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Spatial distribution and growth of Jellyfish Aurelia aurita (Linnaeus)

in brackish lagoon Lake Nakaumi.

Morio Hiyama', Yasushi Miyamoto®

Abstract: In the recent brackish lagoon Lake Nakaumi, the basic ecological insights of jellyfish
are needed to be clarified since their nuisance to fisheries is becoming serious. Here, we con-
ducted field observations in order to clarify spatial distribution and growth patterns of Aurelia
aurita (Linnaeus) in brackish lagoon Lake Nakaumi. We counted medusa visually in ca. 5x5m
surface water and measured their diameter at six sites in May, August, September, and October.
The observations detected that the medusa diameter significantly larger in August than May,
however, not differed among August, September, and October, in addition, two peaks in the size
distribution in May became one peak after August with disappearing larger size class. These
suggest that major growth of medusa occurs during spring to early summer and that recruitment
of pelagic medusa from benthic polyp occurs before spring. The observations also found that
the medusa distributed in an aggregative manner, and the aggregation became more intense
as wind velocity became larger. The results provide us basic ecological insights of jellyfish,
however, our findings could not cover all of the fishermen’s findings, such as the wind direction
dependent aggregation pattern and the depth distribution. In order to provide useful suggestions
for fisheries, continuous research is needed.

Key words: Jellyfish, Aurelia auria (Linnaeus), spatial distribution, size distribution
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Fig. 1. Map of Lake Nakaumi. Census sites were also
represented.
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Fig. 2. Seasonal change in size distribution of Aurelia
aurita.
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Fig. 3. Spatial distribution and dispersion index (/;) of Aurelia aurita at each census day.

% (Mbéller, 1980; Schneider, 1989; Lucas and Williams,
1994). L7=223>C, HilEOMAREIZBNTDH 8~
10 HIZEEH Iz wEEZ2 615,

2 HORMIE, FilERH O BBEICE S R
Thb. WEANETITONBERG T LT 27
— FRRASTIE, D4R TR o MR BAAG R 25
F oo THRAMEL 20, BN F 8
AT HHRHTBICBIREIND LH IR o722 N
WS TWwa (I, 2004; - FHI, 2004). F~x
ORI 5-10 HOBERS - rbnzd 0T
BB, FRO LI, 5 HOH A I IEZI0
MR SNz (Fig. 2). TNHDH b, NIOEIZ
WAEBETH H 2 EITMEWV WA, KEIOREIT A
HTHATREDLD L. COELRICHET AEHEN
AEHUE b OO, FEEH (FAR) 132005 FE0 1 HIZ,
REABOEEMD»HAZEDS 10em LLEDOI X7 T
7GR AREICHI & BTSN BGIC b A
S EMBHAH. UL, SHOA Ik E B D
T, SHOPMBISHAT 23S ET L &
ERETLLDOTHS.

ERED T DIER

BFAFEOERELD, THEOERBMITIZBITS 3
A7 F ORI ET M Th D 2 L DIRIES
N7z, Zoikie U<, &MEH 05 mEFER
¥ () 1ZwInd 1 L) KRERETH -7 (Fig. 3).
CDXHIZ, ERBMNEICBIUSI X F5DOHAH
BN THLZ L, ThbbRXyFIRTHLZ LT
W T DGR H S (1, 2004).

X512, 2H) LI R I35 Dy FHHFEDIK
BICHEETA2L00TIERL, BEITALZ L LPET
IRENSZ, EAPNIDEE5BOFEOH T, HFE
DR I X7 T IS HRE BT A @A
MREN o7z (Fig. 3). oM, &HRAEHM
TR L 72 Kendall D —F R PBEThro722
Erb L EEENSL (W=0058,P>005). 2Dk
IS, SATFTHONy FHRBEEOLDTH S
CAXEER DR L CB Y, FRIE & o B TR
ENTWD, 22T, FREHOGHENE & JEH
DR % B L 7245 5 (Fig. 4), AP EOZE)
D 71 % DJEGRDOZAIZ L ) S S, JEAERV T



HEZ BT 5 I X7 77 D55 LR (FH) 5

6-
R?=0.71 .
5 -
|
|
= 44
3 -
|
2 T T T 1
1.0 1.5 2.0 2.5 3.0
Wind velocity (m/s)

4. AL I X7 77O HETERBOBR. A
BT A FEH I 1 RERMEICFHI S 22O 349 1H.
Fig. 4. The relationship between wind velocity and
dispersion index (/) of Aurelia aurita. The wind ve-
locities are hourly means of each census day.

ERSNTAIN 7 T rENE T D EADH L L
DR E N7z

720, BERIZBWT, IS ORPIZERER
Thb. SRORBIIEREID RN & (6 1),
HBTORY ) PEHoOEELZTFRT VI L
Mo, ERBEHER LR, oA ETPEE RS
LI ENWLETHL. 5|2, HAEREHI4ETH
B s, AT L BEOEROA B
ATHZENWEETHY), CoOMICELTD, #AE
AR L CHMRET 2 LEDH 5.

4 A

RIFZETIT - 72 F/NREORE R L Y, higlc BT
5 IR0 T O L AT R OR O — A 5 20
oz, 27120, BonzHEE T TIrbh:
RAEIL, HEEFEIPREBEWICERL L7777
HFIZI X2 97) O5HoREY & THIET %
CLRTE Lol B, AmEr I 0T D
LT OB, 2L T2 97 0% L ERT BKEIS
DV, RFAETIEPHSLPIZTE Lo 29
L7227 S04 F 2O, mEREORE
W L > THIEZTERICR 2 2 L iifE s
L. SRIEZOEOBIHII BEE TN

i B

gD 7 Z I AR E R L Twiz 2w
ToEEERE S O A B IERIK, HEH) A
PR U 7272w 7 g g R A &R 1 3
HEHLEDOWEZ DT %, ARHEICEE L S > TR
0 AL F N7 BRSSP = R SRR O S A TR IR
VIR CHIFLEF L BT 5.

51 B X ®

R 42 (2004) KEL 2 5 7 Nemopilema nomurai @
RKEHBICETEBEY -7 v a vy 7B U4 %
DTSN DV T, HAIKESAZEE 70 © 821-
823.

ARLEN - T EHEE - ERRIL - SR 2 (2005)
IFEY 7 TN K B EEME IR A M) H
H. HAIKEFEFE T 1 975-976.

L[ FHEH (K57 HP) http://www.jma.go.jp/jma/
menu/report.html

Krebs, C. J. (1989) Ecological Methodology. Harper
Collins Publishers Inc, New York, 654pp.

Lucas, C. H. (2001) Reproduction and life history
strategies of the common jellyfish, Aurelia aurita, in
relation to its ambient environment. Hydrobiologia
451: 229-246.

