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Responses of species and functional diversity of spontaneous vegetation to
urbanization in Lanzhou riverside parks

WANG Hui-teng, LIU Wen-lan', TANG Hong, LIU Xiao-juan, HAN Rong, SONG Jie
College of Forestry, Gansu Agricultural University, Lanzhou 730070, China

Abstract: Sites with spontaneous vegetation are important for studying the mutual feedback mechanisms between
urbanization and urban ecosystems. The study of the relationship between species diversity and functional diversity of
spontaneous vegetation and their response to urbanization can be predictive of the distribution patterns of species and

can aid elucidation of mechanisms of ecosystem function. In this study, the spontaneous vegetation community in
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Lanzhou riverside parks was chosen for study, and the distribution patterns of species were recorded to clarify
vegetation response mechanisms to urbanization. This was achieved by analyzing spontaneous vegetation species
composition and functional characteristics, and the differences between species diversity and functional diversity of
the spontaneous vegetation community under different urbanization levels and for different habitat types, and by
probing the relationship between species diversity and functional diversity and their responses to urbanization. It was
found that there were 142 spontaneously occurring plant species among the vegetation in the Lanzhou riverside parks,
belonging to 42 families and 116 genera, and dominated by herbaceous plants. On life-history type, perennial
herbaceous plants (38% ) and annual herbaceous plants (30% ) were dominant. The flora was 54. 2% native, with a
noticeable spread of invasive plants (14.1%). Overall, species with herbaceous foliage (61.87% ) and papery
foliage (26.06% ), species with small- (24.65% ) and medium-sized leaves (59.15% ), insect vectors (73.24%),
and wind dispersal (59.15%) had the greatest contribution to functional traits. Urbanization had a significant impact
on spontaneous vegetation in park green spaces, with significant expansion of annuals in high disturbance
environments and habitat fragmentation promoting invasion of short-life-cycle, high dispersal species. Spontaneous
vegetation’ s species and functional diversity differed significantly (P<Z0.05) among urbanization levels and habitat
types. Functional richness (FRic) , differed significantly (P<C0.05) between scrub and hard-substrate habitat, and
between woodland and scrub; and Patrick index, between woodlands and scrub (P<C0.05). Across different
urbanization levels, spontaneous vegetation had the highest Patrick index and the lowest FRic at medium
urbanization level, and the prevailing abiotic conditions filtered species possessing traits that can adapt to the local
environment, thereby causing the functional traits of community members to converge. High urbanization level
caused community homogenization. Patrick index showed a significant positive correlation (P<Z0.05) with
functional richness and Rao’ s quadratic entropy value (RaoQ) , which is in line with theory of ecological niche
complementarity. There was a highly significant positive correlation (P<C0.01) between species diversity and
functional diversity in most of the different urbanization levels, and a linear relationship between Shannon— Wiener
index and RaoQ was more evident at high urbanization levels. This study reveals the response patterns of
spontaneous vegetation to urbanization in Lanzhou riverside parks, and provides scientific data for managing the
ecological protection and sustainable development of urban riverside green space.
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Table 1 Overview of the number of plots and urbanization index in each park

Wi AL AR NTERS Jir g IX. T R T8 Wi A4 %L
Urbaniza- Name of parks District Area Samples number  Urbanization in-
tion level (hm*) (No.) dex (%)

1 22 MBI I8 Lanzhou Longyuan Park Ik & X Chengguan District 2.87 47 75.6
il PG/ Bl Xisha Park 74 [# X Xigu District 12.00 64 82.6
/NP 23 B Xiaoxihu Park £ BT X Qilihe District 14. 20 78 83.4
1] WESR I M1 23 I8 Tanjianzi Wetland Park 3 5% X Chengguan District 14.95 83 86. 1
FRMER Hb 23 I8 Silver Beach Wetland Park 4T X Anning District 53.80 74 86.2
8 F WA Fables Park %7 X Anning District 0.38 36 86. 3
Ty R SOk /8 B Marathon Culture Theme Park 3% 9¢ X Chengguan District 11. 60 72 86.7
7K 4 TG el Waterwheel Expo Park 3% 5 X Chengguan District 5.59 47 86.8
B B SC AR 3 S Bl Integrity Culture Theme Park 427 X Anning District 15. 30 33 87.3
HAAR Lily Park & BT X Qilihe District 11.00 54 87.4
I\ I e Y 3 2 Pl Matan Wetland Park & B X Qilihe District 7.60 51 87.8
V JfEMEZS Bl Y antan Park 3% 5 X Chengguan District 14.55 53 92.0

e LIV VAR 2 2 R A TR W i e AR B . R Il

Note: I, II, I, IV and V represent different degrees of urbanization from low to high. The same below.

