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ABSTRACT

Aim This work investigates the population genetic effects of periodic altitudinal
migrations and interstadial fragmentation episodes in long-term Scots pine
(Pinus sylvestris L.) populations at a regional scale.

Location The study focuses on Scots pine populations in the northern Meseta
and peripheral mountain chains, central and north-western Iberian Peninsula.
The ample macrofossil record in the area shows that this 60,000-km® region
represent a glacial refugium for Scots pine. The species occupied large areas on
the Meseta plains during glacial cold stages, but it has periodically sheltered at
high elevation in the surrounding mountain chains during warm episodes,
conforming to a fragmented pattern similar to its present-day distribution.

Methods We perform a fine-scale chloroplast microsatellite (cpSSR) survey to
assess the genetic structure of 13 montane Scots pine isolates in the northern
Meseta (total N = 322 individuals). Using a hierarchical analysis of molecular
variance (aMova), we test the hypothesis of genetic isolation among disjunct
mountain areas. We use a standard coalescence model to estimate genealogical
relationship among populations, investigating the potential role of the regional
relief as a factor influencing historic gene exchange among Scots pine populations.

Results Population haplotypic diversity was high among Scots pine populations
(H. = 0.978), greater than values reported for other more thermophilic pine
species in the Iberian Peninsula. The amova revealed low (but significant)
differentiation among populations (®@st = 0.031, P = 0.010), showed that the
disjoint montane distribution could not account for the genetic divergence
among areas (®cr = 0.012, P = 0.253), and that there was non-trivial
subdivision among populations within the same mountain region
(®sc = 0.021, P = 0.012). The genealogical relationships among populations
showed that Scots pine isolates growing on disjoint mountain blocks, but on
slopes flowing to the same basin, were genetically closer than populations growing
on different slopes of the same mountain chain, flowing to different basins.

Main conclusions The observed genetic structure for Scots pine is consistent
with its population history, inferred from the palacobotanical record, with
vertical migrations throughout climatic pulses and with the drainage basins and
large long-term population sizes connecting different mountain blocks during the
cooler glacial periods. Overall, the results suggest that, despite periodic
interstadial fragmentation episodes, Scots pine biology provides for the long-
term maintenance of high within-population and low among-population genetic
diversity at neutral genetic markers.

Keywords
Chloroplast microsatellites, genetic structure, Holocene fragmentation, Iberian
Peninsula, mountain isolation, Pinus sylvestris, vertical migration.
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INTRODUCTION

The present native distribution of European trees has been
shaped mainly by expansion following Holocene climatic
warming, notably northward expansion from southern
refugia (Bennett et al., 1991). Populations of widespread
species at different latitudes may have undergone contrasting
demographic and genetic processes. In northernmost regions,
expansion and founding events into large areas, subsequent
to ice sheet retreat, are expected to erode allelic richness and
heterozygosity of colonizing populations (Wade & McCauley,
1988; Hewitt, 2000; but see Austerlitz et al., 2000 and Petit
et al., 2003). By contrast, southern regions, free from ice
sheets and permafrost soils, would have allowed more stable
population dynamics for many species, resulting in higher
genetic diversity (Hewitt, 1996, 2000). The importance of
southern areas of temperate regions for the long-term
survival of plant species is supported both by the fossil
record and molecular data (Comes & Kadereit, 1998). The
palynological record suggests that the populations of several
tree genera, such as Quercus, Tilia and Ulmus, that
recolonized northern Europe from southern refugia during
interstadials, became extinct in the North during subsequent
cold periods, not being able to migrate back rapidly enough
to southern milder regions (Bennett et al, 1991). The
persistence of these species in southern refugia during both
interstadials and cold stages could explain their long-term
survival, which would have required suitable local habitats
under both climatic extremes.

Mountainous areas of southern temperate regions provide a
varied topography that results in very different ecological and
microecological conditions. Steep gradients of temperature
and rainfall may permit a rapid response of tree species to
climatic shifts via short altitudinal migrations (Hewitt, 1996),
allowing persistence of large, stable populations through
several glacial cycles (Tzedakis, 1993; Hewitt, 2000). For those
species adapted to cold and wet conditions, however, uphill
retreat following a climatic warming may lead to fragmenta-
tion and population size reduction, with populations confined
to disjunct high-elevation zones, separated by unsuitable
habitat at lower elevations (Oline et al., 2000). There is limited
and inconclusive empirical evidence of the population genetic
consequences of this process. Some isozyme studies of
montane conifer isolates have revealed a strong genetic
structure among populations, indicating rapid genetic isola-
tion and drift, subsequent to Holocene warming (Ledig et al.,
1997; Oline et al., 2000), while others have failed to find
significant differences from the weak genetic structure typical
of more continuous distributions, suggesting the maintenance
of genetic connectivity or absence of substantial drift (Hiebert
& Hamrick, 1983; Hamrick et al., 1989; Ledig et al., 2000,
2002). A detailed knowledge of the demographic history of
the populations is crucial, but seldom available, to interpret
and compare observed patterns of genetic variation. The com-
bination of molecular and fossil record data from well-docu-
mented regions may provide an unusually good opportunity
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for hypothesis development (Cruzan & Templeton, 2000;
Pastorino & Gallo, 2002).

The southernmost populations of Scots pine (Pinus sylvestris
L.), located in the Iberian Peninsula, constitute an interesting
system to investigate this evolutionary aspect of tree species
further. Scots pine is a wind-pollinated, wind-dispersed,
predominantly outcrossing conifer (Karkkdinen et al., 1996)
and the most widely spread among pine species, extending
from arctic latitudes in Norway (70° N) to warm southern
areas of Spain (38° N). Both palaeobotanical information and
broad-scale molecular surveys suggest that Iberian Scots pine
populations are Tertiary relicts that have persisted in the
region through several Quaternary glacial cycles (Bennett et al.,
1991; Willis et al., 1998; Sinclair et al., 1999; Soranzo et al.,
2000). The present-day Iberian distribution of the species
conforms to a warm-stage pattern, with fragmented popula-
tions sheltering at high elevation on different mountain chains.
During the extended glacial cold stages, the macrofossil record
suggests that Scots pine occupied large areas on the lower-
elevation mesetas (plateaus) between mountain ranges (Costa-
Tenorio et al., 1990). The Holocene demographic dynamics of
the species has been especially well documented in the
northern Meseta and surrounding ranges, with macrofossil
and subfossil records suggesting the permanence of widespread
Scots pine woodlands in the plateau at least until the mid-
Holocene (c. 7000 Bp; Franco-Mugica et al., 2001).

In this study, we perform a fine-scale chloroplast microsat-
ellite (cpSSR) survey across Scots pine populations in the
northern Meseta region, focusing on the following questions:
(1) What is the level of neutral genetic diversity within this
region for this usually more northern species, relative to that of
the more Mediterranean pine species in the Iberian Peninsula?
(2) Has the present interstadial distribution led to genetic
differentiation among populations on different mountain
blocks? (3) What are the imprints of altitudinal migrations,
known from the fossil record, on present-day genetic diversity
distribution?

MATERIALS AND METHODS

Study area and population sampling

The northern Meseta region of Spain (central and north-
western Iberian Peninsula, Duero river basin) is a 60,000-km?
plateau, ranging in elevation from 600 to 1000 m, surrounded
by mountain chains, and with an extreme continental climate.
Scots pine occupies high-elevation areas of these peripheral
mountain chains, growing mainly at elevations between 1000
and 1800 m, and usually forming the timberline (Fig. 1).
Several wood macrofossils from the species, dated between
12,000 and 7700 “C years BP, have been found in different
inner locations of the Meseta (Fig. 1), establishing the
low elevation distribution of Scots pine during early and
mid-Holocene (Munoz et al., 1996; Sanchez et al., 1999;
Alcalde et al., 2001). A high-resolution and continuous
pollen-sediment analysis at a valley mire at Espinosa de
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Genetic structure of Scots pine montane isolates

Figure 1 Orographic map of the northern
Meseta region, showing Pinus sylvestris L.
distribution and the sites sampled in this
study (circles). The stars indicate known

locations of Scots pine macrofossils or sub- “,5". : ,

gy .
fossil wood (12,000-7700 yr Bp). Underlined (%)O f N'ar Bas\n
population codes stand for sites where Km = Ta\o

Pt71936 141-bp mutation was found.

Cerrato (north-eastern Northern Meseta), suggests that pine
woodlands dominated this area of the plateau throughout
almost the entire Holocene, and it has been pointed out that
P. sylvestris was probably one of the species best represented in
these ancient forests during the early Holocene (10,000—
9000 yr BP; Franco-Mugica et al., 2001). Some relictual isolates
still survive in the dry plains, thanks to microecologically
suitable conditions, such as those near Cuéllar and Coca
(Fig. 1), further outlining the extent of Scots pine’s early to
mid-Holocene distribution.

We collected needle samples from 25 randomly selected
adults from each of 13 sampling sites (Fig. 1 and Table 1). The
aim was to cover the full range of Scots pine in the Northern
Meseta, including the Cuéllar and Coca relict populations in
the inner plateau, as well as two other small, geographically
marginal populations (Lillo and Navarredonda). At least two

different sampling sites were selected on the same mountain
range (and on different slopes, whenever possible) in those
areas where Scots pine woodlands extended over several
thousand hectares.