Lucas, C. H. and Williams, J. A. (1994) Population
dynamics of the scyphomedusa Aurelia aurita in
Southampton Water. Journal of Plankton Research 16:
879-895.

Moller, H. (1980) Population dynamics of Aurelia aurita
medusae in Kiel Bight, Germany (FRG). Marine
Biology 60: 123-128.

Schneider, G. (1989) The common jellyfish Aurelia aurita:
standing stock, excretion, and nutrient regeneration in
the Kiel Bight, Western Baltic. Marine Biology 100:
507-514.

Sokal, R. R. and Rohlf, F. J., (1995) Biometry 3rd ed.
Freeman, New York, 887pp.

E B (2002) iGREE OSSR HHEE Fh4
29 @ 137-142.

L B (2004) HEFPEIZB T B I X7 T O
& MEERE. HAUKESFRRE 70 1 387-391.

F B FHAR (2004) WENHEICBIT S 7 T
RO MBIENIA & SERE O SRR KNI
68 : 9-19.



Underwood, A. J. (1997) Experiments in ecology: their
logical design and interpretation using analysis of
variance. Cambridge University Press, Cambridge,
U.K.

EHFY (2009) A E2EZTH T 7EI AT T
TFOEBILGEANORERE, BEEANZLD
62. http//www.green.pref.tokushima.jp/suisan/s_dayo
11/62/62sdayori.html

W 5 - s AUsRMLE (2008) 7 F 712 & 5 fisk
W BRI SR B ZE Bk, PR 19 4R FE SR IR
K B BRY SR

ZH i (1998) I X7 7 7 OWfgE.  HAKE &5
PRAE 2, HEL, 136pp.

CEE e

ZH  f# (2004) 2003 B 2> 5220 TH AR
W KkEMH LB KR 7 7 77 Nemopilema
nomurai Kishinoue & JZEMHE. EEW TR 2!
35-38.

JEE T (2000) REFEEIZOLDV DI X T
Aurelia aurita DR") 7O E L EHEBL L7 1
TMEDEREIZE A58, UK RS54
TR 3.

Weisse, T. and Gomoiu, M. T. (2000) Biomass and size
structure of the scyphomedusa Aurelia aurita in the
northwest Black Sea during spring and summer. Journal
of Plankton Research 22: 223-239.



LAGUNA (GR/KIHFZ2) 16, 7~12 H (2009 4F 6 H)
LAGUNA 16, p.7-12 (2009)

RIEH - i & T OV — ) X LEER & O LEEEET

RGBT - BT - AREESC - SRR - B

Comparison between lakes Shinji and Nakaumi area

and some typical eco-tourism areas

Yoshiaki Tsuzuki', Hidenobu Kunii’, Hirofumi Itakura’, Kimio Iino* and Tomiko Notsu®

Abstract: The authors introduced recent various activities by local governments, industries and
NGOs related to ecotourism in the area of Lakes Shinji and Nakaumi and elements to be includ-
ed in the ecotourism program, and identified desirable directions for the ecotourism in the area
in the previous paper. In this paper, we have compared typical ecotourism areas especially those
with water environment in Japan and abroad with consideration of successful and failure expe-
riences of ecotourism in those areas. Ecotourism type 2 or 3 of Ministry of the Environment,
Japan, are considered to be applied in this area, and type 1 or 2 are considered to be applied if
combined with Oki Islands where traditional type ecotourism already exists. Drastic environ-
mental alternations should affect natural environment which is one of the critical elements for
eco-tourism as observed for Atitlan Grebe (Podilymbus gigas) extinction at Lago de Atitlan,
Guatemala, affected by the earthquake. Such kinds of large scale environmental alternations
including artificial geological alternation of the Honjo Area derived from the land reclamation
suspension and the climate change should be considered in planning of eco-tourism in this area.
Guidelines preparation for ecotourism has been conduceted in some typical ecotourism areas in
Japan. Participants’ observance and adaptative management of the guidelines by the manage-
ment and policy development sector are challenging topics in the rules of the ecotourism areas
in Japan including this area.

Key words: Lakes Shinji and Nakaumi, ecotourism, tourism, community participation, large
scale inner and outer effects, guidelines
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Table 1. Types and model districts of eco-tourism defined by the Ministry of the Environment, Japan (Prepared by the authors

after the Ministry of the Environment, Japan®)
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A biallelic microsatellite DNA analysis for natural hybrid Crassostrea oysters

Takeshi Iwasaki', Tomomi Tanaka', Yusuke Iidzuka', Yasuhiro Hishida®, Sheng-Tai Hsiao’,

and Futoshi Aranishi'

Abstract: Pacific oyster Crassostrea gigas and Portuguese oyster C. angulata are morpho-
logically related species that are sympatrically distributed at nearshore blackish areas in
the subtropical zone of East Asia. Although these two species have thus far been known as
inter-fertilizable under controlled conditions, molecular-based studies on mitochondrial DNA
analysis verified obvious genetic differences between them. Huvet et al. (2004) reported a
novel microsatellite DNA marker enabling to discriminate allelic sequence variants for C.
gigas and C. angulata. In this study, we developed a rapid, reliable, and secure PCR-RFLP
analysis of the biallelic microsatellite marker to diagnose hybrid oysters between C. gigas and
C. angulata in wild stocks. An array of wild oyster specimens of C. gigas haplotypes and C.
angulata haplotypes collected from Japan, Taiwan, and Korea were subjected to PCR ampli-
fication of the microsatellite marker and subsequent RFLP assay using FastDigest® Bsp14071
restriction enzyme, followed by microchip electrophoretic diagnosis of both PCR and RFLP
products. It took about 2 hours for the whole process of our analysis, and the frequencies of
biallelic variants observed in C. gigas and C. angulata haplotype stocks were at the equivalent
level of those of the previous report. In addition, a high frequency of the allelic variants for C.
angulata in C. gigas haplotype stock in Tokyo Bay suggests the occurrence of natural hybrid
oysters between C. gigas and C. angulata.

