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Actual Situation of Movement of Anoxic Water
through the Ohashi River and Its Effects on Lake Shinji

Fodi

Tomoyasu Fujii', Shimpei Moriwaki’, Setsuo Okuda’

Abstract: It is well known that the highly saline water and anoxic water mass in the lower
layer of Lake Nakaumi frequently creep up towards the Ohashi River, and this water sometimes
directly flow into Lake Shinji through the Ohashi River (fujii, 1996, 1998), but the process of
the encroachment of anoxic water mass through the Ohashi River is unknown in detail.
Recently, many filed experiment are carried out as a countermeasure of anoxic water extinction
in the Ohashi River, but little is known about the effect of countermeasure. As a beginning of
the verification on its effects, we calculated the oxygen deficit amount based on observation
results. Therefore, we found that the oxygen deficit amount was 242 kg in the period of less
than DO 1.5 mg - 1", and dissolved oxygen concentration deviation flux changed in the range
of from 0 to 50 g - sec”'. Consequently, it was found that the supply of oxygen was necessary
for several 10 g - sec™ to satisfy the inhabiting condition of the corbicula japonica PRIME.

Key words: tidal river, saline water intrusion, oxygen deficit amount,
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Fig. 1. Map showing the location of Lake Shinji, Ohashi
River, Lake Nakaumi and Sakai Channel. Solid circles
show the location of the automated water quality meter
(Pt. 2, 3). Pt.1 shows the location of the automated water
quality monitoring system by Shimane Prefectual
Freshwater Fishery Experimental Station
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Fig. 2. Schematic diagram shows the cross section at Pt.1
in the Ohashi River. Solid circle shows the observation
layer with water quality meter, Solid rectangle shows the
observation layer with ADCP. Shaded portion shows the
lower layer in the Ohashi River.

PUF I F LGS 72070 5 1.5 mg - 17 BL 1S E5
L7k % COMMBIC B TR T 5 2 & 12
Lo THEXIBREZEM L7 (M3).

b
MAD():f Favodt

Z 2T, Mo - FRFERIEE(g), a: DO D 1.5mg - I

uTKﬁTL%bt.UJ>Doﬁ1m@ 1" Dk
Kiﬁb%btﬁﬂ Fuvo & VA7 Wk 35 I FE IR 72 7
T 7 A (g-sec’), t. BHIELLRT.

B R & EX

KB DiEK ¥ e
B4 1ZRENAELDIZ, 1999 4E9 A 11 HIZI,
H 20 Pt3 2 HEELENTPLL £ THIES J(%r%él]
LTWAEET LIS, TR, EwIC X 5o
KL o TAELZZHRICEVEL TS EER
LA, 72, 199949 H 13 HIZBW TIXAEIIH
WEHOP2 EFTIIEESAPEELTVDL LD
D, WLKIED Pl FTHEEEL TV v, [FERICZL
T, 2000 FI2BWTIE8H9OH~10H, 10 H~11
W2 TPl E TEIESARPELZEL T b (M
5). L7z2S-> T, EflESNAER L) KN OM E
INF— 2, ROZEDBEZLND.
(1) B\HAE, dilEd & KGN %8 U CouEitl iz
FELTHATS
() Bk, B F CRLET B LIATI, TP
B HVIIKMESLMT X A KB ORI JZ > THr
DR

(a)
ADO
A

~+ Y

0 /a b t

3. VEAFERRIEERZ: (ADO) & A7 R I8 R 7%
T A (FADO) O)ﬁ&Tﬁﬁ

Fig. 3. Schematic diagram shows the fluctuation of
dissolved oxygen concentration deviation (ADO) and
dissolved oxygen concentration deviation flux (Fapo) ,

respectively.
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Fig. 4. Temporal variations in water level difference between both lakes and salinity at the bottom of the Ohashi River from 8 to

17 September, 1999
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Fig. 5. Temporal variation in (a) water level difference between both lakes, (b) salinity and (c) dissolved oxygen in the Ohashi

River from 8 to 11 August, 2000
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Fig. 6. Schematic diagram showing the saline water inflow
pattern in the tidal river
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Fig. 7. Relationship between salinity and dissolved oxygen
concentration (DO) at the bottom layer of Pt.1 from 1 to 31
July, 2000.
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Table 1. Oxygen deficit amount through the Ohashi river.

unit: kg
Direction DO deficit amount
L.Nakaumi —L.Shinji 1113.5
L.Shinji—L.Nakaumi -871.5
total 242.0

Dissolved Oxygen (mg 1)
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Fig. 9. Temporal variation in (a) salinity and dissolved
oxygen at the Pt.1 (b) water level difference between Lake
Nakaumi and Lake Shinji, and (c) atmospheric pressure at
the center of Lake Nakaumi in July, 2000.
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Fig. 10. Calculation results of oxygen deficit amount.
(a) DO deviation, (b) discharge, and (c) DO deviation flux,
respectively.
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Allozymic study on the reproductive traits of
a remaining Zostera marina population in Lake Nakaumi, Japan.

Satoru Araki' and Hidenobu Kunii'

Abstract: The reproductive trait of Zostera marina population in Lake Nakaumi was studied
by the use of allozyme analysis. The studied population is one of the remaining seagrass beds
in Lake Nakaumi. Among nine loci analyzed, Pgm-1 showed two alleles (a and b) while other
eight were monomorphic by the fixation of single allele. Among 26 leaf samples analyzed, 21
indicated genotype ab (heterozygotes) and 5 were genotype bb (homozygotes) . No sample was
genotype aa. The frequency of heterozygotes was significantly higher than the expected value
in the Hardy-Weinberg equilibrium. This suggests the population has been maintained mainly
by clonal growth (vegetative reproduction). Because each of the samples was collected from
different growth patch, the result also suggests that patches were formed not only by seed
dispersal but also by clonal spread or dispersal of vegetative shoots.
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1. A,
Fig. 1. Study site. Two areas (A and B) in which leaf
samples of Zostera marina were collected are indicated.
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Table 1. The detected and expected genotype
frequencies of Pgm-1 in the Zostera population at
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Recent Ostracoda from Urauchi Bay, Kamikoshiki-jima

Island, Kagoshima Prefecture, southwestern Japan

Toshiaki Irizuki', Hiroyuki Takata®, Katsura Ishida’

Abstract: At least one hundred and forty—six ostracode species were obtained from 29 surface
sediment samples collected from Urauchi Bay, Kamikoshiki-jima, Kagoshima Prefecture,
southwestern Japan. Four biofacies (IM, I, M, and O) were identified on the basis of Q-mode
cluster analysis. Biofacies IM is distributed in the innermost part of the eastern inlet of the bay
and contains many Xestoleberis hanaii. Biofacies I is distributed in the inner part of the bay and
contains many Loxoconcha uranouchiensis. Biofacies M is found in the middle part of the bay
and contains Loxoconcha tosaensis, Pistocythereis bradyi, Nipponocythere bicarinata, and
Ambtonia obai, which are typical middle muddy bay species. Biofacies O is in the outer part of
the bay and contains Loxoconcha japonica, Loxoconcha optima, and Neonesidea oligodentata,
which live in areas under the influence of open water. Spinileberis quadriaculeata and
Cytheromorpha acupunctata, which are typical inner muddy bay species, are restricted to part
of the bay, whereas Bicornucythere species, which are typical enclosed inner-middle muddy
bay species, are absent from the bay. These distributions suggest that there is little input of fine
inorganic sediments or organic matter from the hinterland of Urauchi Bay because the bay is
situated in small islands off the main islands of Japan, surrounded by hard sedimentary rocks,
and no large rivers flow into the bay. Even when these sediments and organic matter enter the
bay, they are transported to the deeper bay bottom or open seas due to the steep
geomorphology along the coasts of the bay.

Key words: Recent, Ostracoda, Urauchi Bay, Kamikoshiki-jima Island, southwestern Japan

1. Introduction

Many studies of Recent Ostracoda (Crustacea) in the
enclosed bays of the four large islands of Japan
(Hokkaido, Honshu, Shikoku, and Kyushu Islands) have
been conducted (e.g., Ishizaki, 1968, 1969, 1971; Ikeya
and Hanai, 1982; Bodergat and Ikeya, 1988; Ikeya et al.,
1992; Yamane, 1998; Yasuhara and Irizuki, 2001; Irizuki
et al., 2003). Ikeya and Shiozaki (1993) identified the
ostracode species common in Recent enclosed bays in
Japan and discussed their ecological aspects. Several
small islands are distributed from southern Kyushu to
Ryukyu Islands, in southwestern Japan (Fig. 1), which

are separated from each other by deep straits. The Tokara
Strait is one of those straits and is the geographical
barrier to many organisms that have low mobility, such
as terrestrial animals. It is possible that the presence of
the Tokara Strait has influenced the migration and
speciation of the Ostracoda. Only one report of Recent
Ostracoda from southern Kyushu Island has been
published (Kagoshima Bay, southernmost Kyushu
Island; Bodergat er al., 2002). However, this bay is very
large and open marine waters flow directly into the bay.
No Recent Ostracoda have been reported from enclosed
bays of the very small islands separated from the large
main islands of Japan, except those in the Ryukyu
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mean ostracode biofacies or subbiofacies.

Islands (Okinawa-jima Island etc.; Fig. 1). Therefore, we
investigated the Recent Ostracoda from Urauchi Bay on
Kamikoshiki-jima Island, off Kyushu Island, which is
situated to the north of the Tokara Strait.

2. Localities and Methods

Koshiki-jima Island is situated 30-50 km off
Kushikino Port, Kagoshima Prefecture, southwestern
Japan (Figs. 1, 2) and consists of three small islands
(Kamikoshiki, Nakakoshiki, and Shimokoshiki-jima
Islands). The water depth between Kyushu Island and
Koshiki-jima Island is less than 100 m, suggesting that
both islands were connected during the last glacial

period. Urauchi Bay is located in the northwestern part of
Kamikoshiki-jima Island (Fig. 2). It is a Y-shaped,
narrow and elongated bay with a longer axis of about 4.5
km. The width at its mouth is about 1.2 km. The water
depth is about 25 m in the middle to outer parts of the
bay and 45 m at the bay mouth. There is little inflow of
fresh water. Only small streams are distributed in the bay
head areas. The Paleogene Kamikoshiki-jima Group (the
Nakakoshiki, Oshima, and Segami Formations, in
ascending order) is predominantly distributed around
Urauchi Bay. It is mainly composed of non-marine to
marine alternating beds of sandstone and mudstone
(Inoue et al., 1979). Along part of the western coast of
the bay, non-marine to marine sandstone and mudstone
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of the Cretaceous Himenoura Group are exposed (Inoue
et al, 1982). These hard rocks form the steep
geomorphology along many parts of the bay coast.

A total of 30 surface sediment samples (UU-1 to UU-
30; Fig. 2) were collected, using an Ekman—Birge grab
sampler from a small ship on November 67, 2004. The
intervals between sample sites were about 250 m. We
determined the thickness of the oxygenated layer, and the
color and smell of the sediments. We then collected
samples for ostracode, foraminiferal, and total organic
carbon, total nitrogen, and total sulfur contents (CNS)
analyses from the uppermost 1 cm of the surface
sediments using a small spoon, and soaked them in 10%
neutral formalin. Residual samples were washed on a 2
mm mesh sieve on the ship and the macrobenthic
animals were described. Only ostracodes are reported in
this study. Takata ef al. (2006) have reported the benthic
foraminifers and total organic carbon, total nitrogen, and
total sulfur contents of the same samples.

We investigated the depth variations in water

temperature, salinity, and dissolved oxygen of the
surface and bottom waters using the Hydrolab Quanta
package.

3. Laboratory Procedures

Wet surface-sediment samples were washed through a
0.063 mm sieve on a 3 L beaker, into which the finer
sediments (i.e., mud particles) were eluted with the
washing water. After washing, one part per hundred
volumes of the stirred water containing the finer
sediments was collected from the beaker using a pipette,
and the sediments were dried and weighed. The coarser
sediments on the sieve screen were soaked in 0.5% Rose
Bengal solution, for easy identification of living
ostracode and foraminiferal specimens. These samples
were washed thoroughly, dried, and weighed. The total
weight of a sample was calculated as the weight of the
dried coarse sediments plus 100 times the weight of the
dried fine sediments.

All ostracodes were picked from the separated
sediment samples, which included about 200 individuals,
on a 0.125 mm sieve. The number of specimens refers to
both valves and carapaces.

4. Results and Discussion

4.1. Environments on the study dates

(1) Water temperature: Surface and bottom water
temperatures ranged from 21.7°C to 23.4°C and 22.0C
to 23.2°C, respectively (Table 1; Fig. 3). The bottom
water temperature was lower than the surface
temperature at all sites except UU-1 to 3, UU-8 and UU-
29. Although water temperature depends mainly on
climate in measurement time of the investigation days, it
seemed to be lower in the inner part of the eastern inlet
and higher in the outer part of the main inlet. Differences
between the surface and bottom water temperatures were
small in all areas (Table 1).

(2) Salinity: The salinity of the surface and bottom
waters ranged from 31.6 to 32.6 psu and 32.1 to 32.6
psu, respectively (Table 1; Fig. 3). Salinity increased
toward the outer bay. Surface salinity in the innermost
part of both the eastern and main inlets was slightly
lower due to the inflow of small amounts of fresh water.
The bottom salinity was slightly higher than that of the
surface at UU-1 to UU-9, UU-28 to UU-30 in the eastern
inlet and at UU-11 to UU-14 and UU-16 in the main
inlet. In contrast, the bottom salinity was slightly lower
than that of the surface waters in the middle to outer bay.
Thus, no salinity layer was present on the days of the
study (Table 1).

(3) Dissolved oxygen: Dissolved oxygen in both the
surface and bottom waters ranged from 70 to 90% (Table
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Table 1. Details of sample localities. WD: water depth, DO: dissolved oxygen.

Latitude Sediment

(WGS84)

Sample  Date Time Longitude

(WGS84)

WD(m)  Temp.(C) Salinity(psu) DO(%)
surface bottom surface bottom surface bottom

UU-01 2004.11.6 10:05
UU-02 2004.11.6 10:16
UU-03 2004.11.6 10:32
UU-04 2004.11.6 10:58
UU-05 2004.11.6 11:31

31° 51.424' 129° 51.712' granuler m.s.
31°51.363' 129° 51.515' muddy f.s.
31° 51.297" 129° 51.358' muddy m.s.
31°51.225' 129° 51.273' f.sandy mud

31° 51.538' 129° 51.830" slightly muddy granuler v.c.s-c.s. 1.8 217 221 31.8 32.1 81.6 82.0

3.7 217 220 31.6 321 78.7 80.4
11.0 220 221 32.1 322 79.5 80.3
141 222 221 32.1 32.2 78.8 771
22.0 223 223 322 323 74.5 75.6

UU-06 2004.11.6 12:01
UU-07 2004.11.6 16:49
UU-08 2004.11.6 16:33
UU-09 2004.11.6 16:13
UU-10  2004.11.6 15:51

31° 51.194' 129° 51.153' silt
31° 51.190' 129° 51.004' silt
31° 51.216' 129° 50.858' silt
31° 51.249' 129° 50.709" silt
31° 51.301' 129° 50.539' sandy silt

237 22.4 223 32.1 32.3 74.0 723
265 226 22.4 32.2 323 74.6 70.9
273 224 226 32.2 325 74.7 71.4
27.7 228 227 32.3 325 76.4 72.0
28.1 231 227 325 325 74.7 71.2

UU-11  2004.11.6 13:35
UU-12  2004.11.6 13:49
UU-13  2004.11.6 14:08
UU-14  2004.11.6 14:27
UU-15  2004.11.6 15:00

31° 52.054' 129° 50.544' ill-sorted m.s.
31°51.985' 129° 50.512' muddy m.s.
31° 51.846' 129° 50.490' muddy f.s.
31°51.728' 129° 50.474' muddy f.s.
31° 51.588' 129° 50.466' silt

3.9 23.0 22.6 32.0 324 84.6 82.1
1.4 229 225 323 324 80.4 80.0
18.7 229 226 324 325 79.3 78.4
22.8 229 227 32.3 324 77.6 76.2
28.8 23.0 22.7 32.4 32.4 78.2 731

UU-16 2004.11.6 15:30
UU-17 2004.11.7 9146
UU-18 2004.11.7 10:10
UU-19  2004.11.7 10:35
UU-20 2004.11.7 10:58

31° 51.473' 129° 50.470" sandy silt
31° 51.325' 129° 50.370' sandy silt

28.3 23.0 227 32.3 32.5 74.9 72.0
30.6 229 228 32.6 325 89.1 80.5

31°51.170' 129° 50.325' slightly muddy f.s.includingm.s. 282  23.1 227 326 325 807 76.1
31° 51.059' 129° 50.268' slightly muddy f.s.including m.s. 290 231 227 85 325 767 735
31° 50.907' 129° 50.271' slightly muddy f.s.including m.s. 27.9 23.2 22.8 32.6 32.5 741 723

Uu-21  2004.11.7 11:16
UuU-22 2004.11.7 11:40
UU-23  2004.11.7 11:58
UU-24 2004.11.7 14:23
UU-25 2004.11.7 14:38

31° 50.495' 129° 50.601' sorted m.s.

31° 50.548' 129° 50.751' well-sorted m.s.

31°50.799' 129° 50.283' slightly muddy f.s.includingm.s. 280 232 228 326 325 738 701
31°50.662' 129° 50.340' slightly muddy f.s.includingm.s. 285 232 229 326 326 721 713
31°50.547' 129° 50.384' slightly muddy m.s.

29.0 233 229 32.6 325 723 69.1
152 23.3 23.1 32.6 326 73.4 75.3
85 233 23.2 32.6 32.6 74.9 74.6

UU-26 2004.11.7 14:57
UU-27 2004.11.7 15:17
UU-28 2004.11.7 15:56
UU-29 2004.11.7 13:15
UU-30  2004.11.7 13:50

31° 50.228' 129° 50.517' well-sorted c.s.
31° 51.306' 129° 50.711' sandy silt

31° 51.175' 129° 51.435' muddy f.s.

31° 50.412' 129° 50.417" slightly muddy m.s.

31° 51.367' 129° 51.648' slightly muddy m.s.

29.6 23.4 229 32.6 32.5 74.3 72.0
28.9 23.4 23.0 32.6 32.6 74.2 73.2
27.0 228 227 32.4 32.5 76.9 71.6
10.0 222 222 321 324 771 76.5
10.0 22.6 22.4 323 32.4 75.4 73.3

f.s: fine sand, m.s.: medium sand, c.s.: coarse sand, v.c.s.: very coarse sand

1; Fig. 3). Thus, Urauchi Bay in the study season is in an
oxic condition. The dissolved oxygen in the bottom
waters was slightly lower than that of the surface waters
at all but four sites (UU-1 to UU-3 and UU-5) in the
inner part of the eastern inlet. It tended to decrease
toward the outer bay areas. However, the differences in
dissolved oxygen between the surface and bottom waters
were small.

(4) Sediments: Samples from the innermost part of the
eastern inlet (UU-1 and 2) consisted of granular medium
to very coarse sand (Table 1), with mud contents of less
than 10% (Table 1; Fig. 4). The mud content increased
toward the middle part of the bay and substrates changed
from sand to muddy sand. Samples UU-6 to UU-10 in
the middle part of the eastern inlet of the bay were
composed of silt, with a very thick (4—5 cm) oxidized
layer of a yellowish brown color. Sample UU-11, which
was taken from the innermost part of the main inlet,
consisted of poorly sorted medium sand with a mud
content of less than 10%. Samples UU-15 to 17 consisted
of mud, with a thick yellowish-brown-colored oxidized
layer. The mud content decreased toward the outer part
of the bay and samples UU-24 to 26 consisted of well-
sorted medium sand. Sample UU-27, which was
collected in the outermost part of the bay, was composed
of coarse sand. Thus, no oxygen-poor bottom sediments
were observed in Urauchi Bay on the study dates.

4.2. Ostracode biofacies

At least 146 species were obtained from 29 samples
(Table 2). Most of them are composed of dead valves or
carapaces and living specimens were few (Table 3). Fifty
-seven species, of which total number of specimens was
more than 10, are shown in Figs. 5 to 9. The Shannon-
Wiener function was used for the index of species
diversity. Equitability (E£) was calculated using the
function of Buzas and Gibson (1969). Q-mode cluster
analysis was conducted on the basis of 28 samples, each
containing more than 100 specimens, and 65 species that
were represented by more than three specimens in any
sample. Horn’s overlap index (Horn, 1966) was used as
the similarity index and clustering was performed with
an unweighted pair group arithmetic method of averages
(UPGMA). The computer program used for the analysis
was PAST (Paleontological Statistics), which is a free,
easy-to-use data analysis package designed for
paleontological data (Hammer ez al., 2001). The results
indicate four ostracode biofacies (IM, I, M, and O),
described below (Figs. 2—-4).
(1) Biofacies IM: This biofacies is composed of only one
sample (UU-1), which was collected in the innermost
part of the eastern inlet. Xestoleberis hanaii is the
dominant species in this biofacies. This species lives on
and around seaweeds, mainly in intertidal rocky shores
and Zostera beds (Okubo, 1984; Kamiya, 1988). The
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Table 2. Faunal list of Recent Ostracoda from Urauchi Bay. The number of specimens refers to both dead (valves and carapaces)
and living specimens.

