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Salinity changes during the Late Holocene
at coastal brackish lakesin Japan

Kaoru Kashima'

Abstract: To confirm the influence by the global climatic changes and sea level fluctuations to
lake environment, we obtained undisturbed vertical core sections of sediments using drilling
equipments at several brackish lagoons in Japan. The diatom-inferred salinity reconstruction
for these brackish lagoons provides an excellent example of long-term salinity measurements

during the Holocene.

At Lake Hamana and Lake Kasumigaura, a series of environmental oscillations with 700-
1200 years intervals between fresh water, brackish to marine episodes followed after the
eruption of Akahoya Asi6300y. BP. They have presumably varied substantially due to sea

level fluctuations within the Late Holocene.

On the other hand, at Lake Shinji, a very closed tidal flat, where diatom valves are rarely
preserved in sediments, continued for thousands of years after the eruption of Akahoya Ash

(6300y. BP.
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Water quality tendency in Nakaura channel, the outlet of
L ake Nakaumi, Japan

Nobutaka Uno', Hidenori Tanaka’, Taisuke Ohtsuka’,
Katsumi Takayasu® and K azuyasu Ayukawa’

Abstract: Salinity, dissolved oxygen and water temperature were continuously measured in the
Nakaura channel, the outlet of the Lake Nakaumi, from April 1, 1999 to April 4, 2000. The
measurements are carried out near the surface deep and near the bottorfil1 m deep . As

a result, the salinity showed large daily and seasonal variation near the surface, whereas it was
comparatively steady near the bottom. Fast Fourier transformation analysis detected its periodic
fluctuation with the cycle of 12.52 hours near the surface, and 12.36—and 25.52 hours near the
bottom, suggesting influence by tide. The salinity near the bottom also showed 14- and 28
days cycle, corresponding to the lunar tidal changes. Near the bottom, the temperature and the
dissolved oxygen also showed periodic pattern corresponding to the tide. In contrast, they
showed clear daily cycle near the surface.

Key words: Nakaura channel, continuously observation of water quality, daily and seasonal
variation of water quality, tidal changes, Fast Fourier transformation analysis
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Monitoring primary production in Lake Shinji
using satellite remote sensing

Yuji Sakuno', Tsuneo Matsunaga’, Katsumi Takayasu®, Hidenobu K unii®,
Mikio Nakamura' and Shuichi Rokugawa’

Abstract: To monitor the gross primary productidi®,) in Lake Shinji, a simple algorithm of

the Pg estimation using chlorophyll-&Chl.a) derived from satellite remote sensing data and
the maximum primary production per Chl(2°m) derived from the in—situ water temperature
(Tw) was proposed. Some assumptions for developing the algorithm were verified using field
survey data obtained in the lake, 1995-1998. And the algorithm was applied to images and Tw
data of different dates in the Lake. The following results were obtaingdihk area average
SPOT/HRV band ratio after offset removal showed high correlati@s0.98) for the area
average in—situ Chl.a.)2The primary production per Chl-8P®) almost reached saturation
(=P°®m) under the irradiance below 4@CEin/n¥/s condition. 3 The P°m showed relative

high correlatior{fR=0.71-0.73 for Tw. 4) The estimated?, using the algorithm changed within

the range of about 50-700 mgC/hr in the lake

Key words: Lake Shinji, monitoring, primary production, remote sensing
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Table1l Ranges of simultaneous water quality survey data
with satellite observation in Lake Shinji, 1995-1998.

Chl-a(ugfl) SS(mgh) Transparency(m) Temperature ("C)

No. Date Min-Max Min-Max Min-Max Min-Max

1 7 Nov.1985 19.2-29.3 3757 1.3-1.7 13.8-14.6

2 11 0ct. 1996 14.1-34.1 34-72 1.0-15 10.9-20.4

3  8Aug.1997 26.7-36.9 3.2-80 0.9-1.1 26.9-27.7

4 90ct.1997 36.7-68.8 6.8-105 0.7-1.0 19.8-20.9

5 3 Mar.1998 14117 3672 1.0-16 8.3-8.9

6 4 Mar.1998 4.2-82 2.4-84 1.3-1.5 8.4-9.1
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Fig.4 Example ofP-I curve at the center of Lake Shinji.
P andl data from Kunii (unpublished.
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Table 2 Original data primary production per chlorophyll<R°®), using the simulated in-situ method, chlorophyll-a
concentratioiChl.a) , and water temperature at the center of Lake Shinii, unpublished. Chl.a data are the averages

of values at 0 m and 1 m depths.

Gross primary production per Chl.a

(mg C/mg Chl.a/hr) Respiration T. Chla
Light intensity( « Ein/m?/s) 0 3.8 11.4 38 133 380 (mg C/mg Chi.a/hr) (C) (ugh)
1.Aug.94 0.00 -026 1.09 148 223 412 3.0 25.0 151
9.Sep.94 000 050 064 150 312 7.29 2.3 25.0 220
13.0ct.94 0.00 0.34 0.45 156 386 4.14 0.6 20.0 633
24 Nov.94 000 035 089 095 430 576 1.0 15.0 148
20.Dec.94 000 016 074 260 3.80 3.48 0.5 10.0 302
27.Jan.95 0.00 055 082 211 256 2.21 1.2 6.5 491
28.Feb.95 000 015 -009 200 1.88 0.81 25 65 126
29.Mar.95 0.00 -0.04 038 1.04 1.85 1.00 0.7 120 244
20.Apr.95 0.00 2.28 3.79 3.84 6.65 6.51 47 15.0 83
1.Jun.95 0.00 030 0.71 209 357 424 1.4 20.0 155
30.Jun.95 000 034 1.05 184 432 6.72 24 250 83
27.Jul.95 000 030 052 168 446 6.22 0.8 27.5 156
29.Aug.95 0.00 0.07 0.22 149 518 8.86 0.7 30.0 259
27.Sep.95 0.00 011 0.47 145 385 469 0.4 25.0 494
5.Nov.95 0.00 006 0.63 159 355 3.76 03 15.0 343
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Fig.5 P-I curves estimated fror® and| data for each
month between Aug.1994 and Nov.1995 in Lake ShiRiji.
and| data from Kunii (unpublished.
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#3 A 3-LILoTHEEBSNAKEMD Chl.ad
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HBMRE (R), RMSEEAE (RMSE). HAZ 1 P°m (mg C
Img Chl.a/hy, K, (x Ein/nf/s), RMSE (mg C/mg Chl.a
/hr).

Table3 Maximum primary production per chlorophyll-a
(P®m), P-I saturation parametefK,) in Lake Shinji
derived from equation 3—1, and correlation coefficiéR}
andRMS error (RMSE ). Unit: P®m (mg C/mg Chl.a/h,

Kl (p Ein/nt/s), RMSE (mg C/mg Chl.a/hr.

No. Date Pe. K, R RMSE
1 1Aug.1994 52 1212 099 0.5
2 9S8ep.1994 184 5854 0.99 0.3
3 130ct1994 52 73.0 096 0.4
4 24 Nov.1994 83 155.3 0.99 0.4
5 20Dec.1994 4.2 306 0.98 0.3
6 27Jan.1995 26 154  0.97 0.2
7 28Feb.1995 1.6 16.1 0.88 0.6
8 29Mar.1995 1.5 227 073 0.3
9 20Apr.1995 6.5 9.8 0.96 07

10 1Jun.1995 4.9 53.7 1.00 0.1
11 30Jun.1995 92 1441 1.00 0.2
12 27 Jul.1995 86 1365 1.00 02
13 29 Aug.1995 16.1 3053 1.00 0.2
14 27 Sep.1995 6.1 101.4 0.99 0.2
15 5 Nov.1995 4.6 626 0.99 0.2

Ave. 6.9 1222 0.3

SD 48 1499 0.2
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Fig.6 Typical P—I curves in Lake Shinji under three

different water temperature condition in Lake Shinj.
andl data from Kunii(unpublished.
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Fig.8 Seasonal change of the area average of the
estimated gross primary production using the proposed
method in Lake Shinji, 1995-1998.
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Study on the mechanism of the large amount death of Corbicula japonica |

Morihiro Aizaki', Ai Takahashi* and Keiko Yamaguchi*

Abstract: Corbicula japonica is a typical bivalve in blackish water environment in Japan and
is an important resource in fishery. It is also importance for nutrient circulation in blackish
water ecosystent. japonica has a high ability to tolerate the anoxic condition and adapt to
wide range of salinity concentration. However, a large amount deathjaponica occurred in
1997 in Lake Shinji, a representative lake for fisheryGofjaponica in Japan. We considered
that there are causes for this large amount death in addition to the final deterioration in their
health conditions.

