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Abstract: Knowledge about how soil seed banks in tropical forests respond to elevational gra—
dients is crucial for predicting how tropical forests adapt to climate change. Soil seed banks of
tropical forests in Xishuangbanna were investigated by setting transects and plots at four elevations
(800 1000 1200 and 1400 m) in which soils were sampled and transported to a greenhouse
for seed germination. The results showed that: (1) Seed density and species richness were the
highest at 800 m; while the lowest seed density and species richness occurred at 1400 and 1200
m respectively. NMDS analyses based on Bray-Curtis similarity indices showed great distinctions
in species composition of soil seed banks among the 4 elevations. (2) The abundance of noncon—
stituent species in soil seed banks varied along the elevation gradient; nine species were found at
800 m while only five at 1400 m. The number of individuals for nonconstituent species peaked at
1200 m. ( 3) The similarity in species composition between standing vegetation and soil seed
banks was low at all elevations ( <15%) . All of these results suggested that forest soil seed banks
respond significantly to the changes in elevation in Xishuangbanna.
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Table 1 Environmental characteristics of plots at four elevations
(m) (m) (%) (%) (%)
800 739 Cl-5 3.19+0.59 32.68+1.65 27.7+3.26
1000 999 C2- 3.64+0.42 26.59+1.19 27.7+£2.58
1200 1209 C3=2 7.65+0.19 23.48+2.57 22.7+£2.91
1400 1411 C4-1 8.66+0.49 27.93+2.18 19.5+£2.04
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Fig.1 Germination rates of soil seed banks at four eleva—
tions



2393

2
Table 2 Numbers of seeds germinated from 20 soil samples ( 10 cm x10 cmx10 cm) and density of germinants along eleva—
tion
(m) 0~2 cm 2~5 cm 5~10 ¢cm ( +m?)
800 928 433 747 134 1974 2108 10540+1578 a
1000 308 376 648 106 1226 1332 6660+479 b
1200 279 483 1051 110 1703 1813 9065+659 ac
1400 170 341 554 27 1038 1065 5325+361 b
+ o n=20,
2.2 N ( P>0.05) o 4
1 . o
o 800 m 2.3
10540£1577  +m™ 3 2.3.1 7
o 1400 m 4 129
5325+361  *+m . 1200 m 48 103 (1 3). 800 m
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Table 3 Species numbers and composition of soil seed bank along elevation gradients

800 m 1000 m 1200 m 1400 m
Buddleja asiatica 112(5.67%) 12( 0.98%) 6( 0.58%)
Flueggea virosa 1(0.05%)
Baliospermum montanum 9(0.45%)
Maesa indica 14(0.71%) 2(0.16%) 16(0.94%) 16( 1.54%)
Bauhinia glauca subsp. tenuiflora 1( 0.05%)
Tetrastigma planicaule 2(0.10%) 5(0.41%) 2(0.19%)
Macropanax undulatus 3(0.15%)
Ludwigia hyssopifolia 128( 0.65%) 20( 1.63%) 1(0.06%)
Kydia calycina 3(0.15%)
Smilax perfoliata 1(0.05%)
Triumfetta rhomboidea 1( 0.05%) 2(0.12%) 4(0.39%)
Rubus alceifolius var. alceaefolius 1( 0.05%) 1( 0.08%) 3(0.18%) 28(2.70%)
Mussaenda macrophylla 5(0.25%) 25(2.04%) 29( 1.70%) 33(3.18%)
Callicarpa macrophylla 2(0.10%) 8(0.47%) 9(0.87%)
Vernonia parishii 1( 0.05%) 3(0.24%)
Aidia yunnanensts 14( 0.71%)
Parabarium micranthum 1(0.05%)
Ficus hispida var. hispida 2(0.10%) 8(0.65%)
Garuga floribunda var. gamblei 2(0.10%) 1(0.09%)
Chromolaena odorata 2(0.10%) 1( 0.08%) 1(0.09%)
Crassocephalum crepidioides 6(0.30%) 31(2.52%) 7(0.41%) 10( 0.96%)
Euodia austro-sinensis 2(0.10%) 3(0.2%) 4(0.23%)
Torenia flava 1( 0.05%)
Ageratum conyzoides 3(0.15%)
Ficus semicordata 56(2.83%) 183( 14.93%) 37(2.17%) 118( 11.37%)
Conyza canadensis 2(0.10%) 4(0.33%)
Stachytarpheta jamaicensis 1( 0.05%)
Ficus subulata 6(0.30%)
Urophyllum chinense 1(0.05%)
Carex baccans 2(0.10%)
Psychotria morindoides 2(0.10%)
Eurysolen gracilis 3(0.15%)
Rubus pirifolius 1(0.1%) 4(0.33%) 2(0.19%)
Eriobotrya prinoides 1(0.1%) 9(0.73%) 2(0.12%) 2(0.19%)
Parabaena sagittata 1(0.1%)
Isachne globosa 1(0.1%) 5(0.41%) 1(0.06%) 3(0.29%)
Digitaria sanguinalis 99(5.01%) 391(31.89%) 938( 55.08%) 197( 18.98%)
Gynostemma pubescens 1( 0.05%)
Elaeocarpus varunua 10( 0.51%) 3(0.24%)
Ficus auriculata 1(0.05%)
Hedyotis scandens 1( 0.05%)
Sida alnifolia 1( 0.05%) 5(0.41%)
Terminalia myriocarpa 43(2.18%)
Blumea lanceolaria 2(0.10%) 7(0.57%) 13( 1.25%)
Ficus variegata var. chlorocarp 44(2.23%) 72(5.87%) 1( 0.06%) 24(2.31%)
Ficus langkokensis 12( 0.61%) 15(1.22%) 1( 0.06%) 1( 0.09%)
Evodia lepta var. lapta 2(0.10%) 1(0.06%) 2(0.19%)
Trema orientalis 2(0.10%) 20( 1.63%) 13(0.76%) 17( 1.64%)
Alchornea davidii 3(0.15%) 6( 0.49%) 3(0.18%) 12( 1.16%)
Acronychia pedunculata 1( 0.05%)
Gnaphalium pensylvanicum 1(0.06%) 2(0.16%) 2(0.19%)
Wendlandia tinctoria 3(0.15%) 202( 16.48%) 124(7.28%) 59(5.68%)
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Table 3 Continued

