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Abstract
& Key message Reforestation programmes have beenwidely
used inmany forest areas worldwide but scarcely compared
to nearby natural woodlands. As an example, we selected a
Pinus species devoted to the Mediterranean basin in order
to validate the naturalness of the plantations. We found
that natural Aleppo pine stands are more structurally
complex with more developed and diverse understory
compared to planted stands.

& Context Maintaining a large biodiversity is a major concern
for reforestation programmes in the Mediterranean basin,
which displays a large area of planted forests.
& Aims We compared mature planted forests (over 50 years
old) to nearby natural forests in relation to the structure, com-
position and diversity of the understory vegetation. An efficient
comparison method should provide guidelines to improve the
effectiveness of reforestation management programmes.
& Methods We selected three pairs of nearby planted and nat-
ural Pinus halepensisMill. stands in southeastern Spain along
a precipitation gradient and compared stand overstory struc-
ture (density, basal area and canopy cover), and understory
vegetation (plant cover, species richness and evenness index).
& Results Pine tree density was lower but basal area was
higher in natural stands than in the nearby planted stands.
Natural stands displayed also higher understory plant cover
and species richness, but no difference was found regarding
evenness. These differences were larger in the most mesic
sites and were due to the density and arrangement of the pine
tree cover.
& Conclusion These results provide (i) valuable information
for evaluating the success of reforestation programmes to rec-
reate natural forest ecosystems and (ii) guidelines for silvicul-
ture and management.

Keywords Aleppo pine . Natural stands . Plantations .

Mediterranean basin . Species composition . Ordination
analysis

1 Introduction

The areas of primary forest and other naturally regenerated
forests are decreasing and becoming increasingly fragmented,
while planted forests are increasing (e.g. between 2000 and
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2010, the global area of planted forests increased by about 5
million ha per year, accounting nowadays for 7% of total forest
area worldwide; FAO 2010). Apart from this, in western coun-
tries of theMediterranean basin, the reforestation of abandoned
marginal agricultural land is a major concern. Given the current
trend, a further rise can be anticipated in the area of planted
forests towards 300 million ha by 2020. Throughout the twen-
tieth century, planted forests were managed generally for tim-
ber and fibre production, but other purposes were also consid-
ered, e.g. soil erosion conservation and recreation specially in
dry areas (FAO 2010; Evans 2009). Nowadays, management
goals are becoming more ambitious as new aspects, such as
biodiversity (Paquette and Messier 2010) and carbon seques-
tration (Canadell and Raupach 2008), are being considered to
contribute towards multipurpose tree plantations.

Although forest plantations are complementary to natural
forest woodlands and not an alternative, their management is
of prime importance in order to appear less and less artificial
and to take on features of naturalness (mainly when composed
by native species). Objective tools to evaluate the status of
plantations as well as management strategies and guidelines
are needed by policy makers and forest managers, so that
planted forests would become more like natural forests in
terms of biodiversity and ecosystem functioning (Evans
2009). This is of prime importance in areas where extensive
plantations were implemented during the last century.

The Mediterranean basin, specifically the Iberian
Peninsula, contains large areas of planted forests with high
proportion of native species (mainly pines) which have been
widely used in order to recover the forest surface area lost over
thousands of years of human timber exploitation and conver-
sion to agricultural lands (Pausas and Austin 2001; FAO
2010). For example, in Spain, a vast reforestation and affores-
tation programme from 1940 to 1995 involved around 4.2
million ha of planted forests (Montero 1997) mainly for pro-
tective purposes (soil erosion mitigation, basin conservation
and increase of forest surface area). Approximately 80 % of
the plantations corresponded to native Pinus species, which
were chosen mainly for their fast-growing pioneer perfor-
mance to provide rapid ground coverage, mitigate soil loss
and to eventually facilitate the establishment of late succes-
sional hardwoods (Chirino et al. 2006; Zavala and Zea 2004).
Aleppo pine (Pinus halepensis) was the dominant tree species
used in the Iberian Peninsula dry regions (Montero 1997).
In these areas, Aleppo pine can be considered as a pioneer
species, usually on north-facing aspects where ecological
conditions allow the following establishment of evergreen
sclerophyll oaks, or as a climax species, commonly on
south-facing aspects with more xeric conditions and higher
fire recurrences (Gil et al. 1996; Maestre and Cortina 2004).
Nowadays, most of the pine plantations in southeastern Spain
are no longer exploited and have become abandoned pine
woodlands, in terms of forest management. Apart from this,

according to the Spanish Forest Inventory from 1986–1996
(the second inventory interval) to 1997–2007 (the third inter-
val), Aleppo pine forest area has largely increased in south-
eastern Spain (e.g. 80 % in the provinces of Murcia and
Albacete).