For this study, several containers with different set of population densiti€s {dponica
were submerged in Ohashi River, an outflow of Lake Shinji, from the early August to the end
of October. Death rate in each container, tolerance ability and filtration ra& @dponica
were collected periodically from each container. The following results were obtaine@hd
death rate increased in high population densitZofaponica. 2) The filtration rate decreased
in high population density o€. japonica. 3) The tolerance ability for an anoxic condition
decreased in high population density@fjaponica. 4) These effects occurred in the population
of over 2000 ind./rhof C. japonica with ca. 2 cm length of shell size,) STolerance ability for
anoxic condition increased when water temperature decreased uriden@d little dead shells
were observed in October.)6The rapid decrease in dry flesh weight Gf japonica was
observed before the decrease of tolerance in anoxic condition, with increase in number of death
of C. japonica. It is concluded from these results that the health conditio@.g&ponica, such
as the decrease of flesh weight, seemed to be an important factor for decrease in tolerance, and
over population ofC. japonica in Lake Shinji before the large amount death in 1997 was
considered to be one of the cause of this phenomena.

Key words: Corbicula japonica, Lake Shinji, large amount death, population density, anoxic
tolerance
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Fig.5 Changes in the filtration rate @.japonica in each
experimental container submerged in Ohashi River.
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Fig.7 Changes in the excretion rate of NN by C.

japonica in the each container submerged in Ohashi River.
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Table 2. Median lethal timédays) in the experiment of
anoxic condition.

Date  [Exp. Temp.’C| No.1 No.2 No.3 No.4 No.5
13 Aug. 20 15 14 15 13 15
20 Aug. 20 9 12 9 7 9
26 Aug. 20 >9 >9 >9 >9 >9
3 Sep. 30 3 3 3 2 3
10 Sep. 25 4 4 4 4 3
20 Sep. 25 4 5 5 5 4
27 Sep. 25 8 9 6 ] 6
2 Oct. 25 7 8 7 7 7
9 Oct. 25 8 8 7 8 7
18 Oct. 25 10 9 11 9 10
25 Oct. 25 g 9 10 9 8
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Fig.8 Changes in the median lethal days@faponica in
the anoxic tolerance experiment.
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Study on the mechanism of the large amount death of Corbicula japonica Il

Kenji Suemitsu', Keiko Yamaguchi*and Morihiro Aizaki*

Abstract: Corbicula japonica is a typical brackish bivalve and plays an important role in the
brackish lake ecosystems. Large amount deatl.gfponica is a very serious problem for

both the fishery productivity and the water quality of brackish lakes. To make ways to avoid
the large amount death, it is required to establish some values to check the condition of the
bivalve. To clarify the value of the elements effective to check the conditio@. gaponica,

some experiments were carried out in this study. Seasonal changes of Condition Index defined
as an index representing the content richness of the skel\.F.D.W./ (shell lengthX shell
height X shell width) X1000), filtration rate and tolerance of anoxic condition, were
examined forC. japonica living in an artificial lagoon built beside the Lake Jinzai, Shimane
Prefecture, from March 2000 to January 2001. Although the Condition Index reduced largely
from May to September, the filtration rate and the tolerance of anoxic condition did not reduce
so apparently. It indicates that the artificial lagoon was kept in a comfortable conditi@ for
japonica through the experiment period. The Condition IndexCofaponica kept in an anoxic
condition artificially reduced rapidly. It appears that the large amount death occurs when the
reducing rate of the Condition Index becomes larger thés/@ay. In these cases of large
amount death, the filtration rate is reduced to under 0.1 L/id. The combination of these

two values may provide a guide to check the conditiorCofaponica and effective to predict

the large amount death.

Key words: Corbicula japonica, Condition Index, filtration rate, tolerance of anoxic condition,

seasonal change
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Fig.2 Seasonal change of wet weighy) and condition
index(g/cnt) for Corbicula japonica in the artificial lagoon.
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Fig.3 Filtration rate(l/ind. - hr) at 25C and Medial lethal
time (day) of C. japonica in the artificial lagoon.
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Fig.4 Changes in A temperature‘C) and B) salinity (psu) of the artificial lagoon water during the experimental period.
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Fig.5 Changes in concentration of Chl—-(ag/l) and

dissolved oxygerimg/l) of the artificial lagoon water during
the experimental period.
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Table 1 Changes in reducing rate of Condition Index, mortal rate and filtration rat€oolficula

japonica under experimental conditions.

Condition Reducing Reducing Death Filtration Rate
Index (g/cm’)  Ratio(%) Rate(%/day) Ratio(%) (I/Ind.*hr)

Anoxic Exp. Before 0.0343 - - - 0.097
3days  0.0335 2.23 0.78 0 0.083

S5days  0.0275 19.83 3.97 10 0.089

7days  0.0255 25.64 3.65 35 0.072

Unfeeding Exp.  Before 0.0170 - - - 0.147
After  0.0167 1.78 0.03 5 (2months)  0.063

Artificial Lagoon  May 0.0540 - - - 0.137
May to Sept Sept 0.0170 68.52 0.58 18 (4months) 0.145
Death Eventin  Before 0.0164 - - - 0.156
Aizaki et a/(2001) After  0.0135 17.09 3.42 17 (2weeks) 0.088
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Fig.6 Survival rate ofC. japonica in the artificial lagoon.
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The vertical change of size—-frequency distribution pattern of dead shells

Hidenori Tanaka*

Abstract: In Tsuyazaki tidal flat in North Kyushu, the sediment from the surface to the depth
of 50cm were collected at 10cm intervals. Shell siz&lwbonium moniliferum, Batilailia zonalis
andMacoma ingongrua, which were included in the sediment, were measured. The dead shells
were not greatly different from primary shell size—frequency distribution at the surface, at a
center of their habitation. This tendency was found in the dead shell at other depth also. On the
other hand, outside the habitat, the shell size distribution histogrd®n zmnalis showed right
backing away. At other depth, there was a little number of shells outside their habitat.
Therefore, histogram of dead shell size distribution does not show a tendency.

Key words: shell size, taphonomy, TAZ, Tsuyazaki tidal flat, vertical distribution
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Fig.1 Sample points and bottom sediment map.
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)., Y AT ZDHEREARYI=ZFOEH
VWRONG, T, IaT7<EINY FIRIZGHT 5.
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EEOFHERIZ8.8mMmMT, /ML 6.6 M T
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Fig.2 Size-frequency distribution pattern dfmbonium moniliferum.
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Fig.3 Size—frequency distribution pattern Bétilalia zonalis.
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Fig.4 Size—frequency distribution pattern facoma ingongura.
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1359.9% CTHo72. TS DEBOFHEREIL 3.9
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VI M)A DBEEITIIEREENTBY) &TxE
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WA XD A N7 T LIFHI - 7 f# ] E 7R &
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40-50 cm . A KR ¥ Y TOEFE T 48591 K& T
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V=27 L7221 A NS0 L T0w5 (X
2). 4KRYI=FOEIL 1654FKETNTBY,
SEaREMRI 339 LD - 72, FHOBEIEZIL 79.5%
Tholz. TNHLOBEBOFHERIT3.2mmT,
"/MET20mMmmMTHRAIZI3MMTH -7z, & A
Z5AiiE2mmy A X2 -2 L LA T2 ) OH
MO A7 I0% L TWA (¥3). EXYT b
) A OERIL 106G ENTEY, Eanff
(X 43R TH - 7. BOWIEHEIL 59.4% TH > 72,
NS DB OFIEEEIE 16.0 mmT, /it 8.7
mm Cic KX 23.1mmTdHh o 72, 51 X546t 16
mmib A XzE—27 & LR IIO R NI 0%
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F(31093.2% Thol. TNOLOEFOFEHHEEIT
6.5 mmT, f/MMI2.2mmTERAIZ13.9mMmTH -
72, BV A X54AIEZ3mmE 11l mmy 4 X% ¥ —
sl L7z2IIBlO AN ST L TW0A (K2).
AR IZFOEBRITEAEINTBY, B4
AR 7 A TH - 72 BOBIERIL 58.8% T
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Lhnicd, LA NI ARERE RS W (K
3). LAVTMNIAADEFHIIELGEITNTVE
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20-30cm : £ R¥FH T EE L 889k S T h
THY, BRI I72ERTH - 72, FROWEE
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DHEINBOE A N7 I L% LTWS (M2). 1KY
IS OEFITISIEHRETINTE Y, TEs g
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R I = FOEBIESI3EAREEINTEY, Tk
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NEZ20mmTHERRIZ12.7mmTH o 72, # A4 X
SGATIE 2mmH A X2 ¥ —27 L LA TA) OHl
BOv A7 I0% LT (M3). eAYF MY
A OB 8MHAEEGEINTEY, TaeLfikt 4
R TH - 7. HOWIEFEIZE0% THo7/z. i
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TRAKIZ19.8mMmTdH - 72, AR D W20
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A new discovery on the halocline behaviour At Lake Nakaumi
—from 1996 observation by the echo—sounding instrument settled on lake bottom

