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DIHPEE SN TV D, KEEK 500mN D 10 T O EESAZRIR L, 2 ad & o7 R ERE 100cmD = K7 — &
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i

c FIEOF QHIAIC TR, HIEZITo 72, FEERRBITHER L QWL A %REOREEZ TR TRl L, 7208
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WA T ATV EEH LI, TRIZOWTEZEM (BEE 2m, BHH 3Bwm) & HV CTHEHE & EABFHEBEIWY
AR U7z, SRS NI2 Y~ 7 AR, KR, MR, SRR L EAERFMEESY I, REEEEE
L. gk L7z, 7Zeds. BRIMMEEIZFHIE IS T OSSR Lz,

il - BE]
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FREE) W7o I BIETARBENE ST ERE L TWD DG LR,

SHOMEIL, BEILOREGERE & I = VEOBA BRI & OfRE LV AICT 52 & Th D, BShaAE
WA T, FEBRKEKIC TABICEESL A FRR L, BAEERORIFEARRL 24 HNE LT, BILOHLTE
TEP L RELN 22 S BE LT BE & 2 T 2 B ER LD ENH 5000 LivZev, UL EOBABREEZ B 5
L. BIAAERZIDET 5 2 &k, B, BHHEERICH > THAEBNHA~OADOEBEORBCEBSGAIHICE
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ERE, f%*IEE,

LIZUDIZ SR T ST 555 T U R 7 = (L X
FOE X DK FRE A it D AR KB 2540, REOAE
RIE L OUKENERSEZRE L. (Fig. 1), £2TC, EDXkH7%p
RIBERPAEOERICEEL EZ T DINERLNCT L & &
HIT, ZNHLORERRE S LIT, BSEMHRICI T 2 BEOR
BROWE AT T,

2. ik

-1 FAERDHKE HESNRO T/KBEOFHRIC, 1 HAT 50m DOF
EXH (LUF St.) ZFH7 @& L7z (St. A, St. 1~6), HbH
T, KENOABMAEZRET D720, KELHEOKEZ 7 F&E
L7,

2-2. AEHE 2014 4 5 AN S 2015 4E 6 FIThiF T, KiEHEH
A 222, KEREERGFEZ 434 0], KEEERHHE
475 [, KEBEREREL | F2 B >ZhENIT-o7,
3. fE R

3-1. KEEHEFHA  St. A, St. 1, St.2, St.4, St.6 (XEFEEKTH
52 &St 2, St 4 O LIRERICHEIEOM EATHET HEEND D
ZeEEnTNMR L (Fig. 1),

3-2. AKIBERBE N GRA AV SRIZAER 238 LT St. A, St. 5, St. 6
[ XA 28— St. 1, St. 2, St. 3, St. 4 [THIAKEH DOEIE RN E - 1=,
TR A28 LT St A, St 2 IZRNBIEDEIE N E - 1208,

B & A b ER SN2 (Table 1), AEORIEMIZ, AEDOA
BUCRIERZR2WVETH - 72,

3-3. KIS FEEHANAT 3B 5 MM, At 1224 ERAEE L7, £
72, R¥a v, e vy~ RYav, T7INYOYmAaDAER
PHER Z 417~ (Table 2),

-4 K HASERMFTA 2 B 3 M. 341 ERERM L. £
oo FYa voNERAOARNHERINT.

4. E8 St.BICA O NTERADIRIEN S, S@EBEAKDOHA
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HTHEAEEMTOILTOWA RN AL L BT w R
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Table 1 JKFEERBEZEERIFIAEAER (B F
FEIEH Biff StA Stl  St2 St4 St5 St.6
AR— % 535 123 6.1 10.1 305 84.6
WAkiE®H % 90 49.4 337 00 00
BE % 1.6 12.8 00 00 15
IEE % 750 1000 834 91.7 333 375
K % 125 42 42 222 208
BE % 125 12.5 42 445 417
K cm 638 14.2 80 56 75
FE  om/s 107 9.0 158 10.6 11.3
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~BRERLVBEEIHINLEOERIZHRAN ? ~
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DIz, BT MPFEM S LTV 283 & BT RIEO BB OREREZ 31T 5 7 = VO TR & 8RR B 4 R A
FTHEEHIT, KEE LY F L EBEEN D D VEOBEREIZE 2 DBV THFE LT,
2. WEAE
2014 F-/ 5 2016 D 34D 6 AT, SR BTN O KB RBIEEN B2 SHIX (=9, #Hri, ff)
BOWTREREMNEETH L FLEE D ER SN TV AKE L ETRENRER SN TWAKEN L4 10 #Y (&
i 60 ZRERLGE L TREL, 74 M7 &7 MECL Y Z/KBEOMDOBEREZZE L-FHEL— N (B
S 20K g 1 PICHEBL L 7o = VSRR O FEAE AL & BRSO BE 2 BRI CRilk L7o, E7o. Bl im0 K,
B AE, BEREOFIREA R - MR E L, FEEN O BN E TOREIERER L OFRAEEL MPIERY X 7
MZE VR, TOET, HELEA T VEOSTE D &L OFEEREEFEE 2 AL U, Bk KB MERKD
REWE SR 2 AR L T 5 — AL T T v & W T m VRO E ARSI B A T L1525 EIR &2 /et L7z,
IHEREER
REOFER, =K 7~ =/l (Hylajaponica) . X~ =/ (Fgervaryakawamurai), b /¥~ 4 =/L (Peophylax
nigromaculatus) O3fED B T VAN EEE S T2, 2016FEOREIC BT B MK 5O £FEEEO B = )VEE % &H oW 72 B
ST EEEEEEE (AEGIC>EHFET 7 v 80N 7= 0 BAEE) (ne20) (22Tt HFEHIXKIZIB W T
38. Offlf& (/80M) . #rH K N =JLHIKIZ 350 Tid29. 6ff K & 16. O (A N 2 Ehitdk sz, /2. M/~
JACE W TR FCHEHIX 3 H R O =T O 2 B8V T8, 25, 1. 458 (R0, 65(E & (/ 80m) 23R X7,
— AL E T M L DT OSSR, § Y~ VO 8H 72 0 FEEEREE ISk T 5Kk (p<0.05) & A
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WEBEERT D,
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PE-1

EEINKRIZETABELL O—LERIBYBHEEOE R

REEY, SN, HEEAED, =FHED
1) BRRFRFGEHE TR, 2) MIZITEIE K E TR
LIFLEHIZ

ARER ORI DM EEBOBEEMEITR RSN TN D, HIAREAKIZ K 5B LI XA E (K %
BETHE LB, ARRFRELZWE TS Z LICLY, WIERRICKENREEL KET.

BRI EREEX (REL Y —24, flow regime) (3iJINZRIT 2 BB ELO AL RN BV — 24,
disturbance regime) ZiRET 5. BELL U — ATHHE (magnitude), #HE (frequency), £ifefEfil (duration),
XAy - FRIAHEME (timing or predictability) 35X VL3 (rate of change) @ 5 SO EFRIT/HE L T
ERANCTHIET 2 2 &N TE, FERIZOWVWTELOKRIEENRREIN TS, bR L ARTRIIE
PHREHTITONTE Y, Z0IEE A CIHBELL P— 2R AECEAETMOREMEICEEL RIFT L L, &
BERIREL V— LAOBEBERREERNTHLZ L EZWEL TS, LrL, BEIFEOSE T KESD K E 22201
A=V TITONTEY, KUEN IS — 72/ NS 72 2 — )V TIT DIV GE 1T A 70 .,

T TARMIZEE, BERERAZRADEE)IKRIZEBWT, EMEET — 2 BMEET 5 HUR CRIER X OVRABIEE
HLOMEZATH ZLITLY, NEMBA T —/L TOjiE - #EL P — 24 & BB LOERAEBY OREMEORGRE

g2 L2EHBE LT KT  Re=0.580

2. A% 2 10- 5 - ‘e)::a?g.ms -0.229x)
BAE) IR RICIEET D RBRFTD 5 6, 10 FERB O L Hii&T — § 81

IPTFIET HHURIC, ¥ AETOHREMAT: 13 i CHEZT>72. & 6 1

KA TR L BB O 7 ) 7 L BB R L O § 4

AR RICET oA L EM L. FWEHORMART -2 b 171 & 5]

T O K FRIEE AR L. 2 D%, B oNTEWT — & #IGE 2K, ; : 7 9-;“

REET — 4 3B LOVKICARIE 2 A & LTC R T 21T o 7e. dh1s

BHRBLUEE B 1 dh18 (H/AKB#) L&

FEREEUIRELL O — L LBR L TV D Z LB O NI R T, e b ik TS D BEfR.
ERBORE o7-dh18 (HAKHE) L E ORICIZTADREEN RS 40 {v.
. A (DA, KM, OM) °F LB FoOHis (1S) T dhl8 OfENK
&L, BEND ol (K1), HAKROEBER, ARBAT-CEINKD
LEMZIRT S, EROBDAZGISEILLbDEEZ LML,

JEAEMW) OSPEERET, BELL U — A L0 HKE & OBRMERTRVN &

P =0.005
TM y = exp(3.890 - 0.478x)

