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Effects of topographic factors on the distribution patterns of ground plants with different
growth forms in montane forests in North Guangdong, China. OU Yu-duan', SU Zhi-yao', LI
Zhen-kui' , LIN Yi-hui’® ('College of Forestry, South China Agricultural University, Guangzhou

510642, China; > Guangdong Administrative Center for Non-commercial Ecological Forests, Guang-
zhou 510173, China). -Chin. J. Appl. Ecol. ,2011,22(5) . 1107-1113.

Abstract: By using canonical correspondence analysis (CCA), this paper studied the effects of
small-scale topographic changes on the distribution patterns of ground plants with different growth
forms in the montane evergreen broad-leaved forest in Chebaling National Nature Reserve of North
Guangdong, China. It was observed that slope aspect, slope grade, and slope position had signifi-
cantly integrative effects on the distribution patterns of four growth form ground plants (fern, liana,
herb, and shrub). Slope aspect had significant effects on the distribution patterns of all four ground
plants but slope position didn’t have, whereas slope grade only affected the distribution pattern of
shrub significantly. From shady slope to semi-shady slope, and to semi-sunny slope, the abundance
of the four growth form ground plants decreased gradually, indicating that shade plants were domi-
nant in the ground vegetation of subtropical montane evergreen broad-leaved forest. Most shrubs
were shade-tolerant species, and their change patterns of richness and diversity with slope aspect
were the same as the change pattern of abundance. Shrubs were sensitive to the change of slope
grade, and richer on gentle slopes. In hilly and low mountains, slope position changed little, and
had less effects on the distribution patterns of ground plants. At stand-level, horizontal topographic
factor (slope grade aspect) had much greater effects on the distribution patterns of ground plants,
as compared with vertical topographic factors (slope grade and slope position), which suggested
that slope aspect was the major factor affecting the water and heat conditions in subtropical montane
forest.

Key words: distribution pattern; growth form; topography; montane forest; canonical correspon-

dence analysis (CCA).
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O3 BA AR KAL), A 1 AR W R 4R
N e FRAE KA o3 I PR T 0 A A B T 5
PETO R T AP D RE A (W E A B H A
AR R, A — 28489 ) BRI S X A A S R G 1R
KA B, Rz B2 AR 2 a0 R A K R
SERRYEAE DI AT WLA5HE 53 AN [R1 26 | e S B AE )
AT PP S5 1. M P AE AR R A BE 45 14 ELA AR
ORIV Sy SICIP Ui VAT S

TE/INRUEE 1 SO RN v o JE s P R 5 B
F R EMY B A% R 76 1L RIS T, HoE [
FIEFE A 43 A S ZE B AR s PE IR B R 1 7
LLyth R B e i IXC b S 45 )1 K BH 6 S R R K Y 25
[B]-F- 05T, A7 R 36k Jm) A /N A el 7 38 Joi
SR K A SR B 43 AR O AT, PR R
b, M R X AR ) A A S e B SR T Ok
FENTT 1 Olivero A1 Hix ! 76 X8 22 MM 25 /g
BRARARABIFFE Hh e RS [R5z ) b R AT P 1) Z2 A6 A
lii] ; Tokuchi 4550 % B8 P4 PE 2 4% B 350 ZR bR A0 3t 1 1A
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AR XHHEP AR . (H X SEBFIY £ ol MR AR )
P[] HJE PR g mie iz, H R OC T 1B PR AN []
A KR A AT R I T 5T R A K
TR Ml A 1) 53 A A SR B P B A8 £k WT BEAS [R]
T, A b A 40 1) S AR 722 A 43 A HLOXH B 455 BT 1) i
o N BB 7R H AR A T BE 4 55 S L6 5 5
B [ RRR 0 O 2R AR SCAIFGE T B 400 4T 1 b
LR RA MR 3 ) 3 B 367 A bR IR - 1 AR 4k
X AN (A A Y SR AE ) 53 A 4 Jma (R s i), A B T T
AN ) A < 0 e e M 0 110 5 LI DR R B2 5R, Sh 3
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1 HARMREHARTE