®2 AREXBHAATRERXS

Table 2 Habitat types and human disturbance classifications

A= B8 25 Habitat type F 2 Interference type AN THARJE Degree of human interference

A TR Artificial turf BB XI# Trample, mow i Strong

fifi Jii A 3% Hard habitat e (JKBE Trample, uproot 3% Medium-strong

1 M\ Scrub B Uproot h Middle
ML Woodland Bk N # Uproot, mow 55 71 Weak-medium
15 7K 2E 5% Waterfront habitat B Trample 59 Weak

AR AR e A A R )R CHE R 48 R A R ) R A ) R AT R R R o 2SN A TR R A R o A B
[ S AR ALY 2 ) (b A1 Sk AR R ) PR S ), 5 B o 1 R 2 Bt A 0 F 9 T % A 14 v A ok AR W P A
B ARG (www. iplant. cn/ias) $ € ARFEY 5 AE A RAY) S 08 YRR
1.3 #H#EAHE
1.3.1 HEH5Y M Z R i EAH AT LA B i R R v b AR L R A T
%2l (importance value, IV )= (0%} £ B + FH X & B+ AHX 555 ) /3
Y W) Fh 22 REEFE RO T A R
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1.3.2 DRt RARAE AT FE 134 T REPERAFAE (3 3) , 322 DB A HFAE | A= 58 4 1E A A= BRARAE 3 Fh 28
v e BUAR A o A 4 R R S S o B A R A 0 AR AR LA T RE AR 2 S A ] o R A )T k[ 27,

36,42— 44143875 .
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Table 3 Types of plant functional traits

LEZEEN PR AEAE J& vk k2% Liter
Plant traits Traits characteristics Attributes  ature reference

- F K/ Leaf size 1. /N Small; 2. #1455 Medium; 3. K Large. C Chaudhary sile2]

IH F 5 1 Leaf texture 1. )& Membranous; 2. ¥ 5 Herbaceous; 3. 4%J& Papery; 4. A& Fleshy; 5. i C o L Jk i)
Leathery.

I A 4% Leaf fluff 1. LRI JETE Glabrous or subglabrous; 2. 1% % i Medium density; 3. % & C o k)
Densely hairy.

5 HURE 2 Leaf froughness 1. J6¥F Soft; 2. # 6 Slightly soft; 3. ##kE Slightly rough; 4. HLkE Rough. C P=I=X A

£ Flowering period 1. 58 (0~34H )Short (0—3 months); 2. H1(4~6H ) Medium (4—6 months); 3. £ Q T g A7)
(64~ H A1) Long (more than 6 months).

[# % 2% & Nitrogen fixation type 1. [# % N-fixing; 2. A [ % Non-N-fixing. C KRG

FH YISk IR Species source 1. Z<Hli Native species; 2. [ N7}k Domestic alien species; 3. [E4h K Foreign alien C W g
species.

R Root depth 1. TR Deep root; 2. H1HR Medium root; 3. AR Shallow root. C Dawson %

i Z2J5 % Root type 1. HAHR & Taproot system; 2. 2R & Fibrous root system. C i3

SR Fruit period 1. %5 (0~3H ) Short (0—3 months) ; 2. H1(4~64H ) Medium (4—6 months) ; 3. K Q W (g e 27
(6~ H LA I2)Long (more than 6 months).

HE R 5 ) Plant height ¥k i Plant height. Q g 90

£ #3175 38 Pollination mode 1. AU Wind-borne; 2. H I Insect-borne. C iy 2 450

79 #0  Dispersal mode 1. X /144 4% Wind-borne; 2. Zh#)1%#%& Animal-borne; 3. H 3£ #% Auto-borne. C Bty o )

C: 284l Disaggregated data; Q: L% Quantitative data.

1.3.3 Mg HEPEdE 5k TE B i 22 BE P38 BOTAL A R T AL BE s i [ AR A B DR O B E
(functional richness, FRic) . I g 44 2) B (functional evenness, FEve) .3 B 4 I ¥ (functional disvergence, FDiv)
Fl Rao Wi (Rao” s quadratic entropy, RaoQ) 4 £50xf U fig 2 H L #E 47 3P4k . FRic F T # i8 #F 3% vh i 8 R D fig
ZREME AR T PR B AT 5 I A T BE S 18] AY R/ FDiv 7 3 Ah R B o Bt R 2 A T LA dse RAL AN BEVR 1)
D2 57", RaoQ & Simpson #8 8 I~ I 20, 2% BF V& h BE ML L £ 19 P A AR A2 D R R W] A HER . T
FEve $8 V% P99 Fh D) 6 405 1E 78 28 25 4 (8] 43 A5 (4 25 5 R B mT (R BT 4 N 300 R ot A 3680 9 W6 4 67 18 R R R0%
HEALWT .
SFEci

c

P SFei KR MR AEREYS o B i A B9 A 35 L8, Re A PEAR ¢ A28 X -

FRic=
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7,EW,:7
2;:11 EW, W, + W,
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LR M- B 5 B, W, W 00 B3R R Yl i AN 2 5
Ad + dG
Ald|+ dG

PEW,=

FDiv=

Ald|=Sw, % |dG, — a6 |
i=1

A dG YA a9 DR PR MR 8 T A TR I B B BB, 4G o W B DI BE VAR M, Ad oy LUK = 8 R A
Y BB, WO PR R X 22

S

RaoQ = 2 z dyp:ip;

AP SRR YD & B d, YR RN R Y 22 5 L PR P R R AR X R

NREZFEE IR Z AR EE I R 4. 2. 2 9 “FD " M “ Vegan™ U 1H 5 . GeTH4G 56 R JH 5 RV Uy 22 43 #r
(One-way ANOVA) Fl Kruskal-Wallis & 35 , % 4 i Z2 -1 48 B0 D) B8 22 4 Pk 48 B AT 25 5 00, OF % A A= B4 Al
YU HE 3% (10 ) B 22 06 M A DD BE 2 46 P 25 4T Spearman Bk AH 3¢ 43 A 5 a1 A 3 A o Bl Y TR 48 1 TR ARG 2 1 SR
Excel 2016 ,Origin 2022 #1 SPSS 25. 047 .

