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Preliminary Study of Relationships between Fish
Abundance and Landscape Features at Multiple
Spatial Scales
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ABSTRACT

This study attempted to examine the relationships between landscape features and

fish abundance in a mountain stream of Taiwan with GIS analysis and multiple

regressions. The study tried to prove availability to make prediction of fish distribution
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with GIS analysis on landscape features.

slope.

meters in 2003.

and in dry season of 2002 and 2004.
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Cishan Stream catchment, Kaoshiung City, Taiwan. Documented data of fish abundance
and landscape features were used for the analysis.
and 1500 meters, were applied for buffer analysis to get landscape features of different
spatial scales, including stream length, stream sinuosity, average altitude, and average
The regression results showed that density of Acrossocheilus paradoxus was
highly related to 300 meters landscape features, but densities of Candidia barbata and
Onychostoma alticorpus were not significant related to landscape feathers of any scale.
The dry-wet seasonal results revealed that wet season density of Acrossocheilus
paradoxus was related to landscape features within 300 meters in 2002 and within 1000
In the other hand, density of Onychostoma barbatula also was related
with landscape features within 1000 and 1500 meters in wet season of 2002 and 2003,

Keywords: Fish abundance, Landscape features, GIS, Spatial scales, Landscape ecology.

The study area is along the middle part of %

Five buffer radii, 100, 300, 500, 1000,

HEEW] » LS AP (biospheric) JELE: » DL
YRR > B2 ~ K B YIR RAER]
Him s B E S Bz NI RS E e
FIEH R FE ~ S EE B EE R Y
RS » SEF ALY G e SRS
(Likens & Bormann, 1974) o /] JI] ~ 575 ~ EEEL
7T Ve B VR S SO RE BB B B Y& S R
RS RAGR - (S LL SRR FT LA SR SR ~ Bk
& A V)T T o3 FE A T PRET AR B (Likens &
Bormann, 1972) » [IIATAIERERAAH - PRI EL
IKIBRR IR EEY) » th T SRR S B K B A (R
J2 8 U AR T8 P2 B %21 (Likens & Bormann,
1974) -

Wiens (2002)4 H {8 3 S A4 REER o) (i
e AR AR > (E R M A 52 2 2
BRI ARG > — M ARET & DL =T A 2 5 ]
JITBRERIR B8 R ) | VR f S —
#53 (mosaic) » FLAF EL & E M ~ ARAK ~ TEPEEK
i - IR E RN g AR R
USSR AT d AR A T e B AT ) o R Fe o
ALREARAR > Rt SEMRBEREZERK - [AIBE ] 380 S A
REER IR 3% 30 2% e RS R/ NPT ) 1 e A5 H] 2t
SCREE 50 FIIAT 10 PP 2R ) [V R R 43
8 A PR BRI S5 > 3T TR

—48—



37 7K BT Bl B SO RS DIRENE » HrP R
YE ~ BHEY) - e BB HMMREAE =
I F4 B2 il 1A S AR E M - 73R LUK
Z B A€ (Hydraulic biotopes) B A # B i i 7]
JEIREME - gk T IR B RRE ~ Y
B ~ H HBk K B 20 % (Newson er al.,
1998) -