1.1 SR

EONIWEE R A SRR X (114°09' 04"—
114°16'46" E ,24°40'29"—24°46'21" N) ik )" R4
RACF R 24 B IR N, I E# T 1981 4R, 4 X
7545 hm® , FEELRI XS G2 Sk v BT B S i bR R

B sh iy MG A m A AR, 183 330 ~
1256 m, Hb S5 R 3 i AR R AR A5 R 1L R X 4 4
TS TNGEA R 5 e | B 4K AR B 5 2 B 00 A
&5 KAL) 0 R 0 b B W e T I A K e
R QiSRS IDINIIE EaRe IR AR IR L ¢AN
HE LU BEHE | L VS BRI L g+ AR X
J& TR 2 XU DX, AR 1R 19. 5 °C, A i i
i 38. 4 °C, M i iz IR -5.5 C5 4F 7 B K &
1468. 0 mm , 4F$575 & 11356, 1 mm , 4535 A0 10
79. 7% L A TR A T A 43 DAy v S BT e e IR
LR gt ] AR L b 6 ] T A 2 AN A0
AR R 5E 3B ( Fagaceae) 5} ( Lauraceae) | A5 F}
( Theaceae ) \ K 2%} ( Magnoliaceae ) . ¥t % %} ( Elaeo-
carpaceae) | % & 7 Bl ( Styracaceae ) il 4x 2k #g B}
( Hamamelidaceae ) 25! .
1.2 BEET5E

2009 4 7 H FEA NI E K AR XN,
TEFE— 2R B AUAE W) Y LU 7 L0 74 11 3 ¢
RE AR (K 343 ~475 m) NI E 20 mx20 m BF5E
FEH 50 A~ BFFEAE L LLKA% ( Castanopsis carlesii)
AT ( Schima superba) 75 B ( Neolitsea chuii) 1
FE 1 B ( Symplocos wikstroemiifolia ) | ¥ W % B
(Styrax suberifolius) WFF ( Liquidambar formosana) |
A% ( Eurya macartneyi) A1 ¥k ( Lithocarpus glaber) |
FEWT ( Castanopsis fargesii) FIAETAE ( Machilus chinen-
sis) N EEARFB R ARorZETUARIE] , Z84d 1958 4R R
R, RIS 290 40 47 J8 T A: AR, 10 S
MR I PR 5 R, BV ) 3 BE A L. A L Y
DU AT E 5 A2 mx2 m A7, AR b
FAHYIRIRNIE 2 B R S5 BE. AR () AR A ) 2 HE Ak
G F) 2R M AR 43 A R (fern ) (AT A
(liana) \HLAS (herb ) FIVE A (shrub)4 FfiA: KA.

PLAE L 55 (0°) IS &7 1] e | 3 1a) ] 45 )
SRt (338° ~22°) (AR (23° ~67°) AR
(68° ~112°) ZREGHE (113° ~157°) . Fe 4 (158° ~
202°) PHREHY (203° ~247°) | PH 3 (248° ~292°) Fi
PEALHE (293° ~337°) PP LR AR PG 2 TR ML
[i] (475 Ak 8 J3E 4390 O 59° ~ 111° il 252° ~ 264°. 1
Jbsk, VR R BAGE 3 Be 2  R b b
U2 52 R FAR SR AR [ 1) 38 1) 1) Ay ) — S5 4%, v LA
FEHBIE 01739 3 1) B3 (59° ~67°) ,5 DTS
2) 2 BA I (68° ~ 111°),45 AN REJ7; 3) 2 FH 3%
(252° ~264°) ,50 NEE 5. BE MDY 1) 78 Ak iR BE Ry
5.8°~55.6°, NEFIBEN N 4 1) 3 (5.8° ~
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25°),5 MREJT2) BESE(25° ~35°) 24 MRET;3)
B (35° ~45°),65 DHETT; 4) Kk (45° ~
55.6°),6 EE P g A BN 4 K
1) B3z, 26 D5 52) RNz, 46 TS 53) T
137,28 PHETF .
1.3 Hdekbp