UWU 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 28 29 30 total
Aglaiocypris ? nipponica Okubo, 1980 2 1 1 1 5
Ambtonia obai (Ishizaki, 1971) 6 13 12 13 22 26 224573 3 9 710 4 1 3 242
Argilloecia lunata Frydl, 1982 1 1
Argilloecia sp. 1 2 3
Aurila cymba (Brady, 1869) 29 10 6 2 8 11 2 2 3 2 2 2 4 8 2 93
Aurila hataii Ishizaki, 1968 1 11 3
Aurila spinifera Schornikov & Tsareva, 1995 6 7 3 1 3 3 5 11 3 3 1 1 3 2 2 45
Aurila cf. uranouchiensis Ishizaki, 1968 2 311 5 2 2 2 1 2 3 3 1 210 2 2 53
Aurila sp. 1 1
Australimoosella tomokoae (Ishizaki, 1968) 11 2
Bythoceratina angulata Yajima, 1987 11 1 11 5
Bythoceratina hanaii Ishizaki, 1968 2 1 1 1 11 2 1 10
Bythoceratina cf. hanaii Ishizaki, 1968 11 1 1 4
Bythoceratina sp. 1 2 2
Bythoceratina sp. 2 1 1
Bythocythere cf. maisakensis lkeya & Hanai, 1982 1 2 2 5
Bythocythere sp. 1 1
Callistocythere alata Hanai, 1957 11 1 1 1 1 3 1 1 7 1 19
Callistocythere asiatica Zhao, 1984 2 2 1 1 1 4 3 14
Callistocythere japonica Hanai, 1957 4 2 1 1 1 1 10
Callistocythere numaensis Frydl, 1982 1 1
Callistocythere pumila Hanai, 1957 1 1 1 3
Callistocythere tateyamaensis FrydI, 1982 11 1 3
Callistocythere tosaensis (Ishizaki, 1968) 3 1 1 5
Callistocythere undulatifacialis Hanai, 1957 2 1 6 9122 9 8 2 5 1 4 7 3 5 8 6 7 4 3 4 4 10 9 4133
Callistocythere sp. 1 2 1 1 2 1 8
Cletocythereis bradyi Holden, 1967 1 1 2
Cobanocythere sp. 1 1
Copytus posterosulcus Wang, 1985 4 1 1 6 1 1 5 19
Coquimba ishizakii Yajima, 1978 2 1 1 11 2 2 1 3 14
Coquimba cf. subgibba Hu, 1982 1 1 3 1 2 8
Coquimba sp. 1 1
Cornucoquimba shimajiriensis Nohara, 1987 2 2
Cornucoquimba tosaensis (Ishizaki, 1968) 1 2 1 1 5
Cornucoquimba sp. 1 1
Cythere sp. 1 1 2 1 5
Cytherelloidea hanaii Nohara, 1976 2 314 12 10 9 13 11 1 31230 10 21212 9 6 5 3 3 182
Cytherois cf. nakanoumiensis Ishizaki, 1969 2 2 4 8
Cytherois cf. uranouchiensis |shizaki, 1968 11 1 2 112 18
Cytherois sp. 1 2 3 2 11 1 2 1 13
Cytherois sp. 2 1 2 4 3 1 4 1 1 2 3 21 1 1 1 4 1 2 3 38
Cytheromorpha acupunctata (Brady, 1880) 1255512 8 19 17 3 4 22 18 28 49 17 1 7 1 1 1 3 64 356
Cytheroptern donghaiense (Zhao, 1988) 121 2 5 3 3 5 1 3 1 27
Cytheropteron sp. 1 1
Eucythere sp. 1 1
Hanaiborchella sp. 1 1 2
Hemicytherura cuneata Hanai, 1957 1 1 1 2 1 3 1 1 2 2 21 1 2 21
Hemicytherura kajiyamai Hanai, 1957 11 3 1 6
Hemicytherura tricarinata Hanai, 1957 1 3 1 1 1 7
Hemicytherura sp. 1 1
Isocythereis roochuensis Nohara, 1987 1 1
Loxoconcha hattorii Ishizaki, 1971 5 2 1 1 9
Loxoconcha harimensis Okubo, 1980 1 3 2 2 1 2 21 2 16
Loxoconcha japonica Ishizaki, 1968 3 1 11410 7 410 6 1 8 2 7 11 10 16 16 13 17 15 23 29 4 21 7 5 2263
Loxoconcha kattoi Ishizaki, 1968 1 1.5 7 3 1 2 11 2 2 2 2 2 1 2 35
Loxoconcha kitanipponica Ishizaki, 1971 2 1 1 6 4 2 2 1 3 1 2 25
Loxoconcha optima Ishizaki, 1968 1 4 1 1 23 25 1 3 65 9 8 2 47
Loxoconcha pulchra Ishizaki, 1968 2 2 4
Loxoconcha uranouchiensis Ishizaki, 1968 104 54 41 34 32 31 20 4 3 5 29111 24 7 6 12 8 7 13 10 4 10 4 4 7 17 72 14 687
Loxoconcha tosaensis Ishizaki, 1968 13 24 19 63 61 31 17 20 32 2 51 55 27 31107 35 18 52 40 37 20 16 3 11 36 18 28 867
Loxoconcha zamia Ishizaki, 1968 3 1 1 5
Loxoconcha sp. 1 1
Loxocorniculum mutsuense Ishizaki, 1971 11 1 1 2 1 3 3 1 3 2 19
Macrocypris sp. 2 3 1 1 2 1 1 11
Morkhoveina inconspicua (Brady, 1880) 1 1 1 3
Munseyella japonica (Hanai, 1957) 1 2 11 1 2 1 9
Neohornibrookella lactea (Brady, 1866) 6 11 11 1 11
Neonesidea oligodentata (Kajiyama, 1913) 5 1.9 4 111 1 1 i1 1 3 6 6 9 9 7 3 8 3 81
Neonesidea sp. 1 1 2 4
Neonesidea ? sp. 1 1 2
Neopellucistoma inflatum |keya & Hanai, 1982 32719 4 3 5 6 1 5 415 2 7 6 2 2 1 1 113
Nipponocythere bicarinata (Brady, 1880) 39 51 26 27 34 35 7 10 35 78 30 10 25 11 15 13 1 24 471
Pacambocythere japonica (Ishizaki, 1971) 1 1

Paracathaycythere costaereticulata Whatley & Zhao, 1991 1.1 2 1 11 2 1 1 1
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Table 2. (continued)

U 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 28 29 30 total
Paracytheridea dialata Gou & Huang, 1983 1 1 2
Paracytheridea neolongicaudata Ishizaki, 1966 1 1
Paradoxostoma aculeoliferum Schornikov, 1975 2 1 1 2 1 2 2 3 12 2 1 4 24
Paradoxostoma brunneum Schornikov, 1975 1 1 12 1 2 11 1 1
Paradoxostoma coniforme Kajiyama, 1913 1 1 1 3
Paradoxostoma convexum Okubo, 1977 1 3 1 1 6
Paradoxostoma cf. denticulatum Okubo, 1977 2 2
Paradoxostoma japonicum Schornikov, 1975 1 1
Paradoxostoma cf. lunatum Okubo, 1977 1 1
Paradoxostoma setoense_Schornikov, 1975 1 2 1 4
Paradoxostoma cf. setosum Okubo, 1977 1 1 1 3
Paradoxostoma yatsui Kajiyama, 1913 2 2 3 1 1 3 2 14
Paradoxostoma sp. 1 11 4 1 1 1 2 11
Paradoxostoma sp. 2 1 11 1 1 3 2 2 1 1 14
Paradoxostoma sp. 3 2 1 1 11 1 1 1 9
Paradoxostoma sp. 4 11 1 3
Paradoxostoma sp. 5 3 1 1 1 6
Paradoxostoma sp. 6 1 1 2 4
Paradoxostoma spp. 1 1 2 2 1 1 2 2 1 1 14
Parakrithe sp. 2 1.2 2 2 1 10
Parakrithella pseudadonta (Hanai, 1959) 5 2 1 1 7 6 1 3 1 2 17 2 4 2 5 3 3 4 1 2 2 3 69
Perrisocytheridea inabai Okubo, 1983 5 3 11 10 112 1 1 1 1 1 6 1 110 2 50
Phlyctocythere sp. 1 1
Pistocythereis bradyformis (Ishizaki, 1968) 1 564 62 20 15 12 19 116 22 46 37 19 3 4 4 4 3 6 5 43 411
Pistocythereis bradyi (Ishizaki, 1968) 2 3 37 81 33 18 42 50 13 14 59109 97 14 43 37 57 36 8 2 17 2 6780
Pontocythere japonica (Hanai, 1959) 1 2 1 4
Pontocythere kashiwarensis (Hanai, 1959) 4 5 2 1 12 2 3 1 1t 11 2 4 2 3 1 2 3 3 8 1 53
Pontocythere miurensis (Hanai, 1959) 1 1 2 4
Pontocythere sekiguchii |keya & Hanai, 1982 2 2
Pontocythere sp. 1 4 5 9 1 6 1 28 8 1 1 6 1 83 5 5 4 5 2 2 2 7 1107
Pontocythere sp. 2 1 1
Pontocythere sp. 3 1 1 2
Propontocypris attenuata (Brady, 1868) 12 1 1 2 1 11 1 1
Propontocypris clara Zhao, 1988 1 1
Propontocypris pirifera (G.W.Mduller, 1894) 2 2
Propontocypris sp. 1 14 1 3 2 2 2 1 1 1 1 1 1 1 1 32
Propontocypris sp. 2 4 1 2 1 4 2 1t 1 1 1 3 4 1 26
Propontocypris sp. 3 1 1
Pseudoaurila japonica (Ishizaki, 1968) 211 1 1 1 1 1 1 19
Pseudocythere frydli Yajima, 1982 1 1 2 4
Pseudocythere sp. 1 1 2
Pseudopsammocythere tokyoensis Yajima, 1978 1 1 1 3
Robustaurila ishizakii (Okubo, 1980) 3 1 1 5
Robustaurila salebrosa (Brady, 1869) 3 3
Schizocythere kishinouyei (Kajiyama, 1913) 1 1 11 11 1 1 1 9
Sclerochilus mukaishimensis Okubo, 1977 1 1 1 1 11 6
Sclerochilus sp. 1 1 2
Sclerochilus ? sp. 1 1
Semicytherura kazahana Yamada et al ., 2005 2 2 11 2 8
Semicytherura mukaishimensis Okubo, 1980 11 1 1 11 2 3 2 2 15
Semicytherura okinawaensis Nohara, 1987 2 2
Semicytherura polygonoreticulata Ishizaki & Kato, 1976 1 2 3
Semicytherura sasameyuki Yamada et al ., 2005 1 1 11 4
Semicytherura wakamurasaki Yajima, 1982 1 1
Semicytherura sp. 1 3 3 1 1 1 1 1 2 3 1 17
Semicytherura sp. 2 1 2 1 1 1 1 1 14 1 2 2 38 3 24
Semicytherura sp. 3 1 1
Spinileberis quadriaculeata (Brady, 1880) 1 2 611 16 10 3 3 1 3 6102 9 14 1 2 1 9 64192
Thalassocypria inujimensis Okubo, 1980 1 11 1 1 1 2 8
Trachyleberis ishizakii_Yasuhara et al. , 2002 12 5§ 2 2 1 1 11 8 3 1 6 3 4 3 5 3 1 3 3 3 1 81
Trachyleberis scabrocuneata (Brady, 1880) 325 8 2 1 6 15 7 1 2 1 2 4 3 2 7 2 125 4121
Trachyleberis straba Frydl, 1982 2 3 5
Trachyleberis sp. 1 1
Triebelina sp. 1 1 2
Xestoleberis hanaii Ishizaki, 1968 175 12 6 11021 6 1 1 3 1 3 2 8 6 610 51812 9 7 1 9 7 11 6357
Xestoleberis ishizakii Schornikov, 1975 2 9 7 2 1 2 1 4 3 3 6 5 2 15 9 62
Xestoleberis setouchiensis Okubo, 1979 1 1 1 3 6
Xestoleberis sp. 1 2 11 1 5
Xestoleberis sp. 2 2 1 1 4
Xiphichilus_sp. 4 7 3 6 2 2 1 1 26
Gen et sp. indet. 1 1 11 1 1 2 1 1 9
Gen et sp. indet. 2 1 1
No. of specimens 353 167 142 142 496 545 235 151 234 255 117 243 190 151 288 593 329 127 292 213 254 196 133 121 30 125 182 231 281

No. of species 18 30 29 37 63 62 42 34 38 35 21 27 26 25 27 47 46 40 60 43 49 47 37 37 14 42 35 32 33
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Table 3. Species list of living ostracode specimens.

uu

1

2 6 9 11 12 15 19 25 26 29 30 total

Ambtonia obai (Ishizaki, 1971)

Aurila cymba (Brady, 1869)
Callistocythere alata Hanai, 1957
Callistocythere tosaensis (Ishizaki, 1968)
Callistocythere undulatifacialis Hanai, 1957

1

11

Cytherelloidea hanaii Nohara, 1976
Cytherois cf. uranouchiensis Ishizaki, 1968
Loxoconcha optima |shizaki, 1968
Loxoconcha tosaensis Ishizaki, 1968
Loxoconcha uranouchiensis Ishizaki, 1968

Nipponocythere bicarinata (Brady, 1880)
Parakrithella pseudadonta (Hanai, 1959)
Pistocythereis bradyi (Ishizaki, 1968)
Pontocythere sp. 1

Propontocypris_sp. 2

Trachyleberis scabrocuneata (Brady, 1880)
Xestoleberis hanaii_lshizaki, 1968

-

-
-
N N[= W = = 24 |ONN = =N = =N

Number of living specimens

w
©

species diversity and equitability are both lowest among
the biofacies (H(S) = 1.47, E = 0.24).

(2) Biofacies I: This biofacies is composed of six
samples (UU-2 to 4, 11, 12, and 29), which were
collected from the inner part of the bay. It is
characterized by an abundance of Loxoconcha
uranouchiensis. This species lives abundantly on sandy
sediments around Zostera beds (Kamiya, 1988).
Loxoconcha tosaensis, which is a muddy-bay species (e.
g., Ishizaki, 1968), is a subordinate species. Species
diversity and equitability are low to moderate in this
biofacies (H(S) = 1.98-2.89, E = 0.27-0.49).

(3) Biofacies M: This biofacies is composed of 18
samples, which were collected in the middle part of the
bay and is divided into two subbiofacies (M 1 and M 2).
Subbiofacies M 1 is composed of three samples (UU-13,
14, and 30). Loxoconcha tosaensis, Cytheromorpha
acupunctata, and Spinileberis quadriaculeata are the
main species of this subbiofacies. The latter two species
are characteristic of enclosed inner bays in Japan (Ikeya
and Shiozaki, 1993). Species diversity and equitability
are moderate (H(S) = 2.41-2.58, E = 0.34-0.53).
Subbiofacies M 2 is composed of 15 samples (UU-5-10,
15-22, and 28). Pistocythereis bradyi, L. tosaensis,
Nipponocythere bicarinata, and Ambtonia obai are
dominant in this subbiofacies, most of which live
abundantly in muddy middle bays of more than 10-15 m
in depth (e.g., Yasuhara et al., 2005). Such phytal species
as Loxoconcha japonica and Paradoxostoma spp. are
also present. Cytherelloidea hanaii, which is a
subtropical species (Nohara, 1981), is common in this
subbiofacies. Species diversity is moderate to high and
equitability is low to moderate (H(S) = 2.48-3.27, E =
0.30-0.58).

(4) Biofacies O: This biofacies is composed of three
samples (UU-23, 24, and 26), which were collected from
the outer part of the bay. Loxoconcha japonica,

Neonesidea oligodentata, and Loxoconcha optima are
dominant in this biofacies. The former two species live
on seaweeds around rocky tidal shores or Zostera beds
and all three species live in areas under the influence of
open water (e.g., Okubo, 1975; Kamiya, 1988). Species
diversity and equitability are moderate to high (H(S) =
3.08-3.28, E =0.52-0.63).

4.3. Relationships  between  dominant

biofacies, and environmental factors
Loxoconcha uranouchiensis, which is the dominant

species of biofacies I, is abundant in the inner shallowest

species ,

part of the bay, where substrates are composed of sand to
muddy sand. Its relative abundance rapidly decreases at a
water depth of more than about 15 m in the middle of the
bay. Loxoconcha tosaensis, which is the subordinate
species in biofacies I and the dominant species in
biofacies M, occurs at a water depth of about 5 m and is
the dominant species in muddy sand to muddy bottoms at
water depths of around 15 m. Ambtonia obai, N.
bicarinata, and P. bradyi, which are major members of
biofacies M, have similar depth distributions. They occur
mainly in muddy bottoms at a water depth of more than
about 15 m. Pistocythereis bradyi is the dominant
species at water depths of 25-30 m. These species are
rare on sandy bottoms in the outer part of the bay
(biofacies O). Loxoconcha japonica, L. optima, and N.
oligodentata, which are major members of biofacies O,
are rare in the inner to middle parts of the bay, but are
abundant in the sandy bottoms of the outer parts of the
bay, which are under the influence of open water.
Species diversity increases gradually toward the outer
bay. Thus, the species distributions and biofacies are
controlled by water depth, substrates, and the degree of
influence of open water.
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Fig. 4. Spatial variations of water depth (m), mud content (%), species diversity (H(S)),
equitability, and the relative abundance (%) of selected species in each locality. Xh:

Xestoleberis hanaii, Ps: Pontocythere sp. 1, Lu: Loxoconcha uranouchiensis, Ts: Trachyleberis

scabrocuneata, Lt: Loxoconcha tosaensis, Sq: Spinileberis quadriaculeata, Ca: Cytheromorpha

acupunctata, Pf: Pistocythereis bradyformis, Pb: Pistocythereis bradyi, Nb: Nipponocythere

bicarinata, Ao: Ambtonia obai, Ch: Cytherelloidea hanaii, Lj: Loxoconcha japonica, No:
Neonesidea oligodentata, Lo: Loxoconcha optima. IM, I, M 1, M 2, and O mean ostracode

biofacies or subbiofacies.

4.4. Comparisons with Recent Ostracoda in other
enclosed bay areas in Japan

The Recent Ostracoda in enclosed bay areas of the
main islands of Japan have been comprehensively
studied, as mentioned above. Ikeya and Shiozaki (1993)
have compiled several earlier studies and identified S.
quadriaculeata, Bicornucythere bisanensis, and C.
acupunctata as the dominant species in most inner
enclosed bays in Japan. In the enclosed bays of

southwestern Japan, such as Osaka and Uranouchi Bays,
Bicornucythere sp. (= B. bisanensis form M of Yasuhara
and Irizuki, 2001) occurs abundantly in the inner to
middle parts of the bays (Yasuhara and Irizuki, 2001;
Irizuki et al., 2005). The genus Bicornucythere (B.
bisanensis and Bicornucythere sp.) is not present in
Urauchi Bay. Spinileberis quadriaculeata and C.
acupunctata are the most dominant species at only one
locality (UU-30). On behalf of these species, L.
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Fig. 5. Scanning electron micrographs of the selected ostracode species. Scale bars are 0.1 mm. LV: left valve, RV: right valve,
LC: left lateral view of carapace.

1. Cytherelloidea hanaii Nohara, 1976, adult, LV, sample UU-18, 2. Neonesidea oligodentata (Kajiyama, 1913), female, RV,
sample UU-25, 3. Macrocypris sp., adult, LV, sample UU-6, 4. Propontocypris attenuata (Brady, 1868), adult, LC, sample UU-
21, 5. Propontocypris sp. 1, juvenile, LV, sample UU-1, 6. Propontocypris sp. 2, juvenile, LV, sample UU-12, 7.
Perrisocytheridea inabai Okubo, 1983, adult, RV, sample UU-29, 8. Pontocythere kashiwarensis (Hanai, 1959), female, LV,
sample UU-29, 9. Pontocythere sp. 1, female, LV, sample UU-20, 10. Copytus posterosulcus Wang, 1985, juvenile, LV, sample
UU-9, 11. Parakrithe sp., juvenile, LV, sample UU-10, 12. Parakrithella pseudadonta (Hanai, 1959), female, RV, sample UU-3
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Fig. 6. Scanning electron micrographs of the selected ostracode species. Scale bars are 0.1 mm. LV: left valve, RV: right valve,
RC: right lateral view of carapace.

1. Callistocythere alata Hanai, 1957, female, LV, sample UU-29, 2. Callistocythere asiatica Zhao 1984, female, RV, sample UU
-2, 3. Callistocythere japonica Hanai, 1957, adult, RC, sample UU-25, 4. Callistocythere undulatifacialis Hanai, 1957, female,
RV, sample UU-5, 5. Paracathaycythere costaereticulata Whatley and Zhao, 1991, male, LV, sample UU-3, 6. Spinileberis
quadriaculeata (Brady, 1880), female, LV, sample UU-30, 7. Aurila cymba (Brady, 1869), female, LV, sample UU-29, 8. Aurila
spinifera Schornikov and Tsareva, 1995, female, LV, sample UU-5, 9. Aurila cf. uranouchiensis Ishizaki, 1968, adult, LV,
sample UU-29, 10. Pseudoaurila japonica (Ishizaki, 1968), female, RV, sample UU-5
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Fig. 7. Scanning electron micrographs of the selected ostracode species. Scale bars are 0.1 mm. LV: left valve, RV: right valve, LC: left lateral view of carapace.

1. Neohornibrookella ractea (Brady, 1866), adult, RV, sample UU-19, 2. Coquimba ishizakii Yajima, 1978, female, RV, sample UU-23, 3. Trachyleberis ishizakii
Yasuhara et al., 2002, female, LV, sample UU-12, 4. Trachyleberis scabrocuneata (Brady, 1880), female, LC, sample UU-29, 5. Pistocythereis bradyformis (Ishizaki,
1968), female, LV, sample UU-8, 6. Pistocythereis bradyi (Ishizaki, 1968), female, LV, sample UU-21, 7. Ambtonia obai (Ishizaki, 1971), female, LV, sample UU-10,
8. Bythoceratina hanaii Ishizaki, 1968, adult, RV, sample UU-24, 9. Hemicytherura cuneata Hanai, 1957, female, RV, UU-23, 10. Semicytherura mukaishimensis
Okubo, 1980, adult, RV, sample UU-29, 11. Semicytherura sp. 1, female, RV, sample UU-5, 12. Cytheropteron donghaiense (Zhao, 1988), adult, RV, sample UU-16
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Fig. 8. Scanning electron micrographs of the selected ostracode species. Scale bars are 0.1 mm. LV: left valve, RV: right valve.

1. Loxoconcha harimensis Okubo, 1980, female, LV, sample UU-26, 2. Loxoconcha japonica Ishizaki, 1968, female, LV, sample
UU-18, 3. Loxoconcha kattoi, Ishizaki, 1968, female, LV, sample UU-2, 4. Loxoconcha kitanipponica Ishizaki, 1971, female, LV,
sample UU-29, 5. Loxoconcha optima Ishizaki, 1968, juvenile, LV, sample UU-24, 6. Loxoconcha tosaensis Ishizaki, 1968,
female, LV, sample UU-16, 7. Loxoconcha uranouchiensis Ishizaki, 1968, female, LV, sample UU-1, 8. Cytheromorpha
acupunctata (Brady, 1880), female, LV, sample UU-30, 9. Loxocorniculum mutsuense Ishizaki, 1971, adult, RV, sample UU-5,
10. Nipponocythere bicarinata (Brady, 1880), female, LV, sample UU-5
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Fig. 9. Scanning electron micrographs of the selected ostracode species. Scale bars are 0.1 mm. LV: left valve, RV: right valve,
RC: right lateral view of carapace.

1. Xestoleberis hanaii Ishizaki, 1968, female?, LV, sample UU-1, 2. Xestoleberis ishizakii Schornikov, 1975, juvenile, LV, sample
UU-22, 3. Paradoxostoma aculeoliferum Schornikov, 1975, adult, LV, sample UU-16, 4. Paradoxostoma brunneum, Schornikov,
1975, adult, RV, sample UU-6, 5. Paradoxostoma yatsui Kajiyama, 1913, adult, RV, sample UU-24, 6. Paradoxostoma sp. 1,
adult, RV, sample UU-5, 7. Paradoxostoma sp. 2, adult, RV, sample UU-5, 8. Neopellucistoma inflatum Ikeya and Hanai, 1982,
adult, LV, sample UU-5, 9. Cytherois cf. uranouchiensis Ishizaki, 1968, adult, LV, sample UU-30, 10. Cytherois sp. 1, adult, RV,
sample UU-6, 11. Cytherois sp. 2, juvenile, RV, sample UU-2, 12. Xiphichilus sp., adult, RC, sample UU-15
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uranouchiensis is the dominant species in the inner part
of the bay. Thus, there are none, or relatively few,
species characteristic of the enclosed inner bays of Japan.
According to lkeya and Shiozaki (1993), S.
quadriaculeata prefers to live on silty bottoms (Md = 5-
8 phi) in brackish waters (salinity = 20-30 psu) at water
depths of 2—7 m; C. acupunctata is abundant on sandy
bottoms (Md = 2-3 phi) in brackish waters (27-30 psu)
at water depths of 2—3 m; and B. bisanensis (including
Bicornucythere sp.) is abundant in similar environments
to those of S. quadriaculeata but prefers to live in deeper
waters than the latter (5—10 m in depth). All three species
live in flocculent layers and at the top of the oxidized
layer. A flocculent layer is composed mainly of
inorganic grains of less than 0.1 mm, decomposing
organic matter, and fragments of pellets (Ikeya and
Shiozaki, 1993). In most of the inner parts of Urauchi
Bay, at depths of less than about 10 m, sandy to granular
sediments with low mud content cover the bottom
surfaces, where flocculent layers are possibly not well
developed. Moreover, bottom-water salinity there is
slightly higher than that in optimal habitats for those
species, suggesting that open marine water flows into
even the inner part of the bay. Only locality UU-30 is
close to optimal conditions for these species. Thus, there
is only a small area where these species prefer to live.
This suggests that there is little input of fine inorganic
sediments and organic matter from the hinterland of
Urauchi Bay because the bay is situated in small islands
off the main islands of Japan and is surrounded by hard
sedimentary rocks, and no large rivers enter the bay. The
results of the CNS analyses also support this
interpretation (Takata et al., 2006). Even when sediments
do flow into the bay, they are transported to deeper
middle-bay bottoms or open seas because of the steep
geomorphology of the coasts of the bay. It is possible
that enclosed inner-bay species have decreased on or
disappeared from these small isolated islands during each
interglacial period of the Pleistocene.

Species living in the tropical seas around the Okinawa
Islands, such as
Cornucoquimba shimajiriensis (e.g., Nohara, 1987;
Tabuki et al., 1987; Tabuki, 2001), are rarely found in
Urauchi Bay, and species that live abundantly in the bays
of those islands, such as the genera Neomonoceratina,
Bishopina, and Keijia, are not found at all in Urauchi
Bay.

Neohornibrookella lactea and

5. Conclusions

1. At least 146 species were obtained from 29 surface
sediment samples from Kamikoshiki-jima Island off
Kyushu, southwestern Japan.

2. They were grouped into four biofacies on the basis of

Q-mode cluster analysis.

3. The dominant species in the inner part of the bay is
Loxoconcha uranouchiensis. Species that dominate
enclosed inner muddy bays in Japan are not present or
are restricted to small areas in Urauchi Bay.