Takao Tokuoka', Yoshikazu Sampei, Naotaka Itasaka and Takeshi Kamei

Abstract: To investigate the halocline behaviour and water quality in brackish lakes and
estuaries, we have already developed a long—-term observation system. The system consists of
an acoustic observation system and it measures acoustic reflection caused by the rapid change
of acoustic impedance at the boundary of the halocline in water. Long—term observations using
the system were successfully carried out in Lake Nakaumi. Salinity, pH, dissolved oxygen,
water temperature, and water flow rate and direction were also investigated by the other
equipments. The results suggest that the halocline is easily moved and its behaviour is
influenced by wind significantly. In addition, a simplified model of the halocline behaviour
with the wind velocity and the distribution of salinity has been developed. Through the data
presented in this paper, the importance of integrated studies of halocline bahaviour, and the
usefulness of the long—-term observation system.

Key words: acoustic observation, brackish lake, halocline, Lake Nakaumi, Lake Shiniji
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Fig.2 Concept of the observation system for halocline behavior.
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Fig.3 Appearance of the transducer fixed on the lake
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Fig.6 Graphics of a time series data of acoustic profile at
the center of the lakéTokuokaet al ., 1996 .
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Fig.8 “Windless day”, “a breeze day”, “medium-windy
day” Graphics of the time series data of acoustic profile at
the center of the lake T-3.
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Saline wedge at River Gonokawa, Shimane Pref., Japan

—Saline water intrusion at estuary river and its relation to the underground water—

(Observation at a period of water shortage during Dec. 1999-Feb.2000

Takao Tokuoka!, Yoshikazu Sampei, Hiroyoshi Uend’, Kiyokazu Nishimura®, Akira Suzaki*,

Shigeo Matsudd, Shunsuke Kubotd, Shigenori Suzuki, and Tatsuhiko lkeda’

Abstract: A new monitoring system for the observations of spatial and temporal movement of
halocline occurring at boundary between fresh wittes low—salinity waterand salt watefthe
high-salinity water has been developed and applied since 1992. The saline Wsalgewater
intrusion along the bottom of rivgthas been observed at the lower stream of River Gonokawa
of Shimane Prefecture since 1997, and when discharge rate decreased belds 501999,

we observed for two months that the head of saline wedge invaded up to 7.2 km. A
groundwater well was installed at the riverbank for the observation of groundwater system.
The well is 50 m in length and penetrates the alluvial sand and gravels. The preliminary results
from this observation well indicate that the boundary between saline and fresh water in adjacent
subsurface aquifer system moves downward when the discharge rate at the river increases.
Consequently the movement of saline wedge is positively related with the boundary between
saline and fresh water in subsurface aquifer system.

Key words: saline wedge, halocline, groundwater, Gonokawa

1.3 0 ®IC R L CoRERE2 5 L7 (fEfIZA, 1999bh. &
NIZH] & Hive T 19994F 12 A 7 5 20004F 2 H 1245

LN OIEREOBLHANC D\ TIX 19984 12 A 7 KW OB 247V, FEE @A IR KA -5

5 19994 2 H 2T T DK & FEEL I AR o % LEPH I FRICEESOmMOF T 2% E L CH T

® N o o A W N e

BT AB 4% Faculty of Science and Technology, Shimane University, Matsue 690-8504, Japan

ek e B KRB K R 5E R Japan Advanced Institute of Science and Technology in Hokuriku
W AT E A Marine Geology Department, Geological Survey of Japan

T AREHM Senbon Denki Co., Ltd.

7 —/N7 v 7#) Clovertech Inc.

W7 A - 4—+ A7 L Y.0.Systems Inc.

e RAETE  The Tsurumi-Seiki Co., Ltd.

1284 v 7 e )R i T8 %P7 Hamada Branch, Ministry of Land, Infrastructure and Transport

67



68 TERI P - =HRAN - REFEDY - VORNERD - ZHl 0 - ASHEER - ATRERES - S5AREH - HBEE

WP ST BRI DWW T o f il % 17
W, K EE T oK E DB Z DR EIEZ S
L7z LONNEESRAR (EABE) o &)
WINOARIZBIT BENRBIELTLMBNT
W (72 & 2 X - B, 1996, EH SO 7V —
T3 19974EEE 0 L BLIR SR OB ZE & & b ICEIM %
ToTE&TW5D (flifgi32>, 19988 X 181999 3.
LONTIE, HEAIZEF L2 5 4~7 km O F
BT, EKERICIEI2 5 8.2 kmild 5 AR D
WCETEY, KgAK z#z Tl ET 5.
19984FFEITIXIM 20 & O ik 7.4 km#b 17 2 X — X
L L, 6.4~7.6 kmD#HiFHTEIE A AT\, TR
(i E) & FARM ERRSL & ORIFR 2 M3 L 72, 19994F
FEIXEK (2 D31 50 nils) A3tE - 72 19994 12
RGO 5 RIZDORD 3 DD 24T - 72, BLllH:
A LIRY.

2.GRAEDHE

2-1.f1 £ H 5 DEEREIC & B1BKEZDOERAE
W2 S ARTEOWIZE D HPHIZOWT, HKEEE
BIRAL L AT L SC-3RI 2 B L 72 SC-3 RH! (T
BRI SHE, SREERIE 7 u— T v 7R A
FH#) 12 & o THABO S E IR O B % 51 3 1]
(1999.9.10 10.27, 12.4) 17> 7. F7z, JIIRETD
EEFMOKE (RE - BXERE - 15 - pH-
DO) HIE % &l & b 4 Hi i CTIr - 72,

2-2. JIIFREXBRERR IC L B AED 5 7.4~8.2km &
TOERFEEA

AUAERE (fE[Z 7, 1999 & [H L < 7.4 kmHisi%x

FEE L TEAKDIET - 72 19994F 12 AHDH 5

20004 2 HiZh ) CElfmBlill #4772 R L 72

BRI TOEBY T, REIIH/TZoTIEAF 2 —

INTALY Y T bR EITo 7.
KRR S 2 7 4 SC-28 (IR, o
¥4 ) (TARERRASHE)

 SEIKBLE A Y AT L CL=2 Bl B X U 72128k
Ban7zCL-3B (JIURxE, £ 77403 (7
0 —/N7 v 7 BRI S )

C KR - BAILERE - R NETAYIVT CT L
2 (BRA SRR RS AR L)

<67 7 A NIRRT RN S A 7 4 DTS-80 (#
XA TA - F— - VAT LH

- IC A E Y A & /NEUKIREEF WaDaR (BR 248 FL
it £

T L i (A
A \ )

o o Sl : '

RGN 27 > :

¥4 S S '\ ¥, :

TS EEY, Q0T RNRNIEL |/

(7.4=8.2km)_/

s

e F Yo/
%ka%i B - e
: v Rl (8.65km)
JR =T T \Q“

G NIRRT
S8R B SRt %

i
.\» %

1 km
th -
“ l ) &
1 IO FREOMAE S

B 1 JLONNZ BT B K LA X L # T
IR BRI H DAL .

Fig.1 Index map showing observed area of the lower
stream of R. Gonokawa and the site of the observation
well.

