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Nutrient Supply from Rivers to the Coastal Sea and Uptake of Nutrients by NorilJ Porphyral]
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SUMMARY

O Culture production of norild PorphyralJin 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 DINC
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 researchedd 100 the elimination edciency of
nitrogen, phosphorus, and silicate in a dam located in the upper-stream of the riverd 200 the total nitrogen transport
from up-stream to the coastal sea area through the estuary, and transformation of DIN in the estuary zone[] 30 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 that0 40 nori could
uptake the DIN supplied intermittently from river water and obtained threshold value of DIN for keeping the nori
color, anddJ 500 we evaluated the riverine DIN in the nori cultivated in the coastal sea area using the nitrogen stable

isotopes.
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Fig. 1-10 Study area and sampling stations.
e , Nutrient concentration and CTD observation stations; o , CTD observation stations.
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Fig. 1-30 Relationships between (a) PON and chlorophyll a, and (b) PP and PON for surface water in Lake Okutsu.

321

7
VvV VW ‘ v v v

DepthCOmO
=
o
|

N
o

w
o

Fig. 1-40 Longitudinal distribution of water temperature
(O) on 10 September 2008. The interval of the
thin line is 2. v, CTD observation stations; e |
sampling points.

mixing heating cooling mixing
2008 2009
F F M
O N v N
10
12

DepthCIm[
N
o
l

30

Fig. 1-50 Seasonal change in water temperature at St.
2. The interval of thin line is 2. 2\, The depth
where the water temperature is equivalent to
the outflow water temperature; v, the observation
date.



goobooobooezmbibobgoogoogoo 3d
le0ogooboboboboooooooobobon
go0obOoboOoooooooooboo
bobobo0oooobooboobobooooogoo
gooboobooboboobooboboboboa2omgog
Jod00odo0odoUd0<70000000000O0d
gbobobooooooooboboo
goooooobooobzmbOooboobgooDog
gogo
gbobobooogobgbzo08d 400020090 30
000b0o0O0o00O0ooOooO0oboboooooooo
0000000Fig 1-600000
gobooboooooQQeooboooobobobboog
oobbo4000001200000D0O0D0O0ODO114
O/s0O000000DOO0OVDODOODOOOOOOOn
gbooboboooobooboobobzo0800noonog
gzr7reoo0 D0 00O0ooboooooooboog
gbodbzo080 400020000 30D OooooooOg
ooooboQnwVvVOOWB/ooooooooooooo
oooboovw/Qnd 0278000000
000ob0ob0ob0o0oooooDooDoboobovemboogd
goboboboopo209000000b0b0b0ooboboboog
oobobOoboobobobooobooooobooboo
oooDoooDQnVendD0O172/0 000000000
O000Ven/Qnd 0214000000
gboodbgzo080 400 800020000 2000000
gbobobooooobobobobooooogoo
grroos e 70 ooobobOoooooonog
gpoze080 00 00000D1109MOODOCODOOO
0143mmO OO0 7000000
ddddbbal00ooooooooooooboog
200800 400 900D 20000 3016000 0DOODOOODO

[ Precipitation of normal year

mmmmm Precipitation of 200812009
250 —O— Inflow of 200812009 20
200+
150 1 20
100 1

r10
50 1

PrecipitationCJmm/m(]
InflowIm3/s

0 -0
AMUJJASONDIJFM

2008 2009
Fi

g. 1-60 Inflow into Lake Okutsu. Precipitation at
Tsuyama, normal year and from April 2008
to March 2009.

O00a000000Fig. 1-700000000Fig. 1-2
oo oooooooooooo
O00000D00Oa0d00d20080 40 900 50220000
O02ug/L0 000000000000 6018000
opoonDoooDoooboooobooboonooo
ooOolooi100101200000000000000
000000120160020090 101400000000
0000000000000 000O00ooooooo
00oooooo301.00000000 2pg/LO00OO
ogood