TERAERE R - (EHER S DL/
IRGT M E R Zen B, - WA & BRI o 1
T M 2 A B R 2 B PR R B (Gorman. and
Karr, 1987 ; Bl ~ 2T > 2010a) » FAEEEER
TERNRRALE KGR 5347 (Aadland, 1993) » 4
BEE I 3 (= A ~ 2REE7F - 2010b) » i H.
BT F AR X PRI 437 (Suen and Su,
2010) ° A AR M S AR BRI S e R ANE &
A FI I B RERY B E(Yang, 1971) » JEET
fH(Channel form){fii&(Flow)ER [ i th 31552 15,
UL 50 B (Stark et al., 2010) > Mg e
St ST TR - KO8 A 1858 BRE B (Schlosser,
1991; Poff, 1997) » AI K14 RE A ek B /K S5k B 1%
ZEY) > T AR B K S AN B R PR A
REE P S MY (Likens & Bormann, 1974) o [
B T HHBRRHSE - BIATEFEEE2(2010) BT I
IRESEAOK RO ORE > s IR (2010)BEGT F
B B S M B SO R - 2 BRI S 5E o ARG
PRET b SR - B e R S T B R A B 7 A /K S L
lzc3sioh =i [E9pu:t SN Cr = eGIDMIE P I SNzt sl I S
= S E R FH AR 8 (Inoue & Nunokawa >
2002) - [fiya] FH I RE B e Skl S ) 7[R — R R i
B i LR ZERT BRI SR M T
SR SRR AR RR A % - Hotpe iR e
e BA RIS IR > PRET ARSI S AT
HEAG A AEE AT RENE - FROLRARIH R E0E T
G3AT ERITT(E o

— R EEAE
2.1 THSEihES
AW FEAH F BLA 1 f R R B P A

Bl PRE O B I SR T Z BAR  BF
FEIEEFS T G IR IIIR - MR S A B

N
ppppp

})g“\ \« 0 2000 4,00(\ 8,0(;3 A
B 1 RERRBUEBCSIREEERE

% BLEZRRA R RS R R R ARSI - IR R
IR E PG R > AR B LR - 724000 23]
-~ 2055 - RS E TSR ~ R -~ 2
PRI LR L1168 S5 8 - B RAY 117 8B - sk
TEHIRS 741 ZRJTAE > JRIRFEIRREEE 12 15
(TP ~ B Ll - 2004) - fEREAIRRIRTUERE
SH S EABING  NEO AR - R
B 30 ems JeA7 o SHERHE T i HERR AR (1
VR TR R [ ' 7 ) o S 88 R T A A S ) A

OT T ~ S5 AEHE - 2002 ~ 2003 F] 2004)#: &
Wtk o FHEE BB K T - ok R - B
B - A HL B HIPRER B A IREE N 7 GRUR ~ 7K
Mlin (i ~ B NPEAELY) » Bl sUE R R AR
At o AHFFEERIOTBAAREGEET 10 F
(& 1) KRR mENE B —2 -~ — & i
P4 - BB - LR - ENE - RESG
B~ ARG - ELrhBR TR JERIELL
Je 2 NSRBI INR SR - HerTREE
PRE IS ER b - fERFFE B LI A s B
EHBERTK TREREY) - REE B S RE R e
S J8F B IR Mt SR 2 B R

2.2 BEEER

2002 FEERER 12 ZRECEEFUE 6 R} 19 1 : 2003
FEERER 12 ZRECERFE S B 18 1 5 2004 HERER 6
RECERFAFE 5 Bl 14 18 - FEAEGERGE
' fi& (Acrossocheilus paradoxus) ~ 15 # & 11
(Candidia barbata) ~ {a] X Bk #A (Spinibarbus
hollandi) ~ & B i 2 (Onychostoma alticorpus) ~ fif]

—49—



F (Onychostoma barbatula) F1 1 & & (Zacco
pachycephalus) » 715 fig fiX B 7 & 8 [H € 4=
(Hemimyzon formosanus) » fify [REHIHE G W) iR
(Rhinogobius nantaiensis) °

AT FE LA PR AR B B B B AR R
HEUES - GEEOS - Al O - SO
R (ERERETEE R B R R o 155
T PR RS R AR - N EERER
Bl 2% fe R A R R DABR R B R LR 15 S R %%
B A HIEKIRIR T ES 5 2K E R S
M AREPRERAIRE] - G A BRI
B o P LU fE R S PR DL PR AR B S B H 13 8
FEITIENE - AHFIeER TR R - Do
SR AL AR T o EAER S
T I1ATE(1996) » BREEME ~ 77 7147(1999) » DLk
PR ~ FREE(2010a, 2010b)IRFSE = 7 2353 LA
FRIEHE SO RMEEAER N 10 AP E
B B RE RS ik - B EHE
FREAE SRR F RS