- FIATREET (X ® Y — W EET ACM-16 M %,
7Ly ETH)

2-3. MATERRIFH T Dt T K ER A

T D Ve KB XK 2SI B L 2 AR T A
(LONATE, 55 O B 8.65 km D3R5 112
HE 50 mOEMH & 19994F 10 A 12i% & L (GL
14.63m L, 5[8](1999.10.27 11.18 12.3 2000.1.8
2.3) DKL - KE (IEE - ERIRERE - 5 - pH-
DO) DMlE % T o7, FroifMEEsNzHEFRH~ IV
F CT 4 ()t 312 X B KAL) E 25 B A &
THZEZOHA - TARIZL S ; GL S DfE  CT
1, -37.5m; CT2, -40.5m; CT3, -41.5m; CT 4,
-425m; CT5, -45.5m; Kfi+ >4, —19.5m;
WE R EIFE, 545) % ki LT 35 HIA (1999.12.3
H ~2000.1.7 O#Efeill %475 72,

.IAERER

3-1. fit £ 5 DEEREIC & BIRKROER

Ve KBS W EAT B, SC-1R1 2 2k L L 72 SC-3 R
WA - 72, sC-3id i Em#E sk o SC-
1B O FZAREE & L CTRE M % H 72 &2 G FR Ay
<, INIRBEALE Ny T —HEMEHNE LTT
REBHASHICI VB SN TH L. i
R OFLERI, BEEGIEAKIC 10T E NS
L eI, FNEE V) AETE L DI, THE
FleE LTINS, s IIMES 2 FIH
FTHI LX), FYUSNVNERAND T — 5 T
BHIATH 2 EDuRETH 4. 1999.9.10 10.27, 12.4



LD DKL
— WKW L& F o Lo TEK & ORFR — (19994F 12 H ~20004 2 A) 69

A ON.1 B A REMS
o—-— OFF,1 AARREFAAES
® CT.1 EF-E4 BREELL
HETZRIY -

X3 ANT-Th

O 3 [ OFRAT T & 7K EIRFUE F N Eh
5.2km, 8.2km 7.0kmT&» - 7z. /KM ERF I
HIET HILON O EOZEA (K5) & LAl
TW5.12 H 4 HORek% K 1-1 1R 7.
INSHOBITIEZENEFNEZIST T &R LT
& AT E EATKEMEEZITTo T A, HREHE
TSk (M 1-1) D e I2Rd. 2R &
N5 RSB FUI S S CERE IR W2 SN A
BOBETAMEIZLICHLEL TS, WTFhob;
AHWLRIIHICBNTAY 2 A7ZHEKIL 25 PSU
PExfRoTnWT, Ezimh bk ERBEIZTHV
ZENDbRL, T, EICbIo T FT 5K

ez B ALE .
Fig.2 Map showing observed area for saline wedge by various euipments.

W2 > T LOERDHEID & 5 AHGE (GHAT) A°
gz, & NRIIEDS T I D o THRAD
EEFTFOANETALT LAY TERDZE L\,

3-2. )IIFREXBRERRIC L 2 AED 5 7.4~8.2km Hi &
TOERFEEA
ERKINCGRET A2 2RO > T12H 4 HITH
wEM20 L) ICHREL, SN E G L. R
B L CIIBBRELZITo72 1240256 HIC
2T TOBEDEIIZ S - & b REDT U 7212
H12oTWT, 50nt/s % Tl 7228, ZFDEILiH
BOGLAMZ Twol, EN30M/sIEEE T



70 fERIFEED - —EA - EBPESY - VOATEAD - JHE R - ARG - AGRIIRES - SvRES - IS

BfR 1 (1~7)

| - ¥ g gty o
(S, ¥ ] i IE

180

neapseim)

£
5
H

soae

n.....-,-m,-...um.
1888/12/04 oBi4b

1om o T
1-1 {LONIOFEAM (19994 12 A 4 HOfeR). FETU7741) ¥ 7Y A5 4 SC-3R
RN X 2 iRIEBE A

Temperature("C)

W10 m10-11 mi1=-12 wmi2-13 13=14 mi14-15 m15-16 mI6=17 m17-18
FoDA LHEE N moescEm 770w 28 108e

] ! 1 i i 1989/12/4 12200 1995/12/5 0:00  1999/12/5 1200  1999/12/6 000 1999/12/6 12:00

) ' Date
1-2 JIREE A ~ T 14 %42 E ON 1, ON2,0N 3 . N .
c:%ﬂ@%;;é%mﬁﬁ: (19§9$ 1|5H 4H~6H). 1-5 67 7 4 /N2 & B 3K B RO IR IR D RF2E

24l (19994E 12 4 H~6 H.)

20 360
—TI{°C)
—T2%C)
— T3
270
TR .
£ B
g z 180
E =
g 10
80
5 ]
1899,/12/4 12:00 1598/12/5 0:00 1908/12/5 12:00 1999,/12/8 0:00 1988/12/6 12:00 1999/12/4 1200 1989/12/5 0:00 1998/12/5 12:00 1985/12/6 0:00 1960,/12/6 12:00
Date Date
1-3 VT CT & I & B HERY] EREOJIRIRE 1-6 X ) —EHEETT ACM 12 X 2 5K B0
24k (19994E 12 H 4 H~6H). TR OB E AL (199942 12 A 4 H~6 H).
an 25
—S1PSU)
—s2(PsU} AT ey,
* — SKPEL} 20
— s4(PsL) —351
20 — S5{PSU) —82
7 PR —5
g = 54
z 15 z — &5
'T% % o
w 'Iﬂ 1] “
’ 5 Il
1999.!012."-1 12:00 999/12.-"5 0:00 1999/12/5 12:00 1999126 0:00 1908./12/6 12:00 n12.f| 121 128 12/ 1710 1720 1730 2/9
Date Date
1-4 <)VF CT & v X B EEKB BRI RIES 1-7 WHEEHO 5 HTOIFH~IVF CT 4
24t (199942 121 4H~6 H). 12 & BRSO GBI (19994 12 ] 4 H ~ 20004 2

H3H)



LD D&KL
— KW EE F 0 EFEOMTIEKE OBRE — (19994F 12 H ~20004F 2 A) 71

THHZ e #EFELID, FTERL Do 7.
L2L%AHS, 12H 4~6 HIZ2 T COEDRED
DR, FREOHWDNE T TOEKP_ LB S
72, ZORERIZOWTLTIZHR RS,

(1) ks EEA S 2 7 4 (SC-2al, JIIRZE
T4 A, TAREHRRE) 12X 2 REEFORER
I ZEAL DT

Pzt 34 (ON1, 2, 3) BNENENT—T
TEGEIIHEFE LT, &b, A0MEgH Lok
BRI DEtgRE b L 912 SC-28IAH 5 SC-
2afliC B L7z zlem e AL, ZhFno
EZ WO E L REIDTOEBY THA.

W26 O gk KR
ON1 7.70 km 10.0m
ON 2 7.55 km 8.0m
ON 3 7.45 km 8.7m

HHir e QPEMBIE 25 TH A, ARIOEH
HMIZZFNZENGT 240 TH 5. B B2
TOWFRED 50 /s &Y > THREDWEIZE 5 FE K
A Z 572 19994F 12 H 4~6 H @ ON 1 D itk
I 1-212RT. BRERII/R L TWZ 2%, ON 3,
ON 2, ON 1 DNEIZNIEK 2 vy EAS5 H KB o i
Wd-o7-2 &, T3 LSRRI EiRicED
L7205 CRIEBE R E O AR < 7 5 2 & 2
5, WKDBEENHE LTV &, REWDbDPS.

(2) R E R KBS EEAES AT 4 (CL-2 8
T CL-38I, NIKHFEF 774 v, 7a—"F v
78 12 & B PR ORERFI 2L O Bl

WEAEEE ICBASS S 7z CL-2 B (&R0 B &
Ny T —EEhE LoF F, GUERERD A % [ ICEE
BILYATL) B ad & ICKEHRIZ L Y
ERICIER A 720D R EH 5 721KiEE V2

AIRATZCL=-3F % & H W CTHEI Z 17> 72, Bl
HEMBEMUTOLEBY)THA.
W2 & O IR
OFF 1 8.10 km 8.5m
OFF 2 5.50 km 8.0m
OFF 3 2.00 km 8.4m

EHMIEAR XL OFF 1 & OFF 228 CL-3®IT 33 H,
OFF32SCL-2BIB XU CL-3BIT61HTHA. ¥
3 CL-3MIC X B2 5 55 km#i i TR 6 17z
WIS & o TIREY 9 A 38 5L 0 M ft it &% (1999
#£12H 6~11H) Z/R7.

X3 HERBEEREA Y AT L CL-3 M (IR E, +
774 »3) OFF 23wtk (145 5.5 km, 1999
£ 124 6 H~20004- 1 H 8 H).

Fig.3 A record of saline wedge by the underwater acoustic
refletion measurement system of Off-line Model CL-2.

