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Fig.1 Location of the study area and the sampling sites

122 EZMEAMEMIFALHEEREITE HEE
SR A AR AE R TR b AT RO 1 25 B R A
s 5 B R /IN 2 0 52 I 34 o R T P 1) B A 4R . A
W2 FEERR P AR B P A B (em) R T (%) S
ZFEVERR 0 b, M) 2 £ 48 £t 4E Shannon—
Wiener £ #£%(H) «Simpson It # & (D) Pielou 13 %]
JE(E) A Patrick =& & (BEAME T IR 40 CRR 5%
2014; K F%,202D) . HHEARWT:
P,=100(DA+P+F.) /3

H=—iPi InP,
i=1

D=3 P
E = H/InS
AP PARSS i FIEY) 1) EEAE , DN £,
PONAEXS 55 B, oA AR, S N RE 7 A H I B A
T IR EL
1.2.3 #HAEAFE  Hid Excel 2010 FHTIEREBHEALFE,
% H Origin 2020 #1 Arcgis10.7 22 [, SPSS 24.0 58 i 2
K25 2R 56 (ANOVA) , ward /N5 R0 T

® @ ©® 2



2022 4E 45 4 1 K RE, T A A AKE R BA MR B WA R AR SRR 47
F1 AREAZEREAEYREER
2 BRE5HMH

2.1 EYFHEME RS TRIFE

AR X R A 2 % L3R 1 FIER 2.0 7K Tl
B A X 9 3 R B Y 26 B 54 & .63 B, Ho
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LR BAEY 31 L. 60 J& .67 F, Horb B SR 5 A
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Tab.1 Family composition of the plant community in
different investigation areas
7K ] LA
BHR JEE AR FHAUKEEE ERRE PR
B % B % BEOAe B %
KE =18 0 0 0 0 0 0 0 0

Rl 6~17 2 1053 1 526 2 833 1 5
AMEE 25 3 1579 6 3160 5 2080 5 24
BREL1 14 7368 12 6320 17 7080 15 71

7E AN RN LR I 34 R 73 J&@ .90 Ml
PR 3), KA 2R A (23 B B H 17 8D
NEE, HIREDER 4R 9OMMARAR (78 .
8, UL b 3R FhEL & S AU 45%, R R
AR SRR 20%.
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Tab.2 Genera composition of plant community in different investigation areas