2 HBREHSW

2.1 B ALY YA L R AR

2.1.1  A[FEITT K B A AR ) W) i 2T A AR ) B AR A 2R WL ER 4. AR YR A 3l SR B 22 M
T2 bE [ A A2 116 8 1428, Horh AR Y4 3381 100 J& 12150 A YA 9B 98 9 Fh , I A A 4)
A TRSIR OFN AR A 2B 3R 380 . MAEFHRF Y GE 4 R, 2 b b R R £ AR AR TR B O B RO
TeAR HER A . YRS LW, £ LAY 77 R, YRS ES54. 200, R # (Polygonum aviculare) | W JiE
1t (Convolvulus arvensis) . Hu 8 5 (Euphorbia humifusa) . 5 I¥ % 5 (Viola prionantha) . H 5 £ Ml ( Tamarix
austromongolica) . AN KAEY 65 B, o5 Py A S E Y 45. 8% o HoE AR A Y 36 B, i By Rl S EAY 25,400, GnE
Wi (Salix alba) EEH (Leucanthemum vulgare) | FRJE % (Salvia japonica) JiE 78 1€ (Inula japonica) ; B AN ALY 9
B, AW R BB 6.3%, W fill BE (Robinia pseudoacacia) Ml & 4 & % (Galinsoga quadriradiata) | JK 4% %2

x4 BEEVMTAR

Table 4 Composition of spontaneous plant species

A R fi % 4 F Indigenous species Ah Sk F Exotic species
Life form  Species gy Spe- @il Pro-  ENAMEAY Do~ i Propor- 4RI KEAEY) For- Hfi] Propor-  AfZAH4 In- 4] Propor-
number  ies number portion (%)  mestic alien plants tion (%) eign alien plants tion (%)  vasiveplants  tion (%)
T+ K Tree 9 6 66.7 2 22.2 1 11.1 0 0
A Shrub 9 7 77.8 2 22.2 0 0.0 0 0
AR Herb 121 63 52.1 31 25.6 7 5.8 20 16.5
JBEAR Vine 3 1 33.3 1 33.3 1 33.3 0 0

M3t Total 142 77 54.2 36 25.4 9 6.3 20 14.1
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(Oxybasis glauca) FKIE(Cosmos bipinnatus) ; NMZFLY) 20 Ff, i By Fh B 14, 1% . W18 16 5 ORHR (Melilotus
officinalis) LLZERM & ( Trifolium pratense) (FE R (Chloris virgata) JXEEWE (Amaranthus retroflexus) 4 o

MR Y5 FHE Fh g8 145 5, R EGHE 2 10 5 i RHR IR
%5 B (Asteraceae) 36 Ff . R A& B} (Poaceae) 19 #f . & 120 F ™%} Family =3 /& Genus I # Species
(Leguminosae) 10 # . % £t (Amaranthaceae) 7 flt . 15
FEB} (Brassicaceae) 6 F, (5 5 FP 401 5500 5 i A & HE
A H0 2 W B o 0 R B (Artemisia) 6 B 37 B 2K &

—_
(=2
(=]

[e2e]
(=]

%5 Number
N
S

(Sonchus) 3%, & B FELH 620 MRIEA BT Y 40

g 20 K B AR Y A BB 3 2 R R (= 20 3 ﬁ
15F0) AR5~ 14F) FERRF(2~4Fh) AR B (L 0™ I i v v
IFAZET Hop  ZRET 2R SR 4R T 44K F Urbanization level

- . . NP . E1 AREHLBEERER
s B R AT 36 B, A RH I 860 L W R 59 ! - _ ~
Fig. 1 Different urbanization gradients families, genera,

i, R 4200 0 AR RORE R R ECR TER and species
[ 358 117 Ak 7K 1 8 A S A e — 2 (1) . BT A
PR 3G B R R ECE S B TR R R BT KE VS (22) B (41) J& (43) i & T T 4k K T (20) %
(37) )& (38) Fh it ae , Wi Ak AT IV B RE g T B AR, 40002 158 318 (34 Fh o FErP Sk A CT I
[0 i, Bk T A 18 i 12 52 1 1) i 35, e 3l i A A S T, B R b Bl ik B AR, 2300 o 37 R 91 |
110 Ff

AR b, — AR A 428,05 30%, N B (Xanthium strumariwm) ML 4 4G HLER 5 S0 R 5 (Se-
taria viridis) \HEAEE (Artemisia annua) % ;— 8% A AEMYA 1470, & 9. 86 % , A Wl K Z b 32 (Potentilla supina) .
AT 3R (Lepidium apetalum) My M=% ( Trigonotis peduncularis) % ; AP H 7R, 5 4. 92% , EHLED S
(Tragopogon orientalis) .75 #1 K% ¥ (Hordeum jubatum) 3% (Arctium lappa) ; 2 E R YA 54 %0, 5 3850,
M5 5 (Trifolium repens) (55 Bk /N AL (Coronilla varia) T J& 5 (Lythrum salicaria) i 7~ % ( Taraxacum mon-
golicum) VEIEE 15 (Medicago sativa) 5% ; T KA 9F, & 6. 34 % , Wi (Ulbmus pumila) Wl (Saliz matsudana)
M AR A (Populus alba) s HEARF 9Fh, 5 6. 34 % , WM AE ( Lycium chinense) .48 .4 (Lonicera maackii) ; -
AREA AT, & 2. 82% , 4N 14 MR (Artemisia capillaris) (7512 (Solanum septemlobum ) ; 55 AR 2 Fh, 10178 55 Bk
(Cynanchum chinense) , /i 1. 41% ; R AL 1, 40 # 0 Mo 43 (Parthenocissus quinquefoli) , 5 0.07% o X AN [A]
WO ARER FE A A FE R VR 00 AR TG B AT A0 S A (L 2) L FE AR R T AKSF-C T ~ V) b B AR AR TG R DL 22

