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ABSTRACT

The frequency of occurrence of abnormal, three- (or more) needle dwarf shoots of most southern and central
European two-needle pine (Pinus) species were studied. No specimens with more than two-needle dwarf shoots
were found in a population of P. nigra Arnold subsp. salzmannii (Dunal) Franco from the Iberian Peninsula and in
two populations of P. uliginosa Neumann from the Sudeten Mountains in Central Europe. Single specimens were
found within one population of P. pinaster Aiton from the Iberian Peninsula and among six populations of P. sy-
lvestris L. from the Iberian Peninsula and Central Europe. Abnormal dwarf shoots mostly with three, but also
four, five or six needles were found among 24 of 25 surveyed populations of P. mugo Turra and P. uncinata Ra-
mond. The average frequency of specimens with at least one three-needle dwarf shoot was 24% for P. mugo and
20% for P. uncinata. The frequencies of occurrence varied significantly among studied populations and were hig-
hest in samples collected from the upper elevational range limits of the species in the mountains and near the nor-
thern limits of their ranges. The frequency of abnormal dwarf shoots in the same populations was significantly
high in 2-3 consecutive years. Needles from three-needle dwarf shoots were not significantly shorter than those of
two-needle shoots.
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abnormal dwarf shoots, brachyblasts.

INTRODUCTION

Pinus mugo Turra and P. uncinata Ramond are closely
related species, treated recently as subspecies of P. mugo
sensu lato (= P. mugo complex, see Christensen 1987a).
Both taxa and other pines belonging to subsection Sylve-
stres (Pinus sylvestris L. and P. uliginosa Neumann in
Central Europe) normally have two needles per dwarf sho-
ot. For this taxa abnormal dwarf shoots with more than two
needles have been found rarely and are regarded as an
exception. Among them, three-needle dwarf shoots have
been reported most frequently. Such shoots have been de-
scribed for several localities of Pinus mugo and P. uncina-
ta (Schneider 1913; Penzig 1922; Gyorffy 1932; Debazac
1962; Jihring 1962; Skawinski 1975; Klaus and Zetter
1978; Boratynski et al. 2000).

The occurrence of specimens of the Pinus mugo com-
plex (P. mugo, P. uncinata and intermediate taxa) with th-
ree-needle dwarf shoots has recently been reviewed by
Christensen (1987b). On the basis of herbarium materials,
he concluded that three-needle dwarf shoots may be found
throughout the natural range of the species, but mainly at
the upper limit of their altitudinal range. He found 27 spe-

cimens with abnormal number of needles among 249 exa-
mined herbarium sheets.

The occurrence of three-needle dwarf shoots on Pinus
sylvestris is also known from the literature (Penzig 1922;
Rettich 1932; Przybylski 1970). Abnormal dwarf shoots in
P. sylvestris may form as a result of mechanical injury to
individual trees (mostly seedlings) (Szymanski 1958; Krol
1983/1984). The formation of dwarf shoots with three or
more needles on P. sylvestris was also observed after expe-
rimental removal of buds from seedlings (Giertych 1968).

The presence of more than two needles on the dwarf
shoots of a two-needle pine species is considered an ance-
stral state of the trait (Klaus and Zetter 1978).

The main goal of this study was to analyze on random
samples the geographical variation of the frequency of
occurrence individuals with three-needle dwarf shoots
among populations of Pinus mugo and P. uncinata throu-
ghout their natural range in the mountains of Central and
Southern Europe. The abnormal dwarf shoots were repor-
ted from these two species and from other pines, but nobo-
dy has compared frequencies among the species. For this
reason the aim of the study was also the comparison of th-
ree-needle dwarf shoots frequencies among P. mugo, P.
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uncinata, P. sylvestris, P. uliginosa, P. nigra and P. pina-
ster coming from the mountains, mostly from the areas clo-
se to P. mugo and P. uliginosa range.

MATERIAL AND METHODS

Plant material was collected in native populations of Pi-
nus mugo, P. uncinata, P. uliginosa and P. sylvestris, in
1997-2001. All four pine species belong to the Section Pi-
nus subsection Sylvestres and are common in Europe (Lit-
tle and Critchfield 1969; Boratyniski 1993). Single popula-
tions of Pinus nigra and P. pinaster from the Iberian Penin-
sula were analyzed as comparative material.