Monitoring and assessing plantation actions are a costly
process (Holl and Howarth 2000), and priorities may have
changed since the beginning of this enterprise (Maestre and
Cortina 2004). Such assessment should be based on updated
long-term objectives. For example, lack of post-planting op-
erations—due to high treatment costs, scarce public funding
and low timber values—has often resulted in overly dense
stands with arrested regeneration and succession (Madrigal
1998; Montero 1997). New guidelines for sustainable forest
management suggest that planted forests should be managed
to increase their naturalness (Montagnini 2005). Therefore, it
is useful to examine mature Aleppo pine plantations and to
assess their structure and function with respect to coetaneous
natural Aleppo pine woodlands.

The vast majority of vegetation diversity studies in Spain
have been conducted through large-scale national forest in-
ventories (Ruiz-Benito et al. 2012; Martin-Queller et al.
2011), which provide a very important source of information
on this scale. Other regional studies (Chirino et al. 2006;
Bellot et al. 2004; Maestre et al. 2003) conducted in dry
Mediterranean and semiarid regions in Spain have focused
mainly on comparing Aleppo pine plantations with natural
shrublands or grasslands, but not on comparing mature plan-
tations with natural Aleppo pine woodlands. Studies that com-
pare planted versus natural Aleppo pine stands, including
overstory and understory vegetation structure and composi-
tion, could prove extremely useful for future management
guidelines. To the best of our knowledge, no such attempt
has been made in southeastern Spain or in any other nearby
Mediterranean region.

Our general research aim was to compare vegetation diver-
sity, composition and structure in natural versus planted
Aleppo pine forests, and to identify possible environmental
and silvicultural causes for variation. We compared stand un-
derstory vegetation structure and floristic composition in ma-
ture planted versus natural Aleppo pine woodlands consider-
ing a geo-climatic range.

2 Material and methods

2.1 Study area and sites

Three study sites were chosen in southeastern Spain, close to
the villages of (1) Yeste, (2) Liétor and (3) Calasparra (in the
provinces of Albacete and Murcia). The chosen sites are rep-
resentative of the Mesomediterranean bioclimatic belt (Rivas-
Martínez et al. 1987) and cover all the subdivisions: Low for
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Calasparra (Arid, hereafter), Medium for Liétor (Medium,
hereafter) and High for Yeste (Humid, hereafter) (Table 1).
Climatic variables were extracted from a 1-km2 spatial
resolution map (Gonzalo 2008), showing that altitude
and mean annual precipitation (precipitation, hereafter)
are closely correlated.

Potential natural vegetation (Blanco et al. 1997) varied
from a mixed pine-oak forest of P. halepensis, Pinus pinaster
Ait. and Quercus ilex subsp. ballota (Desf.) Samp. at the
Humid site to Aleppo pine woodland with kermes oak
(Quercus coccifera L.) at the Medium and Arid sites. In these
study areas, with adverse environmental conditions (e.g. poor
soils, severe droughts and fire recurrence), the potential natu-
ral vegetation appeared in small microsites of north-facing
slopes. Topographic aspect (south-facing), slope (under 5–
10 %), soil (Xerocrep inceptisol; CSIC 1968) and bedrock
type (limestone; IGME 1975) were homogeneous among se-
lected stands at the three sites.

For each site, two forest types were selected (one natural
stand of Aleppo pine and one planted of the same species).
The natural stands are representative of the largest continuous
area of Aleppo pine natural distribution corresponding to the
Western Mediterranean basin (Fady et al. 2003). Planted
stands were characterised by evenly spaced rows of trees
and a consistent mechanical site preparation protocol.

