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The interaction between agricultural land use and flood disturbance on aquatic insects
- Approaches from community and population dynamics and genetic structure -
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1. General introduction and study flow
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Figure 1 Study flows in this thesis



2. The relative contributions of refugium types to the persistence of benthic invertebrates

in a seasonal snowmelt flood

PRI I T I b — AN DBERICR AT DI TH 5, KAERRIT E - T,
UWAKIZ K DWREDOBENT ARG AR L, ECREZEMSEL FHRK LD, LR
D55 PSR & 2B 72k Yy (refugia) 2STERK S v, 7)1 ZEM) 300 12 0K
TIATe Z & TREREZHMERF L TV D EEZX BN TWD, T OB & LTI O KRB
AR, X EBRMRR ENHE SNTWDAS, 572 DR, 2 Ll U, AR e M A
R LTEHRZEBNIT A 720, ABFFE TR, ZFHEIUK TH 2@MEUoK T T, dbiEE I & i
L= ) B O—EXH (200m) O] IFLE RO 2K 2 BB R RE Z 24 A
T3 L, Bkl (2009 43 H) (4 A) % (5. 6 A) OKAERBBEEDOZLEM T,

PKIEE, AFRNOARY 4 % A4~ (R : RI, A : RU, i : LP, K& :BW) &
LEROAERY 2 2 A4 7 (R SH 20mDIFEAKS : TR L/KIZED @ AP) DRt 6 XA 73
MBS, BOKEHZIZ D 6 Z A FITMA, BEISIRKY 5 2 & THT= 2K R S
oo BEITIANZIRK LTZAKIROD N 200 7R BRI & FR iR K« ST7, IR W VBRBE 2 Rl K
W FIr & Ly AR B 430 L C Rl T 2 itH 2« RIS : SC7 L LIZRE 9 A 78
B STc, FAEORE. T, . TRk I @R, FEEROAERBD D R
Sz (Fig. 2), — TR EBRTIHRD D3 610 30 TIEABARER O VMRS S iz,
INA T, BT & o 7RIS S IERDOA DS S 4L, 1 THREMRIRAKITZ < OFEIC
WY L LTI ST e, RS AR U, Bk B HER S TV RERE O
UTIE. TREHEINDEL O TR FTREZR AT UK IS L7 T B bRl S e, K
Y B O E OB OBREERAE T ARICZERIIISEWN D & oK S IERITESC R
Lz Z LR & L TAhA B,
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Figure 2 Temporal changes in (A) total density and (B) species richness of benthic
invertebrates. Values are expressed as the means +SE. ‘Type’, ‘Date’ and ‘T x D’

number of species

indicated significant effects of unit types, dates and an interaction effect, respectively
(P<0.05). An asterisk * denotes a unit type that is significant affected by dates.



3. Homogenization of macroinvertebrate community structures caused by agricultural
land use
TN ARER A~ D FEHIEC BN PR3 2 3 132 < DEEAFIFFEIC K » TIThiu T& 72, KAER
M OFEEZARNEZ IR T S8 5 BN ER E LT, IR AL X 2 KEE L, Mk
TR & DR oMK L, KB (E#RE) 12K D) O B b2 s ST
Do ETMl 2 DT TR, RO OEROHAAEHZNR bRGEES LAhO TR Y |
ZARNE & RHUEZ B O BIRIEIIEIC 0 220 d D, — T, BERARER 2 LICEFRER
INTWDEHEE L LT, ERGORTIC L 2RO BN o 5, FHEDEN
(B) T DFELARME AT S EERER TH Y | ({EROBMATEZHENE (o) 720
T, BEEREB RS EEERIEEE LTHWLNTWD, L LA s, BHFIHE
B ZARME & OBIRMEIT, TR TIHIZEAESH->TE LT, MEEDLE L ST
Do AWFETIE, ALHEE DL IR AR BB O R 2 5 27 MG AR E L., il
FIANED X 570k % 7= ¥ > T B SHREICEEEE RIEL T DONER LN LT,
WA r— VB & UL AR (Altitude) | AL (Slope) | S/KIN O 1R (% Pasture)
EREH L. RPrA7—/VERKE UOKE, WEBREE, REREEICET S 14 HE 25
L. BRSO L - T3 >DOfEtatE 2Bk Lic, KEfE (PClwq) (T X VKIE T
WERUREEZ R L, WIS (PCleny) [JAIROB OGN, BEOWRA | FEDIKT &R
L. SEEEIE (PClev) 1R, KEE. WIRMEL JIEOREMOE S 2R LT, L
FRMEFEIR & L TR HEN 12 =2 R — R ORFEEL (7 reach) & FEIFEEL (o miero) Z2FLH L,
HANOREDENTH D Bmice (v —a) ZHH L7z, Structural equation modelling
ZAWT, FEROERE, WL TN L7, RHRIHIIBE AL & [FRkiZ, KED
B, MR B o, REEOKTZ5IZE I L TRY ., BEARMITREE L KEICK
Bazir Tz (Fig. 3), FICEREOHWEMIIL VRS BZREDOKR T 25 EZI L TH
D, EHEEITEINCENTH, BEREDOERTE5IEREI LTV Z LR ENT,
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Figure 3 The best SEM models of B diversity at the microhabitat scale. The number
associated with each arrow is the standardised path coefficients. All path coefficients were
significant in the lowest BIC model (P < 0.05). Black arrows indicate positive relationships,
and grey arrows indicate negative relationships. Line thickness indicates the strength of the
relationships.



