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Abstract We compared species composition and diver-
sity of the soil seed and seedling banks in three sec-
ondary vegetation types (shrubland, Populus bonatii
forest, Lithocarpus regrowth forest) and a primary old-
growth forest in the subtropical Ailao Mountains of
southwestern China to clarify the importance of seed
and seedling banks for forest dynamics. The average
species richness was the highest in soil samples from the
shrubland (26.80 ± 1.98), and the lowest from the pri-
mary forest (9.93 ± 0.50). The density of germinable
tree seeds increased from the secondary vegetation to the
primary forest, and the density of shrub, forb, and
graminoid seeds decreased significantly. The most
abundant seedlings recorded in soil samples were light-
demanding species in the shrubland and Populus bonatii
forest. For ground flora, the number of shrub seedlings
strongly decreased with the increase in stand age, and
shade-tolerant tree seedlings tended to increase. The
species similarity between the seed bank and the
aboveground vegetation in all sites was low (Sørensen’s
index = 0.11–0.33), however, the shrubland had higher
similarity compared with the other three plant commu-

nities. In the primary forest, light-demanding woody
species dominated in soil seed banks, while shade-tol-
erant species dominated in the overstory and the forest
floor. In the primary forest, seedlings of dominant tree
species were rare in the understory, and no seeds of the
dominant species were found in the soil. Results indi-
cated that the early stages of vegetation recovery should
take into account the possibility of recovering soil seed
bank processes. However, colonization and establish-
ment of tree seedlings will be difficult once a primary
forest is destroyed.

Keywords Seed bank Æ Seedling bank Æ Regeneration Æ
Primary forest Æ Secondary vegetation

Introduction

Evergreen broad-leaved forests, dominated by the
families Fagaceae, Lauraceae, and Hamamelidaceae,
were once widely distributed in humid areas at mid-
latitudes in the northern hemisphere (Kira 1991; Tagawa
1995). Of China’s various vegetation types, the sub-
tropical evergreen broad-leaved forest occupied the
largest area. This type of forest was largely destroyed by
human activities including deforestation, logging, fire,
and unsustainable agricultural practices (Wu et al.
1987), after which regeneration requires several plant life
cycles, including seed production and seedling or sapling
establishment and survival (Harmer 1995). Seed banks
are understood to be integral to many plant communi-
ties (James et al. 2007) and can be used to predict
secondary succession (Pakeman and Hay 1996).

Previous studies concerning seed banks have mainly
been concerned with temperate forests, heathlands,
grasslands, and pastures, and largely confined to Europe
and North America (Hopfensperger 2007). Studies also
have been done on tropical ecosystems (Alvarez-Buylla
and Martı́nez-Ramos 1990; Tang et al. 2006). Most of
them have focused on the spatial distribution of seeds in
soil (Pazos and Bertiller 2008), seed density, species
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richness, composition of the soil seed bank (Lemenih
and Teketay 2006), effects of environmental factors on
seed bank dynamics (Kitajima and Tilman 1996), and
the similarities between species composition in the seed
bank and the aboveground vegetation (Zobel et al.
2007). However, the seed bank characteristics of sub-
tropical evergreen broad-leaved forests have not re-
ceived adequate attention. The regenerative potential of
seed banks in the subtropics is also little known.

The most reliable indicator of successful restoration of
forest communities is likely to be the number, composi-
tion, and life form (tree vs. shrub) of the woody seedlings
colonizing naturally (Hughes and Rood 2003). At the
seedling stage, however, a high rate of mortality occurs
(Burslen et al. 2000), mainly caused by factors including
pathogenic fungi (Cruz-Rodrı́guez and López-Mata
2004), herbivores (Clark and Clark 1985), water stress
(Poorter and Hayashida-Oliver 2000), and limitations on
nutrients (McKinley and Van Auken 2005) and light
(Benı́tez-Malvido et al. 2005). So, the seedling stage rep-
resents a demographic bottleneck for most populations,
particularly those of species that do not have the ability to
grow clonally (Messaoud and Houle 2006).

Nowadays, most studies on woody seedling regener-
ation, particularly of dominant species, have concen-
trated on the dynamics of seedlings or their
contributions to regeneration in natural gaps (Walker
2000). Relatively few studies have elucidated the changes
in the distribution of life forms for different ecological
traits such as light requirements, and few have evaluated
the regenerative potential of woody seedlings along a
gradient of successional stages.

Thus, the objectives of this study were to (1) describe
the species composition of the soil seed bank and the
woody seedlings based on different light-demand levels
in the sites; (2) evaluate the species richness, density, and
life forms preserved in the soil seed bank and seedling
bank in secondary and primary forests; (3) examine the
relationship between the seed bank and aboveground
vegetation and characterize the relationship among the
seedling bank and saplings, poles, and trees; (4) evaluate
the role of the seed bank and seedlings in the regenera-
tion of the plant communities. We also hypothesized
that the contribution of the seed bank to regeneration
may be important in early stages of succession, and that
with time the seedling bank gains in importance.