2.2 Experimental design and sampling

Three square plots of 400 m2 were randomly set in each
planted and natural forest in each site with a total of 18 plots
distributed among the three sites and two forest types. The
distance between natural and planted stands per site was less
than 1 km.

The stand overstory in both planted and natural stands was
monospecific composed of mature Aleppo pines. Average tree
age was similar among the two forest types—approximately
50 and 55 years old in planted and natural stands,

respectively—as measured through tree ring coring.
However, the age distribution was different, as planted stands
are even-aged whereas natural stands are multi-aged (includ-
ing trees of up to ∼70 years old).

The variables measured in each of the research plots were
as follows: density of mature pine trees, DBH and mean
crown diameter measured along two perpendicular directions.
For each stand, the following parameters were calculated: pine
tree density (number of trees ha−1), pine stem basal area
(m2 ha−1) and canopy cover (%) (Table 2). For the calculation
of stand canopy cover, the overlapping between tree crowns
was considered and deducted.

Understory species cover was measured using the line-
intercept method (Boyd et al. 2007) with six equidistant linear
transects of 15 mmeasured in spring and autumn 2011 in each
plot. All the understory plants intercepting each transect were
recorded. Overlapping between plant cover was not discarded;
therefore, final total cover values could be above 100 %. For
each plot, total vegetation cover and two diversity indices
were calculated, e.g. species richness and evenness (Pielou
1966). In order to obtain life form spectra, plant species were
classified according to life form categories (Castroviejo 1986-
2012; Tutin et al. 1986-1993), where each species was
assigned to its higher potential life form. The percent cover
of understory woody vegetation and herbs was distinguished,
with the former including trees, shrubs and dwarf shrubs, and
the latter including perennial and annual herbs.

2.3 Statistical analysis

Multifactorial analyses of variance (two-way ANOVA) were
used to evaluate the effects of the forest type (planted, natural)
and precipitation level (Humid, Medium, Arid) on stand char-
acteristics, understory vegetation cover, species richness and
evenness index. Each response variable was examined for the
normal distribution of errors using the Shapiro-Wilk statistic,
and for homogeneity of variance using the Levene’s and

Table 1 Climatic and environmental variables of the study sites

Site name Yeste Liétor Calasparra

Coordinates 38° 20′ N to
2° 20′ W

38° 32′ N to
1° 57′ W

38° 16′ N to
1° 38′ W

Mean annual precipitation (mm±SE)a 595±15 417±19 332±13

Mean maximum temperature of the warmest month (°C)a 30.9 32.9 34.6

Mean minimum temperature of the coldest month (°C)a 2.2 1.8 2.0

Phytoclimatea VI(IV)1 IV3 IV1

Bioclimateb High
Mesomediterranean

Medium
Mesomediterranean

Low
Mesomediterranean

Nomenclature Humid Medium Arid

a (Gonzalo 2008)
b (Rivas-Martínez et al. 1987)
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Bartlett’s test. If the assumptions of ANOVAwere not met, not
even after common mathematical transformations, then
ANOVAs using rank-transformed data were conducted, as
outlined in Conover and Iman (1981). The Tukey-Kramer
HSD test was used for post hoc comparisons.

Ordination analyses were applied to examine the variation
in the species composition among forest stands. The species
cover data were log-transformed (log x+1) to minimise the
skewness of abundant species, and linear models were chosen
according to the protocol described by ter Braak and Smilauer
(2012). First, a principal component analysis (PCA) was
carried out to observe the unconstrained ordination of spe-
cies composition in the various forest plots. Second, we did
a redundancy analysis (RDA) to investigate the relationship
between forest type and precipitation on the one hand, and
species composition on the other. The significance of these
effects was determined by means of the Monte Carlo per-
mutation tests.

The statistical packages used were JMP 9 (SAS Institute,
Cary, NC, US) and Canoco v5 (ter Braak and Smilauer 2012).