23 ERITRIEF
ARBTG5
ST BT IR T ZRMELES 2005 4 HREINE
RIS ~ 2001 5] 2003 KRB EFE
KICE 74K KRBT ) LR DTM (Digital
Terrain Model IR R1ELT 747  $RIHIHLSR
TEBRIEHRIT - BT EE KRB
FIRBSEHISCIRI T o I H K R PEAE (A SO
T HARDITELR - B - R
e 2 PRI AR PE B (VIE < 4) > HLPU{EDE T2
BT AR R HST IR 7 > T
2 SR 8 2T A NG 2 R o BRI fU8 A
FIMSR T » TR R R B AT A R
I A 5 2 0 P T 1 BT L S
BEBEAILLE » 7 B R S P A 1
P A R AT R R S > TR
(Buffer) Il 5 B B2 SR S A » LB
SRR O B BB S 100 ~ 300 »
500 ~ 1000 1 1500 23 R AIIEIF I - 53 0IE £

B~ TR DU SRR R 1 23RS EIR
T s AL AN ] RUZ A P8 ST - B

2.4 ORI

15 fR 2% Ml 1t ST IR - £ R BR S [ T~
R IR A AT E A R H
BRIE » IS0 DU el RN R PR R SRR R E
JE € B HEGE AT AR 1R AT (R 8 S LR B
EOE n=9 : BHANIE S n=8) - K
SRR T W T ML SCIN 2 A B U S A R
HIBAGR » P USSR R 1 LUE RS BT - 73 I LL
91 ~ 92 193 - FTl LK - BAPU{H b SCIA]
TAHEFT M o EEATRRATE T o B8 7RG
ISR E TERIERERE ) - SR E T A
W E— DRSPS 91 ~ 92 FI
93 FEHJHZZ(1 E 4 ~ 11 F] 12 F)FREZRS ] 10
BVl SCIA 131 T 734 o

= ARER

VYIS DR (I B ~ MRS ~ ZFE2) R AT
FEIGEIE) - AEANFIERIAIRHE T - AR
L% - FEERE R - B ~ &
FOZF S35 R S M 0 - W FE IR A — T 55
(F1De

BBl AT U B AR (3R 2)  fE5EHE
T AR R A SR (8 B A 93 HEEE
RIS 300 A UMM TR BB KHE > PIELREY R
K2 0.5 LLE » G I~ =By i U e
A EBIBE K YE o (EHCET OB R ER 7 AT
R H-EEHE A E BB KYE - 315 91
192 FEB A BRI AE 300 1 1000 AR IEE G
fi » 91 F1 93 HEHZZERIFAP(E 1000 F1 1500 23R
A F - 91 71 92 FEEFERIRAPE 1000 24 RUAfE
R IS L1 RORTE B il U IR R A R B K
e o 1 U R /K B R B AR 2 e g Y flef SR
TOTB R ~ PEE ~ FEREEARHEE) - £
AR TS RS R AR B -

B R SRR 300 ARG
T+ FECBREE L LU [ml R B B (S — 2
& - BLRITISHEIE A REE RS - RS IR

—50-



&1 FNEREHEEHE TSHERGMMNES - [REEEEESN - HREUBI98EMIRAR -
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fAt BHEEmM) EH| O TEE FHHE TR ikt JE R’ p-value
Tz &% B8 300 m 93 0.002(0.11) -0.003(0.03) 0.061(0.05) -3.787(0.01) 0.780 0.034
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a% #8500 m 91 -0.002(0.03) 0.007(0.01) 0.064(0.04) -2.556(0.05) 0.938 0.011

