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BRELZEABMIT, =22V RSB, B Fav, BEE, 2EELE NSO SEEEIC S
L, i zir-o72 (K(1)-9) ., =2V RS RoMEEEITe SEE L FERAOHBENRD - 72
N (r=-0.24, P<0.05) . ERELIZIAEEREOMBEANRS -7 (r=10.28, P<0.001) , %
FEHOMAKEE EHREICIIAERAOHBENRD 7= (r=-0.54, P<0.001) , BrF oy
FEHOMAEEITIT, b UHESC BRE & ORFERMEIL R0 272, GLMIZEB T 5 E T VRO KR,
22 Y ARG BBLOZERICOVWTIX, ERELFHELEZLET AN RA MET L E L TER
SH, AU T ERIZITIEESL ., ZRBEEFI ERICITSBEED LI R ENTRBINT,
U FavIiZoNnTIE, TRTCOUAEE LG 7 LVETVRRARNETLE L TERINL, b
UHENRFELS, ERICH I MEIFE R F 2 UuNEL D I ENRB IR, BEFHICOW T,
EVWEE EREEAGDETANRRALETLE L TCRIREN, EVHENREEHOBEICAD
WEEZRETZENRBENT,
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BRELFEWM TS 7 bt IVVyaR, AFXAE, AUIVryal, ALY HEiffEF

NN B E L, irziTo72 (K1)-10) , IYvrafl, FyIvrafBiltng
AvEfOEEEITIe VHEEERFEREOMEAH -7 (I 2H i r=0.56, P<0.001; %
VIV aH :r=0.49, P<0.001; A LTHM:r=0.53 P<0.001) , —FH, BTXXA
HoEKRK T v HELAERAOHMBR S 7= (r = -0.40, P < 0.001) , Eo#BHT 7o
Mo EERS, EREEOFERMEBIIR OGN o7, CLMZEIT 5 ET VEIROFMHER, W
NOBYM T 727 FAZB W TH, XA METAVICEE VFHEREEA W, T2bb, IV
Yaf, FryIvraf, A AVHEMETECHEOS VA TEL, BT XABIEE VHEED
BWHILR Th 77D 2 ERRB I Tz,
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K((1)-10 BEDWERE (a) . EFICeOBELETALAHE (b) . EORWERE (¢) I
BILEMTT 0 FrooEE CEHM) .