Taxon richness
©w
S

DRI ST B IR TERES K& Do 1o R R IR OB T iitigo 20 - Ic ON
i (DA, IC, ON) TKEL, Zib MR TIFEHN V20T (X s 0 'ﬁ@ Ta
2). ZAUE, KEHEIC XY HETHEORW SRR TER L, 2 IEREK TIN (mg I'1)
DR szt &z b, 2 EREIRE L EAEY
AFED DI TR DB,

AMFFET, BN BT DN A A, ARSI OB ERIEIC N, Jif - SRl o — A
HEBEZRFLTND 2 EEP SN L. 22k Y, MIAGRIAL CAERRRIR L2 B/ L i) &4 A
FEERIC, PP LSRRI TE LV P — LS ERT 52 L T, KRR RERPIRETE L Al
MWRd D LRI,
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e T K o E #e ER R D A 3h 4

1. [EXC®HIC

WHENORAE MFBRE D=2 7128\
FRELRERER 5 2 DA D RN BN X, FEAMFEEE L L CTRRIC
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RIS BREE DS A OKGLED) % B L TV A A,
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THROBLE (H158) OB 5531 — ?X&*/V@ﬁﬁuﬁﬁﬁ

IZHWDEDE YL LE B O RRFEDS LB TH DRI
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DAL BIEHE DK BFFHEDOFEN ML ELE 2 DD,

2. AEMEHEBEMN

FERE, BHFFEE TR NIRE R OSE I, b i)
[CONWTE=HY L H R TOD, BB o [T
X (L=600m,201 1 455 ] 38 # 41, 25 0 I 8 | 7 ) 0, 30 S vl
DN, ER ’waﬁﬂﬁﬁ 1/817—>1/1246) A=A 4
T TS LOWE P /KICEAHEAKRB N A THDS
LN TR HE7 2R 1 AR i?ﬁ:ﬁ?‘é%@t&),lzﬁﬁf Xz
AUARIF LT B KB BB AE T T D E TSN

Eo T, kit 1akm (ZBUALEFEAET 503, TIXHLA T
B ICKMLEBRIL, TEAHE DKM EZIEZ = LT
IS DORERME B AAERR) 2B ETHZLELT.

3. BAEAE

BN B Lo/ NYE F s —%f U7 B
B, BT RS O EE) A R (41.6K) 705, BRTE F 7K
PHE L(35.00FTHOH 6.6km DX, LK (39.0k)DAth,
BN S (FEAA -« 546,40.4k) 52928 C, AT 7 ET (B
R)RE L2014 FEEN LUK BN E el 2 FHE L 7-.

4. R
41 TROKIBHHME
X-1 oG ERNC K0S, i B O B FETE T /K T
FECHDH. U KELFTF C2oDERHALNE o7,
O THEEE TIXBUKNL— & A (AR 2 — MR
VKA % [ E L s CBiGE) D728 /KN ZS BRI T i
[a17>o T/ N (IHR) 5. 2014 AE3tKEA O Z iR
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HABL R DT- D PN Z AU LTIl
TEZK X I B2 L s A3 .
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AT LT, LR OSBRI (BLG) % F1 BAEH R DK
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2014 FOEMRUER A D 1 FRD EE/NKRICETOMEZDTEERTFE

BFiRF fRAHR D2

VB FERTFHEFRRE WIS EE RS, 2 AAMK 2 A ST L A

1. AROER

KILOWE KT, PIERRO7mE, KB DAL, (5 RE~
D KR OHERR A8 U TSRO (25 it % 20 < EL 35
(Rushforth et al., 1986, Journal of Phycology, 22: 129-137),
H A1 X 100FEEE DTG K LEFIZ TODAS, KD
FAREIE AR 35, W RO EL SO [ B L AT
RSN, TEKILID 1 S THHMRL (BB, ¥
P2 3067m) I, 2014 4E 9 H 27 HicZeamg kL (&) INEhy,
2015, JkIl1, 60:411-415; Kaneko, 2016, Earth, Planets and
Soace, 68: 72-82), MEKIZEAME N, T, LT
HARDKDD THOMRS IZIRALTZ, WA, )1
WCRIE TR OWCOBRE B EL T, HARBK Y
WSS T, MR ERIOASAIRRD 1 D2
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% 2015 4F 9 ADBIHGREZBIMALU -, BEEIE, S
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WFEA S 57Dt T 70, AR CIE, FHIKRIC
BT, 20154F 9 H ~2016 - 2 Al To7o/KEEmma~
+/V a BOFRERERAWET D BATITIE WEC JRHAERE
WF7EBhE% 4 (No. 2015-04) D 34432 F7-,

2. Bk

(EBOBET, BN SOWE N FAIAATE T
TSRO, )1 2B T RN, kIO B
H B FE DIV D 1, )1 ST o Fi AT
1To7 W) DPRFIN 1T, 3 LDk A ALES R
JIHIERA, 19844F0> 37 IR P S i C oA L= sk
EMHEND KEATEHIA DS, )| 13 BR 7 eBz5% (K 1) T,
T EIRITEEER ORI Z P E L, B ge LT
BE LT, FHEAD 2 Mk, F e A Ling
MDA T8 | | DFCEA TR DT DIZZRE LT,

BIHCIX, KR, pH(INIEY LS S0 77 AN, SBARRE
J&£ (TOA-DDK, CM-21P), &% (A A (1, WAL ZHIEL
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4. BEBLIUVELD

Cr3—St1 2B 1T 2KEEMORDER E LT, KEOBIMRE(NZET b
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Water Quality Conservation and Environmental Management of the Inle Lake
in Myanmar

Htet Htet Moe V. FEEF %t V. Hnin Wityi ?. (FiE—E?
1) |ERTF - REGRBE TSR, 2) @EREINFTET - EEES

Inle Lake, the second largest lake of Myanmar, is situated in Shan State in the north-eastern
side of the country. The Inle Lake is not only designated as the main attraction of Myanmar's
booming tourism but also nominated as one of the heritage of ASEAN countries. The main
business of in this area is agriculture with floating gardens. This lake is considered as a warm
polymictic lake and the trophic state is eutrophic. In Inle Lake, there are a lot of floating farms
in floating islands and are made from masses of floating vegetation. Floating farms are found
around the lake margins, tomatoes being a major crop. The tomato plantation is the major food
from the Inle floating island agriculture and produces about three tons per year and distribute
throughout the country. The chemical pollutants from the farms, human wastes and domestic
wastes produced from the peoples in everyday finally accumulated in the lake and become
contaminated.

In the last decade, the lake has been facing serious threats due to the use of chemical
fertilizers, pesticides, and organic fertilizers, man-made pressure leading to the deterioration of
its water quality and shrinkage of the open water area. This paper aims to identify the problems
based on data collected from lake authorities, investigation of field data, water quality survey
and to prepare the management plan for biodiversity conservation of Inle Lake. It can be useful
for the major problems of eutrophication, water pollution, and controlling and monitoring water
guality, environmental deterioration and to preserve the lake for future generations.
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EbDEMWE, BE—I—IZ, EEORENRENETNOnYL 0.1ng/L, LOng/LE72% L 2ICFHFE L. AKIL%E
BT 7=DICH Ny T 2% 80 g LINZ7z, —HMIEICESEZHEEL., KD chlorophyll a, chlorophyll b,
caroteroid, CAT, APX POQ HEHEEKO LT ABE L © FOREZHAIE L,
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i D L ORI OWNTREMICBNT 5, £, BHELIZZO®R, TAVIF I T=DBERICHAWDS <y bR
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4. 5|EXH
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(2): 115-125.
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R A K. SFAERE T, 18 (2): 79-86.
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IGHAARR T, 18 (2): 139-145.
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RO E a7 FAAREDE, £io. 37 FANAOFEINEN X AMEEARICOMM LTV D & L AR S
Nic, ZNOORMAERE 2, LrEX L TIEFA 22, 23FEIZa 7 FAZXOBBRFIEOHTT 21TV, TRk 24
ED 27 FANZOTBRAV R S e, BB, 227 FARZAOREBRZRBEERIT. 2R 72 FIEZ NG RR
FILZRD G| R 28 1R F TR S AL TV D, AR CTIE, Rk 24 F~28 REED 5 p FEIT DT D Ly fg & Al

BT D a7 FARRAORBRAIIRBIBROZNRIZONT, BEERER BT T 5,

2. AEFE

a7 FNZAOFEIL, AL 24 F~~28 FIZ, RITAFEOFEIIH (5 A Fa~7 H EANIZBWT, B, EINRNO
BE, (MR Z RITIT o 72, BIAIC OV T, IF/KHN CHERTICHER Uiz 2 7 /N A O BEY R K OVEEINER O fEdR
RIEBEE 2 CRRE L2 6 DOMEHIX I, #ilfd (B4 50~75mm, LK I, £ & 20~40m) Z45HIX 2~3 ¥,
At 14~ 16 fakiE LI U7z, BEIRRIN OINZ DWW CIE, REEOFRAR KIS W CEKIC L 0 EIRRZ fER8 L, IR0
B AI] LI 21T o 7o, AFHERIZ DWW T, IR 2R — M Tt L, Z /87 S X 0 ArREZ2 IR D i &
L7z ZOft, Sk 26 IR OESGE (FRIEFA) 2 EH L, AR OB O 4 BRI A 402 L 7=,