(3) K, BEREEETHET LYY (FVFCT
bW, RS 12X B IR 5 A T O
2L o f i 2

~IIVF CT & VLo oK EEH O 72
(CHBFUREPRIC X o TR 9O EEICRKIES I, ZOH
FEREIIMZAONTELDIDTHA. EE 700 m
D% — T IVICIRE - BRLENE Y V% 5%
L, NEE < JIED?S 15em b)) DK - BE
CEIE 2 e L, WSS (PSU) A
THEHBEE o TV D, K7 7 A NDOHHIZITIEF
T35 L)1 =7 VOO0 5 OHilE 7.55
km~7.81 kmdDJIJEIZfT\v, L% 548 (CT1, CT

2, CT3, CT4, CT5 #&ELA. ZHATOH
ElX5THETH 5.
W25 O FREE IR
CT1 7.55 km 8.0m
CT2 7.63 km 8.0m
CT3 7.68 km 8.6m
CT4 7.76 km 8.8 m
CT5 7.81 km 9.9m

19994E 12 § 4 H~6 H DKl EH 0 iRE B X
U oftske 2N ENHM 1-3 8 L U 1-4 TR
=

LI O RINEITR S —%T 52 &
5, WAKBOBEZMDLZENTES,

()7 7 A4 NRRESAFHI > A 7 24 DTS-8Q #H)
TA - F = VAT LN X BIETORKESA D
T E

R 9, 104FFE & FARICHEA L7267 7 A 233U
AR Y AT 2 1RO T 7 A N =TT
% OEORBEREN RS, L2d #0142



72 il ] P -
H. A= ho1mIt
WIREEASHIE S, KB
4 km O#iPHT+0.2C
ThHAhH. SERIZMO25D
PH BE 7.45~ 8.25 km |2 b
72> T4 E 1000 mCiRE
L7z, %X 555 EE T,
B R 12 19994F 12 ] 4
H~20004 1 H 7 HDF
34 HTH5. Kim2C T

WX ->TH T —FRL
7219994 12 H 4~6 HD
R Z W 1-512R7. %
B, K77 ANNTr—=7)IZ
Ik F—r D0 R
F Ly 7 DZOIZIC AE
)R NI KR FE (TS
WaDaR, # FAEHE#, R
FEtoH—3I 25, HlE
#H Pl —2~35C, HFE X
0.022C) % 24 (T2, T
2) 12, 7 7 A NI EK
LCHBEBLTHMELTWY
T, 7 7 AN & BIRE
HEGKEETH L Z & 2 hE
FALTW5

(5) VLM EET 12 & 2 K -
FRlE] - EE O HE el E

X ® Y — B E
ACM-16 M (7L v 7 7&
T-3) & E P EAR ON 1
Dt < (7.55 kmi#th B, K
#8l1m IZFkE L, 1999
£ 12H 4 H~20004E 1 H
7 HOEF 34 H, Hl%EHFE 20
SECE AT 72 12 A
A~6 HD T — % % X 1-
6 IZ/RT.

(6) YLD NI DK -

km) @ 1K Z & DAKAL -

HRE M R R THEFEBEICX D) (12
THAKWHERO12A40~6 HDOT— %X 4 B

Y5 ITRT.

IJILE ﬂﬁ
FAW R oYL o) o NNEBEET G225 9.1

SERAN - REFETS - PRNEA

-l MR - ARHEHEETS - APREIRES - SvAREE - MHEEZ

JUFEIKGZ: 1999.12.04-2000.02.03

25 ! I
E
°
3
L 1
[5}
g 1 —
; i
|
05 [ :
o L . ; ‘ ‘
12/1 12/11 12/21 12/31 1/10 1/20 1/30 2/9
Date
B4 JIEIZBIT KA (19994F 12 1 H ~20004E 1 28 H, [+ 758 @4 it
HITHABIIILS).
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Long—term observation of high—saline watermass
at River Oohashigawa,, Shimane Pref., JaparObservation in Autumn, 1999

Takao Tokuoka', Yoshikazu Sampei, Hiroyoshi Uend’, Kiyokazu Nishimura®,
Akira Suzaki*, Shigeo Matsuda, Shunsuke Kubota and Shigenori Suzuki

Abstract : A long-term observation system has been developed by the present writers since
1992. The system consists of several sub—-systems such as an acousic reflection profiling
system for spatial disribution survey of haloclin®lodel SC-3, an underwater acoustic
reflection measurement systems for long—term observation of halocline beha@outline

mode Model SC-2 and Off-line mode CL>2a thermometry system using optical fiber
distrituted temprature sensodel DTS-80 and a temperature salinity measurement system
using multiple CT sensoréModel MCTH-2). The observations was successfully carried out
from Sept. 30 to Nov. 2 at the middle part of River Ohashigawa in addition to the ship—survey

using Model SC-3.

Key words: halocline, saline wedge, oxygen—poor water mass, Lakes Nakaumi and Shinji,R.
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Fig.3 Vertical profiles of temperature and salinity at
various points in Lakes Nakaumi and Shinji



84 TERRRETS - =HREA - EEFEDT - POATTERD - ZHIG M - AREHEEE - APREIRES - SRAREE

KHWOBZIZINSHICL o THEI SN TWS, Hilg
TIKEIDH D IR PHFET LI LIER
CHMILNTWAEZ LT, M2 THHEEMIZLEHR
ENTWE, KEF—2E5bE Tk LThD
&, T 30 PSUZ 2 5 B3 /Ko F1Z 20
PSURI OIS A E R > Tnd LRz b, T2
L, ¥ —Th100EREY LTV bIFTIER
{, W ODORIRI 2 E RO SN L. KGN
DA\ TH - @RS OBEFRE A% % -
THLHBIZOWTIRBASL A TRV, KIFIITIEs:
T S ORI & DM ORI X - THE
2 ENDRRO S, W - EESRE OB ST
7\ RS, il T8 O R KSR B E VS O TH 03
DETELTWT, ZOETIEEEORES KL
RELTWELD LRSS, g KHIE I
X D VETIESE A 2> 5 ORIE S KL R X -
CEATICE ZHI VL) OFLNA R SN 555, KHD
LA T, SMIORNOEEN L 5B
S i TIEE BRSO KB IHBRIC 2 D), kG
DTICETHIEGKEIEL TV ED0005. F
Wiz 5 L diEl 2 H42 A L 7 RS RIEOFE K
MOl OMEICETEL TS, EoiE
GrKBRIE 5 PSURREE T, BICAT I TP
HIES KB ERAE L CHEESOH 72D TiL8~9
PSUE o TW 5,

Il

32 JIREZBER D BHEERIC & 2 BEERER

BT LIRS X ) IR E L CEb i &
f1o7-.

(1) HE KBS EEREEA > A7 4 (F 514 3, SC
-2 &)

FHOPE LAEIZFHE 3H % F 21 400, 200,
2007 — 7N Tk L CBllZir-72. 961
BIIAFHT, 255(ON2, ON3) T10H 1 H» 5 11
H2HZT, #hEh 25 HMOHEEET— % 23155
N7z, =KD H B DIET— 7 EERHFEDO T 7
WIZE D, —BFICHY) AAADHRF EN/2720Th
L. ON2D#ERZ T LT 41277, HEdhidox
R, MR TH B, P2 S OEAKEE (400
DT 3-1 TR 7 3k BE) DR AL 52
EREONR2SDE LAY TREN, 220
BB FEEREORET 2 OHETRENS, BR
2K F CTE L TW» A 5a3hiEs kit Bk
DUEITAKEICEF CTEL TCWAI LR, FNAETIC
HHEEIIEF DO AT E kS H 2 L ER L
TWh, —fFEIcwd & EKRBOBRADITD 25

BED S L) vy —TREREPBIE S NDEED
v, IS 0BRSS, S, 12T 1H 1EOHEK
BMORBA - BEBVEH - bbb, ON22 5
ACEPEEE L L CH 160 mEEIL CREE L7 ON3 T
b, I ZIZFEMOREIEONTVS, WHOFEE
R OB & O SO BB HE % HH 5
HZENHRETH 5.

(2) KB BB RE R > A7 4 (7 914 VR, CL
-3 %)

L ARBETO 1B X O SIS S0 2 #i
(K1) IcfkE % LB 24T\, TN 32 HIH
DT — 5 b N7z FEBRE O L
DF T4 DENERIEET B ERRAEHHTH 5
B, Ny TUV—HNEFRTHL I Ens, E£ZIIT
DRETEXALFEND AL, 72, KRIZDOWTHFE
BRICEAICE 2 X912 TWwh, T2 TIREHEER
LTS, 41, KO 7 ShaE NI X
HNTHA.

