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Abstract Due to societal changes and altered demands
for firewood, the traditional forest management of cop-
picing has been largely abandoned. As a result, many forest
herbs that are specifically adapted to regular opening of the
canopy, have suffered significant declines in abundance,
and the remaining populations of these species often tend
to be small and isolated. Reduced population sizes and
pronounced spatial isolation may cause loss of within-
population genetic diversity and increased between-popu-
lation differentiation through random genetic drift and
inbreeding. In this study, we investigated genetic diversity
and genetic structure of 15 populations of the food-
deceptive orchid Orchis mascula using AFLP markers.
Within-population genetic diversity significantly increased
with increasing population size, indicating genetic impov-
erishment in small populations. Genetic differentiation, on
the other hand, was rather low (®st = 0.083) and there
was no significant relationship between genetic and geo-
graphic distances, suggesting substantial gene flow within
the study area. However, strong differences in levels of
within-population diversity and among-population differ-
entiation were found for populations located in forests that
have been regularly coppiced and populations found in

H. Jacquemyn (<)) - O. Honnay

Division of Plant Ecology and Systematics, Biology Department,
University of Leuven, Kasteelpark Arenberg 31, 3001 Heverlee,
Belgium

e-mail: hans.jacquemyn@bio.kuleuven.be

R. Brys - D. Adriaens
Division of Forest, Nature and Landscape Research, University
of Leuven, Celestijnenlaan 200E, 3001 Leuven, Belgium

I. Roldan-Ruiz
Unit Plant, Institute for Agricultural and Fisheries Research
ILVO, Caritasstraat 21, 9090 Melle, Belgium

forests that were neglected for more than 50 years and that
were totally overgrown by shrubs. Our data thus indicate
that a lack of coppicing leads to decreased genetic diversity
and increased differentiation in this orchid species, most
likely as a result of genetic drift following demographic
bottlenecks. From a conservation point of view, this study
combined with previous results on the demography of
O. mascula in relation to forest management illustrates the
importance of coppicing in maintaining viable populations
of forest herbs in the long-term.

Keywords Bottleneck - Conservation genetics -
Coppicing - Genetic diversity - Orchis mascula

Introduction

In much of Western Europe, coppicing used to be the main
method of forest management since medieval times
(Rackham 1980). During the twentieth century, however,
this kind of forest management went into rapid decline
mainly due to altered demands for firewood and societal
changes. In Southern Belgium, for example, where this
research was conducted, the area coppiced woodland
decreased from 105,000 ha in 1899 to only 15,000 ha in
1999 (85% decrease). The remaining coppices are not
regularly cut anymore, or have been converted to timber
plantations. As a result, open spaces within woods have
become very small, are often not connected with open
spaces in the wider landscape, and are no longer bordered
by a dynamic mixture of young growth and temporary open
space (Peterken 1991). These changes may have reduced
population sizes, extirpated local populations, and
increased distances among remnant populations, all which
may affect population genetics of plant species. Increased

@ Springer



162

Conserv Genet (2009) 10:161-168

spatial isolation and decreased population sizes can lead to
reduced gene flow, genetic erosion and increased genetic
divergence, through random genetic drift and increased
levels of inbreeding (Barrett and Kohn 1991; Ellstrand and
Elam 1993; Young et al. 1996).

Besides alterations in spatial population characteristics,
changes in forest management also influence local envi-
ronmental conditions, which, in turn, can have an effect on
the distribution of genetic variation among populations,
through several evolutionary processes, including selec-
tion, differential gene exchange and chance associations
caused by genetic drift and founder effects (Antonovics
1971; Gram and Sork 2001). First, natural selection can
cause populations to adapt to the variable levels of light
penetrating to the forest soil, resulting in micro-geo-
graphical variation of genetic diversity that is associated
with the different types of forest management.

