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Abstract

A growing number of studies argue that forest transition should be enhanced by policymakers
given its potential benefits, for instance in slowing climate change through carbon sequestration.
Yet the effects of forest transition in landscape and biodiversity remain poorly understood. In
this paper we explore the relationships between the forest transition experienced by one
Mediterranean mountain area, and the landscape changes occurred therein. Historical land-use
maps were built from cadastral cartography (1854; 1956; 2012). Metrics on land-cover change,
landscape structure, and landscape functioning were calculated. Multiyear data on butterfly
assemblages from two transects was used as indicator of land-use change effects in biodiversity
(1994-2012). Results show a forest expansion process in former cereal fields, vineyards and
pasturelands along with rural out-migration and land abandonment. Such forest transition
involved large changes in landscape structure and functioning. As peasant management of
integrated agrosilvopastoral systems disappeared, landscape became less diverse. Even if forest
area is now larger than in mid-19" century, ecological connectivity among forest areas did not
substantially improve. Instead, ecological connectivity among open habitats has greatly
decreased as cereal fields, vineyards, meadows and pasturelands have almost disappeared.
Butterfly assemblages under changing land-uses highlights the importance of agro-forest
mosaics for biodiversity conservation in the last decades. Hence the suitability of forest
transitions should be critically examined in relation to context and policy objectives. Our work
emphasizes that conservation of landscapes with a long history of human use needs to take into

account the role of humans in shaping ecological features and biodiversity.
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1. Introduction

Widespread agricultural land abandonment can result in forest transition (Kauppi et al. 2006),
which in turn is one aspect of the double-sided process of current land-use change: land
intensification and land dereliction. Many developed countries ranging from Europe to the
United States experienced forest transition during the 19" and 20" centuries (Mather et al. 1999;
Rudel et al. 2005). The prevailing landscape trend in the developed world over the last five
decades has been the growth of urban sprawl and industrial sites, related to transport and energy
networks, surrounded sometimes by rings of intensive and mechanized agriculture; while the
rest of the land has increasingly tended to be abandoned and reforested spontaneously,
particularly in the Mediterranean region (\VVos and Meeks 1999; Lambin and Geist 2006; Gerard
et al. 2010). This has boosted scholar interest to examine the prospects and policy options for a
global forest transition that would eventually halt worldwide deforestation (Meyfroidt and
Lambin 2011).

The forest transition hypothesis reflects processes embedded in the history of mid-latitude forest
use, one that may not play out similarly in other biomes of the world where the bulk of global
deforestation is occurring nowadays (Turner and Robbins 2008). Furthermore, lower pressures
on forests in transition have often been reached, at least in part, by importing wood products
from countries with declining forests, thus the potential of global forests return may be lower
than suggested by national trajectories (Meyfroidt et al. 2010; Kastner et al. 2011). Some
authors suggest that forest transitions should be enhanced by policymakers given their potential
for slowing down soil erosion, improving water quality, and slowing climate change through
carbon sequestration (Rudel et al. 2005). However, in fire-prone biomes such as the
Mediterranean, the uncontrolled expansion of unmanaged forests leads to increased wildfire
hazard (Pausas et al. 2008) causing social and ecological negative impacts.

The effects of forest transition(s) in landscape features and biodiversity also merit reflection. As
many forest transitions occur in urbanizing areas, and as long as a significant portion of new
metropolitan areas follow the pattern of sprawled developments, new forests may have high
levels of fragmentation and invasion of exotic species (Gonzalez-Moreno et al. 2013). In rural
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areas, land abandonment and forest expansion often lead to lower landscape heterogeneity with
negative repercussions on biodiversity, especially for those species that benefit from open
habitats and edge environments (Giampietro 1997; Marull et al. 2010 and 2014). New
approaches to nature conservation recognize the role of these seemingly ordinary landscape
mosaics as ecological connectors, and challenge at the same time the belief that protecting
natural sites means shielding them from human activity (Farina 2000; Agnoletti 2006).
Therefore, the ecological functioning of many cultural landscapes in the Mediterranean depends
mainly on whether the agro-forest mosaics they contain are maintained or lost.

Since these agro-forest mosaics come from human intervention in ecosystems, while at the same
time natural processes continue to function within them, they become a kind of ‘nature
transformed” by economic, social and cultural processes (Naveh 1995 and 2001). Thus, to
understand and manage agroforestry systems correctly (carbon sequestration, air and water
quality, etc.), we need an interdisciplinary approach to cultural landscapes capable of bridging
natural and social sciences (Tress et al. 2001; Jose 2009). Moreover, recovering the historical
dynamics concealed behind our current land-use patterns becomes a necessity for the emerging
integrated approach to biological conservation, which seeks a more complex and
multidimensional management of cultural landscapes (Farina 2000; Antrop 2006; Matthews and
Selman 2006; Rossler 2006). However, our knowledge of the socio-ecological history of
Mediterranean landscapes is currently limited by available sources.

