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Fig. 1. Map of the Seto Inland Sea. Circles are ob-
servation points and the bold line is the ferry track
for marine environmental monitoring by NIES-

CGER.
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Fig. 2. The scattering diagrams between tempera-
ture ("C) and concentrations of (a) nitrate (uM)
and (b) phosphate (uM) in Harima Nada in Au-
gust 2002.

LIZRIESN TV S, KRBESFTAOBUKIIRE (K
BEH 5 m) 25 30 ERTIT 2bh T\ 5, KIFE
T, 1995 55 1999 FICHFTOES (8 A)
7 — 4 FESLBERRRT A — AX— (http:/ /www-
cger2.nies.go.jp/marine /east/me05.html) &£ ¥ &7
o— R UTETICAW:., 7=V —O#HKEIX Fig. 112
ABTRLTN D,

BIFEAIX, BAMBSRERREL LT, KREPDL
KFHEZW = BB T, KR, B, BEES A



286 IR ER R B - 28 EE - B FE - BH FE

%, THEERRER, EEEBRER, TUE=TRER, V
VERRE) VR EEBIELTWA, 7Y 7R, BB
BIADOKBIZIE LT 5~15 B TITRbIA T\ 5, AHFE
T, REAGEFHOBAIA (33°51.5'N, 134°56’E) o>
LEMOBAIA (29°56'N, 134°48°E) 2675, 1990
£ 7 AOMEEFW (BEA, 1991),

3. #R

Fig. 3 (b) IZ/KB ORI R Z =T, EHOLEITS
BOWKIZEBLPNT, BEL W, BEBIZX>TH
EARBAOIEEA MO, EHOTEIRERL R
T\ e, HREEE L G T O TRIZII KRB RIS
R EN T\, AMBICET 2RHEKE - BHRKED
TRIZHIEBDOKBNTFE L, —F, MEEIHOKIE
X, BMOERBES 22 CURIEHRE KL 2o T\ e,
Kelz, PREICALE T S MEEF Tk, TEOKEK
BERBETLEN> T, Fig. 3 (a) 1%, WFNMELHE
W57 =) —iZ ko CEGBRR Sh7=RBKEDS
iz T, BEOBVEROREKIEX, BEDOHV
FEIRIC AR THRANTE <, KRR/ DAL E 2B
DB L —B LT,

Fig. 3 (c) IZEp ORtMT A 2 RT, BWIEPREILT
BbHIEL, AL THRLIZEL o T\ e, KBk
IHE» LR KEE &LRTMEANETIE, FEY
BOSMEIZ D> TRWTE Y, LB - TRH\AD
TRF 27 V) —EREET LTV, FRIC, R
BT HEHESBOERIZE» > TEWVWTE Y, HEHEE
Fb gk EBICEES KSR L, REWERD DR
BT RBICEESKBRAT EREREZ AL TWEe, 5+
WZET BARGKE - BRKEOTRBICTIE, ®mlESK
DEAL TV, BRKETIRITRAET TRIREIZ
LEEDKIEA L, FREBRLEESICRo TV,

Fig. 4 (a) KEEBREROMMT M EZ~T, TORD
T oARIIHEREEEZRLTBY, Thiy EEXF
KETHD, BEERETHERICEI > TRRY, TR
L0 LAMNBRIDFHBEL feo TV, FEEREL, &
LEVWVERES T m BE, RHEVERKETI
60 mIZEL TV, BEEIZBWT, IZIZEE TENE
WTW=Z EBRERENS, 7T A VOBKES

s
1S 0AnoH
epeN-0A|

3G BwiySnInS |,
NG eulysnny
BPEN-USNIH
]'—')S uesig
BpeN-BlILEH
S [seNy

e
g 28
5
26
8
f24
3
7]
132 133 134 135
(b) Houyo Str. Akashi Str. Kitan Str.
O0s "
Bungo Ch
0 7
20
E a0
<1
g &
80
100

132 133 134 135
Longitude (deg E)

Fig. 3. (a) Longitudinal distribution of surface
temperature monitored by the ferry on 1st August
2002. The axial sections of (b) temperature (°C)
and (c) salinity in the Seto Inland Sea, observed
from 1st to 6th August 2002. Triangles above each
figure indicate observation points. Coordinates are
indicated in longitude between 132 and 135 de-
grees East. Outside of this region, distances are
converted to longitude on the axial line.
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(a) Houyo Str. ' Kurughima Sfr. Bisan Str.