The samples were gathered from individuals without vi-
sible symptoms of injury and exclusively from cone-bea-
ring branches. The shoots of the prostrate Pinus mugo were
sampled from specimens in distance no less than 30 meters
from each other to avoid the possibility of collecting multi-
ple samples from the same individual. In each analyzed po-
pulation, the two-year-old long shoots were collected from
26-57 individuals (38 on average), always on the sunny,
south-facing (SE and SW) side of the crown. Ten two-ye-
ar-old dwarf shoots were removed from the mid length of
the long shoots, and absence or presence of atypical, mo-
stly three-needle, but also four- to six-needle dwarf shoots
was reported for each individual separately.

For the individuals with abnormal dwarf shoots, the fre-
quency of dwarf shoot occurrence was calculated as ratio
of numbers of abnormal to normal + abnormal dwarf sho-
ots and was presented in %.
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The populations were characterized by:

—number of individuals with at least one abnormal dwarf
shoot,

— frequency of abnormal dwarf shoots in the sample, cal-
culated as ratio of abnormal to normal + abnormal dwarf
shoots.

In total, 1454 individuals were sampled from all taxa
(Table 1). The distribution of samples of Pinus mugo and
Pinus uncinata covered the geographic ranges of these spe-
cies (Fig. 1). Four samples of P. sylvestris came from the
south-western limit of its range, while two others, as well
as two samples of P. uliginosa, were collected in the and
near the northern limit of the Sudeten Mts. (Fig. 1).

The length of needles from typical and atypical dwarf
shoots was measured on 25 specimens in two populations
of Pinus mugo and on 51 specimens in five populations of
P. uncinata on fresh material, directly after sampling. Then
central portion of the needles (about 2-3 cm long) were cut
out and preserved in 70% alcohol for further anatomical
studies.

One of the Pinus uncinata populations was sampled in
each of two years (Table 1, samples 20 and 21). Similarly
one population of P. mugo was studied in two and another
in three consecutive years (Table 1, samples 1-5). Each year
random samples of shoots were collected from different or
the same individual, depending on the presence of cones.

Dependence of occurrence of specimens bearing abnor-
mal dwarf shoots and frequency of abnormal dwarf shoots
in sampled populations with their latitude, altitude and po-
sition in vertical range were tested using Pearson’s correla-
tion coefficient.

10° 0° 10° 20° 30°
&
50°
50
e =N
? 0\8 =
40°
o hv )
v o
a G| S L U <t o A S
0° 20°

Fig. 1. Distribution of sampled populations against the background of the range of Pinus mugo complex: @ — Pinus mugo and Pinus uncinata; A — Pinus

uliginosa; V¥ — Pinus sylvestris; B — Pinus nigra; ® — Pinus pinaster.
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Altitudinal range of the species is different in particular
mountain ranges (see Table 1). For this reason statistical
comparison among the sampled populations of P. mugo are
done on altitudes recalculated relative to altitudes at the
Tatra Mts. (Table 1, samples 1-19), and among P. uncinata
to altitudes at the Vall de Nuria in the East Pyrenees (Table
1, samples 20-30). Recalculations were done according to
the formula:

(1]
ALTX - ALTxmin
ALTxrecT = ALTTmin + * (ALTTmax - ALTTmin)
ALTxmax h ALTxmin
ALT, . — Altitude of population x after recalculation

ALT, — Real altitude of population x

ALT, . — Minimal altitude of P. mugo (or P. uncinata)
range in the mountain where sample x were collected

ALT, . —maximum altitude of P. mugo (or P. uncina-
ta) in the mountain range where sample x was collected

ALT,, ,, — Minimal altitude of P. mugo range in the Ta-
tra Mts. (or P. uncinata in the Vall de Nuria)

ALT,, . —Maximal altitude of P. mugo range in the Ta-
tra Mts. (or P. uncinata in the Vall de Nuria)

The interaction of frequency of abnormal dwarf shoots
within particular populations depends also on their position
in altitudinal local range. This includes all environmental
influences. For this reason all sampled populations were al-
so analyzed in respect to their position in:

—low (low 25%),

— central (central 50%),

— top part of altitudinal range (upper 25%).

The correlations were analyzed with average recalculated
altitudes (see formula 1) of all samples of particular po-
rtion of altitudinal species ranges (Table 1).

The lengths of two- and three-needle dwarf shoots were
compared using Student’s t-test for unpaired data (Under-
wood 1997; Zar 1999). Calculations and comparisons were
made using STATISTICA 5.1.