Acknowledgments

We thank S. Yamaguchi of Marushima-so for his
helpful supports of surveys. This study was supported by
the Grant-in-Aid for Scientific Research (Grant nos.
15540451 and 17540442) of the Scientific Research
Fund of the Japan Society for the Promotion of Science.

References

Bodergat, A.M. and lkeya, N. (1988) Distribution of
Recent Ostracoda in Ise and Mikawa Bays, Pacific
coast of Central Japan. In: Evolutionary Biology of
Ostracoda-Its fundamentals and applications. (eds.)
Hanai, T., Ikeya, N. and Ishizaki, K. pp. 413-428.
Kodansha, Tokyo and Elsevier, Amsterdam.

Bodergat, A.M., Ishizaki, K., Oki, K. and Rio, M. (2002)
Currents, civilization, or volcanism? Ostracodes as
sentinels in a patchy environment: Kagoshima Bay,
Japan. Micropaleontology, 48: 285-299.

Buzas, M.A. and Gibson, T.G. (1969) Species diversity:
benthonic foraminifera in western North Atlantic.
Science, 163: 72-75.

Hammer, @., Harper, D.A.T., Ryan, P.D. (2001) PAST:
Paleontological statistics software package for
education and data Analysis. Palaeontologia
Electronica, 4: 9 p. http://palaeo-electronica.org/2001_
1/past/issue 1_01.htm

Horn, H. S. (1966) Measurement of “overlap” in
comparative ecological studies. Amer. Natur., 100:
419-424.

Ikeya, N. and Hanai, T. (1982) Ecology of Recent
ostracodes in the Hamana-ko region, the Pacific coast
of Japan. Bull. Univ. Mus. Univ. Tokyo, 20: 15-59.

Ikeya, N. and Shiozaki, M. (1993) Characteristics of the
inner bay ostracodes around the Japanese islands-the
use of ostracodes to reconstruct paleoenvironments.
Mem. Geol. Soc. Japan, 39: 15-32 (in Japanese with
English abstract).

Ikeya, N., Zhou, B.C. and Sakamoto, J. (1992) Modern
ostracode fauna from Otsuchi Bay, the Pacific coast of
Northeastern Japan. In: Centenary of Japanese
Micropaleontology. (eds.) Ishizaki, K. and Saito, T.
pp- 339-354. Terra Sci. Publ. Co., Tokyo.

Inoue, E., Sato, Y., Takai, Y., Nakao, S. (1979)
Geological studies on the Kamikoshiki-jima Group
(Paleogene), off Southwestern Kyushu, Japan. Bull.
Geol. Surv. Japan, 30: 141-176 (in Japanese with



28 Toshiaki Irizuki, Hiroyuki Takata, Katsura Ishida

English abstract).

Inoue, E., Tanaka, K. and Teraoka, Y. (1982) Geology of
the Nakakoshiki district. Quadrangle Ser., Scale 1:
50,000, Geol. Surv. Japan, 99 p. (in Japanese with
English abstract).

Ishizaki, K. (1968) Ostracodes from Uranouchi Bay,
Kochi Prefecture, Japan. Sci. Rep. Tohoku Univ., 2 nd
Ser. (Geol.), 40: 1-45.

Ishizaki, K. (1969) Ostracodes from Shinjiko and
Nakanoumi, Shimane Prefecture, Western Honshu,
Japan. Sci. Rep. Tohoku Univ., 2nd Ser. (Geol.), 41:
197-224.

Ishizaki, K. (1971) Ostracodes from Aomori Bay,
Aomori Prefecture, Northeast Honshu, Japan. Sci.
Rep. Tohoku Univ., 2nd Ser. (Geol.), 43: 59-97.

Irizuki, T., Nakamura, Y., Takayasu, K., Sakai, S. (2003)
Faunal changes in Ostracoda (Crustacea) in Lake
Nakaumi, southwest Japan, over the last 40 years.
Geosci. Rep. Shimane Univ., 22: 149-160 (in
Japanese with English abstract).

Irizuki, T., Seto, K., Nomura, R. (2005) Faunal changes
in Ostracoda in enclosed inner bay with relation to
anthropogenic environmental changes-an example of
Uranouchi Bay, Kochi Prefecture-. Abstracts with
Programs The 2005 Annual Meeting The
Palaeontological Society of Japan, 147 p. (in Japanese,
title translated).

Kamiya, T. (1988) Morphological and ethological
adaptations of Ostracoda to microhabitats in Zostera
beds. In: Evolutionary Biology of Ostracoda-Its
fundamentals and applications. (eds.) Hanai, T., Ikeya,
N. and Ishizaki, K. pp. 303-318. Kodansha, Tokyo
and Elsevier, Amsterdam.

Nohara, T. (1981) Notes on the ostracode genus
Cytherelloidea from the Senkaku-retto, Okinawa. Biol.
Mag. Okinawa, 19: 41-45.

Nohara, T. (1987) Cenozoic ostracodes of Okinawa-jima.
Bull. Coll. Educ. Univ. Ryukyus, 37: 1-103.

Okubo, I (1975) Bairdia oligodentata Kajiyama, 1913
and Bairdia sp. in the Inland Sea, Japan (Ostracoda).
Res. Bull. Okayama Shujitsu Junior Coll., 5: 93—-100.

Okubo, I. (1984) On the life history and the size of
Xestoleberis hanaii. Res. Bull. Shujitsu Women’s
Coll., 14: 19-43.

Tabuki, R. (2001) Plio-Pleistocene and Recent suctropical
Ostracoda in Okinawa. In: 14th International Sympo-
sium on Ostracoda Guidebook of Excursions. (ed.)
Ikeya, N. pp. 21-44. The Organising Committee of
ISO 2001, Shizuoka.

Tabuki, R., Nakano, T. and Nohara, T. (1987)
Preliminary report on ostracode fauna from Sekisei-
sho area, Yaeyama Islands. Bull. Coll. Edu. Univ.
Ryukyus, 31: 323-335. (in Japanese with English
abstract).

Takata, H., Irizuki, T. and Ishida, K. (2006) Living
benthic Foraminifera from Urauchi Bay, Kamikoshiki-
jima Island. Laguna, 13: 99-107 (in Japanese with
English abstract).

Yamane, K. (1998) Recent ostracode assemblages from
Hiuchi-nada Bay, Seto Inland Sea of Japan. Bull.
Ehime Pref. Sci. Mus., 3: 19-59 (in Japanese with
English abstract).

Yasuhara, M. and Irizuki, T. (2001) Recent Ostracoda
from the northeastern part of Osaka Bay, southwestern
Japan. Jour. Geosci. Osaka City Univ., 44: 57-95.

Yasuhara, M., Yoshikawa, S. and Nanayama, F. (2005)
Reconstruction of the Holocene seismic history of a
seabed fault wusing relative sea-level curves
reconstructed by ostracode assemblages: Case study
on the Median Tectonic Line in Iyo-nada Bay, western
Japan. Palaeogeogr. Palaeoclimatol. Palaeoecol., 222:
285-312.



LAGUNA (GR/KISAfF9E) 13, 29~42 H (2006 4 6 )
LAGUNA 13, p.29—42 (2006)

qﬂﬁitﬁﬁ‘ﬁwﬁﬂlﬁﬂﬂﬁi . Hﬂg@ﬁ*ﬁéﬂ'

fE R PSR - WK

MERIEEEANDRE—

A HRTMESR? - 2[R - PUAREAD

Reexamination of bottom topography and sediments
in the northeastern part of Lake Nakaumi

Takao Tokuoka', Ayumi Fukita', Tadashi Nakamura’,
Kei Anma’ and Kiyokazu Nishimura*

Abstract: Sandbar sediments are underlain in the bottom of the northeastern part of the Lake
Nakaumi. These are a part of the Yumigahama Sandbar, and assingned to have been formed by
the Jomon Transgression in the Holocene Age. The data of echo-sounding surveys by
Yuniboom in 1986 (summarized by Mitsunashi and Tokuoka, 1990) and SH 20 by Fukita et al.

(2001) were reexamined, and SH 20 survey along the coastal area was newly carried out in
2005. The sand body has a thickness up to 20 m, and are interfingered with Holocene muddy
sediments which is extensively distributed in the bottom of Lake Nakaumi. The natural gentle
slopes of the lake bottom which reflect original sandbar surface have been completely replaced
by the Nakaumi Reclamation Project, etc. to the rugged bottom surfaces not suitable for the

survival of aquatic organisms.

Key words: Lake Nakaumi, Yumigahama sandbar, echo-sounding survey, reclamation,
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Saline water intrusion into the Aganogawa River

Masaaki Tateishi', Yu Honda', Takao Tokuoka’, Ayumi Fukita’®,
Shigeo Matsuda’, Kei Anma‘ and Kiyokazu Nishimura®

Abstract: Salt water intrusion into the Aganogawa River was measured on November 19 and
20, 2004, and October 16 and 17, 2005 at spring tide, using mainly a SC-3 acoustic profiling
system and water quality meter called TPM CLOROTEC. Velocity, direction and depth were
also measured at two stations in the latter observation. SC-3 acoustic profiling system is an
improved 200 kHz precision echosounder, that records the distribution of the halocline and the
thickness of the saltwater layer as profile records. TPM CLOROTEC is a towing-type water
quality meter, and real time data of depth, temperature, salinity, turbidity and chlorophyll-a can
be obtained on the ship. These two instruments are very useful to recognize time-space
ditiribution and changes of the halocline. At the Aganogawa River saline intrusion has been
known to reach up to 14 km from the river mouth, and has been wrongly interpreted to the
cause of the Niigata Minamata Disease. Our observation has successfully visualized the
bebavior of salt water intrusion into the Aganogawa River

Key words: Aganogawa River; saline wedge; echo-sounding survey, Niigata Minamata
Disease

KENB L OXRYNZOWTHEL T, &
CAZPT B EF 1 CUE 1965 4E I HHB AR AL L, £
DERE & L THEOHEHEIZ B\ TER LT

DRIERREPWE 2, € Ih ot LzREEr

1 13U®IC

BN A D /NS W HARIEII O K & 2 1 CTLEEAK D
BAREREMTH L LML TWT, PEE

N 1) b ZofREFITH L. HARDREEAIINICD
WCTIE=ZH (197000 F L oh3h 0, EikdE AT
AT (1993) 12 E OREEI I OEREIZOVWTE Lo,
VA% - B (1996) i JINE@i s c DV TR L, il
17> (2001) (ZIEARBREIH > A 7 A 2 E L T
%, A TIRESEAT N O XA E1Z 2w TR
220 (1999) 2STLONNICD VT, ZRIEA (2005) 7F

WrE I r B R AEE

WIS T, SHICHBEEINCEARDOWEE & BI12h
728N, TRBIIHELZ RIT LT 5 [HKkL
SV FBATFES N, HAKL ETIZOWTORAED
ThTwh, ZRICE D EHEAKZFALS 6km
DLW EL T, milvis, T k-T2 bd
52k, ke ENVOBRKDETII D ) HETH
D, BHRADIREEICH B T & EDEHEED B H

Department of Geosciences, Faculty of Science, Niigata University, Niigata 950-2181, Japan

FE R AR BT ZERT  Tokuoka Laboratory for Studies of Brackish Water Envionments, Matsue 690-0823, Japan

©O s E N1t Kawasaki Geological Engineering Co. Ltd., Tokyo 108-8377, Japan
FESEHATAE A ZERT  National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba 305-8567, Japan

1
2
P rzu—nN7 v 7B &H Clovertech Inc.
4
5

43



44 AR - A%

0 20 4:] Eptm

1. AR
Fig. 1. Index map

WHFRERENT WD, AL SVFITEEZEDIED
WK L OFHZ#Z T LR 60km IZEF TE-722
EG, HKE LTHRHENS Z L3 %D o725,
FriEAKEROFERIEHZ ESE, HFWIZT D4k
WY Bl EPAISNTWS (FBKERILRE
RHTH B R RUE, IR AREIRECHH e, 1972
2L 5).

[y 2 B ) 1] D AL 28 Bl 5 |3 K R T 46 cm, /NI
T 10 cm, JEEIX T2 5 16 km, e KRR L
P 14km THD I EPMONT WS (kAL
ARBFZERT IR I FEEE, 1993). F 72, /N H
(2000) (2 & % &, EEEIEUZAT 205 12 km, (57K
EEHEMOTAY T VY IR KRMERE T2 5
93km) £ ) T TIFbNTWDE Z &G ST
W5, ZZTEBHICHEALLIUDEE T 7714
YT AT A SC3(fERIE A, 2001), WAAKEE
(TPM CLOROTEC, 7 L v 7 &T), B X UK
(QUANTA Q, /N1 K1 7 KB X U COMPACT CTD,
7Ly 7ETF) EHWT204 4 11 H UNEIEE) &
2005 4E 10 A (K#iE) 1247 - 72 BHFE R I 2w TR
5., 2005 FFEOBITIZFIR G EE - IS
GrEt - RELEF (2282 FEM - 22827 R CT - O
¥87 NTID, WEFRb T Ly 7ETFH), BXUOHE
K SOHFEBREBMN S AT L CL4, 71T =N
TV 7)) wkE L TCHNZIT o7, 387 N EM
SRl A > 7 =NV 18, 2 TV 60, N— A
NEER 50T, 22827 - CT B L O TD (&
A7 =NV (7T T7FREIS5A 5 =N
V), 287 b CTDXEIEA >~ & — /N )L 0.1 F,
TPM 7 a7 v 7 3HEA > =NV 2HTdh

R il o RN

A RS - 7R - RS

LY AN 5 .
B 2. BIEEF IS 351 5 SC-3 7 A& #t (2004 4F 11
A19, 20 H)
MR 2.5 750 1
Fig. 2. Surveye routes at the Aganogawa River (Nov.19
and 20, 2004)

M) B L UTARIENC L 5.

B, MEEEICEA I V3IDEMHLS. 20
FIHEAZ D WK - P (2005) TR L Tw
H, SINSDERIZOVTHRRL, % B, 2004
F£DSC3 L TPM 70107 v 712X 5 EHARE R IO
W, ZO—E % MERIZA (2005) TN L7,

2 2004 & 11 B DOERAI

11 H 19, 20 H CUNEEE) ICERM &2 1T 572, Hli# %
B 212, A S 5 km OEHIHk LKA BT O KA
TF=F % 3R, INSOEINEEH I
TG VMOV IRTH-722 th b, Hik s
MNRERE LTI FTMLREI TV R
TTi-72bDTHD. T2, TOEOE|IIIITYE
FINCHADD Y, WHOxWELS R )HZELT
W2 MIEERMASIZ E A BRI ZIRHICH -
7. SC3BLXUTPM 70 a5 v 72 & 5Bl OF;
M 312, FERICOVWTIEXK 4, 5, 6I2F &0
TRY.

2.1 11 B 19 HOERA

BN B LT #iPH 2 dul & LT 3 [ OFfERT
BN EZAT > 72 (K 4). W 2 e A (), 3
B (BLHQ) B L O (B, 7Y% v
FLERIEREF D N T TV H Y, T u Lk E R



[i] 2 B9 )1 > 35k i b 45

BABELL : 2004, 11.19-20
g j_

=
o

Water-level (m)
=
[43]

198

@) 08:40 ~ 09:07 4 L A8
@ 09:49 ~ 09:59 "

(3 15:12 ~ 16:03 Fzhes*
@ 09:39 ~ 09:44 44 A 8%

208

@ 07:22 ~ 07:47 ##0
®) 08:52 ~ 09:23 &g *
® 14:13 ~ 14:51 F@es*

0.4f ® 07:50 ~ 07:55 &2es

ik © 08:01 ~ 08:07 &%#iRs
@ 08:13 ~ 08:15 &isies

0.2} @ 15:05 ~ 15:10 Fi#IEs

- @ 00:20 ~ 09:31 s
(*TPM 2 0O F v % SC-3

" il AT AT D)

6 12 18 18
11/19 11/20 11/21

3. SAFKILKAZBENET DKL 7 — & (1 244 P B I ISR PT 12 & %) & BURER A (2004 45 11 A 19, 20 H)
Fig. 3. Water-level changes at the Kurumiyama Station, Aganogawa River (Nov.19 and 20, 2004)

)T,  SORIHOMEIZNEREZE L TWT, Tl
BRI 25 1 km OREAE L ICE THBL T
w5,

O] 2 BEfE B OFEERT, < SO
C5 5 OFF#EE 1.7km (2H 1), G TR CILIERIESE
FUEBIZH T A3RKIC & BHAKDITE & ) (GHAT) AT
AHNDL. @I 3 FEROERT, 2UD
HmOMNEIZOL ) b bT2IHBEL TS, K
- S oMESATHS 2% X912, ok
E M OIEKRDOEFUIHE T, RALBIE 20 cm FREE
DESTHSH. QIITHIFFDOLERT, < VDY
DNEIMEE T TRECIZBLTYS., OB
T TPM 7 05 v 72 & 5 KGR E AR 12
bz, ZOFRIIKPIZEDETRL TV,
HE (PRI BERCHEAMEIRE (Bl TwT, 2
NEY TAIETIIZEALE30PSULLETH S,

TEWT OO E | & T, HARL SR E D
b DOFT DT LG 2 km Hb THREBTETH % 47 - 72 (1K
6 D@). ZOWE ETlE, Kk 2PDERIZZD
MEIZEFTEL TRV, ZHEDERE) D/
SRR NTPIEEE T L 78D 5 N2 KGRI DAL T
5. ThbbfEL) O (Ritlldzs &Ez
EN5) TIEIHEANZOMEL Y & FRICMLES
NTWBED, /INERERIZZ o TP A AA

PIIOREBIZHLIDEHETES.

22 11 A 20 HOERA

HEARDSH B L T2 #ipH 2 Hul & LT 3 [ OfERT
B 24T o 72 (I 5). IR (BIN@), 1 R (8l
W®E) B & T8 1 R (BIHE) T, < 30%
WONBEIZOEG®TIZIZIZFE UMEICHY), GiHD
T 2 BERE R & R B k200 m (E SR L 2 AT
Zdhb. O@TIRIOLOLY BRI CHELTNT,
HHO@DNE L IZIZFALETHAH. BHOE®LEO®T
ETPM 7 0 a7 v 72X AEEIADFEER AT DI,
KL DOEAL T FERERE L DITRL T 5,
WTIIZBWT S SRR TRRO LN L RIS O
JE 21320 cm FEEE T, KEMED S 30 PSU 2 2 5
K E FALOBRKDFR VR T L TWwbs I L L
FL—FHL T3,

HEWTEL SOOI IR T 2 MW ELdk 2 ®), ©, ©, [
UK @®IZHInT AR ek @ LT 6 1R,
@I ORLEET, HEMICSm %2 2 %
A, EEANZIE 3 m DEADH L. NS DERHIC
FHEKIZEGE L Ty, @G 20 %ot
T, FHROEHIIEFEICIEA2W EL T iwn
B, MO 2 DDERHIZE o TIEHEALS E LT
W5 ZEHbo 5 (F H ORKHHFROT S ). ©



46 SRR - RZ - REREEDS - RHE & - ARG - 2R B - PERNER

FIEEF )1 SC-3 FMEA 04 11. 19 (Hitbf ) 1)
(1041119 08:40—09:07 l
: Okm YRS 1km KPS 2km

Depth {m)

(2041119 09:59—09:49

PUERE Tkm kP9
Temp{"C) Salinity PSU) ] 14 13 [£ 1
o L E Ll 00:55 09:50
op z o _ t .
—+Temp

hy

Depth {m)

10 —

3041119 15:20—15:53
2 AL

e =
'!-: =2 e 6 = ot

b=y

4. SC-31Z X ZffEMraRAsisx (2004 45 11 A 19 H)
Fig. 4. The data of the SC-3 acoustic profiling system (Nov.19, 2004)



[ 2 B )1 > 3k i | 47

P 7)1l SC-3 FDHERAI 04, 11. 20 ( #itkT )

_— - IO I
@041120 07:22—07:47 2288 RSTD ] i
KM #2754 OktsdllbNr
o _ i pras 3km
ShEaa
- 1
£
AR

HliHRAD
1 av
mﬁﬁ1MI 7KP9 ?75

®041120 14:13—14:51
E=E W32 27 )11 K A8

s

TPM 7 O O 7KE

PN 7 O OiES

Fi# 1 R A

5. SC-3 12 & Aiftirasresk (2004 42 11 4 20 H)
Fig. 5. The data of the SC-3 acoustic profiling system (Nov.20, 2004)



48 SATHERR - AL #E - BT - I

A AR - 7R TRNEA

I EF)I SC-3 F DA (1M ; 19 BED, 20 BE®~D)

19 H
@041119 09 : 39 ~ 09 : 44 2km FEWT ( HEWRDIZ S )
mﬁiﬂlﬁ‘fbwf([ﬂ‘t & 10

[aepeh )
"

HUERALE (U HAERMITEMS) O SC3 R & KEAE
(2004. 11. 20, /NEREFOD 3% 2 B k)
12041120 08 : 29 ~ 09 : 31
2ok KEMERA

Tame ) St P
0} L] ]

= Tene
- el

20 H
®041120 07 : 50 ~ 07 : 55 3km 47 ( HEEFDIZ 2 )
IJDJ’-‘H} prd &Pﬁ‘-l_)i’-oliﬂ” ”nr-ss
o s ;

©@041120 08 : 01 ~ 08 : 07 2km AHEMT ( HEWTDIZ b )

HET O i i 1 L

i v | s

. Dhegeh fmp

041120 08 : 13~ 08 : 15 1. 5km #ilF ( HEH@IZHrE
HEWTIIAR b~ i TN E )

13 16 I:PJ\H Temp{"Cl Sarity(PEU)
o RO R 7 ag1s 0 11 n
=y h o

Tew
+Sal

T

@041120 15 : 05~ 15 : 10 Tkm BT (HEBT@IZHHIE )

1505 R O o 1510

6. SC-3 (2 X MM RCH (2004 45 11 H 19, 20 H)
Fig. 6. The data of the SC-3 acoustic profiling system (Nov.19 and 20, 200)



Pl B3 )1 D 357K ) 49
04.11.19 04.11.20(1) 04.11.20(2)
o Depth (m) ” Depth (m) " Depth (m)
05! " A 05! L 05
VTS 1 T !
15—l ]l‘q NN 4 — 15 Pl 15 f
at L L = S— gi + | 2= ret e
25 ?’ ALY 251 Ly 25 i M
3 Vi 3 - 3| Fr—
151 L 35! 35 ‘
4 i 4 4
45/ 45| 45|
R B R T 1 Yo wm  iw I w0 2 830 ho we  wm  #Aw W WW B
2r Temp("C) % Temp (c) = Temp (°C)
18 r* ] oyt B 5
| L' N ] ﬁ Al i M| [ A
ut 4\ ‘ 1 - - " [ :
IE; = o e 12 — —— M T 2t i
L 0 0}
8 8 8
(15 & .
nl 4 N,
2} 2 ] 2}
|
?503 3] 150 1530 B4 B 600 D&GJ E40 B850 %0 L] 930 &:UJ Mo W0 WX 40 450 150
. Salinity (PSU) % Salinity (PSU) % Salinity (PSU)
| L LA D —r | 2
NI 2 ] y | i
5} .\k. 188 1)1 m — % - %
20} [ | A | | i 20 ! 1 0 : | E—
EE ] —.— ‘. B 1 5 i
011 R 0 1 0 1
S—1—T 5 5
ol -! ! [ \ a M _..-"»-ﬁ | L LW \ )
B0 50 BN BN K4 50 B0 B0 840 B0 w0 02 830 o un um 0 W% 50
T Turb (ppm) % Turb (ppm) 5
2| ]I ] F]
|
0| 0 ‘k b [
| I e ) L - L\_‘_” B . Tlad P———
B0 B0 BH  B® B0 B2 B0 80 840 850 w0 02 830 WO M M2 W WH W® 5D
5 2007 1) (ppb) 5 28071l (ppb) 5 28071 1b (oph)
4 A 4
3 3 3
2t ! 2 7l | I
Y LY I T %_ . e ] = 1 i T e
[] ‘ [ |
ko w0 Em B0 40 650 w0 9W 830 W0 M W2 WO WM M 1500

X 7. TPM7UUT/7 otZ.->7J< T =

y (GERE, IRBE, ¥E4», WEE, yun 74 )la;20044E11 419, 20 H)

Fig. 7. Time-series data of Depth, Temperature, Salinity, Turbidity and Chlorophyll-a by TPM CLOROTEC (Nov.19 and 20, 2004)

cﬁﬁ%mﬁ%mﬁﬁfyﬁ%@qu%M®k§&

FIIIEARITEL TV WS, S oHi Ik 2z Tl
Ll,fwz) P FE ) L) AR OERICIEE
KWL TWT, QORI F Tallfie L T
L., INHD2ODFERH TIXPFIEBE R OERE LR
o TW5h,

DV T 1 BRI AT O RLERT, MEWT@©IZE E 0 OfL
BE2EELTWAOICEKIIED SNV, 4
FEOERANAIIEAD D V), HERAOD AT 710 D3I
ﬁjﬁbfwé.é%’éﬁﬂﬂ>’im%9mmé

THLEGDRH Y, ZZOEAKIIODOL T D
YEKIZ F CTolif L fwé._n%@_&izmgw

(21> T Bt 5 DPIKO T AY 5 < Hik < S T°
PRECHZBSEOLNTVED, LERMOERHTIE
ZNDFGN T2 OIS, HRPW EL72TETTHLI L

ERLTWA. 3200 KEZA
SWIEFRUT, KE3ImIZHA.
OTITRIEE TR I21T

BCOREREROR
i AN Ay 1 O]
1ZKE2.6m TH o7z, fiEiHn

BT EANEIAKRMIZTH 18 em BET Lz icxk LT, %
KEDESIZ40em KE L 2D, RIEERETAHS

ES8emETF L2281l 5.
23 TPM7O07 v 7IC& 2EE

11 A 19 HOMEWEIE L 11 A 20 B o e Rl
®, @TIESC3 HFEBHE LHIZTPM 7 UH T v
7 X BRI (R, R, M4, B, oo
7 4 a) BFEEERI AT b7z, K .4&5 1 SC-3 52
SIS TRLTWA, KEF—%I12onT
3F EDTHRTITRT.

