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Abstract 

Management of forest plantations towards biodiversity conservation 

poses a challenge of increasing importance. Felling and subsequent 

logging have been traditionally used in forest plantations, however, 

their suitability to restore preexisting habitats has been scarcely 

studied. This paper reports the effect of felling and forwarding of stone 

pine (Pinus pinea) plantations on soil disturbance and recovery of 

native xerophytic community typical of stabilised dunes in the Doñana 

Protected Area (southern Spain). Soil disturbance was assessed just 

after forwarding whereas recovery of plant assemblages was evaluated 

27 months after the action by comparing species richness and diversity 

indices and Raunkiaer´s life functional types among four plot types: (i) 

plots with P. pinea that were not felled or forwarded, (ii) plots with P. 

pinea that were felled and forwarded, (iii) open areas without P. pinea 

affected by the forwarder and (iv) well-preserved open areas without P. 

pinea. Also, plant composition similarities between pairs of plots were 

evaluated with multivariate tests SIMPER and one-way ANOSIM. The 

forwarder provoked a  shallow  disturbance  (litter  and  topsoil  mixed) 

in areas of bare soil ≤ 20% and beside the Dorset heath, but deep 

disturbance (topsoil removed, subsoil exposed; and ruts) occurred in 

areas of bare soil>20% and on repeatedly used tracks. Non-forested 

areas affected by deep disturbance showed a significantly higher 

recovery of the xerophytic community than areas affected by shallow 

disturbance but previously occupied by a high cover of P. pinea. Our 

results provide novel evidence that a high cover of P. pinea slows down 

the recovery of native plant assemblages to a greater extent than the 

mere physical disturbance caused by the forwarder in areas without any 

pines. These results may guide future management actions aimed at 

enhancing biodiversity in natural areas affected by Pinus plantations and 

the adoption of responsible forestry practices. 
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Introduction 

Stone pine (Pinus pinea, hereinafter ‘Pinus’) is a xeric and 
thermophilic tree native to the Mediterranean region, which preferably 
colonises deep, loose, sandy and siliceous soils [1]. Nowadays, 
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both spontaneous and cultivated Pinus forests occur throughout the 
Mediterranean basin, especially along coastal areas. The high landscape 
and historical value of these forests motivated its consideration as priority 
habitats (code 2270) by the European Council Directive 92/43/EEC. 
However, Pinus plantations outside their original forest areas may involve 
negative effects on pre-existing habitats such as over-exploitation of water, 
the reduction of light inside the forest mass, the accumulation of needles, 
an increased flammability or the decrease in seed germination [2-4]. 

In southern Spain, the first stone pine (Pinus pinea L., hereinafter 
‘Pinus’) plantations date back to 1736 [5]. At the end of the 19th century 
and beginning of the 20th century, Pinus plantations aimed at stabilising 
‘non-productive’ coastal sand dunes [1,6]. The rate of plantations 
reached 400 ha/year and over 190,000 ha of Pinus forests were created 
along the south-west coast of Spain [7]. In the Doñana Natural Area, 
Pinus plantations replaced more than 12,000 ha of alien Eucalyptus 
spp. that were planted since 1940 in response to the pressing need 
of raw materials (wood, paper pulp, essential oils) after the Spanish 
Civil War (1936–1939) [6,8]. The aim of Pinus plantations was not 
timber production but local people use these plantations for pine nuts 
production [9]. Pinus plantations aimed at fixing dunes and increasing 
the forest cover but took up natural pre-existing habitats such as sand 
dunes, riverbanks temporary wetlands and temperate Atlantic wet 
heaths with Dorset heath (Erica ciliaris). Thus, management of Pinus 
plantations towards biodiversity conservation poses a challenge of 
increasing importance [10]. However, reported actions concerning 
the effect of clearcutting and forwarding on biodiversity restoration 
are scarce [11,12] despite their importance to guide future planning in 
protected areas. 

