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Variations in B Diversity of Forest Communities along Altitudinal
Gradient in Nanling National Nature Reserve, China

ZHANG Lu, SU Zhi-yao®, LI Zhen-kui
(College of Forestry, South China Agricultural University, Guangzhou 510642, China)

Abstract: Variations in B diversity of forest communities along an altitudinal gradient were studied in Nanling
National Nature Reserve, China. A horizontal transect (10 m x 120 m) was established at each 100-m altitudinal
interval from an elevation of 300 m up to 1 900 m a.s.l. Correlation analysis, regression analysis and ANOVA were
used to determine altitudinal patterns of 8 diversity and its relationship with environmental factors. Results were as
follows: the Cody index and species turnover rate B showed linearly and significantly negative correlations with
altitude (P<<0.05) in base and adjacent belt transects. Shared species of community, canopy stratum, understory
stratum decreased with increasing species turnover rate B (P<0.05). The Cody index could better reveal the
species differences along altitude among communities, canopy stratum and understory stratum, based on analysis
of one-way ANOVA, Fish’s LSD and Tukey’s HSD. Compared with community dissimilarity, the Bray-Curtis
index, the Morisita-Horn index, species turnover rate S, and species turnover rate ¢, the Cody index and species
turnover rate B were useful to characterize the B diversity of forest communities along an altitudinal gradient in
Nanling National Nature Reserve.
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¥ 2 (Species turnover rate). ¥k & FRHE R (Species
replacement rate) f1 A& 4 #% 4k, 3 2 (Rate of biotic
change)l. B AN BEFEAR T 4> 3 — 7o 8 Itk Fr e

EVR AR SR EAT I R K. — T B S 1y
B8R I AR ) T O 0 5 — BB B LA b 4 0
EFESALH B, TSRS I B 4 R e
RAUHIEES, FERRF SR SR, R A
X B 2 M BE TR 13 AR AL O B S R ML BE A SEUR
—o, RS E KK ARG S (R B R E
PRIV 51 “ AR S T 4297 K F9 Ik 2 2 40y e 7
X7, g5 20 th4E 80 FATKE L% TR RIS L
HABRAK BT S I A BT ST AR, L I E R 4 15
RO K BRI PR IR BEVE 540 I P o R
FEOBRHEE—ERE, HE R . &5
R B KR E R K BRIBETE B BRI IR AR
B RINGEE BT MR NIRE . DIF0% X Bibk
T B T RMENERBERR, BT IARBER
B LB SRR IREE R I B4R JR), H % o A
Henih 43 B8 02 B SAS 170 B 1 A 35 4 R, )45
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1 B XS S5 3 7 92

1.1 FAR KSR

AR ST R ERE AR R R
P(24°37'-24°57' N, 112°30'-113°04' E). %X & H
B158368.4 hm?, R KA H ATk RS A
MEXRLBRRIKX. ZKETF USSR HR
DX, Rl B R 4 I AR R IR (R L B MLk R s 3 (o
# 500 myFFI9IR 174 CL, BB A B)EHS
B 7.1C, BB AT BRI 262C, FEHREK
E 2 108.4 mm™, RIUAERE ARG X ZEH R
&R R 85, S Pl
E, Wk AT - Rk, EE O NS DR
ERWEE . K A3 T3, A A+
BRRBER RO ARTRM, ZXFHEER
1B 97%» 24 T3 R A7 KRR B0 R Ak b A e 2
8 P R AR S R R BRUS), th 5 HEARL Ay  4 A A
ML BB L T, A8 4 2B AR R Sk R S R AL B R

TR R VR AP B IR A A Ll TR B AR L T
BEEMN,

1.2 R %

T 12 300-1 900 m & [ iy, Mg 4R 45 71 o5
100 m WE—RAKFHEHS, 3517 K488, Rk
120m, 38 10m, 4} 124~ 10 m x 10 m [IREF 24
TG, A T 20400 m2, 7EHA 10m x 10 m B
JTBITCAATEAVEE, JlE % DBH=3 cm [
PrE AR MR & 042 4 e R IE AR F i, 3630
EETAFTEREREY. S0, EEAREF AT
WAL S D 2m x 2 m MMEF, TEEH
TS HRBAT: O T HEYIAE, D EYR 4
B @ EH B A, T T 70 AW F 78 £ b
J2 R R B R RO

