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Abstract We studied 50 years of change in the species composition abundance frequency importance val-
ue population structure and species diversity of secondary subtropical forests in Nanjing Spirit Valley by com-
paring data collected along the same belt transects in 1951 1981 and 2002. In general the amount of
stumpage was relatively steady over time but the spatial heterogeneity increased. The number of under-story
seedlings saplings and shrubs changed significantly increased from 4 712 in 1951 to 44 130 in 1981 and
then decreased to 7 372 in 2002. Both species richness and dominance changed greatly. The number of species
decreased from 75 in 1951 to 50 in 1981 and increased to 73 in 2002. The species diversity indices varied but
there was no obvious increase or decrease over time. During over 50 years of secondary succession the domi-
nant species in the masson pine forest Pinus massoniana declined over time because of poor regeneration. It
was first replaced by intolerant broad-leaved species such as Pistacia chinensis and Liquidambar formosana
which were then replaced by relatively tolerant species such as Quercus variabilis . Some evergreen species in-
vaded successfully and were increasing in dominance. Artificial coniferous forests succeeded to coniferous and
deciduous mixed forests then to deciduous forests and gradually to zonal vegetation deciduous and ever-
green broad-leaved mixed forests. Communities on good sites were found to have faster successional rates of
change .
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Table 1 The frequency and percentage of stumpages in 31 units
Frequency % Individual percentage %
. Year Year
Species
1951 1981 2002 1951 1981 2002
Pistacia chinensis 89.7 48 22.6 25.1 6.6 12.1
Liquidambar formosana 58 71 58 12.0 23.0 19.3
Quercus acutissima 42 26 13 4.9 4.1 12.1
Q. fabri” 38 61 32 5.6 21.6 6.8
Firmiana simplex 34 - - 8.2 - .
Celtis sinensis 29 6 29 3.7 0.5 3.8
Pinus massoniana 25 68 23 17.6 16.2 9.6
Q. variabilis 29 61 42 8.6 18.9 6.8
Acer buergerianum 29 16 55 3.7 1.7 10.0
Albizzia kalkora 24 - - 2.3 - -
Kalopanax pictus 24 16 29 3.0 1.7 2.7
Dalbergia hupeana 13 29 - 1.9 3.6 -
Broussonetia papyrifera 13 - 3 3.4 - 0.2
Photinia serrulata - 10 19 - 1.0 2.6
Sapium sebiferum - 3 - - 0.2 -
Salix sp. - 3 - - 0.2 -
Ehretia thyrsiflora - 3 - - 0.2 -
Platycarya strobilacea - 3 3 - 0.5 0.2
Cinnamomum camphora - - 3 - - 0.6
Aphanathe aspera - - 55 - - 20.4
Q. serra var. brevipetiolata - - 3 - - 0.6
Phoebe sheareri - - 16 - - 6.2
Ilex chinensis - - 3 - - 0.2
Celtis julianae - - 9.7 - - 1.4
Toona sinensis - - 3 - - 0.2
Hovenia acerba - - 3 - - 0.2
Total - - - 100.0 100.0 100.0

