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ABSTRACT

The aim of this study was to characterize the turfosa form of Pinus sylvestris from the Gazwa peat bog reserve
in terms of 16 anatomical needle traits and to determine whether pines with a typical morphotype inhabiting the
peat bog have been so successful thanks to hybridization with the unique fuifosa ecotype. Investigations were
conducted on three phenotypic groups of Scots pine growing in the peat bog. The first two groups consisted of 30
turfosa trees at the age of 117-217 years and 20 trees at the age of 30-85 years. The third group consisted of typi-
cal pines represented by 10 trees at the age of 20-55 years. In total 30 trees of typical pine, surrounding the peat
bog, at the age of 100-150 years served as outgroup. Descriptive statistics, analysis of variance with the F test,
Tukey’s test, and a number of multivariate analyses were used to estimate differences between the studied groups
of trees based on 16 anatomical needle characteristics. The old furfosa form from the Gazwa reserve proved to be
a unique and relict peat bog pine, as it was shown by the differences in 10 analyzed needle traits in comparison to
pine with a typical morphotype growing in the areas surrounding the peat bog. The young typical pines have ad-
apted to conditions found in the peat bog owing to hybridization with the furfosa forms. The young turfosa trees
differed from the old turfosa trees and also they have probably been of a hybrid origin. The old furfosa form from
the Gazwa reserve is a threatened ecotype due to its hybridization with pines from the population surrounding the
peat bog.
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INTRODUCTION

Climatic changes in the last phase of the Pleistocene and
the beginning of the Holocene to a considerable degree de-
termined the present-day range of typical pine and its va-
riation (Huntley and Birks 1983; Staszkiewicz 1993; Urba-
niak 1998). In central-eastern Europe in that time the dyna-
mics of migration processes, also as a consequence of the
merging of gene pools of Scots pine populations differing
in origin, was high. Populations of that species were sub-
jected to multifactorial selection pressure. It resulted,
among others, from the changeable climate of European
lowlands adjacent to the southern part of the Baltic Sea and
the competition of broad-leaved trees (Giertych 1979;
Mojski 1993).

Scots pine had already inhabited the area of present-day
Poland in the prearboreal period, approximately 10 000 ye-
ars ago (Szymanski 1996). In the first stage, the expansion
of this species was limited probably only to mineral soils.
Later, when first peat bogs were formed, pine could pene-
trate also those areas. The first peat bogs characterized by
a considerable share of peat mosses in the moss layer were
formed at the turn of the boreal and Atlantic periods, i.e.,
about 8500 years ago (Tobolski 2003, 2006). However,
they were only scarce transitional moors of limnogenic ori-
gin. The development of typical high peat bogs on a larger
scale and a possibility of their colonization by pine occur-
red slightly later. At present it is difficult to determine the
exact point in a time scale when it occurred, as the problem
has not been thoroughly investigated.
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The oldest documented high peat bog sites in northern
Poland have come from the end of the Atlantic period and
the beginning of the subboreal period, dated to approxima-
tely 3000 years ago (Herbichowa 1998). At least since then
the inhabitation and development of Scots pine on peat
bogs have been promoted by favorable conditions in the
young glacial areas. Undoubtedly, these conditions were
found even earlier in the south of the last glaciation boun-
dary (Kondracki 1998).

Habitat conditions observed in high peat bogs differ mar-
kedly from those in mineral soils, on which Scots pine
occurs commonly. Moreover, peatlands resisted the econo-
mic impact of man and interference into the structure and
stability of local Scots pine populations for a longer time.

Peat bog populations of Scots pine have adapted to spe-
cific, but stable conditions found in mossy bogs, which is
manifested in their longevity, exceeding even 250 years
(Polok et al. 2005). The morphological distinctness of cer-
tain populations of peat bog pines has been the basis for
their separation as forms or varieties (Jasnowski et al.
1968; Staszkiewicz 1970). Private DNA fingerprints cou-
pled with differences in needle morphology in comparison
with typical Scots pine provide further credence that the
adaptation of P. sylvestris to peat bog conditions may be
determined genetically (Polok et al. 2005; Zielinski et al.
2007).