3 Results

3.1 Overstory stand characteristics

Natural forests showed lower pine tree density than planted
ones (mean values of 372 and 710 trees ha−1 for natural and
planted, respectively, Table 2), and the effect of forest type
was significant (Table 3). Stem basal area, however, was
significantly higher in natural stands (∼12 vs. 8 m2 ha−1

for natural and planted, respectively) and was correlated to
precipitation within both forest types (Tables 2 and 3).
Density, as well as pine stem basal area, presented no
significant forest type × precipitation interaction (Table 3).
No forest type effect was found for pine canopy cover.
Instead, we found a significant forest type × precipitation

interaction (Table 2) indicating that the canopy cover values
were very close in the planted and natural stands at the Humid
and Medium sites, while at the Arid site natural stands pre-
sented higher cover values than planted ones (Table 3 and
Fig. 2).

3.2 Understory vegetation cover and diversity

Total and woody understory vegetation cover were signifi-
cantly higher in natural stands than in planted ones in all three
study sites (approximately 1.5- to 15-fold; Fig. 1) exhibiting a
significant forest type × precipitation interaction (Table 4).
The biggest difference between natural and planted stands
was found for understory woody vegetation cover at the
Humid site (approximately 105 to 7 %, respectively; Fig. 1),
while the smallest difference was observed for the total cover
values at the Arid site (approximately 130 to 95 %, respec-
tively; Fig. 1). Total vegetation cover increased with decreas-
ing precipitation, while no such relationship was found for
UWV cover.

The total number of understory species recorded across the
entire experimental setup was 78, where woody species were
represented by 34 species. Total and woody species richness
was significantly higher in natural stands than in planted ones.
The evenness values showed no significant differences for
total nor for woody vegetation of the studied sites regarding
forest type, precipitation and their interaction (Table 4 and
Fig. 1).

3.3 Life forms

Understory woody vegetation life forms (e.g. trees, shrubs and
dwarf shrubs) and perennial herbs cover as well as species
richness values (Supplementary Table S1) exhibited a
significant forest type × precipitation interaction. On
the other hand, the interaction was never significant
regarding evenness values for all the different life forms
(Supplementary Table S1).

The trees, shrubs and dwarf shrub cover and richness
values were significantly higher in natural than in planted
stands (Supplementary Table S2), and they increased signifi-
cantly across the precipitation gradient (except for shrubs
cover).

The perennial herbs cover values were significantly higher
(approximately twofold) in natural stands than in planted
ones, while no forest type effect was detected for the richness
of perennial herbs.

Regarding annual herbs, a significant forest type ×
precipitation interaction was observed for species richness
which obtained higher values in planted stands than in natural
stands (Supplementary Tables S1 and S2), with more pro-
nounced differences noted at the Medium site.

Table 2 Mean (±SE) stand density, basal area and canopy cover of
Aleppo pine forest type (natural versus planted) within precipitation
(Humid, Medium and Arid)

Forest type Density
(trees ha−1)

Basal area
(m2 ha−1)

Canopy cover
(%)

Humid Natural 340±50 18.1±1.4 75±6

Planted 590±30 15.8±0.4 76.8±2.1

Medium Natural 380±40 9.4±1.1 60±3

Planted 730±30 7.2±0.6 66±3

Arid Natural 390±30 8.8±0.8 55±4

Planted 780±40 3.9±0.4 36.5±2.1

The number of plots per forest is 3
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3.4 Species composition

Understory woody species composition showed better dis-
crimination among stands than the entire understory species
composition. Therefore, perennial and annual herbs were re-
moved from the ordination analyses. In the unconstrained lin-
ear ordination method (PCA), the first two axes explained
62.10 % of the variation in the woody species composition
between the studied forest stands. Natural stands were clearly
separated from planted ones on the ordinationmatrix. Separation
among sites on the ordination matrix was also evident within
both forest types. However, this separation was much more
pronounced in natural stands than in planted ones indicating

that planted stands were more homogeneous than natural
ones (Fig. 2).

In a constrained ordination analysis (RDA) of understory
woody vegetation composition, and by considering forest
type and precipitation as the main factors, the two factors
significantly accounted for nearly 80 % of the variation
explained by the first two axes in the unconstrained anal-
ysis (Fig. 3). Two tree species, P. halepensis seedlings and
Juniperus oxycedrus L., and two shrubs species, Cistus
clusii Dunal in DC. and Rosmarinus officinalis L., showed
the closest association with natural stands. Among the
natural stands, several tree and shrub species, e.g. Cistus
albidus L., Q. ilex subsp. ballota and Q. coccifera, were

Table 3 Two-way ANOVA of
the effect of forest type (natural
versus planted), precipitation
(Humid, Medium and Arid) and
their interaction term on overstory
stand parameters

Stand parameter R2 Variable SS df F P

Density 81.6 Forest type 715 327.0 1 101.9 ****

Precipitation 48 374.0 2 3.4 n.s.