020080 70160 0120160020090 101400000
01200 000000000000DO000O0000O00O0O
pgbdddooooooooooboboboboboboobboon
000000000 OO0 Asterionella spp.00 Melosira
spp0 0000000000000 0OO0OO0OOOOO
O0D0000D0OO0OD0OPeridinium bipesd OO0 00O O
O0701600000000300000000000
O758cellsymLO 00001201600 101400000
goobobooboboooooboobobooooa
gbddaDO0OO0OODOODO0O0O0O0O0O0OOOoOooo
Jdo0oooboOoOonooo?20080 40 900020090 3
0160 0000000 0OPONODONODINOOOOO
0000000000000 000Fig 1-800000
OTNO O OO0 O0ODO0OFig 1-8a0 O O O OO Fig.
1-8b0 000 0000000000000 00O0O0O
goodddoooooo 400012000 000000
0000o0o0oooo0ooooooO0OdoodrFrig. 1-8cO
godddooooooooooobboboboooboboon
goodoooooooogd
ODINOOOO0O0O0OOOOFig. 1-8a00 O O O O O Fig.
1-8b0 000 0000000000000O0000O0OO0
000000o0o0o0oooooooooooooooo
O00Fig. 1-8c00000000ODO 801300000
o00000oOoO0o0oDoOOOoUoOoOoOoOO
OPONODONODOOODOOODINOODOODODOOO
g ooooooooo
020080 40 900020090 30160000000 O0O
0000oooo0oooooooooooooooood
O0Fig. 1-900000

OTPO OO OOOOOOFRg 1-9a0 O O O O 0O Fig.
1-90000000000000000O00D00O0
000004000 80000000000 ODOOOO
00000000000 0Fig. 1-9cOO00O0OO0OOnO
0ooboo0ob0o0obO0oooDobooooooobooo



upper down

Depth[Om[]

DepthCOdm™d

DepthCOm]

DepthOm[]

Fig. 1-70 Longitudinal distributions of chlorophyll a (u g/L) from April 2008 to March 2009. v indicates the CTD
observation station. The interval of thin line is 2, that of the bold line is 10.

ooooboooooooooo

gbipO0OOO0O0O0OOOOOOOOoOOOO0O00n
goooooooooooboooboPObOOOOO
0000000000Fig. 1-9a0 00 000 Fig. 1-9b0
ooooo0O0O0OO0O0b0O00000Fig. 1-9c0O0n
gboooooodoboobooobcobocooooboooooan

goboooooooooboooooooooooooon
gobooooooooooboo

opPOOODODOODOMDIMOOOFRg. 1-9a00 O O OO Fig.
1-9b000000O0O0CO0O0OCODOOOOOOOOO
00oo00o000000000000000dFig. 1-9cO00d
gfPPOO0OO0OO0O0O0OOOOCDOOOOO0O0OOOOO00DOOO0



020080 40 900020090 3016000000 ODSi
ooo0ooooo0ooo0o0ooo00000OFg 1-10
goooo

O0000Fig 1-10a0 O 00 OOFig. 1-10b0 0 0 O
oobooooooooobooooboooooooboooon

Oar] Inflow
64
| | PON [l DON M DIN
0 48
3
3 32
z
16
0
A M J J A S ON D J F M
2008 2009
LbL] Outflow
64
O 48
=
i
O
z

Cald Inflow
4
Hpor HEDIP
3
O
>
1 2
O
|
0
2008 2009
bbO Outflow

P OpMO

OcO

gobooooooooboboooboooooooooon
0000000000000 0000Fig 1-10c0 00
goboooooooooboooobooooooooon
gobooooooooobboooboooooobooon
gobooooooooooooooooooDo

CcOd Surface

Fig. 1-80 Variation in nitrogen concentration
from April 2008 to March 2009. (a)
Inflow nitrogen, (b) outflow nitrogen,
and (c) nitrogen in surface water.

Surface

P OpMO

Fig. 1-90 Variation in phosphorus concentrations

from April 2008 to March 2009. (a)
Inflow phosphorus, (b) outflow
phosphorus, and (c) phosphorus in
surface water.



10

gobooooooooobooobooooooboooon
ooooooooooooooooooooooon1zo
703010000000000O000DCPONODONODING
PPODOPODIPODSIO OO OOODOODOOFig. 1-110
gooo
oboboobooobobolz0o70o3ioooooooon
600OTNODINOPONODONOOOOOOOOO1L2
00000000000 OOscheleD0OO0OODOOO
O000Fig 1-11al0 TNODINOOOOOODOODODO
ooooooobooooboosbooooooooon
gbO0oO0bD0Op<OoOSmOOOoOoOogosbooobDOonoD
goboooooooooobooooboog
gboooooobolzorosioooogosogn
TPOOOOOOOOOOOOFIg 1-11bMOO0000O
booooooboozorosiocooooooon
obooooooooobooboooboooooooboooon
gbooooboobocooboooobooppPODOPOOn
gbooooboobooboooooooprpPoboOPOn
gooodo
gbooboooooboDbi1207yb3b1iooooonDon
DeoooooOobpsidoooOooooOoooonDod
goboooooooooboboooboosoooooon
00000 O000Fig. 1-11cM™