Particular techniques that have been traditionally used in timber 
plantations include felling and subsequent logging. Animals [13] 
or heavy machinery (e.g., forwarders and skidders) can be used for 
extract the logs. The latter is faster but potentially more aggressive on 
the soil surface, by causing soil disturbances and negative impacts on 
the biological community and the landscape [14-16]. In this sense, 
particular management actions in natural, protected areas may shed 
some light on the suitability of these techniques towards conservation 
of natural ecosystems. The magnitude of the disturbance caused by 
heavy machinery in the field depends on site conditions (soil type, 
soil humidity, the density of vegetation remains, etc.), the history and 
typology of the plantation, the typology of the pre-existing habitats, 
the method used to extract the logs, or the frequency of disturbance 
[17-21]. For example, tracked machines provoke a lower compaction 
than wheeled machines [22]. A slash layer and leaf litter may have a 
protective effect in sandy soils after repeated passes of a forwarder [18] 
and may reduce the formation of tyre ruts [23] whereas soil compaction 
may [24] or may not [25] be prevented after repeated passing by the 
machine. Despite the importance of physical disturbance and leaf litter 
in the outcome of actions aimed at ecological restoration, studies on the 
ecosystem response to particular logging practices are scarce [21,26]. 
Particularly, the reversibility of the impacts in terms of plant recovery 
after forwarding has been widely overlooked. With regards to removal 
of Pinus spp., a partial recovery of native vegetation one year after 
removal of maritime pine (Pinus pinaster) that encroached heathland 
areas in southern England was reported [27]. In this study, very few 
species recolonised the clear-cut areas [27]. Other authors found the 
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vegetation that recovered three years after the clear-cut of stone pine 
plantations consisted mainly of re-sprouting residents but also annuals 
and alien species [11]. An increase of seeds from annual, non-forest 
species as well as seeds of alien species after the clear-cut of stone pine 
was reported [12]. These studies suggest that Pinus plantations may 
provoke long-lasting impacts typical of ecosystem engineers that may 
compromise the recovery of pre-existing habitats and their associated 
community [28]. Also, the risk of secondary colonisation of invasive 
plants in forwarded areas poses an additional challenge towards 
achieving the restoration goals. 

This paper documents the results of clearcutting of 20.1 ha of 
Pinus plantations in the Doñana Natural Area, aimed at preserving 
pre-existing ecosystems such as Mediterranean xerophytic scrub and 
the Dorset heath. This study was conducted to find out the pattern of 
disturbance upon bare soil and plantation patches by forwarding of 
Pinus and their effects on recovery of xerophytic communities. This 
work was part of a European LIFE project (Conhabit Andalucía) aimed 
at enhancing priority habitats present in Natura 2000 sites along the 
Andalusian coast (southern Spain). Specifically, we assessed: (i) the 
impact of a high cover Pinus plantation in the Mediterranean xerophytic 
community with respect to open, unforested, well-preserved areas; (ii) 
the degree of soil disturbance caused by the forwarder; and (iii) the 
recovery of the xerophytic community 27 months after forwarding 
in plots with different degree of disturbance with and without Pinus 
cover. The results may help to improve responsible forestry practices, 
aimed at the management of old or disused forest plantations. Also, the 
present work will shed some light on vegetation recovery dynamics in 
forest gaps and exploited plantations. 

Materials and Methods 

Area of study 

The managed Pinus plantations are located in the Doñana Natural 
Park (Huelva, SW Spain) (37°07’ N, 6°39’ W) (Figure 1), a protected area 
of ca. 68,200 ha included in the Doñana Natural Area (total protected 
area is ca. 120,000 ha) included in the Red Natura 2000 network of 
protected areas. This Natural Area constitutes one of the most significant 
wetland in Europe of special importance as a major stepping-stone for 
birds migrating between Africa and Europe [29]. It also includes one of 
the largest mobile dune systems in Europe. The Doñana Natural Area 
is home to a number of threatened, endemic and protected animals 
such as the Iberian lynx (Lynx pardinus), the Spanish imperial eagle 
(Aquila adalberti), the marbled teal (Marmaronetta angustirostris), 
the spider Donacosa merlini (Lycosidae), or the plants Adenocarpus 
gibbsianus (Fabaceae), Dianthus inoxianus (Caryophyllaceae), Linaria 
tursica (Scrophulariaceae), Gaudinia hispanica (Poaceae), etc. [30-32]. 
The climate is Mediterranean, with hot, dry summers and mild, wet 
winters [33]. Mean temperature and rainfall at Huelva meteorological 
station (27 km from the study area) for the period 1984-2010 are 18.2°C 
and 525 mm, respectively [34]. The soil is composed of eolian siliceous 
sands with a water table deeper than 1 m, with the surface horizon rich 
in carbonates (ca. 9%) that corresponds to the group ‘calcixeroll’ [35]. 

