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BB L, FNENDPVDIZ NS RERER (22

TR EWHEEE 2 TLWES D)) Lo TKEK
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HIENTE S,
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HEOMLIRED R <, TED SRk % ik i’%%@‘é het
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F/HERE LT, AMEEOBETHLT MY R
QEETHDL, T M) T AZZANVF—DOWEILEIT-
T\ S CHE R 3 & IR S AVERE S L Id e &
N\, ZLTT NI AhS0EF 5 Wl % 5 £
e LTHMRICb LD 2 &A%,

L2 L, BRSO I3 A g & g fdgi AT
FIH L THIELTWADTIE R, il d 2k
WEELD PATIE—MEL T b, KIIZERT 51
%%@@mﬁ&&ofwéﬁfiﬁ%@%@é%ﬁtﬂ

W TELZZBWIEA) T M) 7 AIEBESEIC
l%wa&wmf,mﬁ@%@%m%ﬁwét%z%
N5

KEFFETlE, WiEDEE - 7 ) ¥ ACE 2 B ER
AWRESEIC BT L EEROFHERELPICT L%
& L7z,

7 BAWFE D —EB1% H A AT IR L2 B2 78 28 2L AR
7% (B) No. 22380133 12 Lk o770 S ZICEH L CEHOE
rET,

0 AEAE

1 EEBRAE

FERRL R LA N O E K (22277 —
FNEMWER Y, B=130cm) % 7z, HHEOEREIL, BE
D72 DOREFEHFRL N EOGIE, WEDKNEDH
NBLOEAEYRLHELZ SICLBAEICERESIND
(Biggs, 1996) Z D9 HLARFEEIKIEE CEHEDOEE IR
Ba 5.2 HBRBEERITHEZTTH D,

K ERE a7 1) — 78y 27 (39em X 19cm X
15cm) THEYI Y 23%1F 729 2T, JIIBEE S 10em %A
L7zo 810 oGO KBEIEIZIZE L 78y 7 2+ 5
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RICRE Ltz iefr &7z (BUF TeATIX] &95).
EEMIZERZTAOE T E Lize DT R 2w
9)o 2010 4E 12 HH 5 2011 4E 1 BI2Hh 3T, K 7o
MR & Z AR A v C—5E = (Q=0.05m’/
s) WZLZA sk L7z,

YEATIX 32 AT, *HEIX 39 BT (Figl) ©T7 2 )V
O (¢ =5em) #HWTHITE a7 L TR
BERIL 720 Wl % 7 2 v 7 418 3 RICRBLE T
(VP-3000) TaHM L7z BbECKRELREHNL 2,

PRELL 725 URHI ORI T SR L7212, b
WS STHARE SR, ZOWREFEREEL
THhH1EATA KT ARy, WSO ATF—T %
B Lo TORTICHLHESPHE L, 1
B2 E 0Bl 3 EL, FEFIZZVLD (72
EZFLIELIEHTFO 13 ULEEEODLLD) & +++,
1 2OHIFFIZ2, 3MEKASN-bD% + ZOHHE%
L, INFEIERE B L7,

F7o, BHE OC CHEESEBERHOAZIN v 7
\2F6#8 L, Thermo Electric 1% o & & 43 #T 51 DELTA™
Advantage (F7#LEE : Flash EA-ConFlo 1) T jx k% 5E R
fiifklt (6°C) %EHIIL 720

FRRHEAT 121 IBM f1 SPSS Statistics 19 % V72,

2 RERTERAELEDHAE
FUIEFETZ /L Ll O B R4 5 R
1, WS U C R OALAE 228 b B U R AR &
B L B WEERINARDEE T 50 RFEITIZ 98.9% %
5 PC oz, i) EFERoRETI—2% <,
L7z THEHER DT PIZEVCH11%BE T T
5o