Materials and methods

Study area

The study area was in the Xujiaba region (2000–2650 m
asl), a key area of the Ailao Mountain National Nature
Reserve, covering 5100 ha on the northern crest of the
Ailao Mountains in south-central Yunnan (23�35¢–
24�44¢N, 100�54¢–101�30¢E). Meteorological observa-
tions (1982–1992) at the Forest Ecosystem Research

Station,Xujiaba (24�32¢N, 101�01¢E, 2450 masl) show an
annual mean precipitation of 1931.1 mm (85% in the
rainy season fromMay to October). Annual evaporation
is 1485.5 mm (23% less than precipitation). Annual mean
air temperature is 11.3�C (from 5.4�C in January to
16.4�C in July). The mean active accumulated tempera-
ture above 10�C is about 3420�C,making this area similar
to the warm temperate zone (Liu et al. 2002). Natural
disturbancesmost commonly affecting forests in theAilao
Mountains are strongwinds and the occasional cold spells
that may be accompanied by snowfall. The soil under the
evergreen broad-leaved forest is a typical yellow-brown-
ish earth, with abundant organic matter (20–31%) and
nitrogen content (0.7–1%). Parent rock is mainly schist,
gneiss, and diorite. Soil texture is loamy, with acidic pH
(4.2–4.6) (Tang et al. 2007). The thickness of the litter
layer covering almost all the soil surface is about 3–7 cm.

In Yunnan, the evergreen broad-leaved forest is
represented by trees of the genera Lithocarpus and
Castanopsis. This forest is distributed mainly on sub-
tropical mountains with an elevation of 2000–2600 m.
With its abundance of rainfall, middle elevation, and
high humidity, this forest type has been designated as
‘‘mid-montane humid evergreen broad-leaved forest’’ in
Yunnan (Jin 1983; Wu et al. 1987; Bureau of Environ-
ment Conservation of Yunnan 1998; Tang et al. 2007;
Tang and Ohsawa 2009) and represents the predominant
vegetation of Xujiaba. As a result of deforestation,
logging, fire, unsustainable agricultural practices, or
grazing, only secondary patches are found around a
reservoir or in the frontier zone of the Ailao Mountain
National Nature Reserve.

Physiognomic attributes and information from local
farmers were used to select the study sites. The three
secondary plant communities and the primary evergreen
broad-leaved forest were chosen as follows:

1. A shrubland (henceforth SL), mainly distributed in
the frontier zone of the reserve. The shrubland is a
consequence of severe damage to the evergreen
broad-leaved forests from agriculture and repeated
burning/grazing. The most abundant species are
Eupatorium adenophorum, Lyonia ovalifolia, Hyperi-
cum uralum, Gaultheria forrestii, and Osbeckia opi-
para. Until 1987, this site was used to grow corn,
potatoes (Solanum tuberosum L.), and buckwheat
(Fagopyrum esculentum Moench.).

2. A Populus bonatii secondary forest (henceforth PBF)
resulting from cutting during reconstruction of the
Xujiaba reservoir in the middle of the last century
(Sheng and Xie 1991). The dominant tree species are
P. bonatii, L. xylocarpus, and Vaccinium duclouxii.

3. A Lithocarpus regrowth forest (henceforth LRF). The
many regenerated trees indicate that Lithocarpus was
probably cut for timber and/or grazing but not for
cultivation. When the reservoir was initially con-
structed about 100 years ago, some surrounding
forest was cut; it is now regenerating into a secondary
evergreen broad-leaved forest having mostly the same
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dominant species as the primary forest (Young et al.
1992).

4. Primary forest (henceforth PF). The primary moist
evergreen broad-leaved forest has two tree layers and
subordinate shrub layers, as well as abundant epi-
phytes. The upper canopy of the forest is 18–25 m
high and contains a number of tree species including
L. chintungensis, L. xylocarpus, Manglietia insignis,
Machilus bombycina, Illicium macranthum. Shrub,
bamboo, and ground cover herbs occur in localized
patches (Tang et al. 2007). Various epiphytes,
climbing plants, ferns, and mosses grow on tree
trunks and branches, exposed rock, and dead wood
(Young and Herwitz 1995).

Vegetation and seed-bank sampling

Vegetation and seed-bank samples were taken at the
same locations for each site studied. Vegetation com-
position of each site was sampled in sixteen 40 · 5 m
transects (with at least 5 m between transects). We
subdivided each transect into four 5 · 5 m plots (5 m
between plots). We identified and measured the height
and diameter of all live woody plants 1.3 m or greater in
height. All woody individuals <1.3 m tall were identi-
fied and counted in the 5 · 5 m plots. Within each plot,
we characterized all woody plants into the following size
classes: (1) stage 1 (S1) ‡0.2 m tall and <1.3 m tall for
tree species, and ‡0.2 m tall and <0.5 m tall for shrub
species, (2) stage 2 (S2) ‡1.3 m tall and <5 cm DBH for
tree species, and ‡0.5 m tall and <1 m tall for shrub
species, (3) stage 3 (S3) ‡5 cm DBH and <10 cm DBH
for tree species, and ‡1 m tall for shrub species, (4) stage
4 (S4) (stems ‡10 cm DBH). In this paper, seedlings
belong to S1, saplings to S2, poles to S3 for both shrub
and tree species, and trees to S4.

