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Microbial controlson As-mineralogy
in pH 7~8 natural solutions

Kazue Tazaki', Toshikazu Morikawa’, S. Khodijah Chaerun?,
Natalia Belkova®, Masayuki Okuno?, Ryuji Asada' and Osamu Nishikawa'

Abstract: A series of simple experimental systems combining seven different As-minerals with
natural Fe-rich underground water (pH 7) was established in search of clues to arsenic
bioremediation. After one year of aging, argetolerant microorganisms were detected by
means of an epifluorescence microscope, SEHMX and TEM. Direct observations revealed
that a mutual relationship between bacteridbogtes and As-minerals occurred in the biofilm.
The most arsenic-tolerant microorganismas found on the surface of realgar (AsS) and the
second one was found on the surface of arsenoligyrAbiotic relationship between free living

and adhering bacillus, coccus, and filanmrg types of bacteria occurred under conditions of
pH 8, Eh 200~400 mV, 25~28, and high concentration of dissolved As after one year of
aging. These microorganisms survived and proliferated in the As-mineral-water systems
without any kind of supplementary nutrients. There were two methods of staining used in this
study: DAPI and CFDA stains. The DAPI stain method, in which DNA or RNA fluorescences
blue under ultra violet light (365 nm), indiet the total bacterial abundance with in the
colony. The CFDA stain method indicated enzymatically active bacteria on the mineral surface.
The significant roles of symbiotic arsenic toletdacteria in the system were enhanced by their
adaptation to conditions of pH 7~8 and high concentration of dissolved As ion. SEM images
illustrated very high cell densities on therface of realgar. Colonization occurred on AsS
surfaces in natural solutions during a one-year calperiod. These results might be important
for solutions at circum-neutral pH in whicabundant cell-mineral surfaces are able to adsorb
metals from solution. The results might also indicate some of the effective factors for arsenic
detoxification in non-marine or brackish waters.

Key words: Arsenic, As-minerals, Electron micragay, Epifluorescence microscope, Tolerant
Microorganisms.

| ntroduction pounds. Monomethylarsine (GAkH.), dimethylarsine
((CHs)-AsH), and arsine (Ash) are formed in soils as
Arsenic, an undesirable element, is commonly presentwell as in marine and fresh waters, and in microbial
in processing solutions as arsenite (i.e.’Asr arsenate  cultures (Alexander, 1994).
(i.e., As") under differing chemical conditions. The ground water in some parts of Bangladesh
Inorganic arsenic is subject to biomineralization and contains high levels of arsenic. Arsenic concentration
the possibility of bioremediation has been widely shows good correlation with vanadium and copper,
studied. Arsenite and arsenate are toxic themselves, anavhich is suggestive of porphyrin compounds in the
indeed are more toxic than some methylarsenic com-sediments. Total sulfur measurements from both Samta

* Department of Earth SciengeFaculty of Science, Kanazawa Universiakuma, Kanazawa, I$kawa 920-1192, Japan.
> Graduate School of Natural Science and Technology, Kanazawa University, Kakuma, Kanazawa, Ishikawa 920-1192, Japan.
e-smail address: kazuet@kenroku.kanazawa-u.ac.jp
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and Dauli villages in Bangladesh, show lower TS/TOC bioremediation. The purpose of this paper was to provide

ratios than the average for normal marine samples. Thesome insights into how microorganisms affect the

ratios suggest that these sediments were deposited undeshemical and biological characteristics of their

non-marine or brackish conditions (Ishigzal ., 1999). surroundings to illustrate in more detail the intimate
Furthermore, in Hazigonj, Bangladesh, vivianite s(Fe connections between biological and mineralogical

(PQ).-8 H0O), an iron phosphate mineral, has been processes.

identified in biomats forming around an As polluted tube

-well, which is used for drinking water (Islarat al .,

2003). The water chemistry, pH 7.2~7.4, EC 1.7~2.8 mS/

cm, and high concentration of NaCl (33~40 wt%), Experimental design

suggests brackish conditionsh@ biomats are composed Seven As-minerals (arsenolite, native arsenic, realgar,

mainly of metabolically active microorganisms such as orpiment, arsenopyrite, enargite and tennantite), were

coccus, bacillus and filamentous types of bacteria andemployed for the experiments (Tablel and 2). The

algae. Vivianite may contain a small amount of As by laboratory experiments were designed in a static batch

isomorphic substitution for P, resulting in a solid solution culture. There were seven experimental systems (with the

Materialsand M ethods

of symplesite (Islanet al ., 2003).

Microbial densities can be as high as*t6lls/g in
dimes and biofilms. Populations in soils typically range
from approximately 10to 10 microbial cells per cr

introduction of As-minerals) and one experimental
systtm as control (without the introduction of As-

minerals). A series of 100 ml carboys with caps were
used for this experiment (Fig. 1). Each carboy contained

Mineral surface may be populated by cells at densities 80 ml of ground water with high Fe content (total Fe 4.7

that approach, and even exceed, one geifl. Barfield
and Welch (2000) provided SEM image illustrating very
high cell densities (>1£m’ on an arsenopyrite surface.

ppm) which was collected from the Onma Formation in
Kanazawa University Campus, Ishikawa, Japan. Cultures
were then inoculated with 1 g of coarse grain of As-

Colonization occurred on FeAsS surfaces in natural minerals and incubated at room temperature for one year.

solutions after a pesd of a few months.
Microbial reactions may mobilize arsenic from the

solid to the aqueous phase, resulting in contaminated(electrical

drinking water (Oremland and Stolz, 2003). That
condition resulting from microbially-controlled process
confirms the previous finding that the microbial mats
around groundwater tube wells in Bangladesh
accumulated high concentration of As due to microbial
activity. Likewise, a mineralogical study revealed that
bacteria can accumulate Fe and As to form lollingite

Samples were removed and cultures were further
monitored during the experimental period, and pH, Eh
potential versus the standard hydrogen
electrode), and WT (water temperature) were measured
for experimental water samples using a portable
inspection meter made by HORIBA. The ground water in
the experimental systems with As-minerals showed pH
3.1~8.7, Eh 65~549 mV, and WT 25~P8during the
one-year experimental period. The chemical composition
of the ground water is shown in Table 1.

(FeAs) though the type of bacteria is not yet known
(Nagaiet al ., 2001). Some microorganisms can survive

in highly toxic environments and can reduce the cap
concentration of aqueous heavy metals in well water to
better than acceptable levels through biogeochemical
processes, such as arsenic oxidizing, respiring,
mobilizing and m lizing. Hence, it is r nabl
ob g and metabolizing. Hence, it is reasonable to underground

assume that bacteria may be able to purify As-polluted
water. Certain prokaryotes utilize arsenic oxyanions to
generate energy, either by oxidizing or by respiring
arsenate. These microbes are phylogenetically diverse
and occur in a wide range of environments, such as
marine, non-marine, and brackish conditions.

In this study, arsenic-tolerant microorganisms were
found in simple experimental systems using seven kinds = P,
of As-minerals in batch cultures consisting of Fe-rich | b "4.““:1'7'3@&-‘“
natural ground water as the liquid medium. After one
year of aging, the As-tolerant microbial colonies could
be observed by epifluorescence microscopy, SEM-EDX
and TEM. These microbes may be useful in

water
(80 ml)

As-mir;eral (19)

Fig. 1. Biomineralogical experimental

system using As-minerals (1g) and
ground water (80ml) in 100 ml

carboy with a cap.
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Table 1. Water chemistry of As-mineral experimental systerete that pH values after one year are related to the
logarithm of dissolved As in the ground water after one yeagihg (Fig. 9). As concentrations were analyzed by ED-XRF,
showing integrated intensity.

Collected underground water on June 28, 2002

pH 6.7 Total Fe 47 Na' 144
Eh 24 mV Ca® 145 K' 15
EC 047 mS/cm Mg?* 106 PO, 02
WT 16 °C MnZ* 15 (ppm)

Started experiment on June 28, 2002
underground water 80ml + As—mineral 1§

pH
Sample No. 1 2 3 4 5 6 7 8
control Arsenolite Native As Realgar Orpiment Arsenopy Enargite Tennan
2002/7/1 8.4 8 8.1 16 1.6 7 6.5 19
2002/7/5 86 84 8.5 84 1.7 11 17 14
2002/7/9 86 8.5 8.6 8.6 17 83 19 8.5
2002/7/12 86 84 8.7 8.6 1.7 84 8 8.6
2003/5/6 84 5.9 14 1.1 3.1 8.2 4.8 8.4
Eh(mV)
Sample No. 1 2 3 4 5 6 7 8
control _Arsenolite Native As_Realgar Orpiment Arsenopy Enargite Tennan
2002/7/1 336 191 280 105 74 351 462 373
2002/7/5 366 155 185 116 261 265 377 316
2002/7/9 388 121 156 84 251 192 373 323
2002/7/12 346 95 192 65 251 225 354 319
2003/5/6 531 376 381 193 549 364 536 356
WT(°C)
Sample No. 1 2 3 4 5 6 7 8
control _Arsenolite Native As Realgar Orpiment Arsenopy Enargite Tennan
2002/7/1 25 25 25 25 25 25 25 25
2002/7/5 26 26 26 26 26 26 26 26
2002/7/9 28 27 26 28 27 27 27 26
2002/7/12 27 27 27 27 27 27 27 27
2003/5/6 25 25 25 25 25 25 25 25
Dissolved As ion in the underground water after one year (by ED-XRF)
Sample No. 1 2 3 4 5 6 7 8
control ArsenoliteNative As Realgar Orpiment Arsenopy Enargite Tennan
ntegrated 4 350000 440000 30000 50000 6100  nd. 190
ntensity

n.d.; not detected

As-minerals (initial conditions) 2000) with CuKe generated at 40 kV and 30 mA using
Seven kinds of As-minerals were purchased from the 29/6 method with a scan speed of /thin. The
Iwamoto Mineral Company in Tokyo, Japan. The chemical composition of As-minerals prior to the
mineralogical composition of As-minerals were analyzed experiment was determined by energy dispersive X-ray
by X-ray powder diffractometer (XRD; Rigaku RINT fluorescence spectrometer (ED-XRF; JEOL JSX-3201
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Table 2. XRD mineral composition and ED-XRF chemical analysigtaf seven As-minerals used as starting materials for
the experimental systems.

Sample No. 2 3 4 5 6 7 8
Mineral Name Arsenolite Native Arsenic Realgar Orpiment Arsenopyrite _ Enargite Tennantite
Arsenolite(©®) Native Arsenic(©) Realgar Orpiment Arsenopyrite(©) Enargite(C)) _ Tennantite(©)
Mineral [As,0,] [As] [AsS]  [As;S;] [FeAsS] [Cu;AsS,] [(Cu, Fe);(AsS3),Sp-10]
Composition Native Arsenic(A) Stibarsen(A) Quartz(A)  Pyrite(Q) Quartz(A)
by XRD [As] [AsSb] [FeS,] As-Sb alloy (?)
Arsenolite(A) Quartz(A)
[As,0,]
Chemical composition by ED-XRF
Al - - - - - 0.6 -
Si - - - - 1.7 3.1 39
S - - 226 318 13.6 322 16.3
Ca - - 10 - 0.1 - -
Cr - - - - tr. tr. -
Fe 0.1 - - 04 328 233 3.6
Cu - - - - 10 27.2 476
Zn - - - - 0.2 - 25
As 974 91.0 76.5 66.8 50.6 12.2 94
Sb 25 9.0 - 1.1 - 13 14.6
Hg - - - - - - 2.1
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

(wt%)
©; abundant, O; common, A; a little, ?; possible, tr.; trace, ~; not detected.

Table 3. Optical light and epifluorescence microscopic observatiothe experimental As-minerals after one year of aging
showing fluorometric enumeration of total bacteria and their diversities in groundwater, using DAPI and CFDA stains.

Sample No. 1 2 3 4 5 6 7 8
control Arsenolite  Native Arsenic __ Realgar Orpiment Arsenopyrite Enargite Tennantite
Morphology of Brown Brown mineral Brown mineral Red mineral Rounded Black mineral  Rounded Dark green
mineral particles and precipitates particles and  particles and  particles and aggregates of  particles in the aggregates of  mineral particles
precipitation precipitat; precipitat precipitates about 50 um in co-aggregation about 50 um in and precipitates
diameter with the diameter
precipitates
Diversity of Small cocci  Cocci, short Short rods and Cocci, short and Small cocci Short rods and  Short rods Short rods and
microorganisms and curved small cocci curved rods, filaments (10-12 filaments (10
rods filaments (10-20 um in length) um in length)
um in length)
Total bacterial
abundance (DAPI) i tr w tr * * *
Abundance of active
bacteria (CFDA) . . A - M M s
Solble As after one nd. 350000 440000 30000 50000 6100 nd, 190

year

Frequency of occurrence: n.d.; not detected, tr.; trace, +; rare, ++; common, +++; abundant.

using RhKz) (Table 2). Therefore, Cl concentration Optical microscopic observation
could not identified, because of overlap Rh peak each To examine microorganisms in solution, an aliquot of
other. The samples No. 4 and 5 were single componentsthe culture liquid was transferred to a glass slide, stained
whereas the other sampleere associated with quartz, with DAPI (4', 6-diamidino-2-phenylindole), and
pyrite and others (Fig. 2). observed with an optical microscope, using a standard
phase-contrast and epifluorescence microscope (Nikon
Deter mination of concentration of Asin liquid culture EFD 3) to identify the presence and variety of
after oneyear of aging microorganisms in the liquid cultures. Additionally,
Relative concentration of As in liquid culture after one CFDA (5-carboxyfluorescen diacetate) stain was also
year of aging was determined by ED-XRF analysis. 100 employed to observe the presence of enzymatically
| of each solution was mounted and dried on mylar active bacteria on the mineral surfaces. The function of
film. Approximate concentration of As was determined CFDA stain was to detect esterase activity and show
by comparing the peak areas based on the graphicaliability of the bacterial cells via enzymatic activity and
integration of intensity. Samples No. 2, 3, 4 and 5 were membrane integrity seen as yellow fluorescence under
sduble in the ground water and showed integrated blue light (450~490 nm), while DAPI stained the DNA
intensity from 50000 to 350000 (Table 1 and 3, below). in bacterial cells yielding blue fluorescence under
ultraviolet light (365 nm).
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Fig. 2. X-ray powder diffraction plots of the initial As-mineraamples. The mineral compositions agreed with ED-XRF
chemical data in Table 2.

Scanning electron microscopic observation mounted on a 0.22m membane filter, further washed

A scanning electron microscope equipped with an and fixed with t-butyl alcohol, frozen in liquid nitrogen,
energy dispersive X-ray sptrometer (SEM-EDX) was and dried using low-vacuum SEM. After freeze-drying,
used to observe the microorganisms on the surface of Asthe samples were transferred to a brass-stub with double-
minerals and analyze their chemical composition. A sided adhesive carbon tape, coated with carbon and then
freeze-drying method was used for sample preparationobserved using a scanning electron microscope (JEOL
(Suzukiet al ., 1995). The suspension samples were fixed JSM-5200 LV), equipped with an energy dispersive X-
using 2.5 % (vol/vol) glutaraldehyde, pipette-drawn, and ray spectrometer (PHILLIPS EDAX PV 9800 EX).
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Transmission electron microscopic observation No. 6 (arsenopyrite), No. 7 (enargite), No. 8 (tennantite),
Transmission electron microscopy (TEM; JEOL JEM- No. 3 (native arsenic), No5 (orpiment), and No. 1
2000 EX) was used for the observation of free-living (control) (Table 3). Under optical microscopic
microorganisms and As-mineral grains. Selected areaobservation, the colored precipitates in association with
electron diffraction (SAED) analysis was also used to the aggregation of these As-minerals and ground water
identify minerals. One drop ofhe suspension was pipette was as follows: arsenolite dmative arsenic precipitate
-drawn and mounted on the micro grid for observation. which appeared to be brown mineral particles; realgar

The accelerating voltage used was 120 kV. also formed a precipitate, which appeared to be red
mineral particles; arsenopyrite was associated with a
Results black mineral aggregation; orpiment and enargite had
rounded aggregates of approximately,58 in diameter;
Characteristics of the starting materials tennantite also precipitated which appeared to be dark
X-ray powder diffraction analysis (XRD) green mineral particles; whildhe control was associated

The seven kinds of As-minerals (arsenolite, native with a brown precipitate. Diverse bacteria were
arsenic, realgar, orpiment, arsenopyrite, enargite, andassociated with the cultureshey were predominantly
tennantite) were identified by XRD (Fig. 2). Samples No. composed of cocci, short rods, curved rods and filaments
4 and 5 mostly showed a single mineralogy, whereas the with dimensions of 10~2am in length (Figs. 3, 4, and
other samples contained small amounts of other minerals,Table 3).
such as native arsenic, sitsen, arsenolite, quartz,
pyrite, and As-Sb alloy, respectively. The results of SEM-EDX observations
mineralogical composition by XRD confirmed the results =~ SEM observation of As-mineral grains in the

of chemical composition by ED-XRF (Table 2). experimental system after one year of aging revealed the
presence of bacterial colonies on the surface of realgar

Energy dispersive X-ray fluorescence analysis (ED- (Fig. 5A). The colony was composed of coccus, bacillus
XRF) and filamentous types of bacteria, and clearly appeared

The chemical compositions of As-minerals in this to be a biofilm attached to the surface of the realgar (Fig.
study are summarized in Table 2. It can be noted that As5A). The lamella structure of realgar was also seen in the
dominated the elemental compositions of As-minerals, background (Fig. 5Ab), while the exopolymer matrix of
except for enargite and tennantite, which contained only biofilms (Fig. 5Aa) containing large amounts of
9~12 wt% As associated with Sb (1.3~14.6 wt%). polysaccharides occurred as a monolayer between the
Generally, these As-minerals contained high amounts ofbacterial colonies and realgar. EDX analysis of this
As ranging from 50.6 to 97.4 wt%, and most of them matrix in Fig. 5A (arrow b) confirmed this result,
contained high amounts of sulfur, ranging from 14 to 32 showing the matrix to be inganic, mainly composed of
wt%. Arsenolite and native arsenic did not contain sulfur. As and S. Biofilms contained Al, Si, P, Ca, Mn, and Fe

with a large amount of As and S (Fig. 5Aa).
Optical microscopy, SEM-EDX and TEM observations Furthermore, the EDX spectrum of the lamella structure
of bio-mineralogical experimental products after one of realgar indicated a low background with chemical
year of aging compositions of As and S (Fig. 5Ab). These observations

Optical microscope observation suggest that enzymatically active adhering-bacteria were

Optical micrographs of the As-mineral samples capable of accumulating As compounds. In addition, a
showed the presence of high-density bacterial coloniesmicrophotograph of biofilms on the surface of realgar
on As-mineral grains (Fig. 3), except for the control (No. also showed an entangled colony of various
1). Epifluorescence micrographs revealed that numerousmicroorganisms (Fig. 5B). It seemed that nm-sized
living bacterial cells were present. DAPI stained uniform granules of secondary by-product of realgar
epifluorescence micrographs fluoresced blue, indicating which were composed of As, Si, Cl, Ca, and Fe were
the presence of DNA in bacterial cells. A large number mixed with microorganisms (Fig. 5C). It is important to
of colonies of various morphologies were observed after note that the nm-sized uniform granules were composed
one year of aging in the experimental system including of large amounts of Cl, Si, and Fe.
the control. However, the greatest total bacterial
abundance (by DAPI stain) and enzymatically active TEM observations
bacteria (by CFDA stain) was observed in experimental Transmission electron microscopy provided more
sample No. 4 (realgar), showing numerous enzymatically details and revealed the precise location of the As and Fe
active bacteria on the mineral surface (Fig. 4), followed precipitation or accumulation on cell surfaces, and
by samples in the following sequence: No. 2 (arsenolite), throughout the extrapolymeric slime of the biofilm. TEM
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No.1 Control

No.2 Arsenolite

204 m

No.3 Native Arsenic

20 m

No.4 Realgar

No.5 Orpiment

204 m

No.6 Arsenopyrite

No.7 Enargite

20t m

No.8 Tennantite

Fig. 3. Optical epifluorescence micrographs of As-mineralsrafine year of aging showing numerous living bacteria on the
surface of As-minerals. The cells show blue fluorescence in DAPI-stained microbial films.
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observations of arsenolitdsample No. 2) showed
filamentous bacteria attached to abundant opaque
granules (Fig. 6A), while around the granules, thin
biofilms were connected to each other like a spider web
(Fig. 6B). The spider web consisted of an envelope of
slime made up of extracellular polymeric substances
(EPS), often polysaccharides, surrounding and was
excreted by the consortium of microorganisms that made
up the biofilms (Figs. 6A and B). The dominance of
coccus and bacillus types of bacterial colonies on the
surface of realgar was also observed by TEM (Fig. 7).
The free-living bacteria (short and long rods) were
observed in realgar. A great abundance of organic
materials were also observed around the bacteria,
apparently coating the cell wall to form a fibrous matrix
(Figs. 7A, B and C). Along the side of one cell, a cluster
of mineral particles could be seen attached to the surface
of the cell (Fig. 7A arrow), while another cell was
seemingly surrounded by mineral particles (Figs. 7B and
C). It was difficult to differentiate between mineral
granules and coccus type bacteria by using SEM images
(see Fig. 5C). Yet, by TEM images, the differentiation of
coccus type bacteria and granules of Fe—As appeared to
be clear (see Fig. 7C). Furthermore, the size of the
coccus type bacteria was about 500 nm in diameter. The
thin film with a high-density of bacillus type of bacteria Fig. 4. Optical light (A) and epifluorescence (B)
was about 1~z m in length and 100~500 nm in width microscopic images of realgar (sample No. 4) after one

(Fig. 7B). Most of the bacteria possessed a thin film of year of aging using CFDA stain, showing numerous
about 50 nm in thickness, forming a coating membrane  enzymatically active bacteria on the mineral surface.

that can be seen on the surface. On the surface of As-
minerals, coccus type bacteria formed spherules ranging
between 100 and 500 nm in diameter. The spherulesdiversity or abundance of active bacteria in this study.
were electron opaque (Fig. 7C). Coccus type bacteriaNot only the greatest totabandance of microorganisms
were also heavily encaplstied with spherules. and active bacteria but also the greatest microbial
Filamentous microorganisms grew up to 208 in colonization of As-mineral surfaces were found in
length and 5:m in width (Figure not shown). The experimental system No.4 éalgar) (Fig. 4A). Likewise,
surface of realgar was covered with a network structure the presence of As-minerals aided bacterial growth in all
of granular materials (Fig. 7D), suggesting the alteration experimental systems, with the exception of the control
of the As-minerals into As—Fe biominerals during the (No. 1). Thus, prolonged (one year) exposure to As-
culture period (Fig. 7E). These filamentous micro- minerals appeared to affect the growth of
organisms were enzymatically active bacteria, microorganisms. This implies that prolonged exposure to
fluorescing yellow after CFDA staining. The EDX As-minerals does not inhibit the bacterial respiratory
analysis indicated not only As content but also Si, S, Ca, function, which is a reasonable conclusion in light of the
and Fe contents, associated with minor amounts of Cl.  fact that As-minerals are used in oxidative
phosphorylation (Nriagu, 19940ur results, therefore,

A No.4 Realgar

Discussion suggest that As-minerals were not toxic or a limiting
factor for bacterial growth under conditions of oxidation
Bacterial growth in the As-mineral-water system redox potential (Eh; 200~400 mV), neutral-alkaline pH

Exposure to different As-minerals for one year had (7~8), and moderate temperature (25¥28(Table 1,
different effects on bacterial abundance (observed byFigs. 8 and 9). Previous work by Cullen and Reimer
DAPI staining) and on the enzymatically active bacteria (1989) demonstrated that bacterial growth can take place
(observed by CFDA staining) (Figs. 3, 4 and Table 3). in the pH range of 6.1~9.4, and the drop in pH we
Realgar-As-mineral (No. 4) was the most appropriate observed during bacterial growth as a result of the
experimental system for measuring either microbial formation of arsenate also corroborated our results.
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Fig. 5. SEM-EDX micrographs of realgar (sample No. 4)ea one year of aging showing biofiims (A-a) on the
surface of the original lamellar structure of realgart{A-The abundant microorganisrmhabited the biofilms after

one year of aging (B). The uniform sized granules contain mainly As, Si, Cl, Ca, and Fe, with traces of Na, S, K,
and Mh (C and irset).
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Chemical composition of mineral surface bacteria occurred when they were organized into
On the basis of the elemental and mineral colonies in a biofilm bound to surfaces of mineral
compositions (Table 2), realgar (AsS) (No. 4) and particles (Figs. 5, 6 and 7). Under extreme conditions
arsenolite (Ag:;) (No. 2) were the mdsfavorable for (especially under unfavorable environment, for example
microbial growth and colonization (Table 3). A possible that with highly toxic contaminant like arsenic), the
explanation for this was that the availability of certain bacteria are positioned in a teeogeneous environment
elements (such as Fe and S) enhanced bacterial activityith gradients of nutrients and waste products controlled
which resulted in arsenic detoxification. This result by diffusion and mass transport processes, and it is
agreed with previous findings, demonstrating that the therefore to be expected that this heterogeneity would be
rate of arsenate reduction in cultures having both reflected in the physiology of the individual cells. In
arsenate and sulfate was always faster than that of sulfateesponse to these conditions, colonies in biofilms often
reduction, independent of thelative concentrations of appear as rather complex and heterogeneous assemblies
arsenate and sulfate or of the substrate history of theconsisting of clusters of bacteria embedded in polymeric
inoculum (Newmanet al., 1997). Another study also substances, which are separated by void regions (cell-
showed that greater bacterial growth on 1 and 5 mM As free channels) (Zahid and Ganzarczyk, 1994). Our results
(V) occured in the presence of S(VI) than without also showed a similar tendency in the formation of
(Newmanet al ., 1997). In addition, DIRB Shewanella biofilms, indicating that the bacterial cells tended to be
alga BrY, an organism that cannot respire As(V), was attached to the surface of minerals (Figs. 5, 6 and 7).
able to mobilize As(V) from the solid-phase ferric
arsenate mineral scorodite by reducing Fe(lll) to Fe(ll) Mechanismsof As-mineral transformation
(Cummingset al ., 1999). As(V) reduction is therefore The possible mechanisms of As-minerals transforma-
not a prerequisite to arsenic solubilization from tion in the presence of Fe can be explained by chemical,
FeO(OH), even though an increase in soluble As(V) physical, and biological processes. Firstly, As-minerals
concentrations occurs, provided DIRB were not also underwent chemical weathering or biological modifica-
capable of reducing As(V) (Cummingst al., 1999). tion by bacteria, resulting in dissolved or soluble As in
Arsenic is commonly present in processing solutions asthe medium (Table 3). This process was shown by SEM
arsenite (A%) or arenate (A%). The larger arsenate ions images, illustrating that the surface of As minerals
seem to be accommodated in the tetrahedral sites by thdrealgar in this example) appeared as serrated structures
expansion of the unit cell and by deficiencies in adjacent (Fig. 5A). Secondly, bacteria attached to As minerals
Fe—-O(OH) octahedral sites (Paktunc and Dutrizac, were, therefore, likely to be exposed to higher

2003). concentrations of arsenic than those in the liquid phase.
In this step, bacteria werggsumably able to accumulate
Micromor phology of mineral surface As cations by means of two processes; (1) the bacteria

In terms of bacterial morphology, the experimental sorbed heavy metals (As) on the surface of cell through
system with realgar (No. 4) had greater abundance ofphysicochemical interactions and also showed energy-
bacteria than other minerals, and tended to have moredependent uptake of heavy metals into the cytoplasm
filaments (Fig. 5). Bacteria found in the experimental (Gadd, 1992); (2) Metal cations bound to cell surface
systems using As-minerals included a variety of rods, polymers through a variety of mechanisms, such as
cocci and filaments. Conditions favoring the growth of cation exchange, complexation, coordination and
filamentous bacteria were especially present in precipitation reactions. These may act singly or in
experimental systems No. 2 and 4. In these experimentscooperation (Gadd, 1992). Finally, the bacteria produced
as shown in Figs. 3~7, the relative abundance of exopolysaccharide polymers to form the biofilm. Based
filamentous and nonfilamentous bacteria (such as coccion the TEM images (Figs. 6 and 7), we suggest that these
and rods) presumably related to their relative growth heavy metals (As and Fe), meshed within a biofilm,
rates when exposed to different As-minerals. According might be incorporated into As-minerals. It was also likely
to the SEM-EDX analysis (Fig. 5A), the formation of that dissolved As in culture solutions (see Tables 1 and
thick biofilms occurred in systems containing As, Al, Si, 2) resulted from detachment, desorption, or leaching
P, Ca, Mn, and Fe. In this case, P was a significant factor processes during biofilm foration as well as dissolution
in the formation of biofilms adhering to the As-mineral of As-minerals by microorganisms. It has also been
as a substratum. The finding confirmed a previous study shown that the accumulation of metal cations by bacteria
which argued that phosphate could act as a protectingin biofilms is higher than that of their free-living
agent against arsenate (but not arsenite) toxicity (Cullencounterparts (Scot and Karanjkar, 1992). These factors
and Reimer, 1989). agree with our finding that the greatest abundance of

SEM and TEM images showed that greater numbers of bacteria and bacterial colonies were in the dense biofilm
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Fig. 6. TEM micrographs of arsenolite (sample No. 2) simyvfilamentous bacteria (upper) and biofilms
(below) with uniform sized As-Fe granules in the solat@ter one year of aging, suggesting the formation
of As-biominerals.
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Fig. 7. TEM micrographs of realgar (sample No. 4) associated Wwiéhillus (A), filamentous (B), and coccus (C) types of
bacteria with uniform sized granules of realgar (C, D) ie tpound water after one year of aging, showing the cohesive
materials with granules around the cell wall (C). High density of nm-sized granules (50-100 nm in diameter) with flaky films
are existent on the altered surface of realgar (D) mainly composed of As, Si, S, Cl, Ca, and Fe (E). Electron diffraction (ED)
pattern of the granules around the bacterial cell wall indicates amorphous or poorly crystallized materials.
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Fig. 8. Diagram of pH-Eh-total bacterial abundance of As-mineragdezimental systems. Dissolved As ion from As-minerals
was affected by the pH of ground water after one year of aging.

(in the realgar and arsenolite cultures). The presence ofFurthermore, high fluctuation of the water table (6~7 m)
As-tolerant microorganisms and the factors leading to occurs between the dry and wet seasons, which
optimal growth conditions (see Figs. 8 and 9) will serve transports a lot of alluvial sediment within the lowlands
as a guide to bioremediation processes. of Hazigonj during the rainy seasons. Generally, the
alluvial sediment and weathered clay minerals contain
As-polluted geo-aqueous system high As. Ishigaet al. (1999) reported that the organic
These results might also be important for solutions of black mud also contain high concentrations of As in
near-neutral pH in which abundant cell-mineral surfaces Bangladesh. Total Sulphur (TS) is also detected in
are able to adsorb metals from solution. Hazigonj, samples from both Samta and Dauli Villages showing
Bangladesh, lies on an estuary of old Meghna River high sulfur concentration suggesting marine or brackish
alluvium that is deeply flooded by rainwater during the water. Paktunc and Dutrizac (2003) reported that Fe
monsoon. Flooding is caused by the Meghna River andaffects the amount of arsenate substitution, which is
by the Dakatia River. As a result, a large amount of limited to about 17 mole % As@{AsO, + SQ). The
sediment from the upper stream has been carried downcharge imbalance caused kyetsubstitution of arsenate
towards the Bay of Bengal. Hazigonj is typically is compensated by the partial protonation of the AsO
inundated annually and is frequently flooded due to its and SQ.
very low water table (1~2 m). At the same time ground  As polluted ground waters are found to be capable of
water is affected by the mobilization of As from minerals accumulating As along with other elements. This
or clay minerals at a depth of 23~29 m. Geologic accumulation of elements into the microbial cellular
conditions at Hazigonj are favorable for the formation of system takes pke by biogeochemical processes.
minerals, with high F& and NaCl concentrations in Newmanet al. (1997) reported that the main compounds
ground water (pH 7.2~7.4) (Islarat al., 2003), very of As in aqueous solution are HA$Q H.AsO", H:AsO;,
similar conditions to the experiments in this study. As, and AsH at pH 7 or near-neutral pH. These
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Fig. 9. Diagram of pH-dissolved As-total bacterial abundance of Asemgihexperimental systems. Dissolved As ion is greatest

in the pH range 7-8 and associated with high total bactebhahdance. pH is related to the logarithm of concentration of
dissolved As ion in the ground water after one year of aging. Note that pH 7~8 and Eh 200~400 mV allows the survival of
microorganisms under high As conditions.

conclusions are also important for this study, as most of sources for their growth. Liwise, symbiotic bacteria
the pH values of the solutions are pH 7~8. The results of may have a metal-accumulagircharacter even in these
this study could be implemented in the purification or toxic environments, because they could endure the
bioremediation of As-polluted geo-aqueous ecological extremely high As concentrations. The results of these
systems. Accumulation akes place by adsorption, experimental systems show that these As-mineral -
precipitation, complexation, and transportation at non- bacteria associations could be utilized in the purification
marine or brackish conditions in sandy low lands, such asor bioremediation of As-polluted geo-aqueous ecological
in Bangladesh and in peninsular sandbars. system.
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Rapid Environmental Changes after the Flood in 1999
in the Hue Lagoon Area of the Middle Vietham

Yukihiro Hirai’, Nguyen Van Lap’ and Ta Thi Kim Oanh?