Bungo Channel ii Channel

Fig. 4. Axial sections of (a) nitrate (M), and (b)
phosphate (uM), observed in August 2002. Con-
tour lines from the Bungo Channel to Bisan Seto
are drawn by using observed data from the train-
ing ship “Yugemaru”, and others from Harima-
Nada to the Kii Channel using interpolated values
from raw data observed by the Prefectural Fish-
eries Observatories of Kagawa, Hyogo, Osaka and
Wakayama. The method of interpolation is de-
scribed in the text. All observations were con-
ducted from 1st to 6th August, 2002. Axial section
of (c) dissolved silicate (M) observed in summer
(the left figure is in August 2002 and right figure is
in August 2003). Triangles above each figure indi-
cate observation points. The broken line in Fig. 4
(a) is the compensation depth. Coordinates are
defined as in Fig. 3.

ZLEATETROKB EFICEBEINTWAZ LER
LTWe, [EEEF T hEFcEmgINoRBEIL, B
Bz G AN T, —F, BHOEETIX, M
FAIEEE KRR IR BB L 0 b o T, BRI
BEHEREICIX, ABREOHBEERNGAA (Fig. 3
(b)) Lt L7 TRA LTz, #fKiE & B'K

Akashi StrKitan Str.
Kii Channel

(@) Houyo Str. Kurushima Str. Bisan Str.
HiuchiNsda  Harima-Ni

133 134
Longitude (deg E)

Fig. 5. Axial sections of (a) chlorophyll-a (ug L),
(b) particulate nitrogen (uM), and (c) turbidity
(ppm), observed in summer (left figure is in August
2002 and right figure is in August 2003). Triangles
above each figure indicate observation points. The
broken line in Fig. 5 (a) and (b) is the compensa-
tion depth. Coordinates are defined as in Fig. 3.
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Fig. 6. Axial sections of (a) temperature (°C), (b)
salinity, (c) nitrate (uM), (d) dissolved silicate
(M), (e) chlorophyll-a (ug L~!) and (f) partic-
ulate nitrogen (M) in Suo Nada, observed on 1st
~6th August 2002. Triangles above figures indi-
cate observation points. Coordinates are indicated
in degrees East longitude.
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Fig. 7. Axial sections of (a) nitrite (uM) and (b)
the ratios of nitrite to nitrate. Contour lines from
the Bungo Channel to Bisan Seto are drawn by
using observed data from “Yugemaru”, and others
from Bisan Seto to the Kii Channel by using inter-
polated values from raw data observed by the Pre-
fectural Fisheries Observatories of Kagawa, Hyogo,
Osaka and Wakayama. The method of interpola-
tion is described in the text. All observations were
conducted from 1st to 6th August, 2002.
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Fig. 8. Axial sections of the ratios of (a) dissolved
inorganic nitrogen to dissolved inorganic phospho-
rus, (b) dissolved silicate to dissolved inorganic ni-
trogen and (c) particulate carbon to particulate
nitrogen.
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FRPOBIMIN TV 5 (Harashima et al.,1997),
WS X, MEFNEOFTHRIZ, REBHIZBITS
W EBETR BN N EA RMER TH o T2,

