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Abstract: The needles of 17 samples representing 15 populations of Pinus mugo Turra from the Alps,
Apennines, Sudethians, Carpathians and Rhodopes were analysed in respect to 15 morphological and ana-
tomical characters. The results of measurements were analysed statistically. The variation of the samples was
generally not to large. Populations from the East Carpathians appeared different from all other examined.
Two formed groups of analysed populations are separated mainly by thickness of epidermal cells,
width/thickness of epidermal cell ratio, needle width and needle thickness. The differences between two
groups of populations suggest their longer separation during Pleistocene.

Additional key words: dwarf mountain pine, plant variation, plant taxonomy, plant migration

Addresses: K. Boratynska, E. Muchewicz, Polish Academy of Sciences, Institute of Dendrology,

62-035 Koérnik, Poland. e-mail: borkrys @man.poznan.pl;
M. Drojma, Pedagogic University, Chodkiewicza 30, 80-064 Bydgoszcz, Poland

Introduction

The variation of P. mugo Turra and its relations
with other taxa of the “Pinus mugo complex” (Christen-
sen 1987a) were examined several times on the base
of morphological, anatomical, biochemical and ge-
netic investigations (Marcet 1967; Szweykowski
1969; Staszkiewicz and Tyszkiewicz 1969, 1972; Mu-
sill 1977; Szweykowski and Bobowicz 1977; Prus-Glo-
wacki and Szweykowski 1983; Christensen 1987a, b;
Fillpula et al. 1992; Siedlewska and Prus-Glowacki
1994; Lewandowski et al. 2000; Bobowicz et al. 2000;
Wachowiak et al. 2000; Boratynska and Bobowicz
2001; Odrzykowski 2001; Bobowicz et al. 2001;
Lewandowski et al. 2002; Korszikov and Pirko 2002;
Goncharenko 2002). In spite of that the detailed
range of the variation of dwarf mountain pine was de-
scribed only for a several local populations. As con-
cerns of the needle characters it was lately examined
on samples from the Alps (Minghetti 1997), the Tatra

Mts (Bobowicz and Krzakowa 1986, 1988; Boratyn-
ska 2002), the Karkonosze Mts (Boratynska et al.
2003), the Gory Izerskie Mts (Szweykowski et al.
1976; Bobowicz et al. 1983), the East Carpathians
(Boratynska and Pashkevich 2001) and the Abruzzian
Apennines (Boratynska et al. 2004). Variation of the
taxon in the whole area of distribution has not been
verified.

P. mugo occurs in the mountains of the Central and
southern Europe. It has a disjunctive range divided
into several islands (Fig. 1). The largest of them cov-
ers the Alps, the other ones exists in particular, most
elevated mountain ranges of Carpathians, Sude-
thians, Dynarian Alps and other massifs of the Balkan
Peninsula, which have sufficiently well developed
sub-alpine vegetation zone.

In the Alps the dwarf mountain pine grows be-
tween (450) 1500 and 2500 m alt, with the maximum
at 2700 m (Hegi 1936; Bono et al. 1967; Montacchini
and Caramiello 1968; Montacchini 1968; Fenaroli
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Fig. 1. Range of Pinus mugo (after Meusel et al. 1965 and
Jalas, Suominen 1973, modified) with mark position of
samples studied (1-17 as in Table 1)

and Gambi 1976; Polatschek 1997). The altitudinal
range of the species differs significantly in the partic-
ular mountains: (800) 1200-1450 (1550) m in the
Karkonosze (Boratynski 1994), (940) 1550-1800
(2140) min the Tatra (Pawlowski 1972, Hantz 1979),
1300-2000 m in the Chornokhora (Czopik 1976;
Boratynski et al. 2004), (1400) 1700-2300 (2500) m
in the particular mountains of the Balkan Peninsula
(Stojanov 1963; Cekov 1969).

The contemporary range of Pinus mugo was formed
during postglacial, by reduction of the probably much
larger area from the glacial period (Willis 1994; Willis
et al. 2000; Berglund et al. 1996; Obidowicz 1996;
Farcas et al. 1999; Wohlfarth et al. 2001). The isola-
tion of particular populations of the species in the
most elevated mountains started probably before
8000-9000 years. That separation (at least 150-200
generations) can lead to the differentiation of the spe-
cies. It is also very probably, that the contemporary
range of the species was formed from two or more
glacial centres and that the samples from that popula-
tions, isolated for much longer period, would show
the greater differences. The main aim of the study was
verification of that hypothesis on base of the needle
characters.