Forest type × precipitation 17 442.0 2 1.2 n.s.

Basal area 85.7 Forest type 83.1 1 22.0 ****

Precipitation 468.0 2 62.0 ****

Forest type × precipitation 71.7 2 1.2 n.s.

Canopy cover 73.4 Forest type 117.3 1 2.0 n.s.

Precipitation 3 351.2 2 28.8 ****

Forest type × precipitation 663.5 2 5.7 *

n.s. not significant

*P<0.05; ****P<0.0001

Fig. 1 Mean (±SE) for total and woody understory vegetation cover, richness and evenness in natural (grey) and planted (open) stands of P. halepensis
forests in Humid (595 mm year−1), Medium (417 mm year−1) and Arid sites (332 mm year−1) in southeastern Spain
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clearly associated with the higher precipitation level (Humid
site), while other species, e.g. Thymus vulgaris L. (dwarf
shrub, also in planted stands) and Coronilla juncea L. (shrub),
associated greatly with the lower precipitation level (Arid
site). In the planted stands, only one dwarf shrub species—
Sedum sediforme (Jacq.) Pau—was closely associated with
the Humid site.

4 Discussion

4.1 Overstory stand characteristics

Aleppo pine stand characteristics related strongly to forest
type (natural or planted) and to the site climatic differentiation
represented through the precipitation gradient. In general,

Table 4 Two-way ANOVA of
the effect of forest type (natural
versus planted), precipitation
(Humid, Medium and Arid) and
their interaction on vegetation
cover (total and woody
understory (UWV)) and diversity
(richness and evenness)
parameters

R2 Variable SS df F P

Total cover 95.6 Forest type 42 815.0 1 288.7 ****

Precipitation 3 717.0 2 12.5 *

Forest type × precipitation 8 363.0 2 28.2 ****

Total richness 74.5 Forest type 234.7 1 38.4 ****

Precipitation 85.4 2 7.0 *

Forest type × precipitation 14.8 2 1.2 n.s.

Total evenness 42.5 Forest type 0.5 1 0.4 n.s.

Precipitation 7.8 2 2.5 n.s.

Forest type × precipitation 5.7 2 1.8 n.s.

UWV cover 92.1 Forest type 21 636.2 1 178.9 ****

Precipitation 157.0 2 0.6 n.s.

Forest type × precipitation 2 820.3 2 11.7 *

UWV richness 94.8 Forest type 288.0 1 304.9 ****

Precipitation 4.3 2 2.3 n.s.

Forest type × precipitation 6.3 2 3.4 n.s.

UWVevenness 56.7 Forest type 6.7 1 2.8 n.s.

Precipitation 9.3 2 1.9 n.s.

Forest type × precipitation 21.8 2 3.6 n.s.

n.s. not significant

*P<0.05; ****P<0.0001

Fig. 2 PCA of woody understory vegetation composition (with log
transformation) of planted and natural Aleppo pine stands in three
climatic regions sampled plots (grey circles for planted and open
triangles for natural stands)

Fig. 3 RDA of understory woody vegetation (with log transformation)
showing the species composition according to forest type (natural and
planted) and precipitation gradient. *Seedlings or resprouts were
considered when the diameter at the breast height was under 7.5 cm
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planted stands presented significantly higher stand densities,
whereas natural stands had higher basal area values. Thus,
overstory Aleppo pine trees in natural stands were significant-
ly larger and achieved higher stand performance per unit area
with fewer trees. This fact could be the result of natural stands
being less dense as well as uneven aged allowing high perfor-
mance of dominant trees while planted stands suffering from
overcrowding and intense competition. Slightly higher aver-
age tree age in natural versus planted stands may have also
accounted for some of this variation. Although not directly
measured, the two origins differed strongly in terms of their
tree spatial arrangement, which was much more heteroge-
neous in natural than in planted stands. Planted stands
remained with their original lineal distribution of trees where
no silvicultural treatments have been applied since trees were
planted.