Abstract: A big flood disaster struck the Hue lagoon area of the Middle Vietnam in the
November 1999. More than 700 people were killed by very high flood both in the riverside and
littoral lowlands, and killed by many debris fie in the mountain area. In the lagoon area the
water level reached to 4 m high from the sea level, which caused washout of the sandbar or the
barrier beach between the lagoons and the seas€juently some former inlets of the lagoon
opened again and rapid coastal erosion has occurred in each collapsed places.

The purpose of this study is to show the fastof the washout of the sandbar or the barrier
beach, and to know the mechanism of the rapidstal erosion after the flood. The authors
collected and compared three kinds of topographic map issued in 1950, 1965-68 and 1990s,
and three kinds of remote sensing images made by Landsat 7 ETM data taken before and after
the flood.

The trigger of the flood was the heavy rainfall more than 2000 mm in a week, but the
background of the washout is the bad draintgeugh the narrow inlets at the flooding time,
and the continuous coastal erosion from 1960s in the whole area of this coastal zone. And the
main cause of the rapid coastal erosion afterfihod is the occurrence of some depression of 5
m or more in depth, 400-1000 m in length, 100-250 m in width at the offing of the washouts.
The beach sand moved into the depression from the northwest to the southeast by the winter
monsoon from the north or northeast. So northeesbeach were eroded so rapidly in the last
4 years just after the flood.

Key words: big flood, coastal erosion, coastal lagoon, washout of sandbar
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Fig. 1. Location and geomorphological map of Tam Giang-Cau Hai lagoon area
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Fig. 2. New and old inlets of Tam Giang-Cau Hai lagotmase map was made by Landsat 7 ETM data on 21 Apr. 2003
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Fig. 3. Changes of Thuan An inlet from 1904 to Apr. 2003
(3-a: redrawn of the Fig.4-2 of MSTE,2001; 3-b, c:

prepared by topographic map issued by U.S. army map
service; 3-d, f, g: prepared by Landsat 7 ETM data; 3-e:
redrawn of the Fig. 4-3 of MSTE, 2001
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Picture. 1. Private houses broken by coastal erosion
occurred in the northwestern beach of the Hoa Duan inlet
(taken on 9 March 2000
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Picture. 2. Small beach cliff made by coastal erosion in
the northwestern beach of the Hoa Duan inlkeken m 26
February 2002
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Picture. 3. Private houses on the sand dune in Hoa Duan
village broken by coastal erosion occurred in the
northwestern beach of the Thuan An inléaken o 26
February 2002
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Picture.5 Beach cliff about 1 m in height made by coastal
erosion in the northwestern beach of the Vinh Hien inlet
(taken on 22 December 2003
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Picture. 4. New beach appeared in front of the steep dune
cliff made by coastal erosion in Hoa Duong villaggaken

on 23 December 2003

B1IBEE Y ¢ » e T VISR OB, B L OV ZF D
PEEI O R DRSO A7 < & b 2 FPT AT L
72 (M 4-d). Oz DfEZEFLE L TRED
B - et L, AN 44080 9 b 828 S EE S L
7o, BBEIE—ANTH 7205, FBEHOKEK 15027
Z— VAsigAK L7z CGEHIEA, 2000,
KEBBZDT 4~ b T2 HIIIIER 600 m KIE
4~8mTdH - 72 (MSTE, 2001. kEHR 47 Aizo 72
20004 3 A O B4 T id, JbVEE2 5 & 200
m ORI ASET 5 [ HE DS C /KR IR 13K 250 m & 7
D, % D% 20004 11 A 121318 150 m K% 8.6
m(MSTE, 2001, % L T 20024F 2 A 121305 50 m,
KETmEETOR XHLY ), 20034F 12 A 1213 KE
¥3m (A ) S mE2Ick <& & D, 1994
EIZPHZE L 2ERTOREBISEDO VTV 5 (X 4-€).
L2LY 4 ez il 0o el fEE# 1 km O
XHETIE, BB L WilERIZEET L T
L. Tbb, JIKLATIZIZE O E A 100 m
o 72H, db~ILHFHELIK 11 A ~1 A I2fibik
PN 10~15 miT &9 DR A S, Pk 445
37220034 12 H £ TIC &Rk TH 50~75 mig & &
N7z (BES5)., 20720, #k#EIOMXTIETT
Z# SO SRR ICRAE L7z, T2 IckR7zKR T
F o VLA OHEOEE LR L L, RENT
WHEFEDETERK - KK TH 2 HFKROIEKAL
MEDSRZ > TWwb.

Ow 7524 #0

oy 7572 AL, V4 e U ians



NN FLPET 57— VI BT A 19994 k£ o Sl BRI 2L

O L) & 7z 19944F LIRE BT L, /K PAAT IS (EPE )
B IE N7/ B\ i 0 #4212 100~400 mo 7k
FESAEAE L 72 (K 4-0) . KREBERZRIZIE, T ONE S i)
M EDOKEE D LA > 725 (X 4-d), 20014E (211
#1100 MmO Lo et b fES iz, L
L, 20034E 4 HiRE D7 » K4 v MEETIZARBEO
AV ASHIZE L, 20034 12 A 0RO B & HLD
TN OHEHMOREDHEAT, dobkdne
ZIIMEAS 10 m & 76 ) T RS A O fe B r Ik
MIZH B EV) (X 4-e).

HKBOMIEESDOXIE &1L
— g NI EHIC—

B TICRR7z & 912, 19994F 11 H otk T
X, 2OoTCTMRZ o7k T7TarBITT 1L
MO EUCHOLZ. 2L T2 UM IZY,
ko o7 OAEFEICAE T ANA X VAT B LU
v e T VO EICALE T B T 1 oA KO/
MAPIE L, ZOHBINS OFHIAOHIB L I
P O WSS ZFOALVEHIERE T, SRR
HAHEA TS, ZFO70LFMBOEE T, it
KEZFDHDWBREREIZL > TEBOREDEE-
i L, 72T AKROIEARIIC & o THETHFHAKRHE
PERHKDOFI N CRAN 2 ESBEL TWA, 512
R HE B & OEEIEFI R O T, KAV
ALY, doktET 7— v O¥EpiEES—FIC
FA L7272 K S EN T,

29 L7zitkE Z0BO A B ERELLIIH L
T, 97— OMlEBLOHRICH L KEETIE,
SEFEEEF LAV LENE, MOIZTHHRRZLH
2, 5RO EROREL ZoxInkEE 2 b L
T, AHO—#o K E I L TEAIZHIED A 4
BED LI LB L D0 % 1A Z LIdKRZE
HETH 5.

ZF 2T, KETIZ199MEDHK TR & e % %
Ja5 b, ZOHTIER OB BFSICEY
HMATHWD Y 1 UNAKOFBZBNTH. 1IN
A9 7 =Dy 4 e O TEENC A E T S

X 4. 19504F~20034E2BI1T2 kv b T Vi (7 4
eI viiOBLUuy 75 2 A#M0) %A

Fig. 4. Changes of Tu Hien inlefVinh Hien inlet and Loc
Thuy inlet) from 1950 to Apr. 2003

(4-a, b: prepared by topographic map issued by U.S. army

map service; 4-c, d, e: prepared by Landsat 7 ETM)data
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L ong-term fluctuation of the brackish-water bivalve Corbicula japonica

population in the coastal water s of L ake Shinji, western Japan

Shimpei Moriwaki*

Abstract: The distribution and population detys of the brackish-water bivalveCorbicula
japonica, in the coastal waters of Lake Shinji were summarized from the literature. It is thought
that the primary habitat of. japonica was limited to the vicinity of the Oohashi River before
the early Showa era. Population density was relatively low, slightly less than 1,000nAds.
from 1930 to 1960. After that, the population density®fjaponica began to increase starting

in the mid-1960 s and rose to its highest level —10,6@0,000 inds.m’- in the 1980 s. The
increase ofC. japonica coincides with a significant increase in chl-a, implying the development
of better food resources f@. japonica. On the other hand, the area inhabited narrowed to the
lake shore shelf. Although a large die-off Gf japonica occurred in the autumn of 1997, the
population density ofC. japonica has recovered rapidly, i.e. the population has maintained a
density of 5,000-10,000 indsn* since 1999.

Key words: Corbicula japonica, Lake Shinji, population density
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Fig. 2. Changes in the density @orbicula japonica population in area “C(Fig.1).
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Appendix. List of density ofCorbicula japonica population in Shinji Lake.

Year Density(Inds./m) Area in Depth Number Times Mesh
/month _ Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. _ Fig1 (m) Method of stn. /stn. in mm Reference
1929 52~312 B 45~52 3 3~9 Miyadi(1932)
1930 52~728 D 05~48 17 1~18 Miyadi(1932)
1959 87.5 125 25 A 15~7 EB. 1 4 1 Kikuchi(1964)
1959 3125 3125 1125 B 34~39 EB. 1 4 1
1959 700 987.5 337.5 C 28~40 EB. 1 4 1
1959 100 100 1125 D 30~52 EB. 1 4 1
1959 75 25 62.5 E 21~46 EB. 1 4 1
1959 325 75 126.3 F 28~37 EB. 1 4 1
1959 75 1125 75 G 29~4 EB. 1 4 1
1959 1125 104.1 H 30~34 EB. 1 4 1
1959 425 125 J 53~55 EB. 1 4 1
1960 62.5 B 42 E.B. 1 4 1 Kikuchi(1964)
1960 100 C 3.1 EB. 1 4 1
1960 75 D 48 EB. 1 4 1
1960 50 E 44 E.B. 1 4 1
1960 25 F 47 EB. 1 4 1
1960 50 G 42 EB. 1 4 1
1960 100 H 3 E.B. 1 4 1
1960 704 A 1.2 B.Q.
1960 320 B 0.15 B.Q.
1960 2435 [¢] 0.2 B.Q.
1960 394 D 0.3 B.Q.
1963 150~6,250 B 14~51 EB. 10 1~3 Mizuno et al.
1963 3,000 C 27 EB. 1 1 (1966)
1963 700 G 43 EB. 1 1
1963 50~400 H 39~50 EB. 2 1
1964 89 89 178 B EB. Hikota(1965)
1964 4,355 C EB.
1964 44 89 E E.B.
1964 89 1,911 622 G EB.
1964 356 222 311 H EB.
1978 400~2220 A 21~42 EB. 2 S.P.F.E.S.(1980a)
1978 755~1909 B 15~48 EB. 4
1978 311~2220 C 25~50 EB. 2
1978 444~932 D 26~35 EB. 2
1978 44 E 40 EB. 1
1978 89~799 F 11~38 EB. 4
1978 133~2264 G 15~30 EB. 3
%8 VSA~ISI0 Hoti~32 EB 2
1978 977~1199 A 09~26 EB. 2 2~3 S.P.F.E.S.(1980b)
1978 67~688 F 14~39 EB. 2 2~3
1978 1,598 G 3.7 EB. 1 2~3
1978 52~1058 B 1.0~40 EB. 4 2~3
1978 139~1246 C 10~40 EB. 4 2~3
1978 213~697 G 1.0~40 EB. 4 2~3
1978 48~1177 H__10~40_ EB.___4 __2~3 ______________
1978 8,776 G EB. 1 3 0.5 1ga(1979)
1980 760 B 3.7 S.M. 1 - 1 S.P.F.ES.(1982)
1980 1,100 C 32 SM. 1 - 1
1980 940 D 5 S.M. 1 - 1
1980 1,340 F 3.8 S.M. 1 - 1
1980 120~2090 G 32~49 SM 1 - 1
1980 1,160 H 3.8 S.M. 1 - 1
1981 320 A 3.0 SM. 1 - 1 S.P.FE.S.(1982)
1981 80 B 3.8 S.M. 1 - 1
1981 300 C 3.0 S.M. 1 - 1
1981 300 D 3.9 S.M. 1 - 1
1981 20~460 G 39~45 SM 2 - 1
1981 200 H 29 S.M. 1 - 1
1981 560 A 3.1 SM. 1 - 0.5
1981 1,960 C 3.0 S.M. 1 - 05
1981 40 D 4.0 S.M. 1 - 05
1981 20 F 35 SM. 1 - 05
1981 1,460 G 45 S.M. 1 - 05
1981 900 H 3.0 S.M. 1 - 05
1981 1,640 A 15 S.M. 1 - 05
1981 460 B 35 S.M. 1 - 05
1981 3,660 C 3.4 S.M. 1 - 05
1981 1,900 D 3.4 S.M. 1 - 05
1981 160 F 1.7 S.M. 1 - 05
1981 1,660~2,020 G 33~36 SM 2 - 05
1981 2,120 H 3.2 S.M. 1 - 0.5
1982 10~5,030 A 13~45 SM 28 1~3 05 SPFES(1984a)
1982 10~3,360 B 12~44 SM. 16 1~3 05
1982 820~3,890 C 08~36 SM 4 1~3 05
1982 1,030~2,070 D 22~35 SM 4 1~3 05
1982 40~370 E 1.0~38 SM. 6 1~3 05
1982 7~1,780 F 06~41 SM 14 1~3 05
1982 20~2,940 G 12~41 SM 14 1~3 05
1982 o ho~aoto H_l8~44_ SM___ 9 __1~3 05
1982 1,504 2038 1,780 5018 4582 3994 1472 450 1,270 C 20~30 SM 1 1 05 S.P.F.E.S(1984b)
1982 696 1394 1230 1258 2194 2240 1450 256 506 G 12~22 SM 1 1 0.5
1983 60~4,690 A SM. 1 3 05 SP.FES(1985a)
1983 10~1,300 B S.M. 4 3 05
1983 4,120~5,920 C S.M. 3 3 05
1983 1,360 D S.M. 1 3 05
1983 10~4,930 E S.M. 5 3 05
1983 490~4,080 F S.M. 4 3 05
1983 10~3,670 G S.M. 8 3 05
1983 40~2,140 A S.M. 9 3 05
1983 20~1,040 B SM. 4 3 05
1983 350~1,120 C S.M. 3 3 05
1983 310 D S.M. 1 3 05
1983 210~1,140 E SM. 4 3 0.5
1983 10~660 F S.M. 7 3 05
1983 S 50~880 _ __________ G _______SM___5_ _ = 3 __05 __ _________
1983 304 398 402 1,940 3,120 11,460 6,980 1,920 7,680 6,040 1020 1,680 C 21~26 SM 1 1 05 S.P.F.E.S.(1985b)
1983 804 310 140 740 1,480 1,380 240 580 1,660 340 1,140 4,760 G 14~26 SM. 1 1 0.5

39
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Appendix (continue). List of density ofCorbicula japonica population in Shinji Lake.

Year

Density(Inds./m)

Area in Depth

Number Times Mesh

/month _ Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. _ Fig1 (m) Method of stn. /stn. in mm Reference
1984 560 920 780 1,030 2540 3620 5540 4720 4,700 1,540 3,500 9,720 C 20~27 SM 1 1 05 S.P.F.E.S.(1986)
1984 3840 5380 3220 24940 8840 2340 1,840 2400 1280 1220 9340 26,720 G  11~23 SM 1 1 0.5
1985 27,600 15740 6,120 18,820 17,580 12,960 10,540 13,940 11400 7,660 940 840 C 19~27 SM 1 1 05 SP.FES(1987)
1985 40,020 72,180 26,060 26,340 25480 9320 2,280 1,700 1,280 540 400 140 G 10~15 SM. 1 1 0.5
1986 600 420 500 3,180 3680 3,040 3,720 1,280 4,500 3,580 400 8,000 C 22~34 SM 1 1 05 S.P.F.E.S.(1988)
1986 140 200 100 1,520 1,900 2300 580 1,180 800 220 1,200 7,720 G 12~16 SM 1 1 0.5
1987 5600 7920 2520 2780 1970 1,800 3,160 2640 2240 1920 1,880 1,820 C 19~25 SM 1 1 05 SP.F.ES(1989a)
1987 10440 3740 2940 4300 880 680 _ 1,660 1120 _ 600 _ 300 1060 1420 _ G_ Li~18 SM___ i ___ 1 _ 05 ____
1987 20,320 B 1.3 SM. 1 2 0.5 S.P.F.E.S.(1989b)
1987 36,000~61,760 C 19~24 SM 2 2 0.5
1988 1,060 1,700 2940 8440 4440 9840 13620 9,180 7,100 4380 1,860 1,700 C 20~25 SM 1 1 0.5 S.P.F.E.S.(1990)
1988 340 440 620 900 880 1920 1660 1640 1800 2500 2246 842 G 10~13 SM 1 1 0.5
1989 1,540 6,340 2960 7,180 13,940 19420 19,700 21,920 20320 17,180 5,160 3,660 C 21~25 SM 1 1 0.5 S.P.FE.S.(1991)
1989 820 280 1,480 2,100 1,800 1840 720 2340 2480 3,300 4,680 6,900 G 10~15 SM. 1 1 0.5
1990 3,040 4,100 4,080 6,500 14,120 20,373 12,740 17,262 7,440 7,600 5895 2,989 C 21~25 SM 1 1 0.5 S.P.F.E.S.(1992)
1990 2940 3560 8060 2640 3260 2223 3270 2520 2660 2290 640 844 G 10~15 SM. 1 1 0.5
1991 876~2,232 A 13~20 SM 3 5 Sakamoto(1992)
1991 232~2,836 B 2 5
1991 4,160~6,348 C 2 5
1991 1,520~1,804 E 2 5
1991 720~1,716 G 2 5
1991 1,181 840 1,445
1991 199 794 554
1992 2972
1992 3,278
1992 1,528
1992 1,942
1992 oo 1964 ______H___23 _SM___1___ 5 __1____________
1992 1,390 1,200 1,120 1,220 910 2,090 1,550 A 15 SM. 1 2 S.P.F.E.S.(1994)
1992 40 10 F 45 S.M. 1 2
1992 13,600 1,780 160 2,210 910 310 800 420 I 4.5 S.M. 1 2
1993 1,490 640 630 6,870 3,530 5780 4,210 5,110 6,150 A SM. 1 2 S.P.F.E.S.(1995)
1993 7840 7,040 3,110 3210 20 4,670 10 F S.M. 1 2
1993 YA (U 280 _______ 260__ _140 __840 __1800__4830 _2010 _4280 4590 __ 1 ________SM.___1 ____ 2 o ____
1993 4,584~7,388 B 14~30 SM 3 10 Sakamoto(1994)
1993 4,726~22,524 C 14~31 SM 6 10
1993 2,692~12,766 D 13~32 SM 3 10
1993 3,888~9,582 F 12~24 SM 3 10
1993 2,736~6,728 G 15~30 SM 6 10
1993 3,066~4,468 H 18~28 SM 3 10
1994 1,210 680 4880 11,100 5,000 6,230 6970 6,720 8,830 15660 A S.M. 1 2 S.P.F.E.S.(1996)
1994 1,270 1,500 1,090 1,940 1,800 670 70 80 F S.M. 1 2
1994 250 120 12,480 I SM. 1 2
1994 8570 9,140 6500 6430 6630 7,880 8,700 6,790 C S.M. 1 2
1994 2,100 _12,080_ 5760 __3230_ _6580 10680 8370 4700 _ G________SM.___1 ____ 2 .
1994 4,440~8,728 B 1.2~35 SM. 3 5 Sakamoto(2000)
1994 712~1396 C_15~32 SM___ 6 ___ 5 ______
1994 1,980~9,060 A 13~18 SM 5 5 Sakamoto(1998a)
1994 2,296~5,128 B 14~31 SM. 3 5
1994 740~17,256 C 15~32 SM 6 5
1994 3,192~3,716 E 13~30 SM 3 5
1994 640~3,280 F 12~30 SM 3 5
1994 3,740~8,240 G 12~35 SM 6 5
1994 e 1 2,720~6348 ______________ H__21~30_SM.___3 __ = S o ____
1994 128~976 F_10~29 SM 6 5 Sakamoto(1998b)
1995 15,830 25,530 8,800 6,100 7,210 9,150 4570 7910 9,030 7,680 3,250 A S.M. 1 2 S.P.F.ES.(1997)
1995 50 90 530 350 300 F 1 2
1995 90 5450 6,710 2,920 470 600 1,870 720 1 1 2
1995 780 1,470 1,740 7370 9560 9600 7,810 8000 6250 7410 6,030 C 1 2
1995 1,880__5,630 2,720 _ 8,870 _ 12,230__9,260_ 11,020 _9,570__10,360 _ 8,950 _ 3,930 G 1 2
1995 448~1,692 F K . .M. 9 5 Sakamoto(1998b)
1996 1,752~10,516 A 15~35 SM 5 5 Sakamoto(2003)
1996 2,712~4,368 B 1.5~40 SM. 3 5
1996 1,460~17,252 C 15~32 SM 6 5
1996 1,756~4,532 D 17~32 SM 3 5
1996 676~2,628 E 20~35 SM. 3 5
1996 316~3,172 F 10~35 SM 6 5
1996 1,596~6,050 G 20~37 SMm 6 5
1996 iggo~e40d W 20~39 SM___ 3 5
1996 630 760 2240 7930 7910 6880 7,840 9630 7910 7670 7490 1310 A S.M. 1 2 1 SP.F.E.S(1998a)
1996 30 130 110 10 20 10 F S.M. 1 2 1
1996 160 340 420 1,300 210 60 70 10 10 1 S.M. 1 2 1
1996 1,640 1570 690 2330 5720 4970 5270 4450 2870 2230 1,740 780 C S.M. 1 2 1
1996 _ 760 __ 990 __1390 _4650 810 _ 7070 __4520_ 9,790 _4100_ _3680 2480 1810 _G________SM___1 ___: 2 _ vl
1996 360~1,348 F_10~30 SM. 9 5 1 Sakamoto(1998b)
1997 30~3.320 A S.M. 9 05 SP.F.ES(1999a)
1997 10~6,130 B SM. 8 0.5
1997 9,360 C S.M. 1 05
1997 10~1.810 D S.M. 3 05
1997 10~300 E SM. 5 0.5
1997 80~3,280 F S.M. 9 0.5
1997 70~5,320 G S.M. 10 0.5
1997 10~3,140 H SM. 5 05
1997 o se~e%0 L SM___5______ 05 ___________
1997 100~3,340 A 05~4 SM. 30 2 4 S.P.FE.S.(1998b)
1997 90~970 B 1~4 S.M. 23 2 4
1997 120~1,570 C 1~4 S.M. 19 2 4
1997 30~750 D 1~4 SM. 18 2 4
1997 10~820 E 1~4 S.M. 16 2 4
1997 20~230 F 1~4 S.M. 15 2 4
1997 50~840 G 1~4 SM. 27 2 4
1997 ool 30~2060 __H__ 1~4_ _SM.___16___2 _ 4 ___________
1997 40 550 80 2230 6,060 5490 8700 8680 2460 5550 1,300 1,300 A S.M. 1 2 S.P.FES.(1999b)
1997 10 10 90 10 30 60 10 90 10 30 30 F SM. 1 2
1997 20 10 110 1,100 2,950 2,950 I S.M. 1 2
1997 190 340 530 1,300 480 4330 4,030 4480 4900 2,740 C S.M. 1 2
1997 910 1,430 _ 2,910 _ 2,280 _ _4,140__2,160 G 1 2
1997 . .

1997 4,936~11,120 A 15~28 SM 3 5 Sakamoto(2003)
1997 68~4,176 B 20~45 SM 6 5
1997 1,036 ~3,396 C_19~37 SM. 6 5




fitge (Bi &), REMBIF LY~ oY IERBEREO—E.
Appendix (continue). List of density ofCorbicula japonica population in Shinji Lake.
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Year

Density(Inds./nm)

Area in

Number Times Mesh

41

Depth Method Reference
/month__ Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov.  Dec. _ Fig1 m) of stn. /stn. inmm
1997 908~1,148 D 20~37 SM 3 5
1997 20~1,856 E 10~27 SM 3 5
1997 52~2,000 F  13~30 SM 6 5
1997 588~2,452 G 13~27 SM 6 5
1997 372~2,632 H 22~40 SM 3 5
1998 460 1950 290 1440 6220 7340 6,140 3600 4710 3380 3,060 2340 A 10~18 SM. 1 2 05 SPILFES(1999a)
1998 30 20 130 20 10 F  47~52 SM 1 2 0.5
1998 5030 9730 480 12,800 11,140 28990 11,330 6,850 9,290 5310 6,060 2,910 I 40~50 SM 1 2 1
1998 960 600 80 470 1020 1530 1,710 1600 1,620 1260 1,620 C 24~32 SM 1 2 0.5
1998 _J100 __320__1260 __130___630___1.110__530 __2210_ _2310 _1630 __810_ __710____G__0Q7%13_SM____1 ___Z 2 __05 ___________
1998 420~3,800 990~7,210 350~3,380 A~H <1 SM. 7 2 05 S.P.LFE.S.(1999b)
1998 20~5,370 30~5,920 50~3,.320 A~H 1~2 SM. 31 2 0.5
1998 10~6,530 30~2,520 30~3510 A~H 2~3 SM. 22 2 0.5
1998 20~5,510 10~1,960 10~1,010 A~H 3~4 SM. 23 2 0.5
1998 oo 101080 10~820 _____ 10~3260 _ ___ A~H__4~5_ _SM.___25___2 05 ___________
1998 1,012~6,328 A 17~38 SM 6 5 Sakamoto(2003)
1998 24~3,620 B 18~42 SM 6 5
1998 880~2,404 C 12~41 SM 6 5
1998 316~2,032 D 17~40 SM 3 5
1998 80~448 E 21~35 SM 3 5
1998 4~216 F 10~28 SM 6 5
1998 440~752 G 16~39 SM 6 5
1998 80~948 H 19~40 SM. 3 5
1999 1,900 660 190 1,590 6450 7,910 8200 6,030 6770 6270 5710 3410 A SM. 1 2 0.5
1999 10 30 F M. 1 2 05 S.P.LF.E.S.(2000a)
1999 1250 830 1,820 1,990 2330 2250 2530 1,040 3010 520 240 1 SM. 1 2 1
1999 340 590 530 540 2,180 2620 3340 6,110 2770 1,810 1,670 1370 (¢ SM. 1 2 0.5
1999 720 __ 590 __ 340 __360__ 2450  1910_ 2160 _8150__3410__2830 2530 2510 _ G________SM___1___ 2 05 ___________
1999 240~14,310 150~12,350 380~6,390 A SM. 16 2 05
1999 70~3,250 30~13,120 140~6,470 B SM. 12 2 0.5 SPLF.ES.(20005)
1999 50~8,090 3,920~13,830 120~7,850 [¢] SM. 8 2 0.5
1999 110~2910 30~9,770 10~3,340 D SM. 8 2 0.5
1999 20~900 10~7,200 70~2,270 E SM. 1 2 0.5
1999 10~720 10~2,790 10~2,410 F SM. 1 2 05
1999 10~7,370 40~14,700 100~4,240 G SM. 16 2 0.5
1999 990~2,860 920~9,000 90~2,540 H SM. 8 2 0.5
2000 80~3,470 230~7470 280~6,650 A SM. 13 2 05
2000 10~4,430 10~3,990 170~5,050 B SM. 15 2 0.5 SPLF.ES(2001a)
2000 1,100~6,950 10~6,690 50~5,180 c SM. 10 2 0.5
2000 770~5,160 10~7,770 30~4,630 D SM. 10 2 0.5
2000 10~1,610 30~1,430 70~5,450 E SM. 12 2 0.5
2000 20~520 20~1,090 30~3,160 F SM. 1 2 0.5
2000 10~7,360 320~4,910 20~4,470 G SM. 19 2 0.5
2000 ________ 430~1910 ________250~5220 ________20~3080 _____ H _______SM___10___2 _05 __________
2000 2,080 560 230 1,000 5120 6050 6,670 7980 5240 7940 7590 4,220 A 12~16 SM. 1 2 05 spiFES (2001b)
2000 10 160 F  48~51 SM. 1 2 05 T
2000 350 460 20 830 60 I  26~48 SM. 1 2 1
2000 500 340 780 950 1,060 1810 4310 5720 2260 5700 3,380 6980 C 24~30 SM 1 2 0.5
2000 290 780 670 1,000 840 1,540 1840 1720 1,220 2550 2920 2,690 G 13~19 SM 1 2 0.5
2001 450~11,160 A 11~42 SM 15 2 1
2001 120~7,050 B 12~44 SM 12 2 1 SPLFES.(20032)
2001 3,130~9,950 C 14~45 SM 8 2 1
2001 360~8,770 D 12~45 SM 8 2 1
2001 30~7,880 E 15~45 SM 1 2 1
2001 20~3,730 F 15~42 SM 1 2 1
2001 140~13,640 G 14~47 SM 15 2 1
2001 e e e me e oo _20~13060_ _ ___________________ H__12~45_SM.___8 __: 2 .
2001 3,250 3,720 13,390 3920 20410 11,110 12,090 10,060 5110 6,790 3,840 A S.M. 1 2 0.5
2001 1,160 400 390 70 320 200 F SM. 1 2 0.5 SPLF.ES(20030)
2001 90 1 SM. 1 2 1
2001 2,750 6,010 14,290 12,680 9,560 7,420 7,920 7,790 4,580 2,350 c SM. 1 2 0.5
2001 2170 2380 2,170 10440 5700 3920 3430 2810 2230 2240 2270 G SM. 1 2 0.5
2002 3760 1970 960 9,010 3,890 6,300 A SM. 1 2 0.5
2002 270 200 190 880 50 20 F SM. 1 2 0.5 .
2002 20 20 220 8,570 3,840 10 1 SM. 1 2 1
2002 1,660 1,250 1,330 1,230 5,370 3,210 c SM. 1 2 0.5
2002 2,180 680 960 770 1,370 2,350 G SM. 1 2 0.5
2003 9,580 A SM. 1 2 0.5
2003 130 F SM. 1 2 0.5 SPLF.ES(2004)
2003 290 1 SM. 1 2 1
2003 1,040 c SM. 1 2 0.5
2003 1,540 G S.M. 1 2 0.5
Method: E.B. :Ekman-Birge type sampler
S.M. :Smith-Mclntyre type sampler
B.Q. :Basket Quadrat sampler
SP.FES: Shimane Prefectural Experimental Station
SPIFES: Shimane Prefectural Inland Experimental Station
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A low-cost, compact acoustic survey equipment system (sidescan sonar)
for usein the coastal lagoons and estuaries

Kiyokazu Nishimura', Masato Joshima', Takao Tokuoka’,
Hiroyoshi Ueno?, Ayumi Fukita’ and Tomoyoshi Takeuchi®

Abstract: When geological surveys or environmental studies are carried out in brackish water
lakes like Lake Nakaumi and LakShhji, a sub-bottom profile SBP), which images the
geological structure of the lake sediment, and sidescan $&8®, which reveals the
microtopography of the lake bottom, are essérdgimvey equipment. However, conventional
survey equipment was digned for marine operations, and as a result it is large and difficult to
use in lakes. A low-cost and compact sics sonar and sub-bottom profiler system was
developed which can be deployed from a snhalat, and easily used in the survey of brackish
water lakes. The trade name of the digital sidescan sonar is SportBeagenex Technology
Corp., Canadaand the trade name of the sub-bottom profiler is Strataf®yQwest Inc.,
USA). In this pagr, we focus on the sidescan sonar. The low-cost sidescan sonar is composed
of a towfish connected directly to a power suppl0-16 VDO and notebook PC through the
shipboard towing cable. The operating freqog of the sidescan sonar is 330 kHz, the
available operating range is 15 m-120 m, and the best towing speed is 2-3 knots. A survey of
Lake Nakaumi was carried out by combining sidescan s@ndrbottom profiler and a DGPS
receiver with navigation based on the map software “KASHMIR 3 D”". This sidescan sonar
survey produced a mosaic map of the sediment surface of Lake Nakaumi.

