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Abstract Genetic variation in 12 Pinus pinaster (mari-
time pine) populations spanning most of the distribution
range of the species in Portugal was evaluated using six
polymorphic chloroplast microsatellite (cpSSR) loci. Thir-
ty-two haplotypes were found. There were indications of
very weak differentiation among populations (Weir’'s 6 co-
efficient, 0.023), and the Rg; value, derived from the step-
wise mutation model (SMM), was not significantly differ-
ent from zero. The pattern, in which similarities in alele
size, in base pairs, do not contribute to the genetic struc-
ture, may be due to the recent mixing of genetic material
from different stands through plantations. Overall, a high
level of haplotypic variation within populations was de-
tected. Using the SMM estimator (mean genetic distance
of individuals within populations, D3,) we divided the
populations into two groups, with above and below aver-
age values. Thefirst group contained 5 populations, main-
ly from the central part of the country, which possess, in
general, high levels of haplotypic diversity. Among them,
2 populations were divergent from the others based on the
pair-wise Nei's distance. The results indicate that there is
no discernible geographic genetic pattern for the Portu-
guese populations of P. pinaster investigated. The history
of expansion of the species range in Portugal during the
twentieth century (mainly due to human activity) and ex-
tensive gene flow among populations associated with the
expansion could explain this finding.
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Introduction

Pinus pinaster covers more than 4 million hectares in
southwestern Europe (Portugal, Spain, France and Italy).
In Portugal, 31% of the total area covered with forest
is occupied by this species, i.e. 1 million hectares (see
http://pinus.dgf.min-agricultura.pt/abre.htm). The forest-
ed area occupied by P. pinaster has increased by 30%
over a 60-year period during the twentieth century due
to reforestation by humans, in most cases with seeds
and seedlings of unknown origin (Devy-Vareta 1993).
Natural regeneration has become important in the past
25 years because of the high frequencies of fire. On
average, 51000 ha of forest were burned down every
year in the period between 1990 and 1997 (see http://
pinus.dgf.min-agricultura.pt/abre.htm), and sometimes the
fire-free intervals were too short for successful pine re-
establishment (Buting and Rego 1988).

Very little is known about the genetic variability of
this species despite intensive use and management.
Baradat and Marpeau-Bezard (1988) carried out a che-
mosystematic study throughout the distribution area of P.
pinaster based on terpene composition of the cortical tis-
sues. The authors identified three different geographic
groups, one of them being the Atlantic group, which in-
cludes populations in the western part of the Iberian Pen-
insula and the Aquitaine region in France. In another
study, 6 Portuguese stands were analysed using isozymes
to evaluate genetic diversity. Strong within-population
variability was found, but genetic differentiation among
populations was low (Castro 1989). Petit et al. (1995)
also estimated the genetic differentiation using isozymes,
total protein and terpenic loci in 6 populations of P. pin-
aster widely spaced across the range of the species. A
high degree of differentiation in this pine was found with
all types of markers (G¢r=0.17). Salvador et al. (2000)
studied 12 populations of P. pinaster from the Iberian
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Peninsula with isozyme markers, and they found three
groups of populations with different levels of diversity.
The only Portuguese population they included in their
study clustered with the Atlantic group. Vendramin et al.
(1998) screened 10 populations distributed throughout
the range of P. pinaster with chloroplast simple-sequence
repeats (cpSSR). These authors detected a higher degree
of genetic differentiation among populations of P. pinas-
ter (Rgr=0.23) than anything previously reported by au-
thors using other markers (Castro 1989; Petit et al.
1995). They found that 2 of the Portuguese populations
included in their study showed the lowest levels of ge-
netic diversity

The method used by Vendramin et al. (1998) is a
polymerase chain reaction (PCR)-based analysis of mi-
crosatellites specific to the chloroplast genome. This
methodology has allowed the investigation of population
genetic parameters at the intraspecific level (e.g. Powell
et al. 1995a; b). Primers flanking a mononucleotide
repeat located in the intergenic region between the
trnK and pbsA genes that was retrieved from the com-
pletely sequenced chloroplast genome of P. thunbergii
(Wakasugi et al. 1994) were used to detect variation in
different pine species (Powell et al. 1995b). Sequencing
of the fragments confirmed that the size differences were
due to variation in the number of repeat units forming
the microsatellite region (Tautz 1984).

In the study presented here, six cpSSR loci were used
to screen 12 P. pinaster populations from Portugal to
quantify the variation within and among populations.
The main objectives of this study were to evauate the
effect of domestication of the species on the pattern and
degree of genetic variation, to analyse the geographic ge-
netic pattern of the populations studied and to verify the
usefulness of chloroplast microsatellites for population
identification.

