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Abstract: The subalpine communities of Pinus mugo were destructed and replaced by pasture lands on plateau
parts and moderately inclined slopes of the mountains during between the 15th and the 18th centuries. The
species were able to survive that pressure probably on the abrupt slopes of the glacial cirques. The pasturing
stopped in the 19th century, and the mountain pine started to reforest its previous habitats since that time. It
was also planted in several places and some of contemporary populations can origin from the seeds of the
Giant Mountains. In the latter case the populations on the plateau shall reveal differences in the cone charac-
ters from autochtonous ones from the glacial cirques. This study was structured on this hypothesis. The char-
acteristics of seven Pinus mugo populations in the Giant Mts. were compared on the basis of 15 morphological
characters of cones. Each population was represented by at least 30 individuals, and for every individual 10
cones were examined. Four of the sampled populations, treated as local, occurred on the steep slopes of the
glacial cirques and the other three on the mountain plateaus, used as pastures in the 17th to 18th centuries, po-
tentially originated from another region. Results show rather small differences among the compared popula-
tions, independently of origin. The separation of the plateau from the steep slope ones is rather inconspicu-
ous, if any. This suggests the local origin of plateau populations, even when planted.

Additional key words: dwarf mountain pine, population, cone, morphology, biometry, discriminant, clus-
ter, analysis of variance.
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Introduction
Dwarf mountain pine (Pinus mugo Turra) occurs in

the subalpine zone of the eastern and central Euro-
pean mountains. This type of geographic range devel-
oped at the beginning of the Holocene and probably
caused differences between isolated populations of
the species (Tufto and Hindar, 2003; Reisch et al.
2003; Van Rossun and Triest 2003).

In Poland, dwarf mountain pine forms its own
communities in the subalpine zone of the Tatras and
Sudetes, especially in the highest area – the Giant
Mountains and the northernmost part of the species’
range. The pine rarely occurs at lower altitudes,
mainly on peat bogs (Jalas and Suominen 1973; Go-
styńska-Jukaszewska and Zieliński 1976).

Information about P. mugo in the Giant Mts. comes
from the end of the 18th century as P. pumilio Haenke
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(Jirásek et al. 1791). In the Sudetes the pine forms ex-
tended thickets of an association described as Pinetum
mugo sudeticum (Matuszkiewicz and Matuszkiewicz
1975; Matuszkiewicz 2001). In this mountain range
the species is found typically at the altitude of
1250–1450 m. It is sporadically found down in the
valleys; the lowest stand was reported at 850 m in
peat bog near Jakuszyce, while the highest known are
found on the north-eastern slopes of Śnieżka Moun-
tain in Poland, at 1550 m (Boratyński 1994) and on
the southern slopes in the Czech Republic, at 1560 m
(Skalický 1983).

The Giant Mountains were strongly deforested in
15th–18th centuries. The subalpine communities of
Pinus mugo were also destructed and replaced by pas-
ture lands at the plateau parts and moderately in-
clined slopes of the mountains. The traditional use of
the upper parts of the Giant Mts. as pastures caused
the extinction of Pinus mugo thickets over large areas,
except in the glacial cirques. Grazing activity stopped
at the end of the 19th century and P. mugo naturally re-
covered at least in part of the area, but in some places
it was probably planted (Staffa 2005). It is possible
that the seeds used for reforestation could have origi-
nated from other mountain ranges. In the Czech Re-
public seeds from the Austrian Alps were used and
30% of contemporary dwarf pine cover in the Czech
part of the Sudetes is thought to be of that origin
(Lokvenc et al. 1994; Lokvenc 2001). There are no
such data for the Polish part of the mountain range. In
the Giant Mts. we can find parts of a borderline of
pine determined by human activity, as well as a natu-
ral border (Jodłowski 2007) and the species range in
these mountains is stable. The structure of the scat-
tered zone of P. mugo shows that Polish populations
are probably natural, while in the Czech parts of the
mountains we can find the opposite situation
(Milková 2001; Svoboda 2001; Jodłowski 2007).