Genetic analysis

We isolated total genomic DNA, following the protocol by
Dellaporta et al. (1983), and assessed the chloroplast haplotype
of each tree at six polymorphic, mononucleotide-repeat,
microsatellite regions (Pt15169, Pt26081, Pt30204, Pt36480,
Pt71936, Pt87268; Vendramin et al, 1996). Chloroplast
microsatellites (cpSSR) provide useful information about the
recent evolutionary history of pine species, due to their high
polymorphism and non-recombinant, paternally inherited
nature (Powell et al., 1995; Provan et al., 2001), which allows

Table 1 Geographical and genetic diversity

2

parameters of 13 sampling sites of Pinus Code Population Elevation (m) Latitude Longitude H. (SD)* Dyt
sylvestris L. in the northef“ Meseta region. Lill Puebla de Lillo 1550 43°04 N 5°15' W 0.973 (0.018) 4.5
Sample size was 25 trees in all cases, except San Zadornil 1000 42°50' N 3°11'W  0.980 (0.017) 4.7
for the Ire population (22 trees) Med  Medina de Pomar 860 42°57 N 3°16W 0970 (0.019) 4.4
Cov Covaleda 1550 41°56" N 2°48’ W 0.980 (0.016) 3.8
Ire Hoyos del Iregua 1350 42°05" N 2°39° W 0.987 (0.017) 4.5
Gal Galve de Sorbe 1400 41°15" N 3°07 W 0.960 (0.023) 3.2
Cam Campisabalos 1400 41°13’ N 3°12’ W 0.987 (0.015) 4.5
Nav Navafria 1700 41°00" N 3°50° W 0.993 (0.013) 4.5
Val Valsain 1500 40°49' N 4°01" W 0.993 (0.013) 4.8
Peg Peguerinos 1500 40°39’ N 4°12’ W 0.987 (0.015) 4.5
Nar Navarredonda 1550 40°21’ N 5°07 W 0.973 (0.022) 5.2
Cue Cuéllar 800 41°16' N 4°13’ W 0.943 (0.026) 3.7
Coc Coca 790 41°12’ N 4°30' W 0.983 (0.015) 4.3
Average 0.978 4.3

*Unbiased haplotypic diversity. Standard deviation is shown between brackets.

fTMean genetic distance among individuals within populations.
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a genealogical approach to investigation of haplotype relation-
ships (Wilson & Balding, 1998). We carried out the PCR in a
total volume of 10 pL, containing 2.5 mm MgCl,, 1x reaction
buffer (Ecogen, Barcelona, Spain), 275 pm of each dNTP,
1.5 pmol IRD-800 labelled forward primer, 1.5 pmol reverse
primer, 0.16 U Taq polymerase (Ecogen) and 10 ng of
genomic DNA. We used a Perkin Elmer model 9700 thermal
cycler, Applied Biosystems Norwalk, CT, USA, with the
following profile: initial denaturation at 95 °C for 5 min,
followed by 15 cycles of 1 min at 94 °C, 45 s at 55 °C and
1 min at 72 °C, and a final extension step of 8 min at 72 °C.
We then resolved amplification products on 6%, 25-cm-long,
0.25-mm-thick, denaturing polyacrylamide gels, containing
7 M urea and 1x TBE buffer. We ran gels at 45 W, constant
power, for about 1 h, using a Li-Cor 4200 Series automatic
sequencer, Li-Cor Bioscience Lincon, NE USA. Sizing of the
amplified fragments was carried out by Gene ImagIR ver. 3.56
software (Scanalytics, Fairfax, VA USA), using external stand-
ards, followed by a visual check of all the size scores. We cloned
and sequenced the amplification products of all samples
carrying a rare cpSSR size variant (141 bp at Pt71936). To do
so, we precipitated PCR products with ethanol, and then
cloned using the pGEM-TEasy vector (Promega, Madison, WI
USA). We carried out DNA sequencing using dye terminator
sequencing reagents (Perkin-Elmer, Wellesley, MA USA) in an
automatic ABI 377 sequencer. We aligned sequences with the
CLUSTAL-W method, included in MegAlign software (DNA-
STAR, Inc., Madison, WI USA), following with manual
alignment adjustments.

Data analysis

We defined different haplotypes as a unique combination of
size variants across the six microsatellite regions. We then
characterized the genetic diversity of each population by
computing the unbiased haplotypic diversity,
H, = n(n—1)"'(1 — Zp?), where p; is the population fre-
quency of the ith haplotype (Nei, 1987), and the average
genetic distance among individuals within populations, D3,
according to a microsatellite stepwise mutation model (SMM).
This distance is based on the Goldstein et al.’s (1995) distance,
but treating the non-recombinant chloroplast genome as a
single locus (Echt et al., 1998; Vendramin et al., 1998). The
distance between the ith and jth individuals is defined as:

D:h(la]) = K71

K 2
Damajk@
k=1

where a; and aj are the allele size of the ith and jth

individuals at the kth microsatellite region, and K = 6 is the
number of microsatellite regions assayed. Genetic distance
metrics that account for specific microsatellite mutation
mechanisms (such as the microsatellite SMM) define appro-
priate haplotype relationships (rather than relying solely on
haplotypic identity) that allow more efficient recovery of
evolutionary information (Goldstein et al., 1995). We tested
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genetic differentiation among groups of populations from
different mountain regions by performing a hierarchical
analysis of molecular variance (amova, Excoffier et al,
1992), partitioning total cpSSR variation into (1) within-
population, (2) among-population-within-isolated-mountain-
area, and (3) among-isolated-mountain-area components
(seven groups: Lill; Med-Zad; Ire-Cov; Gal-Cam; Nav—Val—
Peg; Nar; Cue—Coc; see Fig. 1). We calculated distance among
haplotype pairs using the D3 measure. This yields an analogue
of Slatkin’s (1995) Rsy for population differentiation. We
computed the significance of the @-statistics using standard
permutation procedures (10,000 random permutations in all
cases), implemented and described in Arlequin ver. 2000
software (Schneider et al., 2000).

From the genetic data, we inferred demographic parameters
for Scots pine in the northern Meseta with the Bayesian
method proposed by Wilson & Balding (1998). This method,
designed for fully linked loci, is based on a standard coalescent
model, combined with a stepwise microsatellite mutation
model. Assuming prior distributions for mutation rate (n) and
effective population size (N), we obtained posterior distribu-
tions of 6 = 2Ny, N, and TMRCA (time since most-recent
common ancestor, in generations), via a Markov chain Monte
Carlo (MCMC) algorithm. We performed computations with
MICSAT software (by Wilson & Balding, 1998; available from
http://www.maths.abdn.ac.uk/~ijw/), using uniform priors on
mutation rate and effective population size. We attempted
40 changes to the genealogical tree between every attempt to
change the hyperparameters, and did 100 of these attempts
between samples (Wilson & Balding, 1998). After 2000 burn-in
iterations, we retained 10,000 samples for parameter estima-
tion. We repeated the process three times using different seed
numbers, so as to test whether the MCMC scheme had been
run for long enough (Stephens, 2001). We examined the
genealogical relationships among haplotypes obtained in the
final coalescence tree, after the last iteration of the MCMC.
Based on this tree, we executed a principal components
analysis (PCA) to group populations on the basis of their
genealogical relationships, considering as variables the pro-
portions of individuals from each population carrying hapl-
otypes contained within each of the main clades of the
coalescence tree. In doing so, we hypothesized that lineage
sorting might have occurred in the formation of separate
populations, and we performed the PCA under the a priori
assumption that this sorting would have been reflected in the
distribution of haplotypes from each population across the
coalescent tree topology.

RESULTS

All six chloroplast microsatellites regions were polymorphic,
yielding a total of 29 size variants (3-7 per region). The
distribution of size variants for each region was unimodal
(Fig. 2), with variants differing by 1-bp from each other,
consistent with a microsatellite SMM. An exception was found
for the Pt71936 region, in which a 2-bp gap was detected
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between the 141-bp size variant and the rest (Fig. 2). All
11 samples carrying the 141-bp variant, as well as four other
samples (carrying the 145-, 146- and 147-bp variants), were
sequenced. We found that the presence of the rare 141-bp
variant was due to a 5-bp deletion in the microsatellite flanking
region, rather than a 5-bp decrease of the repeat region itself,
which turned out to have, in all the analysed samples, the same
14 repeats as the most frequent 146-bp fragment (Fig. 3). The
11 trees carrying this mutation were found in eight of the
13 sampling sites, spread over different mountainous areas of
the region (Fig. 1). Five different haplotypes carried this rare
variant, with the most abundant found in seven individuals
from five populations, and the other four, differing by a single
mutation step from the most abundant haplotype (data not
shown), found in single individuals from each of other four
populations. This pattern suggests that the five haplotypes
carrying the rare 141-bp variant constitute a clade, geograph-
ically widespread across the Meseta.

The 29 size variants defined 139 different haplotypes among
the 322 individuals from 13 populations. All haplotypes had a
frequency below 0.05, averaged over the total set of 322 trees,
and most of them (83%) had frequencies below 0.01. The most
abundant haplotype was found in 15 trees from eight different
populations (overall frequency of 0.046), while 77 haplotypes
(55.3%) were found in a single individual, and 85 (61.2%) in a
single population each. Haplotype population frequencies were
also very low, with most (average 84%) of the haplotypes in

P. thunbergii
Figure 3 DNA sequence alignment of dif-

ferent size variants at locus Pt71936. The
repeat region is shown in bold. The rectangle
shows the 5-bp deletion at 141-bp variant.
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P. sylvestris (147bp) AGAAACITTT TTTTTTTTTT T-AAAACCCA
P. sylvestris (146bp) AGAAACITTT TTTTTTTTTT --AAAATCCA CGGTTTACCC
P. sylvestris (145bp) AGAAACTTTT TTTTTTTTT
P. sylvestris (141bp) AGAATCTTTT TTTTTTTTTT - -AAATCCCA

Allele size

each population showing a frequency below 0.05. On average,
33.2% of the haplotypes found in each population were unique
to it, and population pairs shared only 6.3% of their combined
set of haplotypes. This narrow intersection among the
haplotypic arrays of different populations could indicate some
degree of lineage sorting, although the very low haplotypic
frequencies renders this inference risky, as population com-
parisons based on an identity criterion may be highly subject
to the stochastic process of sampling.

