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Effects of salinity on Arcuatula senhousia population:

long-term monitoring in Lake Shinji and the Ohashi River

Kengo Kuratal*, Junichi Hiratsuka’, Go Kawakami’ , Masaki Kuwabara®,

Yohei Iiduka® and Hiromichi Kuwabara®

Abstract: The present paper describes the detailed results of long-term monitoring on changes
in population density and biomass of Arcuatula senhousia in Lake Shinji and the Ohashi River.
Routine quantitative samplings were almost monthly conducted for 8 years from November 2005
to October 2013 at selected stations in Lake Shinji and the Ohashi River. A. senhousia inhabited
the lower reaches in the Ohashi River over the years with high density and biomass, sometimes
forming mat aggregations, while the numbers of individuals were lower level at Lake Shinji and the
upper reaches of the Ohashi River. The higher abundance in the lower reaches in the Ohashi River
was attributed to the source population in Lake Nakaumi, where A. senhousia was the predominant
benthic species. Population density and biomass of A. senhousia were increased along the deeper
riverbed, causing its distribution expanded from the middle reaches to the upper reaches. The
distribution was likely to expand toward Lake Shinji when the salinity in Lake Shinji was over
at least 6 PSU during May and July. The 8-years investigation of the present study revealed that
population dynamics and shifts in distribution of A. senhousia were tightly related with salinity

regime in Lake Shinji.
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i C & [

(L R& 7 DZEAR) | [IKRICHL B S % 50l i & il
HARAKOFKEEL TSNS, mWiflldeRER 76
km O KK 117238 U TH/KO NI NS TR
KL THO, FRRIEECEHEIRO UK & 3 5755
FUKRIETH 5. REMIEETEEROVY <M
Y3 (Corbicula japonica) DFEMT, Y~hI3ID
g B E AR IR 0D 7K E SO MR I 1 ST 9 50 8%
REWD (HAT D IWZEA, 2007). v h I3l
SAEIO FRANCAIE T 2KME) I TEIThbN TV 5.
—7, HIFHCBIBEEEY OB LIRS FRAN
A (Arcuatula senhousia) TV, KFEIHS5EEM
ICEAE DRI NTVS (Z5iED, 2004; I E
A, 2015; Kurata and Hiratsuka, 2018). Kb FF XA A
WK OBREY 25 EL, REEEE TR SR
ZREERTEBEICEALIRE (v ) 27Uk
GBS % (i - #2J5H, 1981; Crooks, 1998; Crooks
and Khim, 1999; Mistri, 2002; Mistri, 2003; Mistri et al.,
2004). TOXIEFEND, AREHERT ZKEHO
TSI BO TR E S KA YN RIE B
fEfEN TV S JLRiEh, 2018; /NFREIE D, 2018).
SOETHOREE S DED EOFITE, KERFRH
AMRBEIINEALTHIIE TSy BB EN, <
FCHEODNIZGFITY R I IDANWIENRC S &
ENDB (ZIHED, 2004). SRIEMKAEOFRBHF
AHADERIGE ERD VM Y IDMETIE,
WERIC KBERENEZED, RN FANAZIRORE &
MEY R b VI 20080 H 5 GRIEE
A E, fAME). COXSGHHICKD, FHEHO
VbV IMICEHUTR N M F R AMEARBED 7340
DZELZIHSEMCT BT EMNRDENTNS.

RIEW L, HARMWOFA AN NN L
BRGNS IMATEHIRAEE W S TSR DR
B 09 W (&4, 1994; Hashitani, 1998; #& [,
2005). KEEJTEAHHED S ORI L UTHE
L, ¥, @IS THEO FERO KIS TAND
HEAEBRIBDBEHIENS (e.g., AT, 1994; Ishitobi et
al., 1999; #ME A, 2003). ESO5E O PE)E T EDSE
RIS K>TEHED NE/KD KRG 728 Fd52 et
H3 (eg., FBEY, 1994; #HH, 2005; Ishitobi et al., 1993;
Ishitobi et al., 1999; #fiiiE A, 2003). —/5, LG
Bk o 7o KRIERE Ok 2 EREE, RaEif
DB DFRND KK/ NCIBNTEHBE TS, DXL,
KGN TR NS MKt ADIRARIZ SRE T DI
AL, KENOEAELEMOERISEEL TS
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#2540 % (Kurata and Hiratsuka, 2018).

SOEI E R VS TEFEUKIM IS0, iR
DOEWVICEKZEERTHEMDO ML TEZ <O
5% %7 (e.g., Ohtani and Ohga, 1997; Ishitobi et al.,
2000), KE&/INCBFBEYDO AR DONTIE Lz
WFZEflid s (e.g., Uye et al., 2000; Godhantaraman
and Uye, 2003). KF&/ITIEHMISEIGED OEWT
WHANS R B S FRAHA DA Z L, PiiRihah
R T RNORHOEER EABZRINT NS CKIE
JNDFEKEREE 2 N 322, 2007; 2008). LML, K
K3 7 DWFZEZE N IER TR EL, K4FI
Ko THifEN S LI 2E/KRENLET 578, H—
EDORMHETHEONAERIIRENTHSLEZ
5N5. HIKROFKBICBWTIE, FEEillo
K537 6 BARYE 777K EPFIZ N ZIK BRI 7 7R
BIOYV< I IVIOEBEMEELTEETHD, R
EWO K EE S N EE AR TN % (Somura et al.,
2009). KiE)SUEFHZEICB I B EREFHETIE,
EEIREOMFRIEA & L TREMDO RGO LH
HEIEN, HESUEIC KO HifED S DK EDOIRI
WL U TR O Y EF B alREMEAVRENTZ
(SR =457, 20006).

