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Table 1 Basic information of 14 parks at different construction periods in Shanghai

AR ]

FBEIX

YNTERS . . UNTESI] i B/ hm? S INEERTRY
Construction Administrative . . .
Park name fime Park type Area division Characteristics of the period
U] 1905 EERENT| 25,63 BT HIX
Luxun Park Comprehensive park ’ Hongkou District S el AR RURRS R I, B A — o P KL
KRR CRYN WK Wi RILRE,
R 1958 . . 35.86 L Boast a strong classical garden style, re-
Changfeng Park Comprehensive park Putuo District . .
tain certain Western-style elements,
Kl 1978 YN 6.91 KX dominated by fast-growing tree species
Tianshan Park Comprehensive park ' Changning District
ML e e (AN /N MTIX RN N
e 2 o B g B R M A
ongjiang Central Par ommunity par ongjiang Distric o BN
Bng . Bng &, KIE AR LA A
pisN /NI 2001 FH X 10.00 FATLIX Leapfrog development, integrate the
Sixian Park Community park ’ Songjiang District Western concept of ecological garden
R . - ities, vigorously promote new and su-
N YN X cr
X J_ Gl 2002 e _ﬁ 58.46 ﬁﬁr . perior colored plants
Daning Park Comprehensive park Jingan District
AR 2010 EERENT| 93,00 AKX
Expo Park Comprehensive park ' Pudong New District
BN HX AR MK CERAERKE HINT A AR A
. 2006 . 23.90 . o BRI )
Li"an Park Community park Minhang District LB RS L ELUN
Regard “Spring Blossoms and Autumn
Sl T X AR T Color” as the guideline, improve eco-
, ) 2014 N 82.98 : o i - - i
Minhang Cultural Park Community park Minhang District logical benefits and enrich community
stratification for plant configuration
e SR 2015 AN/ | 10.70 BIATIX
Xinzhuang Park Community park ' Minhang District
WIE/NUS SN 2019 (AR I FAYLIX.
Fangsong Sports Park ’ Community park o Songjiang District s e
A » Pl gl B R O R
EIN ool HX AR g K 1 BAS IR A SRR
Gumei Park Community park ’ Minhang District Advance the “Four Modernizations”
3 FEX A HAFIX construction, promote the application of
. 2022 T 11.80 . L i leties i
Decui Park Community park Minhang District new and superior varieties, and mixed
‘ ‘ ) planting configurations
T S A 23 2002 ESRe N | 85.00 HAHNIX
Expo Culture Park Comprehensive park ’ Pudong New District
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(Ginkgo biloba) -FATHE 2 vi (Ligustrum lucidum) -
STk o B I T AR I8 2 RN 2 TE AR S AP 5 X, An
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Table 2 Species and codes of main woody plants

