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Effects of water and dissolved material exchanges between land and ocean on coast
ecosystem and fishery resources
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The effect of freshwater input from rivers on the ecosystem in coastal waters
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High production in coastal areas is supposed to be supported by large organic and inorganic inputs from rivers. Therefore
excessive reduction of nutrient loads from rivers would decrease nutrient concentrations in coastal areas. This manifests in po
growth of seaweeds, which has been observed in Seto Inland Sea in recent years. However, primary production in coastal are
is not only supported by terrestrial nutrients, but also external nutrients derived from ocean and regenerated nutrients formed |
hypoxic water at the bottom. Evaluation of the contribution of each source of dissolved inorganic nitrogen (DIN) to phytoplankton
production in Ise Bay revealed that DIN consumption by phytoplankton exceeds the DIN supply from rivers and ocean. This
indicates that a large amount of primary production depends on regenerated DIN within the bay rather than on newly supplie
DIN, although the ratio of consumption to external supply differs seasonally. We have to pay more attention to the behavior of
each source of nutrients for future managements of coastal waters.

The effect of the freshwater input from rivers on coastal areas is not only the nutrient supply, but also the formation of
estuarine circulation, which plays an important role in coastal ecosystems. Since the flux of water by the estuarine circulation i
considerably larger than the river discharge, it has large effects on the material transport and biological production in estuarie
and bays. For example, larvae of temperate seabass do not distribute in the surface, but in the middle layer, and thus the landw:
flow effectively transports larvae to coastal areas from the spawning grounds in the offshore. Therefore, the year-to-year variatio
in the amount of juveniles in the coastal area shows that the survival of juveniles improves in the years when the river discharg
increases.
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Possublte effects of submarine groundwater on biodiversity and fishery production in coast
ecosystems
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Economic values of the ecosystem services of coastal ecosystems have been evaluated as among the highest of those
world’s ecosystems. Recently more attentions have been paid on the mechanisms how the freshwater contribute to the hic
productivity and species diversity of the coastal ecosystems. In the present paper, previous researches that focused on effects
freshwater input from the land on productivity and species diversity of fishery resources in the coastal ecosystems are reviewe
In addition, results from recent surveys conducted in order to examine the possible effects of river water and submarine grounc
water on productivity and species diversity of fishery resources are introduced.

Relationship between river discharge and recruitment of several estuarine-dependent fish species (flatfish, seabass and clup:
have been reported in the world. Among these fish species, the mechanisms how river discharge promotes survival during t
early life stages and recruitment of Morone fishes (striped bass and white perch) have been well studied. Larval survival rate i
high and recruitment of 1-year-old fish is successful in years with high precipitation in these species. High freshwater discharg
has been reported to increase availability of prey for the larvae, decrease predation through affecting predator species compo
tion and biomass, then increase the growth and survival during the larval stage.

In a previous paper, on the other hand, low salinity zone has been reported to be one of the ecosystems where biodiversi
is the lowest among the world’s aquatic ecosystems. High fluctuation in salinity and tidal level within a relatively small spatial
and temporal scale could be stressful for a variety of animal species. Recently high abundance of juveniles of several flatfis
species were observed in low salinity zones nearby an estuary in the coastal waters of Japan. Species diversity of fishes w
higher in a seagrass bed where freshwater supply from the land through submarine groundwater was expected compared to
surrounding areas. These observations suggest that low salinity condition does not always decrease diversity of fish species
coastal ecosystems. Future research plan to investigate the mechanism how the freshwater input from the land contributes to t
high productivity and species diversity in the coastal ecosystems will be introduced.
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Evaluation of nitrogen dynamics in the Yodo River estuary using stable isotopes
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The increase in human population in coastal watersheds has increased the delivery of nitrogen from the land to coastal enviro
ments. Accelerated nitrogen cycles in coastal environments have led to an increase in hypoxic waters and instances of harmf
algal blooms. Physical and biogeochemical processes within estuaries generally regulate nitrogen fluxes from land to sea. T}
estuaries of major rivers on the continents are thought to be sites of massive nitrogen losses. However, function of estuaries
nitrogen transfer must vary according to each estuarine hydrology and biogeochemistry. A large amount of terrestrial nitrogel
empties into Osaka Bay head from the Yodo River. Although the estuary would have a crucial role in modifying nitrogen fluxes,
its function to nitrogen transfer is still unclear. In this presentation, we will report the seasonal difference of nitrogen dynamics
along the longitudinal section from the estuary to the head of Osaka Bay.

