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ABSTRACT

The intra- and interpopulational geographic variation of three distant populations of J. oxycedrus subsp. macro-
carpa was examined biometrically on the basis of morphological key-characters of needles, seeds and cones. The
shortest Euclidean distances were used in the agglomerative grouping of closest neighbourhood and discrimination
analysis with principal component analysis (PCA) was performed to verify the south-north differentiation of the ta-
xon in Italy. Most of the cone and seed dimensional characters are correlated. No significant correlations were fo-
und between cone and needle characters. The sampled populations differ only insignificantly from one another,
while the intrapopulational variation is slightly higher. Cone length as well as seed number, width and thickness
were significantly correlated with geographic latitude, while the other four characters are not. Differences in cone
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shape were observed between individuals, so that several morphotypes can be distinguished.
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INTRODUCTION

Juniperus oxycedrus L. belongs to the section Oxycedrus
of the genus Juniperus. It is a variable species with three
subspecies (Greuter et al. 1984) that differ in habit, cone
size and needle width (Amaral Franco 1963, 1964, 1968,
1986; Lebreton et al. 1991). One of them is subsp. macro-
carpa (Sibth. & Sm.) Ball [in J. Lin. Soc., Bot. 16: 670
(1878)], sometimes treated as an independent species J.
macrocarpa Sibth. & Sm. [Fl. Graec. Prodr. 2: 263 (1816)]
(Boratynski et al. 1992; Browicz 1996; Adams 2000).

Juniperus oxycedrus subsp. macrocaipa is a tree, in good
conditions reaching 10-12 m in height. It has large cones,
1.2-1.5 mm across, light to dark brown or somewhat pur-
plish and pruinose. Its needles are up to 2.5 mm wide
(Amaral Franco 1986; Browicz 1996). It occurs on dunes
or maritime rocks along the Mediterranean coast (Fig. 1)
and sometimes forms groves, as for example in Italy, Spa-
in, Greece, Tunisia and Morocco (Quezel and Pesson

1980; Boratyniski 1992). The coastal distribution of the
species makes it extremely vulnerable and endangered.
The many seaside resorts constructed during last decades
were recognized as reason of species disappearance on
most of their localities known from herbaria and literature
(Zaafouri and Chaieb 1999; Pastor and Juan 1999; Arista
et al. 2001).

Juniperus oxycedrus subsp. macrocarpa has not been an
object of detailed biometric investigations so far. The va-
riability of cone dimensions was examined on the basis of
single individuals, mainly from France, Spain and North-
-West Africa (Lebreton et al. 1991). The results stress the
differences between subsp. oxycedrus and subsp. macro-
carpa and lack of significant differences between these ta-
xa and subsp. badia. This was confirmed in a parallel study
of prodelphinidin content in needles (Lebreton et al. 1991).
Four populations in Spain, represented by ten individuals
each, have been lately compared on the basis of cone dia-
meter and weight and seed number per cone, showing si-
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Fig. 1. Range of Juniperus oxycedrus subsp. macrocarpa (after Jalas and Suominen 1973; Browicz 1996; Lewandowski et al. 1996, verified and supple-
mented); location of sampled populations: 1 — Toscany, Orbetello, forest on maritime dunes E 11°15°00”, N 42°26°45”"; 2 — Sabaudia, forest on maritime
dunes E 12°58°35” N 41°19°19”; 3 — Sicilia, Vendicari, maritime dunes, E 14°54°41”, N 36°44°20”.

gnificant interpopulational differences (Rocio et al. 2003).
The isoenzyme variation in an island population of the
taxon from Korfu appears to be low (Lewandowski et al.
1996).

The aim of the present study was to compare biometri-
cally three distant populations of Juniperus oxycedrus
subsp. macrocarpa on the basis of the characters of cones,
seeds and needles, as previously in the case of J. phoenicea
(Mazur et al. 2003).

MATERIAL AND METHODS

Three maritime populations of Juniperus oxycedrus
subsp. macrocarpa in Italy were sampled in September
2001 (Fig. 1). In total, 75 individuals were sampled. From
each individual, 10-15 ripe cones and 10-15 one-year-old
needles were collected from the sunny, mostly southern
parts of the crowns (including the south-eastern and south-
western expositions), at the height of 1.0-2.0 m.

The eight morphological characters and three ratios were
examined to determine the variation of every individual
(Table 1).

The main statistics, i.e. arithmetic mean, standard devia-
tion and variation coefficient, were calculated for every in-
dividual separately and for each population, and later the

TABLE 1. Analysed characters of cones, seeds and needles.

