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Background and aims — Seed sourcing on a local scale is an emerging awareness among nature
conservationists. Guidelines should be tuned for woody species in highly anthropogenic landscapes such
as Flanders (Belgium). We investigated the genetic variation within and between eight autochthonous
Flemish Prunus spinosa populations and assessed their potential as seed source for gene conservation and
ecological restoration.

Methods and key results — All sampled sites were old hedges or wooded banks.Using AFLP, the overall
gene diversity (/) was estimated at 0.13, with a low average between population diversity (H, = 0.02)
and a comparatively high average within-population diversity (/= 0.11).The genetic differentiation was
remarkably variable among populations (O, ranging from 0.07 to 0.43). There was no clear relationship
between genetic and geographic distances, nor between genetic and morphometric characteristics. Only a
small but significant correlation between endocarp and leaf morphological characters was observed.
Conclusions — The variable genetic differentiation among populations points to different vegetation
histories. Two populations, DEF and WES, were characterized by a dominant presence of sloe, high genetic
differentiation from all other populations and low within-population diversities. No obvious morphometric
variability of leaves could be related to these genetically deviating populations, however, WES showed a
deviating endocarp morphology. Possibly, these two populationswere originally planted or supplemented
using local and much related material whereas the others may have been planted with more diverse material.
The relatively high within-population diversities and moderate, although variable, between-population
differentiation of the other Flemish populations point to a considerable amount of gene exchange and can
justify extensive seed sourcing for the production of autochthonous planting stock.These results stress the
importance of a proper evaluation of genetic diversity for seed source selection and the need for regional
field-applicable guidelines.

Key words — Amplified Fragment Length Polymorphism, Flanders, genetic diversity, variable genetic
differentiation, morphometrics, seed collection, sloe, Prunus spinosa.

INTRODUCTION native woodland restoration and other landscape plantings
such as thickets, wooded banks and hedge rows. Seed col-
lection, storage, stratification, sowing and subsequent growth
of planting stock in nurseries is a traditional and straightfor-
ward way to obtain planting material. The European directive

on the marketing of forest reproductive material obligates

After ages of neglecting, the use of native species in for-
estation and landscape programmes is gaining importance
all over the world. The basic underlying ecological princi-
ple is local adaptation of the natives and co-evolution of all

members of the forest ecosystems. Especially in Western
Europe, awareness has led to massive plantations of indig-
enous tree and shrub species, not only in forestry but also for

certification of seeds and planting material for tree species,
but not for shrubs (Anonymous 2000). As a commercial con-
sequence, Western European nurseries grow planting stock
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of many native shrub species starting from cheap seed lots
originating from foreign sources, often low income countries
in Eastern and Southern Europe. Putative consequences such
as maladaptation, loss of genetic diversity, loss of adaptation
and outbreeding depression in the natural populations (e.g.
McKay et al. 2005, Krauss & He 2006, Laikre et al. 2010)
become a growing concern and several initiatives in different
European countries are worked out to promote the use of lo-
cally sourced seeds for the production of planting stock (e.g.
Flanders: Vander Mijnsbrugge et al. 2005, Germany: Klein-
schmit et al. 2008, BNatSchG 2010, Denmark: Kjaer et al.
2009).

