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Abstract: The biometrical comparison of nine populations of Juniperus phoenicea from the western part of the
species geographic range was the aim of the present study. Seven features of the cones and seeds, two of the
shoots and leaves and eight proportions were studied biometrically and analysed using statistical methods.
Two of analyzed populations, supposed to be representatives of J. phoenicea subsp. phoenicea, are closely related
each other. The seven other populations representing J. phoenicea subsp. turbinata, appeared much more vari-
able and differed each other at higher level. The results confirm the biochemical and genetic differentiation of
the species, however, it can partly be an effect of smaller number of compared populations of subsp. phoenicea.
The individuals included into each of distinguished subspecies are different and only a few individuals of
subsp. turbinata from the Atlantic coast in Portugal were found to be joined into the group of subsp. phoenicea.
The differences between populations of subsp. turbinata are higher than between those of subsp. phoenicea.
The most distant population of the subsp. turbinata, from Cabo Rizuto in Italy appears also the most different
from all the other. It results probably from the isolation for a longer time.
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Introduction
Juniperus phoenicea L. is mostly a shrub or a small,

polycormic tree to about 8–12 m tall. It is a light-de-
manding, relatively resistant to a dry climate and
characterize with high pioneer properties (Quezel
and Pesson 1980; Quezel and Barbero 1981; Auclair

1996; Charco 2001; Quézel and Médail 2003). Their
geographic range covers the Mediterranean region
from the Canary Islands, the Atlas mountains in Af-
rica and the Atlantic coast of Portugal in the West, to
Jordan and Saudi Arabia in the East (Fig. 1), but the
main part of area is concentred on the Iberian Penin-
sula and in the North West Africa (Jalas and Suomi-
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nen 1973; Quezel and Pesson 1980; Quezel and Bar-
bero 1981; Browicz 1982; Kerfoot and Lavranos 1984;
Greuter et al. 1984; Amaral Franco 1986; Christensen
1997; Charco 2001; Farjon 2005).

The regions of contemporary occurrence of J. phoe-
nicea are situated directly inside or around the Pleisto-
cene refugial areas of the tertiary floras (Comes 2004;
Weiss and Ferrand 2007a, b; Médail and Diadema
2009). For pioneer character of the species, it proba-
bly did not occur inside the refugia, but on their pe-
ripheral sites.

It seems to be possible, that Phoenician juniper
survived the glacial periods of Pleistocene in the pla-
ces close to their present localities. Occurrence of the
species during Late Glacial Maximum was confirmed
only in South East Spain by macroscopic palaeo-find-
ings (Uzquiano and Arnaz 1997). Unfortunately, the
pollen of Junipers are not determined to the species
(eg. Huntley 1988; Elenga et al. 2000; Carrión 2002;
Eastwood 2004; Tzedakis 2004; González-Sampériz
et al. 2005). In spite of that, it is recognized the posi-
tive reaction of J. phoenicea to the more arid and
warmer periods during last 14–15 thousand of years
and its suppression by more humid-demanding, pre-
dominantly broad-leaved trees (Uzquiano and Arnaz
1997; Carrión et al. 2001a, b, 2003, 2004).

The studies on genetic, biochemical and morpho-
logical differentiation of J. phoenicea confirmed possi-
bility of two main centres of the species in the Iberian
Peninsula, connected strongly with their present tax-
onomic division onto two subspecies J. phoenicea
subsp. phoenicea and J. phoenicea subsp. turbinata,
which migrated from these regions across Mediterra-
nean Europe and North Africa (Lebreton 1983; Le-

breton and Thivend 1981; Lebreton and Rivera 1989;
Adams et al. 1996; Boratyński et al. 2009).

The existence of two subspecies of J. phoenicea on
the Iberian Peninsula and NW Africa was firstly docu-
mented on the biochemical characteristics and later
confirmed in biometrical studies (Lebreton 1983; Ma-
zur et al. 2003), the random amplified polymorphic
DNA (RAPD) (Adams et al. 2002) and by isozyme
examinations (Boratyński et al. 2009). The morpho-
logical examination of herbarium samples revealed a
much more frequent presence and a larger range of
the subsp. phoenicea than subsp. turbinata (Farjon
2005: 340) than those described by Lebreton and
Rivera (1989) and Boratyński et al. (2009). The third
subspecies has been described from the Canary Is-
lands, but lately is included into synonyms of J. phoeni-
cea subsp. turbinata (Farjon 2005).

