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Summary

Study on nutrient supply contributing to primary production in Tosa Bay

Goro Nigi

Tosa Bay plays an important role in supporting fisheries in Japan as a site of reproduction. A
branch of the Kuroshio Current, which flows to the east on the south side of Tosa Bay, enters the bay,
influencing the oceanic conditions as the Kuroshio Current axis moves. Since primary production in
Tosa Bay is potentially low due to the strong influence of the oligotrophic Kuroshio Current, nutrients
supply is considered to be indispensable to enhancing primary production in the bay, which offers
vital support for biological production. The Shimanto River, which has the greatest discharge volume
of the rivers in the area of Tosa Bay, flows into the western part of the bay. Further, Shimanto Canyon,
which causes upwelling, runs from the continental slope to the continental shelf in the mouth of
western Tosa Bay around Cape Ashizuri. However, reports on the phenomenon of euphotic zones in
coastal waters receiving contributions to the nutrient supply from both rivers and the sea bottom
layer are few not only for Tosa Bay but also for bays all over the world. To clarify the mechanisms
of nutrient supply from the Shimanto River and by upwelling in Shimanto Canyon and contributions
to primary production in Tosa Bay, the spatial distributions of nutrient and the response of primary
production in the western part of the bay and in the Shimanto River estuary were investigated in this

study.

1. Fluctuations in nutrient concentrations in the Shimanto River

Monthly dissolved inorganic nitrogen (DIN), dissolved inorganic phosphorus (DIP), and dissolved
silicon (DSi) concentrations in the lower Shimanto, Niyodo, and Monobe rivers in 2005-2006 were
compared to examine fluctuations of these nutrients in the Shimanto River. The 2-year average
concentrations of DIN, DIP, and DSi in the Shimanto River were 15, 0.14, and 164 uM, respectively.
In comparison, 2-year average DIN and DIP were higher in the Niyodo River (24 and 0.26 uM,
respectively) and in the Monobe River (22 and 0.21 uM, respectively). However, the 2-year average

DSi was lower in the Niyodo and Monobe rivers at 134 and 115 pM, respectively. The nutrient levels



and ratio (DIN:DIP:DSi of 108:1:1180) in the Shimanto River were similar to those in a typical
mountain stream, indicating the negligible human impact on this natural environment. Considering
the cellular chemical composition of marine diatoms, which are the major primary producers in Tosa
Bay, is typically an N:P:Si ratio of 16:1:15 (e.g., Redfield et al., 1963), the contributions of DIN and
particularly DSi from the Shimanto River are considered to be in excess of the nutrient requirements

of marine diatoms.

2. Fluctuations in nutrient concentrations and growth state of Ulva prolifera in the Shimanto

River estuary

To understand the effects of nutrient fluctuations on the growth state of Ulva prolifera at three
survey stations in the brackish waters of the Shimanto River estuary, concentrations of DIN and DIP
in the water column and tissue nitrogen (N) and phosphorus (P) content, length, and pigment
(chlorophyll a) content of the thallus were investigated at intervals of 2 weeks during the growth
periods of 2009-2011. Although 3-year average water column DIN concentrations at each survey
station (upper, 8.5 uM; middle, 8.4 pM; and lower, 6.5 uM) showed no significant differences, 3-
year average water column DIP at the upper station (0.081 uM) was poorer than at the lower two
stations (0.13 uM at both stations). The 3-year average concentrations of nutrients in this study over
the three stations (DIN, 7.6 uM; DIP, 0.11 uM) were much lower than those in the 1980s (DIN, 28
uM; DIP, 1 uM) when the yield of U. prolifera had been high. The DIP concentration in this study
had decreased to 10% of the level 30 years previous. Although the tissue N content at the lower
station was steady at 3-4 % over the duration of the survey, that at the upper station was lower (2%)
since 2010. Tissue P content at the upper station was always less than 0.2 %, which was lower than
at the other stations. DIP concentration showed a significant correlation not only with tissue P content
but also with tissue N content, despite there being sufficient DIN. Therefore, nutrient uptake by U.
prolifera was thought to be limited by the decrease in DIP concentration in the Shimanto River
estuary. The water column DIN:DIP ratio at the three stations over the period of the survey fluctuated
over a wide range (daily average DIN:DIP ratios of 12-288 and was found to be proportional to the
tissue N:P ratio. However, fluctuation of tissue N:P ratio was over a smaller range than the DIN:DIP
ratio, and the rate of increase in tissue N:P ratio was smaller as the DIN:DIP ratio became higher,

mainly at the upper station. This divergence between DIN:DIP ratio and tissue N:P ratio indicates



that DIN uptake by the thallus was regulated in order to maintain a balanced tissue N:P ratio when
the DIN:DIP ratio became high. Thallus size showed no relationship to both tissue N and P content,
whereas the chlorophyll a content was found to be proportional to both tissue N and P content,
indicating that fluctuation in nutrients in the Shimanto River estuary has an influence on the
coloration of the thallus. The chlorophyll a content in this study was less than that reported in other
estuaries, suggesting that DIP levels in the Shimanto River estuary in recent years have not been

sufficient to meet the phosphorus demand of U. prolifera.

3. Seasonal fluctuations in nutrient and phytoplankton biomass levels in waters off the coast of

western Tosa Bay

Horizontal distributions of DIN, DIP, DSi and chlorophyll a concentrations in surface waters of
western Tosa Bay, along with nutrients fluxes from the Shimanto River were investigated monthly
from January 2005 to December 2006 in order to understand the effect of nutrients inputs from the
river on phytoplankton biomass in the coastal waters. The annual nutrient fluxes from the river in
2005 were less than those in 2006 owing to a drought between April and August in 2005. DIN
concentrations at each survey station during the circulation period (Nov.-Apr.) in 2005 were in the
range of 2-3 uM and considerably higher than those during the stratification period (May-Oct.) at all
stations except for the station nearest to the mouth of the Shimanto River. DIP concentrations at all
stations during the circulation period in 2005 were 0.1-0.3 uM and were also high compared to those
during the stratification period. The monthly DSi concentrations at the station nearest the river mouth
in 2005 were in the range of 3.5-44 uM and were usually higher than those at other stations, which
were relatively higher during the circulation period as were DIN and DIP. Seasonal fluctuation in
chlorophyll a concentrations in 2005 at all stations showed a similar trend as the other nutrients
described here. At the station nearest the river mouth, chlorophyll a concentration was 0.6-1.4 ng L
! with the exception of September and was consistently higher than levels at other stations (0.1-0.5
pg L1 and almost equal to levels during the circulation period. The DIN:DIP ratio at all stations
during the circulation period in 2005 was in the range of 10-22 and was similar to the typical cellular
chemical composition of marine diatoms. The DIN:DIP ratio at the station nearest to the river mouth
during the stratification period was 10, whereas those at the other stations were less than 10.

Therefore, marine diatom growth in the survey area was likely to have been limited by nitrogen. In



2006, nutrient levels at all stations were similarly high during the circulation period as in 2005. On
the other hand, some stations had a wider range of DIN:DIP ratios that exceeded 10 during the
stratification period in 2006 than in 2005. All of the nutrient concentrations showed a decreasing
tendency with increasing distance from the river mouth, and the spatial distribution of chlorophyll a
concentration was similar to that of the nutrients. The monthly fluctuations in DIN and DSi at the
station nearest to the river mouth were found to be proportional to the fluxes of these nutrients from
the Shimanto River. This suggests that nutrients, especially DIN which is most likely to be a limiting
factor for phytoplankton growth in western Tosa Bay, supplied from the Shimanto River contribute
to enhance primary production in the coastal waters within the Shimanto River plume during the

stratification period.

4. Vertical distribution of nutrients and phytoplankton biomass in the mouth of western Tosa

Bay

To ascertain the occurrence of upwelling in Shimanto Canyon, which is within the range of
submarine canyons and which runs from outside to inside of western Tosa Bay, the response of
primary production in the upper euphotic zone and the relationships between upwelling occurrence
and environmental conditions such as movement of the Kuroshio Current path, the vertical
distributions of DIN, DIP, DSi, and chlorophyll a in the mouth of western Tosa Bay were investigated
seasonally in 2010. For all survey dates, the maximum concentration for each nutrient was observed
at the bottom layer (depth, ca. 300 m) in Shimanto Canyon and the annual average concentrations of
DIN, DIP, and DSi were 22, 1.67, and 41 uM, respectively. In a comparison of nutrient concentrations
among survey dates, each nutrient at depths of 0-50 m had a relatively high average concentration in
January at all stations (DIN, 2.6 uM; DIP, 0.25 uM; and DSi, 3.2 uM). On the other hand, the average
nutrient concentrations for the other survey dates at depths of 0-50 m were <1 pM for DIN, <0.1 pM
for DIP, and <3 uM for DSi. At depths of 100-300 m, the vertical distribution was different for each
nutrient in August compared to at other survey dates, showing that nutrient-rich deep water around
the sea bottom extended to the upper layers at the August survey. Since the distribution of nutrients
higher in the water column in August corresponded with the rise of the cold water mass (16.5-18 °C),
it is thought that upwelling had occurred. Each maximum concentration of chlorophyll @ in January,

May, and November was in the range of 0.5-0.6 ug L', whereas a sharp chlorophyll ¢ maximum



layer in August appeared around a depth of 50 m, which is below the thermocline, and the location
of the highest annual concentration of 3.2 ug L™!. A comparison of the annual average concentration
of nutrients at a depth of 300 m in Shimanto Canyon and the annual average concentrations in the
Shimanto River in 2005, which supplies most of the freshwater discharge to western Tosa Bay,
indicated that the nutrients other than silicate were present in the submarine canyon in higher
quantities than in the river. That is, the DIN concentration, which was thought to be the limiting
nutrient in this study area, was approximately 1.5 times higher and the DIP concentration was 19
times higher than those in the Shimanto River. This indicates that upwelling from the submarine
canyon is an important source of nutrients for enhancing primary production in western Tosa Bay.
The Kuroshio Current axis only flowed near the shore at a distance of 15 nautical miles from Cape
Ashizuri in August when the upwelling occurred. Although only one occurrence of upwelling was
confirmed in this study, this analysis suggests that movement of the Kuroshio Current path is related
to upwelling in Shimanto Canyon and that it occurs when the Kuroshio Current flow path moves

onshore.

5. General discussion

Since the Shimanto River had characteristics of high DIN:DIP ratio, nutrient uptake by U. prolifera
growing at the upper reaches of the brackish waters was likely limited by DIP. Consequently, it is
thought that a decrease in DIP caused a decrease in chlorophyll a content of the thallus. On the other
hand, as DIN tended to be depleted earlier than DIP during a stratification period in western Tosa
Bay and to be a limiting factor for phytoplankton growth, inflow of the Shimanto River into Tosa
Bay plays an important role in the relief of nitrogen limitation for phytoplankton growth in the bay.
Although the nutrients supplied from the Shimanto River were not diffused over a wide area in the
coastal waters, the continuous supply is advantageous for supporting high primary production. This
ecosystem supports one of the most important shirasu (chiefly clupeoid larvae and juveniles) fishery
grounds in Japan. Further studies are needed to elucidate the fate of nutrients originating in the river
basin by investigating the relationship between nutrient fluctuations and changes in populations of
attached algae, which are major primary producers in the river.

Nutrients supplied by upwelling from the sea bottom to the euphotic zone were found in Shimanto

Canyon, which runs around the mouth of western Tosa Bay, with a sharp increase in chlorophyll a



concentration at the subsurface layer of adjacent waters. Although differences in nutrient supplies
between the river and sea bottom by upwelling could not be evaluated quantitatively in this study,
comparison between the chlorophyll a concentration within the river plume and that at the subsurface
where the upwelling occurred indicates that upwelling contributes greatly to enhancing primary
production in western Tosa. However, since upwelling occurs intermittently, frequent upwelling
events will be indispensable for the growth of a diversity of fishes and large mammals such as
Bryde’s whale. Further detailed investigations in future studies are necessary to elucidate the

mechanism of upwelling in this area.
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— 33°N

)
0 50km

13(|3OE 134|-OE

Fig. 1. Map showing gauging and sampling stations (e) located
in the Shimanto (Gudo) , Niyodo (Ino), and Monobe
(Fukabuchi) rivers. Parts in gray color represent the river
basins.

3) AEDRIE

UG- ERER)I D 2 )11 2 6 G2 & L T BN 24T - 7o BLRNIE 2001 46 1 A 225 2011
12 A OIS, #iidR U 7= B 1220898 O KA BELIET (U5 -+ HcEs: B[R 5 8Ll
Wi )N R PRDIBLIET) OUrfs C1T o7z (Fig. 1) . UG HITIEEI 12:00~13:00 O
LS, W01 TIE IS 7:00~8:00 DI, AKIEHIE & & IR ZE#HERY =F L R
RVICEREL L, ¥ ORIEICHE L7z, 3UBHE H AT B JISK 0101 (28> T, Kl A
U iBER e L, BRI ER CREAtR, TC—2600ADX AY) (I LV HIE L.
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HWEORTEHEE L, W) TIESFEORIE BED 243~314 HOHFEMH T, £H &bt
20 A ETHD, MEINTIXZ 11 #FD 55 2002 F0F 2 HORNEZFEW-HATH 5.

4) XEEDRE

FF A

2005 £ 1 A5 2006 4 12 AORNZ, JFAIE LTHRJINC &/ A 1 [BOHE G 24
[E]/H#1R) CTEK L7z, 2005 OGN T 28KE, T S vk s
DARBIEIRE LW T T 7 N o BOFFE] OWHROT KRS DE T To72. CE

JNEEIN oK, JFATE L TG HHORKDHEE 1 HRLINICAT > 7.

th s

BROKHLAE 311 & BUEARDIBA LW RIRESE L, £ 24 Fig. 11277 L7 i &8H]
PAAHEIZERE Le (UG A2 54 10km, 3@ /A2 549 13 km, #3501 < 30
A58 4km) . 3 I OBEEKEEO T EIIFKAED ARG ELL T2 50 %Ll ETH - 7=,

HiE

AL, FHNICA > CRBEARZEHERY =F LR MWL, 04 £ TR
L7z, 12 RFEILANIZ Whatman GF/C 7 4 V2 — % W T A L, A% &5 iric it
L7, Ak, ST Parsons et al. (1984) (ZHE - CTRYFRHE+HILANERIE (BAL R 7 A& T
FITFNZF LT IE), VU (R TT UFE) , S ABE (B 7T UFE)

rENENHBERL.

FRXBIEHRBEDOHTE

3 ORI A~ O R ER MG B 2 LT 2729, SRBROFER MG EZ, —RIC
HEAMEOHEEIZILS AVWSN D L-QIEIC X W #HEE Lz (R H,1993) . KN & 4%
REHETHEONTL2 75D 24 7 —Z 2 LT, BKEFOHEEifE (Q) & Zhilss
REWOREZFU-AMGE L) 25 ML, WMEOBKREZRLE L-Q X (Hh#H L=a -
Qb, a & blIEH) ZIER L. L-Q XOMBMREITET r>0.88 L7 5 A ERIEDEVE
BMER S DN 2 & 2R Lz b (Table 1) , ZihuH L-Q R 1 R0 HIEW &2 A
LCHEH ORISR REA KD, 2005 4 & 2006 FOFMAHE &L 2 EfE EiF 7.
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Table 1. L-Q equations and correlation coefficients between the daily
average discharge and the daily average nutrients fluxes in the
Shimanto, Niyodo, and Monobe rivers during 2005 to 2006.

Nutrients River L-Q equation correlation coefficient (r)
Nitrate+Nitrite ~ Shimanto ~ [=0.662-Q"" = 0.884 (n=24, p<0.001)
Niyodo L=1.54-Q"" = 0.981 (n=24, p<0.001)

Monobe  L=1.69-Q"" r=0.973 (n=24, p<0.001)

Phosphate Shimanto  1.=0.00150-Q""'  r=0.912 (n=24, p<0.001)
Niyodo 1=0.0119-Q"" r=0.939 (n=24, p<0.001)
Monobe L=0.0106-Q"'° r=0.981 (n=24, p<0.001)

Silicate Shimanto ~ 1=11.8-Q"” = 0.995 (n=24, p<0.001)
Niyodo 1=10.3-Q"" = 0.995 (n=24, p<0.001)
Monobe 1-8.58-Q"" = 0.998 (n=24, p<0.001)

2. faR

1) FEORERHFE

AR PE R A B AL D DY 5+ )N, DRl AR 2,186 km?, #)IIWREKIER 196 km A L,
E R, WIIREIER & b BEBIE IO TRRT ZDO3)IEIT 300 ##E 2 5.
i R R R oD PR AR 2 A D @) 1| & SRR & AL 2 )1 o didsEi A (@) 1,560 km?,
PrEs)Il 508 km?) & ERJINRIKAER (i@ 124 km, #3011 71 km) 1%, A2 WO
MTENENFE 2L IAT, WA HINIRSHAEDOHI)ITH 5. M-I OFIR AR
I3 BV THY 1/100~1/650 FLEE, HTHE TR 1/380~1/1,300 FREE, FHEHE TR 1/1,200~
1/2,200 F2ETH O, 3@ R ORI & 2 AR Td 5. W7+ )1 o U A% i
FRE DU T2 JB T 2 DIkt U, A3 IS =) 14 & BRACHS, W) 1 [tk
XFNTRRACH & UG+ KA 5o 5. ikl o H R I RE 130U 5 )1 ik & A1)
RO AR 90 %Lh E TR L 0 b0o0m <, W7 HIIROMAEIZAF - & /&
NP EWEIS (K70 %) 2 5D 588 A2 AT, HRREICOWT, TG -HIEO A
HAEEITAY 40 A km™? C, A20@) IR OWEs) 11k D 12 FREECTod 5. 1) BT S
WCHERT 5 E, WHHNOARNNTITE L0372 < 5 8 m OIUKIE (GEMIHELE) A3 A >
5110 km ONZEIS 1 FEFE L, SINOBFNNE PN 3 KO L ARRE SN TND.
FHHEEED B ITRED T2, BIAZOFEAR)NT L1~34m’ s BRI T\ 5. 120E
JITTIEARNNE SN 3 B G 6 ) , WEINTITIAINNC 3 EOX LARFEBE SN TEY,
AJNTEIG )N 720, B O] A EI VUK TR S du, DG ) I E 2 6

13



6~7km EROFFAIZ LSO L, NI B2 58 3km, W) INE A 25 1km 12
W=7, WA E GBI,

2) K2R

2001 45 1 A 1 H225 2011 4F 12 A 31 HORO WG A1, A=3@) R OBt 2 38 1
% AWK R L, 2006 33 FIEBIc BT 2 B EEii & OHER % Fig. 2127 L,
Z DOFEEHE H A Table 2 [ZHEHE L 7.

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

100
200
300
400 -

0 -, T T w‘l"““"‘m‘w A ”rrr{m”’ T A \“w'; e N L Uil b T ; m‘wwu Lk ‘uur“ww‘

a) Shimanto Basin

100
200 |
300 |
400 *
O T m G T "Hp'“\"' T ™ il H T N
100 f
200 |
300
400 b

10000
1000

b) Niyodo Basin

" T

Precipitation (mm day™)

¢) Monobe Basin ——— Shimanto R.

——— Niyodo R.
Monobe R.

d)

Discharge (m=2s1)
>

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Year

Fig. 2. Temporal changes of daily precipitation in the (a) Shimanto, (b) Niyodo, and (c) Monobe
basins, (d) daily averaged discharge at gauging stations in the Shimanto, Niyodo, and Monobe
rivers during 2001 to 2011 (modified Nigi et al., 2014) . Daily precipitation denoted average
precipitation over the entire basin. Those data were cited from the website of the Japan
Meteorological Agency and Ministry of Land, Infrastructure and Transport, Japan. The discharge
data were cited from the website of Ministry of Land, Infrastructure and Transport, Japan.

3FILD 11 FEOFERKEKEITVTI S 2004 423 KT 4,000 mm year! DL E&FEKL,
PERNAEEE 3 5 <, BRRNFREEDS K E 2o TR EL R 5. BN 3 ¥l & 6 2005 48T 2,000
mm year! BRI E Y, ZROFELDROETIIN 2 FOBRKEDEND 572, 2005 4
A I CRBE OB ZIToTFETH Y, 9 HOKRBMERBERZFTLET HETO

A AR R T 22Dy o 72, 3N OFEREARED 11 7 FFH5)1F 2,500~3,000 mm year™ £2
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FEC, PTG AN 3= 0E ) 1 ik & 0 ) 1R o I 22 ok & CTh o 72, 7eds, Wil
BRI TITE T HIZRBER AN & > 72 2004 4 & 2005 AFIT KB LB R EEAN R84 L 72

3FNIDOFEE R EA 2 &, FikimfE R R RO T+ 11 70 5 5 2005 4F%
Br< 10 7 HETHRAKE 2D, 11 7 FEOFERE (119 m® s HJ@)oZi (96 m® s1) @
1265, WEND 465 G0m’s!) T, HEBITRSZ < OBRAKREZMEE LTz, FFEDRK
NMEDNTISWERINT, 3 IO E DO R/ IMIFIE RIS IS DR R & 22 o7z, Al
DY B IR K B O LA K L, 3W)I1E S 2004 FR K TH o7, KR
IND IR 735 72 2005 AEIZOWT, U7 &A@ N 11 7 F DR B P & 45l L7z
HLOD, WITHIID 2005 FOFEFEFREIL 11 7 FOF THR/ANTH Y, BFFEIT9I Al—
RIS KIRBEZR HAK DV E C e b D0, Ya/KIREEN RN M A TR Z R L TV D, PR
BORZERDEKREZARD &, WEIINNFITAD7 L, WAL D 7en
RSN, W) TIEAFOHEK B EIT R IE)N LD 20 b DD, Fh
H R &3 @) o2z FRIZRS LIXUIER GH, 3@ NS T E O L B8R
MRE VR Z TR LTS 3TNIOFEFEE R EZ D &, ZOZFIC—EMEIT R <,
WSS R & 72 D56 8o 72, 2005 FEITHE Y THRERBL 41T - 72 2006 FF O EIL, 3
ik & b 3,000 mm year! L EOREAKEABIIL, HMHICZWIRISEMEICH > 7.
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Table 2. Annual statistics of 1) precipitation in the Shimanto, Niyodo, and Monobe basins, 2) discharge and unit discharge, 3) water temperature, and
4) turbidity at gauging and sampling stations in the Shimanto, Niyodo, and Monobe rivers, during 2001 to 2011 (see Figs. 2, 3). Turbidity unit is

shown as milligram of kaolin per liter.

