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Community quantitative classification and environmental analysis of the Machilus
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Abstract: In order to explore the influence of community structure and environmental factors on the distribution and
development of Machilus thunbergii in Zhejiang Province, 172 Machilus thunbergii communities were classified and ranked
quantitatively and their environment was analyzed by using TWINSPAN, Canonical Correspondence Analysis (CCA), and
interspecific association analysis. The results showed that: (1) 172 sample plots were divided into 8 community types based
on the TWINSPAN. Machilus thunbergii was the dominant species or the main companion species in the community. The
difference of community types was an important reason affecting the growing and regeneration of Machilus thunbergii. (2)
Altitude and slope were the dominant environmental factors that determined the distribution and development of Machilus
thunbergii. As a dominant species, Machilus thunbergii was mainly characterized by altitude below 900 m and slope below

35°. (3) Castanopsis eyrei, Cyclobalanopsis glauca and Schima superba were the stable dominant species in the community,
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and the interspecific association results showed significant positive correlation with Machilus thunbergii.

Key Words: Machilus thunbergii; TWINSPAN; environmental factor; interspecific association; community succession
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&AL RA AL T O o (HJE LA A TRAN B S e Jr) B X IR LA 9 26 B 5 43 A IR L, T AN RBIF 44 1
ZTA 1 B AU A 555 R R B E PR X LT AR AR A B i RS R , 3 AMELA AR Wi VA SR ZR AR A BIFE4L
RARIREE 5 4500 2 RARMIR I B2 BRI Rl A ARl T AR G 5 h 2075 il D iRk ) 0, %48 el A= Sl i B
HEE X,

TR Vi 1 K 3 2R AR P 2 48 7n R S P OC R B TR XUl 48 75 A2 B (TWINSPAN) H1HL
XA (CCA) S F TR L I RFFE s " B EARAE il i TWINSPAN 43261 DCCA HEFF#F5T
TN 0% B R P 22 K R ( Osmanthus serrulatus ) FE ) BE 7% B9 18 85 28 1k i 34, 1 K HL&DY R )
TWINSPAN 4325H1 CCA J7 X 1 A s MBS AT 8 2 S HEF , R LA S B AR ( Pinus massoniana ) N
FERFFI T 7 2 12 XS (Y O A P 2R s 2 A5 S AL A v 2R AR IX ) CCA P45 51 s AR fk
6 Jry F2HEAZ R BE K Y520, TG TELRRETE A HEFP P e A 4108

TRITRETE PR 38R Z T 156 1, X8 7 B V8 S5 M R AF S I e Vs R e AR g st g (e g
i 25 18] XL VE 48 SCESR ( Xanthoceras sorbifolia ) FE V5 O0 2 FR i b [8] SC B P HEAT 28 AR ST, K IR VK & R 45
FIARTEE , e R A 38 A8 P ad e v 5 A9 261 b B M 8 2 [ A G 11 SR AR X PN 8 s A 40 D 2411 4
( Loropetalum subcordatum ) FEVE A4S 2 AT PP RE B o (] B5E 235 PR B AT T 407 , B P25 TAETE %R TS TP R B
BRI ST M 5 w5 U N S 0T S LUk A 5 YR A MR AT 2 A P ol P R ) S G 088 B R A 7 B AT, R B2
S A Fh Py FNAP BT84 Ty B4, (U045 RETE PR ] 0 DGR OC R R LAY

SMASKE, B R T LU BEE FIIETE 285 vh T SR DX A R e 43 A FURE 95 2540 O T, TR S VR o)
AT SIREECFR VS A BR8] 5C R AFAT TSR R Bk = FE 7 A A BRI LA X 20 AR 7015 B AE K A 52 00 v A RE it
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(2013—2016 4F ) WA E s, ik A 2L 0 AR iR L 172 A~ (R 1B 1) o BEHBTE AR 400 m*(20 mx20 m) ,
A NBEFERE =5 em MER MR &R SR SRERE R SR S|+ 2R SRR,
BRI 3 3 T B AR