Key words: Crassostrea gigas, Crassostrea angulata, natural hybrid, microsatellite locus,
microchip electrophoresis
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M i ARERIREIMECTH Y, FFITRT YT
D B Tld~ #F C gigas & RV N HIVHF C
angulata @ 2 FEASEEFE & X LT\ 5 (FAO, 2003).
H AR 2 5 & 9 5 il fE o C. gigas 1X, 100 4F

A=A NT)T, TN FEFTBEEINTEY,
B%E (TSR T A EE S LT B (Chew, 1990;
Matthiessen, 2000). —J7, MWD C. angulata |3,
BEOMEIHOB 2 b Afide, CIRELTERE L
BTS2 O AU S B CRICEESI N TS
D (F, 2009), F/oM I -1 w8 TH 19 ALK,
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1970 SR ANTE & CTHE ST 72 (Comps, 1988). =
D & HIZC angulata | ZIZHEE L IS — 10 v STERAT
BN AE T B L= — 7 R S - 7208, BIETIX
BEDPAEORFECTH 5 LIEH I LT (Boudry
et al., 1998; O’Foighil et al., 1998). 7B, I —1 /3
T, 16 AEHDE ML LT I TRV b
MANOBIHIMEZ OGN TNEE) TH D,

C. gigas 1% 1793 4|2 Thunberg |2 X V) H A DTE %
e LT, $7/-C angulata 13 1819 4£12 Lamark |2 X
DAV M FNVOLERIEL LT, EICHAmIRDENIC
LY pfEIC SN, Lo L, TOROIRESHE
(Ranson, 1948) X% Bt 924 (Gaffney and Allen, 1993),
7 A YA L4558 (Mathers et al., 1974; Mattiucei and
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D3 B 7 & (Parache, 1989; Soletchnick et al., 2002),
L OB HEMAERLZNFHIRESINLTYS
(Goulletquer et al., 1999; Haure et al., 2003). 72, it
SERBENIIZFERE LTV 50 T BT ClE, 3
N2> K1) 7 DNA (Boudry et al., 1998; O’Foighil et
al., 1998; fi{3%, 2008; =, 2008) B X V1% DNA
(Huvet et al., 2000) & & (2T CH &2 BIm 2
ROFERINTEBY, FETE Y/ = AFIIGE S
NTwab, HL, FEEBRERET CIAmMERN O F1 2
RO L & CIEE R AEFPEE SN TEY, fHE
AN T THDHZ ELFEFETHS (Huvet ef al.,
2001, 2002). X 512, 1970 FEAR LI O FEMR T 7 C.
gigas D NEHIFEAEIZ L 1) (Ruano, 1997), MWjffAHS[H
P50 A9 5 RV b THIVE LD Crassostrea A
HClx, W #ERTF~A 70774 b —h—
CG44 H D 53t T BARZSHEE R o MBS s S T
W5 (Huvet et al., 2004). ARWfFzeClx, WifdE A5 FE T
BN BT ¥ 7 BEIRIZ B \WT T 4 — )b Nl
I &) BRSO 2 IRER T 5720, CG44 D
MEPOEECTERBE RO T HET AL LD
2, ZOBHAMERE L7z

#

HAOHHE (BARE) & U (FEIREE, B
HB X OVHRE), BEOBEYEES X BREOR
FHE M S FREE | 72 Crassostrea fEMEDOHN, I b3 K
1) 7 DNA OFEFEE (b4, 2006), F h 7 0o—A
c b IcE R 7= v b [ #Efn T (8%, 2008)
F 7212 168 1) K — 4 RNA #{5T (EIF, 2008) %
L LizmTadEicL, C gigas LIRE ST

20 Mk B £ O C. angulata & [6)5%E S L7z 21 fifk %
M L7z &2 S PR % 78t L, DNA BHE it
$5FET-20C THEARFEL 72,

x B H &

DNA R

47/ 1 DNA L, SRS 7 7> & R 3% —SDS-
Proteinase K {212 HEV 3% | 72 (Aranishi and Okimoto,
2004, 2005; Aranishi, 2006; Aranishi and lidzuka, 2007) .
P 78¢5 #9 20 mg % 200 pl o fifi 11 (10 mM Tris-
HCI pH 7.5, 20 mM EDTA pH 8.0, 1% SDS, 4 M
urea, 25 ug Proteinase K) {Z8R& L, 55C 12T 60 45
MFHEINEL L 72, 25 ul @ 5 M NaCl 2L <45
WIRA L7212, 7/ — VAT (phenol : chloroform
isoamyl:alcohol = 25:24:1) B X U7 0 TR )V A VAR
(chloroform : isoamyl alcohol = 24 :1) |2 & D AFH L,
glEfed =8/ —)VIZ X ) L L7-. DNA L % =
5 7 — VT LTI CH e L 727, 10TO.1E ¥
2 (10 mM Tris-HC1 pH 7.5, 0.1 mM EDTA pH 8.0) |
FEE L7, %03, DNABROWEES L OHIE X
Eppendorf #1.#4 BioPhotometer (= X V) {5 L 7-.

PCR-RFLP f##f

CG44 Ji o PCR HiTiIE, MgCl, #&FEE % 3.0 mM (2
FR%< 7> Promega £1: % GoTaq Green Master Mix, 4%
0.5 uM D75 4 < —5 LU 10 ng @ DNA & T
L7z, 774 ~—OIEERYIX 5 GAAGAATGT
CATAGATTGATGG 3’ $ X 175’ CATGCCTGTTTACC
AGTATTC 3° T 54 (Magoulas et al., 1998). Techne
MBETC32H —< VI A2 5 —12% 5 PCR S
(X, 94C T2 M OMBZE, 94T T 10 B D
22V, 53C T 20 W D44/ 72C T 30 i oz
3SMEFEDEL, 2C T2 MoREMEIZLY
#T L7, RFLPf##TIZ, 1 ul @ PCR EEY), 0.17 ul
O Fermentas 1% FastDigest” Bsp14071 #|PREE 5 X
OV #i# FE <1 0 Fermentas £t % FastDigest” buffer %
L 10 Wl OFRSERIZE Y, 37C TS MRS L
7-. PCR EEW B L IFRFLP 1%, Invitrogen £t %4
SYBR Gold Nucleic Acid Gel Stain % & ¢» Eid S E T
1% DNA-1000 Reagent Kit » {E& L, ¥~ =2 7 LI
eV B BLERT A 8L MCE-202 ~ 1 7 0 F v TEK
UREDEE B MultiNA |2 X ) 7547 L 72
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TXPALEIE S CG44 FEIE, SIS 93bp D 5
A, CA SERCY 5 X 0854 bp O 3° F st oL
KHEETH Y, C. angulata RIR T 75T O 5 i
FHIF & CA FAEECH O IZ Bspl14071 | [REE S 0 205%
AL A & 21 bp OFF AR IET S (M 1), H
7T D C. ogigas B & U C. angulata 7> & PCR 34 1ig
SNZEEOFEEEIL, Z1Z711288.3 +12.5 bp
&£ 3108+ 19.8bp THhH o7z (F 1), LRI
X% CG44 JEDFIHEIL 256.5+ 163 bp & 2775+
158 bp L ENTHB Y (Huvet et al., 2004), <1
7 a5 v FELKIKE) MultiNA TIEFEBIZH 12 %
DREENFEE L Tz, B, MultiNA TliE, [FEE
e INE AV A/ NG S k- ¥ N &
TVE—=27 & LTIEL SN (K2), KW\,
PCR ) @ RFLP f##T ClE, Bspl4071 HIREEZ 12 X
D RYWHEE (= C. gigas BIxI & ET) B X OIHr
i1k (= C. angulata IR S7 #& fnT) 2545 5 7z (1K
3). FIZHI—T v 3DKTEMD C gigas BL O
C. angulata \Z BT % C. gigas TIx} 7 8 (n T 0 HEHHE
FEIX, N2 0.867~0.984 15 X 17 0.068~0.145 &
s XN TH Y (Huvet et al., 2004), AFFZE T Ol fE
(2B 5 HEHEEE 0 0.850 1 X 180.120 1ZEEH O 4
SRIE-FL T (B,

5 3
C. gigas 5’-flanking region | CA repeat

Bsp14071 site | CA repeat

| 3’-flanking region

C. angulata

| 5-flanking region | 3’-flanking region

1. Crassostrea gigas 3 X " C. angulata O 3§ 318
=T CG44 FE DR .

Fig. 1. Schematic taxon-specific structures of the biallelic
CG44 locus of Crassostrea gigas and C. angulata.

