
Introduction

Peat-bog pine (Pinus uliginosa Neumann) repre-
sents one of the four native pine species in Poland
and it grows mainly on peat bogs. The species has
been described from the stands in the Sto³owe and
Bystrzyckie Mountains, Central Sudetes, Poland
(Neumann 1837; Wimmer 1837). Taxonomic po-
sition of P. uliginosa is still under discussion. On
the basis of morphological data, P. uliginosa was
considered as a synonym of Pinus rotundata and it

was included in Pinus mugo complex (Christensen
1987). Other biometric and biochemical studies
could not exclude the hybrid origin of peat-bog
pine that may have resulted from ancient
cross-pollination between Scots pine (Pinus

sylvestris) and a taxa from P. mugo complex
(Prus-G³owacki et al. 1998; Lewandowski et al.
2000).

Natural stands of P. uliginosa were described
in the Sudety Mountains and in Low Silesian Pine-
wood, Poland (Boratyñski 1994). However, the
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distribution of peat-bog pine has been seriously re-
stricted in recent decades. Extinction of the spe-
cies was caused mainly by the altered water
conditions and transformation of biotopes includ-
ing drainage and cultivation of peat bogs
(Danielewicz and Zieliñski 2000). Due to the rapid
decline of P. uliginosa, it is considered a highly
endangered and protected species and hence is in-
cluded in Polish Plants Red Book (Zarzycki and
KaŸmierczakowa 1993).

Current inventory of P. uliginosa has demon-
strated that in Poland more numerous individuals
of the species (at least several dozen) are present
only in four stands including (1) Batorów Reserve
(locus classicus) located in Sto³owe Mountains,
(2) Wêgliniec Reserve in Low Silesian Pinewood,
(3) Wêglowiec Forestry in Low Silesian Pine-
wood and (4) Zieleniec Reserve in the Sudety
Mountains. The number of trees from Batorów
Reserve was estimated to about 400 individuals
(Go³¹b 1999). However, recent storms in this area,
air pollution, insect gradation and fungal diseases
have significantly reduced this population (Go³¹b,
personal communication). Most of the trees are
more than 80 years old and they are in poor health
condition. Due to the very rapid extinction of ma-
ture trees and no natural regeneration observed
there, this population is highly endangered (Go³¹b
1999). A somewhat better condition was reported
in two populations from Low Silesian Pinewood
where natural regeneration can be observed. Nev-
ertheless, even these populations are affected by
significant reduction in the number of trees. In
1956, the Wêgliniec Reserve contained 208 indi-
viduals while in 1998 only 99 trees were observed
including many with reduced viability. In the
newly described stand in Wêglowiec Forestry, 181
trees were reported, of which only 87 were fully
viable (Danielewicz and Zieliñski 2000). How-
ever, the origin and relationship between
P. uliginosa populations from that area is unclear.
For instance, population from Wêglowiec For-
estry is supposedly planted (Danielewicz and
Zieliñski 2000). The best P. uliginosa stand seems
to be at Zieleniec Reserve in the Sudety Moun-
tains, where numerous viable individuals of the
species were found. In this population,
P. uliginosa grows together with closely related
Dwarf Mountain pine (P. mugo) and Scots pine.
Controlled crosses and hybridisation studies in
natural populations between P. sylvestris and the
taxa from P. mugo complex indicated the possibil-

ity of their cross-pollination (Wachowiak et al.
2005a, 2005b; Kormutak et al. 2005;
Lewandowski and Dering 2006). Therefore, due to
a potential of interspecific gene flow, this popula-
tion may have a hybrid character (Siedlewska and
Prus-G³owacki 1995; Wachowiak and
Prus-G³owacki 2008).

According to currently available data, the total
number of viable P. uliginosa trees in Poland is
about several hundreds and continues to decrease.
It seems that even active protection of peat-bog
pine, including the elimination of competitive
trees of other species such as P. sylvestris or Picea

abies from the populations and creation of condi-
tions for natural regeneration cannot warrant its
survival. Therefore, the idea of setting up a seed
orchard and reintroduction of P. uliginosa to its
optimum habitats has been recently suggested
(Danielewicz and Zieliñski 2000). The success of
such protection activities and gene pool conserva-
tion requires information about the genetic struc-
ture of P. uliginosa populations and its evolutionary
history.