[ ] 11 il IV v
F #E AR BL A Shrubby herb . e v

A Shrubs

K5 i A Woody vine

%L i ¥ 4 Herbaceous vine

F*R Tree

— 8 —4F 42 B & Annual or biennial herb
% 4 £ FL A Perennial herb

. 4F /£ B 7K Biennial herb

— 4 4E B K Annual herb

HE 35 B Life form

0 20 40 60 80 100 120
) # £7 Number of species

2 AR EEFR

Fig. 2 Life forms with different urbanization gradients
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A e B — A B O A TR A 4 B N S .Y
W LA AR . 24 e A 0 BT A KT T s B

HORR % L ik 47 B, A R 2 L ik 3R | 4

A5 7 170K P I 38 T A 7K 22 4 28 B A B £ 30| 7 .

By BRI I — 4 A A B B T 24 Z ol égw E ]
52 30 23 Bl A A HE Ok IR T 4 R &+ = of I?gs |?E‘ ?E
HLH 0 40 5 0 S 80 1A A oL L LR pfL LIS

AN TR 388 T A B 2 ) b oK R 23 A T LR (B 3D, 220 B3 R ER R Y PR R

TER A AAEMY LS s £, S /Y. Fig. 3 SApecies'sources of different uArbanizatio.n g#‘adients
I UMK ARIBCIR s )7 I D S b e
A B2 TH o B e T e AR . A3 Ak F I LT

IUEZRREE7/E 6= 4=

2.1.2 AAMYEZEEHAT W E R T Y R AR — TSR SR BE A S e A v A 3
Yo 2 o AN TR A 5 1 FZE A S BEHE R OR B (3R 5), & DA S E B e ek F 1T
MV 54l 53 530 2 0 90K Ze g o (AR B S EE SR A S 0. 33,0, 41,0..50.,0. 35, 3F ¥ 8 & £
FLY o WAL K T B AR HER A 5 289 A R ALY (O 0. 17~0. 33, SR Al W) A e BEAE L 58 M2l 47 38 (Lep-
idium latifolium) /N 5 (Erigeron canadensis) ; Wi A6 A 11 VIV LA Fh b £ - M B0 B £, Hod 3 AE K SF

NEEMEENEILE (Lactuca tatarica) , 531k 0. 54,

K5 ARBEHUHBEEERE

Table 5 Important values of different urbanization gradients

Wl ALK T Wi A ACE 11 iR S| Wi A K IV Wl ALKV
Urbanization level [ Urbanization level |l Urbanization level [ll Urbanization level [V Urbanization level V
it A it A 4 A i 4 ERLE il 44 A
Species Important Species Important Species Impor- Species Important ~ Species name  Important
name value name value name tant value name value value
AT 0.33 WIRZE B 0.41 RIFHFE V. prion- 0.50 FLE L. tatar 0.54 PP, aus- 0.35
mongolicum* ¥ P. supina* antha* ica tralis*
JEHEAEL ja- 0.27 S Daru- 0.23 P P australis® 0.25  JEEIL ja- 0.29 TIEEL. sal- 0.32
ponica ra stramonium ponica icaria*
FiAE P, aus- 0.24 RIFHEIEV. 0.23 WETAE L japonica 0.24  HiJfk Bassia 0.23 [EER 0.16
tralis* prionantha* scoparia* repens
o AT 3R 0.22 HLS. sep- 0.22 #5538 Orycho- 0.23 % Chenopodi- 0.19 4R Plan- 0.16
L. latifolium temlobum* phragmus violaceus* um album* tago depressa*
INEFE. ca-  0.17 PP aus 0.16  HBFKHAG 0.21  WEH Son- 0.18 AT 0.15
nadensis tralis* quadriradiata chus oleraceus mongolicum*

FRiC 98 £ £ A Plants marked with * are indigenous plants.

2.1.3  HAEMY I REMOIR R AR 22N TR 2N bl 2 A AR AR I RE PR AR EE 2R AR (32 6) o iR MR D7 iDL B
i Tt M AR ORI AR 5 o PR, e o SRR Y 87, 93 00 5 i R ORI LA/ B I A e S Dy 32 7 B ARG 83,804 5
MR AEL N LB IE LT, &M B 57, 0400 s M BLRE R B2 LBOGH 9 £, 5 S A& 43. 6600, Hitk, =
PH TS 2 bl [ A AL B I DR 22 Dy v /N B i RE SR AR S B AR B B T B DL . e Ah, BRI Y
PLO~3H o E, 5 BRI 507 . H AP R R LIUR R0 3, o5 SR 86. 6200, RZ B A A= 18
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N EAAY), B EARE AR, HRE 7 85. 9200 I RE BT T, 92. 2500 1Y F AR A AN L 5 [ R 0 A A
TR0, e Ah A 0 1 b O xC DL BUE Sy 3, o5 SR By 73, 24 %05 B 1 i 8 8oy KX I HUE £ A SRR
59. 159, s el A [ Sh (& 1 5 LU 22 A K.