FOETAD R I IR A 2D E L BIRL
TWBTEMNEREINSGRE CRA, 2005), ZEF)II7K
ROVFAKIBD G ZDERBRZ TR VT 5T
DICHBLZIRE THS 525, SHOSKREH D
BT KD, FRE SHE X TOTUKEERERD
WRNNG AN LIS, YRFYIRERRE
FAHA Lo T8 GO RN T ZATREMENE
AbNa. iz, Y YVIAREINDKEER
OE PR N YA pERSRE OMERICIE, WD
AN TR D RKE DA Y S OBRE & i
ZEIOENZ RTS8 NH 5. LML, INX
TKRKEEINCHBIZ KRN SFRHADMKEEEIRE L SR8
D7 DRARZ IR TZE I T N TV R > Tz,
ZTTOARMZE T, BIRERREINCBTEHRNNFR
HAEARE DR S & B R D2 b7z EICE=2Y
VL, FHIREOE T OZIMICERLTZEDE
By S —> EARTRO AR REBIRE & OB Z I 5
IBHEERHNELE.

B &
2005 4E 11 HH 5 2013 4E 10 HETOD 8 [, KkE
JNEBXCFRERNC BN TE G 13 #it) Z3EL,
WEE 17 IS 1 RO T8 BN EYRa 211 o 7.
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Fig. 1 Study area and study stations located in Shimane Prefecture.

Location of the lower map is shown in the upper map with broken line.

KFEDFOEBOKEE LT 5 m LR TR
IR EDOHERY TH 5 (HHEFIEHHT, 2006). K
K& NDFOERICAH Y 3 27K ERT 4.5 ~ 5.5 m Ol 7%
TERMAIDS FFRENS T O-1B ~ 0-5B £ &K LT-
(Fig. 1). 2007 £ 12 HICKKE DK 2 m DI
Hl1 55 (O-1_2m ~ O-5_2m) ZiBANL, 2008 4 6 Hh
BIRIE 1 7 HIC 1 [BIOSEE T |INaEYEZ1T-
7z. 2008 4 7 A SRGEIHEBOIKIE 2 ~ 4 m DL
ATl 55 (SJE-2 ~ SIE-4) 7ZiBfL, SIE-2 & SJE-3
ICBWTIRIE 1 7 AIC 1 [0 E T E &N 7E Y
7%, SJE-4 [ZBWTRITIENZ/KEDOHE Z T o7z,
F7=, 2009 47 H 31 H, 2009 4E 8 H 23 H, 2009 4E 9
H 13 HICGREEEROKEE 5 m DIGARIC O-5.5 Hii 5T
EREL, RISBXRZKEDORE =TI Tz
KKENEFBE DO S HTICIBNT, RENSIK)E
FC 1 mEREOKEICEBTZKEEE 7, Hm
IKE > — (YSI Model 85 %7213 600QS) Z{#iH L
THIE LTz, 2005 45 11 A5 2008 45 6 A X TOMR
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WEARMZE CIEFSEI TBIIZ1T > TV a7 7,
EARIKFER 2> 22— (2014) I X->TEIIIENT
WEAIKET—2D 55, SSEMOF KL TH 2K
KEUTHIEIN S EEKOMEZS L. BRI
IKPER AT 2 > 22— D FRGEMI R I E & AW FED K
F&)11 B3R O-5B # fiD £ EOfEIE, SEWs D £
JE 7 OB T — 2 2452 T BT Wz, KiG
JITIE AN R Sl i AR 7k e 22 8
FHETHIELT WA T Iinbi8, Hilgh AT
LI KROE DB LTz &R SN 7235 51 KRG
it O-5B Hi DR EOMZ R L ah o7
RENFRTADREL RO ZLL FDX ST
otz NN B AI AR F 2R AV AR s
EWPRICTAL, 005 m*> OEREOHEREY) 2 1 [[5748%
HL, ft 0.5 mm HEWDY— 32y bW T
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R IF L AR AN TR ENR B>z, 5
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Fig. 2 Temporal changes of water temperature in the Ohashi River (O-5B) and in the eastern part of Lake
Shinji (SJE-4) from November 2005 to October 2013. Values in the surface layer (0.2 m) are shown. No data
were obtained in April 2013. The value in October 2013 was recorded at SJE-3.