In this study, isozymes were used as genetic
markers to assess the genetic structure of four
above-described populations of P. uliginosa. The
results were compared to genetic structure of several
populations of three closely related pine species in-
cluding P. mugo, P. sylvestris and P. uncinata. The
aim was to address the questions about evolutionary
and demographic history of P. uliginosa in the con-
text of species protection and development of con-
servation strategies. As the present peat-bog pine
stands are rather small and isolated, we checked if
inbreeding and genetic drift have narrowed the
gene pools of the populations compared with other
closely related pine species. We evaluated rela-
tionships between populations to assess the possi-
bility of potential past plant stock transfers. As P.

uliginosa populations are exposed to potential
gene flow from other pines including P. mugo and
P. sylvestris (Boratyñska et al. 2003; Boratyñski et
al. 2003; Lewandowski et al. 2005), we evaluated
the possibility of the species decline due to genetic
pollution and contamination of P. uliginosa gene
pool. We also evaluated the genetic structure of
P. uliginosa seeds derived from two stands that
can potentially serve as a genetic material for rein-
troduction. Finally, we integrated the available
data to define best conservation units and propose
conservation strategies for active protection of the
species.
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Materials and methods

Plant material and sampling

Four isolated populations of peat-bog pine (Pinus

uliginosa Neumann) were included in isozyme
studies (Table 1). Population from “Wielkie
Torfowisko Batorowskie” Reserve (henceforth
mentioned as Batorów Reserve) in the Sto³owe
Mountains (50029’ N, 16019’ E) grows in the vicin-
ity of Picea abies forest and the nearest stand of
other pines (P. sylvestris) is at a distance of about 2
km (Go³¹b 1999). Two peat bogs populations from
Low Silesian Pinewood from “Torfowisko pod
Wêgliñcem” (henceforth mentioned as Wêgliniec
Reserve) and from Wêglowiec Forestry (51017’ N,
15014’ E) are surrounded by extensive forest
stands of P. sylvestris. In the fourth studied popu-
lation from “Torfowisko pod Zieleñcem” (hence-
forth mentioned as Zieleniec Reserve) in the
Sudety Mountains (50028’ N, 16023’ E)
P. uliginosa grows together with closely related
pines P. mugo and P. Sylvestris (Figure 1). From
each population winter buds from trees selected at
random were collected for isozyme analyses. Ad-
ditionally, the open-pollinated seedlings derived
from seeds collected from 33 trees from Wêgliniec
Reserve and 30 trees from Wêglowiec Forestry
were analysed. The seeds were isolated from sev-
eral cones and a mixed pool of seeds was obtained
for each tree separately. Ten seeds from each tree
were mixed to obtain a random pool for the popu-
lation. Seeds were placed on a filtration paper in
Petri dishes and germinated in darkness for two
weeks. Seedlings of about 3 cm in length were
used for the analyses. As an out-group for compar-
ative analyses of P. uliginosa genetic structure and

taxonomic investigations, three closely related
pine species including P. mugo, P. sylvestris and
P. uncinata were utilised. Seven P. mugo popula-
tions originated from Tatra Mountains and one
from Zieleniec Reserve. Eight P. sylvestris

populations were derived from provenance trial
IUFRO 1982 in Supraœl (Poland), and two from
natural stands from Spa³a Forest District and from
Sto³owe Mountains close to Zieleniec Reserve, re-
spectively. P. uncinata originated from its natural
stands in Pyrenees Mountains, Spain (Table 1).