HEARL D FEMARE, FARRIC L > TR L
MR E I Do S TR E DT ISRV T
DFEWEENTH Ho F72, ALFRISHEAEIZB VT,
FEVEMVEZ ST TOHNF LY L L ORSK % 5§
bo SOHIZHEHBAEIDTTORE) - IFUIbEEE LTSS

=
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Fig.1 EERBHIGET OKIE
Canal before experiment

55212 % (2012)

Lo ZOREE, FUMEOMTLWEIZE TN AL EMAE
OFAE (RERNARIL) 2T 5. I ux FAARS
Bl (fractionation) & V>3,

IRFELEFNARIE § PC (%) 13U & W B &, %

THEINS,

3¢ 13C

2c samplci{ﬁ standard

§13C= X 1,000(%0) (1)
13C

[@} standard

Z Z Cstandard (X7 A V) A EREH T X0 T A FIH
=71 =GNV A+ A MEADOHETH 5,

B ORI, KWAERE L 2R & B W id 2 UK
G o8 EEE AT EICLsTHEIHENT
Vb, ffERBEYE PAEEEOM T, AWEeE
ELCOFPN e RFLEFAMALITIZEALEDL
Vi, L72h% o THEREE O% 58 FALK HLAS I HE AT O 7
FThb,

KARFRL L L ORWL C IR T 5o A 1 Cy Al
WThib, —HAAF (Miscanthus sp.), T/ 2074
(Setaria sp.), 4 X ¥ I (Echinochloa sp.), 777X (Imperata
sp.). Ak N (Digitari sp.), 7Y 1) 74 (Cyperus
sp.), bUEO I (Zea mays) 7z ¥, A AFHEYDO—
L C, MBS %,

C, WP DYt E B O RAAR 73 NG C i & ) K& v
7o, KEINLZEBRMORFIZED D " oEIEILC,
Y &0 A, DF ) C PO RFILC AW LD
B, oKl - 45 (1994) 1%, C A O 6 °C % -35 ~
25%0, C AT -15~-10% & LTWwh, TNETO
SATIC L AURTKH R B E O C i o 6 °C 1 -30 ~
27%FEE R IRT T EHNE V. A A (Oryza sativa) 1% -27
~ 26% %R AU L CAKHELD C, D 6
BCUE-11 ~ -13% FREEZRT 2 LA %\,

I TIE C RO T ) & 2 & B A
DRFETH D ZEHE v, TR FAD§C 1T 25 ~
27%MRERIRT T EDE L, CAEMDOREIT/N S VL
EAOND, T, W TH B EHEKIZIE C, A
BEALEFTLTWARWIE, A AP CHEMTH 572
OTH5bo

FEAKFEOBEHD 6 °C 1 IHAEBITH SN KPOE
FFREBERIRFE D 6 "C 1l BRI 5. KR LD
ASEHIAL L T BIGEDONY 77 v 7 o §BC
13 -20% TR TH 5o

m # =R

1 FE

FEERKEE ORI, AT X 0277m/ss, A TR X
0.287m/s & 72 o 720 M [H T Mann-Whitney & U H7E %
Folzbl s, PHREICEEE IR, LML
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SZRICOTHEB IOV THHT L7z & 25, KEEREET
HiE (UFARSIZBWT [y F) v, U 399.0 :
p=0.009) B X OEE A OFHE (FERS [z 1] &
5, Uil 442.0 : p=0.035) \ZH E%ED % -7z (Tablel),

FHE AT MEATIX & IR TR RIS 7 b L& 2 72,
MR BT 2N OEENE LI 5720, HRNLOB
SRR, OGREM (TRbbARBHRRMAT )LL), &
SR B LRI T (BF, 3 7 v—T] &£35)
T, T F G B L OKIEOBRBERIZOWT—IC
FLiE AT 24T - 72866, S OBREEROFIIMEICEE
EXASLNL o720 RIZ, 37NV —TOHESAi b A
b7 MDA AT L2 & 2 A, REER, HIZ 2.922,
7267, -0.604 L% o720 DFEN, AiEIE3ITEWVES
RL72ZERLIRIZERGAZRL, EREZELH
LA E R L7z, ORI E O E (0.1 ~ 0.3m/s)
WA DER T 5, Roltb AN TR,