DHEZEITHST 2 mm 550> Eh SR MR
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INZNT N 20,000 EfAE 7213 2,000 g i Z 2 X7
K, <V FOIRRETH B L AR CIIER L.

mOR

KEEETDE

2005 4E 11 ~ 2013 4£ 10 HOMWRNC 3513 2 K461
&SRB OIK IR DO RERF 2 b 2R d (Fig. 2). K
EEVIOEAFIEET S EZ LN EEFEOKIRE
TICEHT % &, 2006 4~ 2007 40D 2 D /)M T
$»%2007 F1 H13 HD 5.8°C it EL, —“HKHIC
2D MUIME D 5 o 72D 1E 2005 £~ 2006 4 D 4
D 5.3°C, ZDMMDLDMMEIX 4.3°C LR TH o7,
2005 4E 1 H~ 2013 4£ 10 HOWIRIC BT 3 KRG &
B O ORI b 2" g (Fig. 3). ok
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Fig. 3 Temporal changes of salinity in the Ohashi River (O-5B, open diamond) and in Lake Shinji from January
2005 to October 2013. Values in the surface layer (0.2 m) are shown. Average values of surface layer in Lake Shinji
measured by Shimane Prefectural Fisheries Technology Center (2014) are added in the graph (closed square), since
the authors had not established study stations in the eastern part of Lake Shinji (SJE-4, closed circle) until June
2008. In case that salinity at the O-5B in the Ohashi River can be distinguished whether the value was derived
from Lake Shinji or Lake Nakaumi according to the observation of stratification, the value estimated to be from
Lake Nakaumi was omitted in the graph. No data were obtained in April 2013. The value in October 2013 was

recorded at SJE-3. Open triangle indicates the flood in July 2006.

LB RD SN 5Tz, 2006 4 7 HOEG D
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KEENNT I B RO IR Z TS89,

69

REM 25 & LT 2009 4F 7 A 31 H, 2009 4F 8 H 23
H, 2009 £ 9 H 13 HOSREWIHIC B 2150 07z
Fig. 41c £ L7z, 2009 47 A 31 HTW, KEifns
D#] 3.3 PSU DGR KKE)N TR M E TIAM>T
Bb, EEHSEREETIZEHOES DM TH->
To. KE&)ITTHRD O-1 HlifT TG DK 4 m DIKEET
g S D 7.1 PSU DI /K DRI E iz, 2009 4
8 H 23 HOBIAITI, SEMIEERD SIE-4 DXJEMN



AT « PR — )1 ESE - SRIERS - BURTET - SI5hE

, 31 July 2009

Salinity [PSU]

35
/’> ! 30
| L2

~ 7

g, ] .
: ! L2

%4 . (//“:”15
] 4]

0 L. Shinji < 2

. 23 Aug. 2009

4 6
Section Distance [km]

- 10

g 5

Oceay

o
8 > L. Nakaumi

Salinity [PSU]

i

35
!30
F 25

]
ar
2 |
~ | s
§ 3 ‘ 5 / 'ylﬁ - 120
§ 4_‘ /// / 15
Q 725
4 O-1 BBk
2 g
O O-4 O O ﬁ, 15
. s
g :
oL o
0 T . 2 4 6 8 - .
L. Shinji < Section Distance [km] > L. Nakaumi
) 13 Sep. 2009 Salinity [PSU]
35
="}
1
e——
2 {1
E 3 5"\3’/'%/ g / C 20
s L —
5. —
5 : - 10
3 |5
6

0 L. Shinji <-- 2

4 6
Section Distance [km]

Oceay

Lo
8 _> L. Nakaumi

X4 200947H31H,8H23H,9H 13 HOKRKE/ A SFLERIC G T Wil B 5 575 D 7.
55 ORI 2 OPEROZ L T/R Uz, Wi OR#EE STE-4 Z kit L.
Fig. 4 Salinity profiles along the Ohashi River and Lake Shinji on July 31, August 23 and September

13,20009. Salinity ranges were indicated by the gradations. Section distance was plotted from SJE-4.
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Fig. 5 Temporal changes in density (closed triangle) and biomass (open circle) of Arcuatula senhousia at stations
0O-1B to O-5B from November 2005 to October 2013. Vertical axis is logarithmic. Month is indicated on the day
when a sampling was done and no plots means no individuals of A. senhousia collected. Consecutive changes in

density and biomass (the periods A to H) are indicated with broken lines.
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Fig. 6 Temporal changes in density (closed triangle) and biomass (open circle) of A. senhousia at stations O-1_2m

to O-5_2m from December 2007 to October 2013. Vertical axis is logarithmic. Month is indicated on the day when

a sampling was done and no plots means no individuals of A. senhousia collected. Consecutive changes in density

and biomass (the periods A to H) are indicated with broken lines.
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Fig. 7 Temporal changes in density (closed triangle) and biomass (open circle) of A. senhousia at stations SJE-
2 and SJE-3 from July 2008 to October 2013. Vertical axis is logarithmic. Month is indicated on the day when a

sampling was done and no plots means no individuals of A. senhousia collected. Consecutive changes in density

and biomass (the periods A to H) are indicated with broken lines.

MHIRIEINE TORPHICIT B R b F A AEARE
DILRBRTHENOBIGRELTIRASILEL.
AR O~y MERZ G AR B - F A A DfEARE
B L B REOZICOWT, EAREEE LUIE
MU E 722 XY)D £ UT A~ H OHIRIC
EIL, PLNCEA T 5.

