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Abstract: [Objective] This paper investigates the characterization of plant community structure and
diversity in urban communities from different climatic zones in northern China, aiming to provide a
scientific basis for the configuration and management of green space vegetation in these areas.
[Method] Sample surveys were conducted in 765 green spaces of 39 residential areas from six typical cities
(Beijing, Xi’an, Qingdao, Shenyang, Qian’an, Xining) in northern China. The species importance value and
plant diversity index were calculated to quantitatively analyze the species composition, structural
characteristics, and plant diversity of community green spaces from different zones. [Result] (1) there were
756 plant species, belonging to 108 families and 378 genera in the investigated residential areas. Qingdao, a
coastal city, had the most plant species of 327, while the plant species of inland cities, such as Beijing and
Xining with 182 and 226 plants, respectively, were relatively small. (2) The importance value of herbaceous
plants in the community green space of eastern and western cities was higher than central cities, while trees
and shrubs had higher importance value in the central cities. The most common dominant species of the
surveyed areas were single type of ‘tree’, ‘shrub’ and ‘grass’, accounting for 68.9% of total community
green space. (3) In terms of life-form stratification, plant diversity followed the pattern of tree layer >
herbaceous layer > shrub layer. The Jaccard distance indicated that Xining’s plant communities were the
most distinct from those of other cities (0.886 1), while Beijing showed the highest similarity (0.837 9), the
herb layer was the most sensitive to spatial and environmental heterogeneity. Compared with natural factors,
socioeconomic variables (including residential area size, per capita GDP, and construction year of residential
areas) exerted a stronger influence on plant diversity. [Conclusion] The investigated urban residential areas
in northern China exhibit rich configurations in plant community structure within green spaces, yet the
dominant species groups are primarily characterized by a single life form arrangement of “trees”, “shrubs”,
and “grasses”. Additionally, plant diversity gradually increases from west to east, primarily influenced by
socio-economic factors.

Key words: northern cities; residential areas; plant community structure; plant diversity

47 %

T e R IR T AR S RS AL R ), R
A2 X i PR HG v mT Ak PRI A F R T RO 2 N
Poah i o i 2R R W, e A X At AU 2 M A
VIR BT 5 ST A 2 R, R o
TR SRR T A B 28, O S AR L e 2R
TR, SR RE TR S5 0 5 AR 2 Rk S
HORFEABMZ N RE L O E R DI, &
X St (AL B S5 485 2R PEARFAE, R THR
[ e I e Sl S S S

AR, BEAE T AL HERE AN, ST AT XA
TR B R 2 AR [ A Ah 2 il e s 7
Yo fh s 8 A2 REPERR BT 5245 07 i, PR AL T
AN TRV T A DX AR 22 AR D BT TR, T
Jo AT DXL A v 45 K N 22 BEAE 52 21 2 T R R S ),
BAE A I OR L S 5 R R IR R
BAEY KPR AR, DR A, Rk AE
HARBIZR P R ik, BT R I e A X 4%
MRS BTt s AT 7 WIRE AN [ 3 T AT X A
REV G5 5 Z AR VEAFAEDY o AN TR DO A IX
TELVIRE RPN 22 R 1 72 3 |35 1), A X St A
Yle B 5 A6 A AR e 7 R 5 o TR, 0 2B AE B

B T S A X SR AR ) BE VR RO Bt |, i — 20 B
TEIRE, #E 2 85 A A BB T M A I BN AN R
i DX 39 T S b AR 75 RS 2, DA 2 A R X 5 2
FFHZ RS ESThEE. R0, LaTiF 7 k2 BeE
BRI T R X, T X R B IR T ARt A, 20
T SRR A R0 R B , A7 LEAS [R5 SCHRAE B R
bR UEAN G — . 38 I A% X DURS B S e J 4 X &t
LA R AAE S5 I L 88T e IXARL DA T 45 R R 22
P S I AR X A D I T SR A X R AR A AR
WA R ZEHR T — 45 A LY. BEMY)
SEOUOL, 3 DL AT s B B A DX 5 IR D TR 0 40 A LA