800 m 1000 m 1200 m 1400 m
Ficus fistulosa 32(1.62%)
Glochidion assamicum 1(0.05%)
Tetrameles nudiflora 1(0.05%) 1( 0.08%) 1( 0.06%) 2(0.19%)
Stephania hernandiifolia 1( 0.05%) 1( 0.08%) 1( 0.09%)
Anthocephalus chinensis 1173(59.42%) 18( 1.47%)
Ficus cyrtophylla 8(0.41%) 6(0.49%) 19( 1.83%)
Gomphostemma leptodon 1(0.05%) 2(0.12%)
Colona thorelii 8(0.41%) 7(0.57%) 1(0.09%)
Mycetia gracilis 2(0.10%)
Rhynchotechum obovatum 52(2.63%) 1(0.08%) 2(0.19%)
Triumfetta annua 2(0.10%)
Musa acuminata 40( 2.02%) 9(0.73%)
Millettia pulchra 1( 0.05%)
Stereospermum colais 1(0.05%)
Saurauia yunnanensis 6( 0.30%)
Myrsine semiserraia 1(0.05%) 4(0.32%) 1( 0.09%)
Boehmeria zollingeriana 21( 1.06%) 2(0.16%) 1(0.06%) 2(0.19%)
Oreocnide frutescens 2(0.10%) 8(0.65%) 3(0.18%) 3(0.29%)
Mirabilis jalapa 1( 0.05%)
Mallotus paniculatus 2(0.16%)
Hedyotis diffusa 2(0.16%)
Erythropalum scandens 4(0.32%) 3(0.18%)
Melia toosendan 1( 0.08%)
Mallotus philippensis 2(0.16%)
Ficus hirta var. hirta 11( 0.90%) 5(0.29%) 4(0.39%)
Hedyotis verticillata 3(0.24%)
Cajanus grandiflorus 3(0.24%) 4(0.39%)
Vernonia volkameriifolia 1(0.08%)
Ophiorrhiza repandicalyx 1(0.08%)
Kyllinga monocephala 5(0.41%) 8(0.47%) 16( 1.54%)
Broussonetia papyifera 4(0.32%) 1( 0.09%)
Pseuderanthemum polyanthum 2(0.16%) 1(0.06%) 3(0.29%)
Spermacoce remota 3(0.24%) 3(0.18%)
Eurya pitiosporifolia 15( 1.22%) 121( 7.11%) 117( 11.27%)
Breynia fruticosa 2(0.16%)
Lycianthes biflora 2(0.16%)
Premna fulva 14( 1.14%)
Cipadessa cinerascens 1( 0.08%)
Houttuynia cordata 2(0.16%)
Maesa montana 3(0.24%) 92(5.40%) 25(2.49%)
Symphorema involucratum 1( 0.08%)
Steudnera colocacieafolia 4(0.32%)
Choerospondias axillaris var. axillaris 1(0.08%) 2(0.12%)
Elsholtzia blanda 3(0.24%)
Mallotus tetracoccus 1( 0.08%)
Phyllanthus reticulatus var. reticulatus 3(0.24%)
Inula cappa 17(1.39%) 1(0.06%)
Vernonia cinerea 2(0.16%) 4(0.23%) 3(0.29%)
Dendrocnide basirotunda 11( 0.90%)
Cyperus duclouxii 1( 0.08%) 3(0.18%) 14( 1.35%)
Aporosa yunnanensis 3(0.24%)
Campylotropis prainii 2(0.12%)
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Table 3 Continued

