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Classification, ordination and diversity pattern of typical forest communities in

Taibai Mountain Nature Reserve
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Abstract: The plant community is the product of the interaction between plants and the environment. The quantitative
classification and ordination can objectively and accurately reveal the complex ecological relationships between plant
communities and the environment. Exploring the distribution law of forest communities, the pattern of species diversity and
its relationship with environmental factors is of great significance for protecting forest species and species diversity. Taibai
Mountain Nature Reserve located in the middle of the Qinling Mountains is renowned for its abundant animals and plant
resource as well as the obvious vertical zoning of vegetation. In view of superior environment for vegetation growth in the
lower and middle altitude areas, there are undoubtedly more opportunities for the stable breed and survival of rich species.
On account of the difficulty resulted from the complex species distribution in classifying communities, this study conducts
sample plot survey of typical forest communities in the reserve, and attempts to carry out community classification research
by combining multivariate regression tree ( MRT) and canonical correspondence analysis ( CCA). The discontinuity of
classification and the continuity of ordination could be considered as the reasonable evidence to reveal the relationship
between community distribution and the environment. Besides, the comparison of three overall diversity indexes in different
communities and the further study regarding the change pattern of forest community diversity at altitude levels are of great
significance to better reveal the change law of environmental gradients in the biodiversity of Taibai Mountain Nature Reserve.

The results revealed that (1) the typical forest communities in Taibai Mountain Nature Reserve can be divided into 6 types
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through cross-validation after performing MRT classification on 30 plots. The specific parts are as follows: I Quercus
variabilis + Viburnum mongolicum + Anemone witifolia, Il Pinus tabuliformis + Coriaria nepalensis + Lithospermum
erythrorhizon, Il Pinus armandii + Bashania fargesii + Dryopteris rosthornii, IV Quercus aliena var. acutiserrata + Cerasus
tomentosa + Sinacalia tangutica, V Abies fargesii + Rhododendron purdomii + Ligularia sibirica, and VI Larix chinensis +
Lonicera stephanocarpa + Deyeuxia arundinacea. (2) Based on the ordination of CCA, it not only can reveal the habitat
distribution range of the community, but also the relationship between forest communities and environmental factors in
Taibai Mountain Nature Reserve. Furthermore, studies indicated that four environmental factors including altitude, slope,
litter thickness, as well as disturbance could exert significant effects on community distribution in the study area. The first
sorting axis is mainly related to altitude. While the second sorting axis is mainly relevant to slope, litter thickness, and
interference intensity. (3) The three diversity indexes of community IV are the highest, the species richness and Pielou
evenness of community I are at the lowest level. Moreover, the Shannon-Wiener diversity index of community VI is the
lowest. In addition, in terms of the aspect of altitude, the three total diversity index of communities located at middle
altitude is usually higher, while there is a relatively low total diversity index of the communities located at high and low
altitudes. This study aims at comprehensively and systematically exploring the division of forest communities, impact factors
as well as community diversity patterns in the Taibai Mountain Nature Reserve, and meanwhile providing a theoretical basis
for further understanding of the forest vegetation pattern and management and protection of forest resources in the Nature

Reserve.

Key Words: multivariate regression trees (MRT) ; canonical correspondence analysis ( CCA) ; total community diversity ;

Taibai Mountain Nature Reserve; forest community
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BEYE 1 1 B2 KR ( Quercus variabilis ) + 5¢ iy J& 3% TTe—

inf 0.12 0.09 0.088 0.071 0.053 0.042 0.03 0
27458 Complexity parameter

( Viburnum mongolicum ) +%5 #3 4£ ( Anemone vitifolia ) ¥
o AUARREML .1 2 5 48 3 R, TRRZIEE RN A
Be#k, BB {H 64. 83%, fF A= A O A2 Il KA ( Pinus
armandii) F1EF ( Diospyros lotus) 55 ; HE AR JZ L Fh Ky
SETT ¥ K, OB AH 15.39%, fF Ak R R HE 0 3¢ 5%