As a result of the low haplotype population frequencies, very
high within-population diversity values were found (Table 1),
with an average haplotypic diversity (H,) of 0.978. The average
mean distance among individuals within populations, accord-
ing to an SMM (th), was 4.3. Populations located in the
Guadarrama Chain (Valsain, Navafria and Peguerinos; Fig. 1)
had the highest haplotype diversity values, with a maximum
H, = 0.993, while one of the relictual populations in the
Meseta plains (Cuéllar) showed the lowest haplotypic diversity
(H. = 0.943; Table 1), significantly smaller than for the rest of
the populations (Fisher’s LSD multiple comparison of means,
P < 0.001).

The analysis of molecular variance (Table 2), based on D,
distance among haplotypes, and excluding the 11 samples that
carried the 141-bp rare variant, which violated the SMM, showed
that genetic variation among populations was low (Pgp =
0.031) but significant (P = 0.010), with most of the total
variation attributable to within-population differentiation. To
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Table 2 Analysis of molecular variance

o Variance o o (amova), based on D3 distance among

Source of variation df.  component % Variation  @-statistic P Pinus sylvestris L. haplotypes. (a) Assuming

(a) no pOpl.llatiOH struc.turing. (b) As.sumi.ng .

Among populations 12 0.0417 3.08 0.031 0010 Population structuring based on isolation in

Within populations 298 13121 96.92 disjoint mountain areas. (c) Assuming
population structuring as defined by the

(b) PCA, based on genealogical relationships

Among groups 6 0.0162 1.20 0.012 0.253  among populations (see Fig. 5 and Materials

Among populations within groups 6 0.0270 2.06 0.021 0.012  and methods)

Within populations 298 1.3121 96.74 0.032 0.010

()

Among groups 6 0.0390 2.87 0.029 0.050

Among populations within groups 6  0.0088 0.65 0.007 0.070

Within populations 298  1.3121 96.48 0.035 0.010

test genetic differentiation among disjunct mountain areas, we
partitioned the among-population variance into separate com-
ponents for mountain ranges and populations within mountain
ranges. Results indicated that a small and non-significant
portion of the total variation (®ct = 0.012, P = 0.253) separ-
ated mountains, but that a larger and significant (®sc = 0.021,
P = 0.012) portion of variation separated populations occupy-
ing the same isolated mountain block.

Three different runs of the MCMC algorithm, performed to
estimate demographic parameters of Scots pine in the
Northern Meseta, yielded very similar posterior probability
distributions for all variables, suggesting adequate conver-
gence. They were all combined, yielding a total of 30,000
samples. The median (and 95% probability interval) for p, N, 0
and TMRCA were 0.00096 (0.00001-0.09554), 12,744
(44-364,132), 24.5 (19.2-36.6) and 4210 (77-224,857),
respectively. This lack of precision is reflected in the posterior
probability distributions of the parameters (Fig. 4), which are
sharply peaked, but with long tails, indicating limited support
for a wide range of high values. The estimate for 8 is more
precise, as expected from the fact that, under the standard

3500 25007

coalescent, information about N and p can only be obtained
from the data through their product (Np = 6/2; Wilson &
Balding, 1998). These results very broadly suggest a mutation
rate of about 10~ for Scots pine chloroplast microsatellite loci,
a long-term effective population size above 10,000 individuals,
and more than 4000 generations since the most recent
common ancestor of Scots pine cpSSR haplotypes in the
Northern Meseta, although the minimal precision implies little
confidence in the point estimates.

A first examination of the coalescence tree showed no clear
relation between the geographical location of haplotypes and
the tree topology. Both recent and deep clades contained
haplotypes from several populations, spread over the different
mountain areas. Conversely, haplotypes from any single
population were drawn from most of the main branches of
the tree. The geographically based groupings seemed not to be
coherent haplotypic clades, suggesting shared ancestry or
extensive chloroplast exchange among populations. A more
detailed analysis, however, revealed a noticeable geographical
pattern of haplotypes across the four main clades of the
coalescent tree (Fig. 5). The PCA ordination, based on the

W
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Figure 4 Probability distributions of the
mutation rate (p), 2Nu(0), effective popula-
tion size (N), and time since most recent
common ancestor (TMRCA) for Pinus syl-
vestris L. cpSSR haplotypes, obtained using
the Bayesian method of Wilson & Balding
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proportion of individuals from each population carrying
haplotypes contained within each of the four main branches
of the tree (Fig. 5), showed: (1) most of the small, geograph-
ically marginal populations (Lill, Cue, Nar) appearing as
outliers, (2) populations located on different north-eastern
mountains, but growing on opposite sides of the Ebro river
basin (Med, Zad, Ire), clustering together, (3) another cluster
including populations located on disjunct southern and
eastern chains (Val, Nav, Peg, Cov), but all on slopes flowing
into the Duero basin and (4) populations on the south
face of the Central Chain (Cam and Gal, within the Tajo
basin) appearing very differentiated from populations on the
northern face of the Central Chain (Val, Nav, Peg, within
Duero basin), and very divergent from each other. The Coca
relict population, despite being geographically located in the

PCA Axis 2

iz %ﬁﬁ%& i

0.1

(=)
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inner planes of the Duero basin, lay within the cluster of
populations from the Ebro basin. An aMova, based on D%
distance among haplotypes, showed that genetic differentiation
among the groups defined by the PCA was significant
(@cr = 0.029, P = 0.05, Table 2), and accounted for most of
the total among-population variation.

DISCUSSION

High haplotypic diversity and low among-population differ-
entiation observed in 13 Iberian mountain isolates of Scots
pine are consistent with the hypothesis, suggested by the
palaeobotanical information, that there has been recent
fragmentation of a historically larger population. The average
within-population genetic diversity of Scots pine in this study
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Figure 5 Genealogical relationships among Pinus sylvestris L. haplotypes (left), based on a standard coalescent model and a stepwise
microsatellite mutation model (Wilson & Balding, 1998). The dotted-line squares in the tree indicate the four main clades considered for the

principal components analysis (PCA) of Scots pine population relationships (right). PCA was based on the proportion of individuals
from each population carrying haplotypes contained within each of the four main branches of the coalescence tree. The proportion of
the variance explained by the first two principal components from the PCA is 77%.
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(H. = 0.978, Dgh = 4.3; Table 1) is higher than values, based
on the same set of cpSSR loci, reported for the Iberian
populations of three Mediterranean pine species, P. pinaster
Ait. (H. = 0.938, Dgh = 4.2; G.G. Vendramin, pers. comm.),
P. halepensis Mill. (H. = 0.626, th = 0.6; Gomez, 1998), and
P. pinea L. (H.= 0.522, D% = 0.5; Gémez et al., 2000),
although not significantly different from the P. pinaster result
(Fisher’s LSD, P > 0.05).

The level of cpSSR diversity is markedly higher in P. sylvestris
than in the more thermophilic taxa, P. halepensis and P. pinea.
All three species currently show a similar pattern of fragmen-
tation on the Iberian Peninsula. There is strong palacobotan-
ical and genetic evidence, however, suggesting that while
P. sylvestris established widespread woodlands on the inner
plateaus during full glacial stages (Franco-Mugica et al., 2001),
P. halepensis and P. pinea were unable to endure the harsh
continental climate of inner regions, suffering further frag-
mentation and dramatic range contraction into the milder
climates of small coastal refugia, which may have led to
repeated bottlenecks and subsequent gene diversity loss
(Morgante et al., 1998). From a long-term perspective, Scots
pine adaptation to low temperatures, coupled with the Iberian
orographic and climatic profiles, could have been a crucial
factor allowing its demographic stability in the region
throughout consecutive climatic pulses. The fact that the two
other Iberian mountain pines (P. uncinata Ram. and P. nigra
Arn.), adapted to a similar temperature range as Scots pine,
show comparably high levels of cpSSR diversity (authors,
unpubl. data), argues in favour of this hypothesis.

Such high haplotypic variation as that found in this study,
on the contrary, may have undesirable methodological impli-
cations. Inferences on population relationships may be
vulnerable to stochastic sampling, especially if based solely
on haplotype frequencies (76-92% of haplotypes had an
observed population frequency below 0.05). This factor
reinforces the advisability of using genetic distance metrics
or genealogical models that do not rely solely on haplotypic
identity, such as the microsatellite SMM, which, apart from
recovering evolutionary information more efficiently, are
somewhat less sensitive to the hypervariability of the markers
(Goldstein et al., 1995; Hedrick, 1999). Microsatellite size
homoplasy, however, is an inevitable and serious consequence
of a stepwise mutation mechanism, especially when size
constraints exist and the mutation rate is high. Its effects on
the inferred genetic and phylogeographical structure, mimick-
ing shared ancestry or gene exchange, remain difficult to
circumvent (Goldstein & Pollock, 1997), although phyloge-
netic reconstructions among closely related populations would
be somewhat less affected by the mutation model and thus by
size homplasy (Estoup et al., 2002).

