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Abstract

Abandoned fields form an integral part of the landscape of Mediterranean mountains. For
centuries, very steep slopes with poor soils were cultivated to feed the local population.
From the mid-20th century, agriculture on many slopes has been abandoned and
secondary succession is taking place with environmental, socio-economic and landscape
implications. This paper investigates the role of physical (climate variability and
topography) and human (age of abandonment and field type - flat, sloping, terraced)
factors in the process of secondary succession in abandoned fields in a representative
Mediterranean mountain area. Aerial photographs from 1956 and 1978 were used to map
the space-time process of land abandonment, and field types. Data on vegetation cover in
abandoned fields was obtained in the SIOSE, the information system on land use in Spain
(2006). The map was incorporated into a GIS and statistical analysis was done with R
software (R, version 3.2.3).

The results show that altitude and climate variability are the principal factors explaining
the distribution of areas of forest and shrub. The slope and solar radiation are less
important. Human management, although apparently a lesser determinant, has a strong
influence. Management before abandonment conditions the spatial distribution of the
seed bank and the extent of soil degradation. Management following abandonment
(afforestation of conifers, shrub clearings and livestock grazing) decides where pine forest

and pastures are located. The results of our case study suggest, that unlike most of cases



in the literature, the age of abandonment is not the main factor explaining the natural
succession processes. The knowledge about how natural and anthropogenic factors affect

secondary succession should be considered a tool for land management in mountain areas.
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1. Introduction

Agricultural abandonment has been defined by many authors as the ceasing of
agricultural activities on croplands and grasslands resulting in a secondary succession
process and the recovery of natural vegetation (Prishchepov et al., 2012b; MacDonald et
al., 2000; Keenleyside and Tucker, 2010, Levers, et al., 2018). Since the mid-20th
century, abandonment of agricultural land is found in many regions of the world,
especially North America and the Mediterranean Europe (Debussche et al., 1999;
MacDonald et al., 2000; Waisamen and Bliss, 2002; Levers et al., 2018). Ramankutty and
Foley (1999) calculated that, on a global scale, approximately 1.5 million kmzhave been
abandoned. Land use changes estimations indicate that, by 2030, 3-4% of agricultural
land in Europe will be abandoned (between 126,000 and 168,000 kmz2), according to
Keenleyside and Tucker (2010), while other authors raise the numbers to 6.7% (Rienks,
2008; Verburg and Overmars, 2009).

The first and principal effect of land abandonment is the start of a process of
secondary succession, which has environmental (landscape structure, biodiversity,
wildfire regime, hillside hydrology, soil erosion etc.), socio-economic (availability of
pasture, livestock numbers, landscape aesthetics, etc.) implications, also for ecosystem
services (carbon sequestration, water supply, tourism, etc.) (Chauchard et al., 2007; Sitzia
et al., 2010; Garcia-Ruiz and Lana-Renault, 2011; Bernues et al., 2014; Lasanta et al.,
2015; Nadal-Romero et al., 2016). The process of plant colonisation is complex and gives
rise to a patchwork of environments and land covers depending on several factors: age of
abandonment, lithology, fertility of the soil, topography, use and management before and
after abandonment, human disturbance (fire, shrub clearing, ploughing, etc.), climate
conditions, soil humidity, and so on. Therefore, it is not surprising that there is extensive
literature on the subject (Golley, 1977; Bunce, 1991; Pausas, 1999; Vicente-Serrano et
al., 2005; Mottet et al., 2006; Gellrich et al., 2007, Zapata Pérez et al. 2016, among others)



analysing the impact of environmental conditions and human management practices on
plant colonisation.

Agricultural land covered a large area of the Mediterranean mountains in Europe
until the mid-20th century. Since then, an intense process of abandonment has promoted
secondary succession (Strijker, 2005; Sitzia et al., 2010; Arnéez et al., 2015; Terres et al.,
2015; Lasanta et al., 2017a). Hence, abandoned fields constitute one of the most common
land uses these days, with a major impact on the landscape and further environmental and
socio-economic implications (Sitzia et al., 2010; Garcia-Ruiz and Lana-Renault, 2011).

