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T [l ] i A 2 2R 8 52 2 i e 55 L B B T L AR 22
o TR LA K T 3 T 2 ) AR H 3l DR R AR A 12
Xf 7K AR 3 ZR GE T U A 4 ) R A S8 R IR T T AR B
A5 G Ml SRR AE L B B R A T S B 6 b A B
TCAFHETH 2% K AR AR 0 2 bR A TR K A AR W 2
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JE W5 B 22 1 HU ST BT, YT N i) — 2 o) T TR
JEAN BB AE o A A 8 2 k. tesh, Hbh s
BATT 0 % () 21 G % T DAk R 38 1Y) 52 A P R S b T
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(Maddock.1999), ¥ {45 (2010) @37 T Hi 5 5=
W25 (1] S5 0T 1 ) A 0 22 R DG IR ABE AR, il 3% T 3L
WS R S 2R X R, R, Tk
W15 M S 2 B A7 7 S 2% 0 A M I A5 6 &R L 78 X ]
UL LS T A5 R0 AR ) 143 O FR O b i A AR R B
S T I0 0 900 A 25 R G0 ket S0 I 2 O A i

A% 3C LA DA TR I i 5 B T 25 4 S D R O i R
S XA DA 5 0 R AT T R, BERT T T I 5 B
TCHY PSR, SR 2E T A2 U O i B LA A e
fl\é’ﬁT{Tbluiﬂ%ﬁﬁmfit@%fﬂﬁﬁlq%ﬁ\{T{uuiﬂ’,%ﬁ
BA T T P K RT3 43 2 A5 T 04 N R S DA O B 2 B
i 5 4 AT AL 7K SC b 5 R IR A I AR Ak 4R Ik B
Bilt o ST 3 A A48 2 H AL AH G 3

1 FA] iR Hh 3R BB JT P B AT

Tf i b 550 BRL T A Ay T 2R G 8 AL 4 T
TH PN BYCTRTE AT T R A el E T AR ki) b S X8
TR VRME R MESE . HbAR B T P B T AR ) 1T AR R
e R 7 AR R K R YE VD e A o R B P R
B (Wyrick et al,2014), AP CHEES.
DU RSy 20 53 T A A BT AS (6] o 72 1] 3 P ]
R 8 XA B X, Hawkins 48 (1993) 1A
TJ 3 b A5 B 50 2 TR R R UG AR X [R] B A X A
BALTT R U A 8 U B A R T K BH ) 22 TE) A
YEFITE WL o R0 35 (1 FH 22 b A 38 1 YT e 550 2
JC, U0 M 5 B JC (geomorphic units) ( Brierley &
Hickin,1991 ; Brierley &. Fryirs,2005) .y & 870
(channel units) (Grant et al,1990; Hawkins et al,
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1993) . 4 #% M JC Chabitat units) (Bisson et al,
1982) | 4t #4 3 2% (architectural elements) ( Miall,
1985) . JE A& Bt (morphologic units) (Wyrick et al,
2014) .4y H A= 75 BA 0 (physical biotope) (Padmore,
1997 ; Newson & Newson,2000)%% . Hi %R 850 7] D),
S LAY, AT LA AE AR Sk MR, Gl MR A K
SR ) R M E T T AR BT T SRR T AR
B 2p ) B g 2 AR S ORI . AR ITRAY)
T 7% BB NV 1 i/ RUBE BT L A [) 9 A 25 BT 28 A
R T A 55 5 B PE (Padmore, 1997) . #EES R G
25 ()R A2 2 A5 A v, i 35 B0 8 SR A T RT B R AT
S 22 8] A — Bl 23 8] R ROSFAE 0.1~ 1000 4% 9
B % B 5 ]OBE AR B (Mesohabitats) A 256,
WAL A 20 B (9 A7 78 1 2 P (Knight &
Bain, 1996; Parasiewicz et al, 2013; Zavadil &
Stewardson,2013) , Hb 55 F.IC A4 J TR 3t 20 4 ) Y
R S M, AT LR AR A L O A I A R, 7
XA RUBE b, S5 B8 oo AR 45 8 RN i K SO 25
HRRAE—R . T 4 AT R 3 B Lt e v K/
S SUR Y o R (AN NS Il w2 B A= N )
A BRI, MR R OT A B S R A SRR BB B LI
1) F sy A 3R CEU R 04 Ry B0 AR Ak L SO Jm 3 i o 1S
5O M PRE . VTR B TR B A PR T A A R R
SE T T AR R CRAD IR R Z —.

2 AR ATSESIRA

21 %

Xof b 55 B8 T AT B 2 43 2 0 B AT AT 4 O
M ST i AR AT Sk B 5 b A o AR 5 A 2 e
ML B K P8 (Fryirs & Brierley,2012;Buffington &
Montgomery,2013; Phillips, 2017), X i i b 5
BT HEAT 4328 AT LA SR T8 A ] 3 JBR 38 v 52 2% 1Y % S
R 7R B R 2056 & (process-form) Y 3
filt by AT LA /0 i 3 3 SR A P S A R ) A
(Smartt & Grainger, 1974; Stevens &. Olsen,
2004) 5 Wb 38 T LA H] R A 8 1) 3t AR G rh i) B 2 AR
o K I 137 AL AR T Ak AN [ b 550 BRL O J2 A ] AR 3B
FOFIAR EL52 0 14 o DACTI 900 38 X6 ¥ L R 2 114 1A L fi
(Buffington & Montgomery,2013),

LUy DS 55 1 D TS T T R R LA
— 2, L DX I S 2 b 2 JE T T A Y R LT
i3 B 50 B W) R AR I AT b0 A TR AT 2R
(4 43 R AT T P 557 T8 Ah T i 0 ) b 550 50 00 R K28
(Brierley & Fryirs,2005) , H: 371 5 4F A8 3 1 52 Hb

