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Nutrient Supply from Rivers to the Coastal Sea and Uptake of Nutrients by Nori (Porphyra)

Shuzo TAKAGI
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SUMMARY

Culture production of nori (Porphyra) in coastal seas of Japan has been decreasing recently. The decrease is
mainly due to the discoloration of nori caused by deficiency of nutrient, especially dissolved inorganic nitrogen (DIN)
in the Seto Inland Sea. As a countermeasure against the deficiency, the amount of water-discharge from dam was
increased in Okayama Prefecture. To elucidate the nutrient transport system from up-stream to the down-stream of
the river and nutrient uptake by nori, we conducted five researches. We researched (1) the elimination efficiency of
nitrogen, phosphorus, and silicate in a dam located in the upper-stream of the river. (2) the total nitrogen transport
from up-stream to the coastal sea area through the estuary, and transformation of DIN in the estuary zone, (3) the
DIN transport from the estuary to the coastal sea area where nori is aqua-cultured. We revealed that DIN from
rivers was supplied intermittently to the nori farms in Bisan strait. From the above, we found that (4) nori could
uptake the DIN supplied intermittently from river water and obtained threshold value of DIN for keeping the nori
color, and (5) we evaluated the riverine DIN in the nori cultivated in the coastal sea area using the nitrogen stable

isotopes.
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Fig. 1-1 Study area and sampling stations.
@, Nutrient concentration and CTD observation stations; O, CTD observation stations.
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Fig. 1-2 Monthly mean change in DIN, TN and chlorophyll
a at surface of dam site from April 2006 to

March 2010.
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Fig. 1-3 Relationships between (a) PON and chlorophyll a, and (b) PP and PON for surface water in Lake Okutsu.
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Fig. 1-4 Longitudinal distribution of water temperature
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sampling points.

KRIEIESREANCZE L TB Y, KEMAEVIZIZE A
ER LN o7,

WA 212817 520084 2 H20H % 520094 3 H16H F
TOKID SHE A DEALEFig. 1-5127R" L7z 7z,
IKUBERE D 5% | T\ 7220084 4 H 9 HAH12H16H 12
DWTIE, SR OZKIR & [ UK Z 7R L 72KEIC= A
Al (A) #FLL72,

KEAKOKEIZ, 4 H 9 HIZIZI05CTH Y, Ko
FHIESTEA L, 8 AI3HIIZIARM &z 029.3T
Elpolze TOBRITEAIET L, 20094 1 H14H 55
SAIGHIZATTIE7TCUT & o7z KinBEBIZKIE
12mAHTic38E L7zs D, JKEEL2mPLR D KB % 37
J&, 12mPhEOGKELERE LT 5,

FRETIX, 4 H9IHEH”S 8 HISHIZAT Tolnzdliz
(&, RHKRO EFIZE S 7% > TRIROSHEAR K &
{Tpodtze Z0%, 9HI0HS12A16HIZ0T TOWH
N IERE 2 HREEIIEL o TwE, 12H16HIC

(b)
100

PON (uM)

PP (uM)

mixing heating cooling mixing

—
DO

Depth (m)

Fig. 1-5 Seasonal change in water temperature at St.
2. The interval of thin line is 2. A, The depth
where the water temperature is equivalent to
the outflow water temperature; ¥, the observation
date.



LIRERE OKiE12m) FTELZ. 1 H4E»S5 3 H
I6H IZEHM 2 S E T RDIRE L o7z, DI, K
ik e o 722 RAM L 54,

JERETIE, 1E4@E 0 COKRIE—ETH Y, SHENS

EWDITEAER SN h o720 FRIZ, KIE20mPIET
&, AFoREMOKE (<7C) BTDBROED LI
RECBEOREM F TR S LTz,

TR ORI, KR 2mfF I OWIK DK & —F L
Tz,

BUEHOMEBEARERR 20084 4 H % 520094 3 H
T T HBIFKE & BokKEOFEME, BEE~o H¥Y
AR OHER % Fig. 1-612 /R L 720

PN~ ORAE (Qn) &, BKEOBIKIZEE- T
ZALL, 4 H12% <, 121 4&< P EI 114
m/sTdh o720 WOUFKE (V) (&, —4F28 L TFIK
miﬂﬁ*ﬁﬁﬁ@ﬁﬁéﬂfbb,%%$§®$ﬁﬁ
1327276000 Td > 72 T 72, AR EHHEIXIZIE
gL <, 20084F 4 H 722 520094E 3 A £ TO—4ER Ok
OEEER (Qn/V) 1X131/4F, BFEH&EIC BT 57
W HE (V/Qn) ($278HTH - 720