Most studies carried out on secondary succession are based on sampling from
abandoned fields selected as being representative: age of abandonment (Debussche et al.,
1996), lithology (Lesschen et al., 2008a; Belmonte-Serrato et al., 2016), management
before and after abandonment (Molinillo et al., 1997; Cramer et al., 2008), human
disturbance (pasturing, fire, etc.) (Bonet and Pausa, 2004; Teira and Peco, 2003; Rocha
et al., 2016). Based on this, the causes affecting the process of succession have been
analysed to provide highly interesting outcomes on temporal rhythms, the composition of
species at community level and the resulting land covers. However, few studies have
analysed (i.e. Padilla Blanco, 1998; Robledano Aymerich et al., 2016) the heterogeneity
of plant cover on wider regional scales (valley, district, etc.), perhaps due to a lack of
sufficiently detailed spatial information, and the huge effort required to work on large
areas. Recent maps produced by some public administrations have enabled these
limitations to be overcome. Spain has very detailed maps; the Information System on
Land Use in Spain (SIOSE) displays the diversity of land covers and allows relating it to

various topographical, environmental and management factors.

From a scientific point of view, it is very useful to know the land covers and its
spatial distribution in secondary succession processes. It has also important implications
for the environment (quantification of fire risk, water regulation, land conservation,
biodiversity, etc.), for the landscape (aesthetics and heterogeneity of the landscape) and
socio-economics (availability of pastures, hunting, timber, by-products of mountains,
etc.). This paper aims to gain more insight into the discussion by exploring the following
central research questions: which factors conditioned the present land cover in abandoned
fields? This leads to the following research hypothesis: the age of abandonment is the
most influencing factor in secondary succession processes. In this respect, the objectives

of the paper are: (i) to analyse secondary succession processes after land abandonment in



Cameros Viejo (La Rioja), and (ii) to determine the significance of factors affecting

secondary succession after land abandonment in different land covers.

2. Material and methods
2.1. Study area.

This study was carried out in Cameros Viejo (north-west of the Iberian Mountain
range), a representative area of the Mediterranean mountains in Europe (Figure 1). The
Leza and Jubera valleys (Cameros Viejo) cover a surface area of 396 kmz, rising from
600 m a.s.l. to 1,700 m s.a.l. (Figure 1). Cameros Viejo consists of a gentle line of peaks,
rounded and with moderate slopes. The most rugged relief is in the outer zones, especially
in the fringe of Mesozoic limestone joining the Iberian Mountain range with the Ebro
Depression, and in the deep ravines surrounding rivers (Garcia-Ruiz and Arnaez, 1991).
Annual rainfall fluctuates between 450 mm in the driest places and 850 mm in the peaks,
with maximums in spring and autumn and minimums in summer. The annual average
temperature is between 10-11°C, but significantly lower on the peaks (Cuadrat and
Vicente-Serrano, 2008). Cameros Viejo has a partly Mediterranean climate with strong
continental features and little influence from ocean fronts, leading to water deficit in
summer, with the dryness accentuating due to the sandy texture of the soil and its shallow
depth (Garcia-Ruiz et al., 1988).

The majority of the study area falls within the Quercus pyrenaica ecosystem.
However, massive deforestation in the Middle Ages confined the forest to the enclaves
of more difficult access and little used for farming. During the last few decades, Pinus
sylvestris, Q. pyrenaica and Q. rotundifolia subs. Ballota woods have spread, both
through natural succession and reforestation, although shrub still occupies large areas.
Genista scorpius, Buxus sempervirens, Rosmarinus officinalis and Thymus vulgaris are
found in limestone zones. Cistus laurifolius predominates on siliceous ground (Arnaez et
al., 2011) (Figure 1).

Cameros Viejo has changed recently from intense farming to sudden abandonment
(Arndez et al., 2011). The 1900 census recorded 8,013 inhabitants (20.2 per kmz), while
there were only 607 in 2018 (1.53 per kmz). At present, hardly any crops are grown,
managing the territory with extensive grazing, mainly cows, with some horses and small
flocks of sheep and goats. The livestock grazes mostly around the cattle sheds in the
valley bottoms or near ravines, rarely moving up the slopes, which favours secondary

succession (Lasanta and Arnaez, 2009). Since 1986, the Regional Government has been



clearing shrublands to regenerate pastures in an effort to develop extensive livestock
grazing, retain the population and control wildfires (Lasanta et al., 2018; Lasanta et al.,
2018). From 1986 to 2017, 6,738 ha were cleared, equivalent to 28.5% of the shrublands,
and 17% of the Cameros Viejo area.

