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Quantitative analysis of riparian herbaceous community in Liaohe River
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Abimat Research on community characteristics of riparian herbs is an important scientific basis of riparian vegetation
rehabilitation. This study aimed to investigate the species diversity and quantitative characteristics of riparian herbs in Liaohe
River Conservation Area and its tributaries. Herbaceous communities were investigated by sample line method. Group average
clustering analysis and detrended correspondence analysis (DCA) were used to find the major environmental factors affecting
the distribution pattern of riparian herbaceous communities. The result showed altogether 154 herbaceous species, belonging
to 40 families and 96 genera. The riparian herbaceous species diversity was found to be correlated to river slope, sinuosity and
stream order, being lower in rivers of mountain area than in rivers of plain area, and higher in tributaries than in Liaohe River
Conservation Area. Clustering analysis classified the herbaceous communities into 23 types, being dominated by hygrophytes
including communities of Echinochloa crusgalli, Oenanthe javanica, Polygonum hydropiper, Murdannia keisak, Artemisia
selengensis, Scirpus triqueter, Heleocharis soloniensis, Pycreus sanguinolentus, Cyperus fuscus, Phragmites australis,
Polygonum amphibium, Carex diandra + Artemisia selengensis and Carex diandra + Rorippa islandica. Correlation analysis
between DCA ordination axes and environmental factors showed that the altitude, river slope, sinuosity and stream level were
the major environmental factors affecting the distribution pattern of herbaceous communities in the riparian zone of Liaohe
River Conservation Area and its tributaries. The results of CCA showed that the contribution ratio of stream level was the
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highest, followed by altitude and slope, with sinuosity the last. The results suggested that riparian herbaceous characteristics

are affected by the comprehensive force of altitude, river slope, sinuosity and stream order, and that Calamagrostis epigeios,

Triarrhena sacchariflora and Phragmites australis are suitable species for riparian vegetation rehabilitation.

Liaohe River Conservation Area ; riparian zone; herbs; species diversity; altitude; stream level
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Fig. 1 Overview of Liaohe River Conservation Area watershed and distribution of sampling sites.
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Fig. 2 Species diversity indices of riparian herbaceous plants in different
streams. Patrick richness value x 10; different letters indicate significant
difference at the 0.05 level.
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Fig. 4 Group average clustering analysis dendrogram of riparian herbaceous communities.
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Fig. 5 DCA ordination graph of riparian herbaceous communities. 1:
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Cynodon dactylon community; 4: Scirpus triqueter community; 5: Cyperus
fuscus community; 6: Polygonum amphibium community; 7: Triarrhena
sacchariflora community; 8: Conyza canadensis community; 9: Oenanthe
Jjavanica community; 10: Artemisia selengensis community; 11: Humulus
scandens community; 12: Heleocharis soloniensis community; 13:
Calamagrostis epigeios community; 14: Artemisia capillaris community;
15: Setaria viridis community; 16: Carex diandra + Artemisia selengensis
community; 17: Polygonum hydropiper community; 18: Urtica fissa
community; 19: Pycreus sanguinolentus community; 20: Phragmites
australis community; 21: Acorus calamus community; 22: Zizania latifolia
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Fig. 6 CCA ordination graph of riparian herbaceous communities.

5 IR AL ] 5 R W 2 R R T TR b B e, T i

http://www.cibj.com/

Chin J Appl Environ Biol [ ]S54 1244k



910 TLIT (4 DX R JFG S T 5 A AR B v B AT 53

AR L, AW ST L T LR R 2 R AR, XS
TR PRI AR 28 A O B, AL B A L]
TR A B X A AL, A S Y0, R T
PR ZREE. 5, AL F A S L X BE AR, £
9055 LA 4 L DX 9 e R LA 4 = o I 3T, Rk AR e
PEREZE, ANHITAEY)AAF, AT IRF Ly DEAE o7 30 10 788 45 %, o
AN TS Z2 W) Rl A=A 5 T A B < LT A~ i DX i 7
BAV Bt 360 =, e & B R AT TR P i X
Wi o T U A O BT e, S A iR 2 A, R Z
MR AE R, 55 =, IR SO EPE I A, 4575 7K
7 FREHCH MR A SE R, EA TR A R B e T
DX AR 3 G AL ik, 207 R IEFEEA], B0
PRAP DX B ST 2 AR B B SRR R IR BOR