The ecological patterns and processes generated by these agro-forest mosaics gave rise to a set
of microhabitats for a great variety of plants and animals (Alverson et al. 1998). While the
historical sources still have some value regarding the information they contain, to go beyond
their limitations other spatial scales and types of databases are needed, such as bio-indicators
that can testify in the last decades the impact of these vanishing traditional agro-forest mosaics
(landscape units but also smaller fragmented areas) in a reforesting landscape. Butterflies are
particularly sensitive to such habitat changes, a fact that has been shown repeatedly in different
studies and areas (Erhardt 1985; Fuller and Warren 1993; Stefanescu et al. 2009; Briickmann et
al. 2010). Indeed, the importance of cultural landscapes and traditional farming is now
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commonly accepted as a key element to stop the serious decline of butterfly richness in Europe
(van Swaay et al. 2012), as an expression of biodiversity loss. For the Mediterranean region, in
particular, Verdasca et al. (2012) have recently shown how agricultural abandonment and forest
transition affect negatively butterfly diversity in cork oak forests.

The paper shows that current debate on the restorative character of forest transitions for
ecosystems and biodiversity lack a crucial discussion regarding the loss of cultural landscape
mosaics. We analyze how forest recovery linked to rural outmigration has led to lower
landscape quality in a mountain area representative of the Mediterranean environmental change.
The location-specific case study approach is justified since it allows to present in-depth insights
that might be lost in a broader geographic approach. We analyze a unique set of detailed
cartographic data on land-uses spanning over a period of 160 years from the vantage point of
landscape ecology (Turner 2005) to show how forest expansion has decreased the capacity of
landscape to host ecological processes and biodiversity, as open habitats —created and enhanced
by peasant management— were gradually buried by forest. Finally, the paper critically re-
examines at landscape and locale scales the current debate on biodiversity recovery in relation

to the well-known global forest transition framework.

2. Methods

2.1. Study region and site

The Metropolitan Region of Barcelona is located in the north-eastern coast of the Iberian
Peninsula, hence in the north rim of the Mediterranean Basin (Figure 1). Contrasting topography
(elevation ranges from 0 to 1,700 m a.s.l.) and climate (gradients NE-SW from moist to dry and
SE-NW from less to more continental) bring about a rich land variability. Together with the
historical land stewardship —characterized by the management of integrated agrosilvopastoral
systems— this variability resulted in high landscape heterogeneity. Until the 1950s, complex and
diverse land-use mosaics made with crops, pastures and woods spanned across the lowland
areas up to the mountain ranges, and were structured by a network of small cities, villages and
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farmhouses. Later on, the region’s intense development led to a massive spread of urban and
industrial areas, which increased at the expense of croplands in the lowlands. Mountain ranges
instead witnessed a progressive abandonment of rural activities that fostered the expansion of
woodlands in marginal agricultural areas. With about 4.9 million people, the metropolitan
Barcelona is now one of the most densely populated regions in Europe. Yet it still hosts a
number of important natural areas featuring considerable ecological diversity, and it accounts
for more than 40 habitats of European significance, including many species of fauna and flora
that are either endangered or threatened with extinction (Marull et al. 2007).

Research was conducted in the Catalan Coastal Range, which stretches for over 150 km along
the metropolitan coast. Some of these mountains acted as inner agricultural frontiers during the
18" and 19™ centuries, when population growth and an increased demand for cash crops
fostered the clearance of forests to establish new cropland. For one particular site (Olzinelles,
22.87 km2, Figure 1) there is an unusually rich set of data on historical land-uses, which
allowed us to reconstruct the particular pathway of forest transition experienced during the last
160 years. As a consequence of land-use changes several species mainly reliant on the existence
of human-made open habitats have been reported to be receding in the last decades, both in

Olzinelles and Montnegre mountains, the larger range where it belongs (Table 1).

2.2. Cartographic sources

Three digital land-use maps of the study area were drawn from the cadastral cartography,
available for the years 2013 (Directorate General for Cadastre, Spanish Ministry of Finances
and Public Administrations), 1954-56 (Town Council of Sant Celoni and Cadastral Regional
Authority), and 1856 (Archives of Instituto Geografico Nacional, ref. D-12-5). The 2013’s
cartographic base and associated data on land-uses were downloaded from the Directorate
General for Cadastre Electronic Site (www.sedecatastro.gob.es/ovcinicio.aspx) in standard GIS
files. Plot polygons were then labelled with their corresponding land-use as reported by the
associated data. Photointerpretation of orthophotos taken in 2012 (provided by the Cartographic
Institute of Catalonia at a scale of 1:5000, available at www.icc.cat) was used to correct
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mistakes and to refine the cadastral information where necessary. The 1954-56 cadastral maps
were scanned and georeferenced in the GIS. Hence plot layout was drawn using as a basis the
plot layout of 2013, which was edited according to the information provided by the scanned
maps. Backward reconstruction was chosen because the cadastral plot layout of 2013 is
basically the same as the one of 1954-56 —with small deviations owing to a different format and
nature of sources— except in the areas parcelled for development in the 1960s (Figure 2), where
the original layout was redrawn. Plot polygons were then labelled with their corresponding
(main) land-use as reported by the associated tables, obtained at the Town Council of Sant
Celoni. Information gaps and doubts were solved through photointerpretation of the aerial
photographs of 1956 (provided by the Cartographic Institute of Catalonia at a scale of 1:30,000,
available at www.icc.cat). The 1856 map (scale 1:5000, copy of the original map drawn in
1853) was photographed and sent to the authors by the staff of the Instituto Geografico Nacional
in Madrid. The photograph was scanned at high resolution and georeferenced in the GIS. Hence
plot layout was drawn using as a basis the plot layout of 1954-56, which was edited and adapted
to the information provided by the scanned map. Polygons were then labelled with their
corresponding (main) land-use as reported by the statistical data of Olzinelles municipality from
1853 (Archives of the Crown of Aragon, ref. TER-963). Both the 19™ century map and statistics
are part of the documentation produced by the Spanish fiscal reform of 1845 and were done by
the same surveyor who allegedly used a common codification of plots. Yet some mismatches
between the plot codes in the map and the plot codes in the statistics occurred. Such mismatches
were addressed by correlating both codifications through known plots, i.e. plots that could be
undoubtedly identified in both sources because they contained the name of the house. When the
map had more than one plot with the same code, land-uses reported by the statistics were
assigned to the different plots according to plot size and geographical criteria. Land-use
categories from different sources were then grouped and homogenized in a common
classification of land-covers to allow for inter-comparison and analysis of change (Figure 2).