3¢ 1. Crassostrea gigas B £ O C. angulata & ¥ 1558
EHB L ORBEEEF OB EEDS X O s ET
CG44 DX T BIAT-H & SR

Table 1. Number of specimens and number and size of
the biallelic CG44 locus of Crassostrea gigas and C.
angulata together with the oyster stocks of Matsushima

Bay and Tokyo Bay
C. gigas' C. angulata® Matsushima Tokyo
Bay Bay
Number of specimens 20 21 10 10
Number of total alleles 20 25 11 10
Number of gigas alleles 17 3 11 6
Number of angulata alleles 3 22 0 4
gigas alleles/total alleles 0.850 0.120 1.000 0.600
Size of gigas alleles (bp) 2883+125 2837+ 7.8 276.1% 62

Size of angulata alleles (bp) 3108198 3138+176

! Specimens were collected from Nakaumi Lagoon, Japan, and Kyongsang Nando, Korea.
? Specimens were collected from Southern Kyushu, Japan, and Pingtung County, Taiwan.

£ =

C. gigas & C. angulata O [H D F1 ZHEMREAER D TR
13, EEBRBEEET O & 7% 59 (Huvet e al., 2001, 2002)
FIREREE T D W ST\ 5 (Huvet et al., 2004) . C.
gigas DITIFIETH 5 T H A ¥ C. sikamea |X, 7>
Tl C gigas DT MIETH B L EZ LNT W08
(Imai and Sakai, 1961), ¥T4E D731 B (R HIFEAT 12
LD RIFETH 5 L FEIE ST\ A (Banks et al., 1993;
Aranishi and lidzuka, 2007; 3% - 5c/6, 2008). L7
L, ZOMEM O F1 AZHERIEE L AR 208
5 HFERBREE T CTIIBE S L5 (Banks er al., 1994;
H, 2002). FFo, RIRBREECIEMAERM O F1 285
KIZFER EN TRV, C sikamea OFE T A 3 85
FETIIHEDFEA T 5 L v ) @b & 5 (Hedgecock et
al., 1993, 1999). —7, FEEREREE T T C. sikamea &
A 3 ) ITHF C ariakensis D D F1 3SHEARR DIERE
B DOWITHRE SN TWb Xuetal., 2009). =D
& 912 Crassostrea B AT AFFE 2 B 1) 5 A= it g i
2 AR AV N =R A

Huvet et al. (2004) (X, C. gigas & C. angulata D[]
D Fl MR BRI 5 720 IO s o~
A r7a% 554 b~x—h—%MHEtL, WEEROZE
BDHKD CGAM JENFEHTH A LG L7z, L
AL, CG44 FED53HT 1%, PP ik L 72 PCR
WoEEZR)TZ7) VT I FOVERKIKIIZ X
0 PsE L 72, BsrGLHIREESR (Bsp14071 il [R % %
@ isoschizomer) THLFR L 72 RELP [ O Wiy %2 7
T — ZERAGKEN L D HERET B & v ) MO fE
BCchHy, FEREEELTTICBAEZEL TER
TIZZ L, 22 TRIFZETIX, FED OS5I
FEEED, LDARAEPORETRED 74—V Pk
FHZ O SIS T & 5 CG44 JED 53R 73 % B
L7z, BEHETIE, RUVT727)07 3 FPVER
URED & A D GHFEETH V) 2 hs 5 AT EE 253
L<Ew~ A r7uaFy 7EXAIKEZBRH L (Sinville
and Soper, 2007), FGIERE D EBE B L OV PCR EY) &
RFLP BEY O [R5 2 W HE L LT, KliER TED
flms b & BRI 2 £ L 2. /2, B E W
<A 7 aFy TEAKETIE, —FLEOBIEICL
) PCREW O IEME 2 SHRASE I S5 720 CG44 Ji
O CA FAEBSHEETE, — e~ A 7ut7I
A4 MEFT~NOT— 5 DAL ITRETH L. S HIZ,
Fermentas #1:# FastDigest” Bsp14071 fl] [R5 % 38 A
L, RFLP AT 2 IR 5 5 4B C & 7. 2
O ORI K1) 24 RFERE O 2500 TAEDSK) 2 s
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2. Crassostre gigas DREHFEHE (1) AT O
Gk (2) BXUC angulata O REHEAE 3) L
TUEAE (4) O IBET CCHEDT A 7
05 TR IKEN AT

Fig. 2. Microchip electrophoretic diagnosis for PCR
products of the biallelic CG44 locus of Crassostrea gigas
homozygote (1), C. gigas heterozygote (2), C. angulata
homozygote (3), and C. angulata heterozygote (4).

hhhhhhhhhh
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UM

LR § S8 8] ¥ M : 2RiR

ano

3. Crassostrea gigas O Bspl4071 I a7 (1) &4
Wit (2) B X C. angulata @ Bsp14071 YIWrHi (3)
LIt (4) O R EIE T CGM D~ {7 1
T TERIKEY AT

Fig. 3. Microchip electrophoretic diagnosis for PCR-
RFLP products of the biallelic CG44 locus of Crassostrea
gigas before (1) and after (2) digestion of Bsp14071 and
those of C. angulata before (3) and after (4) digestion of
Bsp14071.