* 1951 Quercus aliena Q. fabri  Quercus aliena in the reference in 1951 should be Q. fabri in this paper
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Table 2 Changes of species diversity of the forests in Spirit Valley
Shannon-Wiener Simpson
Year Species richness Individuals Shannon’ s index Simpson index
1951 75 5153 1.381 0.936
1981 50 44 543 0.985 0.799
2002 73 7811 1.346 0.927
v 0.210 1.148 0.177 0.086
32002
Table 3 The frequency and percentage of stumpages in Pinus massoniana community among different size classes in 2002
il Il Il v V Total
Stumpages
Ind.  Frq. Ind.  Fiq. Ind.  Frq. Ind.  Frq. Ind.  Frq. Ind. Frq.
Pinus massoniana 0 0 0 0 0 0 11 57 23 86 34 100
Quercus variabilis 16 86 16 57 2 4 4 29 1 14 39 100
Liquibambar formosana 12 57 39 86 16 71 26 100 4 57 97 100
Pistacia chinensis 13 57 30 43 5 57 0 0 0 0 48 57
Dalbergia hupeana 15 57 21 43 0 0 0 0 0 0 36 57
Acer buergerianum 4 29 18 57 0 0 0 0 0 0 22 86
Kalopanax pictus 59 71 50 86 2 29 0 0 0 0 111 100
Celtis sinensis 15 86 35 86 3 29 0 0 0 0 53 100
Q. acutissima 0 0 2 29 3 14 0 0 0 0 5 29
Firmiana simplex 4 43 4 29 0 0 0 0 0 0 8 71
Photinia serrulata 2 29 28 86 7 57 0 0 0 0 37 86
Q. fabri 9 57 3 43 0 0 3 14 0 0 15 71
Aphanathe aspera 20 86 22 100 0 0 0 0 0 0 42 100
Cinnamomum camphora 3 29 25 71 1 14 0 0 0 0 29 71
Q. glandulifera var. brevipetiolata 0 0 16 14 1 14 1 14 0 0 18 14
Phoebe sheareri 0 0 3 14 0 0 0 0 0 0 3 14
Ilex chinensis 6 57 16 71 0 0 1 14 0 0 23 71
Celtis julianae 0 0 1 14 0 0 0 0 0 0 1 14
Melia azedarach 0 0 1 14 0 0 0 0 0 0 1 14
Toona sinensis 0 0 1 14 0 0 0 0 0 0 1 14
Sophora japonica 2 29 0 0 0 0 0 0 0 0 2 29
Photinia beawversiana 0 0 2 29 0 0 0 0 0 0 2 29
Diospyros kaki 0 0 3 29 0 0 0 0 0 0 3 29
Diospyros oleifera 2 14 0 0 0 0 0 0 0 0 2 14
Robinia pseudoacacia 1 14 15 57 3 14 0 0 0 0 19 57
Total 183 - 349 - 43 - 47 28 - 620 -
Ind. Individuals Frq. Frequency
v \Y \Y
3
3.1 2 3
2002
3 1951 1981 50
1951 1983 1951 75 %
28.8%
1 7 1951 5% 40%
1951 1981 200 30
1951 Pistacia chinensis
1951 35%
v I1I 1981
| 1981 39.5%
2002
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Fig.2  The composition proportion of stumpages in the masson-pine forest
A The composition proportion of trees B
The composition proportion of saplings
1. Pinus massoniana 2. Quercus variabilis 3.
Liquibambar formosana 4. Pistacia chinensis 5. Q.

acutissima 6. Dalbergia hupeana 7. Acer buergerianum

8. Kalopanax pictus 9. Celtis sinensis  10. Photinia
serrulata  11. Q. fabri
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Table 4 The important value of main species in the masson-
pine forest in 1951 — 2002

Year
Species 1951 1981 2002
Pinus massoniana 193.9 182.9 168.3
Pistacia chinensis 132.8 120.4 64.5
Quercus variabilis 116.9 60.0 111.4
Liquibambar formosana 107.5 149.3 142.3
Q. fabri 63.2 46.4 75.2
Dalbergia hupeana 90.2 90.6 62.5
Acer buergerianum 30.2 18.9 89.4
Kalopanax pictus 38.2 42.4 117.0
Celtis sinensis 27.4 9.6 108.3
Q. acutissima 18.8 58.6 29.9
3.2
4 3
1951
1981
2002