Materials and methods

Plant material and DNA extraction

The plant material analysed in this study is listed in Table 1.
Needles were collected from individual trees growing in a prove-
nance trial established in 1993 in the Central Eastern part of the
country (Serra da Malcata). Eleven provenances were used, and
the trees were randomly sampled from each of them. The prove-
nances were initially selected, following phenotypic evaluation, to
represent the entire distribution range of the species in Portugal
(Aguiar et a. 1995). Needles were also collected from the ran-
domly selected trees of a 12th population, designated Oleiros. To-
tal DNA was extracted from the needles according to the protocol
described by Lerceteau and Szmidt (1999). The number of indi-
viduals used per population is shown in Table 1.

CpSSR, PCR conditions and sizing of PCR products

Six of the twenty primers flanking pine chloroplast microsatellites,
designed on the basis of the chloroplast genome of P. thunbergii
(Vendramin et al. 1996), were used in this study: Pt1254, Pt15169,
Pt30204, Pt36480, Pt71936 and Pt87268. These primers were cho-
sen since they detected arelatively high level of polymorphism in
an analysis of a sub-sample of individuals. PCR reactions
were performed in afinal volume of 10 pl that contained 2.5 mM
MgCl,, 0.05 mM of each dNTP, 0.2 umM of forward primer
(5'-fluoresceine-labelled), 0.2 pM of reverse primer, 0.4 U Taq
DNA polymerase (Gibco BRL), 10 ng of DNA and 1x reaction
buffer (Gibco BRL). Amplifications were carried out using a
Perkin ElImer 9600 thermal cycler. The following cycling parame-
ters were used: a preliminary denaturation step (4 min, 94°C), fol-
lowed by 25 cycles of 1 min at 94°C, 1 min at 58°C and 1 min at
72°C, with afinal extension step of 60 min at 72°C. After the am-
plification, cpSSR fragments were denatured by adding an equal
volume of loading-buffer (95% formamide, 10 mM EDTA pH 7.6,
0.1% bromophenol blue and 0.1% xylene cyanol) to each sample
and subsequently heating for 5 min at 75°C. Diluted template was
loaded into a 25-cm-long 8% acrylamide/bisacrylamide denaturat-
ing gel.

Fragments were separated using Li-Cor automatic DNA se-
quencers (models 4000 and 4000L) at 50 W constant power for
approximately 80 min. For those amplified fragments whose size
in base pairs varied so as to enable sufficient discrimination, the
amplified products from different loci were loaded simultaneously
in the same lane. The presence of the bands was visually scored,

Table 1 Geographical and genetic parameters of 235 individuals from 12 Portuguese P. pinaster populations

Code na Region Altitude Latitude Longitude NP H, (SD)c D%,d
(m)

A 20 Aveiro 30 40°39'N 8°36'W 6 0.76 (0.061) 0.702
B 20 Oleiros 750 39°55'N 7°50'W 10 0.90 (0.027) 2.319
C 19 Alcécer do Sal 20 37°52'N 8°30'W 8 0.84 (0.044) 1.478
D 20 Braganca 800 41°52'N 6°32'W 9 0.85 (0.058) 1.453
E 20 Figueirada Foz 30 40°18'N 8°44'W 9 0.82 (0.073) 4.635
F 19 Lousa 250 40°09'N 8°11'W 11 0.91 (0.039) 4.519
G 19 Mong&o 310 42°04'N 8°23'W 7 0.85 (0.040) 0.780
H 20 Mondim de Basto 480 41°25'N 7°55'W 10 0.88 (0.035) 1.529
J 20 Leiria 50 39°46'N 8°57'W 1 0.93 (0.020) 6.104
L 20 Manteigas 625 40°24'N 7°26'W 9 0.87 (0.036) 6.028
M 20 Montalegre 690 41°49'N 7°56'W 8 0.87 (0.024) 2.400
N 18 Sintra 250 38°46'N 9°22'W 11 0.91 (0.045) 4.227
Mean 9.1 0.87 3.014

aNumber of individuals sampled
b Number of haplotypes

¢ Unbiased haplotypic diversity (Hg), with standard error between
brackets
d Mean genetic distance of individuals within populations



Fig. 1 Example of allelic vari-
ation detected at locus Pt
15169. Three different alleles
are shown: 1115 bp, 2 114 bp
and 3 113 bp. M Fragment size
standards (113 bp). Lower-
sized bands are ‘stutter’ bands
commonly found in PCR am-
plification of SSR regions

with the help of fragment size standards (Fig. 1). To confirm the
accuracy of the visual reading and to evaluate the size of the al-
leles (bp), we used a sample of 21 individuals containing all the
alleles found with the 6 primers. The sizing of the amplified frag-
ments from this sample was done with FRAGMENT MANAGER ver-
sion 1.2 conversion software (Pharmacia) using both external and
internal standards (50, 100, 150 and 200 bp) as reference molecu-
lar weights.

