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Abstract; This study was conducted on riparian forests in the upper reach of Wenyuhe watershed. The community types
were classified by the method of TWINSPAN. The community characteristics and diversity were also analyzed. We proposed
the eco-functional adaptation indices of the riparian forest communities, based on which the riparian forests were divided
into different functional groups. The riparian forests in the upper reach of Wenyuhe watershed were classified into 9
community types: broad-leaved mixed forest, Larix principis-rupprechtii + broad-leaved mixed forest, Picea meyeri + Larix
principis-rupprechtii mixed forest, Picea meyeri + broad-leaved mixed forests, broad-leaved + needle-leaved mixed forest,
Pinus tabulaeformis + broad-leaved mixed forests, Populus davidiana forest, Hippophae rhamnoides bush and Salix bush.
The differences between these types were not very significant, but the diversity was obvious. The species composition of tree
and shrub layers were complicated and various, and the species of herb layer were often disturbance-tolerant and humidity-
tolerant ones. Generally, the far away from the river bank, the more species of alpine community appeared which was the
typical characters of ecological transition zone between the alpine forest and river bank, and was also closely related with the
spatial and temporal heterogeneity of riparian zone. According to the eco-functional adaptation indices, the riparian forests
were divided into four eco-adaptation functional groups, i. e. the strong invasion group, the intermediate invasion group,

the weak invasion group and the strong avoiding group. The eco-strategy of tree layers and bush layers were significantly
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different from each other among the four groups, but the differences of the herb layers were not significant.

Key Words: Wenyuhe watershed; riparian forest; community classification; community characteristics; eco-adaptation
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Table 1 General character of sample-plots of riparian forest

FIs 5, Site #§3K Elevation W Slope 3 [|) Aspect Wﬂléﬁﬁﬁ ’ .

No of plot Species composition

0501 P 2131 23 2 THIHLIBIN+Z% -4
0502 e =R0] 2121 25 92 52403 H +45 -
0503 xR0 1630 0 251 10 H4%

0504 VPR 1712 35 337 SW2HI2E1 B+ +4T
0505 M 2018 0 164 6% Al -1 -M

0506 MR 2001 0 123 8 M2 M -4

0507 HEH 1978 0 168 91 % - -

0508 KV 2099 33 121 624 2% +h+ -5
0509 KV 2101 14 5 SEIB24+H+1E
0510 KV 2090 24 128 8 1141 -1k M
0511 KV 2052 0 349 6 %3 Z 14 +8-H
0512 YNLE] 2100 6 297 SHI2%E 1 Z 1 +41
0513 YNLE] 2112 42 154 TH2HEIN+H -5
0514 0K B 1924 16 56 8E1H1IH+4

0515 0K B 1882 0 78 10z -1

0516 RS 1850 0 84 824 +H - -M
0517 Kbl 1945 15 315 TE3% -4

0518 Kbl 1928 0 167 SH4Z1H

0519 Kbl 1909 32 184 SH3IE1HELEA

0520 K 1775 0 169 TH3H+H -

0521 FFopi 1971 15 339 TH2U1Z+H+8
0522 FFopi 1975 42 144 TH2Z 1 H+k+1T
0523 FFopi 1920 0 131 0ZE+H-B-1T

0524 J\IE 2050 12 12 TH2H1 = +4 -4 - 3%
0525 I\ 1968 10 25 4E3IA2 /LU + B - M)
0526 I\ 1950 10 28 0B-H-a-5

0527 K 1850 8 349 TE3L+ B+ -4 -3%
0528 K 1834 0 104 SHAMmIE +%-H
0529 5] [l 3 1721 32 0 6HM3ELIE +HI -
0530 WA 1670 5 6 10 Yk

0531 TR 1729 3 345 6MI3 1Y% +2 -4
0532 30| 1975 0 92 614 1 +M

0533 P2 30| 1970 0 321 AFAH2E + 8

* BRPZEL A o SR B 10 RIS , 25 Wi It o T TET BRI o T 20 5t D < AR BT o BB, B R T4 F 5% 1 1 L, + 53/
MRS W G 3% ~4% , - SRR EEIR AL 1% ~2%  The species composition is calculated using a ten-point system, according to the
base area ratios of each species at breast height, and then round off, “ +” represent the percentage range in= 3%—4% , “ =" = 1% —2% ; ¥ .44t

Y& ¥ Larix principis-rupprechtii | | ; FI¥E Betula paltyphylla £1.: 2L¥E B.  Albo-sinensis A% : ¥ 4% Populus cathayana ) : A& i) vR A0 L JE 2490 L /)N iEAgp
i —Fh e JL AP Salix ssp. z: 7 #T Picea wilsonii il : 1 #5 Pinus tabulaeformis 7% : 7% 4Bk Acer ginnala . 111 : 11145 Populus davidiana . iT : il 7Ktk
Quercus liaotungensis Yk : o YDk Hippophae rhamnoides 4E : FEMKA Sorbus pohuashanensis