BRL b, AR AT 7 DA [ b 77 B 2R 3k 71 B A [X 4t
TP R FERT B, R 6 NI 39 NMEEX 783 #
LRI R R AT, s BT A A3 R XA A
T V& AR [R) B % 5 R, 47 FR A6 O a3 X
TEADHE T 25 F RRAE I 2 FEVE 23 S A, b B AE
[X 2 b A A7 A A AL SR R AR AR

1 B KI5 7 5 7 %

1.1 HARXIEHER
AHF 5T 5L Tt FR A7 B NS A, BT 6 4



8

ZERGTR S - A6 77 ST R A XA R VA A LR 2 7 X LK) 113

Je77 RS T (B A P62, 5 5. JLBH. 3% 1)
FFRIHE . AEEBUR T I, A5 RE T M B Ay B A
ARSI, TR L5 AT A b T A P AR A X KA e Y
T T, MR ORFEAR B XA R M, b 51T
27 B [F) AL R R 7 2 VR T L X, 3 8 T S AL PE - i
MRAERE X, AH AL T RAT I AR, 32 1L H B i 5
Wi, AR A LIAS B AR 0 5 AR A6 iz T 2R 7 1
bR R 32 T IE 2 o T 6 1L A 7 5 iRV 2 [, 5216
Fifi S22 B s, HORARFEY)ZH B 2 B0 1 e )
ARACIEE o> A RFAE o TR BH AL T AR iR R X, 8
TARICERRTRAE AR IX, RIRFEYE DAL AR AR
T8 Ak T R I SRR DX, VR R 1) SREE AN
HAREMAEE . iR KILE, RARE
7 5 M #AGHY o M KR, M BEIE SR 2R 1
TN AT R R AR 2, R e R T R X AR
DA 8 ) FEE MO, ARSI B &5 R
Z R LTS T AR SRV B T R
NG e b N BN E RN NS I 2 W N A S
] b 5 A [ 5008 XD A 00 o 9 6 /) N 22 RE PR ARRALE o
Jr 3630 T LA O LA 1

S BT e 3 T v 2 5 AR T A A R K 45 B
[ I 5 B 4% F A X mT A M S T, 7R R ANk T
PR A% A I B AN IH SR R B AR AL
JEAEX (3R 2), Feit 39 AN R AR X AR B A R o
Fod, it 5 2 0 R R AR [ 25 Be 3 A JT BN R (%
TAMHERBEZ X S0E TERNESEL),
A 2000 =977 s K 4, R e A DX AR 4 By
K5 2 P35 55 KT AT LR 43
1.2 #HMHmigSiAEs*®

HF 5T 1 BA T 2023 4 6—8 F K 4x T 1 A vk %
I EURE L (FE Tt 783 ANMFERID T R S i 7 o AHE 5T
e 2 ) b ST () Ak [X S RO BE B (5 55 S dh | T B 4
Mo, H SR AL, RSk 8 CONFERR, 1E N AE #18
B S GE oHT IR A BT BT AR BB SR R
IRIEN, AR P A R AE R AT 22 AL B E 0, A
WARFET HTAARZEERZHEGEHE, X T2

7o A [ S, DURE R AR 2SO R HE R E 1A
5m x 10 m ARAFEJ7 3 KT 18 B St Hh 5 B 4 7 [X 35k,
P MR 50 m* A 7 T A B AT AR AFET7 o 0T
SR M S AV FE L, W 2 4 S mox 10 m RAFE
TifERED) S B 5T, DA AR R AR 2R P R vT 4
o EHANARERRET T ORE 1A ITmx 1 mEL
BT, T A Z A . WA R, AR
Ji AR TR TREAR DR B MRS, SRR
b T E TR R AR B AR
PGSR B AR PR A RR A B, I E 24000 3 25
FE o AW TS 5E TR AR RE T R 2 839 AN, HEARFE T
W 839 A, HEAFE 7 A £ 839 A, TEFTA KT
CELFE AR AR 75 RV AR J7 )10 3% i A A P 1R P o 42
PR, ZHCHE MR NZ PR 2 5O RNX I 2 L)
Bl R E H 2 L/ NRJEYE . P R A A 3R A
BN AC 5 I 34T 28 I, LA R K8 o A 14
A FEE
1.3 HE\HESSEITHH
131 ET2EHHE