Secondly, genetic heterogeneity can also be the result of
differential gene exchange brought about by variation in
flowering probabilities among forest management types.
Since many forest herbs are specifically adapted to regular
opening of the canopy, alterations in forest management can
result in pronounced reductions in flowering probabilities
once a certain threshold value of light penetrating to the soil
has been exceeded (Mitchell and Woodward 1988). This
may be particularly true for orchids. Although most orchid
species tolerate moderate levels of shade, recent shading and
leaf removal experiments have indeed demonstrated strong
responses to light availability. In Spiranthes spiralis, for
example, reducing daylight to 1% photosynthetic active
radiation resulted in a dramatic decline (93%) in the number
of plants surviving to the next year (Willems et al. 2001). In
the woodland orchids Cephalanthera rubra and Cypripe-
dium calceolus, shading did not affect survival, but it
resulted in prolonged dormancy and thus decreased flower-
ing (Shefferson et al. 2005). Within a region, differences in
flowering probabilities related to different types of forest
management may thus create genetic barriers that, in turn,
may exacerbate local differences.

In this study, we investigated the population genetics of
the tuberous orchid Orchis mascula in the Viroin region
(Belgium). Previous research on demographic structure and
fruit and seed set (Jacquemyn et al. 2008) has shown that
this species benefits substantially from coppicing. The
increased light intensity due to coppicing positively
affected the rate of flowering and fruit set (Jacquemyn et
al. 2008), potentially affecting gene flow by both pollen
and seeds. However, the genetic consequences of forest
management have not been investigated yet. Therefore, 15
populations were selected within the study area. Seven
populations were located in forests that were not coppiced
for more than 50 years and were severely overgrown by
shrubs such as Buxus sempervirens and Prunus spinosa,
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before they were coppiced in 2000 (in the context of a
European Life project that aimed to restore these sites to
their original state). Eight populations were located in
forests that have been coppiced on a regular basis. More
specifically, we wanted to answer the following questions:

1. Is within-population genetic diversity related to the
size of the investigated populations?

2. How does forest management affect the within-popu-
lation genetic diversity and genetic structure of the
investigated populations?

3. Are the extant populations genetically differentiated
from each other and how are genetic distances related
to geographic distances?

Materials and methods
Study species

Orchis mascula (Early Purple Orchid) is a relatively small,
perennial orchid that is widely distributed across Europe,
western Asia and northern Africa. It usually occurs in
forests or grasslands on limestone. In many parts of Eur-
ope, this species has suffered dramatic declines in
abundance (Jacquemyn et al. 2005; Kull and Hutchings
2006), most likely as a result of the abandonment of tra-
ditional coppicing practices. O. mascula flowers in Spring,
mostly from mid-May till the second week of June (Nilsson
1983). The red—violet flowers are borne in many-flowered
spikes that vary in height between 15 and 40 cm and carry
up to 40 flowers. The flowers are nectarless, but produce a
strong terpene blend, mainly consisting of monoterpene
hydrocarbons (Nilsson 1983). O. mascula is allogamous
and pollinators are required for successful fruit set. Most
frequent pollinators of O. mascula are bumblebees (Bom-
bus), cuckoo bumblebees (Psithyrus), and solitary bees of
the genera Eucera, Nomada, Andrena and Osmia (Nilsson
1983). Pollination occurs mainly during the first days after
anthesis before pollinators have learned to avoid the
flowers. Percentage fruit set is mostly low (between 3%
and 20%) and ca. 50% of individual plants do not set fruit
in a given year (Nilsson 1983; Johnson and Nilsson 1999).
After seeds have been released and germinate, the first
tuber develops from the protocorm before any other organs
have been formed and merely functions as a storage organ
for the products of mycophagy that are translocated from
the protocorm (Rasmussen 1995). As a result, the under-
ground stage of O. mascula lasts for at least 2 years.