245 2 {1 18 ¥t K AL K B E (Leopold, 19645 1994)
o3 M9 T R T M S B T 45 AL 5 T RE 4 7 T
Horh 25 M 0 2 AR M AR FROT AR B I R . R T bR
PASTH) 3 R = 6 &, Fryirs & Brierley (2012)
K 43R b B 4 ol Y B S R L A BRL T L YT T
AT BT I R T AR BT | i B 5 4 ol ) A URE
FIGPY KL M Rapid.Cascade.Island 5 42 1, §
TE R It B AR SR ZS . D B A8 b 35 B e A AR DL
F 1, FETIRLIA M A PO, A O 3 R T b S
JTRI 43 F0 4y B HE 22 (Brierley & Fryirs, 20053
Wyrick et al, 2014 ; Wheaton et al, 2015), Brierley
B (2002) $2 AL T — > BV S I TR AR Y L AR
T 1)k 43 A b 3 BT L %007 VR Ui OB B L
RN A5 ) PR 3R J7 T R il R 3 B 0T s Wyrick 4§
(2010 5 4k 51 17 B B S5 B
ST A5 B TR GE BRI T E N X R 43S Chute,
Pool,Riffle 5§ 8 F Hb 5 82 56, Wheaton 45 (2015)
F AR T TR R AE A0 M TR B | 0T T IR RN R
BB M CRRITAL B DAY FIRE B RP AR 223 1 b 3
BT R FHESE,

AT S M i) $ 38 5 P M f B2 i &, Bisson 4
(1982) FF & 1 VU A K1V o] Ui v b 35 50T 1) 1 A 4
R g3 28 DT B A i R R 2 B 3 AR R M
Hawkins 2£(1993)fF Bisson /2K 1y & al K 38 7K
J127 R HE, FE F oK AR A (A Fast water, Slow wa-
ter 55, N7 /N BLVAT AT S M B0 =Ry KRG
5 [ 74 ] A0 b U A (RHS) 25 6 7K 3 26 84 (Sur-
face Flow Type) . ¥ 1§ B 14y Waterfall ,Boil 2§ 9
Fh B4 6, Beechie 2 (2005) & ™ (Pool) .| ¥ i
(Riffle) \Glide ] 3B Y Hu 5 150 55 3] J2 47 (Bank) |
ml7K (Back-Waters) , V0 3l (Bar) 1 £ i 5 B 5T F AE
DR B G A S A A S B T i — 2P i Y
H Y J2 /T A IR 7K W) R A R ik 1 B M 55 oK
Ly b 06 25 - R R S Ui A L KO R L KR
JEE4P i R BT pHfE A . 7E AR A R ARG O TR) B B
L 7/E s RN A S 7 A o ) e R S T = L = e
45 L 58 4 B A 3 s e AR BT 0 T Y K SR L A
PO R R A3 DL R 3 AN TR) AR TR SR B Bk
S ) 0 i i T G, 2019)

AN 1 3 R R v, i i A R T KB R 1Y
T 3 B R AR 52 4 — B0 1 0L Glide A 15 X5
Run — 3, ¥R 20 . A B X 5] F Run, &5 H
FEF oM AR i (RS B9 A s Bk ) 2 R U R R L TR
B K BB BN X . B L, Buffington &
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Montgomery (2013) [0l JEi 1 0] i #1550 43 25 09 15 O
SR T — B 3R B T o 2R 48 B RO E R AL
VITR . HAT, 80 56 3 01 50 5000 73 28 R 40 2 K
W FP7 75 %2 5% By i W ST U LA AT AT R 4R K X
EH7TH (REFORM) , 2 F [ A7 33 K SOE 25
PEAGRE R L 57 A AR B T I A 23 2K R 58 (Geomor-
phic  Units classification System,
GUS) s 1% R GEAE 500 R b X 45 5 T 1 N A7
PERUR: R T S i B o SN (1 1N V1
W, GUS s 3RB e i A 70 28 R SR A H B R By
J5 ¥k R ARG L FRAE 43 BT 45 7 T B P b A BRL T 1 4]
B s BTN HI A 5 TT 1Y I A R S 4R I — A BARAE
R A IF L RAG R HESR  mT LUAR 48 4 4 H s AN

survey and

AT R A R A b SRR %) T 20 R R R A )
PSR 5 T T B 22 1 2 B0 R L R VN R
RO NI K SOE S A RER Z B R . R
P25 AL B, GUS thRi) 43 1 - ¥E o] 3 55 7] 78 34k 94 e
BT s Horby SR T BR ST AR 5 TV AT PN Y T A
o5 PR TT , U 5 47 7 (Pothole) | Cascade 55 8 Ff “ ¥
BHIL”, i 7P I (Bank-attached bar) | i il i&
(Dry channel) 5§ 9 F “ 3T B B o0, /K A= A 9 CA-
quatic vegetation) . Large wood jam %5 5 T #% 7
i 1 35 BT 5 18 ME S T AR o R I Y T A e
B35 H IR IE (Levee) .Scarp % 9 fff A T.F S 55 5
JC , 12 ¥EWIVA (Floodplain lake) Y Hi (Wetland) 2 #
A7 7K b5 BT (Belletti et al, 201552017,

F 1 E AR MRS T

Tab.1 Overview of common typical geomorphic units
TR HE ik Sk
YR (PooD) VR D\ 1T L 58 3 4 A 90T S TR0 X3 L i 67 2 i el BT 3 A Carling et al, 2000; Fryirs & Brier-

& M (Riffle)

Rapid
Chute
Glide

A% 7¢ (Pothole)

Cascade

Island

Point bar

[ A6 k7K (Step)

