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Classification of plant associations based on a 20 hm? dynamics plot of evergreen broad-
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Abstract

Aims Our objectives were to obtain typical plant association types in a 20 hm? forest dynamic monitoring plot in
Mt. Tiantong, and provide methodological references for determining transitional types and identifying typical
types in vegetation classification.

Methods We used two-way indicator species analysis (TWINSPAN) and detrended correspondence analysis
(DCA) to remove transitional community and identify typical association types. DCA method was also used to
analyze the relationship between the distributions of different plant associations and environmental variables.
Important findings The results showed that the classification of typical plant associations was greatly improved
by the removal of transitional communities. The forest was divided into three associations: 1) Viburnum erosum-
Ternstroemia gymnanthera/Lithocarpus harlandii + Cyclobalanopsis sessilifolia Association, 2) Daphniphyllum
oldhami-Lithocarpus glaber/Schima superba + Castanopsis carlesii Association, and 3) [llicium lanceolatum-
Phoebe sheareri/Choerospondias axillaries + Machilus leptophylla Association. The results of DCA revealed the
importance of environmental variables (elevation, convexity, slope, and aspect) on spatial distribution of plant
associations. Elevation and convexity had significant effects on the distribution of associations, while slope and
aspect had weak effects. The results confirmed the high accuracy of the association classification we used.
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Fig. 1 The location and topography of the 20 hm? forest dy-
namics plot in Mt. Tiantong, Zhejiang Province.
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Fig. 2 Quadrats with uneven distribution of species (A, stands
for quadrat 83; B, stands for quadrat 324). Dots represent the
plant individuals in each quadrat.
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Fig. 3 Map of quadrats for classification at the scale of 20 m x
20 m in Tiantong 20 hm? plot (198 quadrats in total) (The con-
tour lines with 10 m intervals were shown). Gray polygons
represent forest gaps, and shadow circles stand for the quadrats
used for classification.
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Fig. 4 The result of TWINSPAN classification for 198 quad-
rats in Tiantong 20 hm? plot. N represents total number of
quadrats. Species in the box are indicator species, and a nega-
tive group and a positive group are included at each level of
classification, they are separated by “/”. CARVIM, Carpinus
viminea; CASCAR, Castanopsis carlesii; DISMYR, Distylium
myricoides; EURLOQ, Eurya loquaiana; EURRUB, Eurya
rubiginosa var. attenuata; LITELO, Litsea elongata; MACLEP,
Machilus leptophylla; MYRRUB, Myrica rubra; PHOSHE,
Phoebe sheareri; SCHSUP, Schima superba;, SYMANO, Sym-
plocos anomala.
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Fig. 5 Distributions of five clusters at the scale of 20 m x
20 m in Tiantong 20 hm® plot. A, B, C, D, E represent the dis-
tributions of the quadrats from clusters A—E, respectively.
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Fig. 6 DCA ordination diagram for the classification of 198
quadrats in Tiantong 20 hm’ plot with the five clusters. The
numbers in the figure are the identification code for each quad-
rat. A, B, C, D, E represent the distributions of the quadrats in
clusters A—E, respectively.
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Fig. 7 The results of TWINSPAN classification for 78 quad-
rats after removing the transitional quadrats. N represents total
number of quadrats. EURLOQ, Eurya loquaiana; MACLEP,
Machilus leptophylla.
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Fig. 9 DCA ordination diagram of 78 quadrats after removing
the transitional quadrats. The numbers in the figure are the
identification code for each quadrat. a, community 1; b, com-
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quadrat. n, total number of quadrats; j, cluster number; 7, total number of quadrats in the community j; ave;<; s; the average silhou-

ette width in the community ;.
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{E 53 31250.33 0.46710.59, 3FPHE 7 A L (1 3540
J56 55 FEAELN0.46.  FEVE2FITETR 3 &4 T I 58 BT 9
FEAB S5 9 TEAE, BEV& 1 — AN 7 1R %6 38 6 {H B
NHUEAEAN-0.063, 3ELHERIT 10, 15 B & FE 77 BE
UEACIF I 5 & KRBT, 7 Ias BB
23 BENSRRERFMHE