F6 FINEEMEREHE G AW B LB

Table 6 Proportion of functional traits to the number of plant species ( % )

[IEE/RCRIN FRAESY 2 o7 PR EBCY L A5 W PR FRAE 428 w7 YA RSB LB
Plant traits Characteristic classification Proportion of total Plant traits Characteristic classification Proportion of total

species species

I 5 JIE 5 Membranous 4.92 [ (2K Nitro- [ %( N-fixing 7.75

Leafltexture 1 % Herbaceous 61.87 gen fixation type 1 i 4 Non-N-fixing 92.25

48 J5i Papery 26.06 YRR Spe- AR Native species 54.23

A it Fleshy 0.70 cies source [ P 4} >k Domestic alien species 26.06

H T Leathery 6.34 [ 4} K Foreign alien species 5.63

AR Invasive plants 14.08

R/ /I Small 24.65 HRAR B % Shallow 85. 92
Leafsize 1% Medium 59.15 Rootdepth *F Medium 0

K Large 16. 20 % Deep 14.08

L e JE £ 83 & E Glabrous or subglabrous 57.04 HRZRITH AR & Taproot system 13.38

Leaf fluff rh 2545 B Medium density 26.06 Root type 0 % Fibrous root system 86. 62

%% Densely hairy 16. 90 ¥y J7 X Polli- XU Wind-borne 26.76

R HLRERR 6 Soft 7.04 nation mode I Insect-borne 73.24

BE Leaf O Slightly soft 43.66 BT Ot I E4E Wind-borne 59.15

froughness bt Slightly rough 36. 62 Dispersal mode gy wy 248 Animal-borne 16. 20

HUKE Rough 12.68 B 3% 4% Auto-borne 24. 65

A3 Flower- % Short 50. 00 ] Fruit period % Short 54.93

ingperiod 1 \fedium 45.07 fi Medium 42.25

£ Long 4.93 £ Long 2.82

2.2 LA L DR S AR AT R T AL 6 A
2.2.1 AFIRTAKT AR YR ZREE SR 2R 3T IR A SR 5 T KT 43, 3% E 4 B AR T
BT AL KT RETE W RN ZREME Y 22 5 (B 4) o Kruskal-Wallis & 50 45 5 5%, BEVE KOF [ A2 BAAE Y 19 Patrick £ &
J¥ #5845 . Simpson £ £ P4 15 % . Shannon — Wiener 2 £ ¥4 1 B0 7E A [l 30 117 16 7K S 2 8] 47 78 1 25 1 25 5 (P<<0. 05) 5
Pielou ¥ 27 BE #8550, HE R 3k 117 AL K TT =3k 17 Ak K T = 3k i3 Ak 7K SF T => 3k 17 Ak 7K IV > 3k i A kS VL, R
w30 117 A K 7 22 ) AN AE7E i 3 22 5+ (P=>0. 05) o 37 Ak 7K SF- 11 4 Patrick F & B 46 41 . Shannon— Wiener Z #1448
# . Simpson 2 A 38 500 2 = T HAb 4 43817 AL K S (P<<0. 05) , Patrick 2 & B 8 %1 . Shannon— Wiener £ ¥ 14
F6 45 . Simpson £ FE V18 500 SR IR E 1 B AE T AR KOF T o T WOR Rl AL AR B i i b Z R R 2 25 5
B 38 T AL KT B o 22 M R O X R K

T3 T A 7K S 1 2R AR W B B 22 BE P 4728 AL WL TRL 5, Kruskal-Woallis 46 56 25 5 7R , B 7% /K SF 1 2 140 04 3 g
F 5 (FRic) \Rao — i 45 £ (RaoQ) A I BE 24 2 B 48 B (FEve) 78 A [A] il 17 Ak 7K SF 77 78 18 3% 22 57 (P<<0. 05) ,
TE 2 # W8, FRic \FEve £ 78 i % 22 % (P<C0. 05) ; RaoQ JC i % 25 5 (P=>0. 05) , H. 5 5 ¥ {8 H B 78 3 Ak ok
ST B I AR T A K T o 3T AR KCE T S8 fkKF T VIV LV 9 FRic 22 57 & % (P<<0.05) , 3k
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— i1 4 Median line o YJ{H Average value o 5% {f Outlier
3.0

o 20k T B> e b .
3 L %
Bg 18y . HE 251 b
W3 14k b g i
mE 12f b Ry, 20F
#7210} 253
= B2 1.5F
g2 8F 5=
E2 6t L £
a:‘g 4 b £2 1.0F
7 L £ S
0 1 1 1 1 1 _j:“ﬁ 1 1 1 1 1
7 0.5
I O T S 0.8
s 09 F x a a a a
ﬁ%’o's_ ym S
£5 07} s 2 g 06F %' ETiEI
W5 g6 L S8 sk
2 g 0.5 ° =5 °
(=P i - __Q;;
EE 04l £3 045 ¢ .
wn
0'3 1 1 1 1 1 ﬂ-‘03 1 1 1 1 1
I I 111 vV \% I I 111 vV \Y