Distinguishing the two subspecies of J. phoenicea
(Amaral Franco 1986; Lebreton and Rivera 1989)
within the area of the western Mediterranean region
can be interpreted as indicating of the two centres of
the species or its ancestor, isolated against gene flow
for a long period of time. This, and differences be-
tween west- and east-Mediterranean populations of
subsp. turbinata was also detected using RAPD (Ad-
ams et al. 2002), inter simple sequences repeat
(ISSR) (Meloni et al. 2006) and isoenzymes (Bora-
tyński et al. 2009).

The aim of the present study was verification of the
hypothesis, that J. phoenicea has an intra-specific dif-
ferentiation at the morphological level in the West
Mediterranean region, that corresponds to the spe-
cies differentiation described on the basis of biochem-
ical, RAPD and isoenzymatic studies.

Fig. 1. Range of Juniperus phoenicea (after: Jalas and Suominen 1973; Quezel and Pesson 1980; Browicz 1982; Boratyński et al.
1992; Charco 2001; Farjon 2005)
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Material and methods
The material for this study was sampled in Spain,

Portugal, Italy and Morocco (Table 1), in the areas of
or close to refugia of quaternary floras (Médail and
Diadema 2009). The samples of cones and short parts
of shoots of the last ramification were gathered sepa-
rately from the southern parts of individuals, at a
height of about 1.0–2.5 m above ground level. The
269 individuals of J. phoenicea were examined, each
represented by 10 cones and 10 pieces of twigs and
leaves. The measurements were performed on dry ma-
terial, referring to the previously conducted studies
(Mazur et al. 2003, 2004; Marcysiak et al. 2007). The
nine characters of cones, seeds and shoots and leaves
and eight proportions were examined (Table 2).

The measurements and evaluation of the data were
taken under the stereoscope microscope with a scaled
ocular. The obtained results of measurements were
statistically analyzed with STATISTICA 8 (StatSoft Pol-
ska) and GenAlEx 6.1 (Genetic Analysis in Excel, Peakall
and Smouse 2006). The symmetry and unimodality of
frequency distribution of measured character values
were verified to assess the possibility of conducting
statistical analysis (Zar 1999; Łomnicki 2003; Sokal
and Rohlf 2003). The main statistics (arithmetic
means, standard deviation, variation coefficient) were
calculated to determine the values of particular charac-
ters for populations, subspecies and species (Zar 1999;
Łomnicki 2003). The interactions between particular

measured characters (characters 1–9) were checked
with Pearson’s correlation coefficient to avoid the
most closely correlated and possibly redundant ones
(Zar 1999). The Tukey’s T-test was used to determine
the impact of individual characteristics on the diversity
of the populations (Zar 1999; Sokal and Rohlf 2003).

The discrimination analysis was performed to
identify the discriminant power of each character, to
determine the interspecific differences and the inter-
populational variation (Marek 1989; Morrison 1990;
Sokal and Rohlf 2003). Dendrograms of the Euclid-
ean distances by the Ward method between popula-
tions were constructed to check their affinities re-
vealed in discriminating analysis (Karoński and Ca-
liński 1973; Sokal and Rohlf 2003). Both analyses:
discrimination and cluster were made on the charac-
ters obtained from the ratio (characters 10–17). Stu-
dent’s test was carried out to determine which of the
17 analyzed characters influence on the differentia-
tion of Juniperus phoenicea on two subspecies (Łom-
nicki 2003).

To assess the relationship between the two dis-
tance matrices: geographical and biometric, accor-
dance with the procedure presented by Smouse et al.
(1986, 1992, by Peakall and Smouse 2006), the Man-
tel test was used (Mantel 1967). The correlation coef-
ficients were examined whether there is a statistical
correlation between the Mahalanobis distances ob-
tained for the analysis of biometric data and geo-
graphical distance calculated from geographic coordi-
nates using MapInfo software.

Table 1. Studied populations of Juniperus phoenicea

No. Acronym Locality Longitude
and latitude Altitude [m] Number of

specimens

1 MOR_6 Morocco, High Atlas, AitLekak, near Tadmamt,
on the N-E from Oukaimeden

N 31o15’45”

W 07o50’00”

1600 30

2 MOR_7 Morocco, sandy coast near Kenitra N 34o14’16”

W 06o38’55”

20 30

3 MOR_8 Morocco, High Atlas, Agouti N 31o38’20”

W 06o29’35”

2000 29

4 PORT_3 Portugal, Peniche, on the S-E from Playa de Consolacão N 39o19’40”

W 09o21’32”

10 30

5 PORT_4 Portugal, Cabo de Espichel N 38o24’48”

W 09o12’33”