Throughout the 20th century, Cameros Viejo witnessed a severe shrinkage of
farmland area. Lasanta and Arnéez (2009) showed that abandoned fields cover 15,436.6
ha (38.9% of the total surface area). Until 1956, only 4,790.3 ha had been abandoned
(30.9% of the previous agricultural area). Following that year, a second stage began
leading up to the end of the 1970s. The speed of abandonment accelerated, with 14, 505.3
ha abandoned from 1956 to 1978 (an average of 442 ha yr-1). Abandonment of some
cultivated fields has continued over the last three decades, reducing crop areas to 54.3 ha
in 2006 (SIOSE, 2006). Since 2006, only 31 ha has been abandoned according to statistics

of the Regional Government of La Rioja.

2.2. Methods
2.2.1. Creating a database

Aerial photographs from 1956 (scale 1:33,000) were used to delimit the
agricultural area, differentiating between the cultivated and abandoned land at this time;
also the field types were identified: terraces, sloping and flat. Next, using photographs
from 1978 (scale 1: 18,000), a map was made of the abandoned area from 1956-1978 and
that which was still cultivated in 1978, when over 99% of farmland had been abandoned.
The map with the cultivated area, the age of abandonment and field types was transferred
to the topographical map (scale 1: 50,000) and digitized and geo-referenced with GIS
(ArcGIS 10.3). 15,029 cells were used at a resolution of 100*100 metres. Most studies
that use information on abandoned fields base their analysis on records starting on the
70°s, due to the lack of detail data (e.g., satellite images, official inventories, etc.) from
previous periods. In this study, we provide detail information regarding the state of
abandoned fields in different periods: before 1956 and in the interval 1956-1978 based
on aerial photographs, which provide highly valuable inputs for these purposes. It is really
difficult, to identify the exact date of abandonment before 1956. Some authors indicated
that at the beginning of the XX century some cultivated fields were already abandoned,
however after the Spanish Civil War some fields were again cultivated due to the extreme
bad conditions (Lasanta Martinez and Errea Abad, 2001).



The land cover on abandoned farmland was given by SIOSE (Information System
on Land Use in Spain) and available on www.larioja.org. This is a map showing land use
and cover, at a scale of 1: 5,000, although presented at 1: 25,000 refer to 2006 (see Lasanta
et al., 2011 for further details). This enabled the mapping of land cover in abandoned
fields before 1956, between 1956 and 1978, and between 1978 and 2006. As the SIOSE
map is highly detailed, the legend is very complex, giving rise to several combinations
(25 categories for abandoned fields in Cameros Viejo: Lasanta et al., 2011), which makes
the results difficult to analyse and interpret. Therefore, it was decided to reclassify it into
8 categories, taking into account the surface area of each category and its own
characteristics. The 8 categories defined in this paper are (Figure 2): 1. Deciduous, 2.
Conifers, 3. Shrub-Deciduous, 4. Shrub-Conifers, 5. Shrub-Mixed forest (deciduous and
coniferous), 6. Shrub, 7. Shrub-Pasture, 8. Pasture.

Some of the factors selected to study the distribution of land use come from the
Digital Elevation Model (DEM in metres), at a resolution of 200*100 metres (GTOPO30,
USGS 1996). Factors obtained from the DEM are altitude (m), orientation with 8 possible
directions, slope (°), and potential solar radiation (WH/mz2). Annual rainfall and the
average annual temperature were obtained for the period 1970-2003 from a study by
Cuadrat and Vicente-Serrano (2008), at the same DEM resolution (Table 1 and Figure 5).
Other variables that has been analysed in similar studies, as lithology (Zapata-Pérez et al.,
2016) and soil properties have been discarded: lithology because most of the cultivated
land was included in one lithology (Cretaceous sandstones and clays) and soil properties

due to the low resolution of the available information.

2.2.2. Database analysis

An exploratory study was made of the data to find the distribution of land cover
for each of the factors (altitude, slope, solar radiation, average annual temperature, total
annual rainfall, orientation, age of abandonment of fields and field type). In the
preliminary analysis for quantitative variables (altitude, slope, solar radiation, average
annual temperature and annual rainfall), a box diagram was used to supply information
on the minimum and maximum values, quartiles, Q1, Q2 or mean and Q3, and on any
atypical values and distribution symmetry. For the qualitative variables (orientation, age
of abandonment and field type), a bar graph was used showing the frequency (%) of each

category defined within the variable for each type of land cover.



