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Leaf functional traits and plant diversity in urban semi-natural plant communities

and their environmental interpretation
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Abstract: Aiming to understand the response of urban semi-natural plant communities to environmental factors and the
mechanism of maintaining functionality of urban semi-natural plant communities. In this study, we focused on semi-natural
plant communities in Fuzhou city. Based on the investigation of plant communities, we used correlation analysis,
redundancy analysis and structural equation model to explore the relationship between leaf functional traits (leaf length-to-
width ratio, leaf area, leaf thickness, specific leaf area, leaf tissue density, leaf dry matter content, leaf carbon contents,
leaf nitrogen content, leaf phosphorus content) at the community level, species diversity ( Shannon-Wiener index, Pielou

evenness index, Simpson index, Margalef index) and functional diversity ( functional richness, functional evenness,
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functional dispersion, Rao’s quadratic entropy). The results were as follows: (1) The species diversity of the shrub layer
and the herb layer in the semi-natural plant community in Fuzhou city was significantly higher than that in the arbor layer,
with invasive plants appearing in the herb layer; (2) There was a strong correlation between leaf functional traits and plant
diversity, with a negative correlation between functional richness and species diversity; (3) The soil temperature and total
nitrogen content provided a strong explanation for the functional traits and plant diversity of urban semi-natural plant
communities, and the ability of plants to absorb soil nutrients was influenced by temperature and water; (4) Structural
equation model showed that atmospheric temperature and leaf dry matter content have a direct and significant impact on
functional richness, while soil temperature and Pielou evenness index have an indirect impact on functional richness through
leaf dry matter content. In summary, leaf functional traits and plant diversity in urban semi-natural plant communities are

influenced by both biological and abiotic factors.

Key Words: semi-natural plant communities ; leaf functional traits; species diversity ; functional diversity; soil temperature
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Table 1 Sample site information of semi-natural community survey in Fuzhou

) ATBUX BT B b P AR A i 3Bk TIEEA Rz PN
Number Admi.nis'trative Samp.le Geogr.aphic Altitude/m Soil total C/ Soil total N/ Soil total P/
district quantity coordinates (mg/g) (mg/g) (mg/g)
1 X 3 26°04'31"N, 119°13'55"E 15.13 25.98 1.36 0.59
2 BOEIX 4 26°05'49"N, 119°16'32"E 43.13 11.46 0.78 0.56
3 REIX 4 26°07'12"N, 119°16’08"E  118.60 12.59 0.96 0.24
4 ElX 3 26°01'27"N, 119°16'59"E 20.00 9.96 0.61 0.30
5 Jeg] {7 L 4 26°08'14"N, 119°10'40"E 14.28 13.78 1.06 0.50
6 X 1 26°07'54"N, 119°20'05"E 14.90 7.45 0.60 0.09
7 Gl 4 26°03'10"N, 119°15'49"E 8.43 10.03 0.66 0.33
8 JiE] 43 L 3 26°06'57"N, 119°13'14"E 14.75 8.85 0.70 0.28
9 WEIX 3 26°05'41"N, 119°20'14"E 48.93 8.39 0.53 0.18
10 LREIX 3 25°59'19"N, 119°27'25"E 40.40 15.00 0.92 0.29
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Table 2 The top 10 species with important values in each plant layer of semi-natural plant community in Fuzhou

J¥E FeAJE Arbor layer #EAK)Z Shrub layer HZRZ Herb layer
No. Yy Fip Species FEAE IV YFh Species HEE(E IV YFh Species HEEH IV
S e
1 i . 0.189 e s . 0.087 £%+$ . 0.140
Camphora officinarum Gardenia jasminoides Bidens pilosa
5 ’ 2307 7
2 jk?EE 0.185 Eﬁf} . . 0.075 M7ﬁ$ . 0.123
Dimocarpus longan Photinia serratifolia Oxalis corniculata
: i o
3 HEAE 0.094 1“?% . . 0.067 (s 0.057
Osmanthus fragrans Bougainvillea spectabilis Humulus scandens
259 A g Jy
4 M {%,)m © 0.066 j}?ﬂ o 0.057 o L. 0.038
Acacia confusa Fagraea ceilanica Arthraxon hispidus
# Ay R
5 LI 0.059 Fof . . 0.057 T . 0.036
Trema tomentosa Broussonetia papyrifera Alternanthera sessilis
6 b o0st MM 00ss AL 0.033
Broussonetia papyrifera Celtis sinensis Ruellia simplex
s f T L o T
7 %HT . 0.049 C A 0.046 %‘(ﬁ”ﬁ . 0.033
Ficus microcarpa Boehmeria nivea Asplenium trichomanes
o at 3 5 R
8 BiA 0.039 i . Lo 0.044 i . P 0.026
Handroanthus chrysanthus Excoecaria cochinchinensis Euphorbia hypericifolia
N - o e
9 fLk oos M 0044 KA . 0.026
Mangifera indica Citrus trifoliata Oplismenus undulatifolius
IRELS =M )
10 Friehe 004 S 004 NI 0.023
Eucalyptus citriodora Melicope pteleifolia Ipomoea cairica

1V . HE{H Importance value

R3 BT BEAENRESEN SN SRR

Table 3 Species diversity index of each plant layer in the semi-natural plant community in Fuzhou