The cadastral sources mentioned above were used to create three databases with information on
land-use and landownership structure. Each database (years 1853, 1954 and 2013) included all
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the plots reported by the corresponding source. Information —introduced at plot level, each plot
being a row- included all land-uses reported for that plot and their relative area within the plot.
It also included a column with the main land-use of the plot (the one with the largest relative
area), the total area of the plot and the name(s) of the landowner(s). Likewise as with the maps,
land-use categories from different sources were homogenized in a common classification, even
with higher detail in forest types so as to grasp the change of woodland and forest use

throughout time.

2.3. Assessing landscape ecological patterns and processes

Our hypothesis is that land cover diversity of traditional agro-forest mosaics (different
landscape units and smaller fragmented spaces) offers more habitats to diverse species, creating
a greater amount of ecotones which in turn furnish more opportunities to edge species (Benton
et al. 2003; Marull et al. 2010), as well as a more permeable matrix allowing dispersal among
local populations (Shreeve et al. 2004; Lizée et al. 2012). Therefore, thanks to the so-called
‘edge effect’ and a more permeable matrix, agroforestry systems could host a greater
biodiversity than the more uniform land covers we have currently (Harper et al. 2005; Gabriel et
al. 2006).

In order to check this hypothesis with the available historical land-use maps, we analysed the
corresponding shifts in landscape patterns of the study area by using the following metrics of
land cover change, diversity and fragmentation (Jaeger 2000; Marull and Mallarach 2005;
Marull et al. 2007; Moser et al. 2007): Land Cover Change (measures the cell average of the
landscape unit change —urban areas, forest, pasture, and cropland—of each pixel), Shannon-
Wiener Index (H’; as used to measure land cover diversity) (Eg. (1)) and Effective Mesh Size

(MESH; sum of the areas of the squared polygons divided by the size of the study area) (Eqg.
(2)).
H =-2(PiInP) @

where P;is the proportion of land matrix occupied by each type of cover.



MESH =2 (A?) 1000 / 2 (A) )

where A;is the area of each polygon.

To assess landscape processes we have calculated the land matrix ecological connectivity (sensu
Lindenmayer and Fisher 2007) applying the Ecological Connectivity Index (ECI; using a
simplification of the original methodology proposed by Marull and Mallarach 2005).

The diagnosis of ecological connectivity relies on defining a set of Ecological Functional Areas
(EFA; landscape units) and a computational model of cost-distance in displacements, which
includes the effect of the modelled anthropogenic barriers, considering the type of barrier, the
range of distances and the kind of land use involved. This model has been applied by GIS to the
available historical land-use maps. As a first step, to calculate ECI all different land cover
categories used in each map were reclassified in landscape units (forest, pasture, and cropland).
Then, in order to establish the EFA, the landscape units (forest, pasture, and cropland) were
grouped in terms of their ecological affinity, and subsequently performing a topological analysis
based on the criteria of minimum requirements and compactness indicated in the literature
(Andrén 1994; Fahrig and Merriam 1994; Bender et al. 1998).

The next step of the model is to consider the barrier effect. An impact analysis of the space
surrounding each anthropogenic barrier is performed by means of a weighted classification of
landscape units that act as barriers to ecological connectivity. The algorithm used is based on a
computational model of cost-distance in displacements, which includes a weight of each type of
barrier and a potential matrix of affected land use. The model applies the function Cost Distance
of the ArcGis software and uses two databases: a ‘source’ surface for each type of barrier (Xgs; S
=1..5)and an ‘impedance’ surface from the potential matrix of affected areas (X,). From this
process we obtain a cost distance adapted (d’s = bs— ds; where bs— ds> 0; being ds the cost
distance). Then we assume that the effect of an anthropogenic barrier in point Ys of the
surrounding space is logarithmic, and decreases as a function of the distance (Kaule 1997) (Eq.
(3)), so that:

Ys = bs—ksy In [ksp (bs — d’) + 1] 3)



where bs is the weight of each barrier (based on residential density or intensity of traffic, for
example), ks; and ks, are constants (estimated from the distribution obtained using empirical
data) and d’s is the cost distance adapted for each barrier—see Marull and Mallarach (2005) for
methodological details.