91

Precipitation Discharge Unit Discharge Water Temperature Turbidity
River Year Annual  Daily maximum  Average Daily maximum Daily minimum 185-day* Average Number of Average Maximum Minimum Medeian ~ Average Maximum Minimum Medeian
(mmyear') (mmday') (m’'s™") (m’s” 100km?)  Samples (C) (mgL")
Shimanto R. 2001 2,490 151 92.23 1,360.74 14.84 45.88 5.11 278 17.8 30.8 6.5 17.8 2.5 61.2 0.3 1.6
2002 2,481 135 88.56 2,826.70 9.36 31.18 491 277 17.5 29.5 6.8 16.9 2.5 38.9 0.3 1.6
2003 3,485 269 153.07 1,419.83 12.71 51.90 8.49 270 17.3 30.2 6.1 18.4 2.6 103.1 0.3 1.2
2004 4,175 303 201.72 4,350.16 13.69 49.51 11.18 285 17.8 30.4 7.5 17.8 7.0 577.0 0.3 1.0
2005 2,140 401 67.99 6,749.55 3.89 16.21 3.77 251 18.1 30.8 6.0 19.3 2.0 88.3 0.2 0.9
2006 3,206 238 152.26 2,792.35 11.40 48.17 8.44 243 17.9 30.2 7.2 18.6 4.4 2132 0.3 1.3
2007 2,499 341 114.06 5,133.12 13.03 33.27 6.32 268 183 31.0 9.3 18.8 2.9 157.0 0.2 1.0
2008 2,498 72 85.49 912.39 22.31 43.20 4.74 314 17.9 31.1 7.8 18.3 1.5 31.1 0.2 1.1
2009 2,273 259 88.05 5,303.01 18.10 36.29 4.88 281 18.5 28.7 7.5 19.3 2.7 176.0 0.2 1.1
2010 2,824 126 109.49 2,182.26 24.54 47.50 6.07 282 17.9 30.3 7.5 17.9 2.2 67.8 0.2 1.1
2011 3,280 332 159.69 6,582.32 18.38 41.11 8.85 291 17.6 28.9 5.8 18.3 3.3 147.1 0.2 1.0
Niyodo R. 2001 2,100 124 60.16 513.72 20.13 35.77 4.11
2002 2,266 139 80.88 2,635.17 16.13 35.37 5.53
2003 3,104 183 117.39 2,582.54 22.97 58.60 8.02
2004 4,127 273 195.08 3,670.38 15.42 71.67 13.33
2005 1,884 395 74.30 5,406.71 12.24 26.84 5.08
2006 3,036 184 110.29 2,113.12 13.75 49.03 7.54 no data no data
2007 2,237 373 80.06 4,034.42 12.48 25.36 5.47
2008 2,110 83 55.91 410.73 12.00 39.98 3.82
2009 1,991 170 61.36 2,219.66 13.72 30.29 4.19
2010 2,706 135 86.73 1,240.47 17.44 54.82 5.93
2011 2,897 207 130.96 3,305.92 14.57 42.71 8.95
Monobe R. 2001 2,490 186 17.38 310.20 0.40 6.13 3.71 365 15.2 28.0 35 15.7 33 574 0.6 2.3
2002 2,815 244 26.73 790.17 0.55 8.48 5.71 363 14.7 24.4 5.6 14.6 4.6 177.6 0.7 22
2003 3,274 181 31.42 42434 0.66 16.87 6.71 365 14.7 26.4 4.6 15.6 4.7 120.2 0.9 2.4
2004 4,337 286 55.67 1,298.34 1.10 26.10 11.90 366 15.1 28.1 49 15.4 21.0 476.0 0.6 49
2005 2,202 289 17.35 1,121.91 0.72 4.94 3.71 365 15.6 29.1 4.8 16.1 10.4 786.5 0.4 2.1
2006 3,696 235 39.78 478.95 0.82 10.64 8.50 365 15.8 30.6 5.0 16.4 14.5 2134 0.3 3.7
2007 2,385 291 18.87 852.82 0.60 497 4.03 365 16.9 31.2 6.7 17.4 6.4 277.0 0.4 1.4
2008 2,266 148 12.95 199.34 0.33 4.02 2.77 366 16.0 30.3 4.7 15.8 2.1 28.5 0.4 1.6
2009 2,543 127 18.02 455.54 0.46 3.51 3.85 365 15.8 27.1 42 16.5 4.0 109.1 0.4 1.7
2010 3,837 351 41.11 978.58 0.72 14.47 8.78 365 15.7 30.5 44 15.4 9.2 158.0 0.5 2.6
2011 3,878 197 48.84 1,085.60 0.18 14.57 10.44 365 14.7 27.4 3.4 15.8 13.6 548.0 0.7 2.7

* : The daily natural unit discharge that is likely to be equaled or exceeded on 185 days (i.e., about 50%) in any given year (Citation from the website of Japanriver "Rivers in Japan") .



3) KEEBE

DU T+ D7KIR & EE T, W) N TR aIZ @KiR, R CHER L7 (Fig.3) .
975+ COREHE B TIEIRNZ &5, Table2 (2R LI ERIE, &AMl f/ME,
RAEZHOWTIE, B E DHBICB W THE L ITWARWERH D b D0, HEITRK
fED 3 7 4 (2001 4F, 2004 4, 2008 ) ZFRUVNCI G+ )2MEVMEZ 7~ L7z, RRlC®i)|
YT IR AR EE DS FE A L T2 2004~2005 4 & 2 DFFED 2006 4, KT 2011 FFD 4 7 4F
DFEEEEDOWEWEZN K E Do T2, WHHINORFEEE, RRMEIFFFICL > TREL
EEIL, FemifE & BARME TR 20 (0N R S ivic. SEREIZ DWW TR KBE R m - 7o
2004 ERZEOMOBINFE LY bEWEZ R L b OO, MR 2~3 ERETHY, F
T R ARME I AEAE 0.2~0.3 FEORIKHE, il 1 EERTHE TLE L Tz,

= Shimanto R.
Monobe R.

30

20

Water Temp. (°C)

1000

b)
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)

0.1
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Fig. 3. Temporal changes of daily (a) water temperature and (b) turbidity in the Shimanto and
Monobe rivers during 2001 to 2011 (modified Nigi et al., 2014). Turbidity unit is shown as
milligram of kaolin per liter.

2001~2011 FED M5 )1 &) 1| D A S 29~ & (Fig.4) , U5 -H)INEE) NS
HA_THEA L BIERKETH > 7. W OZFEZITEL L, MR A OE RO - @
WOBERE L 725 6~9 FICHE LANPA O, FEREANKRE o7z WHH)ITIHE,
AT AV DOAERMCHT=5 1~3 AL 11~12 A OBFK~WIFEO WL 1 FERi#E
DKHET, PORERERFAES /NS WA R Oz, 7ol B R OBEIN & B 5 4~5
A RKON10 AIZ20W T, W8I TIREREE 10~20 ETh o720kt L, WA +)ITIE
FHEL3 EUTTH-T.

KIITKIR OB L Z T 57280, IEFATTIZERAK U7zl 23 R ERAK L7298 1|
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WCHRTEKIBETH 72, WHHIOREEERD &, FFET 17~18 CRET,
RAEIZFNLD 1 ClEEEWKHEEICH -T2, KAEIZ30 CEE2HENE L, HIKMEIX
W8 CLLTFTH-T-.

110
/I-/ B Shimanto R. OMonobe R. g
60

50 r
40 r
30 r
20 r

Turbidity (mg L")

10
0

J F M A M J J A S (0] N D
Month

Fig. 4. The monthly average turbidity in the Shimanto and Monobe
rivers between 2001 and 2011. Error bars represent standard

deviation. Turbidity unit is shown as milligram of kaolin per liter.

4) REEBEOFEHELL LR

2005~2006 4D I J7 )11, A=3E )1, BERIN D& Ttz i1 2 KRB O A 24k % Fig.5
R LTz, 2 7 AR O H)I FHE O KRB, W27 A Bea>tHmeii+ s iei> U
FRE CHERS L, (Z3&)1 L WEs) 1 & [RER CTlRIER T o 7. WG+ OfEEER+ AR & U o~
FRHEIE, B/IME & RRIE & ORICZENZEI 10 %, 25 fEOREENH =0Tkt L, 74
R DL 1.5 (G CRELIRETHR Lo, @) E)Ic >\ T s, KRBHEO
i/ ME L IRKRAED TSN TE G H)IE Rig Db 00, V)V UBEOEENRRKEL, A
FRHE DS/ NSV R L e, FEIZ LR ORI E H 5 &, W5+ )ITIE, mERE -+
PEERHEIE 2 7 L DAFICEBEZ R LI-OICRIL, 7 A BEIIATITIRRE & 70 2 F5%
WRONTZ. U UBRIEIC OV T, 2005 AFITAEERIE AR ERE O M L FRE L7 b oo,
2006 FIX—BE T, KEOFMHELIC—E LI O o7-. E+H)Ilo 2005
L2006 HEEHIERD E, U UEEIT 2005 ARIZEERT 2006 AR ERE CHERS L, AHEE
BRI S 4~6 H ORIIZ 2006 FE13mRE Th o7z, 7 A BREIZ SV TIE 2 7~ 4 TH
FEIREWVTR SN0 otz AZI@N LN D 2 FEOFEHEL, T A Bz oW Tl
FHINERFA LI 0D, MEMEE+mMieE & U BB IR L 2o 7o, Fiz, FLH)IC
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BT, 3@, Il E & 7 A BRI NP 72 B b3 72 <, U U ERHE AN 2006 A2 EH- L=
FCI )1 & @ LT,

O-Monobe R. —A—Niyido R. —@—Shimanto R.
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Fig. 5. Temporal changes of monthly (a) nitrate+nitrite, (b) phosphate, and (c)
silicate concentrations in the Shimanto, Niyodo, and Monobe rivers during

2005 to 2006.

BRBIIREEIZOWT 3 i)l & 5 &, WHH)NTIEN & ) N B~ TR R+
AR & U R MR, A MENERE THR L, 2 » FEHEICIIAEREN
P BT (ANOVA, RERHE+IEfEAHE p<0.0005, U » &M P<0.01, 77 A F&¥E p<0.00001)
(Table 3) . 3 {[JI| DERAEIIRE OFEIMEZ, /MK (1960) D 1958-59 FFITHIE L7 M8 & b
R L (Table3) , W75+ INEREERE+FAYERIE & U L ERIEAS E5R- U, 7 A BRIEME T L7z,
o2 U, A & RN O RS EEE+ F AR & U VB O RIS LS < BN
FHINE 50~60 AT & FERIS, U S BRMEIZ 9 2 MBRLE+ R AH AL, & O (CHHERLE+HAHY
FRHEIZ KT 5 7 A BRSO RPN E WS AR Lc, WHH)IDORREERE & £ DHERIC

19



DN THNNE O OB & % & (Table 3) , 31 TILHRIC 52 =0 23 /3479
DIREINRLFAHEINE Y b AFIERE 2 R D 2 BB 0 L i it AR L
(Kunimatsu et al., 2001; Fa, 2004) , H#FH ORI OHF TIIEKD I v BJIIRAR—)I &
Dbdeko~ U=l —a U)INZIEWEE 277 L2 (Marchetti et al., 1985; Telang

et al., 1990; Turner and Rabalais, 1991) .

5) FRDRERMIEE

L-Q BT K 0 HEE L=UG I, 3@, #fB)1 o> 2005 4 K% UF 2006 4 0D T 1%
DA FBIEHG B % Fig. 6 1278 L7z, 2005 - ClE, {23@) 1 OF 0 &1 5+ oz
XV HEho72b DD (Table2) , VU EatE & 7 A BEMEIZ DWW CIEM4E & & U5 +)1>3E
JISERN & HEE STz, AHBRE+HRAERRE D 2005 FOHE &I, WMENEZ <, FRE
SR BNS E D T AZIENB N T E D 2 HEE S vz, —J5, W+)Io B
TN Z o 72 2006 1%, DU )1 EAZTE) N O S Fe -+ i g e (e S X R E HEE S,
R LR EAADPRE SN DRI H - 7.

M Shimanto, I Niyodo, [1 Monobe

T 100 ¢ ~ 25 1000
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Fig. 6. Annual nutrients fluxes ((a) nitrate+nitrite, (b) phosphate, (c) silicate) from the Shimanto,
Niyodo, and Monobe rivers to Tosa Bay during 2005 to 2006.
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Table 3. Average concentrations and molar ratio of nitrate+nitrite, phosphate, and silicate in the Shimanto, Niyodo, Monobe,

and other rivers.

Average nutrients concentration (uM) Molar Ratio

IC

River Period Nitrare+Nitrite ~ Phsphate Silicate NP  SiN Reference
Shimanto 2005-06 15.0 0.139 164 108 11 Nigi et al . (2008) and this study
1958-59 10.0 <0.1 195 >100 20 Kobayashi (1960)
Niyodo 2005-06 23.7 0.255 134 93 6 This study
1958-59 7.1 <0.1 140 >71 20 Kobayashi (1960)
Monobe 2005-06 21.9 0.214 115 102 5 This study
1958-59 43 <0.1 128 >43 30 Kobayashi (1960)
Tributaries of the Shimanto River
Yusuhara R. 2003-04 7.3 0.067 166 110 23 Nigi (2004)
Hiromi R. 2003-04 23.8 0.463 115 51 5 Nigi (2004)
Kuroson R. 2003-04 11.5 0.154 185 75 16 Nigi (2004)
Nakasuji R. 2003-04 27.3 1.34 166 20 6 Nigi (2004)
Mountain streams
Aburahi wstershed 1989-91 21.2 0.087 242 244 11 Kunimatsu et a/ (2001)
Myokoji wstershed 1991-92 13.6 0.126 242 108 18 Kunimatsu et a/ (2001)
Some large world Rivers
Mackenzie 1981-83 7.1 0.190 143 37 20 Telang et al . (1990)
Mississippi 1981-87 114 772 108 15 1 Turner and Rabalais (1991)
Po 1981-84 147! 4.6 120 32 1 Marchetti et al . (1984)
Yukon 1978-85 8.4 0.350 275 24 33 Telang et al. (1990)
*1) Nitrate

*2) Total phosphorus



1) &Y Ot

U5 NS, AZTE R ORI e~ T, RS A ROE S, NABED
RS, XLAREHODSIETREN RO, 3 IO Tl b NSRS RO D 8
MEBZBND. 2 b BREN, HEEGOMEII)I~DBEEAR DAL L T#HLD
(B4, 1989) . —MRICATEHEHEKICITBEMENZ < S ENTZD, ANABENMEVIZE EH
JI~OEE AR RISV (B, 1989) . £7-, @#FH (1982) o L, HHFIHICED
D FMREFRD S ERNAKRFTOBWEITIR T T 25 EHmESNTND. S HITARLTIE,
1950 AR D & LR OHINfE > TERAKRGESBAEMR L GEI - 1R, 1971) , BP/KH
WZHRA U720 R ¢ OIFRE N2 O —FK & L THEINTWD (Hi4,1968) . D X H
RYE RO b &, AFTITA M TEIRBUKER i OFRE IR S h 2 Hr /K il oo ¥ K 6 5 23 12 BA
ENTZH DD (F L TLFESHERE EIFIH S, 2002) , PIIIARNNEE Sz 3 Lo & A
IR S BIRBUKEAE 23 72 <, BRI E 23 A L72BRICIT & A TSR S b
BARNEIUL LS WRHEEZ AT 2. BLEICR L7z U5 )1 & )1 i o+ K OVH
SREREERFIEIC L0, W HIBEIIL YD bIRBE TH-T2LBEABND.

WHHNo7 22274 7 Uik, WTFhvbeE— OB EZ5 - I Sk 2 RET
HAKEBRTH Y (H,2010; FR - BH,2004) , WL & E 0 IS5 B IPEA R EICHE
ENTWD., WHHNOATT A/ Vi 10 AOHAZ ORHINSEFED 6 HEHETESR
MR TE, 1~2 Al RAER %2777 (Hiraoka and Higa, 2016) . Ohno and Miyanoue (1980)
WZ&de, WE4 EUTOAFTHOBEKIIRESARLTEY, WH+)ID 10~6 HDH
IR IT AT 4 FERIET (Fig. 4) , HFIC 1~2 HOWEITFEH 08~12 ETHRHIETL
TWh., T &L OBMRIZZDOEFLICH L THAILNTEY, JiI4FE (10~12 )
(Zoeh U CIEyBE 20 B (AR - JRUH, 1990) , 381 178 (3~5 AH) (2xh L CIREE 30 £ (%
JF,1997) , FJIEES (6~9 HWH) (231 H1BAH1TE), SubETE), McEIRmBIC LTIl
FE13~15 B (AH, 1983; BRI, 1997) TRENKSEHESNTND. b LK H DN
THNOVERBE Z25xttb 35 &, WHHNOWEILT =, A7 4 UDAER - AFICK
L CXEDRVIKEIZD D, 728, WL EBENOAKIBZEZ DWW TIE, BOKKREH# 2 2
RO, HEIINEETHS.

22



2) EEEOHMYE

DU 5 =) 1R i 8 0D SR 2 M D AR 1T LR KL BN <, B RBLORRE DN T
NBWI IR BO /NS WEIEZ R LT D (Table 3) . ¥ & [AARIS, PUT )RR & 9@
JIRE R O )1k & O N D, ARG AER, ¥ 2B8FOMEN, W)l &V &l
WA AR K OV IR EE MRS, A BEIRENSEWERIZR > TWD &EF 2 b
5. fHmR R+ AR K OV Y R I, Tl oD HVE, 3, AEARIRRE R £ A SRRYBEIRIRC,
ATEPEK, BEIKOFTA L 8 NBRERIC X > TEA S (Horne and Goldman, 1994)
FRAREEAIR D X 5 70 NB B 72159 % 520 TR WA O G R YR+ MRS A HE K OV Y o ki i
FEIXENEI 4~14 uM, 03 pM FRE L S TS (Wetzel, 2001) . Eiv & 5 LU
TN DR X, RYEstE+ AR A 1T = 0 BIRICH Y L, U U ERHIE & BITRV K HES
7= (Fig.5, Table3) . 3JIID/IK (1960) & DLEEIZIBWT, (Z3E) & WER) | O R EE
WA AEERE & U CERE DR EEHINZIIU G D Z IR TREL, ABBREEOR
FERBL Aol Z AR LTV, 72720, WAHINCEW TS, 1970 FRI2ix Y Uik
H23 03 pM FREEAZFCER L TR (R, 1990) , FOMEHIEL Y b ERERINETH
Sl EFEZDND. HEREIERE R OV IR IR BN N AR K > TEBT 50
(ZHF L, A BRI B RO ELIE D3 K~ DO B O RN B (B, 2002) , #E S Z
ORI EEZELT DK E 72> TWD (F)E,2012) . FEKIRIZI T D 7 A BREGHEFE O )
TR E L, T, ZLA0ME &V o IS T 2 EEERE OB & o B R S
NTEY, FABEOT A BREORBE, FEM, TLREIZ Ko TR Ffl O 23843
D2 EBNRESN TS (Humborg et al., 1997; J5 B, 2003; Harashima et al., 2006) . PUJ5+
JND 7 A BEHEDMIEN & ) INZ B CTRE L CRKEIZH D Z L, IUAkDS 90 %Ll B4
b 2 Ik OBREERFEDIZ D, HERIEDE WA XML TWAREENRH Y, I HIZKHE
BRI BB E M DAFAE L 72N 2 L b ERE R T 2 BWHE L ZRAOND. —F, Wi
JICIE 1950 FEARUTERING 3 EOF ADRGHEEINTEY, TR ORER T OZERK Lo
Te Al REMED B 5 .

TR+ A AR IR B & U O BRER IR O B EME I B R O 25811, ABH
RN KV RENE(T D aTeetE @ < (¥, 1989) , 2005 A U 5+ )11 &3], 4
DRI NZ DRI S . LvL, WA EAIEND 2006 4125V THIE, WEFHEDF
B ENXIFRA U722y o 7o, AEERME + A PR O BE 28R IX RN & O BSE & R <, BRMEKIK
O R R IR L R A+ L T M 2 s R S L2 e K D3 TS KIS L (Edwards,
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1973) , BERIAT & D BERNRICIREN® < ROFEN RO D (CFH - ki, 1988) . £k,
BT AV 08 —m y /N TS 2 N ANARIREE L R 5567058 2 DI L
(Fichez et al., 1992) , AFFTIXEF « ZH7 (1993) CKRKT (2004) 2NEEEEIME 0 /K 8k o Ml E
TRLIZE DI, MR OB OLRENIERE L 25FFA LT LITALOND. U
TN EATENNCE T D 2005 035 2006 F~OREEE+ TSR E O LR 1L, BAKED
HINE Wo o RRBEMENEOEBBERITIR SN B2 65 (Fig 2, Fig. 5) . 7 A &
WOBEBEAIT2 74 b 3WINCHEAE L, SEMC EFT28EAR LN (Fig.5) , =
AU Dalai er al. (2002) (2 ZAVELEIRIZHE O BULDOMRED G- LTV D, —J7, TR S (1994)
(TR O AT BIH O IHR FE & SRR G IR B OBRICH Y, £TIRA L (2007) 1
KA DR RFZI) N O A S B O BAF DM T 2/ R AR LTS, 2O Z L
(EBEBROATIRER EAYMFRIBERIC L > TREBEERENET 22 EZRELTND.
WG TIEEIREICIE T A B2 L LT U E S U, KRNI 71
WL @ R DA H Y (S, 1990) , WO FE 2R A FER Thb 55RO
FEIR BB OZE S 7 A BEIREOFHE(LO—RIZR > TNDHEEZI LD,
Justic et al. (1995) (2 XL, EHRFBLLIWIIOREE L, FI2EXI vy )T
N:P:Si=15:1:14, A —JIITTIL N:P:Si=37:1:26 £ 72V, A FITxt LTV v EILEROMHIL
m<RDOITE L, PRI NZABIEAT DD 72 I NeP:Si Hld U o237z <,
TABNLZWVEEE HOT. ZUCOWT, RO FERILHEAEERE TH L AT
77 b OERWNICHEMEL % Redfield ef al. (1963) <° Libes (1992) (25> T N:P:Si=16:1:15
(Bt B ZNIE, W) DR AITEBE T T 7 b DORBIERITH LT
BROTAHE, BT AZRERIMEINTHD ez 5. REBMEGEOHE LV,
EFRITHE L TUIEAKOFEITIZN G L bAJE) N0 el ~oE R & LT
KREL 2D, FBEMRAEIM LT 2006 FIIEU G105 O EIE 2 fFI2HmL <=
EINERIFEELRS>TWNWD., 2D X, HROEROEL - V21 D BER DS AT VE
IR O R OMAG I8 L CTHERFEEZ R L TWDH I L 2R L TWD. 2L
G EOHEEICHTZ Y, L-Q ExlE/MT 25613, W%, WKRFOBIN G D7 RV iR
HHTOTF—Z %6 LB TS (BUH, 1993) . AETIE, EKTOBRENE T T
RNz, D LT RICARES DL TW D RN H 5.
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Il mAEHIBTOKICE T A RBIELRSH E RBZEA DT H /) DEEKE

KRBT R NTI FIs O Y HUSE OIS 2T CTRER 2 IR L, 1)1 & i & DTRA Tk
(RFDOVUKER) ([T 2 FHARMEAEE L 720, WHHITIHTARICAETT L2297
F 2 VPREHTHD. BAROARLT A 7V Ulvaprolifera \ZB3 2 WFEIXFHEMTH 2
PNz B N THOLMIZITON, T E TICEHNHEE (KB 5, 1999; Hiraoka and Higa,
2016) , EOKFAAHEF (KB - BiG, 1988) L SRE DAEIFH (KEF5,1999) , A
Wi o e e (CER - B H, 2004) K OVEIER - AR OB BN RES LTV D
(Hiraoka et al., 2003; Hiraoka and Higa, 2016) . BREESAFIZOWTIE, AEEENZWEGHTOE
FES:F (Ohno and Miyanoue, 1980) , HUADFIHIARAZ k3 2 7KIR & 5 Dhf i S F 03 s
SIHL TS (Soe-Htuneral., 1986) . L7 L, —fxIZ KALFEEE D HEFH 2 L R EHIZ DOV T,
PUT5 1Tl 1980 RIS KEF - A& (1988) IC LW AT 4 /7 UAFRICK T 5 8mEESMt:
D=2 LTRIEMAME SN TNDDOHRT, KERLAFRELOBEIZOWTIEASL
TSI TWZRV. KRE TG IR AO AT F 7 U OAR LRFBROERE L O
AP LNITHZEEZHMEL, AUT A VAEARMCARTMOREEIREOWEZ1T
DL EBIT, AVT A VEAETON KO P AR, WIS A~ ADOFHFEL LTk
FEOWEZAT>Tc. S HITAETIE, KEERE L TCOMEALLELT 2EMICHIER L.
T/ UVBORETELD KDL LA Tidzren 7 s va EHENMET L (Zhang
etal,2004) , AT A VRt hZ Y LW o TRKET AV RO E AT DRk GO
RIRIZbEETO 7 na 7 v a GHENEHKEL TS (Ohno and Miyanoue, 1980; Ohno,
1995) . LibaEEZ, AMHOBEL L TZun T b a GABEZIEL, FEELHL
DEAfR AR L7z,

1. M8 ERE

1) EHOFRIEFE & Rt R

WHHNDOAZT A Vi 1~2 JICRREERZRT 2 ERHE SN TWDS (Hiraoka
and Higa, 2016) . Z L& #ElZ, 2009~2011 4FD 1 A A G 2 ARAIORIZ, kRl TF 3
BEIDEK & AR ZIT o7z, AT A U DEFY & 72 DKUY I FE © 24k
BEL, ZORBEZ T CORBRIRE LT 5 (Head, 1985) . AKITAYT A/ VAR
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WO REHEOEBFIE & FEKEZT ST 5720, RO EEBEL, 1 HO
WAL R EWKIIRFZ, KIRESBI AT 1 B 5 E G, NowRE, T
e, LIRS TR 3 PR ORIRR) 1To72. b T, YUK~ ATII O
BT 2720, WHHIARIE, FKBTARINCERT 53D 5 HAE R ik
MR K E DT, BINZBWNT, AT T 4 VEORKERBIZ 1 E/BERK L.