EHIZ3WILHIMTHAL L, i FAM (LU [x 5]
Ev9)) OREE, ik, PR RO (DUF, H
K 1.296, 6.599, -1.167 |2, y 51175 2.448, -0.090, 1.762
12, z J5IAIAY0.269, 10.327, 3.01502, Pl (x i &y
HIEOABGE) 251.792, 6.453, -0.866 &7 >720 &
DL, FHREBIT y FAERE, & 2HHOTENE
FLTWDEZERHL IR ST,

MEATIX TR A L7270 v 7 ORI X fifa < it
IEWHPEE SN0, Tay Z EOMEBRIZED
A~E®D5 7 )V—TFI50F T L7z (Fig2), a7
V= 70y 7O TFHMNCEEE T M) & AHHER L
NI AT S N CHE T oo Tz, BATIX S
TNV —THIZBWT, iE 3 WITOERGE), T
Tl (x ), MEETT S (y#h), FRE (x
Bl y SO ARTE), SRETHE (28, KiEkLOY
HPEIZOWC TR E ST 21T o720 ZORER, &
M omFIIEHEEREN LS (F(4,27)=5.049), Tukey
RV SZERE T2 25, BCHB LU CD
[T COWMBEPHEIIINSWZ EDVHL IR -7 x
HINZOWT HFREEDF S IL(F(4,27)=9.740), A-C [H],
B-CH, CDMBIUPCEMIZBWTCHAFEREIZ/NES
WZ ERbRotz, & OIFEHE (x oy oAk
) ICHEBEEFRD LI (F(4,27)=5.260), B-C, C-D

Table 1 GXBRDCHE: D P35
Average velocity of Meandering section and Control canal

(A7 T m/s)
WEATIX i B X

Wy | R | P | B
e 0.277 0.109 0.287 0.132
P THT  H 0.242 0.097 0.276 0.125
it A 0.203 0.095 0.268 0.119
REWT A * | 0.102 0.087 0.055 0.057
EZATIERY ey 0.094 0.109 0.051 0.071

T BRI A B (p<0.05) 283D b L 7ZHH ST

WAL 1h) 13 -1..-.2._I 13 L_%._.S..

2 3
7 -9 =-0 -
A=

a7 Y—h

PRBUHLRE 5 (72
L2, 6-2)

’
$

=
]
(o]

w

it | e

o U —T 53T

HEAT X STHEX
Fig.2 RIS O i
Location of sampling points

Fig.3 JKEKECEET %M
Algae on the canal bottom

MIZCOMEPFEINI N ENDbrotz (Wih
b p<0.05), y HlAIB L Pz FEIZDOWTIE, AEid
HONTmolze ENSL T V=T Cldlin i &
FHAMBO 7N — T LN INE N E D S22 577,

2 EEZEOER

WHLZZEEOY 798X, 7 b)) ¥ 2A%MA Tl
AR T 34 & o7z, MRBRIXE & B L7723
80% L LffIE, MHBOE P72, T4 T Mg
(Diatoma sp.), ¥ % K 7)& (Synedra sp.), A% 75 A
MV g (Staurastrum sp), 7€ 27 FJ& (Navicula sp.),
T h)F X R T AL RE (Scenedesmus sp.), * U
v & (Melosirasp.), 77 I NUlg& (Spirogyra sp.) 725
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Table3 Tk OFIgHHE
Average quantity in order of the algae appearance
LrBRIX HEATIX xit X

