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Quantitative classification and ordination of plant communities on the southern
slope of Beishan Mountain in Jinhua, Zhejiang, based on species composition and

plant traits
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Abstract: Quantitative vegetation classification can be conducted using traditional approaches based on plant species
composition and abundance; however, it may also be performed based on community functional traits to reflect the
functional responses of vegetation to environmental changes. The latter approach has considerable potential for future

development. This study classified and ordinated 24 woody plant communities on the southern slope of Beishan Mountain in
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Jinhua by integrating community-weighted mean functional traits with hierarchical cluster analysis ( Ward method ),
detrended correspondence analysis (DCA) , and canonical correspondence analysis ( CCA). The resulting functional trait-
based classification was further compared with traditional quantitative classifications based on importance values. The
objectives of this study were to evaluate the feasibility of quantitative vegetation classification using functional traits and to
assess its effectiveness in reflecting both environmental gradients and ecological functions of plant communities. Results
indicated that the classification based on weighted community functional traits was broadly consistent with that derived from
species composition. Both methods clearly distinguished Pinus taiwanensis forest, Cryptomeria japonica var. sinensis +
Cunninghamia lanceolata forest, Schima superba forest, mixed S. superba+deciduous broadleaf forest, and Lindera glauca
shrubland. However, the functional trait-based classification provided greater resolution, particularly in distinguishing
secondary shrublands representing transitional stages between shrubland and forest. Notably, the C. japonica var. sinensis+C.
lanceolata forest was further subdivided into pure C. japonica var. sinensis and C. lanceolata forests. DCA ordination
revealed that species composition effectively captured vegetation changes along environmental gradients, including altitude,
heat load index, soil organic carbon, potassium content, and pH. In contrast, ordination based on functional traits reflected
additional , more nuanced functional characteristics. Combinations of leaf area, leaf dry matter content, leaf tissue density,
bark thickness, and twig diameter revealed distinct ecological strategies related to investment-return trade-offs across
vegetation types. CCA further demonstrated that functional trait-based ordination performs comparably to species
composition-based ordination in capturing environmental variation. Environmental gradients such as altitude, soil organic
carbon, chemical element contents, and heat load index showed significant associations with both community composition
and functional traits. This study confirms the feasibility and effectiveness of using community functional traits for quantitative
vegetation classification and ordination, enabling simultaneous representation of environmental conditions and ecosystem
functions. These findings provide a theoretical foundation for the classification, conservation, and restoration of subtropical

evergreen broad-leaved forests.

Key Words: evergreen broad-leaved forest; detrended correspondence analysis; canonical correspondence analysis; cluster

analysis; community functional traits; quantitative classification and ordination of vegetation
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Fig.1 Quantitative vegetation classifications of the southern slope in Beishan Mountain, Jinhua, Zhejiang Province, based on species

importance value and community functional traits
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Fig.2 DCA ordination in 24 plots of the southern slope in Beishan Mountain, Jinhua, Zhejiang Province, based on species composition

and community functional traits
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B, 25 TEE ST S B (8 RS A0 R B 3 e R X R MO U, T ZE D REARE -, 5T REVE ShRE MR IR i HE
Jr REAS R 7R T T A AFE VA D BB B A5k, AN TR B SR 2 [ B 25 5 [X 4
2.3 HHWE CCA HEF

e A AL 24 ANFEHLAY PR L R -FREE N TR AT CCA HEFE /M (18] 3) 25 5 R, FE - A 0 Ffr 4k
SRR F I R EY], S RIS AS LR W], A HE T 4ihE i S G5 (F=2.4,P=0.001) , /i 2 4l 23T
7 22 TR & BRFIEE Y 56.91% , REME A iy M A s Fh 4 i SRR IR T2 BB S &R, RIS IR IR 1
BV RE ZE R (32 2) W56 | HEF =2 ALT 5%, JOR 2 STK .SOC 1 HL, 545 1 HEF 34 52 0%
FAEARSE 5 2 Hep ey R IREER 78 pH, 55 —HE P S A R 2 A e, AR S DCA HEr 15t n 4%
FE B 2SR T A () R BE A6 BEARALL