1 AW+ ORI EBT 2 AT A7 U OKFESAE, WANGH 7Tkm EiOFEEC
K5 ORBF - @i, 1988) . HEIK & UK OBRBUM AT, £ 0N O LAl (Stn. U1) ,
JHE (Stn. U2) , Rl (Stn. U3) @ 3 f&pTa e Lz (Fig.7) . WG+ 0RicHs i %
1~2 ADAYT A7 Vi%, SEGHEIZ 1.5 m BREOIE THAHRIZHOM L, &I &> THRE
INEALT D728 (KB 5,1999) , A HUROAIRME B, Bk, SEERROAMER, £4
O 1EHOMERHIZADT A )V OWEZBLEL, RbEEREICAEFTTHEE TIT 7.
WU, N, BN ORI DWW TIE, SR (2008) (2 K 281 A+ L _ED
HERE R 2 BT, £NZKOIBA LRV iRl Z2 8 E Lz (Fig. 7) .

\.Ushlro R.
:-, himanto R. - E-_
&

i Tosa Bay

Shikoku Island

1320
|

Fig. 7. Map showing sampling stations (e®) located in the
Shimanto River estuary (Stns. U1-U3) , in the Shgimanto,
Nakasuji, and Ushiro rivers (modified Nigi et al., 2018).
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2) BBARVEMORER, SHAE

Stns. U1-U3 T, & HR OBEARER I E C, BEEE ¥ — (YSI T/ 7 > 7 #18 model
30 A X KR LM ERIE LTotk, A v— MRKER CERR R A LT
KL, RUZF LR MUK Lz, KEDN 0.5 m IROLAEIE, BEE, AU F LR
MVTEK L7z, ZWAMIITIE, REKEZBEHERY =F LR MUVICERILL 7z, 3 KIE
BB EDICHERT L, £DOHO 5 HITHEEE 25 RAEIC L 0 HlEH, Whatman GF/C
T ANE—THNT A LTz, AHRITATE & [F U < Parsons et al. (1984) (Z9E > CTHEERHE +
AR, 7o E=v o, VUVBEEsThENnbaER L.

Hiraoka and Higa (2016) 1%, 2004~2007 A=(Z P45+ 17K D> 5 ERE S iz 5,387 Ak
DT F 7 VIZONT, RF0bE CREEBFEICESE, 96% BN AT T A/ Y LFEELT
Wb, ZOL ZHEINTRIFIT DD e WA /R L, T, Ulva mediterranea Alongi,
Cormaci & G. Furnari & [F/€ & 4172 (Hiraoka et al., 2017) . F7=, Z ORILEICH/HEICHE L
Toil OIS U, ARWFSE O B RER B R E 0 TlTiZ & A EBIZE STy (Hiraoka
and Higa, 2016) . L7225 T, ARETIIHEIH THIWSEEZ 2L SEEE AT 4/
UEBIpUTe, FMBTT A/ VEEBEE L TWDABEZERE L, BIESIZ 50 FEikz v
Yy PTHERNOREAIY, BAREZRE L. %Y OABIZEE LTV D EESH
T, ZRBKTHICHEE L TREOMNEYEZIRY RE, BTICT—BEREZ L. &
KNERIC o 7e 2 L 2 ieR%, I — Tk L THARREBHE L7z, 3BHT Buapet et
al. (2008) 2~ T, TN —NofiE—A v K7 =/ —/WEICLY N SR &%, Mg -8
WRBHMR—F) 7T o HIEICLY PEAREREZIE L. b, FAX— Vo fiik Clds
RN OMRRITERTE R\, /NGO TREMER S < 725, 72721, Soulsby et al.
(1985) , Fongetal. (1994,1996) H R 774/ VEBEEKNOr V4 —VEHEE NEGHRELE L,
%72, Lartigue and Sherman (2006) (2 X % Ulva lingulata #ARRN O N &4 8125 5 iR HE
EHRBOFIEITIRK 3%EE LIKpoToTowd, KRR TV F — NV ERES N GAREE
FLe. SOITHRIRAEHZOW TR, BEEAEOREXLLTZ/rrT 1 ba &% 90%
T b oI LV et E R L. (Buapetetal.,2008) . MEANO N GHE, PEaAE, 7
B 4V a G AEIZOW TS A OB AR S E 3 EOWEZITV, £ OFHE
R L.
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3 REEHGEORH

TN DO RAERELS, KA BFEE iRz ZnEnk ez R L.
FN O BRI, BEREE Y =7 %A b ORKSOKET—#~—2) Lo, W5+
JINERTE &R U < BEE @R, om) ik s LT, %) BB BT 58l
A2 L7,

2. &R

1) RSTH /7 VIEORESEH

Stn. U1-U3 OFEHRE A IZE T 2KIR, oy, W OLBFPH L FHME, KO E
% Table 4 (277 L7z, 2009~2011 4F- D& Hisi D H FEJ/KIRIE 9.4~15.5 CCOFIPH TEH) L,
3L BEMBOKIRICERERZETR DN >72 (ANOVA,p>0.05) . &HiRDKIRD
HAZEENE, EFMO Stn. UL TR 2 MSIZHSTRE QB ZRT AREL, 3 7 4F
OER T HREMEA 6°CLLT, HimfEa 17°CLL EICET R Aoz, 3 »E04
BRI OHEI31X 0.5~33.4psu DFIFH TEE) L, WAKITITVIRIED DIFITHFK £ TOILH72
W2 e a R Lic, AR 0 BSR4 TE B ICB 1T 2K RO L 54 KB L7z
iR L Aeodz. WA OB EEFHREDN 20~30 m® s OFRICITA /AL b B FEEHE Y 20
psull EAFLER L7 DIZR L, HEHFREAIEI L7 2010 4 & 2011 4200 2 H 4] Tldae
(RAIZAKHE 7y C, Stn. Ul TIEHE Sy 4~6psu £ TIK T L7z, & HS 0 HEWHE 5y % His i<
g 2 &, BRI S TN 2o Tam RAHMA R 6. 72720, FFELHH
SRR S OF BRI A bR o7 (ANOVA, p>0.05) . H EHEEIZ SN T,
Stn. Ul & Stn. U2 TIZREM A 2N 2 ELLFOKBEIZH 72, Stn. U3 TIE 2010 4£2 A
AL 2011 4F 2 A RIS B RIEE 5 BELL b, AL 2 FERL A RRak L, 2011 4RI
DWTIXZOM 2 His & OFERENTD btz (ANOVA, p<0.05) .
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Table 4. Daily average values with daily minimum and maximum values of environmental conditions (water temperature,
salinity, and turbidity) at three sampling stations in the Shimanto River estuary, and fresh water discharge from the
three rivers (Shimanto, Ushiro, and Nakasuji rivers) to in the brackish waters on each sampling day (Nigi et al.,
2018) . Discharge data were cited from the website of Ministry of Land, Infrastructure and Transport, Japan.

Turbidity unit is shown as milligram of kaolin per liter.

Environmental conditions at sampling station Freshwater discharge

6¢C

Date Station Water Temp. (°C) Salinity (psu) Turbidity (mg L'l) River Discharge (m's ™)

2009 Jan. 12 Ul 14.0 (11.6-15.8) 24.3 (16.4-29.1) 1.1 (0.7-1.5) Shimanto R. 26.35
u2 148 (13.7-16.4) 27.1 (22.431.9) 0.7 (0.3-1.4) Ushiro R. 0.51

U3 13.9 (13.6-14.2) 28.4 (25.8-29.7) 0.9 (0.6-1.0) Nakasuji R. 1.18

Jan.25 Ul 106 ( 5.8-143) 11.8 ( 0.522.7) 1.6 (0.93.3) Shimanto R. 39.60

u2 114 ( 9.0-16.6) 142 ( 5.7-32.5) 20 (1333) Ushiro R. 0.74

U3 11.9 ( 9.2-15.8) 17.7 ( 7.2-32.6) 0.9 (0.7-1.0) Nakasuji R. 1.30

Feb. 11 Ul 146 (112-16.5) 185 ( 3.729.7) 1.1 (0.6-14) Shimanto R. 32.47

u2 13.8 (12.3-16.6) 172 (11.2-33.3) 1.1 (0.8-1.3) Ushiro R. 118

U3 15.5 (13.3-16.5) 24.4 (17.6-33.4) 1.4 (1.1-1.8) Nakasuji R. 1.69

2010 Jan. 15 Ul 15.0 (12.1-17.0) 22.9 ( 8.9-30.5) 1.1 (0.8-1.6) Shimanto R. 32.89
u2 153 (12.4-16.8) 246 (18.0-29.3) 1.1 (0.8-1.4) Ushiro R. 0.13

U3 13.2 (10.9-16.1) 21.1 (14.6-30.6) 1.5 (1.0-2.3) Nakasuji R. 1.19

Jan. 31 Ul 12.9 (10.1-15.2) 15.4 ( 2.9-24.8) 1.7 (1.0-3.0) Shimanto R. 37.52

u2 142 (11.6-16.8) 20.1 (11.5-30.0) 1.8 (0.9-2.3) Ushiro R. 035

U3 13.3 (11.3-15.6) 17.9 ( 9.0-29.4) 1.8 (1.2-2.5) Nakasuji R. 1.55

Feb.17 Ul 11.0 (10.0-122) 42 (09-134) 0.9 (0.4-1.5) Shimanto R. 4735

u2 125 (10.7-14.4) 103 ( 3.3-202) 1.1 (0.5-1.7) Ushiro R. 113

U3 12.2 (11.2-13.9) 14.2 ( 7.2-25.0) 2.1 (0.7-5.0) Nakasuji R. 1.66

2011 Jan. 19 Ul 14.0 ( 9.4-17.2) 22.0 ( 9.9-30.1) 0.8 (0.4-1.3) Shimanto R. 25.05
u2 144 (13.1-16.8) 23.7 (20.0-29.6) 1.1 (0.9-1.4) Ushiro R. 041

U3 13.6 (10.4-15.2) 22.5 (14.8-29.6) 0.9 (0.8-1.0) Nakasuji R. 1.15

Feb. 4 Ul 13.0 (10.4-14.6) 20.8 (14.5-29.0) 0.7 (0.3-1.3) Shimanto R. 22.03

u2 13.0 (10.6-15.0) 225 (162-28.9) 0.8 (0.4-12) Ushiro R. 0.20

U3 13.6 (11.4-14.9) 26.0 (20.3-31.1) 1.1 (0.9-1.3) Nakasuji R. 1.09

Feb. 18 Ul 9.4 ( 5.9-11.2) 6.1 ( 1.4-13.1) 1.1 (0.5-1.9) Shimanto R. 72.87

u2 12.7 (10.9-13.8) 144 ( 7.0-21.4) 15 (1.22.2) Ushiro R. 7.66

U3 13.2 (11.4-14.2) 16.9 ( 8.3-25.8) 3.0 (1.5-5.9) Nakasuji R. 3.78




2) |AFANIMLDREEHGE

BRBEOWREL, WTNOHES 3 #FOREH BB W THRFIML 2 W)L D §
IR T (Fig. 8) , AERZENRD L (FHBE+HMEEE  ANOVA, p<0.01; 7> E=
7 L ANOVA, p<0.00001; U > & ANOVA, p<0.0001) . ZDH b7 E=U AL
U R 2010 4 & 2011 AR TIE, UGS TBIIORIS, £ Ei 9~440 5% T 19
~230fEDBERAEN R SN, WGP E®IINE ZH~% &, DIN (FHERE+ILAEIRE+T
VE=U L) BRIETHo ORI L, U UBEITE I HIN<g)I &0, 10
TITARIIC Y B DMERRRE & 72 DR A R LT, sl o®mad 45 &, Fi)IICik
DIN, DIP & &5 )1 &) INTHE N TEBES R E 22> 72, DIN OJERROHERIE, U7
)N EBINTIX, HERE AR 24 93 %Ll b, 85 %Ll EomWEIE %2 H o7z,
FFENTIET =0 DEO O LFIERMD 2 I TELS LD DD, 2H/KH
B W CRYRRE+ AR O T R b (51~98 %) Th - 7-.

Nitrate+Nitrite, Phospha
[] Shimanto, [z]Ushiro,

Ammonium
Nakasuiji B 3 Rivers

a) 2009 2010 35°J‘_ ! [ 2011
200 200 200
. 150 150
=
100 100
=z
= 50 50
0 0 a
Jan. 19 Feb. 4 Feb. 18
b)
20 20
S 15 15
S
o 10 10
2 o5 05
00 00

Jan. 12 Jan. 25 Feb. 11 - Jan. 15 Jan. 31 Feb. 17 Jan. 19 Feb. 4 Feb. 18
Sampling Date

Fig. 8. (a) DIN (nitrate+nitritetammonium) and (b) DIP (phosphate) concentrations at sampling
stations in the Shimanto, Ushiro, and Nakasuji rivers during the growing period (January to
February) of Ulva prolifera in 2009-2011.

B BIZBIT 58011225 @ DIN #Ha 81, 2T HIINRRKT, MEDOZENK
ML N7 R L 72 o7 (Fig. 9) . FFIZ 2009~2010 4T, i D~ DIN filiff D 5 5,
UG+ 81~91 %D EmWHIE Z 8, FERERMIGIEE 72> Tz, US4 DIN
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A BEORELLE A D L, 1 APA~2 H FRORIE 2011 0307 <, Fipllofis &
ERZERVIRBLIC®H - 72, DIP fAEIE, 2009 4E1Z00 75111, 2010 4E & 2011 4EiE 51
IR & 720, 2010 FFELARRIZIU 51 & I DR & R RE AP RO ZFIC KBS
DARBA L BTz (Fig.9) . WU+ & Hf5)11 o DIP s & ORFE LR 720, W5+
JITE 2009 4F23 5 KT 2010 E03 e/ & 72 0, )T 2010 R38R K, 2009 4243 e/ &
72olo. B)ID B OFFBEMAG BT 72 <, 3D AF O DIN J O DIP 4 &
DI L, BINOHFEIZED LEIEE DIN #5572 1~5 %, DIP g &S 1~12 % Th -
7z

[ Shimanto, EdUshir akasuji
a) 2009 2010 2011
T 150 150
el
g 100 100
=
z 50 |—| 50
a
o I I .
Jan. 12 Jan. 25 Feb. 11 Jan. 15 Jan. 31 Feb. 17 Jan. 19 Feb. 4 Feb. 18
b)
= 06
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g 04
=
n 02
=)

= 0.0 .
Jan. 12 Jan. 25 Feb. 11 Jan. 15 Jan. 31 Feb. 17 Jan. 19 Feb. 4 Feb. 18

0.0

Sampling Date

Fig. 9. (a) DIN (nitrate+nitrite+ammonium) and (b) DIP (phosphate) fluxes at sampling stations in the
Shimanto, Ushiro, and Nakasuji rivers during the growing period (January to February) of Ulva
prolifera in 2009-2011.

) RECTFH/ VEBHBOFREERE

KR4 0 O 15 DIN & DIP, DIN:DIP tbo> H -H¥ME & A Bh#iFH %2 Fig. 10 (28 L7-.
DIN (X 3 iR & & HIRIE+H IR 7 = A XY & EIRE T, DIN @ 71~99 %%
7=, DIN (X045 +)11D DIN fifa &2 D 722> 72 2011 2D 1 Aans 2 A BRI H
7T (Fig. 9a) , 3 HS & HANBE L 72~ 7. KM DIN @ HFEHEIE, 2009 4 CIEa
{2 Stn. U2 > Stn. Ul > Stn. U3 L 2 D85z R L7z, 72720, 3RO FIEOETIAET
172> 7= (ANOVA, p>0.05) .2010 4E & 2011 450 DIN [T R o @i —EiEid 72 <,

ZIIHEE TR0y 72 (ANOVA, p>0.05) . DIP @ 3 » 40 H EHEIE, EFEMIO St. Ul
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DMEIREE L 22 DR Z < B b, 2010 £ Tidfth 2 HiS L OEITHFE TH -7 (ANOVA,
p < 0.01) . DIP OFAEBAIZ, Stn. Ul TIE 2009 4T 2010~2011 FAMEHRE & 72
¥, Stn. U2 & Stn. U3 TIE 2009~2010 43 EAE 2 20T 72 <, 2011 £ 1 Hffy~2 A b
AOMIE Stn. Ul E[AI%OKHEE T T L. 3 » 40 3 #1500 DIN:DIP o H )l ix
12~288 OHEIPHIZH Y, K& ZLEy L7z, HARH T DINDIP b At~ % &, Stn. Ul 25 2
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Fig. 10. Daily average (a) DIN (nitrate+nitrite+tammonium) and (b) DIP (phophate) concentrations,
and (c) DIN:DIP ratio at three sampling stations in the Shimanto River estuary during the growing
period (January to February) of Ulva prolifera in 2009-2011 (Nigi et al., 2018). Water samples
were collected five times a day during the high tides of morning and evening. Error bars represent

the minimum and maximum values on each sampling day.

AR T D OB RET D720, Mo B ¥y & DIN O DIP i
BED BEHE & OBfR A Fig. 11128 Lz, E72E3IREIC L > TET 5720, %
A oM G )0 B E SOV A XTH L7, DIN EEITES DK TStk T
72 M m), F7ebb)IREDH MBI LRI 5/ #a R L7z, —75, DIP 3oL D

32



BIERIEDZRD BT, Stn. Ul TS ZALICBIR AR IKIRE TH - 72,

2 025 1 Stn.U1
a) Discharge "

(it oy | @ 2009
15 | 0.20 @ 2010
& @ 2011

’2\ fE\ 015 Stn.U2
=4 = @ 2009
N 10 ~ ﬁ O 2010
% % 0.10 O 201

Stn.U3
5 | Y=-0736X+215 O2 | @ 2000
r=0.887 0.05 © 2010
(p<0.001, n = 27) s O 2011

0 L 1 1 1 1 ) 0.00 1 1 L )
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Salinity (psu) Salinity (psu)

Fig. 11. Correlations between salinity and water column nutrients ((a) DIN, (b) DIP)
concentrations at three sampling stations in the Shimanto River estuary (Nigi ef al., 2018) .
The salinity and nutrients concentrations represent daily average values. Size of circles is

proportional to daily average discharge of the Shimanto River on each sampling day.

4) ROT7XH/ VERANRUPERE

FAE R OFHAOWEAN N GAREE P AR, BN NP LA Fig. 12 (R0, #
BN N EZHEIZOWNT, FHMo Stn. U3 1E3 #4418 U T 3~4%DKEZHER L, 2011
ETIEMm 2 S XY Lo 7 (ANOVA, p<0.05) . Stn. Ul & Stn. U2 OFEAN N &H &
%, WA E B 2009 FEAAHRTHIIC EKHE T 3 USRS OREIZSH D, Stn. Ul TiX 2010
FELIRE, Stn. U2 TIX 2011 4RITHR L7, BEAN P &4 &3 Stn. UL 23712 0.2%A0 DK
KUETHERS L, 2009~2010 4E ClIfh 2 #HS8 L W A EICD 72 - 7= (ANOVA, p<0.01) . Stn.
Ul OFERN P A BT 2009 4EICH~T 2010~2011 4E2ME L, BIAN N G & & RO
FRARZEA LA R LTz, Stn. U2 OFEEN P & 47 &1L 2009 47505 2011 AT CRUME M 2 7R
L, 2011 #E0F Stn. Ul &[S DKAEL 725 7. Stn. U3 TIERFER LA/ NE <, 2011 4
It 2 M LD B %0 o572 (ANOVA, p<0.01) . 3 » 40D 3 M OBEMKRN NP I (E/L)

1% 24~85 OFPHTEE L, Stn. Ul M2 M L0 L EEERLE R DN Lo T-.
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Fig. 12. Tissue- (a) N and (b) P contents, and (c) Tissue-N:P molar ratio of Ulva prolifera at three
sampling stations in the Shimanto River estuary during the growing period (January to February)
in 2009-2011 (Nigi et al., 2018) . Analyses of the tissue N and P contents were repeated three

times at each station. Error bars represent the standard deviations.