Isozyme analyses

Electrophoresis in starch gel was used for isozyme
studies. The separation and staining procedures
along with genetic interpretation of the results was
performed as described by Rudin and Ekberg
(1978), Yazdani and Rudin (1982), Szmidt and
Yazdani (1984), Muona and Szmidt (1985). All the
analysed samples were genotyped at 10 polymorphic
enzymatic loci including: glutamate dehydrogenase
(GDH) E.C.1.4.1.2, malate dehydrogenase (MDH,
2 loci) E.C.1.1.1.37, shikimate dehydrogenase
(ShDH, 2 loci) E.C.1.1.1.14, diaphorase (DIAF)
E.C.1.6.99, fluorescent esterase (FEst) E.C.3.1.1.1,
glutamate oxaloacetate transaminase (GOT, 2 loci)
E.C.2.6.1.1 and 6-phosphogluconate dehydrogenase
(6PGD) E.C.1.1.1.44. Calculations of genetic pa-
rameters such as the number of alleles per locus
(A/L), observed heterozygosity (Ho), expected
heterozygosity (He), total heterozygosity (HT),
fixation index (F), genotype polymorphism index
(genotypic diversity – Pg), genetic diversity
within populations (DST) and relative measure of
amount of genetic diversity among populations
(GST) and gene flow (Nm) were conducted as de-
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Table 1. Locations and size of samples used for studies

Taxa Pop. No. Location Origin No. of individuals

P. uliginosa 1 Batorów Reserve (PU1) Natural 30

2 Wêgliniec Reserve (PU2) Natural 33

3 Wêglowiec Forestry (PU3) Natural 30

4 Zieleniec Reserve (PU4) Natural 32

P. uliginosa 5 Wêgliniec Reserve (PU2 F1) Natural 89

(seedlings) 6 Wêglowiec Forestry (PU3 F1) Natural 61

P. mugo 7 Tatry Mts., seven populations (M1-M7)* Natural 210

8 Zieleniec Reserve (MZ) Natural 30

P. sylvestris 9 Supraœl, eight populations (S1-S9)** IUFRO-82 240

10 Zieleniec Reserve (MZ) Natural 30

P. uncinata 11 Pyrenees Mts., Cap de Clots (UN) Natural 50
* including: M1 – ¯leb pod Czerwienic¹ I, M2 – Prze³êcz miêdzy Kopami, M3 – ¯leb pod Czerwienica II, M4 –
Litworowy Staw, M5 – Czarny Staw G¹sienicowy, M6 – Dubrawiska, M7 – Hala G¹sienicowa
** including: S1 – Rashchinskaya Dacha (Russia), S2 – Kondezhskoe (Russia), S3 – Silene (Latvia), S4 – Spa³a
(Poland), S5 – Haguenau (France), S6 – Zahorie (Slovakia), S7 – Bystrzyca K³odzka (Poland), S8 – Czersk (Po-
land), S9 - Szczeliniec (Poland).



scribed by Jain and Workman (1967), Nei and
Roychoudhry (1974), Hedrick (1974), Nei (1987),
Slatkin (1985), El-Kassaby (1991). Genetic dis-
tances between analysed populations and species
were calculated on the basis of allele frequency
(Nei, 1972) and the results of cluster analyses
were presented on a dendrite based on genetic sim-
ilarities between studied groups.

Genetic differentiation between P. uliginosa

populations was studied by FST statistics based on
allelic frequency data for each population at all
loci combined using Arlequin ver. 3.0. (Excoffier
et al. 2005). Statistical significance of the results
was evaluated using 1000 permutations, where
samples were randomly assigned into different
populations. Genetic clustering of P. uliginosa

populations was conducted using BAPS 5.2
(Corander et al. 2008). Results of the analyses
were also used to detect signs of admixture in each
population. For detecting recent effective popula-
tion size reductions from allele frequencies data
we used BOTTLENECK ver. 1.2.02 soft-
ware (Cornuet and Luikart 1996). A recently
bottlenecked population exhibits a correlative re-
duction in the number of alleles and gene diversity
at polymorphic loci (Cornuet and Luikart 1996).
To determine whether a population exhibits a sig-
nificant number of loci with gene diversity excess,
we performed sign and Wilcoxon sign-rank tests
and used a qualitative descriptor of the allele fre-
quency distribution (mode-shift indicator) to dis-
criminate bottlenecked populations from stable
populations (Luikart and Cornuet 1998).