RESULTS

Frequencies of abnormal dwaif shoots among taxa

Dwarf shoots with more than two needles are found on
Pinus mugo, P. uncinata, P. sylvestris and P. pinaster (Ta-
ble 2). The samples of P. uliginosa and P. nigra do not con-
tain specimens with more than two-needle dwarf shoots.

Only one three-needle dwarf shoot is found on one sample
of Pinus sylvestris in the Sierra de Baza, at the southern limit

Boratynska K. et al.

of the range of this species. For P. pinaster only one three-
needle dwarf shoot is found (Table 2). Occurrence of more
than two-needled dwarf shoots on Pinus sylvestris is very ra-
re, when compared with frequency of occurrence of atypical
dwarf shoots on P. mugo and P. uncinata. For this reason
more detailed analyses are possible for last species only.

Abnormal dwarf shoots among populations of Pinus mugo

Geographic differentiation

Pinus mugo has the greatest number of individuals with
atypical dwarf shoots. More than 10% of the specimens
examined have more than 10% three-needle dwarf shoots
and nine specimens have more than 50% of dwarf shoots
with three needles. Two specimens from the Sudeten (Kar-
konosze Mts., samples 1 and 4) have single five-needle
dwarf shoots.

Among the analyzed samples of Pinus mugo only one
from the Vitosha Mts. in Bulgaria do not contain abnormal
dwarf shoots (Table 3). Most of the samples contain 8-15%
specimens with at least one three-needle dwarf shoot, al-
though two populations are characterized with frequency of
50% or more (Fig. 2).

Number of samples

O 4O N WMo O N 0 ©

1] . . /_

0-8.0% 8.1-15.0% 15.1-30.0% 30.1-50.0% 50.1
and more

Percent of Pinus mugo specimens
with abnormal dwarf shoots

Fig. 2. Numbers of Pinus mugo samples in classes of percentage of indi-
viduals with three-needle dwarf shoots.

A geographical analysis of the phenomenon shows that
populations from the Tatra Mts. (West Carpathians) and
Karkonosze Mts. (Sudeten Mts.) have the highest frequen-
cy of specimens with three-needle dwarf shoots. Only one
population from the Maritime Alps has a comparatively
high frequency of specimens with abnormal dwarf shoots.
All other populations located south of the Sudeten Mts. and
West. Carpathians have a considerably lower frequency of
such specimens (Table 3). Nevertheless, the frequency of
specimens with abnormal dwarf shoots in particular popu-

TABLE 2. Percentage of abnormal dwarf shoots witnin Pinus mugo, P. uncinata, P. uliginosa, P. sylvestris, P. nigra and P. pinaster.

Species Total number Percentage of specimens with various % of 3-needle dwarf shoots Per(.:entage (_)f Specimens with
of specimens specimens with )
e 51% 3-needle dwarf more than 3-needle
examined To 10% 11-20%  21-30%  31-40%  41-50% dwarf shoots [%%)
and more shoots [%%]
Pinus mugo 694 13.7 4.2 1.7 1.9 1.3 1.3 24.1 0.3
Pinus uncinata 376 8.5 3.2 2.1 0.8 1.6 4.3 20.2 1.3
Pinus uliginosa 102 0.0 0.0
Pinus sylvestris 213 0.5 0.5 0.0
Pinus nigra 42 0.0 0.0
Pinus pinaster 29 34 34 0.0
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lations is not strongly correlated with latitude of origin (Pe-
arson’s r = 0.4371).

The frequency of abnormal dwarf shoots in populations
in relation to all dwarf shoots varied even more strongly
among the populations, but the ranking of the populations
is unchanged (Table 3). The correlation of the frequency of
abnormal dwarf shoots in populations with latitude of ori-
gin is weak (r = 0.381).

Influence of altitude

The highest frequencies of three-needle dwarf shoots and
frequencies of specimens with three-needle dwarf shoots
among Pinus mugo populations are found in the samples
from the top portion of altitudinal ranges of the species
(Fig. 3). The frequency of specimens with abnormal dwarf
shoots and frequency of abnormal dwarf shoots are both
positively, strongly statistically significantly correlated
with position in the altitudinal range of the species (Pear-
son’s r = 0.9923 and r = 0.9744 respectively). They are al-
so positively but weak correlated with recalculated altitu-
des (r=0.5855 and r = 0.5010).