R1 I HSOMERES T

Table 1 Distribution of sample plots containing Machilus thunbergii in Zhejiang Province

i LR HREHH A s LU MR A
Region Number of plots containing Total number of plots || Region Number of plots containing Total number of plots
Machilus thunbergii Machilus thunbergii
=15 1 88 v 11 131
A i 1 145 e 1 55
T3 1 52 g 1 31
o 2 166 Je it 3 46
2t 5 160 il 11 123
5y 44 181 T 16 160
P B 9 133 B 6 95
BE 26 225 e 76 3 150
= 9 95 S 2 58
BT 3 125 Hepe 17 77
CLAHMA B 172 A FEHB IR 2345 b T W 74 B B
LA, RE M 4 B 355 DT 4 2 B I 3 2 BT } 118°  119° fM1\20° 121°  122°  123°E
84.3% MY LTS LEME BE R 17°—35° 3 L 4, 95.35% R T A e T
FILT IR A AR 1000 m LA EITEREIN . 73 4MET& ) > A g”; . ;if/\ ﬁ;g:
JEIE S om LT JERE R 5—10 em, RO 30— | S R
50 cm MYLLHLAPF F A8 250 N I @3
22 Hiisahm Tl b e % "
221 HEH . 37““’: : - ot
0 45 B 31 548 Exceel 52 R B T2 \E L R anmR
gl NS L5
HIRF 21 = S — 1 00 285 bR 0/ T A3 80 o 35 1 RS
Hx100% ; Fig.1 The distribution of plots
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72575 Fix 100% ;
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2.2.2 WEFE/RF M TWINSPAN
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F2 IS HXEINMEEFH B EEHE

Table 2 The overall characteristics of each environmental factor of Machilus thunbergii plots

F T ke Heim E oy % b T e B m ot/ %
Environment factors Class Number Environment factors Class Number
percentage percentage
WRE/(°) 17—25 34.30 Wk /m <200 13.95
Slope 25—35 47.67 Elevation 200—500 13.95
35—45 15.70 500—1000 67.45
>45 2.33 >1000 4.65
Mid& Py E/ em <5 56.98 H IR/ em <30 8.72
Litter layer thickness 5—10 41.28 Soil thickness 30—50 53.49
>10 1.74 >50 37.79
JE B IR/ em <5 31.98 I i+ 68.02
Humus thickness 5—10 61.05 Soil texture it 2.33
>10 6.97 W+ 29.65
e BH 3 /21 B Bk 31.98 4k 4 73.26
Aspect FF3k /2f BH 3 68.02 Soil type pig 26.74

2.2.4  Fhla)HRL,

FRAE DR LERE T PS5 H B e B MRV B La 5t , AR ORI (o) Sl 25 B Bk As R 8 (AC)
LB E 4328 (PC) W RETE AL SAFh A TR R EE T 7 FETT 8y SRS RAAC B, Nk a e d h
0,38y & AC I IRTCTE B IR AR S I, 1 a .o .d i O BOBUEAERINKC ] 1, i TARFSE A BURET7 v A
S IURE | (AR SE MR A Yates ZELERIEA 2G5 M6,

- (|ad = be| - 0.5n) *n
L2 +b)(a+e)(b+d) (c+d)
Ko n WIREEEL, Y ad>be B, BRYIRICNIECEC , FA7ERE 525 s 24 ad<be B, WIPIFP Ry S OCHK , PIRh
AR R a4 MRy A3, Yy " =0 B, R BGH Fh I AH EL ST, AR B JEOCHK; 2 P>0.05, By *<3.841
B, R AIIBE S A0 7 | FE PR 1 35 0CHEPE 5 25 0.01 <P <0.05, B 3.841 <y><6.635 B, FhlH| eSS %, £ 0
FEIE 24 P<0.01, Bly®>6.635 W], W) ) 2 9 HE W i 35 S8 |
BREE 2R (AC) HEAR N .

N (ad - be) W (ad - bc)
= AC = ; =Za, AC=——F—F———;
M ad = be, AC @+b) (b +d) ;M be>ad Hd=a,AC @+b)@+o)’
(ad - bc)

b dH d AC=———
é{c>aﬁ_ <a, (b +d) (d+0)

AC WEBECN [ -1, 1], HAR AT 1, Ffowt 6] i) TR I 25 P b i 5 HARL A0 — 1, Wi ] 1% £ R 45 1 b i 5 G
EBRAET O, FhoRT [B] A ER 25 1 Bk 55 5 2 AC (B2 O, Fpxf[a] 58 kST,

KRB E 33 (PC) R AN
(a+b+c)