OHA(NB86) OHSNS591) @‘H26(N674)

LHERRUER mH27 (N=539)  m H28 (N=490 XE R1E)
PEIREAIC I51F 2 T8 C D BLA O (R %550

TRk 24 E~26 REEIC 22 T 600 B IRAT# T 300 -
o= 8, SERY 27 4EREIE 539 fER, SERY 28 4R
FEI 499 R & Ui-, 8 Li-fifkosely & 200 fommmmmmmoeeo
WER A 1 IR, IR, 2 MR O3 A
OIS A RN IR T BB AR L TR0

PSS T L TR T B L2 D o |l :
MZ’ ~ BT 28 3% 48 5% 68 7ELLE

% TR 26 FEEEDTT) | ki 0 E BT A R X1 ERHAICRETHEL-I I FAXDOEHER
BT, PR 22 FEEICH AT, BN THIE L2 O R Ta s FARRED ZEENEA L, —H, vIAR
EY A, UBYF, G RVEREORIGHEM L., ThbDI b, LrEd MIBWTRERRIC TN L
TND a7 FARADOBAOHE, RO - PEIIR DOFSIR LML (BRI TR 440 AT | (FHEFDIREIL, 27 F
NADAEBEOWA L & HIT, ¥ LEPTKMNORBEARROERIC-EDHREKITLTNL EEZ HND,

4. HiEE
AMFgeiE, ELAEE R A R L 1 A LD E P E i L T DR AR BRI A R DR O —F T
0%, REBOREREBIOBERICIR LA L LT 5,
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PG-4

BEFINKRIZEFL23/4 DAERBHITETORM

BRI D, H EAE 2, WMEAES, GRHE
DI ARZETFEBRIREEITER, )R RFKESR, 3)E/NFERFHERE M % —

1. [FL&IZ

AR RIRE IS M CERAERER ~OFL REZ S S I LTV DA, (EREOBARIE L &/ KFE - £ Y
BRWEERESICIEEINS, WIAERERAEET S LT, SRS L I ENBAEREO P ELEET 5
REThHY, Wik, HEEICELTOEMZRETHILERD .

EHEOE, WA RLATHAREE T 582 B W T, 24 Cyprinus spp. 8 EM TKEIZIRA LA T =5
Semisulcospira libertina (Gould) D B2 D Al HEME Z R TR 2 M8 L7 2, RBEIIBEEF AL b A 47 F AR
Micropterus salmoides(Lacepede,1802)°7 /L— ¥ /L Lepomis macrochirus(Rafinesque,1819) & RIFINZ k¢ X fE¥E T
HY, IUCN (EREHAREHEES) THIEFROARBAFET —Z b 100 IZHIBESNTWAD. £2 T, AFETIE
KO FEFTHCREMENS, REBRAICE T 52BFOFESLCHEDITHZMAOMNCT LI EE2EHME L.

2. BIRBIZS TS24 DEKREE

HE e (X [ & RS X T, BRI T M OEOK £ 7013k oD o BARBLE CIEE AR L. FHEEERTEK
HRBIZEOMIZ, ¥ EMICKDEFRILIT o7, MERFIIETNOAFTD 4FL L, JFAIMIZ KRG E S S
& Uic, IR TIE, EFE O E TR OMEEEEN &<, 10~20 EIREOREILTITEI L Tz, i
X MITE T EToBBRAEINL O, FHialbTBEE Cholz. 1, AFIREELRGITTRL, /D
BEE 7T CITEI L TNz, EZED DKL, FEIRE 4 3R o0 T3 F 72134~ 0 £ TEh 2 B D 72228 B 1%
L CWDAREENE L, B0 ENAEYRE COMERE S HICATRBEZEL TRV, 20X RfTihitEirEc
FESRMREMITH D LRI ND.

3. IVFATLAM)—ZRALIAEDMERNS A

HEHGE X, JEEGEX R OITEHRE 2T 5720, MR 4 BEROIEENIC 24 VB RIER (ATS #1823
EFL, 10 H A D 3 A TR ZITo 72, REFAICIZIAZ L EMMICIEE L TR Y, XM O AT,
11 H 13 B2 % L MiECO T TS HMITENC ML L2 2 £ 0D, FEINIAKEE L, Sl L-bo L#ERsh
%. 3 A 30 HIZHEY, —odll, FINEHRAEICEED, 10~15 EEREOEMZ M L T oA 42
B LTI, MEER S 2 ORM CHFATEIZ 1T > Tz, FEEFRXKHORAITENE, K 600m, HE[EAKIL 6 kmo
FHCBE L THY, ENETIZAWEHAZITEIRE L T\\2D Z &R S iz,

4. RERERVREXRERE

B LB o EAEDIL, BHEOEISIIEL, Zoft, fEOR, I, e/ 7T AY K7 Senopsyche
marmorata Navas DEAfES, =2 /7 % >~ bk ¥4 7 Cheumatopshyche brevilineata (Iwata) D EERR, % = £ Palaemon
paucidens DFET, = R U OFEHENFE AL S, BIKTIZHE LN EATR A EO T ieho o, ik, 440
X Egeria densa (Planch.) Casp. 23BN GLHER S, & L IXT TICHEDNEA THWTRIEE TITIEE L 2o
To. ARREOEEL, WROWIE T L HITRVVAL, WHIHE Tl AL, BRNIZNDTWD. BZ2UBET 5 &, o
NI B mILIc VA E N =8, IR U » THERRTE 72, RJINZB W TiE, BENER LZ2WEIE L, REOMA
EEEOEHVHA L IZT L TNDZE0E, REICLOZMEEREVWI LEAFHDELRRL o7,

5. #iEs

AWFZE % Fhi+ HICH 20, )4 (No.23- 1215- BL) DBk & % 1 7=, E£7-, HEEF)IEER RS, LN
WL RK PEFFS T, (A R AREEEEE 7 & DN A T EREIBIE R ORE I IT %D T2 2L L BT 2,
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PH-1

WMERXRLS SV FOVFIOLRERMAZRAN:
EZFHNT FETFSDREMBF DR AEME

TRER Y, kR, BHEMKD, EE R, B KRS, ®H ETY
1) BARTREAE, 2) BHFE K, 3) SLETREET, 4) HaE T KE, 5) WAL
l. 8 -#MHREAE
v 7S A AT Ner T Senopsyche marmorata (X, IO B~k AR L, IR O A FRIZHER O B A [EE T
LEMMERNE ST TS, TOEREDZIZHHROEFEMNILE L, KEOKNILRIIBEMESOREZ KM HEO
LEZON., BREOEAR)IIKR (SLL KRR, SL2-7: &A), St8-9: Eilin)l; FHid%k Ko\ T Rk
NHFIE) THRONEZE ST IO Y N7 EZ20EFGET ¥ SR A T M5 T S sauteri OFENMEIT
#% ICP-MS GBS 7T A~ ERBOWER), 7T HH T herI70A harF v heERMEE ¥s®s &
TIMS (K EHEEVE &BOVTEE) ([CXko THIEL, FAEHSROHRIE X OMEROBE) > BEHb & 34 72

2. fHRLEER

ST HAT RET T EF X AR ST AT NS T O 2FOENITLRMAKIZIE, KEREVRRLOLNR)-
To. Fiz, €T FTAAT T T KERS R OENITRRE LK OBFRICEREL, < OxHERTHEEL T
2. = By, =L, asN)vh, BRITAEL, RELTHD 1000 |
HEX LAOET (St2; Fig) TRbEIRELRY, FLA0rbEEND
(> CTIRIREE L 72> Tz (SL3-7). Zofrix 6 Ak b 10
AICEEETH -7, BEFIL, FLAWKEIREPEDLND Z LT
JE{bL, ZOBRZEEAKNETREL 25720, KEICEEINT
WAL RITEH L TR~ Tz Z EREll S, 5

800

600

400 —

Mn concentration [ug/g D.W.]

FANY T ORHMRS EORBEZ I LoD EEZ DR, E Q%

—HRRRTIE, Z ALY BRI SRR SR KB S s o Eﬁ@éiﬂ@ HQQB T

LEBRE, CNLO XD RTHRIEEICBT S ACEN TR TH - L S A S

AEEICBBHL TV DL, X AWIC Lo CBBIYEMT bk e e e

Tl AR B B INDIREEIC 5 5 = & AR T 5D Tdh otz FIg Manganese concentrations in larvae of
EFFHHT D ES TR RO A |k a Ty AEE R Stenopsyche spp.

855 1%, SAARNDOARI (St 2-4 33 L VSt 6-7) T 0.70630 - 0.70642 T - 7=DIzkt L, ZDX)NTH D KR (St
1) T 0.70643 - 0.70661, KFk/Il & EHAJIOAFHS (S.5) T 0.70573 - 0.70574, #i#fA)Il (St. 8-9) T 0.70555 - 0.70558
L, A NI EE R B o Tz, F£7e, ANOPWEMEAFINOZIZEE L TRE WO, RICH
272 ¥sr/®sr OBALIIBD TS WH D Th o7, RO ¥Sy®sr RO Z T WMEE £ o T
INLORERNSG, ¥ LAORBEZBR ZITMEFMCKRELS BT v Ty, =v o, avh, ARy
L7e EDOILHEIREIIEIRDIEAEM R (&0 DT FEDTIINTOMNE) ZHETLFENNY LR, SHICA MR
VT LABEERMRIZ L > TEEORE LSNP REND D EE2 DN, HMETEELEA M VT VLAEE
AL DOWE Z NS Z & C, e 75T BT bEr T ORARRIEEMED /RIE X 7.