A Trees %55 Code HEAR %55 Code

RS Ginkgo biloba Gb Ft8% Rhododendron simsii Rs
KEWS Camphora officinarum Co LIAEMEAR Loropetalum chinense var. rubrum Ler
M Salix babylonica Sh L1 #R Photinia X fraseri Pfr
BB Platanus X acerifolia Pa 4 228k Hypericum monogynum Hm
fifE & 2% Magnolia grandiflora Mg i KAT Nandina domestica Nd
PR Zelkova serrata Zs JNM G Buzus sinica var. parvifolia Bsv
WAz Taxodium distichum var. imbricatum Td INfA 48k Fatsia japonica Fj
LT Ligustrum lucidum Ll KAESIEA Abelia X grandiflora Ag
IKHZ Metasequoia glyptostroboides Mgl AR Pittosporum tobira Pt
5% Triadica sebifera Ts Z5ER Hydrangea macrophylla Hma
TCH T Sapindus saponaria Ss FRUE /NS Ligustrum sinense‘ variegatum” Ls
Wt Ulmus parvifolia Up GHAE Forsythia viridissima Fv
BUGEE PN Taxodium mucronatum Tm H A% T Ligustrum japonicum L
KM Celtis sinensis Cs H AR Viburnum awabuki Va.l
K= Yulania denudata Yd 2% Camellia japonica Cj
FEMBE Acer coriaceifolium Aco WP Jasminum mesnyi Jm
¥iHE Trachycarpus fortunei Tf Zetf§ Camellia sasanqua Csa
BIKS Podocarpus macrophyllus Pm M Ilex cornuta Ic
JATHE Nerium oleander No HME AR Aucuba japonica “Variegata’ Aj
H AWM Vibuwrnum awabuki Va K Pyracantha fortuneana Pf
A1 Photinia serratifolia Ps KT RAT Nandina domestica ‘ Firepower’ Ndf
WCRER Distylium racemosum Dr N4 DA Evonymus japonicus * Aurea-marginatus’ Eja
58k Lagerstroemia indica Li HZE LAY Rhododendron X pulchrum Rp
4R Prunus cerasifera ‘Pissardii’ Pc 7NHH Serissa japonica Sj
X T Acer palmatum Ac WEASI 52 Chaenomeles speciosa Csp
AL Osmanthus fragrans of ZIAT Bambusa multiplex Bm
IREHBTE Cerasus yedoensis Cy WE T Gardenia jasminoides Ge
2255 Malus halliana Mh

M§ Armeniaca mume Am

(] IE AR SCARE 22 5 W I (3R 5) ¢

grandiflora) % (Triadica sebifera) - X% JTNBAE ; H
LR U OGP XA 9 X, 10 % 2% - A2 (Taxo-
dium distichum var. imbricatum) . 5% V5 5 3% ¥ ¥
(Taxodium mucronatum) - Kb ¥ (Ulmus parvifolia)
Ao IFUTIV bR doh 25 R S 2 IE AR OGP A 6 X, 4n
A - S5V A PIAZ A -5 (Armeniaca mume) 55 5 .
AR AT 1%, Ry 25 VU R SPIAZ - AR AR AL
2.3 #EKREFEMEXME

TEAZ 105/ Fp xS v, 25 I 9 34 6 67 AH Sl 1 3
T, GORE DG P SR AR AR 55 o TF AH DGR R B B 1 IV
e S 2 A B R 22 (18 X) , B I ¥k =225 4% B S &
FEAEAH DGR & F Y8 B AR L 5 AR OGS 3, B 40

H T 2 AT R, ESF IO T AR i 25 R0 Jd 3 T A DGR
2%}, G5B (Hydrangea macrophylla) -4 46 (For-
sythia viridissima) Fk)E (Ilex cornuta) -1 ( Pittos-
porum tobira) o W] 11 A 5 25 0 2 35 TEAH DGR 6 A
9%t , an k{5 (Rhododendron simsii) - F§ KT (Nandi-
na domestica) 2 AT (Bambusa multiplex ) -F§ RAT .
TR - 21 46 M K (Loropetalum chinense var. rubrum)
Ao 30 I A A A TE R DG X AT 21 X (ol
20.00%0) , 4nrg KAT- KB (Pyracantha fortuneana) \£1.
FEMEA -V A BF 1D A7 (Jasminum mesnyi) -4 Fh AL
U IV S b 5 A 5 TE RIS 2536 (1 23.8106),
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Table 3 Interspecific associations of main woody species in different construction periods