[A: 2005 4F 11 A~ 2006 £ 7 H |

AFHE DB K O RN M F AT A D HIEAAE) 1
R ETIEN>TED (2005 4F 11 HIZ 0-5B T 1,820
inds. m?), IS R TIERED I ICZ o
TeAEE Sy inote. 72,2006 47 H 11 HOY Y Y
TR S Nl (521 O-1B € 22,604 inds. m?)
1 2006 4 7 A 28 Hicld < HFHEEINT, 2006 47 H
DEFNDULKIC Ko TRAE NN ORI L7z
HHIThH ot

O-1B & 0-3B Tl 2005 4 12 A (O-1B: 14,562 inds.
m?, 6,908 g wet wt. m”; O-3B: 11,104 inds. m*, 3,282 g
wet wt. m?) A 5 2006 4F 1 A (O-1B: 3,140 inds. m?,
256 g wet wt. m?; 0-3B: 1,300 inds. m?, 348 g wet wt.
m?) I TEREEBEFEENRDL, 0-2B lFThb
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2 HiS K DENT 2006 4F 1 AH 5 2 AICBTFERD 5,694
g wet wt. m? /5 628 g wet wt. m? N\JFA L7z, O-1B
&£ 0-2B Td 5 A L HUEE L BIFEMEINLIGD,
2006 E 4 5 6 HIZHB W TEIA RS AY O-1B T
1% 700 inds. m? )5 17,674 inds. m* | O-2B Tl 2,340
inds. m*? /» 5 41,555 inds. m? I FNZFN L 7.
0-3B 1 2005 4E 11 AIZ 19,083 inds. m? THHT=DH
2006 4F 2 A1 120 inds. m? & Jk 4> L 721, 2006 4 4
HM 5 6 HIZHF T 400 inds. m? 55 2,000 inds. m™
W U7z, —75, O-4B 1% 2006 4E 2 H (10,043 inds.
m?,2,065 g wet wt. m?) FCHEELHERENDF O
P92 3 H (40 inds. m?, 6 g wet wt. m?) IZZIRL,
O-5B (3555 L Bi{7 & A 2006 4F 3 H (9,380 inds. m?,
248 g wet wt. m?) ETHININLIZ1% 4 A (360 inds. m?,
2 g wet wt. m?) (TR LTz

[B: 2006 4 8 A~ 2008 42 A ]

2006 4= 7 H DK% I — RIS KAE) T SR B B
FAHAWMFREIN & LIz o72h5, 2006 49 HICIE T
7l O-1B & 0-2B THAE S MRS, O-1B Tl 10 H
IZ, O-2B TlX 11 ATy FAVEKEN . O-1B T
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Fig. 8 Comparisons of changes in density and biomass of A. senhousia. Horizontal axis indicates the elapsed days

from January Ist of each year. Data obtained at the O-3B from the periods B (closed circle), D (open square), E

(cross) and H (closed triangle) are shown.

2006 4F 12 0D 2,013 g wet wt. m? A5 2007 4E 2 HD
278 g wet wt. m? E THIFRMNED LIzE DD, 2006
£ 11 H 0 21,712 inds. m? /» 5 2007 4E 3 H 0 26,433
inds. m* FTVINDOAEY Y FOEKD R I NI,
0-2B 1F 2006 4F 12 HD 1,418 g wet wt. m? /5 2007
2 H0 1,586 g wet wt. m?* F THIFED DT,
2006 4F 11 A @ 92,651 inds. m? A 5 2007 4E 3 H D
49,153 inds. m* £ TWVINOHER Y MEKDIRRET
Hotz.
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KKEJIHFRD 0-3B Tl 2006 4F 12 IR RF A
HADEFREINIRD, BAEDOYIE (2007 4 6 H) Iy
k (34,639 inds. m?) DERL SNz KGN EFHO
0-4B £ O-5B THUKR M NFAHADRESNIRDT-
DI 2007 £ 6 HTH Tz, KKEII Fif~HiRD 3 il
O ME 2008 4 2 HORES TIM L.

[C: 2008 4 3 H~ 2009 4£3 H |
O-1B TlZ 2008 £ 9 A & 11 AICHBIfFEE N 2,000 ¢



KRB RFAHAMEARBHRT B DO —
wet wt. m? 8 2 72 £ O DB E A 20,000 inds. m?* &
FRIB IR TE. —0-2B Tl 2008 4F 5 (79,500
inds. m?) 1< FOERDEZRENT 12 H (22,500
inds. m?) FTZDIRAEN K L7, 2009 4 3 F
(20 inds. m®) (ZIHEAKEEDIZIEE L. O-3B Tl&
2008 4 3 AH 5 2009 4F 3 AE TOHMICS Y MEK
CHIIEN S AABEEERSBHEFERIGETS T L3R
Motz 0-1_2m D 2008 4£ 9 HE 10 HIC BT HTE
=i 2,000 g wet wt. m? 2R 7.

