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Abstract: Based on the association classification of northern tropical karst seasonal rainforest in Nonggang plot, species
diversity for all associations, trees, sub—trees, and shrub layers along an altitudinal gradient were evaluated using the
indices of species richness, diversity, and evenness. The species diversity indices were significantly different among
associations (p < 0.01). The species diversity of various associations decreased in the following order: the Chionanthus
ramiflorus , Vitex kwangsiensis, and Excentrodendron tonkinense association > the Clausena dunniana-Boniodendron minius-
Excentrodendron tonkinense association > the Catunaregam spinosa-Vitex kwangsiensis-Excentrodendron tonkinense association
> the Ardisia thyrsiflora-Sterculia monosperma-Saraca dives association > the Clerodendrum wallichii-Sterculia monosperma-
Cychidendron guangxiensis association > the Walsura robusta-Cleistanthus sumatranus-Excentrodendron tonkinense association

> the Aglaia odorata-Cleistanthus sumatranus-Excentrodendron tonkinense association > the Ficus hispida-Sterculia

¢ 3

monosperm-Caryota obtusa association. The Patrick, Shannon, and Pielou indices indicated a “mid - altitude bulge’
phenomenon below the middle slope (relative altitude < 76.3 m in the Nonggang plot) ; the species diversity of the
associations located at middle altitudes was higher than those of associations at lower and higher altitudes. However, these
indices increased as the relative altitude above the middle slope increased (i.e., when the relative altitude was greater than
76.3 m in the Nonggang plot). Species diversity indices for various layers decreased as follows: tree layer > sub—tree layer
> shrub layer. This is similar to the pattern observed in tropical montane rain forests but contrary to that of subtropical karst
evergreen broad—leaved forests. Differences in water and temperature reflect spatial habitat heterogeneity at various altitudes
and influence the species diversity in northern tropical karst seasonal rainforests. The species diversity of trees was higher in
relatively lower altitudes, which are characterized by beneficial water and temperature conditions. However, the observed

species diversity of sub—trees and shrubs was higher for relatively higher altitudes characterized by harsh habitat conditions.

Hence, sub—trees and shrubs are suitable for vegetation restoration in habitats for karst hills at high altitudes.

Key Words; Karst seasonal rainforests, species diversity, richness index, evenness index, relative altitude
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Table 1~ The name of eight associations in the Nonggang plot
5 Codes BEALFR Association
A X AR -SE BB AERE I Asso. Ficus hispida-Sterculia monosperma-Caryota obtusa
B R %4 SR [ T AERE Asso. Ardisia thyrsiflora-Sterculia monosperma-Saraca dives
C AR -] P IR -EATEE AN Asso. Catunaregam spinosa-Vitex kwangsiensis-Excentrodendron tonkinense
D R BT PG T T REM Asso. Clerodendrum wallichii-Sterculia monosperma-Cychidendron guangsiensis
E KAF2Z-PAEAR-BEATEM Asso. Aglaia odorata-Cleistanthus sumatranus-Excentrodendron tonkinense
F FIE PR FEAC- AR Asso. Walsura robusta-Cleistanthus sumatranus-Excentrodendron tonkinense
G REAE T I -) FaAE I - AR FE M Asso. Chionanthus ramiflorus-Vitex kwangsiensis-Excentrodendron tonkinense
H W 7 - AR WACHE M Asso. Clausena dunniana-Boniodendron minius-Excentrodendron tonkinense
0115
IR 1 | H [H|(H |H
E|F|F|H|(H|H|H|H
D|ID|F|F|F|H|H|H|H|H
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Fig.2 Map of the association in the Nonggang plot
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Table 2 Characteristics of structure and environment of eight associations in the Nonggang plot
e R T~
Ass : Slope Aspect A = = =
of plot altitude Association Tree layer Subtree layer ~ Shrub layer
A 22 <12.9 <315 I 27 13 7 7
B 23 12.9—44.6 <315 PRy 26 11 8 7
C 68 44.6—76.3 >31.5 P 32 16 10 6
D 77 44.6—76.3 >31.5 I3 31 15 10 6
E 61 76.3—1353  31.5—41.2 SRl 29 14 11 4
F 47 76.3—135.3 >41.2 ERLEE 30 14 12 4
G 28 76.3—135.3 <41.2 i3] 38 19 12 6
H 49 >135.3 >41.2 i 34 11 15 7
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R3 FHREMEELAMT S HEMEERH Kruskal-Wallis 1638