800 m 1000 m 1200 m 1400 m
Embelia subcoriacea 2(0.12%)
Alchornea tiliifolia 2(0.12%) 1( 0.09%)
Melastoma affine 167(9.81%) 128( 12.33%)
Mussaenda mollissima 1( 0.06%) 8(0.78%)
Microstegium ciliatum 1( 0.06%) 8(0.78%)
Picria fel-terrae 2(0.12%) 37(3.56%)
Hedyotis costata 37(2.17%) 8(0.78%)
Drypetes hoaensis 2(0.12%)
Embelia vestita 9( 0.53%) 1( 0.09%)
Lindernia crustacea 13( 0.76%)
Hedyotis hedyotidea 2(0.12%)
Pratitia nummularia 3(0.18%) 10( 0.96%)
Elsholizia rugulosa 4(0.23%) 4(0.39%)
Colebrookea oppositifolia 4(0.23%) 34(3.28%)
Croton kongensis 6(0.4%)
Macaranga denticulata 4(0.23%)
Lindera metcalfiana var. dictyophylla 1( 0.06%) 1( 0.09%)
Cyathula prostrata 1(0.09%)
Amischotolype hispida 1(0.09%)
Millettia pachycarpa 1( 0.09%)
Paraphlomis javanica 2(0.19%)
Alpinia conchigera 1(0.09%)
Smithia sensitiva 10( 0.96%)
Carex cruciata 2(0.19%)
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Fig.6 Diversity indices of soil seed banks along elevation
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Table 4 Similarity of species composition in seed banks be—
tween elevations

('m) 800 m 1000 m 1200 m 1400 m
800 1 0.33 0.26 0.32
1000 1 0.32 0.36
1200 1 0.41
1400 1
5
Table 5 Composition of soil seed banks nonconsitituent

species along elevation

800 1000 1200 1400
Hedyouis diffusa 2
Ludwigia linifolia 128 20 1
Hedyotis verticillata 3
Chromolaena odorata 2 1 1
Crassocephalum crepidioides 6 31 7 10
Spermacoce remota 3 3
Ageratum conyzoides 3
Conyza canadensis 2 4
Stachytarpheta jamaicensis 1
Digitaria sanguinalis 99 391 938 197
Hedyotis costata 37 8
Lindernia crustacea 13
Gnaphalium pensylvanicum 1 2 2
Pratitia nummularia 3
Mirabilis jalapa 1
243 457 1002 218
(%) 1231 37.28  58.84  21.00
9 9 7 5
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Table 6 Relationship between seed banks and standing vegetation along elevation
Sorensen Sorensen
(m)
800 23 71 0 0 35 71 2 3.60%
1000 25 68 1 2.10% 27 68 1 2.10%
1200 10 51 1 3.20% 12 51 5 13.70%
1400 7 58 2 5.80% 7 58 2 5.80%
2.5
o 4 o
( ) (
1996) . 800 m
o 800 m
0 800 m Cao  (2000)
; 1400 m 2 o 0
. (2006)
1200 m 66%
13.70% 1000 m . (2005)
2.10%. 68% 0~6 cm
3 800 m
( 2000)
3.1 ( Cao et al.
2000) o 800 m
800 ~ 1400 m (67.84%)
129 48 103
4
(800 m)
( 1200. 1400 .
m) 3.2
0 800 m (1987)
105401577  *m 2. (1997) . 800
5905 +£202 . 1200 m
m” 0 2 ;
o 1400 m
1400 m 5325 +361 . 1200 m 0
m’, 800 m
1400 m Dalling  ( 1998)
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