BRBEK P OSBRI L AT ~DORBIEOER & OB ERTTT 2720, KA
DIN % O'DIP ## £ D H EEMEIZ KT D @K N R OVP & H &% Z i Fig. 1312/ L7z,
DIN R & BAN N &F & & OMICIXIEOMENGES 53, DIN 5 uM LLETIE, RE
DOENNZET U CTHERIAN N G I 4% R EN ER L 72572, F72 Stn. UL @ 2010~2011 47,
Stn. U2 @ 2011 4=ClE, DIN 28 10 pM LA EDOTFEAE F CHRAAN N &4 B2 2%EE I £ 5
ZENBH T, DIN B ITEAN P E&A BICH LT ORI R L2~ 7-. DIP 2
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Fig. 13. Correlations between (a) water column DIN concentration and tissue N content of Ulva
prolifera, (b) water column DIP concentration and tissue N content, (¢) water column DIN
concentration and tissue P content, and (d) water column DIP concentration and tissue P
content at three sampling stations in the Shimanto River estuary (Nigi et al., 2018) . The

nutrients concentrations represent daily average values.
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Fig. 14. Correlation between water column
DIN:DIN molar ratio and tissue N:P molar
ratio at three sampling stations in the
Shimanto River estuary (Nigi et al., 2018) .
The DIN:DIP molar ratio represents daily

average values.
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b) EARL /OO T4 )L aEHE

BRE R OFHSOEKRE L 7 nu 7 )bV a &% Fig. 15 1R L72. 2009 D44 H
O EAR R, 2 H Ao Stn. U2 Z B\ T 200 mm FE CTHIA O ZITH E Tld e ho
72 (ANOVA, p>0.05) . Stn. Ul TIE 2010 £ % 2009 F & RIEOBAER 2R LD L,
Stn. U2 & Stn. U3 TIERTE LY $4<,Stn. Ul &£ DZEITHE TH -7~ (ANOVA,p<0.01) .
2011 4E1% 3 Hisl & & 2009 4R (Z EE N CREA R AN <, HUSFIZE XA B CTldZe > > 72 (ANOVA,
p>0.05) . Z7un 7 )b a&EAEE S Ul 28 3 7 &% U CTHXIC 72 <, 2010 Tl
fi 2 #1550 B EICD 72> 72 (ANOVA,p<0.01) . Stn.Ul D7 a7 ()b a GHEDOR
2T 2009 FHTEE~T 2010~2011 423072 <, Stn. U2 Tid 2011 41T Stn. U1 & [F5E D
KUEETRA L. Stn. U3 DY a7 4 )L q 4 BIFAERANICEE /N E <, 2011 4R
fith 2 S X0 L %572 (ANOVA, p<0.01) .
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Fig. 15. Average (a) thallus length and (b) tissue Chl. a content of Ulva prolifera at three sampling

stations in the Shimanto River estuary during the growing period (January to February) in 2009-
2011 (Nigi et al., 2018) . Measurements of the thallus length were made using 50 individuals at
each station. Analyses of the tissue Chl. a content were repeated three times at each station. Error
bars represent the standard deviations.

BAEEROZan 7 4 )b a G HGBEEBEKNN L P EAEE OBRIE, BERICONT
IFERAEANN KO P EAEE S —EORBRMEITRD b o7zDIlZxf L (Fig. 16a,b) , 7
naY )b a GARITTES S IEOMEANGED bz (Fig. 16¢, d) .
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Fig. 16. Correlations between (a) tissue N content and thallus length, (b) tissue P content and
thallus length, (c) tissue N content and Chl. a content, and (d) tissue P content and Chl. a
content of Ulva prolifera at three sampling stations in the Shimanto River estuary (Nigi
etal.,2018).

3. BE

1) REEH

AN B S VKR, Sy, MEDORMFIIA YT A ) OAERITE L T,
5 (1999) IZ KD DKESFMHTOATT A ) OEEERICE DL, BIKOAEREE
VEAKIE EFCEEDE < 22 D08, JKIEAY 20°CLL I 72 % & i (B k) msEZICiEZ Y,
FOEBEERETOMEERS L IEED NG ST, 3 r EORHRORKRHTIEIE
10~15°COFPHTEB L, AREAZMETKIE 20°CLL LB S NenoTe. AT A/ U D
AR LIS L OBREFHAIZEEREFIRICK D &, Ogata and Matsui (1965) TIEHES 1~35
psu, Soe-Htun et al. (1986) TIi3Hasy 5~56 psu, HLE 5 (2003) TidHEsy 2~44 psu THE
DD HITWD. AT 5 E RO H % 771X, Ogata and Matsui (1965) & Hiy
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5 (2003) DERSMEOHBNICH 7. AR NKE 2o 72 2009 DK HLLT L 2010
O Stn. Ul O HIEWH S OEE) (H5y 4~28 psu) 1, BAENNIho 0L H)
53 6~26psu) LV HILFITH o772, Sd H OHESITEIRDEFICEN 2ot &
EZoND. WONATST A U OAEBICKIFETEEICSWT, Ohno and Miyanoue (1980)
IR 2+ NOPAETIE, AR ME LG OWEIX 1.5~29 EThH 7. KFFED
H %) 1% 0.7~3.0 T, Ohno and Miyanoue (1980) @ E[REZ B X 7-D1% 1 BIOHRT
BV, FZOREDEE 2 FELUTOKETHST2D, BEAOAETLHET HH Y 134
CTWiholebEZx bb.

2) OATINEKBEORERREDEL

1986 4FICA YT A /7 VINHERIL 20 t LLEIZE#E L CEM 5, 2012) , ZOBO AT T 4/
U BSHIC I T D S I O X NO3+NO, 15 uM, NH4 13 pM, DIP 1 uM T (KB -
miE, 1988) , AT A U DNKIEHE U 72 951 O SRR EE L L2 > 72 (Huo et al., 2015;
Xingetal.,2015) . Ziu5 EARMFEOREM 3 HiALD 3 » 4T NOs+NO, 7.3 uM, NHy
0.29 uM, DIPO0.11 uM) & ZE~2 &, WG HJHVKETIEHK) 30 42# T NHy & DIP 28 K &
WAL, BFRBIELULRIAEZ D, NH OBHFERIT/A20 OO, 2005 4B LT
A VR O & FED NO;+NO, B & DIP BE X ZEH 2~3 uM, 0.1~0.3 pM T
(F1%,2008) , 1982 AED[FEFHOBH G Z 6 L RS ThH 7272 (I, 1985) , ¥k
DERBCITINN ORBRIRE DR TN EER EEZOND. TORKEIZHOWTITHREL
NN DD OO0, PR E LR 8 ATRYERR R OHEE, B IREHEA RO
I SN B LT ATREMEDN B 5

ABFFET DIN D ERTH > 72 NOs+NO2 R S 30 LRI~ TRA L, ITEOBIHITH
DU+ FHREOMWAKIE CEYE 14 uM) DR REEZ B> THEBE IV bERETHLZ &
DS SN TS (Fl5,2008) . ABFFEIZISIT 5 DIN X, EOREZEIZ K - T &
BAOMEZRLIZEBEZABND. Wy & OMBENR SR> 72 DIP IZOW T, kil
TIXNIRO T UER D & @R E & 72 552320 (e.g. Goldberg, 1971) . LU, i
FEOWTHNO%E, A0 DIP ZHEEORFEU T TH L7120 (F15,2008) , U5+
X DHPARMARIILT L AT A VAFTHIIHT 5 EE 22 DIP ffEH TIE RN LB 2
SIA. WO~ ORBEMG R, DIN T L HIBNKRKER>72FD—)T, DIP
DWW TR T+ A O E MK S, Stn. UL O il TEET 2 i) o ftks B ik
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BRI R ST, FAU7S Stns. U2, U3 @ DIP JE 8 Stn. Ul L0 b EW—[K & 72 oz
AREME D E <, DU I O 381 B DIP #AGTR & L Com i)l ozEIT/NE < v
Ezbn5.

) REBELEANNRUPEREL DM

ARETHOLN-EENN KOP G4 & & REE L OBfRIE, DIP OIKFICZEY, #BED
P EBROAR 5T, NEBRGIH SRR EZRL TS, AT A4 Vidho 7 458
DFEIZEE~T, DIN O T ORERBINEEZ T T Vine/Ks (e RIB IR /AR E )
DEWE 2 A L TEBY (Rees, 2003; Luo et al., 2012) , O’Brien and Wheeler (1987) 1Z L1
X, BAENNEZAERE2T %DATT A VEERO Ks 1323 pM DIRRE TH 7. £
O’Brien and Wheeler (1987) TI%, AN N & A & 3.7 %D EiRIIEE LD NOs R EE S 20 uM
PLEFAELTH NOs WIS, ZAUZATT A U OFIEN N &4 B 4 % TR
WEBICE L2 L AR L TWA, EERIC Lineral. (2007) TlE, EFAMORE VKT
BEINTADTA ) VEBBEONGAREIT36%EMRESNTND. KEOEAANANGH
BORKMEIL 43 % T, TORO DIN JBEIL S uM ETH 7272, DIN 2MEERE DB
BEFICBWTEAIL N fafn &l Lz aletEn & 5. =D —J5C, DIN 23 10 uM L E777E
LThH, MK NGAEDN 2~3 %FEE LovE 2V eRiE, oK X - T DIN #
I SN ATREMEZ R LT\, RETIE, DIP K FRFICEAN P SHEOAL L BT
N EHELWA Liz7os, DIP 3HIRE & 72 > THEARO DIN BIRAZMfI L7z LB 2 b
%. ZOBGNE, O’Brien (1987) 1T X A58 FEHRIZIHB VT, DIP 2MEIRE OFEIC DIP 1L
BHEE & DIN BHEUHE S EL o TR & —8d 5.

HEAARIZ X B DIN B OMIHNZ SV T, KB L OBLS A5, Faneral. (2014) TlZ DIN:DIP
A 136 L 72D @mVWMEDKHZ, DIN BERUEEMET L7z, £tz R Y74/ U Th,
BR 7K D DIN:DIP bt oD b A REIZ ER AL EA N NP Lb DN T v 2 2 HERF 5 72, DIN 21
D3 S 47 (Bjornsiter and Wheeler, 1990) . AHBFZEIZ351F 5 DIN:DIP L3 E R L 722 5
TZREDOWEERN NP b & O TEEEIT, EFHO DIP 23 E L7ZFEZ DIN:DDIP les EFR-+25 2 &
Lo T, BENEN NP ILONT U 2AZHERfLE 5 & L, DINOERZMEILZZ L%

RELTWVDS.
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4) ERNNRUPEHELENARR /D074 aBAELDER
ARIETIHHANN KO P EAROZIICTIES U CHAENZLT 2 RUITR ST, 5k
WENA TR L DBRITZA LT B2 o T, MTH)EKEICEBIT AT A 7Y
DAZEOEMREL, @%, 200 mm LA EIZET D (KEF - &4E, 1988; KI5, 1999; Hiraoka
and Higa, 2016) . ZiL & A TARIFIEDEME I, 2010 £ Stn. Ul Z2Br< 2 #iA, 2011
FEOEH A TEVIREEIZH 572, O’Brien (1987) (2 XX, BIKDOA R 2R 2 Ol
RN NEAE (C KOPERHE (Cp) ZTNZN2%, 02%EHMEINTND.
2010 £ Stn. Ul OFEARN N KNP EAREIL O\ KO GUTETED L bbb
T, 2009 FELAIFOBRAR ThH - 7o7c, REBLSNOERN DAL A~ AHEG LI EHE
Z 55, 7238 Kamer and Fong (2001) (2 XL, WA N K OP & H BIXEAOMEIC
o THINESND ATREMEZ IR L TV 5. LA LAETIE, BARE LEAERNN ROP &4
BEOMCADOHBIEAR <, 722009 40 Stns. U2, U3 DL HIZEWVEATEH N KPP &
AEPEWGER DY, MRICHEI HRBETZLITZEZL LR,

BAAND 7 ma 7 )b a GHREICOWVT, AETITEAEN N KO P & A & & O —
L, ZHUTEKIEIC T 2 R BREH D EARDO BRI EL RIETT L 2R LTV D.
AETHEONTZZ7vn 7 4 va&AE (091~63mgg!) IX, Pandey and Ohno (1985) (Z &

i

I

HMERE O ) WBICAEBT T2 AT 4 U OEH] (6~13mgg!l) & XTIz
2, MHEOERBIOFEBLZ R LTS, W%, MAOsun 7 Lo E&HEITHEB
BINCIZEHF L BEEREAENL DD (eg Fan et al., 2014) , WRIE% D7~ 7 V) #Jili Tl DIP
REIZEST EBEDL] BAECTZZEMEMINTND (e.g AIEDH,2008) . RETHRL
720U 77113 DIN:DIP bhid 180~470 D s AR Lo7=®, Byl % .02 DIP 3R
JE U CHRIRIC X B R BRI A MH S, 7 ea 7 4 v a GHEEMED LB OND.
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R

X

D ZEH2

o

TP+ AK & BB NAKSIRA T 2 5+ )1 ANV T, R
KIFIRDA LT A7 )V OEFICRETHELHG L. KAETIE, LAEBERT O
UV EMHR ORI 7 F 7 b VA L)1 5 B ARG S 2 5383 & O BIRICTEHR L7z,
AR (2001) 12 JAVIE, U523 < RS VEER TR ek (RO 2 BRI, 7 o A 2 4
I & EFE) (i3 20 FHAHEA L, £ ORGSR & D 2 WG RO FE 1% 88 %I
HY D, Lo T, BB EHEMEEICH)NA KIETEEORFLIIN G H)INC LD b0
LHIBrCE D, F£7z, EOREAWHETH D BB O BRI E AR (2RI S PE ]~
T W E ToOFPH) O FZ 3w GHFEI, DRI, 2871 ok fE I o )1 bk
D 1%IZiE X3 (@A, 2001) , WG+ & g U1 5 2T & FE O OFEAIL 720,
ARFETIE, 2005~2007 FED 3 7 FEIZH > T B FEHEREROREBHRRER N vn 7 ¢
MV oa JREDOZFEZEA, WO )26 OREHEMIGEOFH B 2T TR RE b &
Z, W7 A S VR DR 7 F 7 b BRI AT TR B O W TG LTz
2005 AR F VS EE A b R ABIRFE I E C ARG & LT, BN & B O SRR IR
L rana T )b a A R Uiz, 2006 4F1X 08 5 )R] 1358 8 0S8 5 o B MR &
REL, WHA)RT A6 EVEBIC D> T, RKEEOEE R ILHR AT~ T, £
2007 A0 7 ) TRAT 0 HiSE 00— 8 s C o AR R O SR IEL A3 AT A 3, U7 )1 0 52803 K S
EIZHEHR L.

1. M ETE

1) HHOFRIEE & REUt A

2005 FEDERAKIZ, HVETE T EHEEG) & R B R TN T T OWEEBRIT IR - 72 TSN
4 Hhpl (Stns. Ad-A7) &iESS 3 ML (Stns. A1-A3) DFF 7 HIAIZSWT (Fig. 17) , 1 A
512 HAFETH I EIOHEETEH 2B To72. TEEN & RBY-EEmOE R IT 5
T A2 6 OEEE, Stn. A3 1% 29km, Stn. A4 1% 19km, Stn. A5 i% 10km, Stn. A6 |%

3km, Stn. A7 L 10km[ZETHD.
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Fig. 17. Map showing sampling stations located in the Shimanto River (Stn Gudo) ,
in western Tosa Bay (Stns. A4-A7, A10, P3-P5) and outside of the bay (Stns. Al-

2006 H=(X AR O Stns. AS-A7 @ 3 #1512, Stns. P3-P5S @ 3 Higi L Stn. A10 & Hi7= 2z
TeEH THLETT, 1 A6 12 AORICA 1 BIOSE TE 12 BIERK L7 (Fig. 17) . Stns. P3-
P5 O 3 Higil, Z4LZ4L Stns. AS-A7 O 3 Mg & U7 ) 1T 0 % S ERR 0O H AT
%. Stn. A10 (ZPUTG )1 A 25 Stn. A6 & il SERAR EICALE L, W H 26 Ok Stn.
A6 ETOHEREOK 25 THS.

2007 4F 4 A ~2008 4= 3 HDOMOKH (2007 4F 9 AIEXME Liz7=9Et 11 [\]) TiE, Stn.
A6 IZBWT, Om/E, I1m/E, 2m/E, Sm/E, 10m/JE, 20m /8, 30m @G 7 8 THK

L7z, F£72, 3 #4EL Y, WROBEKECEDETHUA HIA FRE (B[R H5S) TEK
L7=. 2005~20064EO M 5+ OEAKIZHOWTIE, [T P05+ OB R &b ety 25 8 |

THRR L7 &R THS.
2) BBARVHAMORER, SAE

2005 4£ & 2006 FEDOFLHI Tl CTD &% — (Alec 5, AST500-P) (2L v A,
SEME L, BAKITIK DB A T 5 7= 8237 THRIEKZER LZ. 2007~2008
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HETIE, SfEERAEfTE CTD B ¥ — (FE 7 RNV T v 7408 2 L, AR L5
ZREPOWERE T Im BRETHET 2 & & bIT, FIEDKETEAKLEZ.
AAKITPEEHE DR Y =F L AR MUK LU TRER T £ TWsARFE L, BRIRE 12 1
FILANIZ Whatman GF/C 7 4 v Z —Z FAWT A Uiz, AURITSREE T (i EE -+ AN
Feth, VU UERMR, T ABEIR) 12, AMUIZ em T 4 a OOICERENRME L. Al
%, )T Parsons et al. (1984) (29 - CHYERME+TRAHERIE (B H KX U AE L7 F 1
TFLUTUTIVE),, VUBE RV TTUFEE),, TABE (V7T UFE) 2F
NEZhWEERLE. 7an7 40 ald0%7 & N SR T, ZEENEEIC X
DHIE LT,

3) MAHIOXREEHEEDEH

U512 & G S A2 SR BN IR IS 5 2 5 BB E B D101, F5ERO A
fe AR L7z, 2005 4F & 2006 FOREREOFHUHE RO E ICHIZY, [T MI+
JNDBRIFRE & RBHAE) TIT L-QIEEZEM L. LaL, FEE, KEMITRED
TRl ARAF LTz RS & 72 0, HEE U728 A OB LI RO & — T 2720, %
SR E D FEEAL ORI 22 ASCUSN DRI SN WEFT 2 AT 5 G,
2001) . ARETI, &HOWHROREHEIRE &)1 6 OB EMGE & OBRE MR
D72, WOREHRIREDFH MG ERT DMEND D LB R, K HOREHEOHE
%% DA MOREREE L 272 L (Fig. 5) , FAUC Fig. 2 (&R L7z B[ E%2F] U C
WG H)1236 0 B AR A S A B L7z,

2. #ER

1) RESH

ANIFRE

Fig. 18 {2 2005~2007 FEDOHAFEDO4 H St & & 2001~2010 £ 10 # 4D H 14 i &
ZR LTz, 2005 FEOHETHFEEIL 68 m® 51T, Z OfEiX 2001~2010 4D 10 » 4 FHHE
115m*st D 59% TdH - 7= (Table2) . 2005 4F DK H OFHJ &1L 7~504 m’ s OFPHIZH
D, 9 ADERKN, 6 HBEm/NT, 8 Hb 6 A LRIFETAHRh o7z, 2005 40D H Pyt &
2001~2010 £ 10 » F-D K AR L D L, 2005 X 9 ADHEL, 9 A%<
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4~10 A DF A TIE 10 7 FFE O 5~44 % L KRl 7o - @E, MUETIL6~10 HD
FIIMERN ~ B BBT IS TEMERD, 10 » O ES 5~9 HIZHNT 25 R%
MABNDOIZxL, ik L7z 2005 FEOFBLITITHEIZEHD R WEFEK DR #Z R L T
W5, EO—FT, 2006 FEOFEFEFEIT 152 m® s T, 2001~2010 4O 4FE O
FEOH TIL 2004 F 2R TEVIRILIZ H > 72 (Table2) . 2006 40 A EH &L, 4~9 A
ORNTAEHA D 10 #» - % EE% 200 m? s L ETHERE L, 2005 F & B 5584~ L
7. 2007 AEOEFEEEEIL 113 m® s T, 2001~2010 £D 10 »r HF P ER%ETH - T-
(Table 2) . 2007 4% 7 AIZ A FEHFHET 700 m® s I <AL, Y% H I K& 72
HAKRS ST Z L ZR LTS, ZOMDAIE 10 7 FFEEITx L TORWFEE R L, FF
(2 4~6 H OB DHERHII2NT TIE 10 7 FFE D 30 %LU T OFE T, 2005 FOHREL &
L Tz,

700 55001-2010
.. 600 | m@ogo5
‘w500 F ®2006
E 400 | ®2007
(0]
300
©
<
G 200
R
O 100

0

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.
Month

Fig. 18. The monthly average discharge from the Shimanto River into Tosa Bay in 2005,
2006, 2007, and 2001-2010. The discharge data were cited from the website of Ministry
of Land, Infrastructure and Transport Japan.

KB EES

2005 =D LA P (Stns. Ad-A7) & B E VEAIEE (Stns. A1-A3) OEREKIE
25 & (Fig. 19a) , 1~4 H, 11~12 A ODFKFE~LZRI) T TEE 2 18 5 ]
W D T EAKIR & 2p o7z, BB I+ 02 BV Stn. A6 D 1~3 H1IZ
BT DKRIETAKRE L, 20O Sn. A7 BRIFH L7z, m/KIES TIX Stns. A1-AS @ 5
RS 8 AICHE R A BRI L7=olZxt L, Stns. A6,A7 D8 A7 AKTU9 ALV HiK
AT, Al L7zZ o 5 #im & R DA Z a2 R Lz, 2005 DA MR O 713

44



30.4~34.8 psu OFLFAICH 0, 057+ O OIERRR EIZdH 5 Stn. A6 DSFHRIHIITAR U ME T
B L, s E Y SIIIKOREZRS 1T T e (Fig. 19b) . Stn. A6 LIS TliE, U
TN A OFEM O Stn. AS IZEBWT 3 H L 7 HITIRWESZBRIL, Thzbr &k
B EBIKITE P72 FEHE(LZ R L TEBY, K5 34~35 psu O THR L7-.

~ 30
e O=Stn. Al
o —o—Stn. A2
% 25 |+ -~ Stn. A3
E —m=Stn. A4
€ —e—Stn. A5
o 20 r
+ —e—Stn. A6
p -
% & Stn. A7
= 15t
35 ¢
3t
3
[}
a8 33t
2
c 32
I
n 31 +
30 b

I | | | | | | 1 | | | | |

I T T I I I I 1 T T I I 1

J FMAMUJU J A S OND

2005

Month

Fig. 19. Seasonal change of surface (a) water temperature and (b) salinity at
Stns. A1-A7 in 2005.