Cald Inflow

b Outflow

A M JJ A S O N D J
2008 2009

F M

gbooboooooooooooobooooooogon
goboooooooobooooobooooooooo
gboobooooobooDi1207v0o3b1ioooooogon
OTPOTNOOOODOOOOODO20080 80130 O 2009
0301600000Fig. 1-1200000
oooooooooooocooooooooobiso
sU7s012s0 00000 2000000000000
00o0o000000000000030500000Fig.
1-12a1 80130 0000000000000 2000
goboooooooobooobobooooooooo
O00000FRig. 1-12b0 0003016000000
gboboooooooooooooboooooboooooon
0o0oo0oo00o0o0oo0o0o0o0o0OoFg. 1-12cM
gboboooo1207v0o30iooobooooooooon
DINODSIODOOO0OOODOOOO20080 8013002009
0301600000Fig. 1-1300000
goboooooooboogoTPOTNODOOOOOODO
ooboopooooooobooobo 200000000
O000Fig 1-Ba[I 000 801000000000
gboboooz2000000c00b0b0c00ooboooooon
000oo0O0oo00O00O0O000000Fig 1-13bmO00
30le0000000booooooooobooOooon
O000MFig 1-13c@MO000on8sgLBooonnn

OcO Surface

A M JJ A S O N D J
2008 2009

F M

Fig. 1-100 Variation in silicate concentration from
April 2008 to March 2009. (a) Inflow
silicate, (b) outflow silicate, and (c)
silicate in surface water.



11

00o0oooooooooDoooooooooooon 00o0o0000ooooooooooooooooon
00000D000oyYoOooooooDoDINODODOODOOD Joodooooooooooooooooogoo
gooodpoOoOoOoOoDSiIDooOoOonDOoooog godooobooooooooobooobooooonoo
gofdMoooboooobooooooooooooon goooobooooooooood
0000020080 80130020090 30160 0 OO O goooobooooooobobuooobuooooboo
Fig. 1-40 000000000000 ONOPO16010 0o0ooooooooODINDDOOOoOOoOPPOOODODO
ooooooooooooooooon gooboPOOOOOODODOODOOODOOODOODO
oooooooooooooooooooooooon 00000000Fig 1-14al] 801300000000
Hall el
50 250
Bron pon  Join I osi
40 200
O
S 30 2 150
1
D 1
z 2 O 100
wn
10 8 50
O 1 1 1 1 0 1 1 1 1
In 12 7 3 1 Out In 12 7 3 1 Out
ObO
25
PP DOP DIP
. D . Fig. 1-110 Mean concentrations at inflow, outflow,
2 - surface in Lake Okutsu. (a) Annual mean
d 15 nitrogen composition at each station, (b)
E .
3 same as (a) but for phosphorus, (c)
E 1 dissolved silicate at each station.
05
0 1 .I 1 1 1
In 12 7 3 1 Out
Call ‘ Inflow B outflow Oleld
48 7 48 A
@ surface
0 k4 .
= s
: ~ : |
O - R
0 32 E 32
= F
16 T T T 1 16 T T . .
1 15 2 25 3 1 15 2 25 3
ObO TPOMO TPOpMO
64 A
D 48 |
%_ Fig. 1-120 TP-TN plots at each station. (a) Annual
O mean, (b) August 2008, and (c) March
z
£ o3 A 2009.
16




Oall OcO

300 - ‘ Inflow | Outflow 300
0 @ surface
S 200 A g 200 -
3 =
0 31
0 : ; , , 0 . . . ,
0 10 20 30 40 0 10 20 30 40
DINO MO DINOuMO
ObO
300
Fig. 1-130 DIN-DSi plots at each station. (a) Annual
0 mean, (b) August 2008, and (c) March
S 200 2009.
1
O
73]
0 100 ~
0 . ,
0 10 20 30 40
DINOuMO
Hall Hcld
NS 32 9 g
2 /4 @ifow [ ]outlow .- m \ Inorganic L
24 ,,-"" 24 1 ’ ,/‘/
-7 O .7
g \ /" Inorganic e /x S Phe
316 o 1 16 - -
0 Piie Red field line O Piid . .
> P = .-~ Dissolved organic
g - o7 Dissolved organic g /," Iﬁ ™
/E,ar’thulate n s D@‘ ’ Partjculate \
0 2 | T T 1 0. Gl T T T 1
0 05 1 15 2 0 0.5 1 15 2
POpMO POpMO
Ob
32 L
Inorganic ,/" Fig. 1-140 P-N plots of nutrients in inflow and
24 e outflow water.
0 e 00000 (a Annual mean, (b) August 2008, and
%_ 16 (c) March 2009. Dotted lines indicate
O o ) ) the red-field ratio.
zZ ‘,~’ Dissolved organic
8 J=" . —Particulate
0 . - /I T QT