AR - RS - BURAEE - ZEHRR - A R

MTHRTL, KEOWMKEZ G LR TIUER S 2w
7 4 =)V RIS ol 2 0T i & 7 o 7.
WIBICEBRD 7 4 =)V FREHZ L W 5 HED
WA SERE L7z, =S BB O 20 C. gigas &
R L 72K, C gigas RIS E (5T o B 1%
1.000 THh -7z (F 1), L, RICHEBEEO C
angulata DXBBEBICBASNZE L TH, EFOH
AIEAE AR FEIZ 2 B 2 L EBRL TV D
bHIN . KIS, HEE ORI C. gigas % [ Fk
2T L7245 5, C. gigas B ST 38 (5T o B EE
13 0.600 &3 L <K<, & 512 C angulata FIxf 8
ZF- O FEEED 3138 = 176 bp THT V7D C.
angulata D988 L il L T w7z (3 1). Huveter
al. (2004) 1%, KL b HIVE RO Tavira |250 405 5
C. gigas & C. angulata DAL H BT C. gigas Tl
X ALEAE T O HBEEE DS 0.217 L A E I E R R
5 (C. angulata OFTEMZ BT A HBUHE X 0.068~
0.145), WifED HRAHAREO WM Z L2, 2
DOFLMEIHEZ 1L, BEE T MO H RS E D
HFAEDTRIEEND . 0B, MO RABHE 2 F 5T
BT, EMBERNNT AN ER Lz —ay
IRRT T H DK ADOBAERSLEERE SN
Tw5 (A, 2007).

B i3

KW RO RIS 72 ) BEITERE RER B gKE
AERHT & OILFEWIZE & THRETH 72 FliE A 2> & 0F
TR R OF B3 ISR X OERIZH
720 TBE & o 72 B AAEOKIEITZE & v & —
sEE OM R RS L ICHEA TS 5. 72, A
FED—EBIE, BERRIAMTIIZERN S B A Bl 4 [ PR AR IR
BT 2EMEREE =) v VT EMT OS] B &
UCBRRFESE 7O Y 27 b [ FEERAA A
OREENZ XV FERINZ, I TESTS.
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Pictures of bottom surface in the central part of Lake Nakaumi (part 5):
dynamics of bottom water in the time of seasonal change from winter to spring
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Ritsuo Nomura', Koji Seto’, Hiroyuki Takata’

Abstract: A characteristic change of bottom sediment and benthic organisms occurs in early
spring, when the thermal structure of lake water changes from warm bottom to cold one and
from cold surface to warm one (so-called spring turnover). Oxygen contents much decrease in
the bottom water from this time on and winter-thriving cionids disappear in this season. We
succeeded to take a picture of these changes in every two hours during April 5 to May 2, 2007.
The followings are our major results:

(1) Unclear water, consisting of suspended fine-grained particles, is normal in Lake Nakaumi,
but it became more unclear when plankton productivity (as chlorophyll production) has much
increased. Our pictures showed that the suspended particles were not only produced by the
winnowing of bottom sediments, but also transported from other places. Clear bottom water
was developed while the water level is high in Sakai-minato, Sea of Japan coast, which suggests
the upward inflow of marine bottom water. Clear bottom water was not formed while the water
level in Lake Nakaumi is higher in comparison with that of Sakai-minato.

(2) We confirmed again the bottom turbulence occurred over the wind speed of 10 m/s, when
winter-thriving organisms, as cionids, become weak in activity, and then easily blew away with
less than this wind speed. The bottom surface has much changed to a desolate surface with a
new grown bacterial mat.

Key words: spring turnover, unclear water, bottom turbulence, water dynamics

i LU & (2 THM A ZERBREIER S, KR O
WAL > TWB 2 e 2R LTW5D, & IZLUED

N F CTHHEOMIE I BRI G2 25 R S LT 72 JE O K/ (Kondo et al.,
TREZR KA AT & L, JAEOZE LR LW 25 TEAIZA, 1992 5 L, 1997 ; Goto et al., 2007) |
WRITTHEIZOWTEBEL Ta (B gD X9 2 PASHIE O WEERHNIZ & > TRKEIZ K|
137>, 2007; BAS - )T, 2008a, b EPAF, 2008a, b). SEDREWT EPMREE Nz, FAERERIZLE

MBI FLER S N7ZHEORF-1%, OB EIZ X - B RT3 L b L7z (I - A,
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B - (RKIWSE+1 >~ ¥ —  Faculty of Education/ Research Center for Coastal Lagoon Environments, Shimane University,

Matsue, 690-8504.
? B AEARKIBIFE L ~ 4 —  Research Center for Coastal Lagoon Environments, Shimane University. Matsue, 690-8504.
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VEARIFC TR & B fReD TLEsE L 730 e % 45
HIICEE S8, LD EVWKBNBEL BT LT
BEdmoTnwh, DL BRI L LEND
Y, FGEOKRE SICXBENE & D ICEEH R E
WHAERRE NS, FUEAETDH, HEICe Folise
RYENBETLLATIE, NvTY) T~y MIX
LB OMEROEX LAY NI ) 9
WERRATER S B (B4 - W, 2008a). L2cL,
AZEDOFHARLBEIHERILIC & b 7 o 721 o Ji#
3D TEALA B L Wiz, MEROEE FIFIco
WTHED iR EC S e d D L., /28
DOHFEEEHE KO KE 2 2L S L EELRER &
o TWh, ZDLHIZ, KFETIH AT Tl
BT 2 2 LICL o TEMRBIMEDRRT2RT L
MNCTED L) o7 (BF, 2008b).

KawiE, BIEE CIBE SN TV D R 2B R
O L) FEFEOWMEDOEALIZALN D EEIZD
WTEMT A, HilETIE, FERIKROER (K5
Wk L) B BREKs R L) THROTREAK LD
FKIBAMER\AIREE 2> & B VIREEANORAT + BFIEERM
(spring turnover period; spring overturning period) ) 73

b

m |

L, 1EEFONTROZLIZEAT S, /2, 7F
V7 b Y OREETE & KA 5 AFI 0T THEK TR
EL72e FOHOBENLRL LT LA RV DIEAHZ D
Bl —Ficaons., o CEMoZEittcdd b
720, ZORPISHIEORTFPEET S, SHI1TK
HETE A AL BBIETHLRE o7z, Bk
DAEEEICET D E D ICOWTLERT . 225K
VAT HHAD L WHE, SO 2RO T
e, FORKERICOVWTIZEL IS N T W
ol R, ok BiEORN 2 KE
F=F LT LI Lo THLRNIZT 5.

W R A&

RIFFECTHI L T 5 EZRERKP T X T2,
K H AT ORMEICERLT & >~ Oz B X7
b DT, REEAEH OB E T & BRI EB
L, #ER e L TAHEY SRR B ER 2> Tw
% (B2, 2007 ; B9AF, 2008b).

KHETFH I AT OBMTORIE L FLFEH D
WTIZ T TICHEE L T b (BF1E 2, 2007). KH
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Fig 1. Position of waterproof camera and the observatory in Lake Nakaumi. a: location of observatory. b: position of camera. c:

snapshot view. Image of the observatory from Izumo River Office.