B LT Tk, RECIRERENMKEBL T/
274 NVBEBES RoTEY, LIFLiEZunr g
NVBEDORBRAEAERBITEEL TV, 200248 A
OBBNTIX, BREZ mo 7 VEBRY, B AR
o, BEERE, BRKGBRFELEL, Znbnsnm
27 4 VRK &R S K OEE~DEAN L DR
ERRIZT AT -SF¥AT 75 5%77, Fig. 9
(a) 1%, B-FHEBefHAOBRRIR & B AGE T RE ORI
RIZBITBKE-EHTH D, ETFHRIEOREKIL, £
HE LD BHAED 30~50 m BIZbo & bEALR
FTWIEERLTW, ERKEIZBTSHE /oo
7 ANVEBKEX, ETFHEROEESKOEBRAKE~DE
ABIZ—FK LTz, ThbbiBICHHE Sn5%%
BERNLTHED T 7 PUBERLTWER, b
LIFRREWVBRED 7 o n 7 4 VEETLNEKBH
BOHHH L TWhnonTnnths L EZ LD,
F7=, Fig. 9 (b) X, HHEEF OBER L RE T IO
BRUCB T HKE - BAaERLTWA, [HHEEFO
BAKILK, BEOZELWVEBED I0mBIZbo L bEA
LT WeEZ NS, BEDI oo T A VBKEIZ,
ZOEABIZ—B LT\, FREHIBWTIE, BEE
B FHRDOBEKBFBIZEAL, ZOFEEAIIL
FoTr/uaZ A NVBKEBEREND Z EBREN
TV 5% (Takeoka et al., 1993), EZDHF PyEEHTIZ
BWTiE, BLV D, BRENOHBIZBWTAY
EEEBPEA THo T,

EEAPOEBOER TIX, REABRENE 2o
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Fig. 9. T-S diagrams in (a) the Bungo Channel
(circles) and Houyo Strait (plus), and (b) Hiuchi
Nada (circles) and Bisan Strait (plus).
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WIEDT, WAKDORBHBDIRTIE, FEYDIHEC
LoTHEUEERERFICETVERET D, BEE
DER TIIFRBENKFICEBEIZR-oTEY, WA
XS LEERBEO T — VBB IN TV, ZOK
BITKBEAELS, REBBEELTWEZLE2RLTE

D, BElE L7RKRIED, ERBOBKANIZERINT
W5 ENRE SN, BEBEICRT KA - BmER
DKADHEIIZNETITHEBA SN TR Y, FRER
AL OBSENBRIN TS (M5, 1997; FEHE - EE,
1985), JARHEEERIC b R FmBEOREBEEZ STH
KABHY, EFTEHERTHRBEREIICCH
WIZ EBNRENT,

—%, BEETERBN TV DR TIE, HELE
REEIIBOCHEYM TS 7 b CHB SN TANRIE S
2%, BEOER TIIRBEMTIIR/E L TW DI
XU, BOREBER - REBEBENEL, Ehroarq
BRENLBAEP o7, B CIIEEL T TENE
WTWe, BREETIIBELSIZBWTHYHEH T T 7
NDEENRD HTDIZ, BEROERIIWNENT
BBL, RREBL L TEREEShCWELEZ LN S,

i, BEBEREADEBRIZBV T, HNBES
FRENEL, TORENHBEESRBELHX 51
Wb ol EHEBERERIL, MMEMERT v E=T
BERPOMBBERLERT A LBRTELSF
MEDTHY, -, BEMENHEREER2ERY
AZBILTI2RETHELS, O Ehbh, BEE
ZBWTIX, BEREROBAD L IIBHENEAIC
EETW=Z ERRBIND,

WIZ, TREDO/MIZOWTERT B, HEEF LR
< &, N/P i3 THEBIEL (6~8), SMEIZmH»
YELEL 2o T (~10)(Fig. 8 (a)), PHETN/P
HAMELS RB2BERE LT, FINLIAT Bk N/P
AMEWD, b L IS 2B TIIBENEEXR
TLERPBIRMIZRESNDZZ EBETF LN B, 4
WM 5 1EE N/P @D -T2 DI, BERoLE:
BN, W77 b OBBITHRE (Ly K7 4—
Kb, N:P=16: 1) IZEVMERFONEKOEES
ZTklHEEZOND, —F, HEEF TIINED
fOMHR L 1ZR2 Y, N/P A EIok (16~), ZD
HHRIZFAT BI)IIKD N/P @ Z & 72 EBNFRE
LLTEZLNS,