100–150 30

6 PORT_5 Portugal, 1 km on the S-E from Troy (Setubal) N 38o26’55”

W 08o50’25”

25 30

7 SP_2 Spain, Aragon (Maestrazgo), Teruel, Sierra de
Nogueruela, on the E from Rubielos de Mora

N 40o10’38”

W 00o37’17”

1100 30

8 SP_6 Spain, Sierra de Valdancha, Cintorres and Portella
de Morella, on the S-W from Morella

N 40o33’15”

W 00o14’48”

1100 30

9 IT_2 Italy, Cabo Rizutto, on the S from Crotone N 38o53’55”

E 17o05’54”

10 30
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Results
The characters, except the number of recta (charac-

ter 1) and the cone scale number (character 4), have a
unimodal or very close to unimodal frequency distri-
butions. This enables the further statistical analyses.

The values of variation coefficient of the characters
differed only slightly between subspecies and particu-
lar populations. The seeds size (character 6 and 7)
and characteristics of shoots (character 8 and 9) are
more variables for J. phoenicea subsp. turbinata, while
the numbers of recta (character 1), cone scales (char-
acter 4) and seeds (character 5) are strongly variables
for J. phoenicea subsp. phoenicea. Generally, the most
stable features for all populations are the diameter of
cone (character 3), with the variation coefficient rang-
ing from 8.19% (PORT 3) to 11.47% (MOR 6) and
the thickness of the ultimate lateral branchlet and
leaves (character 9), with the variation coefficient be-
tween 10.51% (PORT 4) and 15.38% (MOR 7). The
most variable character of each population is the num-
ber of seeds (character 5) with the variation coefficient
ranging from 16.80% (MOR 6) to 29.61% (SP 6).

Correlations between measured characters (Table
3) shows, that most of them are correlated statistically
significantly at level p = 0.01. The most positively cor-
related are characteristics of cones and seeds: the
length of cone (character 2) with the diameter of cone
(character 3) and with the length of seeds (character

6), the number of recta (character 1) with the cone
scale number (character 4) and the length of seed
(character 6) with the width of seed (character 7).
Generally, the values of the traits describing leaves and
branchelts (characters 8 and 9) did not correlate or
only slightly correlate with traits of cones and seeds.

In particular populations the correlations between
characters are similar. It is interesting that correlation
between the cone scale number (character 4) with the
number of seeds (character 5) are significant in each
population.

All analyzed characters differentiate statistically
significant (p = 0.05) 9 populations of J. phoenicea.
The most important are the length and width of seed
(character 6 and 7) and the length of cone (character
2) (Table 2 – Tukey’s T-test).

The Mantel test showed a statistically insignificant
relationship (p = 0.1) between the Mahalanobis and
geographical distances (Fig. 2). The average correla-
tion coefficient was Rxy = 0.365. The graph shows
only 13.31% explained variance. The relationship
with the logarithmic function (Rousset 1997) ex-
plains more – 22.79% of the explained variance.

The analysis of discriminating function for 9 popu-
lations showed that the ratio of thickness of branch-
let/number of leaves (character 14), the ratio of cone
length/number of leaves (character 16) and the ratio
of cone diameter/seed width (character 13) were dis-
criminating among individuals and populations at

Table 3. Correlation coefficient between 9 measured characters of Juniperus phoenicea (character numbers as in Table 2;
* – significance level p = 0.05; ** – significance level p = 0.01)

Character 1 2 3 4 5 6 7 8

2 –0.02

3 0.13** 0.75**

4 0.72** 0.18** 0.24**

5 0.38** 0.08** 0.28** 0.41**

6 –0.10** 0.74** 0.56** 0.02 –0.13**

7 –0.09** 0.54** 0.47** 0.04* –0.12** 0.65**

8 0.07** –0.32** –0.11** 0.01 0.10** –0.32** –0.21**

9 0.01 –0.06** –0.04 0.07** 0.00 –0.07** 0.00 –0.17**

Fig. 2. Result of the Mantel test based on Mahalanobis distances and geographical distances, showing correlation between
them for 9 populations of J. phoenicea
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highest level, with the partial Wilks’ lambda values of
0.47, 0.51 and 0.52, respectively (Table 4). All the an-
alyzed features influenced statistically significant on
the discrimination between groups. The first discri-
minant variable (U1), covering almost 57% of the to-
tal variability, was determined mostly by the ratio of
cone scale number/cone length (character 17). The
second discriminant variable (U2) covering more than
19% of total variability was determined by the ratio of
cone length/diameter (character 10). The third discri-
minant variable (U3), covering more than 9% of total
variability, was determined mostly by the ratio of
cone diameter/number of seeds (character 12). The
graph made between U1 and U2 shows that all individ-
uals from 9 populations form two separate groups
(Fig. 3). The individuals from Spain populations form

smaller and more homogeneous group, distinct from
the other of the first discriminant variable. Variations
between individuals of the second separating group
were checked on the graph made between U2 and U3.
In the space between them, average values calculated
for the 7 populations form 3 overlapping groups, as-
sociated with their origin (Fig. 4). Moroccan attempts
seem to be the most distinct to population from Italy
(IT 2). Between this two groups are populations from
Portugal.