2006 FOHEMBOREKIEIZ 1~3 H & 6 AICHARZENRRE SR, Wb LG+
JIAT AR Stn. P4 234 A OfARAKIRZFLSR L, 1 HE 3 HIXISCCUTETIRFLE
(Fig. 20a) . PUJ5+)INT 725 Stn. P4 Z 5 SIEEAR EICAE 9% Stn. A6 D 1~3 A OKIR
I Stn. P4 (2RO TIR <, Bk L7z 2005 FEDO&ZFE L A% D 15°CHE TR T Lz, &S
O EKIRIZNT NG 8 A FANCBIRIL, 28~29 COMPAICH Y, AFRIT T HIR
TN S ol KBTI SN P4 TRESEFBH LA OHER T L RWA R 541 (Fig.
20b) , i E OKIEENKE o7z 6 AIITRKITEVIREEE TR T L, —J, FEH
KD 11~12 A THFEMR O Fmfi & 72 2557 33 psu L LA FE#k L 72, Stn. A6 & Stn.
P3 OHES531E Stn. P4 IZIRW TR 72 2R P B 4172, Stn. A6 TIE, 2005 F D@3
WCHES 30 psu LA R & 72D Z g o7t O d, 2006 41X 3 A, 5~6 A, 8 H T4y
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25~29psu ¥ IR F L, WFEDTHEREE KM LRI E 2o 7=. W) E odE|lo 2
Hisl (Stns. P5, A7) 1 TAHXIAIICEEN A/ NS <, 55 33~34 psu F2E DL E L 72 IKEE THERS
L7-.
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Fig. 20. Seasonal change of surface (a) water temperature and (b) salinity at
Stns. A5-A7, A10, and P3-P5 in 2006.

2007 A=2>5 2008 AT AT T O Stn. A6 L2331 B SREELIIITIE, B K IR HEE O Ak
RSN, 10 A D 2 A OBITSEAICIFIE—REDKIR L 72~ 7= (Fig. 21a) . #JEK
1% 16.2~28.4 CTHER L, 3 HITIKIEME, 8 Hilhk@EA BRI L7z, 3 HOBHI<TIZ,
KEES~10m OJFOKIEAERE LD &<, 10m BUETHUOKIEME T T 2REA RS
Niz. % HOMEM R KREITRE CRKRZLELIZ8 ALV L S ADBHINKE L,
5 BICITIEE AT 18 °)CEL R D/KBEA /340 UTe. S i3I &3 L 7= 7 A OB
T, 0~5m OEWKERTIKS 20, RETIFHES 25 FTERT LA (Fig. 21b) . 11~2
HOMIEREN D ESE £ THS 34 psu L EZBHI L, 8 ALUSNDZOMOA b RIEF T %
FRNCHEy 34 psubh b 72572,
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Fig. 21. Vertical distribution of water temperature and salinity at Stn.
A6 from May 2007 to March 2008. ND: No Data.

2) RTINS DREBHREEDFEH L L

PN FHESIC T Do s mie e, 11 VU5 )| OBRBEFFIE & SR A H) | TR L
72 2005~2006 4, J Y 2007 FELARE & & T A BBl > B+ EeE > U Um0
Firfz s L7z (Fig.22) . fHBERMG+AEANIRIEIREL & U R O FEIA i — A3 722 <,
TABBIREIL3 r L ATV LEFRIIHRE LR o7,

2005 4F 1 A7 5 2008 4F 3 A £ TOWMG )1 IR S~ O AR O A G &% 7
% & (Fig.22) , &HH &b KB HKN D - 7B &8 L (Fig. 2, Fig. 18), AERHE -+
AHEAIE & U ERMEIE 2007 42 7 AIZ, & A BRMEIX 2005 4F 9 AICRRIEZ = LT, 72721,
ERAR RS E LTIE, SEDMBEOZFEANM L, FREH L B 2006 4D 4~9 A D
DIFEH G BN Z o 7o L HEE Sz, BHE O KM H 725 5~10 H OREHE G
BIZHOWT, 2006 4 & 2007 FIIRIEHIKBIOZN LY L0 > 72 DITx L, 2005 40
fEERE AR & U VR TIX, 9 A R BR< EIEHIKIID F R L 0o 7z,
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Fig. 22. Seasonal change of nutrients concentrations at Stn. Gudo and nutrients fluxes of the
Shimanto River into Tosa Bay during Jan. 2005 to Mar. 2008 (modified Nigi et al., 2008). The

nutrients concentrations data during Jan. 2005 to Dec. 2006 are same as in Fig. 5. ND: No Data.

3) TEZEHEMERBHEDKREER /00T« aREQOKERMOEFHEIL

2005 £

SEREHE S VA & T VR SIS T COMEBRE RS ER Y, U R, A1
W7 va 7 )b a REOFRBIZEBIT D HZ% Fig. 23 12 LT,

- i S O RS R+ T AR I O ZE 1T, BRI 1~3 A, 12 H DA HERE &
720, 2~3 uM RREEAFAE LTz, 5~10 H O fifFe e+l i e i e BE 1345 Hum & & BRI L
7o Z O ORI S ABRIEEO YT OIZEV Stn. A6 12815 1.28 uM Th
v, ¥£72, Stn. A6 TIEMthS LV HAXHNZ EVKEETHER L7z, 5~10 H @ Stn. A6 %k
W2 BRI (Stns. Ad, AS KON AT) EBANO EB R A (Stns. A1-A3) D L,
MABICIAME 223 A 6T, USRS BIRIE05uM LT Th o 7=, WK TS 2/
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Fig. 23. Seasonal change of surface water nutrients and Chl.a
concentrations at Stns. A1-A7 from Jan. to Dec. in 2005 (Nigi
et al., 2008) . DL: below the Detection Limit, ND: No Data.

U o B BE D AR 7 ) & AERREE -+ HLAEIR T & RIARIC 1~3 A & 12 A IS
<, 0.1~03puM FEELFELT-. Z OIS ICHBE R BE TR bR o7-. 5
10 FIAH B+ A ER R & AR U MR IR EE & AR HIAR VR E THER L, Stn. A6 12D
WTHMMMR L DEITR SN oo, HEBN BN Z D L, iEERE R & F
U< 4 AICHBRBESENRON, BATIZ0 pMBEFELZL OO, HIEBNITAE
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H L <IEZAUTIEVVIREE (<0.03 uM) Th o 7-.

A FRYRIREELE, Stn. A6 TIX 3.51~43.5 uM O#FiPHCEE L, FEfzm L TSk
HEWKHETHER L7z, Stn. A6 225 &, 4~T7 HICHXIMCEL R FHEILEZ R L, M
FRtE o) R L B D R b iTs. oL RIREEERE S U R L [FARIZ 1~3 H,
12 AT @ < 72 o 72, Stn. A6 ZBRWTo BEBN LB L 2D &, MKIZ 22T
AT, 1~3 A, 12 A EHMIC 3~5 yM BRENFEL, 5~8 Alidt#a2 yM LR
FTIET L.

suan” 4V aBEE, St A6 ZERS & 1~4 A, 11~12 AICHAMIZE <, 5~10 A

WIRT L, ZOFHAHERIIMRER & FRROBEMZ R Lz, RERENPSZAFEL L
~3H, RHAOTEBERNEEBN LD L, 2HE 2 ATERER 2V OD, 1 AL
3HIF BN EVKRIECH Y, UG AL Stn. A7 0 1 A Tie@EE L 722 4.0
pg LT 2B L7z, 5~10 1220 TiE, Stn. A6 ZFR< HEBRNTOZ an 7 1)L g B
12 0.1~0.5 pg L', A TIL02~0.6 pg L' OFIPHTLEE L, Mi/KEIX RS DKUETHERS
L7z, St AGIZIER T2 &, 1~4 A, 11~12 A Tidfho LEENoMSR & R%Th -7
HLOO, RO aa 7 v a &R L2 5~10 AT, 9 AZR & 0.6~14pgL
"OFEEICHY, 1~3 A, 12 HOKEL Y RE KT T 2RIITR Sl h o7z,

2006 £

T ARV R FEEE o0 DU 5 ) 1R O ds ) D e AR A e, U ERME, A Rl
L7 vanv 7 4 )vafefEDKE0HORA EE, I EI Figs. 2427 IZR LT,

2 HiLA OO Y R YR+ R A FR SRR FE D FRE 8L, UG+ BT B3V Stn. P4 728 1 -4
WU TS L0 &SR CHER L=, Stn. P4 (21T DS 0.495~18.1 uM (F-#J 7.59
uM) TRESZEF L, 10 JICREME, HBornRk&E ART L7z 6 AllkmEA 80 L.
AR DT EALIZLTED 1~3 A, EFED 6~8 AICEKHEL R, HKFED 10~11 HIZ
KT L7z, TOMOHAIE, Stn. P4 & [FEERICERIIIC 1~3 A @ ERE, 10~11 A 23K
BE & 72 B ABMEALE R LTZ. 1~3 HTIX, Stn. P4 LS OFHBROREIZFETHY 2~
4 uM FREE) , 2005 4 L AIBRICEN 2R E LTmamWKEEIZH 7. —F, 4~9 ADMIX
PUJT+ )17 5 BB ~OFEH () 5\ (Stns. P4, A6, and A10) & 02> 5 1] (Stns. P3,
AS5) ITHBWT, WAL OO EVIREN BT 28R A R 6. HEHHnHH
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K 23 723 A 5 S LN A7 9~ 5 Stns. P5, A7 TiX, 1~3 A LSMIRWVIKHEEIZ B >
7z

U ERIE, 5~9 A ORITASERIE+ AR & [FIERIC Stn. P4 23 HE4am e £ CTHER L 72
bOD, 142 L TEAKEL RDRIUTIA LN o7., MHRIZ OV T, fHfERE+
ARRYERHE & RIARIS, F72 2005 4 & FIERIC 1~3 A 3 2EICERE T, 2 HoBTiX
Stn. P4 DIARMEZ R L7z, 5~9 H OBLINTIE, mEEE+m I b~ THETIE 20 b
OO, W) A5 OBEEER K E < R DIZO0 TREME N 2 A o i, o
P HIEOHE TR S L <IZEAUTITVIREE (<0.03 uM) & 72 2356 bR HivT.

A B ORI AG & T OFEET, MR AR & B <ERIL7-. St. P4 TIE
1 2B CRBETHBEL, 1~3 AL 5~8 HBNEIRET, 6 DHSEKTHICIT 188
uM ZBIH L7z, ZOmoHE S 1~3 TR O 22N & < RIS EIRE T, 5~8
H O BIEI 5 4IRS F 20> & B K OFF RN 52> T, 30 F 2 6 O BEEEO HEAMT AV B2 23
T3 DA R S vz, 1 H BT HHZSE VY St PS5 IZ380) T & AR K HE
WZdh o7,

7uan”7 )b a3 AN EHMICERET, SHAT gL' EZBHILZ. 2
Hb EEEER L LTRSS ERE T, FClG-HIadeflo 2 Mg T 1.9~2.2
pg Lt &72 0, Stn. PS5 CHEREMEZBHIL7Z. 2~3 HO% A ORIKEIEL, WTIhbE%
BIRRENEIRE CTH 72 Sm. P4 Th o 7-. LT, 8 Ho 2 HOBMITIE, St
P4 S A & blcmfEZ B L, 1.1~18pug L' OmWkEEICH 72, ZOBICIE, WM+
JIRAT B2 6 OFEFEOHIMI o T/ m a7 b a IRE WD L, REHERE S R HEL
AR A E R LT, £ 8 AIZEHIETCIERVWL DD, 9 A& 10 A & U5+ IR A )
LIEWHIR T m a7 4 b a IREMET T AR N7z, 2ofo H1E, HAFIZEH
EREPR OGN Doz,
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Fig. 24.

Horizontal distiribution of surface nitrate+nitrite concentrations at Stns. A5-A7, A10, and P3-P5 from Jan. to Dec. in 2006.
ND: No Data.
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Fig. 25. Horizontal distiribution of surface phosphate concentrations at Stns. A5-A7, A10, and P3-P5 from Jan. to Dec. in 2006.
DL: below the Detection Limit. ND: No Data.
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Fig. 26. Horizontal distiribution of surface silicate concentrations at Stns. A5-A7, A10, and P3-P5 from Jan. to Dec. in 2006.
ND: No Data.
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Fig. 27.

Horizontal distiribution of surface chlorophyll a concentrations at Stns. A5-A7, A10, and P3-P5 from Jan. to Dec. in 2006.
ND: No Data.



4) RERHAEHBHORBERELI OO T 1)L aREDLER

TR R OMFPERSE II R & STEERWI L BUB BT KRB C& 2. ARETIHEERIC 11~4 A
AR, 5~10 H Z @l & LT, 2005 4= & 2006 DK RS 1T 2R EBERE L 7 1
07 4V a BEEOFEHEARH L, FEICBT DB AT 72, FHUSICRIT 5%
H OB, 2005 41 Fig. 28 12, 2006 4F1% Fig. 29 [IZZNEHur LTz, 7ed, MR CX
FBIRE OB IR A RN, RIS 256, M7 7 07 b IcBRE RS
FEENRNEZD, TNENMERTILERS L. 2 ZTiE, IWES (2002) (23T 4=
BOW T Z 7 NOTREOERE A BEHEBEL, REHEADETHESNZZ 1
07 4 vaiRELX Y, Eppley (1968) @ C:Z/an” ¢ /Lalt (/7 LE&E) , Redfiield et
al. (1963) FUF Libes (1992) @ C:N:P:Si tb (E/VH) b, AT T 7 b ATl EN
TR A HETE L7- (Fig. 22) . Eppley (1968) [XZe#IENEERRED C:7 e 7 )b a
A 30, FEBICEVIREETHIUE C:Zn a7 b atbZ 90 & LTEY, SBENEE
TEBR I A HiE, SRR LT piE ] 2 5% 5 (20 S 872, C:N:P:Si Fhid 106:16:1:15 &
LU CEtR L7, SEE A RO DB, BIHRAZ FEl> TWGAI3ERE L 272 L, 0uM
ELTCEBE L. F£72, Justiceral. (1995) 1T EDRHEN 2 BB, FRBEEN I AT
T U N OWFEEFIRT D KEICOWTHEREZEE 1 uM, U BRI 0.1 uM, &A1 FRif
2uM E LTERY, ZTNLETFA BT T 7 N OESEOHZ E LT, Figs. 28,29 ([T
~LT=.

2005 FEDOFERIE A 75 &, JEER M CTIIAHBEE+ A RS R IR EZ 13 Stn. A6 23 1A 1 0 #7)
2@ <, ZOMOHER TIEHRREWVIIR OGN o7, U VEBBEREIZ OV TIEART
DOHE TREREE IR -T2, T ABREIZOWTIE Stn. A6 BNAEICHE < (ANOVA,
p<0.05) , ZOMOHEMIZIIMO 2 THE & RERIGEWVTR O o7, SR OIEER
N1 2 RABE O FAME O VAR, AR AR+ AR X 1.4 uM, V) VR
13 0.13 uM, 7 A BEHEIZ 3 uM T, Justiceral. (1995) (& X D HGEHIRD HZ % LRl Y, 51
MEBBRBRICOWTTA BT T 7 b ATk DI &0 G KPISIFEET D 5N
R LHEE SN, FEEORIBY & A5 b, iR RERTE & U VERR IS oW T, E
DL TITA MG & b AR MEAEIRE X 1 uM 2UT, U BRI 0.1 pM LUF
Llpgole, TNETABT T o7 bACERSNIZERLE ) U &2MA 5L, Stn. A6 DHH
1 pM, 0.1 uyM UL EDKRBEL e Tz, A BERIREEIZ DWW TIE, Stn. A6 TIEFEHE DT
15 uM Z 2 5 DITxkE Ui mU T =2 0ES 2 kM BREECTH Y, ZHUCERS AR 5 &
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3UMIIZIEVWEA R LTz, 7 r a7 ()b a BEITA MR & IEERHIAREHIC R TE <,
Stn. A6 D Fx[FIFEEE DKHEZ HERE L TNz, 2K LTl CORBH D7 va 7 41
a WREIFEER I D 20~60 % L 2272 <, KR HEBRNICBIT IR TRE LovoTz. BUEHT
IX Stn. A6 LfitiRD 7 m a7 4V a WEEIZIE 2~3 (EREOFBERIBEENAELTEY

(ANOVA, p<0.01) , REEEREDZE 2R L 2o 7.
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Fig. 28. Average nutrients and Chl. a concentrations in surface waters at Stns. A1-A7
during the circulation period (Nov.-Apr.) and stratification period (May-Oct.) in
2005 (Nigi et al., 2008). The Solid lines represent potential for nutrients limitation
level of diatoms growth (Justic et al., 1995). Calculated values in the cell(l) are
defined as nutrients concentrations taken up by diatoms, and obtained from Chl. a
concentrations by using C:Chl. a (g/g) ratio (Eppley, 1968) and C:N:P:Si molar
ratio (Redfield et al., 1963 and Libes, 1992). Error bars represent standard

deviation.
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Fig.29. Average nutrients and Chl. a concentrations in surface waters at Stns. A5-A7,
A10, and P3-P5 during the circulation period (Nov.-Apr.) and stratification period
(May-Oct.) in 2006. The Solid lines represent potential for nutrients limitation
level of diatoms growth (Justic et al., 1995). Calculated values in the cell(l) are
defined as nutrients concentrations taken up by diatoms, and obtained from Chl. a
concentrations by using C:Chl. a (g/g) ratio (Eppley, 1968) and C:N:P:Si molar
ratio (Redfield et al., 1963 and Libes, 1992). Error bars represent standard

deviation.

2006 FDMEERW E, 2005 4 &[RRI A HS 234 S 28 1 o0 SEIMIE D Z» CHEFEFI R D B %
LEDOEZR L, 7ABT T 7 PAZKI AR L0 b EEE LHESINZ. ERIEIC
DOWNWTHIEM Tl RD &, U VBRI SRS DO KA > 7Dk L, fERE-+iI
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AR M OV A BRI DY 75 )1 [IZUTV Stn. P4 2N E 2 & D> > 72 (ANOVA, p<0.01) .
Stn. A6 TILAHFRIE -+ ANIRHE KX OV A [ 3 EIE KX OHEEE & b Stn. P4 (2R Tl
TholbDO, i L OFERZEITR)I -7 (ANOVA, p>0.05) . 2006 FDLEH T
1%, BEREH LSS Stn. P4 DERE KR OHEEE & bEmEa2 R L, MHEREdEIERE & O
A PRI DWW TSR Y & R U < it sl & OF B2 ZENRBD 5L (ANOVA, p<0.01) , VU
VMR DWW T Stn. PS % Stn. P4 & A DO KYEICH 72, 2005 FH Bk L CELID
TN TV D Stn. A6 TIE, AHERE+HEREAE & OV A BAHIT Stn. P4 IZIRW TRl B2, U
VPRI Stn. P4, Stn. P3IZIRWTEIRETH Y, FREHE L & 2005 F12 A~ TIHHMHE &L
OMEEME & b EVMEZ R L7z, 24065+ 28V Stn. P3, Stn. P4, Stn. A6 @ 3
HSE, FERME O 2 CTHAESIR DO B LU EOEEZ R L. ZOMOMEIZONT, 7 A g
T30 SERE O A THFEHIBR 2 uM) LA EOKEEIZH 7= b O D, FHEEE -+ HEE
W) R, ERME CIEA A S BHFEHIR (1 uM, 0.1 pM) (23727, A m7r 7
V7 MK D EEY 2N L84, Stn. A10 & Stn. AS O BRI+ ASEEHE I DWW T 1
uM BLEEHEE SN, Zaa 7 b aBEIZOWT, FHUSOMER O 0.5~
1.0 pg L' O#FAT,  Stn. P4 2NEAKAE, Stn. P5 & Stn. A7 NkmEfEzr L=, —7, @
L 0.4~09 ug L' OFPAIZH D, Stn. A7 D HAXME, Stn. P4 g mEifii & 72 v, HSHE O
ERIT IS L > TR E R L, SHICERBEOHEME L 7 nn 7 ()L a RE
L ORRART L (Fig. 30) , FEERWITIEMm A OMICA B RBERMEITRD bR
2R L, B CIIREE OB > Ty uu 7 )b q ENET 5 EOMHBENMENS
L.

O: Circulation period, @: Stratification period

ol @o 10 f b fes) 10 f
[ ]
. 08¢ 08 | 08 |
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2 o6t ° 06 [ @o 06
© o) e o}
5 o4fe Y=0.058 X +0.43 041 o Y=20 X +0.33 04 1@ Y= 0.058 X +0.45
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Fig. 30. Correlations between nutrients concentrations ((a) nitrate+nitrite, (b) phosphate, and (c)
silicate) and chlorophyll a concentration at sampling stations in western Tosa Bay during the
circuration period (Nov. — Apr.) and stratification period (May — Oct.) . Nutrients concentrations
at sampling stations represent observed values plus calculated values in the cell (see Fig. 29 and
text).
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5) TiEERERBEORELR, /0074 aBEOHRESMOEELEL

2007 4 4 A 7225 2008 45 3 H OO Stn. A6 IR DRBIIRE L 7 na 7  VIRED
$REL A & Fig. 31127 L7z, RIEMHTEORBEIRE T, F)1H 5 ORFEEAAS B R
L727 HiZ@mV W MEZ R U (Fig. 22) , AHBRHE+REAHEENE & 7 A IR X E L E N FE sl (£
NEN9SuM, 72uMZBII L=, LL, &iREOSMHEFIIRETICRE S,
THIR R+ AR AR 1L 2 m LAV, U UM 1 m LAR, 7 BRHEIX S m LUE T, Thtinys
AT T NoOHEETIRBOBZ L7225 1uM, 0.1 uM, 2 uM % Flal- 7= (Justic et al.,
1995) . 10~11 A OFITIAREHR & 2B TIRVKEEIZH Y, KB 20°CLL FE TR T
L7z 12~3 ATiE, RENOIERE THAMICEIRE S R/, Zoft, 5 A& 3 A8
TR T 2 s, —RAICERE OREE (HRRE+HHEREE 6.9~7.0 uM, Y
VIEYE 0.49~0.53 pM, 7 A BEHE 9.4~9.8 uM) B ENT-. Y ou T 4L a BEEIT 4
A OEJE THREE 4.1 pgL! 280 L, ZOBRIZITERE O ERE T D> TREMET
THHEMMA RO, 2 A OEKIBMIZIZEE T25~3.0ug L OEKED 7 n a7 4 )L
a BRI SNT-. REMETIIRBESERLEZT AW TZea 7 v aBEDO LA
(15pglh) BELNTEH OO, RO 4 AEE, 2 A0SR EH_RTRRBE TH 72, &
J& CHRBHBEENMEN-72 10 1L, Z7a87 40 a bHAMICKRE CH -7,
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1) mHE+IIA DD EBEE A

DUT5 )1 FHEER 0O 45 2R F M O A I 0O N:P:Si FbiE, 2005 4723 160:1:1820, 2006 443
84:1:880, 2007 2% 11:0:1:1220, 3 # A FHT 110:1:1190 & 72V, IRFMEHKkD 7 A #8777
Y7 R DR IMBNDIENTHEMAL N:P:Si=16:1:15 (Redfield ef al., 1963; Libes, 1992) T
KL TERUT A BOLENE VR Z R LTz, BT A BNERMITITEE MG S
TWDZEDRREN, ANABNAMERND RN OBRERERBEL TV D & E
ZHH5. 2005 4F 1 A5 2008 42 3 A OO REE DR K B G E&IT, 71 BRI
2005 4 9 H OHUKKFTH - 72 DITxE L, FHBRHE+ AR U > BRHEIE 2007 £4£ 7 A D K
P TR -7, HFEHREIL 2005 £ 9 ANE L, EFICHRELRD A BREIZONWT
R EAENPIRBEOZEICKMINTWD E WA D, TIICK L CRERIE+IEmREREE & U v
BRHEIX, 200549 H XV b 2007 4 7 H OPRREED T~8 fifm <, IREEAEIZ L - T 2007 4 7
ADHAEENEZ L Ieolc bz D, 2120, BRIITITARBIE S & HIKRFIZHEKRT 5 R
THBEL, BERADEBEASLY 2 OREBHEAMET OEEHELZRZLTVWDEEZILN
5. EERAEATOBEMICERT 2 L&, AREICKIT 2 REHMGEO RS D ITITAH
MRS TS, T WG OREERE & REBRAS) ] Tk~ Bh, KER
REIXBERIC > TE#BT L. AR L7c& B0, & H ORI AR KR CHE L Tk
0, ZTOREMEZHEREE L TG EL WES o 72729, Fig. 22 TR Lo RER MG
BIZIXFERRFIC R T 2R EZ LD RS TV, TG HINTSR O A, BRI RO
Rz 5O D7D, BERICHE O BRI D 28 B I AR K8 C oD It H R & Pk
HEZEZRGND . AHERE+ YRR O BRI T 2 88T, BEWGICREN L
AT 2 FBIDBFERANCEL S B (e g FH - A, 1988) , FAUTHEXIE, UG +)H
O ORI+ AR O G R I3l NI 2 L T2 ATREMEAS VY. 7 A BRHE OO B RN RF I
HARFPELE, Wi e — 7 RS T 2 5B EHERE SN TR Y (eg BFIIH,1998) , £
AU KAVUETUTT )10 B D o A Bt s B 1T FERIIF I DU Tl RE I 2 L T % ATREMEDS
H5. U UBBEICOWTIE, T - AT (1988) CBEUFE (2004) 3% RN B OO H R L2 B
PR AT R LN E LW D, Eo, LRGN TIE, fHBRE+a eI Ly o~
BRSO A BRI LR TREMICHE D IREZ LA KR E <, FERATORRE~D[EIE & BV ME
MAGN, 3FOFRTHROEMO VIRENKEWVWLEZ X NS, WIS KIE T
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WEEZNONITTLH20I20E, YROZERPORKEORWIEEDO RS Y NLETH
D, BENRFOBRBAEES D Z ENEERRBE LS.