The study area shows a patchy distribution of Pinus plantations 
made around 1968 and 1988 on stabilised dunes (Figure 1). This area 
constitutes an ecosystem boundary between Pinus forests rich in 
xerophytic scrub to the south and the Dorset heath to the north, locally 
known as Ribetehilos (Figure 1). A more detailed description can be 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1: A) Area of study indicating all the clear-cut area (stripped lines) and the presence of the Dorset heath and temporary ponds (dotted). B) A detail of 

the patchy distribution of plantations of a different age is shown (either 30 or 50 years old) as well as the location of transects (A-B segment) used for Pinus 

pinea size characterisation across a gradient of distance to the Dorset heath. 
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found in Sousa et al. (2013). Pinus patches show a variable area (mean 
± SD=5.2 ± 5.9 ha for the 1968 plantation, n=12; and 4.2 ± 3.1 ha for 
the 1988 plantation, n=7) (Figure 1). The 1968 plantation has a density 
of ca. 400 trees/ha whereas the 1988 plantation has a density of around 
1000 trees/ha. Specifically, the xerophytic community studied is typical 
of stabilised dunes, locally known as ‘monte blanco’. The contiguous 
Dorset heath occurs in depressions with the water table being shallower 
than 1 m and common flooding in wet winters. Hygrophytic scrub is 
dominated by Dorset heath (Erica ciliaris) and dwarf gorse (Ulex 
minor) [36]. 

Characterisation of Pinus size within the plantation 

Prior to clearcutting, the size (perimeter) of Pinus trees was 
measured throughout different patches of the older plantation (50 
years old). First, perimeter of trees along two transects and four 
distance intervals (10–20 m, 30–40 m, 50–60 m and 70–80 m) from 
the Dorset heath was measured (Figures 1 and 2). Secondly, the 
effect of orientation was assessed in trees present in the border of 
the plantations (first 10 m). Measurements were taken from the trees 
facing towards the north-northeast, east, west and south, according to 
the patch arrangement in the study area. We measured n=46–61 trees 
for each category of distance and orientation of the border (N=451). 

Felling and forwarding 

Following the plantation characterisation and impact assessment 
on the xerophytic community (see below), the areas with the highest 
Pinus cover were selected for clearcutting. The clear-cut area included 
a narrow band (30 m) of Pinus plantations that runs along 6.7 km (total 
area=20.1 ha) (Figure 1). Felling was carried out with petrol portable 
chainsaws (Stihl®  models 026 and 036; 48.7 and 61.6 c.c., respectively) 
in winter (December 2015), with the aim of minimising the impact on 
the accompanying flora and fauna and to promote the colonisation of 
spring annuals after forwarding. In-situ burning was not permitted by 
the Park authorities, therefore, a forwarder was used once the felling 
was completed (January-February, 2016). The forwarder used (John 
Deere®, model 1710D) is 10.85 m long, and 3.9 m high (not loaded) 
and weighs 19,000 kg (tare), with the ability to carry a maximum load 
of wood of 17,000 kg on a loader with compression capacity (Figure 
SI1). All the logs and branches removed were piled up in six collection 
points, near pre-existing tracks and were later crushed for biomass. In 
order to avoid widespread impacts on the soil surface, existing tracks 
and fire-breakers were used, going over the same tracks whenever 
possible. 

Effects of the forwarder on the soil surface 

Once the felling and forwarding of Pinus was completed, the 
magnitude of disturbance of the soil surface was assessed, based on 

the MacMahon classification [15,37]. During analysis of disturbance 
in the field, areas that showed a similar magnitude of disturbance 
were  georeferenced  using  a  GPS  (Garmin®    model  Etrex  10).  We 
used the geodetic reference system ETRS89 (European Terrestrial 
Reference System 1989) and UTM projection zone 30 according to 
European  standards.  The  results  were  processed  using  the  ArcGIS®

 

v. 10.2.2 software. Polygon areas were calculated using the ‘calculate 
geometry’ tool. Thus, the working area was divided into 69 polygons 
that summed a total area of 20.54 ha. This area is somewhat higher 
than the clearcut area (20.1 ha) because we included in the analysis 
tyre tracks used during forwarding. Each polygon was assigned the 
following parameters: (i) a disturbance category, (ii) the age of the 
forest plantation (30 or 50 years old for the 1988 and 1968 plantation, 
respectively), (iii) the percentage of bare soil; and (iv) the distance 
to the nearest Dorset heath. The distribution of each type of polygon 
was: 30-year plantation (n=18; 7.42 ha), 50-year plantation (n=31; 8.52 
ha), roads and tyre track areas (n=15; 3.78 ha), and polygons without 
plantation, with natural vegetation (n=5; 0.81 ha). 