Results

Genetic structure of populations

All isozyme loci were polymorphic in all the stud-
ied species. Detailed data on genetic parameters
characterising the genetic structure of the analysed
populations are listed in Table 2. In general, me-
dium level of genetic variation was observed in
P. uliginosa as compared to the three taxa from the
reference group. The mean number of alleles per
locus (A/L) ranged between 2.09 in P. uliginosa

from Wêgliniec Reserve (lowest in whole group)
to 2.82 in P. uncinata (the highest one). Similar
pattern was observed for mean number of geno-
types per locus which showed the highest values in
P. uncinata (3.81), the lowest in P. sylvestris from
Spa³a Forest District (3.09) and intermediate val-
ues in three P. uliginosa and P. mugo populations
(3.27) and in P. uliginosa from Wêglowiec For-

estry (3.54). The coefficient of genetic polymor-
phism (Pg) showed high and similar values in two
P. uliginosa populations from the Low Silesian
Pinewood (Pg = 0.506 and Pg = 0.511) and the
lowest values for P. uliginosa from Zieleniec Re-
serve (Pg = 0.388). Highest observed heterogene-
ity was noted for P. uliginosa from Wêglowiec
Forestry (Ho = 0.376) and the lowest one in the
group of trees from Zieleniec Reserve (0.237).
Population from Zieleniec showed an excess of
homozygotes (about 12%) as compared with
P. uliginosa from Wêgliniec Reserve (about 2%)
and Wêglowiec peat bog (about 4%). Contrary,
P. uliginosa from Batorów Reserve showed some
excess of heterozygotes (about 4%), however
much lower than that observed in P. mugo popula-
tion from Tatra Mountains where the mean
multilocus F coefficient was F = -0.110. The mea-
sures of intra- (DST) and inter-population variabil-
ity (GST) in pair-wise comparisons of P. uliginosa

to the other studied taxa indicated its lowest simi-
larity to P. sylvestris. Very low level of genetic di-
versity was observed among P. uliginosa

populations from Low Silesian Pinewood (DST =
0.005) and between P. uliginosa from Zieleniec
Reserve and P. mugo (0.001) (Table 3).

Genetic distances and further relationship be-
tween populations on the basis of allelic frequency
are presented on a dendrite based on the closest
neighbourhood similarities between the analysed
groups (Figure 2). Two clearly distinguished clus-
ters are formed by the group of P. sylvestris popu-
lations versus the taxa from P. mugo complex.
Mean genetic distance within P. mugo and
P. sylvestris populations was much smaller than
distance between P. uliginosa populations. Two
P. uliginosa populations from Low Silesian Pine-
wood are clustered together and are genetically
distinct from P. uliginosa from Batorów and popu-
lation from Zieleniec Reserve. The latter popula-
tion shows striking similarity to P. mugo from
Zieleniec as they both cluster together with
P. mugo populations from Tatra Mountains. The
high gene flow (Nm) also indicates a very close
genetic relationship between these two groups
(Table 3).

Based on FST statistics, high genetic differenti-
ation was found between P. uliginosa populations
from different geographical locations. The most
genetically different was the population from
Zieleniec Reserve as compared with the other
groups. No genetic differentiation was found be-
tween two populations from Low Silesian Pine-
wood (Table 4). Similar pattern of population
structure was observed in BAPS spatial clustering
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Table 2. Genetic variation among studied populations. A/L – number
of alleles per locus, G/L – number of genotypes per locus, Pg –
genotypes polymorphism index, Ho – observed heterozygosity, He –
expected heterozygosity, F – fixation index. Description of
populations as in Table 1.

Taxa/ Population A/L G/L Pg Ho He F

Pinus uliginosa

1. PU1 2.45 3.27 0.428 0.328 0.315 –0.040

2. PU2 2.09 3.27 0.506 0.372 0.379 0.018

3. PU3 2.36 3.54 0.511 0.376 0.391 0.038

4. PU4 2.64 3.27 0.388 0.237 0.272 0.127

5. PU2 F1 2.45 3.46 0.490 0.329 0.358 0.081

6. PU3 F1 2.82 3.91 0.525 0.342 0.382 0.105

Pinus mugo

7. M1-7 2.72 3.27 0.398 0.303 0.273 –0.110

Pinus sylvestris

8. S1-10 2.27 3.09 0.415 0.299 0.297 –0.008

Pinus uncinata

9. UN 2.82 3.81 0.442 0.315 0.320 0.016

Table 3. Genetic differentiation between the studied populations. HT – total
heterozygosity, HS – heterozygosity in the samples, DST – genetic diversity among
populations, GST – proportions of total genetic diversity among populations, Nm – gene
flow. PM – average data for 8 populations, PS – average data for 10 populations.
Description of populations as in Table 1.