L EE S R WA T S R 25
b, BEEEWE, RN ZYAERE P HERZ.
GIARRRT BT o5 (AR A R O RO, DR AR
W E B, — Bk EEE AT 10 F R
MR o o3 R AR o B P,

I, = (Rp +Rpo+Rp) /3 (D
I;=(Rp+Rc+Rp)/3 )
In=(Rp+RFp)/2 3)

Kb, NI AREE(Y, I VEREEE, L, NEA
FHEAH . Ry AN 2 B CRA YRR BTG YR E
WREL, Rpg 9 A X 0 35 5 CHL AN P o i s Db T AL/
BT YRR E AR, Ry AAH SS90 CBRLAN PR HE L)
FETTBURTE FETTHO, Re AAHXT 55 CRRAN P 5
(B2 A/ BT P o5 B AR A o
132 At %At

Xof B 46 B AT W =E (0 A AR B, TR

xR 1 PrEEHERER

Tab. 1 Basic information of selected cities
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Tab. 2 Basic information of sample plots in each city and statistics of sample points
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Tab.3 Quantitative characteristics of plant species in residential areas of different cities in northern China
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Fig. I Proportions of invasive species (a) and native tree species (b) in residential areas of the surveyed cities
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Tab. 4 Dominant species with top 3 important values of trees, shrubs, and herbs in residential areas of northern cities
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EELH Fraxinus pennsylvanica 497 MMM Prunus triloba 6.50  E£% Hosta plantaginea 10.56

FEA PG B s HAE Y ARG, T M
TRESEEEXEHESE. E£FARZMH, 7
R PR B 22 (100 ), 32 B AP £ i H 2L
1B 5% 51 (24.17%), 3 W 75 22 I R 3t 1% ot 5 AH R
U o VRFHTRARA A A B EAE K, M 8.39%. 1k
21 (Malus asiatica)F 11 /1 B (Acer truncatum) & T
5.05%~ 3 [E L4 (Fraxinus pennsylvanica) N 4.97% .
X 5 V0 BH TR A Fh 285/ (84 BRI W 3= & FE (269
YD BACA K FERJZ T, KM B#E A Al

TR AR, FEELE BN 82.60%- 12.04%, I
Ty € 1 S 5 )SULE BRI P I X B A W %5
LI ARG Photinia serratifolia) & N i BRI IE A%,
I AT SR 2 (12.79% 11.71%), H 4k
FRARR, LA ORI 52 1 38 B AN 2R H 36
S RE, e Aty B AR X A R R
B JRTH, 224 CN TR A4 R 5 () 3t 2 P 1) 4
BOAE e 350 [ B 1 IR AE 2 AN, HLE EE S b
Ko EATESRAGBETT AP DR LB I M I 4 AR
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DA B % 0 1 R0 s 205 SR T 4 e e 5 3 i >R o TR
BB ris tectorum)(13.37%, 650 Z2(Chenopodium
album)(12.12%, L BH )+ & % (Hosta plantaginea)
(11.75%, A6 HOSENHMAE — @ FEEE B IN T 2xHh
FOWBCAR, (R BE A8 F AR 35 FmT e 22 sk B 2R A,
PEARAEY 2 FE 1 o PR, 7E AR AR TH SR HhC B 1, I8
75 8 H AR M ORI, DL — D P e R R .
22 £FRBMRER

R AR B, R AT R A X SR b A )
AR R, BLCTRT CVET BT B — AR UG B R
NE, BF] 68.9%(E 2), FHHIX 6 AN 1 5 X 4%
S IE S 4 A R TR AR . e, B
“TR7 AT () A 35 Y B S o L K (28.5% )5
PL “TRdE” A 5 b 0 A= 3% BY 10 B 2R o b B/
(3.7%); LA “TeifE” “Frii” “WEBL” “TeiEB” NPt
P &2 A lc B SRS 7 31.1%, o “TREEE” ik
AP R A Y E BB 4.2%