P 91 i) GE LA KRt CIERE gzt
Period Species pair Variance ratio (R,)  Test statistic (W) Critical values (){j% ’X\st) Test result
= § "‘ﬁ b 2ﬂ:
ﬁ*E, 0.88 274.28 (262.20,359.59) . .,KE%J EB% " -
Tree species Non-significant negative association
5 — [TEAa
1 ) (%E]Mz. 1.51 467.19 (262.20,359.60) . i ﬂ:Hﬁ "
Shrub species Significant positive association
B [TE e
= IR A . 1.43 443.54 (262.20,359.61) L ﬁ%i.ﬁf N
Tree and shrub species Significant positive association
= ki 2 b 2ﬂ:
ﬁ*E, 1.14 478.18 (365.11,478.68) . Z:EK%EEX " o
Tree species Non-significant positive association
5 — e
I AR 1.30 549.38 (365.11,478.69) L WRERE
Shrub species Significant positive association
B [TE s
= IR A . 1.43 600.97 (365.11,478.70) L ﬁzﬂﬁ.ﬁf\ o
Tree and shrub species Significant positive association
= 5 e b 2ﬂ:
ﬁ)kE' 1.07 336.43 (266.80,364.98) . Kﬁﬁmﬁf " o
Tree species Non-significant positive association
D N I e s
I AR 1.81 571.00 (266.80,364.99) LSRR
Shrub species Significant positive association
T 2 IEHRAS
A 1.92 603.49 (266.80,364.10) o WERE
Tree and shrub species Significant positive association
= ! N Y gﬂ:
ﬁ)kE' 1.23 471.68 (331.60,440.18) B E%I.Hf o
Tree species Significant positive association
il = e Yot
v AR 1.98 761.76 (331.60,440.19) _ BEERE
Shrub species Significant positive association
o e
TR 1.98 763.66 (331.60,440.20) L, DEERE
Tree and shrub species Significant positive association

ARGt WO T AN Ry, Ry>1 H WTERI7IE FHE SN, B2 835 RIS ;s Ry<<1 H W TEIG FHEAMR, R 5 35 5k
4%, Note: The test statistic W is the sum of variance ratios of all species. When R,>>1 and W falls outside the ¥ critical value interval, the
overall species association is significantly positive; when Ry<C1 and W falls outside the critical value interval, the overall species association is

significantly negative.

x4 AEEHEEATAREME X RHHEXERE

Table 4 Interspecific associations of tree species in different construction periods

TR B SRR R
Number of positively correlated species pairs Number of negatively correlated species pairs
}’ijjd e w3 R b B e
Highly significant Significant Non-significant Highly significant Significant Non-significant
(P<<0.01) (P<<0.05) (P>0.05) (P<<0.01) (P<<0.05) (P>0.05)
1 6 6 26 4 8 55
Il 1 4 41 1 2 56
Il 7 1 30 1 8 58
v 2 4 47 0 1 51

430475 L7 (Euonymus japonicus * Aurea-margin- A1 H, 45 B TE AR OGP ol o) B3O8 A4 35 22 7 67 4R DG 1

atus’ ) - Y . H A 2 0T (Ligustrum japonicum) -¥E 85 Fhxt &, Horp mH) I IEAR DGR AE e 28 MY, B I 3 40