The barrier effect Y (Eq. (4)) is defined as the sum of effects of all types and the cartographic

expression obtained as a result is a surface:
Y=2Y, (4)

So we finally come to the connectivity index. The algorithm used to determine the ecological
connectivity between landscape units (forest, pasture, and cropland) applies a computational
model of cost distance, which considers the different classes of EFAs to connect and an
impedance surface of land that includes a matrix of potential affinity together with the effect of
anthropogenic barriers. Again the model applies the function CostDistance of the ArcGis
software using two databases: a ‘source’ surface for each type of functional ecological area
(Xer; r=1... 3) and an ‘impedance’ surface resulting from applying the effect of barriers to the
potential affinity matrix (X, = Xcr + Xy). This way, you get a cost distance adapted to each type
of functional ecological area (d’. < 20,000 to avoid irrelevant information or concealment of
results). Finally, we calculate the value of the sums of cost distances adapted. From the
computational model of ecological connectivity described above, we formally define a basic
ecological connectivity index (ECIy) in a normalized range that always moves from zero to ten
(Eq. (5)). This ECI, emphasizes the role played separatelyby each landscape unit (forest, pasture
or cropland) on the land matrix ecological connectivity:

ECl,b=10-9[In (1 +x)/In (1 +x )% (5)

where x; is the value of the sum of the cost distance by pixel and x; the maximum theoretical
cost distance.

Then, ECI, is the absolute Ecological Connectivity Index (Eq. (6)):

ECl,=2 ECly/m (6)
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where m is the absolute number of functional ecological areas considered. As we will see, this
index helps to emphasize the role played by all sorts of landscape units (forest, pasture, and

cropland) to keep up ecological connectivity (Pino and Marull 2012; Parcerisas et al. 2012).

2.4. In search for bio-indicators: Mediterranean butterflies in vanishing agro-forest mosaics
To test the effects of land abandonment, forest transition and the progressive loss of agricultural
mosaics on biodiversity, we have used recent data on the butterfly community in Olzinelles, at
local scale. Butterflies were monitored in the study area from 1994 to 2012 at two different
sites, ‘Can Riera de Vilardell’ and ‘Can Valls d’Olzinelles’. Both sites are part of the network
known as the Catalan Butterfly Monitoring Scheme or CBMS (www.catalanbms.org). This
monitoring program is based on standardized weekly surveys of adult butterflies conducted
along fixed routes during the flight season (30 weeks, from March 1 to September 26). During
each visit to a site, an observer walks a fixed transect route of about 2 km in length, recording
all butterflies seen within a 5-m corridor. Transects are divided into a number of different
sections, each corresponding to a particular habitat type -see van Swaay et al. (2008) for a
summary of the standard methodology. The main objective of the CBMS is to measure butterfly
population fluctuations at the country level (Catalonia and Andorra) and to relate them with
different environmental factors.

‘Can Riera de Vilardell’ and ‘Can Valls d’Olzinelles’ transects were active between 1994-2005
and 2006-2012, respectively, and counts were always made by the same two recorders (MM
and, secondarily, CS). Both transects sampled a combination of evergreen oak and cork forests,
and grasslands (hay and pasture meadows). However, in ‘Can Riera de Vilardell’, grasslands
were planted with maritime pines (Pinus pinaster) in 1993, and by the end of the 12-yr
recording period had been completely replaced by a very dense stand of trees of more than 10 m
high. These shifts exemplify one of the common changes occurred in the study area in the last
decades contributing to forest transition. A detailed account of the transect route and the
changes in the butterfly community can be found in Miralles and Stefanescu (2004; see also
Tables Al and A2). On the other hand, in the ‘Can Valls d’Olzinelles’ transect, some parts of
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the woodland were clear cut at the start (2006) and the end of the recording period (2011), being
progressively replaced by open areas. These management practices were executed by the
Montnegre-Corredor Natural Park, as part of a project called ‘Improvement in the hydrological
and other natural resources in the Olzinelles valley’, aimed at restoring open habitats in the
valley.

According to our hypothesis, we expected a reduction of species richness in the ‘Can Riera de
Vilardell’ transect following the disappearance of the agro-forest mosaics, and the converse
trend in the ‘Can Valls d’Olzinelles’ transect. At each site, a test of proportions (one tail) of the
species recorded out of the pool of local species was used to confirm if there had been a
significant change in species richness between the start and end of the respective recording
periods (a decrease in ‘Can Riera de Vilardell’, an increasein ‘Can Valls d’Olzinelles’). The test

formula was (Eq. (7)):

(Pinitial—Pfinal)
It = : ()
i.',:l_ r}( T 4+ 3
,\;p ? initial "lﬂ.'m[J
¢ Winitial -Pinitial TR final-P final L . .
where p’ = ZRHatFmaalTRIalBIAl ond the criteria to reject the null hypothesis:

Rinitinl 11 final

P(Z* = Z) = o, where Z~N(0,1)

To assess that changes in the butterfly communities at local scale were in the expected
directions due to habitat changes, we further investigated the trend over time in the number of
individuals of species preferring grasslands versus those preferring woodland. Habitat
preferences had previously been quantified by using the whole CBMS dataset (period 1994-
2011, 118 sites). Each section in a given transect was classified by a professional botanist as
open (grassland) or closed (woodland) habitat, according to information on the cover of plant
communities (following the CORINE classification) occurring in a 5 m buffer along the
recording route (Suggitt et al. 2012). We selected sections with at least 75% of recovery of
closed or open habitats, respectively, to avoid mixed habitats. Afterwards, for each butterfly
species, we carried out a generalized linear model with a Poisson error distribution and a log

link function, specified with the abundance of the species as the response variable and the % of

12



forest habitat as the independent factor for each species. The estimates values of the GLM have
been used as a measure of the affinity of a given species for an open or a close habitat. More
positive values indicate a stronger preference for closed areas, and negative values a stronger
affinity for open areas. Finally, a linear regression was used to calculate the trend over time in
the percentage of individuals belonging to grassland species in both transects. For this
calculation, species with negative values were considered as preferring open habitats and

species with positive values as preferring closed habitats.