Data analysis

Size scores for the six fragments analysed were combined in order
to derive the chloroplast haplotype of each individual. Unbiased
haplotypic diversity based on haplotype frequencies, H,, was com-
puted for each population (Nei 1987). The degree of genetic dif-
ferentiation among populations was estimated using the parameter
0 (Weir and Cockerham 1984). Based on haplotypes, overall 6 and
pair-wise 6 coefficients between populations were calculated.
Nei’'s unbiased distances, Ds, were obtained for pair-wise popula-
tions using the haplotype frequencies (Nei 1978).

Genetic distances among individuals within populations were
computed according to the stepwise mutation model (SMM) esti-
mator D%, (Goldstein et al. 1995), modified and adapted to fully
linked haplotype markers by Morgante et al. (1998) and Bucci and
Vendramin (unpublished results):

D_2 _ 1 E’L n n L _ 2
S an-D172 L R i':gﬂ)[kzllaik ai'kl]
where n is the total number of individuals analysed within each

population, L is the number of loci, &, and Ia'—tkh are the dlele

sizes (bp) of the i-th and i,aj—'t‘i]individual at the k-th locus, respec-

tively, and |a;,—a;4] is the absolute difference between the allele
size (bp) of the individuals considered. Genetic differentiation
among populations was assessed by Rg; (Slatkin 1995), which is
the ratio of the between-population variance and the total variance
of alele size (bp), adapted to fully linked haplotype markers.
Within-population haplotypic diversity was estimated using a
modified version of the parameter S, (Slatkin 1995). The formula
has been modified and also adapted to fully linked haplotype
markers (Bucci and Vendramin, unpublished results). Symbols
previously described have the same meanings as above, and d, is
the number of populations:
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The exact tests for population differentiation based on absolute
frequencies of haplotypes were carried out using the contingency
table approach (Fisher’'s exact test) (Sokal and Rohlf 1981). The
number of dememorisation steps was 1000, with 60 batches and
2000 permutations per batch.

The physical distance matrix, between every two stands, was
compared using the genetic distance matrices, Dg and pair-wise 6
coefficients. The strength of the relationships between the matri-
ces was measured using the Mantel matrix-correspondence test
(Sokal 1979). The null hypothesis refers to the absence of associa-
tion between the elements of the pairs of matrices. A normalised
Z test was performed in which the observed value after 999 per-
mutations should be significantly larger than that expected by
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chance in order for an association to be accepted as valid. Group-
ing of the populations was carried out by multivariate anaysis.
Principal component analysis (PCA) was performed on the Nei's
distance genetic matrix (D). The programmes used to compute the
required parameters were TFPGA version 1.3 (Mark P Miller,
Northern Arizona University, USA), FsTAT version 1.2 (Jérdme
Goudet, University of Lausanne, Switzerland) and Simca-P ver-
sion 3.01 (Umetri AB & Ericsson Erisoft, Sweden).

Results
Characterisation of cpSSR loci

A total of 21 alleles (2—7 per locus) were detected in the
analysed populations. A description of the alleles at
each locus and definition of haplotypes can be obtained
upon request from the corresponding author. The alleles
were combined in 32 different haplotypes, all found in
the set of 235 individuals from the 12 different popula-
tions. The frequency distribution in each population is
given in Table 2. All of the populations had 1 haplotype
in common (the most frequent, no. 2). In accepting cpS-
SR marker haplotypes for identifying a given popula-
tion, the haplotype had to be found at a threshold level
of at least 2 individuals (10%) of the population sample
(Table 2). Only 3 populations have “population-specific
haplotypes’: Moncdo (haplotype 21), Figueira da Foz
(haplotype 18) and Lousd (haplotype 10). Manteigas
differs from the other populations because it does not
have haplotype 3, which is otherwise common to al of
them.