Material and methods

The present study is based on the 10 samples from
9 natural populations of typical Pinus mugo (=P. mugo
subsp. mugo sensu Christensen 1987a), from outside
the P. uncinata (=P. mugo subsp. uncinata sensu Chris-
tensen 1987a) range to avoid the possible influence of
this taxon. The additional 7 populations were charac-
terized in the previous publications (Boratyniska and
Pashkevich 2001; Boratynska 2002; Boratynska et al.
2003; Boratynska et al. 2004). The total material in-
cludes 17 samples from 16 populations and cover
quite whole range of the species (Table 1). Every sam-
ples, except of two, was represented by at least 30 in-
dividuals. The samples were gathered on special way

to avoid the possibility of duplicate collection from
the same genet (Boratynska et al. 2004). A total 622
individuals were sampled, each by collecting of 10
two-year old dwarf shoots from the central part of one
long-shoot, from the southern part of crown. Every
individual was characterized on the basis of 10 nee-
dles, and 6220 needles were analysed totally. Each
needle was examined separately for 15 characters
(Table 2), following the methods used in the previous
studies (Boratynska and Bobowicz 2000, 2001). The
minimal and maximal values of characters were
found, the arithmetical means, standard deviation
and coefficients of variation were calculated and ana-
lysed (Appendix 1).

The discriminant analysis was performed and the
position of the populations along the first three
discriminant variables was examined to find differ-
ences among them. Then the shortest Mahalanobis
distances were calculated and the minimum spanning
tree was constructed on the squares of Mahalanobis
distances to examine relationships among popula-
tions. Dendrogram of the shortest Euclidean dis-
tances among the populations was constructed to ver-
ify the relations among them (Marek 1989; Morrison
1990; Watata 2002).

Results

The discriminant analysis shows that the needle
length (character 1), the width and thickness of epi-
dermal cells (characters 11 and 10, respectively) and
width/thickness ratio of epidermal cells (character
15) have the highest discriminant power with Wilk’s
lambda at level between 0.61 and 0.74. The numbers
of stomatal rows on abaxial and adaxial needle sides
(characters 2 and 3, respectively), and their ratio
(character 13) did not statistically differ in any of the
populations studied. The analysed populations for-
med two separate groups in the space of the three first
discriminant variables (Fig. 2), which covered 77.6%
of the total variation. The separate group formed pop-
ulations from the East Carpathians (samples 6-9). All
other samples have been grouped into one, slightly
differentiated group.

The differentiation is determined mostly by the first
discrimanant variable (U,), which is correlated with
thickness of epidermal cell, width/thickness of epider-
mal cell ratio, needle width and needle thickness
(characters 10, 15, 7 and 8, respectively). These needle
traits are in the great instance responsible for differen-
tiation of the East-Carpathian populations. The
width/thickness ratio and thickness of epidermal cell
(characters 15 and 10) are decisive also for the second
discriminant variable (U,), which covers 19% of vari-
ability (Table 3). The numbers of the stomata (charac-
ters 4 and 5) are responsible on the third discriminant
(U,) variable, covering only 8% of the total variation.
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Table 1. Localization of studied samples of Pinus mugo