Populations (Taxa) HT HS DST GST Nm

P. uliginosa vs. P. uliginosa

PU1 / PU2 0.365 0.347 0.018 0.049 4.9

PU1 / PU3 0.370 0.351 0.019 0.052 4.6

PU1 / PU4 0.331 0.315 0.017 0.051 4.7

PU2 / PU3 0.389 0.384 0.005 0.012 19.8

PU2 / PU4 0.353 0.324 0.029 0.082 2.8

PU3 / PU4 0.350 0.326 0.023 0.067 3.5

P. uliginosa vs. P. uncinata

PU1 / UN 0.372 0.350 0.022 0.059 4.0

PU2 / UN 0.370 0.343 0.027 0.073 3.2

PU3 / UN 0.363 0.346 0.017 0.046 5.2

PU4 / UN 0.338 0.323 0.016 0.046 5.2

P. uliginosa vs. P. mugo

PU1 / PM 0.319 0.295 0.024 0.075 3.1

PU2 / PM 0.360 0.328 0.032 0.088 2.6

PU3 / PM 0.352 0.332 0.020 0.058 4.1

PU4 / M7 0.281 0.269 0.012 0.044 5.4

PU4 / MZ 0.293 0.292 0.001 0.003 83.1

P. uliginosa vs. P. sylvestris

PU1 / PS 0.344 0.306 0.037 0.082 6.9

PU2 / PS 0.380 0.339 0.041 0.108 2.1

PU3 / PS 0.384 0.343 0.041 0.107 2.1

PU4 / PS 0.318 0.273 0.044 0.139 1.6

P. uliginosa vs. P. uliginosa

PU2 / PU2 F1 0.369 0.364 0.005 0.015 16.9

PU3 / PU3 F1 0.388 0.385 0.003 0.008 32.0

PU2 / PU3 F1 0.388 0.380 0.008 0.020 12.0

PU3 / PU2 F1 0.369 0.366 0.003 0.007 34.0

PU2 F1 / PU3 F1 0.370 0.368 0.002 0.006 41.0

P. sylvestris vs. P. mugo

PS/PM 0.339 0.285 0.054 0.159 1.3



analysis with the highest probabilities of grouping
the populations into three clusters corresponding
to Batorów Reserve, Zieleniec Reserve and two
populations from Low Silesian Pinewood clus-
tered together. Some evidence of admixture was
found in one individual from Wêliniec Reserve
showing the combination of alleles, more similar

to population from Batorów Reserve (data not
shown).

Genetic structure of seeds of P. Uliginosa

from Low Silesian Pinewood

Genetic parameters of seedlings derived from the
seeds collected at Wêgliniec Reserve and
Wêglowiec peat bog are presented in Table 2. In
general, higher number of alleles and genotypes
was found in the group of seedlings as compared
to maternal populations. Higher genetic variation
was observed in the pool of seeds from Wêglowiec
Forestry than in Wêgliniec Reserve. Low genetic
differentiation (about 0.8% and 1.5 %, respec-
tively) and low genetic diversity (DST = 0.005 and
DST = 0.003, respectively) was found among the
analysed groups of seedlings and maternal popula-
tions. The multilocus F coefficient has positive
value in both groups from Wêgliniec Reserve and

Wêglowiec Forestry, indicating 8% and 11% ex-
cess of homozygotes, respectively.

The F1 progenies were not genetically different
from each other based on FST statistics. However,
both groups of seedlings were differentiated as
compared to all other groups of populations (Ta-
ble 4), except the progeny from Wêg³owiec For-
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Figure 1. Approximate location of sampled Pinus

uliginosa populations from Batorów Reserve (�),
Wêgliniec Reserve (�), Wêg³owiec Forestry (�) and

Zieleniec Reserve (�) in Poland
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Figure 2. OTU dendrite according to Jain and Workman (1967) based on genetic similarities of P. uliginosa (PU),
P. mugo (M), P. sylvestris (S) and P. uncinata (UN) populations. Description of populations as in Table1.

