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Quantitative classification of MRT, CCA ordination, and species diversity along

elevation gradients of a natural secondary forest in the Qinling mountains

ZHONG Jiaojiao, CHEN Jie, CHEN Qian, JI Liuting, KANG Bing”
College of Life Science, Northwest Agriculture and Forestry University, Yangling 712100, China

Abstract: The quantitative analysis of species diversity, forest community classification, and ordination are the basis for
secondary forest vegetation protection and restoration, and therefore, has fundamental theoretical significance. Forest
community classification, ordination, and species diversity along elevation gradients can reveal the relationships between
species distribution and environmental factors, and can provide an important basis for understanding the function of
mountain ecosystems. Zhouzhi Nature Reserve is located in the middle of the North slope of the Qinling mountains. It is rich
in species diversity, and the vegetation is representative and typical of the area. In this study, we collected data from five
sites along the elevation gradient, and aimed to determine the relationships of different forest communities and the
environment, and the variation of species diversity along the elevation gradient. The diversity was analyzed using the
richness, Shannon-Wiener, and Pielou indexes to represent the diversity of forest vegetation communities at all levels; the
forest community was classified using multiple regression trees ( MRT), and ordination using canonical correspondence
analysis (CCA). Results were as follows: (1) There were 195 plant species belonging to 61 families and 128 genera in 25
plots; Gramineae and Compositae were the dominant families. The species diversity variation along the elevation gradient
was similar, showing a significant unimodal distribution pattern, and as the elevation increased, it reached a maximum

value of 1600—1800 m, then decreased. The forest community structure and vertical pattern of species diversity varied with
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the elevation gradient, revealing a significant biodiversity environment gradient variation relationship; (2) Through the
MRT analysis, we found the forest community was divided into two categories by cross validation: 1. Populus purdomii +
Malus kansuensis + Duchesnea indica, 2. Quercus aliena var. acuteserrata + Cotinus coggygria + Rubia cordifolia; (3) The
results of CCA clearly reflected the distribution range of various community types and better reflected relationships between
species distribution and environmental factors. In addition, elevation, aspect, litter layer thickness, and disturbance were
important factors that affected the distribution patterns of secondary forests in the region. The first axis of CCA was mainly
related to elevation and litter layer thickness, and the second axis was mainly related to aspect. Classification focused on
revealing the intermittent communities, but ordination focused on revealing community continuity. Therefore, their
combination effectively described the community. The results of vertical variation patterns of species diversity along elevation
gradients were helpful to reveal the characteristics of spatial distribution patterns and ecological adaptability of different
species. However, the results of the MRT and CCA showed that the environmental factors investigated in this study
contributed little to the quantitative classification and sequencing of communities. Therefore, in future studies, more
environmental factors should be measured and more data should be extracted to provide a more comprehensive explanation of

the relationship between community distribution and environmental factors.

Key Words: species diversity; multiple regression trees ( MRT) ; canonical correspondence analysis ( CCA ) ; Qinling

Mountains ; natural secondary forest
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TWINSPAN ) FlZ JC [l (multiple regression trees, MRT) ' o Z2 50 (] 42 —Fh A7 ) 1 94 i 4 28
T, AR BT IR B & ) HEIF S o TR 22 B (3 8200 A1 O R Ry Al M R 51 7E — 5 1Y
23 (0], AR HE b S e — 52 (R A A5 BB B DT e AL ) 0 Pl A EVA 1 00 A SR BRI 7 Z RN 2R SR T
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#1000 mm, 5[ T FARYCH IHAFSE LAz | LR ) - XA LA A W, B R AR
YR G A A W T i P Rl b bR R PR T R TR S bR TRPE B bR FE TR bR I 2 LU AR ), B %
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Table 1 Information of sample sites

Rt i 5 1 /m | WepE/ (°) P& 2R HE/ em IR/ em

No.of site Altitude Aspect Slope Litter layer thickness Soil thickness
El 1000—1200 [iiE|# it 3 30—38 1.2—2.4 34.9—46.8
E2 1200—1400 ZRded ek 0—34 1.3—3.7 22.1—39.1
E3 1400—1600 PHALHE U ARYE PRI 0—35 1.6—3.8 17.0—35.0
E4 1600—1800 B3 0—33 2.4—4.5 18.9—60.0
E5 1800—2000 ded vaded ARk 3—35 2.3—8.0 15.0—80.0

1.3 HdEab
1.3.1 YFh AR

SRR M S YR B E B, DL SRV 45 2 IR AP 3R B (S) | Shannon-Wiener Z A1 45 4K
(H") Fl Pielou ¥ FEFEHL(T) .