[ A X 4 Aedb 1l 24 AR PO FEYS DI RE MR - 30358 IR 7 64T CCA HEF b (K 3) o 45 R R, BE L 3
TEIIREMEIR SRR N A C R ), SRR IR R R 45 SRR W, A HE i 2 S K 56 (F=4.65,P=0.001)
AT 2 il BT 22 TR | ERRIE B 92.16% , 3% W i 3 il BE A8 45 4 M 1 A R MO REVE D B IR S R s R - =2
R, MRS FRYHeE 280 R (H (3% 2) v AL, 556 1 HEr AR et RIS 7 ALT, Hak
K HL Y50 S R 2R 45 2 HEF M 3225 SOC M STN 5, B W Al G, HTREVEThREMR 5
IREE R B3 R K%, S T DI RE PRI 3 R A S B\ — G R b S T SRR ARRAIE

F2 BEUMAR/BEEDREERSHFERFHEZHKRE
Table 2 Significance tests for the relationships between community species composition/community functional traits and environmental factors
K Z %L Correlation coefficient

MBI T

Environmental factors CCAT CCA2 RER P

YRR D RE PR YRR D REPER
- IERR AR pH Soil pH -0.28/0.95 -0.96/0.30 0.57/0.06 0.001 *** /0.532
THE LT SOC 0.68/-0.35 0.73/-0.94 0.52/0.47 0.001 *** /0.001 ***
- HEE A STN 0.68/-0.22 0.74/-0.98 0.38/0.51 0.003 ** /0.001 ***
+ 4 BBk STP 0.69/-0.13 0.73/-0.99 0.05/0.09 0.576/0.396
43P STK 0.98/-0.91 0.19/-0.40 0.63/0.45 0.001 *** /0.006 **
K ALT 0.98/-0.92 0.18/-0.39 0.92/0.84 0.001 *** /0.001 ***
TRTEIA fT 46 4 HL 0.95/-0.99 -0.33/-0.03 0.43/0.47 0.006 ** /0.002 **
Hi P 45 4L TWI 0.32/-0.95 -0.95/0.31 0.07/0.03 0.485/0.707

CCA ; JLEXT 1 /3 M7 Canonical correspondence analysis ; 735156 T 135 Wy FP 4 AN T R MR 5 155 X T84T CCA HEIF, CCAL #1 CCA2 4331
CCA HEFF 25— RSS2 s 22 MAC R RETE Yy R AL 05 B 45 TR A0 56 R 880, A5 MR 98 S B MWk 15 B85 TR A0 56 R85 SOC : H3EA BLIT &
Soil organic matter content; STN; + 4 5% Soil total nitrogen; STP; + 3 Z 8% Soil total phosphorus; STK: + 4 S8 Soil total potassium; ALT: i &
Altitude ; HL : IS TE A i F5 4L Potential heat load index; TWI; HiJE {2 & $8 %X Topographic wetness index; {8 35 PERE 3 # # % . P<0.001; # * ; P<0.01;
* . P<0.05
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Fig.3 CCA ordination in 24 plots of the southern slope in Beishan Mountain, Jinhua, Zhejiang Province, based on species composition
and community functional traits with environmental factors
CCA ; L3EXF N 43 #HT Canonical correspondence analysis; SOC ; T3 LT & it Soil organic matter content ; STN ; 133 &L %( Soil total nitrogen ; STP ;
1 5B Soil total phosphorus ; STK ; 3 E ] Soil total potassium; ALT 4K Altitude ; HL : TR 7E I 454X Potential heat load index; TWT . HiJE

T EEFE %L Topographic wetness index

3 itig
31 HHHCR A

ARSCEET R 0 A B BB AP REMEIR PR AR , AR UCR G 1 0 G e AU DAL B A Rl o3, o2 2
RIEEAR—E, F TR IRE MR A BB 7 SRR A, nDRE 24 SRR 700 7 RS, Ak o3 th 5
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