Kalopanax pictus

50
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Table 5 The frequency and percentage of stumpages in the broad-leaved forest among different size classes in 2002
1 Il i v \ Total
Stumpages
Ind. Frq. Ind. Frq. Ind. Frq. Ind. Frq. Ind. Frq. Ind. Frq.
Pistacia chinensis 4 12 1 4 0 0 0 0 4 17 9 29
Liquibambar formosana 13 12 67 38 5 17 6 17 12 29 103 67
Quercus fabri 68 46 11 38 1 4 12 25 8 25 100 71
Q. acutissima 1 4 7 12 6 12 0 0 1 4 15 17
Acer buergerianum 117 46 178 79 29 62 12 33 1 4 337 88
Celtis sinensis 13 33 50 50 5 12 3 12 4 17 75 75
Kalopanax pictus 26 38 28 42 5 21 4 17 0 0 63 67
Firmiana simplex 7 25 8 25 0 0 0 0 0 0 15 42
Dalbergia hupeana 9 12 0 0 0 0 0 0 0 0 9 12
Q. variabilis 137 42 28 33 0 0 3 8 15 42 183 62
Broussonetia papyrifera 5 8 4 4 0 0 0 0 0 0 9 8
Platycarya strobilacea 0 0 1 4 0 0 0 0 1 4 2 8
Sophora japonica 1 4 5 12 0 0 1 4 0 0 7 17
Aphanathe aspera 13 38 204 75 56 71 23 50 1 4 197 79
Q. serra var. brevipetiolata 7 8 0 0 0 0 0 0 0 0 7 8
Photinia serrulata 0 0 3 12 3 12 0 0 0 0 6 25
Robinia pseudoacacia 0 0 1 4 0 0 0 0 0 0 1 4
Cinnamomum camphora 6 8 8 17 2 4 0 0 0 0 16 17
Celiis julianae 5 12 39 33 4 8 1 4 0 0 49 38
Celtis sinensis 0 0 1 4 0 0 0 0 0 0 1 4
Ulmus pumila 7 21 9 12 0 0 0 0 0 0 16 29
Cyclobalanopsis glauca 1 4 0 0 0 0 0 0 0 0 1 4
Toona sinensis 0 0 2 4 0 0 1 4 0 0 3 8
Hovenia acerba 0 0 0 0 1 4 0 0 0 0 1 4
Diospyros oleifera 0 0 6 4 0 0 0 0 0 0 6 4
Phoebe sheareri 193 46 834 54 38 21 0 0 0 0 1 065 54
Total 633 - 1 495 - 155 66 47 - 2 396 -
Ind. Individuals Frq. Frequency
3 1951 1951 159 1981
1981 2002 10 400 560
A 1951
4.2 46 1981 10 260 307
6 Elaeagnus umbellata Cudra-
1951 nia tricuspidata Acer ginnala
1981 1981 2002
2002 ] Securinega ramiflora 50
Evonymus alata
5
4.3
1951 1951 5.1
1243 1981 26 280 3
2 954 14.3 13.3  14.2
Rosa spp. Osman- -l
thus fragrans Smilax china & S. glauco-china 1.47 1.80 2.54
1951
1981
1951 40 1981 26

30
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Table 6 The important value of main species in the broad-leaved forest in 1951 — 2002
Year
Species 1951 1981 2002
Pistacia chinensis 131.1 102.4 34.9
Liquibambar formosana 9%.1 128.3 92.6
Quercus fabri 106.2 131.9 93.6
Q. acutissima 79.9 56.1 20.2
Ulmus parvilfolia 121.6 58.1 0.0
Acer buergerianum 117.2 57.9 105.0
Celtis sinensis 106.8 13.1 91.2
Kalopanax pictus 74.3 60.8 70.2
Dalbergia hupeana 52.6 111.5 12.4
Q. variabilis 40.4 139.0 97.4
Aphanathe aspera 16.9 0.0 97.0
Pinus massoniana 10.3 55.2 0.0
Phoebe shearert 0.0 0.0 98.7
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Fig.3 The composition proportion of stumpages in the broad-leaved forest
A The composition proportion of trees B
The composition proportion of saplings A B C
1. Pistacia chinensis 2. L. formosana 3. Q.
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