Prunus spinosa L. is a widely distributed species natu-
rally occurring in the temperate parts of Europe and Asia
(Woldring 2000). This thorny shrub or small tree is com-
monly found in European deciduous forests, hedges and
thickets along forest edges and in open farmland. P. spinosa
is insect-pollinated and propagates vegetatively through root
suckers (Guitian et al. 1993). Seed is dispersed by mammals
and birds. P. spinosa is supposed to be an allotetraploid spe-
cies (2n = 4x = 32; Zohary 1992). When considering seed
collection for gene conservation and restoration purposes,
genetic aspects are of concern. Maintenance of the genetic
diversity of autochthonous P. spinosa populations is nec-
essary for ongoing adaptability of the species to complex
heterogeneous environments (e.g. Kleinschmit et al. 2004,
Hubert & Cottrell 2007, Kramer & Havens 2009). Autoch-
thony of woody vegetation is interpreted here as a continua-
tion of the populations since their colonization after the last
glaciation and implies local adaptation (Kleinschmit et al.
2004). Still, autochthonous populations may as well suffer
from genetic distortions due to anthropogenic influences and
may not always be the ideal seed source for restoration pur-
poses. Various guidelines exist to direct practitioners in seed
collection strategies (e.g. Vander Mijnsbrugge et al. 2010).
These guidelines stress the importance of a significant level
of genetic diversity, geographical proximity between source
population and planting site, habitat-matching, life-history
variables and taxonomic boundaries. In addition, the history
of a population, and the landscape within which it exists, are
factors influencing the genetic relationships of populations
(Pautasso 2009). Moreover, while reviewing literature on
seed sourcing of mostly herbaceous plant taxa for restoration
purposes, Broadhurst et al. (2008) argue that it may be more
important for seed to be genetically diverse and of high qual-
ity than being local. Of course, the geographic scale of ‘lo-
cal’ is an ongoing debate as the measurement of local adapta-
tion, tolerance and plasticity against a changing environment
in woody species requires extensive and long-term research
(Matyas 2007).

Anthropogenic transport and subsequent natural gene
flow from the cultivated damson plum, P. insititia L., into
the wild populations of P. spinosa, giving rise to the taxon
P x fruticans Weihe, was suggested in Germany (Korber-
Grohne 1996) and Denmark (Nielsen & Olrik 2001) based
on morphological studies and chromosome counts. Still, this
putative hybrid is probably a rare event, as polyploidy lev-
els differ (P. spinosa being 4x, whereas domesticated plums
show 6x). A phylogenetic study of Prunus section Prunus
taxa also highlighted the distinct evolutionary origins of the
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different polyploid groups (Reales et al. 2010). We doubt
the wide-spread occurrence of this hybrid in our study area
(northern part of Belgium). Firstly, we found no continuous
morphological swarm between P. spinosa and P. insititia for
endocarp and leaf characters (Depypere et al. 2009). Only a
morphological continuum is present between P. spinosa and
a large fruited form of the latter described as P. x fruticans
(Depypere et al. 2009). Secondly, P. spinosa and P. X fruti-
cans could not be separated in an AFLP analysis, suggest-
ing a genetically homogenous group (Depypere et al. 2009).
And, there was a clear distinction between this group and P,
insititia, leaving the latter as a separate and distinguishable
taxon. These results suggested that P. x fruticans can be con-
sidered as a large fruited variety of P. spinosa and should not
be treated as a taxonomic hybrid.

The use of genetic markers provides a powerful approach
for a first assessment of genetic structure in natural popu-
lations. Molecular markers often represent neutral genetic
variation within and among populations, which does not
necessarily correspond to adaptive variation (e.g. Hufford &
Mazer 2003). Still, they are very useful for detecting three
phenomena that either predict or reflect population genetic
risks of restoration: (1) strong founder effects; (2) genetic
swamping; and (3) population genetic divergence that might
indicate ecotypic or epitypic variation (Hufford & Mazer
2003). Few studies have addressed genetic diversity of P,
spinosa populations using molecular markers. Mohanty et
al. (2002) describe a relatively high genetic diversity within
European P. spinosa populations based on chloroplast DNA
markers. They show a relatively low interpopulation differ-
entiation and a weak correlation between genetic and geo-
graphic distances. In a study incorporating related species,
P. spinosa showed a higher level of cpDNA allelic richness
in comparison to P. domestica (Horvath et al. 2011). In a re-
cent study of Eimert et al. (2012), autochthonous P. spinosa
seed stocks were compared to commercially available ones
using high annealing temperature random amplified poly-
morphic DNA (HAT-RAPD) markers. Low genetic diversity
was found both in the autochthonous populations and in the
conventional seedstocks, the major part of it residing within
populations and a minor part among them, as is usually ob-
served in long-living woody species (Duminil et al. 2009).

The objectives of the present study were to elucidate
the levels of genetic variation within and among Flemish
populations of P. spinosa; to look for congruencies between
genetic and phenotypic characteristics and to examine the
implications for the utilization of the Flemish P. spinosa
populations as seed source for gene conservation and restora-
tion purposes. For this, we conducted an AFLP analysis and
a morphological study.