Dwarf mountain pine has been the subject of nu-
merous studies, focusing mainly on interspecific vari-
ability of Pinus mugo s.l. and taxonomic relations with
Pinus sylvestris (Szweykowski 1969; Szweykowski and
Bobowicz 1977; Korshikov and Pirko 2002; Bora-
tyńska et al. 2004). Several studies have emphasized
the differences between Pinus mugo in the Giant Mts.,

especially the frequently examined populations from
Równia pod Śnieżką and Łabski Szczyt-Szrenica, with
the other parts of the species range. Studies based on
the morphology and anatomy of the needles and the
morphology of the cones proved the latter to be more
appropriate to distinguish between populations and
closely related taxa (Szweykowski and Bobowicz
1977; Boratyńska and Bobowicz 2001; Boratyńska et
al. 2005; Marcysiak and Boratyński 2007).

Variation within Pinus mugo in the Giant Mts. on
the basis of needle traits was recently verified by
Sobierajska and Boratyńska (2008); while cone char-
acters were not examined. The analyses of the needle
characters did not indicate the allochtonous origin of
the populations from the plateau, when comparing to
those from steep slopes. The samples from Równia
pod Śnieżką and from the slopes between Łabski
Szczyt and Szrenica are only slightly different. The
cpSSR analysis also did not reveal differences among
populations from the Giant Mountains (own unpub-
lished data). All of them differed at much higher level
from samples from the Tatra Mountains and the Alps
(Sobierajska et al. 2008).

Thus the aim of the present study was to check the
possible separation between populations from the
plains in the upper parts of the mountains that may
have been reforested with the use of alien seeds. The
variation in Pinus mugo populations from the Giant
Mts. was also characterised on the basis of the mor-
phological traits of the cones.

Materials and methods
Cones of Pinus mugo were collected from seven pop-

ulations in the Giant Mts. Four of them grew on the
steep slopes of the glacial cirques and the other three
on the mountain plateaus (Table 1). Równia pod
Śnieżką (GM 1), slopes between Łabski Szczyt and
Szrenica (GM 2) and Śląskie Kamienie (GM 7) popu-
lations were probably artificially reforested after the
cessation of grazing.

Each population was represented by 30 individu-
als, growing at least 30 m from the next. Ten normally
developed and mature cones were randomly collected
from each separate specimen. The study material was

Table 1. Studied populations of Pinus mugo

No. Acronym Location name Longitude E Latitude N Altitude (m) Number of tested
specimens

1 GM 1 Równia pod Śnieżka 15°47’ 50°44’ 1400–1420 30

2 GM 2 Łabski Szczyt – Szrenica 15°33’ 50°47’ 1350–1450 32

3 GM 3 Śnieżka above Kocioł Łomniczki 15°47’ 50°44’ 1300–1500 31

4 GM 4 Kocioł Małego Stawu 15°47’ 50°44’ 1350–1400 31

5 GM 5 Czarny Kocioł Jagniątkowski 15°35’ 50°47’ 1300–1400 33

6 GM 6 Wielki Kocioł Śnieżny 15°34’ 50°46’ 1400–1450 32

7 GM 7 Śląskie Kamienie 15°36’ 50°46’ 1410–1420 32
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collected in autumn 2005 year. The total of 218 indi-
viduals (2170 cones) were analysed using the follow-
ing cones traits: length of cone (character 1), maximal
diameter of cone (character 2), cone scale number
(character 3), length of apophyse (character 4), width
of apophyse (character 5), thickness of apophyse
(character 6), distance between umbo and scale top
(character 7), diameter of cone in the middle distance
between top and maximal diameter (character 8),
measurement of convex side of cone from stalk to the
top (character 9), measurement of concave side of
cone from stalk to the top (character 10), ratio of cone
length/maximal diameter (character 11), ratio of
cone length/number of scales (character 12), ratio of
apophyse length/width (character 13), ratio of apo-
physe length/thickness (character 14) and ratio of
convex/concave cone measurements (character 15).
Mentioned above characters are generally accepted as
being diagnostic and able to distinguish P. mugo from
P. sylvestris (Bobowicz and Krzakowa 1986, 1988; Mar-
cysiak and Boratyński 2007). The detailed method of
measurement has been described previously for the
closely related P. uncinata (Marcysiak 2004).

Data obtained were analysed statistically. Minimal
and maximal values of characters were found, arith-
metical means and standard deviation were calculated
and analysed for every population. One way ANOVA
was used to find the characters, which significantly
differentiated individuals, populations and group of
populations from two different geomorphologic situ-
ations, namely cliffs versus plain and slightly inclined
slopes. Populations were compared using HSD Tu-
key’s test (post hoc procedure). A discriminant analy-
sis was performed along the first two discriminant
variable and the aglomeration on the shortest
Eucklidean distances to find the inter-populational
differences. (Łomnicki 2001; Watała 2002; Stanisz
2007a, b). The data were analysed statistically using
Statistica PL 7.0 for Windows software (StatSoft) and
JMP Software (SAS Institute Inc.).