In addition, a principal component analysis (PCA) (multivariate analysis) was
carried out to summarize and classify factors explaining the space-time process in
secondary succession (Everitt and Horton, 2011). The PCA enabled group factors with a
similar influence to be grouped and later relate each of the PCA components to the current
land covers. The 8 factors studied were considered as variables, and each sample in the
study (15,029 cells) was deemed an observation. Each component of the PCA was
selected according to the percentage of variance explained and defined by its correlation
with the analysed factors. Results from the PCA were related to the 8 categories of land
covers to determine which predominated in the factors analysed. The whole statistical
analysis was done with R software (R version 3.2.3) (R Development Team core 2013),
and graphics with QGIS (QGIS Development Team, 2009). Finally, information about
management before and after land abandonment was obtained through knowledge
achieved in previous studies, field work, and meetings and interviews with regional
administration and stakeholders. This information provided data about past and present
land management strategies: afforestations (Ortigosa, 1991), shrub clearings and fire
control (Lasanta et al., 2018).

3. Results
3.1. The agricultural area and land abandonment in Cameros Viejo.

Figure 3a shows the spatial distribution of abandoned fields and the age of
abandonment in three different periods: before 1956, between 1956-1978, and after 1978.
Figure 3b shows the percentage of each type of land cover observed in 2006 related to the
abandonment period. All land covers are present in the abandoned fields, without the age
of abandonment being an influencing factor. Proof of this result is that there are deciduous
and coniferous forests in the most recently abandoned fields (after 1978), when it could
be expected that these fields would be in the earlier stages of secondary succession.
Similarly, pasture is found in abandoned fields for any age, when it could be expected
that they would have completed several stages of secondary succession. Areas with steep
slopes were the first ones to be abandoned. Currently, those areas are populated by shrub-
deciduous vegetation and pastures. In the period 1956-1978, about 15% of the cultivated
area was abandoned (see also Lasanta and Arnaez, 2009). These abandoned fields
correspond to zones with higher altitudes. Nowadays, these areas present a high diversity
of types of land covers, with shrub-pastures and pastures being predominant. The last

areas being abandoned were those in lower altitudes, in zones near the rivers and with



gentle slopes. In these areas shrub-deciduous and pasture land convers are predominant
(Figure 3b).

Figure 4a shows the spatial distribution of the field types (sloping fields, terraces
and flat fields) and Figure 4b shows the percentage of land cover observed in 2006 for
each field type. Sloping fields occupied 54% of this space, terraces 31%, and the
remaining 5% were flat fields. Cultivation had stopped on 36.5% of the surface area of
sloping fields and 31.8% of terraces before 1956. It can be observed that terraces close to
the river were abandoned after 1956, while this took place earlier on the ones further away
from the river and those on steeper slopes. 44.1% of the area abandoned before 1978 is
on sloping fields, and 55.9% on terraces. High altitude areas were mainly cultivated with
sloping fields, characterized nowadays by different land covers, especially deciduous and
conifers. Cultivated areas in lower altitudes were mostly flat fields, and the predominant
land covers are shrub-deciduous and pasture. Terraces presented an important growth of

shrub-conifers.

3.2. Current land covers in abandoned fields

Table 2 includes the surface area occupied by land cover in abandoned fields in
Cameros Viejo in 2006. It can be seen that shrublands (29.5% of the total surface area)
or combined with other land covers (53.8% of the total surface area) from the matrix of
the landscape. It must be pointed out that the initial stages of secondary succession
predominate: pasture (12.8%), shrub-pasture (30.9%) and shrub (29.5%), while very few
abandoned fields have reached the deciduous (2.6%) and coniferous (0.9%) forest stage.

Figure 5 shows how each land cover is associated with the studied factors (a.
altitude; b. mean annual temperatures; c. total annual rainfall; d. slope; e. potential
radiation; f. orientation). Deciduous, conifer, shrub-deciduous and shrub-conifer
categories are mainly found on the higher altitudes, with lower temperatures and higher
rainfall amounts, with little solar radiation and gentle slopes. However, shrub and shrub-
pasture are usually at the bottom of river valleys, where temperatures are higher, rainfall
lower, with more solar radiation and moderate slopes. Pasture is a special case due to its
random distribution without keeping a close relationship with any of the factors analysed;
there are areas of pasture at various altitudes, with very different rainfall and

temperatures.