BIREE C/N Hold, 7 oo 7 4 VBENE < EMAEE
BEARERIZBWT6~8BETHY, Ly F7 14—
NV RH (6.6) IZEVMEZ R L7z (Fig. 8 (). —F, &
#BKER L URFKED FERCREERE T 11 LD
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HEBEIEVMEE R L, —RIZ, HEREW P OMARY 2
C/NWKIZTFZ> 7 b FDC/N LY bR0EL, &
B O RRIZ Lo TRIRANIZE RSB HEH LT
WS e EZ LRD (B, 1994), LEOWROT
J& THRAE C/N L AE DY, Z0EDTHS S, ¥
=, —ARCEROA#M O C/N iz E bicEL, 20
5 200 DFEFHIZA S (Hedges et al. ,1986), RIZBEE
BTix, BEEEROFEMOHERED C/NicERE S
A TCWeZ LR HBIND, £/, REIZHET LM
BESORTZEIZIBV TS, BLRE C/N X 8~10 &
REL, BE LT ONTHBEYORBELZIT TN
TEBNRBEND,

4.2. BEFRBICBEITST7AEDRH

REBESCREBOER T, BHEEZER -V ATMXT
BERIAELBREILR-TEY, BEERYAKIVE
BTHESNTWEZ LERLTWS (Fig. 4 (c). 18
PN ED LG SN e ERII KR F DO F T HRE
LTLEIR, VDol ARTFRE o7 A RIX, #Y
Ty FAAELNTRITFIZRY, BERETHAE
LT, BUAEHBRICHAINS, WAKDORZHBAL2
T, BVWHIEEE 35 (Harashima et al., 2002),
FEM - (1985) 1%, BEFIZIIKE L 71 ROBREZT
TERERTEEORE L EBTIIRRY, BETIIE
HOEERR N5 Z & ZR LT3, Srithongouthai
et al. (2003) IEEEBIZH T D 1 ERMOBEHERIZ X
D, BHEERFAROERNMLOBWHERLTWS, #
FAMTIX, BE»OOEHPEFERS A BFOEER
AR L 2o TWVB EEX BN S,

BRI (133.4 EEAHIE) Tk, BEMLZETFRS
A RBEOBKBHERIN T, EOFMREREL
LTI, BUTFOZENEZLND, REEDKE By
AiiZ, (HEEF L EICM > T EEEEED KRR
HL, SREVEBE HIRIZED > T TR % &l kB A
THBERETR LTS (Fig. 3 (). ZH 5 (2002)
BHIZ X - Th, B SRR TEEDWEK ) R
DWEIZH > THRAL TV Z ERRENTW S, B
T, ERRNEBEERE L 2N OFEEE LRV IR
TR EBEERA (22 F 27 U —EEMKERK (Sanford
et al., 2001)) BRI NTVWB LEX BB, ZOX

5 R TIE, METHBEINEROMBKIZERES
NTWeTr A ROBHMMBRESND LEZ LN, K
TOBEHFR7TARBRENES RDZ2ERLRHLEE2D
na,

RREE IR D> b (HEES (133.2°E~134.4°E) 1223 C
i, BB TR LB CRER A RBESE o
1= (Fig. 4 (c)). Z OUHETERICEERTEYS A T
B RoTWAZ L, 7=V —BEC X A BESOR
BF—#izb@BH b5 (Fig. 10), #1 - B (2003) i
BWTH, ERIIEFRT A RN 134.5 B (FE
W) TRLVEBRETHHZLBRENTEY, BRI
RENPDOATENRKENWI LBREHEINTWS, F
7z, BREETIXBNEED Y OBRGERIA A ROARE
NS VR, RS 05 S ~OKFEBEDOZHEH
REWZEBRRENTWD (W1-JRE, 2003), B
DB {EEEES (133.2°E~134.4°E) TIX, Si/N a4
i@ o7 (Fig. 8 (b))e TOERE LTI, WG
RATBHKRO SN ERENZ &, L, FA 2R
ERROV VIR THBCRVWEIMEEL, 202 L
BHBO LFIZORB-oTWB I EREBRELZLND,