Results
The cone of P. mugo from different populations of

the species in the Giant Mts are characterized with
measurements typical for the taxon (Table 2). The av-
erage length of cone (character 1) oscillate between
28.7 and 32.7 mm and width (character 2) between
18.8 and 20.4 mm. The longest cones have been found
in the population from Równia pod Śnieżką (GM 1),
the shortest from Wielki Kocioł Śnieżny (GM 6) and
the narrowest from the Kocioł Małego Stawu (GM 4).
The number of scales in the cone (character 3) was
lowest in the populations with smallest cones (e.g. GM
6), while the highest was in the populations with big,
but not biggest ones. The number appears only slightly
connected with the dimensional characters of the cone.

Cones with the longest apophyses (character 4)
have been detected in the population from the slopes
of Łabski Szczyt – Szrenica (GM 2), where the number
of the scales was highest. The shortest apophyses
were characteristic for population from the Śnieżka
slopes (GM 3). The width of apophyse (character 5)
was also connected with the dimensions of the cone
and the highest values have in the populations char-
acterizing with the big cones, as for example in Rów-
nia pod Śnieżką (GM 1), while the narrowest in the
populations with medium sized cones (e.g. Kocioł
Małego Stawu, GM 4). The length of apophyse has
higher values than width in every examined popula-
tion. The thickest apophyses were observed in the
cones from the Śnieżka slopes (GM 3), while the thin-
nest from the Kocioł Małego Stawu (GM 4). The
cones were slightly asymmetric (character 15).

Variability in the cone traits was verified with the
variation coefficient, which never exceeded 20% and
for the majority of characters had lower values. Cone
asymmetry (character 15), cone shape (character 11),
width of apophyse (character 5) and maximal diame-
ter of cone (character 2) were the most constant, and
the variation coefficients of those features rarely ex-
ceeded 10%.

Tukey’s test (HSD) showed that the populations
varied considerably between each other in terms of the
characters examined (Table 3). The most statistically
significant differences between populations were
found for the diameter of cone in the middle distance
between the top and maximal diameter (character 8),
the thickness of the apophyse (character 6) and the ra-
tio of apophyse length/thickness (character 14). The
ratio of cone length/number of scales (character 12),
cone scale number (character 3) and measurements of
cone (characters 9 and 10) were differentiated at a
lower level. The population from Wielki Kocioł
Śnieżny (GM 6) was distinctive from all the others in
cone scale number (character 3). This population had
the lowest number of scales (average value about 78)
and very short cones. Populations from Równia pod
Śnieżka (GM 1) and Kocioł Małego Stawu (GM 4) are
differentiated by 13, the highest number of characters,
while populations Równia pod Śnieżka (GM 1) and
Śląskie Kamienie (GM 7) are differentiated by 7, the
lovest number of characters (Table 2).

Populations from the plain and slightly inclined
slopes (GM 1, GM 2, and GM 7) differ from cliff ones
(GM 3–GM 6) in the four characters (Table 4). The
measurement of convex side of cone from stalk to the
top (character 9) and maximal diameter of cone
(character 2) differentiate at p<0.01, and length of
cones (character 1) and measurement of concave side
of cone from stalk to the top (character 10) at p<0.05
between these groups of populations. The ten charac-
ters differentiate at statistically significant level
among particular populations, while all characters
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among individuals (Table 4). The highest values of
variation components determining differences be-
tween the two groups of populations were detected in
diameter of cone in the middle distance between the
top and maximal diameter (character 8) and in ratio
of apophyse length/thickness (character 14) (Table
5). Generally, the highest values of variation compo-
nent are found among individuals.