W A 44 75 AFE AP AR SR 2>, K H
HEEB S I PI NI ARB AR RN B A Y, bR
L8 1 Ind Val K /N AT 45 45 2 F TWINSPAN 7>
REERMFETT X R (MR E . SHRIKETF
(013) 4 i w44 BRI, bR EFLERT, LRSS,
P&, PREMWAMAS, W LM%, EEH
FERT; DLHAMUTE A, Dl i, R EEHAE
Ao S5a REMIX FREBRE, AT 05 7%
TENYM I EZEGE L F) B N = 2 E HERT
SHIPA IR RME(FR2: TR RT0.5). RIEHEMN
fr RN, e SRR ES RN, RIER1SE
2 OB, 2. 3l A H B IEGER-E
B+ 10 KB (Viburnum  erosum-Ternstr-
oemia gymnanthera/Lithocarpus harlandii + Cyclobal-
anopsis sessilifolia Ass.); [T A-1/AAaf+ K RE T
(Daphniphyllum oldhami-Lithocarpus glaber/Schima

®2 MRE R AMFERECKT0.5)HEF

Table 2 The order of species indicator value (>0.5) in three community

types in Tiantong 20 hm? plot

L RH20 hm FEH3FOREE 2R A MR 0 T L HEF (R05)

Tablel The order of species important value in three community types in

Tiantong 20 hm? plot (top 5)

WFh HEE ERiSit

Species Important Growth form
value (%)

FEV51 Community 1

W Lithocarpus harlandii 12.20 FFAR Tree

WtgmSCBER Distylium myricoides 10.97 /INFRA Small tree

= WEK Cyclobalanopsis sessilifolia 9-27 T*AK Tree

KA Schima superba 6.10 FEAR Tree

SHRAE Rhododendron ovatum 6.06 /NIFAR Small tree

#7%2 Community 2

B Eurva loquaiana 13.38 /NFRAR Small tree

ARG Schima superba 12.46 FFAR Tree

WMEHASCEER Distylium myricoides 12.12 /INFFA Small tree

Khi# Castanopsis carlesii 10.04 FFAR Tree

¥ Castanopsis fargesii 6.01 Fi A Tree

#7% 3 Community 3

WPIRIET Litsea elongata 21.46 /NFRA Small tree

MRS Machilus leptophylla 12.06 FFAR Tree

HIBR® Choerospondias axillaris ~ 10.48 TR Tree

KNS Eurya loquaiana 9.34 /INFFA Small tree

= WF K Cyclobalanopsis sessilifolia 5.90 FEAR Tree

www.plant-ecology.com

Yl rsete TRIREE el p
Species Specific- Fidelity Indicator

ity value
FE¥% 1 Community 1
kLBY Rhododendron simsii 0.9659 07037 0.824  0.001""
HEFE Viburnum erosum 09298 05556 0719  0.001""
JE )% # Ternstroemia gymnanthera 0.9643 0.444 4  0.655 0.0017"
BB Cerasus discoidea 1.0000 03704 0.609  0.001™"
W3 Litsea cubeba 0.9070 04074 0.608  0.002"
#H M Cyclobalanopsis glauca 0.8421 03704 0.558  0.003"
K Clerodendrum cyrtophyllum 08750 03333 0.540  0.007"
YK 2 Community 2
FEEAE Daphniphyllum oldhami ~ 0.9894  0.6957 0.830  0.001""
¥ Lithocarpus glaber 09792 06087 0772  0.001""
¥atls Myrica rubra 0.8667 0.6087 0.726  0.001""
BARILEL Symplocos botryantha 09375 0.4783  0.670  0.0017"
R EHAE Vaccinium trichocladum 0.8889 04783 0.652  0.0017"
AT llex rotunda 0.5833 05217 0552  0.045"
A% 3 Community 3
WEEKE Machilus leptophylla 09931 1.0000 0997  0.001"™"
YL Hlicium lanceolatum 09695 08214 0892 0.001""
4 Phoebe sheareri 1.0000 05714 0756  0.001""
itﬁ?tfuji’spl"m cochinchinen- ¢85 06429 0738  0.001°"
PENIAR Celtis vandervoetiana 1.0000 03214 0567  0.001"
BLAM Acer acutum 1.0000 02500 0.500  0.002"
WM Juglans mandshurica 1.0000 02500 0.500  0.001""