Seed bank data were collected by a seedling germi-
nation method. Soil sampling for investigation of the
seed bank was done in late April 2008, just prior
to natural germination of seeds. One soil core
(10 · 10 · 10 cm) was taken from the center of each
5 · 5 m plot in each stand site. A total of 256 samples
were collected. After removing gravel, litter, and roots,
the soil samples from each soil core were placed sepa-
rately in cloth bags and transported to a glasshouse
and were then spread out into a thin layer (about 2 cm)
on plastic trays for germination. Before the soil was
put into trays, the bottom of each tray was pierced and
a gravel layer installed in order to prevent the soil from
becoming water-saturated. The trays were kept in a
glasshouse at the Xishuangbanna Tropical Botanical
Garden, Chinese Academy of Science, Kunming,
Yunnan, and watered every 1–2 days to keep the soil
continually moist. Seedling emergence in the trays was
checked weekly from early May 2008 to late June 2009.

Identified individuals were removed from the trays.
Individuals of unknown species were transplanted to
bigger trays to allow for later growth and identifica-
tion. When emergence was zero for several days, soils
were allowed to dry, stirred by hand, and rewetted.
Emerging seedlings were again identified and removed.
This was repeated until no seedlings emerged. We did
not take into consideration fern species, except for
noting their presence, since they cannot be identified at
the prothallus stage. The species were identified
according to the International Code of Botanical
Nomenclature (Greuter et al. 2000) and the Flora of
China.

Species were classified according to life form as trees,
shrubs, lianas, forbs, and graminoids. We further cate-
gorized species according to their light requirements as
light-demanding, intermediate, and shade-tolerant, as
suggested by Comita and Hubbell (2009). Designation
of species attributes was based on (1) field observation
and (2) the information from published authorities (e.g.,
You 1983; Lin and Cao 2009) and (3) the Chinese
Virtual Herbarium (http://www.cvh.org.cn/).

Data analysis

Species basal area (BA, m2) and the relative proportion
of each species’s basal area (relative basal area, RBA)
were calculated from the DBH data of woody species
individuals. We used dominance analysis to determine
dominant species in different plant communities (Ohsawa
1984). According to this scheme, in a community
dominated by a single species, the relative dominance
may be stated as 1. When two species share dominance,
the relative abundance of each should ideally be 0.5,
and if there are three codominants it should be 0.33,
and so on. The number of dominant species is that
which shows the least deviation between the actual
relative dominance values and the expected percent
share of the corresponding codominant-number model.
The deviation (d) is calculated by the following equa-
tion:

d ¼ 1=N
X
ðxi � x0Þ2 þ

X
x2j

h i
; i 2 T ; j 2 U

where xi is the actual percent share (here, RBA is
adopted) of the top species (T), i.e., of the top dominant
in the one-dominant model, the two top dominants in
the two-dominant model, and so on; x¢ is the ideal
percent share based on the model as mentioned above; xj
is the percent share of the remaining species (U); and
N is the total number of the species (Kikvidze and
Ohsawa 2002).

Seedling density was computed for each plot and the
four vegetation types and expressed as the number of
seedlings per square meter. Shannon’s index in the four
vegetation classes was calculated using H¢ = �

P
PilnPi
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(Magurran 1991), where Pi is the proportion of indi-
viduals of the ith species out of the total individuals in
the sample, i.e., Pi = (Ni/N), where N is the total
number of individuals recorded in the sample and Ni is
the number of the individuals of the ith species in the
sample; S is the number of species recorded in the
sample.

Similarity between pairs of plots was calculated using
Sørensen’s coefficient of community CC (Schoener
1970): CC = 2c/(a + b + 2c), where a is the number of
species unique to plot A, b the number of species unique
to plot B, and c the number of species shared by plots
A and B.

The similarity among the species composition in the
seed bank and that of different components of the
forest (seedlings, saplings, poles, and trees) was cal-
culated using Sørensen’s similarity index. Differences
in the mean number among the four vegetation clas-
ses, species richness, and diversity of germinated
seedlings in the soil seed bank as well as the average
abundance and Shannon’s index of woody seedlings
(shrub and tree) were analyzed using one-way
ANOVA followed by the Tukey-Kramer test. Level of
significance was set at P < 0.05. The difference in the
number of shrub and tree seedlings among communi-
ties was tested by the chi-squared test. All statistical
analyses were done using the SPSS (version 13) sta-
tistical software (SPSS, Chicago, IL, USA) and
SigmaPlot 10.0 software (Aspire Software Interna-
tional, Leesburg, VA, USA).

Results

Species composition of the overstory (H ‡ 1.3 m high)
in the four plant communities

Forty-five woody species that had relative basal areas
‡0.01% were found in the four plant communities
(Table 1). The shrubland (SL), representing the early
pioneer stage of the secondary succession, was domi-
nated by light-demanding L. ovalifolia and H. uralum,
with participation of P. bonatii, Ilex corallina, Tern-
stroemia gymnanthera, and V. duclouxii. The Populus
bonatii secondary forest (PBF), representing the late
pioneer stage of the secondary succession, was domi-
nated by light-demanding P. bonatii, intermediate
V. duclouxii, and shade-tolerant L. chintungensis and
included 23 other species. The Lithocarpus regrowth
forest (LRF), representing the seral stage of the sec-
ondary succession, had 26 species. LRF was dominated
by shade-tolerant L. chintungensis. In the primary forest
(PF), representing the late stage of the succession, 28
species were found. It was dominated by shade-tolerant
trees L. chintungensis, L. xylocarpus, M. bombycina, and
M. insignis. In PF, more shade-tolerant species were
found including I. macranthum, Neolitsea chuii,
M. yunnanensis among others. The RBA of shade-tolerant

species increased while the light-demanding species de-
creased in the overstory as succession progressed from
SL, to PBF and LRF, and finally to PF (Fig. 1).