The percentage of individuals with abnormal dwarf shoots
and the frequency of abnormal dwarf shoots among studied
samples of P. mugo exhibit rather non-linear, polynomial re-
lationship with altitude (Figs 4A and B). The correlations
appear to be slightly more significant at higher elevations.

Variation in time

Two populations of Pinus mugo from the Karkonosze
Mts. were examined for 2 and 3 years (see Table 1). The
frequency of specimens with three-needle dwarf shoots in
samples collected in the same populations varied from year
to year, but was relatively high each year in comparison to
the other sampled populations of the species (Table 3, sam-
ples 1-3 and 4-5).

Abnormal dwarf shoots among populations
of Pinus uncinata

Geographic differentiation

The frequency of trees with at least one three-needle
dwarf shoot exceeded 20% among the 376 specimens of Pi-

75 7
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Fig. 3. Frequency of specimens with three-needle dwarf shoots of Pinus
mugo and P. uncinata from the upper (1), central (2) and lower (3) parts

of the altitudinal range of the species.
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Fig. 4. Relationships of the frequency of Pinus mugo individuals with
three-needle dwarf shoots (A) and three needle dwarf shoot (B) in partic-
ular populations and its altitudinal origin.

nus uncinata. The frequency of trees exhibiting more than
50% abnormally developed dwarf shoots per specimen are
greater in this taxon than in P. mugo (Table 2). Consequen-
tly, the probability of finding of three-needle dwarf shoots
on P. uncinata is greater than P. mugo (Table 2).

Samples of all the analyzed populations of Pinus uncina-
ta contain at least a few specimens with an atypical number
of needles on dwarf shoots. The lowest frequency of such
trees is found in Belagoa in the West Pyrenees and Vall de
Linares in the Sierra de Gudar (Table 3). The highest fre-
quencies of trees with abnormal dwarf shoots are found in
the Central Massif and in the East Pyrenees, with a maxi-
mum at 45% in Coll de Croix de Morand in France and in
Vall de Ransol in Andorra (Table 3). The highest frequen-
cies of three-needle dwarf shoots in the samples are recor-
ded at the northern limit of the range of this species, as in
the case of P. mugo. The southernmost and westernmost
populations were characterized by a significantly lower
number of specimens with abnormally developed dwarf
shoots. Neither the frequency of specimens with abnormal
dwarf shoots nor the presence of abnormal dwarf shoots
among samples correlate strongly with latitude (Pear-
son’s r = 0.2789 and r = 0.2987, respectively).

Influence of altitude

The populations of Pinus uncinata from the upper limit
of the species have greater numbers of specimens with th-
ree- (or more)needle dwarf shoots than populations at lo-
wer altitudes (Fig. 3). The frequency of specimens contai-
ning abnormal dwarf shoots and the frequency of abnormal
dwarf shoots in the population with position in altitudinal
range correlates positively and strongly statistically signifi-



Vol. 72, No. 2: 139-148, 2003

cantly (Pearson’s r = 0.8602 and r = 0.9205, respectively).
The frequency of specimens containing abnormal dwarf
shoots and the frequency of abnormal dwarf shoots in the
population are each strongly correlated with the recalcula-
ted altitudes of the sampled populations (r = 0.7538 and r =
0.8288 respectively). The relationships are non-linear (po-
lynomial), and for the lower altitudes are slightly negative-
ly correlated, whereas for the mid and upper portions of the
altitudinal range the correlations were strongly positive
(Figs 5A and B).

Variation in time

The population of Pinus uncinata from Vall de Nuria in
the East Pyrenees was examined in 1999 and 2001 (Table
1, samples no 21 and 22). The frequency of three-needle
dwarf shoots varied between years, but was significantly
higher compared to the other studied populations of the
species (Table 3).

Morphological characteristics of needles from more than
two-needle dwaif shoots

Needle length

As compared to two-needle dwarf shoots, the length of
needles from the three-needle dwarf shoots are more varia-
ble (variation coefficient 12-21%). The needles from three-
needle dwarf shoots are generally somewhat shorter. The
average difference between the lengths of the needles from
two- and three-needled dwarf shoots is at about 1-2 mm
and is statistically insignificant (Table 4). Also needles
from four-needle dwarf shoots are shorter than those of
two-needle dwarf shoots, but the number of such dwarf
shoots was to small to be compared statistically.
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Fig. 5. Relationships of the frequency of Pinus uncinata individuals with
three-needle dwarf shoots (A) and three needle dwarf shoots (B) in partic-
ular populations and its altitudinal origin.
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TABLE 4. Length of needles from two- and three-needle dwarf shoots of
Pinus mugo and Pinus uncinata.

