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Abstract The relationship between current and potential distribution in 34 main Spanish

forest tree species (data from the Third Spanish Forest Inventory) was determined using a

Maximum Entropy functional approximation with climatic data as predictive variables.

A method for detecting regional species pools at two different scales: biogeoclimatic

classes (CLATERES classification), and forest landscape types (WWF classification) has

been proposed. Then, the Absence percentage for a species (i.e. the proportion of land-

scapes types or biogeoclimatic classes in which the species is included in the regional

species pool but is actually not present) was determined. Results show higher figures of

Potential Species Richness in the Pyrenees and the Cantabrian Range, while inland or

coastal Mediterranean semiarid landscapes have lower figures. Using a classification based

on biogeoclimatic variables (CLATERES) improves precision when estimating Absent

Species Richness. Absence percentage is zero or close to zero for five species (Pinus
uncinata, Quercus robur, Quercus ilex, Quercus humilis and Juniperus communis),

while for other six species (Acer pseudoplatanus, Fraxinus angustifolia, Alnus glutinosa,

Populus alba, Sorbus aucuparia and Pinus pinea) the figures are higher than 0.6, which

means the species is absent in more than 60 % of the landscapes or biogeoclimatic classes

that it could inhabit. The relationships between tree life traits and the absence of species

from the ecosystems studied is slight but non-dominant species, species not subjected to
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forest management, or zonal species are less widely distributed that their climatic poten-

tiality indicates.

Keywords Tree species richness �Biogeoclimatic classification of Spain �Absent species �
Spanish forest landscapes types � Regional restoration programs

Introduction

One of the main questions when addressing restoration programs is the definition of a

species pool, i.e. the set of species that can potentially inhabit a site because of suitable

local ecological conditions (Zobel et al. 1998; Holmes and Richardson 1999; Brudvig and

Mabry 2008; Kadoya et al. 2008), and the restoration gene pool within those species that

can be applied (Jones and Monaco 2009). According to the basic principles of restoration

ecology and the recommendations for afforestation and restoration programs (SER 2004),

local species should be promoted in most occasions (MCPFE 2007). Additionally, an

ecosystem-oriented approach should also benefit from plant species diversification and a

better use of the larger available pool of native species (Vallejo 2010). Knowledge of the

regional species pool expands restoration possibilities, especially in degraded ecosystems,

as the presence of tree species’ could be influenced by disturbance regimes, mainly human

land uses (as in the Mediterranean region, Rodrı́guez-Sánchez et al. 2010).

How can a species pool for restoring forest landscapes or regions be estimated?

Experimental approaches based on the study of local species pools have been widely used

for restoration purposes at the community level (Zobel et al. 1998). Additionally, some

ecological, functional, and phytosociological approaches provide information to include

species not directly observed but belonging to the regional species pool.

Niche modeling is a functional approach that is especially useful if species presence/

absence information is available, because it improves the predictive power of the presence

data (Stockwell and Peterson 2002). Niche modeling provides habitat prediction for many

species, both in present and future climatic conditions (e.g. Miller and Knouft 2006;

Brown et al. 2008; Williams et al. 2009; Blach-Overgaard et al. 2010; Soria-Auza et al.

2010). Several methods for niche modeling have been used: envelope methods (BIOC-

LIM), multivariate distance (DOMAIN), generalized linear (GLMs) or generalized

additive models (GAMs), maximum entropy models (MaxEnt), or boosted regression

trees (BRT) (Guisan and Thuiller 2005; Elith et al. 2006; Guisan et al. 2007). Among

them, maximum entropy models, introduced by Jaynes (1957), have been widely applied

in many studies on species diversity (Levich 2000; Pueyo 2006; Shipley et al. 2006;

Pueyo et al. 2007).

All these methods are climatic dependent but also influenced by a species’ intrinsic

ecological characteristics (see Hanspach et al. 2010), which are not always sufficiently

known, at least at the scale required in restoration programs. Climatic data have been

widely used for modeling patterns of species abundance and distribution (e.g. Ferrer-

Castán and Vetaas 2005; Thuiller et al. 2006 or Svenning and Skov 2007). Geological data

(e. g. Enright et al. 1994; Austin et al. 1996; Ohmann and Spies 1998) and soil nutritional

variables (e.g. Coudun et al. 2006) may improve the performance of fine-scale tree species

distribution models. However, this type of information is not so widely available at the

regional level.