HIHER DRI 31T 2 R DK LG (£ 5) @ 250 L BFOFHEARIZ BT 5K OB RE 21

OWLEFLERT 5% 1 a~< & LT, 2 KEMEFET
FEi L7z, 7 AT OREDESIL, HED 5#40 cm
THb. 1 HN7-0, 12 a<it 1 B ofskE o
TWh, R TisEL7z2n s omg (2007 4 4 H
S5H~5H2H) &, BHHMICEELZDVD La—%
WCRFELZZDOT, 8 17 ARICEIL, FAEE
BhiTo 7.

F0EE L Z-BERIAT X, (1) 0:00~0:05, (2) 2:00~2:05,
(3) 4:00~4.05, (4) 6:00~6:05, (5) 8:00~8:05, (6)
10:00~10:05, (7) 12:00~12:05, (8) 14:00~14:05,
(9) 16:00~16:05, (10) 18:00~18:05, {11) 20:00~
20:05, (12) 22:00~22:05 T 5.

AT OB L BIEHNILI N E ToMmE L
—HLTWw5 (M1). &<, SRIOHMETIIKE
DZACIRI 2 HHEIZ$ 5 72012, 71 A T OREFNIZ
Mt 9em B 5ecm ODEMEMIEHOD LB~ Y F 2
WAT L7z AT v L AREMRIEICE W2, S OH®
WORZFTOREIZ X - T 5 BREEE 2 17y, &
B (AF v 7 ay ) OFIMNICEHIEEZ 7~ L 72
F 72, FREOFHIE IR TN OFERIE, HD O
REEZ FLH L 725948 - M7 (2008a) OFLBIZAHY L
TW5h.

FEAMAE 1 HEARSHIBI T E v GFL BV
D ~GEED ).

2 HEWRDE 2T R Z S5 GE SR
FEEDOET ).

3 HEROE A T v (hREEO
D).

4 EORRFAMEIR T X DM EIH S 12K
5 (F50ED ).

5RO SERETCEEEHTH L (F
D D7 WIREE)

Kl x5 OB CIRELREEIZL->T 1
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Fig 2. Changes of wind speed (m/s) and wind direction.

Data from Izumo River Office.
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Fig 3. Changes of water levels in Lake Nakaumi and
Sakai-minato. Smoothed curve is applied a Stineman
Function of geometric fitting. Data of water level are from
Izumo River Office and the Meteorological Agency of
Japan, respectively.
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Fig 4. Changes of water temperature in the upper and
bottom waters. Arrow indicating a spring turnover. Data
from Izumo River Office.
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Fig 5. Changes of dissolved oxygen content (DO) in the
upper and bottom water in March and April. DO of the
bottom water decreased in April. Data from Izumo River
Office.
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Fig 6. Changes of chlorophyll-a content and DO in the
bottom water in March and April. Chlorophyll-a in the
bottom water increased in middle to late April. Data from
Izumo River Office.
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Fig 7. Relationship between the suspended solid (ss)
of bottom water and the viewed value of water quality.

Smoothed curve is applied a Stineman function of
geometric fitting. Data from Izumo River Office.
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Fig 8. Relationship between the wind speed and the

viewed value of water quality. Smoothed curve is applied
a Stineman function of geometric fitting. Data from Izumo
River Office.
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Fig 9. Relationship between the water level in Lake
Nakaumi and the viewed value of water quality. Smoothed

curve is applied a Stineman function of geometric fitting.
Data from Izumo River Office.
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------ Water level at Sakai—-minato
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Fig 10. Relationship between the water level at Sakai
Tidal Observatory and the viewed value of water
quality. Smoothed curve is applied a Stineman function

of geometric fitting. Data of water level from the
Meteorological Agency of Japan.
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Fig 11. Difference of water level between Lake Nakaumi

and Sakai-minato, and its relation to the viewed value
of water quality. Smoothed curve is applied a Stineman
function of geometric fitting. Data of Nakaumi water level
from Izumo River Office and data of Sakai water level
from the Meteorological Agency of Japan.
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Plate 1. Snapshots of the bottom floor in every two hours from April 5 to May 2, 2007. Number in parentheses indicating the viewed

value of water quality. Tube-shaped organism is cionid. White plate is Scm in width.
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Larvae and juvenile fishes collected by light trap sampling in Lake Shinji and

FES, 2006). SRIEM L HEE, 2RI OWIIEIS
— NIRRT, KT T 7t RS TR & N5 THFE 86.2 km® & 79.1km’ O [E PN K HIE
B INLEELAEERYICL Y KEOEYW 75 7 DEKBTHY, MEIFBIN L > THEEL, &

N YWFEAT B0, M % R BRI D
BEhTwd (BEHS,
Ji, AR K TRl S S IR 7% <

/\L_I 5&0"4:' L\Tﬁi
ITRENT T T?“'% S h7-fFiEfa

BB - Y NIER ' - PR

Nakaumi Lagoon

Toshihiro Yokoo, Masahiro Horinouchi and Futoshi Aranishi

Abstract: Fishes were sampled using an overnight light trap at Ronden and Teratsu in Lake
Shinji and Eshima in Nakaumi Lagoon from March through June 2009, with an aim to reveal
the spatial and temporal variation of larval and juvenile fish fauna in these lakes. A total of 7416
individuals of 6 species, 52 individuals of 6 species and 1466 individuals of 10 species were col-
lected in the respective sampling sites. In Lake Shinji, Gymnogobius taranetzi (49.6% of total
individuals) and Salangichthys microdon (48.6%) were almost entirely dominated at Ronden,
and Gymnogobius taranetzi (40.4%), Hypomeus nipponensis (26.9%) and Salangichthys micro-
don (21.2%) were also dominated at Teratsu. At Eshima in Nakaumi Lagoon, Chaenogobius
spp. (67.7%), Tridentiger spp. (16.6%), Acanthogobius flavimanus (7.3%) and Gymnogobius
breunigii (5.7%) were determined to be the dominant species. Both larvae and juveniles of
“amphidromous species’ and “estuarine species’ mainly occurred in Lake Shinji, while those
of “estuarine species” and “marine species” occurred in Nakaumi Lagoon. Results of this study
indicate that the difference of larval and juvenile fish fauna reflect the diverse reproductive
mechanisms of amphidromous, estuarine and marine fishes in Lake Shinji and adjacent Na-

kaumi Lagoon along the estuarine salinity gradient between these lakes.
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5 — 33 T 9 F Salangichthys microdon X277 71 F