J o AR U Y BOA SP H EORRUE KR

T T B0 B R s e T T e BRI S A 5 I KT
JyFR AR BE | A5 AR KA I A7 I SO B K TR S ] DR Y 08 T I ) 2 70 L B R
A HERIX

AR 2 JBEWT O F S ol S LU BRI A, B T PR RS
T M PO BEAR DL RS DX 43 AR AL e O BB, A Tl R 2 8 KT

T PR T 3 FEE I R B R L A TR U A W Sl R Ak

P 2 TOHL B4 i RS B A7 SRR ) 2 BT 2 50 HAR X BRI s 2 . 7
T U Bl X B4 S R Bl Y A R T R TR R Y TR KGR AR E

e A TE A IR v AR AIE

TEBGE U 5 5 ) P 09 B 05 b UL B 0 3R Fe0E 10 RURE 9 (BREE A) RRAIE
KMERARERREES R — R WA — DA ERNE B, I
P L I /N — A U T G PR KL DX SR B

TE ] T8 K AL A b B LT RS R A IR B — O AR
AR,

B TR SO 3L A5 T . AR R A 2l ) % 5 O 5K
HAASTR] By il 2 A8 300D 000 1) TR0 DOAR R R e

— AN RE X B Y BT, B A AL B e R 2 o BRI S B ST
B A B R AR TR PR i LT 3 LAY 9 22 S RS T OF L T R OK TR
U R K TR . el T U K DR AL KA R A K1 K R
Z AT DR O i AL B A R K TR AR 2T 3

ley.2012; Belletti et al,2015

Fryirs & Brierley, 2012; Wyrick &
Pasternack. 2012; Belletti et al,2015

Fryirs & Brierley,2012

Wyrick & Pasternack, 2012; Spur-
geon et al,2018

Fryirs &. Brierley, 2012; Wyrick &
Pasternack, 2012

Fryirs & Brierley,2012

Hawkins et al, 1993; Fryirs & Brier-
ley,2012;Belletti et al,2015;2017

Belletti et al,2015

Fryirs & Brierley, 2012; Wheaton et
al,2015

Wilcox et al, 2011; Comiti & Mao,
2012; Belletti et al,2015

2.2 iRE

WA LG RE T I R M AR R W b L DOIR DL . AE Rl

NGRS v S g 1 IR 5 2 TNV
T IE SRR COUR Y 20 % R A bl 7 5 R TR i
T8 AL A AN [ 5 3 Sk X000 S T 50) b 5 PP e B R T
HA % 4% (Fryirs & Brierley,2012), 1% ¥ (Rif-
fle) o HAE = Wk AR A% JaT BE RO EE 9N 1) 1) 17 1) M T2
Fo A — M B T e AR Al R A =2 R
FEAFA ', B 22 O B AR Ay AN 5 LA A 2 1 1 1
TUAR ) 3 LXK 7 15 i O e B B Bp L AL
UL o3 B TR 7E — 2, 7= A8 T 0006 B v e, T 48
R B4 3L CF- e 370 AR ) — B3k 31 55 il 5L g

R e e gt T T X SRR AR A BEL ), S BOGR T A T
N2 ST ¢ = b 8 1= TP S o )
(Brierley &. Fryirs, 2005; Fryirs &. Brierley,
2012) o K EFAMWLI L0 0 ig 23 B 40 SR 5
ot 24 780 1 350 0.0 1) o AR B 2OC IR A e 1 UK R
PP R 7S SN AL/ RS0 % T DO R LI B R T
#4730 9 (Brierley & Fryir, 2005; Belletti et al,
2015),

I — 5 THT Y] PR A 5 89 25 5 e Tl K 2
PR I AT D 3t 7K ) 2 R R R S fE SR R T . O
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AR 22 75 ¥k 7T 7K R R ) 245 0T b 3 SR T HE AT 43
2% (Hawkins et al,1993;Borsanyi et al, 2004 ; Zim-
mer & Power,2006; Klaar et al,2009), iX2EHF57
R Z A e 30 20 Sl AR =X b 3R K T e e 5R) 78 A
TR B85 R B B A o R ¢ b DT 3 08 b 40 43 B 58 341
Fb X R 30 5E O vk S 0T AL A7 L 32 L
A I ME LLE B X3 7K BRI, AN 8] B UL I 2 08
G (R B B /K BRI 2 ) RE 7 A AN TRl 98 . HiTIAY —k
F 58 N DL 3o ol 507 oo AR A R 9 AT b 3 B TT Y UK
F1EFFRAE R R A B LIDAR A [R] 75 0 78 A8 i 48 B
15 53 HE A I KGR B S U b 3 B T BRI T
AT EERYRCHE . Milne & Sear (1997) #3 4 X} JL 2% i
9] 3 P AR BT 08T A (8 AreGIS XT3 DEM 2
A5 5 0k, SR 8 3 T PR 5 THT A o R 8 AROR IX 0 TR
TR M o Bl T 3% 88 A Ay i — 1% 3t 35 B T 3 2K 48
Fr. O'Neill & Abrahams(1984) fdf F Hh I 3% & 14
AEARAE D FE AR L AR 8 T T 7K TR A N 1) ) T 25 UL
E A M T8 AR R RS 9 EL X A T s R TR T G 1)
—4EJ7 1) ANBE X 53 T i A [ (H AT DR 35 88 1 Tif R AL
B 3 R TR A P RP 5. Moir & Pasternack
(2008) 38 i F2 i % 5 DL Ko 1 m 4 HESR (1 B R L iR
BT SRR A T E 1 10 RO S BT A R 40K
Bl F RIS B & BT I K Bl 1 RRAE R B R 28
18 G0 AT IR I TR (Fr) ok K3 TE S 5ot AR fe f7
RO K I3 032 05 0 i TR B o3 A 5, JF HL Ay
B 1 i 7 B 5 F1 H B9JE S B0 . Hauer 45 (2009)
H O T 8 R T S D KRS AR 45 A B T R A
PR B B8 e RE AR, I8 — 4E 7K Bl ) 2 A AR AL
HR A 2B TR BE RN U0 ) B g L R T 6 AR
AU (Ry v RUJBE AR 5 DX,