BE AW, BRI REE GEE S 25-4083, 26340089) 72 O NI & L/KIEHIBREE Rt o &
—WEC & FZEBERFZe 8RR (BhAk &= 2015-03) 2L » TEATENT. R R u o F 7 ARERNIEDE &SHHT
X, EMEREREEFIITCET TRNLIRERBES: ) HKREIFZEDO—ER & L CfT- 7=
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PH-2

ANNKARIZTEEYT 5 DNA 275 A L=-EE OFIENKE B RIE SRR

J\EEME BTl =Y
1) BIERFRF P Tafsekt
1. [XC®IC
U4, SRR ~OSB OB E Y 250, W - ALDOEBFHAESRE T B A A b EWvoiokd
EWORESEMETIA NG TN TV, HERORAETIE, o7 v 7%y MNMETREL - AYIEA I RES:
FINCFERIE L, FEZEEME (FE%) 3L TW5. LsLZoTETIE, 1) &M - B - feffaiimis S
BV NVEHOBRBIREETH 55, 2) ERIEIZITERMOEE LSRR NEE 2T 5, 3) BlERe
PAKEANIIERERIE SRS CRARIE D U A 7 ANV, 4) £ 6% b A 72 & o/ Nt 3 iR s hTn
PRV CRACEFE) 8% <, B BV OMOWOERERIEICIEE S, WO RESENH 5.
2T, PERORERIEID 2 AW SARMERIHET & L C, KPS DNA (KEREE DNA) oHTic X 549
ZARMERHIMANE H 21OV T 5. KEBREE DNA &1, AR DNA Tide <, BEKHIZET T D48
H3kD DNA Z57. /KERBE DNA X, KPIERTDAEMNEOAEWiEE (B : BiRz, AR - kiko4rk, e
728) ZiBLUTKPIZHEHE L7 DNA TH Y, A BREOFESARM: 2RI 2 Fik e LCTHER STV 5.
AW TIL, ZOMEZAMHROKEREE DNA %, IR DNA > — 2 =0 ZfRHTIZ X 0 S5 IR g L,
DNA R—a—7 ¢ U 72 L0 EENNOKAERBBEOHEZRMELZ O THZ LA N E L.
2. Bk
HE) NI 2 BREE DNA T IEORGET D7, BRI A biaL 2 —#di) (S O T o4 5 « fitds -
RO SMBOEEH TITo72. £, WO TIHERT THERAK L. BB 72RO P TE B HBRE IR
IR0, RREYEORMEUBEEZIT o7, 780 ONH03— B K& SR ST o Al E T 7. )IKko 5
WETFLER 0.1-10um DA T Lo T 4 NE —H T To T2, D%, B LAz Ny 77— S,
Wk 2 FVNC 56°C Tk proteinase K WLERZ{T 7=, VT, 7=/ —/L « 7 o akR/VhiEEZ VT DNA
HZE1T-o7-. fhit L7= DNA (3-20°CTRAF L7=. 5572 DNA OREEIE Quantus Fluorometer (PROMEGA) D
Quanti Fluor dsDNASystem (PROMEGA) %z N THEEHIE L7z, #iV T, A CEREL L 7-BREE DNA 23432,
I haar FU7 DNA (mtDNA) @ Cytochrome Oxidase subunit | (COIl) &k PCR ¥l 1T >7-. £ D14,
L H DNA DRITIRILZ#RE L7-. PCR IGIEIRIE 10 x Buffer (TakKaRa) 1ul, MgCI2 (25mM, TaKaRa) 0.8pl,
LCO (10uM) B LY HCO 77 A ~—(10uM)%Z <1 0.5ul , dNTP (2.5mM, TaKaRa) 0.8ul, TaKaRa EX
Taq (TaKaRa) 0.1ul, Dimethyl sulfoxide (DMSO) 0.3ul {ZE:H L 7-BrE% DNA % RKii#C 1ul iz, PCR 7' L— K
AKTEREN20ul L7225 K 9 L7~ PCR KJ&I21E TM100TM Thermal Cycler (Bio-RAD)Z fV 7. RS-
1L 94 CT2HMELT=. ZDT%, 94°C T30 WDEZEM:, 50°CT30 DT =—Y 7, 72°CT 1 oEDMER
JEDHA 7 V% 20 8], 2508, 30[EfT-7-. ffkiZ, 72° C T 10 pMOMERIEEITYY, 12° C TR L=
Wiz, EENO EFEND Tk E CREAZZTIIKROY 7) » 7570, A2 02um DAL T Ly 7 4 VE—%
DTk Z A L7z, Eit & [AEEC DNA Sl L, PCR #lEZ4T~7-. #iV\C, illumina RS —27 =4
—MiSeq Z W TR — 7 = i &7 o712, Fohicy— 27 2 AT — 2% LT DNA S—a2—7F 1
THEATH Z & T, FHROARREEHEE L.
3. MR LB
KNS OBEE DNA [BIUG1EZ BRET U 7-RER, DNA B IR AT CREEHICA B2 2213580 bt/ -
7o, —J5C, @EORIK & EREEEL ORS00 DNA JZEEZ el U755, @5 O 117k235 > DNA 2
ENERIZE L o7, SRNTEHERAES b 72 & 3 HIREED DNA RIS Z & 5 Z E N TRINTZD, Bk
AR DNA OSRPHEATZ & C, Ff&DNABIEME T L7z B2 615, 77, A0 2um DA T L
VT A NE =i, DNA REDENL L7Z DNA BENE <, D7y PCR ¥ 7 VT H%E L= PCR
RN R SN2, — T THEDRKRENA LT L7 4V Z—Ti DNA OZE LT-HEEN R S ho7=, Lz
ST, VN EWRO T 4 V& —% D Z & TRAR R KRORRPE 2 RN MG T & D alREEN ® 5.
Stk BREDKOIRMAR S — 7 = U RENTAAT 5 Z & THIRN O KA FEZARMED ] M2 72 5 EHIfF S LS.
4. HiEE
AWFFEL, FHEENFZEEMiBhe: (FURAFZE B : 16H04437, 5 FHIZE B : 16K18174, HFBURFZEELYmE), = vt
A A RS - SR EBIAR, 35 ORI AT (i 2 Bh k33 (285211062) D& &R EIZ =T E LT,
ZZITHEERRLET.
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PH-3

NIRRT RO 7 LEXRBEDE R HT & DNA 4TI & S RAEREDH#E

YrRaEESL Y, s AlEE ?
VORI SRR
NI L Yy —

1.IFC®HIZ
AR TN I PN e X I & 502 % 18 2 B R 0 7% TNEAE
T35, ZOETITREN W20, AIEOBENELDIT 0D, KD
NOFELHTENT 2T, BINTRRT 2044 B U O EE{RT =
LIEoT, NOBERE#HS LAKOMEL&ED 5 2L, £ LTIo
HAZ BN T DIEE~OSNMEREZ B Lei=HIC, Ak 284F 0 58/
OBEFIHE, A FHHE, WEEET, Z4EZET, LKETEZET, w0
BHATIRHEAE (KD 27EBL, 72044 B UREOW KL
BRWOFAEBEEIT-> TV D, AL T, ZALDIEENZ L > T, K
BRI A S WL U7 RENBEE 7 2381 0> & Z F CTHIEEL TV D H 43T
g 27012, N TMAH CEEI N T IOV TEADIT 2D

R DNGHT & T - 72, 1 W& T OEEME, H23~25
2REFHE FICABEERE, H26 FICED
MELN N é > ;’xﬁh‘ % N

Tk 27465 A 10,11 BICEEI0 1 BIHET & 3 BJHE T TR égggff AV B 5 2

IV 1BROT7T2AME L, E£iz, 4 8 H~10 HIZIB)IORJR

BhERE ZREETETT, KUVICEVHBREOT22HEL, S 71 RIZOVWTHAOA M T UL - HL
DU LD EATI o7, Fiz, FFE 8 H~9 HICHERN LI & B RN CASI D (T & i L 7= 41 fafk
EINZIZ5E 112 BRIV T, v 7 ¥ T 74 b DNEHRWIZEGHREIT 217> 72, ~A 70T T4 b
JE & L C Pal 1, Pal 3, Pal 5, Pal Aan91, pal Anul94, Pal Aul99. Pal A2 0 7 JBE % W CHENE L. Applied B osystem
HOL2XT 4 v 7T FIA P =5 HNTHRE L, LEEE AW CEEREWREE AL KO IERER O E 21772 -

1z, 20154£8-98 20154£8-9
IHEREER - E® LN s b3 §C ST

F) W) CHHEINZT 205 HLER ¥ — . EmmE
NI X » THEKBIREDZE O BT E{ED » ATHE B ALHE
% IXBEHIC S WAIEER CH D Z &0 — W

MRS, L2 5 AT 1 EJE — W Forlgil
72 B ONT 35 HHHE T S L7 fE L~ -
THHERKM L7 2CThD 2 & nbhote,