F—U— R &R, ERMALL, FIOEERR, SR, BEkE
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Factors of the temporal variation of marine phytoplankton at Yodo River estuary
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%Jtlllzatlon of terrestrial organic matter by marine benthic polychaetes in estuarine eosys
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In semi-enclosed bays, terrestrial plants transported by river have become a major constituent of estuary sediment. Since it
difficult for marine organisms to digest the terrestrial plants which mainly contains the non-living refractory cellulosic matrics,
few studies have been taken into account the role played by the terrestrial particulate organic matter(tPOM) in enhancing the pre
ductivity of the coastal biotic community. However, the important role of tPOM as the food source for marine benthic organisms
has been recognized in estuarine environments. In the present study, we examiftl€é€tlié°N values and cellulase activity
of the several species of polychaetes to elucidate the contribution of terrestrial plants to benthic biological production in small
semi-enclosed Bay. Polychaete annelids were collected at estuary of the Kita and Minami River in semi-enclosed Obama Ba
the Sea of Japan from August 2007 to June 2010. The carbon and nitrogen stable isotope ratios of polychaetes were analyz
Cellulase activity analyses were assayed by using carboxymethyl cellulose (CMC) plate assa¥?CTtx@lues of deposit or
suspension feeding polychaetes were lower thad'th@ value of POM but higher than the terrestrial plants. THe ands'°N
values of carnivores-feeding polychaetes were higher than those polychaetes. Cellulase activities was found in many deposit
suspension feeding polychaetes but also carnivorous feeding polychaetes. On the other hand, the polychaete species with lov
isotope signature did not show cellulase activities. The polychaetes which showed cellulase activity were abundant through th
four seasons in estuary. These results suggest that many polychaetes can decomposition and assimilation the terrestrial plant:

F—TU— F: BEEAEY), LD —, LS, £ B8
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The origin of submarine groundwater discharge in the coastal zone of Hiji, Oita prefecture

HIE A RIRE 2 =B I 2 2 8 v B!
YAMADA, Makoto* ; GHSAWA, Shinj? ; MISHIMA, Taketosh? ; ABE, Yutaka ; TANIGUCHI, Makoto'

VKRB I BREREE AR, 2 SUAR RS AR E AT SR o sthBREA A TS ik
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Itis said that groundwater discharge from the seabed of the coastal zone of Hiji, Oita prefecture. The marbled sole which live:
around this submarine groundwater discharge is called$hirosita Karei' , and is loved by the local people. From ancient
times, the local people have believed that this Shirosita Karei grows because of submarine groundwater discharge. Howeve
regarding the relevance of the ecology of a marbled sole and submarine groundwater discharge, it is not clear that this is the ca:
Moreover, although it is clear that there is submarine groundwater discharge, there is almost no information about the origin an
dissolved component. Kono and Tagawa (1996) conducted an analysis of the major dissolved components of groundwater
this land area, and a vertical distribution investigation of the electric conductivity of the ocean. As a result, it has suggested the
possibility that submarine groundwater discharge is the confined groundwater recharged in the mountain area. However, in th
report, they said that they were not able to identify a recharge area clearly by this research. Because of that, we sampled tl
spring water of the land area, the spring water of a salt water mixture discharged in a seashore area, and a sea water sample
order to conduct hydrological research using the stable isotope of water in this area and to clarify the flow process of submarin
groundwater discharge. The recharge elevation of the spring water of this land area was assumed using the recharge-water li
(Ohsawa et al., 2009) made using the data of the Beppu area of the southwest part of this research region. As a result, it becat
clear that the recharge area of most spring water is at an elevation of 200 m or more. Regarding fresh water and salt water mixtur
the mixed rate of sea water and fresh water was calculated using electric conductivity, and the isotopic ratio of the original frest
water was computed using the mixed rate. As a result, it became clear that the recharge elevation of the fresh water mixed in s
water is near 300 m. Moreover, as a result of extracting the terrestrial environment of this area, the area with an elevation of 20
m or more is mainly forest, and there was a boundary between the forest area and plains near an elevation of 200 m. It becar
clear from these results that the origin of the submarine groundwater discharge in the coastal zone of Hiji is the water recharge
in the forest area of the mountain slope, and that the water moves under the plain and is discharged at the sea bed.