oI}Izﬂ)glre Localization Longitude Latitude (ﬁitﬁ%d; }J\?i;l::l
specimens
1 Poland, Sudethians, Karkonosze Mts, Réwnia below Sniezka 15°47°41” 50°44’44” 1400-1420 30
2 Poland, Sudethians, Karkonosze Mts, between Labski Szczyt and Szrenica  18°33’15” 50°47°40” 1350-1450 26
3 Poland, Sudethians, Karkonosze Mts, between Labski Szczyt and Szrenica  18°33’15” 50°47°40” 1350-1450 39
4 Poland, Carpathians, Tatry Mts, Dolina Pieciu Stawéw 20°03’05” 49°13°09” 1680-1710 50
5  Poland, Carpathians, Tatry Mts, N slopes of Grzes-Woltowiec ridge 19°45’50” 49°13°07” 1600-1650 57
6 Ukraine, Carpathians, Charnokhora Mts, N slopes of Bresckulec 24°35’00” 48°06’25” 1600-1700 41
7 Ukraine, Carpathians, Charnokhora Mts, N slopes of Khoverla 24°37°30” 48°08°00” 1500-1600 40
8 Ukraine, Carpathians, Charnokhora Mts, S slopes of Pozhyezhevska 24°39°19” 48°05’36” 1600-1750 35
9 Ukraine, Carpathians, Gorgany Mts, Mt. Kanch near Sinevir 23°50’00” 48°33’16” 1550 20
10 Austria, Salzburgian Alps, SW slopes of Hochkonig 13°05’00” 47°26’00” 1500 40
11 TItaly, Karnishe Alps, Passo di Pramollo 13°15’35”  46°32’45” 1530 44
12 Italy, Maritime Alps, Coll de Tende 7°22’30”  44°08’00” 2000 33
13 Ttaly, Appenines, Abruzzi Mts, La Maiella 13°58’30” 41°46°20” 2200 33
14  Bulgaria, Vitosha Mts, Dragalevci, Khizha Aleko, N slopes of Chrny Vrkh ~ 23°16°08” 42°34°01” 1900 31
above Aleko
15 Bulgaria, Rila Mts, Ribni Ezera above Rilski Manastir, valey 23°26°24” 42°05°20” 2100 41
of the strean in the direction toward Tikha Rila
16 Bulgaria, Rila Mts, Belica, Semkovo, S slopes of Chemerna 23°30°00” 42°04°01” 2100 31
17 Bulgaria, Pirin Mts, Bansco, Ravnako above Khizha Vikhren, in Bynderiski = 23°25’22” 41°46’07” 2000 31

Circus

The spanning tree constructed on the basis of the
squares of Mahalanobis distances confirm the sepa-
rateness of the East-Carpathian populations (Fig. 3).
The shortest Mahalanobis distance unit the popula-
tions from the Bresculec and Pozhyezhevska (sam-

Table 2. Needle characters analysed

No Characters Pr‘ec1-
sion
Needle length 1 mm
2 Number of stomatal rows on convex (abaxial) side
of needle
3 Number of stomatal rows on flat (adaxial) side of
needle
4 Number of stomata on 2 mm long section of needle,
on convex (abaxial) side
5 Number of stomata on 2 mm long section of needle,
on flat (adaxial) side
6 Number of resin canals
7 Width of needle 0.1 mm
8 Thickness of needle 0.1 mm
9 Distance between the vascular bundles 1 um
10 Thickness of epidermis cells (with hypodermis cells) 1 um
11 Width of epidermis cells 1 pum

12 Marcet’s coefficient (=traits 9x7/8)
13 Stomatal rows ratio (=traits 2/3)
14 Needle thickness/width ratio (=traits 8/7)

15 Cell of epidermis width/thickness ratio (=traits
11/10)

ples 6 and 8, respectively) and is not statistically sig-
nificant (p>0.05), while all other differentiated popu-
lations statistically significantly (p<0.05). The larg-
est distances divide the sample from the Gorgan and
Roéwnia below Sniezka, Gorgan and Coll de Tende and
Gorgan and Abruzzian Apennines (samples 9, 1, 12
and 13, respectively). Dendrogram constructed on
the shortest Euclidean distances (Fig. 4) also con-
firms the different character of the East-Carpathian
populations described above.

Discussion

The variation of Pinus mugo appeared surprisingly
not to large. Two groups of populations separated on
the sufficiently high level were distinguished (Figs.
2-4). The separateness of the East-Carpathian popu-
lations of Pinus mugo has not been described till now
on such broad material. The previous investigations
on dwarf mountain pine variation signalled the
slightly greater differences between singular samples
from the Ukrainian East Carpathians as compared
with samples from Poland on the basis of the cone
characters (Staszkiewicz and Tyszkiewicz 1976;
Marcysiak 2003).

