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Abstract The plant community is the material basis for the formation of forest esthetic landscape. The colored-
leaf forest is an important forest landscape esthetic resource in the subalpine region of western Sichuan.
The analysis of the classification, ordination, and species diversity of the colored-leaf forest community will
provide basic data to better understand its formation, maintenance mechanisms, and landscape. Based on field
investigation, 34 colored-leaf forest communities were quantitatively classified using Two-way Indicator Species
Analysis (TWINSPAN) and Ward clustering. Furthermore, canonical correspondence analysis (CCA) was used
to analyze the relationships between the communities and topographical factors, a Kruskal-Wallis test was
used to analyze the differences in species diversity between community types, and a fitting analysis was used
to examine the relationship between species diversity and environmental factors. The results were as follows: (1)
62 wood plant species were recorded within the study area, including 50 colored-leaf tree species, belonging to
31 genera and 19 families; (2) based on TWINSPAN and Ward analyses, the 34 colored-leaf forest communities
were classified into 13 types; (3) the CCA ordination results indicated that altitude and aspect were the important
environmental factors affecting the distribution of colored-leaf forest communities; and (4) there were significant
differences in species diversity between the colored-leaf forest communities, and the communities distributed
in the medium altitude and shaded aspect areas exhibited higher species diversity. The distribution and species
diversity of subalpine colored-leaf forest communities in western Sichuan are regulated by altitude and aspect.
These results provide a basis for ecological protection and rational utilization of colored-leaf forests in western
Sichuan.
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Fig. 1 Distribution map of the sample plots.
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Table 1 Basic information of the plots
FET5 5153 7R K W Maat | R 51053 Z ik Yo B
Plot Latitude Longitude  Altitude (h/m) Slope Aspect”| Plot Latitude Longitude Altitude (h/m) Slope Aspect
S1 31°50'13.31"  102°41'05.94" 3481 29 2 S18  31°37'26.85" 102°49'29.56" 2664 40 2
S2  31°50'10.24" 102°41'09.56" 3449 30 3 S19  31°47'21.94" 102°42'07.23" 3157 31 3
S3  31°40'38.76" 102°46'50.76" 3066 30 2 S20 31°17'43.08" 102°48'02.20" 3366 10 2
S4 31°31'05.48" 102°55'19.15" 2404 28 1 S21  31°20'23.95" 102°50'00.45" 3113 30 1
S5  31°32'07.60" 102°54'09.03" 2470 26 4 S22  31°33'13.41" 102°56'16.96" 2497 32 1
S6 31°27'08.33" 103°10'53.89" 2087 32 3 S23 31°31'32.66" 102°57'37.08" 2347 30 2
S7  31°33'16.27" 102°56'13.03" 2530 34 2 S24 31°50'15.27" 102°41'08.88" 2397 28 2
S8  31°24'35.51" 103°14'12.06" 2559 30 1 S25 31°3146.37" 102°54'25.02" 3368 30 4
S9  31°40'39.75" 102°46'51.79" 3034 85] 2 S26 31°31'08.47" 102°55'14.84" 2369 30 2
S10  31°40'18.80" 102°47'18.77" 2785 34 2 S27 31°35'23.49" 102°48'06.16" 2630 38 4
S11  31°37'26.75" 102°50'24.20" 2817 31 1 S28 31°37'29.55" 102°50'25.84" 2880 83 1
S12  31°26'47.82" 103°05'57.56" 2540 36 1 S29 31°26'42.50" 103°07'05.82" 2376 37 2
S13  31°24'43.52" 103°14'09.43" 2517 83 & S30 31°24'53.16" 103°13'38.63" 2450 26 1
S14  31°38'51.13" 102°49'22.08" 2835 31 1 S31  31°24'52.75" 103°13'37.92" 2436 35 1
S15  31°23'15.44" 102°53'22.09" 2609 85 1 S32 31°49'06.71" 102°41'10.42" 3358 25 3
S16  31°23'30.19" 102°53'22.50" 2577 34 4 S33  31°47'53.85" 102°41'51.10" 3208 25 4
S17  31°34'56.53" 102°49'12.59" 2837 34 2 S34 31°40'45.84" 102°46'44.79" 3033 28 2