HEEITE AKX T,

TR E B = (FHXT 2 B + A 3 + A X ) /3

TEA)Z R JZ P B B = (AR 35 B+ AR R ) /2
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PORIHE (202.5°—247.5°) ,8 F/RFIIE (157.5°—202.5°) Kk | Fe Rl e 1) B, 75 2 (o B 2 )
PALHE NGEIE SIS iE o)), TG Lo R 4 D55 TR 1 B BT 2 9, T4 3 9%, i
T 4 92 Hit 6 MABER T,

1.4 BdEotr

TR FRBE IR (K ) P 22 REPEFE B R ] Excel 2007 4TS 311 SR ] SPSS 21.0 %1, %Py A bRiE 7%
B ARPRIEAT LK 3R 5 2253 M7 (one—way ANOVA)

Z oIl AR (MRT) 2 —FhEH A AF R A o0 A SRS IR 7 Z [ S R o 8 5 ik . B IR 6
FENE R 53 20 i, R 03 533k B A it 43S R mT e ) 5 A% 28 531), D/t v B 7 g R AR | 256 7 a0
BRZE I BE ( CVRE ) B 5/ IM G 00 3 7 S5 A2 1 D DU 5% [l U= AR 284 73k B, AR A5 0 68 7 S5 B Tl ST 4R () Bsf
SR HAE U A 52 S IS 45, REAR AT Hb S W 53 TR BT T VR IS5 I RRAE ) AR 9T 36 F 25 A AR U A bk
TR 6 A3 R B AR &, 195 B ZEAE - N A9 B (00 R AR A T VR 0 2 i ROIBE S W
mvpart il MVPART-wrap #2/76i217 MRT J1456 IndVal BRECE FHR B HEVR BT/~

BIEXT R ST (CCA) & — AR M Z o0 FLHER B o 0 i, BT S 2o mlIAZs & ek, #% 25%195
F P Fh BB B 5 25%6 IS I FHERESS &, F CCA HEP /AT BT 0 A s Jm 5 B0 858 R 7 i D6 &% B
) L S R 27 W A0 BIFTE 50 i P i A 455 53 A1 A% Jm 1) 32 SRR 05 DXL 1 [im] Fsf AR 90 B 455 72 i 119 Oy 22 M
K (VIF) #3028 i i) 2 m LA FRE . CCA HOP A ST 7 3 R KA (Y Vegan BAFEHE1T4E
T,

2 EREH

2.1 RIRRAMBEE P Fhd il Je 206k

WA 275 DFETT IR ZE R Ge T, A AL R A 195 P, S0 61 B 128 J& . #% %P Rosaceae ) |
SR} ( Compositae ) fEiZ M X e ELH T AFE . Hrp iRl 21 Fh ) o5 SR 10.71% ;558 12 B, b7 SR gL
1) 6.12% . SFPIEA 91 A, di BB KUY 75.83% , W58 45 F W, PR 25 DX 3 K AR vk A MR VR I 0 P = 8 B
Shannon-Wiener ZZAEMEFEEL I Pielou 3557 FE 8 B0 1 45 16 5 1) 28 Ak i 34 3 A — 3, BR1#E K JZ 19 Shannon-
Wiener YJFh ZFEPETEEUR Pielou S 5] BEFRESNHAR I R e BTG T REAE S B g 75 1600—1800 m
TR FE P A B B KA, TEAZ A Shannon-Wiener #7022 REVE 48 506 2 4 0 TH 55 11 T 5, 7€ 1800—2000
m Y IR B (E ; Pielou $45) BRI b B AT 22, B/ 1 R WrFh =& BRI Te R 2> B
ARIZSHERZ Tr HE H 3 AN ZBRPFEE A S MR R 2Z R BE . fIE 2 iTLE N, SHEMIEHGER
PATEA)Z IR FEARZ A 0 W I 2200, Hrh FRoR 2 i £ Rl [ I A I Bk 22 5 BE R ZMEA EL 49
5 E4 ES 225 W E FARZE T M B2 00 5 HAh 4 M S R E A EL M E4 2R W3 REI3 T
DI 5 R B R AR 2> RRZ S TR 2 T B 3 N2 YR 550 BE 48 BOR M 86 B2 1 28 1k
SN, R R TR EER .