Study area

This study was conducted in the Calestienne region
(Belgium), which covers a narrow (5 km wide, 100 km
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long), SW-NE oriented geological belt of Devonian
limestone hills, interspersed with river plains and plateaus.
The actual study area is situated in the southwestern part of
this region, roughly coinciding with the valley of the river
Viroin 75 km south of Brussels, and covers about 80 km?
(ca. 50° N, 4.5° E) (Fig. 1). This area consists of a mixture
of calcareous grasslands, woodlands on limestone, agri-
cultural land and small villages (for more details: see
Adriaens et al. (2006)). Ash (Fraxinus excelsior), field
maple (Acer campestre), hornbeam (Carpinus betulus),
beech (Fagus sylvatica) and oak (Quercus robur) make up
the dominant tree species of most woodlands, which are
characterized by a very rich understory.

Fifteen populations of O. mascula, randomly chosen
from all populations occurring in the study area (Fig. 1),
were sampled in May 2006. Seven populations were
located in forests that were left undisturbed for more than
50 years. Most of these populations were coppiced again in
2000 in the context of a European Life project that aimed
to restore these sites to their original state. Before resto-
ration had begun, forests were heavily invaded by shrubs
such as Buxus sempervirens and Prunus spinosa reducing
population sizes of O. mascula and other forest herbs to a
very few individuals. However, at the time of sampling
(2006), most O. mascula populations had recovered and
attained reasonable population sizes. The other eight pop-
ulations were located in forests that have been managed on
a regular basis, had a very thin shrub layer and a rich
understory of spring forest herbs.

Sampling procedure and AFLP protocol

In each population, the total number of individuals was
recorded and young leaf material was collected from 20
randomly chosen plants and immediately frozen in liquid
nitrogen. Before DNA extraction, leaf material was freeze
dried for 48 h and homogenized with a mill (Retsch MM
200) to fine powder. Total DNA was extracted from 30 mg
of freeze dried leaf material using the Nucleospin® 96
Plant Kit (Machery-Nagel). DNA integrity and concentra-
tion were estimated on 1.5% (w/v) agarose gels.

AFLP analysis was carried out according to Vos et al. (1995)
and following the protocol of Roldan-Ruiz et al. (2000). The
enzymes EcoRI and Msel were used for DNA digestion. Each
individual plant was fingerprinted with four primer combina-
tions. The primer extensions used were EcoRI-ACGT/Msel-
CGA, EcoRI-ACGT/Msel-CGC, EcoRI-ACAG/Msel-CGT
and EcoRI-ACAG/Msel-CTA. Fragment separation and
detection took place on an ABI Prism 3130x1 capillary
sequencer. GeneScan 500 Rox labelled size standard (Perkin
Elmer) was loaded in each run. In all cases a peak amplitude
threshold of 50 was set for the analysis. The fluorescent AFLP
fingerprints were scored using GeneMapper v. 3.7 (Applied
Biosystems). We scored the presence or absence of each marker
in each plant using the standard peak detection parameters
recommended by the manufacturer for AFLP-runs. All poly-
morphic AFLP-bands in the range 50475 bp were scored
automatically using GeneMapper, and then visually inspected
to ensure the accurateness of the results. To assess reproduc-
ibility of the markers retained, three independent DNA
extractions were carried out for 10 individuals and AFLP fin-
gerprints were generated for each replicate and primer
combination (a total of 120 AFLP fingerprints). The replicated
samples used to estimate the error rate were fully randomized
with all other samples in order to avoid biases in this estimation.
Only once the scoring had been completed, the replications
were compared to estimate the reproducibility of our results. In
total, 64 differences were observed among a total of 5,880
comparisons, yielding an error rate of 1.1% (Bonin et al. 2004).

