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Abstract: Junipers face multiple threats induced both by climate and land use changes, impacting
their expansion and reproductive dynamics. The aim of this work is to evaluate the ecological
status of Juniperus foetidissima Willd. forest stands in the protected Natura 2000 site of Mt. Oiti
in Greece. The study of the ecological status is important for designing and implementing active
management and conservation actions for the species’ protection. Tree size characteristics (height,
breast height diameter), age, reproductive dynamics, seed production and viability, tree density, sex,
and habitat expansion were examined. The data analysis revealed a generally good ecological status
of the habitat with high plant diversity. However, at the different juniper stands, subpopulations
present high variability and face different problems, such as poor tree density, reduced numbers of
juvenile trees or poor seed production, inadequate male:female ratios, a small number of female trees,
reduced numbers of seeds with viable embryos, competition with other woody species, grazing, and
illegal logging. From the results, the need for site-specific active management and interventions is
demonstrated in order to preserve or achieve the good status of the habitat at all stands in the region.

Keywords: juniper; subpopulations; reproductive dynamics; spatial distribution; seed production;
tree density; seed productivity; ecological evaluation

1. Introduction

The Mediterranean Basin is one of 34 world biodiversity hotspots [1–3]. Ecosystem
profiles have pointed out that the unique climate and habitat heterogeneity found in the
Mediterranean Basin, together with historical factors and differentiation of the flora itself,
have resulted in the region’s floristic richness. Among the European countries belonging to
this region, Greece is one of the most species-rich, with more than 7000 native plant taxa,
of which 20% are endemic [4–7].

Juniperus L. 1753 is a genus of conifers belonging to the family Cupressaceae. The genus
Juniperus consists of up to 68 species around the world [8,9]. J. foetidissima Willd. 1806,
known as stinking juniper, is like all species of the Juniperus genus, an aromatic, drought-
resistant, bioecious, wind-pollinated, evergreen plant. Adult trees are medium-sized and
6–25 m high, with a stem diameter up to 2.5 m and two forms of leaves [9,10]. In the past,
its wood was used in furniture manufacturing and more rarely as firewood [11].

The juniper populations in Europe are declining in size and number, e.g., in Bel-
gium, the Netherlands, northern and western Germany, England, and the Mediterranean
mountains [12–14]. Specifically, in the Mediterranean, summer drought seems to be a key
factor for low regeneration in junipers [13,15], which is also constrained by the limited
availability of suitable sites, the greatly reduced seed viability due to seed abortion and pre-
dation [16,17], and by wildfires and clearances [18]. Doğan et al. [19] mention a significant
decrease in forest areas occupied by juniper forests (J. excelsa M. Bieb. 1798 and J. foetidis-
sima) in Turkey. However, the northern juniper sites in Europe (subarctic populations)
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grow in more favorable environments, with fewer and less intensive limiting factors [17],
presenting good regeneration e.g., in the Alps, Scandinavia, and Poland [20–22].

In Greece, eight species of junipers are found: J. communis L. 1753, J. drupacea La-
bill. 1791, J. excelsa, J. foetidissima, J. macrocarpa Sm. in Sibth. & Sm. 1816, J. oxycedrus L.
1753, J. phoenicea L. 1753, and J. sabina L. 1753 [5,23,24]. J. foetidissima is more abundant
than other Juniperus species, and forms a significant population in several Greek moun-
tains [25,26]. From the dynamic view, J. foetidissima forests should be considered as a
disadvantageous evolution of fir forests, where the fir holds a significant presence in its
communities [25,27–29].

J. foetidissima trees form pure or open forests, and can also be found to grow as
individuals within other formations dominated by Juniperus, Cedrus Trew 1757, Abies
Mill. 1754, Pinus L. 1753, Phillyrea L. 1753, or Quercus L. 1753 species [19,30]. The J.
foetidissima species is spreading in southeast and east Europe, Caucasus, and West and
Central Asia [11,31,32] at altitudes from 700 to 2000 m a.s.l., mainly above shallow rocky
soils [11]. Even though, according to the IUCN Red List of Threatened Species, Juniperus
spp. is consider as a “least concern” and not globally threatened [11], Juniperus is listed as
a priority habitat by the European Union [11,33,34]. J. foetidissima is protected in several
areas of the world, either as forests, forest stands, habitats formations, or even as individual
large trees [11,35].