F72, BITRLRKBORENOKFE (Vin) %EHE
L72& 2%, #20920000m TdH - 720 EEKIZOWT
DD |, RBOWIKD DA B L% 2 72354,
WARDEFER (Qn/Vizm) 13171/4E, EKBKDFIGiHE
H# (Vien/Qin) 13214H TH o720

Rk E=1220084F 4 H, 8 AR U20094F 2 I 4L D
bEhole ZOMOHTIIPEME FTlHl->THY, 4
12,20084E 6 H, 7 HIZ2oWTiE, FEDLFLUTTH-
720 20084E JE O A TRk #131,109mmT H V), FAEH
(1413mm) O 7HTH o7z,

JO07 q4)va DRFETS U b DEERR
200844 H 9 H2>520094- 3 H1I6HE ToO ARl 7 on

[ Precipitation of normal year

mmmmm Precipitation of 2008 — 2009
—0— Inflow of 2008 —2009

2501 30
£ 200

| %)
£ 1504 2
g =
2 1001 o =
S 501 B
Q —
2
£ 0 0

AMT]J JASONDTIJTFM
2008 2009

Fi

g. 1-6 Inflow into Lake Okutsu. Precipitation at
Tsuyama, normal year and from April 2008
to March 2009.
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Fig. 1-7 Longitudinal distributions of chlorophyll a (u g/L) from April 2008 to March 2009. ¥ indicates the CTD
observation station. The interval of thin line is 2, that of the bold line is 10.
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Fig. 1-10 Variation in silicate concentration from
April 2008 to March 2009. (a) Inflow
silicate, (b) outflow silicate, and (c)
silicate in surface water.
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Fig. 1-11  Mean concentrations at inflow, outflow,
surface in Lake Okutsu. (a) Annual mean
nitrogen composition at each station, (b)
same as (a) but for phosphorus, (c)
dissolved silicate at each station.
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Fig. 1-12 TP-TN plots at each station. (a) Annual
mean, (b) August 2008, and (c) March
2009.
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Fig. 1-13 DIN-DSI plots at each station. (a) Annual
mean, (b) August 2008, and (c) March
2009.
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Okutsu are also indicated.
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To clarify the change in water quality caused by
dam impoundment, we researched variance of total
nitrogen (TN), total dissolved nitrogen (TDN),
dissolved inorganic nitrogen (DIN), total phosphorus
(TP), total dissolved phosphorus (TDP), dissolved
inorganic phosphorus (DIP), dissolved silicate (DSi),

water temperature and amount of phytoplankton in



Lake Okutsu (Tomata dam). A thermocline developed
in summer. Planktonic algae dominated by
dinoflagellate bloomed in surface throughout the
seasons. The concentration of each kind of nutrient in
the outflow water was lower than that in the inflow
water. The lower nutrient surface water consumed by
planktonic algae was drained to downstream.
Concentrations of TN, TP, DSi in the outflow water
became lower than those in the inflow water by 27.8%,

21.2%, 18.9%, respectively.
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Fig. 2-2 Distributions of TN concentration and salinity from upper river to the coastal sea, through the estuary.
(a) Asahi river to Bisan strait, (b) Yoshii river to Bisan strait
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Fig. 2-4 Longitudinal section of salinity, TN, DIN, Org-N, PON, DON, and Chl. a.
(a) in winter, (b) in summer. Triangles and numerals indicate the sampling stations.
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Nutrient transformations from the river to the
coastal sea were observed. In winter, TN and DIN was
diluted by the sea water, and the lower salinity water
had higher TN and DIN concentrations. In summer,
TN and salinity showed the negative correlation. TN
was supplied from river to the coastal sea as same as
winter. On the other hand, DIN was taken up by the
phytoplankton and transformed to organic-nitrogen in
the estuary zone. Organic nitrogen was supplied to the

coastal sea in summer.