E 1 XBWLBEARPRERBEESLEIIREML XEIEHES
RETWL
Fig.1 Resubstitution and cross-validation relative error for the

multivariate regression tree of forest community in Taibai

( Viburnum betulifolium) [ #iH5 ( Cotinus coggygria) (A%
- (Litsea pungens) 55 ; T A JZ A0S Fh Sy BE AR AL, 1 2AH
13.82% , A= Ff b FE AN ¥ ( Thalictrum: aquilegiifolium var.

sibiricum ) . ¥ &t %2 ¥ ( Carex lancifolia ) . B ¥ 5

( Deyeuxia arundinacea) %%

Mountain Nature Reserve

a: 38 X W IE A X iR 22 28 4k #4 %, Change trend of cross-validated

relative error; b XT3 2% 45 fkj#a %, Change trend of relative error;
| ARUEDE2E, Standard error; A ARG “ 1-SE ™ HL I 72 1) 43 2S00 L

B, The tree size suggested by “1-SE” ;Min + 1SE; 3¢ XU I EAH X

PR R /ME I E— D FR R 2228, One standard error above the

minimum cross-validated relative error; Inf: JGF5 K, Infinity

BEVE I YA ( Pinus tabuliformis ) + 5 & ( Coriaria
nepalensis) +%5 ¥ ( Lithospermum erythrorhizon ) F£7% . 41,
FEFEHL .10 11,12 13 3 4 s, AR ZO0HFR A
/N ,Egﬁ 50.59%, (RN IS RN N ( Rhus chinensis ) . e ( Toxicodendron vernicifluum ) | 1] Bk ( Kalopanax
septemlobus ) 55 ; BEAR B HM A B EEAE 13.46% , PEAM N TF ( Euonymus phellomanus) 58 1 &3 |
ARFZETEF AR BN LT EEAE 7.98% , fEAF R EANE 3K ( Triarrhena sacchariflora) B 555, H
EWREEZI R 2 cm,

BEPE I A2 1ILAR+E LU RAT ( Bashania fargesii) + )1 V9 &% & 5% ( Dryopteris rosthornii) #£7% ., flHEFEHL . 16 .18,
19 .20 3t 4 FEHL, TR ARJZOEHEFI NAE ILFS, T ZAH 53.9% , 114 Fh A WAL B85 W AR ( Quercus aliena var.
acutiserrata) 55 ; VE AR JZ AR F 0 A B IL ARAT, B 2AH 8.95% , FEA: Pl — 38 7518 K (Abelia macrotera) | J5 B
(Amelanchier sinica) AiTBZ4 (Lonicera fargesii) 55 ; WA JZ AR R N VG 8B HR , T EAE 9.71% , PEAEFI A 3P
R ( Gymnocarpium jessoense) K&EF ( Phlomis umbrosa) EYHRAESE . Wik WIEE LN 4 em,

BEIE IV Btttk + BBk ( Cerasus tomentosa ) +*E58E W ( Sinacalia tangutica ) #E7% ., 45 3.4 .6 .14 17,7,
8.9 I 8 MERM, TRAJZ LB A BL MR, B EH 17.38% , 1A PP ML A Bk ( Quercus wutaishanica) |75 1
(Populus cathayana ) , # LU AN 55 EARJZ AL H R0 0 BHERE, B B AH 6.71%, £ A= Fh 0 K M 45 ( Buckleya
fanceolate) BLILANT SIS Crataegus cuneata) 5. HAJROLH 0 A0 T | T 920 9.659% AR A
I ( Prerocypsela triangulata) J&W B ( Parasenecio forrestii) . JtFR ( Cimicifuga foetida) %5 .

BV IR R+ K E MBS ( Rhododendron purdomii) +%%E ( Ligularia sibirica) FEV% , f0$EFF .21 22,
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S HEAR E LA R R ALY, EE(H 10.26% , tEAFh
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vulgaris) IR ZSBE T (Ribes takare) %5 3 WA JZ AL HFh
FELE EEAE 7.39% , PEA RN (Artemisia argyi) R
( Preridium aquilinum var. latiusculum ) | Bk 74 gk T8 bR
( Lunathyrium giraldii) %,