3.3. Factors explaining the spatial distribution of land cover in abandoned fields



Figure 6 shows the role played by the factors analysed for the spatial distribution
of land cover. PC1 represents 35% of the total variance explained. It has a significant
positive correlation with the temperature (0.57), and significant negative correlation with
altitude and rainfall (-0.54 and -0.47, respectively). PC2 represents 18% of the total
variance explained. It has a significant positive correlation with the age of abandonment
(0.51) and slope (0.36), and a significant negative correlation with solar radiation (-0.55),
orientation (-0.43) and field type (-0.35) (Figure 6a).

The PCA shows the importance of altitude. PC1 differentiates between high and
low altitudes, while PC2 shows the abandoned fields at mid altitude. Spatially, (Figure
6b) it can be seen that the positive PC1, representing temperature, predominates in the
bottom of river valleys; negative PC1 predominates in higher areas, together with high
rainfall amounts. PC2 shows that positive values relate to the age of abandonment and
slope, while the negative ones are linked to solar radiation, exposure and field type.

Figure 7 shows the relationship among PCA components and the 8 categories of
land cover. It can be observed that: (i) rainfall and altitude are the main determining
factors where deciduous forest is found. Also, to a lesser extent, in the shrub-forest
categories. (ii) Conifers are mainly influenced by the slope and age of abandonment. (iii)
Temperature is the most important factor for growth in the shrub category and, to a lesser
extent, for the shrub-pasture. (iv) Distribution of the pasture category seems to be fairly
strongly linked to altitude and rainfall, although its spatial distribution varies greatly.

Figure 8 shows the position of the different land covers (pixels) in the factorial
plane. Even though discrimination was not successfully observed (high variability), some
small differences could be highlighted only in deciduous and conifers areas. The
deciduous forests are mainly distributed in the negative site of PC1 and in the positive
site of PC2 (corresponding with areas with higher altitude and precipitation, higher slopes
and abandonment before 1956). Most of the coniferous sites were also located in the
positive site of the PC2 (higher slopes and abandonment before 1956) and distributed
along the PC1 (high variability of altitude, precipitation and temperature).

4. Discussion

Secondary succession in abandoned fields is a dynamic process in which the
natural vegetation starts to invade the space from where it was cleared for agriculture
(Tatoni and Roche, 1994; Pugnaire et al., 2006). This evolution is scaled into a series of
stages ranging from pioneer communities to very highly structured ones which are, in

theory, multi-strata. Clements's models (Clements, 1928, 1936) suggest that succession



in abandoned fields follows a linear progression, starting with herbaceous plants (ruderal
or arvense that were present in the agricultural phase) giving way to shrub and, later, trees
(Tomaselli, 1977). The consideration of the vegetation succession as a linear process has
driven different studies that predict succession through the application of transition model
matrixes (Korotkov et al., 2001; Benabdellah et al., 2003). However, in some cases, the
forests do not manage to become established in the final stage (Lesschen et al., 2008b).
Other models emphasise the key role played by local environmental conditions in not
reaching the forest stage, but establishing stable dwarf bushes or shrublands (Tzanopoulos
et al., 2005; Ruskule et al., 2012).

The temporal and spatial rhythm in the secondary succession process is
determined by the interaction of biotic (competition among species and proximity of
patches of vegetation), abiotic (rocky substrate, topography, climate conditions, soil
characteristics) and anthropogenic factors, such as use and management before and after
abandonment with subsequent disturbances, the age of abandonment and field type (Teira
and Peco, 2003; Mottet et al., 2006; Gellrich et al., 2007; Cramer et al., 2008). In addition,
it must be remembered that growing crops almost always degrades the soil, and so a time
lapse is needed before fertility is restored, which can be longer with a more structured
form trying to settle on abandoned fields. In fact, secondary succession occurs at the same
time as edaphic conditions improve: unprotected, helophyte and poorly balanced
conditions typical of the time immediately following abandonment are gradually replaced
by more self-regulated environments, with greater heat and water inertia, characteristic
of pre-forest conditions (Golley, 1977).