PIENEATO99 B M IR, *, p < 0.05; ** p < 0.01; ¥, p <
% (\)/(2)1111:65 were calculated according to the results of 999 permutation tests. *,
P <0.05; %%, p<0.01; *** p<0.001.
Superba + Castanopsis carlesii Ass.); 15515451/
VI Y A+ B R S FE N (Zlicium  lanceolatum-Phoebe
sheareri/Machilus leptophylla + Choerospondias axil-
laris Ass.)o &REMAEREHA )70 A7 A B8R . %
TN F- ERAE AN R

LS I -5 A R+ I A B
WRETT 53 A0 KRR 459450 m, ~F34HEHR550 m,
AT i B8, BE27MET7, LA 8RR ARG,
IR T3IRS3 8. RHM MR ERE B =1L
X\ A Mg i i BE R (Distylium  myricoides) ~ FL B%
(Rhododendron simsii) HE k. JFRHFE. %t
27N BE T (B NN ) Jaccard AH AU & B0 T
0.346-0.787. 2 [H]

P B -F] /AR AT+ KRR N 2 AL TR
360455 mMGHEFRLIE b, G237, 30A
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6P ARAAEY), KJE T 248438 . LT AP &
TTNTRARZRAM AR . KiE. ¥ (Castanopsis
fargesii)5F, TARJZHAENE (Eurya loquaiana)~ ¥
M IO RER ARV 5 A — B BIOL S, FRRE
o IR AT B B A A 46 o i3 23N 5 i Jaccard
FRME R B T70.346-0.785.

ZLBE 1] - 55 A/ I A+ R R AR AN A RE A
TR 440 mPAU NS H, RAGER320 m, X HEib
TR R, AESREGRIE, A28 T, 83
FRANEY), FIET 3481608 o M3l 6045 R R AL
WK ZE T (Litsea elongata)~ MRS, brEFh
NTEIEAE . ZLREE . KA. AU (Symplocos
cochinchinensis var. laurina)5 . %5 W28 MFE 11
Jaccard Al A1 2 A T-0.192-0.680, FH: f A K 5
301 [ AHALPE R H0CR0.192, %K 7 A7 F R Hh il 2%,
FETT R B A A%, DA 9107, X AT BE 2
'© 5 HARRE T AR RIS SR A 72 22 BRAE 77301
Ja, At A Jaccard H {BLE 2 $ A 1-0.235-0.680.
24 FBENSEREEXR

PSR RN S0 S N i It
SOMR, CRRIRERR . T L R SR AN PR IR T
ZNIADCAHEF (K9, a5 R ILE. Kk
TR T, # kAL R IR "B 1 51k
Fr 3R] () IE ORR O E, i Sk 2k O R AR LA
B 7 5 R AT AR A A SRR B B R, I
LA, BEIAR SSEBRR, S bk o N AT LU
HH R HROR I NI AT B 2 de oK, LGR39
JEE RIS [ o o A 23 AR A /N o T B2 5 50—l )
JreAE R, FREVEE— RN e a4, 910 A2 T
fiX, WSS BRI )7 A R, REIVESE RN
Bk, WSS, WA T A T T E
5 S8 TR - J5 B A R+ s 1L X 3 AT R B = i
WIET b, AL THET B 2 B 07 85T R AR - AR AR K
REHE N AT AEAR IR b, A T HF 7 B 20 il i 21
BE T - 58 A/ g TR AL+ e A A A L TV A AR
Hh  FRATTRTRI 23 3N AN A — B A A
KU, WA ATAEARXS — B AR .