MATERIALS AND METHODS

Plant material

The taxon P. spinosa in this paper refers to populations as
found in the field including large fruited forms. In the autumn
of 2005, 139 autochthonous shrubs of P. spinosa were sam-
pled at eight different locations (further in text referred to as
‘populations’) in three Flemish regions (table 1, fig. 1), based
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Table 1 — P. spinosa populations and their within population genetic diversities.
Location, population abbreviations (abb.), landscape element, the number of sampled shrubs (n), the number of polymorphic loci (#loc_P),
and the within population genetic diversity (= expected heterozygosity, Hj) with the standard error (S.E. (Hj)) are shown for the total dataset

(t) and a partial one after removal of putative clonal individuals (p).

@ As judged by the appearance in the field, a wooded bank may have originated as a hedge which was not properly managed over a long time.

location abb. le?re‘:f:r‘l‘f’f) n (1) #l‘zf)fp H (0 S'E('t()f@) 1 (p) #12’;)) H (p) S']Z'J()Hf)
Deftinge DEF wooded bank 22 11 0,07 0,01 16 11 0,07 0,01
Haaltert HAA  wooded bank 11 22 0,12 0,02 9 22 0,12 0,01
Heers HEE wooded bank 14 22 0,11 0,01 9 22 0,12 0,01
Lo-Reninge LOR old hedge 27 29 0,13 0,01 24 29 0,13 0,01
Oudenaarde OUD wooded bank 18 30 0,14 0,01 17 30 0,13 0,01
Riemst RIE wooded bank 17 19 0,11 0,01 14 19 0,11 0,01
Tongeren TON wooded bank 14 20 0,13 0,02 12 20 0,13 0,01
Westouter WES old hedge 16 15 0,09 0,01 16 15 0,08 0,01
Ukraine UKR wooded bank 8 72 0.15 0.01 8 72 0.15 0.01

on the inventories of autochthonous trees and shrubs (Vander
Mijnsbrugge et al. 2005). These specific growth sites were
selected because P, spinosa was abundant or dominantly pre-
sent. All these sites turned out to be old hedges and wooded
banks. All sampled shrubs were fruit bearing (no shaded
plants). The old hedges were not recently trimmed or pruned.
Sampled shrubs were in all cases abundantly fruiting. Only
shrubs were sampled that grew separately from each other
and were clearly old. In this way we aimed to omit puta-
tive clonal individuals. From larger populations (i.e. longer
hedges or wooded banks) more individuals were sampled. In
addition, eight individuals of a population from Ukraine (lat.
48.181,lon. 23.298, alt. 165 m) were sampled by B. Maes,
and used as an outgroup. The evaluation of autochthony in
the field follows Maes (1993). In short, woody vegetations
are selected that are indicated as forest on historical maps.
Information on flora, soil conditions and geomorphologic
data are used to further refine the selection of potentially rel-
evant sites. In the field, the woody vegetation is evaluated
according to a set of criteria: (i) The tree or shrub is a wild
variety and is old. (ii) No evidence of plantation (e.g. trees in

The Netherlands
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Figure 1 — Location of the sampling sites in Flanders. Location
abbreviations are in table 1. Region abbreviations: WVH, West-
Vlaams Heuvelland; VAR, Vlaamse Ardennen; LIM, Limburg.

lines) can be seen. (iii) The site is located within the natural
geographic range of the species and the growth conditions
correspond with the ecological requirements of the spe-
cies. (iv) The tree or shrub is present on similar sites in the
neighbourhood. (v) Several plants present in the tree, shrub
or herb layer are indicators of ancient undisturbed wood-
land and old growth forests. These summarized criteria are
evaluated in relation to each other. Hedges are planted, but if
this happened with locally sourced material old hedges can
be autochthonous. Thus, old farmers hedges in North West-
ern Europe originating from before the first world war can
be considered autochthonous as in those times plant mate-
rial was not transported over long distances (on a European
scale) as was already the case for forest trees of economic
interest.