Pl 20 R P R R SO BE R 25 4 R e, BRI
PRI XA S B b = 6 A AE 22 52, (2 I S BE A
ENTR R SRR TC 35 22 5. TR v 119 23 (A1 A% Jg L 2 R T
Yo fip 2 BEPE G AS AL, 1L DRI BRI S v R B Jk 2
B, HAs (A% 5 AT RE A2 S0 — 3 Y Fh ZRE AR AR 25 S
BERER. (HIDT LR 4 DRI S A 32 SR IR R AP TR 22 52,
TR W ) b Z2 AR B A2 Al TETT R4 XY 32 SRV 2R R 4
PATRAS B Wy i 265 | 1 5 Rk o5 D0 35 A0 1 i L R T o
TR SE, RARHEY M TN, B 2, HARRZE8WE
2 AT HEAT R SO0 AR BE BA SUR X B, 5 TAERESY
i LA REVE "™, TR T R b 2 RE . Sy
EERE R AR T R VE | KT R L R A
TS | BE RO IRREVS RIS L Bh TSR L OB SE L
FREVE MR SE, MR Bh T30 . PP IS TR
LR, RS 2 0 7 A A, O A R AT
FAERARME T LS, Bev P Rh A0 B 950, #1300
TP LIEZ S ca

AHIFFE 23R BEVE SR A I3FP IR AR BEVE . 8Bl A V%
2K AR, AR REE SRR, XS R IR
L TR N S R A W S 4 R B R K S A S R A
U5 T M R B 90 2 o A R ) e LA ) o o ] Y X
SR 3E L. 38 S DCAHE HE — 4B s i TR v 5 BRI
TR AR, HEF 45 R R WA e V& 734 32 R AR
VAR P A R i B 1 R . CCAHE 2 W 5 4 2 o

SRR IE DR T, LR O T SRR B 5, g WA 32 ) 5 o R B

/N AN RV 28 T B A R E 1 3 A T L, R 2 BV 2R T
I RS FRIE PR T4 T P AR ACE A I, T A B2 TR
W4y, RIS R I T AR 2k R i LR MR 0 T
PR 0 ol 9 A2 905 20 AN [ T A AN ) A 85 72
Wik . BRI 35 2 A AR IR b X A T R v 7, PR e e
AR 5 HH I Bl AR v A T T B g M R A, R I A
R B AR AR DX Il T L5 | ORI = LA i ) A 250
M, RZERIE, JRREE RS AR G R R A RN

ARG T 1) AT Ak Jep i Ao . SR IR A6 25 Fh R S5 1K)
FLRAVEI S5 R, AR Z 0 5 3 W] A4 14 25 18] 43415 32
B TR R G A G B, A B 5 v el A B R A
WA J3E 0 2 T EEAYREMR IH T AR BE A R R LK R L KAz
EHESR A AR A B Y, WA RS B E A | AR B AL

US4 Chin J Appl Environ Biol

http://www.cibj.com/

FEA) L A B R R AR G, Bl S T A L R R 4
J T P A LA KT e G R M S TR S, YT AL ) i M E A
5 2 e | IR AE i LS IR 56, & R R a1
B S R St 122 R A T A R, TR T A 4 20 B
PRSI R 9 A AT S BRI A TR Al AR ARSI, AR
A T] B9 A 35 4% 1, O 32 3 L A 0 P LGS B R4 K 02 380
A

1 Gregory SV, Swanson FJ, Mckee WA, Kenneth W. An ecosystem
perspective of riparian zones: focus on links between land and water [J].
Bioscience, 1991, 41: 540-551

2 Naiman RJ, Décamps H, Pollock M. The role of riparian corridors in
maintaining regional biodiversity [J]. Ecol Appl, 1993, 3 (2): 209-212

3 Vannote RL, Minshall GW, Cummins KW, James RS, Cushing CE. The
river continuum concept [J]. Can J Fish Aquat Sci, 1980, 37 (1): 130-137