K H CANOCO 4. 5 BRAEXT 4 Fff R B M AR AR )
TE 4% 38 IR 6 B2 v (4 4 A1 50338 X 1 43 B
( canonical correspondence analysis, CCA). &7 5 4
Bl , IR R BUBEA AR MR R 2 8 140
WS 2 L R b I PR 7 43 21 A S VRO B i 2. T
SRR 2 ¥ (Monte Carlo) M HIE N FHZEEEHS
PRS2 18] (1456 R A T B S MEAG 56 20 P i ) a2k
B HT 45 R b TR R - X6 4 A K 760 s 140 14 52 1)
JIR A H b e R Ay SRR AR

R ZIE5e it 5Bk ik PC-ORD 5.0 1A
T A K M R A SR (N) R
(S) Shannon ZFEVEFEEL(H') FIIY L) EFREL(E)

N=YN,
Krfr, N, s 2 L.

H =- Z PInP,
X, S WYIFEG P R RETT RS L DR A AR
i BT A AR e AL

E =H'/InS

K H Statistica 8. 0 ZXFXT 4 Az KA L AEY)
() Z HEPEFR PR Kruskal-Wallis (IE 240 ANOVA) 43
Mt , FERE I T AT T7E 45 Fh I PR 0 21 735 o [B) 2 75 77
TE2 5.

2 HRE5HMH

2.1 IR IR X AN [i) A A 700 A 40 0 A B4 R
XFBRIS A TTEAS | AN HE AAE ) 0 53 A5 53 5]
AT CCA HT (R 1), R R P K45 R 5 1
BOANSE 2 WA RREE R, O H B BE Mgt
SN (P<0.01) , ULEISE ] 3 46 3R 3 A4S U
(25 B IR 4 Bl A K R b A 0 ) 50 A3 4 )
A W 4 A KR A ) YRR (AN ]
E5F 1 A RRAE (20 K T oAt 2 B, DI 556 1
AR S P A R P LT DR o i R0 e A ) S e
K X TF 4 i A K AR ) 1 - IR SR S
51 AL YL F R 76.2% ~ 85.3% , 45 2 oA
43.5% ~57.2% , 1R TEE25. 7ECCAHEF

F1 4 FEREMMREY CCA HEF MFEEMYM-INE
PSS

Table 1 Eigenvalue and species-environmental correlation
among plants with the four growth forms

AR BH G A2
Growth Parameter Axis 1 Axis 2
form
BRE FHAESH Eigenvalue 0.331  0.053
Fern WIh-FR LA S 0.853  0.572
Species-environmental correlation
i Slope grade -0.341  -0.680
3 19] Slope aspect -0.999 0.024
{7 Slope position -0.007 -0.724
AEA  FRIE{E Eigenvalue 0.251 0. 031
Liana Y- PR AR S 0.824  0.435
Species-environmental correlation
B Slope grade -0.368  -0.320
W [] Slope aspect -0.995 -0.043
37 Slope position -0. 062 0.904
KAk FRHE{E Eigenvalue 0.265  0.047
Herb Yrkh-PREL RS 0.800  0.502
Species-environmental correlation
Y Slope grade -0.455 -0.79%
B 1) Slope aspect -0.993 0.048
7 Slope position 0.010 0.410
HEAR ¥54E(E Eigenvalue 0.287  0.062
Shrub Y- BRI S 0.762  0.555
Species-environmental correlation
¥ Slope grade -0.555 -0.814
3 A Slope aspect -0.954 0.219
i {vi Slope position -0.300 -0.163

P rb s Sk 7 In] W1 eh S8 22 2 B~ PR, 33
AL 3 Z AL R A R ph 22 B BE.
4 FpAE KR ZRAGY) CCA HEP 2R 1 55
N BT F2 SR Wi 1) D FH I 22 2 B 3 | B 3 /)
ALK AR 3 AHUE R 7 e 55 1 BB
(AR S e R (32 1), 6 4 b A= K 70 R b 4 43 A
IS 34 B 35 (P<0. 01,28 2) , X U6 B 3 [ X5 4 Fif
EE NI R/ R AR S o
SIATTEE I A E 2R R TR M i ih