Table 3 Kruskal-Wallis test for the species diversity indices of eight associations in the Nonggang plot

ZFEPEFEEL Diversity indices X? p.value ZREMEFEEL Diversity indices X? p.value
Patrick $8%% Patrick index 59.761 1.68x10710 Shannon #5%% Shannon index 83.723 2.39x10°1
Simpson 784 Simpson index 89.636 1.47x107'®  Pielou 754X Pielou index 77.755 3.95x10"

R4 TRBAMTSHEEIERES

Table 4 The different of species diversity of eight types of associations

HEAZE Patrick $5%k Shannon $§% Simpson 5%k Pielou 5%
Associations Patrick index Shannon index Simpson index Pielou index
A 26.6363 ABa 2.2412 Aa 0.7710 Aa 0.6818 Aa
B 26.2608 Aa 2.5555 ABa 0.8742 Bb 0.7863 ABcd
C 31.7794 BCDbe 2.6094 Bb 0.8711 Bb 0.7587 Abc
D 31.2987 AChe 2.5523 ABa 0.8615 Bb 0.7450 Ab
E 29.2166 ABab 2.3296 Aa 0.7851 Aa 0.6934 Aa
F 29.9791 ABCab 2.4965 ABa 0.8476 ABab 0.7371 Aab
G 37.6428 Dd 2.9318 Ce 0.9099 Ce 0.8116 Bd
H 34.1224 CDed 2.8363 Cc 0.9034 Cc 0.8057 Bd

[i]—F A R R /ING FhE B s 2 R 2803 wilcoxom K36 1A % i 3 ( P<0.01) A1 /K ( P<0.05)
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Fig.3 Variation of richness index, diversity index and evenness index of eight associations in the Nonggang plot
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Fig.4 Species diversity indices of the tree, subtree and shrub layer of eight associations in the Nonggang plot

x5 FREMARERXEEH MY SRR Kruskal-Wallis #38
Table 5 Kruskal-Wallis test for the species diversity indices of different layer in the Nonggang plot

MRV Patrick 644 Shannon $54 Simpson 54X Pielou 5%

Layer of association X2 p.value X? p.value X2 p.value X2 p.value
T+ AKJZ Tree layer 82.26 4.77x107" 103.03 2.55%x107" 82.26 4.77x1071% 127.55 2.04x107%
WFRA)Z Subtree layer 130.59 4.72x107% 144.18 6.76x107% 130.59 4.72x107% 102.08 4.02x107"
H#EAJZ Shrub layer 94.69 1.34x1077 72.99 3.66x1071 94.69 1.34x107"7 4.54 7.16x107!

SR BT R IRl ZREE RS HUE LA 5 RIS 1) MR RN S R R SR OG, 2) R £
FEVE IR 5, 3) IR ZHREME PP IR, 4) Wb 2 R S ek R BE IR AR OG5 ) Wb 2 R S ek i G
Ko TR 1 PE R AR b 22 AR P B S22 A LA 5 X T LA CARAS — B B DA S — R, SR B
PRS2, T LT (SRR HARXTEEIR 76.3 m DUF) 5505 2 R —2, i L b (55 i RF A 4 1
FRT 76.3 m) G50 1 M —E, X0 i A MR BR Ay , K 7 e B R (VRS F K
W) EDCRR AR PP 2E | BEAE RHOOHER SR i D6 IR R P T A0 | Wl = ' R R 22 R P i Bt i i 1, {EL T
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