RREEBED (133.4 BERTIT) DWBEAIL TIX, WMEREZE
FIRE (Fig. 4 (a)) &V VEEREBY VRE (Fig. 4 (b)) 1X
B2, BTERS A RIZTEE»o 7= (Fig. 4 (¢). =
DOWFHTIL, WBBERBLIVY VBE) VRBEE
TIRIEHBLTWBEEDIZ, YT T 7 b OEE
NERBIRSL LV AMIREZRT T, BFEBR AR
FEPLNRVWEFIZE> TV EZI LN,

WE NI TIE, SERERERBILIEE, B LER
RERRV VBPRAL, BRBEMUVREEL 207, —
F, ZLORBBIZEVFANINLHAT H7 A ROEN
B L, BBEOBREZTARD/NT  APEERHIC
LT, TREOEIZL W FERBHAREL 26
BHREHTHRES LTS (FS, 2008), 71 #D
AFIZHLER Si/N O BRIZIZ, 1~3 OEFAVD
nTEY (RS, 2003), A BEOTHEFMER,OHEA
En7e Si/NHE LTIR 2.7 BECENHESNTVD
(Kudo and Matsunaga, 1999), {7 F#d> b #EEE#E DM
T Si/N s 4 & TR S 8kIX 72 2o 72 (Fig. 8 (b)).
£, AFETERBRLEF VIV ERE LR, &
BEETEOs o7 A MVBERER L UREBEROES



B OWFICB T 2 FRBER - )V v BI BT REXBETRL O 293

§F 5 %% F ¢ &%

£8 ¢33 P £

g2 * J g _F 2 g
| | ® ]

1995.08.13

DSi M)
- - NN
Mmoo wm

1996.08.11

DSi M)
N
o 0 o

1997.08.11

30
3]
1 1998.08.02
15 |
10 4
5 B

1999.08.01

DSi M)
asaBiE

DS #£M)
8

DSi M)
8

132 133 134 135
Longitude (deg E)
Fig. 10. Longitudinal distributions of the surface
concentration of dissolved silicate (uM), obtained
from the ferry monitoring data in August from

1995 to 1999.
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ETHoT (Fig. 4 (¢))o F7o, SiNHIZ2BETH
Y, BEFANMEPREIZRT B EIC TR o7 (Fig. 8
(b)). Gt - BHAKEDEBHK T OREE ITIHEEDR
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4.3. NBICEITHTRLLEDLE

R NIEO BT OERIZIT, K8 - B DOKHER
HY, FITTEHBREORBENER L T\ (Fig. 4
(a)~(c)). Fig. 11 (a)~(c) T, BREEH D H ARG5S
EHFAE (1990F 7 ) OF—F 2 F\, SNEICBT S
KR L BRERXERE (MBEER, V VBREY v, BEE
A %) OBRESR Lz, KEE—MRIZRETEL, K
BHREL DI LR TELS 2o TW5, FEEIX
FETIIEYM TS 7 P BHEEOEELZITT
Bhrolz, BT, THBRBRERIL 20 CUULETIIZIZREE
LT,

KR & BREREIE (HBBEER, U BRY -, BF
B4 %K) LOMICIIFVEERH Y, KB T &R
BZEFRRE NO;| BRI,

[NO3] = —24T +45.2 (4 < T < 19) (r? =0.96)
KIE T LV VERRRY VIRE [PO4) OBIRIT,

[PO4) = —0.18T +3.6 (4 < T < 19) (r? =0.99)
KB T & ¥AFRE S A % [DSI] ORI,

[DSi] = —7.8T +135.4 (4 < T < 19) (r? = 0.95)
TRINTVWD , WTNHBHEEPATHLZ L2 b,
I HOBMRRIIKIBNMEL 22512 Y, TROLKE
PR RBIFERBERENRFELS DT LERLTY
Bo T2 LAKIEMN 4 CUTIZAD L, FRERE LY
IZEL 2o TV B,