ABFRIZE Y, ZHMAERBRICBIT 2 COBEROREIL, FHMWICKRE S LT D L0
S ol (K(1)-11) . FHBESTB X OGCIMZEB T 2T VRIROBERENL ., ERICEMLI N
e UHENRKE o> THNOBRGFBERENRKRE IR T T2 ENRB I, AEHITE v
DERIZE > TADOEELZ T TR, ZhiE, MEMIOKBELENRERZESZSZONS,
—H T, BUFavB e ENERDZ L THEERZHESL TV LD, EVHDOREIC
LFHDEDEEEZZ T VWD EBEZLND, OBy F 2V IEKBEBERECTCHLAET DL ENT
EHZERHMOENTEY, SRERESN VT 2 VIFEGFRERECRKR OV E V2 £ BT &
LCTHIHTEZ2onb L2y, SV aH, FurIvral, A4 #flbEL, BVHED
WEILEIDEOEBEEZ T TWDL I ENRBINT, BT 77 b ATEEEBYIZ L THE
fPEDBEROEBEEZZIFIZ WI LM, BAELZe VHICART A L TRERENDLZIT
LZHBEMEMAONTWDARENELR D D, A LVHMITE UHORET DEFICLNERE
ENT., EVHEORELRNSE2011FEO BTN CRES N o7z, A LV HHHIC
WL EEREME S L EE KA AT S L CAFT AN E ML T WD, KIFZE CTHRE S
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Nl A LAvHEfE, e ofMERRZFERERBETEL TV EED, EVOBEXEL TS L
LI BRESNRP>T=DREEELZOND, L VOEMERRAZAEBETE LTHAT 28
WCEo T B VOERNEDL I REEEEZ DO VTR, A% FEMIRHNTILERD D,
=HWTIE. KA S R &A#é%m_ D, MIED TS BT Ty DA
B SN TR, Z Oy ARtic VAV AR R, v Fay, AEE, ZEEHO
AT BEEZIT CVWDE I ERHAL IR -T2, RAKDRANITE U & XML AEY OS5 A I
BERIFLTW D, ZHMCBT 2 v HEOREBLEZERT 55 XA CIIEENLETH D,
%@@ﬁﬁfi\WEM%ﬁﬁkiU@%w:ﬂﬁéth®%@ﬁ EUHORETLHEE
WCHICHEETHDLZ LN RBENT, L, B VOREMICIThIL S AEECIKIE 2 231
EoTHbbEN2KREOFHMITMIEICHE L, BRYHMICHZY | MEMITOWIEFERED
BUEREEHMZ IO LT HAEMOGHAOEEZSI SR T EELZOND, 2O LI, BIE
R L L TARBRICEELZ RIETERIZOWTL, RO =4 )  /HERSLETH D,
SHMICARTOMAE, BIC, aARU T XRLOEAAICE - TIE, EYOERT HIHIC
WEMEEZ R 2MBRICEY, ARSFBRRBESNTCLEIBEARNS S, o, KAES
MBLOEWHT 77 OB EOENIL, INOOEYEEERLE L CHHATL2HESCKE R
COBRMEBEOMEMAEICHLEEEZ R IFTTEEZOND, —F., B VHORBMECIXATRSE
BEENBROEWVWZI L, BIXO, e VHTIEIVVrafgRerryIvrafd, A4 HEfME V-
BT T FUBNHIBNIELSER L TNWD I EEEZADED L, NIOMESCFHAR L
I, eV ORBEMIEAGERAERSETE L THHLTW D RRER®H D, 2 b0EKRREH
KT 2 vOBEROEEBEZHRONITHILbERL, SROBEBERBETH S,
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B (1)-11 b OZBEN = HFIMARRIIRETHEORHEE, ROKHIZEOE., HFUWRH
WA DT, KA - RO RENIARME TITRENR N2, HFETDIETFHNENIHEE T
NFENET, FOEBELZ R THRORNL, FEREEOKR/NEET,

(2) E£EBELRYWEEE O
1) BET—#

sman7 4 ValRE T UHNERL TORWEKRINTES . b U3 | A2 % O mKIRBICIE S
W Z R Le (201049 H IZBMER O R<) . B BNEL LB DHHEE (4-5H) 121X,
KPORBEREITIZIET X THB LTV, £, NHICBE L TE, MANOES R EL e 5 KEF
DA ZRT I TN A AICH D . DINIC H O ANH, OFIA S HN L7z, DICEEITE Fh HHK
ZIZEL, BECBEROE W ARARFEHE(LEZ R L, ZOZITES E XLSHIEL TV, £
7o BRERBYICEIE S5 C0,(aq) LHCO, b FEFEMT Db DD, ZOMMITRE RS, B
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MAZBLT, DICOIEE ALIFHCO, THY ., BLESWWL EZ EDD, —J5. C0,(aq) DI ITHRD
Thel, BEBEREOCRKTTI2EFICELL R2HAARD LN (K(1)-12) |

2) NH,". NO, . DICO % & [Rfr ikt

NH,"® & PNIi&, 7.1%3.6%07°523.6+8. 6% DR TR E <2 b L7z, NO; D § "Nik, NH,"k VD &3
L&D o 72 (R(1)-13) o FFIZ. KB ODOBE T LEAD 2 FEFEND 6 PNIME T LArYD . 201047
HIZIFFEMEZEL CTRBIELS o7 (1.0£2.0%) . — . DICO § “CIlIMAM A2 FEAbs L, &
FITR B (8% fEfE) . BFEICKRbEN T (2% fEE) (K (1)-13) . ZOMmiE, pHE
LODOLE LS RIS L TV,

3) MNAJIDODINGREE & 22 5 R4

NZJNODINDIZ E A EIENO, TH Y, R FHELIFRBO ool (R(1)-4) . Ll
NG EPBRKITT T, NHyORENS EFH L, DINIZED 2 EIG R E < o7, N0, &ENH, D
6 NI, £ EIL. 6~5.3%0, 7.4~14. 8% DHFIH TEIL LTz, £/o, 7T v 7 ATHARITFY
L72DIN (NO, + NH,) @ 6 "NiZ. 2.6~6.6 %0 (4.4+1.1%) Tdh o7,