http ; //www.ecologica.cn



14 BRI A ZRUE L R AR UEARIEYE MRT %0 5325 CCA HFY K ZFEPETR B R 5

J—
o0

OEl ME4 T a OEl mE4
O E2 %oel OE2 mE5
aEs o e 1O BE3
2 $|m=gt
g =2
S % 212t
> e
4 = S L A7
% 5 '; 1.0 é/
2 2 Gost %
o 5% 06} %
& €5 /
g S Eo4f é
N o
| o i “o2t %
2 i s 2 é
TR AR KR FAJE WA 2 HAE
Tree layer Shrub layer Herb layer Tree layer Shrub layer Herb layer
E1 FWLMRARERBEENDHESERBRBEENTH 2 FB KRR EMBEEN S HEEHEERBENTN
Fig.1 Variation of species richness along an elevation gradients Fig.2 Variation of diversity index along an elevation gradients of
of natural secondary forest community in Qinling Mountains natural secondary forest community in Qinling Mountains

E1.: 4% 1000—1200 m, E2; 4K 1200—1400 m, E3 . 4% 1400—
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JE U, ARTR] R 3R AN TR B BE T 7E 0.05 7KF EABA
F 2 5 R R R F R R RO BE (] 7E 0.05 /K - BA 3
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FEF CVRE {H /MR GE Sy e A= H 0 MRT DABEEE 24 45 5 (E 4) |, 458 I AR SR it V%
SRR JE B 25 ARERRI AR 2 AN EETR L
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Fig.3 Variation of evenness index along an elevation gradients of

4 FIR MR ERBEES LS TOEAR

Fig.4 Multivariate regression tree for secondary forest
natural secondary forest community in Qinling Mountains L. ) L. L. .
association classification in Qinling Mountains

n=HHETE AL I REHBEL ; slop , 3 slope

BEYE 1 &M ( Populus purdomit) +B R 5 ( Malus kansuensis) +%¢%% ( Duchesnea indica ) BEVS . ZBEI% 6
156.7.9.12,14 15,17 ,20,23 24 3£ 10 AL HE, I7 K JZ 03 M o & A5, 1 A2 B o 88 B4 ( Carpinus
turczaninowii ) JHA ( Pinus tabuliformis ) . FARE( Betula platyphylla) TEREBE ( Cerasus tomentosa) 55 ; HE A JZ L
FA Bl A1 5, F B RO SH AT ( Elaeagnus pungens) LR AR ( Lespedeza buergeri) 5 ; FLASJZ I F 4
Ie%E , A Fh N ILEL (Arthraxon hispidus ) A28 W ( Sinacalia tangutica) 5 4E ( Anemone vitifolia) . H 28 £.5¢
( Festuca japonica) %o W ERUBESE B A LE LA ~F-Hb k75 BH Y 22 3% , He B A4 s K43 HL A 7T AR
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PRI, PR

BEPE 1T Bi AR ( Quercus aliena var. acuteserrata) + Bk ( Cotinus coggygria ) +v4 5. ( Rubia cordifolia) #EV% .
ZREEEEG 1.2.3.4.5.8,10,11,13,16,18,19.21,22 25 343t 15 A, FA 2 PPl o0 B LR, 32200
HEFh A 1A% ( Populus davidiana) A8 1UKA ( Pinus armandii ) Ji#& ( Corylus ferox) (ZIHE( Betula albosinensis) % ;
TEAR ST R B A A A R T (Lespedeza bicolor) \fEACS5 £k 4 ( Spiraea fritschiana) (J&5% ( Viburnum
dilatatum ) 55 ; FARZEEFR IG5 BB AT R ( Elymus kamoji) (A& 8 (Artemisia dubia) 3K K%
( Oplismenus undulatifolius) . H IR (Festuca Japonica) G BB AR R , o B LA A 5 i A 2 BH
Peab I3, 3K o rh AF IR | SR T AR A
2.3 BEE SRR TR R