No. Character Accuracy
1 Cone length 0.1 mm
2 Cone diameter 0.1 mm
3 Seed number per cone
4 Seed length 0.1 mm
5 Seed width 0.1 mm
6 Seed thickness 0.1 mm
7 Needle length 0.1 mm
8 Needle width 0.1 mm
9 Ratio of cone length/width (1/2)

10 Ratio of cone diameter/seed number (2/3)
11 Ratio of seed length/width (4/5)

three local populations were compared. The interactions
among characters were tested by using the Pearson’s corre-
lation coefficient. The discriminating value of characters
was verified with the Tukey’s post hoc test and with analy-
sis of dicriminant function of characters (Zar 1999; t.o-
mnicki 2000). The shortest Euclidean distances were calcu-
lated in agglomerative grouping by the method of the clo-
sest neighbourhood, and dendrograms were constructed to
examine the relationships within and between populations
(Karonski and Calinski 1973; Sokal and Rohlf 1997). A di-
scriminant analysis was performed and the position of the
specimens was tested along the first two discriminant va-
riables to find differences among populations and individu-
als (Krzysko 1979; Morrison 1990; Underwood 1997; So-
kal and Rohlf 1997). The interaction of values of particular
characters with geographic longitude and latitude were ve-
rified using Pearson’s r correlation coefficient (Zar 1999).

RESULTS

The frequency distribution of all the examined characters
appears to be normal, with only slight left or right bias.
This confirms that the numbers of data are sufficient, the
samples are homogenous and enable the statistical analysis
of the data.

Mean values, ranges, standard deviations and variation
coefficients are presented for every population separately
and for all individuals combined (Table 2). On average, co-
nes are 15.5 mm length (character 1) and 14.5 mm in dia-
meter (character 2), but values of these characters varied be-
tween 12.0 and 22.2 mm and between 11.0 and 19.3 mm,
respectively. Within each individual, the dimensions of
cones are generally invariable, with variation coefficient not
higher than 10% in every sample analysed. The ratio of
cone length/diameter (character 9) and all measured charac-
ters of seeds are stable (Table 2). In each population, cone
shape varies considerably, and three morphotypes can be di-
stinguished: spherical, ellipsoid, and pear-shaped (Fig. 2).
The number of seeds per cone (character 3), ranging from 1
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TABLE 2. Statistic description of the analysed 11 characters of Juniperus oxycedrus subsp. macrocarpa (numbers 1-11 names as in Table 1).
Character
Statistics Sample
1 2 3 4 5 6 7 8 9 10 11
Mean Sabaudia 16.24 14.53 2.95 8.89 4.97 433 12.10 2.04 1.12 5.00 1.80
Orbetello 14.48 14.57 2.76 8.83 5.45 4.68 11.96 2.03 1.00 5.31 1.62
Vendicari 15.61 14.45 2.78 8.73 5.58 4.59 10.40 1.98 1.08 5.23 1.58
All samples 15.52 14.52 2.85 8.84 5.27 4.50 11.65 2.02 1.07 5.16 1.69
Minimum Sabaudia 12.2 11.0 1.0 6.0 34 32 5.0 1.0 0.85 3.40 1.24
Orbetello 12.2 11.8 1.0 6.0 3.6 32 5.0 1.0 0.80 4.16 1.08
Vendicari 12.0 11.8 1.0 6.4 3.6 33 5.5 1.0 0.82 4.47 1.0
All samples 12.0 11.0 1.0 6.0 3.4 32 5.0 1.0 0.80 3.40 1.0
Maximum Sabaudia 222 19.0 5.0 11.5 7.4 6.4 18.5 3.0 1.56 6.52 2.73
Orbetello 18.0 18.8 6.0 14.7 7.2 6.6 20.0 3.0 1.32 6.20 2.64
Vendicari 21.8 19.3 5.0 115 8.2 6.6 17.0 3.0 1.36 6.55 2.30
All samples 222 19.3 6.0 14.7 8.2 6.6 20.0 3.0 1.56 6.55 2.73
Standard deviation ~ Sabaudia 1.3502  1.1773  0.3650 0.6032  0.3626  0.3836  2.0387 0.5720 0.1305  0.678  0.1282
Orbetello 1.0880  1.3393  0.2223  1.0018 0.4601 0.5746 23774 0.3088 0.0683  0.684  0.1254
Vendicari 1.5250  1.3682 0.3365 0.7519 0.5908 0.4199 1.8910 0.3582  0.0977  0.577  0.1489
All samples 1.5085 1.2605 0.3273  0.7767 0.5268 0.4822 22081 0.4484 0.1186  0.666  0.1639
Variation coefficient Sabaudia 8.32 8.10 12.37 6.78 7.30 8.87 16.84 28.03 11.61 13.62 7.14
Orbetello 7.52 9.19 8.05 11.35 8.44 12.28 19.88 15.24 6.85 12.88 7.74
Vendicari 9.77 9.47 12.09 8.61 10.59 9.15 18.18 18.07 9.02 11.02 9.45
All samples 9.72 8.68 11.48 8.79 10.00 10.71 18.95 22.18 11.04 12.93 9.72