3 AR e 3R S T B A A R R

Hb S0 AE AR T 2 A S AR G0 R ke il P AR
Mo TEWRE SR & B8 5N AR E R e T
KA T 7 7 vk AT R 5T AR B R #)
TR T T BT 0 v RUBE VRS A i s, b B e R AEAE
FEI] B T3 A | L A T R R | TAE (Pad-
more,1997) . JCIEZE" H T £ A/ iR,
b 37 A RN Ay S o T It A ) R HE A B R AR 1Y
KB K 2 (Walters et al,2003;Bizzi & Lerner,
2012) . [E PN A5G 2% 3 X6 i 5 BRI 1) A 28 e i
17 KRBV Sl i, & B 32 24 i /e H 3 . T
B S EY 2R A R OC IR S AR W A AR
75 .

b 550 B 50 A T B RRE R 4R S 4 AT R K A AR W R
PR 1 Dy e B 45 JE 0 i R X T L £ R TR DA
T AZ TR AN 7= BR 4 b 25 (Harper et al,1992) , b 55 88
TG 2 FEVE I 0 23 8 A 5L M %) 22 BE P L DT B i R
RITCHHES Y A SRR RAE Y 0 5 . 04 i
SRITHH AL T — & B AR, X2 K2
BOES WD TAE AR, D, X b 3 R T AR Ak 5
2 RN ) vl TR VA B R U e 18 T LW e 'S
P (Williams et al,2020),

Hankin & Reeves(1988) %k F H ¥4 i1 3% . %
T T 53 2 A e ok b A PR T 2R A i AR 28
JE 9% & ; Thomson %5 (2001) 3 i 3 37 18 A , X fe:
AMAFEATARIC S AR O 3 AR 5347 45 07 vk L 16
W17 H AR A7 5 b 30 PR o0 1Y 52 2% 2 B AR G PE e 55 . B
55 500 m AT BL N A J5 B AR A KA AN M B T 1Y
J&E DL R BT 6 B R U0 AR OC s Moir 45 (2004) #IF5E
T FE 2 5008 =20 Y ey, Y] 1B S AL | b A BRL T 40
A AT LA > 00 K P4 3 e 1Y) 7 BR 3% 3l ; Spurgeon A
(2018)7E 5 A2 M REE BiHE T 2 M 250 o A1 B
ZRENE R B 2 MR B v A B8 R 2 A Y H Al
23 i) RUBE B0 T T, 3R WA AT BB A7 A8 A B2 i Ak
) Fb AR TATE FH A 52 0, v A B8 RUBE e /) o 58 T 32 40
Z K .Chute Fl Waterfull %5 #h 55 2 5T BH A5 fa 25 10 #2
1 ; Koutrakis % (2019 %F Glide ¥ ¥ (Riffle) R
(PooD) . Inl 7K (Backwater) i) A4 2 & L#EAT T 1H 9,
Glide 1175 30 4532 gl 19 9 Bl B (Riffle) 1 45 3
SHHERZH WY F B (PooD) i & 4y 14 5
PE e it i N K 22 B0 b 0% 3k X i, 81K X A Ab
FE W A4 Ay By BE 8 A s Wegscheider 45 (2020) 3
T s FoK 8 71 BEAY, 45 4 Kruskal-Wallis K
5 N N IRE (Pool) \Run F1ZZ 3 (Slack water) = 3%
2K F O B AE R B ¥ 2 7 DeMendoncaa 4§
(202D &L ¥PAM A A, XS B oT 2 S A £
FEVERY OC R AT AL ST . MO AH 5 o0 % 2 5 M3
BT F AR M3 BT Z 47, ] Evenness diver-
sity #§ #( . Shannon-Wiener 48 ¥ . Simpson 8§ £ #ll
Margalef ¥ BFRIE AV Z . R R, A YA
b5 2o A P 22 ] S5 i 104 T 1] DG 2R SR A R AR T A A
) 4, Cascade ) £ 7 5 Shannon-Wiener #l
Simpson T8 HOE ARG ;s XF T2 5, 1o 50 50 %5 i
6205 Margalel $i £ A7 76 500 AH 5C M B #6 Bk 7K
(Step) 3t 5 Shannon-Wiener 1 Simpson 8 40H
WA I Sh ) s 3 Z AR A ) Z v 2
(] £ Wi 7 G 28 A B I,
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4 AT M 3R 28 T B Ry A

4.1 #WEMPAESTM

TA1 3 b S 2 S 5 L AR Sk T £ R VT Y
BLREAR A A B W F B G 2 — I K SCHL AR
A TR PR BN AR B K HE 45 4 CWED) o] 3 49y 24
AN CE H 45 2 0 U8 I &R 580 B A 2R
0 F S N o R I b AT A5 DEAG A A 2 M
PPA 49 ¢ ## (Maddock, 1999) . 0] 37 3 55 A 57 5% 1
A3 2ok b 3 50T A 4 BRI TRC B R 3R 0T i A B
T A KIS AT VEAR DI S 3ol 3t i 41 2F 5 0%
B BRI 77 AR A Y Y 25 [ S Rl R X o] a0 b 55 1
i 1) Al b o 2R 0 b WS R A B G b S B T R )
PRAE SR RAE B o O B R TR U SR S B L Belle-
tti 45 (2015) 78 GUS R R 42 iy 1 b 550 5 0 % 2 48
BGUSER) M Ho0 + 5 5 B (GUSED) 5 E
A A T M A T R A S A ) 43 A Wyrick &
(2014 FE B A |43 e W 5% ) B S B OT i 26 A0 5 =F
B2 I HAr A 1 AS [a) b 550 58 5T 19 9 1) 3 A L 2 ) )
B A IR AR ARE 3R 45

A 1 ) BEAT B M PP AL T vk RO T e
THA BT AR bR . A7 2% F B 5K IFIM (Instream
Flow Incremental Methodology) N i 12 1 1 ¥ i
FIAG 2 VAL L I 7E S5 S2 0 58 o e O B 5 AT T
5835 . M TFIM JE BT % (9 PHABSIM 452 84 i H]
B (Bovee 1982;Bovee et al,1998) ; T I Wil F1 ™ i
F (2008 F M TFIM J5 % 4R 58 1 2810 HHE R L
T3 F T i o 55 PR A R0 R IR b 3 >
K 3 4 ) PR 2R 6 SR £ 28 % - S R £ SRV L b 1Y
2, IR A T A Al A (WUA) ; Brierley 4
(1999) ) Ml i JE A HE 48 J5 ¥ (River Style Frame-
work) 75 Ui 48 500 BT | ] B A b A B 0 A R |
Xof AT S AG 2 b 8 T A RN T AT TSR iR A
BT KU ZE B A9 G 8k K B R e A 1 TR R )
2L F8 7 AR B R R 9 9 B R MR O (Pad-
more, 1997 ; Newson & Newson,2000) .