23



24

FEIE AOBEDL S/ UAESENDREERRX

3-1 U &I

W RO HR IR AT TE 9 2 AR CUE, IR RIS
DIRCHIPFATEHEER L FRD /) OFFEDF b T W
%o AR, ) FIHEI O R O AR IR S S (DIN)
ARIZE S ) OBFELREIEE L, K HENSR
HELTwa, J)ofiEs oL, KREGATHE 2 )N
FEARICL D EREICR 2R 2 LY, kb L
) OBEMIEIEEE L < v,

WG ODINREE 2 JE$ 2 %R & LT, A
SR S A DIN®m O ZAL, JMED S ODINfHG 7 D%
B, SATANMW Ty P L BHY AR EHE
ZHNBHD, A A Tl A S G E LS DINE
DEBEHZIT A I ENMONT VS, BRESD 1T,
PRREHE D 1A S 2RI, WL, mBINo 6 25611
A F TomIFEDEFHE L FDEDL O F ODIN
EOMICIEDOHELNSH S Z 2R LTS, ZHFS |,
J ) IR OREKE & Z DEOFNNTRD /1) RO H
WCHBIA S A 2 & %, B H9 0, KO AIZ L -
TS & 7 > TV B GATORBEEIRE IIH VW & 2R
LCWwWb, F72, BERAYIZ, BEROBIIEIIIAS O
KiICE L Lz ) oA mEsT 2 2 LAHIS N
TWh, ZOL) RRRoP, MLETIE ) omaks
s LC, HIHINEROEH S A5 5 Ot % #
LDHER L, I E RS 7220,

W EERCKEREICRE R E BT 5252805,
BESSIC BT BTN — A DIEDS D IZoWTIE, Tt
EJHLT 5% < oMz IThN T b, FHfETIE,
T 59 A3, g B A ORE R 5 HKBIHOREMIZ L -
CRUEHE O T — 2 OFPAASZALT 25 Z L 2R L
£ NCERI = S O/ N /N N b A T 5 o A N W/ N B
5 FARN OIS0 2 -, HAKEHZIEI 7V — 2 0
FEHEESIED D Z L AR L TWD, IEETIE, K
LA 7 — A ANEHR R E TR ), B DHEE
VDS ERIEL D OB E DL 2 LG 0o TnB5, [[
UM NEEDIL BB T, BiE 5 A%, B2 1 R
DR TR OB Z ATV, 17K O35 F#E P L) 15
wmEMWHBEEZFROZ L ERL TV 5,

—%, EfEflE LTCINFE TIFbNTEZHRAER,
G e EZALT HEWOEELEZEERL T nI &0 %
Vo F 7o, —EBEE SN LCH I, Tk s v
7o E o 7RI BV THEEMIIRA Z ATV, FETRW

JREDENEZRETAZENIFEAETHo 720 ZD
7o, WY DR R I AN IEEE N RGBT
B, SHERRA I TV — A DB E IZOWTIE, AN
e A% <, A o 2 ) gIc o X9 %
FETINADEREL TV 2B D015 & ) 5ho T,
AT, BETRLIZEBY, Wb MaHE S iz
FIRORRIMTOLELIZOVTIE, FHWZEVDDH S
CTEDPHBENTBY, AFIFTA L7 KRR
HeLTHETA—HT, BRI TRET Al
W7o o7 b ko T AT N, MR E TEEL T
WRWI EDBHISH N TV AHS, & Z AN fiiEiliT C
&, A B A L 72 R 3R OB EZALIZ O W T ORI
G, AF0 ) ) EICBWT, DS AN D
EAEN R R ME LD 2 08 ) P OARATH .5 72,
AFBIZBITHTT 27 b v O AALDFEED A % f
Widc720121%, 7907 N OBELREFICBITAE
G & RANEIRE OB E ShRE TN, T 548
H5bo

REETIL, M= RO REBM 2R E LT,
WSS TR L7230 IIK O KSRy, e 2 B - JRHi
DVNTHHRZ E LB, BEFLLFIIBIT 5 EDIN
IEFEDBIFRIZOWTHA, WA S 7 ) i~ DR
BRI OWTIHS T L7,

3-2 MEEFTE

REER EAESE A O T (L A
DIFITH IR E L, SRS, TEIE R O
WECHET B0 fERIE T IR, — A O] &
FNAREEZBETRAL, £ D) BLGPFIET
% (Fig. 3-1)o REBERBOTEHICBT 5 FHEHZE IR
WEE 21 3m, /NEIRFICIE23mTH B fifadifi T Tl
IR AP &, VIR I ORI & O @I AT sk
L, KR EEE O Wi H 13 1.8m/s & 72 559,

FND S HIE S W /-DINDBE TOERE 200749 A
22H (H) E12H22H (%) (ZHEHINo@iREE (Fig
F1IHICWTI/RL72) OB T2 5 MsICE 5190 515
WO EIT o720 A d, WFHAH & b2, FERO 7
H R RER 134 <, I E I B EL T Th - 72,
BT oM, W)ITIEA Tkm, #7138 TLEA90.5km,
W ClEF15kmE L7z 37 XCOM I B\ TCompact-
CTD (JFE7 /Ny 7 v 74k) 2 W TEED LR £
Tl0cmEDIEF L 7 ua 7 1 ViEbEEHE L7z, £
72, FBAREFIL, 3UKIZGF/C7 4 V% — (Whatman