goodoooooooboooCfcCOOOooDbINOPPO
popOO0OO0OO0OO0OOODOOODOOOOOOOOO0
O00o0o0oo00oooooouoooo0OUUFrg. 1-14bM
oobs3bleooooooooooooooobooon
gobooooooboooobooooboooooooboooon
0ooooooooooooooggrig. 1-14cm™
UO00oO00oO0O0O0oC0cO0oO0cO0oO0cOOOTNODINOTPO
DipODSIDOOO0OCOOO0OO0O0O0OO0ODOOOOOO0ODO
gobooooooooobobooobooooooboooon
O000000Fg 1-1500000000000000O
gboooooooooooopomooobooooobooo
Uxoooooooooboolzoo0zee800on
gobooooooboooobobooooboooooooboooon
goboooooooooboocooobooboooboooo
oboooobooooobooooooooobooooooon
Ub00doooboooo0oO0o0oOoOodOoTNODINOTPO
DIPO DSiO O O 057.1t054.1t05.3t00.6t0343.4t0 0 O O
goobooooooooboooobodno2zrswd
34.2%0 21.2% 300%0 189% O 00 0 O Fig. 1-15[11

inflow trapped outflow
TN2052t [ >
> 1481t
571t
[127.8 %01
DIN 15781t [ >
> 1037t
541t
(134.2 %01
TP250t [ >
> 198t
53t
[121.2 %01
DIP20t [ >
) 14t
06t
[130.0 %[
DSi1810t [ >
1467t
343t
[118.9 %[

Fig. 1-150 Annual total flux of nutrients in inflow and
outflow. Trapped amount and ratio in Lake
Okutsu are also indicated.

13

1-4000000

gobooooooooobbooobooooooobooon
goboooooooooboboooboooooooooon
oobooooooooobooboooboooooooooon
goboooooooomoocoooocooobocoooo
DINOOOOOOOODOCOOOoooboocoooooo
O0OFig. 1-20000000000000000000
goboooooooooTNOobooooooooo
gooooooOooooOobboOoobDoOobINDOOD
gbooboooooobooobooboooooooboooboobo
goboooooooooboboooboooooooooon
ooboooooooooobooboooboooooooooon
ooboooooooooocooobooooono
gpONOOOOO0OOOODadOOPONOOOPPOO
gooooooooocoooobocoobooooon
PONOPPOODOODOOOOOOOOOOOOOOOON
O000Fg 13000000000 oaNOog
goboooboooooboooooobogeshoooonOO
gboooosrvoboooooocobooooobadnon
gobogsooeocnoonoooo@mNooooononosy
gobOONODOODOOOOabOOOs201050000
bo0dObadOd=23x PON+0.770 0 000COOO
gboobooooobcobobooboooboobOobodba
0OO0/PONODO230000Fig. 1-3al0 00 0O 0O OPON/
o0o00db0abO0O=04300000000PON/ODODO
O00a00=602000000PON/OOOOOO0A0O
=020 000000NODOODOODOab0OO520105
obooooboobooobooboOOooooobDbOoPONDO
ooboooooooooobobooobooOooooboooon
00000Fig 1-3p000 0PON/PPO O 02930 0O
goboooobleoooboooobooooooooon
goooooooood
goboo0ooooboogoobzo0800 4000120000
goboboezmbOoooOobDO0OO0OO0OO0OOobOOOOoOOD
gobooooooooobboooboooooooboooon
0000000Fg. 1-4,1-5000000000000
oobooooooooooboobooobooooooboooon
gboobooobocooobobooboobo 2000 2mdO
O0O000O000000O000Fig. 1-50000000
gobooooooooboooooooo

00000 0o0oooooooOoUgP. bipessD OO0
ooooooooooos»#ppooooooooooo
goboooooooobooboooboooooooooon