The low among-population variation (®st = 0.031) found
for Scots pine relictual populations in the Iberian northern
Meseta region is very similar to the value among northern
populations of this same species in Scotland (®st = 0.032;
Provan et al, 1998) and in Finland (&gt = 0.030; M.R.
Garcia-Gil, pers. comm.), all based on the same cpSSR markers
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and the D% haplotypic distance measure. Comparably low
differentiation has been observed at nuclear isozyme markers
in 14 populations across the entire Iberian range of the species
(Fst = 0.038; Prus-Glowacki et al., 2003). These results
strongly contrast with values reported for maternally inherited
mtDNA markers for Scots pine, showing very substantial
genetic structure in Spain (Fst = 0.595-0.817), but somewhat
lower differentiation among northern European populations
(Fgr = 0-0.370) (Sinclair et al., 1999; Soranzo et al., 2000).
This contrasting pattern suggests the effective role of pollen
flow in homogenizing the genetic structure of Scots pine,
eroding the genetic imprints of population history that
maternally inherited mtDNA markers seem to retain (Hu &
Ennos, 1999). The widespread presence of the haplotypic clade
containing the 141-bp rare variant across the northern Meseta
(Fig. 1) is consistent with the hypothesis of extensive pollen
exchange. Burban & Petit (2003) present similar results from a
range-wide genetic survey of P. pinaster populations across
the Mediterranean region, revealing three non-overlapping
regions, fixed for different mitotypes (Fcr = 1 and Fsc = 0),
but much lower genetic structure for chloroplast markers
(Fst = 0.19), suggesting extensive pollen flow within and
among areas colonized from different refugia. Analogous
findings have been reported for European populations of Abies
alba Mill. (Liepelt et al., 2002).

The low differentiation among Scots pine montane popu-
lations in the northern Meseta region contrasts with some
previous studies, showing a strong ‘montane island effect’ for
conifers, i.e. effective genetic isolation and strong differenti-
ation among mountain isolates. Ledig et al. (1997) found high
levels of isozyme differentiation (Fst = 0.25) for the endemic
Picea chihuahuana Martinez in Mexico, subsequent to Holo-
cene fragmentation. Virtually the same value of isozyme
multilocus Fsr (0.24) was found in northern populations of
foxtail pine (Pinus balfouriana Grev. and Balf.), scattered on
the few peaks that rise above 2000 m in the Klamath
Mountains of California (Oline et al., 2000). The contrast of
these results with those for P. sylvestris probably arises from
different long-term effective population sizes. In the cited
examples, populations were in the low hundreds, or even
smaller for P. chihuahuana. Moreover, P. balfouriana shelters
at the very crests of the mountains, under extremely marginal
ecological conditions, and with no migratory path to higher
elevation areas under past scenarios of increased temperature,
which could have led to repeated bottlenecks and subsequent
episodes of genetic drift (Oline et al., 2000). By contrast, Scots
pine populations in the northern Meseta are relatively larger,
with mountain isolates of several thousand (or hundred
thousand) trees growing in suitable habitats, and seldom
reaching the crests of the chains, despite being the tree species
that usually forms the timberline. Further uphill migration
would have been possible under a warmer climate, avoiding
severe population size reductions. This fact, in addition to the
recency of fragmentation (less than 6000 years BP) and the
potential for long-distance pollen dispersal (Koski, 1970), has
probably minimized the impact of genetic drift and divergence.
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An alternative argument that could explain the low differ-
entiation among Scots pine montane isolates found in this
study might be the high variability of the microsatellite
markers, which may result in small differentiation measures
even when the populations have non-overlapping sets of alleles
(Hedrick, 1999). However, the fact that Scots pine populations
across the whole Iberian Peninsula have shown a similarly
small value of among-population genetic variation at lowly
polymorphic isozyme loci (Fsr = 0.038; Prus-Glowacki et al,
2003) makes this hypothesis unlikely.

Genealogical inferences about population parameters are
consistent with the absence of long-term effective-size
constraints for Scots pine in the Northern Meseta. Our
estimate of N ¢. 13,000 can be considered large enough to
avoid serious inbreeding and genetic drift (Savolainen &
Kuittinen, 2000). This value is greater (although not
significantly so, as precision was minimal) than the estimate
(N, ¢ 3000) reported for lodgepole pine (Pinus contorta
Dougl.), based also on cpSSR haplotypes and on the same
Bayesian inference method (Marshall et al., 2002). Unlike the
small-scale sampling of the present study, P. contorta trees
were surveyed from the very wide (encompassing 25° of
latitude) and continuous range of the species in western
North America, which highlights the relatively large effective
population size observed for Scots pine across the much
smaller northern Meseta region.

Our fine-scale genetic survey failed to detect significant
genetic differentiation among populations from different
mountain blocks (®@cp = 0.012, P = 0.253), but did reveal
variation among populations within the same chain
(®sc = 0.021, P = 0.012). The phylogeographical analysis
of haplotypes was consistent with these results, with wide
physical spread of single lineages and mixing among them,
but suggesting an important role for watersheds in shaping
the genetic structure of Scots pine in the Northern Meseta.
Populations located on different mountain chains, but
growing on slopes flowing to the same basin, were genetically
closer than populations on opposite slopes of the same
mountain chain but contained within different drainages
(Fig. 5). This fact suggests that valleys have served as
corridors for historical gene exchange among presently
distant populations, consistent with cold-stage expansions
of Scots pine into the lowlands of the region (Franco-Mugica
et al., 2001). A similar role of valleys as genetic corridors has
been pointed out for a Pinus pinaster refugial area in south-
eastern Spain (Gonzalez-Martinez et al., 2004).

Finally, together with the general pattern of low genetic
divergence among populations, it is noteworthy that the
smallest and most isolated Scots pine populations in the
northern Meseta region showed relatively high genetic
differentiation (e.g. Lill, Cue, Nar; Figs 1 & 5). A possible
explanation for this genetic divergence from other popula-
tions in the region is that their remote geographical location
may reflect lower levels of long-term gene exchange. On the
contrary, local episodes of genetic drift can lead to high
genetic differentiation estimates among recently split popu-
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lations (Gaggiotti & Excoffier, 2000), as could be the case
for the Cuéllar relict, located on the inner plateau, only
60 km North (and downhill) from the widespread wood-
lands of the Guadarrama Chain. Besides its small size, its
singular linear-shaped structure along the Cega River could
be reducing its effective neighbourhood size by favouring
mating among near neighbours (Loveless & Hamrick, 1984),
enhancing local inbreeding and the action of genetic drift,
thus increasing the chances of genetic differentiation. It is
more difficult to find a logical explanation for the observed
genetic similarity between the other relict population in the
plateau, Coca, and north-eastern populations lying within
the Ebro basin (Fig. 5). In the absence of stronger genetic
evidence, we hypothesize that it could be due to a stochastic
effect.

Overall, the results of this study suggest that, despite
periodic interstadial fragmentation episodes, Scots pine bio-
logy provides for the long-term maintenance of high within-
population and low among-population diversity at neutral
genetic markers. Comparative studies, including different
Iberian forest species, and both molecular and quantitative
information, would be of further utility in providing deeper
insights into the evolutionary history of tree species in this
Mediterranean refugial area.

ACKNOWLEDGEMENTS

We thank A. Goémez, D. Agindez, R. Chambel, A. Pifera
and F. del Cano for field and technical assistance. S. Mariette,
O. Savolainen and P.E. Smouse made useful comments on
an earlier version of this manuscript. J.J.R.-A. was supported
by a PhD scholarship from the Universidad Politécnica de
Madrid. This work was financed by DGCN-ETSIM project
Conservacion y mejora de recursos genéticos de coniferas
(2000-2003).

REFERENCES

Alcalde, C., Garcia-Amorena, 1., Gémez, F., Maldonado, J.,
Morla, C. & Postigo, ].M. (2001) Estudio de los macro-
rrestos vegetales del yacimiento de Lomilla (Aguilar de
Campoo, Palencia, Espana). Anales Jardin Botdnico de
Madrid, 59, 101-112.

Austerlitz, F., Mariette, S., Machon, N., Gouyon, P. & Godelle,
B. (2000) Effects of colonization processes on genetic
diversity: differences between annual plants and tree species.
Genetics, 154, 1309-1321.

Bennett, K.D., Tzedakis, P.C. & Willis, K.J. (1991) Quaternary
refugia of north European trees. Journal of Biogeography, 18,
103-115.

Burban, C. & Petit, R.J. (2003) Phylogeography of maritime
pine inferred with organelle markers having contrasted
inheritance. Molecular Ecology, 12, 1487—-1495.

Comes, H.P. & Kadereit, J.W. (1998) The effect of Quaternary
climatic changes on plant distribution and evolution. Trends
in Plant Science, 3, 432—438.