The peat bog form of Scots pine (Pinus sylvestris f. turfo-
sa Woerl.) generally does not reach considerable height,
the upper part of its stems are characteristically twisted,
frequently with umbrella-shaped crowns, with short nee-
dles of approximately 3-4 cm in length, as well as small
and numerous cones (Staszkiewicz 1970). Its characteristic
features include as well slow growth and low stem growth
rate (Polok et al. 2005). The turfosa form is found in Po-
land in high peat bogs (Jasnowski et al. 1968).

The Gazwa high peat bog reserve, located in north-ea-
stern Poland (the Warmia-Mazury Province), 60 km from
the city of Olsztyn is one of the richest sites where the fur-
fosa form of Scots pine is found. Peat bog phenotypes of
Scots pine are still common there, however, they are no
longer dominant components of the P. sylvestris popula-
tion. On the contrary, in the first half of the 20th century P.
sylvestris f. tuifosa forming a sparse low stand was the only
pine inhabiting the peat bog (Mtynek and Polakowski
1962). Partial drainage of the Gazwa area connected with
peat digging already before the Second World War and fur-
ther land reclamation conducted in the second half of the
20th century initiated a slow, but regular degradation of
this bog. This has led, among others, to the invasion into
this area of pines with a typical phenotype, at present being
up to 55 years old and constituting a dominant element of
the peat bog.

At the fringes of the Gazwa peat bog and islands located
in its central mineral part also older straight-grown pines
are found.

Apart from the turfosa form and typical pines, also pines
representing a wide range of morphological variation are
observed in the Gazwa peat bog, including intermediate
forms and trees more or less similar to either of the two
above mentioned phenotypes. It can not be excluded that
this variation is a consequence of hybridization between ty-
pical Scots pine and the tfurfosa form. This is suggested by
the intermediate needle morphology of “look like typical”
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young pines growing in the peat bog. These young trees
possess DNA markers unique both for typical Scots pine
and peat bog phenotype (Polok et al. 2005; Zielinski et al.
2007).

The fact that in the Gazwa peat bog phenotypically diffe-
rent groups of probably hybridizing trees are growing in
close proximity constitutes a convenient experimental sy-
stem with properties of comparative cultures, especially su-
itable for biometric studies. Needle anatomical characteri-
stics are commonly used to assess the diversity of pine po-
pulations due to their low susceptibility to the modifying
effect of environmental factors (Bobowicz 1990; Urbaniak
1998). This justifies the application of these traits to com-
pare groups of trees differing in their phenotypes, growing
in the Gazwa reserve.

Therefore, the studies were aimed at search for diagno-
stic traits in needle anatomy, typical of the furfosa form.
Such characters could confirm its distinctiveness and help
to determine whether pines of the typical phenotype gro-
wing in the Gazwa peat bog are successful owing to hybri-
dization with this unique ecotype. The possibility of hybri-
dization might be a serious threat for further survival of the
turfosa form in this peat bog. It would further justify appro-
priate actions aimed to preserve this unique ecotype.

MATERIALS AND METHODS

Material description

Two-year old needles of Scots pine, Pinus sylvestris (L.),
were collected for anatomical analyses in March, 2004 and
2005 in the Gazwa peat bog reserve from two concurrent
populations i.e., a population inhabiting the peat bog and
a population surrounding the peat bog and growing on mi-
neral soil. The first of them was represented by three phe-
notypic groups (Polok et al. 2005).

Characteristics of three phenotypic groups of Scots pine
constituting the population found in the peat bog
Turfosa form (Woerl.), the old trees

For the purpose of analysis a total of 30 specimens were
selected with a morphotype characteristic for the turfosa
form, short (approximately 7 m high), a curved and croo-
ked stem, twisted along its axis, devoid of branch fascicles,
and an irregular, umbrella-shaped crown. These trees exhi-
bited a slow growth rate. They were the oldest trees found
in the peat bog. Their age ranged from 117 to 217 years
(mean 156 years).

Tuifosa form (Woerl.), the young trees

This group was represented by 20 trees, exhibiting consi-
derable phenotypic similarity to the old trees of the furfosa
form. However, they were much younger. Their age ranged
from 30 to 85 years (mean 48 years) and their height ran-
ged from 0.5 to 4 m (mean 1.6 m).