Recovery of the xerophytic community typical of stabilised 

dunes 

Twenty seven months after forwarding, the plant community 
composition was analysed. Four different plot types were considered 
(Figures 2 and 3; see appearance in Figure SI2): (a) 50 years old Pinus 
patches, with a cover=100%, that were not clear-cut or forwarded 
(hereinafter ‘Pinus plots’); (b) 50 years old Pinus patches, with a 
cover=100%, that were clear-cut and forwarded (hereinafter ‘Pinus- 
forwarded plots’); (c) open areas without Pinus that were affected 
by deep disturbance by the forwarder (hereinafter ‘open, forwarded 
plots’); and (d) open areas without Pinus with well-preserved, natural 
vegetation typical of stabilised dunes that were not affected by the 
forwarder (hereinafter ‘open, well-preserved plots’). These plots were 
used as the reference state to which ‘Pinus-forwarded plots’ and ‘open, 
forwarded plots’ should reach. Thus, comparison between ‘Pinus plots’ 
and ‘open, well-preserved plots’ reported information on the impact 
provoked by Pinus pinea on native plant assemblages (‘A’ in Figure 
3). However, direct comparison between ‘Pinus plots’ and ‘open, well- 
preserved plots’ may not indicate causality. It is therefore necessary to 
analyse the plant community response after removal experiments [38]. 
Therefore, comparison between ‘Pinus-forwarded plots’ and ‘open, 
well-preserved plots’ provided additional information on the effect 
of Pinus and the recovery of the xerophytic community after Pinus 
logging (‘B’ in Figure 3). Comparison between ‘open, forwarded plots’ 
and ‘open, well-preserved plots’ provided information on the plant 
recovery after deep disturbance caused by the forwarder in open areas 
without Pinus (C in Figure 3). Finally, comparison between A and 
C provided information on the relative importance and reversibility 
of impacts of Pinus plantations and physical disturbance (caused by 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2: Relative growth of Pinus pinea trees that belong to the plantation done in 1968, across a gradient of distance to the Dorset heath (see position of 

transects in Figure 1). Sampled bands within the transect are indicated in grey. 
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the forwarder) on the xerophytic community. Thus, the use of ‘open, 
well-preserved plots’ in pairwise comparisons allowed us to distinguish 
changes caused by Pinus removal, since observing treatment plots over 
time may not allow differentiation of treatment effects from changes 
due to natural fluxes [39]. 

The different plot types showed similar characteristics (slope and 
soil type). The presence of plants in 70 quadrats of 1 m2 was noted for 
each plot (N=280). Samplings were done in spring (April, 2018) to 
record spring ephemerals and woody, perennial plants. Species with 
occurrences ≤ 3% were excluded from analyses. Plant determinations 
and nomenclature followed Flora Iberica [40] except for families 
Gramineae and Compositae (not included in Flora Iberica) for which a 
different guide was used [41]. Species were classified as native or alien to 
the Iberian Flora [40], and categorised into Raunkiaer´s life functional 
types [42] and typical habitat (generalist and ruderal species vs. species 
typical of stabilised dunes). Life forms were clustered into five main 
types: (1) Phanerophytes: trees, shrubs and vines; (2) Chamaephytes: 
small bushes and herbs with perennial buds within 25 cm from the 
soil surface; (3) Hemicryptophytes: perennial herbaceous plants with 
buds at the soil surface; (4) Geophytes: perennial herbaceous plants 
with dormant parts below the soil surface; and (5) Therophytes: annual 
plants. 

Statistical analysis 

The non-parametric Kruskal-Wallis test was applied to compare 
the medians of trunk perimeters for the Pinus trees situated in 
different orientations and for the trees situated at different distances 
from the Dorset heath. Next, pairwise ranking was used with data 
from the different categories of distance using a Mann-Whitney U 
test. We performed a principal component analysis (PCA) to assess 
the percentage of variance explained by the following variables: % 
of bare ground, age of plantation, and distance to the nearest Dorset 
heath. PCA is a multivariate procedure that transforms a number of 
(possibly) correlated variables into a smaller number of uncorrelated 
variables called principal components. The principal components 
are linear combinations of the original variables weighted by their 
contribution to explaining the variance in a particular orthogonal 
dimension. The corresponding eigenvalues measure the amount of 
information explained by the principal components [43]. For assessing 
the impact of Pinus on the xerophytic community typical of stabilised 

dunes as well as community recovery after forwarding or disturbance, 
we used the community composition data obtained in the plots. The 
species richness, the Brillouin´s diversity index (HB), the dominance 
index (D) and the Buzas and Gibson´s evenness index were calculated 
[43]. HB poses some advantages with respect to the most popular 
diversity index (Shannon´s diversity index, H´) [44]. However, the 
former indexes value all species equally and do not evidence shifts in 
composition. For example, an increase of species richness after removal 
of the target species may not mean a recovery of the native community 
typical of the well-preserved state but just an increase of therophytes 
typical of degraded conditions [38]. For this reason, multivariate tests 
SIMPER and one-way ANOSIM were applied to in order to interpret 
plant community response to clearcutting based on the identity of all 
plant species present in the plots. The software Past3 was used [43]. 
The SIMPER test calculates the percentage of dissimilarity between 
pairs of plots, as well as the contribution of each species to overall 
dissimilarity. ANOSIM is a non-parametric test that assesses the overall 
significance of the difference between predefined groups (plot types) 
by reporting significance (p) and R values. R statistic compares average 
similarities within groups and between groups. R theoretically varies 
between -1 and 1. R values close to 1 indicate high dissimilarity between 
groups while close to 0 values indicate no differences in community 
composition between plot types [45]. Both analyses were based on the 
Bray-Curtis similarity measure. Differences were considered significant 
when p<0.05. 