A central issue when defining a species pool is the geographical scale to which the

concept is applied, because the number of species is scale-dependent, according to the
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habitat diversity hypothesis (Williams 1964). Different scales would include different

degrees of heterogeneity and, specifically, broader scales would merge different environ-

mental conditions (Scott et al. 2011). For example, an aggregation based on a given grid

size (e.g. 10 9 10 km2) allows an estimation not dependent on size, but would be influ-

enced by administrative boundaries or niche heterogeneity. An ecosystem or landscape

typology approach would allow the definition of a species pool with a community meaning,

but with different extension of the landscape types. Niche heterogeneity could be mini-

mized if methods for estimating the species pool were to be based on biogeoclimatic

regions (Bunce et al. 1996; Elena-Rosselló 1997; Bunce et al. 2002; Ortega et al. 2012).

The hypothesis of this paper is that the ‘‘actual species pool’’, i.e. the species observed

in a given territory, underestimates the species pool for landscape restoration programs in

areas under ancient anthropogenic influence.

This hypothesis was contrasted in Peninsular Spain and the Balearic Islands, both of

which present high levels of diversity both in vascular plants and tree species (Médail and

Quézel 1999). This territory has been considered as a Pleistocene refuge, and its present

vegetation is a result of land uses, interaction with forest fires, floods, and drier climate

periods (Bolle 2003). All these factors make Spain an excellent model for exploring the

relationship between current and potential species richness in order to assess the impor-

tance of the absent species in establishing a species pool for landscape restoration

programs.

The aims of the paper are: (a) to provide a method to estimate the species pool for

landscape restoration or afforestation programs at two territorial scales with different

biological meaning (biogeoclimatic classes, and forest landscape types), (b) to test the

validity of the method for the different species by analyzing the relationships among

different life history traits, and their observed and potential presence. Data on the

pseudopresence of the species are derived from the Third National Forest Inventory

(Villanueva 2004). We combine the use of extensive databases, easily accessible for many

countries, with niche modeling approaches based on a MaxEnt prediction (Phillips et al.

2004; Phillips et al. 2006), for estimating observed and predicted species richness, and also

for calculating the species restoration pool, taking into account the regional species pool

for biogeoclimatic classes (Elena-Rosselló 1997) or forest landscape types (WWF 2009;

Sainz-Ollero et al. 2010).

Material and Methods

We analyzed 40 native forest tree species in Peninsular Spain and the Balearic Islands.

The species belong to the genera Abies (2 species), Acer (1), Alnus (1), Arbutus (1), Betula
(2), Castanea (1), Fagus (1), Fraxinus (2), Ilex (1), Juniperus (4), Olea (1), Pinus (6),

Populus (3), Quercus (9), Sorbus (2), Tamarix (1), Tilia (1) and Ulmus (1), (Table 1). These

native species are the most commonly used in afforestation, restoration, and conservation

programs in Spain, as stated by the Spanish Strategy for Conservation and Sustainable Use of

Forest Genetic Resources (Jimenez et al. 2009), and they are regulated in Spain according to

EU Directive on the marketing of forest reproductive material (CE 1999).

The species were classified (Table 2) according to different traits (Ruiz de la Torre

2006; Alı́a et al. 2009): RLUC- Ratio of estimated distribution not affected by induced

human land use change. It is obtained as the ratio of predicted distribution area of the

species in forested area in respect to the total predicted area of the species (i.e. including

forested, urban, and other non-forestry land uses)-, Cl-Climate (M: Mediterranean species,
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NM: non Mediterranean species), Do-Dominance (0: dominant species, 1: secondary

species), Di-Dispersal (1: anemochorous, 2: zoo/autochorous, 3: other), Ec-Ecology (0:

zonal species, 1: azonal species), and SFM—Subject to Forest Management (1: Subjected

to Forest Management, 0: Not Subjected to Forest Management).