Typical Scots pine, the young trees

This group was composed of 10 trees, which exhibited
phenotypic similarity to pines with a typical habitus gro-
wing on mineral soils. They had straight-grown stems and
regular, well-developed nodes with preserved branch fa-
scicles. Their internodes were elongated, which resulted
from fast shoot growth. Their age ranged from 20 to 55 ye-
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TABLE 1. Basic statistics of 16 anatomical needle traits of four Scots pine phenotypic groups.
Trait Group Mean Minimum Maximum Standard Variation
deviation coefficient
[%]
1 Turfosa form, old trees 1412.4* 1218 1620 102.7 7.27
Width of needle Turfosa form, young trees 1345.82 1140 1500 105.8 7.86
cross-section Typical pine, young trees 1407.52 1255 1520 80.9 5.75
[pm] Typical surrounding pine, old trees 1095.3% 508 1370 159.8 14.59
2 Tuifosa form, old trees 673.7* 580 740 41.5 6.17
Height of needle Turfosa form, young trees 648.820 525 730 50.3 7.75
cross-section Typical pine, young trees 629.5° 570 695 40.5 6.44
[pm] Typical surrounding pine, old trees 545.8¢ 224 675 75.0 13.75
3 Turfosa form, old trees 0.48> 0.41 0.53 0.03 5.90
The ratio of height of needle Turfosa form, young treesa 0.48% 0.44 0.54 0.03 6.60
cross-section to width Typical pine, young trees 0.45¢ 0.41 0.49 0.03 5.72
of needle cross-section Typical surrounding pine, old trees 0.502 0.42 0.58 0.04 7.42
[nm]
4 Turfosa form. old trees 14.74 9.0 20.2 2.6 17.69
Number of resin ducts Turfosa form, young trees 12.1° 7.6 18.2 2.6 21.82
[n] Typical pine, young trees 12.3° 8.7 15.5 24 19.81
Typical surrounding pine, old trees 9.8¢ 7.2 18.2 2.4 23.92
5 Turfosa form. old trees 63.3 44 81 8.6 13.63
Lumen width of Ist Turfosa form, young trees 61.8 46 82 9.6 15.61
resin duct Typical pine, young trees 56.6 44 64 6.6 11.73
[pm] Typical surrounding pine, old trees 60.3 37 124 15.8 26.24
6 Tuifosa form. old trees 100.0 68 123 12.4 12.40
Lumen width of Ist Turfosa form, young trees 101.8 79 123 10.9 10.77
resin duct including sclerenchyma Typical pine, young trees 94.3 77 105 8.2 8.66
[pm] Typical surrounding pine, old trees 100.3 58 214 25.9 25.83
7 Turfosa form, old trees 63.9 51 86 7.7 11.99
Lumen width of 2nd Turfosa form,young trees 60.5 47 85 9.9 16.47
resin duct Typical pine, young trees 56.3 49 65 5.3 9.44
[pm] Typical surrounding pine, old trees 61.0 8 124 18.6 30.43
8 Turfosa form, old trees 100.7 72 134 12.1 12.03
Lumen width of 2nd Turfosa form, young trees 101.1 78 127 12.8 12.70
resin duct including sclerenchyma Typical pine, young trees 96.5 85 106 7.8 8.05
[pm] Typical surrounding pine, old trees 102.55 77 220 25.7 25.04
9 Turfosa form, old trees 41.7 30 55 7.1 16.95
Lumen width of 3rd Turfosa form, young trees 38.4 18 52 10.0 26.07
resin duct Typical pine, young trees 33.1 9 53 12.9 38.96
[pm] Typical surrounding pine, old trees 37.7 19 82 11.4 30.28
10 Tuifosa form, old trees 76.3 59 95 9.9 13.09
Lumen width of 3rd Turfosa form, young trees 73.2 36 95 16.1 21.96
resin duct including sclerenchyma Typical pine, young trees 64.5 24 91 21.0 32.61
[pm] Typical surrounding pine, old trees 72.0 48 152 18.5 25.74
11 Turfosa form, old trees 29.6* 23 40 4.1 13.98
Epidermis with cuticula Turfosa form, young trees 28.2¢ 23 33 24 8.52
thickness on flat side of needle ~ Typical pine, young trees 29.6* 28 32 1.4 4.76
[pm] Typical surrounding pine, old trees 25.6° 22 29 1.8 7.07
12 Turfosa form, old trees 53.6% 40 78 8.1 15.04
Three epidermal cells Turfosa form, young trees 53.5¢ 49 62 3.5 6.57
width on flat side of needle Typical pine, young trees 52.32 47 64 54 10.23
[pm] Typical surrounding pine, old trees 47.5b 27 57 6.3 13.21
13 Tuifosa form, old trees 292.22 242 332 24.17 8.27
Height Turfosa form, young trees 295.8* 250 338 25.05 8.47
of vascular cylinder Typical pine, young trees 276.2° 266 288 7.02 2.54
[pm] Typical surrounding pine, old trees 258.5¢ 218 316 21.87 8.46
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TABLE 1. Cont.
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Trait Group Mean Minimum Maximum Standard Variation
deviation coefficient
[%]
14 Turfosa form, old trees 835.6% 680 960 69.4 8.31
Width Turfosa form, young trees 776.2° 624 984 95.9 12.36
of vascular cylinder Typical pine, young trees 850.22 724 1124 113.2 13.32
[pm] Typical surrounding pine, old trees 663.5¢ 510 862 86.5 13.03
15 Turfosa form, old trees 259.32 144 352 49.6 19.12
Distance between Turfosa form, young trees 215.9° 136 338 54.5 25.24
vascular bundles Typical pine, young treesa 239.02 170 324 46.6 19.51
[pm] Typical surrounding pine, old trees 169.5¢ 86 260 41.9 24.74
16 Turfosa form, old trees 558.94 309 853 125.4 22.43
Marcet’s index Turfosa form, young trees 451.20 250 721 125.9 2791
(Marcet 1967) Typical pine, young trees 536.10 357 746 1123 20.94
Typical surrounding pine, old trees 344.9¢ 147 578 102.4 29.67