1.3 BIEHF53%
1.3.1 EHEL MRS

¥ DBH=3 cm )32 K4 % 5 A 2 ,DBH<
3om KB G SRR AR TRYE, KT Y
JBX 5 i HE VD2 , AR HE P J2 1 2 A Ty R usm,
1.3.2 B ZHMEIREONE 7 15

R — 70 8 T R 0 B Ty v o U
Trik, SRIVHE MR 300-1900 m KB &
BERIHMEEN B SRS RE, IEE 300 m
HIBRPRIBETE 0 e MEREH , T 004K 300 m IR Ak BY
ESHAL 16 MEFRIRKBEEN B BREMIER,
BUEAERE T B S REMETRHL

ZTEEEBIENES R Cody 5w,

Cody = (g(H)+I(H))/2 = (a+b~2c)/2 (1)

8 5# M R B (community dissimilarity)t;

CD = 1-2c/(a+b) )

A, g(H) B LSRR H SR8, I(H)
AEERME H E RO, o 70 b 40 5 R PR
ES BT ¢ AP IS YRR,

WERIEMNESZ  Bray-Curtis 155,
Cy=2N/(N+N,) 3)
Morisita-Horn $i§ %",

Cun =23 (a; b)/(d+dy)N, N, 4

Hep, N, AR A R E L N, R B 1Y
ViRe 5 H N JFEh AGN)FN BGN,)FE 4 Flsp ANk
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BEFETT BT AL 0 4R 5% B S R O AT 40 4R, R
g 16 MR B WAL T E R B AR B R
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Yy A B R, R Cody $8 8 MR ME R .
Bray-Curtis 15 % L & Morisita-Horn #5474 B £ #
PR B VS K Y P B 2R 4 B LA Bes Bas P

Bu T o
WHEREES, KEYMHEETE.
Sp=S//S, (5)

SrAEE XS AR AR R AR ME R B VR . TR
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(P A B AR PR EE TR W) P B0 LA S R 1) 1 4
PR Sg. 1, S, B S, 20 BINEEH 1 FOkEH
2 YRR
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t = (b+c)/(Si+Sy) ™ (6)

AP0 R | I E T ¢ IR 2 10l
BMELS RS, FRIAEEH | IR 2 MR 5.
RS R MR B — e e, 7
HoAth 16 FHREHRBI. 20980 & FEH B IS
B BUORREH 1-17 R4S E L.
1.3.4 HdE kb3

FH SR 43 80 3 18] U5 43 A7 A0 O 22 20 47 39 70 3R

Statistica?!H 52 ik

2 ZRMo

2.1 HRHEEE B SRMIERILIEREENTY

HRDWRY, 4 4 B BRI BOL TR B
IR RIA —(FR 1), HABREE R X
f Cody TR B EWIREBEME M AHEXLE
(P<0.05), T )2 K48 5 M & $ Morisita-Horn $5
HUA Bray-Curtis 83035 5 W 4k B8 AR L MR B 2
(P> 0.05).

22 HRMEEE B SREMIEBNTESH

P IS B 5 B AR Y AR SRR BEVR L TR B
MR THYEEN 44D B SRERAWRERY
% 71 HT(One-way ANOVA) & R LB K2 5 (B
1). Fisher’s LSD £ E L — 10 BoR, & B R
P & #(community dissimilarity) 5 2 A1 85 £ 5,
Morisita-Horn 8 (% 2 Z [AItB ¥ H £ 7. {H Cody
TEHM Bray-Curtis f68 % B2 NN E R B2, B%
MEATEH) Cody FHUM Bray-Curtis #5355 A
B RETREUAMEETENERTARE.

RERTHE FTAEAKTHEHODEEN
44 B % B P H8 B B8 R K 7 2 4 #T (One-way
ANOVAYG R G HHNMLIL, ZRE A E(E
2). Turkey’s HSD £ E LBt — 5 BoR, ZEMH4T#E
R ZE 57t 1R AH 57 1 22 32 (community dissimilarity)l
Morisita-Horn $5 3, R W5 Cody 85
Bray-Curtis 18 8 —H , R KB E . EATE 557
AE GETREURKETEZR BEIBEE.