SC-3 FHEFF LI T A &, BAURDEE E A



50 AR - K% A

WIEER IV EICH 2D TICH B0 L - TRE
EYEANEBICEDL DL Z D bHIY, E Ok
EXKIEDOKE DENDHBECTH L. WEB LY
007 4 )alloWnWThbE, RAKMEHEARE TR
JEEENSEY BEBIOZ OO 7 1)L a DfEIZEK
DT KLY B DTRITKREVED D S
7z,

2.4 WEBIEEOY < b T I RBMETOEE
WEMIHIC L > TY~ b ¥ Y 3 OHEE DR AT
] ST B IR EEAEAL T (Z2P5a53E LT dk) DRl (X

30Q) OFEFLER L KEMERH R L6 DHFIZRL

TWwWh, ZORERTIE oM%K E FOMK (i

NI TN CHEL TV T, 72, NI

ATH, Y~ MYV IDERIZHEL 7SRO

FEFIZESENTWLZ Ehbhb, 25, OB

N INAE FOHKTRE CHELAET,

L22b B HBHFEW -WICXARE0EINTHEK < S

U725 L) A RE BB LR T CIrbilz 2

EDD, Y MUYV I E L ToM, AN E ik

BT AHILIEITEL W,

3 2005 fF 10 BO#ERAE|

10 H 16, 17 H CR#IE:) ICHTM] & [AARIZ SC-3 3 &
CTPM 7 U sy 7 e d 2% A FAF v —
— (SportScan, Imagenex f1#) |2 X 2 L2 5 O]
WxiTo72. OB TIIAKREMEIZT > 287 b
CTD 2 &k o> TATo 72, F72, WD SC-312 & % &l
T BRI 2 3048 L 72 L Cali4 7 2 #i s GAr
25 1.5km#b i, KE25m (FHE M) & 6.5km
M, AKE23m(bEiEm)) 2B, 7914 0%
%ﬁ%aAﬂkmFﬁ“J% ki L7o. BiE s
WIIAKALEN (T 2287 - TD) B X O miesaEr (2 &~
N7 NEM) #abCikE L7z, EABlE 10 A
18 H F Cilife L THr o 72, SR OB AR O#
HC, BUEIRAICEEE ZitE 02 bid e <, K
iJD#%@SfmmimeLTwéﬁ%f%o
7o B, WHINIZOWTIE, FIFEE OB &
FEZY, FITEBEOIRNIZR - 72IRETH - 7-.
WA & s BRI E, SRk GRIEI 25 5
km) (2B BANMZE, 2R S 1.5km RO L
mﬁ BT KM ZEALE, ThENHS, 9, 10 IR
T, SC3FEFLFKIIOWTIEF EOTH 11 ITRT.
INSORERDHI LT 87 b CTDIZ & A4S
DWTIEMITOFITRL, EEROKEHET — 712

fERE P - WCH

A RS - R - TRNEA

DWTIE 12, 13 & LTRL 7.
3.1 10 A 16 EI(DEE;}EIJ

TR 2 H S ic ke r ikE L CGEBE 2479 7280
o;mﬁhibmmWLwhﬁ%iimﬁté_&
E L7z W EA 5 10 km FHI £ TO SC-3 DLk % [
HOIRT. ZOBENET#E 1 RHEo b 0T,
m<§w®%“inmﬂﬁétit%’ﬁﬁtf
Wz, RIEBEFUIHE T, ERADTIbhbTe
WS L T b, S EIEET SR ONS.
FEOBHGERIZH EOWT, RO E
ﬂﬁ%%b,%ﬁ@i5m%%%ﬁot.%®%,
””E’Jllﬁﬁﬁ‘%ﬁﬁ’\ IREFBEETE TIHEE D

KOERB IR F TIZoWT, SC3 & A F A
#«// F—IC X BB EAT - 72 (BIHI@) 2 b
IZ2DWTIE 3-4 TR 5,

3.2 10 B 17 BOEA

SC3 & A FAF ¥y —F—%PHH L T
MO EOFHAEY Kz 5 & 2 A (KFTEED)
F°C, 1 km Z & (ZHEBTENE B X OBEITETH (BLG)
Ao 7z, SC-3 DR E 1km T & A L CTllE
L72KEIZDoWT, TEOTHIBIRT. (8, 9
km HiT CIIREBIBIEE R 12D & D W CHERT R o
HHRALE X EHICCA LI ITBELTVDS), 20D
BN I RIREEC, BIHIPH T3 5RRE T ORKDH
NbFLALBZWIRTIrbiz, FEl 6 B
M COBET,  ECDEHEZIRZ 20T
3T, mTHORE (BlO) L+ 5 &, <
éwm%%@;bﬁmiﬁ%ﬁtfmf #7 9 km
HWiSlZHh o7, RIESEFIIHET, EE~DIrTZ
CHFPIERIL T D, BERE EIIGETAR S
N5 1km & OB R Z 25 &, RIESR
IHEBT TN IZIZIZKETH L Z D bh b, 2D
BUAICIE 1km X123 282 b CTD % W CKE
WEZAT - 72, WO DOHESAMAITD W TIEF K F
12, EROKETFT—ZIZOWTIEK 12 IR L7z, v
?h@ﬂﬁ sz%i%ﬁ%ﬁ%%mtfﬁﬁu

SWICEEL TS WEEERm L AL ORI
ci7kmi{t,¢iifcisoP3U 2TV THEKTH A
A, INED BRTIRZ A E 5T, 9km HiAT
TIZ 26 PSU TH - 7.

M11@iE sCc3:TPM 7 sy 7 =L T
8 km Hb S i, 2km #b5 F TOGEE O
FRCHH. LB FERGET, RIS R I X C,
RN TTEDTRIEF LTS, FRIEE



[ 95 )1 D S 7 L

g

8. FEEFIINIZHT % SC-3 FALEHl# (2005 4F 10 A 16, 17 H)
WIERX 25 750D 1 THAE ] B L0 KE ] 12X 5
Fig. 8. Surveyed routes at the Aganogawa River (October 16 and 17, 2005)



52 SATHERR - AL #E - DS - I

W AR - 7R - RS

#A#kLL - 2005.10.16-18

0.9

0.8

0.7

E 0.6 L,\M L

W oy
L N

Water-level (
[=]
[42]
1’
il

=
I

Wl

L

16 8

0.3 @ 08:12 ~ 09:44 T35 1 B:fflik .
@ 16:15 ~ 16:30 H45 A48

0.2 16:54 ~ 17:06 "
178

0.1 @) 08:35 ~ 12:04 P4 A8
@ 15:59 ~ 17:01 iHdhes

¥ 6 12 18 6 12 18
10/16 10/17 10/18 10/19

9. BIRkILAKL BLAT D ARGL 7 — & (5] 524 P BF AT )N B T 12 & %) & LRI 55 (2005 4F 10 H 16,17 H)
Fig. 9. Water-level changes at the Kurumiyama Station, Aganogawa River (October 16 and 17, 2005)

20054108 16~188 [ EEF)I| LiE KRR CompactTD

28
26 ‘d
E
%24
]
o
168
(D 08:12 ~ 09:44 F# | B5ANEE
22 | @ 16:15 ~ 16:30 44 L8
16:54 ~ 17:06 "
178
@) 08:35 ~ 12:04 7H LA
@ 15:59 ~ 17:01 ##Mes
2 |
10/16 10/17 10/18 10/19

10. BREMICBAKET—% (32787 PTDIZX 5 520054510 A 16~18 H)
Fig. 10. Water-level changes at the upstream station (Octover 16~ 18, 2005)

BT GRIESER) fie TPM 2 007 v 7 OFEED
JOZITHIET AES - BE - 7007 4)bad
AL R L TW5b,

33 TPM7OOF v 7k BEE

AR X912, 10 A 17 HO T O @l T SC-3
ETPMzuasy 7R L TT- 72 (K1) . i
1T SC-3 DFRLERIC X VIR IS OWRE X W05,



[ 28 B )11 o 35 ki L 53~54

1016 08:12 ~ 09 44 BT 38 51| K TR RROAHIFEL E %
i _KE (ﬁﬁ) &aﬁﬂh 2km 3km 4km JR 5km 6km :kwl Tkm 8km 9km

(051017 08:36 ~ 12:04 ( LEXIZHEM T LAYER , THAER , TERITHEMN )
Okm Tkn 2n

® & M O5 © B & MO S ® @ & NSO

@051017 17:01 ~ 15:59 ( #6kk7 ) £l
2km - ﬁimllxﬂ_ RTE JR 5km u_imwmmt. 6km ;

BERS (GRIEHRA) @& TPM gs[.:l nﬁ'—vb@#ﬁﬁ&tﬂ%ﬂl:ﬁﬂ;{ﬁ:iﬁﬂ EBE-s0074)0a 0)3:1530

. 17:00 16:20 16:10 1800,
— —_— p— ——— — L e - e ___-- | ‘L . - o
2 D — i i T ,r—i‘%_!y_ - !: Trbld't --_’-‘..‘ M
. 5 - T ¢ Dept T e L B
§ HWRMHE ‘d ! | \ uhl1 [Tl 8
5 -’w‘il L S~ - --\" m F‘ T u 'l£
s . . oy~ - ._—-...,._A"’-r - S
4 ) \‘[— . < r.vl' ‘f/\ { E
: = —_— A 30
Salinity Y Y-
10 ; %

11, PIEEINC BT 5 SC-3 AR (20054 10 H 16, 17 H) BLUTPM 7007 v 712X 2KE T — % (REE, WEE, H5, ®WE, 70074 )ba; 2005410 4 17 H)
Fig. 11. The SC-3 acoustic profiling system (October 16 and 17, 2005) and Time-series data of Depth, Temperature, Salinity, Turbidity and Chlorophyll-a by TPM CLOROTEC (October 17, 2005)



Pl B3 )1 D 357K )

A0 8:30 Okm 8:44 1km 9:04
0O 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

0 !‘ 0 0
1 113 1 5 .
™~
2 \ 2| 2
3 3 & 3
: F —— =4
4 4! 4
' ¢ Turb
. HNEE
5 5! 5
2km 9:25 3km 9:48 4km 10:09
O 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 3
ﬁ- ;
1 o 1 .I‘--..-..h_ 1 L.
2. 1 2 } 2!
. ] !
3 3 i 3|
i i
4 4 4
5 5 5
Skm 10:30 6km 10:45 Tkm 11:05
10 15 20 25 30 3 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
1l ui
™ . Ve |'l .
2 ™ 2| 2| § -
\ | )
3 l 3 3
4 4 4
5 5 5
8km 11:24 9km 11:43

0 5 10 15 20 25 30 35

"

1015 20 25 30 3%

| ‘E o T, B
3 | f‘ \
| | Yo i
4l 4
5 5l

12. 3287 F CTDIZ X B/KE 7 — % (2005 4 10 H 17 H OHERT - TR
Fig. 12. Vertical Distribution of Salinity, Turbidity and Chlorophyll-a by COMPACT CTD (October 17, 2005)



56 AR - KL A

15 B ERER 14:22 ]5 B TitEmR 16: 51

Ou| 10 1520 25 30 35 0 10 15 20 25
ILE 1

(SN V.
3 3

4 4

¢ Turb
: i HEE
178 EfiEA 12:23 17 8 2km 17:02

0 5 10 I52025303500 5

10 15 20 25 30 35

3 3
4 4
5 5

X 13. 237 b CTD 12 X AHKEF— % (2005 4E 10

A6, 17THEY DT —2%)

Fig. 13. Vertical Distribution of Salinity, Turbidity and
Chlorophyll-a by COMPACT CTD (October 16 and 17,
2005)

TPM 7 T T 5 v 7 D+ ¥4 OFRE % #4125 L
DTS I EE A S 7 T A BRI 0 TR %
To72b0TH5. WEBLF 7007 1 )Vall>
WTHD &, RARBEERIECIEENRY , HWE
BLU7ou 7 4 )b a DEIZRAKDIT) HEAK LD
bOININSLK, FIFELIEOHEIHFLN
7z,

34 Y4 RKXFxv>U—F—IZ&BEA|

10 16 HOE@3B X 0710 H 17 HOEHIG T
SCA3EBFHLTY A FAFry Yy —F— 12X 58
WEAT- 72, REM ST SC-3 Fldk & xfin S &
T, FLOT14 & LTRT.
10 A 16 B : M 14 FTEEFIKIG2 S Ritic, %
SEETHIE CORERTH S (K EE). MOAFET
AT AR D, TLREDSHHE 72 550 % Ik
KLTRLTWS, WEOED L A D & LR o
HZRL, WRIZIE > THEADE L Tw AR
TERSNI-bDEEZ NS, SC-3 DFLFKIZL S

fERE P - WCH

A RS - 7R - TRNEA

TREIE O MY ORE L ST TH 5. i 22
uMTﬁHkﬁ®%%®W@f,EMMK%b%h
HDIEFD “Jal (crosstalk) " THDH. ZOBHE &
DEL X LWREOEMIERPSOHNTTE 2
MY & Hkr S b, F72, 16 125 Hi SOk fEH
DHEYZITIIROBEEY) &R 2N 5. 1413 FTH
B2 SR I Ao 728 2 ADRETH L. A
FEA DTEARNZEIRD —FRDE > TWT, FERBEAHE
E, R ENIAMOIEROER S HMEEH R W% L LT
LTS, LRGN b7 o R L AR S 7z fio
JED MR AHEETH 5.

10 A 17 B © X 14QDHEWr 1L KBTEAE T O Lty
OFEFHOFERT, MKOLEIAHET A jqff_%
(EARZ L) RN M2 b 5. 1
%tb@ﬁ%%@ﬁﬁ@%@@—%tﬂ%éhé.
R TIIEL R D HIESROENL, ZOERV
OLTIEERME2S DN %~ FEO 6
% . M 14QD W RLER T I/ Ml O TR A LIRS
WELTWD25, RN m T TR E AN A
MHoTWnWT, 2D LI i/\ﬁmr%#ﬁm&ﬁ@ﬁﬁ 5
LA, FOEED SIZHETHIICIZIZTESRT A
IWCIEL S L7z & S i, T(m«fmw FKIEHEH D
momEEL{—HLTn5

3.5 FIREXEREESIC & 2 ERER Al

10 H 16 H® SC-3 £ 1 [l CTHEAM _E oIk %
HEEBELAZETTFRZS GIH25 1.5km, KiE2.5
m) BL O LES ((—fljﬁ“:) 6.5km H 5, KFE23
m) (X8) #EEL, LLTFDX ) IR ICHES % %
BELTI10H 18 HE ColGMl*1T- 7. FiE
TR EBSEE IREE SR 2l 2 TTV, RiE
HCIEHMITHA Z B FICRmmSEE 2 32 E L, K
WErB X OB SE R R A, HEEEIICNS &
BEL CRRE L7z, & YIRS TR < 12,
BB TIXEY? 589 30 ecm EALICAIE L TWb
EREARICE FBKAEZE (K 10)

AR LA BHE BT D KA Z24L (K 9) & i3 5
&, MHEMOMEEEZ 1.5 km T, (ZIEFE UARMZELA
FLERENT WA 10 H 16~17 HO M T = 1213 K
XLBALE o720 T, TOBIZEHICESD
DTHAHZLIFHLNT, ZOMEIZ20cmFEEE T
ThHAh.

ERERICE B HmAFRERDEAL (1K 15)

FITEEIETTR 2 S 30ecm DE S THIES LTV
B . RIEBE SIS ELIE R X R A 5 60~100 cm
IZd > T, KMNOLEEHRIZH 20ecm THHDT, *



57~58

BN D 3F K

B

-9

(W) yadaq

¥E¢-0S

gy 0
(%) e 1L ~ 9% 1L L10150®

-9

(wy y3daq

©90:L1 ~§0:L1 910150

() y3dag

BT o-95 ©

oviry BaEg-0s  sour =
LW v
(YR ) Ly 1L~ #E: 1L L101S0®
BE—L74xYL VA LUXINT -9
-¥
5
o
=
EX
-
bl o bl W s . N WY :r.._.__.__w_.‘.4.___-._rz.ttft:r._ Vgl ) 1 b ..._r__.!.i_.is..._.:._ni{i_1...__..3.______:___.4_ ._._.:,___.6 _._._f__..: s b LR Bl e P
e T an
G291 02:91

e ¢-0s

22

(3% )G62:91 ~ 91:91 910150

4. A4 FAF ¥ v —F— 12X HMEE)AREHE (2005 4 10 H 16, 17 H)

£5.

-

K25 H50 1 [#E] |

Fig. 14. The Side-scan sonar images of river bottom (October 16 and 17, 2005)

.,
2

b



[ 2 B )1 > 35 ki | 59

EEHFRE (cm/s)

AN (em/s)

10/16 1017

= 360 -

10/18 10/19

=270

Eewie0 |

= 0 -
10/16 10/17

10/18 10/1%

15, FmESICBIF A3 287 P EMIC X A HAIG#ET — ¥ (2005 4E 10

H 16~18 H)

Fig. 15. Flow direction and velocity at the upstream station by COMPACT EM

(October 16~18, 2005)

CHEIRITE AL KTICH oz T ENDL Tk
o, HWARPORATESME SN2 LIlk 5.
TEDD D /NENW LS, F— 2 DEFEEICS
BVORMEN D HHY, wENEdbB X ORISHAI IR
DVEDLSTWEDT, ZOKELGZALIEEAILO T
FBIOVTFICLAHEERLTWALEEZ LN
L., FWRHETHRDL L, TTrBLOT T B h R 0%
FELTED SN BB, Kz (K9 TAT
b, Tr Vv ABBL UYL Ao E—F L Tw
LML, WHRIETH, X HERKTH 10
cm LT, 6cm BBE T, ZIZFEUHBIETH 5.
AERICE TZEBE - BHDZEL (X 16)
LA OIRE - B AFIZIZIZ—ET
HY, HH5IE29~30PSUTH LT &nb, ZOME
WZHEARDPMBAL TW2ZEHALLTH L. WolT
9, FUER CIRIRE B I2IZIZ—ETH

L, Bz o nwTiE32~16 PSU T, K& %52 b %
MDBETEVIFERERIEO N, ERESICIEZO
M, AW EL-FETHoZ EIEHLNLD
T, TREHNTIDL) BIEFORELEF S
LHHIZHS TR, DEDDOBRE LT, FiE
BERIR A TR ICELETEREBE L2 00, i
IRIZZE > TEEIT 53PSt o a4 5 2
X o THAEDPEAL L 72 & W) WREEDE 2 &
N5, b, FREATIIZOL ) RBERIIT -2
DN oz, ZHEt ¥ FERAED S 30
cm FIZZEHR L TW/Z il heEZzONA,

4 FEOHEFTR

- 2004 4E 11 J O/NEIEE & 2005 4F 10 F O K1 L2 [
BN ORI OBl 2Kk SOFETT 7 7



60 ARG - K% K- fERBETE - H

A RS - 7R TRNEA

e
LRER
—Temp[C]
— Salinity[PSU]
30 R e S e—
25
=1
vl
o
Z20
E
5
i
Lis
a
£
o
-
10
5
0
10/16 10/17 10/18 10/19
TRER
35
30
25 .
o |
2 y
o
22
£
]
@
L5
E — Temp[ C]
= — Salinity[PSU] |
10
5
0
10/16 10/17 10/18 10/19

M16. FHRBIOTHRESICBIFA I /82 FCTICL BEE - ST —%

(2005 4£ 10 A 16~18 H)

Fig. 16. Time-series changes of temperature and salinity at the upstream and
lowerstream stations by COMPACT CT (October 16~ 18, 2005)

AV TV AT A EKERHEE R L T o 72, Tl
FIIEMIC L A EOMARET, Kk S D
A2 5 1~2km FTOMEIZH -7z, W%
Uit DAL B L o B TR & D) D %100 m IR L
T3 (M4, 5). BEIZFKRET, {20DEmIE
WE2 S 8~10km DALEIZH o 72, < S WSEHD
AL R X TR L ) D4 2km AL T 5
(B 11). TEMIIEZ SN A REER TV T
EHWHET, BRI TOFRICEFL TV T,
INE D AT TR OMEKSEATHI & N B EATIHG:
NI ALNDS,

- 2004 4E 11 H OBIINIFENIC L > TimEs KL,
JEEIE 6km DLW EL T AR FHRICHL
RENTWIREEE S 2 4. 2005 4E 10 A O BLHANZ
BT, A Skm DL EICEF T ELTWT, T

WD NI TFHEZ 83w (K11). L7z
HoTINE Y FHRETIEREERIZITHICL - T
ETFT50HT, ZOKE SIIKMZES D 20 cm 2
ETH 5.

- HERIIRRD 5B RIEBEFUI K E OSRIE A O
HERER L DA T20em 12 EDE ST ROk
KR E TROEAREPIEL TWH I ENbR5b,
2005 4F 10 A OB T F AL ORI 25 7
km { 5WFETIZ30PSULLEDEATH Y, Thk
D EFICIZREEICHEE ), 9km Tld 26 PSU FEFE &
%5 (K 113).

- 2005410 H OBIAICIZX S IR L 722 0D EH %
RV RICHZ 2 7B L CRIEER L ) TR0
KILOEIREIZ D WC 3 H OBl 247572, |k
TR ETIHIRE - 3513 2 OBIEIZ—EDETHR



[ 2 B )1 o 35k i b 61

1~
e R

e —< SARRAE
(E2EHEBN AN RSN S ~Re AR

17. FU& S N 80 B0 2 35 (B2 &)1
HHEIOGERIERICH EO0C) LA S TDRA
R (2004 4 11 H 20 H)

Fig. 17. Salt intrusion along the channels at the river-
mouth area of the Aganogawa River (Nov.20, 2004)

L, £ HEPEKRFICH o722 bR 5b0, T
TMES TOIRE - HED 51, HEAKBEH A
LTwWziZlb bbb s, WHMHEA 32~16PSU T
KELERHT L LI FERPHEONL(K15). it
f ot > HERIZIRD S 30 cm _EALIZH - 720123
LT, TlMox >y FEITmEICH-> Tz
12, FRICEL 2Kkt o FE oM R 2 - T
WA EPEAL LT EEsE 2 o5, $72, kit
SE R T 2 PFax LR L 7225, B
BT > LIRAREIRICH - T, Fimicxdic L Tit
MDPZEALT B Z Db o7z, HEIVNE VD TH
LA OREDNFA DS, ik TH 10 cm/s, HHE I
6em/s BET, 7T7r Vv ARBBI YTy U A ED K
XXFIFIEEETH -2 (K 16).