A ] e R M SRR B W PRI, AN 6 A PR EE PR S 0 R B AR T AR (Altitude ) (3
(Aspect) JH7% 2R (Litter layer thickness ) FI 1% ( Disturbance ) 4 NI EEACPRAR 5 | [R] B 3155 PR 555 A8
W75 22K B (VIF) |, 3 VIF {34/ 10, VB 0 B i il 22 1 ) B

T IR A DX 25 AN FERBIEA T HEHET (CCA) 13 8 e HE P K, S5 1E 5 s, B Sk RoR BB 1A
-, B Sk ARl 4 e M AR I IR K 5 HE P Bl A S RIS i Sk IR RN IR R - SRR A A
FRREEERIR N 4 DIREEN T 1R i N 20.73% , BT 4 S HER BB RHIEELT 514 0.5494,0.4796 ,0.3999 0.
3078, %] CCA M7 —ERLE FREMPRAEYIRE T8 00 0 A SRR N T RY G &R, 456 5 FIk 2 T LR
H 55— HE T R AR SR 1 R U PR R R AR AR O M OC R ECR 099491, HOUCR gk, 2 1 i 3
FAIG MISE KON 0.94465 3 550 —HEIF il SR SC IR+ JEAs BRI 1), M1 OC R B 0.80342 Hi110.03173, BEH
STt HE S S T AR VE 3 A M R D VR R B RO T AR BE AR Ak, ROV HE R A —
N B4 i P 2 V5 5L SR M G ka3 T HAOBOR B , NS Wy Tih S g e s . 550 A il S BLIE AR O
(10 S 38 1) R 2 JRE BE M6 ZR 4043 311 1099950 FiT 0. 10080 5 5 57— Hll it 522 B0 7 W 5 A 2 e 185 0 R g
PR AHSEFECH 0.59541 F10.32808, BEIIEE —AliHE Y 32 % SR et 2 3 1) | T4 DO RIEESR B BE 1 A2k, B
B0 I HEF S AR b Sl in) i T3 2 Sl BH 3 N2 sl sl M i 2z sl s, T hOBORBRAIR . £ 5 i
Bl VAR I ) R PR RN T X 5 DR AR MR 0 A A S s, T SRR E ik
S A R TR, U0 I VA R I AT BB S 12 XA ) RV o A B R AL &R

A RETE T ST 45 R 0T LU ATV 10 23 A R, TR 40 b 2 I T o P 55 R B e 6 o 7
1), IS A SRS TEAR P Al h B S, BV [ oA fE AR B SO PR R T B 2 3, 6 T HEP I R 7
i, VR LA THEF Y EOr e Zc RV O TR 75 R 5RE  32 NSRS W0 sl TR/ N m BRI Ek B3

*2 HNERAFHEZURR

Table 2 The result of significance test of environmental factors

R T 5 HE R A AT 5 R AR

WA Correlation coefficient between environmental PERE(R?) BEMRE(Pr(>r))

Environmental factors factors and sorting axis Coefficient of determination Significance test
1 Axisl 2 Axis2