Key words: sidescan sonar, SportScan, GPS, KASHMIR 3 D, coastal lagoon
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L ong-term observation of the boundary between fresh and saline water
in the subsurface aquifer system beyond the saline water invasion area
at River Gonokawa, Shimane Pref., Japan

Takao Tokuoka', Hiroyoshi Ueno', Ayumi Fukita’,
Kiyokazu Nishimura® and Shigenori Suzuki ®

Abstract: A well was installed on the bank of the Gonokawa River for the observation of
groundwater. The well depth is 50 m and it penetrates alluvial sand and gravels. Long-term
observation of the freshwater and saltwater boundary (F/S Boundary) was attempted, using a
multi-sensor salinity/temperature measurement system based on the XCTD, a newly developed
simplified conductivity measurement system (4 m cable with 40 sensors) , and a pressure sensor
for measuring the fluctuation of water level. Observation was carried out successfully for one
year from September 2001 to August 2002, during which fluctuations of F/S boundary were
recorded. This boundary responds to tidal movements with no time lag, and also changes in
accordance with abrupt changes of river discharge with little or no time delay. Seasonal
fluctuation of F/S boundary of more than 5m has been detected for the first time by the

present long term observation.

K ey words: saline wedge, ground water, fresh/salt water boundary, R. Gonokawa
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Fig. 9. Various data obtained at the observation well during December, 2001.
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LAGUNA (Research for Coastal Lagoon Environmeritg, p.65—68 (2004

Hydrogen sulfide distribution in bottom and pore waters
during an anoxic period in Lake Nakaumi, Japan

Saburo Sakai*, Masaru Nakaya’® and Katsumi Takayasu®

Abstract: Hydrogen sulfide concentrations in bottom water and surface sediment pore water
were measured during an anoxic period (Seftter 2003) in brackish Lake Nakaumi, Japan.
Bottom water hydrogen sulfide concentrations were greatest (242t except for
artificially dredged area) in the southern pafithe lake and the Yonago-Bay area, where the
hypolimnion is most stagnant, whereas hydrogen sulfide from pore water was detected ( ~1-37
mg-SI*) in amuch wider area. This indicates that surfaggliments may maintain anaerobic
conditions long after the bottom water returrotaygen rich. Hydrogen sulfide was not detected

in bottom and pore waters near the Sakai-$tmaid Ohaki River, where seawater and river
water flow into the lake. In comparison with twather Japanese brackish lakes (Lake Abashiri
and Lake Asokai), Lake Nakaumi has a loweoncentration of hydrogen sulfide. Lake
Nakaumi is characterized by an unstable Hipoion, in which anoxic conditions are easily
mediated by an oxygen-rich tidal-induced inflow.

Keywords: Hydrogen sulfide, anoxic environments, Lake Nakaumi

Introduction %oand that of the lower layer is about Z{Date et al.,
1989). The vertical gradient in salinity increases during
Bottom water in brackish lakes often becomes anoxic the summer, when the bottom water of the lake develops
due to the development of a stagnant hypolimnion. oxygen-poor or anoxic conditions. This indicates that the
Bacterial mats and associated sulfate reduction oftenlake bottom may be below the redox boundary during
occur in anoxic bottom waters and at the redox summers.
boundary. These processes are rare in the well-circulated In order to evaluate oxic-anoxic status in coastal
ocean of today, but in the past they did occur during lagoon environments (brackidakes), hydrogen sulfide
Ocean Anoxic Events (OAE). Therefore, the study of should be a useful indicator. Okumurat al. (1997)
brackish lakes may provide a potential model for reported that the hydrogen §ide concentration of
geological and geochemical processes in OAE. hypolimnic water at the deepest site in Lake Nakaumi
Lake Nakaumi, located at the boundary between increased to a maximum of 1049-SI* due to the
Shimane and Tottori Prefectures, is an example. It has amactivity of sulfate-reducing bacteria from early summer
area of 86.8 ki with average water depth of 5.4 m. to autumn. However, no reports have been published
Seawater enters through the Sakai-Strait, and river waterdescribing the spatial distribution of hydrogen sulfide in
flows in from the Ohashi River (Fig. 1). The two waters Lake Nakaumi. Here we present preliminary results on
having different densities form a vertical gradient of the hydrogen sulfide (}$, HS, S) corcentrations in
chemical properties in the lake. For example, the salinity bottom water and pore water extracted from surface
of the upper layer of the lake water is typically about 17 sediments throughout the lake during a time of anoxia

' Ingtitute for Frontier Research on Earth Evolution, Japan Agency for Marine-Earth Science and Technology, 2-15 Natsushima, Yokosuka,
Kanagawa 237-0061, Japan

> Department of Geoscience, Faculty of Science and Engineering, Shimane University, 1060 Nishikawatsu, Matsue, Shimane 690-8504, Japan

* Research Center for Coastal Lagoon Environments, Shimane University, 1060 Nishikawatsu, Matsue, Shimane 690-8504, Japan
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f\\\  Lake Abashiri tubg, and a 5-ml water sample was introduced to the
N, B4 syringe. The septum cap was replaced promptly to
I.;»;’;,\w reduce volatilization of the hydrogen sulfide.

Lf;i For pore water sampling, surface sediments were

collected with Ekman-Birge type bottom sampler. A 10-
ml plastic syringe was filled with surface sediment using
small spoon. A 0.45.m filter was connected to the
’ 01 2 3 4(km) syringe, and the surface sediments in 10-ml syringe were
filtered by compressing the 10-ml syringe. The filter was
purged with the water sample using pore water pressed
: through the filter, then a new 1-ml syringe was connected
St | ( to the filter unit and a 0.5-ml water sample was
transferred to 1-ml syringe to which 0.04 ml of the
‘ { appropriate mixed diamine reagent was added through a
x4 \ three-way cock unit.
At all sampling sites, vertical profiles of temperature,
e salinity, dissolved oxygen &re measured from surface

e3 7 el0 016 @21 @25

Nakaumi  7m water to just above the surface sediments at 1 m intervals

) 4am
Ohashi fe1 @4 @8 ell 17 o2 e%6 28

mer| (0 om0 e o (N Yonago by a calibrated CTD unit (Quanta from Hydrolab Inc.).
Bay
osi s > Quantification
‘ 2 Hydrogen sulfide concentration was determined by a
/ N portable absorptiomate(UNIMATER from Tsukuba-
Soken Ltd.). All necessary dilutions were made after
Fig. 1. Sampling locations and bathymetry in Lake color development time. The concentration of sulfide in
Nakaumi. the sample was calculated from the expressios,=CF
(A-Av), where Gs is the concentration of hydrogen
sulfide, A is the absorbance of the sample, ands&he
(September 2003). This research was conducted as a pattlank absorbance. The factor F is evaluated by
of the study of brackish waters as a model for past anoxic standardization with known concentrations of sulfide
marine environments in geological history such as Ocean(Cline, 1969).
Anoxic Events in Mid-Cretaceous (e.g., Oguwt al.,

Lake
Sudy area Asol—kai\,

=

2002). Results & discussion
Experimental procedures Seasonal variation of vertical profiles
The vertical distribution of \ater temperature, salinity,
Samples and dissolved oxygen in the southern portion of Lake

Samples of lake bottom water and sediment pore waterNakaumi, (Station 18) from May to October 2003 are
were collected from 33 stations in Lake Nakaumi on 4-7, shown in Fig. 2. Station 18 is one of the sites which has
September 2003 (Fig. 1). At some locations sampling the strongest seasonal cige in oxic-anoxic conditions
was performed in May, July, August, September, and in Lake Nakaumi, as has been shown by the survey of
October 2003 to show seasonal change, as well asdissolved oxygen in hypolimnic water done by Shimane
vertical distribution in water column. Prefectural Inland Fisheries Experimental Station.

Hydrogen sulfide concentration was determined using Bottom water temperatures range from approximately
the methylene blue method (Cline, 1969). Because 16 to 23C, a slighly smaller amplitude than that of
hydrogen sulfide is volatile and easily oxidized, exposure surface water (Fig.2a). The thermocline gradient is
to air and manipulation of the samples must be kept to arelatively weak and ranges from 3 td’5 The séinity of
minimum. In order to avoid such volatilization of the upper water column fluctuates widely (Fig. 2b),
hydrogen sulfide and to simplify the sampling procedure, depending primarily on the amount of river water inflow
we modified the method of Cline (1969). Water samples (e.g., Tokuokeet al., 1994), whereas, hypolimmic water
were collected with a Niskin sampler connected to a shows relatively little fluctuation. These results indicate
silicone tube through a petck. The silicon tube was that Lake Nakaumi is most strongly stratified in August
purged with the water sample for a few seconds. Then aand September based on the strength of the halocline,
6-ml plastic syringe, containing 0.4-ml of the appropriate which developed in 2003 at a depth of around 3-4 m
mixed diamine reagent, was connected to the silicone(Fig. 2b). The upper water column is saturated with



Hydrogen sulfide distribution in bottom and pore waters during an anoxic period in Lake Nakaumi, Japan
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Fig. 2. Vertical distributions of (a) water temperature, (b) salinity, and (c) dissolved oxygen in
southern Lake Nakaumi (Station 18) from May to October 2003.

respect to dissolved oxygen (DO) due to gas-exchange |2 Hydrogen sulfide [bottom water]
with the atmosphere and the high activity of 50 -
phytoplankton. In contrast, DO decreases at the halocline| 1= %0-1 (kg (
because the halocline prevernt®e vertical transport of °

oxygen and other dissolved components (e.g., Seike
al., 1997). Anoxic water (~0.5 mg-O) wasobserved in
hypolimnic water from August to September at a depth
below 5 m (Fig. 2 ¢). The anoxia of September 2003 was
therefore used for the study of the distribution of 70 00 00 60 e0 o0

hydrogen sulfide in bottom water and pore water.
NNezzne7ae \
\ L NN

®981

® 181 @0 0

°9% o0 @0

Distribution of hydrogen sulfide in bottom water and
porewater

Hydrogen sulfide was detected in bottom water in the
southern part of the lake and the Yonago-Bay area (5-
207,.9-SI'"), which are characterized by a relatively
stagnant hypolimnion (Fig. 3a). Hydrogen sulfide was 01 2 3 4km
not detected in most samples of bottom water in other
areas of the lake, although relatively low concentrations |D . Hydrogen sulfide [pore water]
(~1-20 mg-St") were detected in pore waters (Fig. 3b). In 1-10 >
particular, hydrogen sulfide concentrations in pore water | g2 (ol (
in the southern part of the lake and the Yonago-Bay area &
show relatively high values (20~mg-3) whereas near
the Sakai-Strait and Ohashi River it is undetectable due
to the inflow of oxygen-rich seawater and river water.

Hydrogen sulfide concentrations in pore waters were

@10

°
0.3

e
121

10 to 200 times larger than those in bottom waters. This Joos 819 0 002 e0s w02
suggests that bottom water is more affected by water o7 @ @t o0 005 a1z 0
circulation and diffusion than pore water. In turn, ®0 401 e18 oo 192 030

hydrogen sulfide in surface sediments may maintain
anaerobic conditions long after the bottom waters return
to oxic conditions. The results of Seike et al (1997)
support this view. They studied denitrification in Lake

Nakaumi and concluded that denitrification can occur
when NG~ and NG is supplied to the reduced substrate
even When- oxic bottom water was present above the Fig. 3. Distribution of (a) hydrogen sulfide in bottom water,

surface sediments. (b) hydrogen sulfide in surface sediment pore water in Lake

The distribution of hydrogen sulfide in pore water  nakaumi, September 2003.
shows a comparable pattern to that of total organic

0 1 2 3 4(km)
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carbon (TOC) of surface sediments shown in Kadokura experiments.
et al. (1998). In 1996, high TOC concentrations (3.5-4.4
%) were recorded in the northwest, central, and southern References
parts of the lake, and in the Yonago-Bay area. The
sediments of the Sakai-Strait and Ohashi river areas (Fig.Cline, J.D. (1969) Spectrophotometric determination of
1) contained low TOC (~2.5 %). Kadokueh al. (1998) hydrogen sulfide in natural waterisimnol. Oceanogr .
suggested that this TOC concentration varied due to 14: 454-458.
redox conditions controlling the decomposition of Date, Y., Hashitani, H., Seike, Y., Kondo, K., Okumura,
organic matter. Thus, lower TOC concentrations indicate M., Fujinaga, K. (1989) Water quality of Lake
more oxidized conditions, because DO is the most Nakaumi and Lake Shinji as seen from the results of
effective component used for the decomposition of monthly observation for 1¥ears-Seasonal variation,
organic matter. secular variation typical valueSudies of San'in
Hydrogen sulfide concentrations in bottom water and  Region (Natural Environment), Center forStudies of
pore water have been reported from several other the San’in Region, Shimane Univ. 5: 89-102 (in
brackish lakes in Japan. Here we compare our results Japanese with English abstract).
with those from two other well-studied lakes (Lake Hashitani, H., Okumura, M., Kondo, K., Seike, Y. (1990)
Asokai and Lake Abashiri) in order to characterize the  Bottom water environments in Lake Shinji and Lake
oxic-anoxic conditions of Lak&lakaumi (Fig. 1). Lake Nakaumi (in Japanese with English Abstra@udies
Abashiri, which has the most anoxic bottom water  of the San’in Region (Natural Environment), Shimane
among the three lakes, is characterized by the year-round Univ. Jpn. 6, 137-150.
development of an anoxic hyjimnion (meromictic lake; Kadokura, Y., Sampei, Y., Takayasu, K., Tokuoka, T.,
e.g., Nakao, 1988). Hydrogen sulfide concentrations in  Inouchi, Y. (1998) Distribution of organic carbon,
the hypolimnion of Lake Abashiri was ~54 mg-Sand nitrogen and sulfur contents in surface sediments of
that of pore water in surface sediment was ~66 mg-SI  brackish coastal lakes Nakaumi and Hamana, Japan (in
(unpublished data). These values greatly exceed the Japanese with English abstra¢tAGUNA 5: 123-135.
values of Lake Nakaumi. Enhighest hydrogen sulfide  Miyaji, D., Watabe, T., Kawaguchi, M., Yamaji, I.
concentration measured in Lake Nakaumi was ~1g-7 (1947) Environmental change and decreasing a catch
SI™ (except for artificially dredged area) in the summer  of fish in Yosanouchi-kai, J. zoology 57, 147-151.
season (Fig. 3a) and pore water was 6.2 my-8h Nakanishi, M., Sugiyama, M., Nishioka, J., Tanaka, S.
average (Fig. 3b). In the case of Lake Asokai, which in  (1979) On the annual changes of anoxic water and
terms of anoxic conditions is between Lake Abashiriand hydrogen sulfide in the AsokaiBull. Kyoto Inst.
Lake Nakaumi (Miyajiet al., 1947), hydrogen sulfide Oceanic and Fishery Sci. 3: 103-110.
concentration of the hypolimnion was ~200-SI™* in the Nakao, K. (1988) Mechanisms of variation in the lake
summer season and that of the pore water was about 13 environments (in Japanese with English Abstract).
mg-SI* on average (Nakanistgt al., 1979). Thus, the Jpn. J. Limnol . 49: 293-296.
concentration of hydrogen sulfide can be used to showOguri, K., Itou, M., Hirano, S., Hisamitsu, T., Sakai, S.,
that Lake Nakaumi is the least anoxic of the lakes even Murayama, M. gt al. (2002) Environmental characte-
during its anoxic season. This result can be explained by ristics of water and sediments, and microbial activities
hydrology of Lake Nakaumiwhich, although anoxic at Lake Kaiike, Kamikoshiki Island, Kagoshima
conditions develop in the hypolimnion, also has  PrefectureJ Geol. Soc. Jpn 108: 12.
significant inflow from sea and river. This leads to Okumura, M., Seike, Y., Fujinaga, K., Yano, N. (1997)
anoxia in hypolimnion that is unstable and easily A simple field determination of dissolved sulfide in
mediated by tidal-induced inflow containing high environmental water samples using a lead-load
dissolved oxygen (e.g., Seilatal., 1997). In areas near chelating resin column ifi Japanese with English
the strait and mouth of the river, hydrogen sulfide is only  abstract)Bunseki Kagaku 46: 329-333.
rarely above detectable levels even during the anoxic Seike, Y., Okumura, M., Fujinaga, K. (1997)
summer period. Nitrification and denitrification in anoxic water in the
brackish Lake Nakaumi ifi Japanese with English
Acknowledgements abstract)Bull. Coastal Oceanogr.35: 27-33.
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A Checklist of Published Crustacean Species
from Brackish Lakes, Shinjiko and Nakaumi, Japan

Takeo Yamauchi*
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Shinjiko (area: 79.2knY¥, average depth: 4.5m,
salinity: 1-6 psu) and Nakaumi (area: 86.8 knv’, average
depth: 5.4m, salinity: 14-20 in the surface and 25-30 psu
in the bottom layer), two coupled brackish lakes, make
up the Hii River estuary system which opens to Miho
Bay, the Sea of Japan. These two lakes and the Ohashi
River, a short connecting river (length: 7.3 km) between
the two lakes, are the largest brackish-water ecosystem
remaining in Japan at present (Fig. 1). Freshwater from
the Hii River and other small streams and salt water from
the Sakai Channel (length: 7.5 km) meet and mix in this
area, resulting in unique hydrographic and environmental
conditions.

Both lakes have the same bathymetric character of a

W, g, BHA

large surface area and shallow depth. However, the
ecosystems of the two lakes are very different. In
Shinjiko, a small bivalve, Corbicula japonica dominates
in the lake bottom and plays an important role in the
nutrient cycle of the lake ecosystem. On the other hand,
the hypolimnion of Nakaumi becomes anoxic from April
to October. In addition, the formerly healthy and
productive ecosystem of Nakaumi was serverely
damaged by the reclamation works of the last 40 years.
The hydrographic conditions and the distribution,
abundance, and mode of life of organisms vary greatly
among these water bodies and from season to season.
This situation has interested researchers, and many
ecological and faunal studies of brackish-water
crustaceans from Shinjiko and Nakaumi have been
published since the 1920s. However, with the exception

* Graduate School of Biosphere Sciences, Hiroshima University, 1-4-4 Kagamiyama, Higashi-Hiroshima 739-8528
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Fig. 1. Map of acoupled of brackish lakes, Shinjiko and Nakaumi.

of some studies of Ostracoda, Copepoda, Cumacea, and
Decapoda, few investigations involved taxonomists. As a
result, doubtful records and obvious misidentifications
are present in many studies. The shortage of taxonomic
information continues to be a problem, leading to
misidentification of crustaceans in very recent papers.
Hence, as a resource for future research in this area, it
was felt that alist of all crustacean records for the region
would be a useful tool, leading to this bibliographical
survey of aguatic crustaceans from the Shinjiko-
Nakaumi brackish lake system (until 2003). The area
treated here is brackish water of Shinjiko and Nakaumi,
and the Ohashi River, excluding the Sakai Channel.

The author hopes this list of valid names of
crustaceans will be useful not only for taxonomists but
also for researchers in other fields of science who use
crustaceans in their research. Although | have tried to
incorporate as many early records as possible, there must
remain many which | was unable to find. These must be
left to be added in future publications.

Results and Discussion

From the bibliographical survey, | recognized 193
species (including doubtful records) of aquatic
crustaceans belonging to 15 orders that have so far been
recorded from the brackish lakes system: 7 species of
Cladocera, 54 of Podocopida, 20 of Calanoida, 8 of
Cyclopoida, 5 of Harpacticoida, 5 of Poecilostomatoida,
1 of Siphonostomatoida, 4 of Cirripedia, 3 of Mysidacea,
2 of Cumacea, 1 of Tanaidacea, 15 of Isopoda, 17 of
Amphipoda, 50 of Decapoda, 1 of Stomatopoda (Table
1). In these waters, however, there are many doubtful
records and taxonomic problems with respect to
crustaceans as described below. Especialy, the fauna of
the following orders are very poorly known:

Harpacticoida, Poecilostomatoida, Siphonostomatoida,
Tanaidacea, |sopoda, and Amphipoda.

Although it is difficult to discuss crustacean
biogeography due to the insufficiency of the distribu-
tional records, brackish calanoid copepods and inlet and
neritic copepods recorded from the lakes show an “East
Asian initial endemic element”. According to Ohtsuka et
al. (1995), brackish calanoid copepods listed in the
present paper are classified as three distributional types:
Type Ic “East Asian initial endemic element” (Acartia
sinjiensis Mori, 1940, Snocalanus tenellus (Kikuchi,
1928), Pseudodiaptomus inopinus (Burckhardt, 1913),
and Eurytemora pacifica Sato, 1913), Type Il “Arctic-
temperate cold-water element” (Acartia hudsonica
Pinhey, 1926), and Type Il “Indo-West Pacific warm-
water element” (Pseudodiaptomus marinus Sato, 1913).
Variable distributional typesincluding “East Asian initial
endemic element” are also recognized in inlet and neritic
copepods (Ohtsuka and Ueda, 1999). Type Ic, distributed
in both continental and island waters, belongs to an East
Asian endemic element that could have originated on the
coast of the ancient East China Sea or the Japan Sea
(Nishimura, 1980; 1981). In addition, Gnorimosphaeroma
naktongense Kim and Know, 1987 (lsopoda) has
distributional pattern similar to Type Ic and is thought to
originate along the coast of the ancient Japan Sea
(Fukuhara et al., 2001; Nunomura, 1996).

Although Shinjiko-Nakaumi is a young water body
(10000-6000 years old), Cyathura shinjikoensis
Nunomura, 2001 (Isopoda) is at present recognized as
endemic species from this brackish water system.

Format

Taxa which are higher ranks from order are arranged
following Chihara and Murano (1997). Arrangements of
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Table 1. Species numbers of aquatic crustaceans recorded from Shinjiko, Ohashi River, and Nakaumi (until 2003).

Orders
Cladocera Podocopida Calanoida Cyclopoida Harpacticoi. Poecilosto. Siphonosto. Cirripedia
Shinjiko 5 5 4 4 1 1 1 1
Ohashi River 5 4 5 2 0 0 0 0
Nakaumi 5 51 19 7 5 4 0 4
total 7 54 20 8 5 5 1 4
Orders
Mysidacea Cumacea Tanaidacea Isopoda Amphipoda Decapoda Stomatopoda
Shinjiko 2 I 1 9 6 27 0
Ohashi River 1 0 0 2 3 2 0
Nakaumi 3 1 0 7 15 45 1
total 3 2 1 15 17 50 1

families within each order follow Onbé (1997) on
Cladocera, Hanai et al. (1977) on Ostracoda, Ohtsuka
and Ueda (1997) on Copepoda, Mizuno (1991) on
Cyclopoida, Gamo (1995) on Harpacticoida, Ohtsuka
(1997) on Poecilostomatoida, Gamo (1997) on Cumacea,
Saito et al. (2000) on Isopoda, Ishimaru (1994) on
Gammaridea of Amphipoda, and Konishi (1997) on
Decapoda. Genera and species are arranged
alphabetically within each family. Specific names are
listed with Japanese common names, synonyms and
distributional records within the area (each author in
parentheses). Doubtful species are marked [7] in front of
specific namesin the checklist. Brief taxonomic notes are
added below distributional records when necessary.

Checklist
Arthropoda i &t Bh 1"
Crustacea Hsgth "]
Branchiopoda fi% il
Cladocera I Vv H (Bifa¥i)
Sididae ¥ &

1. Peniliaavirostris Dana, 1849 7 A1 77 32 » 2
= Penilia schmackeri: Chiba, 1950; Chiba and

Kobayashi, 1959; Miyadi et al., 1952; Suda et al, 1931.

Shinjiko (Chiba and Kobayashi, 1959; Harada et al.,
1985; Uye, 1997), Ohashi River (Uye, 1997; Uye et al.,
2000), Nakaumi (Chiba, 1950; Harada et al., 1985;
Miyadi et al., 1952; Ohtsuka et al., 1999a; Suda et al,
1931; Uye, 1997; Uyeet al., 2000).

2. Diaphanosoma brachyurum (Liéve, 1848)4 % I
v a

Shinjiko (Kawanabe et al., 1968; Uye, 1997; Uye et
al., 2000), Ohashi River (Uyeet al., 2000).

Daphniidae X ¥ v 2 Ft

/1
G

3. Daphnia longispina O. F. Mller, 1785 /N 1) 7
v
Shinjiko (Harada et al., 1985).

Podonidae ™ I 44 X I ¥V v/ a#l

4. Evadnetergestina (Claus, 1862) F 7+ RV I ¥
v a

Shinjiko (Chiba and Kobayashi, 1959; Harada et al.,
1985; Uye, 1997), Ohashi River (Uye, 1997), Nakaumi
(Chiba, 1950; Harada et al., 1985; Miyadi et al., 1952;
Ohtsukaet al., 1999a; Uye, 1997; Uye et al., 2000).

5. Podon leuckarti G. O. Sars, 1862 %+ 4+ 7 I 4+ %4 £ 3
v a

Ohashi River (Uye, 1997; Uye et al., 2000), Nakaumi
(Ohtsukaet al., 1999a, Uye, 1997; Uye et al., 2000).

6. Podon polyphemoides (Leuckart, 1859) 2 7 I & F XA
IVrva

Shinjiko (Uye, 1997), Ohashi River (Uye, 1997; Uye
et al., 2000), Nakaumi (Ohtsuka et al., 1999a, Uye,
1997; Uye et al., 2000).

7. [?]Podon schmackeri Poppe, 18897 I+ 4 X IO

Nakaumi (Chiba, 1950).

Remarks: This record is probably a misidentification
of other species, because P. schmackeri is pelagic species
and occurs only in oceanic waters (Onbé, personal
communication).
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Ostracoda 7 1 & ¥ i
Podocopida fiiWiH (74 I ¥V aH)
Pontocyprididae™ I I 4 I ¥V v Ikl

1. Pontocypris? sp. A
Shinjiko (Ishizaki, 1969), Nakaumi (Ishizaki, 1969).

2. Propontocypris? sp.
Ohashi River (Tanaka et al., 1998), Nakaumi (Tanaka
etal., 1998).

Candonidae #7 v FF#}

3. Dolerocypria mukaishimense Okubo, 1980 A 71 A
IVra

Shinjiko (Tanaka et al., 1998), Ohashi River (Tanaka
et al., 1998), Nakaumi (Tanakaet al., 1998).

Cyprididae ¥ 7'V Z#}
4. Candonocypris assimilis Sars, 1894 /N1 + 771 A 3

v a
Ohashi River (Tanakaet al., 1998).

Cytherideidae ¥ 7V 7 7 #

5. Perissocytheridea japonica I shizaki, 1968
Nakaumi (Takayasu et al., 1990).

6. Pontocythere miurensis (Hanai, 1959)
Nakaumi (Takayasu et al., 1990).

7. Pontocythere subjaponica (Hanai, 1959)
= Cushmanidea subjaponica: Ishizaki, 19609.
Nakaumi (Ishizaki, 1969; Takayasu et al., 1990).

-. Pontocythere sp. A
Nakaumi (Takayasu et al., 1990).

Leptocytheridae V' 7 ¥ 5 L F}

8. Callistocythere alata Hanai, 1957
Nakaumi (Ishizaki, 1969; Takayasu et al., 1990).

9. Callistocythere japonica uranipponica Hanai, 1957
Nakaumi (Takayasu et al., 1990).

10. Callistocythere rugosa Hanai, 1957
Nakaumi (Ishizaki, 1969; Takayasu et al., 1990).

11. Callistocythere aff. reticulata Hanai, 1957
Nakaumi (Ishizaki, 1969; Takayasu et al., 1990).

12. Callistocythere cfr. undulatifacialis Hanai, 1957
Nakaumi (Ishizaki, 1969).

-. Callistocythere sp. A
Nakaumi (Takayasu et al., 1990).

-. Callistocythere sp. B
Nakaumi (Takayasu et al., 1990).

Cytheridae ¥ 7 VRl (Va4 IV v af

13. Cythere nishinipponica Okubo, 1976
Nakaumi (Takayasu et al., 1990).

14. Cythere lutea omotenipponica Hanai, 1959
Nakaumi (Ishizaki, 1969).

15. Schizocythere kishinouyei (Kajiyama, 1913)
Nakaumi (Takayasu et al., 1990).

16. Spinileberis quadriaculeata (Brady, 1880)
Nakaumi (Ishizaki, 1969; Takayasu et al., 1990;
Tanakaet al., 1998).

17. Spinileberis pulchra Chenin Hou et al., 1982
Shinjiko (Tanakaet al., 1998).

18. Spinileberis furuyaensis Ishizaki and Kato, 1976
= Spinileberis sp. A: Ishizaki, 1969.
Nakaumi (Ishizaki, 1969).

Hemicytheridae ~ I ¥ 7 L #}

19. Aurila cymba (Brady, 1869)
= Aurila miii : Ishizaki, 1969.
Nakaumi (Ishizaki, 1969; Takayasu et al., 1990).

20. Aurila aff. munechikai Ishizaki, 1968
Nakaumi (Takayasu et al., 1990).

21. Aurila cfr. hataii 1shizaki, 1968
Nakaumi (Takayasu et al., 1990).

22. Coquimba ishizakii Ygjima, 1978
Nakaumi (Takayasu et al., 1990).

23. Finmarchinella uranipponica Ishizaki, 1969
Nakaumi (Ishizaki, 1969; Takayasu et al., 1990).
Remarks: The type locality of the species is “St. 12

(Lat. 35°31'12'N, Long. 133°11'22'E), Nakanoumi

Estuary” (Hanai, 1977).

24. Finmarchinella japonica (Ishizaki, 1966)
Nakaumi (Takayasu et al., 1990).
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25. Hemicythere? miii (Ishizaki, 1969)
= Urocythereis miii: Ishizaki, 1969.
Nakaumi (Ishizaki, 1969; Takayasu et al., 1990).
Remarks: The type locality of the species is “St. 12
(Lat. 35031'12"'N, Long. 133011'22"'E), Nakanoumi
Estuary” (Hanai, 1977).

26. Hermanites tosaensis Ishizaki, 1968
Nakaumi (Ishizaki, 1969).

27. Robustaurila sp.
Nakaumi (Takayasu et al., 1990).

Trachyleberididae + J ¥ LX) 2}

28. Acanthocythereis niitsumai (Ishizaki, 1971)
Nakaumi (Takayasu et al., 1990).

29. Bicornucythere bisanensis (Okubo, 1975)
= Leguminocythereis hodgii : 1shizaki, 1969.
Shinjiko (Tanaka et al., 1998), Ohashi River (Tanaka
et al., 1998), Nakaumi (Ishizaki, 1969; Takayasu et al.,
1990; Tanakaet al., 1998).

30. Moosella tomokoae (Ishizaki, 1968)
Nakaumi (Takayasu et al., 1990).

31. Pistocythereis bradyformis (Ishizaki, 1968)
Nakaumi (Takayasu et al., 1990).

32. Pistocythereis bradyi (Ishizaki, 1968)
= Echinocythereis bradyi : Ishizaki, 1969.
Nakaumi (Ishizaki, 1969; Takayasu et al., 1990).

33. Trachyleberis scabrocuneata (Brady, 1880)
Nakaumi (Ishizaki, 1969; Takayasu et al., 1990).

Bythocytheridae

34. Bythoceratina hanaii |shizaki, 1968
Nakaumi (Takayasu et al., 1990).

Cytheruridae ¥ 7 I #

35. Angulicytherura? miii (Ishizaki, 1969)
= Tetracytherura miii Ishizaki, 1969.
= Cytherura miii: Takayasu et al., 1990.
Shinjiko (Ishizaki, 1969), Nakaumi (Ishizaki, 1969;
Takayasu et al., 1990).
Remarks: The type locality of the species is “St. 17
(Lat. 35°28'01°N, Long. 133°08'32’E) Nakanoumi
Estuary” (Hanai, 1977).

36. Hemicytherura cuneata Hanai, 1957

Nakaumi (Takayasu et al., 1990).

37. Howeina camptocytheroidea Hanai, 1957
Nakaumi (Takayasu et al., 1990).

38. Semicytherura henryhowei Hanai and lkeya, 1977
Nakaumi (Takayasu et al., 1990).

39. Semicytherura cfr. miurensis (Hanai, 1957)
Nakaumi (Takayasu et al., 1990).

-. Semicytherura sp. A
Nakaumi (Takayasu et al., 1990).

-. Semicytherura sp. B
Nakaumi (Takayasu et al., 1990).

L oxoconchidae @ % > 2 v A #}

40. Cytheromorpha acupunctata (Brady, 1880)
= Cytheromorpha japonica: Ishizaki, 1969.
Nakaumi (Ishizaki, 1969; Takayasu et al., 1990;
Tanakaet al., 1998).