Il 6 7KF- Urbanization level
B4 FAEMTUBEEBEEYEENTSEN
Fig. 4 Biodiversity of spontaneous plant species at different urbanization gradients
AN TR /N E SR 2R R O TR 3 T Ak B BE 2 ) 22 5 I 3 (P<<0.05) . R [Al . Different lowercase letters indicate significant differences among different
gradients of urbanization (P<Z0.05). The same below.

i 4Lk F IV LV B FEve 77 76 5 % % 5 (P<0.05) . - ;ggm‘jggﬁlﬁﬁgﬁjﬁ_vﬁ;v

Wi e 1) FRic LR AT 1 FRickt 11k a e a

. FEvefEBRT LAY 1SR e kN Zoobr 7 L

WM RAR . FDiviIRA 3525 5% (P>0.05) B & 4 i gg;g :ﬁ ?

th BLAE Y IS A AT VL R i B S ko = O3t :

(RIS SRS & SRR TR LR T i* BBy

B - e * e
FDiv FEve FRic RaoQ

2.2.2 N[EAESEER A Y YR 2 FE0% S 6 it % BE 1E $5 0 Functional diversity index

R EI A AH ) B V& ) T 22 BE P AE AN ) 2F B 2 A Es5 FRRESHLHEESEEDHZIHES Y
> [ %Et{jiﬁf%%ﬂlﬁ—l&lﬁtrick TE‘%&LSimpson%ﬁ Fig. 5 Functional diversity of spontaneous plants with
P 45 é‘& Shannon— Wiener £ BEpE o é‘& R fﬁ > different urbanization gradients
1] 22 B0 A7 A6 1 3 Mk 22 7 (P<<0. 05) o Patrick 48§ 50 i
KR 5 5 N T A B ARl N TR 2 (AN AR B M 25 R (P>0.05) . Simpson Z RSB0, Mo 5 A
T IR AR AR R M2 B (P<<0.05), Shannon— Wiener ZFEVEFE 2T, Ll £ 2 B SN 5IE K4
Be JHE A5 K i N RIRE J A B AE . SR AEBE R, Plelou 4] BEFE B0 B 5 M 25 5 (P=>>0. 05) .
BT A B R AR o NN TR A B 2R B A A A Y REVE R Z REE AT BRI R O 2 0 b (B 7) L 85 3R R T
REZ HEVESR BAE ARl A B e Rl b By W 25 M 22 5w . Hoh FDiv 5 FEve 76 A [A] A 358 28 0 v 06 18 3 14 22 5+ (P>
0.05) , N T-HEEPFIME MAAE 355 ) 6l 3 &) B2 48 %5 D 68 43 80 B2 48 B B s FRic w58 5T AR B8 430 5 N T REEE |
WK AR BT 22 ] 22 S B 3 (P<<0. 05) , #E A 5 T RE FE UMK Ml A 35 22 18] 22 53 (i 35 (P<<0. 05) , i 57 A= B3 55 ARt 2 B2
Z 8] 22 5 AN 35 (P=>0. 05) , 88 57 A= 55 48 B fe vy, HE AR SR 48 BB e (I 0 Rao R 6 B0h B o A= 45 5 9
A K A BE B A AR B M 25 R (P<<0. 05) , N T REFE S K AR 35 E A 5 Mt 22 8] 6 B 3% 25 5% (P=>0.05) . WM
1 Rao — Y 48 B (8 B A% , B 5 26 5% 19 Rao — R MR 4 B0 1 5 = o
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— {7 4 Median line o ¥J{H Average value o 5 % {f Outlier

22 -
5 50 b a ﬁ% 3.0 b a
®E 18k b ;|3 b
- HE  25F ab ab
EE 16 b , H8
27 14} E *3
wE 12f Wy, 20f
#3 10f 2353
3L sl SzE st
EE O £ 5
A s 4 ISIR=1 1.0
= g2
%_ 1 1 1 1 1 g% 0 1 ] 1 1 1
= .5
wn
1.0 " 0.8
%5 ool 2 P ab ab s
'gg.E =5 07F a
_ﬂg 0.8 3155
%;;, 0.7 | %g()ﬁ'
= N2
§'§ 0.6 %%0.5-
g2 051 o 3 B o
BhE 04 @ 23504r 8
v 03 1 1 1 1 1 0-403 1 1 1 1 1
AR HA SC WO WA AR HA SC WO WA

4 55 28 71 Habitat type
Eo ARERLEBAEHEYEHEZMMESESE
Fig. 6 Species diversity of spontaneous plant communities in different habitat types
ARIRING b /R AR [a) A B2 0 2 7] 22 53 8. 2% (P<C0.05) . Different lowercase letters indicate significant differences among different habitat types (P<C
0.05). AR: A T 5 Artificial turf; HA: ## it 4 5% Hardscape; SC: # M Scrub; WO: #k b Woodland; WA+ 1% 7K 42 55 Waterfront habitat. F [ .

The same below.

2.3 RERTAKFFHAF S HMEL 4 5 H R Tﬂ‘;fﬁ?j{fﬁf“”e % ST Average valie
LD 1.1 AR-HA:l SCIE wOIN WA

2.3.1 REZRMIEMIMAIEY R o T TTe]

HE R 0 M O HE 0L 7, 0B BB (FRio S 2 08F

Rao — Y H6 8 (RaoQ) SLIE A XESE R , FE T AL /KT Eg:g;

LIV VR AR AE 35 IE A G 56 R (P<<0. 05) , FE 3K %gg . .