#2 %1000 m_91 -0.002(0) 0.005(0.00) 0.067(0.01) -1.735(0.02) 0.995 0

## & _1500m 91 0(0.02) 0.005(0.08) | 0.026(0.63) | 1.504(0.19) 0.884 0.027

## %1000 m_92 -0.002(0.02) | 0.009(0.02) | -0.047(0.44) | 0.395(0.87) 0.881 0.028

4 @_1500 m_92 0(0.03) 0.01(0.03) | -0.111(0.15) | 2.596(0.10) 0.884 0.027

5% ##2 %1000 m_91 -0.002(0.01) 0.004(0.12) 0.05(0.39) -3.422(0.21) 0.867 0.033
## %1500 m 93 0(0.02) 0.004(0.03) | -0.07(0.72) | 1.253(0.08) 0.883 0.027

RSB - F7 DUE SRR B R - 5 8 R
1K o FESREE] 500 23 R DA AR I B B iy
EEEERMG - AR REAILE - i UE T
)il - GEOEN S o S
TR ISR TR PR - B mI2AUg
T - 8 S R S © AERCET RS
RECETTH > BB OB 2R KENERES
X Ml e R T B A 2 B KRR
1 (HRE R LIS A 2 B K e e
% o

i

FOEE B R R RO T HEE IR
At FERREBYEEEAEERS - HRMERS
BRI > DU Shar & AR DU S e
AERIA - FIHL BT S A SRR
RN - A BEB A S ZEE A
BIZE L RCEEBIAS T ARIRER A EEE
HEATACRC BRI A A RIBE DU B B 8 T R
At B 2 IR F B A © B B MR ERER
PRER BT 1500 /3 RIS € B H EARIE A A
A E I AE AN EIA IR A > F2 B R R B el i [
B TR ISR T e R E R E
sk > Rt S HEG R -

B E R RS R ~ KERIE
#%@.%%EE%E%%.¥ {HIRF fEER
B R KB BRI DIEER L - Y

BRIAl 7 1E B R B A 2 O R B 2
BRI » BT AR T3 G B R A A AT
o SHE BB I BRE R > HSCN &R
JBIAHEE R > W T R AR DIRERR
HHAE R BRI [ T A SC IRl - St AR IR,
FRH S A TR SRR o A LA TR AT H
SIS RN - W] e IR IR R B R A B
Do GIGh o RS FHRERERT SR - A
i SCIA 7 TRV RR PR SR RT3
R IR R E DU e IR - A 2l
R #etERR - (ST 1 TR AT o

ST IR = R 5 DR I I ] RUE 2
% o SRR K SCHOKR R AEAIAT = LUK B
M SCRARE S L (I = 921 KHIEE) » BE/KIEA
Bt 2 SR 7 A A R RO L - DI
HHE It ST IR - 3 S R R BB R A 1 M
EUREE - HE RS2 FHI8E - DiaE
FEE RG] BRI R E R RSB B/ VA - (8
91 %] 93 FERHERMS L R FHEL - (H
e PR ERRE B B SRR = EL R AR/ VAR
PR R o R AT SR 7 T SRR
FERIFRIRUE T » UR— (R RS S 5 2 e
F o RE M FTHEETRL IR R BB G R T RERE
AR SR -

SOy B R BRI AT B - 578
S LT S il i A2 BB K - B OE
B2 EIRHE KR > A MERIREIE

—52—



IR AP K It e ok i Vs SRR R i DL Wi
FERAA B THRE > [FIRRAY AR R A B R Al R
T WK R A o S R R R
VRCACEE » RE B R TH F L (91 BT © I
SRTRA BRI > AR 5 AR ~ 7] PRI &
BE - SRR AR HE MK - BB 5 ~ 3]
PRYG K B R R BB R s g 0 - E BRI
SRR N > AT S AR thkbE < T Rt
(Allan & Castillo, 2007) o fifl F i B 17K 814
T B AT I R  JKIRAE 10 F 22°C 1Y
HiE B LSRG o KIRE R TR
(% - DRI AT DUHE 3 e £ 0 B R e s
(Chuang et al., 2006) °