Keywords: Submarine groundwater discharge, Stable isotope, recharge area, Hiji
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Location estimation of submarine groundwater discharge from Mt. Fuji in Suruga Bay
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Keywords: submarine groundwater discharge (SGD), Mt. Fuji, Suruga Bay, side scan sonar, remotely operated vehicle (ROV)
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Evaluation of submarine groundwater discharge in Suruga Bay by using radon 222
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Estimating submarine groundwater discharge in Obama Bay, Japan, using 222Rn ma
balance model
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HONDA, Hisami* ; SUGIMOTO, Ryd : KOBAYASHII, Shiha? ;: TAHARA, Daisuké : TOMINAGA, Osamu : TANIGUCHI,
Makotc®
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LFukui Prefectural UniversityKyoto University,®Research Institute for Humanity and Nature

Recently, a number of studies have shown that submarine groundwater discharge (SGD) is even more important than surfa
runoffs in terms of nutrient transport and can drive primary production in coastal seas. Obama Bay is semi-enclosed bay it
central Japan. In spring, phytoplankton blooms in the bottom layer around 2 km offshore from the river mouth. Aquifer distri-
bution in the Obama plain and our previous observation of low salinity water around the bottom layer suggests that unconfinec
groundwater discharges induce this phytoplankton bloom. However, quantitative contribution of groundwater discharge to the
coastal ecosystem has not been well evaluated in Obama Bay. In this study, we estimated the input of freshwater and nutrien
via SGD into Obama Bay using mass balance model of ratf3R() and salinity. As a result, the volume of SGD into the bay
was estimated to be 0.05-0.800° m? d—! during February 2013 to November 2013. Especially, the fraction of SGD in total
freshwater flux in summer reached to 44%, because river water discharge decreased drastically. The nutrient fluxes from SG
were approximately 84%, 210% and 28% of riverine fluxes dissolved inorganic nitrogen (DIN), dissolved inorganic phosphorous
(DIP) and dissolved inorganic silicate (DSi), respectively.

F—T— R K, 222RniNGE, /NS
Keywords: Submarine groundwater discharge, 222Rn mass balance, Obama Bay
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A study of primary production in plankton blooms driven by riverine inputs
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Vb E R A BRI R 22
LFaculty of Env. Earth Science, Hokkaido University

Rivers transport nutrients and suspended sediment matter (SSM) as well as fresh water from land to coastal regions, where t
biological productivity is high. In the coastal area, the buoyancy of fresh water leads to the formation of horizontal anticyclonic
gyres and vertical circulations, which affect the variation of biological production such as plankton blooms. However, the primary
production caused by the three-dimensional dynamics have not been quantitatively discussed, and observations can hardly capt
the daily temporal variations of phytoplankton blooms. We developed an ocean general circulation model (OGCM) including a
simple ecosystem model, to investigate the three-dimensional and temporal changes in phytoplankton blooms caused by riveril
input such as flooding.

We first conducted ideal setting-simulations. The distribution patterns of nutrients and phytoplankton differ significantly from
that of fresh water. The phytoplankton maxima shift from the downstream (right-hand side of the river mouth) to the upstream
regions (left-hand side of the river mouth). The shift from the downstream to the upstream region (D-U Shift) is categorized
by the different nitrate origins: (1) river-originated nitrate (RO-nitrate) is dominant in the downstream region; (2) subsurface-
originated nitrate (SO-nitrate) is dominant in the upstream region, and is transported by upwelling associated with vertical
circulation and horizontal anticyclonic gyre; and (3) regenerated nitrate (R-nitrate) is dominant in the upstream region. The tota
primary production in phytoplankton blooms is maintained not only by RO-nitrate but also by SO-nitrate that is larger than the
river-originated.

Next, we conducted a realistic simulation and a few ideal setting-simulations. The phytoplankton maxima shift toward the
left-hand side of the river mouth during the early time, but the shift does not keep going to the left-hand side all the time. This
is because much SO-nitrate does not come from the subsurface to the surface layer after the middle simulated time, due to we
upwelling forced by vertical circulation in the left-hand side. The gentle angle of bottom slope weaken the vertical circulation
and SO-nitrate supply from the subsurface, and the NPP is small.