WX ( Lindsaea cultrata) . 2% ( Stenoloma chusanum ) .
B (Ampelopteris prolifera) 1§45 ( Lygodium ja-
ponicum) 55, J& T ARJEA W) A AETAR T ( Elaeagnus
gonyanthes) . 7 W& ( Broussonetia kaempferi) | 5. J& sk
( Premna microphylla) 88 05 R MERK (Actinidia callo-
sa) %, J& T E A YT B B ( Commelina commu-
nis) 5 & LK (Ainsliaea fragrans) . F A€ i 1 ¥
( Elephantopus tomentosus) |, 1 5 %% ¥ ( Carex crucia-
ta) 55, J@ T HE K 09 3 3 A ( Viburnum  odoratissi-
mum) NRFEE (Rosa cymosa) \FEFE . IE ( Gleditsia
fera) \H RERAE (Urena lobata) 75
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Fig.1 Canonical correspondence analyses between fern (a), liana (b), herb (c¢), shrub (d) and topographic factors.

A3 [0 Slope aspect; P31 Slope position; G ;3% Slope grade.

S ARTEBA S BIAR Y 2R B TR i R
( Pteris vittata ) "4 B 19 ( Diplopterygium chinensis) .
G J0°B R ( Woodwardia prolifera) TRZEAEA ( Selagi-
nella doederleinii) 5 , J& T A BT REA ) R0 ( Bauhin-
ia championii) .4 4% 2 8, ( Stephania cepharantha) |
2t 35 B ( Gymnema sylvestre ) | ¥4 i ( Cudrania co-
chinchinensis ) % Jg& T 5L A ) W) BLBE ( Vitis adstric-
ta) JBALYNF (Asarum caudigerum) FEFREL ( Elatoste-
ma henryanum ) . H 75 ¢ # 5L ( Ophiorrhiza japonica )
5, B TR A4 B ( Daphniphyllum calycinum) |

F2 CCA SHTHhis s E FHIATEERE
Table 2 Forward selection of topographic factors in CCA
analysis

AR A HIFRAUN Marginal effect S50 Conditional effect
provth ViiF R Vi P
orm Order Explanatory Order P value
power
B2 17 Slope aspect 0.33 W17 Slope aspect 0. 000
Fern e Slope grade 0.07 A Slope position 0. 133
A7 Slope position 0. 04 W Slope grade 0. 191
AJGREA 317 Slope aspect 0.25 17 Slope aspect 0. 000
Liana W Slope grade 0.05 A Slope position 0. 409
A Slope position 0.03 e Slope grade 0. 877
HA i) Slope aspect 0.26 i) Slope aspect 0. 000
Herb Wy g Slope grade 0.09 353 Slope grade 0. 156
AL Slope position 0.02 A Slope position 0.539
AR 1) Slope aspect 0.27 B Slope aspect 0. 000
Shrub Wi Slope grade 0.13 Wi Slope grade 0. 024
437 Slope position 0.05 A Slope position 0.395

et 2k ( Clerodendrum thomsonae) | 1 &5 F ( Litsea
cubeba) JINERAE ( Desmodium caudatum ) -y

4 AR BRI R Y HE R A EO7 B AT
Ti P NG RIBER 2246 (I 1) . fEREAR Y CCA
SRR SR A 2 R AR DG PER R (R 1), XHER
AR W (3R 2) . A TE SR A ) A
KA ZEAK ( Tutcheria greeniae) , 53747 75 BEYE AU
FEAH KR ( Callicarpa cathayana) .