41. Loxoconcha hattorii Ishizaki, 1971
Nakaumi (Takayasu et al., 1990).

42. Loxoconcha japonica Ishizaki, 1968
Nakaumi (Takayasu et al., 1990).

43. Loxoconcha kattoi |shizaki, 1968
Nakaumi (Takayasu et al., 1990).

44. Loxoconcha optima I shizaki, 1968
Nakaumi (Takayasu et al., 1990).

45. Loxoconcha tosamodesta |shizaki, 1981
= Loxoconcha modesta: Takayasu et al., 1990.
Nakaumi (Takayasu et al., 1990).

46. Loxoconcha tumulosa (Hu, 1979)
Nakaumi (Takayasu et al., 1990).

47. Loxoconcha uranouchiensis Ishizaki, 1968
Nakaumi (Ishizaki, 1969; Takayasu et al., 1990).

-. Loxoconcha sp. A
Nakaumi (Takayasu et al., 1990).

-. Loxoconcha sp. B
Nakaumi (Takayasu et al., 1990).
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Xestoleberididae ¥t 2 b L XY 2}

48. Xestoleberis hanaii Ishizaki, 1968
Nakaumi (Takayasu et al., 1990).

49. Xestoleberis sagamiensis Kajiyama, 1913
Nakaumi (Takayasu et al., 1990).

-. Xestoleberis sp.
Nakaumi (Takayasu et al., 1990).

Par adoxostomatidae ¥ K7 YV A < Fl

50. Cytherois nakanoumiensis | shizaki, 1969

Nakaumi (Ishizaki, 1969).

Remarks. The type locdlity of the species is
“Nakanoumi” (Ishizaki, 1969).

51. Cytherois uranouchiensis Ishizaki, 1968
Nakaumi (Ishizaki, 1969).

-. Cytherois sp.
Nakaumi (Takayasu et al., 1990).

52. Paracytheroistosaensis | shizaki, 1968
Nakaumi (Ishizaki, 1969).

53. Paracytherois cfr. tosaensis I shizaki, 1968
Nakaumi (Takayasu et al., 1990).

-. Paracytherois sp.
Nakaumi (Takayasu et al., 1990).

54. Paradoxostoma sp.
Nakaumi (Takayasu et al., 1990).

Copepoda # £ 7 ¥ i
Calanoida 7 7 X A H
Acartiidae 7 7 L F 7 #

1. [?]Acartia bifilosa (Giesbrecht, 1881)
Nakaumi (Sudaet al, 1931).
Remarks: Thisrecord is probably a misidentification.

2. Acartia erythraea Giesbrecht, 1889
Nakaumi (Kawanabe et al., 1968; Ohtsuka et al.,
1999a; Uyeet al., 2000).

3. Acartia hudsonica Pinhey, 1926
= Acartia clausi; Kawanabe et al., 1968; Miyadi et
al., 1952; 1954.
Ohashi River (Uye, 1997; 2003; Uye et al., 2000),

Nakaumi (Kawanabe et al., 1968; Miyadi et al., 1952;
1954; Ohtsuka et al., 1999a; 1999b; Uye, 1997; 2003;
Uyeet al., 2000).

4. [?|Acartia longiremis (Lilljeborg, 1853)
Nakaumi (Sudaet al, 1931).
Remarks: Thisrecord is probably a misidentification.

5. Acartia sinjiensis Mori, 1940
= Acartia plumosa: Harada et al. 1985.

Shinjiko (Harada et al., 1985; Mori, 1940; Uye, 1997),
Ohashi River (Uye, 1997; 2003; Uye et al., 2000),
Nakaumi (Harada et al., 1985; Mori, 1940; Ohtsuka et
al., 1999a; 1999b; Uye, 1997; 2003; Uye et al., 2000).

Remarks: The type locality of A. sinjiensis is Nakaumi
near Makata harbor, and Shinjiko (Mori, 1940).

Calanidae 71 7 X A f}

6. Calanus sinicus Brodsky, 1965
Nakaumi (Ohtsuka et al., 1999a; Uye et al., 2000).

7. Undinula vulgaris (Dana, 1849)
= Calanus vulgaris: Chiba, 1950.
Nakaumi (Chiba, 1950).

Temoridae 7€ J Fl

8. Eurytemora pacifica Sato, 1913

Ohashi River (Uye, 1997; 2003; Uye et al., 2000),
Nakaumi (Harada et al., 1985; Ohtsuka et al., 1999a;
1999Db; Uye, 1997; Uye et al., 2000).

9. Temora discaudata Giesbrecht, 1892
= Temora stylifera: Sudaet al, 1931.
Nakaumi (Sudaet al, 1931).

Paracalanidae /%7 &1 7 X A #t

10. Paracalanus crassirostris Dahl, 1894
Nakaumi (Ohtsuka et al., 1999a; Uye et al., 2000).

11. Paracalanus parvus (Claus, 1863) s. I.
Nakaumi (Chiba, 1950; Harada et al., 1985; Miyadi et
al., 1952; 1954; Ohtsuka et al., 1999a; Uye et al., 2000).

Pseudodiaptomidae 7> K54 7 7 b A
28 (= HIvVap

12. Pseudodiaptomus inopinus (Burckhardt, 1913) =t
Ay IV a

Shinjiko (Harada et al., 1985; Kawanabe et al., 1968;
Uye, 1997; Uye et al., 2000), Ohashi River (Uye, 1997;
Uye et al., 2000), Nakaumi (Ohtsuka et al., 1999a; Uye,
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1997; Uye et al., 2000).

13. Pseudodiaptomus marinus Sato, 1913
Nakaumi (Ohtsuka et al., 1999a; Suda et al, 1931).

Centropagidae r ¥ F a3y = At

14. Centropages tenuiremis Thompson and Scott, 1903
Nakaumi (Uye et al., 2000).

15. [?|Centropages kroeyeri Giesbrecht, 1892
Nakaumi (Sudaet al, 1931).
Remarks: Thisrecord is probably a misidentification.

16. [? Centropages hamatus (Lilljeborg, 1853)
Nakaumi (Suda et al, 1931).
Remarks: This record is probably a misidentification.

17. Snocalanus tenellus (Kikuchi, 1928)* A 1 & 7"
TryIvrya
= Limnocalanus sinensis var. tenellus: Kikuchi,

1928.

Shinjiko (Harada et al., 1985; Kawanabe et al., 1968;
Kikuchi, 1928; Uye, 1997; 2003; Uye et al., 2000),
Ohashi River (Uye, 1997; Uye et al., 2000), Nakaumi
(Harada et al., 1985; Lacuna et al., 2000; Miyadi et al.,
1952; 1954; Ohtsuka et al., 1999a; 1999b; Uye, 1997;
Uyeet al., 2000).

Stephidae 2 7 7 + A #}

18. Sephos sp.
Nakaumi (Ohtsukaet al., 1999a).

Tortanidae bV % X A F}

19. Tortanus (Tortanus) forcipatus (Giesbrecht, 1889)
Nakaumi (Ohtsuka et al., 1999a; Sudaet al, 1931; Uye
et al., 2000).

Diaptomidae 7 4 7 7 & & A Ft
(erFHrvIvyap
20. Eodiaptomus japonicus (Burckhardt, 1913) v~ + &
rrir IV rsa
Shinjiko (Harada et al., 1985).

Cyclopoida ¥ 7@ 7 ZH
Oithonidae A4 7+ #}
1. [?]Oithona aruensis Fruchtl, 1923

Nakaumi (Harada et al., 1985).
Remarks: Oithona aruensis reported by Harada et al.

(1985) may be identical with Oithona davisae because O.
aruensis recorded only from Ryukyu in Japan, was
previously confused with O. davisae (Ohtsuka, personal
communication).

2. Oithona brevicornis Giesbrecht, 1891
Nakaumi (Ohtsuka et al., 1999a).

3. Oithona davisae Ferrari and Orsi, 1984

Ohashi River (Uye, 1997; Uye et al., 2000), Nakaumi
(Ohtsuka et al., 1999a; 1999b; Uye, 1997; 2003; Uye et
al., 2000).

4. [?]Oithona nana Giesbrecht, 1892

Shinjiko (Chiba and Kobayashi, 1959), Nakaumi
(Kawanabe et al., 1968; Miyadi et al., 1952; 1954; Suda
et al, 1931).

Remarks: These early records of O. nana may be
identical with O. davisae because O. nana was previ-
ously confused with O. davisae (Ohtsuka, personal com-
munication).

5. Oithona similis Claus, 1866

Shinjiko (Chiba and Kobayashi, 1959), Nakaumi
(Miyadi et al., 1954; Ohtsuka et al., 1999a; Suda et al,
1931).

Cyclopinidae ¥ 7 v &'+ #

6. Paracyclopina nana Smirnov, 1935
Shinjiko (Uye, 1997), Ohashi River (Uye, 1997),
Nakaumi (Ohtsuka et al., 1999a).

7. Cyclopina kiraensis Hiromi, 1984
Nakaumi (Ohtsukaet al., 1999a; Ueda et al., 2001).
Remarks: Cyclopina kiraensis was known only from
two brackish waters, Shinjiko and the mouth of the
Y ahagi-furukawa River, Aichi Prefecture (Ueda et al.,
2001).

Cyclopidae 7 ¥ I ¥V 2 #}

8. “Mesocyclops leuckarti (Claus, 1857)" 7% %4 7
IvVra

Shinjiko (Mizuno, 1984).

Remarks: Cyclopid species recorded as M. leuckarti
from eastern Asia including Japan are not identical with
M. leuckarti (Kiefer, 1981; Ohtsuka and Ueda, 1999).
The identity of the species from these areas requires
reassessment.
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Harpacticoida YW X2 F 27 2 H
Ectinosomatidae 7 x 2V a2 3I Y v/ Il

1. Microsetella norvegica (Boeck, 1864)4+ 3 ¥ I 3
vrva

Nakaumi (Miyadi et al., 1952; Ohtsuka et al., 1999a;
Sudaet al, 1931; Uye et al., 2000).

Tachidiidae 77V av IV vap

2. Euterpina acutifrons (Dana, 1847) 7 7LV 2312 >
= Euterpe acutifrons: Miyadi et al., 1952; 1954.
Nakaumi (Miyadi et al., 1952; 1954).

3. Tachidius sp.
Nakaumi (Ohtsukaet al., 1999a).

Harpacticidae ¥ 2 3 ¥V v 2}
(INWIN2 F 2 2P

4. Harpacticus uniremis Kroyer, 1842 kv 51 4 > 2 3
vra
Nakaumi (Chiba, 1950).

Canthocamptidae 1 v + 1 v 7 % AFl

5. Epactophanesrichardi Mrazek, 1894
Shinjiko (Miura, 1984), Nakaumi (Miura, 1984).

Poecilostomatoida -F =¥ a2 X b & H
Ergasilidae =t x5 ¥V 7 IFt

1. Thersitina gasterostei (Pagenstecher, 1861)
= Limnoncaea diuncata Kokubo, 1914: Okano,
1974; 1985
Shinjiko (Okano, 1974; 1987).
Remarks: Limnoncaea diuncata was relegated as a
junior synonym of T. gasterostei (Ohtsukaet al., 2004).

Oncaeidae &+ v 7 7 ¥l

2. Oncaea venusta Philippi, 1843
Nakaumi (Ohtsuka et al., 1999a).

Corycaeidae 2 V) r 7 2§t

3. Corycaeus affinis McMurrich, 1916
Nakaumi (Ohtsukaet al., 1999a).

4. [?|Corycaeus venustus (Dana, 1849)
Nakaumi (Sudaet al, 1931).
Remarks: Thisrecord is probably a misidentification.

Miraciidae X 5 ¥ 7 #l

5. Macrosetella gracilis Dana, 1852
= Satella gracilis: Sudaet al, 1931.
Nakaumi (Sudaet al, 1931).

Family unknown FEAHH

-. Saphirella-like copepod spp. ¥ 7 AL TR AT L H
Nakaumi (Ohtsuka et al., 1999a).

Siphonostomatoida ¥ 7+ / A F & H
Caligidae AV 7 I® (A V7 2B

1. Caligus orientalis Gussev, 1951

Shinjiko (Suzumoto, 1974).

Remarks: Suzumoto (1974) recorded C. orientalis on
Carassius auratus cuvieri (Temminck and Schlegd,
1846) from Shinjiko.

-. Caligus sp.

Shinjiko (Uéno, 1943).

Remarks: Uéno (1943) found Caligus sp. on Cyprinus
carpio Linnaeus, 1758 from Shinjiko.

Family unknown BEAHA

-. Parasitic copepod juveniles

Nakaumi (Ohtsuka et al., 1999a).

Remarks: Ohtsuka et al. (1999a) recorded parasitic
copepod juveniles as zooplankters.

Cirripedia 7 VY A H
Balanidae 7 ¥ &

1. Balanus amphitrite Darwin, 1854 ¥ 7~ 7 2V R
Nakaumi (Kato, 2000).

2. Balanus kondakovi Tarasov and Zevina, 1957 K& 7
Nakaumi (Iga, 1973; Kato, 2000).

3. Balanusimprovisus Darwin, 1854 I — 1 v /37 UK
Shinjiko (Iga, 1973; Kato, 2000), Nakaumi (Iga, 1973;
Kato, 2000; Shimamura and Nakamura, 2001).

4. Balanus eburneus Gould, 1841 7 X V) 1 77U K
Nakaumi (Kato, 2000; Shimamura and Nakamura,
2001).
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M alacostr aca ¥k H i
Mysidacea 7 I H
Mysidae 7 I F

1. Neomysis awatschensis (Brandt, 1851) 7 1 A H47 3
Nakaumi (Ohtsukaet al., 1999a).

2. Neomysisintermedia (Czerniavsky, 1882) 7 3

Shinjiko (li, 1964; Kamita, 1967; Koshikawa, 2003;
Sato and Kato, 1996), Nakaumi (Koshikawa, 2003; Sato
and Kato, 1996).

3. Neomysis japonica Nakazawa, 1910 =7 > A H47 2

Shinjiko (Kamita, 1967; Kuwabara, 2000), Ohashi
River (Kikuchi, 1964), Nakaumi (Kikuchi, 1964;
Koshikawa, 1999; Kuwabara, 2000; Ohtsuka et al.,
1999).

Cumacea 7 —~vH
Leuconidae ¥ 1 7 —~<#}

1. Leucon simanensis Gamd, 1962 >~ 4+ 17 —<

Shinjiko (Gamd, 1962; Kikuchi, 1964).

Remarks: Leucon simanensis known only from two
brackish lakes, Shinjiko and Kamoko of Sado Island
(Gamd, 1997). The type locality of the species is "east
part of Shinji Lake” (Gamd, 1962).

Diastylidae 27 —~ F}

2. Dimorphostylis asiatica Zimmer, 1921 k7 3 7+
FIr—=

Nakaumi (Gamé, 1968; Kikuchi, 1964).

Remarks: Although Gamé (1968) reported D. asiatica
from “Shinzi Lake (Tottori Prefecture)”, Shinjiko is not
in Tottori Prefecture but in Shimane Prefecture. Hence,
the locality recorded by Gamd (1968) must be Nakaumi.

Tanaidacea # 714 AH
Tanaidae % 4 At

1. Tanais sp.
Shinjiko (Kikuchi, 1964).

-. Tanaidae gen. sp.
Shinjiko (Harada et al., 1997).

| sopoda M H
Anthuridae 2+ I ++ 7 V#

1. Cyathura shinjikoensis Nunomura, 2001 > > 2 3 A
FToIFrFTY
= Paranthura japonica V'~ bw IFF 73
Kikuchi, 1964.
= Paranthura sp.: Kikuchi, 1964.
= Cyathura kikuchii 7 FAF 7 IFF 7
Sakamoto et al., 1994; Harada et al., 1997.
= Cyathura sp.: Miyadi, 1932; Ueno, 1943.
Shinjiko (Harada et al., 1997; Kikuchi, 1964; Miyadi,
1932; Nunomura, 2001; Sakamoto et al., 1994; Ueno,
1943), Ohashi River (Kikuchi, 1964).
Remarks: Cyathura shinjikoensis is known only from
Shinjiko and Ohashi River. The type locality of the
speciesis “off Kimachi, Shinjiko” (Nunomura, 2001).

Paranthuridae 7 2 -7+ 7 v #l

2. [?|Paranthura japonica Richardson, 1909 ¥~ 7 3
FTFrTv

Nakaumi (Yasugi et al., 1999).

Remarks: This record is probably misidentification of
C. shinjikoensis.

Family unknown R

3. Epicarideagen. sp. Vv NV A THHO 1 7%
Nakaumi (Ohtsuka et al., 1999a).
Remarks: Ohtsuka et al. (1999a) recorded Epicaridea
gen. sp. as zooplankters.

Idoteidae T & ¥ F}

4. Cleantiella strasseni (Thielemann, 1910)%4 & 7 F
T LY
Nakaumi (Fujimoto et al., 1999).

5. Idotea metallica Bosc, 1801 + % L ENT L &
Nakaumi (Kikuchi, 1964).

6. [?]Synidotea laevidorsalis (Miers, 1883)7 7 '\ 7
VAN

Nakaumi (Kikuchi, 1964).

Remarks: Asfar as| examined, all Synidotea collected
from Nakaumi were not identical with S laevidorsalis
and probably an alied species of S laevidorsalis
(Y amauchi, unpublished data).

Cirolanidae A+ &V &V #}

7.Eurydicesp. 7 ¥H A F K A VED 118
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Shinjiko (Y amauchi, 2003).

Remarks: Although | examined only two individuals
of Eurydice sp. collected from Shinjiko, they were
obviously different from three Eurydice species
previously recorded from Japan: Eurydice akiyamai
Nunomura, 1981, Eurydice longiantennata Nunomura
and lkehara, 1985, and Eurydice nipponica Bruce and
Jones, 1981 (Y amauchi, 2003).

8. Excirolana chiltoni (Richardson, 1905)t X A} &)
VAN
= Excirolana (Pontogeroides) japonica: Harada et
al., 1997.
Shinjiko (Harada et al., 1997).

Corallanidae =t w7 % 7 T H}

9. Tachaea chinensis Thielemann, 1910 =¥ J /3>
Shinjiko (Nunomura, 2000).

Sphaeromatidae 2V 7 & ¥ #

10. Chitonosphaera lata (Nishimura, 1968)/ /Yt 1T 2
VT LY
Shinjiko (Fukuhara et al., 2000).

11. Gnorimosphaeroma chinense (Tattersall, 1921) % A
A4vay7hy (YFavyray)
Shinjiko (Fukuharaet al., 2000).

12. Gnorimosphaeroma hoestlandti Kim and Know,
1985 74 r AV Ay T ALY
Nakaumi (Nunomura, 1998).

13. Gnorimosphaeroma naktongense Kim and Know,
1987 FavtryA4Vay 7Ly
Shinjiko (Fukuharaet al., 2000).

14. Gnorimosphaeroma rayi Hoestlandt, 1969 1 © 2
ThY

= Neosphaeroma oregonensis: Kikuchi, 1964.

= Gnorimosphaeroma  oregonensis:  Sakamoto,

1995; Yasugi et al., 1999.

Shinjiko (Kikuchi, 1964; Sakamoto, 1995), Ohashi
River (Kikuchi, 1964), Nakaumi (Hoestlandt, 1975;
Kikuchi, 1964; Nunomura, 1998; Shimamura and
Nakamura, 2001; Yasugi et al., 1999).

15. Sphaeroma retrolaevis Richardson, 1904 =V /v
VAV
Shinjiko (Sakamoto, 1995).

Amphipoda % il H
Gammaridea 3 2T i H
Ampeliscidae A 4 * v 2L

1. Ampelisca brevicornis (A. Costa, 1853) 7 '} A A
Nakaumi (Kikuchi, 1964).

2. Ampelisca miharaensis Nagata, 1959 & 7" F % A " A
Nakaumi (Kikuchi, 1964).

Ampithoidae & 77 %3 2 H}

3. Ampithoe valida Smith, 1873 EX I 32Tt
Ohashi River (Kikuchi, 1964), Nakaumi (Kawanabe et
al., 1968; Kikuchi, 1964).

Aoridae2 AV aax el

4. Grandidierella japonica Stephensen, 1938 =7 > N
oyvary

Shinjiko (Kikuchi, 1964), Ohashi River (Kikuchi,
1964), Nakaumi (Yasugi et al., 1999).

Corophiidae Fa 27 & A v #

5. Crassicorophium crassicorne (Bruzelius, 1859) &
[N 7 AV A
= Corophium crassicorne: Sakamoto, 1995.
Shinjiko (Sakamoto, 1995).

6. Monocorophium uenoi (Stephensen, 1932)7 =/ K
|m B A AN
= Corophium uenoi: Yasugi et al., 1999.
Nakaumi (Yasugi et al., 1999).

Pontogeneiidae 7 I 43 2 T LF}

7. [?] Tethygeneia pacifica (Schellenberg, 1938)
= Pontogeneia pacifica: Kawanabe et al., 1968.

Nakaumi (Kawanabe et al., 1968).

Remarks: Kawanabe et al. (1968) reported P. pacifica
as a dominant species in the phytal animals of Nakaumi
and Miho Bay. Pontogeneia pacifica was originaly
described from Hawaii, and Kawanabe et al. (1968) is
the only record of P. pacifica from Japan (Ariyama,
personal communication). The identity of this species
from these areas requires reassessment.

Anisogammaridae ¥ # I 2 T ' F}

8. [?]Jesogammarus (Annanogammarus) annnandalei
(Tattersall, 1922)7 >+ 7 — )3 2T E



A Checklist of Published Crustacean Species from Brackish Lakes, Shinjiko and Nakaumi, Japan 79

= Annisogammarus annnandalei : Kikuchi (1964).

Shinjiko (Kikuchi, 1964), Ohashi River (Kikuchi,
1964), Nakaumi (Kikuchi, 1964).

Remarks: This record is probably a misidentification
of other anisogammarid species, because J. annnandalei
is endemic to Lake Biwa, and was previously confused
with other Jesogammarus species and Eogammarus
possieticus Tzvetkova, 1967 (Morino, 1985).

9. [?| Spinulogammar us subcarinatus (Bate, 1862)
= Anisogammarus subcarinatus: Kawanabe et al.,

1968.

Shinjiko (Kawanabe et al., 1968), Nakaumi (Kawanabe
et al., 1968).

Remarks: Kawanabe et al. (1968) reported A.
subcarinatus as a dominant species in the phytal animals
of Shinjiko and Nakaumi. The species is distributed in
Bering Sea, Kamchatka, Aleutian Islands, and British
Columbia, and Kawanabe et al. (1968) is the only record
of the species from Japan (Tomikawa, personal
communication). The identity of the species from these
areas requires reassessment.

Melitidae X V) % 3 2L

10. Melita sp. near dentate, Kroyer, 1842 b7 A 1) ¥ 3
I T YO
Shinjiko (Sakamoto, 1995).

11. [7]Melita koreana Stephensen, 1944 /7 ¥ X 1) ¥ 3
e

Shinjiko (Kikuchi, 1964), Nakaumi (Kikuchi, 1964).

Remarks: The intertidal amphipods, which were
previously regarded as single species M. koreana, consist
of several species (Yamato, 1985; 1987; 1988; 1990).
The identity of Melita species from these areas requires
reassessment.

Stenothoidae % &V 2 L ¥ H}

12. Senothoe valida Dana, 1853 ¥ 7V I L ¥
Nakaumi (Kikuchi, 1964).

Oedicerctidae 7 F/3vV 2L L}

13. Pontocrates altamarina (Bate and Westwood, 1863)
RN IvaLy
Nakaumi (Kikuchi, 1964).

Hyalidae €7 X3 2 f}

14. Apohyale punctata (Hiwatari and Kgjihara, 1981)%
7 XdaxLvy
= Hyale grandicornis: Kikuchi, 1964.

Nakaumi (Kikuchi, 1964).

Talitridae v F E A VPt

15. Orchestia sp.
Nakaumi (Yasugi et al., 1999).

Caprellidea 7 U F i H
Caprellidae 7 L # 5 ¥l

16. [?|Caprella penantis Leach, 1814~ V5T L 71 5
= Caprella acutifrons: Kikuchi, 1964.

Nakaumi (Kikuchi, 1964).

Remarks: Kikuchi (1964) reported C. acutifrons
(junior synonym of C. penantis) attached on Sargassum
hemiphyllum of Nakaumi, but this is probably a
misidentification of other caprellid species (Mori,
personal communication). The identity of this species
form Nakaumi requires reassessment.

17. Caprella scaura Templeton, 1836 + 77 L 71 7
Nakaumi (Kikuchi, 1964).

Decapoda 1 H
Penaeidae 7 Vv T ' H}

1. Fenneropenaeus chinensis (Osbeck, 1765) 77 7 A
v
= Penaeus orientalis: Harada, 1968.
Nakaumi (Harada, 1968).

2. Marsupenaeus japonicus (Bate, 1888) 7 V¥ L &
= Penaeus japonicus: Chiba and Kobayashi, 1959;
Harada, 1968; Ishitobi et al., 2000; Koshikawa, 1999;
2003.
Shinjiko (Chiba and Kobayashi, 1959; Harada, 1968;
Kuwabara, 2000), Nakaumi (Harada, 1968; Ishitobi et
al., 2000; Koshikawa, 1999; 2003; Kuwabara, 2000).

3. Metapenaeopsis acclivis (Rathbum, 1902) b 7 T &
= Metapenaeus acclivis: Hiratsuka, 2001.
Nakaumi (Hiratsuka, 2001).

4. Metapenaeopsis barbata (De Haan, 1844) 7 7 T
Nakaumi (Hiratsuka, 2001; Ishitobi et al., 2000;
Kuwabara, 2000).

5. Metapenaeus ensis (De Haan, 1844) 3 o = &
= Metapenaeus monoceros: Ota, 1941; Harada,
1968.
Shinjiko (Harada, 1968; Hiratsuka, 2001; Ishitobi et
al., 2000; Kamita, 1964; 1967; Koshikawa, 2003;
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Kuwabara, 2000; Ota, 1941), Nakaumi (Harada, 1968;
Hiratsuka, 2001; Ishitobi et al., 2000; Koshikawa, 1999;
2003; Kuwabara, 2000; Ota, 1941).

6. Metapenaeusjoyneri (Miers, 1880) > /N &
Shinjiko (Chiba and K obayashi, 1959), Nakaumi (Sato
and Kato, 1996).

7. Penaeus monodon Fabricius, 1798 7 3 . ¥
= Penaeus bubulus: Harada, 1968.
Nakaumi (Harada, 1968).

8. Penaeus semisulcatus De Haan, 1844 7 ¥ T &
Nakaumi (Hiratsuka, 2001; Ishitobi et al., 2000;
Koshikawa, 1999; 2003; Kuwabara, 2000).

9. Trachysalambria curvirostris (Stimpson, 1860) )L =
-
= Trachypenaeus curvirostris: Harada, 1968.
Shinjiko (Harada, 1968), Nakaumi (Harada, 1968).

Sergestidae ¥ 7 7 = L}

10. Acetes japonicus Kishinouye, 1905 7 % 7
Shinjiko (Harada, 1968), Nakaumi (Harada, 1968;
Kikuchi, 1964; Koshikawa, 2003; Sato and Kato, 1996).

Atyidae X v LRl

11. Caridina leucosticta Stimpson, 1860 I V'L X ¥t
Shinjiko (Sato and Kato, 1996; Kamita, 1967; 1970;
Kuwabara, 2000).

12. Neocaridina denticulata (De Haan, 1849) X F I X
YLV

Shinjiko (Anonymous, 2000).

13. Paratya compressa compressa (De Haan, 1844) X <
v

Shinjiko (Anonymous, 2000; Ishitobi et al., 2000;
Kamita, 1967; Kuwabara, 2000), Nakaumi (Anonymous,
2000).

Palaemonidae &7 % T £ B}

14. Exopalaemon orientis Holthuis, 1950 > 7 ¥ T &
= Palaemon orientis: Anonymous, 2000; Hiratsuka,

2001; Ishitobi et al., 2000; Koshikawa, 1999; 2003.
= Palaemon (Exopalaemon) orientis: Harada, 1968.
Shinjiko (Anonymous, 2000; Harada, 1968; Hiratsuka,
2001; Ishitobi et al., 2000; Kamita, 1964; 1967;
Koshikawa, 2003; Kuwabara, 2000; Sato and Kato,
1996), Nakaumi (Anonymous, 2000; Harada, 1968;
Hiratsuka, 2001; Ishitobi et al., 2000; Koshikawa, 1999;

2003; Kuwabara, 2000; Sato and Kato, 1996).

15. Macrobrachium australe (Guerin-Meneville, 1838)
Yo IE
Shinjiko (Harada, 1968).

16. Macrobrachium nipponense (De Haan, 1849) 7 F+ 7
v

Shinjiko (Anonymous, 2000; Armada et al., 1993;
Chiba and Kobayashi, 1959; Harada, 1968; Hiratsuka,
2001; Ishitobi et al., 2000; Kamita, 1964; 1967; 1970;
Koshikawa, 2003; Kuwabara, 2000; Mashiko, 1990;
2000; Ohno and Armada, 1999; Sato and Kato, 1996;
Udagawa and Sato, 1991), Ohashi River (Udagawa and
Sato, 1991), Nakaumi (Anonymous, 2000; Harada, 1968;
Hiratsuka, 2001; Ishitobi et al., 2000; Koshikawa, 1999;
2003; Kuwabara, 2000; Udagawa and Sato, 1991).

Remarks: Populations of M. nipponense in Japan were
divided into three groups based on genetic variations
obtained by electophoretic analyses of enzymes, egg and
clutch sizes and salinity responses of unfed zoeas
(Armada et al.,, 1993; Ohno and Armada, 1999).
According to Armada et al. (1993) and Ohno and
Armada (1999), the Shinjiko's population is classified as
brackish-water lagoon group which occurs in brackish-
water lagoons and bears medium numbers of medium-
sized eggs.

17. Palaemon pacificus (Stimpson, 1860) 1 ¥ A ¥ Y
Shinjiko (Sato and Kato, 1996), Nakaumi (Harada,
1968; Hiratsuka, 2001; Ishitobi et al., 2000).

18. Palaemon paucidens De Haan, 1844 X ¥ L

Shinjiko (Anonymous, 2000; Harada, 1968; Hiratsuka,
2001; Ishitobi et al., 2000; Kamita, 1967; 1970;
Koshikawa, 2003; Kuwabara, 2000; Nishino, 1980;
Sakamoto, 1995; Sato and Kato, 1996; Udagawa and
Sato, 1991), Nakaumi (Anonymous, 2000; Harada, 1968;
Koshikawa, 2003).

19. Palaemon ortmanni (Rathbun, 1902)7 > F 7 A ¥
v

Nakaumi (Harada, 1968).

20. Palaemon serrifer (Stimpson, 1860) 2 & T ¥ & N ¥

Shinjiko (Harada, 1968; Kamita, 1967; Koshikawa,
2003; Sato and Kato, 1996), Nakaumi (Anonymous,
2000; Harada, 1968; Hiratsuka, 2001; Ishitobi et al.,
2000; Koshikawa, 1999; 2003; Kuwabara, 2000;
Shimamura and Nakamura, 2001).

Alpheidae 7 v ¥ T Y}

21. Alpheus bisincisus De Haan, 1849 7 % X V' 7 v iR
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LY
Nakaumi (Anonymous, 2000).

22. Alpheus brevicristatus De Haan, 1844 7 v "R 7 T ¥
Nakaumi (Anonymous, 2000; Harada, 1968;
Kuwabara, 2000).

Hippolytidae € x Y}

23. Eualus leptognathus (Stimpson, 1860)V ¥ k€L &

Shinjiko (Hiratsuka, 2001; Ishitobi et al., 2000;
Kuwabara, 2000), Nakaumi (Hiratsuka, 2001; Ishitobi et
al., 2000; Kuwabara, 2000).

Crangonidae T ¥V ¥ 2§}

24. [?|Crangon affinis De Haan, 1849 =¥ 2 ¥ I

Shinjiko (Hiratsuka, 2001; Ishitobi et al., 2000;
Kuwabara, 2000; Sato and Kato, 1996), Nakaumi
(Harada, 1968; Hiratsuka, 2001; Ishitobi et al., 2000;
Koshikawa, 2003; Kuwabara, 2000).

Remarks: Crangon affinis and its alies were revised
by Hayashi and Kim (1999), and it is possible that
several species are distributed in these lakes (Osawa,
personal communication). The identity of Crangon from
the lakes requires reassessment.