The closest Euclidean distances between mean val-
ues for 9 analyzed populations agglomerated them in
two main groups (Fig. 5). The first one consist sam-
ples from Morocco, Italy and Portugal included into
subsp. turbinata, the second includes two populations
from Spain gathered as subsp. phoenicea. Student test

Table 4. Discriminant power testing for 8 calculated characters of Juniperus phoenicea (p – levels of significance)

Character Wilks’ lambda p

10 Ratio of cone length/diameter 0.75 0.000000

11 Ratio of seed length/width 0.65 0.000000

12 Ratio of cone diameter/number of seeds 0.57 0.000000

13 Ratio of cone diameter/seed width 0.52 0.000000

14 Ratio of thickness of branchlet/number of
leaves 0.47 0.000000

15 Ratio of cone diameter/number of recta 0.65 0.000000

16 Ratio of cone length/number of leaves 0.51 0.000000

17 Ratio of cone scale number/cone length 0.75 0.000000

Fig. 3. Result of the discriminant analysis based on 8 characters obtained from the ratio (characters 10–17) of individuals of
J. phoenicea, on the plane of the two first discriminant variables, which accounted 76% of the total variation
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Fig. 4. Result of the discriminant analysis based on 8 characters obtained from the ratio (characters 10–17) of mean value of
7 populations of J. phoenicea subsp. turbinata, on the plane of the second and third discriminant variables, which accounted
28,4% of the total variation

Fig. 5. Dendrogram constructed on the shortest Euclidean distances according to Ward’s method, showing connections
among 9 populations of J. phoenicea
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showed that all the characters, except one – the thick-
ness of the branchlet and leaves (character 9), statisti-
cally significantly differentiate two subspecies at the
level of significance p < 0.01 (Table 5).

Discussion
The biometrical analysis of 9 populations of Juni-

perus phoenicea from the western part of the range: Ibe-
rian Peninsula, North Africa and Italia shows impor-
tant taxonomic distances between them. Médail and
Diadema (2009) distinguished 3 types of Pleistocene
refugia in the Mediterranean region, 1) the most spa-
tially extended areas located on medium altitudes
(400–800 m a.s.l.), less dry and less cold than adja-
cent areas, 2) more spatially limited but relatively
common in the deep gorges and closed valleys charac-
terized by higher humidity and higher temperatures
and 3) in low-level valley bottoms, on the coastal
plains and wetlands, in humid and warm places.
About 20 of the 52 refugia of Tertiary floras were de-
scribed from Spain, Portugal, Italy and Morocco – the
areas of our study (compare Table 1 with Médail and
Diadema 2009, Fig. 1: 1336). It shall be expected that
occurrence of J. phoenicea in different types of refugia
during cold periods of Pleistocene had a significant
impact on reported differences between 9 analyzed
populations (Table 2 – Tukey’s T-test) and between
two subspecies (Figs 3 and 5, Table 5).

The discrimination analysis and cluster analysis
showed clear differences between populations from
Spain (SP 2 and SP 6) and populations from Portugal,

Italy and Morocco. These results confirm the mor-
phological, biochemical and genetic differences be-
tween J. phoenicea subsp. phoenicea and subsp. turbinata
(Lebreton and Thievend 1981; Lebreton 1983; Lebre-
ton and Rivera 1989; Lewandowski et al. 2000; Ad-
ams et al. 2002; Mazur et al. 2003; Meloni et al. 2006;
Boratyński et al. 2009) and allow to distinguish them.
On the basis of the Student test it was found that this
diversity is influenced by characters of cones, seeds
and leaves. As in previous studies by the other au-
thors (Amaral Franco 1986; Mazur et al. 2003; Farjon
2005) this study also showed that the cones and seeds
of the subspecies J. phoenicea subsp. phoenicea are smal-
ler, with more flattened shape and the diameter (cha-
racter 3) larger than the length (character 2). Cones
of J. phoenicea subsp. turbinata are more spherical and
slightly elongated with a length (character 2) larger
than the diameter (character 3).