4 Bruno D, Belmar O, Sanchez-Fernandez D, Velasco J. Environmental
determinants of woody and herbaceous riparian vegetation patterns in a
semi-arid mediterranean basin [J]. Hydrobiologia, 2014, 730 (1): 45-57

5 Nilsson C, Grelsson G, Dynesius M, Johansson ME, Sperens U. Small
rivers behave like large rivers, effect of postglacial history on plant
species richness along riverbanks [J]. J Biogeogr, 1991, 18 (5): 533-541

6  Baker WL. Macro- and micro-scale influences on riparian vegetation in
Western Colorado [J]. Ann Assoc Am Geogr, 1989, 79 (1): 65-78

7  Lyon J, Gross NM. Patterns of plant diversity and plant-environmental
relationships across three riparian corridors [J]. For Ecol Manage, 2005,
204 (2-3): 267-278

8  Tabacchi E, Planty-Tabacchi A, Salinas MJ, Décamps H. Landscape
structure and diversity in riparian plant communities: a longitudinal
comparative study [J]. Regul Rivers Res Manage, 1996, 12 (4-5): 367-390

9 Allan JD. Landscapes and riverscapes: the influence of land use on
stream ecosystems [J]. Annu Rev Ecol Evol Syst, 2004, 35: 257-284

10 PMEUK, 2, R, MEE. FEASEM] U SEHE D
fft, 1993 [Sun RY, Li B, Zhuge Y, Shang YC. General Ecology [M].
Beijing: Higher Education Press, 1993]

11 Adams DE, Anderson RC. Species response to a moisture gradient in
central Illinois forests [J]. Am J Bot, 1978, 67 (3): 381-392

12 Bell DT. Gradient trends in the streamside forest of central Illinois [J].
Bull Torrey Bot Club, 1980, 107 (2): 172-180

13 Gregor TA, Jonathan MF, Michael LS. Relating riparian vegetation to
present and future stream flows [J]. Ecol Appl, 1994, 4 (3): 544-554

14 VLI, gEPCAe. VT =i i DX T 0 I 52 AR AR 98 i 0 25 T 5 0], 7K
H: AW 224, 2000, 24 (5): 458-463 [Jiang MX, Cai QH. Preliminary
studies on the riparian plant communities of main channel in the Three
Gorges Area, the Yangtze River [J]. Acta Hydrobiol Sin, 2000, 24 (5):
458-463]

15 YRS, SRR, BAARAE, A B T R AR B T R AE
K G2 R T 404 (], AKAEZE W44, 2011, 35 (1): 51-66 [Shen YQ,
Zhang XK, Zhao WH, Wang HJ. Riaprian plants in the mainstream of
the Yellow River: assemblage characteristics and its influencing factors
[J1. Acta Hydrobiol Sin, 2011, 35 (1): 51-66]

16 3k3CH, Hoxig, skim, L4k, STBEul, PhEkeR. AR 10 2l 5
A KL P b 2 W P e R v B R BT D], AR AR K, 2014, 33 (5):