Within-population diversity

A very high within-population diversity (Hs=0.866) was
found. The most and the least diverse populations for
all the computed diversity parameters were Leira and
Aveiro, respectively (Table 1). Some populations occur-
ring in the north of Portugal (Aveiro, Braganca and
Moncdo) displayed diversity values below average, as
did the most southerly stand, Alcacér do Sal.

With respect to the D%, estimates, populations could
be split into two different groups. Figueira da Foz,
Lousd, Leiria, Manteigas and Sintra, which had above
average values, and the others, which had below average
values (Table 1). The first group contains populations
from the central region of the country (Fig. 2) and they
possess, in general, a high effective number of haplo-

types.
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Table 2 Haplotypes and their relative frequencies (percentage) in the tested Portuguese populations (A to N) of P. pinaster, a total of

235 sampled individuals

Codea A B C D E F G H J L M N
1 10¢ 0 5 10¢ 0 5 0 5 5 0 5 0
2 40c 5 32¢ 35¢ 5 26¢ 16¢ 25¢ 20¢ 15¢ 20¢ 28¢
3 30¢ 20¢° 21 20¢ 15¢ 16¢ 32¢ 20¢° 5 0 25¢ 11¢
4 0 0 0 0 0 0 0 0 0 5 0 0
5 10c 20° 0 10c 0 11¢ 21¢ 5 10c 0 20c 0
6 0 5 5 0 40¢ 5 11¢ 20¢° 15¢ 25¢ 0 17
7 0 0 0 0 0 0 0 0 0 5 0 0
8 0 5 0 0 0 5 0 0 0 0 0 0
9 0 0 0 0 5 5 0 0 5 5 0 0

10 0 5 5 0 0 11c 0 5 0 0 5 0

11 0 0 5 0 0 0 0 0 0 0 0 0

12 5 20¢ 21¢ 5 5 0 5 5 15¢ 25¢ 15¢ 6

13 0 0 0 0 0 0 0 0 0 0 0 6

14 0 0 0 0 0 0 5 0 0 0 0 0

15 0 0 0 0 5 5 0 0 10¢ 10c 5 6

16 0 0 0 0 5 0 0 0 5 0 0 0

17 0 0 0 0 0 0 0 0 0 0 0 6

18 0 5 0 0 15¢ 0 0 0 0 0 0 6

19 0 0 0 0 0 0 0 0 0 0 0 6

20 0 0 0 5 0 5 0 0 5 5 5 0

21 0 0 0 0 0 0 11¢ 0 0 0 0 6

22 0 5 0 0 0 0 0 0 0 0 0 0

23 0 10 0 5 0 0 0 0 0 0 0 6

24 0 0 0 5 0 0 0 0 0 0 0 0

25 0 0 5 0 0 0 0 5 0 0 0 0

26 0 0 0 5 0 0 0 0 0 0 0 0

27 5 0 0 0 0 0 0 5 0 0 0 0

28 0 0 0 0 5 0 0 0 0 0 0 0

29 0 0 0 0 0 5 0 0 0 0 0 0

30 0 0 0 0 0 0 0 0 0 5 0 0

31 0 0 0 0 0 0 0 0 5 0 0 0

32 0 0 0 0 0 0 0 5 0 0 0 0

CountP 6 10 8 9 9 11 7 10 11 9 8 11

a Code numbers of the haplotypes
b Number of haplotypes found in each population

Mongéo

Haplotypes Braganga

Aveiro

F.daFoz

Leiria

Sintra o

23

- rare haplotypes
plotyp A. do Sal

Fig. 2 Distribution of haplotypes in each population. The number
indicates the code of the haplotype. Rare haplotypes (one individ-
ual per haplotype) were pooled together

¢ Haplotypes with at least a 10% occurrence in the population

Among-population diversity

There was a high level of total diversity (H;=0.885)
based on the haplotype chloroplast microsatellite data,
and the diversity among populations (computed for
haplotypes) was very low,6=0.023, although 6 was sig-
nificantly different from zero [P (6 not>0)<0.002]. How-
ever, the Rgy value found in this study was not signifi-
cantly different from zero.