Observed and Predicted species distribution

Distribution data of these 40 forest tree species come from the Third Spanish Forest

Inventory (SFI) (Villanueva 2004). Each SFI plot is systematically distributed in a grid

of 1 9 1 km2 that covers forested areas. Sampling design of each plot includes four

concentric circles of radius 5, 10, 15, and 25 m. A complete list of tree species observed,

UTM coordinates, and elevation (m) are available for each SFI sampled plot. Information

from the Spanish Forestry Map at scale 1:50.000—MFE50—(MMA 2002) was also used

to complete the distribution of the species by overlapping the list of species in each map

patch with the 1 9 1 km2 grid-plot, and adding non recorded species to the corre-

sponding SFI plot. We excluded non autochthonous populations of the species (see Alia

et al. 2009). Therefore, presence/absence data of each species was obtained for each SFI

grid-plot.

Predicted distribution for each species was obtained by niche modeling using the

maximum entropy distribution method (MaxEnt) (Phillips et al. 2004; Phillips et al.

2006) based on nine climatic variables and one topographic variable, elevation (EL).

These climatic variables were mean annual temperature (AT), mean daily lowest tem-

perature of the coldest month (MLTCM), mean daily highest temperature of the warmest

month (MHTWM), annual rainfall (AR), summer rainfall (SR), fall rainfall (FR), winter

rainfall (WP), number of days with mean temperature greater than 5 �C (ND_5 �C), and

number of days of the drought period (NDD). The values were obtained for each plot

using a climatic model (Gonzalo 2010) for Peninsular Spain and the WorldClim database

(Hijmans et al. 2004) for the Balearic Islands. No edaphic variables have been intro-

duced as predictors, because there is not at present a digital cartography of soil properties

at 1 9 1 km2 grid-scale. For each 1 9 1 km2 grid-plot the species was considered as

MaxEnt-predicted when the probability of existence of the species was higher than the

threshold value corresponding to the 10 %-percentile (Lth_10 %). We used the Area

Under the ROC Curve (AUC) values for evaluating the Maxent predictive distribution

models. Not all the variables have had the same influence on each species’ distribution as

it is shown in Table 1.

Data analysis

The relationship between distribution data and different species life traits was tested.

Distribution variables were: observed (O) and Predicted (P) distribution in number of grid-

cells, the percentage of grid-cells in which the species is predicted but not observed

(Predicted Ratio—PR), the percentage of grid-cells in which the species is predicted and

observed (Observed Ratio—OR), the percentage of grid-cells in which the species is

observed but not predicted (Error Factor—EF), and the percentage of grid cells in which

the species is living out of its potential distribution area (OPN). We have computed the

correlation coefficient among those variables (O, P, PR, OR and OPN) and the life history

traits (Pearson correlation coefficient with FPA and Spearman Rank Order correlation for

the rest of traits).
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In order to calculate the regional species pools, we approached at two different scales:

(a) Biogeoclimatic classes. The CLATERES classes (Elena-Rosselló et al. 1997) consist

of ecological zones with similar biotic and abiotic factors such as topography,

vegetation, and climate. The biogeoclimatic classes vary in extension (mean

2,341 km2, with a minimum of 12 and a maximum of 8,939), and in number of

patches (mean 43.4, with a minimum of 1 and a maximum of 171). We aggregated the

information of predicted and observed richness obtained at the 1 km 9 1 km grid cell

to each of the 215 CLATERES classes. We included a species within the predicted

richness of a given biogeoclimatic class when the predicted distribution is

significantly higher than a null random distribution (i.e. the probability is outside

the confidence interval of a binomial random distribution), based on the 1 9 1 km2

grid.

(b) Forest landscape types. We also aggregated the information of predicted richness for

the forest landscapes described in Spain (WWF 2009; Sainz-Ollero et al. 2010)—

summarized in Table S1 (Supplementary information) and Figure S1. At present 52

types and subtypes have been described. Thirteen of them are located in the Atlantic

climatic zone (forest landscape codes 1 and 2), and the rest (39 forest landscapes) in

the Mediterranean one, presenting a wide variation in extension (mean 9,590 km2,

with a minimum of 83 km2, and a maximum of 96,465 km2), number of patches

(mean 8.8 with a minimum of 1 and a maximum of 67), and percentage of actual

forest land use (mean 67.2 %, with a minimum of 12.5 %, and a maximum of

99.0 %). The description of each forest landscape type and descriptive information is

included under Supplementary information (Table S1).