4) POM, —RAEPEE (W7 T 7 b fFEBE, &) B IXUSOMD § Cs LT § PN

IR REA Y (POM) @ 6 PCE L 6 "NfEIL. £ Z41-34. 5~-23. 3% 35 J TM0. 6~6. 0%0 D i [f] T
ZEIL, §PCHITEFITERT L TAFIC LA T MM, 6 "NMEIXAFITITE L RO A 25
Nz, E2. MW7 Z7 27 hord § BCEIE-33. 0~-25. 1%0., § "Nf0. 8~8. 2% F TR&E < EH#L .
POME ERRICHE 75 0 7 R oD § PCEB LTS "NwofIZ & BE AT N iz, —F. 5 ME
D § OB IX-32. 0~—-17. 0%0, & "NfE|EL-0.8~7.6% % CILWHH TH 7= (F1)-5, K (1)-14) ,
HEREA Y (SOM) @ § PCEIE-28.8~-24. 3% CAB L, EFICHWEHAAGE O, —J 6N
fEIX1.3~5.1% & 720 St.1&St.ATITMEWMEM N A STz, £/o. E VIZEZFEOERD D5y
Br&leofony, 6 PCfEIE-30.7~-24.6% TH V. ZDIFL A EN-26.4~24. 6% DHFFHNIZH Y |
EEIE O >3/ EhoTo, 6 PNEIT4. 1~T7. 2% Tdh 7= (F(1)-5) .
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K1) -4 NZJNOF)NFEE, NO, A NH, #EE, NO, @ 6 N, NH, '@ § "°N

Date Discharge NO}‘ NH44r SISNN03 SISNM.M SlSNDIN
m'sh (uM) (uM) (%0) (%0) (%0)
30-Aug-2009 2.67 62.0 63.0 1.6 7.4 4.5
29-Nov-2009 1.34 73.1 11.4 4.1 5.4 4.3
3-Mar-2010 0.33 60.8 2.2 2.4 7.3 2.6
11-May-2010 0.01 84.0 4.7 4.0 14.2 4.5
7-Jul-2010 4.26 51.6 4.2 3.4 10.6 3.9
9-Sep-2010 4.53 67.6 17.6 53 11.5 6.6
15-Nov-2010 0.48 53.7 2.7 4.0 14.8 4.5
21 o
-23
-25
&£ 27 4 = BTSI
é) 229 A it
o 3
N —+—POM
-31 - -
.33 -
-35 T v
Aug-09 Jan-10 Jun-10 Nov-10
10
8
g ° e
F ‘IS
o 4 ~—POM
2
0 T T T
Aug-09 Jan-10 Jun-10 Nov-10

X (1)-14 POM. #7527 b BT 27 Frd § BB LS "NE DLk, RGP
T OB ERT,

5) T hu KAERBR, XU bR @WARED S PCER KON PNE

777 brd§ PCEIZ-31.9~-24. T% &R L, Wi 7T > 7 F U RPOMO EHI (L & KL <
G LT (&) -5, M) -14), —F . § "NfEIE6.0~9.2% & " L, #¥H 7T 2 ko RPOM
U H2~4%om W MEM Z R L2 (R (1)-5, M (1)-14), B vHTREINTZE LY (= XY B )
B, A RMRURGBR(T ), ANLT AL VHER TV T LL)D § PCEIZOWTIE, 2 AU )
HRoA b b ARE R 8-35. 6~-25. 1%0 & UM, =Y 7 A TIE-30. 3~-18. 8%0 & & VMl THE JA
KB LT, ZRICH L, NAYEZDOHED § PCEIT-27. 4~-23. 8% T, DI L@ & X
THEOFFE R > T2, § PNMEIZOWTIEL A Y BEhha Y 7 A n2. 1~9. 1%, NAv b Z
DY HIEE. 7~9. 9% ThH o7, YOV TIT S "MEDIENHRD TRE L, 0.5~9. 1% F TELH)
Lo BB ALY EZOHHO § "CEITE XIS L, § PNfEILE & KV mho 7z (R (D -5),
Ny FR (2 B, ZEFEGLIDH))ICHONTIEL, 22U BEhho § B0k L6 "N ILE
FET AR (AR < Ap DA S A DT AL Z LS O BF TR 6 PCE A -30~-25%0, O NfE 736
~9% DM T -T2, ZBEHD § "CEIT-28. 6~-25. 0%0, & "NfE 6. 6~11. 1% Td> > 7=, i F¥H (7
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v H T )V Rana catesbeiana® %) @ § BCEIE-36. 4~-27. 6%0. O "NfEIL1.9~9.2% Td - 7~ (F&