HpRSRE, P62, JLBH. iz DL T B “R
B E R AR E. L. F S ATEAE
BRBEZ, 3 M0 TR “Trm” R TREERT
4 PR A AEYIBC B BB G 2 40% . “TR7 AR
A SR P A AL R SR, FE VL PH (38.5%) 1T %
(38.5%)~ AL 5 (36.4%)- 7622 (33.8%)4 A3k 7 7 Lk
B 30%. “VE” VBN AAE P A 3G B K BE, 7RV T
(36.0%) 5 L s Ko “BE” AR A0 M ) A= v B R
TEIL 2 TRFH. & 8. i E 2, SR 25% it
T Sy A0SR P A S B B SR o AR S, T
“BOHEERZ, BN 22.6%, “TRE” S, N
6.1%. PO TRBAE AT T AR E R T
w2, HH28.1%. HA& SA T E AR & KR+
BRI %, HHA 11.3% ~ 18.2%.

100
80| ||
60 =

40

20

FEX LR LR T AL /%

0

[ 7 | 7 S 5 IRV A B |
L]

T b e

Tr mm R oo FEE
K2 AT e X A A KRB Y A v R B
Fig. 2 Dominant plant life form configuration of various groups in
residential areas of northern cities

2.3 EYEE ST

M Shannon-Wiener % #1445 %, Simpson % Ff
PEFREH Pielou ¥ &) FEFR B A5 Rl LA, £ %A
Wi, FAREMEMZ RS, BAREIRZ, AR
ERARCE 3. BARKRE, FeRZEE BB &SR
F & FERI S BE, REAR Z P A 7 =, AR
JEAEF S>30 T T 35 50 BERL AR R AR, R
I ] — 38 T JeE A X o 8 22 I 0 B AR AR ) i
B — HBA MWL .

1E 6 M A, bR M1 B FR K JE Simpson 2
FE 1 8 208 = (0.89 ~ 0.95), K30 7 IR i HLAJZ
Simpson % F£ P 5 2UTE 0.78 ~ 0.88 Y [ 14, 1M #E A
JE 5K (0.39 ~ 0.71) . KR W TR AR N EF A JZ )
AEXT S5, ALEAFREE 5 LEARRT AR E , EAR Z PP AL R
B HL— ., Pielou ¥ &) BEFRHUS L T WP AERER I
BIS) At . BARJZE Pielou 355 FE 48 20 w55 =,
HR X ST HEIE 1.00, P 7RI B B JR Pielou $2)
FEFREUAR] 0.98 £ 0.02, VIFh AT 5] . M2 T,
T AR JZ Pielou ¥ &) FEFR H i AIC, K e KJZ
Pielou 3557 5 50K (0.77 £ 0.03), R TF AL
Tl “brEde” $Fe, SEAMEFA. & 2R
PR, BT R B3 T R A X Sk th 2 R YRR AEAS [
T (R AEAE 22 5, PRI ASE ] Jaccard AHALPE 45 HoidE—
WA RIS TR 2 R 2 S

£ T Jaccard #H B THE & W HEY) 2 AR E R A
AEALE (3% 5), 45 H B IR 7 1 5 At 3k 7 A P B v
ZE R, A6t F A IR T A A I 2 R AR
P8 7 AL T SRR T e T 5 X, R DA R 8 B A A
IR T, S AT R B S S S A VR T 2
RS HAI T 2 R K. b 5% F 2 AR
Jaccard HF B E 43 5l 4 0.764 1. 0.818 2, R B4 7 7]
{100 AL A 25 28 AN A o 2L RS AS RRARAPE A O A, 1X 5 3
AEACL ) S A 35 UIAH 9% o b RN 22 37 T B il 7 >
X, SO TIRABIE X, =& SRR mo AT
TR T, HZmRIRE. PR 57657 (0.793 514
DRE TR TR AN AR B ARG BLAIG o ok BE A2 T iR o 1
X, HEYE LLURICE VRSO, 58T E k8
FELEZE T, (R FEK B o A AL HL 35 &8 Ty <%, =
AR FA — € AU

JEAE X S M AR VD RE T (AR S I 3 1)
AETE R AR (3R 6 ~ 8) o BLATHEVA 38 T B 22 ¢
i K CF#4 Jaccard FE 2 0.823 4), MEARBEVKE IR 2 CF
¥ Jaccard #55 0.780 9), Fe AR#EVE £¢ /NP Jaccard
FEES 0.693 4), T A 208 7% [A] 55 PR AT 57 o A2k 14 Wi 57
R BUR .