603


https://www.researchgate.net/publication/10752059_Burban_C_Petit_RJ_Phylogeography_of_maritime_pine_inferred_with_organelle_markers_having_contrasted_inheritance_Mol_Ecol_12_1487-1495?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/10752059_Burban_C_Petit_RJ_Phylogeography_of_maritime_pine_inferred_with_organelle_markers_having_contrasted_inheritance_Mol_Ecol_12_1487-1495?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/10752059_Burban_C_Petit_RJ_Phylogeography_of_maritime_pine_inferred_with_organelle_markers_having_contrasted_inheritance_Mol_Ecol_12_1487-1495?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/12644321_A_simple_method_to_remove_the_effect_of_a_bottleneck_and_unequal_population_sizes_on_pairwise_genetic_distances?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/10903541_Marshall_HD_Newton_C_Ritland_K_Chloroplast_phylogeography_and_evolution_of_highly_polymorphic_microsatellite_in_lodgepole_pine_Pinus_contorta_Theor_Appl_Genet_104_367-378?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/247167398_Perspective_Highly_Variable_Loci_and_Their_Interpretation_in_Evolution_and_Conservation?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/258240926_Quaternary_Refugia_of_North_European_Trees?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/258240926_Quaternary_Refugia_of_North_European_Trees?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/258240926_Quaternary_Refugia_of_North_European_Trees?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/221992997_Comes_HP_Kadereit_JW_The_effect_of_Quaternary_climatic_changes_on_plant_distribution_and_evolution_Trends_Plant_Sci_3_432-438?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/221992997_Comes_HP_Kadereit_JW_The_effect_of_Quaternary_climatic_changes_on_plant_distribution_and_evolution_Trends_Plant_Sci_3_432-438?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/221992997_Comes_HP_Kadereit_JW_The_effect_of_Quaternary_climatic_changes_on_plant_distribution_and_evolution_Trends_Plant_Sci_3_432-438?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/12558191_Austerlitz_F_Mariette_S_Machon_N_Gouyon_PH_Godelle_B_Effects_of_colonization_processes_on_genetic_diversity_Differences_between_annual_plants_and_tree_species_Genetics_154_1309-1321?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/12558191_Austerlitz_F_Mariette_S_Machon_N_Gouyon_PH_Godelle_B_Effects_of_colonization_processes_on_genetic_diversity_Differences_between_annual_plants_and_tree_species_Genetics_154_1309-1321?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/12558191_Austerlitz_F_Mariette_S_Machon_N_Gouyon_PH_Godelle_B_Effects_of_colonization_processes_on_genetic_diversity_Differences_between_annual_plants_and_tree_species_Genetics_154_1309-1321?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/12558191_Austerlitz_F_Mariette_S_Machon_N_Gouyon_PH_Godelle_B_Effects_of_colonization_processes_on_genetic_diversity_Differences_between_annual_plants_and_tree_species_Genetics_154_1309-1321?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/225160077_Genetic_differentiation_of_autochtonous_populations_of_Pinus_sylvestris_Pinaceae_from_the_Iberian_Peninsula?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/225160077_Genetic_differentiation_of_autochtonous_populations_of_Pinus_sylvestris_Pinaceae_from_the_Iberian_Peninsula?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/221959081_Ecological_Determinants_of_Genetic_Structure_in_Plant_Populations?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/28150364_Estudio_de_los_macrorrestos_vegetales_del_yacimiento_de_Lomilla_Aguilar_de_Campoo_Palencia_Spain?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/28150364_Estudio_de_los_macrorrestos_vegetales_del_yacimiento_de_Lomilla_Aguilar_de_Campoo_Palencia_Spain?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/28150364_Estudio_de_los_macrorrestos_vegetales_del_yacimiento_de_Lomilla_Aguilar_de_Campoo_Palencia_Spain?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/28150364_Estudio_de_los_macrorrestos_vegetales_del_yacimiento_de_Lomilla_Aguilar_de_Campoo_Palencia_Spain?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/28150364_Estudio_de_los_macrorrestos_vegetales_del_yacimiento_de_Lomilla_Aguilar_de_Campoo_Palencia_Spain?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5

J. J. Robledo-Arnuncio et al.

Costa-Tenorio, M., Garcia-Antén, M., Morla-Juriasti, C. &
Sainz-Ollero, H. (1990) La evolucion de los bosques de
la Peninsula Ibérica: una interpretacion basada en datos
paleobiogeograficos. Ecologia, 1, 31-58.

Cruzan, M.B. & Templeton, A.R. (2000) Paleoecology and
coalescence: phylogeographic analysis of hypotheses from
the fossil record. Trends in Ecology and Evolution, 15,
491-496.

Dellaporta, S.L., Wood, J. & Hicks, J.B. (1983) A plant
DNA minipreparation: Versién II. Plant Molecular Biology
Reporter, 1, 19-21.

Echt, C.S., DeVerno, L.L., Anzidei, M. & Vendramin, G.G.
(1998) Chloroplast microsatellites reveal population genetic
diversity in red pine, Pinus resinosa Ait. Molecular Ecology, 7,
307-316.

Estoup, A., Jarne, P. & Cornuet, J.M. (2002) Homoplasy and
mutation model at microsatellite loci and their con-
sequences for population genetics analysis. Molecular Ecol-
ogy, 11, 1591-1604.

Excoffier, L., Smouse, P.E. & Quattro, J.M. (1992) Analysis of
molecular variance inferred from metric distances among
DNA haplotypes — application to human mitochondrial
DNA restriction data. Genetics, 131, 479-491.

Franco-Mugica, F., Garcia-Antén, M., Maldonado-Ruiz, J.,
Morla-Juriasti, C. & Sainz-Ollero, H. (2001) The Holocene
history of Pinus forests in the Spanish Northern Meseta. The
Holocene, 11, 343-358.

Gaggiotti, O.E. & Excoffier, L. (2000) A simple method of
removing the effect of a bottleneck and unequal popula-
tion sizes on pairwise genetic distances. Proceedings of the
Royal Society of London Series B-Biological Sciences, 267,
81-87.

Goldstein, D.G. & Pollock, D.D. (1997) Launching micro-
satellites: a review of mutation processes and methods of
phylogenetic inference. Journal of Heredity, 88, 335-342.

Goldstein, D.B., Ruiz Linares, A., Cavalli-Sforza, L.L. & Feld-
man, M.W. (1995) An evaluation of genetic distances for use
with microsatellite loci. Genetics, 139, 463—471.

Goémez, A. (1998) Anadlisis de la variabilidad genética de Pinus
halepensis en Espafia mediante el uso de marcadores de ADN:
RAPDs y Cp-microsatélites. PhD Dissertation, Polytechnical
University of Madrid, Madrid.

Goémez, A., Aguiriano, E., Bueno, M.A. & Alia, R. (2000)
Microsatélites del cloroplasto en Pinus pinea L. I Simposio
del Pino Pifionero (ed. by Junta de Castilla-Le6n), Vol. II,
pp. 39-46. Junta de Castilla y Ledn, Valladolid.

Gonzalez-Martinez, S.C., Gomez, A., Carrién, J.S., Agindez,
D., Alia, R. & Gil, L. (2004) Spatial genetic structure of an
explicit glacial refugium of maritime pine (Pinus pinaster
Aiton) in southeastern Spain. Phylogeography in southern
European refugia: evolutionary perspectives on the origins of
European biodiversity (ed. by S. Weiss and N. Ferrand).
Kluwer Academic Publishers, Dordrecht, in press.

Hamrick, J.L., Blanton, H.M. & Hamrick, K.J. (1989) Genetic
structure of geographically marginal populations of pon-
derosa pine. American Journal of Botany, 76, 1559—1568.

604

Hedrick, P.W. (1999) Highly variable loci and their inter-
pretation in evolution and conservation. Evolution, 53, 313—
318.

Hewitt, G.M. (1996) Some genetic consequences of ice ages,
and their role in divergence and speciation. Biological Jour-
nal of the Linnean Society, 58, 247-276.

Hewitt, G.M. (2000) The genetic legacy of the Quaternary ice
ages. Nature, 405, 907-913.

Hiebert, R. & Hamrick, J.L. (1983) Patterns and levels of
genetic variation in Great Basin Bristlecone pine, Pinus
longaeva. Evolution, 37, 302-310.

Hu, X.S. & Ennos, R. (1999) Impacts of seed and pollen flow on
population genetic structure for plant genomes with three
contrasting modes of inheritance. Genetics, 152, 441-450.

Kirkkiinen, K., Koski, V. & Savolainen, O. (1996) Geo-
graphical variation in the inbreeding depression of Scots
pine. Evolution, 50, 111-119.

Koski, V. (1970) A study of pollen dispersal as a mechanism of
gene flow in conifers. Communicationes Instituti Forestalis
Fenniae, 70, 1-78.

Ledig, F.T., Jacob-Cervantes, V., Hodgskiss, P.D. & Eguiluz-
Piedra, T. (1997) Recent evolution and divergence among
populations of a rare Mexican endemic, Chihuahua spruce,
following Holocene climatic warming. Evolution, 51, 1815—
1827.

Ledig, F.T., Bermejo-Velazquez, B., Hodgskiss, P.D., Johnson,
D.R., Flores-Lopez, C. & Jacob-Cervantes, V. (2000) The
mating system and genic diversity in Martinez spruce, an
extremely rare endemic of Mexico’s Sierra Madre Oriental:
an example of facultative selfing and survival in intergla-
cial refugia. Canadian Journal of Forest Research, 30, 1156—
1164.

Ledig, F.T., Hodgskiss, P.D. & Jacob-Cervantes, V. (2002)
Genetic diversity, mating system, and conservation of a
Mexican subalpine relict, Picea mexicana Martinez. Con-
servation Genetics, 3, 113—122.

Liepelt, S., Bialozyt, R. & Ziegenhagen, B. (2002) Wind-dis-
persed pollen mediates postglacial gene flow among refugia.
Proceedings of the National Academy of Sciences of the USA,
99, 14590-14594.

Loveless, M.D. & Hamrick, J.L. (1984) Ecological determinants
of genetic structure in plant populations. Annual Review of
Ecology and Systematics, 15, 65-95.

Marshall, H.D., Newton, C. & Ritland, K. (2002) Chloroplast
phylogeography and evolution of highly polymorphic
microsatellites in lodgepole pine (Pinus contorta). Theore-
tical and Applied Genetics, 104, 367-378.