SR 5 R 22 H50A S, 1l o] e R0 DF Aty o SR 95 e
FGR TR R T PR G548 . BUAA D7 B4 ) T M3 e
AR T Ml RS AR s LB B X TR E
T S A AR RS B M 3 45 4 W R IR
¥ (Fryirs,2003;Barqusn et al,2011) ; 5 4b, BLH 1)
A EL b VA D 12 DR 22 3 3 Sl 9 A Ok A 348 YT I b A%
RRAE o 07 52 2% b 35 19 R B T 3k I ) 6 1k o 1 TR
o) JEC b 550 AR A 1) AR S PR AR A

4.2 AR 3R B T S E

TR P 1 A 5 G BB 2 [R) % 22 0 AR S () 40 M
T T8 A S T 37 S WL 5 B R A 1 8 1l 32 5 A e, il
i TR R B A VT R L ) AR OC &R PP T A S Ak S
HVE T A 34 S B T X I A B RN S I PPAR T
A9 TE AL B8 (Beechie et al,2010; Wheaton et al,
2015) o ) FH AT 3 b 55 58 PT84 L AT A
A HURE (9 b 350 2R 6 5 b AR B8 0 50 2SR, A5 0
2| H R BA BOE M ARER M, WaT 48 S B AME A
B B ok S b A B T AR BRI B TR T b A
BT [T ), — S 1l 55 2R 5T 2 A T DL G O 5T A, o
fast glide 5 slow glide 7] & 31K glide; 1M 24 3X L4 #h
S TCAN JE LAY ] 3 A2 A I i 5 58 T ) 5
— 405, B0 B TR (Pool) 4143 4 plunge pools.
lateral pool Fll scour pools, X FH KM, BT
I/ b A B e i P B AR R GO B R AR R AT
20, TR T KA T TR E R
T L 32 WL DFAG 5k SRS o o S o Y T AR T B R
J& . Padmore(1997) LAY IE G B2 b e, 26 £ 1 11
ZRU] TN 10 A%V B AT Be BT K R AT AR A
o T — 4l A A B T R R B 2 VAT 3E AE 7S [B) AR ]
bR RRAEPE A S FOT ) 81 L R4S 45 0T 1Y I S i
TR A3 T AR A B G 22 RE M B U A 0 R k. AR A
A vy NS 3 € 1T I VRS S S & 1 i el 1 )
KA KIS MR ) 20 B 2 — . Hill 4§ (2008)
SRR ORTIBIER: I AL Ive i s i~ | DA = /R K 7 B
25000t 1 % A A b 3 B OT HEAT 25 1] R T MaplIn-
fo GPS il 1y 55 BT &L, 43 B Ui 125 3 755 X8 3] 3t ) 2
T35 FK T3 R PR 16 52 ), VPAk IAE St 78 1 Xk 68 7 B 4G
S AR B S

HAr. s oo il K 2 EAE R . bEE
RN 5 1L 08 AN Wy R 1 JR R RN BE A 4
BRAT T T8 HIE 19 155 53 R ) B 4R L 45 G 4K
Bl J12EBOAL A TRG i R A1F b 3 ik 72 R0 AR S D e
I A% 45 1 BT T SR A 7 1 A AE AR R AN SR A ) T, R
FH v 53 9 30 23 18] 5040 225 Tl 1) i 350 BG4 A1 2 T AR
FH W A 22 1 B TR 240 73 2 (Milan et al. 2010) .
Moir &. Pasternack (2008) A JJ& X 7K 7 24 0 3 5t (1)
T FIWT o SE 5, R 1 m 43 B B
Bl R ArcGIS 2 7 Hi 36 50 ¢ s Hauer 45
(2009) ¥ 3G T 1K R b T 55 000 B AR 45 6L R T
T A VR R () 00 v R ASE AR, O ] — 47K By I 22 A
RUREADL , MR 408 T2 | VR B2 R0 5 I ) 1 G A . AR —
SEM RIS BN W T 6 R 2R A ROE A B



2021 4% 5 x®

# TR LA R R 15

76 ; Wyrick 55 (2014) 2k H 2D 7K 8l J3 & 784, F1] FH K
U L IR A bR DR | 58 B M A 2 b 5 BT
P /b 1 ) P IR 18 32 W0 33 22 1k I 4 7 Y 3 I 2 1Y
H AR Pk, OF B 43 B 1 ik 7 DA B Hb s v . R
XA T3 vk H A R BB R 2 )3 1) S04 & 23 45
PRI I o 0 9 3 b R Tk 27 DX JH At L 550 248 180 1 R 0 4
TEN . Wheaton 45 (2015) 2 H T = 2 0] i Hb 50 761
PEIHE S8 , — 2% i 1t T A 25 AR L A B BR AT Are-
GIS 11 10 m B m B AL i Jo 2 i 4 IS A4S i
%% ORI 2 I T 10 2% 5 — 90 = Gl 1 D) A T 4
S ARASF 9 10 om $0F m AR A AL AT T3l 2 il
A B LA AR 3 A AL GO 7 s I A
4.3 AR E