[D: 2009 4F: 4 H~ 2010 4£2 H |

2009 4E 3 HUHICHE (40 inds. m?) LHIfFE (4 ¢
wet wt. m?) DW/NE R STER B S F AT AEAKEEZ
2009 4F 4 AEN S FHUHEINLUGSZ. ORI
RIEMITCE L Z < OEAN R S5, O-1B, 0-2B,
O-1_2m, O2_2m Z &L 7 HHICB N T v FDIE
EJZ?’J‘EEE X N7z 03B Tl3, 2009 4F 4 HIC 360 inds.
m? (28 g wet wt. m?) T&H > 7= DA 2009 45 HIC
10,500 inds. m? (420 g wet wt. m?) 2L, Z0D%
D 7 HDOHKT 2009 4£ 7 A 15 HOD 4,280 inds. m™ 35
KU 862 g wet wt. m? /n5 7 F] 31 HOD 2,260 inds. m
BXU 513 g wet wt. m2 A\ EWSTZATRDLIZEDD,
2009 4E 8 [ 0 8,420 inds. m™ 35 X U 1,915 g wet wt.
m? 5 12 HD 13,720 inds. m-2 35K 3,188 g wet wt.
m? NEFHUHEIMUT 12 HE T MEER L.

KEEN RO O5SBICBWTEHKRNNFRHAD
< MBI NIz, ZFT T, 03B, 0-5B, 0-3_2m,
0-52m D 4 #li j5i & [k X % &, 03B, O-5B D JIH I
AL BIFENEINL, 1 ~2 47 HENT 0-3_2m,
0-5_2m DAL BRI Lz, 0-3B 1 2009 4
SHMS 12 AX T~ Y FOEKRNESNIzDITHL,
0-5B, 0-3_2m, O-5_2m O 3 #hf51Z 7 H 31 HAV&E s
CHFEREOE—7E-5. TH 15 HE 7 A 31 HOMER
T, 03B 1% 7 H 15 HIC 4,280 inds. m? (862 g wet
wt. m?) TH->=DOM7H 31 HICIE 2,260 inds. m*?
(513 gwet wt. m?) &Lz, —75, 0-3_2m, O-5B,
0-5_2m O 3 HigHICIBUWTIE, O-3_2m HY 381 g wet wt.
m? M5 2,985 g wet wt. m? /N, O-5B A% 609 g wet wt.
m? 5 4071 g wet wt. m? ~\, O-5_2m 7% 100 g wet
wt. m? 5 214 g wet wt. m? N, FNZFNTHISH
W57 H 31 HICHT THFEOENKEL Iz,

[E: 2010 4F 3 H~ 2011 4E 7 A |

2010 4F 6 I~ 9 AIC O-1B & 0-2B T~ v F D
RABECE N5 DD, 03B TEREZINTZRFFFEX
HADEEEUTA2 <, 2010 4 7 HIC 260 inds. m* (22

farma

/N

75

SEM & KRB BB EHE=2) 2 Th5

g wet wt. m?), 2010 4 8 H IC 120 inds. m* (37 g wet
wt.m?) Th-olz. FD, 2010 4 11 AH S 2011 4F
6 HX TOHMIC O3B THREINZHRNNFRAAA
1, #4210 ~ 100 g wet wt. m? OHFRTHDEH
5B A 480 ~ 8,375 inds. m? LWV HIREETH H Tz,

CHUTREN 5 mm KON NMEARNZEL, &5
WEPIEICT TER LIS TH S, Fiz, 0-4B &
O-5B Tld R M FFZXHA DI D D75, 0-4_2m
OS5 2mTRIFEA KD REESNEZN ST
2011 4E 7 A% TIC 0-3B OEARENEIF IR L.

[F: 2011 4F 8 H~ 2012 43 H |

O-3B Tl 2011 4E 8 AN 5 2012 4E 3 A E TOD[H,
R FATAMMEEAEREESNZ o7z, O-1B &
0-2B TlE~ v hDEWICESHE RSN T=H (0-1B:
2011 4F 9 H @ 42,480 inds. m?; O-2B: 2011 4£ 8 H D
44,660 inds. m?), fEAAKEDVDIZOHDE K7z,

[G: 2012 4F 4 H~ 2013 4F 1 H |

03B T 202 ETHAMS HUKRMFZAHAH
FREXNIRDT-. 2012 4F 9 H LIRS L,
2012 4 12 HIC 31,467 inds. m?, 2013 4F 1 HIC 42,242
inds. m? LAEARESREOFUETIZ< Y MERICHIYS
LRI E R o780, BIFEIZZNZN 412 g wet
wt. m?, 313 g wet wt. m? & 2,000 g wet wt. m? & Kl

ICFE-7z. THUIHART E EFRERIC, 7RE 5 mm K
WA Z -T2 THB. —J7, 0-1B £ 0-2B

OEARTEEE L BIFEORKZ(Z R TH B L, 2013
1 HEULIE 2013 42 Qi hez>TnaT e
5, 2013 £ 1 HE TR G (2012 4 4 H~ 2013 4
1 H) &UL7z. O-1B & O-3BICBIFAZ{LIE RN T,
O-1B Tl 2012 4F 9 A S5 E L BIFEEMND LizD
WCHLUT 03B Tl hnL7z. 0-2B M= k& 2012 4
5 A BB ENTzEOhEE, 2012 4 12 HX O D
ICHEU Tz,