(1)-5),

®(D-5 WEH, KAERR, WAEH, TR, KKRAEEHR, POM, D6 °C. & "NOJEE,
EE ., FRE(R ZE S L UM E 1 4 D

313C (%o) 315N (%o)

£ ¥4 Mean Range SD n Mean Range SD n
S Crustacea

EHXH= Eriocheir japonica -246 -29.7 - -202 19 32 9.6 67 - 132 15 33

THATIE Macrobrachium nipponense -271  -31.7 - -247 15 59 10.0 59 - 129 15 59

7= Mysida -259 -308 - -245 18 22 10.1 84 - 111 07 22
KERR

Elmhd -283 -30.7 - -2568 21 5 6.6 56 - 79 0.8 5

aARYAHHR -29.0 -40.1 - -252 25 116 6.7 -09 - 89 1.8 116

h=1 -286 -336 - -241 23 43 52 03 - 94 2.5 43

NLY -26.3 -350 - -237 15 77 1.7 19 - 99 1.5 77

VI LY -238 -303 - -188 23 56 48 -15 - 93 2.5 38

TAUR -274 -2770 - -27.2 2 8.6 84 - 87 2
& Ampbhibia

PR 992 27 Rana catesbeiana -31.6 -364 - -27.6 23 44 71 19 - 9.2 1.5 44
esRiF Reptilia