2 Wy Fh Z AR EL Species diversity index

Plant layer H J S D
JMA Total 3.604 0.740 0.943 14.369
T AKJZ Arbor layer 2.293 0.668 0.812 4.975
HEAJZ Shrub layer 3.054 0.807 0.930 6.782
HiARJZ Herb layer 3.256 0.737 0.927 9.271

H ; Shannon-Wiener ¥4 Shannon-Wiener index; J : Pielou ¥4 B8 %L Pielou evenness index;S: Simpson 841 Simpson index; D ; Margalef =F & 48
Ay Margalef index

2.2 R FARAED RS I D) REHR FIAE P 2 R 2 R YOG R
Pearson FHOCH M 45 F s (B 1) 48 M 172 B SRAE Y B T i 2y Rt IRORIAE 4 22 46 14 45 T4 A ) 4H G
PE#E . LTD \LDMC \LNC \LPC 5¥#h Z 1 | D fig Z 1 AH M98 |, Shannon-Wiener $5%X | Pielou 5] i 45
# Simpson FEEC S IRE B HUE  Rao KM 2 B3 IEAHE(P<0.05) , IR F B E S &KW Z R 2 B
FHOAR, ZICEL A REI] (£ 4) ,LTD A1 LNC X9 Fh Z R FIh RE 2 AEE R Aok, Horp, LTD &
SN ZREPE RO RE 2 5 B, LNC EE 5200 Pielou #4945 %1  Simpson $8E0HI TN AE B0
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1.0
LW 016 0.014 0.11 -0.13 -0.13 0.12 -037 022 025 023 025 024 -025 030 045 044
LA ~0.022 0.19 0.10 ~0.20 0.065 0.064 ~0.047 ~0.11 0.10 ~0.0053 -0.25 ~0.072 0.15 021 0.17 08
LT -0.062 -0.55 -0.36 -0.60 —-0.61 0.044 0.34 041 035 0.22 -024 0.19 023 0.18
SLA ~0.56 -0.56 0.038 0.095 035 028 017 030 020 -0.35-0.058 0.43 043 0.6
LTD 090 035 0.51 -047 -0.69 -0.61 -0.72 -0.51 0.71 -0.050 -0.51 -0.42
- 0.4
LDMC 0.26 043 -0.50 -0.62 -0.55 -0.67 -0.41 0.69 -0.059 -0.52 -0.42
Lce 041 019 ~-0.18 ~0.24 ~0.19 0.045 0.0081-0.049 0.073 0.1 o
LNC & -0.15 -0.55 -0.62 -0.60 -0.32 0.37 -0.40 -0.47 -0.37
=
LPC 029 014 029 043 -037 022 037 037 Fo X%
Z
H 0.89 097 0.75 -0.58 0.13 0.56 043
- -0.2
J 093 043 -054 036 0.59 0.46
s - .. 0.64 067 0.16 0.63 049
-0.4
D . = . * . -0.36 0.0090 0.38 0.29
FEve . * 041 042
-1.0
B < E < 2 g v v Y9 =m S @woaQ g ¢ o
=~ - = =% Q
5 - ZI % = 4 3 g @A g

B 1 FIbeeERFNEY £ %2 B Pearson 18K 15347
Fig.1 Pearson correlation analysis between leaf functional traits and plant diversity characteristics
L/W ;MK 5& Lt Leaf length-to-width ratio; LA ; M- F Leaf area; LT ;M™% Leaf thickness; SLA ; b i Specific leaf area; LTD ; 20 2% JiE Leaf
tissue density ; LDMC ; T4 i % & Leaf dry matter content; LCC ;B & # Leaf carbon content; LNC ;"% # Leaf nitrogen content; LPC ; M-
P it Leaf phosphorus content; FRic: I A8 = & & Functional richness; FEve: 3] 34 %) & Functional evenness; FDis: J) it % §{ & Functional
dispersion ; RaoQ ; Rao X/ Rao’s quadratic entropy; * :P<0.05; ** ;P<0.01

R4 HIEEMERIEY SN S TR S EIERS

Table 4 Multiple stepwise regression analysis of leaf functional traits and plant diversity characteristics

A B R o . B
Stepwise regression equation Significant
H=2.240-17.660 LTD 0.482 27.946 P<0.001
J = 1.042-0.008 LNC-3.216 LTD 0.502 14.641 P<0.001
$=1.098-5.249 LTD-0.007 LNC 0.594 21.253 P<0.001
D=3.062-20.275 LTD-0.013 LA 0.355 7.990 P<0.05
FRic=1.651+18.044 LTD-0.005 LCC 0.573 19.464 P<0.001
FEve=0.731-0.006 LNC 0.157 5.571 P<0.05
FDis=2.789-3.015 LDMC+0.098 L/W 0.418 10.421 P<0.001
Rao()=2.837+0.415 L/W+0.006 SLA 0.346 7.669 P<0.05
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Fig.2 Relationships between environmental factors and leaf functional traits and plant diversity characteristics
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5 LDMC B4 3120, 138 B Pielou 2] BEFEBUM T LDMC XS DIRE+ 5 B A B3R . Ah, K
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Fig.3 Structural equation model of the impact of environmental factors, leaf functional traits, and species diversity on functional diversity
CHI; E 7451 Chi-square statistic ; GFI: 3 & LT85 Goodness of fit index ; RMSEA ; %77 #1225 T i Root mean square error approximation ;
RETRFOR BEM, REAELRFRA RENAICHR T LSRR BB R T RN AR RBOREL; + . P<0.05; =+ :P<0.01;
*% % . P<0.001
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