PC (PESECN[0, 1], HARBREZT 1, FhX) 2 (6] 19 IE I 45 OC Rl ; FLME M 0, %R XTI IEBR 45 ¢ &R
5
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3 ER59M
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BERRE BB SRR KRR A (B 2) R IR RS BE (18 ) FIRERL (18 ) A4 etk
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MEMZRH-EFLHIREERRVNSERE T KERENE X EERYRDRKERRNELERIZRERNETERERZE
T & 3E KKYy ZBLEERDNEODEZHRAR SRKKCEFERRESE JI¥ 2% E SHERNERZ &
W< E B -l S 8 & 'O i = a# E = =
h #} Family
B2 #HiESH
Fig.2 Family and Genus Distribution Map
£33 16 MEBFIIE
Table 3 List of 16 dominant species
4% ww # " TR gn we w e o
Number  Species Family Genus POTACE N Number Species Family Genus "
value/% value/ %
1 A VR VAR Cunninghamia lanceolata 25.49 9 WA SHHR WA E Liquidambar formosana 1.89
VANV N WA ATt J& Schima superba 8.86 10 A% = B WE Albizia julibrissin 1.56
3 HI F3 B H & Cyclobalanopsis glauca 7.64 11 Tk 73R HEJ@ Castanopsis sclerophylla 1.27
4 DRER NS FaJ& Pinus massoniana 6.17 12 filt ik )& Ulmus pumila L13
5 il e B HEIE Castanopsis eyrei 5.47 13 B BERRE I8 Toxicodendron vernicifluum 1.07
6 aff fkt VI8 Machilus thunbergii 4.54 14 feF HABERE WHEWE Platycarya strobilacea 1.02
7 At AN FiBRIE Lithocarpus glaber 2.30 15 #l LN A Pinus taiwanensis 1.00
8 Ak 3B BRJE Quercus fabri 1.91 16 gt ZEFER AWM Alniphyllum fortunei 1.00

3.2 TWINSPAN 4324t I S S

HAE TWINSPAN Y5328 25 58 (& 3) , RIUKE 5 GR350 51, 456 AR 3820 58 S, 15 AR 4 AS [ 0 35 1
FE [ 8 FhHETR 2,

I AAZAR+LOR+ AR SR, S0t 33 AREDT, FEAE R 5 X BiRE bl FIER U R B S TS
A TSR 17.2°C  AEBIREK I 1673 mm BYHLIX, 7B 22°—38° (1) B3 B> BRI , 4K = B 350—950 m,
SR 676.2 m, 3R LT e Eg g

L AAZAM, Seit 21 AFEDT AR ARG 2048 A for  FithE A AR IR B = F (Acer buergerianum)
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Fig.3 Two-way indicator tree classification of 172 Machilus thunbergii communities in Zhejiang Province

DALMY 5 N I REHLE 1— 172 REHb S T — VI V& 40 5

A RO TAESR 17.3°C  AERIFE K B2 1593 mm HYHBIX B 25°—44° 121 BRI | 4k 5 B 300—
900 m, V-HJHE4K 616.62 m, 3R LTHE

I 4 5 X+ + AR AR, L5 F 61 ANEEDT , PEAE A 2048 A Bk L S XIER ( Quercus phillyraeoides ) (25 (Hlex
chinensis) Ft3%( Elaeocarpus decipiens) \JRAM R AE, ZAEE /0 A FARRUR 17.2°C A K B2 1622
mm X 3 25°—47° (21 BRI R B3 AR BE 400—1300m , V- Y4k 731.8m , e 2T ol d 1

IV R T AN+ A AR, Fe 23 AFEDT  FEAE R 5 X BITRE it 2040 B LS S IXIER A A RRSE . 1%
HEEREHD Y A TAE R SR 17.4°C AR K B 1570 mm (3L X, 3 3 25°—42° 11t BH 3% 55 21 P 3%, 96 4 v 3
100—800 m, F-¥4JiE4K 440.1 m, HIESHI 2T HE

V g+ 20 AR+ XA, 63 8 AREDy PR Rl 2B A8 74 ( Cinnamomum camphora)) (A8} (IR
( Symplocos sumuntia) . = FAMk . FIER, ZAETE A TSR 17.1°C , 4 KR 2 1544 mm LXK, % B
25°—45° By BA I a2 B, 4R R B 550—1250 m, SFHIER 831.1 m, H I8 wD i B E

VIR X+, 23T 6 NREDT , FRAERIAT &30 AR (20 47 AR B ( Dalbergia hupeana) | LI
B RS, K BEVE 0 A TAR ISR 16.1°C, AR YR /K B 29 1228 mm (3 IX, 35 BE 17°—25° (12 B3 o~ FH
Yo R 45—135 m, PR 70.2 m, R THE,