We calculated Predicted Species Richness (PSR), as an estimator of regional species

pool, and Observed Species Richness (OSR). Absent Species Richness (ASR) was com-

puted as the difference between PSR and OSR, and Absent Species Ratio (AS) as

AS ¼ 2� OSR� PSR

PSR
:

AS ratio ranges from -1 (No observed species in the species pool) to 1 (all the potential

species are present in the species pool).

Finally, we compute for each species the Absence Percentage (Ap), i.e. the proportion

of landscapes types or biogeoclimatic classes in which the species is included in the

regional species pool but its actual presence is under 5 % of the total extension. The

percentage ranges from 0 (the species is present in all its potential groups) to 100

(the species is absent from all its potential groups).

Results

Results of MaxEnt species distribution models are shown in Table 1, with training data

AUC ranging from 0.71 (Quercus ilex) to 0.99 (Abies Pinsapo), and having 22 out of 34

AUCs values over 0.9. For the subsequent analysis, 6 out of the 40 species were discarded

because the AUC in the MaxEnt distribution model was less than expected (Betula pen-
dula, Populus tremula, Quercus coccifera, Tamarix gallica, Tilia platyphyllos and Ulmus
glabra).

Rainfall variables (mainly summer and annual rainfall) had a seminal influence in the

distribution of many tree species, mainly the non Mediterranean ones (Fraxinus excelsior,
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Quercus robur, Acer pseudoplatanus or Ilex aquifolium), or in combination with some

temperature variables (Betula alba, Fagus sylvatica and Pinus uncinata). Mediterranean

species are related to more than three variables (3.66 ± 0.98), where the most predictive

variable is related to temperature for 4 out of 15 species (Olea europaea, Pinus halepensis,

Quercus faginea and Quercus suber). Finally, elevation is the main variable for two species

(Juniperus thurifera and Pinus pinaster).

The 34 species included in the final analysis display contrasting patterns in a number of

predicted and observed 1 9 1 km2 grids for each species. Number of grids where a par-

ticular species is observed varies from Q. ilex (with 182,082 grid cells), to A. pinsapo (with

136 grid cells), and the number of grids where a species is predicted varies from Q. ilex
(410,653 grid cells) to A. pinsapo (1163 grid cells).

Species with greater percentages of realized niches (Observed Ratio) are Q. robur
(56 %), Q. ilex (43.5 %), P. uncinata (42.9 %), F. sylvatica (35.4 %) and Pinus sylvestris
(34.7 %). On the other hand, 16 out of 34 species have Observed Ratio values lower than

10 % (Table 2). Only three species show values over 15 % in OPN (presence out of the

predicted area); Alnus glutinosa (19.78 %), P. pinaster (37.09 %), and Sorbus aucuparia
(15.16 %), but 13 out of 34 reach values between 10 and 15 % (Table 2).

Globally, predicted number of grid cells (P) is negatively related to the Ratio of Land

Use Change (RLUC, R = -0.66**). RLUC is also negatively related to the ecology of the

species (Ec, r = -0.47**), because the four zonal species studied (Table 2) are located in

less forested areas. Percentage of the species living Out of the Predicted Area (OPN) is

related to two life trait variables, Dominance (Do, r = 0.46**) and Forest Management

(SFM, r = 0.38*), which are strongly co-related (r = 0.74**). The latter implies that some

of the most important managed species have been widely planted out of their original and

potential distribution area. There is a significant relationship (r = 0.44**) between two life

trait variables, dispersion Di and Ecology (Ec), as the four zonal species have anemoch-

orous dispersion; and a slight relationship between another two variables, Climate (Cl) and

PFA (r = -0.35*), related to the relatively lower presence of Mediterranean species in

massively forested areas.

Values of Observed Species Richness (OSR) and Predicted Species Richness (PSR) at

the 1 9 1 km2 grid cells are shown in Fig. 1. The scores range from 0 to 11 in relation with

OSR (average 1.43 ± 1.45), and from 0 to 23 (average 7.4 ± 3.8) for PSR. Only the

north of Spain and the interior mountain ranges show OSR values of over 8 species per grid

cell.