TR Altitude 0.94465 -0.32808 0.8912 0.001 ***

Y 1a] Aspect -0.03173 0.99950 0.4931 0.002"*

JH7%2RFE Litter layer thickness 0.99491 0.10080 0.7277 0.001***

T M Disturbance -0.80342 -0.59541 0.7474 0.001 ***

RN, FORZIREL R F X3 A SN = R 7E 0. 001 /KF B3, ** F/RTE 0.01 KF W3
3 iFig

TEWFFE X3 H A 10 275 SRR R PR 4G 61 BF 128 J& 195 B, LI AR AR 8+, #PIX A
FAFPRL AR BT S FE B, P RE R RIS XS R A, A I 0 E s A T X R A A |
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ot PR 22 R s AR S , S8 K 859 ) .l 14« 2
PRI KB a1, W pe v i T o I | 2s
SR TR AR AR O o A R
al ’
A X IOR AR R A MR 3 19 ) & B | Shannon-Wiener 05 L 11 2 Al
L REMARBOR Pielou 34150 B 15 B0 IE-PbS BE 19725 e # bty s 22
IR —F BRIEAK)Z Y Shannon-Wiener Y)Fh Z FEP: 5 e 20
UM Pielou By REAR BN A Iy Sig LIHIR T R —1.‘0 —0{5 0 0{5 1‘.0 1.‘5 2.‘0
o ELFAIERETRL 7E 1600—1800 m 0 ] N 3k B 4, 33 ceat

ATAEREI I TR DI MRTE KAR PR IER S BRI Eg 25 MHTH CCA M

f@ lZﬁ E , 3‘J|: H*ﬁxquﬂ:f&@yiﬂﬁ[zﬂt%ﬁ //|\o ﬁ}?ﬁ?’{{@ Fig.5 Two-dimensional CCA ordination diagram of 25 plots of
el 1600—1800 m (I FETE T A A FEA2 , - HeAT secorfdAar‘y forest community in the Qinling Mountains

. e o s e Alti ;¥ 3K, Altitude ; Aspe: 3 ], Aspect; LiTh; I % |2 J& &, Litter
TABBO R, K AL £ foe £, BT AT A AT B layer thickness; Dist: T-41% L, Disturbance ; 1—25 {C 34 )7 i
Jedim 1, B i 1 s ) AR R, X5 Liu

AR A RIEA B WEARJZ Y Pielou YISIEEHREE SN AT RS HLIC 0 2 5, AT RE S IR R i aR
ARG RETE N/ IV SRR AR 52 BRSSP BE 7R 45 2 U b A BRAR AR/ . BETE AN ) J2 R 8 ) o 22 R 11
ol 2 BV FRBE BE AR B A —FE . TRARJZ AP = & FEF Shannon-Wiener Z2A P48 40 IH b K TV AR 2 F1 5L
ARJE ATRESE R N A AR Z Y0 A AR EAR P BE O, AR AR BOE BOAR 2 , BR & AR T AR K F . Pielou
P AR BUNEARIZ > AR ZSTIARZE BT AR EHW A 5, HASERP IS 8 X 5 e 5T
R

K MRT 53207 AT IX I 25 ARG A BEVE SR, SRETT 78 CCA 2P 18] B Y90 A4 )
FEAAAIA] 25 A A AL 5 AT 7 10 Ji DXL AT e S A 5 i S A 7 0 A T8 — 4 3 S 14 Jey 0 DX 3, A 5 ]
TR . REVE 3 AR YR 2 SN A5 A AR — 2, o5 4l 9 AR B 2 AR B AU ARAE , 0T HA T 5T R
NI R B R TR A B a2 TR T A7 A e 380 O 100 L e, o6 BRI 5 2, H B T BB /KM RR ( Linum
amurense) AT HL ( Siphonostegia chinensis ) 555 T35 X L IEAAEMIFN . WREE 1 /- fEILA 1 M sl 52 3
W K AT 2RI RS SRR . AR R R R, RO RR, 2R K E
L) 5 T BB R, 76 F A FH AR AR TR B R K I3 AW 1) 208, S B0Z DAY 3SR AR T
PR /INBYAEBE A R K 53 L INHIAE ), 33X S AT SE i 4 R — 2,

CCA ZZEHF Y IR WIOR B 1m) A 7% 2R BEFN T HUI 00 4 A FREE R 7 X2 Xl 9K TR A b 7 174
XA WE BN, RN T R R TR A 1) I 2 JRE R A T Y KSR S S A Ak Ry B
A PR 2EHY . CCA 55—l HE P 5 S5O 7% J2 R A G, R AR B2 A A R Wi 7, AR Jo 1 2
W 1 X K A SR 0 22 5, T 7 2 R R ) -3 R B R L SR Rl R S ¢ B X )
o 2L S ARLAT 5 25 S ), 3 1] S B e ) 2 G RS AR R 24k, B2 el 1 R PR S KO 1) 25 T 120, AR
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