25. Paracrangon echinata Dana, 1852 7 7 7 = ¥
Shinjiko (Sato and Kato, 1996).

Cambaridae 7 X V) # ¥V ' =F}

26. Procambarus clarkii (Girard, 1852) 7 X ) %141) 77—

Shinjiko (Anonymous, 2000; Ishitobi et al., 2000;
Koshikawa, 2003; Kuwabara, 2000), Nakaumi (Harada,
1968; Hiratsuka, 2001; Ishitobi et al., 2000; Koshikawa,
2003).

Remarks: Procambarus clarkii was introduced to
Shimane Prefecture immediately after end of the World
War Il (Kamita, 1964; 1967).

Callianassidae A F €27 ) B}

27. [?INihonotrypaea petalura (Stimpson, 1860) A J-
7

Nakaumi (Kuwabara, 2000).

Remarks: Kuwabara (2000) reported N. petalura from
sandy-mudy bottom of Nakaumi, but this is probably a
misidentification of allied species, such as Nihonotrypaea
japonica (Ortmann, 1891) or Nihonotrypaea harmandi
(Bouvier, 1901), because N. petalura normally inhabits
in intertidal zone with boulder stones, and N. japonica
and N. harmandi inhabit in sandy tidal wetland (Osawa,
personal communication). The identity of Nihonotrypaea

form Nakaumi requires reassessment.
Upogebiidae 77 ¥ + 2§t

28. Upogebia major (DeHaan, 1841)7 3 v 2
Shinjiko (Kuwabara, 2000), Nakaumi (Kuwabara,
2000).

Paguridae & ¥ F & Y I

29. Pagurusfilholi (DeMan, 1887)F > ¥ K71 1)
= Pagurus geminus: Anonymous, 2000; Ishitobi et
al., 2000.
= Pagurus samuelis: Koshikawa, 1999.
Nakaumi (Anonymous, 2000; Ishitobi et al., 2000;
Koshikawa, 1999).

30. Pagurus minutus Hess, 1865 ¥+ 7k v N1 1)
= Pagurus dubius: Anonymous, 2000; Hiratsuka,
2001; Ishitobi et al., 2000.
Nakaumi (Anonymous, 2000; Hiratsuka, 2001;
Ishitobi et al., 2000; Kuwabara, 2000).

Dromiidae 71 4 71 &V Bl

31. Dromia wilsoni (Fulton and Grant, 1902)7 % 7771 1\
Nakaumi (Koshikawa, 1999).

Matutidae ¥ v & ¥ H=F}

32. Matuta victor (Fabricius, 1781)% >t > 7=
Nakaumi (Kuwabara, 2000).

Leucosiidae 2 7 =%}

33. Philyrapisum DeHaan, 1841 ¥ X 27 ¥ 77 =

Shinjiko (Koshikawa, 2003; Kuwabara, 2000),
Nakaumi (Harada, 1968; Hiratsuka, 2001; Fujimoto et
al., 1999; Ishitobi et al., 2000; Koshikawa, 1999; 2003;
Kuwabara, 2000; Yasugi et al., 1999).

Majidae 2 € % =F}

34. Achaeus sp. 77 7 A d 1
Nakaumi (Harada, 1968).

Portunidae 7 % V) & =F}

35. Charyhdis (Charybdis) japonica (A. Milne-Edwards,
1861) 1 > 7=

Nakaumi (Harada, 1968; Ishitobi et al., 2000;
Koshikawa, 2003; Kuwabara, 2000).

36. Charybdis (Gonioneptunus) bimaculata (Miers,
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1886) 7 ¥ R A VM=
Nakaumi (Harada, 1968).

37. Portunus (Portunus) pelagicus (Linnaeus, 1758) ¥ A
7 YA

Shinjiko (Harada, 1968; Kamita, 1967; Koshikawa,
2003), Nakaumi (Harada, 1968; Hiratsuka, 2001; Ishitobi
et al., 2000; Koshikawa, 1999; 2003; Kuwabara, 2000).

38. Portunus (Portunus) trituberculatus (Miers, 1876) 77
AN
Nakaumi (Koshikawa, 1999; Kuwabara, 2000).

Xanthidae &7 ¥ 5 =}

39. Liomera venosa (H. Milne Edwards, 1834)\ =7 77
Fi=
Nakaumi (Anonymous, 2000; Ishitobi et al., 2000).

Pilumnidae 7 7 % =%}

40. Pilumnopeus makiana (Rathbun, 1931)~ % + Z /
T Ir=
Nakaumi (Anonymous, 2000; Ishitobi et al., 2000).

Grapsidae f 7 % =l

41. Chiromantes dehaani (H. Milne Edwards, 1853) 7 &
NRTAT=

Shinjiko  (Anonymous, 2000; Kamita, 1967;
Kuwabara, 2000), Nakaumi (Anonymous, 2000;
Koshikawa, 1999; Kuwabara, 2000).

42. Chiromantes haematocheir (De Haan, 1833)7 71 7
=

Shinjiko (Kamita, 1967; Kuwabara, 2000), Nakaumi
(Kuwabara, 2000).

43. Eriocheir japonica De Haan, 1835 & 7 A /' =

Shinjiko (Anonymous, 2000; Harada, 1968; Ishitobi et
al., 2000; Kamita, 1967; Koshikawa, 2003), Nakaumi
(Harada, 1968; Hiratsuka, 2001; Ishitobi et al., 2000;
Koshikawa, 1999; 2003).

44, Gaetice depressus (DeHaan,1833)t 7 1 V ' =
Nakaumi (Kuwabara, 2000).

45. Hemigrapsus penicillatus (De Haan, 1835)7 7 1 A
v H=

Shinjiko (Hiratsuka, 2001; Koshikawa, 2003;
Kuwabara, 2000), Ohashi River (Kuwabara, 2000),
Nakaumi (Anonymous, 2000; Harada, 1968; Hiratsuka,
2001; Ishitobi et al., 2000; Koshikawa, 1999; 2003;
Kuwabara, 2000).

46. Hemigrapsus sanguineus (De Haan,1835) 1 V 7/ =
Nakaumi (Kuwabara, 2000).

47. Helicetridens DeHaan, 1835 7 /7 /T =
Shinjiko (Sakamoto, 1995).

48. Pachygrapsus crassipes Randall, 1839 1 7 77 =
Nakaumi (Kuwabara, 2000).

49. Sesarmops intermedius (De Haan, 1835) X > 7 A 7

Shinjiko (Kamita, 1967), Nakaumi (Kuwabara, 2000).

Pinnotheridae 51 77 U 7 = Ft

50. Pinnotheres sp. ¥ B ¥ >~ /gD 17#
Nakaumi (Harada, 1968).

Stomatopoda ¥ ¥ 2 H (F1HIH)
Squillidae ¥ ¥ 2 Ft

1. Oratosquilla oratoria (De Haan, 1844) > v 2
Nakaumi (Ishitobi et al., 2000; Koshikawa, 2003;
Kuwabara, 2000).
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The characteristics of dinoflagellate assemblagesin Lake Nakaumi

Natsuhiko K ojima’

Abstract: Lake Nakaumi, a brackish-water lake in western Japan, can be divided into three
areas based on dinoflagellate assemblage characteristics. Four dinoflagellate groups are present
throughout the lake in all seasons. These ubiquitous species are adapted to radical changes in
brackish-water conditions. Ubiquitous species are able to take advantage of the highly variable
environment because their numbers can increase quickly when ambient conditions are
appropriate for that dinoflagellate taxon. This lifestyle results in a clear competitive advantage

over that of cyst forming species.

Key words: Lake Nakaumi, dinoflagellate, cyst, brackish water

i U &

L AR DS E I & HARME S 12 E NS
ERAKDOITH 5. MOF-PASHRIAAKM & FAEIC
Kb NN B em 52812k, HAR
DEEREN DR EE 2 E RS EIT L T b,
DX ) RGHTCIEIE RE D e e E RSN & (F
HaEnT&7., TOEBERBEZGHRON—ALL 5
DbOWMO—REEETHLH., INO—REEED
HCIREREOB X IEAIET S5 —J, HL—R4&
EFHETH B I EREOSMMMEZIZE L TIAHZ )8
BELHFHEL TS, ZOHEE L TIETE—IC
HEEEE SRS, HEOKEREME L TRERMESL
HOTWBELD, b o5 ZFDNHEDIZEI LM
GoTELIENHITONSL, RICIEHIETHE LM
EVo THRFHIINEERER T L OERE 2 o3
BEFARIC—TCICHFE T 5 Z LW TH o722
EREPRETE L. AT 1998 4 ~2000 4F
22 CHMECEN G L 72 4 i 2 B oA O
MRS, BEOEHRIRN & E L DD o i

EEOSMAEELZHL2ICL, 20 MEY L7
5L TWAERFICOWTESEL 7-.

hEICH T HREERERLELL
RO HIRECER

SR - HE O EEFFSE 2 (1996) O T HREOD
HMEOREERFE DN TWAEDY, T2 TIEEFN
*BHEIZ L ODOMMER ICEN TS THEL TZEON
FEMAE-ED, BEIPLRZERIZOVWTLE LD
THB X7,

HE O BT S O W TR TR BB 4
5D AH (1931) OWMET, W77 7 2D
Oithona, Paracalanus & £E7 @ Chaetoceros 2% (5 1
o TWAHIT Ceratium 25V 6 & F LT
W2k 3T 55D THDH. FE (1992) (12X 5 & 1930
TR T L BB OBETHEIZOBRO DO KE
ERELCEZIZELTWEDT, ZOHEGHIIBEHE
LHM S 2 VEFFEORREZZ 2 bDL LTLE
LrobNL. $72, B - EL4(1933) THHEM

bR TR A A ZEE Laboratory of Biology, Osaka Institute of Technology, Osaka, 535-8585, Japan



88 NEEE

BFEATEOFIZ Ceoratium BSE TN TV 5 E W)
FRLL 72852 H 5.

WARIC R 5 & THE(1950) 54y b T T v o b Ui
ZC 28 M 25 FEATEEIE L RO ST v s b v
HELHE L, ZOHh THiEDOFA T Ceratium 2
FEASEERHE & QBB TH oL LTS, 1R
JII (1955) & 1952 SEDOFHAL TIIERBELEL L, #
HEREOT T Cratium P L HBE L2 252
LCWw5., #fiEx 1A & 195654E 24 & 1 |2 hifgER
BICHORE LB EL PR ESRTW
5. ZOEPLEESLHEONET WAL, Tt
xRS LT T 7 b VP EDb- TE
TWa, 9 2bbHEEHATEIESEIZEL,
Melosira X Biddulphia S EARDAREI 2354 5 & 9
2o 72w (BER, 1975). —J7, T-H(1959) %
1957~1959 FE DB OFRMAETHIL T F > 7 b » &7
NRTWED, TN B EWMWETT 7 242
AP QAR THL I EEZMEL TS, L
L, COHRTHHEINSL DT EEEERED Exuviadla
PREICKRFEET A L VIR TH S, Exwiadla 1E
A TUd Taylor (1976) 7 £12 & 1) Prorocentrum 0
synonym & SNTEB Y, T 2T Exuwiadlaapora & |7
EEINTWD S DIFZDROGHY EORALZ ZE
\Z A5 & Prorocentrum minimum O 1] FEMEASE W &
oML, ZH) b LBEEOHHETERLL TV
% Proro. minimum O K & % 4 (70 — 4) 1 1950
HEAHKICIIIEE > T2 2% b, TH(1959) 1%
Z DAl Ceratium 4 1 b Hii5 L T\ 2 232 0 1 BUHEE
(BRI

1974 ED LI BIRKFD TNV —T05F ) 75~
7N EEODRFNLUE L VIEAPICHEELRRAE
BIRE L, WD 7T v 7 N Y EEO T — 7 IR
(ZHEIN L7z (FhE, 1975 7% &) . F M oHE D h
T, fE (1975, 1976, 1977) 2% Exuviaellamarina,
E. baltica, Prorocentrum sp.25 K= 54T 5 2 & & )
HLTWED, HMEEEERHR L 72 Exuiadla ©
SHEFE FORED S 25139 T Proro. minimum
EHIMr SN S, F oA ICEEEE S T3 Skeletonema
costatum X Cyclotella 238 51 & L THF ST
5 ENLBIEOREICBIT AW 7T 7 b D
FLBE & J L L 72 IREAS Z ORI 3 CIlCAE. ST
W2 Z)PDbEDL. L LEDORIINEY TS
U N ORE MBI HE D S TR 5T
W\ (ffE, 1978, 1979, 1982, 1986). —HTZ
D 30 FEDBNITHBEDORENICHAL S B L T 5.
T 72 bHEEH O Coscinodiscus sp.X° 7 V) 7 b

@ Cryptomonas sp. & & b | ZifHiEE # ¢ Gymnodinium
PO T V=L EZFEZRILTVEDOTH
. F7fE (1989) 175 D A 72K FE THEE M
HORMEEZ L)LV E2HE L, hilFNT
OMBBEROABHEZ RE LT D, SHICKRSE
(1999) IZAFET[X & v 9 i O R BRI A & $ifl
DWW EELIREL TWD. INEIEH(2002) 134 F
TATHNTZ % h o 72 EE 2N Z Ko 72 il
BHMIZE AT, STHA MR L7, 20X ) ISHA
HAFEAERS N TITV L2 HFENTIEE 2 304
MIZHEEREZ I L0 LT AW T T v 7~ VB
OB T A RPICIT R & R Z b v,
PLEBEORIZETIRZ IS iR EDE
IZHEWD D& o TW 5B AT (Proro. minimum % &
T), ZOHBHE»IrOTOT T 7~ U HEFAIC
XAy b Cwzo/n ilffisr S L Twb
ZEREREMOBREIMHEIICHAE L Y Ao
7o B E O Wi T Ui B 2 R A BRI C
EharolzZdbE2zoN5, LML, HLTEE
DM EEOBRE IR EI AT TEEDOHRETH
—EROFEEBENTELNRVIZE LT STEY, FEE
ISR D E TN TV BEMEDS R & W & HER
N5,

M#E e A E

19984FE 9 A 5 20004 8 A £ C, 18 H O EFit:
TSI, 37 HIC—FEOREAT 10 Jll 5 % HifE |2 5%
EL, KEOKR, 15, DO, pH), 797 Vil
HEHORK (ERBLEKETEA 7 VY — LT ILVTFE
FCREE L 723Kk & EmEEHKD 2O ERK % 5
fi) &L FTOX 2T 7 7 —CTORERMZ 1T - 72 (K
1). KEFHINA FO IR HDEFT IV H20 & 7 F
YE ML RIS R UK T
L, SR CHEE D b DIF 24 LLINICZ D
DOWMWEHEEZHLE LT T V7 b ORI
PMEE T Ciro /2. 79 v 7 b VEHEIERAKZ 0.2
mzE) ) ZFOHIZEINTVETT I b
¥z, IhE 3EHYELTEYE & 57 FTO
N7 T —CHNL7ZKE X ER LT 7V F 2 —
TWASTZIRBEEL DO TINDOR EEE2em 2 18FHL S
EHWE I B L, WilEES A MREB L
BHFEBOFENIH 2. BFFEBRTIIRER %
HEO0ISgEY &0, ZOF FHEIERBEKET AN
T2V F T VT4 oy Y lZERE L, 20C, 12h B
e A 7 IVICHREE L 724 v F 2= F HICHE L,



i P 1 B BE AR AR D BURR B 89

¥133° 100 E

B 1. o SR
Fig. 1. Location map showing the sampling station in
Lake Nakaumi.
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Fig. 2. Distribution map of dinoflagellate dominant speciesin Lake Nakaumi (1998/9~1999/6).
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Fig. 4. Map showing three areas by dinoflagellate assemblage
characteristics.
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Fig. 5. Distribution map of motile cell from sediments on
germination experiments. (March, 1999)
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Biota in brackish lakes: Maintenance of biota through direct
and indirect salinity effects

Yasushi Miyamoto'

Abstract: Salinity strongly affects biota in brackish lakes not only directly through osmotic
pressure, but also indirectly through modiify water chemistry and through biological
interactions. These salinity effects are summarized as folidwsa drect effect through
osmotic pressure: the salinity level in brackisistems limits the biota to a set of organisms
that can live under these osmotic pressure conditihjndirect effect through water
chemistry: salinity often affects aspects of water chemistry such as dissolved oxygen and
nutrient content, and these impacts often result assnextinctions and shifts in the distribution

of organisms;(3) indirect effects through biological interactions: biota, affected by the above
mechanisms often experience further modifications through biological interactions such as
predation and competition. These findings strgragiggests that salinity shifts can trigger rapid
and large changes in biota, which result from both direct and indirect processes.

Key words: brackish-lake, direct effect, fauna, flora, indirect effect
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Fig. 1. Schematic representation of direct and indirect

salinity effects on biota in brackish lakd) direct salinity

effect through osmotic pressure?) indirect salinity effect
through water variable$3) indirect salinity effect through
biological interactions.
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EKREDEALZ AL THEWHICZELZE L SE 5.
ZORER, MBTLAEZYWOMAEDLENEDL ST
LEI)720, YoM TEL 2HEERE THE
bBoTLEIDOTHAH. TOFFEHIDS, EEITRD
R ERRE L r oG SNE L)1k o
7> (Aaseret al., 1995; Jeppesest al., 1997; Jakobseset
al., 2003 .

WOsSEWAICG 2 2 MENZRE, Thbb,
IKE DAL Z A L 72w & A EAEH O ZAL % 4
L72RRIE, BFEICRVEHE ST 20H 5.
L Lahs, HESIZBW TZDFERD T 128%
HEANTWAEEFSVEEL, Z2TARMIE, ki
GENDIESD, EYHIF L TED L) EE
B - BN EEELZ 52 THh500I2onT, #E
DERZEHRTLZLEEANE L2, BARIZIE,
LT 3205 ORFIZOWTERLITH) (X1
ZH).
DREEDOZEALZ B L7z, BV T A5 ORE
AR VIS
2)KEDEAL B U7z, AWK 555 O
(SEASVIPS
)M AR OZAL 8 U7z, AT 250
kIR YIES

& B

1 REEOELZAL ESDEENEHRE

B DZALIE, IRKIBUTRED A S ) 0 LR R B4,
ISR & 2% 5 2 % (Teschner, 1995; Baillieul
etal., 1998; Hall and Burns, 2002 a)b Z 11, &4
DEALDRBEDOZEALIE LT, HEWICE > TK
EBRAMVAILRD72DTHA., TO L) 5
LB MV AOREIZ, FOKBUITHEDE 4 O YR
EREEOBREICIE S, S 5 ISR OFEREE &
TEHRMEICRE BB 52 5. 12, BEIMEIV
S, MERBREPOAEIZHENE ZLDTE W
HEEYHIE, 20X RESEI L AT E
B Rdwv, 22T, 7, HHozfbidntzs
W ORELSREEDZALIZOWTEB L, KkIZ, o
DZEALIZIE U7z A=W AH (LR D2 b %, FRI2 i
—SREACRIZAET T 5 BEIEDO /NS WA (5§
M -NUIMNRA 8T b)) ICER L TR
T 5.

1-1 BHDEAEICH U ZESHEMEDE(L
FRAKIE, KPP CHEET AL DAEEYICLE ST
BADLWERETH A, TOFEME LT, #HED
A EWIXE AR TIHERY 4 A2YME T L (Remane and
Schlieper, 1971, [FAfIZ, HAKHIRDE X b EK
TR A XPETT2EAPEDLNL TS
(Yamamuro, 200D. ZiLid, AEXW-bhNEKE b
WAL OB HEKEEO T T, RELEMHIRD
#2720 T dH A (Kies, 1997; Cognetti and
Maltagliati, 2000; Floder and Burns, 2004 i%, 7K Bg 5%
DOFT, WEDE S HIMEIESIx 51REE
AETICE LA, RO, WKEDE S -6 I13EE
KT AREERFHICE L. ZORREE LT,
HKBCTEAEETCE2EMOEE I WA T 5 L
W, Wiy 7 > 7 v (Hartog, 1967, #4175 >~ 7
I > (Grindley, 1981; Schallenbesg al., 2003, ~ 7
TN kA (Remane and Schlieper, 1974 &, FH)
THDNSVEYTEDL L TROLNT VA,
WO LMD TIE, WK &Rk PRE O
TR, B LARKIZIE: 5-7 psud i 7 B3
O FTEWIZAE U % (Remane and Schlieper, 1971
COEHI, HEMREDOE L WK T 25| &I 318
G [H53 O B (salinity thresholds | & FEIEL T W
% (Jeppesent al, 1994; Schallenbergt al., 2003 . %
KIZEWIESBREEO T O OME] 7 5 2 &
&, ZLOEYRETHBELTNL500, BARHR
BUEIE D HREH CEVDIH L L) TH L. FFIZ, 2
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F 1 il - REWAGRIZB T BIESOZALIZIE U7 A O 222
Table 1. Spatial variation of biota along salinityaglient in lake Nakaumi and lake Shinji
Organisms Distribution range References
Lake Shinji Ohashi river Lake Nakaumi Sakai channel
Low salinity < > High salinity
Macroalgae Freshwater Blackish Euryhaline Marine FKili, 1977
species species species species KB, 1986
Microalgae Freshwater Marine and KA, 1997
(Phytoplankton) and brackish brackish
species species
Benthos Brackish fauna Estuarine fauna HIZ7>, 1998a
(Polychaete)
Zooplankton < - > Uye et al., 2001
Copepods dominate
K&, 1999
KEBH, 1999
DR OMEFRAD LB 77 > 7~ TR, — EDHRLN, HEICEANEE (LR O 7 F 7 F

fRBIIZEN ST W A 5-7 psuD sy & 0 & i
CBMEA S 5 LS, WHRBOBEW T 7 b R
#£1ZMT LA H % F & © 7 Schallenbergt al. (2003
IZEDRENTW S,
1-2 BHOEEICIS U f:ﬁiﬁ*ﬁ@% t

HRifE & SREAGR TUE, oAb & YO
Ex Ay | ,Wﬁ%ﬁ%&btéwﬁ%’
VL RIS DWW TTE, HARHED S Wi, SEH,
FEMNANE WD I2oNT, WA T U TR
AL T B 2 LA S Tw b (B, 1977
(F1). FMEICTHLZ2E 221N E wbRLTW
57 v 7% g Gdidium, 7% ') Plocamiumtelfairiae

¥ Ulva pertusa, *+ =/ ') Gracilaria verrucosa, 7 7 H
/1) Gloiopeltisfurcata 7 &5 1), SSEM O AT F
TOESITES DRV T, EAREDOA D T+
/1) Enteromorpha prolifera, 7 ¥ -€ /') Scytosiphon
lomentarius X° > 4 I N T Ectocarpussiliculosus 2
B4 5 (KEF, 1986).

W75 7 TR, SO THETI R
A EAROKAEDT, TR B TR T DR SE ] T
KR L RKTER E LR L 7o T b (KA,
1997) (£ 1). WO 77 > 7 b VI LT
KR 1 m OIES iR & AL A D ) GEER,
1990, LWy A # > JEEAY 2,500-3,000 ppnC %k
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TERZEAELRZHL, NERMOBEFH 71 7I124D
5 ENHE I TV (FKIL, 1982). 34 IRED
AL L72AE 75 » 7 b RO ZABIZSE I T
HbRAOLNTED, 1994FEDPWOEITIL, KKk
5 W CARE 2 D { BHASFHEM TR Z K L,
YOKMERREESE, HEREEF o REWH LA D
s Twad (K4, 2001).
1-3 BHDOEALICIEL =X2 P XHBDOEAL

HfE & SRIEMAGRIZB W T, BHICRW TS &
Y ORI SN TWADIX, “HHELEH
LIy raNy N AOMETH L. LMD
WU, B0 F % B i & SE W O TS Rk
RS GEVATIO 5N T (1), He0YE
IZEWHhiETIE, = 3% A € F Paraprionospio
pinnata 73 7 9 % Z kIO @B RO £ E A
B3, BORHZ, SEHMICHE S DRV SSER TlE, v~
I Z ¥ 7 Prionospio (Minuspio) japonica 7% 5L Y |2 15
5T 5 ZRRED RN RKEIDSRO 5T\ 5 (FEH
(374, 1998a. F7-, “HHTIE, BKEMED SR
EINAHE T TOMAT AR > T, FHEOHH
DAL T 5 2 LaiiE ST b (1320,
1999; Il [1, 200D. & F 4 * 4 # 4 Mytilus
galloprovincialis & 7 X ¥ /' > 7 Anomia chinensis |&
WO BHEAEWE ZAIZHMmMBR SN, KM
A KA Musculistasenhousia, I 7> 777N
7' A Xenostrobus securis, ¥ 77 ¥ Crassostrea gigas (&,
HE IR A 2SR ST B (1L, 200D).
1-4 BHOEICHUEEMTZ 27 M HHOEE
Uyeetal., (2000 13, /il & SSEiARREZ G & L
T T s YRR 2B A R ATV,
WA IE U7 FEAL R O 22 Y 70 284k & #his L
72, SO®EHIZXY, B SBEIKEIZPTTO
JRVEIPHT, A7 VEPEBNICEET L2500
(1), AT HEBET 5 HEOHMBLAE R
WK U TZAL T2 2 LSO SNz, SR
ALV R E W Tk CEYE % 4 psu, Snocalanus
tenellus |2 & % By 22 88 5 255880 & 4L, RITHR 328
WV KAG I Tid ((F34 9.9 psu, Acartina hudsonica,
Acartina sinjiensis, Eurytemora pacifica, Oithona
davisae ZEFAE TN 5. HfE & ARHETIX Tld (P
16.4 psuk 21.7 psu, KGN TH72I2b o7z 41
DEHEDFREM OB SETE L L0 Y, IR S T
5 KGE Tl ((F34 24 psu, & 5 |2 Paracalanus spp. @
BEHESHET. RilEEARETXICBIT L0147 V8
DEERY BN, RIR (1999 & RIFE S (1999 (2
Lo TOHEREIN TS,

e

2 KEOZEEERAL HIESORBENLEHE

WARICE TN EIESE, BAREECRERRE
FEONRBEIZREREY G2 TW5, WHIKEIC
5.2 283, FICEREBILOEA KN TES
DE KR CBER 1SRN, FOWEBIIEY D5 R
FERERICECWe T 5. 22T, FTFhiEr&Ed
SFSE R CTHIZ SN TV B KEDZEALIZD
WTEH L, RICZFIUSER T 2 =W o2 iz
WS 5.

2-1 BRI KEICSZBFE

W IER T 2 KEDOZLSEHE IZEL 5D,
PR & HEROWRADOREEHGS <, BB 2 3555 HERg A%
TR S B EKIMTH B (GRKIBII BT 5K &
KROBEIZE L TIE, FHAK (1984, A7 (200D %
ZHR). 20 LX) KT, EFOEKEBHICE
WEHEIKIEDS TR ICAEL, BRI HEMIE > TLEIC
FTCLREERT LN, ENZITTY, il CAT,
2001; —JfK, 2000, #E7Ei# (Mikami et al., 2002, J&B&
% (Uedaet al., 2000, 44 (Sanukideet al., 1985
LDk A RIETAIONTWS,

HalE, TRETAUZEREARIED, EHIZLD
FRBIGEF TSN ETHLL. BB L-ES
DEKIMTIE, FEOEBERBRESTREICHG S
mnWZ bk, WEIZBIT A EERY OS5 HOEREILIC
X OEBENEBESEINT A2 LT, WESEMRIEIRRE
2. ZORER, BRRFESFMETTEL M4 DL
2 e % #% T (Gunnars and Blomaqvist, 1997 ik,
2001; Rozaret al., 2002 % £H8), ) Y EEEE) VR 7
VEZTREREOREENEELVERT A,
L CTlRAIIC, TNH OREEIZE AR K
TR K & 1L 5 (Uedaet al., 2000; = ¥k,
2001 . C OEMFEKIEDS, wHE DR S\ 7277104
UBERICE) FBIGEFETFONTHBE RS
(Mikami et al., 2002). H#DOFAE, KKk HHHR
B OSREREE DRV EEBKOKE Z, IETD
REBICHESE S, T/, HELRBEADPEL WY
HITEHFFIIEELET, KEHOW B0 L HLHA
TRE?»S EBI L TAHELLDATH S (Mikami et
al., 2002).

=0, BWEKH, ThbbIESRBTR SN
BHITIXET E AT, KREBEZ2EmREKELHEH
FRELZVWDOD, BFITMIKAL ) VERREY ¥
RT VEZTREFREORFEENENTH LT,
INHLORBIMOBENEINT AEWLH 5
(Jeppeseret al., 1997; Scheffer, 1998; Rozae al.,
2002). C Of@E[E, WKHROHEE A 4+ > HSE K &
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F 2. RAKMICBWTRGAIRA & 2 5 KEDOZAL & Z I U7 B o %A1t
Table 2. Changes in water variables caused by salinity, anditsequential biota changes in various brackish lakes

Lake type Changes in Changes in Lake References
water variables biota
Deep Oxygen depletion Benthos extinction Lake Nakaumi ~ Yamamuro et al., 2000
lake (due to anoxia) Lake Hamana  Sanukida et al., 1985
Upward-shift of Lake Abashiri [ HIZ7>, 1998b
benthos distribution Lake Nakaumi ~ Yamamuro et al., 2000
L H, 2001
Upward-shift of Lake Nakaumi  Uye et al., 2000
Zooplankton distribution Harada et al., 1985
Oxygen depletion Littoral and pelagic Lake Nakaumi  Ishitobi et al., 2000
(due to blue-tide) organisms extinction
Nutrient increase Phytoplankton increase Lake Abashiri ~ Mikami et al., 2002
Shallow Nutrient increase Phytoplankton increase Danish lakes Jeppesen et al., 1997
lake Scheffer, 1998

Macroalgae increase

Delaware Timmons and Price, 1996

Inland Bays Rozan et al., 2002

mOEL L. JERICAVAALLZTEEA 4+ 2 1E, ik
BIC/NY T T O & 12X o THALKEIETL S
% (=ZJiK, 2001; Rozaretal., 2002 . LT, ZDhi
ILRFICEHE TN D MEDRER L WG L2k &S
THILT, REEPKFUERLEINLEOTH S
(Scheffer, 1998; Rozagt al., 2002). #5512, EFEDE
Kimfl, b BRI N7 7)) 7 D) & HEFE
27 HHECIE, EaRo—Ho RIeAIE S, K
o ORFEEOELIMEESINDL. 2D L) 7, %
WIEZKINIZ B 22 S o \wEIE OB, R
BAREIPEAZH TBE SN TV 5D (Jeppesent

al., 1997; Rozaret al., 2002).
2-2 KEOZEAIrEYHEICES Z 272
BRKED D 5 EKMCTIHAET 5 B FEKILR
HWNE, BRA AR KERIEEEL S, 5
DHAIEE TS S (£2)., — %I, TREICEm
FARPTER END &, ZTTHEIETHEEYDOKR
BILCUPEL, ZOHR, £ Q&Y THAMEN
FRIZHL EFSshs. ok RHEmERy A
B L CHRICHHE CH . hilFOIRICEFT T4 &
N NFRTA OGAL, BEEKIEPTER SN E
N, WITICEF T AERPERFERKIZISHINT
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BT AT & THOMBPKEZMEEIZHRD 5
n, OIS, BERFEARMATELT 5 BRkLIEIL, 2
MURICOAADRILN S ERHRESNTWES
(Yamamuroet al., 2000 (#£2). F 72, HiEH.LIcH
5 BUIEOMERCTIE, BFICEMEI AL HKE
A-5 mPGRICIEHEOABDTED LT v (11
[1, 2001 (% 2). EEEFAILOBHEIIG Uiz Y

N A DG A OZEE, $EEMIZBWTOHMENDH
% . 19304F M1 I3 MR 5 12 2 KR 14 m DL I AL
L, XV FADGA D 10mELEE TRO LN TW»
72708, TREOEHEDVHEAZSH T, EBERED
KETMEEICETLAL, 2L CT, XV b
AD55A S EmUETIER SN A oz (FHIZ
7, 1998b (% 2).

AT B IR F KON LR L Z T 5 DIE Ry
MRSz ETIE RV, hilETIE, BT
V7N YOG L KT OBEFEEEEDOBER T A
W7E 5, o OSMIEAMBEICE L EEOAIC
RENTWDLZEPHLNIZENTW A (Haradaet
al., 1985 (% 2).

BAEEF KD FELT 5 L, 2OEREIE FER
FEIICETRAZ EICR D, HMOBER, B
IZAF T 2 KB A H R BRI EBEN B x5
2% (3£2).19964E 0 8 H 2l CTHA L 72 H g,
# 3 Portunus pelagicus % {43 & 3 % HIRHE & JIEEE
DMHIEIZRKEDT % D 725 L 72 (Ishitobiet al..,
2000. HHIOFAIERT S Lot () o
BTN, #EMICBWTLHEHLDH S (Kuwabara,
2007).