Morgante, M., Felice, N. & Vendramin, G.G. (1998) Analysis
of hypervariable chloroplast microsatellites in Pinus hale-
pensis reveals a dramatic genetic bottleneck. Molecular tools
for screening biodiversity (ed. by A. Karp, P.G. Isaac and D.S.
Ingram), pp. 407—412. Chapman & Hall, London.

Munoz, C., Ramil-Rego, P., Delibes, G. & Rojo, M. (1996)
Datos paleobotanicos sobre la turbera de La Piedra (Paramo
de Tozo, Burgos). Biogeografia Pleistocena-Holocena de la
Peninsula Ibérica (ed. by P. Ramil, C. Fernandez and

Journal of Biogeography 32, 595-605, © 2005 Blackwell Publishing Ltd


https://www.researchgate.net/publication/13850899_Launching_Microsatellites_A_Review_of_Mutation_Processes_and_Methods_of_Phylogenetic_Inference?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/13850899_Launching_Microsatellites_A_Review_of_Mutation_Processes_and_Methods_of_Phylogenetic_Inference?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/13850899_Launching_Microsatellites_A_Review_of_Mutation_Processes_and_Methods_of_Phylogenetic_Inference?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/15492820_An_Evaluation_of_Genetic_Distances_for_Use_With_Microsatellite_Loci?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/15492820_An_Evaluation_of_Genetic_Distances_for_Use_With_Microsatellite_Loci?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/15492820_An_Evaluation_of_Genetic_Distances_for_Use_With_Microsatellite_Loci?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/230343301_Chloroplast_microsatellites_reveal_population_genetic_diversity_in_red_pine_Pinus_resinosa_Ait_Mol_Ecol_7307-316?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/230343301_Chloroplast_microsatellites_reveal_population_genetic_diversity_in_red_pine_Pinus_resinosa_Ait_Mol_Ecol_7307-316?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/230343301_Chloroplast_microsatellites_reveal_population_genetic_diversity_in_red_pine_Pinus_resinosa_Ait_Mol_Ecol_7307-316?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/230343301_Chloroplast_microsatellites_reveal_population_genetic_diversity_in_red_pine_Pinus_resinosa_Ait_Mol_Ecol_7307-316?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/12644321_A_simple_method_to_remove_the_effect_of_a_bottleneck_and_unequal_population_sizes_on_pairwise_genetic_distances?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/12644321_A_simple_method_to_remove_the_effect_of_a_bottleneck_and_unequal_population_sizes_on_pairwise_genetic_distances?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/12644321_A_simple_method_to_remove_the_effect_of_a_bottleneck_and_unequal_population_sizes_on_pairwise_genetic_distances?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/12644321_A_simple_method_to_remove_the_effect_of_a_bottleneck_and_unequal_population_sizes_on_pairwise_genetic_distances?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/12644321_A_simple_method_to_remove_the_effect_of_a_bottleneck_and_unequal_population_sizes_on_pairwise_genetic_distances?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/216065634_The_mating_system_and_genic_diversity_in_Martinez_spruce_an_extremely_rare_endemic_of_Mexico's_Sierra_Madre_Oriental_An_example_of_facultative_selfing_and_survival_in_interglacial_refugia?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/216065634_The_mating_system_and_genic_diversity_in_Martinez_spruce_an_extremely_rare_endemic_of_Mexico's_Sierra_Madre_Oriental_An_example_of_facultative_selfing_and_survival_in_interglacial_refugia?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/216065634_The_mating_system_and_genic_diversity_in_Martinez_spruce_an_extremely_rare_endemic_of_Mexico's_Sierra_Madre_Oriental_An_example_of_facultative_selfing_and_survival_in_interglacial_refugia?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/216065634_The_mating_system_and_genic_diversity_in_Martinez_spruce_an_extremely_rare_endemic_of_Mexico's_Sierra_Madre_Oriental_An_example_of_facultative_selfing_and_survival_in_interglacial_refugia?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/216065634_The_mating_system_and_genic_diversity_in_Martinez_spruce_an_extremely_rare_endemic_of_Mexico's_Sierra_Madre_Oriental_An_example_of_facultative_selfing_and_survival_in_interglacial_refugia?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/216065634_The_mating_system_and_genic_diversity_in_Martinez_spruce_an_extremely_rare_endemic_of_Mexico's_Sierra_Madre_Oriental_An_example_of_facultative_selfing_and_survival_in_interglacial_refugia?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/216065634_The_mating_system_and_genic_diversity_in_Martinez_spruce_an_extremely_rare_endemic_of_Mexico's_Sierra_Madre_Oriental_An_example_of_facultative_selfing_and_survival_in_interglacial_refugia?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/10903541_Marshall_HD_Newton_C_Ritland_K_Chloroplast_phylogeography_and_evolution_of_highly_polymorphic_microsatellite_in_lodgepole_pine_Pinus_contorta_Theor_Appl_Genet_104_367-378?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/10903541_Marshall_HD_Newton_C_Ritland_K_Chloroplast_phylogeography_and_evolution_of_highly_polymorphic_microsatellite_in_lodgepole_pine_Pinus_contorta_Theor_Appl_Genet_104_367-378?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/10903541_Marshall_HD_Newton_C_Ritland_K_Chloroplast_phylogeography_and_evolution_of_highly_polymorphic_microsatellite_in_lodgepole_pine_Pinus_contorta_Theor_Appl_Genet_104_367-378?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/10903541_Marshall_HD_Newton_C_Ritland_K_Chloroplast_phylogeography_and_evolution_of_highly_polymorphic_microsatellite_in_lodgepole_pine_Pinus_contorta_Theor_Appl_Genet_104_367-378?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/247167398_Perspective_Highly_Variable_Loci_and_Their_Interpretation_in_Evolution_and_Conservation?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/247167398_Perspective_Highly_Variable_Loci_and_Their_Interpretation_in_Evolution_and_Conservation?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/247167398_Perspective_Highly_Variable_Loci_and_Their_Interpretation_in_Evolution_and_Conservation?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/216065696_Genetic_diversity_mating_system_and_conservation_of_a_Mexican_subalpine_relict_Picea_mexicana_Martinez?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/216065696_Genetic_diversity_mating_system_and_conservation_of_a_Mexican_subalpine_relict_Picea_mexicana_Martinez?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/216065696_Genetic_diversity_mating_system_and_conservation_of_a_Mexican_subalpine_relict_Picea_mexicana_Martinez?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/216065696_Genetic_diversity_mating_system_and_conservation_of_a_Mexican_subalpine_relict_Picea_mexicana_Martinez?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/34003157_A_study_of_pollen_dispersal_as_a_mechanism_of_gene_flow?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/34003157_A_study_of_pollen_dispersal_as_a_mechanism_of_gene_flow?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/34003157_A_study_of_pollen_dispersal_as_a_mechanism_of_gene_flow?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/21512017_Analysis_of_Molecular_Variance_Inferred_From_Metric_Distances_Among_DNA_Haplotypes_Application_to_Human_Mitochondrial_DNA_Restriction_Data?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/21512017_Analysis_of_Molecular_Variance_Inferred_From_Metric_Distances_Among_DNA_Haplotypes_Application_to_Human_Mitochondrial_DNA_Restriction_Data?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/21512017_Analysis_of_Molecular_Variance_Inferred_From_Metric_Distances_Among_DNA_Haplotypes_Application_to_Human_Mitochondrial_DNA_Restriction_Data?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/21512017_Analysis_of_Molecular_Variance_Inferred_From_Metric_Distances_Among_DNA_Haplotypes_Application_to_Human_Mitochondrial_DNA_Restriction_Data?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/11180643_Estoup_A_Jarne_P_Cornuet_JM_Homoplasy_and_mutation_model_at_microstallite_loci_and_their_consequences_for_population_genetics_analysis_Mol_Ecol_11_1591-1604?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/11180643_Estoup_A_Jarne_P_Cornuet_JM_Homoplasy_and_mutation_model_at_microstallite_loci_and_their_consequences_for_population_genetics_analysis_Mol_Ecol_11_1591-1604?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/11180643_Estoup_A_Jarne_P_Cornuet_JM_Homoplasy_and_mutation_model_at_microstallite_loci_and_their_consequences_for_population_genetics_analysis_Mol_Ecol_11_1591-1604?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/11180643_Estoup_A_Jarne_P_Cornuet_JM_Homoplasy_and_mutation_model_at_microstallite_loci_and_their_consequences_for_population_genetics_analysis_Mol_Ecol_11_1591-1604?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/222657564_Cruzan_MB_Templeton_AR_Paleoecology_and_coalescence_phylogeographic_analysis_of_hypotheses_from_the_fossil_record_Trends_Ecol_Environ_15_491-496?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/222657564_Cruzan_MB_Templeton_AR_Paleoecology_and_coalescence_phylogeographic_analysis_of_hypotheses_from_the_fossil_record_Trends_Ecol_Environ_15_491-496?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/222657564_Cruzan_MB_Templeton_AR_Paleoecology_and_coalescence_phylogeographic_analysis_of_hypotheses_from_the_fossil_record_Trends_Ecol_Environ_15_491-496?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/222657564_Cruzan_MB_Templeton_AR_Paleoecology_and_coalescence_phylogeographic_analysis_of_hypotheses_from_the_fossil_record_Trends_Ecol_Environ_15_491-496?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/216064457_Recent_Evolution_and_Divergence_Among_Populations_of_a_Rare_Mexican_Endemic_Chihuahua_Spruce_Following_Holocene_Climatic_Warming?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/216064457_Recent_Evolution_and_Divergence_Among_Populations_of_a_Rare_Mexican_Endemic_Chihuahua_Spruce_Following_Holocene_Climatic_Warming?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/216064457_Recent_Evolution_and_Divergence_Among_Populations_of_a_Rare_Mexican_Endemic_Chihuahua_Spruce_Following_Holocene_Climatic_Warming?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/216064457_Recent_Evolution_and_Divergence_Among_Populations_of_a_Rare_Mexican_Endemic_Chihuahua_Spruce_Following_Holocene_Climatic_Warming?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/216064457_Recent_Evolution_and_Divergence_Among_Populations_of_a_Rare_Mexican_Endemic_Chihuahua_Spruce_Following_Holocene_Climatic_Warming?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/249869129_The_Holocene_history_of_Pinus_forests_in_the_Spanish_Northern_Meseta?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/249869129_The_Holocene_history_of_Pinus_forests_in_the_Spanish_Northern_Meseta?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/249869129_The_Holocene_history_of_Pinus_forests_in_the_Spanish_Northern_Meseta?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/249869129_The_Holocene_history_of_Pinus_forests_in_the_Spanish_Northern_Meseta?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/225827023_A_plant_DNA_minipreparation_version_II?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/225827023_A_plant_DNA_minipreparation_version_II?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/225827023_A_plant_DNA_minipreparation_version_II?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/250269749_Genetic_Structure_of_Geographically_Marginal_Populations_of_Ponderosa_Pine?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/250269749_Genetic_Structure_of_Geographically_Marginal_Populations_of_Ponderosa_Pine?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/250269749_Genetic_Structure_of_Geographically_Marginal_Populations_of_Ponderosa_Pine?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/271761366_Geographical_Variation_in_the_Inbreeding_Depression_of_Scots_Pine?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/271761366_Geographical_Variation_in_the_Inbreeding_Depression_of_Scots_Pine?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/271761366_Geographical_Variation_in_the_Inbreeding_Depression_of_Scots_Pine?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/221959081_Ecological_Determinants_of_Genetic_Structure_in_Plant_Populations?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/221959081_Ecological_Determinants_of_Genetic_Structure_in_Plant_Populations?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/221959081_Ecological_Determinants_of_Genetic_Structure_in_Plant_Populations?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/227631696_Hewitt_G_Some_genetic_consequences_of_ice_ages_and_their_role_in_divergence_and_speciation_Biol_J_Linn_Soc_UK_58_247-276?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/227631696_Hewitt_G_Some_genetic_consequences_of_ice_ages_and_their_role_in_divergence_and_speciation_Biol_J_Linn_Soc_UK_58_247-276?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/227631696_Hewitt_G_Some_genetic_consequences_of_ice_ages_and_their_role_in_divergence_and_speciation_Biol_J_Linn_Soc_UK_58_247-276?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/277514241_Patterns_and_Levels_of_Genetic_Variation_in_Great_Basin_Bristlecone_Pine_Pinus_longaeva?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/277514241_Patterns_and_Levels_of_Genetic_Variation_in_Great_Basin_Bristlecone_Pine_Pinus_longaeva?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/277514241_Patterns_and_Levels_of_Genetic_Variation_in_Great_Basin_Bristlecone_Pine_Pinus_longaeva?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5