© 2004 4F 11 HOBINZIRES KR E D 27272012,
WHE T % 2% ) % L CiKOMA % FHET
LMFEDN S DINANT E A ERDbN TV E W) &
UD3d 572128 b 53, Kk SV DSimidin
E7225 2km £ 1) FiiZfB L Tw7z, 20 H OBLH
T 6 IR LX) ICER ETHOBEHTIEL &
DI OMENRZ E o TV, THIIERHICE -
THTETBHEKRICEEMLR PR > T2 L
THHTE 2. K17 ICPEE AN EBITIC L 5
5000 430 1 K >~ % — X (CEREE 2000 4E 2 A il &)
PO L TIER L 722 RT. 2OL)
TE13 2004 45 11 A OELAIRIZ b FARMICHERF S T
W22 E % SCRI L ABIMTHERELTWAE, 20
BICTH S 7% X )12, ED/NSWEH T L
T KIZBBET AR, DR VOEE A
EDPUEETH DL Z EDDI 5.

+ 2004 20054
o 19695
:—% 10 (3
=
& *
& ° :
) il
0
o 100 200 300 400 500
Fltim'/s)
18. FTEEFINC BT H W )lIliiE L HEKk 2 TDRF
AHiEE L DR

2004 B £ V2005 (&4 [0 0 2 [0l O BN £ %, 1969
DA HFTE ARG LR SR RCF B (1972) 12X
b 0T, WENTES IR 2 B REX 5 L 72RO W
E#EHT, FEEICS EDC.

Fig. 18. Relationship between saline invation limit and the
amount of outflowing water.

- 2004 £ 11 A 19~20 H DA TIZIEK L D%
W 258 2km FTOMEICH D, T OO
N AR BLI AT T 400 m’/s T - 72. 2005
£10 B 16~17 HOFHAETIZ L S DI 2
58 9km OfEIZH Y, EFCEEIFTO R = 34 80
m'/s ThHho72. 2 OO DEI4 oD 7 — % %X 18
VR, E W EEBOBREI NSO T— 5 0
LHET A ENTEETH L. $72, HiEHKEREK
HIFLERIC X B &, 1969 213K SV DFED
S, WEEEEE OREOBRIHRE SN TWw A,
INLEDTF=FIZ2oVWThH, ZEELLTHI9DHIZ
RL7z (72720, ZomsER>EEENFTOb D TH
% . B BRI HBS T O 2002 SE D T — & % A
B &, MBI OEARBIHPTO HEICIIKE 2=
7). WMEEILET S L, 1969 FEF2i1E, 2004,
2005 4E 2T, KRS R W LIC Wil R BR
WZh o 2T REED D 5.

- 2004 4E 11 A D SC-3 12 X AERHITIRIEA L 2 UD
T OMEDT 4 B2 5N TWD, { SVEIDAL
& AR BLR AT OKAL & ORFR 219 1IZ/R L 72
(LBIER 3 127R L 728U Y ) . U3 2 45 &,
BEIIOQ@OIZEIN. OV, BRI EA Oy
EET, TR SUDLmPHIEL, 7
DABRICBRBT LI EPHO N TH D, Thbb,
SO EIZB D IR =IC L > TR TS
A%, BEIX TR T L A B L EE T 20D
H5b.

- BT BRI T 1965 ISR AKRIR S AEL, £0
JE & LCT—I, BRI ED 53tk L7z B35
BENEINCEY, FTiBizmEg Lz 35 [HHk



62 STAHER - K%

2.5

@ 1 2
o' @
2 1
E
& 1.5 2
= ®
S
10
R
(]
=
05
0
05 0.6 0.7 0.8

Water—level(m)
B 19. FEE SR80S BT 2 KA L3k < S TV
R AEEE & DRIFR
Fig. 19. Relationship between saline invation limit and
water level.

CEUB BTEENT. ZDOFAPED L 64 km
DI H > 722 & LKW EBICBENS B4k
L7zbw) TeadbeTELLE, Lifirbbe
B & Tz AT IVAKER & MR B A KT
We - SR L, SCECROEIRITIR 128 % o 72T RE DS
B CX 5%,

(&2 COMAEAZ4T ) 12H 72 ) I SER F LA
RN BHLER) ISR ORI LR T BRI %
0, PERECERICITERAE IS ) Wz 22viz, B s
A BT B IR S T L2 A3KAL - s T — & DfE
ezl F, 725000550 1 KED > ¥ —MEFIH S
HTWz2w/z, L TBLH L BTy,

- TER TS - KH

A RS - 7R - PERNEA

51 A X ®

W R - PERRESS - H % - TEAREA (2005) K
WHB IO ay okl E. LAGUNA (G5
HKIBHFSE), 8: 15-22.

WCH & - TERHERT (2005) 7)) =V 7 [ H Y 3 —
V3D ZFIH LK - InREERER sy —
Ya vV AT AL WEMTAS, 11:81-87.

RS T AR FE R NFZEEE (1993) B#linr 1 35Kk
WL FERE LR AR, BRWFZEATE R 82 p.

/ANETH B (2000) BT ER)T. HAD YV I (h
FeplEmE, 727- 5#EE): 144-151.

= IFEH T (1970) AFR F ZE0 1 OFEAH EFIIZ D
T. BEBORF AL EE, 16: 29-44,

Frig AR L R AR RS (1972) B KRR &
HP P,

VAR A - B EFE (1996 ) i s, 4 Bk
i S 248 p.

RS - W 2% - LA HERR - TEATERD - &
B RHEER - NSRS - B E#E(2005) 5 8HE
A% (SC-3) & BAL=UKEET (TPM CLOROTEC) %
V74K 20 - SR R4, LAGUNA (5
IKIGARZE), 12:233-245.

fERRETS - = ELFD - PEATEA - 28I W - AR
F - APRHEER - SSAREZ LB (2001) HEKHR
B> A7 L0 (727 / F— % 2000 & A
7 — RO . LAGUNA ((RAKISHFZE), 8: 101
-110.

R PET - =R EAD - RS - PR - ZH I
& - IRHER - ACRHRE - $5AREH(1999) 7LD
N DIFEARBE—IE AW oo R EGEH > 2 7 LD
B gE— (e 7k B _E 1, 1998 4E 12 H ~1999 4 2
H). LAGUNA (J5KIEAF72), 6:81-87.



LAGUNA (J&/KIEA1Z2) 13, 63~77 B (2006 £ 6 H)
LAGUNA 13, p.63—77 (2006)

UG+ DIEIKH L

HWSERE - 52 - I -

fERIFEIS" - i A

Salt water intrusion into the Shimanto River

Yoshio Inouchi', Takahiko Inoue’, Tomoaki Nakahara®,
Takao Tokuoka®’ and Ayumi Fukita®

Abstract: Salt water intrusion into the Shimanto River was measured on June 16 and 17, and
December 12 and 13, 2004 at spring tide, using a SC-3 acoustic profiling system which
determines the spatial distribution of the halocline with the measurements of water quality
(temperature, salinity and chlorophyle a). This system is an improved 200 kHz precision
echosounder, that records the distribution of the halocline and the thickness of the salt-water
layer as profile records. At the Shimanto River saline intrusion has been known to reach up to
9.8 km from the river mouth, and is known to reach in less than 8 km in the present days owing
to the deposition of sandy sediments along the downstream area. Our observation has clarified
that the saline wedge usually remains at the deep of 5.6 km, and that it exceeds sometimes
upstream up to 7.5 km during flood tide. The behavior of the salt wedge at the moderately
mixed rivers are clearly visualized by the present study.

Key words: Shimanto River, salt intrusion, saline wedge, echo-sounding survey
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Preliminary research on salinity and flow rate profiles of

a river with an estuarine zone by the analysis of

water quality monitoring data

Yoshiaki Tsuzuki'

Abstract: The published studies related to hydrodynamic, hydrologic and pollutant loads
especially in the fields of rivers and estuaries were briefly summarized. Salinity in the upper
and the bottom layers, and flow rate at the monitoring point near the river mouth of the
Ebigawa River, Chiba Prefecture, Japan, were analyzed with tidal level fluctuation at the Chiba
Port as a preliminary study for the development of a hydrodynamic and water quality model in
the estuary segment of the Ebigawa River. Contour lines and anthropogenic water contribution
to water flow were analyzed. Defining contour line patterns could enhance understanding of the
flow and salinity patterns in the estuarine zone of the river. It was qualitatively confirmed that
the tidal level fluctuation, fresh water inflow, and anthropogenic water influenced the salinity

and flow rate at the monitoring point.

Key words: inner-city river, estuary, salinity wedge, tidal level, anthropogenic water

1 Introduction

River-mouth is consisted of fresh water flowing from
the river and salt water from the sea. Because the
movements of both these flows are complex, it is
desirable to consider as two-layer flow in calculating
pollutant loads at and/or near the river-mouth. The flows
near the river-mouth are divided into three mixture
patterns depending on the intensity of turbulence and
mixture: 1) strong mixture, 2) moderate mixture, and 3)
weak mixture (Fig. 1) (Tamai, 1980). In the case of
strong mixture, water density is equal with the vertical
direction and only horizontal water density gradient
exists. In the case of moderate mixture, both vertical and
horizontal water density gradient exist. In the case of
weak mixture, fresh water in the upper layer and salt
water in the bottom layer do not mix so much and make a
definite layers, which is called salt wedge.

When the cross-section can be supposed not to be
changed in the simulation model for strong mixture,
salinity in the cross-section is considered as the same and
the flows can be simplified as one-dimension model with

x-axis as the longitudinal direction.

A lot of hydrodynamic/hydraulic models have been
developed to describe circulation, mixing and density
stratification which can affect water quality and pollutant
movement within a water body. These models are
classified with their spatial dimensions: 1) one-
dimension longitudinal models, 2) two-dimensional in
the longitudinal and vertical, 3) two-dimensional in the
horizontal (vertically averaged), and 4) fully three-
dimensional. Some hydrodynamic/hydraulic models
developed in the United States are shown in Table 1. In
Japan, some hydrodynamic/hydraulic models have been
developed by academics, business, and national level
institutes including the Public Works Research Institute,
the Industrial Science Institute, the National Institute of
Environmental Science and so on.

Some hydrodynamics, hydrologic and pollutant loads
related researches have been conducted in the Ebigawa
River drainage area (Fig. 2), Chiba Prefecture, Japan,
using rain-runoff and water quality models. Herath and
Musiake (1994) conducted study on water circulation in
the Ebigawa River drainage area with monitoring data of

' Research Center for Coastal Lagoon Environments, Shimane University, Matsue 690-8504, Japan. E-mail: ytsuzuki@soc.shimane-u.ac.jp
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f.w.: fresh water
S.W.: sea water
Fig. 1. Types of density flows in the estuary near the river

mouth: a) strong mixture, b) moderate mixture, and c)
weak mixture. (prepared by the author after Tamai, 1980)

precipitation, flow rate and water level of rivers, ground
water level, water contents of soils, meteorology data and
so on. They found large contribution of anthropogenic
water and wastewater (water and wastewater related to
human activities) from households, factories and offices
to total water balance in the drainage area.
Anthropogenic water supply and wastewater amounts
were calculated as 636 mm y"' and 105 mm y' in
contrast to 1,468 mm y' precipitation in 1993. Yangwen
et al. (2001) modified a distributed hydrology model,
Water and Energy Transfer Process (WEP) model, to
study the effects of storm-water detention facilities in the
Ebigawa River drainage area. Tsuzuki (2004) investi-
gated the Ebigawa River of public monitoring data,
estimated pollutant loads flowing into the Tokyo Bay
through the Ebigawa River for BOD, COD, TN and TP
originated from domestic wastewater and recommended
to prepare and use environmental accounting housekeep-
ing (EAH) books for domestic wastewater in order to
reduce pollutant discharges from households. Yamazaki
et al. (2005) modified a distributed runoff model based
on the kinetic wave method by incorporating the
interflow component in a synthesized manner in three
urban river drainage areas including the Ebigawa River
drainage area.

The aim of this study is to briefly summarize
hydrodynamic, hydrologic and pollutant loads related
studies in the estuarine zone of the river, and to
investigate the salinity in the upper layer and the bottom
layer at Yachiyo Bashi Bridge monitoring point, nearest

Permizsion By MNational Geographic Survey In'smuté‘ ‘J:apan
Heisei 14-Sofuku-Mo.149 iSoftware: KenMap?

Chiba Prefecture

Funabashi City

Ichikawa City Ebigawa Drainage Area

Tokyo
Metropolis

MNarashino
City

Chiba City

Tokyo Bay ok

WT Ps treating domestic wastewater
B from Fhimawa River drainage arsa
o /? b
Fig. 2. The drainage area of the Ebigawa River, Chiba
Prefecture, Japan. (Tsuzuki, 2004)

to the river mouth, with tidal level fluctuation as a
preliminary study for the development of hydrodynamic
and water quality models in the estuary segment of the
Ebigawa River. Simple calculation of pollutant loads
near the river mouth by use of public monitoring water
quality, flow rate and tidal level data could be achieved
based on the summarization. Flow rate and salinity in the
estuarine zones of a inner-city river are considered to be
dependent on fresh water flow from upper stream and
tidal flow from lower stream. In this study, the influence
of fresh water flow and tidal flow are qualitatively
summarized based on the public monitoring data.

William (1972) writes in the preface that “designing
and testing indicators of environmental quality are not
mere academic exercises - scientists have a responsibility
to make ‘environment’ comprehensible to all segments
of society that justifiably demand a greater participatory
role in determining the habitability of our planet.”
Hackes (1972) insisted the importance for members of
the environmental science community to come forward
with environmental indices .... to explain their ecological
concerns to the public at large .... Public participation
and corporation of the stakeholders in the field of
preservation of environment is being highlighted in these
days in Japan also, and Natural Rehabilitation Promotion
Act was enacted in 2004. Huge amounts of environ-
mental monitoring data including water quality have
been monitored especially in the developed countries
including Japan. Showing what can be understood from
the public monitoring data is one of the roles of members
in the environmental science community as suggested by
Hackes (1972). The author used public monitoring data
from this point of view.
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Table 1. Examples of hydrodynamic / hydraulic model (U. S. Army Corps of Engineers, 2005)

Model Description Steady State/ Dimension Supporting Agency/
Dynamic Developer
CE-QUAL-RIV1*  Hydrodynamic & Water Dynamic 1-D USACE
Quality Model for Streams
CE-QUAL-W2* 2D Laterally-averaged Water Dynamic 2-D vertical  USACE
Quality Model
CH3D-WES* Curvilinear Hydrodynamics in Dynamic 3-D USACE
Three Dimensions —
Waterways Experiment
Station
CORMIX A mixing-zone model Steady State 3-D USEPA
DYNHYD5 Link-Node Tidal Dynamic 1-D USEPA/CEAM
Hydrodynamic Model
ECOMSED Hydrodynamic and Sediment Dynamic 3-D HydroQual, Inc.
Transport Model
EFDC*; Hydrodynamics and transport Dynamic 1-Dto 3-D Tetra-Tech/Virginia
Environmental Fluid model Institute of Marine
Dynamics Code Sciences
HEC-2/HECRAS*  River Analysis System Steady State 1-D (HEC-2) USACE/HEC
HEM1D/HEM2D/  Hydrodynamic Eutrophication Dynamic 1-Dto 3-D Virginia Institute of
HEM3D Model Marine Science
HSCTM-2D Hydrodynamic and Sediment Dynamic 2-D lateral USEPA/CEAM
and Contaminant Transport
Model
MIKE-11/MIKE- Generalized Modeling Dynamic 1-, 2-and 3-D Danish Hydraulic
21/MIKE-3* Package-1D/ 2D/3D - Institute
Hydrodynamics
POM Princeton Ocean Model Dynamic 3-D Princeton University
RIVMOD-H River Hydrodynamic Model Dynamic 1-D USEPA/CEAM
RMA-2V* Hydrodynamic analysis model Dynamic 2-D lateral WES
UNET 1-D Unsteady Flow through a Dynamic 1-D USACE

Full Network of Open
Channels

2 Basic concepts and formulas of density flow

A series of basic concepts and formulas are
summarized by e.g. Bowden (1967), Tamai (1980) and
Okuda (1996). In this section, their texts were briefly
summarized focusing on the basic concepts of the
salinity and flow rate in the estuaries of rivers.

Bowden defined five types of estuarine circulation: 1)
salt wedge estuary, 2) two-layer flow with entrainment,
including fjords, 3) two-layer flow with vertical mixing,
4) vertical homogeneous (a) with lateral variation, and
(b) laterally homogeneous, and 5) exceptional cases such
as intensive, mixing in restricted sections, tributary
estuaries, sounds straits (Table 2).

Basic principles controlling circulation and mixing in
the estuarine zones in the rivers are expressed by the

equations of motion of the water and the equations of
continuity of water and mass of salt (Bowden, 1967).

Let x-axis to be longitudinal direction and y-axis to be
across the river, and z-axis to be vertical direction. Let u,
v, W, to be the components of mean velocity at the point
(x, y, z) at time t. Then, Equations of motion are
expressed as:

ot
LR VI PO T, Oy (1)
Dt ox ox oy ot
ot ot ot
Bu_yg =—0 B Ty Ty | Oty )
Dt OX oy 0z
p
0O=—0—+ 3
pe g 3)
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Table 2. Types of estuarine circulation (modified by the author after Bowden, 1967,)

Type Physical processes

Forces

1 Salt wedge

2 Two-layer flow with entrainment,
including fjords
3 Two-layer flow with vertical mixing

currents

4(a) Vertical homogeneous with lateral
variation

4(b) Vertical homogeneous laterally
homogeneous

5  Exceptional cases: intensive mixing in
restricted sections, tributary estuaries,
sound, straits etc.

River-flow dominant

River-flow and tidal mixing

Pressure gradients, field accelerations,
coriolos effect, interfacial friction

River-flow, modified by tidal Pressure gradients, field accelerations,

coriolis effect, entrainment

Pressure gradients, field accelerations,
coriolis effect, turbulant shear stresses

Tidal currents predominating Pressure gradients, field accelerations,

turbulant shear stresses, coriolis effect

Tidal currents predominating Pressure gradients, field accelerations,

turbulant shear stresses

where (D/Dt)=(0/0t)+ [u(0/0x)]+[v(0/Oy)] + [w
(0 / 0z)]; f: Coriolis parameter (= 2 sin ¢ ); p: pressure
at (x, y, z); o specific volume (= 1 / p), p: density; g:
gravity acceleration; T.: stress on a plane perpendicular
to x-axis acting in the y-axis direction.

The equation of continuity of volume is:

o o @
ox oy oz

The equation of conservation of salt may be written:
Ds o0 0S 0 0S 0 0S
= (K D) (K D) (K, D) )
Dt ox ox" oy oy oz oz

where Kx, Ky and Kz: coefficients of eddy diffusion in
the x, y, z directions, respectively. The solution of the
estuarine circulation problem would involve solving the
equations (1) to (5) in the conditions of typical estuarine
zones of the rivers.

When considering on the two-layer flow, components
of upper layer expressed with suffix 1 and lower layer
with suffix 2, the equation of conservation of volume are
expressed (Tamai, 1980):

0 0 0
a(s—h)+&u1(s—h)+5vl(s—h)_Eq (6)
0 0 0
a(h—b)+&u2(h—b)+avz(h—b)_—Eq (7)

where s: z-coordinate of water surface; h: z-coordinate of
boundary; b: z-coordinate of bottom; E: entrainment
coefficient; q: absolute of velocity difference of upper
and lower layer expressed:

(U, —u,) 2 + (v, fvz)z(when\/uf +v? > \/uz2 +v22j

= 8
—\/(ul—uz)z+(v1—v2)2(when\/ulz +v,° <\/u22+v22) ®

q

Supposing the water density distribution to be
uniform, p. (=const.) in the lower layer and linear
relationship in the upper layer, water density in the upper

layer p is expressed:
S—1
D=p.+(p,—p.)— 9
P =ps+(P2=P) ©)

where ps: water density at the surface.

The averaged water density in the upper layer is the
average of p, and p.. The equation of conservation of
mass is only for upper layer because the water density of
lower layer to be uniform:
%+Ul%+vl%:%thpl(s—h)jL%Eq (10)
where K: horizontal eddy kinematic diffusion coefficient;
and
V. Laplacian in the horizontal plane (=6*/0x*+0°/0y* );

The equations of motion in the upper layer and lower
layer presented by Tamai (1980) were complicated and
are not shown in this paper.

Okuda (1996) explained basic principles of two-layer
flow especially salt wedge and presented an equation for
salt wedge length, L, for the weak mixture condition:

_H(2F? -2+3F¥° -1.2F*?)
N 2f,

where H: water depth average; F: density (inner) Froude
number (= u / (egH)"); u: the average of upper layer
velocity; €: ratio of density difference (= Ap / p); f:
resistant coefficient of boundary layer.

Festa and Hansen (1976), as cited in Saijo and Okuda
(1996), conducted numerical analysis of salinity and
velocity distribution in the moderate mixture zones. They
defined two-dimensional vertical cross sectional
problems and simultaneously analyzed equation of
motions and equations of advection and diffusion. In the
analysis, they used two parameters:

Rayleigh number: Ra= Bg(AS,)H 3/(:% K,) (12)
Prandtl: Pr=A/K, (13)

L (1)
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where [: salinity density coefficient, p=po (1 + BS); ASs:
salinity difference between salt water in the river mouth
and fresh water in the upper river; A,: vertical eddy
kinematic viscosity coefficient; K,: vertical kinematic
diffusion coefficient.

They illustrated some figures showing flow rate and
salinity profiles for the longitudinal length of the rivers.

3 Some studies on salinity in the estuary
estuarine zones of rivers

Gillibrand and Balls (1998) used a one-dimensional
salt intrusion model to investigate the hydrography of the
Ythan Estuary, Scotland, and found that the model
successfully simulated salinity distribution for periods of
high and low water. Wang et al. (2004) analyzed
residence time of the Danshuei River Estuary, Taiwan,
using a laterally integrated two-dimensional hydro-
dynamic eutrophication model (HEM-2D) and found that
relatively short residence time is likely to be one of the
limiting factors that result in low phytoplankton biomass
in spite of high nutrient concentrations. Liu et al. (2005)
enhanced the model with a three-dimensional hydro-
dynamic model and a water quality model based on the
laterally integrated operation substances in the water
column.

In regards to more complex estuary model including
salinity, the Estuarine, Coastal, and Ocean Model
(ECOM), which was used by Blumberg et al. (1999), was
based on 1) meteorological data; 2) water level elevation
and temperature and salinity fields along the open
boundary; and 3) freshwater inflows from 30 rivers, 110
wastewater treatment plants, and 268 point sources from
combined sewer overflows (CSO) and surface runoff.
They conducted three-dimensional simulations of
estuarine circulation in the New York Harbor complex,
Long Island Sound, and the New York Bight within the
framework of a single grid system. Suzuki and
Matsuyama (2000) conducted numerical experiments
using a three-dimensional model to explain the wind-
induced circulation in Tokyo Bay. The results of the
numerical experiments agreed qualitatively with data
from both the sea-surface temperature obtained by
satellite images and field measurements at moored
stations in the bay.

4 Methods

4.1 Water quality, flow rate and tidal level data
Water quality and flow rate data were obtained from
web-site of Funabashi City (2003), Chiba Prefecture,
named Funabashi Environmental Map, Ordinary
Environment. Every two-hour monitoring for 24 hours
has been conducted twice a Japanese fiscal year, from

April to March. These daily monitoring data were used
for the analysis in this study. Tidal level data were
obtained from the Japan Oceanography Data Center
(JODC). Tidal data at Chiba Port collected by the Japan
Coast Guard were used for the analysis.
4.2 Salinity contour

Salinity contours were illustrated for salinity of upper
layer and bottom layer at Yachiyobashi Bridge, nearest
to the river mouth of the Ebigawa River. There is a
concurrent point about 930 m upstream of Yachiyobashi
Bridge, where mainstream of the Ebigawa River and the
Nagatsugawa River meet each other. The nearest
monitoring points of each river upstream are Fujimibashi
Bridge, about 250 m upstream of the concurrent point for
Ebigawa River mainstream, and Shinbashi Bridge, about
100 m upstream (from Japanese fiscal year JFY) 1976 to
JFY 1991) and Funabashi Haim about 840 m upstream
(from JFY 1992 up to current).

Contour lines for salinity of 0.5, 10 and 20 psu were
developed using interpolation and extrapolation methods
on the assumption of moderate mixture conditions.

5 Results and Discussions

Fig. 3 shows some examples of salinity and flow rate
with contour lines of 0.5, 10 and 20 psu at Yachiyobashi
Bridge monitoring point, and tidal level of Chiba Port in
24-hour monitoring.