TR E] A
&4k Tl H AR T AT Ry H AR AT TR T
R 7 b/% JE AL o7 /% JE L 7 b/ % JE 7 b/%
PN 210 0 0 0 0 0 0 0 0
R 5~9 0 0 0 0 0 0 0 0
NeE 2~4 6 15.00 4 11.76 5 12.20 7 23.33
BR 1 34 85.00 30 88.24 36 87.80 29 76.67
£3 FARABERIGHEYHENEEE
Tab.3 Species composition and their corresponding importance in the plant community
of the four investigation areas
A 2 ” AN TR R A X I A
A B C D
A Gramineae 7426 J& Phragmites 7 25 Phragmites australis 0.72 0.84 0.69 0.81
i Typhaceae i E Bpha i Typha orientalis 0.38 0.71 0.35 0.66
5%} Moraceae H Y E Humulus 5 Humulus scandens 0.56 0.49 0.38 0.37
KA Gramineae M) R ¥ Setaria N9 ¥ Setaria viridis 0.42 0.38 0.51 0.52
3 Polygonaceae H )& Polygonum BRI 2E Polygonum lapathifolium - 0.40 0.27 0.47
JHEL Cyperaceae IR Cyperus % T Cyperus rotundus - 0.49 0.54
%4 F} Compositae Y&t % JE Bidens = Y& Bidens pilosa 0.31 0.43 0.33 0.17
BE Rl Asclepiadaceae B EE J& Metaplexis BB Metaplexis japonica 0.34 0.25 0.40 0.26
%%} Compositae & HJ& Xanthium & - Xanthium strumarium 0.48 0.36 0.23 0.18
%%} Compositae Hl & Conyza /K& Conyza canadensis 0.13 0.24 0.10 0.31
AAF} Gramineae I j J& Digitaria I, ¥ Digitaria ischaemum 0.46 0.07 0.18 0.11
%2 Fl Iridaceae 58 & Iris AL & Iris wilsonii - 0.39 0.19
S ELEL Cyperaceae IRV B Juncellus IKIBEE Juncellus serotinus 0.16 0.25 0.21 0.14
% iR} Plantaginaceae %41 )@ Plantago 241 Plantago asiatica 0.20 0.36 0.05
HF} Polygonaceae % & J& Polygonum 213 Polygonum orientale 0.12 0.28 0.05 0.23
D TEEL Apiaceae JK 7 I Oenanthe JK T Oenanthe javanica - 0.22 0.21 0.24
7%} Leguminosae K7 J& Glycine K & Glycine soja - 0.24 0.25 0.12
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#i %} Chenopodiaceae #iJ& Chenopodium IKEFHE Chenopodium glaucum 0.36 - 0.14 0.06
T 3% F} Lythraceae TJE K& Lythrum T 3% Lythrum salicaria - 0.31 0.06 0.07
%jF} Compositae )& Artemisia A Artemisia argyi 0.20 0.12 0.12 0.09
ARZAFL Gramineae #LJ& Echinochloa K15 Echinochloa caudata 0.10 - 0.16 0.23
PP EFL Cyperaceae Y& Scirpus =% K Schoenoplectus triqueter - 0.26 - 0.11
%%} Compositae AL R Inula B AL Inula japonica 021 0.14 - 0.10
ISR} Cyperaceae FE)R Scirpus JK L Scirpus validus - - 0.40 0.05
AZAF} Gramineae 12 )& Eleusine Vi % Eleusine indica 0.07 0.05 0.33 -
AAFL Gramineae )& Echinochloa # Echinochloa crusgalli 0.05 - 0.21 0.18
%j %} Compositae 1)@ Artemisia WAL T Artemisia annua 0.05 - 0.38 -
%)%} Compositae 4] J& Cirsium $)LE Cirsium setosum 0.26 0.05 - 0.10
%jF} Compositae T A L& Taraxacum T A Y Taraxacum mongolicum 0.22 - - 0.14
I E R} Cyperaceae FEL)R Scirpus Ji FE & Scirpus planiculmis - 0.28 - -
e E} Convolvulaceae 74 J& Pharbitis I #22 Pharbitis purpurea 0.21 0.12 - -
%} Cucurbitaceae T 5 Actinostemma FLFH Actinostemma tenerum - - 0.13 0.18
%j %} Compositae Ve HHZEJE Hemistepta Ve HAZE Hemistepta lyrata 0.28 - - 0.03
Hi 25Kl Malvaceae T JBR S Abutilon T Wk Abutilon theophrasti - - 0.28 -
7 ¥R} Rubiaceae P 58 Rubia P Rubia cordifolia - - 0.23 0.04
P BLR} Rubiaceae hidi ik 8 Galium IR Galium aparine - - 0.27 -
L5 F] Boraginaceae [ =2 Trigonotis [t H3% Trigonotis peduncularis 0.12 - 0.07 0.05
P ER} Cyperaceae ISELE Cyperus MRS L Cyperus fuscus - - 0.19 0.05
%%} Compositae K% & Ambrosia =K Ambrosia trifida - 0.24 - -
FE 7R} Rosaceae W@ Potentilla R ZEWER Potentilla supina 0.06 0.18 - -
#i %} Chenopodiaceae #iJ& Chenopodium % Chenopodium album 0.17 - - 0.06
JHHFL Cyperaceae IR Cyperus SOIRFEIS B Cyperus glomeratus - - - 0.22
%%t Compositae 105 )8 Galinsoga 8% Galinsoga parviflora 0.17 - 0.05 -