Results 

Characterisation of Pinus size within the plantation 

The Pinus trees closest to the Dorset heath showed a significantly 
(p<0.0001, U Mann-Whitney test) bigger size (median perimeter=1.66 
m at 10–20 m) than trees of the same age planted further away from 
the Dorset heath (Figure 4A). The perimeter decreased with increasing 
distances from the Dorset heath, with significant differences between 
10–20 m and all the other distances and between 30–40 m and the 
other distances (Mann-Whitney U test). Beyond 30–40 m from the 
Dorset heath, the perimeters did not show significant differences. The 
orientation of Pinus throughout the plantation patches also caused 
significant differences (p<0.0001, Kruskal-Wallis test) in tree size (Figure 
4B), according to the following decreasing order (the median perimeter 
is indicated): north-northeast in the vicinity of the Dorset heath (1.66 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: Plot types analysed and information obtained after pairwise comparison between plots. 
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Figure 5: Box and whisker plot showing the category of soil disturbance caused by the forwarder, depending on the pre-existing percentage of bare soil (A) and 

the distance to the closest Dorset heath (B). Each bar represents the median (Q2) and the first (Q1) and third (Q3) quartiles of N=69 data. The ends of the lines 

(whiskers) indicate the minimum and maximum values of each distribution. The circles represent the outliers. 

 

m)>east (0.90 m)>north-northeast away from the Dorset heath (0.88 
m)>west (0.84 m)>south (0.78 m). The differences were significant in the 
following cases: north-northeast in the vicinity of the Dorset heath with 
respect to any other orientation (p<0.0001, Mann-Whitney U test), north- 
northeast away from the Dorset heath vs. south (p=0.0006, Mann-Whitney 
U test) and east vs. south (p=0.0009, Mann-Whitney U test). 

Effects of the forwarder on the soil surface 

Two main categories of disturbance, i.e., shallow (litter and topsoil 
mixed) and deep (topsoil removed, subsoil exposed; and tyre ruts) were 
observed. In short, the proportion of area affected by a deep disturbance 
after felling and forwarding was 64% (13.2 ha) compared with the 
36% (7.3 ha) affected by shallow disturbance. Deep disturbances 
were identified in areas with a percentage of bare soil>30% before the 
forwarding and relatively far away (median distance=33.5 m) from the 
Dorset heath. Shallow disturbance was identified near the Dorset heath 
(median distance=21 m) and on soils with percentages of bare soil<20% 
(Figure 5). Deep disturbance was also identified in areas repeatedly 

transited by the forwarder that lacked a forest cover. PCA analysis revealed 
that soil disturbance was mainly (95% variance) explained by the distance 
to the closest Dorset heath and the pre-existing percentage of bare ground 
(Table 1; Figures 5 and 6). In contrast, the age of the plantation (represented 
in PCA component 3) poorly affected the magnitude of soil disturbance 
caused by the forwarder (4.75% variance, Table 1). 

Impact of Pinus on the xerophytic community and recovery 

after forwarding 

‘Pinus plots’ showed the lowest richness (S=18) and Brillouin´s 
diversity index (HB=2.07) among the four plot types studied (Table 
2). The relatively high value of the dominance index (D=0.17) was 
explained by the relative higher abundance of geophytes such as 
Aetheorhiza bulbosa (mean occurrence=93%) and other ruderal, 
generalist species than in ‘open, well-preserved plots’ (Table 3, Figure 
7A). Accordingly, SIMPER analysis revealed the greatest dissimilarities 
(90.8%) in plant composition between ‘Pinus plots’ and ‘open, well- 
preserved plots’ (Table 3). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4: Box and whisker plots showing A) the perimeter of Pinus pinea trunks across a gradient of distance to the Atlantic Dorset heath; and B) the perimeter 

of P. pinea on the edge of the plantation for different orientations. For the trees oriented to the north-northeast, the distance to the closest Dorset heath is 

indicated. Each bar represents the median (Q2) and the first (Q1) and third (Q3) quartiles of n=46–61 data (N=451). The ends of the lines (whiskers) indicate 

the minimum and maximum values of each distribution. The circles represent the outliers. 
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Table 1: Results of the PCA, showing the % of variance explained by each habitat variable on the magnitude of soil disturbance. 
 