(3) ¥ VFCTEH

700mMEDTr — 7V CTHEREI N2 5D (CT
1, CT2 CT3 CT4 CT5 2#K1DLHIZHkE
LTBMlz T o7z, RERICCTLRIATTH S Z
EbMY, CT2~5TENFNE 29 HHDmE
LI ICDOWTOEGET =y Wb, B, &
HCTT— 7 IERDOBED b T 7V TRl & 7% -
TWwh., MO CT2~CT4DRE L IES D7 —
7 %5 LK 612RT.

CT2~CT4 I ZEMHEHEICLT240mTH Y, )l
PRICERE L TV TKRIEDENSE /NS VDT, k-
WaeblEEALRUZALZE L TWAEZ | & bh
L. LS T A L [F LNy — 2 TR
BEALELTWAZ ENS, KT L ITHEE - H5
WERL o TWDEZ Db b, HEORRYIZEIE
MEDZN LT A LHETHY, 5PSUIRRE &
17~24PSUDBTAA v F L T\W5, FiEIEE
N2 & KAB N % 5 B ARIE KB, #2813 il
PO ET A HESKIORETH L Z L DHS 9
THhb. Lo (1) OFBIZ X B - dhEiEs kst
DRA - %8 (X 4) LT 5 & Z2DEIDIY —
VI —HLTWwW A ERS, WHIEE
CHEZIMATWAZ LPHLNATH A,

() 67 7 4/ SRERAFI S A7 4
ER10kMO7 7 A NEM 1O &) IZEEL, &



KABINZ B 2 EE A OB REETH (19994EFK)

10/10
10/24

10/09
10/23

10/22

10/08

10/21

10/07

10/20

10/06

10/19

10,05

10/18

10,/04

10/17

10/03

pid
&
]
"
= - e og E
¥
M4 KENEHOWE L DONKICEH B SC-28 (> I 4 X)) 12X B EHESKIEOFHE A

FCfk (19994E9 H 30 H~11H 2 H)
Fig.4 A record of the behavior of high-saline water atYatanowatasi point by SGept.30~Nov.2, 1999

85



86 TERRRETS - =HREA - EEFEDT - VORISR - ZHi M - AR - ATREIRE - SAREE

MultiCT: K4EJ1l, 1999.09.30-11.02

30
—T2
—T3
— T4
. —T5.
52 - —
°
E ﬂﬁwkwvfwj\
©
: Ay
AT
15 ‘ ‘
9/30 10/5 10/10  10/15  10/20  10/25  10/30 11/4

Date

M5 ~)F CT &k KIENIIRIZB T ZIREDRERYIZAL (19994 9 H 30H~11H 2 H)
Fig.5 Time series data of temperature at the bottom of R. Oohasi by Multi-CT sé8ept.30~Nov.2, 1999

MultiCT: X45J1l, 1999.09.30-11.02

30 [ ‘ i
‘ | M—w\
i \ | —S3] i
25 | | | —S4i T
‘ | —§5, F
20 i - -
3 ' | A \ |
D
a | \\
RS ) 1
£
5 1] |
» !
10 — fr
| l
5| Y- (SRS -
{ ! !
9/30 10/5 10/10 10/15 10/20 10/25 10/30 11/4

Date

6 ~F CT ik 2 KGRI BIT 535 ORR5IZEL (1999429 H 30 H~11H 2 H)
Fig.6 Time series data of salinity at the bottom of R. Oohasi by Multi-CT sefSept.30~Nov.2, 1999

33HM DM L 2w 7 — F g b7z, JIRT TIRSINTERUBREZRITVD Z LD N 5.

DT 7 ANDOEEFEIZ 1050 mT, 77 4/%1m

MR CTE4Z & CRET— 7 I Nz, 2hs (5) A -E) BTG

% 05C TE X o THGME L 728 RE2 X 7 12 B 1R d#HET

RY (T — U ER T2, 2001% &), Eid TR D L ERA S S Tz,

(3) TIREZR L LA ZLIIFID L TWAE T Enb, IR
ORI H SN DEELELDIN Y — 13 (1) K UT(3)

7t 33 HHOHLE, W, mE,
TRz X LOTHEBIC



KGN BT 5 E3E 5K OB EEEI (19994FFk) 87

AOHSOIER (km)

D yémi)

Wy

7 677452 X2 KRIENIRIC B 2 IREOREZZAL (199949 H 30H~11H 2 H)
Fig.7 Time series data of temperature at the bottom of R. Oohasi by Optical fiber S&eur30~Nov.2, 1999

4. BIRBAKEKERARIZICL S
PRI KRS T OEE & DL

AL R TSSO BUHFE 7 % 5%l L C O fe @l
W OKEA2S 1, 3, 6mI & DIREE - i - BE-
BAFERE B L ORI - il &) 2Mrbih, 20k
FUIKEERE L TCERS L ICHEFEN TS, &
DERIFEZ S OBHOEH BT EHELSE
BRE Lo T0D, KERBHGIZLLET—7 05
WAic o, Rl & FERICEAEIL L T 9 12T,
X6 OKENHREOT—F LT 5E, 22T
RIS A G T A KRBRIZIE T A D & 15~22
PSUTH O, Rl AT ARG KILILH 4
PSUTH» 5. MMZET LI EIZEoT, KiE
N F CRES A HIES KD ) Hon o
PINLRAEICETEET L L 05D 0 5.

5.1999 £ 10 A 22 HOKEINICH TS
IKIBDE)E

100 22 HICIZEABREE O 774 ) Y 7V A
T AU & o THlED S KGN &2 THEMNICE 5K
BREE DS O iz sz (1 2). HifEh 5 KRG~
TEA L7 kK SRIEEHOWE L 2z 72572 0 2
OREBIIAKBROIEDBHE & 22 ), 22 HD 111 10
B RIEE MR 725720 12 F DKM IE LT
w5 (X10). ZOH 1HBEOKENOFIEROE
BB X EGHT L TOKRID ) T E 2DV THEE]
HWALED T — % %[ 11~15 2783, HEEA M E
SC-2AITIZTON2B L IONITENEN 2 [MDH
WHKBOBA - RBEH -7 b b (K
11). X2 oEAEOBRAIEK 11 TIERIDREADS
OLBFE I 22l L C 11K ICH RIEE CTHEA
722 ERRLTW S, jAi#EE (M 12) Tl ki
W2 ) A ECAY T, 16 B DL I3 T
) RV AUIZL L TV B Y, 11 OF By —
YTHRONDHIESAKBOBE & X 3in L Tw

25 ‘\{w‘\
8 A
WA
.
o
North 350 xl‘ T
. ”H
e =TI
East "} ' M]’ “E n Y‘
North 5: ’] " |
e e '
T kw x”\. le b
b
i s
::@ Q\m@ Q\«Q@ & a\w‘V" Ko \\\WQQ \\"QSP

B Al
X8 KABNNKIZBF 2 EBEAR & OFE - il -
AR - KR - SRIETEE 00 (1999.9.30~11.02 7 L v
7 EBEFEACMIEM IZL B)



88 TR - =B - BRI - POANERD - 2ER 0 - RRHER - APRHIRES - SRAREE R

BAKEKET—4: ¥ K48, 1999.09.30-11.02

30 - -
1—J:E(1m)‘
— hE@Gm)
25 — TRE6m)
20 4
5
n
e
2 15
£
= i
“ 10| ‘
0 ; |
9/30 10/5 10/10 10/15 10/20 10/25 10/30 11/4
Date

X9 KiFN RTLKAE) 128 235 08B 2t (19994F 9 H 30 H~11H 2 H, BRIE

MK KEESRER S DT — 712X 5)

Fig.9 Vertical profile of salinity at Matsue Oohasbept.30~Nov.2, 1999, Data by Research Center

of Brachish Lake, himane Prefecutlre

Thm

10 SC-3I2 & AHEMGE ~ VL KAEM O KM 54 (19994 10 A 22

H, 10.30~11.09

Fig.10 A record of spatial distribution of halocline between Shiotateshima

and Matue—Ohasi by Model SC-3

L. CTEYHTIHiRE (KM 13) &5 (X 14) 8
LB LTWT, 2ROKBOBE D H 722 &
EELHIBLTWS, CT2H,5 CT5FTld240m
HHDT, 2FEDHAKIORAEEIX 0.2 m/s(0.72
km/h) THo7zZ bbb, K7 7A413TLID
HIZ2EDOKIRDKRE LB 722 L 03D 05
(4 15). OHHE XIZKRAEN 213V EAS 5 72k )
Woz AR E, BE 1R ADLS IV EN-T
Wzl ERLHENRTWAS, 7 7 4731000 m