Daily profiles of salinity in upper layer and bottom
layer, flow rate, and tidal level on March 7th and 8th,
1984 were illustrated in Fig. 3 (al). Salinity in upper
layer fluctuated from 0.6 to 11.7 psu, and that in bottom
layer changed from 0.7 to 26.4 psu. Flow rate of upper
layer had its maximum value, 1.4 m’ s”, in the late
morning and its minimum value, 0.3 m’ s, in the early
morning. Tidal level at Chiba Port changed in the range
from 94 to 231 cm. Herath and Musiake (1994) and
Musiake (2003) pointed out large contribution of
anthropogenic wastewater to the flow rate of Ebigawa
River reflecting life cycle of ordinary people: larger flow
rate in the late morning and evening. During this
monitoring period, large contribution of anthropogenic
wastewater and influence of tidal level change were
supposed to form a peak in the late morning and another
peak from the evening to midnight. These fluctuations of
anthropogenic water and tidal level might contribute to
rather stable flow rate. In the midnight, anthropogenic
water amount decreased gradually and tidal level
increased after 1:00, therefore, salinity in Fig. 3 (a2)
shows salt wedge around 5:00.

On May 30th-31st, 1984, the lowest tidal levels at
11:00 in the morning and at 23:00 at night, and highest
tidal levels at 17:00 in the evening and 5:00 in the
morning on 31st were observed (Fig. 3 (bl)). This tidal



84

40.0
—~ )
§
©_ 300
9 €
-
SIS
2 z,; 20.0
S &
Sz
= 10.0
25
S g
> =
- -
£ 3 00
= O
S o 00
= 10
S
=
S 20
o
D
[a]
— 30
i)
<
= 40
5.0
40.0

w
=3
o

)
=3
o

Flow rate, upper layer (0.1 m®s™)
S
g

Salinity (psu), Tidal level (10 cm)

0.0
00
10
E
N—r
c 20
=
o
D
O 30
S
2
g 4.0
5.0
= o~ 400
§
g £
-
= o 300
SIS
3 =
- o
&
2 T 200
]
—~
3 s
= g
< g w0
= -
£ 2
T 2
@ w00
0.0
= 10
S
=
S 20
o
D
[a]
— 30
i)
<
= 40
5.0

Yoshiaki Tsuzuki

March 7-8, 1984

{ﬂﬂ\\
[

(a2) a
7 7 Y
A S / \
. sON Lo y; \ ]
PYAIN
A’ s} 'y .- Vil a
7 9 11 13 15 17 19 21 23 1 3 5 7

Time (hour)

May 30-31, 1984

(b1)

S

7

= 2l
~5 &5 - ——
o w»
PSP S
(b2)
\
—=rnx . 7
s A==t a-"b
7 9 11 13 1517 19 21 23 1 3 5 7
Time ghour
Oct. 24-25, 1984

(c1)

af/% BN /'\\E/ ye \C/
o’ N \ 7’,/
(c2)
7
N IS N PRl
\ T )
4 £
| t
] !
| }
7 9 11 13 1517 19 21 23 1 3 5 7

Time (hour)

Salinity (psu), Tidal level (10 cm),

Salinity (psu), Tidal level (10 cm),

Water Depth (m)

Flow rate, upper layer (0.1 m®s™)

Flow rate, upper layer (0.1 m®s™)

Water Depth (m)

~
=3
o

w
S
o

~
oS
o

i
o
o

o o
o o

=
o

n
o

w
o

»
o

5.0

IS
o
o

w
o
o

N
o
o

i
o
o

o o
o o

=
o

[
=)

w
o

»
o

5.0

July 10-11, 1985

(d1)

b T TR g 2N e e s
~x
o A-cBTTR LR NN .(Anﬂ' B
“ac R
7 9 11 13 1517 19 21 23 1 3 5 7
Time (hour)
Oct. 2-3, 1985
(e1)
~g7
A
. ~ —&7 A - —A
\ / \ I
L )
\ // s a2\ P
W \ !
) t
v i
i i

7 9 11 131517 192123 1 3 5 7

Time (hour)

—®— Salinity. Upper layer(psu)
—O— Salinity, Bottom layer (psw)
—B— Tidal level (10 cm)
—H—Flow rate (0.1 m°s™?)

Salinity = 0.5 psu
=== Salinity = 10 bsu
- <= -Salinity = 20 PSU

Fig. 3. Salinity, flow rate and tidal level fluctuations in 24-hour monitoring, and contour lines of 0.5, 10 and 20 psu.
From (al) to (el) are measured data, and from (a2) to (e2) are calculated values.



Preliminary research on salinity and flow rate profiles of a river with an estuarine zone
by the analysis of water quality monitoring data 85

level fluctuation and anthropogenic water influenced the
flow rate: a peak in the morning on 30th, stable from the
afternoon to midnight, and decrease in the early morning
on the next day. Salinity in the bottom layer is supposed
to be low in the morning (some data deficit), had a peak
from 15:00 to 19:00, decreased from 21:00, and again
had a peak from 3:00 to 5:00. Contour lines show this
salinity profile also especially for high concentration
period (Fig. 3 (b2)).

On Oct. 24th-25th, 1984, tidal level fluctuation was
almost the same as that on May 30th-31st, except for low
tide at 23:00, which was much lower than that on May
30th and might cause the relatively large flow rate at
19:00 and lower flow rate at 3:00 and 5:00 (Fig. 3 (cl)).
Contour lines of 10 and 20 psu (Fig. 3 (c2)) were almost
the same as those on May 30th-31st shown in Fig. 3 (b2).

On July 10th-11th, 1985, tidal range was relatively
smaller than those on other days in the figure (Fig. 3 (d
1)). Anthropogenic water influence was supposed to
influence much to flow rate, especially for a peak at
11:00. On the contrary, both anthropogenic water and
tidal level fluctuation might cause a slight peak at 1:00.
Contour lines were rather flat comparing to other four
cases shown in Fig. 3, which showed weak mixture was
observed on this day.

On Oct. 2nd-3rd, 1985, higher tides were observed at
7:00 and 19:00, and lower tides were observed at 13:00
and 1:00 (Fig. 3 (el)). Decrease of tidal level and
anthropogenic water were supposed to cause low salinity
at the bottom layer and a peak of flow rate at 11:00 and
another peak from 19:00 to 23:00. Contour lines (Fig. 3
(e2)) reflected the salinity fluctuation especially at the
bottom layer shown in Fig. 3 (el).

The daily profiles of salinity, flow rate, anthropogenic
water and tidal level were summarized in Table 3.
Profiles of anthropogenic water in the table were derived
from Musiake (2003). In irrigation period, from May to
July, agriculture use of groundwater and anthropogenic
water including domestic wastewater contributed much
to the flow rate of Ebigawa River, and anthropogenic
water contributed much in non-irrigation period, from
July to April (Musiake, 2003). In regards to the effect of
tidal level fluctuation, tidal fluctuation supposed to cause
increase of flow rate during the periods after high tide
and before low tide. For the period after low tide and
before high tide, flow from the river mouth to upstream
increased and might cause decrease of fresh water flow.
It might also possible that sea water flow upstream
should cause increase of flow rate by increase of bottom
layer flow rate to the upstream, and consequently might
increase upper layer flow rate at certain point of the
stream depending on the upper and lower layer
conditions. Therefore, it is worth to investigate these data
minutely even though qualitatively.

On March 7th-8th, 1984, shown in Table 3 (a), high
peaks of tidal level were on 7:00, 19:00 and 7:00, high
peaks of anthropogenic water were supposed around at
13:00 and 1:00. So, it was anticipated that flow rate
increase and salinity decrease could be observed around
the time of these peaks. The monitoring data showed that
flow rate increase and salinity decrease were observed
before 13:00 and highest flow rate was observed at 9:00
and 11:00, lowest salinity was observed at 13:00 to 17:00
for the upper layer and at 15:00 for the bottom layer.
However, flow rate increase and salinity decrease were
not observed around 1:00.

On May 30th-31st, 1984, Table 3 (b), times for lowest
tidal level and highest anthropogenic water were
coincident, 11:00 and 23:00, when large flow rate and
large salinity were anticipated. Flow rate had a peak
around 11:00. Around 23:00, flow rate was rather flat or
salinity decreased judging from contour lines (Fig. 3 (b
2)) and contour line pattern at 21:00 was “2”, which
means that contour line of 10 psu was above 5.0 m and
20 psu was below 5.0 m.

On Oct. 24th-25th, 1984, Table 3 (c), times of lowest
tidal level were 11:00 and 23:00. Times of largest
anthropogenic water were 13:00 and 1:00. The largest
flow rate was recorded at 11:00, which might be
expected as the effects of lowest tidal level at 11:00 and
large anthropogenic water at 13:00. Salinity in the upper
layer was largest at 11:00. Fresh water increased around
21:00 and 23:00, and salinity of the bottom layer was
lower because of low and large anthropogenic water.

On July 10th-11th, 1985, Table 3 (d), times of lowest
tidal level were 17:00 and 5:00. Anthropogenic water
was largest at 11:00 and 23:00. Precipitation was
recorded for three hours in the morning, July 11th, from
5:00 to 7:00 for each 2 mm/hour, which might cause
increase of flow rate. However, Fig. 3 (b) and (e) also
show similar increase of flow rate in the morning without
precipitation. So, further consideration is necessary for
the relationship between precipitation and flow rate.
Flow rate was highest at 11:00, when anthropogenic
water was high, and tidal level changed from highest to
lowest during the period. Flow rate was smallest at
21:00, in the time of tidal level changed from lowest to
highest. On the monitoring day, two-layer of salinity was
rather clearly observed comparing to other monitored
days in Fig. 3. It was observed that weak mixture was
formed in these days. Therefore, from 17:00 to 23:00,
lowest tide to highest tide, it was expected that upper
flow from the river mouth to upstream in the bottom
layer existed. Relatively high salinity was observed at
21:00, which might expected some portions of salt water
in the bottom layer should enter in to the upper layer. At
this time, 21:00, flow rate was lowest, which are
considered to be rather quantitatively complicated
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Table 3. Profiles of tidal level, anthropogenic water, flow rate, salinity and contour lines of salinity for 24-hour

monitoring at Yachiyobashi Bridge, Ebigawa River, Chiba Prefecture.

@

(b)

(d)

©)

March 7th-8th, 1984

Time 7 9 11 13 15 17 19 21 23 1 3 5 7

Tidal level® H - - L H - - L H

Anthropogenic water® - Lo+ H L + H

Flow rate® (L) + H H - (L)

Salinity, upper layer® + + H L L L + H

Salinity, bottom layer L+H H H H H H H H

Contour line pattern® 3 3 3 3 3 3 3 3 3

May 30th-31st, 1984

Time 7 9 11 13 15 17 19 21 23 1 3 5 7

Tidal level® H - - L H - - - L H

Anthropogenic water® L +  + H L+ + +H

Flow rate® + + H H + - L

Salinity, upper layer - - L L L L L +H - L

Salinity, bottom Iayerd H H H - H H

Contour line pattern’® 3 1 3 3 3 2 3 3 3
(c) Oct 24th-25th, 1984

Time 7 9 11 13 15 17 19 21 23 1 3 5 7

Tidal level® H - - L H - - - L H

Anthropogenic water® - Lo+ H L + + + H

Flow rate® + H L + - L

Salinity, upper layer® + H L H L + + H - L H

Salinity, bottom layer H H H - -L+H H H H

Contour line pattern® 3 3 3 3 -2 1 3 3 3 3

July 10th-11th, 1985

Time I 9 11 13 15 17 19 21 23 1 3 5 7

Tidal level® + H - L + + H L

Anthropogenic water” L H L + + H

Flow rate® H L + H L

Salinity, upper layer® H -

Salinity, bottom Ialyerd - - L H - H

Contour line pattern® 3 3 3 3 3 3 3 3 3 3 3 3 3

Oct 2nd-3rd, 1985

Time 7 9 11 13 15 17 19 21 23 1 3 5 7

Tidal level® H - L H H - - L H

Anthropogenic water® - L+ H L + + H

Flow rate® + + H L + H - L

Salinity, upper layer* + H - L + H - L L

Salinity, bottom layer® +H-L+H H H H- - L+H H H

Contour line pattern® 3 2 3 3 3 3 3 2 1 1 3 3

a) H: high tide, L: low tide, -: tidal level decrease, +: tidal level increase;

b) Fluctuation patern of anthropogenic water flow rate was derived from Musiake (2003);

¢) H: high peak, L: bottom peak, -: decrease, +: increase; (parentheses): end point time in the monitoring
period and H or L was supposed from the available data;

d) H: high peak, L: bottom peak, -: decrease, +: increase;

e) 1: both contour lines of 10 and 20 psu are below 5.0 m, 2: contour line of 10 psu is above 5.0 m and 20 psu
is below 5.0 m, 3: both contour lines are above 5.0 m.
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observation. Another highest flow rate was observed at
1:00, which might be the results of the large
anthropogenic water contribution and tidal level change
from the highest to the lowest level.

On Oct 2nd-3rd, 1985, Table 3 (e), lowest tidal level
and high peak of anthropogenic water observed at the
same time at 13:00 and 1:00, which were the same as
shown in Table 3 (a) and (b), March 7-8, 1984, and May
30th-31st, 1984, and similar to Table 3 (c), Oct 24th-25
th, 1985. Large flow rate at 11:00 was coincidence with
tidal level and anthropogenic water, however, another
large flow rate at 21:00 was rather not coincidence with
these two reasons, anthropogenic water and tidal level.
Contour line pattern was ‘“2” at 11:00 in the morning,
and at the midnight, “2” at 23:00 and “1” at 1:00 to 3:00,
fresh water increased in these times, which might be the
results of the tidal level fluctuation and anthropogenic
water.

Contour lines analyses shown in Fig. 3, and defining
contour line patterns in Table 3 including anthropogenic
water effects as a qualitative parameter, could enhance
understanding of the flow and salinity patterns in the
estuarine zone of a river.

These tendencies of the parameters of the monitored
water quality and quantity data could be quantitatively
studied in the further research. Some hydrodynamic/
hydrologic models are to be established to figure out the
flow rate and water quality profiles in the future works.

Supplement data for other monitoring periods, which
are not described in the paper are to be available on
homepage of ReCCLE, Shimane University.

6 Conclusion

As a preliminary study to illustrate water quality and
quantity profiles in the estuarine zones of inner-city
rivers, salinity, tidal level and flow rate were summarized
for the Ebigawa River, Funabashi City, Chiba Prefecture,
by use of public water monitoring data. Contour lines
analyses, including anthropogenic water effects as a
qualitative parameter, and defining contour line patterns
could enhance the understanding of the flow and salinity
patterns in the estuarine zone of a river. It was
qualitatively assured that tidal level fluctuations and
anthropogenic water, water related to human activities,
are two main reasons of the flow rate of the estuarine
zone and its salinity in the river.
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An attempt of modification of Carlson’s trophic state

index (TSI) for brackish lakes in Japan

Yoshiaki Tsuzuki'

Abstract: At the beginning of this study, as the first stage of trophic state index (TSI) related
studies for brackish lakes in Japan, existing studies related to Carlson’s TSI were briefly
reviewed focusing on brackish lakes in Japan. Carlson’s TSI and its modified indices had been
applied to some brackish lakes in Japan. However, it had been difficult to find an applicable
equation for TSI for these brackish lakes in Japan. Theoretically, the water quality of surface
layers should be used for TSI, however, the regression coefficient using surface layer water
quality data and all layers water quality data were almost the same to the extent of the
preliminary analysis based on the existing study. In this study, TSI was applied to brackish
lakes in Japan by following two methods. First, some characteristics of a few Japanese brackish
lakes were summarized from lake databases to establish TSI for brackish lakes in Japan.
However, it was difficult to find an applicable equation for TSI for brackish lakes in Japan.
Second, equations to calculate TSI for brackish lakes in Tottori and Shimane Prefectures were
tentatively presented after the regression analysis of publicly monitored water quality data.
Preparing database of water quality, water quantity and physiographical parameters for the
brackish lakes in Japan, and further consideration on the equations of TSI would be needed for
better understanding of these parameters.
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1 Introduction

Many kinds of indices to describe the state of lakes
have been introduced and applied by for the purpose of
lake management (e.g. Asano et al., 1999). These include
Carlson’s trophic state index (TSI) based on Secchi
depth, total phosphorus (TP) and chlorophyll-a (Carlson,
1977) (Table 1) and a lake condition index (LCI)
(Uttormark and Wall, 1975). In regards to capability of
restoration of lakes, Fulmer and Cooke (1990)
investigated some reservoirs in Ohio State and estimated
achievable phosphorus concentration in bottom layer of
lakes by use of the 25 % values of phosphorus
concentration in rivers of most preserved with natural
state in the drainage areas. Moreover, they applied
hydrologic and demographic data and pollutant load
model developed by Canfield and Bachmann (1981),
which were based on a database of water quality of 290

natural lakes and 433 artificial lakes in the United States
(Asano et al., 1999). Fulmer and Cooke adopted the 25
% values of phosphorus concentration to indicate
realistic achievable concentration in the rivers by
improving the wastewater treatments. They compared the
estimated phosphorus concentration and actual
phosphorus concentration, and used Carlson’s TSI to
indicate the current and predicted states of the reservoirs.
They selected four reservoirs with large water quality
improvement potential based on largeness of the
difference between actual and potential nutrient levels
(Fig. 1), in which higher actual nutrition level and lower
potential nutrition level were observed.

Uttormark and Hutchins (1978) evaluated the
applicability of four input/output models developed by
Dillon and Rigler (1974), and Vollenweider (1975,
1976). They discussed on the land based pollutant loads
reduction effects for the lakes using the input/output
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Table 1. Carlson’s trophic state index (TSI) based on
Secchi depth, total phosphorus (TP) and chlorophyll-a.
(Carlson, 1977)

TSI Secchi deptf T-P Chlorophyll-a
(m) (ug I") (ug Iy

0 64 1 0.04

10 32 2 0.12

20 16 4 0.34

30 8 8 0.94

40 4 16 2.6

50 2 32 6.4
60 1 65 20
70 0.5 130 56
80 0.25 260 154
90 0.12 519 427
100 0.06 1032 1183

models e.g. mean depth versus L (1-R) / p (where L:
specific area phosphorus loading, ML”T', R:
phosphorus retention coefficient (-) ( = (Pi-Pou) / Pin), p:
flushing rate, (= Q / V, Q: annual water flow rate, L'T™,
V: lake volume, L), zp (where z: mean depth, L) versus
L, residence time versus averaged inflow phosphorus
concentration, and flushing rate versus biomass
expressed as phosphorus. They evaluated the
effectiveness of Carlson’s TSI calculated from Secchi
depth and LCI (Uttormark and Wall, 1975). They
evaluated the effectiveness of these models and indices
and pointed out the necessity of their further
developments.

Recent studies related to TSI for brackish or lagoon
environments, simulation models and their results were
discussed to state the trophic conditions of water bodies.
Marques et al. (2003) introduced exergy-based indices,
the exergy index and specific exergy as ecological
indicators (orientors) to exhibit the state of the ecosystem
in the Mondego estuarine ecosystem, Portugal, and they
found that a more conservative river management would
be effective for the restoration of the affected areas. Canu
et al. (2003) analyzed the relationships of water quality
and quantity parameters including the velocity fields of
water, water temperature fields, the dynamics of
phytoplankton, zooplankton, nutrients (ammonia, nitrate
and phosphate), organic detritus (organic nitrogen,
organic phosphorous and carbonaceous biological
oxygen demand (CBOD)) and dissolved oxygen using a
Finite Element Ecological Model for the Lagoon of
Venice (VELFEEM) for the Lagoon of Venice
ecosystems, Italy. They used an aggregate index of
Water Quality Trophic Index (TRIX) to describe the state
of water quality.

In Japan, National Institute of Environmental Studies
has conducted accumulative research works on lake
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Fig. 1. Current and achievable nutrient conditions in 19
lakes in Ohio State with Carlson’s trophic state index
(TSI). (TSI < 40: oligotrophic, TSI > 50: eutrophic) (after
Fulmer, and Cooke , 1990)

management from late 1970s. Otsuki et al. (1981)
applied the Carlson’s TSI to 24 Japanese lakes and
Aizaki et al. (1981a) modified Carlson’s TSI to use for
the Japanese freshwater lakes. Amano et al. (1991)
investigated water quality characteristics of lakes in
Japan using modified TSI developed by Aizaki et al.
(1981a).

There were over 260 papers cited in Scopus (http://
www.scoups.com) search with the words “trophic state
index”, however, there was no result by adding
“brackish”, but a dozen of results was found by adding
“salt”, of which one-fifth papers were related to medical
field, and twenty results were found by adding “salinity”
at the end of March, 2006. Therefore, the author
concluded that TSI-related research in the fields of
brackish or salt water is not so advanced yet.

The aims of this study are to briefly summarize the
studies related to TSI especially studies in Japan and to
apply the concepts of TSI to some Japanese lakes,
especially brackish lakes including Lakes Shinji and
Nakaumi to improve the understanding of the water
quality indices especially for the brackish lakes.

2 Studies related to the TSI (trophic state
index) in Japan

Otsuki et al. (1981) found applicability of Carlson’s
TSI to 24 lakes in Japan based on the publicly monitored
water quality data. Aizaki et al. (1981a) also applied the
Carlson’s TSI to the Japanese lakes and made
modification of the parameters for fresh water lakes.
Table 2 shows the modified TSI and its associated
parameters. Because of less correlation between the
associate parameters for six brackish lakes (Supplement
Table 1), they concluded that further investigation would
be necessary to establish a TSI for brackish lakes. Better
correlations of total nitrogen (TN) with other parameters
than total phosphorus (TP) suggested that nitrogen was a
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Table 2. Trophic state index (TSI) and its associated parameters for freshwater lakes in Japan. (Aizaki et

al., 1981a)
TSI chl.-a* Secchi® T-P Ss POC  PON T-N COD  Total bac.’
Hg I m yg I mg I mg It ug It mg It mg " No.ml
0 010 48 0.4 0.04 0.02 3 0.010 0.06 4.2x10°
10 026 27 0.9 0.09 0.05 6 0.020 0.12 8.3x10*
20 0.66 15 2.0 0.23 0.10 13 0.040 0.24 1.6x10°
30 16 8.0 4.6 0.55 0.21 29  0.079 0.48 3.2x10°
40 41 44 10 13 0.44 62 0.16 0.94 6.4x10°
50 10 2.4 23 21 0.92 130 031 1.8 1.3x10°
60 26 13 50 7.7 1.9 290 0.65 36  25x10°
70 64 0.73 110 19 41 620 1.2 71 4.9x10°
80 160 0.40 250 45 86 1340 23 14 9.6x10°
90 400 0.22 555 108 18 2900 4.6 27 1.9x10’
100 1000 0.12 1230 260 38 6500 9.1 54 3.8x10’

a: Chlorophyll-a; b: Secchi disk transparency; c: Total bacteria.

limiting nutrient in these brackish lakes. Goda (1981)
examined the correlation of some physiographical
indices to chemical oxygen demand (COD) as an
eutrophication index for 26 lakes in Japan. The examined
indices were W/V, river basin area per water volume of
lakes, P/V, contributing population per water volume of
lakes, and PW/V by plotting these indices versus
averaged COD. He found the number of highly
eutrophicated lakes were more restricted and their plots
on the graphs of PW/V versus averaged COD were
isolated further from other mesotrophic or oligotrophic
lakes than in the graphs of P/V and W/V versus averaged
COD. Tai et al. (1981) investigated species and generic
entropy to describe the state of algal community in the
Japanese lakes and found that the relative entropy, the
ratio of entropy for aquatic samples to the maximum
entropy, held promise for the studies of eutrophication of
lakes. Aizaki et al. (1981b) made a comparative study of
outdoor experimental ponds and a part of an actual lake
in Japan in regards to phosphorus loading and TP
concentration versus chlorophyll-a, POC and PON. They
found the similarity of experimental ponds and the actual
lake in regards to the relationships between these
parameters. They also pointed out the importance of
retention time in the lakes for the relationship between
the concentration of phosphorus and chlorophyll-a.
Kawai et al. (1981) investigated in vivo fluorescence
measurement of chlorophyll-a and ascertained the
photoinhibition, and they also found that the
photoenhancement and longer period pH fluctuation
attributed to the algal succession.