2) TIEEREERBEICE T LIERBRRE

M)l < JRH (2004) 12X D &, TAEBEOERTIX 1~2 A DEIRA G & 72 DRI
KENOJEEE T—RRICHRBREIRE IR, 0%, RETIIREBERENMETL
D, 4~10 HIZi3fE s L <IZZNICIIVMERIREZE L o7 2 & STV 5. 2005
D Stn. A6 & FR< ML, 2006 5D WU ) T 17> B AR 0O 1t D S HE i 2 D Z=Hii 2L
% & (Figs.23-26) , MR BB ROFHEGH LFEF L, 7>, TORBIREGIZIE
AR OKYEIZ B o To. TAEEE IO IR DOEN 2 <, £ ORBEEORE LN
EIRECMEL & W o T KIRIZE R U 72K OFRENC SR S v TW b 7z (i)l - JRH,
2004) , 2005~2006 4FDRLJEIINAKAKKE & 7o o 7= MR O K JE IR FE O L BFEIL, HEEIC
BT DN DEED FAX 72 AR DR A Bk L2 R & VW 2 5.

ZOEIIT, ARERBHEZETICH D HKECTIE, WAKOIEERHNIL BT R
TOBB R & R RBEMAE A H Y, Justiceral. (1995) (XD A W7 T 7 bod
KEBHERICH L TRBIT ol EXOND. —F, BBEBIICITAEMICRET TR
BHWDWA L, WFEPS 2~3km FREDHRETH > TH, 2005 F0D K 9 22ig/KEIZIE
Stn. A6 Z B < 45 iR CHRAEAEPETE R S S G WIRRBICH U, £ ORBBIRERITK L
TEHR, VUNRARBELTWEZEEZEZ OGNS, TABEREIZOVWTS, BN Sn.
A6 RS WTNOMSE L ER T T 7 b OBIEEZHIRT S KEETIRTLTRY, +
SIRBEDNFAE L TW b TiEew. UGB E AN L 7= 2006 12315 % plE ] <
%, 2005 4E & @35 3 M (Stns. AS-A7) OFEMIEEIZEB VT, 2 #iu5 (Stns. A5, A6)
TRBHEIRENS EH L, WIFHESREEOIHHEHHEEZ LA T2 ERTHDLZEERLT
W5, 72E8, 2006 FFEOSEMOAKNELAIE, 1T E O AN B~ TRl OV Al
THERE &7 DM A R L7e (Figs. 24-26). @75, WIKOFH 2 — 3k clid =
VAV N> THRAZHRA 2B M2 H Y (24, 1982) , 2006 DM 5 +) 1] A oK
ERMOR b TN E —HT 5.
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3) MAHNNXRBHEDOEXREEDIMICRITTEE

HEGER 72 B T T D Stn. A6 IZBWT, KEESHE LS VERERICBWTH
FEF A mR EE DRI R N v v 7 ¢ )b g E0HER S RBLIZ DWW, M5+
fROAFMEZRFE L 7=, Fig. 3212, 200541 H2>5 2008 43 A OMOEBK BT 5T
T OFFIFEO BHAGE L Stn. A6 ([T 2 RBHEIRE L OBEZ /R L7Z. Stn. A6
DRI L, FREICr AT T2 7 b OBRS 2% L HEE 2R Lz, W
FHOMRZ 2D &, Stn. A6 DREERHE+AAHIEIE & 7 A BRI I3 G )11 & Oa 5 B %L
B 7 fAE B DI RT L C EAT 2M@m AR~ L, WHHINTERE L TRENRE L TV D
WA R eND. —JF, UV UEBEIZOWTEmE OMICHBR 2 BEEIIS O s, KRR,
SITRIEIR D U ARG ORI A ST, DA RBEIZI T A0 Ofit
fa & R OPREE & OBAMRIT, AN ~72 K 92V RIS U CRE IR+ AR i e >
A BRIE D@ W R THIET 2 W0 OKEREDR IR S L TW 5.

12 ~ a) Nitrate + Nitrite 04  b) Phosphate 80 r c) Silicate
@
[ J
10 P [ ]
= = L L ~ 60 F
S S 0.3 ° ° S
3 s} e 3 3
c Y= 131 1n (X) -2.14 p - c
(=} o (=}
'43 | r=0.700 '..g oo | ~ .ﬁ ol °
5 6 (p<0001,n=3N8¢ 5 (] [ JP 5 °
8 3 @ o0 8 °
S 4t 3 ° S =
8 8 o | “%e © S Y=12.6 In (X) -60.7
’ @, [} r=0617
,| e ot® _° ® (p<0.001, n = 37)
»® o @ o &0, 00!
] )90®
0 0.0 . . . ) 0 Wi < ,
1 10 100 1000 0.01 0.1 1 10 100 10 100 1000 10000
Flux (kmol day™") Flux (kmol day™) Flux (kmol day™")

Fig. 32. Monthly correlations between nutrients fluxes of the Shimanto River and surface water
nutrients concentrations at Stn. A6 during Jan. 2005 to Mar. 2008. Nutrients fluxes of the
Shimanto River represent the fluxes on sampling dates. Nutrients concentrations at Stn. A6
represent observed values plus calculated values in the cell (see Figs. 28, 29 and text).

4) HIREFDHE

KRB D 5 BIMEEPELHIRT 2 E R ZHEET 5729, Del Amoetal. (1997) K OVE I
5 (2000) Z#Z&EIZ LT, NP L& SiN OB A HFREE L 72 (Figs. 33,34). 22 TC%

PEERI & R A D " HIIT KRB L, 2005 4 & 2006 4F 0 M 3T Figs. 28, 29 (2% L 7= i iy Hf
CRDEBPEHMED NP e E SN AR 7. B S HIBRK T %2 4 5 fL v
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I%, Justic et al. (1995) XV, N:P>22, Si:P>22 THNIE U “iilfR, N:P<10, Si:N>1 ThHi

IXEFRHIR, Si:P<10, Si:N<l ThiuLr A FHIRE Lz,

2005 FOPEERM = A5 & (Fig. 33), KL H NP iE 10~22 O#EPHICH Y, 71 #
7T b ORI S RIEEVMEE £ > T D, ET SN AR AL E, Stn. A6 1ZHH
N EVMEZ TR L, fOMAIZ 2 iE Tho72Z &b, WThOHRIZEB N TH 7 A
BRI T B ICHFE L T2 8 W 5. 7272 L, Kudoand Matsunaga (1999) <25 /& (2003) |2
£2L, FABEOERIZERDO 1I3HBERETHLZLERLTEY, EALIZLINIT,
Stn. A6 % i < O HIS D & A BRI TR & 1TV 2 2. BUEHITCIE SN ik 6~30, SiiP
Fi3>22 L7 0, mHBRIEERSERIE & U RIS LT A IBIENEE ISR L, 7 A BRI
132 AR TR R 12 72 0 BEu &7 T

Circulation period

X% NPHIZCERTSE, Stn. A6 TlE N-P O:Inside(A4-A7), O:Outside(A1-A3)
’ ’ ’ ’ Stratification period

Ho10 BETH B L DD, M NP H @:Inside(A4-A7), l:Outside(A1-A3)

SiN=1
<10 & 7o THRBIIC A TIES 720 f1ie '™
THEBNOKTFRE L. — RIS O R N:P=22
BEAEFEILY > k0 bERASHIRIICEAL 5 10 NP1
.2
25> (Howarth, 1988) . HAMTHEIZI VT g
b, KBEO L ICHIcERARo®R 2 NLmnta*e;o; 22
I
o T BN T Y VIR & 72 5 50 g
I
DHHHOD (ILARDL, 2002) , BEEET 0 e —
0 1 10 100
\Z & 2 R (ﬁﬁ 6a 2000) WP SRE1T 3TN Molar ratio Si:N
DIE T & VAR ICPTE I AN E H Fig. 33. Scatter diagram of average nutrient
BINE (BH, 1994) , S 5ICHSMED R molar ratios in surface waters at sampling
e A . e e stations during the circulation period (Nov.-
ORI (5IF 5, 2000) 72 &7C & ERDMHIR Apr.) and stratification period (May-Oct.) in
KFEEZZONAEHDPPFEI LTINS, 2005 (Nigi et al., 2008). Each shaded areas
represent the potential limiting nutrients
A S e K OV R B S based on the following criteria: P
6 HZp X —Hrmic ) VIR Fizdh - 7= nlfe Limitation, if Si:P>22 and N:P>22; N
. . - Limitation, if N:P<10 and Si:N>1; Si
PEESH 5600 (Fig. 23), HUEHITIIEE Limitation, if Si:P<10 and Si:N<1 (Justic et
HINCEBLFIBR T LR ARETICHD & al., 1995). N, P and Si denote nitrate-+nitrite,
e g phosphate and silicate, respectively.
A .

65



H_A Circulation period
2006 “EOY; 5 (Fig.34) , PASHMI T Stn, A: Northside(P5, A7), O-Eastside(P4, A6, A10),

[O:Southside(P3, A5)
Stratification period

- . A : Northside(P5, A7), @:Eastside(P4, A6, A10),
MITATNP Ik 10~22 OFEFHICH > 72, ik B :Southside(P3, A5)

JEHNCER T2 &, WA A HT7 100 g
MICAZE T 5 3 #S (Stns. P4, A6, A10) X
NP 22L&, VB ARRLEGWIR
WEHERSND . ZOMOM R A 7D &, ]
HOAERITIX, 2005 4 & [AIARIC NP HE 23K
CEFHIRTICHD EEZ B, WHOM
O T NP FlE 10~22 OFEPHICH 0

PA TEHWNPLLEZRLTEBY, oMol

Si:N=1

Molar ratio N:P

N Lrnyta‘uon
S|‘R 22

Si: P3J0

...u

0 1 10 100

D, Stn. A5 TIE 2005 HICH BT~ 22
B SLTW DRI E R L2, Ul ED

Molar ratio Si:N

Fig. 34. Scatter diagram of average nutrient

L9591z, MEH)oFmER#EnL-EEeI1z molar ratios in surface waters at sampling
stations during the circulation period (Nov.-

. VB B g N
%, NP LS E IR DD R 5 Apr.) and stratification period (May-Oct.) in

FHHYER L, ZOWJI T L — ARNIZEWN 2006. Each shaded areas represent the

. . . potential limiting nutrients based on the
CHEBOBER RERHIRE RS 5 & following criteria: P Limitation, if Si:P>22
EZoND. Fim, WO W AKIRIZEB W T and N:P>22; N Limitation, if N:P<10 and

Si:N>1; Si Limitation, if Si:P<10 and
Si:N<1 (Justic et al., 1995). N, P and Si
RLTEESI, W7 T 7 b O denote nitrate+nitrite, phosphate and

HIPR LR W RN EIET D72, FEA
PEMEITHMERF SN D L ER DD,

FiRE - THE (2003) 13 KB DO FRFEBE T L — MK EZLOBMERIZBW T, &V NP b
L RIRED T A B 2 E oW N AAEN~NEE AT, TABREKIEOFAEFEICEAE L T\ D
ZLERRLTWD. REICKIT D TEB AR IS\ TS, WA ET 5 &V NP
HRERED 7 A RO 1L, TEBOREFIT N —LPKRELZEEX LD 4 ALK
DFAEFEIZE G LTV D ATREMEDSRIZ S 405 . 2006 210U G )17~ & ks a2 S8 1
22005 LD BIRFFHIC KT, Z0Z BB CTHERI LA O BRI R 5 SR
OUFEAS, ETERIIC R KB 2 AR OB AEE A R THREA R L T D L2 Rmme T 5 b
DTHD.

1L, NP R 22 22 5 DD, Fig.29 I

silicate, respectively.
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5) SREARAADFE

Stn. A6 (Z331T 5 R DOFRE AT (Fig. 31) , IR O R DB S S i
INFRIBATIZIRE S 4L, FIEIR &38R 2B~ OREBRME N EC TS 2 L
MR L TWD . SRIE AR 2 8L L7 2007 4 4 H 25 2008 4F 3 A O TIX, 2007 47 H
DHRBEMEEN S <, WHERETREEE & U S ERYEIZ DUV T 2005 45005 ORI 3 7 4EIC
BLOBP O THRE EHEE SN, £-TORRORBIE DO AR DN
FRVVRIL T COBRI ThH 7o & EZEX bILD. 2O X 5 7k T CHYBRE + MirgieiE, V>
Feta & HIIEIR & E SN DIRED ERIZRBAAEICRE S, U UBBE TIEIKE 1 m
DIVE, AHERYE+H AR CII/KIE 2 m LIGRTT, Justic e al. (1995) \CX D7 AT 77
YOI L TATSEEZ ONDKEE CRMICIRENMET LTS

JREMTICERT 5L, 7unu7 4 aldfia 05 pg L' ELET, 2.5 ng LT BL RIZEET
LR ROND Z &b, HREHA TIIgER £ CAMAEICLELRNERFE L TY
HEHBTE D, fEoT, 2007 4E 5 H & 2008 4E 3 A OBLHNCIR T, JEIE CRIEEICR
ST TR B, YR B T 2 0RIC L > THAEESI N O TR, L
JEL O H [ - KA KOS KIE T, KEERNE 2> © KEEMIZ 72> > TIRZKIR O 558
WIZE AT KRG ZEAT RPN FHER I N TS (RHE G, 1995; %45, 2001;
K5, 2006) . Stn. A6 TILIEE S EEIZMA2 > TREMETLTWA 20, EEICFE
U7 RBHEITNNIEIR & 138 2 #<, WarbEALLARERE L, hWREAOREL
RIEL TV D,
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IV HEZEBSEOSRICETIRBELEM TS VU FUEDMEEL

AT T, BB O BT EERIcB T, WTHIoREBOFEIZLY, #H T
T NURICENAEL DR HEGRS L. L L, T 7 b oEREINL7Zo
EPU G IR S WK O R JEATTICE £ 0, IREPIC L SKRBLUTR O b o7,
Z D5 RIFIN 720 O R AMAS TIT BRI D EM EPEE L Z DITFA S THD 2 L
ZRLTERY, ZO—FT, HRETIERW S OOREE D EE 7K BL)N K8 T 1 fess
iz, JRAEIRE D OWGIEICIE, AR A R R 9 2 MK R KR O R R EA 213 U
O, BFF10 KOWFEEBSZAEN TR Y, BASEET L REESEVKIKEEZEZONS.
ARETIE, THOMERFED S bl bIRFEE TH AL NG HBERIER L, BER
JRLORBRRE L 7 v v T 4 )b a BORESAZHR N, BABEOHE L EHEEEDIS

N

&, S DR A EGE K OSBRI & o T A I AR SR O W TR LTz,
1. MHERE

1) B ORI & REH S

BLH R ELI & 82K1E, VU7 AN (Stn. A16, 7KK 300m) , EEAFeuEE (Stn.
A15, ZKEEKT 200m) |, VEIEEL & DU 5 ) 1R [ 2 5 A 728 B o BRI (Stn. A14, ZKEEAKT 100m)
DFF 3 HS T (Fig. 35) , 2010 4E0MUZE (1 A, 54, 8 A, 11 A) ZxfgL L Cit 4047
Mol BHEOBKEIIRE, K% 10m &, S0mjE, 100m &, 200m & (Stn. A15 & Stn.
Al6) , 300m J& (Stn.A16) T, Stn.Al4 (%48, Stn. A151L5E, Stn. Al6 1T 6/EE L.

2) BMEBARUVEANOERR A

BB NI 2 B kgt & CTD v o % — (JFE 7 RN 7 w7 #H8) (2 X v kiR, ¥y,
rmana7 4 allonT, RENOIERE T Im MECTHE Lz, BKEETRTROS
AR AKE T & CTD o —% A L, FTEOKE CHMBIN & R TLEK L7z, 3K
TV E DR Y =F L R VIS, SHAERK T £ THIERRAF Lz, oA E B IR
+HRY R, U LRI, A BREOARBE L Le. RUKIZEREUE 12 BFEHILANIC Whatman
GF/IC 7 4 V2 — & W T A L, ARz REHSIHTICHE LTz, §TFE £ T & RRRIS, HIH1E,
BHRC/T Parsons ef al. (1984a) \ZHE-> T, FHERHE+HRAEERLE, U Rtl, 1AMzt hn <
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Fig. 35. Location of survey stations (Stns. A14—A16: closed circles) in western Tosa Bay
with bottom topography. Inset shows the location of the main map relative to Shikoku
Island and Tosa Bay (Nigi et al., 2016) . Solid lines are bathymetric contours and numbers

show the depth in meters. Map symbol at C. Ashizuri denotes meteorological station.

3) ERFRLEDOEHICEET HEHRINE

BREAICHTIERDEEZRATH20, KETUV=7H A4 b KGR
(http://www.jma.go.jp/jma/index.html) J ¥ 2 Hi 5T O J& S WL 12 33 1) 2 4805 o Jal
A JEGE T — % ZUNEE L7z, {(FEF% ) (Takahashi and Kishi, 1984) <>t 7# (Yanagi, 1985) T
X, HIA~5 BREOEMM C= 7 <~ Uk 4 U5 HALoEA 2 A IE EHER L7ZERIC
BANEAELTEY, KRICBT 27 —Z OfriE, ZhboHEfE2E L L CEN
AR S A BRI ET) & L. EOICERBRKIC L 2BARE~OREZHRFT 57
W, W ERZITY = 7Y A b WEER&IEHENIX (http://www1.kaiho.mlit.go.jp/jhd.html)
ZZMR L, SEIEZ I T 2 B &k OSRWlEh £ CoORREZ i~
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2. fa&

1) KEBEEBHSDIESDH

FHUR OBZRITI T HKIR & 5 ORI A % Fig. 36 12 Lo, BHURORE oK
IR 8 A MR mEC, KM OKE (KIE O0m) OKIRIE 27.2~28.6 ClZiEL. 8
A OFH R TIEREHAKE 70m J8§OHIFE T 7.5~9.3 COKERELRL, KiREREE
ST e 1T AR EIRA IER T, SHR E SR HKIE 110m 8 £ TIEIE—HD
K (17.0~17.9 C) xR L7z, REHE 725 Stn. A16 @ 300m fEIZI51T D& ZHi D Kik
1% 9.0~9.6 ‘COHPHT, SBMEFORIKIEZ R LIz, £ZFEOKE 100 m LIED KRS
fiztb% L, 8 HDO Stn. Al6 TITHRMIZIEREDOHAKIL (9~18 CREE) Oy AidupHn
FRERIASIER U TR ARBD Bz, AT XY, Stn. A16 DKV 80 m & D/KIRIE 1
H LR (18.0 C)TH Y, KiLERE T F THIAIEARTE 010 2 REB A b7,
1A, 5H, 11 HO¥S3E34.5 psu Riit: (34.3~34.6 psu) CTEB L, BAMRZRMEL(LITR
Lotz —J5, 8 HDOHESYIE 50~300 m O] TlIfhizE & KERWIREICH 721 D
D, ZILIEDOH S IR HINAK < (31.9~34.5 psu), MBS A Shiz.

Water Temperature (°C)
10 15 20 25 30

0 T 0
£ 50 { 50 r
£ 100 i 100
2 150 150
200 s 200
A5
250 250 |
300
Salinity (psu) 350
32 33 34 35 32 33 34 35
0 0 0
E 50 50 ) 50
< 100 100 100
2 Al4 ]
2 150 50 150
200 i
T 200
Jan. 17, 2010 250 250 1
......... May 13, 2010 300 [A16]
Aug. 3, 2010 350 L ATS
Nov. 29, 2010

Fig. 36. Vertical distribution of water temperature (top) and salinity (bottom)
at Stns. A14—-A16 in western Tosa Bay in Jan., May, Aug. and Nov. 2010
(Nigi et al., 2016) . Water temperature and salinity were measured at 1 m

intervals from the surface to the bottom layer at each station using a CTD
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2) REBEDHES T

FHURICB T 2 &KX BEREOSE DAL, &FH & HKIE 0~50 m O CTHIXHIIZIK
WETHY, 100m ENrOIRE FANERON, RENSHET L EHICERE L RDEmEZRL
7= (Fig. 37) .

Nitrate+Nitrite (uM)
0 5 10 0 5 10 15 0 5 10 15 20 25

0 . 0 0 :
E 50 50 50
< o
3 100 L 100 100
o Al4 150 150
200 200
250
300
Phosphate (uM)

00 05 00 05 10 15 .
0 0 0
E 50 & 50 50
s \

g 100 100 100 | K
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200 200 |
250 |
300 |

Silicate (uM)

0 10 0 10 20 30
/E\ 0 — 0 0
= 50 &% 50 50
]
§ 100 100 100

Al4 150 150
200 200
O— Jan. 17, 2010 250

T O May 13, 2010
—@=— Aug. 3, 2010
&+ Nov. 29, 2010

300

Fig.37. Vertical distribution of nitrate + nitrite (top), phosphate (center),
and silicate (bottom) concentrations at Stns. A14-A16 in western
Tosa Bay in Jan., May, Aug., and Nov. 2010 (Nigi ef al., 2016) .