A young leaf of each sampled shrub was dried in silica gel
for DNA extraction. For the morphometric study, herbarium
vouchers (standard methods) were prepared of several twigs
for each individual sampled in the field (material available
at herbarium GENT, Ghent University, Department of Biol-
ogy, Research Group Spermatophytes). As long shoots can
show aberrant leaf morphologies, only fruit bearing twigs
(short shoots) were sampled. Five insect and damage free
fruits were collected per shrub and the exocarp was manu-
ally removed. The endocarps were washed in plain water and
air-dried. In Depypere et al. (2007) we have shown that five
endocarps per individual are sufficient to capture the vari-
ability within an individual.

AFLP analysis

DNA extraction was performed on 10-20 mg dried leaf tis-
sue ground with a Retschmill shredder. Total genomic DNA
was extracted using the Invisorb ® Spin Plant Mini Kit (In-
vitek, Berlin, Germany). AFLP analysis was performed ac-
cording to Vos et al. (1995) with minor modifications. Re-
striction-ligation of the template was performed in one single
step, amplification in two steps. Preselective amplification
was performed with primers complementary to the adap-
tors with an extra selective base on each primer (EcoRI-A/
Msel-C). Selective amplification, in which primers contained
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Figure 2 — UPGMA phenogram based on AFLP data, using the Nei & Li (1979) distance estimation of 139 P. spinosa accessions sampled
across eight Flemish populations. Numbers shown at the different nodes indicate bootstrap confidence values (2000 replicates). Bootstrap
values above 30% are indicated on the branches. Location abbreviations are in table 1.
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two additional selective nucleotides, was carried out with
four primer combinations (EcoRI-ACT/Msel-CTG, EcoRI-
ATC/Msel-CAT, EcoRI-ACT/Msel-CAG, EcoRI-ATC/Msel-
CAC). After amplification, the DNA fragments were separat-
ed on a Nen IR? genetic analyzer (Licor). The automatically
generated TIFF-files were analyzed in SAGAmx version 3.0
(Licor). Around 10% of the samples were duplicated for the
verification of reproducibility of the banding patterns. In to-
tal, 95 (37 monomorphic and 58 polymorphic) markers be-
tween 66bp and 784bp were scored. Monomorphic bands
were kept in the analysis to avoid an underestimation of the
overall similarity between the samples. The scoring results
were transformed into a matrix with values 1 (present) or 0
(absent).

AFLP-based data analysis

Cluster analysis of the P. spinosa samples was performed us-
ing the unweighted pair group method with arithmetic mean
(UPGMA) and the Nei & Li distance estimation in TreeCon
version 1.3b (Vandepeer & De Wachter 1994). Principal co-
ordinate analysis (PCoA) was performed using Genalex ver-
sion 6 (Peakall & Smouse 2006). A Bayesian inference of
the genetic structure was performed with Bayesian Analysis
of Population Structure (BAPS, version 4.14, Corander et
al. 2004) using an independent model and mixture analysis.
Five replicates of all K-values between four and 10 were
tested and the optimal number of clusters was deduced from
the obtained log (marginal likelihood) values.

Allele-frequency based analyses of genetic diversity were
performed using AFLPsurv version 1.0 (Vekemans et al.
2002). Allelic frequencies at AFLP loci were estimated from
the binary presence-absence matrix using the Bayesian meth-
od with non-uniform prior distribution of allele frequencies,
as described by Zhivotovsky (1999) for diploid species. As
an allotetraploid, P. spinosa can be treated as a diploid spe-
cies. Hardy-Weinberg genotypic proportions were assumed.

As a measure of genetic differentiation, the overall and
pairwise @ values were derived from the genetic distanc-
es among populations using an AMOVA in Genalex v6 and
their significance was determined using the Monte Carlo pro-
cedure (999 permutations). @ is an analogue for F  used
for dominant markers.

Isolation-by-distance among the Flemish populations
was checked by performing a Mantel test between Nei’s pair-
wise genetic distances and pairwise geographical distances
in Genalex. Geographical distances were derived from the
latitude/longitude values of the different sampling locations.