8, 3 SORIOCRION A L4 . XF 8 26 08, I IV YR 5 67 AR DG 3 553 , I 40

2.4 FEEEARMIEIHEXE IV JE 07 A S 2 o), R A ] OC R DA 1 2 55
HH 3 6 AT, I E AR 2 (8] 435 A Fh X (A G ME Sy A
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A 7 O & 4 <« Z & 0 35 2 84 8 0 F 2 = 0 & 3 < 8§ & 3 & 3 & 05 o &
1.0 1.0
Sb * ok Sb *
Cy EE T 0.8 Mh ET 0.8
Pa % ok Cy * *
0.6 0.6
Bs Pa
Ac DX * % F 04 Mg -0.05 0.4
No 5 Ac 002 003 -0.03 -0.02
F 02 0.2
Pm ~0.02 Zs -004 000 012 -007
Of -012 015 013 -013 014 -005 005 * ok F 0.0 Of -003 -002 -001 -002 0.00 0.0
Ll -015 -013 -015 018 -0.13 -012 -001 -0.19 % ok Ll 007 000 -006 -003 002 -006 -0.02 % %
P -0.2 =0.2
Va 002 -004 -006 018 -002 006 -001 -0.09 Ps 003 -007 002 -002 006 008 001 K3k
Mgl 002 -004 -005 -009 -002 -004 006 -014 F 04 Mgl om 008 -001 -006 -006 -005 0.04 0.00 7 =001 -0.4
Dr -004 -004 -008 010 000 012 004 -002 -0.03 Ss -005 -009 -008 -003 001 -006 006 -003 010 -0.02 -0.02
-0.6 -0.6
Gb 009 -003 -007 -003 0.00 -0.14 -008 000 009 000 002 Gb 000 004 -007 000 -005 005 -002 007 010 002 -003 -004
Co -009 -007 —010 013 -002 -0.02 006 -0.04 0.4 —-003 -005 017 -0.02 -0.8 Co -011 -0.14 -0.10 -009 001 -002 008 001 -002 -008 006 006 -002 0.8
Tf -001 -007 002 002 -009 -009 -006 -0.17 029 009 011 -001 001 Pc 007 006 -003 002 000 002 -002 003 -003 016 007 -009 009
-1.0 -1.0
o £ g ] 54
= o > " [ 2 o [ w £ T o = 50 -
C B 8d &3 28536868328 D S22 i Es s e a8 8 @
1.0 1.0
Td ok * Mh
Sb -0 ok E0 * 0.8 Cy * 0.8
Cy -006 Mg —002
0.6 0.6
Pa -005 008 * Ac 007 005 -005 ® ® *
Mg 007 -004 001 EE Y *% F04 Zs 003 003 -0.04 005 0.4
Ac 003 016 -003 0.04 ok Am 002 000 -010 013 004
F 02 0.2
Zs -005 -003 000 013 002 002 Tm -008 -010 -001 -008 -0.06
Up 003 005 -007 -0.06 -0.09 -0.09 0.0 Of o001 000 002 001 000 0.0
Am 003 -003 011 -002 -008 -005 Cs 001 004 -008 012 -0.03
r —0.2 -0.2
Tm -007 001 -003 -008 -006 -004 Ts 002 006 -003 005 000
Of -015 -013 000 -001 017 007 F 0.4 Ss 001 -006 001 -0.01 -004 -0.4
Ts 001 021 001 -004 -012 0.24 Gb  -002 -007 -008 -006 001 0.01
—0.6 -0.6
Gb -006 007 007 -008 009 006 Co 003 -004 000 011 003 003 -005 001 001 -006 004 001
Yd -011 -005 002 -005 031 005 -0.8 Aco -006 -009 007 -008 -002 003 -007 -008 -004 -006 001 -007 -0.09 -0.8
Co -002 -012 009 -007 -009 -0.07 -007 002 007 Li 003 -007 004 009 -009 001 001 005 002 -001 -007 001 -003 -006
-1.0 -1.0

A T Period 1 ;B3] Il Period [l 5 C: B8 [l Period Il s D: B IV Period IV 5 *: P<<0.05 . 3& 7K F Significant level at 0.05 level;
s, P<20.01 4 # 7K F Highly significant level at 0.01 level, F[A] The same as below.
1 AEERBEF AT Spearman #kBX R &L
Fig. 1 Spearman’s rank correlation coefficients of tree species pairs in different construction periods
F5 AEEREEAEARE R E X RAHE KR

Table 5 Interspecific associations of shrub species in different construction periods

A SR X 4 U IPSEL DO
Number of positively correlated species pairs Number of negatively correlated species pairs
Ifi%d B2 i Ak e [TE 3 PN e
Highly significant Significant Non-significant Highly significant Significant Non-significant
(P<<0.01) (P<0.05) (P>>0.05) (P<<0.01) (P<20.05) (P>0.05)
1 7 8 37 0 1 52
Il 4 5 40 0 0 56
Il 11 10 44 0 0 40
v 18 7 36 0 1 43