[H: 2013 4£ 2 H~ 2013 4£ 10 H |

2013 4E 2 HITH) 25,000 inds. m*, #J 150 g wet wt.
m® TH-72 03B T, TORICEELEHERED
EEITHANL, 2013 4 6 HIC 66,317 inds. m* (2,796
g wet wt. m?), 2013 4£ 7 H IC 66,553 inds. m*® (2,495
g wet wt. m?) D TH -7z, 2013 429 HiZ~< v b
R E N7z O-SBICHBWTHIfF R 3,870 ¢ wet wt. m”
ZRlik L, EHROP THRERZTWVIERICAZ ST
0-1_2m, 0-2_2m, 0-3_2m ICBWVTER Y FDIREEN
2~ 4 AR ENT. SElOf S TEARRNF
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AHADIAEENEZ L, SHE R ER STE-3 #1515 T 2,780
inds. m? ThH-7z.

AERARICHIT BB DLLE

2007 4E, 2009 4E, 2010 4E 11 H~ 2011 4F 6 H, 2013
BT B RN N FEATA DMK REEE L BHFERD
ZALDINZ—2 2 T 5728, SHED1IHIHE 1
HHE L A& LT, KFE)ITFED 0-3B i
BB AR E L BFROZ (b2 /R Uz (Fig. 8).
2007 4E & 2009 FED N E JE D> D37 —21F, 100 H
Hr5 200 HHICD T TEHFENEIMLT< Y FOYE
ENTT L, 350 HHZ M X % &85 L BfER Dk
DTHL U T2 S CTHERIL T Wz, 2013 FED A1, 2 H
I 25,203 inds. m* C 149 g wet wt. m* TH>7=DH' 6
1213 66,317 inds. m™® T 2,796 g wet wt. m? L 25 L 7.
2010 4 11 A5 2011 4 6 FICHhT TORIRORE L
HEEOZZ2R 2L, 03B IR ED/NI WK
DAL DOEEIDFED SNIZE DD, ZDHDT Y~
EICIE RS ot

z =

KB EREHRDIESTDEAL

FEMD KD IER 37 3D BRI 70 /K DY,
Fig. 3 T/RENSZ XHIC 1 PSU ZYJBL X)L S 8.5
PSU ZH#HZ 5L N)VE TOHIPITEH Lz, DX
SR OEH DRI, REIICHER LTV AR
BIEER OB XIEEDEEZ LN, Hifgh
ARG8Tl AT KIE, SREWIDEEIC 30
~ 60 cm FEEDIEE TIFIEST A, TDHE/KIGEIH
SNZREE BRI NTZOEEND B () FHHSHT,
2006). SETCIEEE 10 m s' L FoRESMwL & F
B FEMEAL, WEOBEMNEKTZEEN,
DI DI WAE RN BT D KER 372 56D 2 7K B
D7 PRI TVEEEZLNTVS (EhIZD,
2005). —J7, ZLHI[LZFDMDZ)[H BFRERIANTR
AT 5K, SEOE 72 KT EE575 AcEH
T3, ARWZEOFERTE, 2006 4F 7 HO KB 5 H
KICEKDREI O I RKREMK T LU (Fig. 3). T
DX, FEARMIIFLEMOE X, 22011723
ELTJEm) 7e EEsmisic B B ke s, g
SAKEN R THEAT B HE/KOFRABIC KO HESN
TV, HTOWEBRGRE DR TEREMOME /&
WO DI, IKBLDRKER 3% 56 K 73 /KD
DO ERBLTED, REMOEXBOBIHIEIC KD
REINSG. ThoDTeh b, KEEINCHT 3K

—
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Dl EDOFEED R E X & FREM D 71X % 521 B
L, BN E KRB DT T 7 A% SR
BIEEL ST WA E S5,

KAE & S8 D S E Wi D57 774 Fig. ) h 5,
KKE) 7223 B /K BRIE S8 T A 5 DK & Hifgin S
DEIKOWENH BT W nh %, TTT, KB
DH B U T TIEAEYHRER T 2 EREIIE DX
IIRRIIRES Uiz, KBTI, SHBMORRED
KBz 55 EEORE 7KDL, HilEhs
i & LIS D7k EL TV 5 (Fig. 4).
FEARMNSTTHFIC Ko TR BEI LTV AT EEE X
%&, 10 73~ 1 KB ORFE CEtleric Bifh 5 M E
TERHIU KA EYD BT 2R RI T L
WTERD. LHL, BRIz X IRE oGy
FARRENOESFRIBABEKMT ZIEEEEZLN
BT NG, FEEMOME I ARG DD % H T T
DR 20 (REE RN O 7)) 2
MHEMICELTWVS. Db, REHOESHNE»
Kg, KKBIDH 2 T CIEAEYIDRRER LT 571
DA X0 E <, FEM O 7 MRV, Z O
BT ARV ER LT 0 3t D HHR X 0 (>
T B2 %, SIEIMN S ORI/ 7k & g 5 O~
KD KAE 2 BB LTV 2 /KRB RE 2 [ & 2
&, KEENOWMKICA BT BEELEYD TS
o OFsEE UCREMOR B 4 TH R EE A
5N%.

