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Abstract. Due to the long generation times and high densities, dominant tree species usually did

not respond consistently with theoretical predictions to the recent fragmentation. Genetic struc-

tures of shrubs and herbs, especially those with low densities, may be more sensitive to forest

fragmentation. We studied the genetic structure of a self-compatible subshrub, Ardisia crenata var.

bicolor (Myrsinaceae) in a recently fragmented landscape. Ten RAPD primers used for analysis

generated a total of 76 bands. We found that A. c. var. bicolor had relatively low species-level

(P95 = 63.2%;H = 0.106; Shannon diversity index (SI) = 0.246) and within-population diversity

(P95 = 5.3�46.1%; H = 0.026�0.175; SI = 0.032�0.253), and significant population differenti-

ation (GST = 0.445). Significantly positive relationships were found between measures of diversity

(P95, H and SI) and the log of estimated population size. No significant relationship was observed

between Nei’s genetic distance and spatial distance of pairwise populations, indicating no isolation-

by-distance. Given most species of forests are shrubs and herbs with short generation times, our

observation indicated that distinct genetic consequences of recent fragmentation may be expected

for quite a number of plant species.

Introduction

Due to increased urbanization, intensive agricultural practices and habitat
destruction, many plant species occur in highly fragmented habitats (Van
Rossum et al. 2004). Usually, consequences of habitat fragmentation consist of
reduced population size and increased isolation (Saunders et al. 1991; Van
Rossum et al. 2004), leading to genetic erosion and increased genetic differ-
entiation among populations, through random drift, increased levels of
inbreeding and reduced gene flow (Young et al. 1996; Chen 2000; Van Rossum
et al. 2004). Ultimately these genetic processes may result in fitness declines and
extinction (Keller and Waller 2002; Bacles et al. 2004).

There have been increasing studies concerning genetic effects in plants of
habitat fragmentation, and loss of genetic diversity and increased differen-
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tiation have been found in some systems (e.g., Raijmann et al. 1994; Hall
et al. 1996; Morden and Loeffler 1999; Frankham et al. 2002). However,
these responses to increased fragmentation are unlikely to be common, and
other factors may influence the genetic consequences of fragmentation. First,
most studies were conducted on long-lived species in a recently fragmented
landscape and there were not sufficient time for bottleneck and inbreeding to
take action (Young et al. 1993; Cardoso et al. 1998). Long-lasting, dormant
seed banks also can buffer against genetic effects for decades or centuries
(Morris et al. 2002). Second, many plant species studied were dominant
species with high density. Thus, populations in fragmented habitats were
large enough to maintain relatively high genetic diversity. Thirdly, some
species are naturally rare species, and have evolved mechanisms to overcome
the disadvantages of small population size. Thus, genetic consequences of
recent fragmentation may not be detectable for a long time (England et al.
2002).

Shrubs and herbs constitute the main part of species composition of
forests. Therefore, genetic effects observed in dominant species of forests
might not be general for most forest species. Shrubs and herbs – especially
those with low densities – may be more genetically sensitive to forest frag-
mentation because of their much shorter life span. A shorter life span means
they pass many generations even in recently fragmented habitats and, given
their low densities, they therefore experience large declines in population size
even if the fragmentation is not serious. However, much fewer studies have
been conducted on herbs and shrubs than on tree species. For example,
populations of herbaceous Swertia perennis in small, isolated habitats had
reduced genetic variability and the highest within-population inbreeding
coefficients (Lienert et al. 2002). In the herb, Scutellaria montana, popula-
tions that were less than 100 individuals tended to have lower proportions of
polymorphic loci than that of populations more than 100 individuals (Cru-
zan 2001).

Ardisia (Myrsinaceae) is a tropical and subtropical genus and includes
about 200 species. Coral ardisia, A. crenata, native to Japan to north India, is
an insect-pollinated and self-compatible evergreen subshrub (Cheon et al.
2000). In China, a variant, A. crenata var. bicolor, was identified according to
the purple color of the lower side of its leaves, whereas some researchers
thought it as a distinct species, i.e. A. bicolor. A. crenata var. bicolor is a small
upright-growth shrub. Although outcrossing rate of A. c. var. bicolor was
estimated to be about 1 based on allozyme using Ritland’s (1990) MLT
program (Chen et al. 2001), bag-pollination treatments indicated that it is self-
compatible (unpublished data). This species can reproduce vegetatively via
rhizome, but spreading to a short distance, usually less than 1 m (personal
observations).