to 6, is moderately variable, with variation coefficient more
than 11% (Table 2). Needle length (character 7) is also varia-
ble, with variation coefficient from 17 to 20% in particular
samples, and the needle width (character 8) is very variable
too, with variation coefficient from 15% to 28% (Table 2).

Generally, dimensional characters are positively signifi-
cantly correlated in whole three samples. Only in Sabaudia
(sample 1), cone length (character 1) and cone diameter
(character 2), as well as needle length and width (charac-
ters 7 and 8) do not correlate significantly. The characters
of needles do not correlate with characters of cones and
seeds, except of sample from Orbetello, where number of
seeds per cone (character 3) is significantly negatively cor-
related with needle length (character 8). The characters of
cones and seeds are significantly positively correlated in all
three samples.

The whole material indicates about 30% statistically si-
gnificant correlations between characters at the level
p<0.01. Significant positive correlations were observed for
cone length and diameter (characters 1 and 2, respectively),
as well as seed length, width and thickness (characters 4, 5
and 6, respectively). The two needle characters are correla-
ted with each other only, while seed number per cone did
not show any significant positive correlations.

The cone length, seed width and thickness, needle length
and ratios of cone length/width and seed length/width (cha-
racters number 1, 5, 6, 7, 9 and 11, respectively) discrimi-
nate statistically significantly between sampled populations
in Tykey’s post hoc test (Fig. 3). The analysis of discrimi-
nant function showed that only needle length discriminates
statistically significantly at p=0.028.

The dendrogram from Orbetello includes 24 individuals.
In the dendrogram it can be divided into three subgroups.
In the first subgroup the greatest similarity is observed be-
tween individuals 10 and 9; 8 and 2. Within the second be-
tween 21 and 4; 17 and 22; 13 and 14. The third subgroup
contains one pair of individuals 16 and 20. In dendrogram
from Orbetello the most distinct is individual 12. The cones
of this individual were pear-shaped (cone length) width ratio
0.90), its seeds were very elongated and needles were short
(Fig. 4).

Dendrogram of Juniperus oxycedrus subsp. macrocarpa
of sample (Sabaudia), includes 33 individuals. We can di-
stinguish one large group, which can be divided into few
subgroups. The greatest similarity is observed between in-
dividuals 28 and 25; 29 and 10; 14 and 7; 30 and 16; 32
and 13. In the dendrogram, the most distinct are individu-
als 19 and 6; 20 and 1. Individuals 19 and 6 characterized
by short needles, long and narrow cones. Individuals 1 and
20 have very long needles, and little seeds (Fig. 4).

The dendrogram from Vendicari shows 18 individuals.
Most individuals form one large group, and the greatest si-
milarity is observed within three pairs of individuals: 7 and
11; 15 and 12; 3 and 2. The most distinct is individual 14
characterized by short and narrow cones and seeds, its nee-
dles were broadly (Fig. 4). Local populations are characte-
rized by peculiar features, which may be due to the influen-
ce of the environment or could develop in each area in
a specific way.

The variation range was lower in the most numerous po-
pulation from Sabaudia, while differences among individu-
als were larger in population from Orbetello and Vendicari.
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Fig. 2. Morphological types of cones (1) and seeds (2) of Juniperus oxycedrus subsp. macrocaipa.
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Fig. 3. Characters differentiating populations in Tukey’s test; Xx — stati-
stically significant at p=0.01, X — statistically significant at level p=0.05;
characters not differentiating statistically significantly omitted.