&4 P & 455 P J& 45 P
TR E A 2.5 FTR)EA 2.2 Th)F A 2.6
PN 22 A RTIE 2.0 TANT)E 2.4
7147 MY 1.8 FA4T Mg 1.7 F4T7 hYE 2.0
A0 T 1.6 T7TAINOE 1.5 T IR 1.7
743 Fulg 1.6 A0V IR 1.5 A0 IR 1.7
T I 1.5 T IR 1.3 T4 Fulg 1.6
=TT 13 —vF TR 1.3 =vFTRE 1.4
AF T ANVLRE 1.3 AT ANIVAR 12 AF T ANVLR 1.3

726 STOHIHLTATIYIE, VARTE, AFTTAN
VABIETRCORAEME TR S Nz, REBXEC
IR 80% UL FOff & B WIHICET 5 &, fTIX T,
PARTE, TATIYE AYTITANVLAE, Th
VYR, AudIE, Fer I, AT ALAE, T
A3 bFulg, EXTE A RFIE, 747 h~E, -
Yo olg, AYYITAMNVAE, FI)YA ELATA
LA, A0 I)E, TAIPNOEDIHE ko7,
Wiz, MBENEOM % Table 3 27”33, SERXMTH
Byse, b3t (FrNUFA, VARNTE TAT
N<)E) DNERITHEERIX & b [E U725 7278, 4 fnidie
TP 7TA I Falg, HRXIEFEY FEIZo72, 61
X OWFESANEDLY, WITKAFE 7 T8, HERIX
MW7 AIROEE 7, WHEX b LI T AT 4
B CPFl—21 v FlEE, Ward k) 21772825,

Fig. 4 |Z7R9 7Y FuZ g Anfi 67z,

IS T 5 BRSO Cl R ER X B T Mann-

Whitney ® UM %E % 1T o 72 & 2 5,

i %%, Shannon-

Wienwer DZHEEIRBIC BV THEEIIALN - 72
A%, HBEO#EE (U 362.5, p=0.02) HEEIFHO

Y (s

HRIXND 3 7V — FIZonTid, Ml SRR
HIZOWTHEZIZR SN - 7278, BHEOKRE (F
(2,38)=3.76), = v F 7J& (Nitzschia sp., F(2,38)=5.31)
BXU 743 FulgE (F(2,38)=3.80) THEEDH Y,
WEN SR RN LR E Rl R R Lize AT

XIZoWTIdER$ 5,

AT X O WMBEHEONEALIZDOWT T )V — T/ T
Kruskal Wallis B2 & 75722 A, V2 FF (p=0.019),
FEZ I (p=0.023), A5 (p=0.029), 7+ ¥ A
(p=0.032) BXO7F 3 Fo (p=0.039) (22 CIEAL

BV H LT ENHS N5 7,

L HBlEOREDOMIZIL,
=0.86 (171X : p =0.81, X : p =0.89) DA E R
EOMBA®H o7 (p<0.01). HBEOKE L LHETR
HOBIZ S 2T p =0.76 (WEATIX 1 p =0.73, KFHAIX :
p =0.80) OHEZIEDOHBEDH 572 (p<0.01),

WA AT p

BRAREhLEMZ SATRE
A M R

AEYFABMNVLAR

—]

TEIFR
T4T7 bR _J
AR

TAIFuR

YA RFIR

FhYUZA

=y FTR
Figd FEOMBEICLLZ7Y Furs s
Dendrogram of cluster analysis of algae quantity

ORI TIB - EM AR T L FHLT, B
WHE 7 T AY =G L7zDs, Z0 L) RENIZAL N
MNo7z,

Fig.5 ~ 7 IO A b 2775 4 %75F . Shapiro-Wilk
MEDAER, & (p=0.192) K ORREIX (p=0.539) T
ZIEBL A 2 7R L7228, AT IKIZIEBIME 2 R & o 720