Coastal Lagoon Research Center, Shimane University, Matsue, Shimane 690-8504, Japan
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Fig. 1. Map showing the sampling sites (O) in Lake Shinji and
Nakaumi Lagoon, western Japan.
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Fig. 2. Diagram of light trap. Fish larvae entered the perspex
section via 4 entrance funnels, being attracted by a 6 W twin
fluorescent lamp worked on 4 alkaline D batteries as a light
source.
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Fig. 3. Monthly changes of water temperature (a), salinity (b)
and dissolved oxygen (c) from March through June 2009 at
Ronden (2) and Teratsu ([]) in Lake Shinji and Eshima (O) in
Nakaumi Lagoon.
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Table 1. Fishes collected at the Lake Shinji and Nakaumi Lagoon, western Japan from March through June 2009.
Ronden (Lake Shinji) Teratsu (Lake Shinji) Eshima (Nakaumi Lagoon)
Individuals/ size /developmental stage Individuals/ size /developmental stage Individuals/ size /developmental stage
Species Life cycle March April May June March April May June March April May June
category
1 72
Cyprinidae spp. F 14.0 8.2-9.5
Po Po
13 1
Hypomesus nipponensis E 16.0-20.3 16.9
J J
1624 1740 240 11
Salangichthys microdon E 15.4-21.0 12.7-22.7 21.8-37.3 13.6-14.7
Po Po Po-J Po
18
Ernogrammus hexagrammus M 7.2-14.1
Pr-J
1
Lateolabrax japonicus M 16.9
Po
26 14
Cottus pollux Am 7.1-10.1 10.6-12.8
Pr-Po J
1
Blennioidei sp. 1 - 5.6
Pr
1
Blennioidei sp. 2 - 13.8
Po
56 44 8
Acanthogobius flavimanus E 51-6.9  6.6-14.7 9.1-11.9
Pr Pr-J Po
937 56
Chaenogobius spp. M 6.3-10.0 5.9-13.8
Pr-Po Pr-J
2 21 62 1
Gymnogobius breunigii E Pr 6.0-13.3  5.6-17.7 11.4
6.8-7.6 Pr-Po Pr-J Po
4
G. heptacanthus E 10.1-12.0
Po-J
396 3116 168 20 1
G. taranetzi E 11.5-149 7.5-18.0 10.8-19.9 13.3-18.7  13.1
Po-J F-1 Po-J J ]
6 12 2 1
G. urotaenia Am 13.4-16.3 18.7-31.5 18.4-22.0 21.5
Po-J J J ]
243
Tridentiger spp. E 2.7-6.6
Pr-Po
1
Gobiidae sp. 1 - 12.8
J
7 6
Gobiidae spp. - 4.4-53  45-12.0
Pr Pr-Po
1
Tetraodontidae sp. - 73
J

Life cycle category (Am, amphidromous; E, estuarine; F, freshwater; M:marine), developmental stage (Pr: Preflexion larva, F: Flexion larva, Po: Postflexion larva, J: Juvenile).
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Geochemical characteristics of heavy metals of river sediment
from the Hii and linashi River basins, Shimane prefecture, southwest Japan

Ichiro Matsumoto '

Abstract: Heavy metal concentrations within Hii and linashi River sediments were measured
uniformly from its headwaters to the coast. Sediment samples were collected at 35 locations
along the rivers and lakes course and analyzed for: As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn. Results
show a very little influence of human impact upon heavy metal concentrations in river and lake
sediments. There is a natural decrease in river sediment-bound heavy metal concentration, due
to interaction effect between sediment fragment and river water. And there is a natural increase
in lake sediment-bound heavy metal concentration by basin effect that is differentiation by

gravity.

Key words: heavy metal, bottom sediment, environmental standard value, Hii River system,
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A8 - ERT (2002), AEIEAH (2003) K OERT - A
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2008a; 2008b; 2009) .

Aol 2RI K OB O] )1 ERE Y D45 |2 E 4
B DALF R Ll T 208, WMISOBREEHE L »
IBIELESEEHOGEERLLE, FEW - il

2487 Sakai

Channel
Miho
Bay
WD
XS
Lake Yasugi
Nakaumi € v
y Shinji 34 onage
Tinashi -
River
35720' 6 3520" |

32

Hii River 3 Unnan
3t

30

. 29
Okuizumo

w

0 5 10km
IS

133°00

K Stk
« )
j Kyushyy SO‘“\\‘NQ Pacific Ocean

1 ZEGYI OV o SRR HUAL E

Fig.1. Sample location map of Hii and Iinashi River basins.
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1. B OB OREFEY) & w5 i A
Table 1. The concentration value of some heavy metals from
the Hii and linashi River sediment, Shimane prefecture, Japan.

location ~ Sample ~ Pb Cr As Ni Zn Cu

2. ZEFIL OEREE) 1 o HERE P Sl R

Table 2. The elution value of some heavy metals from the the

Hii and linashi River sediment, Shimane prefecture, Japan.

location  Sample Cd Pb cr* As Hg
No. name  (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) No. name  (mg/l) (mg/l) (mg/l)  (mg/l)  (mg/l)
Hii river 1 HIIO1 19.7 383 44 59 61.9 6.3 L. Shinji 9 NS1 < 0.001 < 0.005 < 0.02 < 0.001 < 0.0005
2 HIT102 148 284 4.0 3.0 48.6 34 10 NS2 < 0.001 < 0.005 < 0.02 0.001 < 0.0005
3 HIIO3 151 242 29 24 320 33 11 NS3 0.010 < 0.005 <002 0001 < 0.0005
4 HI4 141 311 26 39 287 43 12 NS4 <0001 <0005 <002 0003 < 0.0005
5 HIOS 127 282 24 35 151 27 13 NS5 0.034 0044 <002  0.008 < 0.0005
6 HIIO6  13.6 488 14 29 108 38 14 NS6 <0001 <0005 <002 000l <0.0005
7 HIIO7 139 376 26 59 235 28 Ohashi river 15 NS7 < 0.001 < 0.005 < 0.02 0.001 < 0.0005
8 HII08 148 29.0 2.7 4.4 244 33 16 NS8 < 0.001 < 0.005 < 0.02 0.002 < 0.0005
L. Shinji 9 NS1 71 141 14 41 550 60 17 NS9 < 0.001 <0005 <002 0001 < 0.0005
10 Ns2 222 210 27 9.0 1223 180 L. Nakaumi 18 NSI0 <0001 <0005 <002 0.003 < 0.0005
11 NS3 390 400 40 152 1340 301 19 NS11 0.045 0029 <002 0011 < 0.0005
12 Ns4 420 832 5.0 189 1350 312 20 NS12 0.004 < 0.005 < 0.02 0.007 < 0.0005
13 NS5 341 338 60 150 985 283 21 NSI3 <0001 <0005 <002 0009 < 0.0005
14 NS6 270 150 6.1 17.0 1045 23.0 22 NSI7 <0001 <0005 <002 0008 < 0.0005
Ohashi river 15 NS7 138 410 60 180 1250 192 (Sakai channel) 23 NS18 0.014  0.005 <002 0010 < 0.0005
16 NS8 130 222 26 82 705 129 24 NS19 0.036  0.043 <002 0018 < 0.0005
17 NS9 2.0 5.0 1.4 <1 15.0 2.0 25 NS20 < 0.001 < 0.005 < 0.02 0.008 < 0.0005
L. Nakaumi 18 NSI0 350 523 7.0 199 1650 402 (Yonago port) 26 NS4 <0001 <0005 <002 0004 < 0.0005
19 NS 411 562 80 200 1643 443 27 NSI5 <0001 <0005 <002 0004 < 0.0005
20 NSI2 410 5901 101 198 160.0 442 28 NSI6 < 0.001 <0005 <002 0004 < 0.0005
21 NSI3 340 578 103 190 1340 39.0 Proposal limite value for bottom o1 01 05 01 0005
22 NS17 113 340 40 102 744 201 sediment of Japanese government
(Sakai channel) 23 NS18 1.2 20.0 4.0 5.0 350 120
24 NS19 7.8 160 5.1 51 345 93
25 NS20 141 172 39 60 553 309
(Yonago port) 26 NS14 39.0 67.0 9.2 24.0 1340 41.1 " “ N
27 NSI5S 342 601 7.0 211 1400 32.0 GWHREICB U 2ESEHEOEH*E 2 5 L THE
28 NSI6 341 499 80 190 1500 412 .
Tinashi river 29 1100 193 188 3.1 47 168 22 %fd?) 5. 22T ﬂi, %Eﬁ}}lbkfﬁ 5’ %5@”] - %IE
30 1101 161 212 26 56 349 44 N N N
31 m2 175 455 24 68 74 31 W — KABN — rhlER & SREYN - iR O E F 2D
32 1103 183 261 45 53 293 39 ~ = e 4 =
33 o4 155 375 24 47 63 10 DR CTEEE A =0 HE O K % 51X
34 1105 153 294 19 46 22 <1 o p . . s
35 06 163 336 19 46 47 18 2. ENENOREIZUTOEB) THA. 72721,