3. Results and discussion

3.1. Forest transition pathway

After the demographic growth of the mid-19" century and as the Phylloxera plague hit local
vineyards during the last decades of the century, some of the small vine-growing peasants
abandoned their vineyards. They most likely moved as workforce to Sant Celoni village, where
an incipient local industry based on textiles, cork, wood and milk was developing since the
arrival of the railway. As opportunities for better-off paid non-farm jobs increased in nearby
coastal and industrial towns many tenant peasants, small estate owners and forest day labourers
left Olzinelles during the first decades of the 20™ century (Otero et al. 2013). Cereal fields and
vineyards were gradually abandoned, making way for oak forests to recover spontaneously and
for plane trees and pines to be planted by landowners (Table 2).

Forest cover increased substantially during the last 160 years (Figure 2). Instead, rain-fed arable
land, vineyards and pastures decreased markedly. Irrigated arable land showed an oscillating
trend. Urban and unproductive areas and the road network expanded during the last decades. In
the mid-19"century, the largest estates (> 100 ha) were mainly devoted to forests and pastures,
while the smallest properties were mostly agricultural lands, vineyards being the major land-use
of small peasants (Table 2). One century later, the largest estates were definitively forest ones.
In the smallest plots agricultural uses still represented a significant proportion of the area, but
forest uses (especially pines and Cork oaks) gained importance. In 2012 the relative importance
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of small landowners (< 1 ha) increased due to parcelling for housing, their properties being
mostly devoted to urban uses.

In 1856 forests and pastures were mostly located in the northern and southern areas (Figure 2).
They intermingled with patches of rain-fed arable land and vineyards set up around farmhouses,
which were scattered across the hills and the valley bottoms. A concentration of vineyards —and
to a lesser extent, of rain-fed arable land—was located in the north-western area, closer to the
Sant Celoni village and the Tordera River. By 1954-56 pasture was irrelevant and the areas of
vineyard concentration had contracted with respect to 1856 (Table 2; Figure 2). Irrigated arable
land was larger instead, with some plots scattered along the Tordera River and in farmhouses of
the valley bottoms. Even if landscape was clearly dominated by forests, these were still
intermingled with patches of rain-fed arable land and vineyards showing a spatial arrangement
resembling the one in 1856. In 2013 rain-fed arable land witnessed a strong contraction (Table
2) and only some remnant patches persisted in the valley bottoms. Vineyards almost
disappeared since only one plot existed in the southernmost part of the study area. Urban areas
consisting of single house plots and the highway are now distinctive landscape elements (Figure
2).

Depopulation and land-use changes in Olzinelles constitute a paradigmatic example of what has
occurred in many Catalan mountain areas. As a result of land abandonment, spontaneous
regeneration of forest and promoted tree plantation, woodland greatly increased in Catalonia in
the last century. Thus the economic modernization pathway seems to explain the forest

transition our study area and the whole region experienced (Rudel et al. 2005).

3.2. Effects of forest recovery on landscape patterns and processes

At landscape scale, forest recovery occurred at the expense of vineyards, pastures and rain-fed
arable land (Figure 2). As a consequence, there has been a decrease in land-use equi-diversity
(as measured by H”) and a decrease in the global ecological connectivity (measured as ECI,),

show in the disappearance of ecological functional areas (EFA).
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Effective Mesh Size (MESH) is the inverse of the extent of fragmentation, and Shannon-Wiener
Index (H’) measures the land cover equi-diversity. The results show a negative correlation
between both variables (Figure 3). There is a clear trend to less landscape fragmentation from
1856 to 1954-56 due to forest transition (that implies a loss of agriculture and pasture land cover
categories), and also an upward trend from 1954-56 to 2013, with most of the landscape
reforested. H’ shows a constant decrease from 1856 to 2013 due to the loss of almost all the
traditional agro-forest mosaics in the study area.

We have also adjusted the methodology, in terms of the criteria and the constants that must be
incorporated in a quantitative landscape ecology model to analyze the historical land cover
change (1856-2013) in the study area. For each time point we have calculated ECI, (C’; ‘forest’;
C’, “agriculture’; and C’; ‘pasture’ (Figure Al) and ECI, (all categories included; Figure 4). The
results show the importance of agriculture and pasture land cover categories to maintain the
global ecological connectivity and the key role played by traditional agro-forest mosaics (Figure
2) in keeping ecological functionality.

The non-forested habitats are clearly the result of peasant management of local resources both to
make a living and to produce cash crops. Hence the “forest approach’ obscures the importance
of these other non-forested or sparsely tree-covered habitats which can be considered, in the
Mediterranean area, to be human induced habitats through a medium perturbation regime
(Margalef, 2006). Of course we are not saying that forests are not important habitats, but
beyond a certain surface occupied by woodland an increase in forest area did not increase EClp,
significantly; on the other hand, ECI,, and ECly; decreased dramatically as ecological functional
areas disappeared (crops, pastures). This led to the disappearance and recessive trends of a
broad range of species from different taxonomic groups (Table 1). Butterfly assemblages

highlight this reasoning.