=1
Studsyarea Tsuyama 4
| |

Asahi Riv. 0 5 km
[ o]
Yoshii Riv.
River mouth
346 —
z
o ) 3
5.; Kojfma Lake
Ly
= |
A
. A
‘ e -
ﬁ - Bisgn Strait
345 — 'ﬁ"{?’ o :
LOHENE| P ¥/
134.0 134.1

Longitude ("E)

Fig. 3-1 Location of the observation stations. Solid
circles: stations of automatic salinity-
temperature recorders. Numerals: device
number. Shaded areas: nori farms. Triangles:
DIN-Salinity observation points. W: weir.

) THEBLIz, 2Dk, BOENIZTANE —%0%T
+ b CHIH L, Lorenzend? O F ISt 7007 1
VaigEz g L7z, COEERFO7 a0 7 1 )V
EEO RS, KEDHEEF Tl0ecmiEo 7 on
7 4 VailtfE & ke 72, JiRIE, TRAACS800 (BLTECHE:)
12X ANH+-N, NOz-N, NO-NOSHTizftL, Zhoo
WHIZDINE L7z F7z, HIEFHARE IR 203 %
WK ZFIL, FRCofdz v TDINZ#lE L7z,
FNKOFEE BV OFEE  2007F12H 6 AH» 5
20084 2 A20H £ TR, BEELMO /) g0
194 AT ORERITIZ, A2 ) — ROk - o skar
Compact-CT Z 721&MDS-CT (JFE7 KX 7 v 7 #1)
Z05mEEIZRKE L, 1045 TKim & i 2 e L 72,
10H 12 1 [IFEEE, §XTOREERD L~ — OBk & 17
9 & & B IZCompact-CTD % JH W TO5miFE D5 % %
L, /X E) —AUKE - 3E5 LSRG oM 2 #iiE L 72,
BTV i) ] 288 DK SORE T —
~N— 2 (http//wwwlriver.gojp) % M\ CEHE (FH
N EHAT) KOl GuIREENET) Dbt T —
y =BG L 72e WIS RIT O K[ R M ETHE MO FH

25

(http://www.data.kishou.go.jp/kaiyou/db/tide/genbo/
genbophp?stn=UN) % f\y, BAKEIZOWTIE, A%
O & % # 51 1 #t (http//www.datajma.go.jp/obd/
stats/etrn/index) 75 E# L HFEKE % B L7z,

3-3 # R

ANl S HIE S ZDINDBEH TOERE FF2id,
HESED 5 10kmPL FEEL 73550 £ T, 4308 T o3I
TIW— DISRBIZIES > Twiz (Fig 3-2a) 72, 7
O 07 OVvaigBEZI, s, 72 B iR
ERBTEHWELXRL, EE2S10kmBEN /-5 TH15
ug/LULFofE L 72 5 Tz (Fig. 3-2b),

AT, R S HEICE D EIHMOEBIZB VT
MNT W —ADIR Y 23 5, JEEED 5 10kmbL R
T B VT b RE O IX30LL T Th - 72 (Fig.
3-2¢)o 7T T 4 )ValkElL, MRS SHEICW L4
WT35ug/LUT LR, HEHREWETH -7 (Fig
3-2d) o

HRI2, R B 2 )1 K O DINGEEE 1388
uMTH Y, 5055 AT HEKIZIEDINIZ0 u ML E
FFEN Tz (Fig 3-3)o WD 5 & & L ICDINIRE
R L, W 0206E12 7% 5 & DINJEEE 1$1313
0L, WH30% M 5K THREEICIZIZ0T
BHotze —h, AFIIIES EDINBEOMICERE = HE
DA AR S 1 (p<001, »=098), DIN=-2.33 % #i 55+
O0DMRDBEL Nz, DD, KIES OifEKIZ EDIN
A EIRETHE ATV,

FNKOFEN LAY OFEE 20074E128 1 HH 5
22H FTOFIIN LN HFERE OS5 (LT,
WG &9 5) (34 REAE 2V 30m /s HEFE THER
L Cw72 (Fig 3-4a), 22H1227mm/day® 2%
h (Fig. 3-4b), 23H X BUMII R H iR K D87Tmi/sF T
BINL7-. Z0%b, WM ZERAD D, BEROHIC
WG 2SEIN$ 2 @A R Sz, 1 H15H DB,
HOFE N 72 FERE A5 D AR S A, 1T i 240 /sPA % #E
BLRPOHER L2 (Fig 3-4a).