BT R Y S A R T S B R S SR T
K> e R S R RN R R B s NP
SRR I PRl AR ST yNI RN v
TR EZ R TAMSAN > (RERER R T2
MR REEIAR R - FERL & A Ll i[RI fRHS R > (B
FEACE T R AN URS R FEA » S 2
RS AT - A 18 s SR >
ATRERE AR RREE UK G HRE)
FRGT RS IR Y TR A > SEUEE SR
RS Bl 1 A2 TR 5 T AC R BB R
T Eh AN o R CHE (A s pl e B R
B SR 2 BR R HEAL > FIHEHERR T 40081
e RN - SRR SR TR
RESIH ARG R -

B8 i 2 M ERE SRR » H A e
TRRBFRIRE - BEF L e R DU 5%
WA G B 8 > AT RE S R ORI AT R
(Fitzsimons & Nishimoto, 1995) LK BEv& (A5
(Power et al., 1985; Pearsons et al., 1992) » %
38 i sz B B D M AR P B &R (Collins et
al., 1981) : LA ~ R ) KRR T
EARARERN ~ BEK DUR A8 S 4% T R) ) i o e
TR o e BRI R R B R D B
& (Paerl et al., 2001; Cheal et al., 2002; Burkholder
et al., 2004) - [6JE [EEAHE KRR ARG H B R
R —EE 2 > TR LI IR > KRR
I T 20T ) 1 A () 42 i i Rl 6E 77 (Stark et all,

2010) - A 55 | BRI A RSB -
RELHIEEE > FR T RECOEEE St B B WIS A5
fi(Tew et al., 2002) - SEBIFT A LN B RILEY)
BRI RN R AR S M T f A (L - Han er al.
(2007) A FEIRRTTER 1996 8 {H e El 3 L i
B SR S B EAS R B AR
RAA] 5 B DU A R I it 5 - %
EREEERNIGER < E  EREARVERT

A TTERESS ) (ot it SO 7 B SRR B AR BE A e 8
h-# &

AWFEER BRSO BB B SO B R
{22 A S ml Bt o3 A - PRA [ gt SCIRT 34K
R RSARIRAR » DURRAER TS AR TRERS A
FrEsE DR - RS RESRAEGEO
fig ~ EE A~ GBSO > DUk RS -
LI R AR S22 A -

1. 5 188 f L ] £ 2 o SC IR 7 (1) o

P e 5 11 5 B 0 B i £ S I 1 1)
BB -

2. B SR - B £ R S A B S T DL 2 i
0 B HI O AT EHE AR R -

3. [ AT A RSB SR 2 (REE VRS L B
KT » AT AR R SR T2 7k
B E R B TR B L TR
W& L TR E A

ARE- | T

RS B YL A ) ) B R AR PR Bl
BRI LU AR IR0 - BN e
fratamit Haa TR 7e RS Ime) - EHELL
PIREEW; K02 DA R DU A O R
FHBY - $e (it ath Bl &\ e & R F i -
JEHT GBS ~ B IE MBI A B
ELE ZNUSLT Pt KR S U
NSC 099-2628-E-006-159 Lz NSC 099-2811-E-
006-054 il -

SERA
L AT ~ SR > EOMERR R R R

—53—



10.

11.

12.

13.

14.