 PC1 PC2 PC3 

Bare soil (%) 0.087 0.964 0.248 

Forest age (years) 0.037 -0.252 0.967 

Distance to wet heath 0.995 -0.075 -0.058 

Eigenvalue 1009.37 428.19 71.70 

% variance 66.88 28.37 4.75 

 
Table 2: Richness, diversity, evenness and diversity indexes of the four plot types analysed. 

 

 Pinus plot Pinus-forwarded plot Open, forwarded plot Open, well-preserved plot 

Species richness, S 18 27 22 24 

Brillouin´s diversity index, HB 2.07 2.66 2.38 2.64 

Buzas and Gibson´s evenness 0.49 0.59 0.53 0.63 

Dominance, D 0.17 0.08 0.12 0.08 
 

Twenty-seven months after felling and forwarding, the xerophytic 
community showed a variable recovery that depended on the previous 
Pinus cover and the magnitude of soil disturbance. Species richness 
and Brillouin´s diversity index increased both in ‘Pinus-forwarded’ 
and ‘open, forwarded plots’ with respect to ‘Pinus plots’. The maximum 
richness (S=27) and diversity (HB=2.66) values were measured in 
‘Pinus-forwarded plots’ (Table 2), where a massive colonisation of 
generalist terophytes such as African mustard (Brassica tournefortii), 
soft brome (Bromus hordeaceus), and Senecio sp. occurred. These values 
were even greater than in ‘open, well-preserved plots’ (S=24; HB=2.64). 
Instead, ‘open, forwarded plots’ were colonised by therophytes typical 
of poor nutrient sandy soils (e.g., Arenaria algarbiensis, Corynephorus 
fasciculatus, Malcolmia triloba and Vulpia fontquerana) (Table 4). 
These annual plants were also represented in ‘open, well-preserved 

plots’ but not in ‘Pinus-forwarded plots’ (Figure 8). As a consequence, 
‘open, forwarded plots’ showed the lowest dissimilarity (39.6%) with 
respect to ‘open, well-preserved plots’. In contrast, dissimilarity 
between ‘Pinus-forwarded plots’ and ‘open, well-preserved plots’ was 
rather high (84%) (Table 3). Figure 7 represents the percent occurrence 
of the different Raunkier´s functional groups of ‘Pinus plots’, ‘Pinus- 
forwarded plots’ and ‘open, forwarded plots’ with respect to ‘open, 
well-preserved plots’ (Figure 7). Only two of the five functional groups 
showed a significant increase after Pinus removal (geophytes and 
hemicryptophytes) (Figure 7B). However, occurrence of therophytes 
was greater in ‘open, forwarded plots’ than in ‘open, well-preserved 
plots’ (Figure 7C). Occurrence of chamaephytes was lower in ‘Pinus- 
forwarded plots’ and ‘open, forwarded plots’ than in ‘open, well- 
preserved plots’ (Figure 7B-C). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6: PCA plot showing the effect of bare soil %, forest age and distance to the closest Dorset heath on the magnitude of soil disturbance (deep and shallow) 

after forwarding of Pinus pinea. 
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Table 3: Results of the pairwise Simper and Anosim tests between plots. 
 

 
Pairwise comparison 

Dissimilarity (%) 

(Simper test) 

Significance 

(p-value) 

(Anosim test) 

R 

(Anosim test) 

A) ‘Pinus plot’ vs ‘open, well-preserved plot’ 90.8 0.0009 1 

B) ‘Pinus-forwarded plots’ vs ‘open, well-preserved plots’ 84.0 0.001 1 

C) ‘Open, forwarded plots’ vs ‘open, well-preserved plots’ 39.6 0.0011 0.979 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Occurrrence of Raunkiaer´s life-forms for ‘Pinus plots’ (A), ‘Pinus-forwarded plots’ (B), ‘open, forwarded plots’ (C) with respect to ‘open, well-preserved 

plots’. Proximity to the line of unity indicates lack of difference for the life-form group between pairs of plots. 
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Figure 8: Contribution (%) of generalist and ruderal species vs. species typical of stabilised dunes in the different plot types studied. 

 

Table 4: Mean occurrence (%) of plant species in the different plots analysed. Each value corresponds to the average cover of 70 quadrats per plot (N=280). Taxa with occurrences ≤ 3% 
were excluded from analyses. Taxa with occurrences ≥ 20% are highlighted in bold. 