FRBOBREMEILAZEE & b Stn. A16 ORI 300m & TR L, Al Be -+ 0 Al e e i 5
1% 18.5~24.1 uM (53K 21.5 uM), U EEHRIR LT 1.40~1.84 pM  (FFF1 1.67 uM), 7
A BRYE IR 1 34.9~47.1 pM (45 40.8 uM) OFPH TESY L7, SRBIERIE 2 FHiF T
B &, 0~50m B CIXERBELE H | AP EIRETH O, G ERIE+ TR B
FEIL 2~ 3 uM (Stns. A14-A16 @ 0~50m JBDFH] 2.61 pM ) , VU U ERHEIEFEIX 02 ~0.3
uM (R 0.245 uM) , 7 A BRYEIEEE 1T 3~4 pM (R 3.21 pM) O#iPH TIEE L 7=,
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D=7 0~50 m & TIZ, BEAHBRE+HAEIREIRE DS | uM BUF, U CERHEIREEDY 0.1
UM LT, 7 A FBEEREN 3 uM LA OKHEL 720 0 8 AR BN T Lz, FrICAHERfE -+
TEEATEIR B T UL, ASVEIRAE (RRHIBRALLT) I2h DA R o7z, 100~300 m J& Tl
KB L L 8 HONMNMIFEL By, MRIEAHE O IR EEE O 534 A LMK LT
DRPAER U, FRCHEESAMLE T 2 Stn. A16 @ 100m B O ITHAIZELS, £h
ORI D 2~5 5 (FHERE-IERERE) | 2~4 % (V VBRI |, 3~6 1 (7 A k) 17
FELZ. Zhd 8 ADORBHEOIE DA IXANE L2 KIBOH K (9~18 CRE) © L&
XIS U (Fig. 26) , miREORBENERE T E THOM LR EZRL TN 5.

3 yEBT 4L aDREL

KEHO7 v T 4V a BITKE 70~100 m LLE T T3 2028 B 54 (Fig. 38) ,
YAKBMOE I ZNLIE E o T e, BFFHO 7 nu 7 ()b g 81X, 11 HEZRWTH
Hi & b MRS THXAICEIRE L R oM A A6, 1 Al 30 m &, 5 HiX35~55m
&, 8 A% 45~60m EIZHAHEOMKENSHE L. 1 A, 5H, 11 HOENREDORK”
e 4 ba®iE, FREN0.6ugL! (Stn. Al6) , 0.7 ug L' (Stn. Al4 2 TF Stn. A15), 0.5
ug L (Stn. Al4) Thotz. —F, SHOZvn 7 4 )va&EaEHbE, 0~40 m EIIfthOZE
i & AR (0.1~08 pg L) Tho7-b DD, KEEEFD 50 m @ HFn s o7 41
R JE T, Stn. A15 OZKEE SO0 m CHEME & 7025 3.2 ug L 2810 L 7=,

Chlorophyll a (g L")

o 1 2 3 o 1 2 3 4 0o 1
0 03 — 0
£ 5 0 r %
<
£ 100 100 100 4
O 5 150 4 150
200 200
Jan. 17, 2010 250 * 250
--------- May 13, 2010 300
A16
Aug. 3,2010 350 *

Nov. 29, 2010

Fig. 38. Vertical distribution of chlorophyll a concentrations at
Stns. A14-A16 in western Tosa Bay in Jan., May, Aug. and
Nov., 2010 (Nigi et al., 2016) . Chlorophyll a concentrations
were measured at 1 m depth intervals from the surface to the

bottom layer at each station using a CTD profiler.
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4) BREEREBFRE

AR TR O R FEIRIZ BT 28U B AT 5 B (BLHIA & 1) R K OVEGE % 7 5
& (Fig.39) , 1 AT 2~6ms! & N~NW &, 5 A L@ 2~9ms! & NE~E J&, 8 H
(T HIZ31T 2 — K972 NNW E A FR< & EGH 2~7 m s' O WSW~W &, 11 A% 1~3
ms! O NEPSEL, HKL Tz,

wind speed

direction
10ms™! N
] N W / X~
RAN N A TR T
Jan. 13 : Jan. 14 : Jan. 15 : Jan. 16 : Jan. 17 :

(survey date)
W }///// \\ﬁww\*’/Agvmkl ﬁﬂw

May9  May10  May11l  May12  May 13
(survey date)

A i

Jul.30  Jul.31  Augl  Aug.2  Aug 3
(survey date)

Ty Sty

Nov.25  Nov.26  Nov.27  Nov.28  Nov. 29
(survey date)
Date

Fig. 39. Time series of hourly wind vectors observed at Cape Ashizuri for 4
days prior to and on the day of each survey (Nigi et al., 2016) . Wind
direction and velocity data at Cape Ashizuri was obtained from the cited
website of the Japan Meteorological Agency. E and W denote easterly and
westerly wind direction, respectively.
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BB 3 1T 2 B S e O gl £ Co iAo~ & (Fig. 40) , 1 H, 5H, 11
A O BWvEE X 2 IS 30~35 RO H W BEFE L Tz, —JF, 8 A DR
BT RGPS S 15 FR OB CHEELTRBY, o =F0iiK & R R dH - 7=,

340N 4_‘ Observation period : Jan.14-20, 2010 |' 340N 4_‘ Observation period : May7-12, 2010 |'

Shikoku Island Shikoku Island
Tosa Bay C.Muroto Tosa Bay C.Muroto
33°N
Stns. Stns
* / C.Ashizuri /
Kuroshio Kuroshio
Current 30nm. Current
320N 320N

1320E 133CE 134°E 135CE 1320E 133°E 134°E 135CE

340N ﬁ Observation period : Jul.29-Aug.4, 2010 |' 340N Observation period : Nov.25-Dec.1, 2010 |'

Shikoku Island Shikoku Island
Tosa Bay C.Muroto Tosa Bay
i 33°N

330N

C.Ashizuri

35nm:

GC.Muroto
33°N S
: s Kuroshio /
C.Ashizuri ® Current C.Ashizuri
Kuroshio
15nm. 35nm. urrent
320N 320N
1329E 133°E 134°E 1359E 1329E 133°E 134°E 1350E

Fig. 40. The Kuroshio Current path off Shikoku Island and the distance (nautical miles abbreviated
as nm.) from Cape Ashizuri to the Kuroshio Current axis around each survey (Nigi et al., 2016) .
The position of the Kuroshio Current was obtained from the cited website of the 5th Regional
Coast Guard Headquarters, Japan Coast Guard.

3. BER

1) XEEREELIDOO T )L ag

HNEEEZHILD 0~50 m EOKBLHL S OB L, KREEE D 1 H2MHE
KN ERE CH 7=, KIBOESH LY (Fig. 36) , 1 HIEX 0~100 m J& CTEHEIRA
AT TEY, BLECHAEREINIRBENAHRERAICE > T EER~IB Iz s
EzbND. BIETRLEZE OIS, Justicetal. (1995) k0, BT 7 b o OBE %
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fR9™ 2 S DO KAEICHONWT, HEHEREZESE | oM, U U FEHE 0.1 uM, 7 A B 2 uM % B
ZETDHE, 1HO0~50m BOKKERBE I ZOHEEMELY bERETHY, HHHW
REZRRBHIRENFEL WL HBICE 5. —F, MO =FOHHHED 0~50m JFZ

BT D A B 1342 Justic ef al. (1995) 23R L7-/KUELL F Oz~ L, FFlZ 8 A TiX
B IRIRBBIC 7 > TV E (Fig. 37) . 8 H ™ Stns. Al4-A16 12815 0~50 m JE D45
B O FYEDOFFELIL NP:Si =4:1:48 L 72V, FIAICZEHZN AL L (Justic et al.,
1995) , AIFED EMEE & FARICERZNHIRA L LTER LTz Lt 5. 272
L, 8 AD S0 mEDREHEIL, R—RETZ/rr T )b aBRKNA LN (Fig
38) , WM T T 7 AT K DREBEEWIUZ L > TRIBE L 72> TV LB TE 5.
KEZB T D7 vun 7 4V a BEORNEITREBOREBR K ETH > 72 8 H O St.
Al5 OiFKE (50m J&) (2815 32ugL! TH Y (Fig. 38) , Takahashi et al. (1985) |2 X
%R0 7 v 7 4L g BOBHNME (02~04 pg L) ([CHARTHEICEVWEEZ R L
lz. ETRETETIE, 2005 BRI L7ZpEH (5~10 H) 1281 25 IR E# 3 km
HiE DOFE (5 304~33.7) D an 7 4L g &L, WO ENR SR RAT
BRIZ (G5 304) , RBEREED LA ZM> THRAME 14ug L 2810 L7, BLRRHC
BEEE, BUSGET OBLE D & REE 72 TN EE 22 b o 0, AFREIZI T 5 8 HBLIR O«
J& D RABIZATEE O f KL D 2 (5 LA L@, & 7= Takahashi et al. (1985) (2 X % /& {40 JE
W77 4 a &I LTS 8fEFULEMIRET, WEDLFLKEUEILOKYE L T
BWVEZRL, FRlRREBEMEE N H Tl L 2R L TN 5.

2) BRREODEELDR

KREIZRT D 8 AOXRBITORBRIREIIIKLS, Flerzve 7 vaEBHRLTE
ETIERD o722 ennh, WHHD XD 22 EPBITE )G ORBHRUEKIC L - T
HEREOZ7mn 7 (Vaw)D EF LI LITBEAHS, WANBEEL TWIZARERNE R L
o, 8 AD Stn. A16 1231F 5 100~300 m J§ D& HKEWIRIE OE S % 2D &, Mo
SRR TKBIZE DREZENNE L, D100 m BOREE TRV KECH -7, 2
T8 HDOKENM D L, KO 300 m JEfHE2 5 130 m £ THLoD 3 FITHART
AR (9.0~165 C) THY, ThIV EEbENEEEZHBND 80 m L E TLAFD
1 H L I3IEFEAKIE (16.5~18.0 C) THhot=. HiJll « JKH (2004) 75 HHEERERIZBNT
HEEA R LIEBEOKIED, 18 Cx ERETOAREATHEREE T LA LTERY,
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ZO XK 8 I Lo TTFErLREENENBIZLTEb SN EE
AHbND.

T VIR O FOLE B SN D RBHR OB & U CTHE L W)INCIER L, BE
BIESE (Stn. A16 D 300 m J&) OREHEDOEFEEICHONT, HEBICRROYRKE LM
Fa 3 2 WUGAHO FHENIC I T 2 R OBLIFE R (2005 4 1~12 H OFFHHE) &
% L (Fig. 41), 7 A BEHIZM A D 13 BRETH-7-H DD, Y4i%kifEik o HIpRIA 1
LB Z B D BRI 1.5 6%, U UEREIT 195 EEIRETH Y, MEAND
oA et A B < RABHITIN K LA LIC B S ICHAE L QU e, 2 OURIERA I8 O SR R e
DAELHMEDTFELIT NP:Si=13:124 TH Y, ZOWIFRSMONDI T AWMT T 7 h v
DRI, L= (Redfield et al., 1963 ; Libes, 1992) . JEH & (2002) (2 ki +4%
BOWWM T 77 N AET A BERFRLThHoTzZ &0nn, UEDZ LiX, WERND
DOBF-D LB TR O REEAFEL 7 E ST 2R BHEMBOA =1L LT, EER
TEZRIZLTNDZEERL TN,

25 r 20 200
20
S 15 r 150
el = -
o = =
g ” o =
S 5 10 o 100 |
b= < )
+ 10 >3 S
) _8 5
S o 05 50
) | l
0 0.0 0
Shimanto Shimanto Shimanto Shimanto Shimanto Shimanto
River Canyon River Canyon River Canyon

Fig. 41. Comparison of annual average of nutrient concentrations between Shimanto Canyon at a
depth of 300 m and the lower reaches of the Shimanto River (Nigi et al., 2016) . Nutrient

concentrations at the lower Shimanto River were investigated monthly in 2005 (NIGI et al.,

AR O 8 HIZBlS N mu 7 4 b a mOHEKEIE, 80 m LR CTIRAKIRAL B =
A7z Stn. A16 TIE72< Stn. A15S DHFRETH D, HikHim D 80~200 m LLED KR (14.7
~19.2 °C) 1% Stn. A16 DIRIKZEDKIR (11.6~18.0 C) 1T~ TEA - 7-. Takahashi et
al. (1980) K OFEF (1989) 12 K % F Uik B AL DR OB F- OB FEFI L 5 &, HBADB
AT TV DR CIMEKIR, @B, (K7an7 e ki, TI0LEENZEANC
JEPH & OKBAR D/ NS WEZra 7 b a KEPFELTWD., ZOmrZan~ )ba
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AT VBRI & B 2 B, BARAER, BRHOBEE & HICBIL, T ORICHEY
7T b OBRESE R CTORIAE R LTS, I, T T 7 N UREEN 2 45
\ZHISE 5 D2 1 HEL EORER]Z 3 L (Parsons et al., 1984b) , (FE5E O H6] CILES-
FWENOKE T T 7 N DT N— BRI NT-DIE 3 BHig & #iE ST b (Furuya
etal.,1986; 4, 1989) . LIEDOZ LxEEFE 2D E, KREICKIT D SMAIS DFEI an
T4 a A AT OEEF KIS B LI2b D LHERI SN D.

) BREEDAH=XL

B OFERRRE & LIRS & RN R < Mmbh, HAFEDME T Ll
F PR &3 2 R EB A DN HE STV D (8 - B, 1986) . MGk I3 R HE I
RMERNGFIET 2 Z 0D, R R OVEEMZIC L 2 BB E LS VREICH D
LWz D, EL, AETITER, MK TEANEEL TW b TIERWED, JR
W7 EEB T DR EROFMENE SRR, HELOEENRICIVFEANELD L
I S D . AREORGIKIR T H 2 RN B 0O e B VEEHVE A O MR #1EIEE N-S 1)
ML, BABRRET DI~OT T < Uik (FEAKOD E M & ~Ok) RERT 2
D F AT S JRN B L7256 & 65, ARG O REINZ IS T 5800 H AT S
A @A &) oRGER ORI, 8 AIZS ANEHMT 2 RMITA RN oT2
(Fig.39) . fit-> T, BmANFAE L 8 H TIHAEAMB R L » TEFSNFHR Sz mTRett:
AR,

82O T e O OSSR DIEH OFATIE, Bl X HEERSICBT 5
BB R O L FEBR R O ()11« IR, 2004) , EHKEICIT D B RO RE
TREAOHFL BT GEH S, 1996) , ALHHKIEIZIS T 2 BEIEEER OB T AR DR A
GEH5,2001) D K 5 I EWFEE) & OBIHEAVRIE S LTV D FBI23 %\, Fig. 40 IR LT=
BB 5 B & OB £ TORBEL 25 &, BAENRD b 8 HDOR
ST TR R O 15 WER O BRETHE L O\ e, ARSI B B R R O B
258 HD 1 EIDOHZTH Y BB DO R CTIHRENEL S DO, Rk OBG T B A ®) 23
FHEROBEF ORAEICEE L, #ERICAEC D WREEE TR T 250 THD.

b Z & 2B E R, AKTRAE LIZBA M ORERHRIGOA D=L E LTI SO
INE— e HER L 72 (Fig. 42) .
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i) Strong flow passing over Shimanto Canyon creates iii) Strong ﬂ?w to the east p-rod-uces an edf‘ly in
turbulence and vertical motion of the water. the lee side of Cape Ashizuri, where Shimanto

Canyon is located on the sea bottom.
7 /

ii) Bottom waters in Shimanto Canyon are forced
to rise along the steep—sided slope.

Fig. 42. Hypotheses of upwelling system in Shimanto Canyon with the movement of the Kuroshio
Current to the shore. Sketch of submarine canyon drawn in pattern i) and ii) is based on Allen et
al. (2001).

1) SRR IR T HRER L TV D KEEMISM L oW sk 72, K&

KB OBEZFHEI LoD, B L.

i) BT D BRI IE RN O KM BRI M ~DET) 2 520F, SRt a2 L B

L.

i) FEIEE IR IR RIS C R & OFRVVRALANE L, WAL D TN & 72 2 L1 vh

S 0 O T RS IR RAE L, A L.

LEIZR L2 L9108, )& )DGEITTBER DIFEINHADRAEZR LI E B 2 b,
—J7, i)OEE TR RPNBAOTERK LD, ZOMKEE L THBEEANOEE
IR NE B IR SN B2 B,

WIER DFAEINEFTIZEE L TV 5546, Uik /KB 25 HES 250
TAHRS LS 10 KOWREANZA A, B ERoO BEEK T Z ol @i+ 25 2 &
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NG, RIFRHCIIEEOMIER )5S BEORERNECF IS NS TR H 5. 1Y
T MFER OFE R PR (T 7220 6 B IZ 31T 5 Fill) (213 45K Eic 1T 5 KRB
BEOUFIES Th B RIBHIERPGFIE L TWD Z &M D, Rk U7z W5 AR Se i
(Stn. A15) D7 m w17 4 b a KBTS -HREA R TIEAR S, RifES THEA- L,
B OBWNRIIZD > TEIZNTEIZAKBRTHLWREELZ X N D.
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V #BEeEsEs

1. OAHIASHE SN HZRBIENFAOEN S X BEHOERLEEICRIITEE

SMEESRE D HREAPEI X I E RO HIFRAIC/EM L (Howarth, 1988) ,  H AT D B 3
WK CHOERD M AEFEL AT 2 EHNRHRE I N TND (eg KH,1994) . ZD—
75T, AHTIE DINDIP e S @ W32 <, U 2 AN ERREAEPE L6 L CHIBRAVICIER %
Gtrbd D (B - B, 2009) . BEKOREEZZT HAEMEKIK TR SN T~/ V&
DOEAVE, IO S RECH M O PR RS2 L o T, BHRBHIRAICIERAT 2
Ba L ) U HIRMICERT 2858 0o (IR - BaE, 2009) . DU 5+ Qg 4B
BT DHALT A VL, AFFRICEL > TEBFHO BIMNE T CRARN NP AR 5
FERDF DA, BRI ), RN BB ORBELOFELZ T T\, AT
TA U BEKERREE R TAEO FEBI, WEIRAIC Lo THEY (58 ST
K > DRI IE D IR DS RIEHY, DIN:DIP b 10~20 F TR B & Tofi L, il Hikiciz
AT 5. ZHICK LT, AFEOMJ5+)IITiX DIP 28 1428 L 0 HKRE T, DIN:DIP k
(180~470) 2@ LD /K FHRICHFE S D . Z D728 Bl Tk DIP 23HIFRE 1 & 72
- C DIN ORI & 8% KIF L, DIPIRECKTRICIZZrr 7 4 b a GHEENKEL
Wb 3 B AL E L ATREER B 2 bz, 20— T, BEMO 81X DIN )58
s L <, N7 7 o7 A EZR GRS 2728, W5 -H)11oE v DINDIP Hi
FIJE 1 D e VB PEIR I Rk LT, R HIIR & b9~ 2 %E &2 7= LT\ % (Fig.33a) .
S AT T )N I XA ER R+ F A R L2k U C 10 5D 7 A BRIEDSFAE L, ey o FLfA
FEDFEREIRD I A BT T 07 MU ORBHERIIKH LT, +oBEO7 A BEE LT
W5, 722 L, W ANORNIZ v — 2FRE TR <, FRHSARNIIE TR L7z 2005 20 &
VKD £ 5 2R TIE, RBEOMBAS T O HEICRES LD LEXHND.

AW TR R E Lo Tob OO, FNRAKROEHBEEEICER T2 &, £OEMEIT
TRBEICAT BT D A W E T VT, ZhbIaARRERET WO KEREED T
2D FEREL & A2 D e WD EFER X2 T\ D . (EBIHARE & REE & ORI,
AR L7z &80, RS (1994) LOVER D (2007) (X - T, HAEE S RES L <I3B
FREERENYHEBEICH D Z ENRIN TS, T EREOAFRRIZ L > TR
DRFBIIRENEAT D Z & &R L TR Y, ] FHs K& OVA S 0 FERE A FEE 13 ) 1 TR
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WENBDSTERDERHAT 2 B2 TR, WHHIIORE, BEFRIET U EBEN ES
THZEMmb, WHCTHIA L7 A BRI TR < ERIRE T, sgfbic k- TR
BENZ LWVIREBICH DRI s, (#7707 hchHEn% (Fig.
43a) . —F, AFTNCBNTHETF A BOEDLEERE 2D, WIINTOS A
ORI BRSNS 5720, KR A~OMGE RO+ 5. 72720, £F0 LB, &
ERERICE S TOrABT T 7 b OHEICHLBERRERIIMGESIND EEZEND
(Fig.43b) . Z O X 92U G )IGnlsk THRAT 2 0L, W), ok, 16RE~ &
Wi F T 2mFRICINT, FAKRBOIEMAEFEDOFHANEE L BR LRNR G, hREERE &
WIS TWD EEZXBNLD. KR TRHEE L LR I EBEIZ OV T,
7 AEPRORBHE LWL )1 TIE (], 2010) , S & OFH B ER O fEA N BB 7R
e D,

;%

Coastal waters Brackish waters of the estuary Freshwater areas

< > < > < >

River plume

a) Summer

Nutrients supply from river
Si>>N>>P

Low primary

production SiI>>N>SP Si>>N>P

«— e

<

N, P uptake by attched
blue—green algae
Stratification

River plume

b) Winter —

Nutrients-rich Nutrients supply from river

- Si>N>P

High primary Si>N>P
production

Si, N, P uptake by

iscoloration attched diatoms

Si:N:P similar t: °
l‘ I R of U. prolifera

Vertical circulation Redfield ratio

\J

Fig. 43. Schematic chart of nutrients flow from the Shimanto River to the coastal waters in (a)
summer and (b) winter. Sketch of estuary and the adjacent area drawn in pattern a) and b) is based
on Fujiwara (2007).
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U5 )R B BRI oD 2 27 A VIS5 % DIP ARV T, 2009 4 O #Efk e bid
BEEE ClE72 <, 2010 4, 2011 4T HL & 472 DIP fiAa B O e b3, T ORBIZEE L
ToAREMEZ RIE L TS . AT 27 ~ /7 U EHEY T, PASHMAKECE U EHE
B & U CHE KRB 2 i b S 7o R, BUETIRESREB(LL, AR LERRREET LF
RELp o7 (LHEE - M0,2014) . VOB RBGITHRIN B REOLE R ORI EL K
(L7 EE R B, PR ORRMC S DR OTME, MILE OX RIS ET SN
TV (IUA,2014) . LarL, WHH)INE TEARRZOER] & LTOBEER:E LTO
ER BN & 2B E 2 D &, ANABRANZ 5 2 5K O OM LS O R IT L
LWEIEEZT, BlAiX, ®EES (2011) 2R L TV 2 NKE OKERIROMR A R 2
7o b - B O KM ATEFICOWTHRFT2MERH D EEX D, SHITERALDL (2007)
X, AZTENBEBIZ VTR, BRAREL T OEK, MO OB DI K 0O 32 iR 2 1
EL, FARLHEAZ®@IE L7 KODIP RERETH -2 L2l LTnd. U+
WUI N TEHEBARD 70 %D @ WEIS % H®, F7- Zhang e al. (2008) (2 XiviE, #HEEMHAR
15 D7 DNRBERBIARAT L0 b /KI~D DIP G BN D7 2 Ll STV 5. HBHARHI)
SO EREH -V O DIP G &I RO N THEIERRE TEIH 20D
(f& /5 + 98, 2008) , AN TLEFEEMIARD & O RINREERBIR A~ DO BRI & 22 K D HHE AL
OEHER, VAT H)IFRIEkICE L7z U v Offifaxik & B 2 5.