FISREIFSNE R R TE ST E NV P DO
32X}, WAFEHE ( Trachycarpus fortunei ) -4EM 5 K (Au-
cuba japonica ‘Variegata’ ) M - 1L 25 (Camellia ja-
ponica) % Vi -\ 4k (Fatsia japonica) % M B 3

A M SR 11 %, 5 2.53% . B30 T g
FORE 2 E AR A 34 %, ke -4r A L
U1 -G BRI 52 (Chaenomeles speciosa) RAT -2LAEHEA
S 3 W S R A O A AT 8 X, o 1.84 00,
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5 5 & £ 3 &z g
A 0 4 o & 3 £ =2 £ 23 s0 & & £ B g £ g & 3E£25 03 &a E 8
1.0 10
Fi Fi
Rs 0.8 Ag l 08
Ic Rs B
0.6 0.6
Pt 0.09 Pt ~0.01 0.00 e
Llu -003 004 -003 0.4 Ler 000 011 -004 015 L 04
Pfr -003 -004 -0.03 004 Pfr —005 021 —001 003
0.2 0.2
Aj 006 -002 -005 006 003 -0.02 Hm 007 006 004 -001 011
Hm -004 -002 001 -0.02 —0.02 -0.02 —0.03 0.0 Nd 000 000 014 009 -002 -0.03 * * 0.0
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Table 6 Interspecific associations of tree and shrub species in different construction periods
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Comparison of interspecific relationships of woody plants in urban
parks in Shanghai City during different periods of construction

SHANG Kankan'?,ZHANG Jiale"”, WANG Ruoyu”**, YE Ziyi’, HU Yuandong'’

1.Institute for Interdisciplinary and Innovative Research, Xi"an University of
Architecture and Technology, Xi'an 710055, China;
2.Shanghai Chenshan Botanical Garden, Shanghai 201602, China;
3.College of Landscape Architecture, Northeast Forestry University, Harbin 150040, China;
4. Laizhou Bureau of Forestry, Laizhou 261400, China;
5.Shanghai Landscape (Group) Co., Ltd., Shanghai 200131, China

Abstract 14 urban parks belonging to four periods including before 1995 (period I ), 1995 — 2004
(period I[ ), 2005—2017 (period Il ), and after 2018 (period [V ) were used to study the changing charac-
teristics of interspecific relationships of woody plants in urban parks in Shanghai City during different peri-
ods of construction. 1 434 plant community plots of 10 m>X10 m were investigated. The variance ratio
method (Ry), chi-square (y%?) test and Spearman’s rank correlation coefficient test were used to analyze
interspecific associations for 29 arbor species and 27 shrub species with an important value (IV)= 5. The
results showed that the overall associations between arbors and shrubs in each period had a significantly pos-
itive correlation (Ry>>1, P<<0.05), and gradually increased with the extension of construction time, with
the Ry increasing from 1.43 in period I to 1.98 in period IV . The interspecific relationships in the layer of ar-
bors had significant differences, with insignificant negative associations being the main feature in the early
period (period I ) , manifested as differences in habits of species. A significant positive correlation was
formed in the later period (period IV ), manifested by similar demands of ecological niche. The layer of
shrubs maintained strong positive association throughout all periods, with the Ry reaching 1.98 in period [V
and the proportion of positively correlated pairs of species in the Spearman’ s rank test accounting for
23.81%. The proportion of positively correlated pairs of species between the arbor and shrub layers in-
creased from 5.06% in period | to 5.98% in period [V , while the proportion of negatively correlated pairs
decreased, with a continuous enhancement of overall interspecific association. Thus, it is recommended
that priority should be given to replacing arbor species with negative associations for renovation of parks in
the early period. Newly constructed parks should be equipped with positive correlation combinations in the
layer of arbor and the layer of shrub should be strengthened with clustered configuration of suitable native
species to improve the stability of plant communities.

Keywords urban parks; interspecific association; plant configuration; structure of community ; pairs

of species
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