TOKIR L FTERBE (HBREBRER, VU BRY v,
BHEERTAR) L OBRE, NIBICT 5B & BT
5, £, BEEZRBIT I ENENOBKRIL,

[NO3] = —2.9T + 74.6 (T < 26) (r? = 0.96),

[PO4) = —0.297 + 8.0 (T' < 27) (r? =0.85),

[DSi] = —7.6T + 212.3 (T < 27) (r? =0.86)
Tholz, Tibb, MMEET SRR L FERIC, K
BAEVEESRBERERE NPT, BEEICBTD
KR & BREREE L OBERAE, WTNOEBIZOWT
HAEL B TN EBER EN S, £ OMOWEER
IZOWTIE, SMECREERE L (T, EROMEE DO
SHEM /N & rot, BEEITIT, AEHOILEL 5
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ing August 2002. T is seawater temperature,
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7o, AEORE(2002FE8 A) itk - TE LR
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N/P b, KEBEL2DIEE KESEL RDIFY)
INEL 72D, KA 15 2D 20 BEEDRITIE 8~10 T
Holz, —F, Fig 8IZRLEBEREE N/PHE L
T'Si/N ) I2 &> T, BRKEBLIUEHFKED TR
D N/P i3 10~12, Si/NHIZ 28 THY, Zhb
DIEIIPEFRE L TR o TV, BEknZ &
b, BRKER IURFKEDTREAIZ, SMEKE
VB Z B> TWEZ ERREN S,

B®%KER L UHEHEKE TIZ, SHERAIERD
HANERIZ A2y TEWTEY, EBHEH - TRHRA
DIAF 2T ) —BRAOFELZRLTVWE, 20k
51, LETHRHLULTCTRTHAT2IERITE, LB
ZBWTERBE CTRIZEW CEIBEDXEBESMH
MEDLEDZ LITLY, AER»LRNE~DEEED
WMAZ T v 7 R&HELCD (BE, 1997). ZhE TOR
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ZOHRBEDOZEIZ L > THEFNEOREREBIED
DT EDBRENTWS (BRRO, 1997; BEE S, 2003;
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The Distributions of Nitrogen (N), Phosphorus (P), Silicon (Si)
and Nutrient Ratios
during the Stratified Season in the Seto Inland Sea

Shiho Kobayashif, Tateki Fujiwaraf,
Mitsuo Tada#, Hideshi Tsukamoto?, and Toshihiko Toyoda?

Abstract

The distributions of nutrients, chlorophyll, and particulate matter in the Seto
Inland Sea have been investigated by two extensive surveys in August of 2002
and 2003. To establish the basis for stoichiometric analysis in the Seto Inland
Sea, the spatial distributions of nutrient ratios were analyzed. The results along
a central section in the summer regime showed a highly differentiated pattern
of vertical structure, which was caused by the inhomogeneous distribution of
tidal mixing. Among straits which were strongly mixed, biogeochemical prop-
erties were vertically distributed homogeneously. On the other hand, in most
quiescent basins, nitrate and phosphate pools were formed on the bottom, and
chlorophyll maxima were formed in subsurface layers. The concentration of dis-
solved silicate was high from the bottom to the surface in the region between
133.2°E~134.4°E. The concentration of nitrite (NO3-N), which was generated
in the process of nitrification or denitrification, was higher than that of nitrate
(NO3-N) in eastern Harima-Nada, the Akashi Strait and western Osaka Bay.
High nutrient concentrations corresponding to a cold pool were observed in the
lower layer of the Bungo Channel and the Kii Channel. The comparisons of
the DIN/DIP and DSi/DIN ratios between those regions and the open ocean
indicates that the bottom waters of the Bungo Channel and the Kii Channel
have similar properties to those of the open ocean.

Key words: nutrient ratios, C/N ratio, silicate, chlorophyll maximum,

turbidity maximum, Seto Inland Sea
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