Amano et al. (1991) investigated water quality data of
197 monitoring points in 113 lakes in Japan from 1978 to
1988 focusing on COD and categorized the lakes in

Japan into four categories: (I) environmental quality
standards (EQS) achieved, (II) easy to achieve EQS, only
one or two years of excess COD EQS, (II) hard to
accomplish EQS, more than three years of excess COD
EQS and the averaged COD was under twice of the COD
EQS, and (IV) hard to achieve EQS for a long time, all
year excess of COD EQS and the averaged COD was
more than twice of the COD EQS. They divided land
based COD and internally produced COD, and compared
to TSI calculated from TP, TSI (TP), and average of
internally produced COD from 1985 to 1988
(Supplement Fig. 1). The correlations were reported as
relatively high especially for the lakes with phosphorus
as a limiting nutrient source and the relationships were
almost the same as those reported by Aizaki et al. (1981
a). Based on the results of frequency distribution of TSI
calculated from chlorophyll-a, TSI (Chl), based on the
three groups of environmental standard zoning, AA, A
and “B and C” (B and C were categorized into one group
in their study), and four categories from (I) to (IV)
described above, respectively, the following conclusions
had been obtained. The numbers of the monitoring points
with TSI (Chl) of more than or equal to 50 were
relatively large for the lakes of the environmental
standard zoning of A and “B and C”, and category (III)
and (IV). (Supplement Fig. 2 and 3).

Amano et al. (1981) further analyzed maximum
permissive pollutant loads to accomplish EQS using
Vollenweider model with phosphorus as a limiting
nutrient (Fukushima et al. 1986). In this model, the
following assumptions were hypothesized: 1) lakes were
completely mixed, 2) calculation conditions were steady
state and annually averaged conditions, and 3) input
loading to lake was equal to the differences of pollutant
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Fig. 2. Annual average COD (1980 or 1978) versus physiographical parameters of five

Japanese brackish lakes. (prepared by the author based on Otsuki et al., 1981)
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for brackish lakes in Shimane and Tottori Prefectures (log scale).
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Table 3. Physiographical parameters and indices of five brackish lakes in Japan. (modified by the author after Goda, 1981)

Catchment  Water Mean  Surface COD Retention

Population ~ W/V PV a . PW/IV
. area volume  depth area (1980) time
Brackish lake . . . , P ( 10° (10.6 km2 (10'6 ) (10-3 person
W (km) V(107 m7) H(m) A (k) preson) m'3) person m3) (mg 1) ) km? m'3)
Lake Abashiri 1357 233 7.2 325 43.1 5.824 185 6.3 0.150 251
Lake Kahoku-gata 272 14.7 18 8.2 152.8  18.503 10395 6.9 0.057 2827
Lake Koyamaike 41 19 2.8 6.8 6.1 2.158 321 9.3 0.240 13
Lake Nakaumi 690 533 55 96.9 176.7 1.295 332 43 0.160 229
Lake Shinji 460 344 4.2 81.8 195.7 1.337 569 4.0 0.240 262
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a: Observed value of 1978, average of 75 % value for Lakes Kohoku-gata, Nakaumi and Shinji.

load inflow and outflow. Basic functions of the model
are:

L-1-R)
szizPi'(l—R) (D

Vv
V+(Q

R= 2
where P;: average concentration in the lake ( g m™), L:
pollutant loads per lake areas (g m™ y™'), q.: water inflow
(m y™), Pi: average concentration of inflow (g m™), R:
accumulation rate (-), v: apparent settling velocity (m
yo).

Eq. (2) is similar to have been presented by Chapra
(1975). To estimate maximum permissive TP loads, P
was calculated by eq. (1). P; was determined by
environmental standards zoning and TSI (COD)
(Supplement Table 2). Pollutant loads and water inflow
were derived from the Environmental Agency (1983).
Apparent settling velocity was supposed to 20 m y.
Actual pollutant loads and maximum permissive
pollutant loads for TP and COD were calculated for 83
lakes in Japan (Fig. 3). In regards to lakes in category
(III) and (IV), they concluded that internally produced
COD were relatively larger because land based nutrients
highly exceeded the acceptable levels. Lakes Shinji and
Nakaumi were classified into category (III).

3 Application of the TSI to some brackish
lakes in Japan including Lakes Shinji
and Nakaumi

3.1 Current TSI of some brackish lakes in Japan

In this section, firstly the results of the studies by
National Institute of Environmental Science in 1981
including physiographical parameter (Goda, 1981) and
Carlson’s index modified by Aizaki et al. (1981a) were
summarized and adopted to some brackish lakes in
Japan. Aizaki et al. (1981a) concluded that the modified
Carlson’s TSI were applicable to fresh water lakes in
Japan, but for the brackish lakes in Japan. In this study,
the same kinds of modification were applied using
available brackish lakes data in Japan. Secondly, TSI and
pollutant loads were summarized based on the methods

used by Amano et al. (1991).
(1) Physiographical parameters

Goda (1981) investigated 26 Japanese lakes including
five brackish lakes on physiographical parameters and
COD in the lakes. Table 3 and Fig. 2 show the
relationships for five brackish lakes, Lakes Abashiri,
Kohoku-gata, Koyamaike, Nakaumi and Shinji. He
investigated 26 freshwater and brackish lakes and
distinguished between hypertrophic lakes and special
eutrophic lakes from other oligotrophic and mesotrophic
lakes. Lake Kohoku-gata was considered as hypertrophic
lake and Lakes Koyamaike and Abashiri were classified
as specially eutrophic lakes based on the index, PW/V.
COD was used as a parameter for eutrophication,
because of the lack of parameters to indicate directly the
conditions of eutrophication (Goda 1981). He stated the
importance of mean depth of the lakes and showed that
almost all W/V of the lakes with mean depth less than 10
m were larger than 1.0, and W/V of all the lakes with
mean depth more than 10 m were less than 1.0.
Moreover, COD of the latter were less than 3.0 mg 17'.
Considering the brackish lakes in Fig. 2, W/V and PW/V
can be reasonable parameters to some extent to explain
COD in the Lakes Shinji, Nakaumi, Abashiri and
Kohoku-gata, however, it is a little difficult to find good
parameters to explain COD for Lake Koyamaike which
was known as a lake with large organic carbon pollutant
loads.
(2) Carlson’s TSI modification

Carlson (1977) used Secchi disk transparency as a
major parameter for TSI, however, Aizaki et al. (1981a)
pointed out that light diminishment coefficient of
phytoplankton was not so large as those of dissolved
materials or suspended materials and transparency did
not depend so much on phytoplankton concentration.
The authors concluded that chlorophyll-a, which
indicated phytoplankton mass more directly than
transparency, would be a better parameter for TSI
Walker (1979) proposed chlorophyll-a as a parameter for
TSI and defined chlorophyll-a 0.25 mg m™~ as TSI 0, TSI
increases 10 when chlorophyll-a increases twice. Aizaki
et al. (1981a) considered on light diminishment in the
water and reasonable maximum concentration of
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chlorophyll-a in lake water, defined chlorophyll-a con-
centration of 1000 mg m™~ as TSI 100, and chlorophyll-a
concentration of 0.1 mg m~ as TSI 0.

InlOOOj

TSI(lOO)lex(a+ (1)

TS1(0) =10><(a+ '”0'1) @)
Inb

From the above equations, they calculated a is 2.46
and b is 2.5, therefore, TSI (Chl) was defined for
freshwater lakes in Japan:

In(Chl)
TSI(Chl) =10x| 2.46 +
(Chl) ( In2.5 j )

They investigated water quality of 24 freshwater lakes
and six brackish water lakes in Japan from 1977 to 1980,
and found the following relationship for only freshwater
lakes in Japan:

In(Chl) =3.69—1.53In (SD) (* =0.96) 4)
where SD: Secchi disk transparency (m).
In(Chl) =6.71 + 1.15In (TP) (" =0.90) (5)

where TP: total phosphorus (mg 17).
By use of equations (3) and (4), and (3) and (5), they
proposed the equations to calculate TSI from SD and TP:

TSI (SD) =10 2.46+3'69‘1-53|n(5D)) ©
In2.5

TSI(TP) =10X(2_46+ 6-71+I1.125;n(sp)j o
nZé.

Moreover, they found good correlations between other
water quality parameters and TSI (Chl). When TSI (Chl)
increased 10, SD increased 1.8 times, TP 2.2 times, SS
(suspended solid) 2.4 times, POC (particulate organic
carbon) 2.1 times, PON (particulate organic nitrogen) 2.2
times, TN (total nitrogen) 2.0 times, COD 2.0 times and
total bacteria 2.0 times. They also found 2.5 times of
transparency that was equal to euphotic zone depth
(Table 2). On the contrary, in the brackish lakes, a good
correlation was observed only between chlorophyll-a and
transparency (r > 0.800), however, correlations between
TP and other parameters were considered as weak (r <
0.800) (Table 3). They concluded that the application of
TSI for brackish lakes was more difficult.

The water quality data of some brackish lake were
added to the data of Aizaki et al. (1981a) and the same
kind of analysis was conducted in this study. These
brackish lakes were selected from the major lakes list of
Geographical Survey Institute, Japan (2006) and their
water quality data were obtained from the International
Lake Environment Committee. The number of brackish
lakes in the former list was 24, and water quality data
were available only for four brackish lakes in the latter

database, Lakes Shinji, Hamana, Ogawara and Saroma.
Regression coefficient of water quality data were
calculated (Table 5) based on the collected data (Table
4). Water quality data for surface layer were used for
four brackish lakes from the International Lake
Environment Committee. In this study, weak correlations
were also observed between water quality data of the
brackish lakes. Further study would be necessary for
applicability of Carlson’s TSI like indices to brackish
lakes in Japan. Calculation was conducted with all layers
average data for four lakes from the International Lake
Environment Committee (Table 6). The results showed
that the tendency of the regression coefficient was almost
the same as those shown in Table 5. Phytoplankton grow
in the surface layers with light intensity, therefore, water
quality parameters in the surface layers should be used.

3.2 Water quality data analysis for brackish lakes in
Tottori and Shimane Prefectures

Correlation relationships were analyzed using publicly
monitored water quality data (Ministry of the
Environment, 2006; Shimane Prefecture, 2006; Tottori
Prefecture, 2006) using SPSS® statistic analysis
software. Annual average data from 1980 to 2003 were
base of the dataset for the analysis. Some chlorophyll-a
data were added from Shimane Prefecture (2006) and
Tottori Prefecture (2006). Table 7 shows the regression
coefficients, significance probability and number of data
used for each calculation of regression coefficient of
water quality parameters expressed as natural log scale.
Correlation coefficient of TP and chlorophyll-a was the
largest, 0.766. Besides this combination, combinations
with absolute valued of correlation coefficient larger than
0.500 were observed for seven combinations, TP and
BOD, TP and COD, TP and chlorophyll-a (Chl), NO.
and SS, NO, and SS, DO and E.coli, and DO and TN.
There were more combinations with significant relation-
ships as indicated in Table 7.

Fig. 3 shows the correlation relationships between TP
and other water quality parameters. The numbers of
combinations with correlation coefficients larger than
0.600 in regards to a parameter with the other parameters
were, three for COD, and two for TP, SS and TN. TP
was selected as a key parameter of Fig. 3.

The relationship between TSI and TP in Table 8§ was
expressed as the following equation:

TSI (TP)=12.458-In (TP) + 11.264 (8)
where TSIs. is trophic state index for brackish lakes.

By use of eq. (8) and relationships between TP and
other water quality parameters, Chl.a, BOD, COD and
TN, relationships between TSIe. and these water quality
parameters were expressed as the following equations.

In(Chl.a) +1.0042

TSI, (Chl.a) =12.458-
0.998

+11.264  (9)
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Table 4. Water quality parameters of surface layers for some brackish lakes in Japan.
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Brackish lakes Chl@’  Secchi® TP ss ~ POC PON TN COD  Total bac
ug | m mq | mg | mq | ug | mq | mg | No. ml
L. Hamana" 25.0 16 0.044 36.2 2.1 370 0.457 133 57x10°
L. Inohana® 23.0 2.1 0.056 39.5 2.2 350 0.775 9.6 4.5%x10°
L. Suigetsud 8.3 25 0.580 7.8 1.7 210 0.215 1.8 3.0x10°
L. Sugad 6.7 24 0.350 4.3 0.94 120 0.129 1.9 2.4x10°
L. Kuguchid 9.5 1.7 0.027 8.8 1.5 195 0.200 2.1 3.0x10°
L. Hyugad 3.7 4.0 0.026 18.0 0.65 67 0.117 7.5 n.a.
L. Shinji® 19.2 1.2 0.042 6.2 n.a. n.a. 0.49 4.0 n.a.
L. Hamana' 18.4 3.1 0.034 na. n.a. n.a. 0.43 1.7 n.a.
L. Ogawara® 7.4 3.6 0.021 2.0 n.a. na. 0.68 2.8 n.a.
L. Saroma" n.a. 5.8 0.018 2.3 n.a. n.a. 0.13 1.7 n.a.
a: Chlorophyll-a; b: Secchi disk transparency; c: Total bacteria; d: Aizaki et al. (1981a); e: 1985; f: 1984; g: 1985-86;
h: 1978-79; e-h: International Lake Environment Committee, n.a.: not available.

Table 5. Square of regression coefficient of water quality parameters of surface layer for some brackish lakes in Japan

exhibited in Table 4.
chl.a® Secchi® T-P sS POC PON T-N coD
Secchi® -0.453
T-P -0.389 -0.166
Ss 0.684 -0.359 -0.226
POC 0.887 * -0.751 -0.073 0.666
PON 0.970 * -0.734 -0.214 0.783 0.971 *
T-N 0.643 -0.344 -0.344 0.492 0.829 * 0.861 *
coD 0.421 -0.316 -0.308 0.927 * 0.469 0.639 0.408
Total bac.® 0.967 * -0.635 -0.579 0.921 * 0.850 * 0.959 * 0.725 0.981 *

a: Chlorophyll-a; b: Secci disk transparency; c: Total bacteria.
The regression coefficient more than or equal to 0.800 are indicated by astersisk.

Table 6. Square of regression coefficient of water quality parameters for brackish lakes in Japan. Water quality of some

lakes are the averages of all layers instead of the average of surface layer in Table 5.

chl.a® Secchi® T-P SS POC PON T-N cob

Secchi® -0.605

T-P -0.351 -0.165

Ss 0.725 -0.360 -0.231

POC 0.887 * -0.751 -0.073 0.666

PON 0.970 * -0.734 -0.214 0.783 0.971 *

TN 0.630 -0.338 -0.342 0.465 0.829 * 0.861 *

coD 0.584 -0.312 -0.308 0.928 * 0.469 0.639 0.391
Total bac.t 0.967 * -0.635 -0.579 0.921 * 0.850 * 0.959 * 0.725 0.981 *

a: Chlorophyll-a; b: Secci disk transparency; c: Total bacteria.

The regression coefficient more than or equal to 0.800 are indicated by astersisk.

Table 7. Regression coefficients, significance probability and number of data used for each calculation of regression

coefficient for the brackish lakes in Shimane and Tottori Prefectures

In(TP) In(NO,) In(NO,) In(TN) In(BOD) In(COD) In(Chl.a) In(SS) In(E-coli.)
In(NO,) 0.039
In(NO,) -0.013 0.469 **
In(TN) 0.005 -0.114 -0.345 **
In(BOD) -0.501 ** -0.131 * -0.082 -0.464 **
In(COD) -0.535 ** -0.472 ** -0.415 ** -0.308 ** 0.331 **
In(Chl.a) 0.766 ** 0216 ** -0.076 0.013 -0.386 ** -0.468 **
In(SS) -0.494 ** -0.526 ** -0.508 ** -0.023 -0.027 0.499 ** -0.381 **
In(E-coli.) -0.199 ** -0.291 ** -0.477 ** 0515 ** -0.458 ** -0.124 ** -0.236 ** 0.250 **
In(DO) -0.171 ** -0.073 0.261 ** -0.620 ** 0.412 ** -0.140 ** -0.134 * -0.333 ** -0.585 **

** The correlation is significant with 1% significant level (both sides).
* The correlation is significant with 5% significant level (both sides).
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Table 8. TSI (trophic state index) tentatively calculated based on TP for brackish lakes in Shimane and
Tottori Prefectures

TSI TP DO SS Chl.a® E-coli. BOD COD TN NO, NO,
pug It mgl™ mglt  pglt No.ml* mglt  mgl? pg It pglt gt

0 0.4 54 0.4 0.1 44E-03 01 0.3 35 45 4.6

10 0.9 5.8 0.6 03 3.2E-02 0.2 0.5 54 74 5.4

20 2.0 6.2 1.0 0.7 23E-01 03 0.7 83 12 6.2

30 4.6 6.7 1.6 16 1.7E+00 0.5 11 128 20 7.2

40 10 7.2 2.6 3.7 12E+01 0.9 1.7 197 34 8.4

50 23 7.7 4.3 8.2 8.6E+01 15 2.7 303 57 9.7

60 50 8.3 7.0 18.2 6.2E+02 2.7 4.1 467 94 11.2

70 110 8.9 114 405 45E+03 4.8 6.4 720 157 13.0

80 250 9.6 185  90.2 3.3E+04 8.6 9.8 1111 260 15.1

90 555 10.3 30.2 201.0 2.3E+05 15.3 151 1712 433 175

100 1230 11.1 49.1 4478 1.7E+06 27.2 23.4 2639 719 20.2
quality of surface layer should be used for TSI, however,
TSl (BOD)=12.458- In(BOD) +1.7978 +11.264  (10) the regression coefficient using surface layer water
0.5402 quality and all layers water quality were almost the same
to the extent of the analysis in this study. Secondly,
TSle (COD) =12.458- In(C%D;422'9671+11.264 (11) equations to calculate TSI for brackish lakes in Tottori
’ and Shimane Prefectures were tentatively presented after
the regression analysis of publicly monitored water

TSI (TN) =12.458-%+11.264 (12) quality data.

TSI for brackish lakes in Shimane and Tottori
Prefectures were tentatively calculated using the
relationship between TSI and TP for freshwater lakes in
Japan (Aizaki et al., 1981a), and the correlation
relationships of TP and other water quality parameters
(Table 8).

3.3 Fulmer and Cooke’s application of TSI to the
brackish lakes in Japan

At the planning stage of this study, capabilities of
restoration of Japanese brackish lakes were planned to be
analyzed using the analytical methods by Fulmer and
Cooke (1990) in this section. The author intended to
prepare TSI for the brackish lakes in Japan and to make
comparison with natural state. However, it was not able
to complete analyses for the equations to indicate TSI for
the brackish lakes in Japan. Therefore, Fulmer and
Cooke’s application to brackish lakes in Japan is to be
studied further.

4 Conclusion

Studies related to Carlson’s trophic state index (TSI)
were briefly reviewed focusing on brackish lakes in
Japan. Carlson’s TSI and its modified indices were
applied to some brackish lakes in Japan by two different
methods. Firstly, it was difficult to find an applicable
equation for TSI for brackish lakes in Japan in
accordance with the existing studies. Theoretically, water

Preparing database of water quality, water quantity
and physiographical parameters for the brackish lakes in
Japan, and further consideration on the equations of TSI
would be needed for better understanding of these
parameters and water quality improvement in the lakes.

Supplement Tables and Figures will be available at
ReCCLE homepage.
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Living benthic foraminifera from Urauchi Bay, Kamikoshiki-jima Island,
Kagoshima Prefecture, southern Japan

Hiroyuki Takata', Toshiaki Irizuki’ and Katsura Ishida’

Abstract: The distribution of benthic foraminifera in Urauchi Bay was investigated to learn
bay foraminiferal occurrence along the eastern part of the East China Sea. Ammonia sp. A,
Ammonia beccarii forma 2, Pseudorotalia gaimardii compressiuscula, Pseudononion
Japonicum, Nouria textulariformis, Frusenkoina compactiformis and Nummulites ammonides
are common constituents of the living (stained) foraminiferal assemblages in Urauchi Bay.
These faunal associations are similar to those of Kagoshima and Tanabe Bays. Ammonia sp. A
and A. beccarii forma 2 occur in the shallows of the inner parts of the bay, whereas P.
gaimardii compressiuscula is common in the deep part of the middle to the outer parts of the

bay.

Key wards: Urauchi Bay, benthic foraminifera, Ammonia spp.
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Fig. 1. Map of the study area; showing sampling localities
(open circle: samples using foraminiferal and geo-
chemichal analysis; filled square: samples using geo-
chemichal analysis).
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Table 1. Water depth and total organic carbon, total
nitrogen and total sulfur contents, C/N ratio and mud
content of surface sediments of Urauchi Bay

Depth TOC TN TS Mud content

Station m (%) %) (%) CIN ratio (%) *
1 1.8 0.44 0.08 0.05 5.56 9.48
2 3.7 0.43 0.05 0.07 8.45 9.26
3 11.0 0.90 0.11 0.10 8.50 37.27
4 141 0.53 0.06 0.12 8.35 23.47
5 22.0 0.89 0.10 0.05 9.02 61.22
6 23.7 1.10 0.12 0.14 9.53 78.32
7 26.5 0.90 0.11 0.09 8.54 87.12
8 27.3 1.04 0.12 0.06 8.71 95.20
9 27.7 0.88 0.09 0.14 9.30 93.32
10 28.1 0.84 0.09 0.12 8.88 84.60
11 3.9 0.44 0.04 0.09 10.07 9.71
12 11.4 0.54 0.06 0.09 9.35 25.80
13 18.7 0.55 0.06 0.07 8.93 44.07
14 22.8 0.69 0.09 0.13 8.06 59.31
15 28.8 0.83 0.09 0.12 9.27 76.51
16 28.3 0.76 0.09 0.12 8.90 75.44
17 30.6 0.77 0.10 0.06 7.94 71.28
18 28.2 0.56 0.07 0.13 8.37 43.39
19 29.0 0.54 0.07 0.06 7.76 46.17
20 27.9 0.53 0.07 0.10 7.79 38.88
21 28.0 0.55 0.07 0.13 7.55 -
22 28.5 0.59 0.08 0.07 7.81 44.66
23 29.0 0.55 0.07 0.08 7.70 21.32
24 15.2 0.39 0.05 0.14 7.85 5.22
25 8.5 0.28 0.04 0.13 6.45 3.14
26 29.6 0.40 0.05 0.10 7.52 15.41
27 28.9 0.27 0.05 0.09 5.87 2.42
28 27.0 0.66 0.07 0.15 8.88 63.61
29 10.0 0.77 0.09 0.16 8.30 16.99
30 10.0 0.80 0.09 0.13 9.00 60.58
32 0.3 0.98 0.10 0.11 10.15 -

* Irizuki et al. (2006)
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Table 2. Occurrence of living (stained) benthic foraminifera from Urauchi Bay

2 3 4 5 6 7 8 9 11 12 13 14 15 17 19 21 26 30
Ammonia beccarii (Linné) forma 1 2
Ammonia beccarii (Linné) forma 2 2 7 1 4 1 8 4 1
Ammonia japonica Hada 1 6 4 1 3 3 3 5
Ammonia sp. A 4 15 11 1 7 6 21 4 3 1 1 3 13
Amphistegina radiata (Fichtel and Moll) 1 1 1
Bolivina cf. gultinata Egger 1 7
Bolivina robusta Brady 1 9 3 1 1 8 6 5 3 4 4 2 1 1 2
Bolivina semicostata Cushman 1 1 2 3 1 2
Bolivina sp. A 1 1
Bolivina sp. B 1
Bolivina sp. C 1
Bolivina sp. indet. 1 1 3 2 1 1
Brizalina canvallaria (Millett) 1 1 2 1
Brizalina pacifica (Cushman and MuCulloch) 1 1
Brizalina seminuda (Cushman) 4 3 7 2 9 1 5 2 1 4 2 3 2 2
Brizalina striatula (Cushman) 4 6 7 7 12 3 2 2 6
Bulimina marginata d'Orbigny 4 4 2 8 6 6 8 1 2 5 1 1 3
Buliminella elegantissima (d'Orbigny) 2
Cancris auriculus (Fichtel and Moll) 2 1 14 8 4 10 3 1 1 5 3
Cassidulina sp. 2 1 1 1 1
Cellanthus claticulatus (Fichtel and Moll) 1 1 1 2
Cibicides lobatulus (Walker and Jacob) 1
Cibicidoides subdepressus Asano 1
Cyclogyra planorbis (Schultze) 4 2 1
Elphidium advenum (Cushman) 1 1
Elphidium crispum (Linné) 2
Elphidium jenseni (Cushman) 1
Elphidium kusiroense Asano 1
Elphidium reticulosum Cushman 1 1 1
Elphidium subincertum Asano 6
Elphidium sp. A 1
Elphidium sp. indet. 2 1 2
Eratidus ? sp. A 13 5 2 15 3 8 6 7 3 1 1 5
Fissurina spp. 1 1 1
Frusenkoina compactiformis (McCulloch) 4 4 7 6 14 5 2 3 2 6 8 3 1 1 1
Glabratella sp. A 1 2
Glabratella sp. B 1
Globocassidulina sp. 1
Guttulina spp. 2
Gyroidinoides sp. A 2 1 1 1 1 4 1
Gyroidinoides sp. indet. 3 3 4 4 4 1 1 1 1 2 1
Hanzawaia nipponica Asano 2 1 1 1 1
Haplophragmoides sp. 2
Hyalinea balthica (Schrétor) 1
Lagena spp. 1 1
Lagenammina sp. A 13 3 11 5 3 1 5 1 2 2 2 2
Loxostomina limbatum (Brady) 3 3 2 1 3 4
Massilina inaequaris Cushman 1
Miliolinella sp. A 5 1 2
Miliolinella sp. B 1
Nonionella stella Cushman and Moyer 1 5 1 1 1 1 1
Nouria textulariformis Hada 1 1 5 83 53 51 31 21 14 22 10 68 39 14 23 1 6
Nouria sp. A 1 4 2 2 1 2

JEAATFLIR D TREE A — i KR REE ORE 2Ty F
T—. WHEFE, 32:229-240.
Akimoto, K., Matsui, C., Shimokawa, A. and Furukawa,
K.(2002) Atlas of Holocene benthic foraminifers of
The
Kagoshima University Museum Monographs, 2: 1-
111.