The average tree densities reported in this study for the
mature P. halepensis planted stands (∼700 trees ha−1) are sim-
ilar to those in other studies in semiarid regions of Spain
(Maestre and Cortina 2004). There may be several explana-
tions for the fact that natural P. halepensis stands were signif-
icantly less dense than planted ones: the natural stands origi-
nating from natural regeneration or spontaneous colonization
may have been less dense from the very beginning in compar-
ison with plantations. Additionally, as they are multi-aged,
they may have undergone more advanced self-thinning thanks
to a more substantial dominance of some trees over the others.
This and more, traditional silvicultural practices may have
been applied to these natural stands in the past by combining
timber production with rangelands for domestic grazing,
which could have led to the more open and less homogenous
spatial distribution of trees observed.

4.2 Understory vegetation structure and floristic
composition

In general, a larger portion of variation in the understory veg-
etation structure was explained by forest type rather than by
precipitation. Regarding the woody species composition of
natural stands, trees and shrubs were more characteristic of
the Humid site (Quercus spp. and Cistus albidus), whereas
shrubs and dwarf shrubs were more representative of the
Medium and Arid sites. Quercus spp. have been previously
reported in the understory of natural Aleppo pine stands in
similar mesic areas such as at the Humid site of the present
study (Lookingbill and Zavala 2000). The absence of heavy
human intervention in natural stands as compared to planted
ones which have undergone intense site preparation and dense
planting could explain the prevalence of later successional
species (such as J. oxycedrus or Quercus spp.), as well as
higher potential life forms (e.g. woody vegetation in general,
and trees in particular) in the former than in the latter.
Additionally, the development of multi-aged structure with

heterogenic spatial tree distribution in natural stands, com-
pared to the homogeneous structure of planted stands, has
led to higher occurrence of overstory gaps in the natural stands
favouring the establishment and development of understory
vegetation. Nevertheless, other factors, such as history of land
use in relation to human interference and specific habitat con-
ditions, may have contributed to the differences observed in
understory characteristics. Understanding the importance of
all these factors may contribute greatly by acknowledging
the status of vegetation abundance (cover) and species rich-
ness of each forest stand in order to plan management strate-
gies that would lead to the desired structure of both natural and
planted P. halepensis woodlands.

Total understory vegetation cover (including woody and
herbaceous) was found to be negatively related to precipita-
tion, while understory diversity was related positively to pre-
cipitation. Higher understory vegetation cover at the Arid (nat-
ural and planted stands) and Medium (natural stands only)
sites have most likely resulted from a lower canopy density
(Arduini and Ercoli 2012) and the presence of esparto grass
(Macrochloa tenacissima (L.) Kunth), which was extensively
planted mainly for fibre harvesting in these areas in the twen-
tieth century (Cortina et al. 2009). All planted stands were
homogeneous in esparto grass abundance, and the mechanical
site protocol was consistent in both sites. This has resulted in
increased herbaceous vegetation cover, but also in reduced
woody vegetation cover and overall species diversity
(Alados et al. 2006; Ramírez et al. 2006). In this case, specific
management should be applied in order to control esparto
grass leaving more space for the return of native woody
species.

In general, there were no differences regarding evenness
distribution of species between stands, especially regarding
total and woody understory vegetation. This means that
Shannon index would have been directly correlated with spe-
cies richness, therefore not adding extra information about the
understory floristic distribution (Liu 1995).

In a close semiarid area of southeastern Spain, Chirino et al.
(2006) reported poorer vegetation cover and species richness
in the understory of Aleppo pine plantations. These authors
made a comparison with adjacent natural grasslands and
shrublands, but not with nearby Aleppo pine natural stands.