BRI~ 7T

It PR ) [ A PR B A A 2 2002 -

JTTAT ~ RRAETE - SRR R IR R R

It P ) [ AR TR B 3 A 2 2003

JTTAT ~ RGN - SRR R IR R AR

I 2 ) A A BB AR A A 2 2004 -

CTTTAT ~ BROSAR ~ BREENE - BAETE - PR

=] =
o
ZRe ~

T S i £ GHfi B SRV B S )
£ > 39(1): 78-87 » 1996 o

R ~ PR - FROEEE 2 B B 2 e

WA B IRES R LR B 2 e -
GV ERIERTSE - 12(1): 43-60 > 2010a ©

B R  FUSRE Ar R

B Hb off P B B R MO 1 AL R - 2
S T REEAHT » 56(1): 40-51 > 2010b o
BRI B 1 FUERRE
BN Y YRR B A S 0 287 0 1999 o

A o TRE fRCRE RO B S M B S A

T ZBR  BINL B KB K I K e AR
FeRTELER S » 2010 -

PR MOl Y 1] B SRR K

FARE ZHRET » BISLE) KRB K A Bt T
FERHFERRE 3RS > 2010 o

A - DU st R o 15 B8 & A &
River2D R /K s8R I » BN R R ER
IKH B fge TRER R A AR S > 2011 ©
FRI | ~ 7R g > ARG T R B T
T HIFHESH - 38:47-62 0 2004 ©
Aadland, L.P., “Stream habitat types: their fish
assemblages and relationship to flow”, North
American Journal of Fisheries Management, 13,
790-806, 1993.

Allan, J.D. & Castillo, M.M., “Stream Ecology-
Structure and Function of Running Waters”,
Springer, 2007.

Burkholder, J., Eggleston, D., Glasgow, H.,
Brownie, C., Reed, R., Janowitz, G., Posey, M.,
Melia, G., Kinder, C., Corbett, R., Toms, D.,
Alphin, 1.,

“Comparative impacts of two major hurricane

T., Deamer, N. & Springer,

seasons on the Neuse River and western Pamlico

15.

16.

17.

18.

19.

20.

21.

22.

—54—

Sound ecosystems”, Proceedings of the National
Academy of Sciences of the United States of
America, 101, 9291-9296, 2004.

Cheal, A., Coleman, G., Delean, S., Miller, I.,
Osborne, K. & Sweatman, H., “Responses of coral
and fish assemblages to a severe but short-lived
tropical cyclone on the Great Barrier Reef,
Australia”, Coral Reefs, 21, 131-142, 2002.
L.C.,, Lin, Y.S. & Liang, S.H.,

“Ecomorphological comparison and habitat

Chuang,

preference of two Cyprinid fishes, Varicorhinus
barbatulus and Candidia barbatus, in Hapen
Creek of northern Taiwan”, Zoological Studies,
45(1), 114-123, 2006.

Collins, J., Young, C., Howell, J. & Minckley,
W., “Impact of flooding in a sonoran stream,
including elimination of an endangered fish
population occidentalis,
Poeciliidae)”, Southwest. Nat., 26, 415-423,
1981.

Fitzsimons, M.J. & Nishimoto, R.T., “Use of

fish behavior in assessing the effects of hurricane

(Poeciliopsis  o.

9599

Iniki on the Hawaiian island of Kaua’i”,
Biol. Fish., 43, 39-50, 1995.
Gorman, O.T. & Karr, J.R., “Habitat structure

Env.

and stream fish communities”, Ecology, 59,
507-515, 1978.

Han, C.C., Tew, K.S. & Fang, L.S., “Spatial
and temporal variations of two cyprinids in a
subtropical mountain reserve - a result of habitat
disturbance”, Ecology of Freshwater Fish, 16,
395-403, 2007.

Inouel, M. & Nunokawa, M., “Effects of
longitudinal variations in stream habitat structure
on fish
subunit-scale habitat classification”, Freshwater
Biology, 47, 1594-1607, 2002.

Likens, G.E. & Bormann, F.H., “Nutrient cycling

abundance: an analysis based on

in ecosystems”, In Weins, J., (Ed.), Ecosystems:
Structure and Function, 25-67, 1972.



23.

24.

25.

26.

27.

28.