Sblc. BRI SABETFClBans o ornE  sswm S —

ERD 67%. 810 AICKEMG LIk TS n=6 n=15

SEREE

o EMERE
AT AER D 7% I3 EE R SR L7 = L) 8 b = ATEE
ENnt, ZNHORRND, 20154121, R ates
RO DOWRFET N =502 T F £ THIE HERT o BERToEH

L7-Zd, RN =Z4~FEORB T
2DOBLE VARRRMEHET 2 ThHh-o722

Lot WolE S . JUIERIC Y 2015458108 201548 A5H,108, 9108, 10A11H

AR DIKBIED & 2 Bk LEmRs =7  BIIASEET ieay  WHEESRDR

bz, ZoOTw, WIIEDT 2 ORI wErRE !E i

SNTIHELICEERLELEZZ LD, " LB _ "ECRE

4.3 e i
KBTI, SO ORBEET 2O BERToEEH -1

DO—EELTEMBINTZ, EMITEEL T, K
T B D ONS K PE T /K PE £ T RS RER HE 2 2 LD B &M 2521 T, T2, S RO 7 AR T, ) 113t
PR, 2B UM e A OM A BOBERRICEEL T2z, UL EOBIRE ORI O EE2FK T 5,
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PH-4

BAOSIEABICA >4+ HhT45 5 (Nemourasp.) BEKEED
L8 7 07 A — LfER

(LBFE4 Y, Maribet Gamboa ?, Maria Claret Lauan?, £HA A2, EpuzZ="
1) IR RFRFEGRE T2ER,  2) BB KFRN EREA R R v 2 —

1.IFC®HIZ

A BFIERICIB W TER SRR BITERELRE L 2o TV 5. L LIEFOSHARK[IR EA 72 EOKIEEE)
KB R 7 EOWIBRBESGUEZZEL S L AREAH L. BEOE(LITNE Licy X0 EnblE, Nz
DRBIZHLTCEDIIINE LELTINEMDIENTEL., OO LRI EEHNRIZLEMERR, BE
DEREIZBIT HEM~DOFBEZFET 52 FE L LTHHASNTWD. RIFEORGEAW T D07 57 7135 D
FNCERTAKERRT, HEAMELTHLRAINTNS. LiL, BREOZNIZEKTHD Z Lok
HATREMEDN R VSRS b TS, E AT OERBROMFFICEEREREZ R L TWDH Z &
5, [IBEEHKTL2HV T TOIEEEZHETHLITEETHD. AR TIE, SHERKEREICAEET O HY
T OREEERET 5720, BAAROKIEREARICIR o120 U 7 7 g E AR 0 2 o X 7 BRB 5 — o % g
L, MR Ry R EERE L.

2. /&%

FLIR, s, IR, Lo 4 3K TH U ZF T AL, DUFTOMY v\ b X X7 TEfH Lz, 0%,
2RI EDRE BN~ 7S L— ) —%— (SPECTRAFIluor Plus, TECAN) THIE L7~#%, 2.0-3.0mg
I mliZ722 X5 AR, .M Lz, M Lie 72 8B RAEl L, 2 RoTBEBRIKEIZITH 2L TH XY
BaoBELT-. 2 ROrESKIKENT 2 BeEOBERKENC LV 2 "7 B2 5V B 2 IRTTICE LoBET 2 FIET
1 RItHIZ pH A ETEBEROBNC I > THEEL, 2 KT HIZDFEDEVNI L > TH I HEnlT 5.
AHFZECTIE, 1RITBICBW L 1 kT EXKKEIAZ /L (Immobiline DryStrip) @ pH 4Jfic 3-10 ® 7 V% W,
V= a T VITHE 4 BePEICEIE L TR A2 A 2 TITo 72, 2 IRIT B IZEB W T NUPAGE 4-12% Bis-Tris Gel (Life
Technology) 7 /L&, EE L ERE TN 120V, 60mA IZFRE L, KL 1R 45 0 CTfTo72. 20
# Coomassie Brilliant Blue R-250 (BIO RAD) Z#fAWWTCH# Vv ZYE L, ¥ o 7 Ea Ak Tc& 5 L HI1c L.
Z NI BEAR y NRBRATZ TV AF v = CHEEERY IAZ, VT FU =7 PDQuest Z U T U TR
R =R LT, BB L2 N I EEESE R Y T B W T Rk L72%, MALDI TOF-TOF Z &
IOHEFCEEAZIE L. BoNTEET — 1T MIS (Mascot) IZBWTH X7 BERIE LZ. £, RESH
7B X JEIXY 7 U =7 DAVID % HV T Gene Ontology IZ#-25 X 35E L 7-.

IMEREER

HUNRTBEORBNSY =k AR TR L2 2 A, KRR 35 o

H7p 2 L X7 BN AL 16 8, (T 19 8, Ik E.C 9 A, 30 s

W RLF—

BILTAERBIE. “HHDX L IEEFAEL, HES & s
LA L AR AR LISRT. AR TR = R A ¥ —I2 8 o
IR % & 2 S0 B, WIRAOIRIE 2 I CIRRBNC BT 5 < 15
BURYERELFER LT RBABE T TIRE02<0 1 o
5o BEREIL, ORI ST LB DD, ; l B = o
4. HEE 0 B - @m’:e,—ﬁw
AR, BRI E M4 - ARG (B) (16H04437)8 X L fim R il =

OBRER OB 2R T (26630247) D E&EB 2521 TiTo 7. 2

) 1 FPEMICHBE L F RV B L2 ORRE
ZICHEERLET.
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PH-5

YA OPXEZRAWEKEEMBEEBOMETELIMICELS
EREBEROARIEDOREH

HEARD - g AkRF 12 - BJIR—3 - REE)
DHORFE R REHEMEE v 7 —
ARRFRFERE B2 AE MBI 7R

VBT FEEINIT IR NS TR E R B AT IERT

o BRI hiEE X B (PIXE) S0 HTiE L, IR O Do~V VAL AU R EDEH RN F—DE— L& RE L,
RENOHAET D FEBEFTOTRNLX—52FEO XA (R X)) 2T 20 G ETH 5, PIXE SHTIXEDOR
BERABEICEEINIMBETREBEL L, »ORBHCH A=V %2525 2 L7 HIETE DIEMEECTO LT KR
RFotriE s LCES - AR OBRERN 2L E L THRARZERICOE W ELSFHAESR TV 5,

N L 725 iz < KRBl O R R Z2EETHZ LT, BBOZREXLESARIPMMER TE A~ 70—
LAF ¥y =27 PIXE (micro-PIXE) (. AL AREE 0. lum OFEE CTREIER O Na D U ETHOLITHRITHOWVTH
BRI~ v 7B T 2 2 LN TE 570, MR 0O T3 /5340 O fE I CHEE AT ORFFEICE L T b, —
B OBFRPEONHM, REEZRVIELANWDSGZENTEX L0, REFEHEORLL LAV Z2REHC b LT
WHEEZDBND, Fio, WM OB E CHA RRBOSINUSHT 2 2R TEL 2L LHETH D,

JIEAARRTESIICE O TE, KEEMORECAETES, ERRE L OBMRICERZ b TifiE - 1 EZ<
PEIN TS, ZRNETYHT —~ICBWVCEIARTIED L 9 B ZHFIEEZRO ARSI RN 2T 7 a—
FIEHEYV RN oo, REEDOISHEZRGT 52 LI1CiY . BBFEOWREZILIIRBIEH LN TED
LEZOND, FIZIE. EYORREDFTENZ A ENDEMEMOTEBIARL L GO TE ICEENDIMEITLHE
SOCFENEREDRDZ & T, AM~OBREOREBSZORBELZ MG T 5NN BRHBONS Z ERHER D,

AFETIL, v 71 PIXE ZKRAEEDOGHIISHA L72FF L LT, 1) HABLOWEKIZBWTHEE LioA
U OEFEEROWTEIZI T D SriCa OofikesR (BT ORBENIEE LT). 2) Pb 2R AKG L7zaA
DOIHIAMIZIS 1T 5 Pb DA (WM E FAWEZREET =2V U 7 OB E LCO) . 3) Cu ik CHEiELa v
DOHTEMBIZIIT D CuDRAARE (774 P AT 4 =—2a ryOBENDL), YLEEHLITE D HIF 5,

FRRIIHH R E LR AR BIESR O~ A /7 a E— LA F v =7 PIXE v A7 & (Model OM2000,
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Aquatic Insect Community Survey in Chin State, Myanmar

Hnin Myat Mon" , Takeshi Fujino”, Aung Nanda” , Daw Htike Htike® , Khin Kyu Kyu ®

1 Dept. of Environmental Science and Technology, Saitama University, Saitama, Japan
2 Myanmar Sustainable Development Engineering Services Co., Ltd., Yangon, Myanmar
3 River and Coastal Engineering Dept., Myanmar Maritime University, Yangon, Myanmar

Myanmar is one of the most biodiverse countries in Asia and is biogeographically interesting
area, however, anthropogenic activities such as deforestation, mining, river regulation and
agriculture have resulted in environmental degradation and biodiversity loss. Since the law on
the preservation of the river water quality has not been enacted, continuous biomonitoring plays
an important role. In addition, the exact identification of the occurrence species is still very poor.
We have conducted qualitative macroinvertebrate sampling in the 2nd-3rd orders gravel bed
stream in the Southern Chin State which is located in the southernmost of the Arakan
Mountains since 2012. As for Trichoptera, the twenty-one species belonging to 15 genera and 10
families has been recorded for the first time, and most of them are originally from
Indo-Himalaya mountains. Among many of the river environment has been degraded by human
action, it is evidence that this region is biologically valuable, and the identified species become
indicators for environmental conservation. However, effect of shifting cultivation on outflow of
sediment to the river is increasingly concerned. In many other regions, new hydroelectric dams
are being planned or constructed without an environmental impact assessment. In both
academic and social aspects, biomonitoring of aquatic insect community is very important.
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Z DI, AFEOREIZRET 21HECHFEIZ OV T
TEANZEB Z b TWaA 2, BEFEOHIEO K35
CEINCET 28 THH. LinL, AEEZRET D
2Tz >TiX, FACEINDOER S EE Th DDA
DAERIZETHIERVEETHDL LEZOLND.