TRARFEVE () A AHACL I AR AR, I 52 T A8 30T 4k
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2
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/\h 0 1 A - 1 ) ] 0 L I J O 1 1 1 1 1 1 i}
0 1 2 3 4 0.3 0.6 0.9 1.2 05 06 07 08 09 1.0 1.1
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{f‘é 2t 2t 2t #H1
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Fig. 3 Diversity characteristics of plant communities in residential areas of northern cities
x®5 AEAEHEEXFZHEWETE Jaccard B E
Tab. 5 Jaccard distance of plant communities in residential green space of different cities
Wi Tz Jexut BH H [lizS [y
L% 0.000 0
Jext 0.764 1 0.000 0
TRRH 0.817 4 0.850 8 0.000 0
Hi 0.8570 0.8182 0.8456 0.000 0
ik 0.887 1 0.864 4 0.883 8 0.838 8 0.000 0
fiillsy 0.881 2 0.892 3 0.793 5 0.928 2 0.9353 0.000 0
*6 ARABWHEEXFAEEE Jaccard BEE
Tab. 6 Jaccard distance of arbor communities in residential area of different cities
Wi Tz Jeat TERH H [liE=S [in
L% 0.000 0
Jext 0.578 4 0.000 0
TEFH 0.650 9 0.716 4 0.000 0
H 0.672 7 0.643 4 0.718 5 0.000 0
[liE73 0.706 3 0.702 7 0.7417 0.678 1 0.000 0
[y 0.687 5 0.697 5 0.692 3 0.741 9 0.773 0 0.000 0
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F7 AEWHBEXEKREEE Jaccard FEE

Tab. 7 Jaccard distance of shrub communities in residential area of different cities

) L% Jex TR H i [ [y
% 0.000 0
bt 0.674 7 0.000 0
/M iE] 0.760 0 0.772 7 0.000 0
Hi 0.761 1 0.747 5 0.800 0 0.000 0
[k 0.817 4 0.787 9 0.854 7 0.672 6 0.000 0
(ISR 0.802 5 0.753 8 0.8272 0.819 1 0.861 7 0.000 0
K8 AEWHEEXEREE Jaccard BEE
Tab. 8 Jaccard distance of herb communities in residential area of different cities
) L% Je VLR L 5% [y
T 0.000 0
Jext 0.816 8 0.000 0
7L 0.733 0 0.873 2 0.000 0
i 0.7720 0.840 0 0.719 6 0.000 0
(g3 0.822 0 0.890 4 0.814 4 0.767 7 0.000 0
[y 0.818 2 0.903 8 0.8510 0.839 4 0.889 4 0.000 0

mERRE . b5 51T % [FJE b o i AR OE X,
FTR AL = A B (Jaccard B4 0.578 4) . 5%
55T BT ARA AU 5 155, Jaccard BEESIE 0.773 0.
SR T REAR TR IAAMUMEAEAE 22 57 P8 22 (BRI AT —
A b D5 T B (R I 7 VR T ) B Hb B R R A
7, {H H A AL £ B A% (Jaccard FE 54 0.672 6),
X EBARE T FEREA A 25, O IE X 858
AP & . 7 %25 7 7 (0 9 R AN AH AUl % 1 (Jaccard
FEES N 0.861 7)o P T HEAZE 5 H A3k 7 1 1°F 35
Jaccard JH 25 ¢ 75 (0.812 9), 1T 22 £ %.(0.763 1)
FRBEVE IO 8] 4 S B o db a5 HoAthdw v 1)
Jaccard #2535 8 5 5y, “FHM{EIE T 0.864 8, FHrhdb
35 78T/ Jaccard #E & K (0.903 8), 7RI 11 Ji
SRR A2 T . IR BE B RN AE AR S
N, I %5 T T Jaccard BB T K Z 1)
0.687 5 & FHELTF A 0.818 20 lE 1L 19.1%), FHI L
AAE A BOxT b B RS 5 (1 SR = T AR A A o
2.4 HEYWAHBRTHHZmEZS