Two-needle dwarf shoots

Popu-

Species lation Three-nedle dwarf shoots t p
X [mm] ) \Y%
o1 TR R i 0% 03567
15— ewm i 001 0609
wenaa ® T TrBI0 e 07 0735
2 PR s s
n 21 TR 20 05667 0576
e
25 63.5 9.2336 14.55 05574 0.5861

61.0 7.0702 11.59

X — average length (arithmetic mean)
8 — standard deviation

V — variation coefficient

t — Student’s t-test value

p — probability level

Needle cross-section

Morphological and anatomical differences between nee-
dles from two- and three-needle dwarf shoots are observed
in the shape of the cross-section. The needles from two-ne-
edle dwarf shoots are semicircular in cross-section, where-
as the needles from three-needle dwarf shoots are nearly
triangular.

Each of the needles within the four-needle dwarf shoots
is of the same length or the two marginal needles are signi-
ficantly longer than the central ones. In the first type of fo-
ur-needle dwarf shoot, needles are nearly triangular in
cross-section, so that the four needles together form a circ-
le (Fig. 6A). In the second type (with needles of different
length), the larger marginal needles are crescent-shaped in
cross-section, whereas the shorter central needles are semi-
circular to triangular (Fig. 6B).

The needles from five-needle dwarf shoots vary conside-
rably in length, thickness and shape of cross-section even
within the same dwarf shoot. The marginal needles are
usually longer and semicircular, whereas the central nee-
dles are significantly shorter, more slender and have vario-
us shapes of cross-sections: from triangular to quadrangu-
lar or somewhat ovate (Figs 6C and 6D). The needles from
the only six-needle dwarf shoot (found on Pinus uncinata
in Central Massif) also vary in length, thickness and shape
of cross-section (Fig. 6E).

DISCUSSION AND CONCLUSIONS

The analysis of the frequency of dwarf shoots with more
than two needles among the taxa studied shows that they
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Fig. 6. The shape of cross-section of the needles and its composition on the dwarf shoot: A — 4-needle dwarf shoot with the needles of the same length
(Pinus uncinata from population No 29); B — 4-needle dwarf shoot with needles of various length (Pinus uncinata from population No 27); C — 5-needle
dwarf shoot (Pinus mugo from population No 1); D — 5-needle dwarf shoot (Pinus uncinata from population No 20); E — 6-needle dwarf shoot (Pinus
uncinata from population No 29); 1-6 needles; 7 — scheme of the needles composition on dwarf shoot; 8 — scheme of dwarf shoot.
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appear in Pinus mugo and P. uncinata. All the other taxa
either do not have three-needle dwarf shoots at all, as in the
case of P. nigra (1 population) and P. uliginosa (2 popula-
tions), or the frequency of three-needle dwarf shoots is to
low to be detected, as in P. sylvestris (1 specimen in 6 po-
pulations) and P. pinaster (1 specimen in 1 population).
However, even single specimens with three-needle dwarf
shoots confirm literature records of the occurrence of ab-
normal shoot on normally two-needle pine species in Euro-
pe (Penzig 1922; Klaus and Zetter 1978).

It can be also concluded, that the three- to six-needle
dwarf shoots are formed most frequently on specimens of
the Pinus mugo complex, including P. mugo, P. uncinata
and P. uliginosa (Christensen 1987a). Abnormal dwarf sho-
ots have been found on specimens of P. mugo and P. unci-
nata, but not on P. uliginosa. Perhaps this is related to the
low altitude of the studied populations of P. uliginosa (abo-
ut 200 and 700 m), as compared with the studied popula-
tions of P. mugo and P. uncinata (see Table 1). The taxono-
mic relationship to P. sylvestris may also possibly explain
the lack of abnormal numbers of needles in dwarf shoots on
P. uliginosa. This taxon shows intermediate characteristics
between P. mugo and P. sylvestris (see for example Sta-
szkiewicz and Tyszkiewicz 1972; Bobowicz 1990; Sta-
szkiewicz 1994; Siedlewska and Prus-Gtowacki 1995; Prus-
-Gtowacki et al. 1998; Lewandowski et al. 2000).