The ecological status evaluation of the juniper woodlands and information about
their distribution, size structure, sex, health status, regeneration, and seed germination
are key factors for their conservation, but the research on juniper forests status is, in
general, limited. Even more limited worldwide is the research concerning J. foetidissima,
focused on the species’ essential oil characteristics [36–39]. However, in the last few
years, the research has been extended, and scientific programs are being implemented
in the Mediterranean, focusing on ways to prevent the further degradation of juniper
woodlands (mainly in protected Natura 2000 sites) and to improve the ecological status
of the populations. Indicatively, LIFE+ Nature Projects, funded by the EU, are or were
implemented in Greece (e.g., Junicoast in Crete and the South Aegean Sea [40], JunEx in
Prespes [41], and ForOpenForests in Mt. Oiti [42]), in Spain (Juniperus Tenerife in the
Canary Islands [43]), in Cyprus (Junipercy [44]), etc., which include actions for the study
and conservation of juniper priority habitats.

The main threats for J. foetidissima populations, according to the IUCN [11], are ecosys-
tem degradation and conversion, reduced reproductive success, and species mortality
induced by grazing, farming, and wildfires [11]. Research findings indicate that juniper
woodlands are predicted to face decline in the future [13,45]. In many regions, junipers
are already facing threats by drought, climate change, urban development, recreational
activities, and commercial uses [46], or even by quarantine pathogens [47]. They are near
threatened in central Asia [45,48] and endangered in Oman, with very low regeneration [49]
and germination rates [45]. In the Canary Islands, juniper woodlands’ degradation is oc-
curring due to human activities [50]. Reduction of the stock density of junipers due to
logging, clear cutting, overgrazing, soil erosion, and recreational activities is also addressed
by other researchers [45,51].

Drought and heat stress endorsed by climate change were identified as causes of
forest mortality worldwide [52,53]. Climate change is found to affect tree phenology [54].
However, De Vries et al. [55] mention that the climate change effect on long-lived trees (like
J. foetidissima) is difficult to predict, since they are affected by changes in species competition
and pest and diseases dynamics. Climate change, mainly due to precipitation decrease
and/or temperature increase, also affects the competition between plant species, limits
seed dispersal, and enhances pathogens, leading to density reduction [46,56–58]. Gruwez
et al. [59] address the issue of climate warming impact on the reduction of seed viability of
junipers. According to Al Haddabi and Victor [45] and Maclaren [60], the already-occurring
climate change will result in not only a general decrease in vegetation density, but also a
significant possibility for juniper’s extinction in Oman within the next few decades.
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Mt. Oiti has a complex hydrogeology, which, together with rare geomorphology, create
sinkholes, deep gorges, caverns, springs, seasonal ponds, and rivers. It is characterized by
unique flora, fauna, and other forms of life, some of them rare, and it is the southern-most
distribution limit of several plant species, like Caltha palustris L. 1753 and Trollius europaeus
L. 1753. Moreover, it is important for biodiversity at the European level, and, for this reason,
it has been designated as a European Council Biogenetic Reserve. A total of 13 habitat
types of Annex I Dir. 92/43/EEC have been recorded on the site, and four of them are
priority ones (3170*, 6230*, 9530*, 9560*) including junipers [34].

In this study, the ecological status of the J. foetidissima marginal population on the
Natura 2000 site of Mt. Oiti in central Greece was assessed by processing distribution,
size, structure, sex, age, and regeneration data of the habitat (9560* endemic forests with
Juniperus spp.), performing a general evaluation based on scarce measurements of the tree
density, female tree density, seed productivity, and the percentage of juvenile trees in each
stand. The results could be useful for the overall assessment of the ecological status of the
specific priority habitat, and also for identifying the stand-specific characteristics within the
site of Mt. Oiti, which require the implementation of different management interventions
in order to be sustained, both in terms of conservation and restoration.