ARBIZBET HEHR O T HIRERREOZE(IE, Hik,
ek, R E LWV o mMAHAERTEDIZE AL DR
HICHEEZEZ T2 b, BEEREICLDEE
REOEACNATEIC RITTHELZMD Z LI, AFED
e EBEZ2L ECTEETHLIEEZLND. £ TR
WRTHE, bPUXavFrya v dREoREEH
FHOIREERBED R BRI E TR EEZHA L 0ICT S
ZLERHRETS.

2. Hik

ARFEBRCHEA LB, R 25 05 27 FOREF
3 AICTERAERTHFLE CRIRL I 2 b S
HE Tl ik &, Fpk 28 FFIC TERATHETFEET
PRI U 7o iR 2 7.

EREEREOREDL, HRETITV, EBRPoOERIT
—EIWRE, 5C, 10C, 15C, 25CD 4 /X% — 2 T1T
MR ERERECHL LAY R XA —F —
Gilson Constant Pressure Respirometer 2 2%tk
REMZIZb D% AW, JIER—RFMRECITV, E
BRAS TR AR L 7B R DR E A1) - 7z.

AR ETHORL, /BonicT —ZIHIEZ N
A T24%, BEEUFHHTIZ L > TRD T,

o7z

3. WRLEBER
ARERTHE O HIERR L0 Kb 7 LR & K
HOBFEK 1 IORT. ZRALThORE D L ICEIFR

FoxaovhorvavudtfEAokks 2y v e

T OAORERE I 2THDL E, FUKRETHS
T, WA DRER R a ALY ke vy
Y a v A O REMBRENEWVEmICH D Z LR
binoi-.

RERCHOLNTBIERRE XL EHERHZ2 SMR
(ml/h), IREEREEOIRE % temperature (C), b7

a U vavudAORESR mass (g) & L TEBER
FETHOREZEHT2 LRI T LI Iz o7

log,,(SMR) = 0.0367(temperature)
+ 0.757(log,o(mass)) — 1.65

=
£
5 o1
s
=
5
O 0.01
c
&
3
<]
0.001 .
0.1 1 10
Body Mass (g)
1 EREAGH & REOB&R
BEXH
1) BEE BIRERI4) Ly FU R h2015) [MWi4EHE]
http:/iww.env.go.jp/press/files/jp/28059.pdf (2015 4
12 A 5 A% .
2) J.R.B. Lighton, Measuring Metabolic Rates: A Manual
for Scientists, Oxford University Press, 2008.
3) M.E. Feder, WMW. Burggren, Environmental
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LIRS T2t 5 & LU TR OB A & £ ORI R OGEE

O ukikilrt), @RS ORI, mEN Oukikiit), BasER (LKD)

¥

(it =27 U — b =R O W E O£ SARMEE T2 BS, WRREROBEXAN THEEZRE L. 2o AL
1L, 1.0mx2.0mx0.08m O ARF: & BEOTTRMEF TR S D (Fig. D). ATiEEZ 27 U — MRICFRE
T HBRE, RO B AEFIREIZEE L, WRMEHIEEE FIChE T 5. Afrs a7 Y — MlRORITEK
THHEETHD., ZONTHFHIESIEEMEE & D), £ O5EA, BoKBEO§E Fioxh L TR kg
(272D 2 Eid e TRAMEHIM KRR S5 ATREME S & B 0%, E OGE B IR OMFEILREETIix .
N LA DR EHZ DN TR, ED & 5 22RO B M ZARMEE TN RIS AR T o 72728,
typeL (ELHE 40%, K 20%, HHE 20%, #l#EE 20%), typeM (70mm F2EE O 100%), typeS (30mm F2E D
i 100%) D 3 X A T ORIEAKDO N T FEZHE L. N LREOAMEHEMEE TR ERGET 5720, 3
Y A 7D NLI 2 AR OREIIK R AN ERD =27 U — k=R Y OFLEIC Fig. 2 O X 9 IChE L7z,
F7z, a7V — =R KEICIEREEO X (C) %, B Lo H AKX OKBRIZ XA EfE O 2 HIX
(R ##&if7= (Fig.2). S, M, L, C, ROZNZIVCTERESM:, Uy =ik, KAERBHBIFEEZ T
952 LT, NTROROMGEEZIT> T

BRI aAr 7 — F=mEiRY XE
L C M S
S M C L
0.08m } BIER (2 om) 523 06m) e
1.0m Fig. 2 ZNENDOFEKMELZ 4 7D ANLilE (S, M, L) EXHRX (C),

o BHK (R) OHER.
Fig. 1 M\ T st

FER - BE
ENENOREL A TONTHRE (S, M, L) ExHRIX (C), Z2HIX (R) OEBRERMLILE LIZFHR, S, M,
L, CIZR XV &KE, WHEINNS o7, Thbb, NTHEORESRMIT A RRIRXEOKEE & FERICIZZR 5

IRinote. YN =OERBBELARE LR, ATiHE E

T, ABCEDTN LB LAroF T H =R, 5 = 4

A s & %< BT 2 L5 1ot (Fig.3). KAERH Em

DHBFER L BBLRT T H = L AEOMEThH o722, D

ST HAIY RESTREE, RED S gm

S, M, L COMBBERS 1T, ZABLOERENS, 4 1o

B A TR, LR T oA SR homE & | N 2l gl = I
DHREB BB L EZ LN, IEAEETYRRETE, A ﬁg“iﬁf‘f;ngksﬁJ .

TSRO REE, FEE, BHEOMMRICOVTY
ERTBTETHD.

Fig.3 ZThZFhoZ A 7O NI (SM,L) ExBKX (C),
ZRKX (R) OHZ L0V UF s E K.
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AN OTFERRFENERIGBEANRITTEE

EIEEE Y, EUE=2, KAERY, FrP9EELY
1) FERZET SMTFERT

2) EIRRFRFHHE T2 R

3) WAL RZERFFEBINERBITE L > & —

1.IZC&HIZ
FNFEEL D ZER R r — )V TIRER fy SH, ZEROKRZWIRIZKR, &7 — fek
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WCHETHZENTED, o BAERY (B, . Vo Rer, K1) -
L TTRAEE, AEL. KEE. KECREEED ORAEAICEAL T2 Z LR TE
%o S5, ARG OREMECEIEE & BEMS T D 2 LT
ARRROFMICHA SN TWD, —J7, ARH LY —BREREWERZr—
NTCHDHY—FiF, FEAEREEEY NTHETAHEMTHY ., IIOKEST
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EGR D ARG E ~RETREZA LT L2 B E L, =
2REHE K1 AESGHEE O &

AT LT, AR 0> SO X & L, HHRAr) =022 a1 )| HET

Fate, EREGAEEILEREE GPS 2 W\ Tl i 2 R L LE gl L7z,
ARG ITRYE 4 0% (R, . bel D

IEARPE 3458 (WHNEED o R, WMNR T > R, 7= 090
F0) OFHTHEE LI, BoNARS T —X
D0 RIS DO SRR (RE &% OV A b % B H

a

Uiz IO FERARFE A RS T A—F — & @

L CHATINE , MEATR. IBATHE (SIBATRS MB1T 88 on 508
B), gk, MAT, WEMIKE T o X Fo o OGO | g T8 v
ERGEMEE (AR mE ) bR, m o P<0.05 P<0.05

A BBEOREER ZH ST soicE 1
WTAR S A — 5 — R OV % BT, R B " °q
/E‘*%%@%*%’I‘i\ B8 NERE a2 e L 1.0 15 J.i 2.5 30 0 500 1000 1500
T, EEUFOIT AT o7, T D%, ZEERIEIC UEATHE TMERE
LOEFABREISZ oot £, BFACE K2 EEURSIICEY AR S cgtiiz e 4 RY
DA ENTATAZL A BIROBAZ K E LT, SRENE & OBIR, B OREIEIER & B R
B DR TR ST 247 - 72, o RO PR
3. HER

FEREYF T OFESE, FHOMEITE & OEHEE 3 BIGHE I B8 L2 KT LT e, 7 VBROME., 2852
FREE DBt & 7 /WA ITIBEATE & PR SIS 4RSI A, BRIV TR b EOEEZR LT, #HEIh-
EREYFET MIROEY TH 5,