TR 9t 1 3 B A T 2 RO BT 3 =T s
B L7 ) TR0 38 7K S b 35 S5 ok R T A OC i FR AL 23
W) ) I 2o PR IR o 3 2ok R T A R AT 432 AT DL PEA
FI ORI SRy 1 X8 00 7 b 550 ) 5 0 A S 4 I % T
UL Hb AR T 0T 3 5 2% A X e A AT BE RN
Buffington & Montgomery(2013) [AJili T & JF % 4
AR 2 B BT 3 53 26 T7 05 R FL oD 8 RhR AL, 4y 3l
SR 5 G 7 1 L AR DXy v T T AR X T
] 3 AR LA R RS BB R T I B OT R R
F Gt A X 8 i 28 LA HL W) A7 A RN A
AR 22 7 BANAE T 43 DX 5 H v, YT 3 PR T i
RISy 5 T bl S50 BP0 28 Y B YT O 43 28 0 I A R T
W, BRI k)2 A8 Y Rosgen 1] 38 43
25 BT X BRI AE W R B R AR M U S 5L R
S M AR 2 LN SRy N L T s o — R Tz
o T 1R J2 9043 28 vk 2 TE 256 B A 00 760 b 35 SR i)
b & 0 L X 4 93 38 43 2K (Montgomery &
Buffington,1997;1998) ,i% J & i & T Hi 5 ¥ oC
A3 HE TG AT RN 8 A BOB AR . T 2 ALAE
Bk (River styles framework) th 2 )2 9 3 28 1 1) —
Fofr el P R A5 AR R DAty YT T AR 50 I S e T 9 K A2
18, 3R 7 I B3 M A 5 T KRR 1Y ) B A AR
(Brierley &. Fryirs,2000;Fryirs & Brierley,2000;
Brierley et al,2002;Fryirs,2003),
4.4 ARESTEE

TEA] I A2 A48 S TR o, AT LR T A A
b RS 4 R R B e YT b ) AT AR AR R
Tof T8 A S 50 5 4 T R R ARRE (B S
A ) DA R At 2B 285 TR AR T 38 P Jey 35 IXC S A 350
FRIR S5 A (YT, 2019) , 31X 28 45 K4 AT 38 3 18 45 7K 3t
T I 55 Y] DR B8 R 3 A A A 0 A AR T A R B

T2 A SRR i 2% A B 3 Sl X T L S )
TEAFE YR, DA 1 58 £ 28 R A K AR AR YA R
MR AR AE YR 2R 3R . W 0 1A
PRV . b S 4 A T O3 S 5k A HE AR IO SR L Bk
T VAL, i, 9 [E Inchewan Burn i 5%
0 T R B, SRy 1 AR R iR TR AR b A 45 A L R T B
AR 3 R K - GRR A R LT R 4 o T B Bk
TR R TR DA S K () B 5, 4 R O b 550 RN 2% T
KB BP AT s DT AB 52 K 74 P i 114 7 B A 2. 3

5 %iE

A SC LU PRI 30 Ml 55 80 0 245 4 45 D) RE O i
S U AR MR T AN [ MR BT Y 45 4 5 )
REA o7 5 [ 7 F 5% M 3 B o0 A ] B 27 Oy ] it 5
(RYINTIR R USRI R U e 01 I
ST Az 25 LK R AT 4 AT AT TR B
T 9 55 B T R TR AR 8 B A R ) R T T A
g {78 AR b TR IE A M3 DX, 22 R TR
Hb AR B TTRFAE R E TG M 2 R PR AR, O AR A it
FEfe it Ty BEL A . bS5 B0 Y =5 (8] 20 5 B2 Wi ] 3
(14 52 0% P RIS S5, 1 9 7 i 700 b 390 BT 20 45 R R SE
{0 SRS SR B DR R 22— o R R A B B T AT
A7 A A R DA 3t A o PR AR O 0 26 L A B T R
S A B B T S A AE i P R AR 1] A
SR AL =4SP L A 4 SR R A E
FALFN 3T T5IEAIAN 58 3 L 7 46 7 1) BRI A2 1) oo 72
AR R T B 32 B PR . PRI, % 5 O JR T 3 4 35 B T
RpHE K HG A o 7 ) AR BIE 5T, O T A S B A
PEA BB S

S % 3Lk

YL INR W, B E B L, 45,2010, T AR S R G450 T e
PRPERE AR AL . KB £k . 21(4) 1550 - 555.

EPT(.2019. AEACH TAE A IMI. JE5T: o E R AR
hi .

BRI, R, 2008, ) 38 0 H K 7 4 M x4 S b
BRI L)) RHR =5, 41(2): 204 - 208.

Barquin J, Fernandez D, Alvarez-Cabria M, et al, 2011. Ri-
parian quality and habitat heterogeneity assessment in
Cantabrian rivers[]]. Limnetica, 30(2): 329 - 346.

Beechie T J, Liermann M, Beamer E M, et al, 2005. A
classification of habitat types in a large river and their
use by juvenile salmonids[]J]. Transactions of the A-
merican Fisheries Society, 134(3): 717 —729.

Beechie T J, Sear D A, Olden J D, et al, 2010. Process-



16 ERVEY R K oE A 2

2021 4 9 H

based principles for restoring river ecosystems[J]. Bio-
Science, 60(3): 209 —222.

Belletti B, Rinaldi M, Comiti F, et al, 2015. The Geomor-
phic Units survey and classification System (GUS)
[C]//Proceedings IS Rivers, 2nd International Confer-
ence.

Belletti B, Rinaldi M, Bussettini M, et al, 2017. Charac-
terising physical habitats and fluvial hydromorphology:
A new system for the survey and classification of river
geomorphic units[J]. Geomorphology, 283: 143 —157.

Bisson P A, Nielsen J L, Palmason R A, et al, 1982. A sys-
tem of naming habitat types in small streams, with ex-
amples of habitat utilization by salmonids during low
stream flow[ C]//Armantrout N B, Acquisition and uti-
lization of aquatic habitat inventory information. Pro-
ceedings of a symposium, Portland Oregon, American
Fisheries Society.

Bizzi S, Lerner D N, 2012. Characterizing physical habitats
in rivers using map-derived drivers of {luvial geomorphic
processes[ ] |. Geomorphology, 169: 64 —73.