Seedling banks

Fifty-five woody species (tree and shrub) and 8256
individual plants were collected (Appendix). The num-
ber of individuals of woody plant seedlings showed a
sharp decrease along the succession gradient. The aver-
age abundance differed significantly among communities
(F3,252 = 55.26, P < 0.05), being highest in SL. Rich-
ness also differed among the forest stages, with PBF
having the most, and SL the least. There was a signifi-
cant difference in Shannon’s index among vegetation
types (F3,252 = 88.47, P < 0.05). The values were
higher in PBF and LRF than in SL and PF (Table 2).
The most common species were H. uralum, Viburnum
erubescens, O. opipara, and G. forrestii in SL; H. uralum
in PBF; I. coralline and L. chintungensis in LRF; and
M. bombycina in PF (Appendix).

The difference in the number of shrub seedlings
among communities was significant (v2 = 10812.93,
df = 3, P < 0.001), being highest in SL, followed by
PBF, LRF, and PF. The number of tree seedlings also
differed significantly among vegetation types (v2 =
38.69, df = 3, P < 0.001) (Fig. 2). SL was dominated
by light-demanding species whereas the intermediate
and shade-tolerant species were rare. With the pro-
gress of the succession, the number of shade-tolerant
seedlings for shrubs and trees increased, and no
seedlings of light-demanding plants were found in
PF.

Seed banks

A total of 35077 seedlings (5965 in PF, 3869 in LRF,
7672 in PBF, 17571 in SL) representing 94 species ger-
minated in the greenhouse experiment from the soil
samples collected in 2008. Of the 94 species, there were
14 trees, 8 shrubs, 10 lianas, 45 forbs, and 17 grami-
noids. The most abundant three species were L. ovali-
folia (55.9%), V. duclouxii (24.2%), and I. szechuanensis
(4.4%) in PF. In LRF, the species with the greatest
numbers of individuals were Carex teinogyna (31.0%),
Spiraea japonica (30.8%), and V. duclouxii (10.6%).
PBF was dominated by C. nubigena (28.8%), O. opipara
(14.3%), and Mimulus tenellus (10.0%); and SL by
H. uralum (18.4%), E. adenophorum (17.2%), and
O. opipara (6.9%) (Appendix).

The differences in average soil seed density among
communities were significant (F3,252 = 67.24,
P < 0.05), being the highest in the soil of SL, followed
by PBF, PF, and LRF. The average species richness for
all the life forms also differed significantly among
communities (F3,252 = 180.05, P < 0.05), being highest
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in soil samples from SL. The number of trees species
was significantly higher in PF and LRF than in SL
and PBF (F3,252 = 148.86, P < 0.05), and the number
of graminoid species was significantly lower in PF and
LRF than in SL and PBF (F3,252 = 285.23, P < 0.05).
Trees dominated in the soil seed bank of PF. Forbs
were the most numerous in the soil seed bank of SL.
The diversity indices decreased significantly with the
age of the plant communities (F3,252 = 105.04,
P < 0.05) (Table 3). The number of germinable tree
seeds increased throughout succession, and the number
of shrubs and forbs decreased with the increasing age of
the plant communities (Fig. 3). Light-demanding tree
species contributed the highest proportion of germinable
seeds in PF. Light-demanding shrub species dominated

the germinable seed bank in SL, PBF, LRF, but not
PF (Fig. 4).

Relationships between the seed bank and aboveground
vegetation

The similarity between the composition of seedlings (or
woody seedlings germinated from the seed bank) and
that of trees, poles, and saplings was highest in LRF,
followed by PF, PBF, and SL (Fig. 5a–f). The simi-
larity between woody seedlings germinated from the
seed bank and woody species or seedlings recorded in
aboveground vegetation tended to decrease as the
successional stage advanced from SL, to PBF and

Table 1 Composition of the
woody species (H ‡ 1.3 m tall)
for different plant communities

Values are relative basal area of
each species (Ohsawa 1984).
Those species that had relative
basal areas ‡0.01% are inclu-
ded. Asterisks indicate domi-
nant species
SL Shrubland, PBF Populus
bonatii secondary forest,
LRF Lithocarpus regrowth
forest, PF primary forest

Successional stage Early pioneer Late pioneer Seral Late
Community type SL PBF LRF PF