A B2 AR EE=0.0001x (B 4EEE +0.062x MEA T +0.63  (12=0.192, F346=5.451, P<0.01)
T OWEATEE & M 2 — OB E LI-BE EBSEHE L oI\ b A B R EOMHBEN ML S -,
4 ER

AFFEE O TEIR O RFPEAE CHDOWEST & L MM DA B3GR E IR B A RIT T2 DI LT, 7]
JHDREFTEE N EDEKDFEANEHEL 720 | BB OO EEK TH DI O TR R B 283 4 U3 < 705,
ZU TN O A BSGORBFHEFN N 22 TR X N O SRICB T AEHEE LS Y TSR A RS
ZRRE DI D7en D TREND, AFFRIL, AW SRS EHEIC B> QO ERBLGZHEORER O HAELEE
L7 E A T L CEERM AL TILOTHLHEE X NS,

5. HiE
AR, BHRRFEE A B 4: (25241024, 16H04437 , 26630247 . 16H00400 ) D& & W HEBI &% 17 7=,
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i@”ﬁ@nm H 2 DHRICHEL TS O
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ARSI, WE(W)A0em, FLAR S (Dy3sem, 5 LU GaE LR *wmﬁ%)miioﬁgmﬁn RTHHEME)
. - 2 - S " \b = o 2
EX (L)500cm®dH A X DRI, BEFERT 2 45 L 7o i -2 EBANBIZE T ABEEDEE
L LT, AREMAE(E S HI5mm, Wiy E R & L75mm) "
BRklE U, oM LY HUERTE R L s m e B ° A
Wi L, EORRTHY DO ERESR SO0 | ot
) o> A o
L UE(E-Y. MEETASEE L, poKERBORE  E s e 4 1 st
BBEAE RS T 5O ARKIZLIMGE L. 2o & o SO - 2

ir, HLEERITTE S OO L & Al X IORLEE O s & 01,01,
FLEE 123500 O B 25 s E COMMEX7.9(5 CTh - 72, K&
BHIF 707 vy (CESERL19Mm, FEEEEAmm) 2 H, KD EOKEIC T, HED S OREEA 2
ZTZ16HE N HAF6~TEIBRAZATVY, WA OZEE 2 A Uiz, EE SR RERK TRPIVIC L W HIE L
7o Wb —rr—%—, hL—H—L LTI A I=TLHREKCT B Yy 7 Wz,
L.EBHRBLUEE
IZE BRI T D OTE~OBEhFE 473 . KR CIL, HLE & O IR BN 5 &

D ks L CHElk CIcBEIT 2HENE< oz, A T, HEZ#BX T EmE oL L
HINEDORBNE@MIIKATEEEZ NS, KD ~OFATIE, T LV EROEKICITBE L 72h o7z,
ZAUTHEEK C & D OB H LM E R TOENNEROBEIZHEL TWDH 2 ENBEZXbND. MR
ook ERk (R B) & HEEREORBERANE (i C) 25, KERBOBETE L TELL AT
otz £z, BE-3 IZHHERA~OBER L ZORANETOR RO S OFEHFREDO R Z R, ST
PN K EL 72D EBET H2EENEL 250, TOB(LOAENIR/ Y, #ik B 5 LUK C ToOf XX
HEIk A TOHGLUT & 7o Tz, KAERROZER) L ELE DB EIZHOWTASEMIT L TW FETH D,
4 %55

IKEERERIZ & o C, ARAER BB AIEHERLD O3S, FriZKmioR O 8 2521 28m 8RR 25 Z L2
BN oTo. SEIIT X D ELAEE O B O 22 IS AF I R B A 5 2 TV D T E RIS LT,
8. BEE AWFEO—ERIX (L) WM O H28 FEEER I J 42 & » CTf Tz, sl CE 277,
SEER 1) Tanaka, N., Shinyama, H., Sakata, R., Invertebrate dynamics in the downstream of a dam after sediment
supply, 11th Int. Symposium on Ecohydraulics (1SE) 2016, Melbourne, Australia, 2016.

-3 BIFEE A DRI R L BROB & DOFHHE

-130-



OE-4
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~12 A (—4 A) FERTORIENFIROMEIZIS T DI IRIEELD D ORI A | EME N v 7 oM &
FEm L7 (R,

ZORERIE. RN R TR —RRICIRBE SLOBEE MRV O Tlid e < I L2 ER, HEWIThER - i
R CIRELOBEEN RE R 2 L 2R LT\ 5, WH - NHE - /MR (2016) 1%, ZOZEROKFKZ EICK
MDD HWOWMN L AFREELOEEL ZE2 7=, L L, FTROFMGRICITZNE T TIEHHA T 20 R
U7 Hs R C ORI ELO Z2 B3 REAT (F 21X, BIEAKEY T~/ &0 2d 5,

Z 2T, ZOFHIFER AR ORI OMHE & O LAEbETER LIz, TOME. WMKRPESLEL TN DHE
i, WM (RVEEHE) DORTBRARO EFEEH 5 O R ANCEA LT WEHT AR bilz, ZofiiE, WM oMECR s
AR AL L 72 W BHEDRILTIEA B bRk £ B bbb, T072H, BINDNBE LIENET 52 L 2T &
I IRNNIEERAS . RAEN IR IR A~OHEARE L TV AR EZ L ET H-DICTLEE LW EEZBNRD,

SIRSCHR « B - AEE— (2016) KAE)IFROMMOEABMIEDER KT L ST AT N T T A
Fo~ T T OAESMT. RN, 20 1-11.
] D - PN — « NASRZRF (2016) RABNNCI T 2 38EMEE b B 47 T35 W72 R ELO 3. 2
T ERFIH L, 51: 55-66.
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O HBSEE N B D> T2, ‘%Mfiﬂfu]/f%b<i7ﬁhﬁ VRO ENFFRIC L o TIEE AL
710 FHETIEIRINAR)NNZEB T 5 ELEEBPHEICOVWTERKME T v FRETORKEIT S, IO ERENC
BLZET A A NN T o P ICHBE L T-EEEIIFEL Y DI CTE M TIL L EH72 0 29ky/ MEEE ORI
ﬁifﬁiﬁbf:&%ﬁfféﬁf:o BN T K EDWEROBE L LW, i FLEEASY LW ELZEESH DI
DNTHELET D,

(2% 3k ]

FIFR(2014) TRAJINCIERR L2 > RICBIT DREOLE &A% IR FRTHE 2014 4 £ 73R
REFE R AR ARERKE. MNER(2015) TRFIOEMBXHEII L0V o FREICIE T 5 FKEFOKE
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The effect of iron exposur e on oxidative stress and antioxidative r esponses of
Egeria densa

Mahfuza Parveen?, Takashi Asaeda?, Md H. Rashid?
'Graduate school of Science and Engineering, Saitama University
Department of Environmental Science and Technology, Saitama University
Introduction
Iron is one of the important and frequently occurring metals in the environment. It is also a vital trace element for
plants, which involved in chlorophyll biosynthesis, and in many components of photosynthetic and electron
transport systems [1]. However, excess concentrations of iron can exhibit toxicity for plant by altering
photosynthesis, enzyme activity, and most commonly inducing reactive oxygen species (ROS) production. To
minimize the biologica damages, plants have developed antioxidative defense systems, including antioxidative
enzymes (CAT, APX). Egeria densa is a submerged, freshwater perennial plant that is found in both lentic and lotic
environments, and also very common in Japan. In the present experiment E. densa was treated with 0.05, 10, 20, 30,
and 50 ppm iron (Fe* added from FeCl,;.6H,0), and the physiological change, oxidative stress and antioxidative
responses were observed after 14 days exposure .
Results and discussions
Plant growth, total chlorophyll and IAA concentrations were decreased when plant exposed to more than 20 ppm
iron concentrations (Fig. 1). Previous studies reported that heavy metal exposure could modify a number of
physiological processes and particularly chlorophyll degradation. H,O, and MDA content increased significantly
(p<0.05) when plants exposed to 30 ppm iron concentration and became highest in 50 ppm iron concentration. To
prevent oxidative stress H,O, could be eliminated by CAT and APX [2]. With the increasing concentrations of iron
activities of CAT and APX aso increased until 30 ppm iron exposure. Activities of these two enzymes decreased
when plants exposed to 50 ppm iron concentrations, suggesting the protective function of the protective enzymes
reach their limit in this concentration. The study provides the evidence that, E. densa can tolerate 30 ppm iron

exposure, and the antioxidative enzymes are sufficient to prevent biological damage mediated by oxidative stress.

©Control O10ppm  A20ppm  X30ppm X 50ppm ©Control 10ppm  A20ppm X 30ppm X S0ppm
2.0 200.0
18 - gl 180.0 %
16 A 160.0
3
Z 14 3 1400
w
w12 X % 1200
L0 X Z 1000 X
Sos g 800 A
S 06 - £ 600 - a
F o4 40.0
02 20,0
0.0 ; 0.0
0 20 40 60 £ 100 0 20 40 60 80 100
1AA(pg/g FW) 1AA(pg/g FW)

Fig. 1 Relation between IAA and total chlorophyll concentration (A), and IAA and H ,0,
content (B) when plants exposed to different iron concentrations
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Photosynthetic performance and stress response of Potamogeton anguillanus to salinity

Hendadura Chandani Chalanika De Silvat, Takashi Asaeda®
'Graduate School of Science and Engineering, Saitama University, Japan
’Department of Environmental Science, Saitama University, Japan

Introduction

Salinity of water which is caused by the presence of excessive amounts of salts is one of the most influencing factors for the spatial
distribution of submerged macrophytes. When the salinity level in water exceeds the threshold level, it aters the water status,
including ion balance and osmotic pressure which leads to a salt stress on submerged macrophytes. For instance, the long term
field observations in Shinji lake, Japan revealed that, there were significant changes in density and distribution of ~ Potamogeton
anguillanus along with the salinity gradient. So, the present study was focused to determine the effects of photosynthetic
performance and salinity induced oxidative stress on P. anguillanus under |aboratory conditions.