ALK Vo 24 i 3 A DG 6 & (P<<0.01) . FRic %‘3,:21: a3 b aby,
5 ) f 9 41 JiE (FEve) A 7 76 5 % A X 56 & (P> i —

FDiv FEve FRic RaoQ
0.05) ; e sy I # (FDiv) 5 FRic 7E SR i fb 7K S 1 ) fig % FF 14 $8 1 Functional diversity index

I VR R F LR (P=0.05), (i fe 7 REARANEERAREN S 1

ST Ak E T R . FDiv 5 FRic 5B 5 25 60k 3 % 2 .Fig.'7 Functio.nal diversity of spontaneous plant communities
(P<0.01). RaOQL:J‘ FEveﬁy&ﬁj‘{hﬂ(qZ I qjﬁﬁﬁ in different habitat types

FHIEM XK R (P<0.05),FEve .RaoQ 5 FDiv RF77E

WEMKE LR (P>0.05),

2.3.2  WyRh 2RSS BOR D RE 22 B P 4R B ] A A DG PR Yy b Z FEVE R D BE Z FEMEAETEAH GO R o XA [A]
T AR BE T BT AR M A ) b 22 4 1 A ) BE 2 4 1 4 BHEAT Spearman BRAH CPEAG TG (R 8) , v LI W AP H
J& Patrick ,Shannon— Wiener £ £ 14 48 % . Simpson £ FE M 18 8 5 h i 3 & & (FRic) \Rao K850 (RaoQ) &
e 5 35 0 AH OGO & (P<C0. 01) , & W14y b &5k (0% 169 0 ] RE 4™ i By R M R 3 10T 02 i IR 23 K o Pielou 45 805
RaoQ. Ij]ﬁﬁﬂ‘]/jf“(FEve)Imﬁ%‘IE*ﬁﬂéﬂég(P<O 01),Pielou 845 FRic 2 IFAH XKL R (P>0.05), et 1
Yo 2 JE 02 15 o3 A 24 5) B i D RE MR 4H o DI RE 23 B BE (FDiv) 5 BT A3 W) b 22 4 1 8 0ty o Wl 28 AH R G &
(P>0.05) ,FDiv 5 Simpson £ # 14 45 %1 . Pielou 45 £ 2 1 A ¢ 3¢ & (P>>0.05) , 55 Patrick & J . Shannon—
Wiener Z A PEFE U IEARSC R (P=>0.05)
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2.3.3 AFRETAKF MM ZHES DR &7 DESHEIEHE Spearman AR X £

AR DN E WA ST R, AR AR Table 7 Spearman rank correlation among functional
HE A REE 0 00 Fh 2 B RE RO B S REREAEAE A GG R, iversity Indices

o it — AT 4 22 ) B £ 5 2R R ] 0 2 4 SRRACE i Index - FRie - RaoQ - FEve
ST L R RS KT A Ry e

i 22 B 15 90 B 2 B B 7 28 L 40 0 B (o I e
9), Patrick = & J# #5 %4 . Shannon— Wiener £ £ M35 %%

FDiv 0.104 0.164  —0.186
51t 4 & Z (FRic) \Rao KM #5 5 (RaoQ) £ B4+ 0 e T
TEN R IEME R (P<0.01) . X ALY BEIEY _ 0064 o 140
Tl 22 B 55 T RE 22 FE M 10 18109 53 Br 285 51 b A G R 8K Fhiv 0o ol oo
BRI AT L AERLA (8 8) , Horh Patrick #8805 U fig m ReoQ 0 020
F 8 JE (FRic) B4 8O- B dr i 2 3T kK F T (RP= FEve ol 0095
0.768, P<<0. 01) , HUCHE 3k 7 ALK 1 V (R*=0. 696, FDiv.  —0.292%  0.050 —0.055
P<20.01). Patrick #8405 RaoQ 8l & %A e 4F 1) J2: I v Ra0Q 0. 532
m ALK TV 7K F Vo Shannon— Wiener £ £ FEve 0.038 0.026
PEFE 205 FRic 2Z [ 26 M 4006 R0OCHR B 07 1 02 3T 1k 7k FDiv 0.104 0.102  0.154
FV (R*=0.772,P<<0.01) ; Shannon— Wiener £ V£ v Ra0Q 0.760%*
16205 RaoQ #L A &R Je b 2 3 i ik K OF 1 (RP= FEve 0.059 0.098
0.736,P<<0.01), FDiv 0. 000 0. 390 0.118
3 e ##J R P<C0. 01, %F R 0. 01<<P<C0. 05, F [, **denotes P<<0.01, *

denotes 0. 01<<P<Z0. 05. The same below.

3.1 B ALY AR LR A AE

Sl T T el o MR AR A I B R E e, B
AR AN SR S T A ) 22 e P ) R A AR o, L I S T A R A A R G AL A e A X . AR TS
FEy A B 22N 124 BT 2 Bl 42 BE 116 J@ 142 Bl (1 A4y, Horp 8 A R o 8500, 15 AT NS 22 ) i 35 9] 2% ol
A A ALY A 2 5 (163 F) AR IE o S ERYI AL s Ul T BIF 5 28 51— B AR R AR R 2 T IR

RS MM SIS INEE S %R Spearman B4 X 1%

Table 8 Spearman’s rank correlation of species diversity with functional diversity