abedifferent letters mean significant differences at P=0.05 for Tukey’s test

ars (mean 35 years), while their height was from 7 to 11
m (mean 8.6 m).

Phenotypic characteristics of Scots pines
from the population growing on mineral soils
in the vicinity of the peat bog
Typical Scots pine, the old trees

This group consisted of 30 trees having a phenotype of
typical Pinus sylvestris L. Selected trees had straight-
grown stems and typically developed crowns. Their age
ranged from 100 to 150 years, their height did not exceed
35 m and diameter at breast height was up to 0.5 m.

Methods of measurements

The preliminary analysis was conducted to estimate the
number of needles per an individual necessary to cover the
entire variation. Due to lack of differences between ten and
five analysed needles, the scheme with five needles per an
individual was chosen. Thus, a total of 450 needles from
90 trees, representing four phenotypic groups were analy-
zed altogether. From each tree five two-year old needles
were collected randomly. Cross-sections together with se-
mi-fixed preparations were prepared from each needle. Va-
riation of 16 needle anatomical traits was estimated on the
basis of microscopic measurements (Table 1).

The following anatomical needle characteristics were
analyzed: the width of needle cross-section defining needle
width (trait no. 1), the height of needle cross-section defi-
ning needle thickness (no. 2), the ratio of height needle
cross-section to its width corresponding to the ratio of nee-
dle thickness to its width (no. 3), the number of resin ducts
(no. 4), the width of the lumen of the 1st resin duct (no. 5),
the width of the lumen of the Ist resin duct including scle-
renchyma (no. 6), the width of the lumen of the 2nd resin
duct (no. 7), the width of the lumen of the 2nd resin duct
including sclerenchyma (no. 8), the width of the lumen of
the 3rd resin duct (no. 9), the width of the lumen of the 3rd
resin duct including sclerenchyma (no. 10), the thickness
of epidermis with cuticula on the flat side of the needle
(no. 11), the width of three epidermal cells on the flat side
of the needle (no. 12), the height of the vascular cylinder
(no. 13), the width of the vascular cylinder (no. 14), the di-

stance between vascular bundles (no. 15), Marcet’s index
((needle width x distance between vascular bundles): nee-
dle thickness) (no. 16).