Table 4. Genetic differentiation (FST) between P. uliginosa

populations and F1 progeny. Description of populations as in Table 1.

PU1 PU2 PU3 PU4 PU2 F1

PU2 0.070***

PU3 0.079*** 0.016

PU4 0.242*** 0.262*** 0.236***

PU2 F1 0.099*** 0.035*** 0.015* 0.254***

PU3 F1 0.086*** 0.040*** 0.008 0.235*** 0.003



estry being genetically uniform as compared to its
maternal population (FST = 0.008, P > 0.05). Based
on Bayesian population structure analysis, the two
groups of seedlings clustered together with the
two maternal populations from Low Silesian Pine-
wood and are genetically differentiated as com-
pared to populations from both Batorów and
Zieleniec Reserve. A sign of admixture from other
groups was found only in one individual of F1

progeny from Wêglowiec Forestry (data not
shown).

Genetic evidence for population bottlenecks

Under infinite allele mutation model applied,
some evidence for significant excessive
heterozygosity was found at GOT B locus in two
populations from Low Silesian Pinewood
(P < 0.05 and P < 0.005 in sign and Wilcoxon tests
for mutation drift equilibrium across loci, respec-
tively) and among the F1 progeny from the popula-
tion from Wêgliniec Reserve (P < 0.05 in both
tests). Excess of heterozygotes was also found at
GDH and MDH C loci atBatorów and Wêgliniec
Reserve, respectively. For most populations, the
allele frequency distribution was approximately
L-shaped as expected under mutation-drift equi-
librium. Evidence for a significant mode-shift in
allele frequencies was found only for samples
from Wêgliniec Reserve (PU2) suggesting a re-
cent bottleneck in that population.

Discussion

Rapid decline of P. uliginosa was observed in the
last decades. This has resulted in the extinction of
the species from several previously reported
stands and reduction of its range to a few isolated
populations of limited number of individuals and
weak reproductive ability. Such changes in the
species population size may significantly influ-
ence its genetic structure. However, our data indi-
cates that despite the low number of individuals in
the studied P. uliginosa populations, their genetic
variability level (A/L, Pg, Ho) is high and similar
to P. mugo and P. uncinata populations and even
higher than that in P. sylvestris. Therefore, it
seems that genetic diversity has been shaped in the
past when the populations were much more nu-
merous and their current decline did not affect
much of their genetic variability. The only signa-
tures of effective recent reduction of population
size could be detected at one population from Low
Silesian Pinewood, which still preserve much of

the genetic variation. Isozyme studies of
Lewandowski et al. (2002) using partially differ-
ent loci have also shown that despite some devia-
tions from allelic frequency distribution at
Wêgliniec and Batorów Reserve, the populations
approach the Hardy-Weinberg equilibrium in a
manner similar to the large panmictic populations
of P. sylvestris and P. mugo from our reference
group (Hamrick et al. 1989; Frankham 1997; Shea
and Furnier 2002). High genetic variability found
in the taxa studied is consistent with previous stud-
ies, reporting high genetic variation in pines as
compared to other out-crossing species
(Goncharenko et al. 1995).

The genetic structure indicates different evolu-
tionary histories of the studied P. uliginosa popu-
lations. Analysis of population structure shows
very close relationship of two P. uliginosa stands
from Low Silesian Pinewood. This result suggests
a common origin of the two populations, which are
separated at present by a distance of a few kilome-
ters. It cannot be excluded that the population from
Wêglowiec Forestry has been planted from the
seeds originating from Wêgliniec Reserve
(Mr. Józefczyk – personal communication). This
is possible due to its demographic structure and a
similar age of the individual trees. Both popula-
tions are genetically differentiated from the locus

classicus population of P. uliginosa from Batorów
Reserve. Distinct character of the latter population
has also been demonstrated in previous isozyme
(Lewandowski et al. 2002) and biometric studies
(Boratyñska et al. 2003; Marcysiak et al. 2003).
These results suggest that the specificity of the
population could result from its long-term isola-
tion, different colonisation events after the last
glacial period or influence of hybridisation pro-
cesses.