JSEFL Cyperaceae VELE Cyperus KB Cyperus iria 0.07 0.15 - -
% 2%} Scrophulariaceae B3R Digitalis EHLIE Digitalis purpurea 0.21 - - -
B5F Amaranthaceae Vi J& Amaranthus B 2% Amaranthus tricolor 0.10 - 0.10 -
K&k} Euphorbiaceae KERJ& Euphorbia o455 Euphorbia humifusa - - 0.20 -
AAFL Gramineae IR Arthraxon JLEL Arthraxon hispidus - 0.06 - 0.12
Y F} Amaranthaceae YET 5L Alternanthera 20T HE Alternanthera philoxeroides - - - 0.18
%)%} Compositae 1115 & & Lagedium 11 55 E Lagedium sibiricum 0.05 0.03 0.10 -
%j £} Compositae )& Artemisia I 4 78 Artemisia capillaris 0.07 - 0.07 0.03
KX A} Euphorbiaceae B E )R Acalypha BV SE Acalypha australis - 0.07 0.10 -
%38} Violaceae Y3 Viola SAEHLT Viola philippica 0.16 - - -
JEHFL Labiatae KL J& Amethystea KL Amethystea caerulea - 0.08 - 0.05
P E R} Cyperaceae 3% )& Scabrousscale £1i# Scabrousscale spikesedge - 0.13 - -
ZE T Bl Plantaginaceae =41 )& Plantago K2R Plantago major - 0.13 - -
AR EL Equisetaceae AR JE Hippochaete KR Hippochaete hiemale - - 0.11 -
%%} Compositae K5 & Aster R Aster tataricus 0.11 - - -
k| Polygonaceae R A% & Rumex G TRAS Rumex crispus 0.07 - - 0.05
JETEF} Labiatae {1 J& Mentha {17 Mentha haplocalyx - - 0.11 -
+=£1EF} Cruciferae VRS JE Camelina ERRHELE Rorippa globosa - - - 0.11
#i %} Chenopodiaceae ¥ B8 Salsola WE3E Salsola collina 0.11 - - -
+F 16} Cruciferae J5 )& Rorippa #8% Rorippa indica - - 0.10 -
T 14 55 Bl Portulacaceae B30 J& Portulaca Ui i Portulaca oleracea 0.05 0.05 - -
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Zj %} Compositae T E 3K & Sonchus 5 3E5 Sonchus arvensis 0.05 - 0.05 -
AAF} Gramineae A& Imperata M3 Imperata cylindrica 0.09 - - -
JeT Bk EL Apocynaceae LR I8 Cynanchum #EGRE Cynanchum chinense 0.04 - 0.06
B B} Asclepiadaceae KLHIJE Periploca KL Periploca sepium - 0.08 -
B E} Amaranthaceae U J& Amaranthus AL VE Amaranthus retroflexus - 0.07 -
%%} Compositae Y% ¥ Bidens YEUEEL Bidens bipinnata - - 0.06
%j %} Compositae WA 5L & Silphium H - 2 5L Silphium perfoliatum - 0.06 -
%%} Compositae )& Artemisia & Artemisia carvifolia 0.06 - -
I #f BB} Verbenaceae IS Vitex 30 2% Vitex negundo 0.06 - - -
#i %} Chenopodiaceae ok J& Kochia HuJtk Kochia scoparia 0.06 - - -
%%} Compositae K56 & Aster EhI 4856 Aster subulatus 0.06 - - -
+4EF} Cruciferae F )& Capsella 7 F% 5% Capsella bursa-pastoris 0.06 - - -
JiE4EE Convolvulaceae FIWilt )8 Calystegia FTWiAE Calystegia hederacea 0.06 - - -
ARIEF} Equisetaceae W8 Equisetum WA Equisetum ramosissimum - 0.06 -
I 2% ¥R} Oxalidaceae I )& Oxalis ESK B Oxalis corniculata - 0.06 -
g4t} Convolvulaceae #2258 Pharbitis k224 Pharbitis nil 0.05 - - -
JE T} Labiatae H % %JE Lagopsis H %% Lagopsis supina 0.05 - - -
%%} Compositae B BH 2 & Crepidiastrum {BIEBHZ: Crepidiastrum lanceolatum 0.05 - - -
%%} Compositae e H %6 J& Sanvitalia ¥ H 4§ Sanvitalia procumbens - 0.05 -
I} Leguminosae B 7E | Medicago LHTE Medicago sativa 0.05 - -
KEZ R} Euphorbiaceae K% J& Euphorbia VI Euphorbia helioscopia - 0.05 -
e )L R} Geraniaceae ZH R Geranium ZAE Y Geranium wilfordii - 0.05 -
JESEF} Papaveraceae 1 i 32 J& Chelidonium 1 i 3¢ Chelidonium majus - 0.05 -
H32F Violaceae HERHE Viola HLIF $3¢% Viola prionantha - 0.05 -
%%} Compositae #i] J& Cirsium IR Bidens tripartita - - 0.04
Zj %} Compositae W% 8 Pterocypsela W2 Pterocypsela indica - - 0.04
EaRLii 47 37 49 44
ANEEE X AR E AR, KAk R AR KRMKIR BT 9 WA .
SE T [ SRIES R 7K R TR PR AR ZK AR AR o S 3 T 00