TNTEEC & o TR T AT 2 KO =2 LS
B EHEN S NGz, WlimDPero7212H7HD
e (KEE) 25 8 Holmiky (HmEw) Tl
TR, W R R & 7 o 7212 H 230 oy (K
) 2524H ok (Bl FCERBKEEE L, W
WMo T — 7 g a ITIAT 5 720 2d, WHHIEE D
WRENCH 720, By OZEEMENNIZIZIZF CTH %,



26

. Ri B . .
(@) Yoshii River mlgggh mo?}{h Bisan Strait

0' """I YVY

I VYYY V A 4

Depth (m)

Winter saliniity

Depth (m)

Wintier chilorophyill @ (1 @/L)

0 5 10 15
Distance (km)

Fig. 3-2 Longitudinal vertical sections of salinity and
chlorophyll a from weir to Bisan Strait, through
the estuary. Triangles: observation stations. (a) :
Summer salinity, (b) : summer chlorophyll a, (c) :
winter salinity, and (d) : winter chlorophyll a.

9, BKkE (Fig 3-5a, KREHIOHIME) 12BwT, B
EBOICAIE T A 2 & REEMICAET 2546

2B BT OEE % BT 0 WA 2 DHE5E, K5
WIRFICIE321CTH o 72 ZDOMHR, KMOETIE- THE
SOBRTARSN, THIEICIIBIMETH 527118 o>
7oo KELOEFHE & HICHST ER L, T#lilo 4 FER
BIZIE3298 o7z, DB, EEidleE CoM, 5o
ZALIER SN o7ze W6 TlE, Mm@ I I3RS
3327 CTH o720 THIEED 1 BRIRTICEABICIET L, T

50
y=-230x+79.0
40 O summer r=098
— (@] winter
S a9y - O
o 30
z o N
A 20 1
10 - estuary
O
0

0 5 10 15 20 25 30 35
Salinity

Fig. 3-3 Relationship between salinity and DIN
concentration of surface zone. Open and solid
circles indicate data in summer and winter,
respectively. Dotted line connects the DIN
concentration of river water (DIN=40 u M,
and salinity=0), and that of sea water (DIN=0,
salinity=32). The shaded area show the space
delimited by the river water, sea water, and
estuary water (DIN=0, salinity=18). The date-
set within the shaded area was obtained when
DIN was decreasing due to consumption by
phytoplankton.
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Fig. 3-4 River discharge and precipitation from 1
December, 2007 to 20 February, 2008. (a) :
discharges of Asahi and Yoshii rivers; (b) :
precipitation at Tsuyama.
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Fig. 3-6 Distributions of salinity on December 8 (a) and 24 (b) in 2007. Numeral at the top left of each box
shows the lapsed time in hours from low water at Uno. The darker area indicates lower salinity.
Highest contour line indicates 30. The contour interval is unity.
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Fig. 3-7 The distribution of salinity difference between 33 and the minimum value in each period.
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Fig. 3-8 Fluctuations of tide level (TP) at Uno and
predicted DIN concentration at St. 4 and St.
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Culture production of nori (Porphyra) in the central
part of Bisan Strait in the Seto Inland Sea is decreasing
recently. The decrease is mainly due to the
discoloration of nori caused by deficiency of dissolved
inorganic nitrogen (DIN). We conducted two field
observations to investigate the transport process of

river water and accompanying DIN supply from rivers
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to the central part of Bisan Strait. River-water was
flowing out to the sea only during ebb tides; the
discharge reached its maximum at low tide. The
emitted riverine water mass was transported
westward by the flood current in the sea, and the river
water on the estuary zone was pushed back into the
river during flood tide. As river discharges increased,
spread of river plume became wider whereas
movement of riverine water mass did not change. In
winter, nori cultivation season, the lower salinity water
contains higher DIN concentration. These results
suggested that nori cultured in this place was
intermittently supplied with DIN from rivers. When

the river discharge increase, the DIN supply increase.
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Table 4-2 Salinity and a* value of nori at each station from January 18 to February 7, 2008

St Salinity Total time salinity (hours/day) " Nori quality
’ (mean) (SD) =327 =319 =308 = 297

1 26.75 44 231 19.3 174 16.0 8.0 good

2 2840 34 222 16.6 132 10.3 6.7 normal

6 31.15 24 17.3 8.0 6.2 49 6.8 normal

9 32.18 1.3 116 50 25 16 6.5 normal

8 32.27 1.2 11.1 3.9 2.0 11 49 Low quality
4 3254 1.0 8.6 4.0 1.3 04 4.3 Low quality
12 3261 0.6 10.8 1.3 04 0.1 3.6 Low quality
13 3252 0.6 125 2.0 04 0.2 35 Low quality
14 32.74 04 87 0.6 0.1 0.0 1.3 Discolored