REHDIERHKIE) DR FFRAEEEEIC
RIZTRE

FHENCT R R S F AT A DRI Z > T KRl
FEEMDE T D EORHHE —E U7z (Fig. 9). 2006 4F
7 HO KB I HKDOERHE, KR FATAEERED
—IRFIICTHI L, R 2 7 AR MR SHEA L7 {E
AEED KU THRE T ZIRT Tz, 2807
AREOEEND< Y MEBICFE O 5N R NFR
TADARENREEE, NLERIRBEERICE DEVE,
KIGLTWA XS TH oz, 2006 4 7 HO KAt
IKCRAENNOMEARBEDNHIR LIz DIE, FE DD
INRIKISEL TR T e W B LTI THD, Rl
TR NFZTA DAL Z - Tz (2013 4
8 HIC SIE-3 ¢ 2,780 inds. m?) &, ZOEOE DD
BV TH -7 (SH 75 PSU~ 8 H 68 PSU). F
7z, 2005 4F 10 HEX TORKE/ NI B R FRAA
DIRIUIATHE DBIGLART CTd 72D RNHTH 570,
2005 4 11 HOB{7RIZE 8 FERITERZEWVST TV b
INERENT Wz, BAREIKER 22— D5RE
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Fig. 9 Comparisons between changes in density and biomass of A. senhousia and changes in salinity. In
comparison with salinity (average surface in Lake Shinji, closed square; O-5B, open diamond; SJE-4, closed
circle), values of A. senhousia at the O-3B (density, closed triangle; biomass, open square) are selected from the
periods A, B, D, E and H. Thick arrows indicate the increase in salinity when aggregation was formed and thin
arrows indicate the increase in salinity when aggregation was not formed. Open triangle indicates the flood in July
2006.
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WL E O A (Fig. 3) ZH%E 5 PSU DfED
2005 4F 6 AN S PEZ EHVTED, COMMICE
FBTE O D 5 T2 12D KRG DR N R F R
HAAEIBFENRED S e HEHIE NS, D
XIIT, KKEINCBBI B Kb RFZHADMEARERR
EHFROZE, FEMOE 2R L UTEIA
TE%.

TSI B RN N F XA D &7 DBERIC
DV, ENTIIEDS OZEF DK EZ NI Ta—
TANDNEFEEEDZh ST e s, REEERH
ADEHIFITZERE UTHEICHERRENETS
NBEUl (THE, 1977). £iz, KK&)IO Mt T
ERITHTMEED 2015) 1F, RERERHAD
EAREN IS Ko T HI/KRARE I KD fi/ N 5 T
EhBBTEEME L. BRI (1997) 1&HiET
FAE LR b M F XA DR BN FERIC Ko
TaRX, Hi90 5 PSU DSMFT 6 HEICEEDIET L
7ok 215372, 2006 4F 7 At /KB IZR IR /0 I i &
N3 ETRNNF AT A DMREHI RN IL
723, 2009 4 7 HOHIKOESEFEIUC K5 kb i
E57Eh o7, 2009 4 7 HH A D H7KEE, 0-3B Tl
{im B & AR — D LI ORI <y B
e ENT- (Fig. 8, HAR D: 2009 4 4 H~ 2010 4F 2
). KERTOMITHSEORKED T —2EH5 &,
2009 7 H 15 H~30 HDO & EHE 2375 mm TH -
7z. 0-3_2m, O-5B, O-5_2m O 3 i f5 TIE H 7K ETD 7
H15 HICRELTZREED 7H 31 FNCEE LR D)5
IMEAREDEE LT Wz (Figs. 5~ 6, M D). C
N5OT &, HAMAMHICBNTIZHIKO L EEDA R
OEAREZHELL, FEABEOHRERICEN>TWVS
AREMEZ R LT WA, 49 LEHIKICKD RN F
AHADABEED KNG B LIRS RV EEZISNS.
O-3B I BB BFREOIINZ R % & (Fig. 8), 2007 4F
T3 ANS 6 HITHIFT 7 g wet wt. m” /n5 959 g
wet wt. m” [, 2009 FETClZ 4 AH S 8 HITHIF T 28
g wet wt. m” 5 1,915 g wet wt. m” |, 2013 4E Tl 2
HMS 6 HIZHF T 149 g wet wt. m” /5 2,796 g wet
wt. m” ICENFNIEIN U, BiEDN BT DSt
ICEH5TE, 2013 FED K SHIC 5 ADWEE T 61,906 inds.
m?, 1,652 ¢ wet wt. m” D kA O-3B IZ BV TIEAL
TNz dH-olz (Fig. 8). ML EDOXSIfERMER
SNTBERNEBSZASHR NN FAHADBIFRDH
i, EREOZ(ISHHIN U TEARENIR LS EFT 5
AFEORMERFEZIC K LIEDEEZS.