Data analysis

Total genetic diversity was partitioned among groups of
populations (populations located in recently managed forests
versus populations in undisturbed forests), among popula-
tions within groups, and within populations by carrying out a
hierarchical analysis of molecular variance (AMOVA) on
Euclidean pairwise distances between individuals calculated
according to Huff et al. (1993) and using GenAlEx v. 6.0
(Peakall and Smouse 2006). Significances were determined
using a permutation test (n = 9,999). The @, analogue for
G4 was derived from the Euclidean genetic distances and its

Fig. 1 Map of the study area
and the studied populations.
Numbers refer to populations
described in Table 1. Forests
within the study area are
depicted in grey

o
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significance was determined using the Monte Carlo proce-
dure available in GenAlEx (9,999 simulations).

Pairwise genetic distances among the 15 investigated
populations and their level of significance were also obtained
from the AMOVA. Again 9,999 permutations were per-
formed. A principal coordinates analysis was performed on
this matrix using GenAlEx and the first two components
were plotted graphically. Evidence of isolation by distance
among populations was obtained by examining correlations
between the matrices of genetic distances and geographical
distances (Slatkin 1993). Significance of the observed rela-
tionships was obtained using a Mantel test (Mantel 1967).
A total of 9,999 random permutations were performed.

Three measures of within-population genetic diversity
were estimated: the proportion of polymorphic loci (P),
Nei’s gene diversity (/;) and band richness (Br). The pro-
portion of polymorphic loci and Nei’s gene diversity were
estimated using AFLPsurv V.1.0 (Vekemans et al. 2002).
Estimates of allelic frequencies at AFLP loci were calculated
using the Bayesian method with a non-uniform prior distri-
bution of allele frequencies following Zhivotovsky (1999),
assuming either no, or some deviation (Fig = 0.1) from
Hardy—Weinberg genotypic proportions according to the
outcrossing nature of the species (Nilsson 1983, Jacquemyn,
unpublished results). However, the results for different Fig
values did not differ much and only results for Fig = 0 are
presented. After estimating allele frequencies, statistics of
gene diversity and population genetic structure were com-
puted according to Lynch and Milligan (1994). For each
population, we calculated the proportion of polymorphic loci
(P) at the 5% level and Nei’s gene diversity (H;). Finally,
band richness was calculated for a standardized sample size
according to the rarefaction method of Petit et al. (1998).
This measure of genetic diversity represents the number of
phenotypes expected at each locus (i.e. each scored AFLP
fragment) and can be interpreted as an analogue of allelic
richness (Coart et al. 2005).

To investigate whether population size affected the pro-
portion of polymorphic loci, Nei’s gene diversity and band
richness, ordinary least squares (OLS) regressions were used.
Population size was log; transformed prior to analysis. To
compare levels of within-population genetic diversity between
populations that were recently restored and those that were
managed regularly, simple #-tests were used. Finally, to inves-
tigate whether possible differences in genetic diversity among
groups of populations were mediated by differences in popu-
lation size, an analysis of covariance (ANCOVA) was used.

Results

The size of the 15 populations studied ranged from 33 to
more than 1,000 individuals (Table 1). The four AFLP
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primer combinations resulted in 196 unambiguously scor-
able, polymorphic bands. Each individual displayed a
unique banding pattern and the differences among popu-
lations were thus attributable to frequency differences in
variable markers, rather than to private markers.

The AMOVA indicated significant (P = 0.001), but low
genetic differentiation between populations (gt = 0.083)
(Table 2). In contrast, no differentiation was found
between groups of populations. Pairwise ®@gt values ranged
from 0.021 to 0.164 (Table 3). All pairwise genetic dis-
tances between populations were also highly significant
(P < 0.001) (Table 3). The first two principal coordinates,
which explained 16% and 15% of the total variance,
showed a central cluster of strongly related populations and
a suite of populations scattered widely around this cluster
(Fig. 2). This grouping coincided with the geographical
position of the populations in the landscape (Fig. 1) and the
way they were managed in the past (Table 1). All popu-
lations contained in the central cluster occurred in forests
that were managed regularly, whereas all other populations
were found in sites that were previously completely over-
grown, but were recently restored to their original state.
There was no significant relationship between pairwise
genetic distances and geographic distances when all pop-
ulations were considered (r; = 0.086, P > 0.05) (Fig. 3a),