1.2.2 FEEEFAE

FER— MR, B SE TR T SRR b R AR B K [n) YR D BE TR B B R R B [ RN R YR
JEBE LA KR N B AR K B 2R PR TR SE AR L4 s M AR Z TR A 0 SRR AR A BE P34 BE R B
FHHAT AL , W E A SRR AR  SEARZ A SR I D SR A R % 5 PR B T
BEo 7E 33 BAFHL N ILIER T 167 A HEF

http ://www. ecologica. cn



1590 £

Bt
i
b

29 &
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B P YA E AN TR B Z BT, FER AT REHURIARE J7 TR A 3RS 0 2 WA (2% BE 0 B L i E
WEETEAR , &R AR E AT A AT
(RD +RH +RS) 9

v, = FLABHLIE) 109 (1)
IVb=(RD+RCZRH+RF)XIOO (2)
IVh=%ﬂx100 (3)

X, IV HEZAEH, RD JAHXTEEE , RH J9AAXS 5 B2, RS J9ARXS B35 BE , RC AR 528 , RF S AR SRR o
1.2.4 FEESRMBEAUREOTE

K Fl VESPAN k(A Hill B¢it#) TWINSPAN 532835 , LAY FIEE BLE D ZERHEORE , % T 5 ARk o 47 4K
B3 WP E EE DA AMEEE , R AR REOT R K7 BoR 6 B RS RSB A AR AN S L AR ISE R
=S , RS A e S i A R AR AR B B — AR o
1.2.5 AR ARG A ST RRIE L PEFE AR

% Naiman X B2 AR 9532622 AW G0HE T e A D R R B % Sh 25 A 7 o ) A 5 T R38R 4
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RS SRS AN SIS o ik, IR I AR S DD REE R MBI E DN 2R, S5 S AP OB B, I T
FEVE ) HE AT BEAE RLYESE AR , F AR B 2 oo HAHE AR

Cj = ;PL'WU (4)

KA, GG j LT REIE RV AE AR, P, Fh @ I BUE, W, Bl @ iRk j AL, s IlEdE %)
PR
2 HBRHH
2.1 TR SR SRR 7

XIABTFE A ARG 33 BUbEth IS AR A T B 2 T B B R , R ATATIR TWINSPAN 73263k, 45
TR FEAARARF AR A3t T SRR AIE B A A5 T8 50, BBUSE T SR AE R K T 9 b IXST 2 MR v il 4 Bl IR Sk AR L
VE A R R SRR A2 T AR TR ISR S AZ R RS AR | R 1 IR SSPR L IS B P R SR T Ak DD e
IHIRIARHEIA O AN EEVE S A, FF AT B A5 A VR A AR L3R 2

S5ER 1 FREBEOL AT AT AT DL , b TR TR A i SR 2, B B BEK R E 5 B R TR —E
FEBERI AT, s AR S O 2 S R AR 7, TR KT AR 2 AP A AR A 2% , R B s st AR 5 9] i 2 1 o
VT Y SR ; RIS , AR Z P 2Bt LU S AR 2% 5 ph T S b A SR S5 R 2 W R AN BR B , T A R AW PR S a4
S TR KRR A1 , LA TR 3=, BT e , e W b EL B s
2.2 TAEARAS R SR 2 B A AR U 2

N T #E— T A T Z T B9 22 53 A IR R SR AR R B E N — 3 Z A R R B B8R (32 3) o

I 3 AL, TS HLIX 9 NSV SR B 2 R ZE ) 2 AR S5 4 b R R B h — 5 9 22 5k, [R] s LR
A —EMEER , WEE% BL A LBL BNL POP K3t 5255 i) IEAR S 1, SL A0 SBL SR H 4558 A9 1IEAH K42, SL.
SBL jx —##[l POP \HB SB =# R I — B W SR, T REVE PBL FILL L33 A R PE B A K, X P s
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Table 3 Correlation coefficient of different communities

BL LBL SL SBL BNL PBL POP HB SB

BL 1.0000
LBL 0.5364 1.0000

SL 0.2816 0.5353 1.0000

SBL 0.2294 0.3363 0.7859 1. 0000
BNL 0.6762 0.6363 0.3757 0.4141 1. 0000
PBL 0.2585 0. 1236 0. 0086 0.0778 0.2922 1. 0000
POP 0.6023 0.0213 -0.1087 -0.0809 0.2069 0. 1606 1. 0000