It is natural that D-U Shift of phytoplankton maxima often occurs in the real situation like Ishikari Bay when high riverine
input such as flooding. The conclusion that the shift is categorized into three stages by the different nitrate origins, RO-, SO
and R- nitrates in turn depends on the bottom slope angle and the way of inputs and the amounts of fresh water and nutrient
Bottom slope angle and the way of fresh water input change the behaviour of plumes, nutrient supply from the subsurface witl
the change of vertical circulation, and the rate of regeneration.

Keywords: coastal ocean, biogeochemical cycles, 3-D modeling, riverine input, phytoplankton bloom, nutrient supply
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Clarification of relationship between nutrient loading and biological productivity in coastal
area by ecosystem model
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Construction of the comprehensive aquatic model of the Ise Bay watershed

RPGBER VSRR 522 S AR —5L 0 5 o3t R 4 5 0O AL B
ONISHI, Taked* ; SUGIMOTO, Ry ; AOKI, Kazuhird® ; SOMURA, Hiroaki' ; YOSHINO, Jurt ; HIRAMATSU, Ken!

VIR E S AR AR, 2 fEH RN A AR AE, 3 OKERR BTt o 2 — UK FERRZET, ¢ BARRA YR
TRREAER, o IR 22

IFaculty of Applied Biological SciencedFaculty of Marine Bioscience, Fukui Prefectural Universttyiational Research In-
stitute of Fisheries SciencéFaculty of Life and Environmental Science, Shimane UniverSigaculty of Engineering, Gifu
University

WD TRE/KERER | OFEEMED 1990FRUCFER I N, B & MEO— RN /KR EHOEEEMEHINT
W5, LML, RIEEREMIDNZLVEDIC, REMEGRICHEHE > T0a. BERVEDE TEHIL FIHATRERIEICSHE
HIEL T L Feodlcid, BEIC I 2 BRIEA LN REANIE T BRI E N A BN H 5. 2T, K
WIZECld, FEETRIEZ RS e LT, BE, W, WrEcid 2K - E - ERRRET VMG Uiz DKREEGTET
V] ORERZEHED TS, [HRELTWAYER, k& (C), £H (N), Vv (P), FEERIEXEEETHS. Fiz,
A—P—ICXBEHHABRENARERET IV ERE KIS, BHEOA—T 2V —AT 0 F 5 LeX—Rc L Ta— K&
e s LZRERE LTV,

EFIVORGEX, KL - KEETIV, WEETIV, WEETIV, FRERETIVEZEGLIZLDTHS. KX - /KEET
JUX, bk - B & O BAAREAERNCIE PNET-BGC i SWAT EFI)VEEH Uiz, iz, £ 5 04 1EHKE
PG Z V7 ET IS KB ERERANITH Z 2. E5IME 7 at A, Kinematic Wave£ic X % —Xch/kEE T
e, KO FEZEE LIz NPZD BT )V E R lAEDE Tz, T T IVICIE ROMSERW iz, InAx TH L
VERRRZ A HARAR R LBE DB B Uz, T 7 )VORGEHARIZEN T — X DBZ % 5> T3 2000~2010FDHR & L,
MRS 1 H, KSR T —2 & LT 2km Ay ¥ a2 DEfMGEET— 2y bz fHviz. e 7—21cid ASTER-GDEM
FiAE 7 — Z G E T BE SR, 8 - T — 21X 20 500 1| HHVOMERAGHEN SRUG Lie T — 2 W iz, &
L ERANE, E GBS RERSEN S AF L. MEOBHICOVWTIE BB L ZHET 2 BN TERD, KE
OFBMIIBEIF L IESVEEN > Tz, RIAE UTERERKOTUK « JOKBPEEINTWRNT ENEZ SN, FiiEE
EFINE DG EENTOEWNED, 21%1F, FBEIRETIVOWRE, BrEETILE DS EMEE, 7 U CREEfRIT 2D
TW ZEWFRETHB.

F—U— R EHKERE R, TR 2L, ERE, EReSKI, g
Keywords: Integrated Water Resource Management, Landuse change, Eutrophication, Hypoxia, Ise Bay

1/1