The great morphological differences in the cone
characters have been also found between West- and
East-Carpathian populations of Picea abies (Staszkie-
wicz 1966; Boratynski 1998). The Norway spruce is a
mountain plant with the disjunction in the range di-
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Fig. 2. Result of discriminant analysis based on 15 needle
characters of 17 samples of Pinus mugo plotted along the
three first discriminant variables U,, U, and U, (samples
numbers as in Table 1)

viding East and West Carpathians, which suggest ori-
gin from other Pleistocene refugia. The history of P.
abies migration, however, was investigated much
more detailed on the basis of the pollen data and on
the morphological variation (Srodon and Tobolski
1998, Boratynski 1998).

The distinct differences between four samples of
Pinus mugo from the East Carpathians and the rest of
examined, suggests longer period of separation than
Holocene. Thus, the dwarf mountain pine population
should be expected to survive at the base of East
Carpathians during the last glaciation period. The
lack of great differences between populations sam-
pled from the Alps, Sudethians, West Carpathians
and mountains of Balkan Peninsula suggest the broad
distribution of the species, at least during last glaci-
ation, on the area to the South from the Alps - West
Carpathians range through the Dynarian Alps to the
Rodopy Mts. It has not been confirmed pallynolo-
gically, because of the insignificant differences be-
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Fig. 3. Minimum spanning 17 samples of P. mugo con-
structed on the basis of the squares of Mahalanobis dis-
tances (samples numbers as in Table 1)

Table 3. The determination coefficients between discrimi-
nant variables U;, U, and U, and 15 characters of nee-
dles (1-15 as in Table 2)

Characters U, U, Us;
1 3.29 1.24 0.00
2 3.12 1.46 0.93
3 4.34 1.26 1.09
4 1.80 0.56 4.19
5 1.71 1.18 4.18
6 4.27 1.04 1.50
7 13.74 0.01 1.07
8 11.03 0.08 0.13
9 3.36 0.60 0.60

10 15.43 2.09 0.26
11 0.03 1.64 0.01
12 3.49 0.37 0.80
13 0.31 0.01 0.04
14 1.21 0.46 1.66
15 15.12 5.51 0.22

tween pollen grains of P. mugo and P. sylvestris, which
did not allow distinguishing them. It is quite possible,
that some of pallynological data, especially in the
mountains southerly from Carpathians and Alps con-
cern more pollen of P. mugo, than P. sylvestris, this,
however, should be verified in future investigations.
Nevertheless, the probably presence of P. mugo in the
Nowy Targ basin at the northern foots of the Tatra
Mts during the end of last glacial/preboreal peat sedi-
ments have been mentioned by Obidowicz (1996).
The species was also mentioned from the same period
in the lake sediments of the mountains of northern
Romania (Wohlfarth et al. 2001), and in late gla-
cial/preboreal peat sediments in the Orava Basin in
Slovakia (Rybnic¢ek and Rybni¢kova 2002). Pinus mugo
was also found in the mountain lake sediments from
dryas/preboreal, in the Pirin mountains (Bulgaria)
(Stefanova and Ammann 2003; Stefanova et al. 2003).
All these and several other paleobotanical data seem
to confirm the much larger area of distribution of
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Fig. 4. Dendrograms of 17 samples of Pinus mugo con-
structed on the basis of the shortest Euclidean distances
(samples number as in Table 1)
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dwarf mountain pine in the late glacial period, with
unrestricted gene flow between local populations, at
least on the area surrounded by the Carpathians,
Dynarian Alps, Alps and Rhodopes. The mountains,
at least partly covered with glaciers, prevented the mi-
gration of the species from its local refuges.

Lately the possibility of existence of coniferous for-
est formations was also described at the eastern and
south eastern bases of the East and South Carpa-
thians (Tarasov et al. 2000). This justify statement,
that Pinus mugo also survived the last glacial period in
that center, isolated from its other populations. Dur-
ing late glacial it can migrate to the N and N-W, out-
side the arc of Carpathians, forming the present-day
populations, examined in present study.

Conclusion

The dwarf mountain pine (Pinus mugo) is slightly
variable on the area surrounded by the Alps, Su-
dethians, Carpathians, Rhodopes and Dynarian Alps.
Only populations sampled in the East Carpathians
differ from all other examined. It suggests their lon-
ger separation during last glacial period and probable
origin from the coniferous forest refuge at south-east
bases of East Carpathians.
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