Table 1 Statistics of gene diversity within 15 populations of
Orchis mascula for 196 AFLP loci

Population Management® N n P H; Br

1 1 398 20 50.5 0.163 1.52
2 2 95 18 434 0.151 143
3 2 128 20 46.4 0.159 143
4 2 928 17 495 0.173 151
5 1 1242 20 51.0 0.170 1.53
6 1 265 20 52.6 0.161 1.52
7 1 727 20 526 0.164 152
8 1 853 20 51.0 0.163 1.52
9 1 130 20 48.0 0.164 1.47
10 1 583 20 520 0.163 1.53
11 2 171 20 495 0.156 148
12 2 57 19 423 0.137 1.39
13 2 235 19 454 0.155 145
14 1 33 20 463 0.157 147
15 2 57 20 474 0.159 1.48

Average: 485 0.160 1.48

* 1: Forests that were regularly managed during the last 100 years; 2:
forests that were recently cut after they were left undisturbed for more
than 50 years and were severely overgrown by shrubs

N = number of individuals; n = number of individuals for which
scorable patterns were obtained for the three AFLP primer combi-
nations used; P = proportion of polymorphic loci at the 5% level,
H; = expected heterozygosity; Br = band richness
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Table 2 Analysis of molecular variance (AMOVA) based on 196
AFLP loci in 15 Orchis mascula populations

Source df SS MS Est. Var. % P

Between groups 1 44.029 44.029 0.000 0 0959
Among populations 13 632.48 48.652 1.590 8 <0.001
Within populations 278 4889.50 17.588 17.588 92 <0.001

Populations were assigned to two groups depending on the type of
woodland where they occurred: regularly coppiced woodland and
undisturbed woodland

nor when recently restored (r,; = 0.283, P > 0.05) and
regularly managed (r; = —0.174, P > 0.05) populations
were analysed separately (Fig. 3b). When restricting
comparisons to those within each management type, pair-
wise genetic distances were substantially larger for the
recently restored populations than for the regularly man-
aged populations (Fig. 3b), with the overall ®gp = 0.125
and 0.048, respectively.

The proportion of polymorphic loci ranged from 42.3 to
52.6 (Table 1). Average expected heterozygosity was 0.160
(range: 0.137-0.173). Both measures of gene diversity were
significantly and positively related (F; ;3 = 15.88 and
12.93, P < 0.01) to population size. Band richness ranged
from 1.39 to 1.53 (mean: 1.48; SD: 0.04) (Table 1) and was
also significantly related to population size (F; ;3 = 17.08,
P = 0.001) (Fig. 4). The proportion of polymorphic loci and
band richness were significantly different between popula-
tions that were recently restored and those that were
managed regularly (t;3 = 3.27, P = 0.006 and ¢,5 = 3.37,
P = 0.005, respectively). Nei’s gene diversity, on the other

hand, was not significantly different between both types of
populations (#13 = 1.86, P = 0.086). When analysing the
combined effects of population size and forest management
type, only population size showed a significant effect on the
proportion of polymorphic loci (F; ;; = 10.44, P = 0.008)
and band richness (F1; = 13.09, P = 0.004), indicating
that the effects of forest management were primarily medi-
ated by variation in population size. When Nei’s gene
diversity was considered, both population size
(F111 = 1429, P =0.003) and forest management
(F1.11 = 5.33, P = 0.041) showed a significant effect, but
the effect of population size was far more pronounced than
that of forest management. The interaction between popu-
lation size and forest management was not significant
(Fy1.11 = 4.51, P = 0.057).