Bac romd 0

4-1T/RL72& 912, WA 9 & 4 DA IT I L 724
WEE R TEWER R L2, 202 &, mHE» S
it L 723 IARIE TR G AL, 2 5 O FEEAS[F— T
B o THVHR DM DO T AR OB 2R 2T 5 &
WO RERE—FLTEDY, W)l 5 ODINEE & D E
WIZE o T, BWICMET S /) RO B EIE L
TolEZoND,

WIS, TOX)BREIFBIBWT ) OEER & DINERE
DRRE R72E 25, DINIBEAE C, BEREIRKE
W E ) OEIE R TH o 72 (Fig. 4-8). 72,
S R O R A E N EN24u MR D21 uM &
o7l ICBVTHO ORI E N TV, DFE D,
MR I S D 3uME TRAHFTCL, Ml
KROFEAN & > THRIIZHEDINIREE & 72 1), AR
A2 uMPLEIZ AR NEEERE @MH=5) 0/ )2F
DMWY D Bo — 7, B8 TIX, DINIEE DV
i & AR ZED21 u MM 18 uMTH - 72, HIE9 &
R LT, Pl FEOZETE BI203uMTH -
2 b5, WA D VB TIRE (al
<5) THholo 2O L5, DINIEEOFIHE &L HE
WREODTDREBENIZLY), V) OGBFIIEIAEL S
ZEDSHEI S T,

IR 22 00 1K O 55 AR & B O BIFRIZ D W TR
L7z (Table 4-2) . #H O % o> TV /2l 9 Th o
T, 429319, 308, 297LLTF THh » 72K IEZ1
ZTNOS0WER, 250ER, LORERHTH Y, WDKK DO RZE D
RoNz0id T MRNTH o720 T/, HIR13TIEIE
43319, 308, 297N T ORI ZF I EN20: 1], 04
Wi, 028 CTdo o 7278, IR E ZMR L TB Y ik
LIREIZIE R o T e h oz SBIRLZE DS, S

& DIND B AHIBIRIAR DS A H LB 2 & 6, [AIHEIZ 1,
JEBRHEAR & 0 b EEEE ODIN% & A 7RIS, X
BICEE, Ny 775 FODINEEALO0 u MAEE T
HoTh, /7 VIEERINE R AKAD S Fe2835 % %
WL, BfziFL b EEZONS,

COMERITFERENTOMRINTEBDY, BED 1L,
DINEEOSuM (Nv 7 75 > NilklE) T2/
1) %DIN © 7u MOWEKIZEH — BT 728%, b &
DEAMICET I LAY RL, FEEZ ) ofmiizit
RN FOREE, DIN 7y MO#EAKIZ 1 H1LOK:
EI IO cCE 22 2R LT

Table 4-212 B\, M2 9 T, H5r4729.7LLF  (DIN
=Z70uM) &> TWAKEEIE—H®H ) 16WMM TH
D, a'flild65TH o720 F72, WA S TIE, 297U TFD
RERIIE LR & o 7225, aldd49& 22y, @EmYE (a*=
5) ICEWEZR L7 ZOFERIZ EFLOERE TORE
REIFIF-HKLTHBY, /) PRERYEE SN ADIN
WD ALZ L IFWRETH Y, GHFOMEFRFO 7201 TE
BREMEIZ OV TOHERS OFEREFIE LW & ZRIEL
TWwh,

BROREIZ LR 2 BET L 2h, T L)
2R ADINHERE AT b D 2 ) IR L 7tk
) OaMElZ 2 H~3H T EEEL, 14HMAIZZE
NENOWSIZTA DS /) EAFELR GBI E TRIE L
(Fig. 4-7)0 W5 137 ¥ = 7 HELEFE L F10mg/L
ISR L 72BN TS 2 ) R 2AREEEE L, aED
-0.367> 502512 HE L -2 & 2R LTEBY, RETRL
724 E0.44~0.75/H L MRBETH o /2o 2D Z LT,
IR ICEDINIC R TR S N2 IREE & HICEIRE ODINIC
BFEIND V) IREEL LR YE, LHOREE WS