2. TIEZBEMBEXBEADANEFERICK HREEME

ARFFEN I 1T 2 R BV & T T VBRI 35 1 2 SRR R 0 oA & FHIA B
G, WK OYEBR NI SR RIFI A~ BN G S, A ro
T4V a RENHERF S LTV, —J7, BB U5 ) TR B 35 2 BR O CHERE AR PE 23
Ml S, T H)INTEAERNC 2R HIRIC & 2 YrgKI~ D ERUHGIR & L THREL Tu
HIZEWRENTZ. 2L, FORSFEHITAF TIE <, TEEERN RO LY /E
PEZR X ZDIZIEIAF B2 b5, — 5T, THEEEBIEROE IICER SN TN D
VU 5 VAR 35\ T, BEEE B T IB 51 L BRI D O BB ~ D et I8 A feZ2 L,
HREICKITA2 7007 0/ a BREPHBL L. Fig. 31 IR L2 X 5 I HIEAN
W ORBTEIRE L, 7 A BIEZ RO CHEERANSEIRE T, R VEEO 2T
KEhoT.
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IR IR LB A K DRI O RBEO MG R A LB LI A ) 7 4 L =T O HEH
W& DL, BEAICED DIN I OZD 180 5 Tho7oZ ERMRESNLTND
(Howard, 2014) . E72AHTIX, B L OHKTITRWE 00, PASHMKIRICKIT 245
LU AT OWTERER EAMERR O RPHEE SN TWND. BENLOERLOY A&
MRE L, ORSEMERROH S TIEEEROER L Y U RNENEIL 81 %, 79 %D @
BHEEZEDD OO (W1,2016) , #EFAHEDYA, Yanagi and Ishii (2004) (2 XV iEs R
WBNEFT2%, U 81%, HKE (2004) bIAMNEEENEFE 64%, V2 64%T, WTh
HAMNERIED @ WEIEE HD D 2 EAUR S LT, ARBFZECIRI IR & i IR 0 E w i
BREHIIETE TV RWnb 0o, WH-HEER & UG +H)IORBEIRE, MOVBRFIZRT
LHHEREO7mn 7 )b a &EWINTV—LNOI a7 4V a BORKEOHE, +&
BEOREE, S oIC B XY SNSRI SNEE, MY 7+ =T ORIk
IR L MR OMAS B O N S, B TEEIR FERICB W TS A~ 22 mD 5D
T AEERA~OFEITIEFICL D RBEREOFENREINEEZILND.

AW THR LI KL DT, BHAKBUCB T DBAITFITHEL TV D DT TRV, ¢
o T, EWEFEDHMERE - 10 BITIE, BABAEORECR M N ER R ER L D, £z,
AWFFETHR A SR> L AFREINBH N E U725 a3, mREORERE NSRBI
F OIS A REM S H Y, BETL—LDX -5 &R 0E5. AR CHRR SN X
INHRWE R 2 BA N E L DML B2, BEZIT o7 2010 400 2 IR & Bl b
ECOHBEEZW LRZIT Y = 7

4 & (PR AMER AR O
DEMT 5L (Figdd) , KRS § o0 |
7= 243 HO 5 bifilhas 15 R E g_ =243 dave
THYE L0 8 ARICEE R 5w |
S LinL, WNTIE 20 i 12'
0)@5%@165 EﬁC&U\,%%ﬁEﬂ 15 20 25 30 35 40 45 50 55 60 65 70

Distance (nautical miles)

oo, 20 R TEHEANELD

L 7R RUE AR OD 1A~ 1/3 2850 L Fig. 44. Annual number of days of distance at 5 nautical
’ miles intervals from Cape Ashizuri to the Kuroshio

=S =R =E 3% S Iy = (g Current axis. The distance data was obtained from the

cited website of the Japan Coast Guard.
HERLLTWDL Z LIThD.

83



— 0, BFEIEERARIC L DT < i
BILL-oTHAELD D, IBTV =7
A b (]REFFHER) & &1 20104FDH
e K JEGH 227 U 72 JBU A O S L 2 HE L 2 L
(Fig. 45) , 365 HOBLHOD 5 HaAfEIL v
FPED 106 H T o7z, MLk CEA-»
BETDHEEZONDMOEIL 0 HT, F
HEALHERZAGDLETEH 8§ HETH -
2. MO T b R R~ P R P 0D JEL AN 5N
FRRUERIES (R =T IA b R Fgfﬁﬁm@md@ﬁWMfiwm?f

aily maximum wind speed observed a
LEHE®R) , 2O LMK BT Cape Ashizuri in 2010. Wind direction data
SEAOREERRDRL ) bRMoBE L T R e
MEETHLZLZRETLHHDTHD. Agency.

AW DAL 1 BOFAE LR
ZbDT, ZOFEMRAN =L, FBAKE, Rtk TcodY, 4%, B
FE & OBROFBEZ 107 HEBEEA DS OWER & E D THRRT OLERH L. £z, H
TEDBIZE L THMEAZIR LR & OXHITE TWRWD, HREATEE O KEE
FHETOBR G FE L, WESNE DN EREL D, I I, BEGROAEZ SN
THEVPAfRICT 5720, BER LOREMEONN « FHOBINPALEND. ZhbD
FRFEIZ Z > C, HAKIICHIT DEF DA D= AL ZH LT TEL, BIEMICERER
T DM A FERE DRI HIESL EER DD,

3. L EEMELEOEWAREICH & BRNR T RE

Ryther (1969) 73/~ L7=iBA DA A EREOHETEIC XL D L, RO OEM DRk
WEAPER (20x10'% kg year') D95, Z D 80 %ILAME (5D, JEABITEED 0.5 %I
M7=/, Lo, JAIROBEMNmEES 7= OFEEAPEEITINEIRD 6 5 EHEE S,
SITIEF O GE T B R H ~ 0 R FE BRI O RPN Em N To 0, SR oA K
O EVEE & (24%10" kg year™!) (2D DBAOEIEIL 50 %IT#E L, SMEEIZZE D 1/00
EHEESNTWD., Eo—RITHEAROAERER BAE L, KREOEEZHE L+ 5 KD
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ARMAESCHEEE 2D 2 ENEL< M55 (Lalliand Parsons, 1993) . ARFZED % G238 T
oD TEBEETEIZI=42 Y 7 I NEEL TWND LB X LNDHKIKT, FFICARRITINF
S 1SYEHR S HUWE TORMIBIEIC R < ML (Kato er al., 1996) , + Z TlZREDAY
BHEM DR, SO WITHENELDZ A2 R L TWD. ARIFZE CTHEFR S AL7 U 5 s
BOBEAFBEFOME I Lo THREINTZLEBZON, ZOZ EIXXDELOMWERTY
FIRFCIR A SR L OO A E A2 RIE T 5 b O TH Y, B DS 078 76 0 e ik
DA F~ ZAOHMERF « 1) LI L THERERHZR-L TN EEZDNRD.

— 75, Wi Tk~ 72 X D ITH T L 2 RBHEME BT S O EI1TD 72 <,
LRKKIBOIEMEEPENA A~ 2T L TTHIBR-OFHERRE VW EHER SN D, EEI
B D REDOE AT AL R EOWFEN AU, GUkR 20 —K & 725 Z L2025 (Houde,
1987) , VBT O FEBEAERE O i) LI HIEORE O i | 2 B e e A R T2 LT % Al EENE
DD, EDO—JT, Djumanto et al. (2004) [Z{IEJIF AIKICEB T H~A DV, hHTF
ATV, ULAAL T OFHERONAREICB N T, ZREND D RE DRI A5
1 km BAN DI 7 V— 2 (i) 30 #ifk) ICRBT 2R E R L. £7o4 UV BUFHER
DEFEGINIZER AR OER S R ONHHEELIKIKE 72> Td (KF,2006) . =
DAEFMITY T R & L TRPEAZRGII CH Y, T TIxFICMm -+, =@,
W) e OV B AR < HUEE O B RE O] A I B W TR S D (B - 17,
2013) . WU ~OIFHEROEBIIIAARERH DL DD, KR TRLIZEEBD,
FRJE BN b 2 3 BSOS AEAAG 3 0, & FH O @ /3382 e~ T SRR AR PE S
MEFF SN TWIEZ &inh, fFHERRDAESRR, WEIZE > THRREMHZHA TN D LB AL
N5 (HY,1991) . =2V 7 U700 T, LEEETERZ ERAEBMET 5 X9 RinE
PEREIZA U U8 BEPELE LTV D (IR, 2000) . 20 Z & iE, fAaEIT D7 < Th e
BN KRB A G T DI L, WiiRIToH D 203 5 b KREDREIRE 2 ENE £ THESEA
R, B LMOMBAOAEER D LT, FoMBEAE, BUEAPENKNLT DEERIC I T R
BHY, WIFNBAAIRTHDHZ & ZREEL TWD (Fig. 46) .

I
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Shimanto
River

Continuos
nutrients supply

Western Tosa Bay

Om------3
Greatly enhanced
70-100 m._____.Y_32zone > primary production
200 Mo m oo oo o2
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intermittent upwelling
Shimanto Canyon
300 M- - - - e e e

Fig. 46. Schematic chart of nutrients supply from the Shimanto River and by upwelling from Shimanto

Canyon to the euphotic zone of western Tosa Bay.

AWFFE TR LIENEIE, AMOBBRAEEDE LT, EdEHOERME L THEHER
TEE ORBHEMAEEB OV TO—MEWALNI LD THS. LnL, TZETH
NTE LD, W AEPERAE O 2R EIRCH B B (2O W T HER O3 2 H 7220 g3
BL<EINTWD., 2RO OIIZYE 2> TiX, WEEY, (LPEEy, AWy
&V TR IR RIS EAR TR EB R D
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KEORIAFAEED Y & L THEERKLEALESIT 5TV D BB, B o5k
WEAL, ZOWmHITEFORBMAEEBORNEELZITTVD. BRERBHORETIC
oD BT, TOAEWEREL LR D120 DIEMEAFEZ M) S8 2 RBEMAE AR AIR
&%, BEETEEIR FEIZITE ~OFATN O TR ABEO WG HIBEE, £
HER D AR IIB A A D ER & 72 5 WG HEEANTER S TS, LarL, 1]
JIFTR & R EL IR D W5 DR & R AAG OFS 21T o 1o h1L, BB ORI 5
Z LA Ea . AKRBFFE TR A Dk 2 & SR R A RIS, I R OB 5-IC K %ok
IR & 2 OB EE~DOFHIZ OV T LNCTHZ LA E Lz,

1. mAHIIZE T 2RBEEEBDFH

2005~2006 FD & AT, WA, AZTEN & OWE I O A1 R it B C o 28 M i
(dissolved inorganic nitrogen: DIN, dissolved inorganic phosphorus: DIP, dissolved silicon: DSi)
ZRE L, 3 Ek Lz, WG+ 2 7 FSEEI, Zi£470 DIN 15uM, DIPO0.14
uM, DSi 164 uM T, =g/l (2 » 4-F#): DIN 24 uM, DIP 0.26 uM, DSi 134 uM) & %6
JIl (2 » 4£3F#): DIN 22 uM, DIP 0.21 uM, DSi 115 uM) (Zt_T DIN & DIP MK,
DSi 2SR THER L7, UG+ ORI & % D= (DIN:DIP:DSi = 108:1:1180)
(TR L, BRBEOREDNEM T A/ REZBEO/ NS WRtEZ R LT, 1B
FEEI O FE I IR FEE CH DI AW T T 7 b OIRNITTHEMZ N:P:Si=16:1:15 &
E 21T (eg Redfield ef al., 1963) , W06 BEE~TEERE T T 7 F L OREE
HORICK L CEBSCT AR, HICrAEZREFIcfiishcng,

2. MAHIEAAAZKICE T HREBELH EARBKEERACTH/ ) DEFRE
WU A D AT 4 ) UAEBRT, 2009~2011 FEORMKAEEL (1~2 H) (25#%
HiEEE (DIN, DIP) OWEEITO & &b, AT A/ VEEFO%EFR (N) KOV > (P)
AR, TOICEBAELRD 7 au 7 v a GA8ZHE L. BE/AKFPO DIN 3 »4F
Y. LAl 8.5 pM, HIGE 8.4 uM, TR 6.5 uM) (XAEFHIO LMD & TN o FEHH
THEZRZET L, DIP X Ml G »F 5 0.081 uM) 2320 Fiflld 2 His (3 7 FF
) Rl R OV E S 0.13 pM) (TR TIRIRE Th o 72 ARKIEBIRO I ok U
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G HE D 3 » HFH): DIN 7.6 uM, DIPO0.11 uM) (X, AV T A/ VINFERNZ o 72 30 4
Al (DIN 28 uM, DIP 1 uM) LR TREILTL, DIP T 10 fF0EN R b,
KA N BHBEICOWT, TIMITIE3 7 FZ2BE LT 3~4 %DOKEZHERF LI-b 0D, L
P TI 2010 AELABEIC 2 %FRREEICHD Lz, AN P & &id BIRMIAYE 12 0.2 %A 0
EAKHETHERS L, fth 2 Ml L 0 /D772, DIP &R P & A & & ORICIXIEDFHEEIN
RO HAL, DIP O FRHZIZEENP EHELZET TRINEGARBEA L. 2o L
B, A/KIK T DIP BSHIBRIN - & 7225 C, MARICE 2 P RONERAIHI S B 25
5. 3 7403 MO /KF O DIN:DIP b (12~288) X k& < AL, #EE{AN NP Lt
& OMNCIEDHBENRD bz, 72721, BAEPN NP LoD Z B Hi[H 13 DIN:DIP kb o> 28 Hhi
ALY &/hE <, FIT EPRMAIT DIN:DIP FA S R & 72 21223V THERIN NP oD B A1
$iA 3 DR L B 7z, 2 DIN:DIP bb & BN NiP tb & O TRl X, BREE/K @ DIN:DIP
LS B LRI, SRDMEARN NP LD R T U A2 HEFF L X 9 & L, DIN O HZ I L
22 LR LTS, BARORE SITERAEN N LU P G 8L OBRIEITA b )
STeDITH L, BARNOZ nra 7 (v a GHBEOEBITEAAN KU P & A & & OB
—BL7z. ZHIREEKREIC R T 2 R EBEEAD RO G Bz KT T L 2Rm LT
Wb, Kt TH LN/ ra T b a BHE (091~63mgg!) IE, likikoZi L
THRL, IFEODIP ARICL L B2 R L TN5.

3. TERMEBEHORBERELEN TS VI FUBOFHEL
2005~2006 4 D% HIZ T FEE ik 0 K8 O S EHRE (DIN, DIP, DSi) KOV
07 b a BEOKTEI A & FEE, WO )06 ORBE R B OFE £
AR, UG AN VB PSR EE R ORE) 77 7 N CAEFEICRIE T IOV TRET
L7z, 2005 4F & 2006 FOMJ5 )1 ORFHEAIGREIL, WEOFEZEZ KB L, 2006
ENRL D o7, 2005 FFEDOF M D DIN OZFHIZ I, BERICAFREEY (11~4 A) 12
EIREE & 720, 2~3 uM RBREEAF(E L7z, pEH (5~10 A) @ DIN (& 5+ 1R [ oD
AR TCTHIBRIZI L2, DIP &, DIN & [FERRICTEER WA ICE < (0.1~0.3 uM) ,
RN Lz, DSi 1%, PUJ7 )1 B ih o> s CITARR 2208 L TR L 0 & vk
Y (3.5~44 uM) THER L, oo #5813 DIN ° DIP & [FARICHEER WA IC @ < 7o 72
FHR D7 mr T 4 v g DFHIBERITRER L REOBEm AR L, g8 o5+
Ay it ma 7 v a B (0.1~0.5 ug L) 1T TEVIKAE (9 A 2RV T 0.6

88



~1l4pg LY IZH Y, FERHOKELY REURFT 2RI N2 o7, RBEELL
2N, EERMIITA S & B DINDDIP Fe2d 10~22 OFFHICH Y, YA @777 hv
DIRNFLAE &L L 7=, @ H oo DINDIP ki, P9J5 -+ A ¢l DINDIP k2% 10
FBETH -0 L, ZOMOHAIL DIN:DDIP 2y 10 LT &7 0, ZRNHIRK T &
LTEHLTWD EHEE S4L72. 2006 1%, TEERHICIXIREN D 7o 72 2005 4 & R
(CHLERZER N E S, RERICREENEE R L oo, —J, BUEHIE 2005 4EIC
T DIN:DIP tb723 10 BL EA R THIFANIER L, F7230 1205 ORIz < 72 512841 T
FEREMNME TS 2HEAN RGN, Z7uu 7 ¢ )b a BH5REHE L RO DHZ R LT
2 7 O T4 FHZHEWE AL DIN & DSi %, WUJ5+)11235 @ DIN KO DSi fil#a & & 1
OHBEBR O, 2o L, HEEEHEREERTE, WG ) ORER K SHEHIZB W
TEBHIROMR S, EEAESHERFINDZ AR L TN,

4 THZEMIEZOBICETHIRBELEN TSV FOEOHREEL

JEAERIRERD AR T DIERTEO 5 b, & bin/FME TA AT UG HRERIZER L,
2010 D PUZE (TS JE ORI (DIN, DIP, DSi) LO'7 vuv 7 )b a BEOH
B & T, BERAEOAE L EBAPEDINE, & SICEMIE & BSR4 L OBRIC
DOWTHGET L7z, BRBEOKEMEITIAFEH & bESANOER (OKEE 300m &) THIH
L, FFHEIZZFENEI DIN22 uM, DIP1.7 M, DSi4l uM Tdb - 7=, S 2 2
TS E, 0~50 m JECIIARER LD 1 A HEMMICERE (&7 DIN 2.6
puM, DIP 0.25 uM, DSi 3.2 uM) TH Y, oo =20 0~50 m & TiE, #42 DIN 28 1 uM LA
T, DIP 23 0.1 uM LLF, DSi 728 3 uM BL FOKHEL 72 572, 100~300 m & TIIK 8 HH &
b 8 A DAANMA L B0, MHEMTO&RERE OO LEANIER L TSIk %
AL, BHAOBENRBDOLNZ. 1 H, 5H, 11l ADEXEORKZ aa 7 1)L a &I,
FILEIN0.5~0.6 pg L' Tho/eDIZx L, BANKELTWZADrZur 7 1)L a &
%, KIS T 50 m BAHE CHEREMEE 72D 32ug L 2810 L7-. MEEAN 300 m B
O SREAE L D F- B D 7K VX e v P 0 S e R DMK B A e 97 2 U 5 )1 FiiEsic
B D RBHEIRE (2005 FEOFEFHIE) LT, DSiIIMAHIO 173 BRETH-7=
DD, LKIEOHIFRA &% % 545 DIN 1T 1.5 1%, DIP I 19 {13 & WRE T, BEAN
® DSi Z i < SRBHITITNIKEL BICBEITHFEL TV e, 2O LI, lES)ND DS
PN VB VIR O SEE A PE 2 7] L S D KRB DA D = X5 & LT, HERKE %
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B LTWAEZEEZRLTWA. KBHIRCEIT 2 BRI IEA- 03380 bz 8 H DA
BRELTWEZEND, RETHRINBGE, R AE UL - HEESDOBHEA-O
FAEICHEE L, BERICEAENEUAFEENE N EEZRL TN,

5. REBER

M5 +)11o> DIN:DIP Lo (3@t T, VUK ERANCAEET T 220747 Vics LT
DIP 2HIPRIK - & LTIEH LS <, DIPIK TR v a7 4 v a GHENEDT 5 5%
bivie. 20— T, WEH O LB TR DIN O 53 6B LY <, Zariiy > 7
U N ERERMEIT D720, TGO G B TS I LTI E IR A
FEBR T DAE 2 RIZ LT DL UG B S S 2 ARG S 405 ki
TRLN D> Te b OOEFAICHHR SN DR H Y, Z AU K> T HT < O
THEE W AE DR S, 7 ZAMRGOAICERL TW D ATREER H 5. 411,
)OO F BRI PER T DA BIH & KRB L OBFMRIZHOWTHIER L, IR T
R LT RBHOITHICOWTRAT 2 0ENH 5. ST RO DI R S h
TS5 A Tl B RN CIB A K DS © B E ~ 0 A LS 23 R
S, BREICRKTD70m7 40 a BRENHEL L 72, ABFE TR R & ViR
DEBRLFHHITITE THRWVWL OO, BRI DHERE LRI 7 v—L2RND 7 o
T A a OGS, BTSRRI O B PE I U IR K D R A
DEGVRENEEZEZOBND. LL, BAOBEIMHRATHL2D, =2V 72T 0
£ O R KRBGFADORKE b 32 2 Ml D EMAFEDOMERE - ) RI2IE, SHEOBEA A
WHEBEREMEELRY, 5%, HADAD=ALEZHRT L LB ROLND.
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Bt

ARG ST BRSSP A AR 2 BIRF R CEE T OMRARR L E L Db DT
b5, EAKFMEAEMBENTE v ¥ —FIROAR FRIELITE, RFEONRE D D &b
YR THREATENC., ZIICEHOBEZERTD. ARXE LV ELDDIIHIY, £L<
D THE B WD T @ AR AR P BUR OTR L AT L, @ E R
BT ¥ —WHR O CRMERE L ICR#H OB 2R T 5. R0 FE ey 2 Mk L
TV A EEOHRM LA ERET DICHT=Y, Akl ZBE 222 Tl K 40 2 %
EOCR =, R FBIROKRIFIERM &, BiR K70 S E0R O IR akdE 00 S
LB L BT S.

AW EHED HIHTY, FxRETRMICE TIXEW S L EBITELDOST
2NN TR AL T B AR B RTRIIT R dte B s L, R AR B gt
B WEVWTFR, FARKXIEEREE SERERICLIVEHP L LTS, FREEIC
HY, BFEOVRBOREFIHE LARNWIH I EWEL L L bICARRIBE 2N
W RRUE AL A AR AT FE T ORR B i, BRI L, PREEZK, iEL
FIVEMFBEHITE &SR LI L B L T 2.

HOFERE IS BLEmaiT) , ME—ERK (Bl Ok , BEENTK, ek
B, 751 Pt a o ILEEER, MR 7K vy - U—27 - Uy Ry) K
WARER (Bl U — UH03E) 13 U @A R PG AR TR D )7 2 (II3EE o5 IR
TWHAWTEEnis, FEAGY K (BEERT) 13U O SALE B AR HA T AT K
BRIEEMIIEE DT E B R RO T7 2 IITRBL O ST IC TH Wiz iZniz, 2 ZIE# OB %
FT5.
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