SUIYETHISH.  Trachemys scripta -254 1 13.0 1
RUMR

dh4 -265 -280 - -250 09 30 7.9 66 - 89 0.6 30

AS=X -28.2 -296 - -278 05 12 8.7 70 - 103 08 12

AhThA -273 -286 - -26.3 0.7 11 8.5 69 - 111 1.5 11
A&

7XHA -283 -340 - -231 22 40 42 -20 - 73 20 38
/4

[op:%] -28.2 -321 - -17.0 40 3.8 -08 - 76 2.7

=7 -26.3 -30.7 - -246 1.7 59 41 - 72 1.0

iE -26.8 -288 - -243 1.0 3.9 13 - 5.1 1.0

BTk -286 -36.0 - -244 34 7.3 32 - 97 1.9

wEmIso ok -28.7 -330 - -25.1 23 41 08 - 82 2.2

POM -289 -345 - -233 29 41 06 - 6.0 1.5

6) mRIEER (AE, RKEFZEE O §"C XU "NE (52 (1)-6)
“HWTCTRES B A, WL EEET A CIN, @mLEES), a1 A8 B
s, BN CRA LT, AR ICRELS ST TR Z RS, a4 BHEEO § "X, YU ¥
Ctenopharyngodon idellus ®D~-18.6%7¢ X ENIZEVMED LD H B -T2, < O aA B
=33, 1~-23. 4%0 ((F-¥]:-28. 0%0) T o 7=, —F. 6 "NFIL6.6~12.5%0 (F1J:9.6%0) T o7z,
PRAE D § PO IE-34. 9~-23. 6%0 (1 -27.5%0) . 6 "Nt (X4, 5~12. 7 (F#:9.8%0) T - 7=,
Sl D § POEIE-32. 3~-24. 8% (E-J:-28. T%0) . & ""NAE 8. 0~13. 4%0 ((E1:10. 4%0) T - 7=,
—J5. W LEEERA D § PO IE-32. 4~-16%0 CF-14-24. 9%0) & FNIRIA < . oA Bl #E, ~PR#&
¥, A RAITH AR TEVWEBE 2RO Sz, 6 PNEIX6. 0~14. 5% CE¥J11. 7%) T - 7=, @ LA
WREIIZEZ2B L CHESNT-AFERNDR Do b DD, A XX Lateolabrax japonicusiI4Z=L
HEBRWTEAREZ/DLZENTEL, ARXF (KE(BL)12.2~23.0cm) ® § "CEIX, FZFEGH:
—22.8%0) 7> HFKZE (9H 1-25. 8%o) (T 1T TWA T MmN A B ivlz, KRR ZBIZ OV TIE, AKX
PEERAKIED & DI/ B, FHAKRMED § PCi1X-30. 8~-20. 2 (¥ :-25.2) . 6 “Nff1%6. 7~
13.2CF¥):9.8) Th o 7c, — HRAKMED § "CEIX-31. 7T~-24. T(CEE:-27.1) . 6 "N 1X2. 9~
12.9CFE¥):9.9) Th o7z, 6 PCEIZ DWW TIX, ALY SVFEKETE WA A T,
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F (-6 Do PC. o "NOHPEL, A, HEHERZER IO E (i #i D

513C (%0) 315N (%o0)
&£ ok Mean Range SD n Mean Range SD  n
s Teleostomi
=REEY-L |
Yys+a Tamakia lanceollate -250 -266 - -240 0.8 8 8.7 73 - 98 0.8 8
A€OO Gnathopogon elongatus elongatus —27.8 -312 - -258 12 54 101 66 - 119 08 54
EVm) Pseudorasbora parva -28.1 -331 - -236 19 72 9.5 74 - 125 1.1 72
FAHh7 Zacco platypus -320 -328 - -312 05 12 10.9 106 - 115 03 12
7% Carassius auratus spp. -279 -329 - -192 21 96 9.3 73 - 114 08 96
a4 Cyprinus carpio -246 -275 - -19.1 38 4 10.9 104 - 112 03 4
JE L EER
A Sardinella zunasi -254 -268 - -230 09 15 11.0 10.1 - 125 0.7 15
a/vn Konosirus punctatus -276 -29.2 - -243 20 5 10.9 103 - 114 04 5
FF Auguilla japonica -268 -275 - -254 08 5 12.8 120 - 138 0.7 5
F R Auguilla_japonica -238 -244 - -221 09 5 13.2 124 - 142 0.7 5
JhYX Hypomesus nipponensis -25.3 -31.7 - -233 1.7 28 115 106 - 129 0.7 28
71 Plecoglossus altivelis altivelis -201 -226 - -160 28 8 10.5 103 - 109 0.2 8
5% Salangichthys microdon -264 -324 - -193 23 59 11.6 98 - 134 0.7 59
Hir Salmo (Oncorhynchus) keta -215 -265 - -181 19 36 12.7 91 - 145 13 36
94 Tribolodon hakonensis -21.7 -269 - -198 22 8 10.4 73 - 114 13 8
J)LAH3) Hyporhamphus intermedius =274 -31.1 - -189 24 27 109 94 - 124 10 27
RS Mugil cephalus cephalus -231 -239 - -224 2 8.8 85 - 90 2
AXF Lateolabrax japonicus -24.6 -303 - -189 28 91 12.2 97 - 143 1.0 91
IRAYF Rhyncopelates oxyrhynchus -280 -284 - -275 2 9.0 88 - 92 2
NEHAE
I3\ E Rhinogobius giurinus -260 -298 - -238 28 6 10.4 90 - 112 08 6
k3L /Ry Rhinogobius sp. OR -27.7 -325 - -249 18 43 9.5 73 - 109 08 43
XIFFT Tridentiger brevispinis -28.1 -31.2 - -239 19 39 9.7 74 - 117 09 39
FFI Tridentiger obscurus -28.3 -29.2 - -240 15 11 9.0 81 - 127 1.3 11
Hant Glossogobius olivaceus -26.6 -304 - -240 33 3 10.9 106 - 115 05 3
e =) Gymnogobius urotaenia -268 -349 - -236 23 29 10.8 45 - 120 15 29
ELyE Sm )] Gymnogobius petschiliensis -26.8 -30.1 - -239 23 20 10.2 86 - 115 1.1 20
SRR
FAOF ISR Micropterus salmoides -28.5 -30.7 - -248 21 16 111 103 - 134 09 16
TIL—FIL Lepomis macrochirus -287 -323 - -259 1.6 49 10.1 80 - 131 11 49