FCIE, MEHEOBICHMEZR 2137 <, BRI ZRDINMEE
THHTHHIEERL TV A,
HERTNMECIE, 197345 O M PR BR I DR A R KRR 1 0
DOHlELIRE, KEAUEOZE MR S, R OFEERMERE
LM L CETWw50, UL, #ENEOKIT
AL T b bW EOTRIML SHER T 5 LHE A
WOANRENT 7 ) FIENZE > THEYZ L)V ETRD, A&
FALIRRE T TEL TV DR TE W Rl
R L BRI 1 A O RS FIDINGEE 12 B W T
b, 19734E 2 520014F O O294FFI 121 3u M% T Al %
DIZ 3 M2 TH o 7255, 20024E5 5 20084E D D 7 4
BHZIE5 MG FH - TWAEY, T/, BT 2 k5
BT, KEHOWDIMHRINTBY, FEkIZ/)
DOEFELMENEIELLTWDEY, 20Xk )iz, Ny
777 FODINIBEDR TR > TE 7272012, Wlnrs
DB DINMEARD ) JIZE o TEBEIC A > TEE
W2 Do A MR ORDINIREE I3k L, RS <l
A S G S N2 S BIEIZHEH- 72 T /) A
CHTHEMEASE Vo I 2 FR % LTI RS8R
AR A R4 2 L 12D W, Yamamoto?) = IE #i80
ARELTHY, FEEETIZ ) OBAWNLREED I HE
ELT, FHNOLmEIZH B 5 200 0ltie s Lfd
THZEIZLY, WIS SN ADINEZ R 2
LERATVRDLD, LirL, ZOMMIZ4H2S 6 HIZ
RONTWLONPBIRTH 5. RIFFEORHEE,HIE,
) DTSR KD B R E IR E THIET 57201213100
PIEBEFTLEHESNL I ENL, S5%IT L) EYRHE
M52 ENLEEND,

4-5 4EDFLED

i o> /) 3512 Jm <1 2> & ODIN D FEE IR
&, Vol (affl) 2R, ) OEEHEREIC L
MR, T ORR, WS ODINA 1 u MAEET
& > TOHINKD & B RIZDINGHE AT, DINO
EHER 7705 2 u MU EOBEFTCIE /) Ol s
TWw/ (a'fli>6). 2 & ZDIN> 7 u Mo ;[ 13 1.65%
B/HUED D, ENTORERERL TR L. F 7,
B L7-0EL L)1, W4AMTIEAZ2I2d 5
/) & DB L 72,

To elucidate the threshold amount of DIN value for
keeping the nori color, nori color (a* value) and

variability of DIN concentration were investigated in
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the Bisan strait. The results show that even if oceanic
DIN is less than 1 u M, nori can keep its color (a* value
>6) by taking up the DIN supplied intermittently from
rivers. In that time, the standard deviation of DIN was
larger than 2 u M. At this farm, the total period when
DIN>7 u M amounts to 1.6 hour/day; this condition
coincides with an incubation experiment conducted in a
laboratory. The discolored nori transplanted to this
place recovered it's a* value within 14 days to the
same level as that of the nori originally growing at this

place.
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Study area |
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Fig. 5-1 Map of the observation area. Grey areas show
nori farms. Filled circles indicate the sampling
stations.
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7, el & R, ﬁﬁ@?i@fﬁ#%?ﬁ%bfmmz‘%
FEOF Ml % Table 5-11ZR L, WP ICERILL 72 7 )
%1$¢®515N@¥i@1ﬁu‘$7 WEIZDVWTLAEDET
KLz B, WE2 DS IZOWTIE 1 H18H £ 19H
DFERER L7,

IR I OM S 1, 2 Tld267+44, 284+34
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6 T E3L.1+24, 6k £ 127 & 3 2 ] 54T 12325+
1.0, Skm A2 LI A i 3 4 il £112, 13Tix326+06, 325
£09& %) IR WEATIE SRIES Th o 72, T 72,
HI K TIE328+03& 720, WJIKOEEIZIZLE A LR
5% o 7oo DINIE FE X, 3 43s7> HDIN=-1.79 x
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Table 5-1 Salinity, DIN and nori- 6 "N measured at each station from January 18 to February 7 in 2008.
DIN=-1.79 X salinity+60.1
St Salinity DIN (uM) 0 15N of nori
’ mean £ SD minimum maximum mean mean *SD
1 26744 6.7 32.9 12.3 7705
2 284+34 189 32.1 9.3 76+0.2
4 325+10 276 33.3 19 87+03
6 31124 20.3 33.1 44 84+02
12 326+0.6 287 332 1.7 94+06
13 32509 273 332 1.9 98+0.3
K 328+0.2 32.3 33.3 14 11.1+0.1
(a) (b)
115 - —— | seeQoe ) seehoe 115 A
105 1 105 A
£ 95 4 %95
& 85 .oy ‘.,.....--‘ :Q 85 7
75 75
6.5 T T T T T T 6.5 T T T r r r
1/18 1/21 1/24 1/27 1/30 1/18 1/21 1/24 1/27 1/30

Fig. 5-2 0 N of nori farmed at (a) St. 1, 2, 6, and (b) St. 4, 12, 13 from January 18 to February 1, 2008.
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Fig. 5-3 Relationship between salinity and 6 N of nori.