Lyonia ovalifolia 69.83* 0.07 3.88
Hypericum uralum 24.37*
Populus bonatii 2.14 41.76* 4.51
Ilex corallina 1.87 4.63 6.19
Ternstroemia gymnanthera 1.68 3.63 4.93
Vaccinium duclouxii 0.11 13.91* 6.3
Lithocarpus chintungensis 24.36* 41.77* 32.33*
Salix pseudotangii 3.64 0.35
Camellia forrestii 2.09
Lithocarpus xylocarpus 1.69 0.06 13.02*
Ilex szechuanensis 0.79 0.97 0.73
Rhododendron irroratum 0.51 0.09
Gaultheria forrestii 0.47
Illicium macranthum 0.41 5.48
Symplocos ramosissima 0.38 6.47 2.31
Lithocarpus hypoglaucus 0.34 3.24 0.59
Styrax perkinsiae 0.34 2.45 0.28
Eriobotrya bengalensis 0.28 0.47
Schima noronhae 0.17 4.41 0.04
Litsea elongata 0.15 0.09 0.65
Docynia delavayi 0.15 0.56
Symplocos dryophila 0.08 0.14
Stranvaesia davidiana 0.07 2.9
Schefflera shweliensis 0.05
Symplocos anomala 0.02 1.97
Machilus yunnanensis 0.01 2.01
Cotoneaster pannosus 0.01
Lithocarpus pachyphylloides 3.95
Ligustrum delavayanum 3 0.06
Acanthopanax evodiaefolius 0.99
Machilus bombycina 0.78 9.76*
Neolitsea polycarpa 0.53 1.49
Lindera thomsonii 0.47 0.08
Castanopsis wattii 0.41 0.13
Rhododendron leptothrium 0.39 2.08
Viburnum coreaceum 0.32
Manglietia insignis 10.54*
Neolitsea chuii 4.13
Meliosma kirkii 3.81
Prunus pilosiuscula 2.06
Eurya yunnanensis 1.97
Symplocos sumuntia 1.7
Hartia sinensis 1.08
Laurocerasus undulata 0.81
Symplocos poilanei 0.25
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LRF, and finally to PF (0.33 in shrubland to 0.11 in
primary forest) (Fig. 5g, h).

Discussion

Our study has recorded higher seed density and species
richness as compared to similar studies conducted in
East Asian forests. For instance, Naka and Yoda (1984)
found seeds of a single species (Eurya japonica) to be
abundant in different aged stands of the Kasugayama
Forest Reserve, whilst in our study we found differing
species to dominate in stands of different ages.

Previous studies have shown that the species richness
of a seed bank often decreases during secondary
succession (Roberts and Vankat 1991; Bakker et al.
1996). This is usually associated with a decline in the
density of seeds (Kalamees and Zobel 1998). The higher
seed bank densities found in earlier forest successional
stages may be due to the higher fecundity, earlier
reproduction, and longer dormancy associated with the
higher seed longevity of pioneer species that predomi-
nate in these sites (Janzen and Vázquez-Yanes 1990). In
our study, the density of germinated seedlings and spe-
cies richness in the soil seed banks also decreased with

the increasing age of plant communities from SL to PF.
The higher seed density in SL can be explained by a
larger number of early successional pioneer species (e.g.,
H. uralum, E. adenophorum, O. opipara, and Anaphalis
margaritacea) in the seed bank, which produce persistent
seeds (Leary and Howes-Keiffer 2004). Herb species
were rare in the late-successional PF; Naka and Yoda
(1984) also reported that most herb species were rarely
found in mature forest stands. The microclimatic con-
ditions beneath the mature stage do not favor estab-
lishment of pioneer species. Further, dispersal of seeds
of pioneer species from the margins toward the inner
forest may be severely limited (Devlaeminck et al. 2005).
Higher species richness was observed in SL, where the
seeds of more forb species may remain dormant within
the soil (Meiners and Gorchov 1994). In our study, 37
forb species were recorded in the seed bank of SL versus
only 10 in PF (Appendix).

Some studies have shown that seeds of tree species,
especially those adapted to later successional stages,
were relatively scarce in the soil seed banks of most
ecosystems, including natural forests (Senbeta and
Teketay 2001; Bossuyt and Hermy 2001). In our inves-
tigation sites, the dominant canopy tree species of
Castanopsis, Lithocarpus, Machillus, and Schima were

Table 2 Structural parameters of the regeneration strata (woody plants <1.3 m tall) of different plant communities (sampling area =
1600 m2 each) in the Ailao Mountains

Community type SL PBF LRF PF

Total abundance (n) 5625 1310 757 564
Average (±SE) abundance (plants per plot) 87.9 ± 9.2a 20.5 ± 3.3b 11.8 ± 2.6b 8.8 ± 1.4b

Total species richness (n) 9 50 32 31
Shannon’s index (H¢) 1.4 ± 0.0a 2.6 ± 0.0b 2.4 ± 0.1b 1.4 ± 0.2a

Different letters within a row denote significantly different means as determined by Tukey-Kramer tests (P < 0.05)
SL Shrubland, PBF Populus bonatii secondary forest, LRF Lithocarpus regrowth forest, PF primary forest

Fig. 1 The relative basal area (RBA) of woody species for the
overstory (H ‡ 1.3 m high) of the four plant communities.
SL Shrubland, PBF Populus bonatii secondary forest, LRF
Lithocarpus regrowth forest, PF primary forest, LD light-demanding,
IN intermediate light demand, ST shade-tolerant

Fig. 2 The number of shrub and tree seedlings in different plant
communities in the Ailao Mountains (mean ± SE). SL Shrubland,
PBF Populus bonatii secondary forest, LRF Lithocarpus regrowth
forest, PF primary forest, T trees, S shrubs
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absent from the seed bank, while a relatively high den-
sity of shade-intolerant V. duclouxii and L. ovalifolia was
found in the soil seed bank of PF (Appendix). Our study