The majority of specimens with abnormal dwarf shoots
on Pinus mugo and P. uncinata are found at the upper li-
mits of the ranges of these species in the mountains, which
is in consistent with observations of Christensen from her-
baria review (1987b). High frequencies of abnormal dwarf
shoots are also found in the northernmost populations of
the P. mugo complex in the Carpathians and the Sudeten
Mts. However, both populations of P. uliginosa are excep-
tions to this rule, although they are the northernmost
among the studied populations of the P. mugo complex.

The three-needle specimens of Pinus mugo have not be-
en reported from the Dynarian Alps and from the southern
part of Balkan Peninsula (Christensen 1987b). They have
not been found in the Vitosha Mts. in the present study.
Our material from Balkan Peninsula is insufficient to state
that specimens with abnormal numbers of needles in dwarf
shoots are absent in Balkan portion of the species range. It
should be noted, however, that the frequency of specimens
bearing three-needle dwarf shoots is significantly lower in
the south-eastern portion of the range of P. mugo than in
the northern portion. In the Abruzzi Mts. specimens with
three-needle dwarf shoots are also not so frequent as in the
Carpathians — Sudeten range (Table 3).

The high frequencies of abnormal dwarf shoots have re-
peated in samples collected over 2-3 years in the same po-
pulations. This may indicate that formation of three-needle
dwarf shoots is genetically conditioned and perhaps cha-
racteristic for local populations of Pinus mugo and/or P.
uncinata. The differences among frequencies of abnormal
dwarf shoots in particular years in the populations analyzed
may be due to collecting samples from different individu-
als. Also the impact of environmental conditions should be
taken into consideration, but this issue should be the sub-
ject of more detailed research on permanent plots and mar-
ked individuals in the future.

The three-needle dwarf shoots on Pinus sylvestris see-
dlings result from regeneration after mechanical damage
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(Szymanski 1958; Giertych 1968). This should be checked
experimentally in the case of P. mugo and P. uncinata. All
individuals of these species from which the material for the
present study was collected had no visible injuries or
symptoms of disease.
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WYSTEPOWANIE KROTKOPEDOW PINUS MUGO 1 P. UNCINATA
O NIETYPOWEJ LICZBIE IGIEL

STRESZCZENIE

Badano czestotliwos¢ wystepowania nietypowych, trzyigtowych (lub wiecej) krotkopedéw na naturalnych sta-
nowiskach potudniowo- i Srodkowoeuropejskich gatunkéw sosen dwuigtowych. Nie znaleziono okazéw z niety-
powymi krétkopedami w analizowanej populacji Pinus nigra Arnold subsp. salzmannii (Dunal) Franco z Pétwy-
spu Iberyjskiego, ani w dwoch populacjach P. uliginosa Neumann (= P. rotundata Link) z Sudetéw i ich przedpo-
la w Srodkowej Europie. Pojedyncze osobniki z trzyiglowymi krétkopedami znaleziono w jednej analizowanej
pod tym wzgledem populacji P. pinaster Aiton z Pétwyspu Iberyjskiego oraz szesciu populacjach P. sylvestris L.
z Pétwyspu Iberyjskiego i Srodkowej Europy. Nietypowe brachyblasty, najczesciej z trzema, ale takze z czterema,
pieciu lub szesdciu igtami, znaleziono na wielu okazach w 24 na 25 badanych pod tym wzgledem populacjach P.
mugo Turra i P. uncinata Ramond. Przecigtny udzial osobnikéw z przynajmniej jednym trzyigtowym krétkope-
dem na jeden dtugoped wynosit 24% w grupie 694 badanych okazéw P. mugo i 20% w grupie 376 okazéw P.
uncinata. Analizowane populacje réznity si¢ istotnie pod wzgledem czestotliwosci wystgpowania osobnikow
z nietypowymi krotkopedami. Najwigkszym udziatem takich osobnikéw odznaczaty si¢ populacje pochodzace
z gérnych partii zasiggow gatunkéw. CzestoS¢ wystgpowania nietypowych krétkopeddéw utrzymywata si¢ na wy-
sokim poziomie w kolejnych 2-3 latach obserwacji w jednej badanej pod tym wzgledem populacji P. uncinata
i w 2 populacjach P. mugo. Igty z trzyigtowych krétkopedéw byly przecietnie krétsze (statystycznie nieistotnie)

od igiet z krétkopedéw typowych, niezaleznie od gatunku.

SLOWA KLUCZOWE: Pinus mugo, Pinus uncinata, zréznicowanie morfologiczne, zmienno$¢ mor-
fologiczna, nietypowe krotkopedy, brachyblasty, Europa.
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