2. Study Site and Methods
2.1. Study Site

Mt. Oiti is a mountain of high ecological importance, which, however, belongs to the
less explored areas of Greece [28]. The area is extended between latitudes 38◦5′21.12′′ N
and 38◦52′28.887′′ N and longitudes 22◦13′30.68′′ E and 22◦21′49.46′′ E in central Greece,
and was declared as the National Park of Mt. Oiti in 1966 by Royal Decree N.218 (published
in Greek Government Gazette 56/12.3.1966). It is a Natura 2000 site (Figure 1), protected
by the EU as a SCI (GR2440004), SPA (GR2440007), and IBA (GR 104) region. Its total
area is about 7000 ha, consisting of the core strict nature protection zone (3370 ha) and the
peripheral zone (3630 ha).

The vegetation of Mt. Oiti mainly includes Abies cephalonica Loudon 1838 forests,
covering appr. 50% of the whole mountain. Another significant presence is that of Quer-
cus frainetto Ten. 1813 forests, together with mixed fir and oak ones, mostly in the southern
and western parts of the area. It should also be noted that high altitude grasslands and
rocky pastures cover approximately 10% of the study area [61].

The priority habitat 9560* with J. foetidissima in Mt. Oiti is presented as marginal and a
successor to the upper limits of the fir range [27,28,62]. It grows on limestone substrates,
where the soil appears strongly eroded and degraded, usually with a horizon rich in organic
matter. The presence of the habitat was confirmed at 10 locations inside the protected zone
of Mt. Oiti (Figure 1). The habitat is referred under the code 5210 “Arborescent matorral
with Juniperus spp.”, described as “Mediterranean and sub-Mediterranean evergreen scle-
rophyllous scrub organized around arborescent junipers”, sub-type 32.133, “J. excelsa and
J. foetidissima arborescent matorrals”, and described as “Arborescent matorrals of Greece,
Anatolia and the Near East, dominated by J. excelsa or J. foetidissima”, according to The
Interpretation Manual of European Union Habitats—EUR28, which was adopted in order
to help clear any ambiguities in the interpretation of the Annex 1 92/43/EEC [33].

The climate of the region is a Mediterranean type, characterized by a dry period of
about four months beginning in mid-May and ending in mid-September, according to the
pluvio-thermic diagram of the region (Figure 2). From the data recorded at the nearest
meteorological station of Agathonos Monastery (38◦52′2” N, 22◦12′16” E, alt. 533 m),
during the time period 1994–2004, the average annual air temperature in the region is
13.7 ◦C, varying from 5.5 ◦C in winter to 23.5 ◦C in summer. The hottest month of the year
is July (24.2 ◦C), while December is the coldest (5.8 ◦C). The average annual precipitation is
790.2 mm, distributed unevenly between seasons (336.1 mm in winter, 201.9 mm in spring,
59.0 mm in summer, 139.2 mm in autumn), while June is the driest month (12.2 mm) of
the year.
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Figure 2. Pluvio-thermic diagram derived from climatic data obtained from the meteorological
station of Agathonos Monastery (38◦52′2” N, 22◦12′16” E, alt. 533 m) of the time period 1994–2004.

2.2. Plot Design and Data Collection

For studying the forest status of the J. foetidissima population in Mt. Oiti, biometric
data were recorded. For the data collection, field trips were conducted during the years
2013, 2014, and 2015. A total of 10 forest stands of the species was identified within the
NATURA 2000 core and peripheral zone, covering a total area of about 140 ha. Specifically,
the presence of the habitat 9560* with J. foetidissima was confirmed at 10 sites: “Fakitsa”
(46 ha), “Trapeza” (7 ha), “Profitis Ilias” (10 ha), “Tsouka” (11 ha), “Matakia” (14 ha),
“Zapantolaka” (12 and 7 ha), “Amaliolaka” (16 ha), “Aconorachi” (5 ha), and “Stenovouni”
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(19 ha) (see Figure 1). In each site, at least one representative plot of 0.1 ha was established
(Appendix A, Table A1).

