR A: i 1 Jp 2
FH5 25 (B2, J5F - T 2003; EARIEA, 2012).
ZO720, MNIKOWARRZ LIRS 5 2 &id, REHO
B Z S ) A THWROTEHETH L. EIiHICIEE
MINOTAE WA, BRI X 5 &, JbHE 2K
W, BEEIZHA L22H Ak BN KR OBEA~D
PEERASNE] S A, R 2SF AL BRI 20 © Kt il o i i
WA ICHE T 5720, REHEICHEALRS TS 252
PHE SN TWD (FEIEA, 2004). ABFEOKETD,

St. A St. B St. C
(Nagatsura-ura Lagoon) (Frontal Sea) (Offshore)
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Figure 6. Seasonal changes in the vertical profile of nutrient concentrations (NO,~N, NH,~N, PO,~P and SiO,-Si) at Sts. A (Nagatsura-

ura Lagoon), B (frontal sea) and C (offshore).
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R oREE S OKE1Im) &, L3R Ged 5 H Rl
ORI THEGE I m-s ' L EDOR) OBEIIMT 5 LT
T HEMAE SN, FRICIHREA R ISR & LB %
Mo 7289 T, REIMIZHZZD 30N FITIT L7
(Fig. 4). & 512, HEEBUGHH A S b ALHR OB E A )
WAEBRLTWA ZEAVRIBEINZ &M 5, LA
KW OB TIEBEEZ G52 2 FERE > T EZ
b7z, L7223o T, BEIIEER &L 2% KRB E
KELEAS LD, HIEOZLRERB~OHI Lo
TNARDFTARIICNT E A EREL 2h oz NS
7z.

LR DK < HEE DR R 3 A F A5 H e b Bl
WORREIESVEMBEMKT L2 (Fig.4). 3HTH-5H®
AIEHAL LN OFRENZ WIS H 720, ERUFH5H A 5
b AL LN oW ORI AF G 7> ORI E 2 52 T
Wb ZEDPIRBEENS. FOi0, JLHJEII 2 THAL E
N OFEE DN X - T K 0 [ 1 HEs ) K A
BMLERHOEEOESPET LRI kb EEZ N,
W2, 102 BIZh T CREMOREE IR - 7228, 2

Surface layer (a)

DOHIFNLE NI L ) OFEARE R TV LA (B
PEEL RV, FHdb LN ofE b /NS vz, miikid
RHICHA LI L, BYMoESOKT IR izl
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Figure 7. Relationship between salinity and nutrients (NO,~N, NH,-N, PO,-P, and SiO,~Si) in the surface layer (a), and relationships
among temperature, dissolved oxygen concentration, and nutrients in the bottom layer (b). Closed and open circles indicate data from
St. A (Nagatsura-ura Lagoon) and St. B (frontal sea), respectively.
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