In the present study, populations of A. c. var. bicolor in a fragmented
landscape were selected to determine whether there is a relationship between
population size and the level of variation and to evaluate the degree of
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population subdivision and differentiation, using RAPD markers. Although
RAPDs have some limitations – such as dominant allelic expression and
occasionally low reproducibility – they have advantages in investigating genetic
variation, such as random sampling in the whole genome, high levels of
polymorphism, and fast and easy to perform, and have been widely used in
estimating genetic variation of plant populations (Nybom and Bartish 2000;
Nybom 2004).

Methods

Population sampling

The study sites were located in Tiantong Forest Park (TFP) and adjacent
areas (Figure 1). TFP was distributed by evergreen broad-leaved forests
(EBLFs) dominated by Fagaceae species, such as Castanopsis fargesii, Ca.
carlesii, Ca. sclerophylla, Lithocarpus glaber, L. henryi, Cyclobalanopsis nubi-
um, and species of Theaceae (Schima superba) and Lauraceae (Machilus
thunbergii) (Song and Wang 1995). Around TFP, there were EBLFs fragments
of previous continuous forests or recovered from abandoned or unmanaged
plantations. These fragmented EBLFs were usually dominated by Cycloba-
lanopsis glauca, Cy. gilva, Ca. sclerophylla, L. glaber, Ca. carlesii, M. thun-
bergi. Surrounding these EBLFs, there were Cunninghamia lanceolata
plantations, Phyllostachys pubescens forests, and shrubs dominated by Quer-
cus fabra and bamboos.

In TFP and adjacent areas, A. c. var. bicolor usually appears in forests of
lower than 300 m above sea-level. Based on detailed surveys, 10 populations of
A. c. var. bicolor were sampled (Figure 1). The estimated sizes of each popu-
lation ranged from �5 to about 1000 individuals (Table 1). Leaves were col-
lected randomly from individuals with a distance of at least 2 m between each
other in medium and large populations, avoiding collecting the same clones. In
small populations, as many as possible individuals were collected with a dis-
tance of at least 2 m between sampled individuals.

DNA extraction and PCR condition

We isolated DNA with modified Doyle and Doyle’s (1987) procedure (Fan
et al. 2004). A set of random 10-mer primers was purchased from Sagon Inc.,
Shanghai. After screening more than 100 arbitrary primers, 10 primers that
consistently amplified clear banding patterns were chosen for further studies
(Table 1). RAPD assays were performed using the conditions described by Fan
et al. (2004). Samples were amplified at least two replicates and same pattern
was obtained by the primers used in this study. Five ll amplification product
was separated on 1.6% agarose gel in 0.5· TBE buffer and visualized by
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Figure 1. Locations of sampling sites of Ardisia crenata var. bicolor in Tiantong Forest Park and

adjacent areas.
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staining with ethidium bromide and photographed under UV light with Bio-
RAD Gel Doc2000TM.

Data analysis

Each PCR product was assumed to represent a single locus and was scored for
presence and absence. The resulting data matrix was analyzed using Popgene
1.31 (Yeh et al. 1999). Gene diversities (H) at population and at the species
level were calculated based on Lynch and Milligan’s (1994) Taylor expansion
estimate using TFPGA (Tools For Population Genetic Analyses) v1.3 (Miller
1997).

Nei’s unbiased genetic identity (I) and genetic distance (D) between popu-
lations were also analysed using Popgene 1.31. Because the data were larger
than the up-limit of AMOVA, coefficient of gene differentiation (GST) was
calculated to estimate population differentiation. Shannon diversity index
(Lewontin 1972), SI = �

P
pi log2 pi, was calculated to provide a relative

estimate of the degree of variation at population and species levels using
Popgene 1.31 (Yeh et al. 1999). The proportion of diversity among populations
was estimated as (SIsp�SIpop)/SIsp, whereas SIsp and SIpop were SI at species
and population level, respectively. A Mantel type matrix randomization test
(Mantel 1967) was performed to evaluate the relationship between the matrix
of genetic distances and the matrix of geographic distances using TFPGA
(Miller 1997).

Relationships between measures of within-population genetic variation and
population size were analyzed using Regression methods in Microsoft� Excel
program.

Results

The RAPD profile

The 10 primers used for analysis generated a total of 76 bands, among which
polymorphic bands were 48 (or 63.2%) and 51 (or 67.1%) based on 95 and

Table 1. RAPD primers used in the survey of Ardisia bicolor and number of scored bands.