Homogeneity of all populations was tested together with
analysis of discriminant variables. The individuals from all
three samples form one group on the plane of the first two
discriminant variables (U, and U,), which are responsible
of 100% of total variation. The discriminant variable U, is
determined mostly by ratio seed length/width (character
11), seed width (character 5), cone length (character 1) and
ratio of cone length/width (character 9), while U, by needle
length (character 7) and cone length (character 1). All indi-
viduals form one group composed of three overlapping ag-
glomerations of the three analysed samples (Fig. 5). The
most distinct is the sample from Sabaudia. The differences
are determined mostly by variable U,, which covers about
70% of total variability measured. The samples from Orbe-
tello and Vendicari are closer to each other in respect of
variable U, and slightly differentiated in respect of variable
U, (Fig. 5). Similar relations among samples are confirmed
by the dendrogram constructed on the basis of the shortest
Euclidean distances (Fig. 6).

Seed width and thickness are positively, while cone
length and seed number are negatively significantly corre-
lated with geographic latitude.
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Fig. 4. Dendrograms of closest neighbourhoods, based on shortest Eucli-
dean distances for individuals in samples of Juniperus oxycedrus subsp.
macrocarpa from Orbetello, Sabaudia and Vendicari.
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Fig. 6. Dendrograms of three samples of Juniperus oxycedrus subsp. ma-
crocarpa from Italy and three samples of Juniperus phoenicea from Ibe-
rian Peninsula constructed on the basis of shortest Euclidean distances
calculated on parallel characters (cone length, cone diameter, number of
seeds per cone, seed length, seed width, cone length/wide ratio, seed
length/wide ratio, cone width/number of seeds).

DISCUSSION AND CONCLUSIONS

Juniperus oxycedrus subsp. macrocaipa is an endangered
taxon. The populations of the species are not numerous and
in great instance isolated each other (Browicz 1996; Zaafo-
uri and Chaieb 1999; Pastor and Juan 1999, Arista et al.
2001). It is characterized by a generally low production of
cones with seeds (Ortiz et al. 1998; Arista et al. 2001; Ro-
cio et al. 2003) and a very high proportion of aborted fema-
le cones (Rocio et al. 2003). The result of that were only
three samples compared in the present study, while two
other populations checked in the field in 2001 did not form
cones with seeds. The low level of seed production increa-
ses the isolation of particular populations of the species, di-
spersed only along the coasts.

The isolation of sampled populations (Fig. 1) suggested,
that they should be morphologically different. The Tukeys’
test showed that 6 from the 11 examined characters differ
significantly between populations (Fig. 3). The discrimi-
nant analysis, however, did not confirm this. Only needle
length (character 7) discriminates statistically significantly
the analysed populations, while all the other show an insi-
gnificant discriminant power.

The significant differences between populations in cone
size and seed weight were found in four populations of J.
oxycedrus subsp. macrocarpa in SW littoral Spain (Rocio
et al. 2003). Cone length appears also in our study as one
of the most discriminating characteristic, but statistically
insignificant. The results of our study showed that most of

Klimko M. et al.

the individuals of this taxon on the Apennine Peninsula
were more or less similar. All individuals form one group
on the plane between the two first discriminant variables,
which, surprisingly, cover 100% of variability (Fig. 5). No
one individual crosses the 95% confidence interval for the
population to which it belongs. About 50% of individuals
were located in the area overlapped, and only about 23% of
them on the areas covered by confidence intervals of parti-
cular samples. Most different is the population from Ven-
dicari, which has 11 individuals characteristic on the level
of p=0.05.

The marginal, most outstanding from the centers of sam-
ples are individuals characterized by a strongly elongated
and/or pyriform cones, which influenced their shape and
proportions (Fig. 2). Nevertheless, most of the individuals
in each sample are similar. This explains also the slight va-
riability of the species if compared with J. phoenicea. The
average Euclidean distances between J. macrocarpa are
about 3 times shorter than among populations of Juniperus
phoenicea from the Iberian Peninsula calculated on parallel
characters on the data of Mazur et al. (2003) (Fig. 6). This
confirms the conclusion that the intra- and interpopulatio-
nal variation of J. oxycedrus subsp. macrocaipa is conside-
rably low.

Close genetic relations among individuals of J. oxyce-
drus subsp. macrocarpa have also been reported from an
isolated population of this taxon on Corfu Island (Lewan-
dowski et al. 1996). That finding was interpreted as a po-
ssible effect of colonization (Mitka 1997). In the light of
the present study, and taking into account that the studied
populations are not so strictly isolated as those from the
Corfu Island (see Fig. 1), it should be rather regarded as
a typical status of J. oxycedrus subsp. macrocaipa.
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