3 i
AR 7E I 18] R 2% i) B PR B8 AR T A8 Ak 1, 3

AAFAETHRE IR IR, IR BV 2 IS, (AAE
THAHESEZ F A R (R B, 2017)0 X TR

L5

-1.0 05 0 0.5 1.0 1.5

E11 78T FIDCAHEFF il 5 M R 7 FAH S IR 1 o B e
BEFERHTT RS- a, BB IGE-JE R E R+ 1075 X
FEM; b, [ BAR-RT/ ARG HRREREA, ¢, ZLRF1H -4/ MR
AR

Fig. 11 DCA ordination diagram of 78 quadrats with envi-
ronmental variables. The numbers in the figure are the identifi-
cation code for each quadrat. a, Viburnum erosum-Ternstroemia
gymnanthera/Lithocarpus harlandii + Cyclobalanopsis sessili-
folia Association; b, Daphniphyllum oldhami-Lithocarpus gla-
ber/Schima superba + Castanopsis carlesii Association; c,
Hllicium lanceolatum-Phoebe sheareri/Choerospondias axillaris
+ Machilus leptophylla Association.

RS, EES A, W ERE 2 WA,
BN E SURFE MR P AR RE e . AR SON R 25 B
IR ) SANKABEBEAT 1 Ind Val 73 B (45 R W3E3),
RIKHEA (FEI&1) KRB (FEI&2) KBFE (% 3)
th & AR ST Ind Val 1 A1 T 2% B 8 X380 1) 2%
R bR EM B Ind Val, HEBFCRIZREEDI A lAL
AR ERN, EATHR A TE I DCAFER 70 45 1)
AR . BRRLERNE, SHEEM DR
L5 TWINSPAN 7 2 45 F (B % 1) o 45 21 X 5l
Fh(RIAREFRES BTV - HULAT I, 1SR
FAAEXS 73 R85 R AR R, AN T SR I
E o RIS IEREVE XA 2 MAFAE R, XX &7 B & a0
T AL B — MEARBE TR . Hs A AWF IS R,
FEFLAT J L AU ADRE o PRV R 0 B S E R
g (DA BRI VE AT AU &, ()% T
B PP H B DA % 22 BE B i, (3R AR B AR v
ANREFE(Jennings et al., 2009; van der Maarel &
Franklin, 2013). t4F, Mueller-DomboisflEllenberg
(1974) 8 B4, HRHEJaccard G - TLARH (5 m LAY
FE I B AR LI ) IE 25% 21 50% 2 8] PO 74 1 B mT LARR
ARl —#E A — 73 (Mueller-Dombois & Ellenberg,
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®3 SPRBAMRMERESF
Table3 The order of species indicator value in five clusters in Tiantong 20
hm? plot

L/ Rtk BIREE femE p
Species Specific- Fidelity Indicator

ity value
KA Cluster A

KBS Rhododendron simsii 0.8788 0.6667 0.765  0.001""
BHEFXE Viburnum erosum 0.8281 0.5000 0.643  0.001"
JE R #F Ternstroemia gymnanthera 0.8056 0.500 0 0.635 0.001™"
XML Litsea cubeba

IWHEEBE Cerasus discoidea

05362 04000 0463  0.001™
0.6071 03333 0450  0.001"
05143 03333 0414  0.003"
0.6000 0.1333 0283  0.045"
0.7500 0.1000 0274  0.026"
1.0000 0.0667 0258  0.029