g CE S EEOARREE, KA S RTINS
eI 50 ED R E R RHEMORAREZ B L

« ZRIF A « BT - SIEEAE
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TV, LI >Tromi ORI iE 9 5K 11T
&, ERBEOZHICX>TARBIEHLIZEILTZE0D
D, FEENZEDNUL MR O D B ELIC
MMATZZRNTHBEEZLNS. Tigh 5OEK
DMl i FFMID O-1B & 0-2B I BT I #E
Wakdl-bd s, TNHO 2 HFIEEED
ZLBUFRDRZ V. KEENHPHO 0-3B 1& FICH
IKDHEAEBHLTWB T EAVREENTZD (Fig. 9),
O-1B % 0-2B X0 I/kDMl FOFEEN/NEL kBT L
S, ERGFROZE LTI e REY. Bl
@ 0-4B *° 0-5B T, AERANCTIEIMDIE MV <
2RSS 5. SO EOFEEN
RENFRAHADDHDILREEH L TNWB T &R
FHHLE LT, 03B & 0-5B, ZNICENFTNDKGE
2 m O I T B A BEBIRED R /KD DTS
EEELTNWATENEITENS (Figs. 5~ 6,
D). 2009 4F 4 H~ 6 HO2WUsE ) A (59 3.4 PSU
N5 7.4 PSU, Fig. 3) 1%, COMIRICH#ED) 5KKE
JNZ2RE CREWNC A B HIKDEMNZ N o7z 2R
LTWa. bbb, HKNKEINOTEZ Ll
AHEZST LITEDET, 03B, O-5B DJEICY Y FAHVE
BEN, ZDRIC 2 m M ORI A T L RS
N5, XOEWIGATIEIE 7 O EIREED e < RERET A
RSN S &S, INARBEEIOFEE NI D DR
WEDEEZLND. TOXIICKREINCEHIFE RN
FATADHFD S EFRAD IR, FTHENE
TAMEATL, TEBITIRWGFANEH LT e D>
T, KK MIROMEAREZ i & L7z flEE Ao (2015)
&, EKBIZUC KB 0 ORI b2 s IC Rl E L,
JHOH IR TIERENTZAR N FZHADy bHVE
ERABENEE, FO®BICHFEICENT TORMNLNS
G,

IR &R DI DY — A DM [l
bNEEDD, v MERICRISEWIGEMNZEAL
Th-ot-. HlzIE, 2010 4F 12 AlCid EtE ) HElx
NCGREDNEWEEDNZH A LN~ Y M 2B
MU h -7 (Fig. 8, WIR E: 2010 4 3 H~ 2011 4¢
7H). —J5, 2012 £ 5 2013 4EICHM T T, 2012 4F
B S DEHE T DL D E KL LT 2013 FEDR
N FEZHADBHFRDOBINCE N 57z, KRR FRAH
A DTN ERB L ORI, FifEh S Db %
1 OEREE D LAY T RIS SR E W T NG 2 HE K
L, v DB SN SRR S I3 kOM -
OREOREILEHLTWVWR EEZLBNS. KB
ISR B ITE R R FZANADEKRIE, AiED
B BRICHF TOFRIEADIE 0 FDHBOEFEND
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BT TOREMOE DI KA TN, R
Ny MERDO AL h DL F Fzld i OB
FUTHB LU TWAAREMED EWV. COX S 7mdd i
ANEFFIRI S FATADETEREEX, KAE/DX
I IEANLE TR BRI POk BRI RS BAFRL, &
FRO: REREFIEIZZS B I 2 BRI BT R #EISLT
WBEIICHZS. KEEINXIETOZBNKEL, £
I Ko TR OEE S DIREED kT2 L8 H
% (Fig. 3). HHOZICTIER WIS TESAEL

S A TR R R AT A DML, 9fAD
5 T HRAE) D4 BIGFATIC BT R R AN HE
TWVWAEEZILNS.

AW KB 8 ERID TR VT HBEDORER, R
N FRATA DR REENREI SRE O 7 & LT
WA T EMNHASMTIE T, FEMO R B ) DR
RZ L& DRGNS, 5 H~ 7 AICFE O 75 OfE
WO 2 E 6 PSU ZH8 2 BRI INA & R EDME
ENTR IS FRHAD AR RIE T AN LN B 1]
RETEM . AWFZEDOFERAV R I 52 ki, )]
WAEZC KO KRG IS BWTH/KOM IR 21 b
WECTSGG, 0BG U TR F R A
DN EDL BN D ZE 058 THS. Kb
FEZH A, TOXIGEREL(bOEEMELTH
HTHsEEZEN%S.

AW, 7o Fhv— - 772 RE 16 B
A3 KTEEE 17 BB, PRk 20 4R~ K 23 45
JERL WS BB (5 TF 2T (A), 20681001),
X 25 RN CHD O 353 CR%% COC F3)
DY FEEZT Tirbh iz, REfERRHE D, S
Y VIR DVE 21T S e O F OFFr] 2 TH
Wz, BAREIKEER & > Z—h I SSE I O 75
F—RZOM O 2 AN, KRR FERITIER
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