Endocarp and leaf morphometrics

Five representative leaves that were insect and damage free
were separated from the twigs for each individual. Endo-
carps and leaves were digitized and dimensions and shape
characteristics were analyzed with TomatoAnalyzer (Brewer
et al. 2006). For visualization and calculation methods of the
listed characteristics, we refer to Brewer et al. (2006) and
Depypere et al. (2007). No endocarps were available for the
population from Ukraine. Leaf material was missing for all
individuals from LOR, WES, and Ukraine; for ten of four-

teen individuals from HEE and for two of eighteen individu-
als from OUD. For each individual and for each character,
means were calculated from the five measured endocarps and
leaves. These endocarp and leaf data were explored in box-
plots and PCA was applied for a multivariate analysis in S-
plus 6.2 Professional (Insightful Corp.).

RESULTS

Cluster, principal co-ordinate and Bayesian analysis

In an UPGMA analysis using the Nei distance measure
(fig. 2) or in a PCoA analysis (data not shown) of the P. spi-
nosa individuals, sampled across eight Flemish populations,
no clear geographic clusters could be observed. Still, indi-
viduals originating from the same location tended to clus-
ter together in more or less distinguishable groups. Despite
this tendency of co-occurrence, several distinct groups with
samples from one location were spread out over the UPGMA
phenogram, e.g., groups of at least two individuals originat-
ing from LOR could be found in different clusters (fig. 2): in
group I we found LOR1 and LOR2 in subgroup A and LOR3
in subgroup D, whereas LOR4 resided in group V. Several
individuals were located in a mixed group at the base of the
phenogram (group M in fig. 2). Similarly the samples from
RIE were found in subgroups of group I [RIE] in A and
RIE2 in D, both in subgroup (1), with RIE3 in subgroup (2)]
and group IV (RIE4). At the population level, a PCoA analy-
sis clearly showed the discrimination of WES (fig. 3). The
three axes together explained 71.1% of the total variation.

A
* WES
¢ RIE
¢ HEE
o * HAA
E ¢ LOR ¢ 0OUD
¢ TON
¢ DEF
Axis 1
B
* HEE + DEF
¢ WES
¢ RELOR
™
2 * 0OUD
< ¢ TON
* HAA
Axis 1

Figure 3 — Principal co-ordinate plots based on the Jaccard
similarity coefficient of genetic similarity between eight Flemish
P. spinosa populations. The first (28.67%), second (25.02%), and
third (17.44%) axis together account for 71.13% of the variation
(eigenvalues are 0.009, 0.008 and 0.005, respectively). A, plot of the
first two principal co-ordinates; B, plot of principal co-ordinates 1
and 3. Population abbreviations are in table 1.
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Table 2 — Distribution of the individuals of each population over
the seven BAPS clusters (I — VII).
Population abbreviations are in table 1. UKR, Ukraine outgroup.
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As expected, the Ukraine outgroup deviated clearly from all
Flemish populations in a combined PCoA (electronic appen-
dix 1). BAPS analysis resulted in seven clusters and the log
(marginal likelihood) of the optimal partition was -2718.01.
The predicted BAPS clusters were very similar to those ob-
tained in the UPGMA analysis. Table 2 shows the distribu-
tion of the individuals within each population over the seven
clusters. Cluster I contained individuals of each population
except for DEF. In contrast, cluster VI was private for DEF.
The populations of LOR and OUD were spread over five dif-
ferent clusters, while DEF, TON, and WES were restricted to
two clusters.

There was no sign of isolation-by-distance at the Flem-
ish scale as there was no significant correlation between geo-
graphic and genetic distances of the populations (Mantel r =
0.0077,p=0.314).

Population genetic diversity

As cluster analysis indicated the presence of putative clonal
individuals (fig. 2), a second dataset was created by exclud-
ing 22 individuals with an identical AFLP pattern (table 1).
The genetic diversity of the P. spinosa shrubs was studied
in both datasets. Based on the original dataset including all
samples, the overall gene diversity (/) was estimated at

0.13, with the within-population diversity () at 0.11 (SE
0.008) and the between population diversity (/,) at 0.02
(SE 0.0016). Levels of genetic diversity within-populations
(= expected heterozygosity, H, table 1) varied: the popula-
tions of DEF (0.07) and WES' (0 09) had the lowest H, val-
ues, while OUD had the highest within-population dlver51ty
(0.14). There was no correlation between sample size and
Hj (Pearson correlation coefficient r = -0.34, p = 0.37). The
overall ®_ was 0.213 and highly significant (p < 0.001). In
the pairwise comparisons of the Flemish populations, the
highest genetic differentiation was observed between DEF
and WES (@ = 0.428). Both populations were almost as
highly differentiated from the other Flemish populations as
the Ukrainian outgroup (table 3). When excluding putative
clones, the results only marginally changed. Hb dropped to
0.01 and the @ values were a bit lower (see electronic ap-
pendix 2). When the two deviating populations DEF and
WES were removed, the overall @ diminished to 0.16.