A cover-richness relationship occurred in natural stands
where total vegetation cover and, to a greater extent, woody
cover were linearly and positively related to total and woody
species richness. Such a relationship has also been reported in
nearby naturally regenerated Aleppo pine stands (González-
Ochoa et al. 2004; Moya et al. 2009). However, in the planted
stands of the present study, understory vegetation cover and
species richness were not related. This may have resulted
from the fact that very few species were actually present in
the planted stands, which led to high vegetation cover with
low diversity.
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In summary, the understory vegetation in mature natural
P. halepensis forests is well developed with high number of
species and cover of variable life forms. Yet, in plantations, the
understory is dominated by a homogeneous herbaceous cover
and shows low species richness. In the present study, we found
understory woody vegetation structure to be a sensitive diver-
sity indicator for ecosystem status, as found in previous stud-
ies in other Mediterranean forests (Osem et al. 2012; Ruiz-
Benito et al. 2012).

4.3 Overstory-understory relationship

When looking at the entire research setup, a significant
overstory-understory relationship emerged which revealed
greater understory development (vegetation cover, number
of species and later successional species), with increasing
stand basal area and decreasing stem density, both of
which characterized natural stands and higher precipitation.
However, when observing the overstory canopy cover, a
more complex overstory-understory relationship appeared
in which natural stands presented a positive overstory-
understory relationship, whereas planted stands showed a
negative relationship. A negative overstory-understory rela-
tionship, as found in planted stands, is commonly attribut-
ed to light interception (shading) and to competition for
belowground resources. A positive overstory-understory re-
lationship, however, may be attributed to forest multi-age
and complexity, as expected in well-developed natural for-
est systems. Uneven tree distribution and low density of
well-developed trees are typical of the studied natural
stands and should likely result in a high spatial heteroge-
neity in the availability of aboveground and belowground
resources to understory vegetation, including completely
unshaded gaps (Broncano et al. 1998). These gaps would
have favoured the establishment of the different light-
demanding species present as seeds and/or seedlings
(Pausas and Austin 2001), such as presented in other
Pinus species plantations (Arduini and Ercoli 2012;
Arduini et al. 2013). Thus, in simply structured dense
forest systems with homogeneous tree size and spatial
distribution, understory development should be expected
to be negatively affected by increasing overstory develop-
ment (cover) due to intensified competitive pressure.
However, in heterogeneously structured forest systems, in-
creased overstory development should not be necessarily
associated with diminished understory as this development
reflects increased system maturity and complexity.

Further investigation of stand characteristics (e.g. spatial
arrangement, age structure and stem diameter distribution) in
natural forest stands and their relationships with climatic var-
iables may help in the subscription of new guidelines for the
sustainable management of planted Aleppo pine forests.

4.4 Management considerations

By observing the main differences between natural and
planted stands, management practices should focus primarily
on reducing mature tree densities in pine plantations together
with creating an uneven spatial tree distribution, including
completely cleared gaps of variable sizes. This has also been
proposed for nearby natural regenerated areas after forest fires
(De las Heras et al. 2002; Moya et al. 2009). Additionally,
thinning strategies should strive to create an uneven spatial
tree distribution, including completely cleared gaps of variable
sizes. This should result in a more natural-like forest structure
and ought to contribute largely to forest diversity and com-
plexity. The introduction of seed sources through planting
towards late successional woody species (mainly trees and
shrubs) should be considered as a means by which to enhance
forest understory development (diversity and cover) (Ruiz-
Benito et al. 2012).

One key question to consider is the age at which
P. halepensis plantation interventions should be applied to
most efficiently direct them towards increased complexity,
diversity and sustainability. Given the financial limitations
for intensive care in such systems of low commercial value,
this question is certainly not a trivial one. It would also be
important to test management strategies leading to the conver-
sion of evenaged plantations into multi-aged stands with
higher spatial heterogeneity and complexity. Further research
is required to develop such management guidelines by taking
into account environmental variability.

5 Conclusions

Low density of large trees and higher stand performance as
found in the natural stands are likely desirable for several
forestry aspects such as plant diversity, carbon storage, fire
hazard reduction, tree longevity and other forest aesthetic
values. Based on their current structure, planted stands are
not expected to achieve these goals in the near future.
Intervention is likely needed in order to break the arrested
succession caused by artificial planting. It is essential to pro-
mote natural-like characteristics in planted Aleppo pine stands
and achieve a more diverse, complex and successionaly de-
veloped vegetation structure.
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