Il Vaccinium bracteatum
TJE4E Premna microphylla
WHSKE Euscaphis japonica
KIS Toxicodendron sylvestre
HFEB Cluster B

W[ Lithocarpus glaber 0.7833 0.6087 0.691  0.001""
¥t Myrica rubra
HIBAS Vaccinium trichocladum 05333 04783 0.505  0.001""
SOR B Symplocos botryantha 0468 8 0.4783 0473 0.001""
2KPEE Cluster E

W Phoebe sheareri
IR Juglans mandshurica
BifaMR Acer acutum

F14E6 T Euonymus nitidus

0.6047 0.6087 0.607  0.001™"

0.9000 0.5806 0.723  0.001"
09167 02581 0486  0.001"™
0.8333 02258 0434  0.001"™
0.7000 0.1613 0336  0.006™
KR Hovenia acerba 0.8750 0.1290 0336  0.002"
HKHB+CCluster B+C
JREZAE Daphniphyllum oldhami
WRAT llex kengii
RED+ECluster D+E
HHERE Machilus leptophylla

0.8685 0.5889 0.715  0.001™"
0.7812 0.1889 0.384  0.013"

0.9809 0.7436 0.854  0.001""
0.9031 0.6539 0.768  0.0017"
0.8273 0.5513 0.675  0.0017"

AREm Hlicium lanceolatum

WY Symplocos cochin-
chinensis var. laurina

PG )1kl Celtis vandervoetiana 09730 03077 0547  0.001"
J#F Sapindus saponaria 0.8529 02564 0468  0.001"
0.8846 02308 0452  0.001"™
0.8889 0.1923 0413  0.003"
09853 0.1410 0373  0.007"
0.8667 0.1282 0333  0.009™

0.8750 0.0897 0280  0.04"

K& Aphananthe aspera
KPS Celtis biondii
WA Ulmus changii
HEMI Cyclocarya paliurus
K54 Cerasus subhirtella

AL Mussaenda esquirolii 1.0000 0.0769 0277  0.036°

P NBEATO99RX B HATIARRIM . *, p < 0.05; **, p < 0.01; ¥, p <
0.001.

P values were calculated according to the results of 999 permutation tests. *,
p<0.05; **, p<0.01; *** p<0.001.

1974), BAKKIEAIEARA fritt— P WETT. BEAN,
TP B IR TR T-I0) 38 Flih: 1 A 45
RIAS TR, R R AR R 3 B 1 IR, FE AR
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oy I TR B, WA SO AR LA R TR
Wi 5 R PR 7 B 25 B 5 PR EAT HE AR 49

HE R R EE AR AL, TS EIRT
SRIBRANE, MBI S M E, Wik
SRR VIRFIE R, S BESAURSR I & E AR, KE
E AW R R GRS B A, (HAMRE,
VI M BOZALFEAAN B EAF A () — B BRIE S
RIEER, ()4 5E, 3)HiE KR 2K 4 L,
(DAE— 5 L X 38 4 B & H I (Jennings et al.,
2009). ASCHTRI S B3N HEAN S PL B4 FEARY RO
Rh (1)H Bk - B+ KB R
S A -]/ A A+ KA A A S T S A AR, AR -
A/ T PR A+ I Y AR T R T SR I R YR AL
W, KBRS B2 5, QM3 M EENTEREHY
HH ) 43 A (1 8) S DCAHE 7 il 5 PR 858 DR -7 1A AH 5
(BT RTCUE H, %8 A A5 1R AR 358 P B 3 AR — 5L,
EEHNZ MZEFHE. b, RER RS
IR, WARIE T AR RA & 3 — SRS
fiE A BT SR BN SRR 1L (B) AT E %0 R 5 5 A (]
10)F] U H, 3ANHE & A S F S 2 BOAR A,
N B 2 S I, TR 3N A % H ¥ Jaccard A AR
PE R E RIS B A S B A KR — SRR
. HBEMNNYR I EEE R D LI REGER2)
HAE B A | B A ML AR K AR E R (43
AFENERERL A ) 0 AT (B8 T LAE Y, [ —HEA )
FET FEA e BT AE — e, T A R) W7 b 43 A7 7 AH AL
(AR B[R] At 35 2 1 — M EE A /D TR ESAN A
TR R L TR B R (R B, 2017).