In each of the 12 established experimental plots, the exact positions of juniper trees
were recorded, and measurements of diameter at breast height, tree height, population
density, sex, geological substrate, soil characteristics, inclination and exposure, estimates
of the reproductive effort, and age were also conducted. An additional number of trees
outside the established plots was measured in order to enhance the reliability of the
extracted results. In total, more than 1500 points of the trees, either isolated or within
stands, were recorded with the use of a GPS devise in all locations where J. foetidissima
was detected in order to map their expansion; 528 of these trees, all located inside the
plots, were used as a sample in order to investigate the forest status at all regions within
the Natura 2000 core zone. The rest of the trees, approx. 1000 outside the plots, were
marked only for mapping the habitat, following at least five transects around each plot.
Additionally, tree cores were extracted to determine the tree age.

For the reproductive status assessment, female cones were randomly collected by
hand from all plots and from different parts of the trees (higher and lower parts of the
canopy and at different aspects). From 1015 berries, the seeds were extracted by hand and
the embryos were examined by eye in order to determine the number of seeds per cone
and the percentage of full seeds with present alive (not dried) embryos.

2.3. Data Analysis

For the estimation of age and growth rates of J. foetidissima trees in each plot, the trees
were categorized into seven groups of diameter (<10 cm, 10–20 cm, 20–30 cm, 30–40 cm,
40–50 cm, 50–60 cm, >60 cm) and six groups of height (<2 m, 2–4 m, 4–6 m, 6–8 m, 8–10 m,
>10 m). From each diameter category, an increment core from a representative tree at
each plot was taken for analysis for the age confirmation. Tree cores were not taken from
young trees with diameters less than 10 cm. Thus, a total number of 54 tree cores were
extracted at breast height, and annual tree rings were counted. The ages of the trees were
estimated using the tree height and breast diameter, along with the annual ring data taken
in each plot.

For determining the sex of the trees, four categories were occupied: (a) males for
trees bearing cones, (b) females for trees bearing berries (female cones), (c) ambisexual for
trees bearing both male cones and female berries, and (d) not determined for trees bearing
neither cones nor berries.

The female trees’ cone coverage was estimated by eye [45,63] using a three-point scale
(1, 2, 3), with 1 representing low, 2 moderate, and 3 abundant coverage. A representative
female tree of the moderate category (2) was used as an index tree in order to estimate
the number of seeds per female reproductive tree and per area unit within each plot. All
berries from this index tree were collected and counted. The following assumptions were
adopted: (a) all berries of the tree (1727) were uniformly distributed at the trees’ foliage
surface, (b) the juniper trees’ crown shape was similar to that of a cone, so the foliage
surface was equal to π r (r2 + h2)0.5,where h represents the tree height and r the radius of
the cone’s base, which was estimated to be about one-third of the tree’s height (Figure 3),
and (c) the trees belonging to the low female cone coverage category (category 1) had 50%
less berries than those of the moderate category (category 2), while the trees belonging at
the abundant category (category 3) carried 50% more.

The similarities and dissimilarities between the junipers’ subpopulations were investi-
gated by applying a hierarchical analysis (dendrogram using Ward linkage) based on four
critical parameters: (a) tree density, (b) female tree density, (c) estimated seed production
per surface unit, and (d) the percentage of young trees with dbh less than 10 cm. The IBM
SPSS Statistics package version 23 was used for conducting the statistical analysis [64].

A trend analysis was performed in order to assess current climate changes by using
long series data (1973–2010) from the near, though altitudinal lower, station of Lamia
(lat. 38.9, long. 22.4, Alt. 144 m), established by the Hellenic National Meteorological
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Service. The trends and their statistical significance were calculated with the Mann–Kendall
test [65,66] for different confidence levels, and the linear slopes were estimated by using
the non-parametric Sen’s slope method [67,68].
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3. Results and Discussion
3.1. Climate Change Trends

Since 1900, the climatic conditions in the region have become more arid [69]. The
trend analysis was performed for the annual values of minimum, maximum, and average
air temperature, and also for the annual precipitation. Significant changes were detected
for the maximum (Z = 3.44, p < 0.05) and average (Z = 2.07, p < 0.001) temperature values,
while the changes in minimum temperature and precipitation were not significant. Both
average and maximum temperatures have been increasing since 1973, with rates 0.36 ◦C
and 0.46 ◦C per decade, respectively. Such a climatic pattern in the region is expected to
affect the current local distribution and ecological status of the J. foetidissima population. If
the identified trends persist in the future, it is possible that this will lead to changes in the
species expansion, especially at its lower altitudinal ranges, considering also the strong
impact of meteorological variations and drought episodes on tree growth rates [70,71].