I ARTEE R T 9] 2R KR KT R R A B 20
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Fig.2 Vegetation species number and occurrence

frequency in the four investigation areas (A-D)
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Fig.3 Cluster diagram of the 18 sampling sites based on the plant groups in the four investigation areas (A-D)
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7
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Riparian Vegetation Distribution and Diversity Characteristics of Typical Rivers
Supplemented with Reclaimed Water in Beijing

ZHANG Yi!, YU Yi-lei*?, LI Sheng-nan’, XU Wei-gang’, WEI Wei’, HAO Jin-hu’

( 1.Geology Institute of China Chemical Geology and Mine Bureau, Beijing 100101, P.R.China;
2.Xiongan Institute of Innovation, Chinese Academy of Sciences, Xiongan 071899, P.R.China;
3.Institute of Ecological Protection and Restoration, Chinese Academy of Forestry, Beijing 100091, P.R.China)

Abstract: In this study, Yongding River and Chaobai River, two typical rivers supplemented with re-
claimed water, were selected for a case study. In July 2019, an investigation of the vegetation community
in the riparian zones of the two rivers was conducted across 18 sampling transects of 4 areas (3 transects
in the natural riparian zone of each river and 6 sampling transects for the riparian zones with reclaimed
water for each river). The characteristics of riparian vegetation distribution and diversity were explored
based on the results, using statistical methods to characterize the importance value, diversity index and
then cluster analysis, focusing on species composition, distribution, diversity indices and life types. Re-
sults show that (1) A total of 90 plant species from 73 genera and 34 families were observed during the in-
vestigation, dominated by Compositae (23 species), Cyperaceae (9 species) and Gramineae (8 species),
together accounting for 45% of the total species. However, species richness was different among the four
investigation areas and higher in the natural riparian zone for both rivers: 47 species, 40 genus and 19
families in the natural riparian zone of Yongding River, and 37 species, 34 genus and 19 families in the ri-
parian zone of Yongding River replenished by reclaimed water; 49 species, 43 genus and 24 families in
natural riparian zone of Chaobai River, and 44 species, 36 genus and 20 families in the riparian zone of
Chaobai River replenished by reclaimed water. In addition, Phragmites australis and Typha orientalis
were the common plants in the riparian zone replenished by reclaimed water, and Phragmites australis,
Humulus scandens and Setaria viridis were the common plants in the natural riparian zone. (2) Cluster
analysis shows that the vegetation community in the four investigation areas was divided into nine plant
groups: Phragmites australis + Humulus scandens + Typha orientalis; Humulus scandens + Phragmites
australis; Phragmites australis + Typha orientalis + Bidens Pilosa; Typha orientalis + Phragmites australis;
Phragmites australis + Setaria viridis; Cyperus rotundus + Phragmites australis; Phragmites australis +
Cyperus fuscus; Phragmites australis + Typha orientalis + Cyperus rotundus; Phragmites australis+
Typha orientalis. (3) The species richness, Shannon—Wiener diversity, Pielou evenness and Simpson dom-
inance degree of the vegetation community of the riparian zone replenished by reclaimed water was lower
than those in the natural riparian zone. While the average plant height and coverage of the riparian zone
replenished by reclaimed water was higher than those in natural riparian zone. (4) The plant community
consisted of nine life types and the life types were dominated by annual and perennial herbs, but life
types in the natural riparian area were richer. This study provides information important for the restora-
tion, reconstruction, and protection of plant diversity in the riparian zone of rivers replenished by re-
claimed water.

Key words: reclaimed water; diversity index; vegetation community; plant life type; Chaobai River;

Yongding River