—J5, BEFEORVEKMR, BWEKITH B
DHBEHNE {, KRB FEOAE L R WA
&, TE»o FRICREEI MMEINSZ & T, b
W7o rr b5 (322). BAEOBEAIVN
SVWAEDRAEW TIE, BERRFAKIITR S N5 HFHh
SEICTT, TRE»S FEAREEI G SN
LT, W7 7~ Anabaeba flos-aquae @ 7
V— LT 5 (Mikamietal., 2002 (£2). % 7,
F U — 7 OIREDEWIEAKY Lake Oslevkloster
TlE, HEGEEDBIN L 724E12, ko) FERE
) ViEENREIL, FRG LTRSS s by
DL < EMY 2EFHFED LT b (Jeppessen
etal., 1997; Scheffer, 1998 (2). o X 9 & ik
HOREIROWEINZ, WlE A 4 IRRE L7z, &Kk
N BT B S ORFEIROHELDIEETH 5
(Jeppessest al., 1997; Scheffer, 1998
R 2 S LB, REotm 7T o

FoTERL, REORKERZEMEE 255D
b5 (#2). KK = D Delaware Inland Bays
WEKBEORNFKFETH L., 22Tk, EFOH
AN KA ERE R IRREICla S &, 220545k
WA T 52 LT, REBEHOBfFENS—RENIC
BIN$ A2 MM 286 5T\ b (Timmons and Price,
1996; Rozaret al., 2002 .

3 EEMEEFRE%ZAL ZIESOBEMN AR

W OZALDNREL & KEDOZAL % L THEWHH
W2 b 7269 2 EIIBRICEHB L7280 7225, 2
D& BEWHOZEALIE, 257%5EWHOELE
FIERITIENH L. BELL, WMBICEETS
ETOEZYILH, &) —Ebh b DORIZNE
ENLHEMAHEFEHO A v b7 — 2 1ZfAAENT
WAENLTHEH., 2T, WHOEIB 24
YA DZEAL DS IR CHE U 5 [FERAHEA/EH 28 U 72
HEYFHOZAL NZOWTERT L. HRNICBNT,
Hifg - SSEEIKGR Tl 2 OB ORFZEEE A4 7 v
DT, ERNOEKMN & X GIAT b 2B A A &
BN EBR DGR % L ICHEANT 5.

3-1 EMNT I U7 NREOE(LERL 1-AEM T
Z>U M DB

FIKIZ B I RE O, W D2hDH
MHBEAEH 28T, W77 > 7 b 2mss
b, ZD 1O, WAHEINT 5 LR A4 XD/hE
WEW T T s b EST A7z, T Y
7T AHEREDPEEALEVIDDTH S
(2 3). WA R 3R BE 2SI L ARG (<2
psu ClX, W77 > 7 M OKRETH %KD I
Y v 2 (Daphniasp) 2MEL T 4. I Y IHOMM
W77 > 2 b A BHEEIEIER 1258 < (Pace,
1984; Carpenter and Kitchell, 1993 1% & A3 13 %
BN T T 27 N Y HBRIBICRA T 572012,
WAKOBRHENM ET A5 ZENLLAMSLNTHS
(Lampert et al., 1986; Hanson and Butler, 1994;
Scheffer, 1998. L2>L, 3 ¥ ¥ 2354 A/
SW/c, WORENENT AL LEZHLTLE
Vv, DD IR A XD/ A AT DSBS T
% (Jeppessest al., 1994; Moss, 1994; Schallenbeety
al.,, 2003 . Z DR, WY TF > 7 b AT B
HBEMETTH2DTHAL. 7 ~— 27 DEK Lake
Orslevkloster T, M REDMET 3 % FICEHY 7
S b BEOHRTI VY aEMELET AL,
ZLC, ZOWHITT v 7 by swgbTHI L
WL S T\ % (Jeppessed al., 1997; Scheffer,
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3. FKMIC B TR EERAERE & %2 2 AW o2

Table 3. Changes in biota caused by biological interactions in various brackish lakes

Causal changes Changes in

in biota biological interactions

Consequential changes Lakes

References

in biota

Large zooplankton Grazing pressure

decrease decrease
Planktivorous fish Grazing pressure
increase decrease

(due to trophic cascade)
Mysid increase Grazing pressure

decrease

(due to trophic cascade)

Phytoplankton Competition for light
increase becomes severe
Phytoplankton Competition for light

decrease becomes less severe

Phytoplankton increase

Phytoplankton increase

Phytoplankton increase

Macrophyte decrease

Photosynthetic bacteria

Danish lakes  Jeppesen et al., 1994

Danish lakes

Jeppesen et al., 1997

Jakobsen et al., 2003

Danish lakes  Aaser et al., 1995

British lakes  Irvine et al., 1993
Moss, 1994

Lake Abashiri  Mikami et al., 2002

increase

1998 (#£3). HilE AFE T THEY AL XD/ &
W 4 7 28 (Oithona davisae) 2B 5 2 L L D
(K3%, 1999; KFlE2, 1999, HilEARTIE, i
W77 7 bR AEMT T 7 b ORERE
5V ERTFHENS., ZOTFHREENITA LD
12, 19974F 12 HOARE LK.M BWTEYW 7 F
Y7 b OBENELCEALLC, sraTg
VamDHELWETEEON o7 (KRAEH,
1999.

3-2 REHXS—RKEBULEEMT T KD
N

W77 7 brEEMSEs b9 1 o0 MAM
HERIV LEMTH L. Z1E, HosiEns s
L, BT N R ERDEEIYNER L T0
KT F 7 N EEZ B LY, 3EEOME
EHTH A (M2;3£3). T [HEI AT —F
(trophic cascade] & M-(X4 4 FERIAH HAEMH C, 7Kkis

DERERTRWICESNL LD TH A (Brettand
Goldman, 1996; 1997 & F - BFH, 2003. ¥&55iE
WML LTIy Myl (M

Gasterosteus aculeatus) DN L, ZF1IZ)e L 72 Hid
75y b o, Frv—20MiBERE
L7288 L AV EBR O R S L M ST
W % (Jeppesest al., 1997; Jakobsest al., 2003 (5
3).Hhi#ETdH, T/ 0 Konosirus punctatus X2 3 1)

Hyporhamphus sajori, 1 /¥ Sardinella zunasi 7 &0
T N EAPINELVRAT EENORICH)
W77 7 b OREPKRL G5 L (Uyeetal,
2000, #Z:30EDOMICT T v 7 b AL,

FRZIBCTHY T v 7 Nz 722D
(Ishitobiet al., 2000, KW AT — FAPEL TV 5

WREMEDSE Z b B, 72721, ZOWEEMEIE, HiE
ST AN T T 7 3T T s

OB EICKRE G E 522w ET 5 FRLO
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Planktivorous

fish
¢, Trophic
" cascade
— .
Zooplankton .
&

¥ K

Phytoplankton

B 2. R BIT BHKEN AT — FO—f]
Fig. 2. An example of trophic cascade in brackish lake.

THMEFET L. ZOFIEOHHE, TabEHEIC
BULKENAS— FOERMEEZRFT 572012
&, BT N T Y b OEIEE
RSB B IEMSLETH 5.

RENAr— 2@ THW 77 > 7 b2
RELEEWIAHEZTTIER Y, hilETH LR
5N5 7 IO (Neomysisinteger) b, B 75 >~
JNVERMETAZETHM T T 7 N RIS
5 LD, MINDOEK G E LA EE &
BENEROERLSLHS H» I X7 (Aaseret al.,
1995 (3 3). 7 IFUIHI P OBk~ oK CTEYY)
T by OBMBRBFRICEEES AT
Z & » & (Hanazato and Yasuno, 1998; Hanssbal .,
1990; Irvineet al., 1995; Most al., 1996), 1% & A%l
W77 7 b ICH 25T, HENICAEL T,
HIENTHEINS.

72720, TIONW 7T Yo AT BHIED
WL, W bAREHI AT — FE@BULHELZTT
E%8ZF9)THDH. O O 5 AR O
) VIBEREINE S5 2 LD, FIERORE X
DEAS 2 &N T WA (Aaseret al., 1995 . L7zh%>
T, 7T3IHIFKBEI AT —FEFTERL, SEl
OWIEDHALT, W7 T v 7 My a#ENsSETw»
HEZOLND.

3-3 WEMTS5 T b OEINIC & BKPREEDFD

LR LD %, OB LMY 7T v o
N DI, KA O FRITIC BV COKAREY) %
WL ENDHL, RS, WYWTF 7 b
> OHENNEIADBEIHE Z KT S, KA HF
HTEARDEZET EEENOTHL. A FU X
DFEITIE, WA2HEMT A EIIH 77 >~ 7

MdBEML, EHESKT LR, KAEMY A
WA L 72 HB D e ST\ b (Balesetal., 1993;
Irvine et al., 1993; Moss, 1994 (5 3). HiET b EH
FEDAR TG U 72 S DA o b s 2 &
"o (BEAR, KEL, MWT7 7 b r%2nlL
72, Y5 OZALIZIE U7 OB O b 4 U T
WAIREMAE Z b b,
3-4 WEMTIT FDRBVICEBIEERNT T
1) 77 DN

2 ETITHA L7236 & TG, ki s
T A OISR 75 v 7 b v ERFL LRSS
&, FOWEEIMBDOEI IR SGENH L. Z
W, FEIH| &k 2 3 AR S o Y 7
TN EBBRSE, TROYNEGEN 7)) T %
ZLCHMSE,L0)bDTHD (553).19864F
PRI O CTlX, WED L HICEIZR D LY 7
7 ¥ 7 ¥ Anabaebaflos-aquae (2 & 5 7V — 24 (7
F3) BT Twiz, Lo L, 19874 X 0 FHF#IAH
HETBE)IChBE, THIADOEEI RS Y, 14
DI, WEMEOBERFERE O FEISEER NS
5 1) 7 (Chlorobiumsp) DEEE R~ v M BT &
NBEHIhot (FI. Zo—EHoOHRFIZ, &
WSS LomwiEg s 77 v 7 b v
Anabaena # Bk & €722 L THEHESWES N, B
PEMREROR T CTHC LI 5722 LAH
KHTHbEEZLNLTWA (Mikamietal., 2002). 7%
B, BEENT T THRERER< Y NEEET A
&, ZOREPLIEH L LI TH L. BERb,
N T TOXy ML, TEH»S FEANOREIED
B2 EWT T 5 2 E TR 77 > 7 b DA F =
AERETER, HHIZE > TONE% BIFIZRED
75 TH5H (Mikamietal., 2002 .

S & &

REE, MAKICEENLIESHEELIC L HHEE
BN 72T TIE R <, KB EMEBAHEE- 2L
7o MBI A % 8 U TR O A I K & 2
BEH52T0whHI %, MEDHIEHRIZEDI VT
B2 (K1), WO T D &) MR
BEZETEDHICE L WELZ 7263 2 &3,
19804E X D& -2 & WM T b L7z —H D712
X IR S ik 72 (Mossetal., 1991; Balest al.,
1993; Irvineet al., 1993; Jeppessest al., 1994; 1997.
Z L TAHTIE, EOOBWIMPRKETHAN LA
R - WESELTIERIT LT, EPHICK
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ELEAEELERLE [ AL v FAI XL TH
b LRSI NS L9 I2% 572 (Moss, 1994,
LoL, [AA4 v FAHZAL | LTOHEDSDOR
BlL, ZOEFRPHLPIENTbITTE RV, '
BIE A L7CERN R F & KE 2 L7z B30 7
RRAE, RSB R 2 O THE B EE 12
FIET A Z L IIARR TR L7zl 0 7278, HEEAHE
VER 4 L 7- B 2350 0%, B IZB W
THWEBP L VWESZ A, L L, TOFEFEITH
BIAHHAEH %2 4 L 7o B 3550 O R KA, 15K
DEYMHOHAFICEE T W L2 EERT LD T
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Feeding, egestion and digestion of Corbicula japonica collected
from an artificial shallow pond near the brackish Lake Jinzai

Shuji Ohtani*, Yosuke Tsujii?, Ryo Ehara®, Kazumi Sohta’, Shunichi Itakura’,
Keiko Yamaguchi?, Akira Shinagawa’, Akinori Hada', Mikio Nakamur a*

Abstract: We studied feeding, egestion and digestiorCofbicula japonica in the laboratory.
Clams were collected from an artificial shallow pof2D-60 cm deepnear the brackish Lake
Jinzai in 2001. Pond water was supplied womously from Lake Jinzai using a pump. Feces
and pseudo-feces of the clams were observed by microscope.

Clam pseudo-feces were irregular, wooly, and brown in color when clam fed phytoplankton.
These were mainly composed of living micraaé, detritus, cf. amoebocytes and protozoa.
When clams were placed in filtrated water, they mainly egested inorganic particles and detritus.
Clam fecal pellets were clearly divided into two types, namely, “undigested feces” and
“digested feces”. “Undigested feces” consisted @y living cells of benthic and planktonic
micro-algae(diatoms, chlorophytes, dinoflagellates, cyanobactearad detritus. These were
rod or ribbon shaped, opaque, dark brown inocotDigested feces” consisted of many brown
particles(ca. 0.5-3:m), mudlage, bacteria, and a small number of micro-algae and protozoa.
These were ribbon or intestine shaped, translucent or opaque, brown or dark brown in color.

From small particle sizes and almost absence of micro-algae in digested feces, and from
presence of many living cells of micro-algae in undigested fe€gsponica seems to feed and
digest detritus, small living planktonic anokenthic micro-algae which could pass through
mouth to midgut gland of the clams. Foodgésted from mouth which could not pass to
midgut gland egested as undigested feces.

Key words: Corbicula japonica, micro-algae, feeding, egestion, digested feces, undigested
feces.
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Table 1. Progress of excrements @brbicula japonica in
filtrated surface watefJune 2001.

Undigested
feces

Digested
feces

Time and date Pseudo—feces Others

17:00, 27 Jun. -
17:.07

17:20

17:34

18:05

18:20

18:45

19:05

19:20

11:30, 28 Jun.
O:present, —: absent.
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BHIEIABTY T E A EHILS N, A X 7-hiliE
FrREILALETLWELPHELZ. CoEEL4K
[HALE | L MFRT 5. ZOE S 4mm YHEIZ 05
R, TS BB ThHo72. HN=T T A% 0T
B CIET SRR 1208 L, NEBIXZHoEt
DER) 0.5-3um DR - &M, K R 1-15.m
DI S 72 o T 7z, £ 6-8um D/NERE, B,
fOHLT N ¥ ADBHICEIEE SN,

JEE AT DFRE AR BEL MR <, ES il T
I, FlEPEEEE Cyclotela J& O £t 25 xf H B A B
(& (r), JEEAEVEEESE Nitzschia J& O —FEA (rr), /7%
B O EEAEN () ThH - 72, EFEL LTUL, B
#? Melosira J&, Navicula J&, Cymbella J&, Surirella
BAHZ (r~n) s N2/ E S, 7 hY & Al
(c) THot.

1)-2. 8 429 H~8 H 30 HFEMMFEER (3% 2)

FEEIZHWY < MUY I0BEIR26.1mm %
& 23.4 mm #E 16.1 mm & 5.8 g EERBIMGEO
JKii 23.5C, & THHE 25.0C TdH - 72, FERBALG
#% 153 IRk -, LR OB, WEE2 A

5& - HHE - WEkR—

B -z DI - ieri

£2. WBEBAKEH VLYY MY IO
[ (2001458 H).

Table 2. Progress of excrements @brbicula japonica in
filtrated surface watetAugust 2001.

Undigested
feces

Time and date Pseudo—feces Digested feces Others

17:30, 29 Aug.
17:45

18:00

18:00

20:05

21:10

23:00

10:00, 30 Aug.
12:00

13:00

15:00
O:present, — absent.

1111110100
I 1QO00 ! | 1|
QOO0 T 1 111
1111110101

THABYZ GURELHINL b2 s
7o, WKL O K & S 1%, 250 -540.mX430-
700um TH Y, AILHEOKE 13 4302mX4904m
THo 72 17T 45595 O —EB & 19KF 003 D HEH W
(&, M & B pm OERTEMI 2 &35 F TV 727,
B, HILE, RMEMLEOVWTNICOX G TE L
N7z,

R L, 218 100 12D CTHRIE S L7z, 2o
KIHILH & 23F 0047 DARIHILHE L, BiZE T 5 £ T,
A 40 Z iR CTHUE L 72720, SVE»A LE
fLL Tz, ZORMEIEZPE > TWZHEWIRIZS
i LG, & ORI KAEMEEE O Trybliondla & D
i, FKIAEDTIREESREDOTED L Bg B EH) % L T
LONEEINT, TNHIFLIES ClE L7
B, KHELERO S OHPREROREE & & b IZFHTE~
HTEXbDEEZLND.

HALFEITF HPEE S, 1 100-140.m, X4 3
mm, EEHTHESE T EOIRTH -7, HN—=7
T A DT ET EMPVETA oL, NEE
PN JERE (£2 0.5-1,m) EHIE B 20, DD 5
T )Y AR E MRS S e o 7.
13HF 00 7 ICH S 73T ¥ Xy P CTERET L &
TESRIT=DS, N ROk 2K s % 5 5
CENOSHILEL ML, CoRIZlEE AT
BB DL HEE S 7z (M 5-A, B). T D5
Y OMIBOEIE7-12um TH V), £ & 20.m
DOMEEDS T AL U T2, 158 004 DAL # 1%
& 370m, £ & 2 mmAEH B E T, 13K 0045 &
[k D A B S BIEE S e,

WA OEREAKIIIEEMEII R, T by
3R T 7o 72, Cyclotella J{§ D &R, I N1 4
VISR INZICTEY, Fr) AL
%< (r) TH o, HHMoKIRIE28.7C (FHi 10
B 404)), BARIAEEIX 19.20 mScm TH - 72,
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REHREE (20014F 12 H).

Table 3. Progress of excrements @brbicula japonica in
filtrated surface watefDecember 2001

Undigested Digested
feces feces

Time and date Pseudo—feces Others

10:15, 21 Dec.
10:50

12:00

13:16

14:22

15:25

16:30

17:20

18:38

16:20, 22 Dec.
21:20

10:20, 23 Dec.
12:20

O :present, — absent.

Ftirt 111t 100l
T r1T 10110t
I T T T A I A |

QOO0 ! 1 1O 1 1|

1)-3. 12 4 21 H~23 HE % (£ 3)

FEEIZHWY < P Y I0BEIR27.0mm %
7 24.6 mm #%IE 17.0 mm E& 6.9 g EERBAGERO
JKiIZ 15.2C, #THEL 14.9C Th - 72, EERBAA
% 35 LIS R T2 7 M) ¥ A & G Tk
AHEH Sz AR O R E S, 200pmX
300xm TH o 72,

KIHALFE L 125 0047 & 150F 2557 12 HEME S 7.
H X T\ b Skeletonema costatum % AHAHSEE C (+ ~
c) &M, AfEE Navicula B DIEE: % G ATV, 7
B, 7MY ¥ RIEAE> T\,

T A5 EBT HIC U TIEEEC REIL#EIL
HEH S nE, WHILEO AR ZHE L 72 i bEDIRE
TR M, REW TR 200m TEZE 6mmo b 0
WdHotz. HIN—=TF A% PITEELET LRI VET
Fica gL, WEIEM/AN %180 ok 7 (1% 0.5-
3um), {E (£82-40um) 2256750, MEEEHEAT
W7z, ZOHFIZIEREILETHE L L 72 S costatum
RIKAEMEO TR REOEF I IBE SN h o 72,

BT OB K DB EFEIL S costatum TH V), #
X IFAEE S (co) TH o7z, ZF DM ITHGIEEIE T
BOLNLEhoTz.

2) 5% S. costatum PELE T HIREKEHWAEE
B%, 12 A 21 H~25H (%k4)
FEEIZHWY < P Y I 0BEI> 285 mm i
7 24.6 mm #%IE 15.9 mm E& 7.0 g EBRBAGRERO
Kiix 10C, ¥ THHE 135C Tho7z. Y b Y
X ERRBE 2550 S AN ERMEBIROPEL Y %
AKERED SHEE L7z, AKERED> SHEE S
o2&, FEERGBET CICHER SN L, Nk
FLEBKDScostatum 25 F D FE LR EFE TH
D, HIREDSEIRAEDTWA I Enh, Ik ik

EHIE L 72, BRI B K HC S costatum DRI AY
T32h B AL, 305~ 1R TRIIXL 7213
EAETRTOEAEICHRE S N7z, #E 2L, S
costatum DR & 7 A — /NIRMNE L BT A A TR
I ASIRIE L Tz (K 1-A~D). 7 A —7NIKH
e omEr b b, KE ST 15-20um b b (M
1-C), S costatum # #fi & L C\W7- (X 1-E). $iT% &
FHE ARSI ES, HETRIZ12-13um b Y,
20uMmEDHEZ AL LIGFHITEE L Tz
(X 1-F).8 HOHILEIC R & - B &R X
L Tz,

EBFOH PR SN2 BITTRTRHELETH -
72 RMLEOTIKIZ, ZABEKR2SVLIRT, &
g, AEWTH - 72, f@iF 400-550m, £ 2.0
-2.4mmd Y, Kind R 2550 H 57 N
1217 b 1) ¥ AH% £ (c~cc), S costatum DA, JE
A PREEE Tryblionella & , v % i # -6 Heterocapsa
J& <2 #%E Chlamydomonas J& O —fEiSEiEs S L7z, 2
NoEWFN L KPLTH Y, EErkz A L, Rk
RITHIEPIC A DS o Tz, BEICAON LD &
T A= NP FAEB Y I B S ko 7ol R
fE L C 5RO RMEILDIEIZIZZE { D S costatum
BEFnTwi, InaioR#EILLOEIZIZS
costatum (34 % 225 72D T, T OXRMILDOHE IZEE
BIAFR LD JA T A LE %@l LRt S /2 b o
LR T,

AL X, BHD 161 20450 [ UK 29 THE
MSNTWTe, ZORITERIET T 5 F TEEFH
BEIHILEZEN L 22, LE OB IRTREA
AT S, PFEWHTZIEIAAERHOEE, 1F40-2002m
TH Y, KVERGIEIE500.m H - 72, HILFENERIE
KRG B DML T (0.5-3um) 22572 D, /NS
THITE % B S/ NER (B 6 pem) 2330012, NEBASAS
BHBRE 22 /NER (549 10m) D3 IBREE S L7z FRICA
DHHTI)FALHY, 18, mX25,mDKE S D
bOFETEEIN., F—T LT — M, HiE
S costatum D X 7o & i S oM, B L O
hEIREE SO H Y, ML L RWHLED
RIELTWE L) BRIREETH 72052 D X ) Z#EiL
Cdh o7z JlOMLETIE, Z ARIK (IE 300.m,
£ & 670um) ~/hik (18 400.m, EE 6mmadb
DLHotz. TR ALHMEDNSE L, BEOERH
0.5-3um 2L DRI T2 5 72 o T 7z,

3) IRIEEREMA -FE, 12A21H~25H (%5)
FEERICHW Y~ bV I0OBEIX 23.6 mm



KRBT - L2 -
W& - wb)ll

L5
114

5t - FEHAE - WEk—
B -z DI - ieri

+ 4. H:%E SKeletonema costatum 23 5§ A K EK W2~ bV I 0

H¥) D IRF TS

Table 4. Progress of excrements Gbrbicula japonica in surface water dominated

by Skeletonema costatum.

Time and date

Pseudo—feces Undigested

Digested

feces feces Others

10:15, 21 Dec.
10:40
10:15
11:10
11:20
11:45
12:00
13:17
13:20
14:27
15:20
16:15
16:30
17:20
18:20
16:20, 22 Dec.
17:20
18:20
19:20
21:20
22:20
23:20
00:20, 23 Dec.
10:20
15:20, 24 Dec.
16:20
17:20
12:20, 25 Dec.

Feeding

Feeding

Feeding

Feeding

1110000000000 1000 O OO 10

* *

*

11010011011 1001

(N A 2 R Y B I
¥

(10K 20 N T 0 T 0 2 Y T T Y Y O Y O O A

(©X©2® X 2 T I U © T T o 2 s T O O Y I I

O:present, — absent. * Feces containing many cells of S. costatum.

5 22.0 mm #%0E 14.7 mm E& 5.1 g EEBRFIGBEO
it 23.8C, 3RFM41L 16.6C, FEBRMK THEIL 13.3
CTho7:. YIHOMPEEIZHBHIRMTIE, T
TORYLFEICHEFE LW S D b ODHEE S 7.
BIINER, MERTH ) EHBIND - 72, HiE
WZIE 7 A = NIRHIRE 25TRTE L, T. pseudonana Oifiifig
BB AA T OPBIE SN, BHETIET.
pseudonana A3 HHXH4EEE (cc) Td b, Navicula J& DFE
¥, S costatum (% (r) TdH o 72, EERBIMEK 6 Fr 2
(165 15%7), BB EZHOMZ PR L, NEBIZIE
BRBOE 18m ERIIK L AR E > Tz, 2
DRI FEERT, MBI INT DD THHHK
HALOBEESEIIREETH Y, RMELEIIIFEL L
o7z,

R T EERBAAAK 8 BeR 2 2P L 72, Rl
fLEOBIRIZO IR, BOEAEH, IE400um, £
1.6mmTHh Y, EAUEEZZATW 2, K2
HEHORMLEONEY ZBIOEENE T LTV
72%%, B3 H H 0 101 2045 (EERBI 4G 48 R %)
(21, & LCH 272 T. pseudonana % £ & 4% Kl
LD P S 7z,

HALIE X EBRBIMG O H © 16 B 20 43O [\ 2
MO THERIN, ZORITERIRT 5 F T
B X ICHEIE L 72, b SN -3I3EH £ 72134
FEHOBRELTH ), ODIRT I3/ TIE 150
-200pm, £ X 6-9mmTdH by imh i< %2> Tw
72 7R AEMEDS <, BEOER 0.5-3um
DIRLF2 5 7 > TV 7z,

4) Y2 b IDHHEMORFEE ZTOBE
WamREAKE Ve 1) St L, BBk ()
ELT2QWW TS 7 b rRELERK, HED
Bl A G2 mer iy 5 &, Hi¥KlL, 2) & 3)
DOIEIRE 5 2 723540238 L B L 72285, b
a0 HEE S N EIZOWTIE, SRR MR O REE
(CHHBE 2 RIS SN o 72, RIEALEE &AL
BHREFA ZRIR S 072 BIETMICL2RD S
Ny, EWICRL o780 LTSz, Th
ik, [#H#E ], [HRMLE], MELEICXST 5,2
EMTELOTEOREMEDTIZRL, MELFKG6
R L7z,
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7 5. % Thalassiosira pseudonana DRF = W72 v~ P2 ¥ I OHFMY

D HREA.

Table5. Progress of excrements dorbicula japonica in culture medium of

Thalassiosira pseudonana.

Time and date

Pseudo—feces

Undigested Digested

feces feces Others

10:30, 21 Dec.
12:00
13:22
14:22
15:20
16:15
16:30 Feeding
17:20
18:20
16:20, 22 Dec.
17:20
18:20
19:25
21:20
22:20
23:20
00:20, 23 Dec.
10:20
11:20
15:20, 24 Dec.
12:20, 25 Dec.

Feeding

Feeding

] 1TOO0OO0O00 1 1000100000 !

|

RN I I Nelo N RN IR IR IR BN AR

{5 T T I Y Y O T 0 2 T A I

\OJOIEI O TN IO 1 N ® 20 I T U © 2 S S A B

Ox

O :present, ~: absent. *Feces containing many cells of 7. psuedonana .

[ 5235 |

BRIEIAERETRESE MM TH -7z, L LT
B KD S costatum, F5EEH:EE O T. pseudonana % 5-
A7 &L, BEIIFEICHE SN 20K
MER, BOTERBID Y, WHIIAHETH -
7o, BENOBAEEIIEI A O Tz (1 1-A,
B). 7 A— ViKHIE (K 1-C, D) RMiE %49 4
Y (XM 1-P 2EEan = — ZRELTBY, 7

A= NI, BEARE TS v 2 b v ERELD GAA
TWz (M 1-E). B LAk E 5270613, &
MR- (A3 500pm) 27~ ) & A, BRI OER
REREATRBY, EE 7RI L2 PET
SNehosz.

[ R

FKHLEOFREL, CABRPLVDBIRTHY,
K& 13 400-600 412 290) m, £ S 13 750-240Q:m
Tholz(M2-A). Keefma i< 2y, HkEL
HLL 72 RER L7z (X 2-B). RLEIZ A N— 7
FGAEDPITTRIAPLORT LB —IZE 572, R
HILEIZIE, AODHLT ) ZADLLE innx
72 RIEALE D O BRI T13REAH) 50m & HEHE
W LS o lz, Ae LTE, KRAENOHEE
HHE L, KL Melosira &, 1 7EEB)GE & 14
9 % Tryblionella J&, Navicula & D FEASEIZE & L7z
(4 2-C, D). KGRI EERE A 7 20 o 72

6H, 8 A1, {FilEMEEEHE S costatum %> CyclotellaJ&
I ICES D Do 72h, £REAKIZS
costatum A ME 5 L 72 12 A 1EARFEAARTE L FE 124 <
HAE L7z, iR#iE % O Heterocapsa J& O — il 0k i
Chlamydomonas J& D —1E 25 ICHEA L, M & b 12
JEE)E 2 ORFE LT 7z, ki Scenedesmus & O £l
R EM DI L 7245, Wb HEibs
NTwiahoiz (K2-E). BEEEML LRV,
BEDSH L pem O HAMI A & 2 I O FE A5 A AT H B
fE (o) & B E 7)\3@0% Microcystis J& O — 71 25

ICEIEE S 72, *rE«éL THFNEMLE N Tn R
75\07‘:(.2-F). E"?ﬁ%«%w AR INDY v A
HoEE, iﬁ@ﬂ@?&‘& bIcBigE N (1K 3-
A~D).

[H{b3

MALEIT O OIR, FNBIRT (B2 2 AR
IR, eI ASHI 7 B 2 &A% L, MR BHASIET -
Tz (K 4-A, E). FEHE ZIIAZEHTHEO,S
B, K& SIE, IF 100-300F12 500 xm, &
1.5-9 (#5120.6)mm THh > 72, HLE I NN—F
A0 TELIELDAT L/l A0 0
72, HALE O NERIZE T DA 0.5-3um ik T
Ao FE Y (H4-B, C), KR ERIEA b AEILO U
TEATWIZ (M 4-F). FTHEEHIR 2 NI &
B/NER (18 7-10pm) DMEE S 7z, EVER IR AE
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6. MEMATHIZBITLY< N2V 0P 0K,
Table 6. Characteristics of excrements@brbicula japonica at an artificial shallow pond near the Lake Jinzai.
Characteristics Pseudo—feces Undigested feces Digested feces
. . ribbon or intestine shaped,
Shape irregular, wooly rod or ribbon shaped attenuate to apices
QOutline not clear clear clear
External
brown or dark brown,
form Color brown brown or dark brown, opaque translucent or opaque
Size a few mm length 0.8-2.4mm length 0.7-9mm
width (290)400-550 um width100-300(500) um
Living cells abundant common very rare
Taxa of micro-algae diatoms, dinoflagellates, diatoms, dinoflageliates, diatoms
& chlorophytes, cyanobacteria  chlorophytes, cyanobacteria
Detritus common, with edge abundant, with edge rare
Small brown particles absent absent abundant
Contents 1 390—1200 h 50
Inorganic particles vi:tght}; 3 09_ 820 p,mum' tfigtglﬂut A Owi;:m‘ almost absent
Oil droplets absent absent common
Bacteria rare rare abundant
cf. Amoebocyte common absent absent
Protozoon common occasional common
Change of contents by press of . | R
not clear expand uniformly disperse to small fractions

Parenthesis showing rare size.

DR EOMAL, ADdHDH T MY ¥ A3 % L,
AEHE MBI D - 123546 5 F N5 IR T
o7 (A4-D). EEEDD 2 MEHAZ < DAL
BB INLEHEO LG EbH - 7. T
BT EAERY A4 RSz (X5, A, B). —f%
WZIHAE3IE, RECEICSHEWEENICH 5 755,
R S PEMIEIC X o T3 PRIk 2 R
TIENS, AN—FTIFTATHLORL, NEW%
MR LKA I EDHEETH - 7.