VA 2R+ AR, 2ET T 13 ASFEDT P AR AT A di B AL P4 ( Mallotus japonicus ) 5% (Ailanthus
altissima) A5 IIBLEE  ZREVE M0 TAER SR 16.1°C  AEBFR K B2 1242 mm A HILIX , Y5 17°—33° 112
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I35 % 24 B 0, TR 1 B 24—220 m, P49 87.1 m, T HE LTI

VIR £0 AR + A BRAR, 2e3t 7 AR T7, R A B S it B A6 R R (Rhus chinensis) IWEAB ( Lindera
glauca) 5 . ZHEE AT TAER SR 16.4°C AEH K HE 2 1489 mm (Y HEIX, 37 B 22°—35° (14 B3 sl > BH 3K
TR = B 75—800 m, 344K 437m, HIHESAH 21
3.3 CCA HiF

12l Canoco 4.5 B X5 £1 A A 58 b 0% PR 858 55008 0 0T A ) A 808 A 7T HE P . DCA HEJP 45 SR R W1 T A il
B A BE B R Ry 4.214 WA PR FRIEEIR (CCA) o 4 D HEF S BYRHAEME 235124 0.513 ,0.377,0.239 ,0.188 , i
3 PR IR AR 5 SRR (ELRY 85.7% 4 7 1 28 KFER 415 B, , F B AT 9% 328 A R 45 DX o e s 0 A By
AT R X,

CCA HEJP (3R 4) 85 LW R X T R o A B 52 (P=0.002) . #9Fh CCA HEFihsh—
HRFIEMEY 0.274, WIFR-BREEAHOCHE RECH 0.759, HIPURNPFP-A5E G R 07 22 Bt sTik %k 89.8% , HoH il
PR IR E] 76.4% , Ui W] CCA Hir Wl C BB A-Hb S B 1 WP IX AV AR b 0D S5 RS 2Z [ A DG 3R . ARRE 10
DI F5 CCA HEFRRIAHICHE 24T (32 5) I M4k S B2 S CCA 55 1 il B 3 (A AHOC , 55 CCA 55 1 il
AHICHEfrc o, AHOC R BN —0.7608 , KSR BE  AHOC R -0.6405, 5 CCA 55 1 i BB MASCK R,
5+ HER R AE O R B

F4 CCAHIFHHFAEEFMERES L

Table 4 Eigenvalue and cumulative percentage of the CCA ordination axes

. Si—Hh o5 =l S5 Ul
HEFFA Axies Axies I Axies 11 Axies III Axies IV
FFAF{E Eigenvalues 0.274 0.068 0.032 0.028
YIFh-FREE A M Species-environment correlations 0.759 0.443 0.396 0.311

.

%ﬂ%ﬁzﬁ%lﬁﬁ%ﬁ% . . 8.8 11.0 12.0 12.9
Cumulative percentage variance of species data
YIF- RN TR % AT E :
YyRh-ERI I T OC R B Bt o oy 22 61.2 76.4 83,5 $9.8

Cumulative percentage variance of species—environment relation

JIT A S At 4 3 A

Test of significance of all canonical axes

F-ratio=2.689  P-value=0.0020

x5 BNREEFEHFHEEPAXXE

Table 5 Correlation between environment factors and ordination axis

SRS F Environment factors o b oo o
AESE4S R Annual average temperature( AAT) -0.4596 -0.0536 -0.1340 -0.2654
AR /K A Annual average precipitation ( AAP) -0.5099 * 0.4099 -0.3960 0.3709
Wi Slope(SL) -0.6405 0.1344 0.1111 -0.3469
Wi Aspect( ASP) 0.0637 -0.2288 -0.1209 -0.1267
54K Elevation( ELE) -0.7608 ** -0.4440 -0.1753 0.0110
+ 325 Soil type (SOL TYP) -0.3016 0.4855* 0.3787 0.3418
3T Soil texture (SOL TEX) 0.0247 -0.0863 0.0853 -0.5541"*
+3EJELFF Soil thickness( SOT THIC) 0.0289 0.1259 -0.5402 -0.0738
JESFE RS Humus thickness( HUM THIC) -0.1030 -0.2927 -0.4796 * 0.2346
H 75 YIS FE Litter layer thickness( LLT) 0.0966 -0.2767 0.3050 0.5522*