Endocarp and leaf morphometrics

A PCA analysis was performed on the endocarp morpholo-
gydata (fig. 4). WES endocarps clearly deviated from the
other studied populations. They showed a low SL (were not
elongated), hadlow values for X100ST.SW (were relatively
thick) and high values for Circular (were more rounded) in
comparison to the others. Endocarps of DEF and OUD also
tended to have lower values for SL and X100ST.SW (fig.
4 and electronic appendix 3). Leaf morphological char-
acters were variable (electronic appendix 4). HEE was the
only population displaying deviating characters: it had wide
leaves (low LL/LW value, electronic appendix 4). There was
a small but significant relationship between endocarp and
leaf morphology (electronic appendix 5, linear regression
with R? of 0.12, p= 0.001): rounded endocarps correlated
with relatively wider leaves whereas elongated endocarps
correlated with relatively narrow leaves.

DISCUSSION

Genetic diversity of plant populations in anthropogenic
landscapes is the result of various interacting evolution-
ary forces (mutation, genetic drift, selection, migration, and

Table 3 — Pairwise genetic differentiation (D, values) between populations in total dataset.
@, values are shown below the diagonal, p-values, based on 999 permutations, above the diagonal. Population abbreviations are in table 1.

DEF HAA HEE LOR ouD RIE TON WES UKR
DEF - 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
HAA 0.369 - 0.001 0.001 0.001 0.001 0.005 0.001 0.001
HEE 0.362 0.236 - 0.001 0.001 0.001 0.001 0.001 0.001
LOR 0.253 0.183 0.125 - 0.002 0.002 0.001 0.001 0.001
ouD 0.287 0.179 0.179 0.078 - 0.001 0.001 0.001 0.001
RIE 0.371 0.214 0.111 0.068 0.115 - 0.001 0.001 0.001
TON 0.251 0.124 0.158 0.131 0.114 0.152 - 0.001 0.001
WES 0.428 0.341 0.281 0.237 0.248 0.282 0.247 - 0.001
UKR 0.461 0.365 0.327 0.258 0.227 0.349 0.331 0.369 -
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Figure 4 — Principal component biplot based on endocarp
morphometrics of eight Flemish P. spinosa populations. Axis 1
accounts for 42,9% and axis 2 for 40,4% of the variation. Locations:
1, DEF; 2, HAA; 3, HEE; 4, LOR; 5, OUD; 6, RIE; 7, TON; 8,
WES. Location abbreviations are in table 1. Endocarp characters:
SW, width; ST, thickness; SL, length; Area, area; Circular, shape
circular;  X100ST.SW,  100*(thickness/width); X100SW.SL,
100*(width/length). Ellipses indicate the two populations DEF and
WES that show a low within genetic diversity.

mating-system) and human interferences. The present study
assessed the level of genetic variation within and between
Flemish populations of P. spinosa to evaluate their potential
for the purpose of seed sourcing aimed at the production of
forest reproductive material used in both forestry and land-
scape plantings. One of the intentions of the usage of locally
sourced plant material is to preserve the regional genetic
constitution. The question can be raised whether local popu-
lations show genetic and/or morphological differentiation
among each other. This may influence decisions on the de-
marcation of regions of provenance.