M. Rodriguez), pp. 149-162. Xunta de Galicia, Santiago de
Compostela.

Nei, M. (1987) Molecular evolutionary genetics. Columbia
University Press, New York.

Oline, D.K., Mitton, J.B. & Grant, M.C. (2000) Population and
subspecific genetic differentiation in the Foxtail pine (Pinus
balfouriana). Evolution, 54, 1813-1819.

Pastorino, M.J. & Gallo, L.A. (2002) Quaternary evolutionary
history of Austrocedrus chilensis, a cypress native to the
Andean-Patagonian forest. Journal of Biogeography, 29,
1167-1178.

Petit, R.J., Aguinagalde, 1., de Beaulieu, J.L., Bittkau, C.,
Brewer, S., Cheddadi, R., Ennos, R., Fineschi, S., Grivet, D.,
Lascoux, M., Mohanty, A., Muller-Starck, G.M., Demesure-
Musch, B., Palme, A., Martin, J.P., Rendell, S. & Vendramin,
G.G. (2003) Glacial refugia: hotspots but not melting pots of
genetic diversity. Science, 300, 1563—1565.

Powell, W., Morgante, M., McDevitt, R., Vendramin, G.G. &
Rafalski, J.A. (1995) Polymorphic simple sequence regions
in chloroplast genomes: applications to the population
genetics of pines. Proceedings of the National Academy of
Sciences of the USA, 99, 7759-7763.

Provan, J., Soranzo, N., Wilson, N.J., McNicol, ].W., Forrest,
G.IL, Cottrell, J. & Powell, W. (1998) Gene-pool variation in
Caledonian and European Scots pine (Pinus sylvestris L.)
revealed by chloroplast simple-sequence repeats. Proceedings
of the Royal Society of London Series B-Biological Sciences,
265, 1697-1705.

Provan, J., Powell, W. & Hollingsworth, P. (2001) Chloroplast
microsatellites: new tools for studies in plant ecology and
evolution. Trends in Ecology and Evolution, 16, 142—148.

Prus-Glowacki, B., Stephan, B.R., Bujas, E., Alia, R. & Marci-
niak, A. (2003) Genetic differentiation of autochtonous
populations of Pinus sylvestris (Pinaceae) from the Iberian
Peninsula. Plant Systematics and Evolution, 239, 55—66.

Sanchez, L.J., Gomez, F., Masedo, C., Morla, C. & Del Nido, J.
(1999) Identificacién de macrorrestos vegetales holocenos
en las cuencas altas de los rios Porma, Curueno y Esla (Ledn,
Espana). Boletin Real Sociedad Espaiiola Historia Natural
(Sec. Biol.), 95, 31-42.

Savolainen, O. & Kuittinen, H. (2000) Small population pro-
cesses. Forest conservation genetics. Principles and practice
(ed. by A. Young, D. Boshier and T. Boyle), pp. 91-100.
CSIRO Publishing, Collingwood.

Schneider, S., Roessli, D. & Excoffier, L. (2000) Arlequin ver.
2,000: a software for population genetic data analysis. Genetics
and Biometry Laboratory, University of Geneva, Geneva,
Switzerland.

Sinclair, W.T., Morman, J.D. & Ennos, R.A. (1999) The
postglacial history of Scots pine (Pinus sylvestris L.) in
western Europe: evidence from mitochondrial DNA varia-
tion. Molecular Ecology, 8, 83—88.

Slatkin, M. (1995) A measure of population subdivision
based on microsatellite allele frequencies. Genetics, 139,
457-462.

Journal of Biogeography 32, 595-605, © 2005 Blackwell Publishing Ltd

Genetic structure of Scots pine montane isolates

Soranzo, N., Alia, R., Provan, J. & Powell, W. (2000) Patterns
of variation at a mitochondrial sequence-tagged-site locus
provides new insights into the postglacial history of Eur-
opean Pinus sylvestris populations. Molecular Ecology, 9,
1205-1211.

Stephens, M. (2001) Inference under the coalescent. Hand-
book of statistical genetics (ed. by D.J. Balding, M. Bishop
and C. Cannings), pp. 213-238. John Wiley & Sons Ltd,
New York.

Tzedakis, P.C. (1993) Long-term tree populations in northwest
Greece through multiple Quaternary climatic cycles. Nature,
364, 437-440.

Vendramin, G., Lelli, L., Rossi, P. & Morgante, M. (1996) A set
of primers for the amplification of 20 chloroplast micro-
satellites in Pinaceae. Molecular Ecology, 5, 595—598.

Vendramin, G.G., Anzidei, M., Madaghiele, A. & Bucci, G.
(1998) Distribution of genetic diversity in Pinus pinaster Ait.
as revealed by chloroplast microsatellites. Theoretical and
Applied Genetics, 97, 456—463.

Wade, M.]. & McCauley, D.E. (1988) Extinction and
recolonization: their effects on the genetic differentiation of
local populations. Evolution, 42, 995-1005.

Willis, K.J., Bennett, K.D. & Birks, H.J. (1998) The late Qua-
ternary dynamics of pines in Europe. Ecology and biogeo-
graphy of Pinus (ed. by D.M. Richardson), pp. 107-121.
Cambridge University Press, New York.

Wilson, I.J. & Balding, D.J. (1998) Genealogical inference from
microsatellite data. Genetics, 150, 499-510.

BIOSKETCHES

Juan J. Robledo-Arnuncio recently received his PhD in
Forest Genetics from the Polytechnic University of Madrid,
and this work was conducted as a part of his doctoral research.
He is presently investigating the geographical patterns of
genetic diversity of tree species, as well as gene dispersal
processes in plants.

Carmen Collada, Professor of the Polytechnic University of
Madrid, is interested in genomics and conservation genetics of
Iberian trees.

Ricardo Alia, Researcher at the Forest Research Center of the
National Institute of Agricultural Research at Madrid, is
interested in the management and conservation of adaptive
genetic variation of Iberian tree species.

Luis Gil, Professor of the Polytechnic University of Madrid,
has long-standing interests in forest biogeography and
conservation genetics of Mediterranean forest ecosystems.