The influence of several environmental and human factors, together with the
passage of time, results in a very heterogeneous cover, which can be observed in the
cartography provided by SIOSE. In Cameros Viejo, 205 combinations of land covers
were found, divided into associations (134), mosaics (58) and single cover (13) (Lasanta
etal., 2011). However, the huge diversity of categories appearing on the maps means that
speedy interpretation of land cover changes is difficult and demands reclassification of
the legend - which is not easy - to simplify the number of categories, even though this
would lose information on the dynamics of a process as active as secondary succession
in abandoned fields (Lasanta et al., 2011). This study groups combinations of vegetation
into 8 land cover categories (Figure 1).

At present, the abandoned fields in Cameros Viejo are mainly in the phase where

the largest area is covered by shrub (G. scorpius on limestone and C. laurifolius on



siliceous ground), either in monospecific formations or together with conifers, deciduous
trees and pasture (Figure 2). This indicates that the change from shrub to tree cover is
very slow in the study area. Barbero et al. (1990) point out that pre-forest shrub is
frequently found in Mediterranean areas strongly affected by heavy disturbance from
human activity. The slow rate of secondary succession in Cameros Viejo may be due to
the climate (Mediterranean) with scarce rainfall, and also to the depleted soil following
the cultivated period. Soils needs a very long time to recover sufficient fertility to grow
oak and pine forests (Acécio et al., 2007; Nunes et al., 2010). It has been found that, in
the Pyrenees and valleys in the Iberian Mountain range with an Atlantic climate,
secondary succession is faster than in Cameros Viejo and reaches the forest stage sooner
(Errea Abad et al., 2015). Climate conditions and degraded soil in the study area may
justify the fact that the age of abandonment in this analysis is not so relevant as in other
studies (Ruhl and Pasta, 2007; Martinez-Duro et al., 2010; Zhang and Dong, 2010; Rocha
etal., 2016).

In this research, it was found that altitude is a key factor in the timing of secondary
succession, which agrees with the findings from other studies (Hengeveld, 1990; Gallego
Fernandez et al., 2014). Lasanta et al. (2004) concluded that, for the Spanish Pyrenees,
altitude is the most decisive topographical factor in the annual and interannual dynamics
of plant cover, since it controls the climate conditions and, therefore, certain biological
processes in the vegetation. In Cameros Viejo, deciduous trees predominate in abandoned
fields at higher altitude, while the lower slopes are covered by shrub. It must be
remembered that the higher the altitude, the lower the temperature and
evapotranspiration, and rainfall increases. Higher rainfall volumes in the upper areas
seems to be an essential factor in speeding up the change from shrub to forest. This has
also been found in the Pyrenees and the western sector of the Iberian mountain range,
where rainfall is higher and temperatures lower (Vicente-Serrano et al., 2006). Moreover,
it is known that the change from shrub to young forest can be rapid (20-30 years) in wet
areas of Atlantic and continental Europe (Debussche et al., 1999; Ruskule et al., 2016),
or slow (more than 80 years), as in the Mediterranean mountains (Bonet and Pausas, 2004;
Rey Benayas et al. 2015).

The expansion of deciduous forests at higher altitudes is not only explained by
spatial variation in climate conditions, but also by another two causes. On one hand, by
the proximity of abandoned fields to stands of Q. pyrenaica. Arnaez et al. (2011) state

that when agriculture was expanding fast (at the end of the 19th century - beginning of



the 20th), the Q. pyrenaica forests on the higher slopes were no longer cut down. These
forests acted in the revegetation process by providing plant seeds and propagules and
improving the micro-environment conditions by retaining soil moisture and increasing
porosity, which promoted seed germination (Debussche and Lepart, 1992; Verdd and
Garcia-Fayos, 1996, 1998; Rocha et al., 2016). In addition, the distance of the highest
abandoned fields from the cattle sheds meant that grazing was less intense or non-existent
(Lasanta, 2009). Livestock grazing is a factor that conditions the speed of secondary
succession. With a suitable number of livestock, abandoned fields act as pasture for
decades and delay colonisation by shrubs and trees (Hatfield et al., 2006). However, if
livestock is limited, or there is no grazing, shrub penetrates rapidly, followed by trees, if
environmental conditions permit (Tasser et al., 2007; Tzanopoulos et al., 2007; Sluiter
and de Jong, 2007; Verburg and Overmars, 2009).