The data were analysed using standard statistical proce-
dures in the STATISTICA 8.0 EN software on the basis of
means for individuals. Briefly, the basic descriptive stati-
stics for each tree group, means, minima, maxima, standard
deviations, coefficients of variation, as well as the F Sne-
decor test were calculated. Tukey’s test was used for multi-
ple comparisons of different groups. Discriminant analysis
and coefficients of determination between analyzed traits
and discriminant variables, values of the F statistics and
Mahalanobis distances were used to estimate the intra- and
interpopulation variation. Mahalanobis distances were used
to construct phenograms using Ward’s method of grouping
and Euclidian distance.

RESULTS

A comparison of anatomical needle traits between old trees
of the turfosa form (Woerl.) growing in the peat bog
and old typical pine trees growing on mineral soil
in the vicinity of the peat bog

The old trees of the turfosa form from the Gazwa peat
bog differed significantly from old trees of the typical
Scots pine growing on mineral soil in terms of 10 out of 16
analyzed traits (i.e., 62.5% of traits) as indicated by the
analysis of variance and Tukey’s test (Table 1). The turfosa
form had higher values in relation to nine out of these ten
traits thus having 22.5% wider (trait no. 1) and 19% thicker
needles (trait no. 2) and 33.4% more resin ducts (trait no.
4). Moreover, the epidermis with cuticula on the flat side
of the needle (trait no. 11) was 13.6% thicker in the turfosa
form, three epidermal cells on the flat side of the needle
were 11.4% wider (trait no. 12), the vascular cylinder was
11.5% higher (trait no. 13) and 20.6% wider (trait no. 14),
the distance between vascular bundles was 34.6% higher
(trait no. 15) as well as Marcet’s index was 38.3% higher
(trait no. 16). In contrast, the ratio of needle thickness to its
width was 4% higher for the typical pine (trait no. 3). Stati-
stically significant differences between two compared gro-
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TABLE. 2. Discriminant value of 16 anatomical needle traits estimated
by lambda Wilks statistics.

Trait F Probability
statistics
1 38.850 0.0000
2 27.926 0.0000
3 6.913 0.0003
4 19.051 0.0000
5 0.924 0.4330
6 0.417 0.7413
7 0.995 0.3993
8 0.294 0.8299
9 2.067 0.1106
10 1.421 0.2421
11 11.151 0.0000
12 5.645 0.0014
13 15.582 0.0000
14 23.636 0.0000
15 18.219 0.0000
16 18.307 0.0000
Critical value 1.93 0.05

TABLE 3. Determination coefficients between 16 anatomical needle tra-
its and the first two discriminant variables.

Trait U, 77.1% U, 13.4%
1 38.65 0.93
2 28.05 0.19
3 3.48 3.60
4 18.26 0.43
5 0.20 0.75
6 0.01 0.35
7 0.11 0.77
8 0.10 0.20
9 0.44 1.55
10 0.17 1.26
11 11.01 0.36
12 5.40 0.00
13 13.27 0.56
14 22.77 1.36
15 18.05 0.03
16 17.69 0.31

TABLE 4. Determination coefficients between 10 anatomical needle tra-
its and the first two discriminant variables.

Trait U, 78.88% U, 13.30%
1 50.47 118
2 36.82 0.28
3 4.48 471
4 22.84 037
1 14.10 0.53
12 7.25 0.01
13 18.15 0.99
14 29.16 1.92
15 2271 0.10
16 22.18 0.57

ups of trees were also confirmed by the values of the
F Snedecor test for all mentioned traits (Table 2). It should
be stressed however, that all these traits in individual gro-
ups of analyzed trees exhibited a relatively low variation,
as it was confirmed by low values of their variation coeffi-
cients (Table 1).

The width and the height of needle cross-section (traits
nos 1 and 2) turned out to belong to the most essential para-
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Fig. 2. Scatterplot of the first two discriminant variable containing
90.52% of total variation based on analysis of 10 needle traits in four
Scots pine phenotypic groups.

meters responsible for variation of the compared old trees
of the turfosa form and old trees of the typical Scots pine in
the analysis of discriminant variables (Tables 3 and 4, Figs
1 and 2). Similarly, the thickness of the epidermis with cuti-
cula (no. 11) on the flat side of the needle and the height
and width of the vascular cylinder (traits nos 13 and 14) had
a rather considerable share in the generation of variation in
the analysis of discriminant variables (Tables 3 and 4). The
Marcet’s index (trait no. 16) was relatively high in both
analyzed groups of trees with values above 20% (Table 1).
The two compared groups of trees did not differ signifi-
cantly in six successive traits pertaining to the width of the
lumen of three resin ducts (traits nos 5 to 10), inside scle-
renchyma and outside sclerenchyma (Tables 1 and 2).