5. & =

51 ARG EBBHESZ-EZETOHEEYD
|73

WHRIRL2EI1Z, Y= oV InAaESRNT
D IMOPHFERR L, KEKOKWY T > 7~ &
TRREERE LR 5 R A OEN ER % Y
e, BEORTRE, MM CHREES WL
L RMEILEDOIIER NS IR E AL 5 2 7254
TRERERWIZFE L THo72. ZDZ DL, Y= b
U IERKHM, AL THILENO RN,
HILEZ PSS TD, EOTLRE & NS 21T
EREBIG 2 hwEEZ SN T, RiLE

BTy~ F 3 Y I DR AASZENEB X
OEAEEOBMEESC T M) ¥ Ad 5 0IZZFDMD
BENE, BLALHEEEZZITTICHEATHRSZ L
o, WESETY MYV IICELZI S E, &
DIRRECHMERIIZE T 5 kL, Y~ MV I0H
WIZBITLEWEMEEHT AL AT A2E% 7%
HiErEzoNns. R~ VEERITD &R
HECHEE A AR OMIER, FERRRD IR
SNTLEH ZL2b, PRt S NEEEDIRET
SEMEEBIER T A Z DL ETH - /2.

52 Y~¥ MU IHEBEROARTYDIEFY

KFZETIE, Y~ M3 Y I OW LRI I3MAE
FOBYEZEEIHmTHY, EDLXIH %O HIEHR
THIRENHIE SN IR TH - 72, —TF, KiH
(L3P AN £ 72 13T O AR R 2 DA
BUNEI, 7 bV & ZAHNHAKT L FEIREOTEREE FR L
THEY, RHLEONEWH”S, Y~ bV IDMH
{LENEY O Z LIRS 2 2 LT TH - 72,
OISR & LT, EREE, MEETENE, RE, BEE
A S AL, BEEEIREVE T OVE AR O FE O 5 AT
RO S, MXFHBSEE L (c~1) TH -7z, HEH
DAL oM HBEREE I (r~m) TH b, AT T3
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1. Y~ MY I0H#E, Keletonemacostatum 23 5§ 2 K@K E G2 7286, A, AEEIu=—0—#6. S
costatum & 7 A —NRMIE S 7 5. B, EIEE D72 S costatum DSRARIE. C, 7 A — NP, KFIOMIIE

M PR F- 2SI, o SN A — 12/ 2 5 (KL D). D, HRIZ3SDMilud D 1), 1-ODHIKLIZHEHIR

ZD DAL & N R ASHRE (JSEN) . E, S costatum O 2 fllfi % flifrrh o 7 A — NP (£1E/) . F, %t
AOWEZH LY (L),

Fig. 1. Pseudo-feces dforbicula japonica in surface water dominated (8keletonema costatum on 21 December. A, A part

of irregular shaped pseudo-feces compose8 obstatum and amoeba like cell&cf. amoebocytes B. Undigested cells oS,
costatum. C, Amoeba like cells. Arrow showing cells with granules and pseudopodia. Arrow head showing a cell without
granules. D, Arrow showing a cell with granules and depell pseudopodia. E, An amoeba like cell ingesting two cel of
costatum (phagocytosis. F, A cell of protozoorwith tens of flagella(Arrow) .




118

REER] - LIES - LR 58 - BEHASE - Ek—
WS- - anlll B - 2 BIfE - PAd ek

: 07 AT TRETLE A e il L A
2. VX MUY I ORMALE, WBEEKE G276, 6 H 27T H, No LK. A, 2 AMIKRORHELIEDOHk.
B, M Zo7zb BIROKMIIED KA. C, KAMEEEE Trybliondla)Jgd—f & 7 ) ¥ X, D, KAEMHEE
Melosira J& D —1f. E, {FilEMEAkEE Scenedesmus JED—Ffi & 7 1 1) & X F, ANE B D7 iFEEMER S Microcystis
J&D—T.

Fig. 2. Undigested feces dE. japonica in filtrated surface water on 27 June. A, Middle part of rod shaped undigested feces.
B, An attenuated apex of undigested feces. C, A benthic diafoghlionella sp. and detritus. D, A epibenthic diatom,
Melosira sp.. E, A planktonic algaScenedesmus sp. and detritus. F, A planktonic cyanobacteriudicrocystis sp. with
mucilage.
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3. Y~V MUV IORMEEFDO T NY) ¥ AITHE LAY

MO EE, WRKEKRE G A% E, 6 H27H, No

EeT

L. A, RO T E OBEEOES. B, KAYED Navicula J§ O —FE0#EE,. C, MOAEH (5H)). D, fl.
Fig. 3. Dead cells and other components embedded in detritus of undigested fé&&gsminica in filtrated surface water on
24 June(Individual No. 1). A. A deadcell of a planktonic centric diatom. B, A dead cell of benthic diatddayicula sp. C,

Pollen ofPinus sp. D, An individual of rotifer.

HIEF O P CIEEEE SR O Cld 272 2 iR
BRTHo7. KHELEFIC6H, 8 I EA: M
I ICEE S N2 2 8 E, ATTiEKiEDY 20~60
cm L&, KR FE CTHAE AL 2o, EAEOHE
VPV PV IOBMICEHL T2 L, 12
HIZ 3R S costatum 2SR EALE SR CTEL L7720
&, RREKPOE S A FERME S costatum T &
D, YT Y IDEMAY AT 2 B A7 45
EEZOND. KIFZED X )12, HEITHLENR
WohTELET A L%, L (1969 %%, AL
W OY~ b3 Y 3T, - k(1956 A% )]
DEY LT ITHHE LTS,

KFZEDORMLETIX, T APRLELE
I, Zofl, B, HHEORT, WhitEras
nTwzay, 1% (1965 b Y~ bV I OHILEIC

&, ThUS R, BUNRSMNE E D IZE T
NTWnahrZer, - KH(1967DI1EE8 2T I D
L& OB X 29-36% TH V), JEHLE AT 62-70
BIZBIRZ EEREL TWE, BIEEDAL T
&, % 2V 3056 E L PRAKER (R R,
1956, =74 ¥~ A ¥ 3 (Pisidiumnipponense) 2* 5
JE B & dm R (B, 1993 25 ShTwb,
HH (2003 I3 5HEMEY < N ¥ Y 2 OHEIY & E
EHEREY) & X SR ORGSR, PRI SRR L 728k
Yy, RiLSRpofEFIE, EEMERY IS T 58
Wy, RS —E LTV D I s, BREWEE
BILUOHEMEEO “MHETH D EEL T 5.
BOATHOY~< PP 313, BEMOHEEYS
CHALEMIZILY AA TV 22 EH 5, BH (2003
RO IER T OEY OB 2 EOTT M) ¥
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4. Y= PV IOWLE. A~D, BEREKE G 2724, 6 H 28H, No2Mk. A, EIROHLEDHI
5. B, ORI & L 1B OBUMIT L RE. C, RIEILEGZLTHOBUIMLT-. D, HALENTHTHILSI
FUZFE - 72 Melosirasp. @ 2 5. E,F, ¥ L-B# 2 5 2 284, 120 22H. E, e TIROEILEO . F, il
TIRDOKL % % B E M L.
Fig. 4. Digested feces of. japonica. A-D, Digested feces in filtrated surface water on 28 J(individual No. 2. A. A part
of ribbon shaped digested feces. B, Digested feces consi§tiédeobrown granules and mucilage. C, Fine granules at the
margin of the feces. D, Two cells of living cells Melosira sp. in digested feces. E, A part of digested feces attenuated to
apex on 22 December. F, Fine granules and oil droplets in digested feces.
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Fig. 5. A cell of protozoon with many flagella in digested
feces on 30 August.
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Water conditions during thetime of red tide occurrencein spring, 2003,
and the associated benthic foraminiferain Lake Nakaumi

Ritsuo Nomura' and Koji Seto?

Abstract: Benthic foraminifera such as Trochammina hadai and Saccammina sp. occur along
with biological aggregates (marine snow) that suspended in the brackish waters of Lake
Nakaumi. These species are common in organic rich sediments at greater depths in this lake.
The biological aggregates were mainly composed of a dinoflagellate Prolocentrum minimum,
which formed a red tide in the spring of 2003. The presence of these foraminiferal species
strongly suggests that strong wind stress caused turbulence that disturbed bottom sediments
leading to dispersion at middle water depths. In addition to the observations based on this
foraminiferal occurrence, the mixing of deeper and shallower water at the haocline is a

significant factor leading to outbreaks of red tide.

Key words: foraminifera, biological aggregates (marine snow), bottom turbulence, red tide,

Lake Nakaumi
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Fig. 1. Red tide observed in the centra part of Lake
Nakaumi, May 7, 2003. Photograph at the Meteorological

observatory.
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Fig. 3. View of sample net. Depth of each net 1 (0.5 m
depth), 2(1.2m), 3(1.9m), 4(26m), 5(3.3m),
6 (4.0m).
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Fig. 5. Every hour variation of st at the middle depth
((8.5m))and wind stress. Solid circles showing areverse
relationship between wind stress and water density
indicate amixing of upper and middle water.
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Fig. 6. Every hour variation of salinity and chlorophyll a
at the upper water depth (1 m). Thick lines indicating a
reverse relation between salinity and chlorophyll a.
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Fig. 7. Foraminiferafound in biological aggregates.
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Fossil foraminiferafrom Core JZ-01 of Lake Jinzai, western Japan

Hiroyuki Takata' and Katsumi Takayasu®

Abstract: The fossil foraminiferal asseblage present in Core JZ-01 from central Lake Jinzai,
western Japan, was used to document the Holocene paleoenvironment of this area. Well-
preserved foraminiferal fossils afeund near the bottom of the cof@8.305-19.308 m core
depth along with abundant fossil mollusks, echinoids and ostracddsmonia sp.A,
Pseudonoion sp.A andUvigerinella glabra dominate the fossil ass®lage-accompanied by
Buccella frigida, Ammonia beccarii forma 1 andNonionella stella. This faunal association is
similar to the Jomon-age fauna from the west tadd ake Shinji. These results indicate that

the environment in this location during the early Jomon-era was an enclosed bay with very little
evidence for the influence of open marine surfagder. This is very similar to “Paleo-Shinji

Bay” at this time.

Key words: Core JZ-01, Lake Jinzai, fossil foraminifera
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Table 1. Faunal list of fossil foraminifera from Core JZ-01

Sec. 22 22 22 23
No. 20 49 88 27
Core depth (m) 18.305 16.601 19.000 19.308
Ammonia beccarii forma 1 1 7 30
Ammonia_japonica 2 1
Ammonia sp.A 61 44 54 68
Bolivina sp.A 1
Bolivina sp.B 1
Bolivina sp.C 1
Bolivina sp.D 1
Bolivina sp.E 1
Bolivina sp.F 1
Buccella frigida 9 5 7 11
Bulimina marginata 1 1
Buliminella elegantissima 1 2
Cassidulina sp. 1
Elphidium advenum 7 2
Elphidium excavatum forma clavata 5 4
Elphidium excavatum forma subgranulossa? 3 2
Elphidium reticulosum 3
Elphidium somaense 3 1 1 2
1
1

Elphidium sp.A
Elphidium sp.B 6

Elphidium sp.C 1
Elphidium sp. indet. 2 5 2
Fissurina? sp. 1
Guttulina sp. 2

Gyroidina? sp. 1
Nonionella stella 26 4
Pseudononion sp.A 9 31 21 8
Pseudoparrella tamana 1

Reussella pacifica 5 4

Rosalina sp. 1
Uvigerinella glabra 34 77 63 26
Valvulineria hamanakoensis 1 2

Micellaneous 2
Total 141 219 170 160
Planktonic Foraminifer 1 1 1 1
Sample weight (g) 2.75 1.22 1.94 3.32

TWh., ZOHTHSIE, MCiEEIC A beccarii
tepida 253608 L CHRE L, LBFO [HREE | % I
DFHH5DE L TwA, R CHLERILA & ik
L7z (FLIF7EFE 18.305~19.308 m o HE il 4R AL
i&, % 7700~#5 8000 Cal.yBPX &2 LI TWw 5
(LIHIEA, 2004). A#FgeCHho 72EAEHLRILA
HELMTmENHHoboTHY, 185 DA
beccarii tepida 7S H i d A LAREICHL 55 & Bb
DD, RAiARIZD (1989 IdHEREERZIFEL T
W72, RIFFE T 7AbATE LS Db D & 2%k
BIFEBHO L OPEMIHETE W, —F, 4
0] o F 48 # T (JZ-01ER B #b 7)) @ A L AL 1 #F
&, BIAIEA (1989 25> 72 b - & b THEI D Hy S T
HBHEERE (HB 2 fREUE) o DR L, £
B OMEAIZIZAECTH Y, FALRP/T
HH o TR, L7zt T, AILEIba 5 5 Hkr
5 &, RIBUEHMFEOFRAM S ATTIE, HEET
HHEHARBEIHE NI THS D DD, HB2HET D D
HEAEE g HE & AR 1AV & DFZHADTZ L IR
ThHholztEzobhb,

il i3

AWFE TR 72AEIREUR JZ-011%, BARE S
fbtr s =2 RIERBIETL 7Y =7 bO—R
ELTHRLZZ2DTH L. BRRFEAKEN 7
vy —OIHEMFEAIE, ARG OS54 - HE
FRERICOWT, AR T8UR - THSE W20

72, FBARRZEEE SO AREIZIZIE, B
WERGE O\ T w72 wiz, BRRFRK

W7 v 7 — OMREETRITIE, FUR O MLHE > fig
MHERDE DV FLDIZHToT, HEEZK > TV
Zniz. LEOFA£I120E 0o BELE L EIF T
7.

51 B X ®

T E i (1994 HAER R, FEIEME (ODP Leg 128
Site 798 DG FLREEE. H FIHEK, 16:685-
690.

AMZIEN - FRIAT - BAINIUAR (199D IEIIC B
V% H fLIR O BRIEFREAERE O R E & BRI IT A
DA, 1th, (50):37-56.

HIHD) - KEFEEAT (1987 JE ] - 2E)IFEFHES O
K= 7 a7hofFLREE. (LR HIE%E,
H X BR ¥ 176-185.

%2 5 (2002 1 FEE L E 7> © A 72 PASH Y KIS
2B EANERRFEARIOFEAE SN, H 1285
EWE Y R Y Y LU - 451-456.

Chii, M and Lopez, S. M (1969 Regional
foraminiferal assemblages in Tanabe Bay,

Peninsula, Central Japan. Publ. Seto Mar. Biol. Lab.,

16: 85-125.

R - RUEARK - mLwiE - =44 (1990 H
- SSEM O MR & BREERAL. ME SRR E, (36):
15-34.

IARZESE - AT - S e (1989 Wi - S5E M O
FOREFZE  — 20 1L B Lo R —1) »
7 a7 hOAILEEEE —. BRKFEHE SR
4, 8:51-59.

LRI, w5 AT, 1 22 b 2 (2004) 5 AR IR- Al 76 18 34
Y DR & se R 525 & 5. LAGUNA, 11:
135-145



1. ARG AT JZ-01DFHFLRALE O AT E T BHMEE G
Fig. 1. Scanning electron micrographs of fossil foraminifera from Core JZ-01. Scatelf¥y..m.
1 a-c.Ammonia beccarii formal 2 a-cAmmoniasp.A 3 ab.Buccelafrigida 4. Elphidiumadvenum
5.Elphidiumsp.B  6.Pseudononion sp.A  7.Nonionellastella 8 a, b.Uvigerinellaglabra 9 a, b.Globigerinoides ruber
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Holocene paleoenvironmental changesrecorded in lacustrine sediments of

L ake Jinzai, Shimane Prefecture, western Japan

Kazuyoshi Yamada', Hiroyuki Takata' and Katsumi Takayasu*

Abstract: Lake Jinzai is a small brackish water lake located in the southwestern part of the
Izumo Plain, Shimane Prefecture, western Japan. The JZ-01 sediment core was taken at the
center of the lake (35719 N, 132° 41" E; water depth 1.55 m) using athin-wall type piston core
sampler. The core length is 24.3 m. This study clarified the stratigraphy and sedimentation rates
in the JZ-01 core on the basis of an initial core description and eleven AMS radiocarbon dates
of organic material and shell fragments. This study also reconstructs high resolution Holocene
environmental change from the mineralogy and chemical composition of the core sediments.
The variability in Lake Jinzal water conditions is apparent in the content of authigenic iron
minerals (pyrite, marcasite and siderite) and the sulfur content of the sediment. These results
demonstrate that lake water conditions changed drastically throughout the Holocene, with
brackish water intervals from 9,500 to 7,300, 4,100 to 1,900 and from 400 cal. yr B.P. to the
present. Also the influence of human activity on the lake environment began around 2,000 cal.
yr B.P. - a time which may be related to a significant increase in the number and size of
archaeological sites of the Ancient |zumo Kingdom.
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Fig. 1. Location maps of the sampling site in Lake Jinzai,
Shimane Prefecture, western Japan.
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Table 1. the results of AMS radiocarbon age and calibrated calendar agein JZ-01 core
Depth Laboratory Material Method AMS 14C age  Calender age
(m) Code (yrB.P.) (cal. yr B.P.)
1.33 Beta-166772 wood AMS 190+40 280 +10
6.46 Beta-190544  plant material AMS 1,600+40 1,520 +20/-90
7.24 Beta-190543 wood AMS 1,980+40 1,920 +60/-40
14.24 Beta-166774 shell (sp. Unknown) AMS 3,900+40 4,340 +50/-70
15.03 Beta-166775 wood AMS 4,480+40 4,980 +70/-30
16.76 Beta-166776 cheered material AMS 6,170+40 7,010 +90/-20
17.10 tephra (K-Ah) 7,300
18.29 Beta-166777 wood AMS 6,900+40 7,700 +40/-20
19.78 Beta-166778 echinoid fragment AMS 7,320+40 8,160 +20/-40
20.46 Beta-166779  shell (Paphia) AMS 8,000+40 8,910 +60/-80
22.14 Beta-166780 shell (Corbicula) AMS 8,240+40 8,990 +70/-60
23.51 Beta-166781 wood AMS 8,300+40 9,270 +20/-50
Age (cal. yr B.P.) Sedimentation rate (mm/yr)
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Fig. 3. Depth-Age correlation plots and sedimentation rate variation in JZ-01 core.
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ZREHA ASTER 7 — 2 & U /=
SEW - RBOEE - 7007 1)L aBEHT
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Estimation of turbidity and chlorophyll-a concentration
in Lakes Shinji and Nakaumi using multi-date ASTER data

Yuji Sakuno', Yamamoto Masatomo’, Y oshida Takeshi*, Tsuneo M atsunaga’

Toshiaki Kozu®, Toyoshi Shimomai®, Katsumi Takayasu®

Abstract: The high-resolution satellite sensor “ASTER” should be a useful tool for the
monitoring of water quality in Lake Shinji and Lake Nakaumi. However, the method for
extracting water quality information from ASTER data has not been established. This study
presents a mode! for estimating turbidity and chlorophyll-a concentration (Chl-a) in these lakes
using ASTER/in-site data sets. The validity of the model was checked using data from water
quality surveys conducted simultaneously with satellite observation in these lakes.
Consequently, the feasibility of quantifying turbidity and Chl-a with sufficient accuracy was
shown using data of bands 1, 2, and 3 of ASTER. However, an accurate result could not be
obtained without field validation of the model.

Key words: ASTER, turbidity, chlorophyll-a, monitoring
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# 1. ASTER/VNIR & »#DEE7C
Table 1. Characteristics of ASTER/VNIR sensor

Launch Dec.1999
Resolution 15m
Swash 60km
Quantization 8bit

Band Band1:0.52-0.60pum
Band2:0.63-0.69um
Band3:0.76-0.86pum
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Fig. 1. Sampling points of in-situ datain Lake Shinji and Lake Nakaumi.
O: Points of the data used for model creation, @: Points of the data used for validation of the model
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Table 2. In-situ turbidity and Chl-a data used for model
creation in Lake Shinji and Lake Nakaumi. The datais the
tower observation vaue of the Ministry of Land,
Infrastructure and Transport.

Date Station  Turb.(mg/l) Chl-a (ug/l)
2000/8/7 NU 8.0 9.0
2002/5/2 NU 13.0 14.0

YB 18.0 10.0
2002/8/22 NU 6.0 12.0
2002/9/14 NU 6.0 31.0
2002/10/9 SJ 1.0 43
NU 4.0 8.0

2003/8/23 SJ 9.0 6.6
NU 4.0 4.0

YB 10.0 8.0
Ave. 7.9 10.7

SD 4.9 7.8

NU: L. Nakaumi; SJ: L. Shinji; YB: Yonago Bay

D ASTERH N Y N7 — % | & [ B B I OB Chl
-al OMBBRERLTCWA, TREY, BWEEIAN
WV ib D3> F 3 GRS | & b E C (R=
0.88), ZOMBREM2IIRT. LNV 20%
NV N IEHEORG S, HHEIFRED0.5~0.6 12 D

#£ 3. ETIVOREEIMHEE L72EW - Pl &
KO Chl-a7— %

Table 3. Turbidity and Chl-a datain Lake Shinji and Lake
Nakaumi which were used for verification of a model

Date Station Turb. (mg/l) Chl.a(ug/l)

2002/5/2 Stl 18.2 7.3
St2 5.6 13.4

Sa3 6.3 10.7

St4' 5.6 13.8

2002/9/14 SJo1-3 7.7 83
SJO1-2 8.4 14.0

SJO1-1 5.6 2.2

NU3 6.3 11.8

NU2 8.4 6.6

NUI 6.3 8.8
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ASTER 7— % S HHBIS I &L A E 2w s, fio 7 —
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ElEbnD.
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HERE

F 4. ASTERHE N F7—% EBUGEL - Chl-a DB fRE
Table 4. Correlation coefficient between ASTER single band data, and turbidity and Chl-a

Level 1b Level 2B01 Level 2B05
Bandl Band2 Band3 | Bandl Band2 Band3 | Bandl Band2 Band3
Turbidity] 0.55 0.24 0.88 0.56 0.63 0.64 0.49 0.61 0.58
Chl-a 0.05 0.04 0.31 -0.28 -0.18 0.03 -044 -021 -0.16
N=10

#5. ERFRETNVICE DHERE S/ ASTER B & BB OHIBI1RE
Table5. Correlation coefficient between ASTER turbidity estimated by multi regression model, and in-situ turbidity

Level 1b Level 2B01 Level 2B05
Bands 1,2 1,3 2,3 1,2,3 1,2 1,3 2,3 1,2,3 1,2 1,3 2,3 1,2,3
Turbidity] 0.94 0.89 0.91 0.96 0.74 0.64 0.66 0.74 0.68 0.58 0.61 0.68
Chl-a 0.06 0.39 0.34 0.53 0.72 0.64 0.43 0.73 0.88 0.73 0.25 0.89
N=10
20 [T T T HHEFRE 0.9 L H N FOHEE & IR0 7% 1) J vl
y = 0.77517 + 0.50202x k= 0'87515 M onsz., LarL, @EHES TR OMEE? S

15

10 -

In-situ turbidity (mg/l)

O’l\l\il\ll’\llllllll‘\\1I||l\||llll
0 s 10 15 20 25 30 35

DN of ASTER Band3

2. ASTERBand 3 & %% O RIfR
Fig. 2. Relationship between ASTER Band 3 and in-situ
turbidity
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THEE L7-®RE ] L i b A2 < (R=0.96), HiN
YN L REEBE IS, $K580,
ASTER/VNIR DWW ETNDIN Y FlAEDLETHE
FE & OMBRED 0.9 L ERERICE WS &b H
L. b HGEE &L OB L 2o BRI, LR
V1b DNV R, 2, 303Ny FaffioTHEL
BEITHL(XI). Zhiy, &KL LToHEE
JE L HIGEEOMMENE L, 2Oo%HIT L THHHM
NEWZ Ebnrk. —J, Chl-ald, [ L)L 2B05
DNV KL, 2ROV R, 2, 3] OMAEDLET

Mol LNV T, EONY FHllAEDETLE
WHIEIZE S o 72, Chl-affEEfFD ) b, i
bAHBEIDE o TR RIEK 4 IR EN S,

UEofERz2HET5E, ASTERIZ L 25 %,
Chl-adftsgzi e L Tid, BT oA d BB ITEWw
EAGD ZENHRETHLEEZOND,

<EWREHEE >
Turbidity:»1s =2.38+1.53Band 1—1.74Band 2 (1)
Turbidity s =1.98+1.00 Band 1—1.24 Band 2
+0.2513 Band 3 (2)

<Chl-afftE >
Chl-apwss =93.57—1.65Band 1+1.63Band2  (3)
Chl-aus(1ze09 = 90.45— 1.65 Band 1+ 1.42 Band 2

+0.17 Band 3 (4)

Z Z°C, Turbidity & Chl-ald Z N Z % E & Chi-a,
Bandi [ ASTER/VNIR & /N D7 ¥ )V, L1B,
L2B05 I3 Z £, ASTER L' \)L 1B, L\l 2B05
TUY 7 OTF—=FTHAIERL TS, 1272
L, HEHEERD Band DEIZRE W FZ % 2= L5\
BOTTINMETHA.

2.ASTER 7T —Z I &2 &E - Chl-atfEETILD
L EH
512, N2 OHEESNTHET — & (HEEH
ETr—%) &, ETMERREL O ETHON
TeRGEE T — 8 OB EIRT. WHE O SR
(ZEDOEH#EFAE) X 5.4mg/l L2 7% ) KE WA, 21K
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Fig. 3. Relationship between ASTER turbidity estimated
by multi regression model using ASTER 3 bands, and in-
situ turbidity

Chl-a estimated from ASTER VNIR 3 bands (ug/l)
4. ASTER3 /Y Faffio 2 ENJFET VIZL D
t5€ X 7z ASTER Chl-a & 335 Chl-a D%
Fig. 4. Relationship between ASTER Chl-a estimated by
multi regression model using ASTER 3 bands, and in-situ
Chl-a
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Estimated turbidity from ASTER data (mg/l)
5. (2) 12 & 0 HEE S 72 ASTEREE & HMEE
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Fig. 5. Relationship between ASTER turbidity estimated
from equation (2), and in-situ turbidity (ship data)

Estimated Chl-a from ASTER data (ug/l)
6. 7. (4) 12 & ) ¥ S 172 ASTERChI-a & 33 Chl-a
(7 — 8) DRI
Fig. 6. Relationship between ASTER Chl-a estimated from
equation (4), and in-situ Chl-a (ship data)
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(JEE Chl-aT— %) &, EFIAEREE & X5 O Hb O HBR, VREFET— IR ETNVIHH LT —
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Fig. 7. Average time change of Chl-ain every month at the center of Lake Shinji (a) and Lake Nakaumi (b)
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Airborne SAR observation of L akes Shinji and Nakaumi: wind speed
dependence of normalized radar cross-section and surface signature analysis

Ken'ichi Kurita', Toshiaki Kozu*, Toyoshi Shimomai*, Yuji Sakunc?,
Tsuneo Matsunaga’, Daisuke Nakayama®, Katsumi Takayasu*

Abstract: All-weather operation and high-resolution data are among the most important
elements in remote sensing observations in coastal lagoon regions. Remote sensing from an
aircraft platform has flexibility in observation timing and in the selection of observation areas.
Multi-parameter and high-resolution Pi-SAR observations were conducted from 2001 to 2003
to obtain the basic characteristics of Normalized Radar Cross-section (NRCS) and SAR images
over Lakes Shinji and Nakaumi to study the usefulness of such airborne SAR observations for
coastal lagoon areas. X-band NRCSs obtained from the three observations show that NRCS
values and the wind-speed dependence are similar to those obtained in experiments over the
ocean, indicating that X-band SAR can be used for high-resolution wind speed mapping.
Frequency and polarization dependences of NRCS in “clean” and “signature”’ areas were also
analyzed. Thisindicated that the depression of NRCS at some signatures have a clear frequency
dependence, while others do not. This finding suggests that multi-frequency SAR could be used
to classify signatures.

K ey words: Synthetic Aperture Radar (SAR) , coastal lagoon, Normalized Radar Cross Section
(NRCS), wind speed, signature
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# 1. Pi-SAR O FHEET

Table 1. Major engineering parameters of Pi-SAR.

EE L

B X-band (9.55 GHz) L-band (1.27 GHz)
Lo OH RS iRRE 1.5m/ 3m 3m/ 5m/ 10m/ 20m
TOIRAAF RS REE 1.5m (4 look Processing) 3m (4 look Processing)
HELALE NRCS -40dB LATF -40 dB LATF
SNt 10dB LItk 10dB LIk
Polarimetry HH/ HV/ VV/ VH HH/ HV/ VV/ VH
GIfRFEE 5 deg. LAF 5deg. LIF
A5 10 ~ 75 deg. 20 ~ 60 deg.
NRCS BIEFEE 05dB LT 05dB UTF
ToTFH4A4X 105 cm (L) x 19 cm (W) 155 ¢m (L) x 65 cm (W)
FoTFHE4A4T Slotted Waveguide Array Microstrip Patch Array
E—U2EER 8.3 kW 3.5 kW
EENILRE 10 microsec. 10 microsec.
Developed by Gulfstream I (Diamond Air Service Co. Ltd.)

Di-SARZ 8, L7=6ulf StreamII
| T7y—eRumE

1. Pi-SAR D4VE]

XN RAL DT TS

.........

v
WETYTS |

(Pi-SAR % #4# L 7= Gulf stream 1l (7£), Pi-SARDT ¥ 75 (£i))
Fig. 1. Picture of Gulf stream II airplane carrying the Pi-SAR (left) and Pi-SAR antenna (right) .

VSN T & 72785, FTAEIZTH - RIS, R
ZBAfR 7 C B A b TBI T fE & v o 72 R T %
HoTwaZehs, x4 z7ujk)E— by v
TAEH SN TS,

RIS, ARWFZEIC BT 2 B S A, SR -
HfE &\ o 72 WESHAKR ThH 5 DT, 225 g
FCELMYINESELLEMEND L. SHBHI
L — % (SAR) 1%, AT AT 2 & THEMID
L —% (RAR) & 0 & @3 REE 2 BIHI2STTRE T H 5
ZEMG, RAKEEANGE Lt e nwz b F
7RI, EBH O e Mg & ORI BN T —#%
WCHESHBHETH Y, B LO A% 6T EDE
WA 720121, £ - Rk & <L FoN
TA=F" OB LEEEZONL., TDD

AL, MVATBOE NG HGBE IR (NICT) 8
L O MZET A AR (JAXA) TR SN 2%
Rk - TR L — % (Pi-SAR) % H W,
2001 4F-72 5 2003 4122217 T 3 M D Bl 2k 2 17 -
7= (M)Z 2, 2002 ; 32, 2003).

Pi-SAR (3 2 & (X-band: 9.55 GHz, L-band: 1.27
GH2) * MR (HH - HV - VV + VH) ** o [ R A3
TREE V) FEBA D O, T - WIEFEEIZ DWW T
EHEE OB RETH B, P-SARD T EH T £
112, 72 P-SAR DHMERZ X 112K,

INFE TSARIZ & B ilHEHEBIIIIZEIZZ AL
TBY, WHOEGERE (NRCS)* & i - auEH O B
R DE M (Shimadaet al., 2003) %2, A1) v 7 *3 |2
DI & G O B O NRCS & % 15

RIUARME (H, V) TREZETH I L2 PATHREE (HH, VW), I8R5 FETRZESTL I EEERRE (HV,VH) v, flzid

HV 3ACE (H) %18, TE (V) ZEZEIRT 5.

*2 Normalized Radar Cross-Section (HLALHifE & 72 1) O % 5 ELEL I i fg)

B, TI— R ERHRRTEREND, HHVIEATOWHEIC X B KK
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ffge 7z E 34 b T & 72 (8-, 1989). % D ik
F, SAR 2SVHE SRR AR 2 EOMIBICERTH S
ZEDPRENTV S,

LoL, THETHRVHSAKRIIBWTIE, SAR
BINOBAHELZFHELAMETLBIZIZE A L L h o
7o, A3, FHEM - ilEORT RIS SAR B T —
5 OFER R AET L % 58 L CJRUE S O HEE O REME
%7k L7z (Ichikawaet al., 2002 ; i1, 2002). F
7z Pi-SAR BUl 7 — & O T AT 2 47\, ALZetg s
#HSARDA HMEE Bt L € & 72 (FEt 4>, 2003).
TIN5 DIFNT O 7 5T, FRIEEGE T O SARMLZ 12
LITUIRERR LY 7 FF X" SN L Z LD 5
Ml o7z, UL, ZORKER SAR BllGEIC E D
R ERELVWHGTIERRE S L TREshTwiz, &
72 2001 4, 2002 4E D Pi-SAR Bl 13 b i A EE T
TIThbNT2DT, FLERERSARDPLRKD SN
NRCS O JEHEAKA 1T & F 0 BIFETIE e d2 o 72,

Kew XL TIE, HEAT6~9m/s & iy ihh - 72
20034E D Pi-SARERI 7 — % Z Il 2., NRCS® JE#H K
MR EICEEL CRRD L& BT, FLZeiisis SAR
2 & ZKRETHRER T QHEICB W T, REMEHRT
Bl S N7 7 FF v O NRCSHE T & D J& Ik Bk A
PR B ARA 2 T 5 .