The overall gene diversity of the Flemish P. spinosa
populations comprised of a low average between popula-
tion diversity (H, = 0.02, 15%) and a comparatively high
within-population diversity (H = 0.11, 85%). The discrep-
ancy among the between and within-population diversity is
consistent with results for other woody species based on al-
lozyme and DNA marker analyses as ¢.g. reviewed by Ham-
rick & Godt (1996), Petit & Hampe (2006), or Duminil et al.
(2009). In this type of reviews tree species are compared to
herbaceous species, but shrubs are not included or not treated
as a separate group. Genetic studies dealing with trees far ex-
ceed the ones on shrubs, as trees represent an economic val-
ue. The average within-population gene diversity that we ob-
served was low in comparison to the values noted in several
wind pollinated tree species in Flanders using AFLP mark-
ers (H, = 0.30 for Carpinus betulus in Coart et al. 2005, H =
0.29 for Quercus petraea, H = 0.28 for Quercus robur in Co-

art et al. 2002). Although insect pollination in P. spinosa may
hamper gene flow through pollen dispersal in comparison
to wind pollinated species, seeds are easily dispersed over
longer distances by birds. Unfortunately, no data for shrubs
or insect pollinated tree species are available for our study
area. Similar results were obtained by Eimert et al. (2012)
on autochthonous P. spinosa populations in Germany apply-
ing HAT-RAPD markers. Gene diversity (Hf) varied between
0.12 and 0.13 for the different studied populations. But, only
5.8% of the total genetic diversity could be attributed to be-
tween population variation. This lower value in comparison
to our study is remarkable, as their study area is much larger
than Flanders. But, our dataset included two populations
with low intrapopulation diversity (see further) which affect-
ed the interpopulation diversity results (@, decreases from
0.213 to 0.16). In addition, it should be noted that Eimert et
al. (2012) studied seedlings whereas we looked at the mother
shrubs and levels of genetic diversity are dependent on onto-
genetic stage (i.e. seedlings or mature individuals, e.g. Nurt-
jahjaningsih et al. 2007) and also on the sample sizes which
were small in our study.

The overall differentiation between the Flemish P spi-
nosa populations was estimated at 0.213. But, cluster analy-
sis and PCoA of individual samples showed ample biologi-
cally interpretable clustering, except for the fact that several
shrubs from the same population are most probably much
related in origin and clonality may be involved. In a German
study, clonality in P. spinosa has been demonstrated (Leine-
mann et al. 2010). Exclusion of putative clonal individuals
from our AFLP dataset influenced slightly numerical output
(table 3 versus electronic appendix 2) but did not affect the
general results of the analysis. There seems to be little corre-
lation between geographic and genetic distances between the
shrub populations. These results are consistent with Eimert
et al. (2012). Still, the pairwise genetic differentiation in
our study varies to a considerable extent and this deviates
from Eimert et al. (2012) where pairwise genetic differen-
tiation between autochthonous P. spinosa populations is low
in all cases, even when compared to commercially avail-
able seedstocks originating from Hungary. They suggest that
the genetic diversity, which is evenly distributed among the
populations, and the low interpopulation differentiation can
be ascribed to both natural and anthropogenic influences.
Firstly, P. spinosa is a very common species in Germany
(no barriers to gene flow) and its polyploidy may enhance
plasticity, reducing the necessity for selection and subse-
quent differentiation. Secondly, the wide-spread historic us-
age of P. spinosa for human consumption and more recently
the large-scale plantings all over Germany with commercial
seedstock may have further diminished population differen-
tiation. Both arguments also hold true for the Flemish situa-
tion of P. spinosa populations. The deviating results might be
related to the fact that our dataset includes populations with
low genetic diversity. As discussed below, these may have
originated as a result of former customs of hedge row crea-
tion among farmers. It is possible that Flanders harbours a
higher relative concentration of such hedge rows in compari-
son to Germany because of the historical higher population
density. Also remarkable is the absence of a clear popula-
tion differentiation between autochthonous populations and
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Hungarian seed stock in the study of Eimert et al. (2012)
whereas our Ukraine outgroup clearly differentiated from all
studied Flemish populations. In a phylogeographical study,
Mohanty et al. (2002) distinguished at a European level the
populations from northern Europe, displaying a low num-
ber of cpDNA haplotypes, from those in southern countries
with a higher number of haplotypes. Possibly, the Hungarian
seed lot in the study of Eimert et al. (2012) represent closer
the northern European populations correlating with the low
population differentiation between the seed lot and German
populations, whereas our Ukraine outgroup may exemplify
the populations of more southern Europe, correlating with
the observed differentiation from the Flemish populations in
this analysis (Hungary nor Ukraine are present in the study
of Mohanty et al. 2002). Alternatively, this discrepancy can
be by chance.