B COREDKHZALD S, HADIZVHHY O
1 0.35 m/d1.26 km/h, 2 J¥H I 0.27 m/S1.05 km
Ih) Thor-tilEEns. EITRLAZE DI,
CDLXD) BT AT LK o THASOBE) % 0T
AL L7 B C, EHICEMRIICI_RZ 5 2 ST & 7.
D XN BRI A SRBR S 12 & A AT RAG T
T OB T — & 2 HIRE - 5 - fEIZOWT
K16 12/RF. 22 Th 2ROKIEOE) X A EH &
NTW5, LROfHIHR S oM O F#EIZH 5 km



KEENIZ B 2 BSOS REBIH (19994 Fk) 89

0:

11 19994 10 H 22 H O B4 & SC-2 (+
74 ) 1Tk B ERS AR O G AL FR

Fig.11 A one day(Oct. 22 record of the behavior of high
saline water by SC-2

ACM: KBHL 1999.10.22

Velocity {cm/s)

0:00 6:00 12:00 18:00 G:00
Date

(412 1999 10 A 22 H DiftlafisaT 12 & % iitdat
Fig.12 A one day(Oct. 22) record of velocity of the
behavior of high saline water

ThHAHAZ DD, MEXIETAHI LI o TR
DBENEE LR SHICHBT A ENTE S,

6. T

1) HED S KB %8 THREM O A OH) X
EFHODPINITIMREL CEEMOBAE Y A
TFLELHLWTHZ S Z LIZDOWTIX 19994 4
DOF R BIHZ S L IZWEETH 5 L Ol Lot
b2 s, 19999 HE»HH 17 HEO
B A T 72, ZORE, KO X %2524 ffio
THHALL TRz B L b2, BE - 9B X O
[ % AR I 2 & & 10 X o TRILOBE & 1)
TNVE A LNTEARRIZIRZ 5 2 205 TE . KB
H L C U R B oD RS Bl B2 13 Rl 1~ 2 km AR FE O
WolDELZLDTHA.

2 BFEETO T A Y AT A (ER, SC-3
b H W THED O KGN 2 4 THRE NS E % KB
HEEZHOPICT LI ENTEZ, WITIIRT X
AN H BN TGO L b 3D
OXRIEL (& - - EIE AR By, TheEng

MultiCT: A4&)il, 1999.1022
22

—n
T3

215

Temperature {°C)

20
000 6:00 12:00 18:00 0:60
Date

13 1999 10H 22HOYIVF CTEVHi2&k b
T E Lk

Fig.13 A one day(Oct. 22 record of the behavior of high
saline water by Multi CT sensor

MultiCT: XA&I, 1999.10.22
25

—s2

Salinity (PSL)

0:00 6:00 12:00 18.00 0:00
Date

M 14 1999F10H 22HO~VLVF CTE Y HI12k %
Horrosk

Fig.14 A one day(Oct. 22) record of salinity of the
behavior of high saline water by Multi CT sensor SC-2

T coy | m20-205 m0sn mRns  m2is: 22-225 w2252 |

Distance from mouse (km)

(1] L) 1200 1800 €]

Date

X 15 19994F 10 H 22 HOYE7 7 4 /NI & A IR EERL &k
Fig.15 A one day(Oct. 22) record of temperature of the
behavior of high saline water by Optical fibfre

BRICHO P GERE D TELTWS, 26D
KA TN - 2B 25 i E - JAIZ L > TR

B4 a., S5ICEKENS & EICHENLELS T
WA LT Ak E RN S EMICTHAT 5%



90 TR - =R - BRI - POATEA

i PR
— PEEm
o T IB(4.5m)

000 8:00 1200 1800 000

j— Ef(im) |
- PRGW)

I T4 5m)]

Salinity (PSU)

000 &00 1200 18:00 000

— ERgim)
g0 —PRGm

— FRGm
[ ' -
AV A #
M \., /

Velasity {om/s)

1800 000

0:00 800 1200

X116 19994 10 A 22 H DML ARG BT HinE - i
Gy - TR EE (BRI PIKHEIKFEERESG O 7 — 4 12 &
%)

Fig.16 A one day(Oct. 22 record of temperature,salinity,
velocity of the behavior of high saline water at Matsueoohasi
(Data by Research Center of Brachish Lake, Shimane

< JEWE R - ARHEER - APRHIRE - SR

KueZEETHE, 5O08HS (BXORE) OfL
LRBWPFIETHZ LIl B,

3) JIRICHE L 72 & OB X o TRIE
W ETAAKBEOS TEIIEH L km Bz HREE
FTORSLNELLDTHAEZ ENHS NI
otz L7ehio TEMRFEAL L 725 KA KAG
Mz b L CREMICET LI RGEICRAL,
DMEZNPEHELL L FTRETH L LR
5.

51 A X ®

RS - =HKEAD - VEAEAD - s 0 - ARNH
¥ AR - SSRES - BT (2001 3
KB > A7 L OB% (77 7 4 — 3 % ~ 2000
KA —EIROMA) . LAGUNA GRKISIZE, B
WRFRAREB e > 7 —), 875,

MRS - =R EA - ISR - VAR - SRR
¥ MHEEER - ATRHEEE - g BR - BB
(1999 s iR (FAKHE) BHREELA > 2 7 4 DB
5RO AR F KW E~ O HBL—.
LAGUNA (FRZKImEgE, BRKFARKEIZE 1 ~
¥—), 6%, 179-187.

Prefecuturg
thifg - KigNI ' SOEH —
* “ Z
i i @ _ = e # &
i ol 2 8% O 2 ¥, 5
f’ o P 5% &  § mak L
: t i i IR RA

10 km
|

17 wilg— KA

— RN BT B KIS ORI

Fig.17 A schematic modele of the movements of watermasses among Lake Nakaumi, Oohasigawa and

Lake Shinji



LAGUNA (J5/KI3Hf72) 8, 91~94 H (20014E 3 H)
LAGUNA 8, p.91—94 (2001)

YRAVICKBDXINTIZFD
ZEFAIC DLW T DEY EES

HH v 75 g

Thefield experiment of
empty shell (Terebralia palustris) utilization by the hermit crab

Hidenori Tanaka"

Abstract: In a mangrove tidal flat of Iriomote Island, Okinawa, an experiment on utilization of
empty gastropod shells by hermit crabs was carried out. One hundred twenty—seven gastropod
shells of Terebralia palustris were left at the mangrove tidal flat in the Funaura Bay of the
Iriomote Island. After 48 hours, these shells were re—collected and shell size and distance from
an experimental point were measured. Thirty—five shells were utilized by hermit crabs. Sixty
shells were not used and left as before. Most of the shells used by the hermit crabs were
collected at the distance of less than 10 m from the experimental point. The most moved shells
by the hermit crab were too far distance of 120 m from the experimental point. The small-sized
shells used by hermit crabs were collected near the experimental point. But, the shells collected
at a distant from the experimental point were only large ones. In the mangrove swamp, dead
gastropod shells were used by the hermit crabs immediately after death and they moved the

shells to a long distance on a short time.

Key words: Taphonomy, hermit crab, mangrove swarmgr,ebralia palustris, Iriomote
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Distribution of endanger ed aquatic macrophytesin
L akes Shinji and Nakaumi

Hidenobu Kunii*

Abstract: This paper describes the results of observation on the distribution of endangered
aguatic macrophytes in Lakes Shinji and Nakaumi, southwestern Honshu, Japan. Distribution
of six submerged Potamogeton pectinatus L., P. panormitanus Biv., Ruppia maritima L.,
Zannichellia palustris L., Chara corallina Willdenow var. kyushuensis Imahori andZostera
japonica Ashers et Graebn.and one emergent macrophyt€arex rugulosa Kiikenth) are
shown and their characteristic features are also shown.