A PG 20 BB 3. BRI 40 B

*1: Shady slope; 2: Semi-shady slope; 3: Semi-sunny slope; 4: Sunny slope.
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U] I+ A Sageretia horrida
TKINZSHET Ribes glaciale
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IR FALRY Rhododendron davidii
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b Populus davidiana
TS Pinus tabuliformis
el Pinus armandii
HIT Picea wilsonii
ok Picea asperata
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ARET Lindera pungens
=S 2 Lindera obtusiloba
LI AR Lindera glauca
lIEAw 7 Larix mastersiana
BN gVN Larix kaempferi
i) Koelreuteria paniculata
FlA Juniperus formosana
IR Hydrangea macrophylla
JIIF% Fraxinus chinensis
A Euptelea pleiospermum
(L Cotoneaster franchetii
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V) 1 AR A Corylopsis willmottiae Important value
IR Cinnamomum wilsonii 100
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BT Campylotropis macrocarpa
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[} Betula alnoides 30
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Fig. 2 Heat map of important values of each species in 34 colored-leaf forest communities.
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Table 2 Classification results of different colored-leaf forest community types

V% 257 Community type Y Code ¥t )5 Plot %15 Number
fi& [z ek Betula utilis forest A S1, S8, S21 3
HAE - Fa#k Larix kaempferi forest B S2, 819 2
JNIEK AR Acer caudatum forest © S3, 828 2
H AR Acer davidii forest D S4, S17, S18, S22, S23, S26 6
1 T BRIEZZHK Quercus baronii mixed forest E S5, S6, S24, S29 4
HHEM Betula platyphylla forest F S7, 810, S11, S12, S14 5
B H M AR Sorbus koehneana forest G S9, S32, S34 3
JIE R BRI AR Quercus aquifolioides mixed forest H S13, S16 2
4k ¥k Quercus aliena forest | S15 1
VU4 A2 MK Larix mastersiana forest J S20 1
JIEMI#R Salix rehderiana forest K S25, S33 2
JIBS#K Fraxinus chinensis forest L S27 1
JI| B &8 Bk Carpinus fargesiana forest M S30, S31 2
D1|N=34 A
D2|N=2 D2|N=32
3l N=3 D3|N=29
D4|N=14 D4|N=15
p5| N=2 D5|N=12 D5| N=2 D5|N=13
D6|N=5 D6|N=7 D6|N=3 D6|N=10
pD7|N=2  D7|N=5 orlvea orlv-s
D7|N=4 D7(N=1 D8|N=1 D8|N=4 D8[N=2 D8|N=4
S1 S9 S4 S17
S25 gg S8 S2 532 S28 s3 S10 S30 gg% S7 S13 S18
S33 S04 S21 S19 S34 S11 S31 527 S12 S16 S26
S20 S14 S15 S29
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Fig. 3 Quantitative classification of the 34 colored-leaf forest communities. (A) Dendrogram of TWINSPAN; (B) Ward clustering. D
represents division of plots; N represents number of plots; S1-S34 represent plot codes.
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Table 3 Eigenvalues of the CCA ordination axes and correlation analysis between the first two axes and environmental factors

7 fl Axis 41 Axis 1 412 Axis 2 %13 Axis 3 fili4 Axis 4

FHE(H Eigenvalue 0.584 0.462 0.248 0.163
V)P IR B HH %1 Species-environment correlation 0.949 0.886 0.845 0.827
IR BE 23t E 4 b7 2 Cumulative percentage variance of species data (r/%) 8.8 15.8 19.5 22.0
Py F-IR B 08 KA B E A s =
éu}riulati%e pir?eftiﬁgeﬁvar?;nég ofjgpecies-environment relation (r/%) 36.0 63.8 796 902
JT A T 16 55 35 PE K6 Test of significance of all canonical axes F=1.681 P =0.002

TR b b
8 F Environmental factor 1 AXis 1 2 Axis 2 Ex,ﬁﬁi’?‘r/%) Contriﬁﬁcﬁ (r1%)
K Altitude -0.834" 0.333 7.8 33.3
W) Aspect -0.260 -0.614" 51 26.6
Y% Slope 0.131 -0.457" 3.4 12.0
2% Latitude -0.507" 0.602"" 3.2 11.0
2% Longitude 0.592"" -0.394 3.6 17.0

"P<0.05 " P<0.01;" P<0.001.
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Fig. 4 CCA ordination diagram for the sample plots and
environmental factors of different colored-leaf forest communities.

R4 AN EHIREEE MM SRR ST
Table 4 The overall characteristics of the species diversity index
of the 34 colored-leaf forest communities

LUELEZ SR EE /3 FHME + brEiRE RAE RBUME

Species diversity index Mean + stand error Maxium Minimum

YR B Species richness 8.00 + 1.00 2.00 15.00

Shannon-Wiener% ¥ 1t 15 %1

Shannon-Wiener diversity index 1.41£0.11 013 2.29

SimpsonZ #1: #i £

Simpson diversity index g s 0.06 0.87
) e R

Pielout? 2J /% # 0694003 019  0.89

Pielou evenness index

(%4 . Kruskal-Wallists %6 73t LGB A3 FE G4 R LD 2 k¢
PEIRHUIT 2 (5 , AFIHEE AP+ 5 B Shannon-
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