7) BWMaEE O FEH A

W77 ol PIMEEM T Z 7 o, =B, MBEOMOFEH 2 EY AR L BRI 2
e, ZFEIBNCC-N~ » IR L7e (K (1)-15), 7Zpds, AT OV Tl & N o 53 %2 FlH
T HEHEEME D B Dol LR IR Lz, W7 T > 7 b2 L POND L E ALK e I3 BEE 72 R
AR RN, Thbb, §PCIEEFTEHWMEZ R LR, EFICIEB L Z4%EK T L, 0%
KENDAFINIT THR%RE < RoTe, £z, 6 "NEITEZED S KFIL3% AT THERE
LM, ABICIRBEBEDICHEDHR3% EH Lz, —FH, ~RBI O RIMEEHE O FHBRHE L A
H 0 OIS LN PNEIC AL S A B Te, BAEPIIHEN T T 7 b LRERTH o 123
BT 7NECTBY ., WM T T2 OBk B0 TS L5 ICEBRTEL L, Ak
SRS A D & BFEICIZ 0 aA BAETEHNREZENED b, 5 (2010453H . 5H)
15 1 =27. 3%0 & B < FKZE (20104E9H . 11 A) T 1-29. 0% LK v o 7=, E£72. 6 PNfEIZHOW
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Integrated Study of the Lake Mikata Ecosystem toward the Restoration Using
Japanese Eel and Cyprinid Fish as Icon Species

Principal Investigator: Takehito YOSHIDA
Institution: University of Tokyo
Department of General Systems Studies
3-8-1 Komaba, Meguro, Tokyo 153-8902 Japan
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[Abstract]

Key Words: Nature restoration, Lake ecosystem, Icon species, Public participation
Cooperative survey, Ecological network

We conducted an integrated, multifaceted study of a lake ecosystem using
ecological, humanity and sociological approaches in order to provide a scientific basis for
“nature restoration”, a legal framework for biodiversity conservation in Japan. The
studied system was Lake Mikata located in Fukui Prefecture, which harbored
distinguished biodiversity. The recent status of biodiversity of this lake, however, was
declining and thus the nature restoration was highly in demand in the local community.
We examined what environmental conditions need to be restored primarily in this system.
We also tested some restoration measures and evaluated the effectiveness.

A floating-leave water plant (water chestnut) has massively covered the most part
of the lake surface since 2008, although other part of the lake was not covered due to the
limited seed dispersal and the increased mortality caused by intruded salinity from the
adjacent lake. The water chestnut cover caused the changes in water quality and
consequently altered plankton and benthos communities in the lake. The energy and
material flow of the lake food web was also altered significantly by the dominance of
water chestnut over phytoplankton in the primary production.

Small-scale fish ladder is promising measures for restoring the connection between
paddy fields (where cyprinid fish spawn) and the lake (where the fish grow). We
identified the environmental conditions at which Carassius species (the major cyprinid
fish) spawn. Then, we selected locations where the successful spawning was highly
expected, and then installed fish ladders. We measured the number of fish that used the
fish ladders and found the significant difference among fish ladders, which was caused by
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the irrigation treatment of the paddy. For the effective usage of the fish ladders, close
collaboration with paddy farmers was found to be necessary.

We also studied the long-term changes of the relations between the lake and the
local community. Our sociological study found that the pre-existing diverse relations
have been gradually eroded in recent years. We also developed a GIS platform that shared,
managed and visualized the information we collected.

We also conducted public participation cooperative surveys in order to effectively
monitor and share the current situation of the lake ecosystem with the local community.

The above results were openly shared with the local community, and we were able
to help the local community develop the “Mikatagoko Nature Restoration Committee”.
Also, our results contributed significantly to the overall plan of the restoration program.
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