The population from Zieleniec Reserve is ge-
netically distinct from both Batorów Reserve and
populations from Low Silesian Pinewood and
shows lower level of heterozygosity and genotype
polymorphism as compared to the remaining pop-
ulations. Inbreeding coefficient indicated signifi-
cant excess of homozygotes in this population,
which may reflect a small effective population
size of the crossing individuals. It can also result
from directional selection induced by specific
microhabitat of the peat-bog environment. The ex-
cess of homozygotes in P. uliginosa from this area
was noted by Siedlewska (1994) and by
Siedlewska and Prus-G³owacki (1995) ascribing
the phenomenon to Wahlund’s effect —
hybridisation of related forms in the closest neigh-
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bourhood. Our data support the hybridisation hy-
pothesis as they reflect a very high genetic
similarity between P. uliginosa and P. mugo trees
from Zieleniec Reserve, despite their distinct phe-
notype. This result suggests that the trees classi-
fied morphologically as P. uliginosa represents
mostly the hybrids or introgressants between both
taxa. High gene flow coefficient (Nm = 83) be-
tween these two groups of trees support this sug-
gestion. This conclusion agrees with recent
controlled crosses data and molecular studies in
natural populations which indicated the possibility
of cross-pollination between P. uliginosa and
P. mugo (Lewandowski and Dering 2006;
Wachowiak and Prus-G³owacki 2008).

Natural hybridisation in sympatric populations
of the taxa from P. mugo complex and P. sylvestris

was suggested in biometric (B¹czkiewicz 1995;
Bobowicz 1990) and biochemical studies
(Prus-G³owacki and Szweykowski 1979, 1983,
Siedlewska 1994; Siedlewska and Prus-G³owacki
1995). The phenological observations supported
the possibility of interspecific crosspollinations
indicating the overlapping periods of pollen per-
ception by P. uliginosa and pollen release by
P. sylvestris (Boratyñski et al. 2003). Our two
populations from Low Silesian Pinewood are sur-
rounded by extensive forest stand of P. sylvestris

and the population from Batorów Reserve is also
not totally isolated from the influence of foreign
pollen from the nearest Scots pine populations.
However, our data indicate that P. uliginosa popu-
lations from Batorów Reserve and Low Silesian
Pinewood preserved their own genetic character
despite the close vicinity of P. sylvestris. This re-
sult can be explained by recent molecular studies,
which demonstrated rare events of natural recipro-
cal cross-pollination between P. uliginosa and
P. sylvestris (Wachowiak et al. 2005b;
Lewandowski et al. 2005). However, the present
study clearly indicates that genetic contamination
through hybridisation can proceed in the
sympatric populations of P. uliginosa and the taxa
from P. mugo complex, in a manner similar to the
studied area from Zieleniec Reserve. This finding
is supported by changes in allele frequency, as no
diagnostic isozyme alleles discriminating the spe-
cies have been detected so far. Interestingly, this
P. uliginosa stand has the best sanitary status from
all the species populations included in the study. It
seems likely that hybridisation may be a specific
life strategy of peat-bog pine to escape extinction
in changing environments, no longer suitable for
the species. As concluded by Wachowiak and

Prus-G³owacki (2008), the past and contemporary
hybridisation within P. mugo complex could ac-
count for the variety of morphological forms ob-
served in sympatric stand of the taxa and
potentially lead to the transformation of such pop-
ulations into a hybrid swarm. If this is the case,
hybridisation could be the manner of moderate ex-
pansion of P. uliginosa and other taxa of P. mugo

complex. A similar example is the expansion of
Quercus taxa (Petit et al. 2004).