Editor: Philip Stott

605


https://www.researchgate.net/publication/227948526_Sinclair_WT_Morman_JD_Ennos_RA_The_postglacial_history_of_Scots_pine_Pinus_sylvestris_L_in_western_Europe_evidence_from_mitochondrial_DNA_variation_Mol_Ecol_8_83-88?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/227948526_Sinclair_WT_Morman_JD_Ennos_RA_The_postglacial_history_of_Scots_pine_Pinus_sylvestris_L_in_western_Europe_evidence_from_mitochondrial_DNA_variation_Mol_Ecol_8_83-88?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/227948526_Sinclair_WT_Morman_JD_Ennos_RA_The_postglacial_history_of_Scots_pine_Pinus_sylvestris_L_in_western_Europe_evidence_from_mitochondrial_DNA_variation_Mol_Ecol_8_83-88?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/227948526_Sinclair_WT_Morman_JD_Ennos_RA_The_postglacial_history_of_Scots_pine_Pinus_sylvestris_L_in_western_Europe_evidence_from_mitochondrial_DNA_variation_Mol_Ecol_8_83-88?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/13559565_Genealogical_Inference_From_Microsatellite_Data?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/13559565_Genealogical_Inference_From_Microsatellite_Data?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/232803742_Tzedakis_P_C_Long-term_tree_populations_in_northwest_Greece_through_multiple_Quaternary_climatic_cycles_Nature_364_437-440?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/232803742_Tzedakis_P_C_Long-term_tree_populations_in_northwest_Greece_through_multiple_Quaternary_climatic_cycles_Nature_364_437-440?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/232803742_Tzedakis_P_C_Long-term_tree_populations_in_northwest_Greece_through_multiple_Quaternary_climatic_cycles_Nature_364_437-440?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/15492819_A_Measure_of_Population_Subdivision_Based_on_Microsatellite_Allele_Frequencies?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/15492819_A_Measure_of_Population_Subdivision_Based_on_Microsatellite_Allele_Frequencies?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/15492819_A_Measure_of_Population_Subdivision_Based_on_Microsatellite_Allele_Frequencies?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/227905508_Quaternary_evolutionary_history_of_Austrocedrus_chilensis_a_cypress_native_to_the_Andean-Patagonian_Forest_J_Biogeogr?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/227905508_Quaternary_evolutionary_history_of_Austrocedrus_chilensis_a_cypress_native_to_the_Andean-Patagonian_Forest_J_Biogeogr?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/227905508_Quaternary_evolutionary_history_of_Austrocedrus_chilensis_a_cypress_native_to_the_Andean-Patagonian_Forest_J_Biogeogr?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/227905508_Quaternary_evolutionary_history_of_Austrocedrus_chilensis_a_cypress_native_to_the_Andean-Patagonian_Forest_J_Biogeogr?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/12348899_Postglacial_history_of_European_Pinus_sylvestris_populations_revealed_by_patterns_of_mitochondrial_variation_at_sequence-tagged_site_loci?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/12348899_Postglacial_history_of_European_Pinus_sylvestris_populations_revealed_by_patterns_of_mitochondrial_variation_at_sequence-tagged_site_loci?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/12348899_Postglacial_history_of_European_Pinus_sylvestris_populations_revealed_by_patterns_of_mitochondrial_variation_at_sequence-tagged_site_loci?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/12348899_Postglacial_history_of_European_Pinus_sylvestris_populations_revealed_by_patterns_of_mitochondrial_variation_at_sequence-tagged_site_loci?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/12348899_Postglacial_history_of_European_Pinus_sylvestris_populations_revealed_by_patterns_of_mitochondrial_variation_at_sequence-tagged_site_loci?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/13499830_Gene-pool_variation_in_Caledonian_and_European_Scots_pine_Pinus_sylvestris_L_revealed_by_chloroplast_simple-sequence_repeats?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/13499830_Gene-pool_variation_in_Caledonian_and_European_Scots_pine_Pinus_sylvestris_L_revealed_by_chloroplast_simple-sequence_repeats?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/13499830_Gene-pool_variation_in_Caledonian_and_European_Scots_pine_Pinus_sylvestris_L_revealed_by_chloroplast_simple-sequence_repeats?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/13499830_Gene-pool_variation_in_Caledonian_and_European_Scots_pine_Pinus_sylvestris_L_revealed_by_chloroplast_simple-sequence_repeats?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/13499830_Gene-pool_variation_in_Caledonian_and_European_Scots_pine_Pinus_sylvestris_L_revealed_by_chloroplast_simple-sequence_repeats?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/13499830_Gene-pool_variation_in_Caledonian_and_European_Scots_pine_Pinus_sylvestris_L_revealed_by_chloroplast_simple-sequence_repeats?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/10720928_Glacial_Refugia_Hotspots_But_Not_Melting_Pots_of_Genetic_Diversity?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/10720928_Glacial_Refugia_Hotspots_But_Not_Melting_Pots_of_Genetic_Diversity?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/10720928_Glacial_Refugia_Hotspots_But_Not_Melting_Pots_of_Genetic_Diversity?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/10720928_Glacial_Refugia_Hotspots_But_Not_Melting_Pots_of_Genetic_Diversity?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/10720928_Glacial_Refugia_Hotspots_But_Not_Melting_Pots_of_Genetic_Diversity?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/10720928_Glacial_Refugia_Hotspots_But_Not_Melting_Pots_of_Genetic_Diversity?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/277502435_Extinction_and_Recolonization_Their_Effects_on_the_Genetic_Differentiation_of_Local_Populations?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/277502435_Extinction_and_Recolonization_Their_Effects_on_the_Genetic_Differentiation_of_Local_Populations?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/277502435_Extinction_and_Recolonization_Their_Effects_on_the_Genetic_Differentiation_of_Local_Populations?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/225160077_Genetic_differentiation_of_autochtonous_populations_of_Pinus_sylvestris_Pinaceae_from_the_Iberian_Peninsula?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/225160077_Genetic_differentiation_of_autochtonous_populations_of_Pinus_sylvestris_Pinaceae_from_the_Iberian_Peninsula?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/225160077_Genetic_differentiation_of_autochtonous_populations_of_Pinus_sylvestris_Pinaceae_from_the_Iberian_Peninsula?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/225160077_Genetic_differentiation_of_autochtonous_populations_of_Pinus_sylvestris_Pinaceae_from_the_Iberian_Peninsula?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/12218737_Population_and_subspecific_genetic_differentiation_in_the_Foxtail_pine_Pinus_balfouriana_Evolution?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/12218737_Population_and_subspecific_genetic_differentiation_in_the_Foxtail_pine_Pinus_balfouriana_Evolution?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/12218737_Population_and_subspecific_genetic_differentiation_in_the_Foxtail_pine_Pinus_balfouriana_Evolution?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/245491063_Arlequin_Ver_200_A_Software_For_Population_Genetic_Data_Analysis?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/245491063_Arlequin_Ver_200_A_Software_For_Population_Genetic_Data_Analysis?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/245491063_Arlequin_Ver_200_A_Software_For_Population_Genetic_Data_Analysis?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/245491063_Arlequin_Ver_200_A_Software_For_Population_Genetic_Data_Analysis?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/291868045_Identificacion_de_macrorrestos_vegetales_holocenos_en_las_cuencas_altas_de_los_rios_Porma_Curueno_y_Esla_Leon_Espana?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/291868045_Identificacion_de_macrorrestos_vegetales_holocenos_en_las_cuencas_altas_de_los_rios_Porma_Curueno_y_Esla_Leon_Espana?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/291868045_Identificacion_de_macrorrestos_vegetales_holocenos_en_las_cuencas_altas_de_los_rios_Porma_Curueno_y_Esla_Leon_Espana?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/291868045_Identificacion_de_macrorrestos_vegetales_holocenos_en_las_cuencas_altas_de_los_rios_Porma_Curueno_y_Esla_Leon_Espana?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/291868045_Identificacion_de_macrorrestos_vegetales_holocenos_en_las_cuencas_altas_de_los_rios_Porma_Curueno_y_Esla_Leon_Espana?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/297258354_A_set_of_primers_for_the_amplification_of_20_chloroplast_microsatellites_in_Pinaceae?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/297258354_A_set_of_primers_for_the_amplification_of_20_chloroplast_microsatellites_in_Pinaceae?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/297258354_A_set_of_primers_for_the_amplification_of_20_chloroplast_microsatellites_in_Pinaceae?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/283376290_Polymorphic_Simple_Sequence_Repeats_in_Nuclear_and_Chloroplast_Genomes_Applications_to_the_Population_Genetics_of_Trees?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/283376290_Polymorphic_Simple_Sequence_Repeats_in_Nuclear_and_Chloroplast_Genomes_Applications_to_the_Population_Genetics_of_Trees?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/283376290_Polymorphic_Simple_Sequence_Repeats_in_Nuclear_and_Chloroplast_Genomes_Applications_to_the_Population_Genetics_of_Trees?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/283376290_Polymorphic_Simple_Sequence_Repeats_in_Nuclear_and_Chloroplast_Genomes_Applications_to_the_Population_Genetics_of_Trees?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/283376290_Polymorphic_Simple_Sequence_Repeats_in_Nuclear_and_Chloroplast_Genomes_Applications_to_the_Population_Genetics_of_Trees?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/14226567_Phylogenetic_Analysis_in_Molecular_Evolutionary_Genetics?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5
https://www.researchgate.net/publication/14226567_Phylogenetic_Analysis_in_Molecular_Evolutionary_Genetics?el=1_x_8&enrichId=rgreq-360ac555-f5da-44ec-a26d-5a0aa4900e14&enrichSource=Y292ZXJQYWdlOzIyODQ3MTM0NztBUzo5NzE1MTE5NTU0OTcxNUAxNDAwMTc0MDU4OTg5