20

21

22

23

24

25

1142-1149 [Zhang WL, Xia HJ, Zhang Y, Kong WJ, Jia XB, Yao YH.
Herbaceous species diversity and community quantitative analysis in
the riparian zone of East Liaohe River [J]. Chin J Ecol, 2014, 33 (5):
1142-1149]
K FNFRARIL KR B3 2. AL G [M]. KA 35 Ml AL, 2004
Ty ERBR RS WTHEYE (B M) R L7 8
SRR, 1992
Sneath PHA, Sokal RR. Numerical Taxonomy: The Principles and
Practice of Numerical Classification [M]. San Francisco: Freeman, 1973
Leps$ L, Smilauer P. Multivariate Analysis of Ecological Data Using
CANOCO [M]. New York: Cambridge University Press, 2003
EWLE, ARE, AR, RERR. SR A A B XK
FATR S AR B0 A Rl 40 2 18 B 2 6] 43 A A JRi (D). o A5 3R 58 AR 4 2
R, 2012, 18 (3): 399-404 [Wang LY, Guo DG, Bai ZK, Shangguan TL.
Species composition and spatial pattern of understory herbaceous plants
on an ecological rehabilitation site from open coal mining [J]. Chin J
Appl Environ Biol, 2012, 18 (3): 399-404]
Iy -, B H#ME, TR, BRR 2. A6 4R R 1l XA 9 B vk 2 0
PERBIE T TTE W B 50 R Fh 2 v S8 0], AR 244, 1995,
15 (3): 268-277 [Ma KP, Huang JH, Yu SL, Chen LZ. Plant community
biodiversity in Dongling Mountain, Beijing, China: I[. Species richness,
evenness and species diversities [J]. Acta Ecol Sin, 1995, 15 (3): 268-
277]
o, TR, WLEAR. R AR S A R O ik M. dE st B R,
2011 [Meng W, Zhang Y, Qu XD. Guideline for River Ecological Survey
[M]. Beijing: Science Press, 2011]
RS L. R AR R AR S R MR R AE R[], B
A2, 1996, 7 (4): 439-448 [Chen JQ. Riparian vegetation
characteristics and their functions in ecosystems and landscapes [J].
Chin J Appl Ecol, 1996, 7 (4): 439-448]
WG, g, hVEET, HAR, FLYERE. 10T K I R AR
SFAEITZE[)]. A AR, 2013, 32 (5): 616-623 [Pan XL, Zhang Y, Sun
JX, Xia HJ, Kong WJ. Research on characteristics of riparian herbs in
Taizi River, Liaoning [J]. Ecol Sci, 2013, 32 (5): 616-623]

218 LYk

26

27

28

29

30

32

33

34

35

Connel JH. Diversity in tropical rainforests and coral reefs [J]. Science,
1996, 199 (4335): 1302-1310

o [ B2 g b AL G R s A S IM. dE s B
WAt 2004

AR A, & mam, I, IR, B A, R, PR A IR
AL AR A R R A T R S R (D], B0l 24 4R, 2010, 19 (3):
38-46 [Gui DW, Lei JQ, Zeng FJ, Jiang Y, Mu GJ, Yang FX. Effect of
ecological factors on plant communities of the Cele River Basin on the
north slope of the middle Kunlun Mountains [J]. Acta Pratac Sin, 2010,
19 (3): 38-46]

Spence DHN. Zonation of plants in freshwater lakes [J]. Adv Ecol Res,
1982, 12: 37-125

VR ID, FhE B, XU, SR, LRI, skor ). BT R AL e
IR 18] P A ELAE (0], A= 5244, 2011, 31 (9): 2421-2429 [Xu
SS, Sun GJ, Liu HM, Gong XP, Hao YY, Zhang LX. The relationship
between riparian vegetation and environmental factors in Heihe River
Basin [J]. Acta Ecol Sin, 2011, 31 (9): 2421-2429]

Ekness P, Randhir T. Effects of riparian areas, stream order, and land
use disturbance of watershed-scale habitat potential: an ecohydrologic
approach to policy [J]. J Am Water Resour Assoc, 2007, 43 (6): 1468-
1482

Khomo L, Rogers KH. Stream order controls geomorphic heterogeneity
and plant distribution in a savanna landscape [J]. Austral Ecol, 2009, 34
(2): 170-178

Day RT, Keddy PA, Mcneill J, Carleton T. Fertility and disturbance
gradients: a summary model for riverine marsh vegetation [J]. Ecology,
1988, 69 (4): 1044-1054

Higgins JV, Bryer MT, Khoury ML, Fitzhugh TW. A freshwater
classification approach for biodiversity conservation planning [J].
Conserv Biol, 2005, 19 (2): 432-445

FLEERE, TR, E—R, SR, T2 ) B A K T A AR B 4
K[ AEERL2AIE ST, 2013, 26 (5): 487-493 [Kong WJ, Zhang Y, Wang
YH, Meng W. River habitats classification in Taizi River based on
spatial data [J]. Res Environ Sci, 2013, 26 (5): 487-493]

http://www.cibj.com/

911

Chin J Appl Environ Biol [ ]S54 1244k