BEE VI KA + & R Z A ( Lonicera
stephanocarpa) +$¥ 5 FHET4 . ALAEFEHE . 25 26,27 .28,
30 4k 5 D AEHL, FRRZEMHF N K AL, HEE
p51.35% FEAFCR ELILA AZ  ZIHESE  HER 2R AR R
TR 2L A T EEE 45.84% , 11 A o A A ( Juniperus
pingii var. wilsonii ) . K H ¥ 8% ZL Bk 2L 24& ( Lonicera
nervosa ) 5§ ; FUA JZ L FEFON T 5, HEH 14.91% ,
HEFh AP E B T B (Senecio scandens) ST ELEE
22 PR SIHER TR

3 XIS DX 30 NEE L BEA T SR R 34T, 5
AL F IR N 24.11% , AT 4 AHEFP il 09 FR1E
{E53 34 0.8234,0.5240 ,0.3899 ,0.3474, CCA HEJ7 25
ARERISERE R 2 B R 5 245 R R WITE 0.001 7KF |F
B3 PIAI CCA HEF7E— & RE B 1 REAR I Ml it B
TR 0 3 A s Jm) SRR IR 1 R &

H1 6 2 W, 55— R Rl AR SC RO PR R R T
R Sm AU SR TR R S A — e
TARH IR PR A 1 BRE 5 55 — HE P S AR G R PR35
PR AT IS B TR O B 1m) Ak, 55
ZHE R O OC B IREE AR MR DA A

7357
Alti=2276 | Alti<<2276
Alti=3014 |Alti<<3014  Alti<<1253| Alti=1253
Alti<<1353 |Alti=1353
1.87:n=5225:n=60435:n=3
. .
VI % I LiTh=3 | LiTh<<3

596:n=8
v

b L

0.842:n=4 0933:n=4
il 1I

Error: 0.489 CV Error: 0.973  SE: 0.101
B2 XBLBEARPRERE S TEEARS ERNRE

Fig.2 Dendrogram of multivariate regression trees classification
in Taibai Mountain Nature Reserve forest community

Error: }1 X 5% 2%, Relative error; CV Error: 3¢ X ¥ 5 Af %) % 25,
Relative error of cross validation ; SE ; #5 #f 22, Standard error; Alti ; ¥
K, Altitude ; LiTh : A 759 JE B | Litter thickness; [ — VI FEIE 2R
Community types; T .48 2 Bk + 5¢ 1l 3¢ 3% + ¥ 48 76 B V% , Quercus
variabilis + Viburnum mongolicum + Anemone vitifolia community; II .
S + D F + R B VK, Pinus tabuliformis + Coriaria nepalensis +
Lithospermum erythrorhizon community; Il : 48 LI #A + E% (L AR AT + )11 P8
[ , Pinus armandii + Bashania fargesii + Dryopteris
rosthornii community; IV . MR AR + B ARk + A R , Quercus
aliena var. acutiserrata + Cerasus tomentosa + Sinacalia tangutica
community; V ; EL I 42 + K (KLY + 52 5 BE V%, Abies fargesii +
Rhododendron purdomii + Ligularia sibirica community; VI : K 1142
LR B A+ B FEVE |, Larix chinensis + Lonicera stephanocarpa +
Deyeuxia arundinacea community ;n REEEABEE A B IR bR

KR, S —HE P AR IR 32 1, 28 T HE R R R VR YR A O 3 =

*£1 KALUBARPRFMNEEE ZIITEVIR (MRT, multivariate regression trees ) 73 JE BB A4 4E

Table 1 Basic characteristics of MRT classification of forest communities in the Taibai Mountain Nature Reserve

RETE A 154K/ m BB/ (°) Beim) B b

Community types Altitude Slope Aspect Sample plots
I 1190—1200 37—43 RALHE vy 1.2.5
Il 1306—1350 18—35 Py VYRR 10.11,12.13
i} 1310—1352 34—40 ARALYE Rmabk vE e Vb 16.18.19.20
v 1353—2126 20—32 PYdeyE ARIbyE VUmYE b RmEdE 3.4.6.14.17.7.8.9
\Y 2425—2886 24—36 [ |7 A N e AN ) o 21,22.29.15.23 24
VI 3141—3391 26—34 REEHE AR Fadbk 25.26.27.28 30