The discriminant analysis showed, that diameter of
the cone in the middle distance between the top and
maximal diameter (character 8) and, in lower degree,
the thickness of apophyse (character 6), the distance
between umbo and scale top (character 7), the maxi-
mal diameter of cone (character 2) and the ratio of
apophyse lenght/thickness (character 14) are discrimi-
nating among populations at the highest level (Fig. 1).
The two first discriminant variables comprised 87% of
the total variation. On the space between two first
discriminant variables the individuals of the popula-
tions examined formed one scattered group. The pop-
ulations from Równia pod Śnieżką and Łabski Szczyt –
Szrenica (GM 1 and 2, respectively), are the most dif-
ferent from the others. The 95% confidence intervals
of all compared population except of GM 1 and GM 2
are overlapping in great degree (Fig. 1).

Individuals were more differentiated with regard
to the first variable (about 77%), depending mainly
on the diameter of the cone in the middle distance be-
tween the top and maximal diameter (character 8).
Individuals from the populations: GM 4, GM 5, GM 6,
GM 7 and GM 2 (also GM 1) were the most distant,
with higher values of diameter of cone in the middle
distance between the top and maximal diameter
(Table 3). The second variable, depending mainly on
the ratio of apophyse length/thickness (character 14)
was less important (10% variation). The intervals of
the variation of every tested population are very simi-
lar in respect to this discriminant variable (Fig. 1).

The range of variation in populations growing on
plateaus showed that the differentiation of popula-
tion from Śląskie Kamienie (GM 7) did not exceed the
variation of the species, while the range of the Łabski

Szczyt – Szrenica (GM 2) population underlined its
little separation. Population from Równia pod
Śnieżka (GM 1) had the greatest range of variation,
including the majority of the variation found in the
other populations (Table 6).

Cluster analysis showed that all the populations
formed one loosely-linked group (Fig. 2). The most
closely related were the populations from slopes at
Łabski Szczyt and Szrenica (GM 2) and from Równia
pod Śnieżką (GM 1) All the other populations are
joining step by step to this group. The most distant
are populations from Równia pod Śnieżka and Kocioł
Małego Stawy (GM 1 and 4, respectively).

Discussion
The Pinus mugo cone characters show much vari-

ability, as demonstrated by Staszkiewicz and Tysz-
kiewicz (1976). They found that the length of the
cones ranged from 16 to 49 mm, which was con-
firmed by Christensen (1987). Staszkiewicz and
Tyszkiewicz (1976) regarded cones shorter than 21
mm as small, while those longer than 40 mm were
considered big. Accordingly the cones examined in
this study were medium-sized, with an average length
of 29.4 to 32.7 mm (Table 2). Bobowicz and Krza-
kowa (1986) obtained similar values for cone length
in populations from the Tatra Mts.

The width of cones described by the authors cited
above was similar and ranged between 16 and 20 mm.
Staszkiewicz and Tyszkiewicz (1976) only found
cones less than 15 mm wide.

The ratio of cone length/width, which describes
the cone shape, varies. In the present study we found
that cone length was noticeably greater than width
(with a ratio from 1.57 to 1.73), as in Bobowicz and
Krzakowa (1986), while Staszkiewicz and Tyszkie-
wicz (1976) and Christensen (1987) observed almost
spherical cones, as well as cones that were twice as
long as their width.

The cone scale traits were also highly variable. The
most differentiated cone scale length was described

Table 3. Characters differening statistical significant level (p<0.05) populations of P. mugo revealed by Tukey’s test (charac-
ter numbers as in Materials and methods and in Table 6, population acronyms as in Table 1)