Primer Sequence 5¢-3¢ Number of

scored bands

Primer Sequence 5¢-3¢ Number of

scored bands

S59 CTGGGGACTT 8 S1361 TCGGATCCGT 10

S1200 GTGAACGCTC 9 S2068 CATACGGGCT 8

S1221 CACACCGTGT 3 S2084 CCCAAGCGAA 4

S1238 GTTGCGCAGT 11 S2100 CAAAGGCGTG 9

S1341 GTCCACCTCT 4 S2160 CACCGACATC 10
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100% criteria, respectively (Table 2). The number of scored bands ranged from
3 for primer S1221 to 11 for primer S1238. 308 of the 320 individuals from the
16 populations were found to have a unique multilocus genotype, and six
genotypes have two individuals. The individuals having the same multilocus
genotypes belonged to same populations. No population-specific band was
observed in the data set.

Genetic diversity

Percent polymorphic RAPD loci varied from 5.3 (population I) to 46.1 %
(E), based on 95% criterion, with a mean of 26.9% (Table 2). The Nei’s gene
diversity ranged from 0.026 to 0.175 with a mean of 0.106 and the pooled
species-level value was 0.192. The relative degree of diversity in each popu-
lation as measured by Shannon’s index varied from 0.032 to 0.253 (Table 2).
The mean Shannon diversity for all populations was 0.152 and the pooled
species-level value was 0.246. Among the 16 populations, population E
exhibited the highest level of genetic variability (P, H and SI) and population
O was the next, whereas population I was the lowest (Table 2). Regression
analysis indicated significantly positive relationships between measures of
within-population genetic variation (P95, H and SI) and the log of population
sizes (Figure 2).

Table 2. Patterns of genetic diversity for Ardisia bicolor populations.

Population Estimated population size Sample size P95 P H SI

A 1000 34 35.5% 40.8% 0.144 0.208

B 1000 33 32.9% 35.5% 0.122 0.178

C 100 15 29.0% 30.3% 0.120 0.168

D 100 14 30.3% 32.9% 0.128 0.179

E 1000 37 46.1% 47.4% 0.175 0.253

F 500 34 32.9% 38.2% 0.127 0.186

G 5 2 7.89% 7.9% 0.039 0.048

H 200 21 30.3% 31.6% 0.122 0.174

I 5 2 5.3% 5.3% 0.026 0.032

J 100 32 22.4% 27.6% 0.073 0.112

K 50 22 27.6% 32.9% 0.113 0.163

L 10 5 15.8% 15.8% 0.065 0.089

M 100 25 21.1% 23.7% 0.077 0.112

N 200 23 34.2% 36.8% 0.129 0.186

O 300 13 39.5% 40.8% 0.171 0.236

P 30 8 19.7% 19.7% 0.072 0.103

Mean 294 20 26.9% 29.2% 0.106 0.152

Total 4700 320 63.2% 67.1% 0.192 0.246

P95 and P are percentages of polymorphic bands based on 95 and 100% criteria, respectively; H

denotes mean Nei’s gene diversity based on Nei’s (1972) unbiased estimates; SI, Shannon’s diversity

index.
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Genetic differentiation

The coefficient of genetic differentiation between populations (GST) was 0.445,
indicating a high differentiation among populations. The Shannon’s index
analysis partitioned 38.4% of the total variation among populations. Genetic
distances (D) between populations varied from 0.018 to 0.149 (Table 3) with a
mean of 0.055±0.023. The level of gene flow (Nm) was estimated to be 0.312.
Mantel test indicated no significant relationship between genetic distance and
spatial distance (r = 0.021, P = 0.422).

Figure 2. Relationships between measures of within-population genetic variation and population

size in Ardisia crenata var. bicolor. P95, H and SI were the percentage of polymorphic loci at 95%

criterion, expected heterozygosity and Shannon diversity index, respectively.
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Discussion

The present study reveals relative low genetic diversity in A. c. var. bicolor
compared to other species based on RAPD markers. Percentage of poly-
morphic bands, Nei’s gene diversity and Shannon index of the pooled data
were 67.1%, 0.192 and 0.246, respectively (Table 2). These values were even
lower than many endangered species, Metasequoia glyptostroboides
(P: 87.9%, H=0.318, SI = 0.476) (Li et al. 2005), Caesalpinia echinata
(P = 95.7%) (Cardoso et al. 1998), Leucadendron elimense (P = 98.8%)
(Tansley and Brown 2000), Boloria aquilonaris (H = 0.402) (Vandewoestijne
and Baguette 2002), but higher than Haplostachys haplostachya (H = 0.166)
(Morden and Loeffler 1999), Dryopteris cristata (P = 2.5%) (Landergott
et al. 2001).