Key words: aquatic macrophytes, distribution, endangered species, Lake Nakaumi, Lake Shinji
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Photo 6 Potamogeton panor mitanus.
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Study the movement of the water in estuaries and coastal lagoons
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1. Introduction
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A brackish water area (estuaries and coastal lagoons) which is located at the contact between land and sea, has been formed through a history of thousands of years, and there is a rich ecosystem
which has been affected by the environmental changes. Brackish-water lakes and/or tidal river occur this area. Two-layer structure of fresh and salt waters is a characteristic of the brackish water. To
know the distributions and transfer directions of fresh and salt waters is important for environmental preservation and future prediction of the brackish water.
the flow of salt water,while the damage of the fishes dying out is generated by the invasion of an anoxic water mass to fishing ground. Moreover, when environmental problem is considered from the
global viewpoint, the brackish water area is a suitable place as monitoring post of the global environment research, because the effect of sea surface elevation by global warming appears at the very

Recently, though it is an urgent need to determine the behavior of the water in such brackish water quantitatively and sequentially, the conventional observation method was
only a measurement of water quality ( salinity mainly ) of the every site, and it was difficult to understand the actual behavior. Accordingly, since 1992 our group has been developing new observation
instruments for wide area and long-term measurements using ultrasonic waves, optical fiber temperature sensors, high-precise salinity and temperature sensors, etc., and has been carrying out the

beginning in brackish water.

observation. And now, we are acquiring basic data for preservation and creation of the hydrosphere environment.
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Reflection Acoustic impeadance
Z= Densityr xVelocity V.
Z1=riV1  Z2=r2 V2
i i = 22 Z
Reflection coefficient R = == Water Evel
Reflection = 2 !
Boundary of rapidly change of acoustic i 12
BN R
Time Halocline

Detection of halocline and thermocline HIE

Good bottom environment is maintained by

At
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2. Phenomena in brackish water

of both waters.
boundary, when ultrasonic wave is put in the brackish water.

at the halocline.
thickness of the salt water layer using this measurement principle.

observation of halocline behavior".
from salt water to fresh water.
change suddenly at the same depth.

Lake bottepn:

In brackish water, the salt water (the high-salinity water) and the fresh water (the
low-salinity water) are not easily mixed because of the density difference between
them, and a halocline where the salinity rapidly changes is developed at the boundary

Reflections similar to a fishfinder detecting fish are generated at this
This is because an
acoustic impedance (density x acoustic velocity ) of the water also changes suddenly
It is possible to examine distribution of the halocline and the
In this way, the
following were produced:"Underwater acoustic reflection profiling system for survey of
halocline" and "Underwater acoustic reflection measurement system for long-term
Not only the salinity but also the temperature vary
Moreover, the salinity and the water temperature also
It means that we can estimate the salinity of
water by measuring of water temperature. And it is possible to detect the flow of fresh

A

I\\‘\

1
R

BRECTELHEHEE
‘-*ﬁw%ﬂﬁ(¢ﬁ

=
B
iﬁlh

4

7 i 23
Acoustic profiling and measured salinity and water

temperature in Lake Nakaumi
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_ N and salt waters, if the water temperature is continuously measured on the bottom.
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3. Measurement systems for brackish water observation
(1)An acoustic reflection profiling system for spatial distribution survey
of halocline(Model SC-3)
This acoustic profiling
system was made by
improvement of 200kHz
precision echo sounder. A
receiver of the system was

—-~¢9 ; : 2 =y
SC-3REEDIMER
(& : Kk, B : TOZILRHR

SC-3 acoustic profiling system

Basic specifications of measurement system

(3)Thermometry system using optical fiber distributed

(1)Acoustic reflection profiling system for spatial distribution {omporatire sensarMotel DIS 80)

survey of halocline(Model SC-3)

used as amplifiers to Transducer Frequency  200kHz f’"”"’:"’e range ‘23“2“ ?"0 ime. 1omin)
intai i - Beam angle 6 degree emperature accuracy (measuringtime 10min.

malrjtaln 'he Ilnearlty and Receiver amp. Straight type Spatial resolution

fidelity of signal. The system Recorder Thermal type Measuring distance Bkm/loup

measures reflection Power supply Internal Ni-Cd battery or Number of channel 4A£|: %S a00w

- External battery(12V)
amplitude and detect the Sivoea 2

weak reflector caused by the
rapid change of acoustic
impedance at the halocline in

Power supply
(Y systoms Inc.
(SenborDenkiCo., Ltd.)

(4)Temperature salinity measurement system using multiple CT
sensors (Model MCTH-2)

(2)Underwater acoustic reflection measurement systems for
fong-term observation of halociine behavior(On-line model, items

: G Model SC-2) Temperature sensor  Thermistor
brackish water. Distribution of Transducer Frequency 200kHz Temperature range 3
7 : Beam angle 6 degree
the halocline and thickness of Transmitter and receiver  Transmission pulse width 15-110ms Temperature accuracy £ 0.02
the salt water layer can be ain adjustment 0~ 30dB Conductivity sensor E\ecﬁromagnetm induction cell
i System controller and data logger Conductivity range 0-70m!
recorded as profile records. UD converter 120, sampling Conductivity accuracy DUSmS/cm

Analog reflection signal is
converted to digital signal
and recorded in a digital
data IoggerA (SenborDenkiCo., Ltd. and Clovertechinc.)

(2) BKEEEHERERN AT L
(4254 Rk : SC2B, 754 R: CLBE)
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ETIE, ii%i&%%!;ts’a HY, ZEIO0MDT—TILTHELD
REEICERSN, UTILEA LDBRENFIRETHD. Fi:
FTI54AVARDEBR/N Y TUBHTI DT, RESHA
2V —ERBFRNHS.

(2)An underwater acoustic reflection measurement systems for long-term
observation of halocline behavior(On-line model, Model SC-2 ; Off-line model,
Model CL-3)

The transducer which sends out an ultrasonic wave of 200kHz in the system is
set up on the bottom of water, and the ultrasonic wave is sent toward the surface
of the water. The reflection generated by the halocline is continuously recorded
in the systems, consequently, the system detects temporal and spatial behavior
of the brackish water. An on-line system, model SC-2 has three transducers with
cables of 200m or 400m. The end of the cables is connected to the system on

land.  On the other hand an off-line system, model CL-2 can be placed
anywhere we like because the system is driven by a battery power.

(3) T 7ANBRERTMETAL AT A
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g%g thermometry system using optical fiber distributed temperature sensor(Model
-80

frequency 1MH:

CPUGeleton 186MHz,

RAM4Mbytes, HD 6GB
MO disk drive 230Mbytes

Number of sensors
Interval of sensors
Cable len

Intoreal o measurement 590,15, 20, 30min
(Tsurumi-seiki co., Ltd.)

wom

ZRB/PB LUV T—TILDHER
Transducer and cable

(DTS-80%!)

The optical fiber thermometry system is a thermometer using an optical fiber as
temperature sensor.  This system may not have as high accuracy as thermistor

thermometers, but it has the great capability of simultaneous multi-point temperature 3£ 2 7 A /iR faat3HE|
measurements using only one optical fiber cable. For example, temperatures can be s = [l
measured at 4,000 points at an interval of one meter along a 4,000m long optical fiber. AT LDV

The system can measure spatial and temporal distribution of water-bottom
temperature in brackish water .

DTS-80 optical fiber
thermometry system

(4) RILFCTEUHBEES AT A

( MCTH-2%)
BETOKE - ERBEAOHETRXBZETHAIXCTDEA—R
ISLT, MENIEDRE BRIEEE (B87) ZLEEICH

TR
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&EL=CTE oY Z100mERTHED A E, KEDEL DIES & CT sensor probes
KEZEREISEGH GH8) ICAETES. .

R;]lg_xr ;‘emperature salinity measurement system using multiple CT sensors (Model
-2

CT(Conductivity/Temperature) multi-sensor temperature salinity measurement
system is based on XCTD (Expendable Conductivity, Temperature & Depth Profiling
System) for oceanographic observation. The system utilizes five modified XCTD
probes as its CT sensors. Each CT sensor is connected with a 700m long multi-wire
cable at an interval of 100m, and the cable is connected at its end to a measurement
control and data logging system. The CT sensors are installed on the bottom of a
brackish water lake or a tidal river, and the continuous measurement (5 min. interval)
of temperature and salinity can be carried out.

system using multiple CT sensors

(left: main body, right: digital recorder)

SC-2RI%E
kKK A

SC-2 acoustic reflection measurement system "«
(left: main body, right: digital recorder)

T U5 LEEERE
Digital recorder

SC-3MZ X % ¥ ook 9 BRI

7.4

] a2

B

Salt water

VTR A

Water surface

A BT

Position of sensors in R. Gonokawa =

(1998£E10H 27 H)

E Y

Example record of SC-3 acoustlc proflllng system

Acoustic unit Control & digital data recorder

[Transducer-2

Transducer-1
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[Output

SC-2RUKENRE

Installation of SC-3 system Block diagram of SC-2

acoustic reflection
measurement system
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Temperature salinity measurement

To measure distributed temperature
at one-meter intervals along a 4,000m
long optical fiber
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Block diagram of DTS-80 optical fiber thermometry system
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L;IDJII) Example record of SC-2 acoustic reflection measurement system
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Block diagram of temperature salinity measurement
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