1 p SNBSS ERNAEY

Table 1 Correlationship between B diversity index and elevation

AH4RFEETT Adjacent transects

Cody  CD Cy  Cwm

FEHEFEHY Baseline transects
Cody CD Cx  Com

BF7% Community 0.839" -0258 577" 0.584° ZEVE Community -0.922™ 0329  -0.028 -0.290
TR Tree layer -0.803" -0.381 (655" 0257 JRAJR Tree layer -0.739™ 05917 -0.462 -0.170
¥ /Z High shrub  .0.532° -0.340 -0.198  0.088 #¥EW/Z Highshrub .0511° 0239  -0.198  -0.108
substratum substratum

KW Lowshrub  0510° -0.131  -0.382 0012 {§# TS Lowshrub .0555° 0394 -0382  -0.096
substratum substratum

K A2 Herb layer 0.743" 0087 -0.462 0489 HEJ Herb layer 0591 -0.170 55" 0257

*, ¥ SYHIRIRTE 0.05 A 0.01 /KF L B FEZ 5. * and ** indicate significant difference at 0.05 and 0. 01 levels, respectively.

F#F. The same for following tables.
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w55 Communi ty

o1 KR Tree layer

wowme CSHENV ) High shrub substratum
S LRV Low shrub substratum
AR Herb layer

W0WF =&

1000 f‘

ZHEHEIRY Diversity index

0.1

Cody ch

Morisita—Horn

Bray-Curtis

B 1 AR B 2 REMER BN % T LA
Fig. 1 Fisher’s LSD of § diversity in adjacent transects
MAFHRREZERREE. The same letter on the bars indicate not significantly different at =005,

1000

¥

100 i~

M Diversity index

0.1t

A Community
L2200 KB Tree layer
PN (W Migh shrub substratum
B BV Lov shrub substratum
o LR Herb layer

Morisita~Horn

Bray-Curtis

B 2 AR AR B SN RS B
Fig. 2 Turkey’s HSD of 8 diversity in baseline transects
MFFRERERTEZE . The same letter on the bars indicate not significantly different at «=0.05,
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2.3.1 YR A EEHEE B

R P T BesBeos Bs A1 By 51T 3K 11 4H 26
ITRYIR 2), SRR B R 210 B
SR EBELM AR KR . T RABREEE
REWR, FEMN BosBs F1 By £ 5HEHR A
KEEAR BEP>0.05).

EUHSHTR, T R ARSERE I £ RV A
W FRNIEHEHESHE Cody 35 2 1 WHh
RIR R B FE7E BE LM X R P<0.05), Fo R
[F 3 7 BRSO R) AR 22 e R S Bl b, B
ZHEBRNBR. XSS 40, LK. E