TWINSPAN 73 28 2 32 4 O 1k 5 52 X () — Fof
B8y 25 (van der Maarel & Franklin, 2013), i&
TR EER B IE W, DCAFER 7T st
I SEE . A SO S FH TWINSPANKE A 4% K1l 4 Ak
KHE, FHDCAHET R & KB 2 A A BoR &,
A DL R A S 5 S R 2 (A S,
REVE R bR S, P EUHTFH TWINSPANKI 7 BV,
RIUDCAHER T GE A 2R BETE Ik, 158 B
ShG R BN A I SR REVE T N R R, 10
BB S R AR SCRTRI A3 A AR L Gl
YLK B [ G AR [l (R R X R D) (RIK BRI E A
2R, 1995)—FiH, R 2 E AR [ P 43 A 70
$300-600 m¥IHE #% BT R 23 Hh R A ZEAT XS L, W]
PUR IR R =i MBS AR SO B3
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K- A+ LT B, RAT BT
MM I AU RE AR (1) SI7 3 DA )5 AR SC P 88 7 ARl / K g +
KEEHEN, ZLEETH" R AHE N S ARSI AL 8 1E - 5
i/ I A R TN, R TR LA KR — 3
AEYI MR, AT ShR EMEEAME, R
WA AR FEARA AR BT o 1K 3R B A ST R R o Hh )
INEFT AR SE RE B ) &, BT ASCRAT
BT, 150 R R A R

K I B 7S W DU RE B AE AT B 7% R A B 2 4P
SKDBH = 1 emB—MERIZ, ARG —K
BMBEH AR T ETARE . EAREKEARZ)D
SR MEZE. BEE/GEE, EATEELT, A
B A ARURE B B A 2 TR/ N MR L AT
Fhfr EE B, FHAL KA A PR A )
Mueller-DomboisF1Ellenberg (1974)7E (HE #4252
1B S — bt S E RS BB E I H N E
S HUE PRI B HUE X T AJZE A IR T R SR K,
T 5 R X D00 35 BB/ R T g vy W 1 R e i ) A
FEJT TR AR R, 4 5 Ak KA A TE FF Sy (1) 2 22
Yo WA, EEETHBITRA THYZES
AEDGT Bl e W TR AR /N S8, 7 [ Py Ao KR gk
AT (AE R 23 R Fe b, i, HTWINSPAN J5 V5%
SR LL25 hmREHEEAT AR 28R R 2B 7T (Su
et al., 2007), FZ JCIEAR(MRT) i H 11124 hm?
BEH. F5 5415 ho® B HUEEAT IR ARI 23 BF 72 G 1L
2 2010; FREIELE, 2014), BB E B E R
2 FE 5 E W AR S 8. ok, MBI R
R KRG, HARREM IR AR, A
Al A AR, T AREH I A0 s R H B A
JZRE, X6 TR S — BB (R K B4,
2015), AHFFEARAGI S, A EBAENE R AT 72 15 2
Hh 78Rk

Zx L RTIR, FDREE LR IELL R, 2 AW,
AP 5T 3 B T R A 1 B i e LB ML

B BRI R, BETE R
R, L FEAR AR R AR AR R B A, 53
SRR 7 A 45 2 B R o B A SR AR S Utk
A, KB T REYIRETE PR R B 4y 2K S DCAHE
J 4G AT R AR BRI A R T 00 B R A B
TERETE, R BR8N TR BT R 2R 8 4
& U 7 KRR RS .

B KK SR AGRAT S RF N, T
FAS B E I, B
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