Hefe % Fig 5-2al2, A4, 12, 13@ELED /) T
FHLL 727 1) O § BNOHER % Fig. 5-2bICR L7z % 3B,
1 A21H O L 2 13 KMTH %,

WD ) ©oBNIE, WTFROBEEIZBWTHIF
—%mﬁf%%bfﬁb,%ﬁa_t®@®ﬁm
AERLN D572,

FNIR L 72T T & oo ¥ (Table 5-1) &
AR HICERIC L 722 kb o 6 PNOBIfR % Fig. 5-312/R L
720 IR OO /) O S BNIFK L, WIS O¥AT
D) DSENIEEER R L7z, £72, WIE2, 4,6,
12, 130 6 B5NIE, M1 KO EEE R L7z,

) aARERRICH T IREEMELAET T
1, 2, 4, 6, 12, IBIZBILZ ) LBMEIZL L
bEdHo7z/ )IERD § BNOHERE % Fig. 5-412R L7z,
W1 TIE, BAELZ )05 BNIZEHEIZETL, 3
H1282%, 5 H%IZ81% &%), #¥so /1) @ § 15N

IIZF UMl & %2 - 72 (Fig. 5-4a)e Dk, W& DE
WIHIZEAERONR L ooty ENLAMOHIRIZE N
Th, BHELZ VD IBNIZETL, #A2, 4, 6,
13TIZ5 HERlS, HA12TIR 7 HERIZ, &b Liic
Hotz/ ) LIRIZF LM E -7 (Fig 5-4b ~5-4f),
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Fig. 5-4 6 15N of nori transplanted and farmed at (a) St.
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Fig. 5-5 (a) Relationships between mean salinity and

fractionation of the riverine nitrogen,
(b) salinity and J N (%) of nori.

(a)

(b)

Z A BT B kD BHREOEGEE % P
WORDIAENE, ) OEFRFEMARL, S KD/ MHE
Table 5-2127"F . Mlfi 4, 12Tk, /) O@EZEFRMAE
g, FEEES A S HEE SNFEMAL L) LV, 20
T, ) AERIE IR D EREEHY A A
TWHI L aRBL TV,

KRENARI 2 5RO 7R EFR OFGEH AL,
W A137T35%, HALA S 6 TIE60%LLE &7 > T 5,
FRCHT 40, W13k ) BB, S HRL Ty
LIZH Db TA% L FMVEHGRE Lo TV b,

I s, /) EEOEFRFEMAEL LIS
L2ED, st sh s EREEE, WIRAKD
BRI CHERIC B W C O HERET A 2 L TEL T L
AR ENT e F A S I T A AT TR A i
BWTh /)RS EFED60% < ANIIIKH KT
HDHZENHLPIIR o7 (Fig 5-52)0

/) OEFRFNAEHOFLERD D 5 S TEFEAR LA
SIHROEFZOFGEIGE KD, FEfELoT—%
MWl E T, FIEDOTable 4-1127R8 L 723436 557

Table 5-2 Contribution rates of riverine nitrogen
predicted from the mean salinity and
measured from nori 6 N values.

Predicted from mean Measured from nori

St salinity (Ni) 55N
1 091 091
2 087 093
4 029 064
6 070 072
12 021 045
13 029 035
K 000 000

Fig. 5-6 Distributions of (a) contribution rates (%) of the riverine nitrogen, (b) mean salinity.
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To clarify the influence of nutrient supply from river to
nori (Porphyra) cultivation, we researched distributions and
variance of nitrogen stable isotope ( § 1N) in nori thalli in
Bisan strait. River water showed the lower 0 ’N than
the discolored nori. Nori cultured in lower salinity zone
showed the lower 6 1°'N. Using this phenomenon,
contribution rates of riverine nitrogen to nori nitrogen

were obtained. 6 °N in the transplanted nori to riverine

45

zone became lower to the same level as those of the
nori originally growing until 7 days. Variance of 6 °N
reflected the influence of nitrogen supply from river

more quickly than the change of the color.
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