Using PCA analysis, based on pair-wise Nei’s genetic
distances, we were able to differentiate three main
groups (Fig. 3): group 1, with populations above the
X-axis; group 2 with below-X-axis populations, group 3,
comprising the Figueira da Foz and Manteigas popula-
tions. The percentage of the total variation explained was
about 82%. The exact test for differentiation of popula-
tions, based on haplotype absolute frequency, confirmed
that the Figueira da Foz and Manteigas populations
were significantly divergent from the others with
P=0.0008+0.0007 (xSD). A contrast analysis was also
performed between groups 1 and 2, which showed there
was a significant difference (P=0.042+0.0049).
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Fig. 3 Principal component analysis of the 12 populations based
on pair-wise Nei's genetic distances (D). The proportion of the
variance explained is about 82%

Geographical pattern

The physical distance matrix between every 2 stands was
compared using the genetic distance matrices Ds and 6
by performing Mantel tests. The correlation values (r)
were very low and not significant. In both cases, the Z
values for the majority of the 999 random permutations
were larger than the observed Z values. Also, the one-tail
probability, P coefficient [random Z<observed Z] indi-
cated that the null hypothesis can not be rejected. This
result indicates that there is no discernible geographical
genetic pattern in the investigated popul ations.

The geographic proximity of the stands does not have
any clear correlation with the haplotype profiles (Fig. 2).
Some relatively close stands do not share common
haplotypes. The Leiria and Figueira da Foz populations,
for instance, share only 1 frequent haplotype (no. 6), a-
though the distance between them is only about 60 km.
In contrast, the Sintra and Mondim de Basto populations
share the same frequent haplotypes (nos. 2, 3 and 6), a-
though they are separated by 320 km.

Discussion

The high within-population haplotypic diversity observed
in some Portuguese populations of P. pinaster of this
study is probably due to arelatively recent transfer of ge-
netic material by humans. However, when allozyme mark-
ers were used Salvador et a. (2000) found higher values
of within-population diversity of P. pinaster in the eastern
region of the Iberian Peninsula than in the Atlantic region
(that includes Portugal). It would be necessary to compare
our results with similar data obtained using our methodol-
ogy in the populations of that region in order to verify if
the two types of markers follow the same trend of diversi-
ty in both regions (Portugal and eastern Spain).

Fossil, charcoal and palynologica records indicate that
P. pinaster was present in Portugal during the Middle
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Wirm (55000-25000 BP), the late Pleniglacia (25000—
15000 BP) and terminal Pleistocene (12000-11000 BP)
(Teixeira 1945; Mateus and Queiroz 1993; Figueiral 1995).
In addition, pollen analyses have aso indicated the pres-
ence of P. pinaster forests in the coastal area south of
Lisbon during the Atlantic period (7580-6550 BP). This
species was probably able to survive the latest glaciation in
Portugal in sheltered areas at low altitudes close to the At-
lantic Ocean (Figueira 1995), a suggestion in contrast to
that of Salvador et a. (2000) who propose that P. pinaster
disappeared from Portugal during the last glaciation.

The scattered distribution of P. pinaster in Portugal in
ancient times with different populations evolving sepa-
rately could have been a source of haplotypic diversity,
together with subsequent human activity. An additional
hypothesis to be taken in consideration is the possible
migration pathway coming from putative refugia in the
southeastern region of Spain, as defended by Salvador et
al. (2000). A combination of these factors could explain
why some of the populations investigated show high lev-
els of diversity and effective number of haplotypes.

In this study, the average diversity within populations
was found to be similar to the value obtained by Vendra-
min et a. (1998). The data from both studies were made
comparable by using the same loci and estimating the
genetic diversity parameters, H, and D%, (recomputed,
data not shown). These diversity values are difficult to
compare with those previously reported for other coni-
fers, however, due to differences in the number and types
of loci analysed (e.g. Echt et al. 1998; Morgante et al.
1998; Provan et al. 1998).