LEEHEVE PRI PSSR AT AT 6 S BEVE 00 0 A U . oAb A R MR+ 587l 8 2k + P AR AE R (VR
1) o AR, 3 BE R A X, (67 T BB 2 B 05 5 ilbs+ Sy R+ S5 (v 1) Ande b+ L LR AT
+ 1| Y5 A i (A 1) 329 90 A AR T IR L3 - 2 g X, 52 TP BN 220, A TIL Rt v 40 R JEE K
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R, 7 FHERP B 8947 J7 i

x2 HEEFHEZURE
Table 2  Significance test of environmental factors

PRI N TS5 4 A A 5 ZR B

Correlation coefficient between

YeE RER

Coefficient of

B

Environmental factors

BFEERL (Pr(>r)

environmental factors and sorting axis Significance test

determination
CCAL CCA2
TR Altitude 0.99835 0.05747 0.9880 0.000999 ***
Y 1H) Aspect 0.87122 0.49089 0.1175 0.171828
Mit% ) Litter thickness 0.24733 0.96893 0.3004 0.010989 *
FHL 5L Disturbance 0.25882 0.96593 0.2323 0.025974 =
W% Slope -0.29387 -0.95585 0.5321 0.000999 ***

#ox FERAE 0.001 K W3+« FRTE 0.01 K E i, « FoR1E 0.05 KF R

1.5 + 8
3 7
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1.0 -
LiTh
14 29
v Dist 15 \%
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I 17 A
16 8 P 24 3
Q 2010 J S LAl
) 0 18 73
o 19
II
4
123 VI
_05 [ 27
11 28
21
-1.0 2 26
Slop
I
-15 5
-1.0 -0.5 0 0.5 1.0 1.5 2.0

CCAl

B3 KBWLBARRIPEIRAEE 30 M ESERT B 547 (CCA , canonical correspondence analysis) — #EHEFE
Fig.3 Two-dimensional CCA ordination diagram of 30 plots of Taibai Mountain Nature Reserve forest community
Alti; #3K Altitude ; Aspe : 317 Aspect; LiTh . F &2 Litter thickness; Dist; T-41% Bl Disturbance ; Slop : 31 i Slope; 1—30 {UEFE T 5 1 —
VI B #4257 | Community types

23 BEEMIKZEYE:

L5 45,6 0T, BEE VO = Fh ZRERERS SO W R, REVE T (OMPRN 55 A Piclou 29508 BRI , B
% VI Shannon-Wiener ZREFERS BTG . BEVA TTRVRERS TG TR — bk, (ELREVS T 0 = Fh 2 REPESS KO e
FREG I VR TREV I RURESS AL T 7] — BB A O | FO A £ bRE S LA LI B 4, A1 T 7T L6
{31 T AR X A AR 10— P 2 RS S B , T 50 T 40 A D B MRV = A
BEEHS BB
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Fig.4 Differences in species richness of forest community Taibai

Mountain Nature Reserve
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Fig.5 Differences in diversity index of forest community Taibai

Mountain Nature Reserve
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AR 7R AR B AR 02, PRLHCTE RS vh 24 R 3 TR VIO T W4 X Bl MR BEAIR, PRI A7 AV 22 i 5
RIUAEH , WK A2 AR EEME ( Potentilla glabra) (ZEW8 V2 (Adenophora petiolata) 435 4E ( Trollius chinensis) Jil
MR A ARG TR T L AR AR 1 5 285 v JRE AR SR 5 il F TWINSPAN 4K 11 LA 4 43 458 D
BRAR LA ZEHERR Al B2 HE ( Betula wtilis) MR T IR AZ AR R 76 S (R FTELAZ ) ARAI R LLEE A 7 F 26
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WF 5T —F, WAL T I DX SR 1 52 2%, S ] AR L 150 8 T 9 07 5 Pl B R B0 264 R S AR BF e g A A T

HREXT 5 AR FREATSAE R Y BRI A R KR )RR BN T LR O 4 AR X R A
FRDRAP DAL AR SR A 3 3820 . MRT 23281 CCA HEFP A 45 SR 1 S e 1 I 452 5% Wi K L AR AR
RET o3 A 0 B E 2 U 6 MRER SEATE CCA FFP I B G 58 — A oA, S8 —Hiri £ 51
P BEAT G 3 5 HAA SCH I 4518 — 3007 ik i 8 LR A B 7 AR R S R ma K oy TR S B
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Fig.6 Differences in evenness index of forest community Taibai
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