3.2. Subpopulations Distribution and Density

J. foetidissima populations in Mt. Oiti are presented as rather small patches (with
areas varying from 5 ha in “Aconorachi” to 46 ha in “Fakitsa”), covering a total area of
about 140 ha and distributed randomly in the core and the peripheral zone of the Natura
2000 site. It seems that the protection of the site induced the total lack of vegetation
management, thus resulting in a great expansion of the A. cephalonica forest and increasing
the competition with the J. foetidissima stands, which kept their distribution to less fertile
rocky soils with small soil depths. This pattern is not expected to be stable within the
next few decades, since A. cephalonica individuals are expanded quickly, threatening the
presence of other species, including junipers. The competition of juniper populations with
other woody species (mainly J. phoenicea and Pinus brutia Ten. 1811–1815) is also underlined
by Thanos et al. [72] for J. macrocarpa in Greece, who acknowledge pines as a considerable
threat for juniper habitats due to higher rates in growth, increased seed production, easily
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germinable seeds, and soil modifications induced by the deposition of pine needles. It
should be noted, however, that pines have a much higher dispersion rate than firs given
their smaller seeds and their opportunistic nature, whereas J. foetidissima is a long-lived
species. These factors indicate that the impact of fir expansion in Mt. Oiti is expected to be
less intense compared to other juniper species competing with pines.

The average density is 190 (±13.9) trees per ha, but with great variability between
plots, from 30 in “Trapeza” and “Amaliolaka (b)” to 417 in “Amaliolaka (a)”. However,
such densities are considered rather high compared to other juniper species in other areas.
More specifically, Gardner and Fisher [73] found that junipers in Oman (J. seravschanica
Kom. 1932) formed woodlands with a maximum density of 150 trees/ha, whereas Al
Haddabi and Victor [45] mentioned for the same region 20 years later that tree densities
varied between different zones from 14.56 (±2.29) to 21.7 (±2.85) due to soil degradation
(erosion) induced by human activities. Furthermore, Thanos et al. [72] mentioned densities
varying from 43 to 145 trees per ha for J. macrocarpa in Greece.

3.3. Trees Size and Structure

In general, juniper trees on Mt. Oiti are distributed in all height categories, though
with small height trees dominating. The tree heights in the region are only indicative of
the trees’ age, since the site is suffering from extensive illegal logging of the tree branches
(main or lateral limbs), thus affecting their heights. About 49% of the total number of trees
had heights less than 4 m, while 30% less than 2 m. Adult individuals with heights between
4 to 10 m represented 47% of the total sample, and very high trees with heights above 10 m
represented 4%. This pattern indicates that the population dynamics are, in general, in
good status, with all tree classes represented and short (young) trees dominating, while
adults and very high (old) trees were also found in adequate percentages. However, this
general pattern differed among juniper subpopulations, presenting great variability. The
tree distribution per height category in each plot is shown in Figure 4. In some plots
(e.g., “Amaliolaka (a)”, “Fakitsa (a) and (b)”, and “Stenovouni”), short trees with heights
less than 2 m were dominating, while in others, they were in very low percentages (e.g.,
“Trapeza”, “Profitis Ilias”, and “Zapantolaka (a)”) or even totally absent (e.g., “Zapantolaka
(b)”, “Matakia” and “Amaliolaka (a)”). Very high trees with heights above 10 m were totally
absent (at seven of 12 plots) or rare (at three of 12 plots) at most plots, while in “Zapantolaka
(b) and (a)” they represented a significant percentage (14%) or even dominated (55%) the
local subpopulations.
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Figure 4. Percentage distribution of J. foetidissima trees to height classes at different regions of the
study area.
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The diameter at breast height (dbh) is a more adequate measure for studying the
status of tree sizes compared to height, mainly due to branch logging from the trees in
the study area. However, dbh correlated well with the tree height, as shown in Figure 5
(linear correlation: dbh = 6.519, height—9.096, R2 = 0.542). Additionally, the trees’ ages
were better correlated with dbh than height (age = 1.75, dbh = 1.094, R2 = 0.492).
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In general, the juniper population in the study area consisted mainly (30.4%) of trees
with a dbh less than 10 cm, while very large trees with a dbh above 60 cm represented 12%.
This average distribution is highly varied among different juniper subpopulations within
the plots (Figure 6). Young trees with a small dbh (bellow 10 cm) dominated (e.g., by 62%
in “Amaliolaka”, 55% in “Fakitsa (a)”, and 54% “Fakitsa (b)”) or constituted significant
percentages (e.g., 42% in “Stenovouni”, 40% in “Matakia”, 33% in “Akonorachi” and
“Amaliolaka (b)”, and 24% in “Tsouka”), while in others had low percentages (e.g., 13%
in “Trapeza” and 9% in “Zapantolaka (a)”) or even zero percentages (e.g., “Zapantolaka
(b)” and “Profitis Ilias”). On the other hand, very large trees with a dbh above 60 cm also
differed among areas, dominating in “Profitis Ilias” (55%) or even being absent in “Trapeza”,
“Zapantolaka (b)”, and “Amaliolaka (b)”. The highly varied juvenile representation is also
recorded for other juniper species in Greece, e.g., Thanos et al. [72] found percentages of
young J. macrocarpa trees varying from almost zero to 38.6%. Multi-stem trees are relatively
rare in the region. About 10% had two stems per tree, and only 1% had more than five. A
high percentage (about 82%) were single-stemmed.