3 FlHIE PR X6 4 2R R AL SR AR W) A R
At 3 B2 IR AR TR) (35 2) , 359 S 3 1) > BB > 3
AL, b Bl ) X BRI AT A RSy o B 40 )
il R g R I RT3 R R AN 3B [l R 4 b A A Y
FAEY) 0 AT RS S 1) ik 8 ) B B v 2 M X R 2 (P<
0.01) , 3 B XF #E AR 43 A 46 Jay 19 52 0 12 3 (P <
0.05) , AL Xt 4 Tl A= 4 Y b KA W) 53 A5 465 S 1Y) 52
i SA1A i 2
2.2 HIBPH XA A KA R A AR R 2R

HI 1 2 W] LA MY 35 1m) 70 2H 78 B 0 R 2R 1
BB ZS R PR3 2] JEE Y5 34 85 (P<0. 05 ). M
B BB B3, BRI I B AR R A 38 i
/N P AR I R A AR, B
BRSBEAN - BH 3 22 5 W 3% (P <0. 05) , 250 JEE 3% i 34
T 3 1] 73 2L X A S A Y S AR )
SEIR 2 (P<0.05) . MB35 2~ B 35 F 31 2 B
e, R BTEAS (18 SR BOZ B sl /)N | 15 B 2 W v
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Fig.2 Response of diversity of ground plants with the four growth forms to slope aspect grouping variables.

I . KFEA Liana; II . %A Herb; I #EA Shrub; IV BRZE Fern. 1) BAYY Shady slope (59° ~67°) ;2) B3 Semi-shady slope (68° ~111°);3)
24 BH Bk Semi-sunny slope (252° ~264°). A:25% ~75% ; B. 3 551 Non-outlie range; C . W {H Outlier; DM {H Extreme. A[R/NE FHEFRRE
53 (P<0.05) Different small letters meant significant difference at 0. 05 level. F[fi] The same below.

1.1 - 80 N OA
1.0 | a b b 70 L IB
a a o oC
wE ool 52 50 Il oy
7 g 0.7 g g 40
Ta ol 8 WE 0 2
05 o E b
03+ " 10 + J_
0.2 . L ) 0 . . ,
1 2 3 4 1 2 3 4
Y EE4 5l Slope grade class

3 FEAHEY A A o) BRI PR ORI BE 73 A% ik B4 )

Fig.3 Response of evenness and stem number of shrubs to slope grade grouping variables.
1) &3 Gentle slope (5.8° ~25°); 2) BEYY Steep slope (25° ~35°) ; 3) 2 Sharp slope (35° ~45°) ; 4) Ki3¥ Sudden slope (45° ~55.6°).

T 395 1) 43 2H AR X S AT A Y AR R R
5] BE R AR A J 3 (P<0. 05) . DA BH 3% 2124 FH
R BH S | AR 0 BN BRSO N  EE

JE F 5B AR R AE B3 A f fIK. 39 1) 70 A%
TR BRSPS R A P 1 5
(P<0.05) . M\ BH 3 31~ 5935 P 30~ BH 3, A B A
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H1 & 3 AT LA Y, 3k 8 404 745 6 VK 118 A
PRBCRIES 5] BE 5400 52 ( P<0. 05) . A 4 a8k
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FIKF-(P<0.05) . 3 B i 22 31 B, WEAR A 24950 B 1%
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KA N 5 HE Ak, AN [A] Az K 70 i 2 A 4 % Ol B 22
SRONTA], PR AEAS [R5 [ 19 43 A T AN []. DA B3
FI|24e [ 39k P2 2 BB, 4 Fh A K R b R AR 1Y B A
PRERI RN , 1 B FE ST AT 11 b & o] 1 ok
BF: A 420 4 A PR A 0 0 R 400 E R
() 3= BT BOR 22 R M B Rt ) AR AL i 3 5 8
AMAKI— 3, 249 H B3 380 BH 3 2 )N | 3% e ke %
RIS MEAR R Z 8 T A Y. MPRZE AR TREAS Al
T AKE ) i B A RN B AT o LB AE Y 4y

I FEXRTBRIS AR e A RN R ASAE I 14 53 A A SR T
BT EXT HE AR I o3 A 5 e S . R 9 Ak
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e

W 1) R Ky ] A M IR B, S o7 R R
FNIE ELT ] MU . 7 B B AR L B b AR 1k
P R AR K ) A ] A K Y b A )
(455 ) HEAE 3 L ) R AR B 2 F 9T R i 28 4k
A M PRl T AE B 5 A1 At S 149 52 i) A, 25 Bl 22 2l 2
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