Materialsand M ethods

The target macrophytes species P. anguillanus were collected from Shinji lake, Shimane, Japan and acclimatized under laboratory
conditions before initiating the experiment. Approximately 7 cm long apical tips of P. anguillanus were planted in PV C pots with
well washed river sand and acclimatized under controlled conditions up to one week period. Then, they were introduced into five
different setups with different salinity levels ranging from 0 ppt to 12 ppt (0, 3, 6, 9 and 12). The long term effects of salinity have
been tested after two weeks time duration with reference to the plant growth rates and three types of photosynthetic pigments
including Chlorophyll-a, b and Total carotenoids. In addition, H ,O, formation as main reactive oxygen species and several anti-
oxidant enzyme activities including Peroxidase (POD), Catalese (CAT) and Ascorbate peroxidase (APX) were examined to
determine the stress response levels.

Resultsand Discussion

There were significant (p<0.005) decreasing of Chlorophyll a and b contents and Chlorophyll fluorescence along with the salinity

gradient. Further, there was an increment of total carotenoid indicating the salinity induced stress of P. anguillans (Figure 1). The
variations of H,0O, concentration and POD activity also provide evidence for the salinity induced oxidative stress of current study

(Figure 2).

3000 fz===m Chl-a Chl-b 1 30 - C—— H202 (umol/g FW) 120
RS ---#--- Fy/Fm Rati - i
2500 V/iFm Ratlo o | <+-- POD (UM/Min/g FW)---- | 100
2000 20 - - 80
1500 15 1 77T - 60
1000 10 - - 40
500 5 - 20
0 0 — 0
3 6 9 12 3 6 9 12
Salinity (ppt) Salinity (ppt)
Figure 1: Variations of Chlorophyll fluorescence and Figure 2: Variations of H,0, Concentration and POD
Photosynthetic pigments with salinity of P. anguillanus activity with salinity of P. anguillanus

The findings of the present study revealed that, salinity stress caused for the stunting of growth and reduction of photosynthetic
pigments of P. anguillanas due to the significant induction of oxidative stress by excessive salt concentrations.  The findings of
this study are particularly helpful for the understanding the interaction between submerged macrophytes and environmental
parameters, particularly salinity.

-145-



OF-9

Variation of intracellular 2-MIB in cyanobacterium Pseudanabaena galeata and itsrelation
to nutrient limitation

Helayaye Damitha Lakmali Abeynayaka and Takashi Asaeda
Department of Environmenta Science and Technology, Saitama University, Saitama, Japan

Introduction

Musty odor compound (2-MIB) formation by
cyanobacterium Pseudanabaena galeata (P. galeata) is
regulated by many environmenta factors including
temperature (Kakimoto et al., 2014), light intensity
(Wang et ., 2015) and availability of nutrients (Su et al.,

2015). The understanding of the effects of environmental

factors on biosynthesis of 2-MIB in cyanobacteria is
essential to improve odor management. Hence the main
objective of present study was to develop relationship
between limited N and P concentrations and intra cellular
2-MIB concentration of P. galeata.

Methodology

P. galeata cultures were incubated at 20 + 0.5 °C under
white fluorescence light of 20 pmol/m2/s (12 h dark, 12 h
light) in autoclaved BG11 medium. After 30 days P.
galeata cells were re-suspended in BG 11 media with 3
different N and P concentrations (see Table 1) then
cultured under same incubation conditions.

Cells were harvested after 7, days. Optical density at
730nm (OD730), chlorophyll-a (Chl-a) concentration and
intracellular 2-MIB concentration were analyzed.

Table 1 N and P concentrations

NP NaNO; | K,HPO, N P
(mg/L) | (mg/Ll) | (mg/L) | (mglL)
182.1 5.6 30.0 1.0
30:1 91.1 2.8 15.0 0.5
18.2 0.6 3.0 0.1
Results

Variation of Chl-a and intracellular 2-MIB (30:1 N:P
ratio) is shown in Fig. 1. After 7 days, intracellular 2-
MIB concentration was significantly increased with
nutrients concentration (ANOVA P=0.00). Yet any
significant relationship of Chl-a and OD730 was not
observed with respect to the nutrient concentrations in
culture media. High amount of 2-MIB was synthesized at
5.5 mg/L P concentration and Chl-a concentration in that
culture was the lowest. 2-MIB in nutrient limiting
conditions were comparatively lower in contrast OD730
and Chl-a were higher in those conditions than nutrient
rich sample.

Discussion

Cyanobacteria are well-known contributors of musty
odor and taste issues in fresh waters worldwide.
Management of nutrient over load in to the lakes and
rivers is possible controlling mechanism of the musty
odor issues in fresh waters because biosynthesis of
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odorous 2-MIB in cyanobacteria is significantly reduced
under nutrient limiting conditions. However by this
process cyanobacterium biomass could not reduce
considerably. Cyanobacteria have tolerance to survive
and growth even in nutrient limiting environments.
Hence the application of some other controlling
mechanisms such as artificial mixing (Asaeda and
Imberger, 1993) or pressure induced sedimentation
(Abeynayaka et a., 2015) essential to cyanobacteria
biomass control.

kS 4 &
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) m e b b
% e l I
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.1 0.5 1 5.5

0.4 mOD730 -=Chl-a 0.2
—~ o
= Q
o0 (0.2 - 0.1 o
i
= 0+ =0
o 0.1 0.5 | 5:

P concentration (mg/L)
Fig. 1 Variations of 2-MIB, Chl-aand OD730 in
experiment A, Band C

Further researches and suggestions

Relative expression of 2-MIB biosynthesis regulating
genes MIBS and GPPMT of P. galeata will be analyzed.
Impact of lower nutrient concentrations below 0.1 mg/L
on 2-MIB synthesis will be investigated. Further
researches with different cyanobacteria species and
nutrient limiting conditions and field observations are
recommended.
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Revisiting SCDM (Sverdrup Critical Depth Model) and quantifying the
importance of P-I (Photosynthesis-Irradiance) equation
- Case study without photoinhibition-

Jayatu Kanta Bhuyan - Eiichi Furusato ? - Marion Martienssen %

- Brigitte Nixdorf » - Hiroomi Imamoto
1) Brandenburg University of Technology, 2) Saitama University, 3) Japan Water Agency

1. Introduction

More than 60 years ago, Sverdrup (1953) formulated the critical depth (z,) model (SCDM) and gave for the first time
how a basic ecosystem model works, namely the onset of phytoplankton blooms. He found an analytical solution for the
Z, through several basic assumptions. He used the simplest linear photosynthesis irradiance (P-1) light curve equation (P
= ). However, in his model quantitative estimation of the effect of the assumption on the z, value was not considered.
In this study, we discuss about quantifying the importance of P-1 equations for estimating critical depth without
photoinhibition.

2. Materials and Methods

For comparison with the linear equation used by Sverdrup (1953) two P-I curve equations are chosen which are based
on simple Rectangular Hyperbolic type (Baly, 1935) and Hyperbolic Tangent type (Jassby & Platt, 1976) as typical
models except for photoinhibition types. The difference among the three curves can be clearly seen from Fig. 1 (a). The
Beer-Lambert’s Law, 1(2) = I,e™ is used to P-1 equations for calculating Depth Integral net Photosynthesis (DINP)
which gives z,, when DINP is equated to O.

DNP(mdY)
014 1@ | I ] ® , 0 02 04 06 08 1
I+1, A
20
E®
£
N 60
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100 +

Fig. 1 Comparison of P-I curves (a) P-I relationships, (b) DINP : | is photosynthetically available radiation (PAR), lo is the

surface Incident ray, Is is the saturation incident ray (HE m s'l), P is the photosgnthesis rate, Pn is the Light saturated

maximum photosynthesis rate (d'l), a is the Initial slope of the curves (le/Is) (m°s uE'l d'l), Zm is the mixed depth, zis
the critical depth (m), ¢ is the attenuation constant (m ™) and R is the Total losses (d'l).

3. Results and Discussions

The basic assumption of alinear P-1 equation for SCDM was indisputably pedagogical. But in reality this assumption
is over estimated for the DINP compared to other P-I models. By comparing with other P-I models, rectangular
hyperbolic and tangentia types we can estimate the range of difference among the P-I curves. There is aso remarkable
difference in z, among the selected P-I equations as it can be seen from Fig. 1 (b). The P-I curve equation although
depends on the physiology of phytoplankton species, plays an important role in estimating z,. Thus, from this study it is
concluded that for estimating z, the selection and quantifying the importance of P-I equations should be considered.
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