Absent Species ratio (AS) for landscape types (ASl) and biogeoclimatic classes (ASb)

are shown in Fig. 2. Both the greater number of classes (215 versus 52) and the differences

between average values for ASb (0.25 ± 0.4) and ASl (0.45 ± 0.3) are significant, and

indicate that the scale of biogeoclimatic classes is more sensitive for detecting local

differences in relation to the species that could be included in the species’ restoration pool.

In relation to the species studied, there is a strong correlation (R = 0.86**) between

Absence percentage (Ap) for species in landscapes types (Apl) and biogeoclimatic classes

(Apb), as could be expected, but there is only a weak correlation between Apb and three life

trait variables: Do (r = 0.34*), Ec (r = 0.38*) and SFM (r = 0.36*). This indicates that

greater species Absence percentages could be found in zonal species, non-dominant at

stand level and not subjected to forest management.

There are some species (P. uncinata, Q. robur, Q. ilex, Quercus humilis or Juniperus
communis, see Fig. 3) that are distributed in almost all their potential landscapes or bio-

geoclimatic classes, but others are absent in more than 60 % of the landscapes or bio-

geoclimatic classes they could inhabit (A. pseudoplatanus, Fraxinus angustifolia,
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A. glutinosa, Populus alba, S. aucuparia and Pinus pinea). Q. ilex, for instance, is the

most widely distributed species, included in 25 out of 52 landscapes and 119 out of 215

biogeoclimatic classes, being absent only in one potential landscape and one potential

Fig. 1 a Observed species richness (OR) and b Predicted species richness (PR) at 1 9 1 km2
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biogeoclimatic class. In contrast, P. uncinata is the most restrictedly distributed

species (4 landscapes and 9 biogeoclimatic classes), being present in all of its potential

range.

Fig. 2 Absent species ratio (AS) for a landscapes types (ASl) and b biogeoclimatic classes (ASb)
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Discussion

Species distribution and richness

We present a method to estimate species pools at different scales (biogeoclimatic classes

and forest landscape types) based on available information derived from National Inven-

tories, autochthonous species distribution maps, and maximum entropy niche modeling

methods. The MaxEnt prediction method is well suited for 85 % (34 out of 40) of the most

important forest tree species in restoration and conservation programs in Spain (Jimenez

et al. 2009). The species that fail to converge are those with distribution limitations that are

clearly non-climatic.

The highest values of local tree species richness are found in mountainous areas of

northern Spain with Atlantic climate and in zones in transition to a Mediterranean climate.

These results agree with previous studies on woody species richness (Vetaas and Ferrer-

Castán 2008) or vascular plants richness (Lobo et al. 2001).

It is interesting to notice that there is an important group of forest tree species that are

far from their potential climatic niche, as is indicated by their Absence percentage. In

general, the Absence percentage is weakly related to the analyzed life history-traits of the

species, but it is connected with the land use of the area (i.e. RLUC- Ratio of Land use

change). Moreover, different studies have shown the importance of soil characteristics on

the potential distribution of species at the regional level (e.g. Regato et al. 1995 for Pinus
nigra, Rubio et al. 2002 for Castanea sativa, Sánchez-Palomares et al. 2004 for F. sylv-
atica). This study, however, does not include soil variables, due to lack of data at the scale

of the study that could explain the reduced current vs. potential distribution of some

species. Soil restrictions are determinant in the distribution of some forest tree species (e.g.