Low within-population genetic diversity and consequenc-
es for seed collection

Following the estimates of the within-population diversity
the Flemish populations DEF and WES are characterized by
low within-population genetic diversities and both consist of
only two BAPS clusters. Morphologically, WES endocarps
clearly deviate from the other studied populations, but those
of DEF do not, excluding a possible link between the low
within-population diversity and an easy identifiable morpho-
logical character. DEF and WES are autochthonous follow-
ing the statement that in older days local farmers did not buy
planting stock but produced it themselves starting from local
seed or plant sources in the neighbourhood. They may have
been planted as hedge rows at the end of the 19® or first half
of 20" century. Because of absence of management, DEF
now looks like a wooded bank. P. spinosa is clearly the dom-
inant species present. Local farmers may have experimented
with P. spinosa as a substitute for Crataegus to create dense
hedges. The low within and high between population diver-
sity can result from collection of seeds on one or a limited
number of autochthonous mother plants in nearby scrubs or
forests for the local growth of planting stock. The genetic re-
sult can be compared to what is known as a founder effect:
successive foundation events that occur during colonization
yield a strong genetic differentiation and low within-popu-
lation diversity, especially in populations far from refuges
(e.g. Austerlitz et al. 1997). Although other populations such
as HAA and LOR may have known a similar origin as old
hedge, these may have been planted with genetically more
diverse material, sourced on a wider group of mother plants
and/or may have been supplemented, in the course of time,
spontaneously (dispersal by birds) or anthropogenic (farmers
that closed occasional gaps in their hedges).

A concern in the delineation of seed zones for restoration
purposes is to keep genetically differentiated populations
separate (Vander Mijnsbrugge et al. 2010). In the absence of
information on the geographical scale of local adaptation of
the sampled populations, and in the absence of a clear corre-
lation between pair-wise population differentiation (table 3)
and geographical distance, a deduction of recommendations
for an overall seed zone delineation in Flanders remains
speculative. A pan-European consensus on how seed zones
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should be delineated is unavailable and the official regions
of provenances in different European countries tend to fol-
low the size of the country: small countries have small ones
and vice versa. Still, our analyses demonstrate genetic dif-
ferentiation between both the DEF and WES populations and
the other populations studied, even in the absence of a geo-
graphic correlation, indicating evolutionary divergence and/
or human interference. The latter is highly probable as the
Flemish landscape has known a severe degree of deforesta-
tion, fragmentation and intensive forest use. Seed collection
in these populations for restoration purposes is not recom-
mended because of the low within-population gene diversi-
ties. And, the absence of any correlation between morpho-
logical characters and genetic diversity prevents easy field
identification of genetically depauperate populations. Old
hedges and wooded banks with a dominant presence of the
species are easy and thus tempting to collect seeds from.
But, following our results, seed should be collected prefer-
entially from different sources (taking into account the gen-
eral guide lines for seed sourcing) and be mixed. In this way,
negative impacts of putative seed sources with a low within-
population genetic diversity can be counteracted. Although
our study area is small in terms of geography, it exemplifies
strongly anthropogenically affected landscapes. Therefore
our results may apply for similar regions in North Western
Europe. Forest edges with autochthonous P. spinosa were not
present in our study as in these locations P, spinosa is far less
abundant and collection would be less rewarding in terms of
cost-efficiency. Our result can be suggested to hold true for
other species farmers used to plant in hedges such as Cra-
taegus monogyna. As this is the most typical and dominant
species in many relicts of old hedge rows in anthropogenic
landscapes of North Western Europe, the chance of low with-
in-population diversities may similarly occur.

SUPPLEMENTARY DATA

Supplementary data are available in pdf format at Plant
Ecology and Evolution, Supplementary Data Site (http:/
www.ingentaconnect.com/content/botbel/plecevo/supp-
data),and consists of the following: (1) principal co-ordinate
plot including the Ukraine outgroup; (2) pairwise genetic
differentiation (@, values) between populations in the da-
taset excluding putative clones; (3) box and whisker plots of
endocarp morphometric characteristics; (4) box and whisker
plots of leaf morphometric characteristics; (5) scatter plot of
a leaf and an endocarp morphometric characteristics.
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