Shimabara Bay, Kyushu, Southwest Japan.

Chiji, M. and Lopez, S. M. (1969) Regional foraminiferal
assemblages in Tanabe Bay, Kii Peninsula, Central

Japan. Publication of the Seto Marine Biological

Laboratory, 16: 85-125.

Irizuki, T., Takata, H. and Ishida, K.(2006) Recent

Ostracoda from Urauchi

Bay,

Kamikoshiki-jima

Island, Kagoshima Prefecture, southwestern Japan.
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Table 2. continued

2 3 4 5 6

7

8 9 11 12 13 14 15 17 19 21 26 30

Nummulites ammonoides (Gronovius) 1
Patellina corrugata Williamson
Planocassidulina sp.
Planorbulina medditaranensis
Pseudononion japonicum Asano 2
Pseudononion sp. A 3

Pseudoparrella naraensis Kuwano 1 1
Pseudoparrella tamana Kuwano 1

Pseudorotalia gaimardii compressiuscula (Brady) 8
Pyrgo sp. A

Pyrgo sp. B

Quinqueloculina akneriana d'Orbigny
Quinqueloculina arenata Said
Quingueloculina elongata Natland 2 2
Quinqueloculina lamarkiana d'Orbigny 1
Quinqueloculina seminulum (Linné)
Quingueloculina sp. A 2
Quinqueloculina sp. B 2
Quinqueloculina sp. indet.

Rectobolivina raphana (Paker and Jones)
Rectobolivina ? sp.

Reophax scorupius Monfort 1
Reophax sp. A
Reophax sp. B
Reophax sp. C 2
Reophax sp. indet.
Reusella aculeata Cushman
Reusella pacifica Cushman and McCulloch 1
Rosalina sp. indet. 2

Spilocuilina communis Cushman and Todd 1 1
Spilocuilina laevigata Cushman and Todd 2

Spiroplectammina sp. A 4

Spiroplectammina sp. indet. 1

Spiroplectinella saikaidensis Akimoto 2

Stilostomella sp. 1

Textularia sp. A 1
Textularia sp. B 1

Textularia sp. C 1
Textularia sp. D
Textularia sp. E
Textularia sp. indet. 2
Trochammina pacifica Cushman
Uvigerinella glabra (Millett) 1 1 1
Uvigreina vadescens Cushman 2

Valvulineria hamanakoensis (Ishiwada) 1

Agg. For am. gen. et sp. indet.
Calc. Porcelaneous Foram. gen. et sp. indet. 1 7 3 3 3
Calc. Hyaline Foram. gen. et sp. indet.

71

23 8 17 19 3 6 3 4 17 18 31

10 4 4 7 4 18 1

3 1 2 2 2

11
11.66

38
2.10

28
7.35

38
6.48

33
715

Total
Sample weight (g)

LAGUNA, 13: 13-28.

Matoba, Y.(1970) Distribution of recent shallow water
foraminifera of Matsushima Bay, Miyagi Prefecture,
Northeast of Tohoku
University, ser. 2, Geology, 42: 4-85.

Miiller, P. J.(1977) C/N ratio in Pacific deep-sea

sediments; Effect of inorganic ammonium and organic

Japan. Science Reports

nitrogen compounds sorbed by clays. Geochemica et
Cosmochemica acta, 41: 765-776.

67
6.09

45 16 55 43 14 17 21 1 43 29
821 788 537 596 6.61 500 542 469 647

78
6.58

37
6.79

HIHAFZ - KA T - BREETE - & HIER (1982) HEfE
W37 ORFEFEMVAL - C/NHB L UFeS, &A=
o AR O W R, EKELE). 5B
PUFCHIFZE, 21: 169-177.

Oki, K.(1989) Ecological
foraminifera in Kagoshima Bay, South Kyushu, Japan.
South Pacific Study, 10: 1-191.

analysis of benthonic
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Fig. 2. Geographic and vertical distribution of living (stained) abundance per unit weight of four foraminiferal
species. Presence or absence of these species at station UU-21 was shown by filled triangle or dot in diagrams
(a, c, e and g), respectively, because dry sample weight at this station was not measured.

(a, b) Ammonia beccarii forma 2, (c, d) Ammonia sp. A, (e, f) Pseudorotalia gaimardii compressiuscula and
(g, h) Pseudononion japonicum.
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Plate 1. Scanning electron micrographs of benthic foraminifera from Urauchi Bay. Scale bars=100.:m.
1 a, b. Nouria textulariformis Hada

2 a, b. Lagenammina sp. A

3 a—c. Eratidus? sp. A

4 a, b. Brizalina striatula (Cushman)

5 a, b. Bulimina marginata d’Orbigny

6 a—c. Fursenkoina compactiformis (McCulloch)
7 a—c. Ammonia beccarii (Linné) forma 2
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Plate 2. Scanning electron micrographs of benthic foraminifera from Urauchi Bay. Scale bars =100, m.

1 a—c. Ammonia sp. A

2 a—c. Pseudorotalia gaimardii compressiuscula (Brady)
3 a—c. Pseudononion japonicum Asano

4 a—c. Pseudononion sp. A

5 a—c. Nummulites ammonoides (Gronovius)
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Record examples of compact sidescan sonar
in the coastal lagoons and estuaries

Kiyokazu Nishimura', Masato Joshima', Takao Tokuoka’ and Ayumi Fukita®

Key words: record example; sidescan sonar; coastal lagoon; estuary; Lake Shinji; Lake
Nakaumi; Ohashi River; Teshio River; Agano River
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(1) B2z o 72 BW I & 5 i o gk (2005 4F 4 F
9H)

FAZ WL DE N & B KGO K E il
FETXMETIT> 72, AP A FAF YV —F—
X F8AE JE 9 45 800 kHz & 330 kHz % fifi 2. % 7%, [FlHF
2 AEHT AL IETE R, TOMEE S
L, F—m A R A 22 mfEL, H
RSk .. W2 IcFomgREr R, ERIZ
S815 T I %L 800 kHz $81A) /4 0.7° X 30°, T EIIE %45
PR 330 kKHZ 8144 1.8° X60° DELsRTH 5. FEALMH

VN e
M1 a7 A FAFvy Y —F =17
T4 va
Fig. 1. Compact sidescan sonar. Towfish.

U OESEHATRAFZERT  National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba 305-8567, Japan
? fERRRARBRIENTZERT  Tokuoka Laboratory for Studies of Brackish Water Environments, Nishikawatsu 748-86, Matsue 690-0823, Japan
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Table 1. Basic specification of the compact sidescan sonar.

AR S E—IVRNENR)TLEY Y, TIVIZT LA

INT A b F A IN—=N) b g

gy AT 2—HF 2x330kHz ¥ — A0E 1.8° (KF) x 60° (FEH)
2x800kHz ¥ — A0E0.7° (k) x 30° (FEik)

FAL Y (B 15m, 30m, 60m, 90 m, 120 m (J&7 %% 800 kHz Tl 15m, 30 m)

R 30 m

WEA Y F—7x2—A  RS232C 1) 7 (115200 bps)

br— 7 23m4 i (B, 7L AMY—)

VAV Ny FoR - BLERA OS: Windows 95, 98, me,XP

LAS/AARES B 1lecm, £&80cm ZEHEm 4.6kg ($E% KAL)

HIE 10-16 V (12'V, 0.3 A max)

B 2-3 kt

DERCEHLEEZ R T, ARENCW D20k (2) KPR OHEZFEER (2004 -9 H 1 H)
DA SN2 25, FA5E% %k 800 kHz D {5 D KA FE FIKIENHFAET BWIED, 14 FAF v
HEEHTH L. F 7z, AREEIAE I O RBEERR YY—F—TEO L) ICHBE LTHL 2L, &b
bOMVEOLNLD A, b FEER L 800 kHz D DTHERWE ZATHA, INLDHEROEFEIC
HEEICFESFEE N T WD, BT, ERIEE 800 L0, KEWROHERE R EE O, L1 IEMIC
kHz D773 330 kHz IR THRREDT R W 2 & 2%
Mh. LHL, 330kHz Da, HEL v VP RA
120 m (%) 126 LT, 800 kHz DIEAL » Vit 15
m, 30m (Ff%) 12 LAaxe L Twiwn,

GV

800kHz
EEs

NNW &3 = sse
(B)
330kHz £k
IGm
ERELK

e /||
e —

Fies I,

2. o AP L IR0 RE. il dt T

X ZE IV, 20054E4 H9H, L > ¥ 30m, FI%9 dB. s 062
Fig. 2. Comparison of the images of the different 3. KPR OEEFER, 7IAF v 700 (F)
frequencies. Along the lake wall of the Yumigahama ERE AR ().

koku, Lake Nakaumi (April, 9, 2005, range 30 m, gain 9 Fig. 3. Search experiment of the submerged object. A

dB). plastic cage (lower) and mooring system (upper).
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L, [T KLV EL o @2 AR L
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T, EDREL o TWAD LA s, 50D A~D
WRT I, [ TI0EONEE 21ZB TS, [H
TlEFA FRAF YUY —F —OMEBRICE ) ZE
fELCwad, W{gEERRY 7 MBS 5 [Target
Calculation |Z FIWTC, OEI L[N0 L
g (BAT) 23k 7. 5D ATIE, HE07m, 1§
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Fig. 5. Image record of the search experiment of the submerged object (Aug., 31, 2004, range 15 m, gain 8 dB, Frequency 800

kHz).

B 4. R RDRFEEBOMHX

Fig. 4. Surveyed route of the search experiment of the

submerged object.
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B 6. WEHIEEHIET 24 FAF Y vy —F —i
fGrosk. HrlgEn o Ut LIXEERR V. 2005 4E 8 31 H,
V> 30m, FIF9dB, JE#E 330 kHz, #HJE 3.2kt
Fig. 6. Image record of the sidescan sonar that corresponds
to the topography of shore. Along the lake wall of the
Yumigahama koku, Lake Nakaumi (Aug., 31, 2005, range
30 m, gain 9 dB, Frequency 330 kHz, ship speed 3.2 kt).
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Fig. 7. Surveyed route of the sidescan sonar at the Lake Shinji, Ohashi River and Lake Nakaumi.
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Fig. 8. Image record of the sidescan sonar in the Lake Shinji, Ohashi River and Lake Nakaumi (Aug., 31, 2005, range 30 m,

gain 16 dB, Frequency 330 kHz).
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9. KN - XU rBE0FETIN.
Fig. 9. Index map of the Teshio River and Lake Panke.
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5. 30m b > Y (i) CHEET - 7278, RO
WTHWMEEDIZETE, ERAWNERLERE o Tw
L. FEICHEAREE SO T 740 Y TV XT A
(=, SC-3 B, JE3k %%k 200 kHz, (%7, 2005)

10. L Ui CRIENND.
Fig. 10. Fishing of corbiculas (Teshio River)

. R
1. A FRF v >y —F @Gk S0 7
AQ004 47 H6 H, LY 15m, FIfF9dB, ik
330 kHz, #HJE 3kt).

Fig. 11. Image record of the sidescan sonar from the Lake
Panke A (July, 6, 2004, range 15 m, gain 9 dB, Frequency
330 kHz, ship speed 3 kt).
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B (200447 4 7H, L 30m, FIf38dB, &K% 330kHz).

Fig. 12. Image record of the sidescan sonar (lower) and profiling record of the riverbed
topography (upper) from the Teshio River B (July, 7, 2004, range 30 m, gain 8 dB, Frequency

330 kHz).
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Fig. 13. Image mapping in the Teshio-ohashi Bridge of the Teshio River. (July, 6, 2004, range 30 m,

gain 9 dB, Frequency 330 kHz).
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Fig. 14. Index map of the Agano River.
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Fig. 15. Image record of the sidescan sonar from the fishing port Matsuhama of the Agano
River A (July, 6, 2004, range 30 m, gain 16 dB, Frequency 330 kHz, ship speed 3 kt).
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A prototype of Environmental Database for Lakes Shinji and Nakaumi

Yoshiaki Tsuzuki', Daisuke Nakayama' and Hidenobu Kunii'

Abstract: Study Group on Environmental Database for Lakes Shinji and Nakaumi had been
held during the first half of the Japanese Fiscal Year 2006 (Heisei 17) with participation of
professionals from Shimane University and National and Local governments to information
collection and dissemination and common ownership of the information related to
environmental database in Japan and the world. After the Study Group, Discussion Group on
Environmental Database for Lakes Shinji and Nakaumi has been held to discuss on a desirable
environmental database for the area. The purposes of this article are to describe what kind of
information was introduced to the participants in the Study Group, what kind of discussions
were made in the Discussion Group, what kinds of prototype of the environmental database
was developed after the discussions, and what kinds of progress are expected in the future.
Many environmental related organizations have already disseminated environmental related
information in the drainage area of the two Lakes using internet. One of the assignments of the
environmental database will be considered to prepare the framework of the environmental data
by use of clearing house mechanism (CHM) and catalog service (CS) with consideration of
progresses of information technology. In addition to research purpose, administrative or project
based purposes and information dissemination for ordinary citizens should be included in
consideration of desirable directions of the environmental database and its contents.

Key words: Lakes Shinji and Nakaumi, environmental database, prototype
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Table 1. Activities of Research Group on Environmental Database for Lakes Shinji and Nakaumi. (Tsuzuki, 2005b;

Tsuzuki, Nakayama and Kunii, 2006a, b)
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(modified by the author)
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(The Redlands Institute, 2003) (permission from The
Redlands Institute, University of Redlands)

Fig. 2. An example of the review results of the organiza-
tions related to environmental research in the region. The
most number of programs are in the category of historic
monitoring programs for the purpose of research, and
second group consisted of historic and current monitoring
for other objectives/purpose and general purpose
monitoring for current environments.(The Redlands
Institute, 2003) (permission from The Redlands Institute,
University of Redlands)
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3. Salton Sea Database Program @ CD-ROM & 7k — 4 X — T O )i (The Redlands Institute, 2003 and 2006, http:
/Iwww.institute.redlands.edu/salton/) (CD-ROM, & —ALR— T & ILICEH O HMER)

Fig. 3. Structure of the CD-ROM and the sitemap of the Salton Sea Database Program homepage.(The Redlands
Institute, 2003 and 2006, http://www.institute.redlands.edu/salton/) (Prepared by the authors based on CD-ROM and

the website)
B B B 2ot
© - A

PDQi#iE =Fif7T—4EERNE
Za—P—SUFDEHET—4R—R
GNSEHfET—4R—2
GNST—4{R7FE - - pdf
Za—S—FUFRDHERFFICET 2 X E R - - abst.
TORNMERT—ER—R QYT =255 5O 1HEH) HR3E @) shape
HOMBERET 4TI

HTFKDT—HER—Z

O —a—P—-SUFDERHE

O Za—Y—S FDLBREI7IIV
Za—T—SVRDEBFRASITAIL
Za—U—SURDEEYDIAL I AL ET—ER—R
"PETLAB: 2EDERE B LUHBERTT—EIN—X
Za—U—SURDHBRYBZOBET —4IN—X
Za—U—SURDHBRT—ER—X
Za—U—SURDIMER
REOBRRMEZT—IR—2R

‘B ERESE
Za—U—SUROMEL AT LT —HEN—R

-2 EOMEERT —2N—X

BRET—AN—R

21— S—FURDRILT—HR—R
Za—U—SURDOE R 5 E &
EEET HEEOREEL S O: Web - CHEFAIRE
‘EHICET AR RMET —ARN—R

4, — 22— —F v FOFIEFT (Institute of Geological and Nuclear Sciences) @
7 — 4 RX—2A1) A b (http://www.gns.crinz) (55 3 BIWFZE 4B HBV IR B R E R
T EH DB —EE)

Fig. 4. Database list of Institute of Geological and Nuclear Sciences, New Zealand

O00000
©000

©0
|
|

(http://www.gns.crinz) (modified by the authors after presentation material by
Associate Prof. Kurata at the third meeting of Study Group on Environmental
Database for Lakes Shinji and Nakaumi) .



128 HRFLEI - RS - BT

F 4, CHBFARFENIRE ORNBREE TR SN TWE T = R—=2DMF &, WY #HBE % BRE
FTAHEBERTT =N ALICHAPEEINT VLT —FX— A

Table 4. Database disseminated with the Dissemination Promotion Fund of Science Research Promotion Funds of
Ministry of Education, Science and Sports: the numbers of funded database and lists of databases with specific

regional titles in FY 2004 and 2005.
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#5 Linnx DELZTAARMN) 2= 3 v
Table 5. Some distributions of Linux.

RPM group Debian group Others
Red Hat Linux Debian GNU/Linux Slackware Linux
Turbolinux Corel Linux Plamo Linux
Miracle Linux Omoikane GNU/Linux
LASERS Linux
Vine Linux

Konadata MUN/Linux
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Table 6. Kinds of Linux server and their outlines.
(Prepared by the author after Hamano, 2001)
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Fig. 5. Ilustrations for the relationships of server (s) and clients. (a): the simplest quasi—centralized architecture; (b):
clearing house mechanism with a central server with searching and overlapping functions, peripheral servers with data
recording function and clients; and (¢) independent and distributed architecture with Globalbase, an ideal environment
without any qualitative and quantitative bottleneck between information providers and receivers (Prepared by the authors

after Mori (20053))
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Correction to “Fossil benthic foraminifera
from Aso-kai Lagoon, central Japan”

Hiroyuki Takata', Satoshi Tanaka’, Shun-suke Murakami’,
Koji Seto' and Katsumi Takayasu*

In the paper, “Fossil benthic foraminifera from Aso-kai Lagoon, central Japan” by Hiroyuki
Takata, Satoshi Tanaka, Shun-suke Murakami, Koji Seto and Katsumi Takayasu (LAGUNA,
no. 12, p. 45-52), the table 1 was incorrect. Correct version appears below.
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Table 1. Benthic foraminifera present per sample (counted numbers of each sample) from core ASC2 (sample dry weight is

shown below)

Interval (cm)

10
11

50
52

70
72

80
81

101 110
103 111

130
131

140 150
141 151

160
161

170
171

180
181

190
191

Agglutinated Foraminifera
Cribrostomoides sp. A
Eggerelloides advena

Tiphotrocha kelettae

Trochammina cf. japonica
Trochammina pacifica

Agg. Foram. gen. et sp. indet.
Calcareous Porcelaneous Foraminifera
Massilina inaequaris

Massilina secans

Miliolinella sidebottomi

Miliolinella sp. indet.

Miliolinella sp. A

Quinqueloculina elongata
Quinqueloculina sp. A
Quinqueloculina sp. B
Quinqueloculina sp. C
Quinqueloculina sp. D
Quinqueloculina sp. indet.
Triloculina sp.

Calc. Porcelaneous Foram. gen. et sp. indet.
Calcareous Hyaline Foraminifera
Ammonia beccarii forma 1
Ammonia beccarii forma 2
Ammonia japonica

Ammonia sp. A (compact type)
Ammonia sp. A (inflate type)
Ammonia sp. B

Bolivina
Bolivina
Bolivina
Bolivina
Bolivina
Bolivina
Bolivina

sp.
sp.
sp.
sp.
sp.
sp.
sp.

Mo O w>

indet.

Buccella frigida

Buccella sp. indet.

Buccella tenerrima

Bulimina sp. A

Bulimina sp. B

Bulimina sp. C

Buliminella elegantissima
Cymbaloporetta sp.

Elphidium advenum

Elphidium excavatum forma excavata
Elphidium excavatum forma selseyensis
Elphidium jenseni

Elphidium kushiroense

Elphidium reticulosum

Elphidium somaense

Elphidium
Elphidium
Elphidium
Elphidium
Elphidium

sp. A
sp. B
sp.C
sp.D
sp. indet.

Glabratella sp. A
Glabratella sp. B

Guttulina spp.
Gyroidinoides sp.
Neoconorbina stachi
Nonionella stella
Planograbratella subopercularis
Pseudononion japonicum
Pseudoparrella naraensis
Pseudoparrella tamana
Reussella pacifica

Rosalina bulloides

Rosalina sp. A

Rosalina sp. B

Rosalina sp. C

Rosalina sp. indet.
Stainforthia sp.
Uvigerinella glabra
Valvulineria hamanakoensis
Virgulinella fragilis

Calc. Hyaline Foram. gen. et sp. indet.

1

56

30

1

21

17

26

2
1

i,

10

19 15

13

20

5

25

11

29

107

255

29

22

110

22

9
13
25 3

16

145

10

11

[SRNEN]

13

111

61

17

~N ©

4

1

10

52

[

Total
Dry sample weight (g)
Split

63
0.83 0.50

1

38
1.36

1

41

1.86

1

33

1.30

1

25 27

196 213 074 229

1 1

59

1.44

1

4 191 605
1.30 137 1.62
1 1 1

297
1.59

257
1.09
1

115
1.39

1
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Table 1. continued

200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380
201 211 221 231 241 251 261 271 281 291 301 311 321 331 341 351 361 371 381

1
2 30 20 17 184 75 51 4 2 112 12 20 11 29 19 5
90 59 31 45 43 10 27 70 24 249 93 2 5 1
1
1
1
2 2 3 2 5 2 3 1 2 7 2
1
3 1 4 14 2 3
1 1
41 30 79 109 25 15 14 4 40 4 99 20 16 45 13 4 6 1
1 3 1 3 2 1
1
1
12 9 17 16 18 8 3 2 22 4 9 7 2 7 1 1 4
2 1
4 52 66 10 14 23 2 3 5 11 5 13 8 12 5
3 2 4 3 6 46 1 2 7 9 59 9 28 2
4 27 4 29 4 10 1
2 1 5 5 2 4 5
1 1 1 1 1 2 1 2
1
1
2
1
1 2 2
1
1 5 2 8 2
2 2 10 2 1
1
8 6 7 7 7 2 1 6 8 10 4 2 1 1 1
1
9 4 6 8 2 6 10 8 6 2 1
12 2 7 22 8 109 5 15 25 23 10 10 4 9
6 2 1 21 4 9 19 9 3 5 5 6 3 4 5 1
1

6 13 90 52 146 37 20 61 40 44 100 75 32 37 2

o]
[N
N a

2 2 1 1
2 6 2 1
2
2 1 1 4 4 1 2 2 3 2 2 1
1
1 2 2
2 1
1
1 4 16 8 4 6 2 7 6 10 2
1 1
2 1 1 3
8 2 4 5 2 4 2 3 1
1 1
2
2 2 1 1 1 1 1 3
2 1 2 1 1
1
3
2 4 16 27 25 11 1 1 2 22 2 13 20 15 5 3
2 2 1 2 1
1 1 2 1

193 207 375 352 505 303 116 11 76 257 441 359 204 158 277 268 90 162 26
220 145 086 135 112 123 106 126 162 207 255 172 185 224 206 147 330 368 243
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 1
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