In our study, P. uliginosa clusters into P. mugo

complex together with P. mugo and P. uncinata.
However, similar values of genetic distance to
both P. mugo and P. sylvestris (DN approximately
equal to 0.05), which reflects the distance between
taxa, do not allow the rejection of hybridisation
hypothesis. Previous biometric and biochemical
study suggested that P. uliginosa may be the result
of P. mugo, P. uncinata and P. sylvestris

hybridisations (Lauranson-Broyer et al. 1997) or it
is a stabilised hybrid taxon originating from an an-
cient cross pollination between P. mugo and
P. sylvestris (Prus-G³owacki and Szweykowski
1983). However, lack of detected diagnostic al-
leles for the species so far, limits the use of
isozymes in taxonomic revisions of the species.
It seems that comparative analyses of orthologous
regions of cpDNA and mtDNA (inherited in pines
without sexual recombination in paternal and ma-
ternal line, respectively) could help to clarify the
taxonomic status of P. uliginosa. So far, cpDNA
studies indicated closer similarity of P. uliginosa

to the P. mugo complex than P. sylvestris

(Wachowiak et al. 2005a). Additionally, the study
of nucleotide sequence polymorphisms of nuclear
regions is a promising approach to test alternative
models of speciation with or without gene flow be-
tween diverging taxa (Kliman et al. 2000).

Due to gradual decline of P. uliginosa, several
protective activities for the species were formu-
lated. These include active protection of the re-
maining stands and creating conditions for natural
regeneration, archiving the genotypes and creating
the secondary stands of P. uliginosa using the
plant material derived from seeds from natural
populations (Danielewicz and Zieliñski 2000).
Our study shows that due to hybridisation, the
population from Zieleniec Reserve is a very inter-
esting object for studies on microevolution and the
speciation processes, but the seed material from
this population should not be used for reintroduc-
tion of peat-bog pine in spite of very good vegeta-
tive conditions of the trees. Therefore, active
protection should be concentrated on other popu-

336 W. Wachowiak, W. Prus-G³owacki



lations represented by pure individuals of high ge-
netic variability. Based on population structure
analysis, remaining geographical locations of the
species can be recognised as distinct conservation
units. Low natural regeneration recorded at
Batorów Reserve could be overcome by con-
trolled cross pollinations to obtain the seeds for
conservation programs at this area. The analyses
of seedlings originating from seeds of both Low
Silesian Pinewood populations showed high num-
ber of alleles and genotypes. At the same time the
population of embryos exhibit some level of in-
breeding also noted in other seedling populations
of coniferous trees. Our result supports the previ-
ous reports, which detected low level of out-cross-
ing in one of the P. uliginosa populations from
Wêgliniec Reserve (Lewandowski et al. 2005).
However, inbreeding is usually reduced in natural
populations by selection against homozygotes
demonstrating inbreeding depression (Kärkkäinen
and Savolainen 1993). Due to the high variation in
selfing rates of individual mother trees, the studies
of Lewandowski et al. (2005) suggested a strategy
for maximising the genetic diversity of the off-
spring by controlled pollinations of mother trees
with high outcrossing rate and pollen donors of
high genetic variability. As both Low Silesian
Pinewood populations represent the same gene
pool, crossing of individuals between populations
could minimise genetic consequences of bottle-
neck detected at Wêgliniec Reserve. It seems that
this approach of controlled crosses between genet-
ically differentiated individuals should provide
genetically good seed materials suitable for rein-
troduction. Simultaneously, there is a strong need
for archiving the genotypes of individual trees of
P. uliginosa from each of the defined conservation
units and setting its seed orchards, as the species
showed an extremely rapid decline in the last few
years. All above-mentioned conservation strate-
gies should be implemented promptly to success-
fully address the issue of protection of peat-bog
pine from its likely extinction.

Conclusions

Different patterns of genetic structure shaped by
divergent history of particular populations were
found between isolated P. uliginosa stands. The
historical factors involved in this process were:
hybridisation with related pine species, bottleneck
effect and stabilising selection.

Populations from Batorów Reserve and Low
Silesian Pinewood seems to be the most suitable
source of genetic material for conservation pro-
grams due to relatively high level of genetic varia-
tion and no evidence of genetic contamination due
to hybridisation with other pine species.

Controlled pollinations of individuals within
each conservation unit are recommended to
maximise the genetic diversity of the offsprings
and provide suitable seed source for reintroduc-
tion.
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