B8 TyREF L Rao —YCh B2 iR s Ty RE 3 B

Index Functional richness Rao quadratic entropy Functional evenness  Functional divergence
Patrick 75 %X Patrick index 0. 212%x* 0. 464 —0.063 0.101
Shannon— Wiener $ ${ Shannon— Wiener index 0. 244 0. 535%x* 0.017 0.025
Simpson %X Simpson index 0. 217%* 0. 544xx* 0.060 —0.017
Pielou & %{ Pielou index 0.118 0. 295%* 0. 213%* —0.084

*9 BEEVHEYHSHESRSHEENEES T (HEXRER)
Table 9 Regression analysis of species diversity and functional diversity of spontaneous plant communities (correlation

coefficient R*)

Eig i i6E & Functional richness Rao ¥4l Rao quadratic entropy
Index 1 1 il I\ N I H m v v
Patrick 8 %% Patrick index 0.768%% 0.290%*% 0.048*%* 0.014 0.696** 0.718** 0.014 0.150** 0.038** 0.277**

Shannon— Wiener #§ 4% Shannon— Wiener index 0. 675%* 0.221%% 0.073%* 0.014 0.772%% 0.736%% 0.018 0.240%* 0.182%% 0.408%x*
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Fig. 8 Regression analysis of species diversity and functional diversity in spontaneous plants communities across different levels

of urbanization

ON BE B AR BB B WX SE R [ 9K 45 T B R R R . AR R b S R R B ST A R A, 22 M T
ZAR RN EF WAL, 2T — B 35 B LE 22N R [R) DI 8 A 45 R — 2 ERA R R B B e L
1) () — 47 A SR Rl R Oy 22 A A B R R G b R AR R AR S A 0 T — A A A A T I SR
P X CH T AT R AT 22 M R 25 AR T b R BT R b AR A T O B R R N SR . AR E 5
KB GE T ALK A AR Y R 2 e 2, i ALK A AR R Y A B TR (D) o 5 e s
Mckinney' ™ (4 BIF 5 45 S — B, — | AR AR BA BN AR A B ) Bl B A R T 22 A AR R AR 7 R T AR KT 3 X
AR5 2 Bl A BUKCP A TR 5C . ST A K S5 9 DB IR s I 2k T — AR AR AR R . W
FRIE ST 1, & H AW 77 80,15 54. 290, i F 22 M 1T 3 e A A T A8 45 SR (61 )™, BIIE 12 el & by J0T i JER
WERMAEZETEM A EMY SRS AR 20 R, &7 14. 1% . B0k B 4 B 45 . B 5 (Bidens
pilosa) BERK R (Ozalis corniculata) AR | SOAE LA 7E 5 23 Bl H 0490 B8 s R I AR A W 28 DL 3G A
TR R F A A A R YRR, TR N LT, ARMEGR 9 AN R A T B LA
& F WA T, N AT B AN RAEY . REBAAMY RS LY, BAN R SR 09 g A8 IR 1Y 5
WL S 28 kR AR B R G N 2 A AR Al . D RE R O D, 5 R T B o A R A AL TR
(61.87%) M4 (59.15%) L BHIL T B (57. 0426 ) BOGH (43.66% ) AL 0~3 4 H (5020) SR 0~314 1]
(54.93%) . % 1Al (54.23%) ABEA(92.25% ) JRMME(85.92% ) HIMLFR (86.62% ) (HUIE(73. 24 %) K Ij 1%
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5 (59. 15%0 ) FE 45 H DR EMR b (9 o7 Lo A vy, 30 DR L il 388 Tl 2 ol I Lo 461 R 1 XU 7 i, AL A s DA T AR 9
WA AR I DR b A
3.2 WML B AMY S AR

T Ak B AR A A BEVE 2 R T SR T A K S 1T Y Patrick F & BE . Shannon— Wiener 5 4 |
Simpson 4§ £ W 3 & T HAB K (P<C0. 05) Ik T AL AKF T 899 Fh 2 48 VE 48 B (K . Plelou $8 80 W 3% 22 7
(P=0.05), TR THAKF I I H5 58 i o WPl 22 0 1 52 B0 il 2, UE BH b B T4 02 AR W 22 4 X 5 b T iR A
TR A 25 R — B AR T XK 350 B R R T RE S 1]/ 33X AT Rl O RRUE M BT D B AR AR R R
Z R0 5 3 W1 B 6 ST AL R B2 0 1 o, W R R N 2 R R B R s i R B T Ak s A SR AR
15 Y EBE R AL N TR AR, S BOR AP A AT > T R B4, Shannon— Wiener $8 80t =
FoRYIRN oA I 5] AR L 2 N T AN ) [ A A A I o3 A AR R 25T R i R R AR JEE O T R
FEFEAEA B RGRIBIR PR 2 FEvE 2R I3 B SR T AT R o SR AR S 3 R AR ) 2 R
(O 2R R G N T RE AR AR B0 T, FSY R VR T AR B BT R A R AL e T Al R B R
N RE R 3, RAE Sy HU it XU A% 40 55 T 3 PE PR A DL 3 bE s D RE F B2 (FRic) 73R T A /K F 11 fe ey, I3 T
B T AR (P<<0. 05) , Dy e 3451 B (FEve) 7RI T AL A T ey , w3k i A K7 IV el (P<<0. 05) , RaoQ . JJ
fE 73 B RE (FDiv) JC i 3 1 25 5% (P=>0. 05) , S {E 5 i 19 43 Bl 2 Sl i Ak K7 115V o R RE Py aek U8 i B A 456 il 1
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