GM 2 2, 3, 4, 5, 6, 8,
11, 12, 13, 14

GM 3 1, 2, 4, 5, 6, 7, 8,
9, 10, 12, 14, 15

1, 3, 4, 6, 8, 9, 10,
11, 12, 13, 14, 15

GM 4 1, 2, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14

2, 4, 5, 6, 7, 8, 10,
11, 13, 14, 15

1, 2, 4, 5, 6,
8, 11, 13, 14

GM 5 1, 2, 4 5, 8, 9, 10,
11, 12, 13, 14

2, 3, 4, 5, 6, 8,
9, 10, 13, 14

1, 5, 6, 7, 8, 10,
11, 13, 14

4, 5, 6, 7, 8,
13, 14, 15

GM 6 1, 2, 3, 5, 6, 7,
8, 9, 10, 13, 14

1, 2, 3, 6, 7,
8, 9, 10, 11

3, 4, 6, 7, 8, 12,
13, 14, 15

1, 3, 4, 5, 6, 7, 8,
9, 11, 13, 14, 15

1, 3, 4, 5, 6,
7, 11, 13, 14

GM 7 5, 6, 7, 8,
10, 13, 15

2, 4, 7, 8, 11,
13, 14, 15

1, 2, 4, 6, 7, 8, 9, 10,
11, 12, 13, 14

1, 2, 5, 6, 8,
11, 13, 14

2, 4, 5, 6, 7, 8,
9, 11, 14, 15

1, 2, 3, 4, 7, 8, 9,
11, 13, 14, 15

GM 1 GM 2 GM 3 GM 4 GM 5 GM 6
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by Staszkiewicz and Tyszkiewicz (1976), with values
from 2 to 10 mm, but all the other authors cited ob-
served that scale length was always more than 5 mm,
as confirmed by our study.

Cone scale width was usually 1–2 mm greater than
scale length, Staszkiewicz and Tyszkiewicz (1976)
only observed that character more differentiated.

Results of the studies on the morphology and anat-
omy of needles, isoenzyme analysis and genetic mark-
ers analysis of several Pinus mugo populations in the

Giant Mts, Tatra Mts. and the Alps indicated the high
level of genetic differences, both in DNA and allo-
zymes, between the populations. Those populations
from Równia pod Śnieżką (GM 1) and Łabski Szczyt –
Szrenica (GM 2) differed slightly from the other pop-
ulations in the Giant Mts. but were very distant from
populations in the Tatra Mts. and the Alps. On the ba-
sis of that research it was hard to determine the origin
of the seeds used for the reforestation of these two
populations (Sobierajska et al. 2008).

Table 6. The determination coefficients between discriminant variables U1 and U2 and analised characters of cones seven
populations of P. mugo

No Characters U1 (77.17%) U2 (10.01%)

1 Length of cone (mm) 0.19 0.03

2 Maximal diameter of cone (mm) 0.36 0.21

3 Cone scale number (item) 0.23 0.12

4 Length of apophyse (mm) 0.32 1.19

5 Width of apophyse (mm) 1.04 0.07

6 Thickness of apophyse (mm) 0.63 2.45

7 Distance between umbo and scale top (mm) 0.02 0.12

8 Diameter of cone in the middle distance between top and maximal diameter (mm) 17.15 0.00

9 Measurement of convex side of cone from stalk to the top (mm) 0.11 0.01

10 Measurement of concave side of cone from stalk to the top (mm) 0.35 0.01

11 Ratio of cone length/maximal diameter (characters 1/2) 0.00 0.07

12 Ratio of cone length/number of scales ( characters 1/3) 0.01 0.02

13 Ratio of apophyse length/width ( characters 4/5) 0.17 2.06

14 Ratio of apophyse length/thickness ( characters 4/6) 0.33 5.29

15 Cone asymmetry ( ratio of convex/concave cone measurements (characters 9/10) 0.66 0.25

Fig. 1. Results of the discriminant analysis for seven populations of P. mugo based on the 15 cone characters plotted along
the two first discriminating variables U1 and U2 (acronyms of populations as in Table 1)
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The current biometrical analyses showed that
three populations growing on the plateaus: Równia
pod Śnieżką (GM 1), slopes between Łabski Szczyt
and Szrenica (GM 2), and Śląskie Kamienie (GM 7)
did not differ distinctly from the other populations
treated as originating from natural ones. According to
the results of the discriminant analysis, individuals
from the populations GM 7 and partly GM 1 were in
the middle of the group created by all specimens, and
only population GM 2 was a little distant. However,
the cluster analysis did not confirm this. Here the
populations GM 2, GM 1 and GM 7 were close to oth-
ers. The most distant populations, according to both
analyses, was GM 4 (and partly GM 3) from the glacial
cirque, however, the differences were not big and
probably resulted from the natural variability of the
dwarf pine cones. The population from Mały Staw
(GM 4) was also different in respect of needle longev-
ity (Boratyński et al. 2009).

Results of the present study and of recent work on
the morphology, anatomy and genetics of Pinus mugo
in the Giant Mts. (Sobierajska and Boratyńska 2008;
Sobierajska et al. 2008) may indicate the local source
of the seeds used for the reforestation of the upper
parts of this mountain range. In spite of that, the pop-
ulations on the glacial cirques cliffs can be recom-
mended for seed production, as the local ancient
provenances are conserved on such a sites (Larson et
al. 2006). All other populations of P. mugo in the Gi-
ant Mts. can be treated as gene conservation areas.
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