Shrub predominates in abandoned fields on the lower slopes, mainly due to the
water deficit in summer and the sparse tree propagules close to the fields. Both
circumstances extend the life of shrub in abandoned fields for decades (Rey Benayas et
al., 2002; Bonet and Pausas, 2004). Other factor affecting secondary succession is soil
quality (Tilman, 1987; Kopecky and Vojta, 2009; Ruskule et al., 2016). The various
stages in secondary succession take place fairly rapidly in deep soils rich in organic
material. However, the process is very slow on shallow and eroded soils or badly
structured, even though there is sufficient rainfall for trees to grow and there are forests
nearby (Verburg and Overmars, 2009; Pueyo and Begueria, 2007; Acécio et al., 2007).
Soils heavily deficient in nutrients are frequently found in abandoned fields in the
Mediterranean mountains since they have been cultivated for centuries without the use of
fertilisers or soil conservation practices. Lasanta et al. (2017b) noted that, in the Spanish
Pyrenees where some slopes were cleared for shifting cultivation, secondary succession
is very slow, with scattered G. scorpius shrub remaining for at least 80 years. Nunes et
al. (2010) observed that the poor content of organic matter in the soil of abandoned fields
in central Portugal led to very slow plant colonisation.

Pine forests are usually found on the oldest abandoned fields, on steep slopes at
mid altitude. This is explained by the reforestation of many slopes between 1940 to 1980.
During this time, the National Forest Service planted conifers in many regions that were
being depopulated or abandoned. The purposes were economic (to increase wood and
paper pulp production), social (to provide the means to live in mountain areas that were

being depopulated) and environmental (to regulate the hydrological cycle and reduce soil



erosion in abandoned areas) (Ortigosa et al., 1990; Calvo-Iglesias et al., 2009;
Symeonakis et al., 2007). In the study area, reforestation took place on the first abandoned
fields, which were those on the steepest slopes difficult to access with tractors, and also
with the poorer and less fertile soils (Ortigosa, 1991).

Pastures do not show a clear spatial distribution model, although there is a slight
bias towards fields at higher altitude. Human intervention also explains their location.
Shrub clearing is usually done on abandoned fields, since it fulfils the land managers'
main demands for an area to be cleared: less than 30% slope, covered by shrub, no trees
and access for the brush-cutting machine. In addition, land managers aim to clear
shrublands at different altitudes to extend the grazing period, thus explaining the pasture
often found on higher altitudes where the livestock would not go if not for the cleared
land, as it is far from their sheds (see more in Lasanta et al., 2009, 2016, 2019).

Some of the factors studied, such as solar radiation and slope seem to have little
importance. This is because the abandoned fields are on gently sloping areas between 10-
40%, which reduces the role of solar radiation and slope. Some authors point out that,
under highly disturbed conditions, such as those undergone in the study area with
deforestation for crops and grazing after farming was abandoned, the topographical
factors in secondary succession lose importance (Kadmon and Harari-Kremer, 1999;
Tzanopoulos et al., 2007). However, others conclude that topography strongly affects
secondary succession on rugged mountain landscapes, or in semi-arid areas on flat areas
(Carmel and Kadmon, 1999; Bonet, 2004; Rilh et al., 2006).

The results from our study show a scarce importance to field types, whose
influence is overshadowed by the strength of other factors, such as altitude and climate.
Nevertheless, in a detailed study of Cameros Viejo, Errea Abad and Lasanta (2014) found
that secondary succession takes place more rapidly in terraces than in sloping fields, and
the change from pasture to shrub and the presence of the first trees occurs in a shorter
time. This is explained by the better soil in terraces that helps the roots of shrubs and trees
to penetrate faster. Furthermore, the higher infiltration rates improve moisture conditions
and lessen hidric stress (Koulouri and Giurga, 2007; Arnéez et al., 2015). Pedroli et al.
(2006) state that, on terraced slopes, plant colonisation is faster than on sloping fields,
since the terraces form narrow bands, which favours the proximity to the seed bank
present in the terrace, especially when the bank is covered in crop vegetation. Kouba et
al. (2012) conclude that Quercus faginea lam. forests could form on abandoned terraces

in the Aragonese Pyrenees (Spain) within 4-5 decades.