Likens, G.E. & Bormann, F.H., “Linkages
between terrestrial and aquatic ecosystems”,
BioScience, 24(8), 447-456, 1974.

Newson, M.D., Harper, D.M., Padmore, C.L.,
Kemp, J.K. & Vogel, B., “A cost-effective
approach for linking habitats, flow types and
species requirements”, Aquatic Conservation:
Marine and Freshwater Ecosystems, 8, 431-446,
1998.

Paerl, H.W., Bales, J.D., Ausley, L.W., Buzzelli,
C.P., Crowder, L.B., Eby, L.A., Fear, J.M., Go,
M., Peierls, B.L., Richardson, T.L. & Ramus,
J.S., “Ecosystem impacts of three sequential
hurricanes (Dennis, Floyd, and Irene) on the
United States’ largest lagoonal estuary, Pamlico
Sound, NC”. Proceedings of the National
Academy of Sciences of the United States of
America, 98, 5655-5660, 2001.

Pearsons, T.N., Li, HW. & Lamberti, G.A.,
“Influence of habitat complexity on resistance
to flooding and resilience of stream fish assem-
blages”, Trans. Amer. Fish. Soc., 121, 427-436,
1992.

Poff, N.L., “Landscape filters and species traits:
towards mechanistic understanding and prediction
in stream ecology”, Journal of the North American
Benthological Society, 16, 391-409, 1997.
Power, M.E., Matthews, W.J. & Stewart, A.J.,
“QGrazing minnows, piscivorous bass and stream
algae: dynamics of a strong interaction”, Ecology,
66, 1448-1456, 1985

29.

30.

31

32.

33.

34.

35.

—55—

Schlosser, 1.J., “Stream fish ecology: a land-
scape perspective”, BioScience, 41, 704-712,
1991.

Stark, C.P., Barbour, J.R., Hayakawa, Y.S.,
Hattanji, T., Hovius, N., Chen, H., Lin C.W.,
Horng, M.J., Xu, K.Q. & Fukahata, F., “The
climate signature of incised river meanders”,
Science, 327, 1497-1501, 2010.
JP. & Su, W.C,

Riverine Mesohabitat Unit Composition Using

Suen, “Reconstructing
Fish Community Data and an Autecology Matrix”,
Journal of Fish Biology, 77(4), 972-984, 2010.
Tew, K.S., Han, C.C., Chou, W.R. & Fang, L.S.,
“Habitat and fish fauna structure in a subtropical
mountain stream in Taiwan before and after a
catastrophic typhoon”, Environmental Biology
of Fishes, 65, 457-462, 2002.

Vannote, R.L., Minshall, G.W., Cummins,
K.W., Sedell, J.R. & Cushing, C.E., “The river
continuum concept”, Can. J. Fish. Aquat. Sci.,
37, 130-137, 1980.

Wiens, J.A., “Riverine landscapes: taking land-
scape ecology into the water”, Freshwater
Biology, 47, 501-515, 2002.

Yang, C.T., “Formation of riffles and pools”,
Water Resources Research, 7, 1567-1574, 1971.

WFeHE - REl 1005 7 B 15H
EIEHE - RE 1005 9 B 9 H
EZHE - REI 1005 9 B26H




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF005B683964DA300C0032003400300030006400700069002D0036300D005D00204F7F752890194E9B8A2D7F6E5EFA7ACB7684002000410064006F006200650020005000440046002065874EF69069752865BC9AD854C18CEA76845370524D5370523786557406300260A853EF4EE54F7F75280020004100630072006F0062006100740020548C002000410064006F00620065002000520065006100640065007200200035002E003000204EE553CA66F49AD87248672C4F86958B555F5DF25EFA7ACB76840020005000440046002065874EF63002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars true
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines true
        /ConvertTextToOutlines true
        /GradientResolution 175
        /LineArtTextResolution 2400
        /PresetName (2400dpi)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.275 841.890]
>> setpagedevice