14

OO0 0000000 0Peridinumd 0000000
goboooooooooboooboooooobooon
goooooooooobbooooooooooboooon
000000000 0ooO0oU0oooOoooosess
gbobooooooooobotoba0DbboOoboOooon
00o0000o000000o00o0OaoPeridiniumd O
oooooooooooooogrig. 1-7d
gobooooooooobobooobooooooboooon
ODINOOOOODOODOOTNO OO O0OFig. 1-2,
1-llaldOogoobpoPO OO OOOOOOTPOOOO
O0O00Fig 1-11b 000 80130000 0O 0ODIND
DSIDOODINODODODOOODOOO Fig. 1-1300 DINO
gobooooooooobooooboooooooboooon
goooooooooobooooon
ooboooooooooboooboooooooboooon
uobooobooooOoocoooooobooooboogp.
bipesDOOOOO0OODOOOOOOOOCOOOOODOO
oooooooooooooooooobsiooooon
ooooooooooobbooooooooooboooon
gobooooooooobbooooooooooboooon
goboooooooooboooobooooooboooon
goboooooooooboooooog
OP.bipesDOO0O0O0O0O0O0O0O0O0O0CODOOOOOO
000000 0oooooooooo®#pooooooo
DipO0O0O0O0OO0O0O0O0O0OOODOPOOCOOOOOOO
uoboooooooooboooobooooooboooon
goboooobiINODOOOOOoOooboooooon
gbooooooooobooooooooooogon
gooooooooooboooooooooboooon
gobooooooooobobooobooooooobooon
gobooooooooobooooooooobobooom
oboezmbooooOOoOoOoooooooooooo
OTPOTNODINODSIODOOOOOOOOCOOOOO
oboooooobooosbkuooooooobooon
O0oo0o00O0oo00o0oo0o0o0ooogdrig. 1-12b, 1-13b,
1-14bM 30160 000000000000 D00O0OO
O Fig. 1-12¢, 1-13c, 1-14c[] 80300 00O0O0O0ODO
goboooooooos3biedobooooooooon
000000000 00Fg.1-7mD 000000000
oobooooooooobooboooboooooooboooon
ooooocooooono

OOOOTPOTNODINODSIODOOOOOOOOOOO

boobo0ooooO1zsbdistdsstd7sbononood 20

ob00000000000Fig. 1-1201-1300000

gddddooooobbbeobobbbbbboood
000b0obO0o0o0O0obDooobOoboboooogiag
goboogopoooobooroobobooboobobo
gobooopoboobooobn
oooOo®0o0o0pDooooobDINDODOOnO
geo/OOoOooOoOo20n000000000% 00
gooopooogbsiDooooooowooooon
gowoooooboobobooooboobooobogog
goooobooobbooboobobobbbooogg
OFig 1-150 00000000000 0000O00O0OD
gogbooooboobooboobobooboobooo
gogboogobooboobooboboobooobobo
gogbogobpoboobooboobboobooboo
gobooboboobooboobboobooboo
goooooo
gbooboboooobooboobobobooooooog
goooobooobbbbooooooooooobooo
gobobobobooooooobgoboboboooo 3
gboobooooobooooobbooooobbooo
O0000OboomO OO0 0000000000000
gobbooooobooooobbooooobboo
gogbogobpoboobooboobboobooboo
goboooobooboobobooboooboon

1-50 100000

gobooooooooobobooobooooooooon
o0o0oD00D00DO00D00000000TNOTDNDO
DINOTPOTDPODIPODSID OO OOO0OOO0O0O0O0O
gobooooooooobboooboooooooboooon
gobooooooooobboooboooooooooon
goboooooooooobobooobooOoooooboooon
uobooooooooooboboooboooooooboooon
oboboobooO0ooobO0bOobOOobOOoOoo0Oon0dTN
027.8%0 TPO 21.2%0 DSi0189%0 0 000000 O
oooo

0 To clarify the change in water quality caused by
dam impoundment, we researched variance of total
nitrogen TNJ total dissolved nitrogen TDN{
dissolved inorganic nitrogend DIN[] total phosphorus
0 TPO total dissolved phosphorusd TDP[] dissolved
inorganic phosphorustd DIP[ dissolved silicate DSi[]

water temperature and amount of phytoplankton in



Lake Okutsuld 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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O 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.
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DIN-Salinity observation points. W: weir.
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Fig. 3-20 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.
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discharges of Asahi and Yoshii rivers; (b) :
precipitation at Tsuyama.
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