Our data show that the genetic differentiation among
populations (6=0.023) is similar to that reported by
Castro (1989) using allozyme markers (Ggr=0.020). Ge-
netic divergence values are expected to be different
when nuclear and cytoplasmic markers are used due to
differences in seed and pollen migration (Petit et al.
1993). In our case the mix of genetic material (plants and
seeds) due to human activity could explain the similarity
of those values. Vendramin et al. (1998) also studied
the distribution of genetic diversity in P. pinaster with
CpSSR. After finding that 23% of the haplotypic varia-
tion was due to differences among populations, they pos-
tulated that parcelling of the natural range of P. pinaster
after the last glaciation may have caused the strong dif-
ferentiation observed for this species at the range level.
In contrast, in our study, the Portuguese populations of P.
pinaster showed a low level of among-population gene-
tic divergence. Genomic divergence is expected to arise
among geographically isolated populations due to the ac-
cumulation of new mutations through time and the ab-
sence of homogenisation by gene flow (Orr 1995). Our
results showing that the 6, but not the Rs, value differed
from zero are in agreement with the results obtained by
Bucci et al. (1998). These authors in their study of hy-
bridisation in halepensis-complex pine species using
CpSSR markers inferred that the Gg; was more effective
than the Rq; for evaluating low levels of inter-population
divergence.
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According to Devy-Vareta (personal communication),
by the end of the eighteenth century and the beginning of
the nineteenth century, P. pinaster was clearly expanding
and supplanting other species or invading non-cultivated
areas in Portugal. Pinus pinaster has several characteris-
tics that have played arole in it being species of prefer-
ence; in particular, it is fast growing and grows well on
mineral soils (Farjon 1984). In Portugal, the area cov-
ered by this species increased from about 900000 ha at
the beginning of the twentieth to 1300000 ha in the
1960s, mainly due to human activity, but the origin of
the seed and/or seedlings is unknown (Devy-Vareta
1993). The absence of a geographical pattern, as demon-
strated in this study by the Mantel tests and the PCA
analysis, support these observations, and there are histor-
ical records of a strong anthropogenic influence (Devy-
Vareta 1993). Our results are in agreement with those ob-
tained by Salvador et al. (2000) and Burban et al. (1999).
In the first study, in which isozyme markers were used to
study a set of populations from the Iberian Peninsula, the
authors observed that a linear relationship between geo-
graphic and genetic distances could only be found if the
populations of P. pinaster from the Atlantic group —
which includes 1 Portuguese population — were removed.
In the second study, the authors found a blurred geo-
graphic pattern for a specific pest of maritime pine, the
bast scale Matsucocus feytaudi, in Portugal.

In our study, the genetic divergence among popu-
lations is very low but different from zero, and the
Manteigas and the Figueira da Foz populations are diver-
gent from the others. The Manteigas population is locat-
ed in arelatively isolated part of the country surrounded
by high mountains. Moreover, the probably old origin of
these 2 stands and the absence of genetic transfer could
explain their divergence from the other populations.

The high level of diversity found in the Leiria popu-
lation should be particularly emphasised. As early as
the thirteenth century, an order of monks was responsi-
ble for reforesting the sandy soils of the Leiria region
(Mattoso and Sousa 1993). This area might have been
the origin of much of the transferred genetic material
(Castro 1989 and references therein). In contrast, the
Aveiro, Braganca, Mongdo and Alcécer do Sal popula-
tions display below average values of diversity. They
may have experienced a severe reduction in population
size, with consequent founder effect, with the Aveiro
population being an extreme case. The haploid cpDNA
is more sensitive than nuclear DNA to severe reductions
in the number of individuals in a population because of
its effective population size being half that of the nuclear
DNA (Birky 1988; Mitton 1993).

Another factor that should be taken into consideration
is the influence of fire. Since the mid-1970s an average
of 51000 hectares has burned down every year in Portu-
gal. Young P. pinaster trees can start to produce cones at
the top shoot at approximately 6 or 7 years of age
(Farjon 1984). If the fire-free interval is not shorter than
the time needed for producing seeds, fire could alter the
reproduction pattern. The Oleiros and Sintra populations

have high levels of genetic diversity, and they are both
examples of stands with a post-fire regeneration origin.
However, detailed information was not available for all
the populations, and more data would be needed to fully
evaluate the impact of fire on genetic diversity.

Vendramin et a. (1998) detected relatively low values
of diversity in 2 of the populations from Portugal in their
range-wide study of cpDNA variation in P. pinaster. Fur-
ther comparisons, reported here, based on a subset of
common loci, proved that Leiriais the most polymorphic
population among all the populations used in both stud-
ies, and conclusions about the migration history of the
species should be based on a larger number of popula-
tions for each region. However, it should be recognised
that, due to the strong human impact, some P. pinaster
Portuguese populations might represent genetic ‘melting
pots' (being derived from mixtures of seeds of varied or-
igin) rather than ‘hot spots' of diversity.

On the basis of our study the populations can not be
identified by “population-specific” haplotypes because
only a few populations possess them. The data also sug-
gest that there is no discernible geographical genetic pat-
tern in P. pinaster in Portugal. Man’s influence over the
expansion of this species in Portugal during the last cen-
tury and extensive associated gene flow among popula-
tions seem to be largely responsible for this. This study
confirms the influence of man in shaping the genetic
structure of a species and how the mixing of genetic ma-
terial of unknown origin can affect its genetic resources.
As a consequence of the blurred pattern found in the Por-
tuguese populations of P. pinaster the interpretation of
the history of this species in this area may turn out to be
difficult if not impossible.
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