 

Taxon Pinus plots Pinus-forwarded plots Open, forwarded plots Open, well-preserved plots 

Acis trichophylla 9 9 13 4 

Aetheorhiza bulbosa 93 41 0 0 

Andryala arenaria 0 24 3 6 

Arenaria algarbiensis 0 0 77 93 

Brassica tournefortii 13 30 0 0 

Briza maxima 69 63 7 7 

Bromus rigidus 11 0 0 0 

Bromus hordeaceus 0 31 0 0 

Cistus libanotis 1 4 4 19 

Corynephorus canescens 0 1 6 14 

Corynephorus fasciculatus 0 0 33 1 

Cytisus grandiflorus subsp. cabezudoi 3 4 0 0 

Dianthus broteri 0 14 0 6 

Erodium aethiopicum 0 1 80 64 

Halimium calycinum 0 1 17 56 

Halimium halimifolium 20 7 4 26 

Helianthemum hirtum 3 0 4 11 

Hypochaeris glabra 0 46 0 0 

Kundmannia sicula 0 7 0 3 

Lagurus ovatus 1 7 0 0 

Lavandula pedunculata 0 3 9 19 

Linaria spartea 27 34 13 26 

Loeflingia baetica 4 0 0 37 

Malcolmia triloba 0 3 97 99 

Ornithopus sativus 0 0 9 0 

Pteridium aquilinum 13 0 0 0 

Rumex acetosella subsp. angiocarpus 6 87 0 3 

Rumex bucephalophorus 6 0 0 0 

Senecio sp. 0 13 0 0 

Silene portensis 3 4 0 0 

Stauracanthus genistoides 0 4 3 0 

Thapsia villosa 0 39 27 40 

Thymus mastichina subsp. donyanae 0 0 6 23 

Tolpis umbellata 0 0 1 10 

Tuberaria guttata 0 3 37 50 

Vicia lutea subsp. lutea 21 0 0 0 

Vulpia alopecuros 1 13 6 1 

Vulpia fontquerana 0 17 99 23 
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The ANOSIM test revealed significant differences (p ≤ 0.001) in 
the xerophytic community globally and in all pairwise comparisons 
between plots. This means that either ‘Pinus-forwarded plots’ or ‘open, 
forwarded plots’ still differs from ‘open, well-preserved plots’. The R 
statistic shows values equal to one or very close to 1 (Table 3), also 
showing that the xerophytic community between plots is still very 
different. 

Discussion 

In order to reverse the global loss of natural habitats, the conversion 
of old plantations towards biodiversity conservation is becoming a 
growing practice [10]. Felling and forwarding of Pinus in the present 
work aimed at recovering the number and abundance of species 
characteristic to the original ecosystems [46]. However, Pinus forests 
are also recognised as a priority habitat and in the Doñana Natural Area 
overlap other priority habitats such as the Dorset heath (code 4020), 
Atlantic decalcified fixed dunes (Calluno-Ulicetea) (code 2150) and 
Malcolmietalia dune grasslands (code 2230). The coincidence in space 
of four priority habitats posed a challenge during the planning stage 
that requested to define conservation priorities. The sharp decrease of 
the Dorset heath observed in the study area since the XVII century [47] 
tipped the balance towards the conservation of this habitat and fixed 
dunes over high cover Pinus plantations. 

The high dissimilarity (90.8%) between ‘Pinus plots’ and ‘open, 
well-preserved plots’ suggests that Pinus plantations may outcompete 
the Mediterranean xerophytic scrub when Pinus trees reach a high 
cover (100%). Our results agree with the diversity loss reported in 
plantations replacing natural shrublands [48]. Also, a high canopy cover 
in Pinus spp. forests from coastal Italy was associated with generalist 
and alien species, whereas lower canopy cover supported herbaceous 
and shrub species typical of natural dunal succession [49]. Our results 
also agree with the significant decrease of woody species richness and 
overall shrub cover reported in heathlands of the Strait of Gibraltar 
invaded by maritime pine (Pinus pinaster) [50]. Accordingly, felling 
and forwarding of high cover Pinus patches is proposed as a general 
recommendation to improve the biodiversity of the native shrubland, 
particularly in coastal sand dunes. 

Our results showed that the outcome of restoration may depend 
on particular site conditions such as the distribution of wetlands (here 
represented by the Dorset heath), the Pinus cover and the percentage 
of bare soil. The fact that the age of the plantation explained a small 
percentage of the variance was related to small-scale (tens of meters) 
differences of Pinus growth within a plantation of the same age. The 
size differences of Pinus trees throughout the plantation affected the 
magnitude of soil disturbance, in accordance with [28]. In practice, 
the higher growth of Pinus motivated a higher cover (measured as the 
tree crown projection) because crowns joined together. The higher 
growth is responsible of a greater accumulation of needles beneath the 
Pinus trees and a shallow soil disturbance on the areas closest to the 
Dorset heath than in further away distances. Despite the native origin 
of Pinus, our results agree with previous reports of higher Pinus growth 
in areas close to freshwater bodies [51], since the root systems of Pinus 
can extend to reach the groundwater level [52]. Pinus can have fairly 
developed root systems, essential for adapting to the summer droughts 
of the Mediterranean region. The architecture of Pinus roots consists 
basically of a taproot with several lateral roots leading off it [9]. These 
lateral roots are divided (sometimes in a ‘T’, as new rootlets) to form a 
complex multi-layered radical system [53]. The surface area of the Pinus 
radical system can reach 8–50 times the surface area of the projection 
of the tree crown [54]. The depth of the taproots ranged from 0.88 to 