3 R ERROBER

ATk TAD &, R EFEBOMIZIE p =049
DIEDHA, FERIX, T THENEIp =0.53,
p =0.42) RSN (Wb p<0.05). L& LiiH#
ESRRETRBOMICIE, P, ATIX B X ORI
XOWFIIZ b HFEMABIEASN o572,

A Wb 5 AR & i E 0.2m/s R (2 V—71), 0.2m/
s YL b 04m/s i (Z7v—72), 04m/s DLl (7 )LV —
73) o CliBlEfE, B SREREEO—IT
WEMN 2T/ THABEITRO SN oz, F
AR MBBES % Fig8 ~ 10 (RS, MEEE L,
FAT7IYE, TAHINUE, AU IECIRAEEER
L, =v77& (F(2,68)=3.12), & FI/& (F(2,68)
=431), A% I AMVLE (F(2,68)=470), T h1) %
A (F(2,68)=3.40), 7 Y7 )% (F(2,68)=8.44) |27 )V —
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Fig.5 Ffov 2 b7 55 (4fk)

Histogram of species number (Both of the sections)
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Fig.6 MOV A 74 (KEFIX)

Histogram of species number (Meandering section)
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Fig7 HBHOE A7 I 4 GHREIX)
Histogram of species number (Control section)

THOEEEN D> T2e LELBMOEE, = v FT7EIE
TN—=T3DHPTIN—T2 L0 Eho7z0 ZOMOF
BTN FIEDNE R 7N — T DTN % Do 720

ThHLLEYARIBIEIIN—T 1> NV—T2 A%

TRUHA

ZDAh, )
\ HRT)E

TAT Mg

=TT R

RETGANL
LJE

FEUTR
TAINE ARV TR
Fig8 7V —7 1 OLBLEE (0.2m/s i)

Appearance ratio of algae in Group 1

7 hUZA

a2 '

\

TAINEE

TARTE

TAT A

=TT R

25&7;< % AT T)E

FEIT)E
Fig9 27\ — 72 OHHEA
(0.2m/s PL_E 0.4m/s i)

Appearance ratio of algae in Group 2

TRRTJE
T RIEA
20
=vFT)&
TAT <&
ABT T ANV
LR -
7 AR A7

FTEITE
Fig.10 7 )V—7 3 OEBIEE (0.4m/s DL L)
Appearance ratio of algae in Group 3

TITAMNVAIBRBTIN—=T 1> V=72 TV—"1>
TNV—=T3, TIN)FRAGTN=T 1> V=73 F
V7 I/ TIEIN—=T 1> NV—=T2 T IV—=T 1> ) —
VARD ALY AR

MHEET M) Y AEOMICHEEZAOHE (p
=0.51) 7%, $REHREE T ) ¥ ADOMIZ p =-0.64 DH
DS (Wgiid p<0.05), F7-, i EEREOMIC
13 -0.88 (p<0.01) DHEWHEDHEDH 72,
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MEATIX 4 5 7V — 7Ok & ZAFEoO Mm%
Figdl ~ 18 |Z7R" 3o &7 NV —TDFHFEEL, A5
FAMVLAE (p=095), FrUFA (p=091), ¥
A FIE (p =090), F¥ 7 F)& (p =090) &DRIZ,
ENFNEELZBAOMENS - 72 (p<0.05)e TNHD
ML, Bk L20iE%E 3 IV — ST e s v —7
MICEEENELFE, v TF TR 2BRVWT—% L7,

FHEIMOFHEL D LI L2V FAY =55 (22—
7)oy R, v — Nk oF >y Fur g%
Fig19 127" 3. A, EBXUBAEML, 7oy Z7ET
MO CHENTHMELTBY, DL - & b IThE
BHLTWh,

5 7V — T OWIGE IR, A 25238, B AY2.33,
C7H242, DA 245 EN3234 70, WFNoMIZD
HEZIR N7 (UBRE) .