Quality standard value

for soil of Japan 150 250 150 n.a. n.a. n.a.

BOLNZRpotz. DF Y, ZEFIIL HEIIE B I,
A Lo HER h O R E iR M iE A 51, A
R BRI [ IR L 2R § & 2H D&
BN VKRR (BRREBIZE) THDHEVRS.
72720, WHEIZ O TIETEOE W E L0 5
M, CRERIZENT Tid, B 2B LEZTH S
b LNz,

% =

AKWFZe I IBERED I L CESBOE A =KL
OCEMEo [BRERLME ] LBl ToFoy 7 L
EBIT, ekl L EREEH L) H AL
5, N\BWRUHARNZARKE GO L —F—& LT
DELEBFOHZENES BV 2% ), AT
WEZEGI K OERBN O L2 i IR COEEE
DEFEGA R OEALORN ALK L7z $iz, 2B
FNAGRAEIT 38 2 JEB K & 72033 % 2 D DR
KM (REM RO 2L O E M TH D,
IR BT AR OEEEICEORE
REHEOFEM A S ko722 L%, HESH

INB2o0R1%, AEITEPY - FATWICERE L7
LOTHY, TNESEEREIT>TVDL. OF
D, SBRBHINLH T — 7R R L /AR A
bET, EHICHERSNAIRELDTH D,

B, AWZEO LI ERE S LT, b
WS TiE COEEROEALZ i L 72 5E 1%
SEERIY 22 %2 (De Groot et al., 1971; ZHI32, 1974;
1984; 28 EII 2, 1975) ZRIFIFEINTIZIZE ALY
TN T VODRBLIRTH 5.

1) R —-REH—KE/—FBROHEENELRE

DEFEZEIt

ZEF — S35E M — KAE)I — iR O MR 4R
DEFEDOEALZK 2 TR 7.

Pb &F m (3ZEHHI TIX 13~20 ppm D §iH T2 1L
LRI WL EL 1 Tl O 20ppm 2783 2%, £
DB I EEEOEILITFZEOONTEEL
TWBHIENbhol, REWMICASL L P EHER
(X 7~42ppm OFFHTEILL, K225 bbbk
B REHOHF.OERIZ EE W EADFED b Z
Dk, KIENITIZ 2~14ppm & ZEF) I HEREY & FEL
L7-&FEx/RT. THEICASLE 11~35ppm Dl
P CZAL LSl o6 & FERIC, 130 02T
WL TTHEBNEWEREEE R L7, 0%, K
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WIZADLE PbE AL 8~14ppm E FHOMKL 42 5.
DT ENS, FHEMKR ORI TIX, BRI R
BN E AR % 3 8§ 5 — M0 R B R 12 1B
T, HEOE L% & O Pb &4 810 0 Bk,
O L IGEBRIESICaAEmE L THET S Pb &
HHMDs, A =2 ZAOFEANZ X A HERES IR %=
ZF, WA GEAE THE T OREER 27200
EEZONDL. TOREE, HHMITH (1990) RfE
M 1Z 7> (1993) 2VR L72I0H% 2 & OREM, gD
WY OV RES ML bEENTH L.
72, WEER W OO AT T b FERIZ,
W25 & HREHEN BT CESBICE DR
EDSE K o TV A BIEHRTE (Fl 21X, HEI1TD,
1975) &N TWw5b. DF D, Pb & HELY M7
JERL T MR T D JLEATK E V72012, EEFICIE
AR EA T & OBFRIE YR TS E i X A0 s
TOBEDIBHNAENHERF T 20128 LT, 8 -
HefE Sz v, —70, OB EEREICIZES
&% G ORER TIER S L, BRI K& %
Wefg b TR BRI & & I X ) BN 23
FCEM SN, REVREOET & & D IHERET 5
LEzZoNDL. 2FD, GiE, W RUHREICE
B A =27 ZADFERNIGED) 53R L D, o

up stream down stream
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b % a2 L 72 EERRIE A A -1 308 B IR L AT A
T2, —HHEOKRXVWESREGRH TREDOK
X OCIEERL T X BRI (D O3\ RE) 12 S
WL ) BENZGENCER T2 2 D EES NS,
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Fig.2. Variation diagram for heavy metal content of sediment vs sample location point from Hii River.
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THY, EFNFHIIEZ 7L AR NVEEET S
HESRE OWEARIFIE L 2WFITNZ T, EHE
GO D L% L, WA L7z Cr OEENH
B (5301340 2001 O HBERIL K % BH08) 205
72EEZLNL. OFY, WEA#EL THTAYE
2T A LR 7 EOFEEREE RS S A~D
Cr DAY G5 ER Y h o Cr &8 & DR
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As, Ni, Zn K OF Cu D ENENDOEH = DI A 18
L72Z24bid, Pb &A= & FER 2 @255 57z,
ThbE, As,Ni, Zn R Cu D ZNENDOEH =
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FEIZRET . 20k, KIE)IITIE, 1~6 ppm (As),
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Fig.3. Variation diagram for heavy metal content of sediment vs sample location point from linashi River.
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