1.80 m in Pinus trees from Ravenna (Italy) [55, 56] and from 0.70 to 
1.55 m in the south of France [55]. Regarding the lateral roots, lengths 
have been measured ranging from 2.4 to 37.8 m for trees of 24 and 128 
years of age, respectively [57]. These lengths can vary with the nature 
of the soil, developing better in sandy soils (like in the area of study) 
than in clayey soil [9]. Although we do not have specific data on the 
extension of the roots of the pine trees in the area studied, the data 
published suggests that the Pinus roots have potential to capture water that 
nourishes the heath, at least in plantations situated up to 30–40 m away 
from the Dorset heath (especially in the first 20 m). This fact was confirmed 
by particular in situ observations in the study area (Figure SI3). 

The generation of ruts and rutting, particularly on repeatedly used 
tracks and pre-existing fire breaks where the percentage of bare soil was 
ca. 90% agrees with [18], who found a greater degree of protection of 
the layer of organic matter (density of leaf litter up to 20 kg m-2) in sandy 
soils after five years of constant traffic. The layer of leaf litter reduces 
the formation of ruts [23] although may not prevent compacting or 
other related disturbances (porosity) after repeated passing by the 
machine [25]. Furthermore, in areas with a high density of felled trees, 
the forwarder (with an arm reaching a maximum distance of 8.5 m) 
can remove more biomass by maintaining its position, reducing the 
level of disturbance. On the other hand, when the trees or branches 
to be removed are more disperse, the forwarder needs to constantly 
reposition itself and the magnitude of disturbance is greater. 

Our results showed that the removal of Pinus did not allow a recovery 
of the xerophytic community of stabilised dunes (dissimilarity=84% 
after 27 months) after 27 months but induced the colonisation of 
ruderal terophytes suggesting that the high cover of Pinus modified the 
habitat [4,28]. Therefore, the complete recovery of plant assemblages 
in high cover Pinus patches may need a longer period, as found after 
ecological restoration of forestry‐drained peatlands (5-10 years) [46]. 
The recovery observed in ‘Pinus-forwarded plots’ was in fact much 
lower (dissimilarity=90.8%) than in open areas that underwent a deep 
disturbance by the forwarder (dissimilarity=39.6%). The increase in 
annual plants typical of stabilised dunes after forwarding and the lower 
contribution of long life cycle chamaephytes suggests that the plant 
community is still in an early successional stage. This result is coherent 
with the relative short period elapsed since the disturbance and agrees 
with previous reports [12,13]. Strikingly, physical disturbance provoked 
by the forwarder stimulated the development of meadows typical of 
the habitat of community interest (code 2230) ‘Malclomietalia 
dune grasslands’, which included some threatened and/or protected 
species such as Vulpia fontquerana [30]. Therefore, Pinus 
plantations would thus have a more lasting effect than the mere 
physical disturbance caused by the forwarder. This suggests that 
sandy soils have a relatively high recovery potential to physical 
disturbance compared with other types of environments [58]. This 
positive result may be also explained because the treated areas are 
adjacent to source habitats [59]. It also suggests that the xerophytic 
plants recover better in areas disturbed by the repeated crossing of 
the forwarder than in areas previously occupied by a high cover of 
Pinus. Finally, the absence of a secondary colonisation by alien 
species reported in other studies [12,13,53] may be explained by the 
rather long distance of the study area to the closest agricultural and 
urban areas (13 km) that may act as propagule source of undesirable 
species. 

Conclusion 

The forwarder mainly affected the areas with a percentage of 
bare soil>20%. The impact of the forwarder on the xerophytic plant 
community typical of stabilised dunes showed promising signs of 
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reversibility in areas in which the forwarder caused deep disturbance 
compared with others with a shallower disturbance but with a high 
Pinus cover. Our results suggest that a high cover of Pinus have a 
more lasting effect than the mere physical disturbance caused by the 
passing of the forwarder in areas without any pines. Our findings may 
serve as a guide for future management and planning of old, disused 
Pinus plantations in natural areas aimed at prioritising biodiversity 
conservation. 
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