3.3. Effects of forest recovery on biodiversity
At local scale, the bioindicator taxon used confirmed the negative impact of the vanishing agro-
forest mosaics on biodiversity in the last decades. Butterfly species richness decreased markedly
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in ‘Can Riera de Vilardell’ transect following the disappearance of grasslands (Figure 5). The
proportion of recorded species out of the local pool was lower in 1994 than in 2005 (Z-test =
2.22; P = 0.0132), showing a loss of biodiversity during the study period. On the other hand,
there was no clear trend in the ‘Can Valls d’Olzinelles’ transect (Figure 5), as indicated by a
non-significant value in the proportion of recorded species at the beginning and at the end of the
study (Z-test = 0.39; P = 0.349).

The loss of species richness in ‘Can Riera de Vilardell” was the obvious consequence of a
strong population decline in grassland species as the habitats were replaced by pine plantations
(Figure 6), leading to the local extinction of several species. It is worthwhile noting that
although butterflies were monitored for only 12 years (1994-2005) at the very end of our study
period (1853-2013), the results are truly representative of a process of biodiversity loss that has
been occurring continuously in Olzinelles for more than one century as open areas disappeared
and landscape connectivity decreased.

In ‘Can Valls d’Olzinelles’ we observed an opposite trend, with a significant increase in the
proportion of butterflies preferring open habitats, as some forest patches were cut by the Natural
Park for conservation purposes and open areas appeared (Figure 6). In this case, however, the
change in the dominant species was not accompanied by an increase in species richness. Three
factors account for this: first, the very poor quality of the new created open habitats, which had
been mainly colonized by invasive (alien) plant species that prevent the growth of diversified
grasslands (Gonzalez-Moreno et al. 2013); second, the low connectivity between the few
remaining grasslands (Figure Al) that hamper greatly the colonization process carried out by
typical grassland butterfly species, which nowadays persist in the region as isolated and small
populations (Thomas and Hanski 2004); and third, the short time span since the forest clearance
took place. In any case, the failure in the attempt to increase butterfly species richness in the last
decades highlights the difficulty in recovering the lost ecological processes that should host
biodiversity in these former complex Mediterranean cultural landscapes.

It is likely that in the traditional integrated land-use patterns, grazing areas overlapped among
grasslands, scrublands and sparse oak woods in a manner almost incomprehensible for people
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lacking the oral knowledge locally conveyed by villagers who managed these agroforestry
systems (Grove and Rackham 2001; Otero et al. 2013). With the peasant activity and the
passing of time these woodlands probably became more spaced out from each other and were
able to grow taller. Sunlight penetrated inside what had been a canopy, allowing the grassy layer
of the land to grow herbs which could be eaten by livestock. These cultural woodland-meadows
not only increased the spatial heterogeneity of forestlands inside a mosaic with pastures and
cropland, but created greater differentials in the height and age of the trees (Campos et al.
2013). The edge effect generated by these landscape mosaics gave rise to a set of microhabitats
for a great variety of plants and animals (Alverson et al. 1998). When traditional extensive
livestock rearing came to a sudden end in the 1960s, this multiple and integrated agro-forestry-
pastoral use of land suddenly collapsed. However, this story remains hidden below the one-

dimension categorizations of land-uses found in the historical available sources.

4. Conclusions

This article critically re-examines the forest transition hypothesis, which suggests that forest
recovery led by economic development has positive effects on biodiversity. At the very heart of
this question lies a fundamental debate on the relationship between human settlement and
biodiversity conservation. The dominant view states that the former is incompatible with the
latter as settlement and productive activities disrupt many ecosystem processes. An alternative
view instead suggests that they are not necessarily incompatible; humans may even enhance
biodiversity through a historical process of land stewardship within integrated socio-ecological
systems. The first view has been recently reinvigorated by a series of works on forest transitions
(Grau and Aide, 2008). Given the high human social costs of the conservation strategies that
stem from this approach (West et al., 2006) it seems worth revisiting it in different biomes of
the world and in the light of methods and approaches from different disciplines. Hence, we
should not confuse the debate over ‘wilderness’ in Europe and the debate over ‘biodiversity’

conservation and the Mediterranean agroforestry system.
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Recently Robson and Berkes (2011) questioned the assumption that forest gain necessarily
equates with biodiversity conservation. They pointed out that agricultural land abandonment
linked to rural outmigration may result in a gradual loss of agro-forest mosaics, leading to
localized declines in biodiversity, despite (or because of) extensive forest resurgence. Hence,
the suitability of forest transitions should be critically examined in relation to spatial scale and
policy objectives. Mediterranean agro-forest mosaics carry a long socio-ecological history
behind (Blondel et al., 2010), and hence assessing and understanding the environmental
functionality of the agroforestry system requires an analysis of land-use patterns and ecological
processes seen from a dynamic historical standpoint. Our case study exemplifies a widespread
phenomenon that is taking place under current global change pressures in many parts of
southern Europe. Here, we raise the need to consider these agro-forested mosaics as a priority in
biological conservation and urban planning, given their capacity to host biodiversity and keep
up environmental services in the future.