A comparison of anatomical needle traits in young trees
of typical pine and young trees of the turfosa form growing
in the peat bog

The young turfosa form was the most similar to young ty-
pical pines growing in the peat bog as it was shown by va-
lues of analyzed anatomical traits (Table 1). In the scatter-
plots they were grouped between the old furfosa form and
the old pines growing in the vicinity of the peat bog (Figs 1
and 2). Statistically significant differences confirmed by the
Tukey’s test were observed only for three traits, the ratio of
the height of needle cross-section to its width (an increase
by 6% in the turfosa form) (trait no. 3), the height of the va-
scular cylinder (an increase by 7% in the furfosa form) (trait
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no. 13) and the width of the vascular cylinder (an increase
by 8.7% in the typical pine) (trait no. 14).

Typical pine, the young trees

The group of these trees differed in terms of ten traits
from old trees growing on mineral soil in the area surroun-
ding the peat bog (Table 1). The differences were observed
for the same characters as for comparisons between the old
turfosa form and old trees of typical Scots pine. Surprisin-
gly, the young typical pines were very alike the old turfosa
form as appeared from the similar values of means for se-
ven characteristics. Moreover, means for two of them were
intermediate, while one trait had the lowest value. Charac-
teristics exhibiting intermediate values included needle
thickness (trait no. 2) and the number of resin ducts (trait
no. 4). An increase by 13.3% and 20.5%, respectively, in
relation to the typical Scots pine growing in the area surro-
unding the peat bog was observed for both traits, while the
ratio of the height of needle cross-section to its width was
reduced by 10% (trait no. 3).

Turfosa form, the young trees

The group of these trees in terms of anatomical needle
characteristics had statistically significantly lower means
as confirmed by the Tukey’s test for four traits in compari-
son to the old turfosa form. Thus the young turfosa trees
had 17.6% fewer resin ducts (trait no. 4), 7.1% narrower
the vascular cylinder (trait no. 14), 16.7% shorter the di-
stance between vascular bundles (trait no. 15) and 19.3%
lower Marcet’s index (trait no. 16) (Table 1). Young trees
of the turfosa form differed significantly from old typical
pine trees growing in the area surrounding the peat bog in
terms of nine traits (with the exception of the ratio of the
height of needle cross-section to its width).

A comparison of four analyzed groups of trees from
the Ggzwa reserve

The first two discriminant variables based on 16 analy-
zed traits separated easily each of the analyzed phenotypic
groups of pines. The old furfosa form and the typical form
of old pine trees growing in the area surrounding the peat
bog were located opposite, while younger pines of the fur-
fosa form and young typical pine trees occupied the inter-
mediate position (Figs 1 and 2). The intermediate character
of young trees from the group of the furfosa and typical pi-
ne forms was clearly visible (Fig. 2), while analyzing their
location on the axis of the first discriminant variable. This
variable was affected to the highest degree by such traits as
needle width (trait no. 1), needle thickness (no. 2), the
number of resin ducts (no. 4), the width of the vascular cy-
linder (no. 14) and the distance between vascular bundles
(no. 15) (Table 3). The described variation was confirmed
by Mahalanobis distances which differentiated old trees of
Scots pine surrounding the peat bog from each group of
trees inhabiting the Gazwa peat bog i.e., old trees of the
turfosa form, young trees of the furfosa form and young
trees of the typical pine. These two latter groups of trees
from peat bog were similar in terms of most analyzed bio-
metric traits (Table 5). The intermediate position of the yo-
ung trees of the turfosa form was clearly visible in the phe-
nogram based on Mahalanobis distances thus confirming
the hybrid origin of these trees (Fig. 3).
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TABLE 5. The squared Mahalanobis distances between four groups of
Scots pine based on the 16 anatomical needle traits.