4. The response of aquatic insects along the gradients of agricultural intensity and flood
magnitude

JRHIEEEIC & TR, BREOWE(L, MROMKALA T SR I SN TND Z &R
Gyinole, % < OREEEGII IS OBHES SREER 12 L > TER SN TV D20, &
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T OB D52 A AT RO TR, A RIS K D KER RS Y =0
LR DR STV D, —J7 T MOAFZEIZI W TIZ A SK) 1| & ) 1| Tk D52
BNEDLROVEES SNTND, ZLbDFRORELR L LT, #imod 7 itk
MELZEZR L TWRNI ERZBTON D, € 2 TAUIZETIE, LRI 27 #siZk0
T, RHUR HISREE & YR BEELFREE 2 o 7oK AER R DISE 2 BT LT,

JRE ORI P SRS (AR AN D SRR | oK ELSRBE I3 VK IRE & K O R FR i D b %
iz, Fiz, kil 011483 ) Lok 5 H) OKRERBRT —2hb, #ok~0
HHIME (Resistance index) % PR ATEAEL or A UK Z MH AL or FREN SR L2, =
OIEHUE A 4R AR B B O %, FREL & B 31 20SERED RS S B U U 2 0%
BHE UTe—fALBIBIR G £ 7 /WS X o TRHAI IR EE & KR ELIREE O 2% 2 ik L 72,
KA R A T ERT ORGSR, FREIT MR IR D 2 BRI 5REE & A D BIFR AN
MR STz, FEEUIE ALY 0 1272 B2V R Y i Lz, BoKRE DB LTI
KIpofcbEBZbnb, BEPEHTRLEZ MG SNIZDlE, 2/kKAR R & RRRICTHE
SLIREICRBREDORADEEZ R LI D TH Y | RIZE < Tedd S U7 3= U 5
DEVBNADEEL R LD TH D, ZORMEIEL. BOKRE BRIZROERGEEZ &
SVBRE S RHUEN S &L > TR LR CE <R 2L 2R LTV D,
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Figure 4 Relationships between resistance index and % pasture or flood magnitude
for taxon richness (a) and total abundance (b). Plots indicate observed resistance
indices and solid lines in (a & b) and values in (b) indicate estimated values of
resistance index.



5. Source-sink relationship of the stream caddisfly Stenopsyche marmorata in agricultural
landscape

ZHVETOMIRIC LY . & LedbZRRIACGRNICIE, BHEEZEBOME IR > T,
AT U CTLIER 2T & RNZE LB TERR S D Z &Moo Tz, T,
TEARER TEA2 BB 92 2 & TRIEEOEEESHERF ST D, OB, k2t
fa g oM (V—2) (JMEEFHER ICB W TREAR TH D, DY — ZEEFE LR
(CLERZREERED 72 D T W ERME SN TR Y . AFRICBWTT, B/
SUNERA S I (7)) ~D Y —A L LTHBEL CW D AfREMER B D, L L,
BN CEARZB D Z LI LS, Y —2ADFEIIRN#ETH 5, € Z TEIFEN
SlEEOBE ZHEE L, BRI CO Y —2 v 7 ORRMEZ I 62N LT,