F T BEATLARAR ] A5 B 53 B R 70 P L P X 50 [
To SRR, IR K BRI R AN A 2 R B — A
Yl BAR I E R R 4, FEBIRRKEXF DL “E”
NI A Tl 1 A i 2 P B R R e e K, HLE MRS
5579 0.473 8, R K> R FAN B 3 FH T
ST LA TR R AR G A T T R, AR
SN B R 3, BTS00 0.428 4, R HUE
FEX TR AT B AR R o 72 DL “TRiE” A

Fofr 0 A= v B B A, RSB B UK 5 (0.231 ) FIZ
FRE(0.288 3)¥ N E L 1, RIAIK 73 %A AT BT
HESLFE S B EICE . A EYE SR
P B S 3 TV LY N 22 A B85 DR 7 1 o L ) 1T
TR 5 A H (0.234 7). £ 40 F (0,225 2R 4 1R
(0.192 DX H g2 ma R, M 25 1% (0.064 0)F1 435
B 7K E(0.123 9D FISZ M A XT8N

TH 2 FEPEFR S AR SR BRIk
RER(E 5, 2T F &b 7 R AE X 4t
WML EZERE. g, BAEXERE
Pielou 3 2] FEfa 8 2 B 35 IEAH K (r = 0.207 4, p <
0.05), f& M b 5 JE A X 4 i W) £ B P A % gt
Rl 32— X 3R BT AR 1 3 X mT 2 e B K
o th 2 (8], AT HE ) BRI 35 2 53 A o N3 GDP
A A X 2 B [A] 55 Shannon-Wiener % A5 V£ Fi5 £
Simpson % ¥ 1 45 ¥ % Pielou 3 5] 48 # (8] 771
—ERIEM LA =0.1024~0.116 2) . XEWKE
20 R R R R RN T K 1 JE A X AE AR )
RGP L INZ L. M2 R, FHBFKE. F
PP B L A R A AR DR 3 6 A A 2 R 1 e A )
AN, R IR T B X SV E 2 S
JE BAYEY R 2 BRI T L. BCRE, #he
VR BT, JUHEAE X AR A 2 R 56
BN, AR EAEX SR 575 &R EY
FhZ REE S5 B P, MRFHES RE T
PEE AT RFERE
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Fig. 4 Driving importance of influencing factors on configuration
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patterns of dominant species

HSEFREL
1.0
AERIRRRE | 0.051 2 0.048 6 0.065 6 08
AERIREE [ 0.0152 0.019 0 —0.046 2 0.6
AEPRGE | 0.026 5 0.020 1 0.036 0 0.4
0.2
A¥GDP| 0.1024 0.116 2 0.112 6
0
AR [ 01212 0.1310 0.1379 02
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-1.0
Shannon—Wiener ~ Simpson Pielou
ZREMEIREL ZREMERE SRR
*HIR p <0.05,
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Fig. 5 Correlations between plant diversity index and natural,
socio-economic factors
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AR AE 7677 6 AN AL T ) 39 AN R
fEIX, HLRBUEY 108 £} 378 J& 756 Fh, Fi2kdE H
BB (I PR A o RS ISR AN
B R 7 A7 A 5 R 2 R I B B R R, SR}
T R HL A A (e AR G Ak TR it T 2 B SO H(C T
82—2012)H “PRJik A& B MR, MEM AR 2
A BIER, AE 39 ANJEAE X G Ml A 45 AR
e (25 & 72 B0 YRR, £ 2R, Hfk
Tl A SR Fofr 11 EE A8 2 A1 S R T AS [R) 388 Tl 4 A A i
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AR, JE AT X Sk 8 i 4 38 T I B AT D8 K
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