Borsanyi P, Alfredsen K, Harby A, et al,2004. A meso-
scale habitat classification method for production model-
ling of Atlantic salmon in Norway[J]. Hydroecologie
Appliquee, 14: 119 —138.

Bovee K D, 1982. A guide to stream habitat analysis using
the instream flow incremental methodology[ M]. West-
ern Energy and Land Use Team, Office of Biological
Services, Fish and Wildlife Service, U. S. Department
of the Interior.

Bovee K D, Lamb B L, Bartholow ] M, et al, 1998. Stream
habitat analysis using the instream flow incremental
methodology[ R]. U. S. Geological Survey, Biological
Resources Division Information and Technology Report.

Brierley G J, Hickin E J, 1991. Channel planform as a non-
controlling factor in fluvial sedimentology: the case of
the Squamish River floodplain, British Columbia[] ].
Sedimentary Geology, 75(1/2) :67 —83.

Brierley G J, Cohen T, Fryirs K, et al, 1999. Post-Europe-
an changes to the fluvial geomorphology of Bega catch-
ment, Australia: implications for river ecology [ J].
Freshwater Biology, 41(4): 839 — 848.

Brierley G J, Fryirs K, 2000. River styles, a geomorphic ap-
proach to catchment characterization: Implications for
river rehabilitation in Bega catchment, New South
Wales. Australial J]. Environmental Management. 25
(6): 661 —-679.

Brierley G, Fryirs K, Outhet D, et al, 2002. Application of

the River Styles framework as a basis for river manage-

ment in New South Wales, Australia[ J]. Applied Geog-
raphy. 22(1): 91 - 122,

Brierley G J, Fryirs K A, 2005. Geomorphology and River
Management: Applications of the River Styles Frame-
work[ M]. UK :Blackwell Publishing.

Buffington ] M, Montgomery D R, 2013. Geomorphic clas-
sification of rivers[ C]//In: Shroder J, Wohl E, ed.
Treatise on Geomorphology, Fluvial Geomorphology.,
Vol 9. San Diego, CA: Academic Press: 730 - 767.

Carling P A. Golz E, Orr H G, et al, 2000. The morphody-
namics of fluvial sand dunes in the River Rhine, near
Mainz, Germany. 1. Sedimentology and morphology[J].
Sedimentology, 47(1): 227 —252.

Comiti F, Mao L, 2012. Recent advances in the dynamics of
steep channels [ M/OL]. Michael Church, Pascale M.
Biron, André G. Roy. https://doi. org/10. 1002/
9781119952497.ch26

DeMendoncaa B C C, Mao L, Belletti B, 2021. Spatial scale
determines how the morphological diversity relates with
river biological diversity. Evidence from a mountain riv-
er in the central Chilean Andes[]J]. Geomorphology.,
372 107447,

Fryirs K A, Brierley G J, 2012. Geomorphic analysis of riv-
er systems: an approach to reading the landscape[ M/
OL].UK:Blackwell Publishing, John Wiley & Sons.

Fryirs K, 2003. Guiding principles for assessing geomorphic
river condition: application of a framework in the Bega
catchment, South Coast, New South Wales, Australia
[J]. Catena, 53(1): 17 - 52.

Fryirs K, Brierley G, 2000. A geomorphic approach to the i-
dentification of river recovery potential[ J]. Physical Ge-
ography, 21(3). 244 - 277.

Grant G E, Swanson F J, Wolman M G, 1990. Pattern and
origin of stepped-bed morphology in high-gradient
streams, Western Cascades, Oregon[]]. Geological So-
ciety of America Bulletin, 102(3) . 340 —352.

Hankin D G, Reeves G H, 1988. Estimating total fish abun-
dance and total habitat area in small streams based on
visual estimation methods[]]. Canadian Journal of Fish-
eries and Aquatic Sciences, 45(5): 834 — 844,

Harper D M, Smith C D, Barham P J, 1992. Habitats as the
building blocks for river conservation assessment[]].
River Conservation and Management, 62(2): 311 —319.

Hauer C, Mandlburger G, Habersack H, 2009. Hydrauli-
cally related hydro-morphological units: description
based on a new conceptual mesohabitat evaluation model
(MEM) using LiDAR data as geometric input[ J]. River
Research and Applications, 25(1): 29 —47.



2021 4% 5 x®

# TR LA R R 17

Hawkins C P, Kershner J L, Bisson P A, et al, 1993. A hi-
erarchical approach to classifying stream habitat fea-
tures[ J |. Fisheries, 18(6): 3 —12.

Hill G, Maddock I, Bickerton M. 2008. River habitat map-
ping: are surface flow type habitats biologically dis-
tinct? [J/OLJ. Gb Physical Geography. https://www.
researchgate.net/publication/265985657

Klaar M J, Maddock I, Milner A M, 2009. The develop-
ment of hydraulic and geomorphic complexity in re-
cently formed streams in Glacier Bay National Park.,
Alaska[ J]. River Research and Applications, 25(10);
1331 -1338.

Knight J] G, Bain M B, 1996. Sampling f{ish assemblages in
forested floodplain wetlands[J]. Ecology of Freshwater
Fish, 5(2): 76 — 85.

Koutrakis E T, Triantafillidis S, Sapounidis A S, et al,
2019. Evaluation of ecological flows in highly regulated
rivers using the mesohabitat approach: A case study on
the Nestos River, N. Greece[ J]. Ecohydrology & Hy-
drobiology,19(4):598 — 609.

Leopold A C, 1964. Plant growth and development [ M ].
Plant growth and development.

Leopold L. B, 1994, A View of the River[M]. Harvard Uni-
versity Press.

Maddock T, 1999. The importance of physical habitat assess-
ment for evaluating river health[]J]. Freshwater Biolo-
gy 41(2) . 373 - 391.

Miall A D. 1985. Architectural-element analysis: a new
method of facies analysis applied to fluvial deposits[]].
Earth-Science Reviews, 22(4) . 261 —308.