Turfosa form, 1.91%*
young trees 2.164
Typical pine, 2.49% 2.37
young trees 2.206 1.770
Typical surrounding 3.87%* 2.95%%* 3.52%*
pine, old trees 11.206 5.155 4.382

Turfosa form, Turfosa form, Typical pine,
old trees young trees young trees

Bold — Mahalanobis distance, *(p<0.05), **(p<0.01)

Turfosa, old trees

Turfosa, young trees

-

Typical Scots pine,
young trees

Typical Scots pine,
old trees

0 20 40 60 80 100 120
Rescaled distance

Fig. 3. Phenogram of the four phenotypic Scots pine groups based on
Mahalonobis distances.

DISCUSSION

The present demographic situation of Scots pine in the
Gazwa peat bog reserve results from the recent history, ini-
tiated in 1860 by the drainage of Lake Stama, adjacent to
this peat bog (Uggla 1968). As late of mid-1900’s the Ga-
zwa peat bog was overgrown only by sparsely distributed
specimens of Pinus sylvestris f. tuirfosa (Mtynek and Pola-
kowski 1962). Successive land reclamation works perfor-
med in the vicinity of the reserve, probably in the 1970’s,
and a general lowering of the groundwater level have resul-
ted in disturbances of water conditions in the peat bog fol-
lowing by habitat alterations. As a result of these changes
a spontaneous succession of the typical forms of Scots pine
has occurred. At present, they are represented by speci-
mens included in the group of the typical pine, young trees.

Scots pine inhabiting the Gazwa peat bog is characteri-
zed by a very diverse demographic structure and considera-
ble phenotypic variation. At present the dominant element
in the stand consists of pines aged 20-40 years, with a habi-
tus characteristic for the typical form. Seedlings and young
undergrowth are found in very large numbers, while older
trees with a morphotype typical of Scots pine, aged appro-
ximately 55 years, are scarce. Much older pines, aged up to
250 years, of the turfosa phenotype are also less numerous.
A significant group is composed of pines of different age, up
to several dozen years old, representing a wide range of mor-
phological variation. All these groups, isolated on the basis of
morphological traits, form a panmictic population, reprodu-
cing intensively and overgrowing the Gazwa peat bog.

Dendrometric analyses have shown that pines of the fur-
fosa phenotype in the age group of 30-85 years are fivefold
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shorter than pines with the typical morphotype aged 20-55
years, growing in the immediate vicinity in this peat bog.
The mean height of both categories of these pines was 1.6
m and 8.6 m, respectively (Polok et al. 2005). Also stem
diameter in the furfosa form was over twofold smaller,
amounting to 4.2 cm in comparison with 9.2 cm in pines
with a typical phenotype.

The smaller stem diameter in the turfosa form is corre-
lated with a slow rate of its increment in diameter. Analy-
ses of annual increments in diameter in the turfosa form
at the age of 34 years and those of the typical pine, aged
41 years, have shown that in the former they were much
smaller and uniform over the years, oscillating around 0.3
mm annually. In turn, in the typical pine these increments
are on average threefold bigger and exhibit a wide ampli-
tude in individual years, ranging from 0.4 mm to 3 mm.
Similarly, low and stable rates of annual increments have
been recorded in the furfosa form aged 217 years (Polok
et al. 2005).

Presumably, differences between the turfosa form and
the typical pine are determined genetically because both
phenotypic groups are found in the same peat bog, which
considerably reduces the effect of environmental variation
on values of analyzed traits. This might mean that the fur-
fosa form is a pine ecotype adapted to peat bogs, which it
has inhabited for several thousand years. The typical pine
is also found in high peat bogs or even transitional moors,
where it forms dwarf forms, most frequently not reprodu-
cing generatively. Observations from other peat bogs con-
firm that primarily young pines grow there and the replace-
ment of generations occurs relatively fast. These pines,
even if they live longer, due to fast growth rates and consi-
derable height are incapable of surviving in the bog soil
with a high groundwater level and thus they die or fall.
Such a situation may be observed e.g., in the Redykajny
peat bog reserve near Olsztyn (Zielinski R., personal com-
munication).

The distinctiveness of the turfosa form in terms of den-
drometric traits is also confirmed in morphological (Polok
et al. 2005) and anatomical needle traits. However, the tur-
fosa form differs much more from pines with a typical phe-
notype growing on mineral soils in areas surrounding the
peat bog than from pines with a typical phenotype found in
the peat bog. The latter category and younger pines with
the turfosa phenotype in terms of values of analyzed traits
occupy the intermediate position, which may indicate their
hybrid character.