Oliet et al. 2009). For example, P. pinaster and Quercus pyrenaica are absent in calcareous

zones, P. pinea is mainly extended in coastal or inland sands or very poor soils, and

J. thurifera is a dominant species in continental calcareous highlands, due to a combination

of extreme climatic conditions and pauperized soils.
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Fig. 3 Absence percentages of the species in relation with landscape types and biogeoclimatic classes
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Species richness at different scales: Plots, Biogeoclimatic classes and Landscape types

The Absent species ratio (AS) decreases from east to west in the north of the Peninsula,

from high to low altitudes in inner ranges and plateaus, reaching a minimum in river

valleys and on coastal zones. Such marked trend is related to the concentration of extensive

and intensive agricultural land uses in these zones, but also related to fire disturbance and

the traditional use of forest resources (Maetzke 2011). Traditional uses promoted the

regeneration of the main species in each stand but not of the secondary ones (Scarascia-

Mugnozza et al. 2000), as non-productive species were systematically eradicated or

avoided altogether. Average observed species richness at the plot scale reaches

1.43 ± 3.80 species (Table 3). This value of species richness shows a trend close to

monospecificity at the stand level, and suggests a pattern of a patchy landscape composed

of stands in which tree species richness at the local level has not been promoted.

When assessing observed versus predicted tree species richness, the inclusion of eco-

logical criteria for defining aggregation scale in relation to initial data plot has several

consequences. Firstly, there is an increase in the average number of observed species

richness (from 1.43 ± 1.45 to 6.03 ± 3.79 for biogeoclimatic classes and 8.02 ± 4.37 for

landscape types) in accordance with the increased average area. Secondly, the increment in

the predicted species richness is not as great as the observed richness (from 7.4 ± 3.8 to

9.46 ± 4.85 for biogeoclimatic classes and 11.04 ± 5.36 for landscape types) because

there is a reduction of the figures of species’ potentiality in accordance with the biogeo-

climatic or forest typology restriction applied. In conclusion, including ecological criteria

for defining aggregation scale brings a realistic approach to the number of species that are

absent at each scale as a prerequisite to define a species pool for reforestation and resto-

ration activities. This pool should be downscaled taking into account, among other factors,

the ecological characteristics at the local level and the suitability and availability of forest

reproductive materials, linked to the origin and other characteristics of basic materials

(Young et al. 2005).

Table 3 Mean values of species richness at three geographical scales

Grid UTM 1 9 1 km2 Biogeoclimatic classes Landscape types

Total number 498,146 215 52

Mean area (km2) 1.0 2,341.8 9,043.0

Predicted species richness

Average 7.40 9.46 11.04

Standard deviation 3.80 4.85 5.36

Maximum–minimum (25–0) (26–0) (25–1)

Observed species richness

Average 1.43 6.03 8.02

Standard deviation 1.45 3.79 4.37

Maximum–minimum (11–0) (21–0) (20–1)

Absent species

Average 6.03 3.43 3.02

Standard deviation 3.22 2.23 2.11

Maximum–minimum (23–0) (10–0) (10–0)
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Application to restoration and conservation programs

Detection of potential species pool would assist in restoration of degraded landscapes by

providing forest species propagules of the site-specific varieties best adapted to future

climatic conditions, even though they may be different from the present forest-plant

community (de Dios et al. 2007).

For restoration programs, we have identified a suitably large species pool for each

region and at different scales. Deciding the relative importance of a species within its pool

for restoration is key in planning restoration or forestation programs (Zedler 2005).

There is a general tendency to dominance of a reduced number of species (mainly Pinus
and Quercus) across extensive zones of territory. The non-dominant species are those with

the lowest observed frequency across the territory. In consequence, it would be convenient

to increase species diversity in restoration programs, especially in order to attempt to build

more resilient systems for the future (Harris et al. 2006).

Conclusions

The different approaches to land aggregation (biogeoclimatic classes or forest landscapes)

affect the pool of absent species estimates. Therefore, when type or scale of aggregation is

not considered, the species pool available for restoration also differs. According to the

results of this study, a biogeoclimatic classification seems more suitable than the potential

forest landscapes types, because it includes a wider variety of biogeoclimatic conditions

that are closer to niche modeling.

The Absence percentage of species can help to understand the historical absence of tree

species, due not only to human land uses, but also to colonization or dispersion defi-

ciencies. In general, non-dominant species, not subjected to forest management, and zonal

species usually show a higher Absence percentage from the suitable landscapes or bio-

geoclimatic classes than those species dominant at stand level and subjected to forest

management.

Future restoration programs must give special consideration to those species that are

poorly distributed in the present but carry great potential for increased diversity and

stability for forest systems, not only in the present climatic conditions, but also in future

climate scenarios.
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