Mantel test showed no statistically significant rela-
tionship between Mahalanobis distances and geo-
graphical distances among the compared 9 popula-
tions of J. phoenicea (Fig. 2), differently than it has
been demonstrated for other organisms, including
humans (Manni et al. 2004; Boattini et al. 2007;
Kuehn et al. 2007; Brown and Stepien 2009; Dzialuk
et al. 2009). Relatively low percentage of explained
variance in the Mantel test can be explained by rela-
tively low diversity of abiotic environmental condi-
tions, particularly in the coastal zone of the Mediter-
ranean, and thus the lack of diversity of environmen-
tally-oriented processes of evolution within even the
most geographically distant populations. It may also

Table 5. Results of Student’s test for mean values of investigated characters (1–17) in the Juniperus phoenicea subsp. phoenicea
and subsp. turbinata (SD – standard deviation, p – levels of significance)

Character Mean ± SD
subsp. turbinata

Mean ± SD
subsp. phoenicea

t p

Number of recta (4 or 6) 4.20 ± 0.5938 4.56 ± 0.9004 –11.7826 0.000000

Length of cone 9.94 ± 1.2118 7.94 ± 0.9742 37.2399 0.000000

Diameter of cone 9.58 ± 1.1481 8.68 ± 1.0369 17.3308 0.000000

Cone scale number 8.94 ± 1.4513 9.12 ± 1.8879 –2.5827 0.009856

Number of seeds 6.22 ± 1.5715 8.09 ± 2.2509 –23.1444 0.000000

Length of seed 5.15 ± 0.6745 3.93 ± 0.3904 42.2957 0.000000

Width of seed 2.72 ± 0.4150 2.23 ± 0.2558 27.6015 0.000000

Number of leaves per 5-mm section of ultimate lateral
branchlet

23.29 ± 3.6651 25.85 ± 3.3698 –15.3306 0.000000

Thickness of the ultimate lateral branchlet and leaves 0.76 ± 0.1070 0.76 ± 0.1043 0.0791 0.936940

Ratio of cone length/diameter (2/3) 1.04 ± 0.1040 0.91 ± 0.0479 29.0531 0.000000

Ratio of seed length/width (6/7) 1.92 ± 0.2762 1.78 ± 0.2023 11.4341 0.000000

Ratio of cone diameter/number of seeds (3/5) 1.62 ± 0.3747 1.14 ± 0.2792 29.1167 0.000000

Ratio of cone diameter/seed width (3/7) 3.58 ± 0.5606 3.93 ± 0.5209 –13.7095 0.000000

Ratio of thickness of branchlet/number of leaves (9/8) 0.03 ± 0.0077 0.03 ± 0.0065 10.2434 0.000000

Ratio of cone diameter/number of recta (3/1) 2.31 ± 0.3469 1.95 ± 0.3241 22.9107 0.000000

Ratio of cone length/number of leaves (2/8) 0.44 ± 0.0984 0.31 ± 0.0588 30.0474 0.000000

Ratio of cone scale number/ cone length (4/2) 0.91 ± 0.1626 1.15 ± 0.2160 –30.1340 0.000000
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be a result of a single, rapid colonization from an ini-
tial population, for example during the Messinian Sa-
linity Crisis, which was the period when the Mediter-
ranean Sea evaporated, partly or completely, during
the Messinian period of the Miocene epoch, 5.96 mil-
lion years ago (Bocquet et al. 1978; Verdu et al. 2003;
Kovar-Eder et al. 2006; Favre et al. 2007) and the sub-
sequent evolution of isolated, at least partially, popu-
lations to restore the Mediterranean Sea.

In spite of lack of geographical pattern of species
variation, the easternmost population from examined
of Juniperus phoenicea subsp. turbinata from Italy is dif-
ferent from the others (Figs 3 and 4). It can indicate
the longer isolation by distance and accumulation of
differences, as in case of isoenzymatic study (Bora-
tyński et al. 2009). The differentiation of J. phoenicea
subsp. turbinata indicate also differences between
Portugal and Moroccan populations (Fig. 4), which
indicate the role of Gibraltar Strain in differentiation
of the species, similarly as in case of Junupierus thuri-
fera (Romo and Boratyński 2007; Terrab et al. 2008)
and of Abies pinsapo and A. marocana (Terrab et al.
2007).

In conclusion it can be assumed that biometrical
analysis confirmed the older data on intraspecific
structure of Juniperus phoenicea and indicated a role of
the Gibraltar Strain in the species differentiation.
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