BEURSREAREMALTRE . R thkni, g £
FEYETT DU KA RBEE A I A B R R M, LR
RSB I A S R . BEVE RO PR IE 55 R YR 25 1) 40
ARG TR AR R, % B A B A RS 1)
PSR, T BLRLA 180 s
232 YRR EE S,
BT DM R S, 5ilgihi
BERRBER BRI — . A5 2
FRIEZR Sy IR E R MR 8 E (P> 0.05).
BN HE IR A AR T2 (W B 2R S, S5
RIEMR(r>0.64, P<0.01), [ B}, 54k L 2 55 A
JB B HE L 2 S HE T 2 R0 1 15 04k 696 f 34
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Table 2 Correlationship between species turnover rate 8 and elevation
FI4BEEHF Adjacent transects ELMEREHF Baseline transects
Bc Bep B Bu Bc Beo Bs Bu
B Community (839" -0.257 (0.577° 0.587° #¥%& Community .9922" 0313 0.029 0.295
FEARJE Treelayer (. 803" -0.384 (655" 0258 FFARZE Treelayer .0.739" ¢.589" -0.462 -0.169
¥ W2 High -0.532° -0.335 (527" 0.094 #H#EZ High -0510° 0.241 -0.202 -0.178
shrub substratum shrub substratum
{EHETZ Low -0.510° -0.139  -0.330 0.110 {K#EW/Z Low -0.554" 0.393 -0.385 -0.097
shrub substratum shrub substratum
BAJZE Herb layer .9 743" 0.091 (540" 0.488 EAE Herblayer _.739" 0.590" -0.462 -0.169
xR I DMELEE p SHEMBEERLEFMYE ST
Table 3 Regression analysis of species turnover B and shared species of forest communities
Yy R B AH40HEH Adjacent transects FAEFEH Baseline transects
Species turnover Ay 2 » e YL 2 »
p Regression equation Regression equation
P Be Y 4o =1.5615-0.0085X pecies  0.737  <<0.001 Y 4 =1.8239-0.0083X sics 0.847  <0.001
Community Bew - 0.073 0313 Y pep=125.7305+1.4737X gegies ~ 0.310  0.025
Bx - 0.045  0.409 Y p5=2.6376+0.0835X qpecics 0288  0.032
Bum - 0.106 0.219 - 0.737 0.499
FAE Be Yp=l4111-0.0153X poses 0736 <0001 Y 5o =1.6556-0.0114X spiee 0489  0.003
Tree layer Beo - 0006  0.772 . 0.006  0.784
Bs - 0.244 0.052 Y 55 =1.6245+0.2859.X ;pccics 0.461 0.004
Bu Y pe=0.625040.0155X iy 0376 0.012 - 0.002  0.860
YR Be Y =1.5343-0.0183X gpesics 0765 <0.001 Y 5o =1.6777-0.0259X ypegics 0721  <0.001
High shrub Bev ; <0001 0971 - 0003  0.835
substratum
Bs Y pp=1.1287+0.0497X jperies  0.447 0.005 Y g5=0.5530+0.0495.X species 0.723 <0.001
Bu - 0.140 0.154 0.003 0.839
IERTE Be Yo =1.5813-0.0290X s 0.837 <0001 Y e =1.7911-0.0362X ypecis 0.788  <0.001
Low shrub Beo - 0.028 0534 - 0.01 0.716
substratum
Bs Y 5 =0.8214+0.0579X yposies 0537 0.001 Y 5=0.3884+0.051 1Y gy 0.566  <0.001
Bu - 0.104 0.224 - <0.001 0991
AR Bec Y5 =16166-0.0148X iy 0.757 <0001 Y 5 =1.6867-0.0135X gpecics 0.794  <0.001
Herb layer Beo - 0.006  0.768 - 0134  0.164
B - 0097 0241 Y 5 =1.8871+0.2384X gpeiis 0372 0012
Bu - 0211 0074 - 0.004  0.823
(P> 0.05). 3 ZiFitie
233 Y AEE Rt

AR E PR BT S A P ) B O SR W i R
BRRRMA—B. BT HSRE R R
Bl Rt R E 5 HRAEXB BRI =
-0.524, P=0.004), IARFEH AIEMEREH HE X R
Yy JE R TR AR ¢ YRR B R B AR TR

(P>0.05).
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IR K BT R RIS A B AT . BT AN 54,
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P 2 BEAR AR, BIRB SR TR B
SR A N ES, P% R A R —
PR B AT YR BO R R R R S,
FUKIERE P BT E (P B 2R ¢ S g thbe
MXARERIEERE BREY K BHBEER 21
RIRA—H. LFETE, Cody 1535 tH Cody 153
WY AR B & A 7ER I L g A .

32 ZESE B SRMMEREERE
ATFRRY, MW RERRE SR RN
Cody $E5 LA K K48 Cody +5 5T 55 (g 4 P JB 5 3
R B ZHEF BRI TR ML, RIS
WARBE SR H(P< 0.05). YR AR SRR 5
ARARBE S F B T HE— 25 3R, Yy 5 5
HE B HIRAFEREL X RP<0.05). i8]
BEAE AR I3 0, ABSRRE M BE VR TR AR R AR F A8
V1% B U B B UE R BEE TR AR B RN B A T 2 8
RERBYFIRLD, Yy R 0 22 1) 35 R M2
Ko XUVFRHEFRER NG TR T 430
k. Vazquez 09, Wang® DL K 3 5 28 073 g
SHEMMTFRBEE RN R, b T4
FEARIFR M X W) R L5 8/ (9 A 25, BT DA A
MBS AE SRR B MRS,

33 B SHMEFERFHXE

RN B SREMEME TH 1. R L
BAHE, +EREYBE N EERER T2 —,
TRV SR B A MR A R AR
W, SHYBENOAREMTEY NS EE
HYIRR BB, BA 8 SHEE N 5RAE.
TRAMEEFRNAFEE XS, TH B BHMEBAN
T AUk 2 0 2% 1) 5 R R 10 9 4 A A

BEMMRMAED, FE b, JLPREB— A Fhae
BT TR N ED, B E K% ER
DRI X BRI BEVE th B — A W) Bl 48 U BLTE N i
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