Needles of old pines of the turfosa form are significantly
shorter (41.7 mm in comparison with 58.6 mm in typical
Scots pine) and have a bigger number of stomata rows on
the convex side of needles in comparison to typical pines
growing in mineral soils in areas surrounding the peat bog
(Polok et al. 2005). At the same time these needles are
thicker, have a bigger number of resin ducts, a thicker epi-
dermis with cuticula on the flat side of the needle, a bigger
width of three epidermal cells on the flat side of the needle,
bigger height and width of the vascular cylinder, a bigger
distance between vascular bundles and a higher Mar-
cet’s index. Moreover, in the turfosa form the area of nee-
dle cross-section is by 38% bigger and the area of vascular
cylinder cross-section by 30% bigger. One of the more di-
scriminant traits is the number of resin ducts, which in the
turfosa form is by 33.4% higher. On the other hand, peat
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bog populations in the Tuchola Forests have a much lower
value of this trait (Urbaniak et al. 2003), which indicates
that the higher number of resin ducts is rather connected
with a specific genotype than with the presence of pine in
the peat bog in itself.

The typical pine trees inhabiting the peat bog differ in
terms of all the above mentioned characteristics from the
typical Scots pines, growing in mineral soils in areas surro-
unding the peat bog. Means for most of these traits (70%)
are similar to values found in the old trees of turfosa form.
It seems likely that the young, typical pine trees are hy-
brids between the typical pine growing in areas adjacent to
the peat bog and the old furfosa form, owing to which their
adaptive value in this habitat has increased. Similarly, the
hybrid nature is also found in the group of young trees of
the furfosa form, as it is suggested on the one hand by their
distinctiveness in relation to the old turfosa form in terms
of four anatomical needle traits, and on the other hand by
their similarity to young trees of the typical pine in seven
quantitative traits, confirmed also by their intermediate po-
sition in the dendrograms.

The presented data on the hybrid origin of the new gene-
ration of pines confirm a more generally observed pheno-
menon of invasion of hybrid origin species onto anthropo-
genically disturbed sites (Perron and Bosquet 1997; Neuf-
fer et al. 1999; Lamont et al. 2003). So far this process has
been found mainly in case of drastic environmental chan-
ges. The reported example from the Gazwa reserve shows
that even a slight interference into a stable natural ecosy-
stem may also cause a similar effect.

Analysis of DNA markers confirmed genotypic unique-
ness of the old furfosa form (Polok et al. 2005). Many dia-
gnostic loci are found in this form, together with a conside-
rable decrease in the share of polymorphic loci to 2% in re-
lation to 29% in pine with a typical habitus. The reduced
level of variation in the furfosa form is most probably con-
nected with its adaptation to extreme environmental condi-
tions. Probably, it also results from the effect similar to in-
breeding depression as a result of a small size of the popu-
lation inhabiting the peat bog in the past. The reduction of
genetic variation is frequently observed in populations with
a reduced size (Nunney and Elam 1994), in which additio-
nally a tendency to inbreeding depression is also found
(Falconer 1989).

The hybrid nature of young trees growing in the peat
bog, both those with the phenotype of the typical pine and
the turfosa form, is also visible in DNA fingerprints. Both
these categories of trees have bands specific both for the
old turfosa form and the typical pine from the surrounding
areas (Zielinski et al. 2007). In the Gazwa peat bog, hybri-
dization of pines with a typical morphotype with the fuifo-
sa phenotype threatens the survival of this unique and po-
ssibly relict morphotype, of which old turfosa trees are pro-
bably the last generation.

CONCLUSIONS

1. The old turfosa form from the Gazwa reserve is a uni-
que and relict peat bog pine, as it is shown by the differen-
ces in 10 out of 16 analyzed needle traits in comparison to
pine with a typical morphotype growing in the areas surro-
unding the peat bog.
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2. The young typical pine has adapted to conditions fo-
und in the peat bog thanks to hybridization with the turfosa
forms inhabiting the peat bog.

3. The young turfosa form differs from the old turfosa
form and it is a hybrid origin.

4. The old turfosa form from the Gazwa reserve is a thre-
atened ecotype due to its hybridization with pines from the
population surrounding the peat bog.
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