3.4. Tree Sex and Reproductive Dynamics

For most of the examined trees, the sex was not definable, since they had neither female
berries nor male cones. They were mainly young, and thus not reproductive individuals,
or trees poor in health and not reproductively active. In 61.7% of the cases, trees were
characterized as not determined in terms of their sex definition. Male individuals baring
cones were 19.7%, and 18.6% were females bearing berries. The male and female trees
had slight morphological differences. The female individuals were slightly higher with
a greater dbh compared to the male ones, while they had no differences concerning their
numbers of stems.
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Figure 6. The percentage distribution of J. foetidissima trees according to dbh classes at different
regions of the study area.

The average male to female ratio was slightly male-biased at 1.2, though differed
significantly among the different regions. In five of 12 plots (“Amaliolaka (a)”, “Profitis
Ilias”, “Stenovouni”, and “Fakitsa (a) and (b)”), males dominated with male to female
ratios ranging from 1.4 to 3.3, while three plots (“Aconorachi”, “Zapantolaka (a)”, and
“Trapeza”) were dominated by females with male to female ratios between 0.4 and 0.7.
However, there were four regions (“Amaliolaka (b)”, “Zapantolaka (b), “Matakia”, and
“Tsouka”) where the two sexes were equally balanced. Additionally, only one ambisexual
individual was found, which had mainly male cones and only a couple of female berries.
The variance of the male to female ratio, even at the same region, is also discussed by Al
Haddabi and Victor [45] for juniper species (J. seravschanica) in Oman. In their study, even
though females were dominant at most of the plots they examined, they also found that the
ambisexual individuals were rare (about 5%), and those trees had mainly male cones and
a few female berries. Furthermore, Thanos et al. (2010) for J. macrocarpa subpopulations
in Greece mentioned the dominance of male individuals at two of the seven plots they
studied, while in the others, the male to female ratio varied between 0.97 and 1.12.

The average female tree density in Mt. Oiti was 37 trees per ha, but varied between
plots, from about 10 in “Tsouka”, “Amaliolaka (b)”, “Zapantolaka (b)”, and “Matakia” to
90 in “Aconorachi”. The female cone coverage was low for 43%, moderate for 37%, and
abundant for 20% of the examined female trees. The estimated average number of female
cones produced per ha was 310 thousand, greatly varying among plots, from 60 thousand
in “Amaliolaka (b)” to 862 thousand in “Zapantolaka (a)”. These findings are in line
with the estimated cone production of 20 cones per m2 in J. macrocarpa subpopulations in
Greece [72].