HB -0.1081 -0.1321 -0.0949 -0.0987 -0.1133 -0.1101 0.4976 1. 0000

SB 0.0369 0. 0869 -0.0974 —-0.0838 0.0671 0.0167 0.0671 0.2462 1.0000

2.3 T REAREEE A S DD REAE B AT
ARG B AL WA AR SRR 3 2 T LR P O AR A B TR R PEE Ak E E AT AN I 0 )
RARART 2 R AR (4) , 0 BIS TR IR 3 NERIAE S REE NI 20 (R 4) o

R4 ERFELBETREREBRIT(%)

Table 4 Ratio (% ) of different eco-function adaptation characteristics of different communities

JZIK Layer A= 2538 Wi Eco-adaptation BL LBL SL SBL BNL PBL POP HB SB
TTARZ AR Invasiveness 57.86 54.61 48.33 46.15 54.39 48.91 60.00 0.00 61.54
Canopy layer M Persistency 13.34 16.65 21.70 23.55 16.14 13.95 10.00 0.00 13.29
&Pt Resistance 27.45 24,93 27.17 28.97 28.11 15.26 30.00 0.00 24.11
#EHEPE Avoidance 1.36 3.81 2.80 1.34 1.37  21.89 0.00 0.00 1.06
AR A2 Invasiveness 37.07 33.26 33.32 34.16 35.59 33.83 38.71 40.00 53.75
Bush layer 2Tt Persistency 22.34  21.84 22.15 21.60 22.58 19.50 33.45 40.00 17.61
itk Resistance 18.69 16.12 19.97 15.98 15.84 11.92 18.71 20.00 17.42
kM Avoidance 21.91 28.78 24.56 28.26 25.99 34.75 9.14  0.00 11.22
HARZ A2 Invasiveness 36.20 35.13 37.02 35.87 36.21 33.66 44.45 43.91 39.52
Herb layer 2k Persistency 25.31 26.72 27.13 27.36 27.12 23.93 25.01 25.66 23.50
itk Resistance 13.61 14.52 15.94 14.04 13.94 9.42 12.84 16.78 13.73
P Avoidance 24.88 23.63 19.91 22.74 22.73 32.99 17.69 13.65 23.25

WRIEFR 4 HTER, AT LUK 9 AR S ELIA O 4 A ZE R P RRAE , Horh F AR U0 IREE A A
WHEA IR ARYEDNREAL , B HHRSTHR AL v A R IR SSAR LR A RSSO R AR YE DI BB, ZA2 3%
HAMBSSHR A A2 I AR SRR 55 AR T BELL , A R IR ST g e T BB 2 o $R LA B N T
RN TEER XA B A BN AR TR R ILAR 5

R5 ATREESTHEEHNESTIEEER L)
Table 5 Eco-functional groups and the proportion of eco-adaptation index

A R SRR R ARSI B ESPNFac i)l e sk T B4R
JZIK Layer AN . Strong-invasion Intermediate-invasion Weak-invasion Strong-avoidance
Eco-adaptation . . . .

functional group functional group functional group Functional group
TARE A2 Invasiveness 60.77 55.62 47.24 48.91
Canopy layer 2P Persistency 11.65 15.38 22.62 13.95
HEPLHE Resistance 27.06 26.83 28.07 15.26
#PEHEH: Avoidance 0.53 2.18 2.07 21.89
b = A2 Invasiveness 44.15 35.31 33.74 33.83
Bush layer 2P Persistency 30.35 22.25 21.87 19.50
HEPiME Resistance 18.71 16.88 17.98 11.92
2k kEM: Avoidance 6.79 25.56 26.41 34.75
HAR A2 Invasiveness 42.63 35.85 36.44 33.66
Herb layer ZLiH M Persistency 24.72 26.38 27.24 23.93
HEPLHE Resistance 14.45 14.02 14.99 9.42
e Avoidance 18.20 23.75 21.32 32.99
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PR, FEOR R A E B ED BB Z [ I AE ST REE M ZE R E /N, IWE 5 B UEH, 4 SEMED
BB VE AR Z Y R0 A4 2558 By 1 5 TR AR Z R B AR S T B8 B M LA B M — B, TR AN 2 577K 2 Al R
B2 B — B AR H A 2
3 itig
3.1 IEARERE TR ST KRR FHE

AW TR SO b T AR T R0 g O ANRT 3K Se 451 ZE X K 1L AR BE VS OB 98 Fp R 43 T
7 AR, BARTII I FEA IR, R0 28 Tt/ 5 T 4 i 4520 70 el XA B R TR IR ST R R4 T 13 A3k
R, P K B B AR LA ST (g 1Ly b A, B & IR 2 A R ARPRFITEE AR 9 A (B& B Y 9 NRAIFER
SEh—F P,