Table 3 Mean density, species richness, and species diversity (H¢) of the samples in different plant communities of the soil seed bank in the
Ailao Mountains

Community type SL PBF LRF PF

Mean number of germinated seedlings/m2 (n) 22760 ± 3233a 11980 ± 1092b 6160 ± 1271c 9333 ± 1066b

Mean number of species ± SD
T 0.47 ± 0.17a 0.73 ± 0.12a 2.93 ± 0.41b 3.53 ± 0.27b

S 3.13 ± 0.29ab 3.93 ± 0.43a 2.33 ± 0.35b 2.20 ± 0.28b

L 0.20 ± 0.14a 0.53 ± 0.29ab 1.33 ± 0.27c 1.13 ± 0.24bc

F 15.33 ± 1.32a 3.60 ± 0.49b 3.47 ± 0.052b 1.80 ± 0.28b

G 7.13 ± 0.58a 6.27 ± 0.34a 1.73 ± 0.30b 1.27 ± 0.21b

Total 26.80 ± 1.98a 14.80 ± 0.81b 11.87 ± 0.94c 9.93 ± 0.50c

Shannon’s index (H¢) 2.53 ± 0.08a 1.90 ± 0.09b 1.77 ± 0.11b 1.40 ± 0.09c

Data are mean ± SD. Different letters within a row denote significantly different means as determined by Tukey-Kramer tests (P < 0.05)
SL Shrubland, PBF Populus bonatii secondary forest, LRF Lithocarpus regrowth forest, PF primary forest, TR trees, S shrubs, L lianas,
F forbs, G graminoids

Fig. 3 Number of germinated seedlings of different life forms
recorded in soil samples in different plant communities in the Ailao
Mountains. SL Shrubland, PBF Populus bonatii secondary forest,
LRF Lithocarpus regrowth forest, PF primary forest

Fig. 4 Number of tree and shrub seedlings germinated in soil
samples in different plant communities in the Ailao Mountains.
SL Shrubland, PBF Populus bonatii secondary forest, LRF
Lithocarpus regrowth forest, PF primary forest, ST shade-tolerant,
IN intermediate light demand, LD light-demanding

Fig. 5 Sørensen’s index for the species composition of soil seed
banks and different components of the forest (a–h) in different
plant communities in the Ailao Mountains. SL Shrubland, PBF
Populus bonatii secondary forest, LRF Lithocarpus regrowth forest,
PF primary forest, TR trees, PO poles, SA saplings, SE seedlings,
WSAV woody species recorded in aboveground vegetation, WSSB
woody seedlings germinated from the seed bank
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found the number of tree species to be relatively low in
the soil seed banks of early successional communities of
SL and PBF. This scarcity could be attributed to several
factors. First, tree seeds may not be dormant. Second,
trees usually have large seeds that cannot be dispersed
easily over long distances (Hermy et al. 1999). Thus,
inputs of seed rain from adjacent natural forests to the
soil seed bank of the early successional stage may be
minimal (Mengistua et al. 2005). Third, seeds may be
lost through predation (Teketay 1998). Finally, such
environmental factors as high temperature and direct
solar radiation on the bare soils may reduce seed via-
bility (Lemenih and Teketay 2006).

As in other tropical and temperate forests (Olano
et al. 2002) and grasslands (Funes et al. 2001), seed bank
composition and the established aboveground vegeta-
tion were dissimilar, especially in late successional
stages. Only 11–33% of the total species are common to
the vegetation and the seed bank. This can be explained
by the fact that (1) the seed bank composition may be
derived from a former successional stage (Thompson
et al. 1997); (2) the vegetation may be partly derived
from seeds dispersed from outside the site or through
seed rain from adjacent natural forest; (3) seeds may
germinate immediately once they fall into a moist soil.
Another reason for the low similarity is that late suc-
cession forest species have larger seeds that are targeted
for predation by small mammals on the forest floor
(Gross-Camp and Kaplin 2005).

The similarities between woody seedlings and sap-
lings, seedlings and poles, and seedlings and trees were
higher in PF, LRF, and PBF as compared with the
similarity between the seed bank and standing vegeta-
tion. These results imply that the woody seedling bank
may contribute to regeneration at the later successional
stages of the montane moist evergreen broad-leaved
forest, and that the seed rain, not the seed bank,

appears to determine the structure of the forest during
the later stages, with birds being especially important
dispersing agents (Purves et al. 2007). Naka and Yoda
(1984) also found a few seeds of evergreen broad-
leaved species in the soils, with these species tending to
recruit instead from seedling banks. Therefore, rapid
vegetation restoration from the soil seed banks of de-
graded abandoned farm fields may not be possible in
this area.

The soil seed bank (especially, in the cases of shrubs
and forbs E. adenophorum, G. forrestii, O. opipara,
V. erubescens, and H. uralum) plays a significant role in
the restoration of vegetation following clear-cutting in
the forest. On the other hand, the dense exotic species
E. adenophorum, as well as shrub species that may grow
quickly from the soil bank, may result in strong com-
petition for the tree species. Therefore, the colonization
and establishment of tree seedlings may be very slow
now that this forest has been destroyed.
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Appendix

Table 4 presents information on germinated seedlings
from the seed bank and from the seedling banks of the
different communities.