Discussion
Genetic diversity and forest management

The observed levels of gene diversity (H;) in the studied
populations ranged from 0.137 to 0.173 and are well within
the range reported for species with a mixed breeding sys-
tem (Nybom and Bartish 2000). Our results further showed
lower genetic diversity in populations located in forests
that were left undisturbed for more than 50 years, indi-
cating that a lack of coppicing might lead to decreased
genetic diversity in this orchid species and providing
evidence that forest management not only affects demo-
graphic properties of this species (Jacquemyn et al. 2008),

Table 3 Pairwise genetic distances (®g) among 15 Orchis mascula populations

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

2 0.097 sk Kk ekosk soksk Heoksk sk Hoksk eokosk Kk Hoksk seokk Hoksk seksk
3 0.082 0.132 ok kkok kskok sk keskok ok kkok ook sk ook sk keskok
4 0.093 0.142 0.099 Heokok stk sk stk ks sk ks ks seoksk ks stk
5 0.044 0.108 0.049 0.080 stk ks sk sk sk stk sk stk sk stk
6 0.031 0.085 0.075 0.078 0.038 o wE roxE o ol woHE HHE K o
7 0.054 0126 0.076  0.094 0.054 0.048 HE ok ok ok ok o ok HE
8 0.032 0.097 0.073 0.063 0.035 0.023 0.067 K K kK K o K HE
9 0.072  0.145 0.116  0.118 0.070 0.054 0.096  0.070 HE kK kK HHE K HE
10 0.031 0.082 0.073 0.063 0.024 0.024 0.060 0021 0.062 ok ok HHA ok HoHE
11 0078 0.130 0.107 0.103 0.077 0.068 0.082 0.063 0.112  0.055 o ook ok o
12 0.101 0.164 0.111 0.118 0.083 0.065 0.08 0050 0.114 0.069 0.145 HHE ok o
13 008 0.150 0.134 0.149 0.101 0.065 0.090 0.083 0.123 0.089 0.145 0.126 roxx o
14 0038 0.128 0.070 0.099 0.038 0.028 0.061 0.033 0.091 0.046 0.088 0.095 0.093 o
15 0048 0.119 0.126 0.122 0.084 0.053 0.113 0.060 0.110 0.048 0.106 0.124 0.112  0.066

Values and levels of significance are given in the lower left and upper right triangle, respectively. Significances were based on random
permutations (N = 9,999) and indicate the probability that random ®gt values are higher than the observed values
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There are several lines of evidence that suggest that the
observed low genetic diversity in populations located in
unmanaged forests can be best explained by genetic drift
associated with demographic bottlenecks. First, theory
predicts that populations that have experienced a recent
bottleneck will show low allelic diversity and heterozy-
gosity (Nei et al. 1975). However, the loss of allelic
diversity occurs faster than the reduction of expected het-
erozygosity (Widmer and Lexer 2001). We found
significant differences in the proportion of polymorphic
loci and band richness (an analogue of allelic richness), but
not in expected heterozygosity between populations that
were managed regularly and occurred in species-rich for-
ests and populations that were recently restored and
occurred in places that were previously overgrown by
thickets of Buxus sempervirens and Prunus spinosa.
Before restoration of these sites began, populations were
much smaller than the population sizes observed in this
study. Second, a population bottleneck is expected to cause
a random loss of allelic variation as a consequence of
random genetic drift. Inspection of Fig. 2 indeed suggests
random loss of alleles as populations that recently went
through a demographic bottleneck are scattered widely
around the regularly managed populations that clearly
cluster together in the central part of the figure.
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Fig. 3 Relationship between genetic differentiation and geographical
distance for (a) all 15 populations of Orchis mascula and (b)
populations that were regularly managed during the last 100 years
(open circles) and populations that were recently cut after they were
left undisturbed for more than 50 years and were severely overgrown
by shrubs (full circles)
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Fig. 4 Relationship between population size and genetic diversity
(band richness) for 15 populations of Orchis mascula
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Population genetic structure