* P<0.05, * * P<0.01

3.3.1 FEHSHERTHF
i3 CanoDRAW 3Rl XFFEHL AL S Fp 5B 7o R T4 H (B 4 - 5) . FIE 4 Al 55 —Hil s
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WL T 2T A B B T B AR 3 T A P
KRB, B % CCA 85— FE A, Wk bk
BBV, ISR RS | AF SRR KB M/ | 4R
JE T T, 8 AR R BT REE PR
R A (L, BT CCA 45 A M 1 7E T
VA AR T SRR 6 D6 /1N , X S 1 4 27 3
KM TR 2 | BETE ZREPE T 52, R WU A
W LD AR+ B W AT I R 8 NRETE
KA B AT W ML T2 X5 ] 5 0 3 15 s
G ST A ph TR P ) RIS AR 4% 2 A o
CEXCoR
332 (RRFSIREE TR
HIFED S ATS MRS B A A T A T
HAB APV 52 SCHRAAAF AR K AN L Fig4 CCA ordination diagram of plots and environmental
AR X B T 45— B 22 ST RO IBTIAI A factors
SV, BB 16 FRLHRFI IR L TR IX  £0f 1172 WML S SR IR 7 96 45 06 ) e
'—ﬁElﬂi%%—iﬂﬂﬁﬁ%i&,iﬁﬁ%:%ﬁ’@?ﬁﬁﬂiﬁ%ﬂ?*ﬁ IREE R TR AR TR R B, i 3k IrAb S R 26 /R MU TR 75 HE Sl A oG
. N A PR IE B, 57 Sk 4 2R A S R RS 0 A 5 B8 R A G P A R
i, i%%ﬂ%%:iﬂﬁﬁ?éﬁ%%ﬂ% CCA HY 5 — 3 /J\,ﬂ{’zi’%/%%ﬁ%%Xﬁﬁh‘ﬁﬁ‘ﬁﬂi%zﬁ%@ko i Sk AN HE il
R F0 R MBI LTI . ST ST . s i R o
WA EIRRTESS A B30T , 5010 ey i 4 B
SR
3.4 (RHFIFNE R
RIS B 0% T 1 00 S e b T o i B R
SR I M S T T — R E R M T REVE R
P
16 /38 201 10 9 120 AT 152Ky 30 4% 51
(3 6) R AT Rl 145 4 TSI 56 2R , 4 i 28 T A4
(AT 16 ASFIOUE, 535 TE GO 12 R, R 5 0F
SEIERAT 92 AR, K MR X R 11945 ) B AT ik
5 0 BRI DR (AN ) 23.3% , e W Fh 5 LB SR T
WIIESE B PN BE . £ A 7K B = % A B 2 Fig.5 CCA ordination diagram of dominant species and
ST TR S AT B IE I, SRR s e faetors
1—16 J P Fhde 5
BE
W4 B AC 45 (5 6. 181 6) 1,3 30 M IEIRZEFIRT 34 /M SUBREE R, TE HOCHE O 1101, T JCHER
KT 47 A, LRSS R AC (4550 M, 5 0E DCIE SRR 75K 35 15 G | 52 R 35 1 Sk
LA NS 2 00 IR WAk TR kg R - FURRAG AC (245 SR AW 2 07 T
SRR PC 45 (F 6.1 7) th B8R (R D) W 8.3% , 1 HIECHERIA 50 RIS, JoeH:
(AT 60 AFIE, i 50% . HIHTT T, 3 Ot il 19 TR 6 5 TR BE AR 5 . LTI K 2T X TR 1
KA A5 X 7% e S TSI 5 T G HE P X 4 SR 2T - TR A2 ATtk 75 X1 A -
Tk AR,
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Fz6 16 MEBYMHMMEAKRIE BRERF(AC) MERERESE(PC)

Table 6 Chi-square test, association coefficient (AC) and percentage co-occurrence ( PC) of 16 dominant species

Iy v IEBRE IBE TEKHE
Test methods Positive correlations Negative correlations None correlations
x’ 12=6.635 3.841<y%<6.635 0<y><3.841 P<-6635 -6.635<)><-3.841  -3.841<x*<0 x2=0
X% Numbe
FOREL Number 16 12 9 0 0 0 0
of species pairs
AC AC=0.6 0.2<AC<0.6 0.05<A4C<0.2 AC<-0.6 -0.6<AC<-0.2 -0.2<AC<-0.05 -0.05<4C<0.05
X be
FIAPAL Number 1 13 25 4 17 13 47
of species pairs
pPC PC=0.6 0.4<PC<0.6 0.2<PC<0.4 - - - 0<PC<0.2
R4 Number 5 5 50 _ _ - 60

of species pairs

6 REFTNEKCERE AC FHEFEE B7 RBFHIEXEE PC FEREE
Fig.6 Semi-matrix graph of AC correlation coefficients of Fig.7 Semi-matrix graph of PC correlation coefficients of
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