4 TRV EHEERE IRV ADORBEZIT W e IO 1B Th L ST A D
N B 7 Stenopsyche marmorata % XI5 F & L, 7 -2 microsatellite JFE DB 11 #HA> &
(B IRENVZHEE LTz, FHA LA TAL RIREII 00 3 SO D F « FIDE 6 Hik TH
0. EHOEEIIN 2 M (011%) . H 2 #HR (9-11%) . K 2 #iR (17-18%) Th 5.,
FRNTICAN =7 1 77 I MIGRATE 13 Y — A > 7 OBRIEEZ A H0c4 5 ECEERE
AROFMEEZFEINT 2 2 LA TH D, £lo. BInFREIZT TR FHUE OB
HIZEARME & B ORISR FHE bR L, i L7z, HEE SN2 EEoBENIEIC, 2
O L0 /WX DRSO —HPICA T TR, BHIEEO R WHANDITIFEE A
EEL TRz, ZORRNG, EHEED /N S BRI 23K R RO ERED
— AL LTHERE L TV D ATREMEDS /R S 47z, IR T, BIBHIZARMEITA HLE TEVIZRA S
NI T3 B ORI IR B O/NS WHER K 2 < AT 242 R Lz
(Table. 1), 2D Z &%, FEHEEED /NS OB 28 FH [ ~DEHED Y — 2 L LT
TR KREEROBBIZEREICE O THEEREE ZFFOZ EAVRL TV D,

%Pasture N Na Ho He Paf Fis
AU 0 32.00 6.29 0.75 0.68 0.013 -0.12
BU 1 30.00 6.71 0.68 0.68 0.017 -0.02

CuU 10.2 2400 4.86 0.67 0.60 0.007 -0.15
AD 17.9 23.00 543 0.65 0.66 0.000 -0.01
BD 11.7 290.00 7.14 0.69 0.67 0.007 -0.03
CD 17.9 25.00 5.86 0.66 0.67 0.006 0.00

Table 1 Agricultural intensity and genotypic data of six populations. %Pasture, pasture cover
within the catchment area; N, number of samples for genotyping; Na, averaged number of
alleles at each loci; Ho, observed heterozygosity; He, expected heterozygosity; Paf, private
allele frequency (number of private alleles / number of all alleles); Fis, fixation index.



6. Summary and implication

4 OOEBIBFZEIC LY | AT O Z &R S a7z, (1) BIRI)IITIL, BEBS ORI &
D PoKIZKR L CEWERSE L2 A9 5 (2) EHAIRIIKE R L, kb, 2B bz wm L T
ZHMEOIRT A5 & 27 Q) BHIZ K A28 EITKOZELHINEE 5 (4) BHT)I
DOIEAREEE BRI 7 5 DEIR DR AT & » THEFF S LTV B AfREME 2 VY (Fig. 5A),
—J7 . ARG TIE, EHFIH IR 100 FFR10 6 SHED TR Y | BFERAET D3t
KIZE DWW EBAIZ L DEHEIIME VRSN TE T ZE 2 bd (Fig. SA D3,
4)), ZDT=, BUEDTEZARMCAEMFRITID - FIE O KAEIZ X0 FHMRREICEE L7k
THHIEA D, T, WIRAIZEIE OV — R & 72 5 R IREREENR 72 < e o oA (42
Tl R S 72 356) kiR oEHERM TR <0 | EHE T OMEREE AR D
FECID U, IEOSAITHRICED Z L b THEN S (Fig. 5B),
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Figure 5 The mechanism of biodiversity or population persistence in an

agricultural landscape with mixed forests and agricultural lands (A) and without
forests (B).



WIZ, FEOWNNZ BT HBURICRT 2 RER E ARFROER N GRS T 5, BRI
PITOIDDIFEEL DG, HRRIRCTH D, ZORER. %< OF)ITIEL LI
B TR L 72 0 o3 < PIIBIEBIR OB TICH D &) LHIFIH O Mk
MWELTWS, ZZCHEEERLZDIE, Z2< OKERBROBEHEHHZRR NS D 05 2
EThD, HELOREAER, ¥V —A LR D EEET EROFMIRICH S 720, T~
KOBANCZLDEEIT—EHEEClcE PE5 & THREND (Fig. 6A), Mz TR L
T ORIGALE U, MR ET 2 2 &2 Wied . A HIEENIC S
MNET DA DD, —H T, ARITH FIRICH VYV —RA LR DBEENER S TWhhIE, B
ANIZ X ZEHE T &V IRHF T, Fis T Nz @ U AR OAZmAM T4,
(LRI ZAEMENHER SN D ATREME N D (Fig. 6B), W it CIRAEETT 9 Z LI LS,
B Z AT REAR OREAET T O FREF T L 72 EITHE R TIThUsd TR Y, U —FHALTO
FEZARMEOHEIMIEZ LT D, 2D X912, IR TOREERHER:, = LT ETHO
DORVBD EBETDH I EPHRERRBIZ ST DI EBICEREIC RS EELXBND,
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Figure 6 Setting source area within a catchment. (A) Setting the upstream area
as source and downstream area as sink. Here, source effect (colonization from
source area; dashed line in figure) is limited and each upstream area are
disconnected each other. (B) Setting the source patch within downstream area.
Here, source effects expands from up and downstream source, thereby connecting
each upstream areas throughout the downstream source patch.