These results are corroborated by the patterns of population
genetic structure. The AMOVA indicated significant genetic
differentiation among populations within groups, but not
between groups. In addition, pronounced differences in the
level of genetic differentiation were found between regularly
managed populations and populations that were left undis-
turbed for many years (Ot = 0.048 and 0.125, respectively).
The low genetic differentiation among the regularly managed
populations may be explained by high levels of gene flow and
low levels of drift, whereas the higher levels of genetic dif-
ferentiation in unmanaged populations may indicate that
genetic drift is prevalent (Hutchison and Templeton 1999;
Koizumi et al. 2006). Because the AMOVA analysis showed
no between-group differentiation, the possibility that selection
for shade tolerance in undisturbed populations affected
genetic differentiation, seems unlikely, because in that case
genetic variation should to some extent be related to the type
of forest management. If, on the other hand, geographical
location would have influenced the patterns of genetic varia-
tion, we should have expected isolation-by-distance, which
was also not the case. These results point to genetic drift as the
major factor affecting genetic diversity in the unmanaged
populations, and suggest that a lack of forest management, and
the reduction in population size that follows, may substan-
tially decrease genetic diversity of this species.

Nevertheless, the overall level of genetic differentiation
among populations was low (gt = 0.083), and even lower
when only the managed populations were considered
(Ost = 0.048). Low genetic differentiation might indicate
high levels of gene flow. This can be explained by the fact the
O. mascula is still quite common within the study area with
numerous populations scattered around. A second explana-
tion can be found in the pollination system of the species.
Within the orchid family, two broad categories of pollination
systems can be distinguished: species that offer substantial
rewards to their pollinators and species that are pollinated by
deceit. It is expected that in the absence of any reward flower
visits will be brief and few. As deceived pollinators quickly
loose interest, after a few attempts they will leave the patch,
increasing long-distance gene flow (Peakall and Beattie
1996; Ferdy et al. 1998) and thus decreasing the probability
of geitonogamous pollination (Smithson 2002; Johnson et
al. 2004). Lower levels of genetic differentiation among
populations have indeed been observed in deceptive species
than in rewarding species (Tremblay and Ackerman 2003;
Cozzolino and Widmer 2005).

Implications for conservation

0. mascula has suffered significant declines during the last
five decades in many parts of Europe (Jacquemyn et al.

2005; Kull and Hutchings 2006). In the Netherlands, for
example, being one of the most abundant orchids in the
Zuid-Limburg region several populations of more than
thousand individuals have been decimated or have com-
pletely disappeared (Kreutz and Dekker 2000). Although
this species is still relatively abundant in the study area, our
data show that small populations show signs of genetic
erosion. These results add to a growing body of studies that
have shown that population size may strongly affect plant
population genetic diversity and that common species may
be as susceptible to the genetic consequences of fragmen-
tation as rare species (reviewed in Honnay and Jacquemyn
2007). Furthermore, this research also suggests that popu-
lations that have recently gone through a demographic
bottleneck may harbour lower genetic diversity. Since
many orchid populations are currently more or less
recovering from extremely small population sizes as a
result of recently established nature management practices,
it is very likely that other species went through severe
genetic bottlenecks as well, negatively affecting their long-
term survival chances. Cozzolino et al. (2003), for exam-
ple, also showed decreased genetic diversity in the orchid
Anacamptis palustris, which they explained as being the
result of recent genetic bottlenecks. Although the variation
surveyed is most likely selectively neutral, its loss may
indicate the correlated loss of potentially adaptive genetic
variation (Young et al. 1996). Low genetic diversity may
also be associated with decreased fitness through decreas-
ing heterozygosity and the expression of deleterious alleles
(Fischer and Matthies 1998; Keller and Waller 2002). With
regards to O. mascula, prevention of population decline
therefore seems to be the most important conservation
measure at this stage, to ensure long-term viability of this
species in the study. This can be best achieved by regular
coppicing of forests as it increases the probability of
flowering, fruit and seed set and, as a result, seedling
recruitment (Jacquemyn et al. 2007, 2008).
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