Table 4 Species, total number, and life forms of germinated seedlings in the samples of seed bank collected and of woody plant seedlings
in primary forest and different secondary communities in the Ailao Mountains

Species Traits Seed bank Seedling bank

SL PBF LRF PF SL PBF LRF PF

Trees
Vaccinium duclouxii (Levl.) Hand.-Mazz. IN 17 431 410 1442 – 92 81 –
Aralia chinensis L. LD 10 – – 2 – – – –
Lyonia ovalifolia (Wall.) Drude LD 4 – 36 3332 224 8 14 –
Acanthopanax evodiaefolius Franch. LD 3 – – – – – – –
Ternstroemia gymnanthera (Wight et Arn.) Beddome IN – 3 – – 18 24 67 –
Ilex szechuanensis Loes. ST – – 51 265 – 6 7 4
Prunus conradinae Koehne LD – – 21 4 – – – –
Symplocos ramosissima Wall. ex G. Don ST – – 21 26 – 51 44 47
Viburnum coreaceum Blume. LD – – 17 13 – 3 2 –
Betula alnoides Buch Ham. LD – – 13 6 – – – –
Meliosma kirkii Hemsl. et Wils. LD – – 7 13 – – – –
Lithocarpus chintungensis Hsu et qian sp. Nov. ST – – 2 – – 26 107 17
Litsea cubeba (Lour.) Pers. LD – – 1 – – – – –
Litsea elongata (Wall. ex Nees) Benth. et Hook. f. ST – – – 5 – 7 4 9
Salix pseudotangii C. Wang et C. Y. Yu LD – – – – 281 1 – –
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Table 4 continued

Species Traits Seed bank Seedling bank

SL PBF LRF PF SL PBF LRF PF

Ilex corallina Franch. IN – – – – 108 87 123 5
Populus bonatii Levl. LD – – – – 62 42 – –
Schefflera shweliensis W. W. Smith IN – – – – – 37 23 5
Machilus bombycina King ex Hook. f. ST – – – – – 22 44 283
Schima noronhae Reinw. ex Bl. Bijdr. IN – – – – – 16 8 –
Eriobotrya bengalensis Hook. f. IN – – – – – 14 – –
Symplocos sumuntia Buch.-Ham. ex D. Don ST – – – – – 14 – 4
Neolitsea polycarpa Liou ST – – – – – 13 11 8
Ilex manneiensis S. Y. Hu IN – – – – – 11 – –
Illicium macranthum A. C. Smith ST – – – – – 9 6 38
Polygala arillata Buch.-Ham. ex D. Don IN – – – – – 8 7 –
Symplocos anomala Brand ST – – – – – 7 – –
Ligustrum delavayanum Hariot. ST – – – – – 4 17 8
Schefflera fengii Tseng & Hoo IN – – – – – 3 1 –
Daphniphyllum macropodum Miq. ST – – – – – 2 – –
Symplocos dryophila Clarke ST – – – – – 2 – 8
Skimmia arborescens T. Anders. ex Gamble ST – – – – – 2 2 6
Lindera thomsonii Allen ST – – – – – 1 9 2
Lithocarpus xylocarpus Markg. ST – – – – – 1 7 2
Manglietia insignis (Wall.) Bl. ST – – – – – 1 3 13
Docynia delavayi (Franch.) Schneid LD – – – – – 1 1 –
Neolitsea chuii Merr. ST – – – – – 1 – 7
Machilus yunnanensis Lec. ST – – – – – 1 – 1
Michelia floribunda Finet et Gagnep. ST – – – – – 1 – –
Rhododendron leptothrium Balf.f.et Forrest IN – – – – – 1 – –
Styrax perkinsiae Rehd. LD – – – – – – 9 –
Castanopsis wattii A. Camus ST – – – – – – 6 8
Hartia sinensis Dunn ST – – – – – – 2 6
Shrubs
Hypericum uralum Buch. LD 3226 350 51 11 3089 262 – –
Osbeckia opipara C. Y. Wu et C. Chen LD 1220 1096 – 5 604 93 – –
Hypericum elodeoides Choisy LD 47 204 – 1 – – – –
Spiraea japonica Linn. LD 47 81 1190 3 – 7 5 –
Gaultheria forrestii Diels LD 26 563 137 179 508 84 – –
Hypericum japonicum Thunb. LD 13 60 – – – – – –
Leycesteria formosa Wall. LD – 13 21 7 – – – –
Buddleja asiatica Lour. LD – 6 2 – – – – –
Viburnum erubescens Wall. LD – – – – 710 92 27 –
Berberis wuliangshanensis C. Y. Wu ex S. Y. Bao IN – – – – 21 95 28 4
Camellia forrestii (Diels) Coh. St. IN – – – – – 73 2 –
Daphne papyracea Wall. ex Steud. ST – – – – – 42 54 29
Ardisia crenata Sims ST – – – – – 18 – –
Myrsine semiserrata Wall. ST – – – – – 7 5 1
Mahonia mairei Takeda IN – – – – – 7 4 9
Rhamnus heterophylla Oliv. LD – – – – – 4 11 –
Aucuba chinensis Benth. ST – – – – – 2 – 15
Zanthoxylum alpinum huang LD – – – – – 2 – 1
Cotoneaster pannosus Franch. LD – – – – – 2 – –
Symplocos poilanei Guill. ST – – – – – 1 – 17
Helwingia himalaica Hook. IN – – – – – – 16 3
Eurya yunnanensis Hsu IN – – – – – – – 4
Lianas
Rubus biflorus Buch.-Ham. ex Smith 9 13 17 7
Rubus corchorifolius Linn. f. 4 – – 16
Rosa longicuspis A. Bertoloni 4 – 21 10
Rubus foliolosus D. Don – 26 – –
Celastrus angulatus Maxim. – 6 11 17
Rubus lineatus var. linetus – 2 – –
Rubus multibracteatus Lévl. et Vant. – – 43 1
Actinidia chinensis Planch – – 17 27
Amphicarpaea trisperma Baker – – 7 –
Rubus pinfaensis Levl. Et Vant. – – – 13
Forbs
Eupatorium adenophorum Spreng 3019 11 38 –
Leontopodium sinense Hemsl. 1062 17 37 13
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Table 4 continued