The number of seeds per cone was on average 2.54, but with a variability of 1–4 seeds
per cone. Most berries carried two (46.50%) or three (44.75%) seeds and rarely one or
four seeds (2.50% and 6.00%, respectively). Furthermore, an insignificant percentage of
0.25% was found with no seeds. Most of the produced seeds were empty, and only a small
percentage of 3.45% were full with present, not dried embryos. This is consistent with
the findings of Al Haddabi and Victor [45], who reported that a large number of seeds
produced by junipers is not viable, because of birds, rodents, soil erosion [74], and embryo
abortion. Chambers et al. [75] also associated the low seed production in junipers with high
levels of pre-dispersal seed predation and extensive seed abortion. The issue of embryos’
viability is quite important for the Mediterranean region, and it is also addressed by
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García et al. [17], who found high variability of the number of seeds per cone of J. communis
and that the filled seeds were less in the Mediterranean high mountains compared to other
European regions due to seed abortion and predation, leading to important limitations
in the natural regeneration of the juniper species [8,13,76–78]. The juniper populations in
Spain were also found to have lower fertility than in the northern ecosystems [79–82]. In
Greece, Thanos et al. [72] mentioned low percentages of live embryos and low germination
rates of J. macrocarpa.

4. Evaluation of J. foetidissima Ecological Status in Mt. Oiti

In general, juniper subpopulations in the study area are in good status. The averages
of trees and female tree densities are 190 and 37 trees per ha, respectively, indicating that
J. foetidissima in Mt. Oiti forms relatively dense stands. The regeneration dynamics are
also considered as adequate, with an estimated average seed production of 790 thousand
seeds per ha and a young tree percentage of about 30.4% on average. However, this
general pattern is highly variable between different populations. Thus, there are sites
where necessary measures must be undertaken in order to improve the status of the
juniper stands. Specifically, seven of the 12 plots (“Trapeza”, “Profitis Ilias”, “Tsouka”,
“Amaliolaka (b)”, “Matakia”, and “Zapantolaka (a) and (b)”) have similar (Figure 7a) low
(below average) tree density, while five of them (except for Zapantolaka (a) and Profitis
Ilias”) have also similar (Figure 7b) low female tree density. Some sites, such as “Trapeza”,
“Profitis Ilias”, “Tsouka”, and “Zapantolaka (a) and (b)”, suffer from low regeneration with
low percentages of younger individuals (presenting similarities, Figure 7d), while most
(“Trapeza”, “Profitis Ilias”, “Tsouka”, “Amaliolaka (a) and (b)”, “Matakia”, “Zapantolaka
(b)”, and “Stenovouni”) have low seed production (Figure 7c). The overall assessment
based on the subpopulation similarities in the tree density, presence of female trees, seed
production, and presence of juveniles indicate that “Fakitsa (a) and (b)”, “Zapantolaka
(a)”, and “Aconorachi” are significantly dissimilar compared to the other subpopulations,
conforming two distinctive groups (Figure 7e). The sites of “Fakitsa (a) and (b)”, “Profitsis
Ilias”, and “Tsouka” face threats from extensive illegal logging, while the more accessible
sites of “Matakia”, “Fakitsa (a) and (b)”, “Amaliolaka (b)”, “Zapantolaka (a)”, “Tsouka”,
and “Trapeza” suffer from cattle grazing. Grazing and illegal cuttings were also identified
by Milios et al. [83] as key factors in juniper forest degradation, even in protected areas
in Greece.