2. Pi-SAR (C & 3 RKIBREVAIBEE

21 KEHDDYA 7 OEESEE

— D OEELRIC L CEE Z BET 2546, A4t
BHO—HITHERE H IS, ZhDAS0E
TEH oW A FH~EEL SN, IR GEEM) Jm
WHELIE DR - TL A6 %, BAELE w9 . L
AL, WML HER O X 9 % FHEIROXF R OYET
X, BH—OFERE VIR PN ETH B Z &
b, HAZHRE Y72 ) OR%TEELETTE R (NRCS) % H
w5,

T F OO BT, K EIIEkA REREE
Fro - SEWHER SN, ¥ rKEELRL, 2
DL %T v F LERED S OB EELIE %
IR Z X, RIS CTIHEETH L. FD720,
K4 2R (B TF) &l CGREBREASR S &5 T wn
. I RIEEREOT v ¥ LEEH, ETHIAICD
WTIEBEBMBEOWREICIRTHo/NE L, 26
FHCOWTIZ &R & VI RE (T HiE—fic~

A7 aopkd ABEBMICHETTCE %) 0 L1k
PR AN T2 HERELIR T, A EELICE ST
LAKMEDOWEEZ N, AFfzoLTHE, RDOX
)RR H L EPIRENT WS (Ulsbyetal,
1982).
2Asng = A (1)
(1) KE77 v FHELOFEMFICEL L, HEED
AGHH 0 =45° L 41U, X-band TlZA=2.2cm D
KA, L-band Tl A=16.7 cm O LB EHE E O
KW FENTFET L Lk b, 72, Z
DWW BIHDP AR N IVIREEDS, NRCS & EHE
BT B LI A,

22 774 MAMEEERAY—>

P 41X, 2001~20034FE F TEI3[MIPI-SAR % i\ 72
TR ISER I % 47 - 72,2002 4E B £ 1Y 2003 4E 1247 7%
DONTEBHFED 754 3T A —F %5 2 (a0 2002/
09/12, b:2003/08/23) |Z/R§*. F72, 794 )5
mE B Y — iz onTiE, M2 1R, FHINE,
EFETEDY - eEDLLbOTH D, k1
2, 2003 fEDBIH Y — v OFE M AE LD TRT.

2.3 BARBORR - BE

2003 £ O EERIITIX, 2 £ /NG E VW S5E
WEE 7 HE, hilEEE 7THISHIET A TFETH -
7278, SSEMANIRE O 7O ESREEE 2, 1
WEOARDHEEIT- 7. T2, EEEHA L LT,
[E 125G DSEM B X OO T — RS
JTE O EZEIE R X OSERZ2IE HRAT ORI 2l b 4 H
L7,

LRSIz, WETOREIZ, SEHE T 4
B, AT eI BWTEL., bR F
L0772 DEFER21TRT. 20014F B L UF20024FE D
B — #1%, TH1EA(2002), HiEtlEA (2003) %
SIS N7, BRAIBIY (GBI P ES) o Jalh) - JaE
ZNRZ MVTED LSO %X 3(a 2002/09/12, b
2003/08/23) 1Z/R7.

3. NRCS EER&KEME

JER - JRGEISERR 2 TR o 7o T IR 5T W
5. FORIZ/NS W2 5)EIZ, 2002—>2001—>2003
FLoTHY, AL, 20014 B X 0820024 Tl

ORI, YT R THEHRICE S N A A — 74 NRCSTE & 13582 7% 2452 % NRCSILT#ld | & BT 5.
*s 2001 4 (2001/11/10 FEHE) D7 T4 b3 A —F 1%, HidlEA (2003) (ZEL#i0iH 5 D TEKT 5.
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(a) 200249 H 12 H, (b) 200348 H 23 H
Table 2. Pi-SAR and in-situ observation parameters.
(a) September. 12.2002., (b) August. 23. 2003.
(a)
NVE S5 T—AmE iTARE | ToTrHL |
— N _ MEHEE
B/ SR4A BFZI(JST) | ML B (degmin) | (BALD) | 477 T47A
Shinjiko_ 12:46 - 132:32.39/35:15.17 _
79.6 deg 52 deg 12.71 km
Nakaumi 12:52 133:32.61/35:23.83
13:06 - 132:42.72/35:43.09 _
Shinjiko NS 169.8 deg 52 deg 12.78 km
13:09 132:49.56/35:11.51
()
IRRHET TG RITAR | ToTFHD o
— N . MERSE
A/ R4 BZIJST) | MR B (degmin) | (BALD | A 7F+T4T7 A
RIEH - i 11:46 - 132:28.62/35:14.61 _
87.1 deg 50 deg 12.82 km
WE 11:52 133:32.27/35:23.78
12:04 - 133:25.71/35:06.70 _
i SN 357 deg 50 deg 12.82 km
12:08 133:17.95/35:42.61
12:16 - 132:42.76/35:42.88 _
REH NS 177 deg 50 deg 12.81 km
12:20 132:50.53/35:06.97
SRIE NS

{SHI5312, SHI5812E,
SHIEZ08W, SHI7207W)

BRI —2
(6 x 6 km)

FEH - Rl WE
(SHI5813, SHISE13E,
SSIB207W, SSI7205W)

2. Pi-SARTRAT 1A (JEN) & @t — >
Fig. 2. Pi-SAR flight course (arrow) and observation scene.

BEAQBE, 2003 4E 3BT TH 5.

THEHNS 74 hOY—r 2w, ¢
(2001~2003 4F) D EE WD AG A I1ZxF 5 NRCS
(dB fti) OZAL% i - M3 5. 2o AT
4 5 NRCSZ1L % X 4(a X-band, b: L-band) 12757,
K4 ZHW27— %1%, L-band TIZ10X10 ¥ 7 )L
(25X25m) @ NRCS*FHfETd 1), X-band Tid 20
X20 ¥ 7 &)L (25X25m) O NRCSFHETH 5.

X4 X1, X-band, L-band 3£12 HH R B L T VvV
TRIEIZERZ CJRUEATR & {2 512 L, NRCSEAS
KEL BoTWBIEDGMA. T, EEAIK
LB ON T BB SN B8 < R
B, Thbb&EERICBIT LTy FELIE S
THWRANRY MVIREHDBINT % 2 & DRI &%
o5,

L-band - VV fF il (2003 4) TlE, AFHAKE <
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3. FEMTER RN b
(a) 20024- 9 H 12 H, (b) 200348 H 23 H
Fig. 3. Wind vector in the western part of Lake Shinji.
(a) September. 12. 2002., (b) August. 23. 2003.
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4. NRCS D A} fyss:
(a) X-band, (b) L-band
Fig. 4. Incidence angle dependence of NRCS.
(a) X-band, (b) L-band

7% B \ZfEV NRCSIHESHEIN L T b, LAL, Th
DA ORI - Wiz 3T, ABEAPKEL LA
[ZPEV, NRCSTHEZSTHRA L TV 5. —E D aHE; 12
BWT, ASALIEIINRCSHEN/NEL DD
&, pIRO 77 v FHELET VLS, FoIhE
TOEBREREIPO S FHINIBERTH D05, K&
Sl idEZIT WV,

% 2 T, 20014E B X 082002 4E & 2003 4 O Ji
M - JAEOHER EE X THhD.
(1) 2001 4E B X UF 2002 4E DL, BEARBE TH 5 D

[ZxF L, 2003 4ECIIEEARATEE T 5.
(2) 2001 4B £ 1 2002 FED A i#H 3~6m/s TH H D

[ L, 20034ETIZ 7m/sblETHh A,

T4, (1) BIAOENIZOVWTHEZ THSL. 2001

£B X 072002 4F T UL S8 5 VEH o 3 B 12 )
Mo TIRWTB Y, 512 20034 T 1 5238 i TH ] O 18]
EPSEND X ICRWTWAS, X 5T, 2003 4ED
Wad, ABHAAKRE { % B IEVIKE EORE AT
FELTWEEZLNA.

F7bHE L-band - VV @ (2003 ) (22 Z - 723
S03, EUEASKRE WS ECEBESEEL, A TICM
o T L-band D7 7 v FEELIZEF G 5 E A
L2l ThLULZODEEDNSE, — I
VV 13 NRCS O A G IS HH R 12 BT
BN THAH (Masukoetal., 1986). D72, VV
TR NRCSIZ A & & b 128inL T, HH IR
NRCS Tl ¥ 72 ASAIcx) L T Em o F 48
FoTWwi, LT E 5. X-band ® NRCS T,
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984)

-wind

Masuko et al.
10 GHz, HH, up

J - SRR (2003), down—wind

—30 M B
a0 Pl R
1 10 100

wind speed [m/s] | ¥ B R(Z 2 TX-band, HH I

5. ASH£8 40° 12B1F A NRCS O JEGEFEE: (X-band,
HH)

Fig. 5. Wind speed dependence of NRCS values at 40
degree incidence (X-band, HH) .

VV R T b NRCS2SEENMEITIC 72 & e Ao 72D,
X-band & % O % )7 BEL I F 53 A Sk R KT 3%
&, KIEE EoJEICE B ICKIG L CREBRET 5
(B3], 1996) 728, WGRHREIZ & o THIRDFEE
BERLZLBEPHNICIL W ERFEREEBEDLNS.
FIOZR & LT, SOl cidiiFofET, %
HAXRZ MVARSEEZZITAILbEZOLN
L. 2O L) RBIGIE, Kl Bk O — A E
WHRETIEH T DV EZ 2L TH LS, {HJkEo X
9 72 FSHAKIN TIE, NRCS$EMED AT R0 JJ s 3 o
FEIBWTHEREZETLIHEEZOND.

22T, R CHRIE S /2 & NRCS O B
(Masuko et al., 1986) &, 4l D FEERE R % KT %
(K5). 5o b o 7 — %1, &k %10
GHz - HH 1R % - up-wind*® @ ¥; & o J& ;& 37 NRCS
B AT = VCEMEPL725DTHD. K
|2, 2001~ 2003 4F: D Pi-SAR B F % M5 12O K&
ULITR. Ol up-wind, [1ix down-wind Z7R L T
Wh, DX, ¥—nJin kBRI O S
MBI R > Tnh, 22T, BUEEICHRS
N7z AHR A7 & NRCS O B4 (Masuko et al., 1986)
ML, BEGET (7~8m/s) TD, HHIRHkIZH
\7 % up-wind NRCS1iti & down-wind NRCSTt D7, #J
3dB % T 2003 FEDBHHME = #i1E$ 5. £ D
22@L LT, MS5HIIRT. ZOHENL, 8K
W2 BT % X-band NRCS 13 g L OfE R & X T
HEDEATH DA, BMAEHEKTFE I LT
EEZLND.

4. NRCS ¥ 7+ F v f&fh

41 VITFFvDES

NRCS 1% 2 X JC L 51 (X-band: 48004800 ¥ 7 +
)V, L-band: 2400X2400 ¥ 7 )V ) & L THAN & T
WAL ENL, ENOHEMGILT ST LT, BN
Wik Z & D NRCSHIE O NE. ThbH EK 6(a
2002/09/12, b: 2003/08/23) 1Z/”T .

2002 - NRCS % H (X 6 () ) TIE “fHik” + 7
FFx, ‘BRI FyHL0IEER VST
F % (X-band Wj{£ 415, L-band 121357 & 7z \v) H3HH
IS ENTWAE Z Ebhbh. KX TlE, #
NSO L “HIR BLXO“BIR v 7 FF ¥ 12EH
L, B4y -0y 7 FF v 2@ HE 5.
INSEMTIIRT. SG22 IR 7+ F v, SG
1-SG3-SG4M“BIR” ¥ 7 FFvThs.

42 HEES|ET—D2T

S OFEERICBIT LA RIE, T 5 A %RKE
Thb. ZOL)BYE, L—FOXEE TN
AN ZIES E2E->T LT ). ZoRHAIZL
BEo X, 72—Y 7 (fading) EIFIENTH
D, BT L 72—V T LA T,
BV EETICHEEYG 2 5.

RETH I, F—EENICE—7 =7y b % 2R
WEHIL T 5, BRI O NRCS B O #E - % g
5L, FAMRIEIE, BIREIC NRCSEDZEAL AT/
TOENTZOITH L, BRI, NRCSIEAV/NE W»
12, NRCSIEDZALIZIZEAERZIT SN D>
72, 7Ty FEMELE T VORI L 2 AR
RTINS S HRD T v ¥ LB % FFok
2O DHRTEELZ KD B &, ERREESE, F
ITRPE IR T 20dB /NS W EATUREN
Twb (Ulaby et al., 1982). Pi-SAR DfEH1E, T 0#
HEME L L FIFE LTV AW, WEIZ, T2 TIEVW
HBHWVIEHHRET & HY B X O VHIRE IR O NRCSD 7
10BN TH A L &, HV B X O VH IR & M5
LRV ERBZ LT, BEXRBEIZBWTHLN
NRCSfifi (FL£0) %, M L~V (Bues) L&z, °F
TR BT 5 NRCSHE (EH) 20572251 2 &1
£oT, LVHBEOEHWES (NRCSIH) 555
N N

BIAS A —ETH LA, HELNVITIED

*¢ up-wind - down-wind (33412 O X 1Sk L CEIAAFEATCTH Y, crosswind (3% EHE DM X 124 L CTRIAILERL TH 5.
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Flight course

-| L-band HH

L-band VV

6. (a)

X 6. Z3EMITEE O NRCS {4
(a) 2002 49 H 12 H [SHI 6208 W], (b) 2003 48 H 23 H [SHI 7207 W]
Fig. 6. NRCSimage in the western part of Lake Shinji.
(a) September. 12. 2002. [SHI 6208 W], (b) August. 23. 2003. [SHI 7207 W]

F OB H SN VDT, 1000 ¥ 7 £ IL5 (L-
band) 7z \> L, 2000 ¥ 7 £ V45 (X-band) % 1L L
72 NRCSEZMESZ L NV EE 2, FAHREDE L Y
FEHIL L.

U FF v WEE I, 3X3E 7 kL4 (L-
band) %> L, 6X6 ¥ 7 & L4 (X-band) @ NRCS
AR L 72T =% Wb 1E 27 LI,
Arae—L >y NEHEINZ AEO T — & D55 S
NTWBEDT, ITICHW 27— %13, 36 @M

FUTNVBEFHLELOTH L, 2T, LA
V=T 2=V TRET AL, 75 LEEOE
R, 07dB & 725, WHETIE, M4y T
MeMed LT, 72—V VS OB RE
ToHb.

43 FEBSLUVVITFFHIEBORTE
12ODY 7 FF X120 L TR R 247742 B
)& LI2GE, —RILY 7 FF ¥ i 2 i fE i b 47
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Flight course

| X-band HH |

EstILAER

¥

X-band VV

L-band VV |

6. (b)

BOVLENPETLCSE, L2rL, Y+ Fxvaehkz
NRCS 2 > ¥ —[X (ZRJG) THAZ LIZL-T, B
MY 7 FF Xz A2 ENNTEDL, 2RI
AA=VTHZEIZLY, V7 FF x LG
DG (boundary) 2 OFHZ EHbES L% D.

AR =V DY TS F v wffiirs 52 LT, KB
HVEERIC BT kA LG T CTORR EHBT 5 2
AL, M8 (asSGl b:SG3) IZNRCS I~
y—ERY. K8 XY, ¥/ F v (REH
W) LHEHEIBOBER Y B CRET A2 L5 TE

YOV F T () SIS i IR O NRCSE (dB fiE) ©7E

5.SG175 SCATRTDOY 7 FF X IZx LT, ¥
7" F v fHIR T O NRCS 13 & i i #HI% T D NRCS
FHEOEEWNASZ LIZEY, FEER - FmEZLo
ANRCS" & k& 7o, £ BRI ITBIT 5
ANRCS % 3 3 (a: SHI 6208 W, b: SSI 6207 W) 127k
9. NRCST V¥ —x 5 T, 74 VT
LD LEVHEETEREZRDOL LR THA.
B, YITFAHEBIIBWTHELNVUTO
NRCS b % { 1T A ¥iA1d, ANRCSZ KD D Z &
WTE RV, TOHRIE, £ TD X-band - HH R%,
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# 3. KFEWE - RPIZB T 5 ANRCS
(a) SR3EH NS (SHI 6208 W), (b) S%5&H - il WE (SSI 6207 W)
Table 3. ANRCS in multi-frequency and polarization.
(a) Shinjiko NS (SHI 6208 W), (b) Shinjiko - Nakaumi WE (SSI 6207 W)

RIETH NS L-band X-band
(SHI6208W) HH \'AY HH \'AY
SG 1 10.6 10.3 — 10.7
SG 2 9.0 9.3 — 11.0
SG 3 5.4 5.1 — 9.3
SG 4 6.5 7.2 — 12.3
[§4f7 : dB]
(b)
SRIEW - g WE L-band X-band
(SSI6207W) HH Vv HH \'AY
SG1 8.4 —
SG 2 6.6 6.8 — 7.2
SG 3 5.8 —
SG 4 3.7 3.2 — 3.9
[§4f7 : dB]

7 5 NZSLEW - HiEWE 7 7 4 b (SSI 6207 W) SG
18 X °SG3? L-band - HH fi #% & X-band - VV
RIETIRELIZIZD, N5 OB4E ANRCS % &
Rig& L7z,

4.4 ANRCS Lt & #&5t

F#3(@ IZ/RLAREMNS 7T 4 M2BITAA
NRCS Dk & OISOV THRET T 5.

TR ¢ L-band TlE, SG1~4FTXTDL 7 F
F X I2BWT, HHR & VV RO 71T 1dB Kl
Lo TBY, RIFKGETIIERECE Rro7/z. £
72 X-band TiZ, HHIREDSEANTETH 5729, 1R
BTS2 EDNTE Lh o7z,

JEW B SG1 B LN SG2 T, X-band & L
-band D ANRCS IZ K X I RZF o N o
7. L»L, SG3BLUSG4TIE, &3HIZ X-band
DJHL-band £ ) I ANRCS 75 4~5dB K & Wi
N ECF (A

KIZEROFEREL LI, Y7 FFyOEHEIZD
WTELET 5. M3 LD, BKFICBT 5 Lo
AL, 2~5m/s EEETH A Z &0 D, KIEEIE
FNIIERZEST, “SSPWHEETH-7-EEZD

F1HER

EgeiLAm

7. BN TRV 75 F ¥ 1~4 [SHI 6208 W, X-
band, VV]
Fig. 7. Signature 1~4 used for analysis [SHI 6208 W, X-
band, VV].
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8. v/ FF ¥ iHMO NRCS 2~ ¥ —[X
(a) SG 1 [SHI 6208 W, L-band, VV], (b) SG 3 [SSI 6207 W, L-band, VV]
Fig 8. Contour plot of NRCS at signature areas.
(a) SG 1 [SHI 6208 W, L-band, VV], (b) SG 3 [SSI 6207 W, L-band, VV ]
Nh. ZOXD) Ba, Kilid B \WIEKEA I R S Tw 228,
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V2 & B K ERD R AR R AR L, PR
P KEE D ST NEE AR E VT & &R L T
Wi, W2, ST L7z 7 FF YDy b, SG
3BLUSGL4IFARY v 72L& - THI& R &z
REMEDSd B . ANRCS DA DIEHRTIL, WEOKH £
THET LI L IIWEEEEZ 5NDDS, R BHAT
bILTwa X )1, IR, BRIz &2 6 HE0§
B EBWEEND L, BV, AR, 74
a7 ETUE, R &0 X A BHEE e KT O b
FEZONDLD, ZNOOFEMFITIESHORETDH
5.

KA, ANRCS O J5 fr fARAF I D v TR 3
L. BNFEBUIE U CH B 205, AR LR > TV
HDOT, FEEEROME L EoEITIZER L TW»
LEFEZONA, L—F DL v YK EAINOMT
WaAEx, ROLHITEFRT A, 72720, LY
JiaE 0 ¥ 5.

(1) up-wind (0° +45")

(ii) down-wind (180° £45")

(iii) crosswind (90° +45°, 270° +45°)

B 3(a) &0, BHNGEEIC BT 2 EUE, TEND -
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Fld, WEE RICBIT 2 EGBIHEBRTH A5 T
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ff4§% 1. Pi-SARBE{% 7 — % _X-band (2003) (CRL #21it “info 7 7 A JL” $k#g. L-band Tid, IMAGE_SIZE %% 2400

LB PAHIIZIZE L)

20034E 08 B 23 H Z33@Eil NS 3 & OS5l - vl WE (S35 54)

SHI7207W SSI7205W
SCENE_START TIME = 2003/08/23/03:18:06 |SCENE START TIME = 2003/08/23/02:48:24
SCENE_END TIME = 2003/08/23/03:18:39 |SCENE_END TIME = 2003/08/23/02:48:57
LATE_NEAR LAT = +035:24:09.038 LATE_NEAR LAT = +035:24:41.136
LATE_NEAR_LONG = +132:53:00.470 LATE_NEAR_LONG = +132:56:57.656
LATE_FAR LAT = +035:24:38.499 LATE_FAR LAT = +035:27:52.822
LATE_FAR LONG = +132:56:55.526 LATE_FAR_LONG = +132:56:16.238
EARLY NEAR_LAT = +035:27:21.501 EARLY NEAR_LAT = +035:24:07.178
EARLY_NEAR_LONG = +132:52:24.474 EARLY NEAR_LONG = +132:53:03.762
EARLY_FARLAT = +035:27:50.962 EARLY_FAR_LAT = +035:27:18.864
EARLY_FAR_LONG = +132:56:19.530 EARLY_FAR_LONG = +132:52:22.344
GROUND RG NEAR = 9.77E+03 GROUND RG NEAR = 1.12E+04
GROUND RG CENTER = 1.28E+04 GROUND RG CENTER = 1.42E+04
GROUND RG FAR = 1.58E+04 GROUND RG FAR = 1.72E+04
INC_ANGLE_NEAR = 3.73E+01 INC_ANGLE_NEAR = 4.11E+01
INC_ANGLE_CENTER = 4 49E+01 INC_ANGLE_CENTER = 4.79E+01
INC_ANGLE_FAR = 5.09E+01 INC_ANGLE_FAR = 5.33E+01
SCENE_SIZE_AZ = 6.00E+03 SCENE_SIZE_AZ = 6.00E+03
SCENE_SIZE_GR = 6.00E+03 SCENE_SIZE_GR = 6.00E+03
IMAGE_SIZE_AZ = 4800 IMAGE_SIZE_AZ = 4800
IMAGE_SIZE GR = 4800 IMAGE_SIZE GR = 4800
20034- 08 H 23 H Zu@Eil - il WE (FFifl) & X OdifE SN

SNA7205E SSI7206E
SCENE_START_TIME 2003/08/23/02:50:34 |SCENE_START _TIME 2003/08/23/03:05:22
SCENE_END_TIME 2003/08/23/02:51:07 |[SCENE_END_TIME 2003/08/23/03:05:50
LATE_NEAR_LAT +035:26:35.903 LATE_NEAR_LAT +035:29:28.232

LATE_.NEAR_LONG
LATE_FAR_LAT
LATE_FAR_LONG
EARLY_NEAR_LAT
EARLY_NEAR_LONG
EARLY_FAR_LAT
EARLY_FAR_LONG
GROUND_RG_NEAR
GROUND_RG_CENTER
GROUND_RG_FAR
INC_ANGLE_NEAR
INC_ANGLE_CENTER
INC_ANGLE_FAR
SCENE_SIZE _AZ
SCENE_SIZE_GR
IMAGE_SIZE_AZ
IMAGE_SIZE GR

+133:15:07.530
+035:29:47.657
+133:14:26.575
+035:26:02.343
+133:11:13.425
+035:29:14.097
+133:10:32.470
9.89E+03
1.29E+04
1.59E+04
3.76E+01
4.52E+01
5.11E+01
6.00E+03
6.00E+03

4800

4800

LATE_.NEAR_LONG
LATE_FAR_LAT
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T - R -

k2. BB T — %
(@) S8 - Wi BB 7 — % (2003)

2003 4 08 H 23 H

TR - MR - AKERE - IR - R e

(1) K&

BN L Jef(EAR) HRR(EID) SR | U] | R
(JST) ° ¢ 7 ° ! 7 C | deg | m/s
9:08 OH1 35| 27| 12.3] 133| 06| 10.6| 31| 241 5.3
10:15 S2-3 35| 26| 59.8] 132 59| 46.9] 29| 196| 10.3

(i) Hrife

BN L A Jef(EAR) WAL | &R | R | R
(JST) ° ¢ 4 ° ! 7 C | deg | m/s
9:53 HdJ 2 35| 30| 30.9] 133| 10| 31.2| 31| 249K 6.0
10:20 HJ 1 35| 30] 20.7) 133 09| 01.9] 30| 244| 9.0
10:55 NU 4 35| 28| 20.0] 133| 09| 12.2| 32| 226/ 10.0
1115 NU 3 35| 27 30.8] 133| 09| 08.2] 30| 246| 10.5
11:47 NU 5 35| 27| 47.2] 133| 11| 31.4{ 31| 276, 9.5
12:35 NU1 35| 29| 56.0] 133| 12{ 02.2] 31| 264| 5.0
12:11 NU 2 35| 29| 21.9] 133| 12| 25.8] 31| 244| 8.0

(b) & B S o BEE 7 — % (2003)

(a) FERZEVEHIRAT (b) HZEZ2PEHBERT

B5%) [hour'min] | 10:00 | 11:00 | 12:00 | 13:00 | 10:00 | 11:00 | 12:00 | 13:00
JE A [deg] 250 270 270 270 250 260 250 260
JEGE [m/s] 8 8.5 9.5 10 8 8 10.5 9.5
R [C] 32 32 33 33 30 30.6 | 30.5 | 30.9
1 [%] 24 23 23 22 63 62 61 66
SUE [hPal 1012 | 1012 | 1011 | 1011 |1012.5|1012.4|1011.9 | 1011.6

(¢) HfgiAC (d) B

B5%) [hour'min] | 10:00 | 11:00 | 12:00 | 13:00 | 10:00 | 11:00 | 12:00 | 13:00
JEA) [deg] 248 270 270 270 270 270 248 270
JEGE [m/s] 8.1 9.5 10.1 11.8 | 10.8 | 11.2 | 12.8 | 13.1




AR FE R A 1L — 5712 & BR8] BSELAR B D U A & & 77 T v AT

(c) RO BT — % (2003458 H 23 H)

X WEZNX JST, X EdL.

(a) #RILEERS () KR (c) KIREFE d) =4 (e) FRELII
FREZ] JE\ A JEEH e JEGH JE\ A JEGH JE\ A JEEH e JEGH
11:40 | WNW 7.6 W 3.6 W 8.6 W 7.9 W 5.7
11:42 W 9.1 WNW 4.5 W 8.2 WNW 8.5 WNW 5.5
11:44 W 7.7 W 3.3 W 8.5 WNW 7.8 WNW 5.8
11:46 AW 8.3 W 4.5 W 6.9 WNW 8.7 WNW 5.8
11:48 W 7.9 WSW 3.5 WNW 7.8 WNW 8.5 W 5.6
11:50 | WNW 7.3 WSW 3.4 WNW 7.5 WNW 8.5 WNW 6.5
11:52 W 8.4 WNW 5.3 WNW 6.7 WNW 8.4 W 6.1
11:54 W 6.7 WSW 4.5 WNW 5.5 W 8.6 WNW 6.1
11:56 W 6.9 WNW 4.8 W 5.8 WNW 8.0 WNW 6.4
11:58 W 7.5 WSW 4.7 WNW 7.5 WNW 8.6 WNW 5.9
12:00 | WNW 7.6 WNW 4.0 WNW 7.1 W 7.5 WNW 5.7
12:02 | WNW 7.2 WNW 4.7 W 6.7 W 7.9 W 4.8
12:04 W 7.1 WSW 5.7 W 6.6 WNW 8.9 WNW 5.7
12:06 | WNW 6.5 WNW 4.2 W 5.0 WNW 8.0 WNW 6.7
12:08 | WNW 7.0 NW 4.0 WNW 6.5 WNW 8.0 WNW 5.5
12:10 \ 7.7 WNW 5.4 WNW 5.8 WNW 8.1 WNW 6.0
12:12 W 6.4 WNW 3.5 W 6.4 WNW 8.8 WNW 6.2
12:14 \ 5.8 WSW 4.7 WNW 6.5 WNW 8.6 W 5.9
12:16 | WNW 5.7 W 5.1 \W 7.9 WNW 9.0 WNW 5.9
12:18 W 5.6 WNW 5.8 W 6.0 NW 7.8 WNW 6.4
12:20 NW 5.3 WSW 4.4 WNW 6.8 NW 8.0 WNW 6.5
12:22 | WNW 6.2 W 4.7 NW 7.1 NW 8.2 WNW 5.0
12:24 | WNW 6.4 W 5.7 W 7.2 WNW 7.6 WNW 6.0
12:26 W 6.8 WSW 4.5 WNW 7.2 WNW - WNW 6.0
12:28 W 6.4 WNW 6.1 WNW 9.2 WNW 6.4
12:30 W 5.0 WNW 6.5 WNW 9.3 WNW 6.3

(f) TER (g) FKEE (h) k1 () NHK 7T s G) I
1534 JEL[A] JRGE JELTA] JEE JE[A) JEE JE 7] JRER JRL ] JEE
11:40 NNE 4.2 WSW 7.8 NW 4.5 WNW 10.0 WSW 7.0
11:42 NE 4.2 SW 7.3 NW 4.1 WNW 9.5 SW 5.4
11:44 NE 3.8 WSW 7.5 WNW 4.0 W 9.5 W 6.2
11:46 NE 4.4 SW 6.6 WNW 3.9 W 9.6 W 9.0
11:48 NNE - WSW 7.4 NW 4.6 \ 10.0 W 7.5
11:50 N 5.6 WSW 7.6 NW 3.9 WSW 10.2 WSW 7.3
11:52 N 4.5 WSW 7.8 NW 4.0 \ 9.0 WSW 8.2
11:54 N 5.0 SW 8.0 NW 3.8 W 7.7 WNW 7.8
11:56 NNE 4.5 WSW 8.3 WNW 3.9 \ 8.9 W 9.0
11:58 N 6.0 SW 7.2 NNW 3.8 W 9.5 WSW 7.2
12:00 NNE 5.5 SW 7.3 NW 3.3 W 9.8 W 9.1
12:02 N 2.3 WSW 7.4 WNW 3.9 WNW 9.0 W 6.7
12:04 NE 3.6 WSW 7.3 WNW 4.2 W 8.4 W 6.3
12:06 NE 4.3 WSW 7.8 NW 3.0 \ 8.8 WSW 8.0
12:08 N 4.1 WSW 7.2 NW 4.0 W 9.0 WSW 5.8
12:10 N 4.5 WSW 8.3 NW 3.6 W 10.3 W 7.4
12:12 NNE 4.4 SW 7.8 WNW 4.0 W 10.1 W 7.2
12:14 NNE 4.9 SW 7.9 - 2.9 WSW 10.0 WSW 5.7
12:16 | NNW 3.5 WSW 8.0 NW 3.6 W 9.0 WSW 6.6
12:18 NNE 4.7 SW 7.8 NW 3.6 W 9.4 WSW 6.7
12:20 N 3.5 SW 7.4 NW 3.7 W 9.4 W 7.0
12:22 NNE 4.0 SW 8.1 NW 4.0 W 9.2 WSW 6.9
12:24 N 4.3 WSW 7.4 W 3.8 W 9.4 W 8.2
12:26 N 5.0 WSW 7.9 WSW 3.3 WNW 9.0 WSW 6.0
12:28 WSW 8.8 SSW 4.5 WNW 8.3 W 8.3
12:30 WSW 8.6 NW 3.3 W 9.0 A 7.3

% RO EALIE m/s)
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Asnachinda, P., W., Kandharosa, W. and Kusakabe,
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46-8" International Congress on Pacific Neogene
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Evolution, 356-374.
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Kusakabe, M (2003) Fluctuation of Depositional
Environment in the Bangmark Coal Deposit, Krabi
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RCPNS 46-8" International Congress on Pacific
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Their Evolution, 392-405.
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Aliphatic Hydrocarbon from the Spilled NAHOTOKA
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