5 70— 7 C—IoBliE 5 T 2 4T o 7oA R, R
O#s (F(4,27)=3.708), ¥+ FJJ& (F(4,27)=4.085),
7R % A (F427)=3.636), F ¥ 27 & (F(4,27)
=3.921), 743 Fujg (F(427)=3.245), 20> J)& (F
(4,27)=3.673) THEENAOLNTe = v FTE, T4
T IYEBLIUOAY YT AMVAETIIAEEZITIRON
Lhotze LEIEOMER, FEEND7-MOETIC
BWT, D7 V=TIl L C V- TORBEEIEL W
ZEDHB NI 57,

4 EEBEORFBERERMAE

I TN OV FEERNMAR I, -20.0 ~ -22.3%
L7 o7z (Table ), §°C &% & OB OMELLAH R
B ERDIZE A, TEDOMIZ p =045 (LT,
T p<0.05) DAELRIEOHENH -7, 6°C &
HeEofsE s dMIZp =0535, Th)FALDOMIZ)p
=054, 7HIFOEE DM p =045 v FTIEE
D p =-0.48 DAL DH - 72,

T N— T TR ESH 2T 5728 TAHERBEDE
DN (F(4,27)=5337). ZEILEOMR, 7 Vv—7
C D §CHMD 7 ) — FIZHRTERNZ &2 S 02
o7

v £ £

1 FE

MEATIX & ot IR X O I FE B LA AR 2o 7295,
TN T TIRAEDE L7z, FIZT M) 7 A& L
B OB D B A $R1E 710 O Fit I AL EE O R
H2 D HeMsd 5 2 LN o7,

X B XA BRI Y 72 7 18 O3 X ) OB R I2 7
BH7ze Thb B PEILE U & 9 %5t UAEE O it A
B L-—, BEEIZITWERNDENSL Z EI2L ) IE
Wi & 2 L7ze SR 72 KBRS D> - 72 72 6 B
HOREPHIEE N2 L EZ LMD, BEOKE K

55212 % (2012)
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HOERALA S 72 & AW O A FEF DA Sk 163

W R S A s
IID 15

D

Fig.19 WTX 5 7 )V—7O7 >y Ku s J 4
Dendrogram of cluster analysis of 5 Groups in meandering section

Table 4 FAKIO IR LEF AR
Stable isotope ratio of organic matter

(HAZ © %)

TN—"7 A B C D E

e -20.9 21.1 223 -20.0 -20.8

BT OHRERICH Y 3 BN DS 6 B EI A DS 1

WZHIL, HRMIZEROTRNDOZEEEDE T 3 5 15
W3 % o

IBATIXIZB W T 70y 7 OETFiEl (C) DOF#EDIVN
S B TFHENTZD, CNPEENIITMITS
N7zo WATKIZBIF S 5 7V —TRloj#EE, 7ay s
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Diversification of Water Velocity Provides Biodiversity of Producer
in a Food Chain

MORI Atsushi, WATABE Keiji, KOIZUMI Noriyuki and NISHIDA Kazuya

Summary

Important factors for aquatic lives in canals involve water velocity, water depth, substrate of canal and plant com-
munity. We can control only water velocity to conserve ecosystem in canal when land improvement project is put into
practice. As water velocity affects environment through succession, variety of water velocity might help us to create
diversity of ecosystem. Algae and detritus are most important producers in ecological pyramid. We analyzed relation-
ship between ecology of the producers and water velocity using an artificial canal.

Water velocity correlated with number of species. On the other hand, velocity correlated inversely with quantity
of algae. Though attach mechanism of Nitzschia sp. is common to Navicula sp., the quantity of the former was not
been influenced to water velocity, but the latter was negatively correlated to water velocity. Quantity of detritus corre-
lated with water velocity, especially vertical velocity. 8" °C of samples collected from behind concrete blocks that have
been set in order to emerge diversity of water velocity was lower than the other samples. The samples were considered
to include more detritus that was derived from terrestrial plants.