Studies in secondary succession have evolved over time from conceptual and
descriptive studies to others with an applied nature. Pranch and Walker (2011) show the
different opportunities and utility that the studies of secondary succession offer as a tool
in land management policies. For this reason, it is essential to know what and how natural
and anthropogenic factors affect vegetation, in order to present this knowledge to the

planning and land management.

5. Conclusions

Human intervention through deforestation and cultivation of slopes, followed by
farmland abandonment and reforestation with conifers and livestock grazing, condition
the secondary succession process, both in the spatial distribution of plant cover and the
speed of growth. Physical factors, especially altitude and climate variability strongly
influence the location of Q. pyrenaica forests on higher altitudes and areas of shrub at
lower altitudes. However, secondary succession gives rise to a patchwork of plant cover,
where human management (before and after abandonment) plays an essential role and
explains the location of conifers in the first abandoned and steepest fields, and the random
spatial distribution of pasture. However, our findings demonstrated that contrary to our
hypothesis, the age of abandonment is not the most influencing factor in secondary
succession processes in Cameros Viejo.

The results from this research confirm the complexity of secondary succession
process in abandoned fields and open many questions on a process occurring where nature
meets man, and where time and space are embedded, which generates myriad local

responses to a process that occurs on a Global scale.
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Table 1: Factors analysed, type of variable and basic statistics.

Factors analysed Type Basic statistics
Elevation (m) Min: 585 Max: 1425 Average: 1053
Slope (°) Min: 0.10 Max: 35 Average: 13
Potential solar radiation g Min: 4*10s Max: 1*10e Average: 1*106
(WH/m2) g
Average annual temperature C% Min: 8 Max: 12 Average: 10
(°C)

Annual rainfall (mm) Min: 510 Max: 745 Average: 630
Orientation N, S, E, W, SE, SW, NE, NW

Field type % Sloping (1); Flat (2); Terraced (3)

Age of abandonment of the E Before 1956 (1); Between 1956-1978 (2);
field | After 1978 (3)

Table 2: Distribution of land cover in abandoned fields in Cameros Viejo.

Land covers Surface area (ha) Percentage (%)
Deciduous 395.6 2.6
Conifers 136.8 0.9
Shrub - Deciduous 604.2 3.9
Shrub- Conifers 477.1 3.1
Shrub - mixed forest 2,5235 16.3
Shrub 4,556 29.5
Shrub - Pasture 4,772.2 30.9
Pasture 1,970.6 12.8

TOTAL 15,436 100

Source: Government of Spain. Ministry of Public Works. SIOSE. Compiled by the author from SIOSE
(2006)



Figure 1. The study area and land cover distribution in 2006. 1. Deciduous (Quercus
pyrenaica and Q. rotundifolia), 2. Conifers (Pinus sylvestris), 3. Shrub-Deciduous, 4.
Shrub-Conifers, 5. Shrub-Mixed forest (deciduous and coniferous), 6. Shrub (Cistus
laurifolius on siliceous ground and Genista scorpius, Buxus sempervirens, Rosmarinus
officinalis and Thymus vulgaris), 7. Shrub-Pasture, 8. Pasture. Source: Own elaboration
from SIOSE (2006).
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Figure 2. Spatial distribution of land cover in abandoned fields in Cameros Viejo. Source:
Own preparation from digitization of aerial photographs of the corresponding year (1978)
on the SIOSE cartography (2006)
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Figure 3. a.) Age of abandonment of cultivated fields and b.) Land cover in abandoned
fields related to the age of abandonment.
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Figure 4. a.) Field types and b.) Land cover in the various field types.
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Figure 5. Spatial distribution of the land cover in abandoned fields, according to physical

factors: a.) Altitude, b.) Average annual temperature, c.) Annual rainfall, d.) Slope, e.)

Solar radiation, f.) Orientation.
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Figure 6. a.) Components on the PCA of factors studied, b.) Spatial distribution of the

PCA components.

05- Age of abandonment
Slope

N i Altitude Temperature
o Rainfall

Field types
Orientation

Potential radiation

05 00
PC1

PCA Components

- Temperature
Potencial radiation / Orientation / Field types

O
] Slope / Age of abandonment
=]

Altitude / Rainfall




Figure 7. Distribution of land cover within PCA components
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Figure 8. Distribution of land cover within PCA components in the factorial plane.
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