Species Traits Seed bank Seedling bank

SL PBF LRF PF SL PBF LRF PF

Lysimachia christiniae Hance 879 – – –
Mimulus tenellus var. nepalensis (Benth.) Tsoong 649 764 137 –
Dichrocephala integrifolia (L. f.) Kuntze 516 – – 4
Cardamine hirsuta L. 478 21 1 124
Stachys kouyangensis (Vaniot) Dunn 337 4 5 –
Galium aparine Linn. var. tenerum (Gren.et Godr.) Rebb. 316 – – –
Plantago asiatica Linn. 299 – – –
Fragaria moupinensis (Franch.) Card. 299 – 94 94
Impatiens rubro-striata Hook. f. 235 – – –
Polygonum nepalense Meisn. 230 – 2 –
Epilobium royleanum Hausskn. 218 – – –
Primula denticulata Smith 145 9 1 –
Stellaria vestita Kurz 145 7 – –
Spergularia salina J. et C. Presl 141 – 6 –
Elsholtzia rugulosa Hems I. 94 – – 4
Ainsliaea latifolia (D. Don) Sch. 94 – – –
Circaea alpina Linn. 90 – – –
Gnaphalium affine D. Don 90 9 13 7
Hemiphragma heterophyllum Wall. 73 – 7 –
Potentilla fragarioides L. 64 – 12 –
Galinsoga parviflora Cav. 60 – – –
Gentiana cephalantha Franch. ex Hemsl. 60 107 – –
Impatiens cyathiflora Hook. f. 55 – – –
Veronica laxa Benth. 55 – – –
Viola pilosa Blume 43 – – 13
Blumea martiniana Van. 26 – – –
Picris hieracioides Linn. 26 – – –
Valeriana hardwickii Wall. 26 – – –
Galium asperuloides Edgew. subsp. hoffmeisteri (Klotzsch) Hara 13 – – –
Hedyotis auricularia L. 13 81 – –
Artemisia apiacea Hance 9 – – 14
Geranium wilfordii Maxim. 4 – – –
Viola japonica Langsd. 4 – – –
Myriactis nepalensis Less. 4 30 38 4
Girardinia diversifolia (Link) Friis 2 – – –
Pratia nummularia (Lam.) A. Br. et Aschers. – 26 – –
Laggera pterodonta Benth. – 6 2 –
Anaphalis contorta (D. Don) Hook. f. – 5 – –
Crassocephalum crepidioides (Benth.) S. Moore – 4 – –
Conyza canadensis (L.) Cronq. – 2 – –
Chamabainia cuspidata Wight – – 3 –
Youngia japonica (Linn.) DC. – – 1 –
Ainsliaea henryi Diels – – – 4
Graminoids
Carex teinogyna Boott 563 602 1199 209
Agrostis myriantha Hook. f. 516 115 4 21
Brachypodium sylvaticum P. Beauv. 337 60 – –
Fimbristylis miliacea (L.) Vahl [Scirpus miliaceus L.] 273 294 23 3
Fimbristylis dichotoma (L.) Vahl. 269 – – –
Carex perakensis C. B. Clarke 265 90 132 11
Bulbostylis barbata (Rottb.) C. B. Clarke 201 34 – –
Digitaria sanguinalis (Linn.) Scop. 166 – – –
Arthraxon hispidus (Trin.) Makino 137 55 – –
Juncus effusus L. 128 85 9 –
Spatholirion volubile Edgew. 77 – – –
Eriocaulon buergerianum Körn 47 – – –
Carex nubigena D. Don ex Tilloch & Taylor 38 2210 9 18
Kyllinga brevifolia Rottb. 21 162 – –
Isachne dispar Trin 17 – – –
Scirpus asiaticus Beetle 13 4 – 17
Carex miyabei var. maopengensis – 4 – –
Total 17571 7672 3869 5965 5625 1310 757 564

SL Shrubland, PBF Populus bonatii secondary forest, LRF Lithocarpus regrowth forest, PF primary forest, LD light-demanding,
IN intermediate light demand, ST shade-tolerant
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