Our results were not in accordance with the predictions based on the asso-
ciation of life history traits and genetic variation. According to the data of
RAPDs, there were strong associations between genetic diversity and breeding
system or successional status (Nybom and Bartish 2000; Nybom 2004). Out-
crossing species had significantly high genetic diversity than selfers. Higher
genetic diversity was found in late- than early - successional species. Species of
ingested seed dispersal also possessed relatively high genetic diversity (Nybom
2004). Given such considerations, high genetic diversity was expected based on
its high outcrossing rate (Chen et al. 2001), mid to late-successional status and
bird dispersal manner.

Relatively low genetic diversity in the studied A. c. var. bicolor populations
might be explained by their geographical positions. The studied populations
are located on the eastern margin of its distribution in mainland China (Figure
1). Due to effects of founder events, genetic drift and inbreeding, marginal
populations usually possess relative low genetic variation, which had been
confirmed in diverse species (Chen et al. 1997; Tyler 2002; Cassel and Tam-
maru 2003). Restricted geographical range in the present study might be
another explanation of the low genetic diversity. Though 10 populations were
sampled, their spatial distances were small. The largest distance of pairwise
populations is 4.6 km. If populations were sampled in a large range, more
genetic variation might be expected.

Though some studies failed to observe the distinct genetic consequences of
forest fragmentation on plant populations (Ellstrand and Elam 1993; Young
et al. 1996), our results indicated that habitat fragmentation had played a vital
role in genetic structure of A. c. var. bicolor populations. Fragmentation led to
the loss of genetic diversity. In small populations, significantly lower diversity
was observed than large and medium ones. Significant relationship was found
between estimated population size and within-population genetic variation as
measured by P, H and Shannon index.

Decreased genetic diversity in small populations was due to various reasons.
Firstly, the instantaneous effects of fragmentation (i.e., sampling effects) lead
to stochastic loss of rare alleles because only a small portion of the original
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gene pool remains after the decrease. Buchert et al. (1997) had compared the
genetic diversity in pre-harvest and post-harvest gene pools of two virgin
stands of eastern white pine (Pinus strobus). They found total and mean
number of alleles was reduced by 25% after tree density reductions of 75%.
About 40% of the low frequency alleles and 80% of the rare alleles were lost
because of harvesting (Buchert et al. 1997). Secondly, inbreeding and genetic
drift further decreased genetic variation in small populations (Young et al.
1996). In the present study, most small populations experienced bottleneck for
more than 10 generations, given a generation of 3 years and deforestation of at
least 50 years. It is enough for inbreeding and drift to virtually change the
genetic composition of small populations of less than 50 individuals. Thirdly,
founder effect might also contribute to low genetic diversity in some small
populations (Frankham et al. 2002). Population G, for instance, located in
dense high shrubs, had only two small individuals, indicating a recent founding
event.

High genetic differentiation was observed among populations of A. c. var.
bicolor. GST indicated that about 44.5% of the genetic variation occurred
among populations with short spatial distances. This value is higher than the
RAPD-based estimates of other widespread, or animal-dispersal species
(Nybom and Bartish 2000). High genetic differentiation among populations
was also in accordance with theoretical prediction of fragmentation, indicating
the effects of bottleneck and inbreeding.

No significant relationship between genetic distance and spatial distance was
found in the present study. This is usually interpreted that selection or drift
plays a more significant role than gene flow. In this study, no distinct difference
in habitats was found among populations, though the dominant species were
different. At local scale, populations from different communities usually
showed similar genetic composition in studied species, such as, Cyclobalanopsis
glauca (Chen and Song 1998). Therefore, selection plays a minor role in the
differentiation of A. c. var. bicolor populations, and drift led by fragmentation
contributed to the high differentiation.

Our findings in A. c. var. bicolor give a gloomy implication for forest
species because most species of forests are shrubs and herbs and among them
most are moderate- or low-density species. For example, there were about a
dozen of species in tree layer of EBLFs; among them, usually less than 3
species dominated the community. However, the number of species in shrub
and herb layers was about three to four folds of that in tree layer (Song and
Wang 1995). Among them, most are moderate or low density, like A. c. var.
bicolor, and are vulnerable to fragmentation. This situation is also common
in tropical, temperate or boreal forests. Thus, although some studies showed
no distinct effects on long-lived tree species which have survived hundreds of
years of fragmentation, our study indicated that distinct genetic consequences
of recent fragmentation may be expected for quite a number of plant species.
More attention should be paid to these species and conservation efforts are
needed.
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