Milan D J., Heritage G L, Large A R G, et al, 2010. Map-
ping hydraulic biotopes using terrestrial laser scan data
of water surface properties[ J]. Earth Surface Processes
and Landforms, 35(8): 918 - 931.

Milne J A, Sear D A, 1997. Modelling river channel topog-
raphy using GIS[J]. International Journal of Geograph-
ical Information Science, 11(5): 499 —519.

Moir H J , Gibbins C N , Soulsby C, et al, 2004. Linking
channel geomorphic characteristics to spatial patterns of
spawning activity and discharge use by Atlantic salmon
(Salmo salar 1..)[]]. Geomorphology. 60(1/2):21 —
35.

Moir H J, Pasternack G B, 2008. Relationships between me-
soscale morphological units, stream hydraulics and
Chinook salmon (Oncorhynchus tshawytscha) spawning
habitat on the Lower Yuba River, California[ ]J]. Geo-
morphology. 100(3/4): 527 — 548.

Montgomery D R, Buffington J] M, 1997. Channel-reach

morphology in mountain drainage basins[J]. Geological
Society of America Bulletin, 109(5): 596 — 611.

Montgomery D R, Buffington J] M, 1998. Channel proces-
ses, classification, and response[ J]. River Ecology and
Management, 112: 1250 - 1263.

Newson M D, Newson C L, 2000. Geomorphology. ecology
and river channel habitat: mesoscale approaches to ba-
sin-scale challenges [ J]. Progress in Physical Geogra-
phy, 24(2). 195 - 217.

O'Neill M P, Abrahams A D, 1984. Objective identification
of pools and riffles[ J]. Water Resources Research, 20
(7): 921 -926.

Padmore C L, 1997. Physical biotopes in representative river
channels: identification, hydraulic characterisation and
application[ D]. UK : Newecastle University.

Parasiewicz P, Rogers J N, Vezza P, et al, 2013. Applica-
tions of the MesoHABSIM simulation model[ M ]. Eco-
hydraulics: an integrated approach: 109 —124.

Phillips J D, 2017. Geomorphic and hydraulic unit richness
and complexity in acoastal plain river[]J]. Earth Surface
Processes and Landforms, 42(15):2623—2639.

Smartt P F M, Grainger ] E A, 1974. Sampling for vegeta-
tion survey: Some aspects of the behaviour of unre-
stricted, restricted, and stratified techniques[J]. Jour-
nal of Biogeography, 1:193 —206.

Spurgeon ] J, Pegg M A, Parasiewicz P, et al, 2018. Diver-
sity of river fishes influenced by habitat heterogeneity
across hydrogeomorphic divisions [ ] ]. River Research
and applications, 34(7): 797 —806.

Stevens Jr D L, Olsen A R, 2004. Spatially balanced sam-
pling of natural resources[ J]. Journal of the American
statistical Association, 99: 262 — 278.

Thomson ] R, Taylor M P, Fryirs K A, et al, 2001. A geo-
morphological framework for river characterization and
habitat assessment[]J]. Aquatic Conservation: Marine
and Freshwater Ecosystems, 11(5): 373 — 389.

Walters D M, Leigh D' S, Freeman M C, et al, 2003. Geo-
morphology and fish assemblages in a Piedmont river
basin, USA[]]. Freshwater Biology, 48 (11): 1950 -
1970.

Wegscheider B, Linnansaari T, Monk W A, et al, 2020.
Linking fish assemblages to hydro-morphological units
in a large regulated river[ J]. Ecohydrology, 13 (7):
€2233.

Wheaton ] M, Fryirs K A, Brierley G, et al, 2015. Geomor-
phic mapping and taxonomy of fluvial landforms[]J].
Geomorphology, 248, 273 - 295.

Wilcox A C, Wohl E E, Comiti F, et al, 2011. Hydraulics,



18 %4245 % 58 KES®£F 2021 4 9 A
morphology, and energy dissipation in an alpine step- 2D hydrodynamic delineation of river landforms[J]. Ge-
pool channel[ J]. Water Resources Research, https:// omorphology, 210 14 - 22.
doi.org/10.1029/2010WR010192 Zavadil E, Stewardson M, 2013. The role of geomorphology

Williams R D, Bangen S, Gillies E. et al, 2020. Let the riv- and hydrology in determining spatial-scale units for eco-
er erode! Enabling lateral migration increases geomor- hydraulics{ M/OL]. Ecohydraulics. https://doi.org/10.
phic unit diversity[ J]. Science of The Total Environ- 1002/9781118526576.
ment, 715:136817. Zimmer M P, Power M, 2006. Brown trout spawning habi-

Wyrick J R, Pasternack G B, 2012. Landforms of the lower tat selection preferences and redd characteristics in the
Yuba River[ M]. University of California, Davis. Credit River, Ontario[J]. Journal of Fish Biology, 68

Wyrick J R, Senter A E. Pasternack G B, 2014. Revealing (5): 1333 —1346.
the natural complexity of fluvial morphology through (FEHE 7 AR

Review of Research on River Geomorphological Units
ZHANG Jing, YU Zi-cheng, DONG Zhe-ren, ZHAO Jin-yong, PENG Wen-qi

(China Institute of Water Resources and Hydropower Research, Beijing 100038,P.R.China)

Abstract: In the nested hierarchy of river ecosystems, geomorphological units, as physical manifestations
of water and sediment transport processes, are important patches that characterize river morphology. The
diversity of river geomorphological units determines the diversity of habitat features and provides the phys-
ical basis for ecological processes. In order to better understand the structure and function of geomorphic
units, in this paper we defined the typical river geomorphological units, reviewed their classification sys-
tems, identification methods and the ecological responses, and summarized the application of river geo-
morphological units in habitat survey and assessment, river geomorphological unit mapping and river clas-
sification. Our study will provide technical support to understand natural rivers and restore damaged rivers.

Key words: river geomorphological units; classification; identification; habitat; ecological response