KT MRBEVEAFAE , B SN R IR AP R AR BFSR 3R B, 5 L AR R I AR LU, TR R R VR L
BREBE IR YRR L R R R R E R Y AR A
AT EAEM R SR ST SIS B . AR R B R RS A0 L M REE T R 4R
AN, RASAEY) & BE R BE AR SE T R T, YT R T 0 ok 43 285 B R 25 T R AR M K, Ll bk 2 22
R 5 I R AR LK, TTRD R AU R 2 R RTIA R . E BRSBTS
NS ARG A R KRR P T A R S RV A A IR (LT SR AR P B R B R
3.2 WEMEES R SEEEDSEMNERBAN KR

TR ARV 1) 43 2845 3R T HER AR UM 43 B R B, SR R WL [l 48 7 F 43+ #7 ( B TWINSPAN ) 1545 21 (9 B 7%
AL (B A AN R , BB TWINSPAN J5 vk F 4 b 4 2 4% H 2o 8 PR AR AIE B S8 P T s AR 40T 7T
H—EMRMRYE, #IL7E TWINSPAN 4p28 3L Rl I M BB UM BEE SRR AE M S ST — D FT R 0,
RAEARF TR AR AER .

BEVE A 2508 I M T BB L FO R0 R AT , 1525 TAE M o RE BB 5T AR AL A Naiman ™) Sof i 5245 4 4 A 25
HRRRER R 2R S & B E AR TAEYThRER . MY hBERIBE ST L B S MIE B AT
RIS EBRG M= S R BEVE SR E AL T aE 1) BT0 B RO 2 B A, Thik
RIS 43t A AAE 0 [R13E Ior PR T 25 R Bl Bt 12 20 S 1) LAAEL A 940 A 3 A 2R e ) [ R 6 , R 3112 DA
HEYEA AR Rk 20 A RS g SR A M T B TR 4, DA B LA TE R 07 N e KV 7E
BER DR LR T SAR SR T RS A N ERE R T BE LRI A, RIS R 5 A B R AT 2 A
IRRE Y] BETI, ARSI TFEREE 2 2830 1, DA FP A 2558 B MDD ARt kR B ANE R
B BB A BN T RBAL I T v, BB R A S BR R 7 A 258 I 1 T BB M 4 9 — B AL [ 43 b

BEE AR R T 5 SR 5 T A TS N M D RE A R A 45 SR L R 19— B0, U6 I TR] R bR 0 A 238 B
THREZ BR 43 BAA R A PEFN -G 30 , 37 T BB BE A A FAEM B IE 2= MR A WA JE 0 B Ak i 7 JE =2
[ ZEREAR LSS A IR . [RIR, B A 2508 IO P o BB 4 A R 40t T B Mo 2 20 B S 9 O AL RS L 38 7
B PRENOEAEEX RN —KIRRE.

4 #ig

(1) SCUETR]_EWRIR]FE AR T LAYy R TR SSAR (A A6 T A8 B RS AR 2 A2 T AR 3SR . = A2 R R 2E
AR AT TR AR A RE R SSAR T bR U0 SRV A TR DA SE O /NBETE 25280, 3 T1 A T 20 e T LR ) 9] 2
ARBETERHE , TR R PRBE VR 2 RS 4 9 2 2k S B T T 9 b, X 2 7 A S IR 1 o8 B S T o

(2) WFFTHb X AT AR T AR 4020 9 NSRS (L BETE 22 [B) 7E 0 Rh 2 BRI 4544 b B8 22 st R B i
P, BV 28 AL 2 8] (43 e R B SR, R MR R I B R i B
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(3) WHIFEHIX 9 M EMRERE BA LUT —BAERHE AR Z AR R Y AP AR R 2% , R = s AR bk
5T 2 ) 3 T A S RRHAE , AR 25 0 — SRR PO AR 2K S, R B 2, v AR T B e L]
150, F B ph T o ) L b P

(4) BFFEH0 DRI R PRI 11 A 25 D REIE L PEAFAE AT FH S8 237 100 2 PRI % 1) A 25 SRS AN S 2B o 453X
LATRT M v 2L RSO o ) A 25 D B B PR SR A PP OB Al , 455 W P O B B4, M REVE AR S T BB
REVESERR , AT LS RS A S T REE R PR AL o AR 21 v 4 Fh AR 25 Zh BB RL PR S8 4R R EL ], 9 /110 J AR
& T AR 2 s AN RAE T REAL S AR IETNRELL (55 AR PE DD REAL A ol 4 A& MR DD BB . A
FIIREAH B TIAR ERZYF R ESNREZF IR, MEAZYHESHRERAAL.
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