Most of the sites (eight out of 12) are growing above degraded rocky soils from
erosion, affecting the growth of juniper trees. Furthermore, in all plots, the expansion of
A. cephalonica in the future is expected to increase the competition against J. foetidissima. This
pattern affects not only the species growth rates and expansion, but also the flora composi-
tion of the habitat. It is known that even the degraded juniper woodlands are characterized
by outstanding plant species diversity e.g., [50]. In Mt. Oiti, the plant species composition
of the J. foetidissima woodlands includes a bushy floor with a height of 4–5 m, having an
average coverage of about 40% and not exceeding 60% and consisting of the following
woody plant species: A. cephalonica, Athyrium filix-femina (L.) Roth 1799, Daphne oleoides
Schreb. 1766, Fraxinus ornus L. 1753, J. foetidissima, Lonicera nummulariifolia Jaub. & Spach
1843, and Rosa pulverulenta M. Bieb. 1808. Furthermore, the forest floor vegetation coverage
does not exceed 60%, with an average of about 40%, consisting of a high number of plant
species that may be categorized into two main categories: (a) plant species of Stipo-Morinion
Quézel 1964 category (e.g., Achillea fraassii Sch. Bip. 1842, A. holosericea Sm. 1813, Aubrieta
deltoidea (L.) DC. 1821, Cerastium candidissimum Correns 1909, Pterocephalus perennis DC.
1823, etc.) found mainly in the core of J. foetidissima plant communities, where the species
dominates [84], and (b) species of the steady sequence of fir (e.g., Arrhenatherum elatius (L.)
J. Presl & C. Presl 1819, Helictotrichon convolutum (C. Presl) Henrard 1940, Geocaryum capilli-
folium (Guss.) Coss. 1851, Silene multicaulis Guss. 1826, Teucrium chamaedrys L. 1753, etc.)
in areas where clusters are mixed with firs [28,61]. It is noteworthy that the plants are of
crucial importance, as they reduce erosion and help conserve the soil of the study area.
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Moreover, the plant species are the primary habitat for other organisms (e.g., they provide
food, coverage, and shelter for the wildlife).
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Figure 7. Dendrograms with Ward linkage for the J. foetidissima subpopulations in Mt. Oiti based on
tree density (a), female tree density (b), estimated seed production per surface unit (c), percentage of
young trees with a dbh less than 10 cm (d), and all the above mentioned parameters (e).

From the above information, it is concluded that different management interven-
tions are necessary at different sites to establish the sustainability of juniper ecosystems.
De Vries et al. [55] proposed active management focused on improving growth and repro-
duction, reducing competition and shortening regeneration time, moving populations
from vulnerable areas to other areas with more favorable conditions, or creating a multiple
population breeding system [85]. Furthermore, Milios et al. [83] suggested for J. excelsa
in Greece forest management imitating grazing and illegal cuttings by the suppression of
other species through periodic cuttings and avoidance of controlled grazing because of
its impacts on soil degradation. However, the impact of grazing on the soil is critical for
habitat conservation, and recently, Perrino et al. [86] proposed an innovative methodology
with a grazing plan in protected areas. Additionally, Calaciura and Spinelli [87] proposed
certain actions and useful tools for the conservation of junipers (habitat 5210 Arborescent
matorral with Juniperus spp.), like controlled grazing aiming to moderate disturbances,
mowing and periodic cuttings for maintaining more open space in order to preserve mator-
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rals threatened by invasion/competition, fire prevention actions, etc. The authors, however,
acknowledge that overgrazing may have detrimental impacts, underlining the necessity for
continuous monitoring of the habitats’ ecological status and evaluation of the management
action effectiveness.
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Appendix A

Table A1. Plots, names and geographical coordinates.

Plot Name Latitude Coordinates Longitude Coordinates

Aconorachi 38◦50′52.88′′ N 22◦16′21.25′′ E
Amaliolaka (a) 38◦50′55.49′′ N 22◦15′38.62′′ E
Amaliolaka (b) 38◦50′51.96′′ N 22◦15′54.28′′ E

Fakitsa (a) 38◦48′38.66′′ N 22◦20′3.87′′ E
Fakitsa (b) 38◦48′29.67′′ N 22◦19′58.68′′ E

Matakia 38◦47′36.96′′ N 22◦18′57.22′′ E
Profitis Ilias 38◦48′0.53′′ N 22◦21′0.76′′ E
Stenovouni 38◦50′12.28′′ N 22◦18′45.76′′ E

Trapeza 38◦49′44.65′′ N 22◦16′50.47′′ E
Tsouka 38◦48′19.24′′ N 22◦20′56.60′′ E

Zapantolaka (a) 38◦50′41.73′′ N 22◦17′12.58′′ E
Zapantolaka (b) 38◦50′55.85′′ N 22◦17′31.62′′ E
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