Consequently the key question is not so much to stress that forest recovery driven by rural
outmigration led to dramatic changes in landscape patterns, ecological processes and
biodiversity, and thus to call for maintaining cultural landscapes with mosaic of habitats, but
rather the issue is what kind of understanding of historical-geographical change is appropriate
for a conservation science analysis. Forest dynamics are not the same in different biomes. The
debate over these changes, especially in North America, tends to underestimate the cultural and
historical dimensions of European landscapes, and to contribute to the confusion between
‘wilderness’ and ‘biodiversity’ concepts. Most of the biodiversity in European cultural
landscapes is related to long land-use, and human-made farm lands. Arguing for the
conservation or restoration of such landscapes is normative, other researches may stress that at
the European level we can accept or even promote forest transition, but it will depends of the

agroforestry system functioning and the scale of analysis (McNeely 2004; Jose 2009).
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Table 1 Species reported to be experiencing recessive trends in Olzinelles and Montnegre
mountains as a consequence of ceasing management practices of croplands, forests and pastures.

Conservation
Group Source Species status/interest
UICND | catalonia®
Geranium lanuginosum n.a. CR™
Orobanche artemisiae-campestris picrides n.a. VU
Spergularia purpurea n.a. VU
Plants Gutiérrez Eriga cinerea _ n.a. LC
(2001)@ Helianthemum tuberaria n.a. LC
Isoetes durieui n.a. LC”
Orobanche teucrii n.a. LC
Stachys alpina n.a. LC
. Maniola jurtina n.a. n.e.
Miralles and Polyommatus icarus n.a. n.e.
. Stefanescu
Butterflies (b) Lycaena phlaeas n.a. n.e.
(2004) .

Leptotes pirithous n.a. n.e.
Colias crocea n.a. n.e.
Alectori srufa LC VU
Coturnix coturnix LC DD
Jynx torquilla LC NT
_ Ribas (1997, an'lus. senator LC NT
Birds 1997h)© Miliaria calandra LC LC
Galerida cristata LC NT
Alauda arvensis LC LC
Upupa epops LC LC
Emberiza cirlus LC LC

Notes:

@ Gutiérrez performed a review of studies done over the last 60 years. He relied especially on the classical flora of the region by
Montserrat ([1950] 1989). Several species were selected according to conservationist criteria. For the selected species, the locations
reported by the classical flora were verified in situ to check if they were still present. The major threats were identified for the
selected species. The original results (Gutiérrez, 2001, concerning the whole area of Montnegre and Corredor) have been adapted by
including only those species reported for Montnegre Mountains. ® Transect walked in ‘Can Riera de Vilardell’ (see Figure 1) as
part of the Catalan Butterfly Monitoring Scheme, which uses a standardized methodology for monitoring butterflies (Stefanescu,
2000). Between March and September weekly butterfly counts were made along a fixed route within 2.5 m on each side and 5 m in
front of the recorder (see Pollard and Yates, 1993 for details on the methodology). The transect was 2298 m long, had a mean
altitude of 260 m a.s.l. and went through different habitats as Holm Oak forest, Cork Oak forest, and former meadows transformed
to pine plantations. Data were available for the period 1994-2003. © Bird species distribution was studied by field sampling, the
study area being divided following the UTM 1 km x 1 km squares. Each of these UTM squares were sampled once or twice a year
during several years for both breeding (from March to July) and wintering (from November to February) species. In each sampling a
transect of about 1-1.5 h of duration was walked whereby bird species were recorded by both visual and hearing contacts, and main
habitat preferences were assigned to each of them (Pino et al., 2000). Different standard methods were used to quantitatively assess
bird populations, namely total censuses, parcel censuses and punctual indexes of abundance (Ribas and Pons, 2001). The original
results by Ribas (1997a, 1997b, concerning the whole area of Montnegre and Corredor) have been adapted by including only those
species that used to be present in our study area.  IUCN Red List of Threatened Species (IUCN, 2009); n.a.: species not assessed
for the IUCN Red List. © Plants: IUCN criteria (1994 version) adapted to Catalonia by Gutiérrez (2004), “considered VU by Séez
and Soriano (2000) according to the same criteria and geographic scale; Birds: IUCN criteria adapted to Catalonia by Estrada et al.
(2004); n.e.: no published evaluation is available according to our knowledge.

References:

Estrada, J., Pedrocchi, V., Brotons, L. et al. (ed), 2004. Atles dels ocells nidificants de Catalunya 1999-2002. Institut Catala
d'Ornitologia and Lynx, Barcelona. Gutiérrez, C., 2001. Fitxes tecniques del cataleg de flora vascular d’interés conservacionista.
Taxons prioritaris i taxons d’especial interés. Technical report of the Flora Conservation Scheme. Montnegre-Corredor Park,
Vallgorguina. Gutiérrez, C., 2004. Aplicaci6 del Pla de conservacio de la flora vascular al Parc del Montnegre i el Corredor. In: IV
Trobada d’Estudiosos del Montnegre i el Corredor. Diputaci6é de Barcelona, Barcelona, pp 61-65. IUCN (International Union for
Conservation of Nature) 2009. IUCN Red List of Threatened Species. Version 2009.2 www.iucnredlist.org Accessed 29 December
2009. Montserrat, P., [1950] 1989. Flora de la cordillera litoral catalana (porcién comprendida entre los rios Besés y Tordera). Caixa
d’estalvis Laietana, Matar6. Pino, J., Roda, F., Ribas, J. et al., 2000. Landscape structure and bird species richness: implications for
conservation in rural areas between natural parks. Landscape and Urban Planning 49, 35-48. Pollard, E., Yates, T., 1993.
Monitoring butterflies for ecology and conservation. Chapman & Hall, London. Ribas, J. 1997a. Distribucié geografica dels
poblaments avifaunistics hivernals del Montnegre i Corredor. Technical report of the Ecological Monitoring Scheme. Montnegre-
Corredor Park, Vallgorguina. Ribas, J., 1997b. Atlas parcial dels ocells nidificants del Montnegre i Corredor. Technical report of the
Ecological Monitoring Scheme. Montnegre-Corredor Park, Vallgorguina. Ribas, J., Pons, X., 2001. Estudi de la distribucié i
abundancia dels poblaments avifaunistics del Montnegre i el Corredor. In: III Trobada d’Estudiosos del Montnegre i el Corredor.
Diputaci6 de Barcelona, Barcelona, pp 35-43. Saez, L., Soriano, |., 2000. Cataleg de plantes vasculars endémiques, rares o
amenacades de Catalunya. Il. Taxons no endémics en situacié de risc. Butlleti de la Institucié Catalana d’Historia Natural 68: 35-50.
Stefanescu, C., 2000. EI Butterfly Monitoring Scheme en Catalunya: los primeros cinco afios. Treballs de la Societat Catalana de
Lepidopterologia 15, 3-46.
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Table 2 Relative area of land-uses according to property size for years 1853, 1954, and 2013.

Landownership size

<lha 1-5ha 5-10 ha 10-100 ha > 100 ha
Holm Oak forest 2,9% 5,0% 14,9% 46,3% 40,7%
Chestnut forest 0,5% 0,6% 1,7% 1,6% 0,2%
Riverside forest 0,3% 0,4% 0,0% 0,6% 0,4%
Pine forest 0,0% 0,1% 0,0% 2,9% 5,7%
Cork Oak forest 1,7% 1,3% 2,7% 11,3% 10,1%
Irrigated arable land 0,0% 0,0% 0,0% 0,5% 0,3%
1853 Rain-fed arable land 11,3% 16,6% 9,6% 10,6% 2,8%
Vineyard 68,1% 52,8% 39,4% 4,4% 3,3%
Wasteland for pastures 15,0% 23,0% 17,2% 21,6% 36,4%
Urban area 0,2% 0,2% 0,1% 0,1% 0,0%
Unproductive 0,0% 0,0% 0,0% 0,0% 0,0%
No data 0,0% 0,0% 14,4% 0,0% 0,0%
Holm Oak forest 9,2% 15,2% 5,8% 30,1% 33,4%
Chestnut forest 0,9% 3,9% 0,4% 1,3% 0,0%
Riverside forest 4,9% 3,3% 1,5% 1,2% 1,7%
Pine forest 20,0% 12,9% 9,0% 8,1% 9,5%
Cork Oak forest 12,6% 15,3% 26,3% 49,2% 47,6%
Irrigated arable land 0,2% 3,1% 0,4% 3,0% 2,5%
1954 Rain-fed arable land 19,1% 13,2% 21,2% 5,3% 3,7%
Vineyard 27,5% 29,8% 26,5% 1,1% 1,0%
Wasteland for pastures 5,0% 3,2% 8,6% 0,7% 0,6%
Urban area 0,7% 0,1% 0,3% 0,1% 0,1%
Unproductive 0,0% 0,0% 0,0% 0,0% 0,0%
No data 0,0% 0,0% 0,0% 0,0% 0,0%
Holm Oak forest 28,0% 35,3% 55,2% 31,6% 74,0%
Chestnut forest 0,0% 0,4% 0,0% 3,1% 0,0%
Riverside forest 1,3% 3,1% 0,7% 2,6% 3,1%
Pine forest 15,2% 36,5% 35,2% 15,7% 9,0%
Cork Oak forest 1,0% 7,0% 6,4% 40,3% 11,8%
Irrigated arable land 0,8% 2,6% 0,0% 1,0% 0,5%
2013 Rain-fed arable land 0,1% 2,5% 0,0% 2,2% 0,7%
Vineyard 0,2% 0,6% 0,0% 0,0% 0,0%
Wasteland for pastures 0,4% 4,0% 1,5% 2,5% 0,5%
Urban area 48,3% 4,1% 0,0% 0,1% 0,0%
Unproductive 4, 7% 3,9% 0,9% 0,7% 0,4%
No data 0,0% 0,0% 0,0% 0,0% 0,0%
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Table Al Butterfly assemblages: i) ‘Can Riera de Vilardell’ transect (1994-2005).

‘Can Riera de Vilardell” 1994 ‘ 1995 ‘ 1996 ‘ 1997 ‘ 1998 ‘ 1999 ‘ 2000 ‘ 2001 ‘ 2002 ‘ 2003 ‘ 2004 ‘ 2005 Average Frequency
HESPERIIDAE
Carcharodus alceae 40 35,5 22 69,5 13 18,5 9,5 75 16 15,5 8 2 214 1,0
Pyrgus malvoides 10 16,5 62 3 15,5 2 63 0 0 0 0 0 14,3 0,6
Pyrgus armoricanus 0 0 0 0 3 1 14 0 0 0 0 0 15 0,3
Thymelicus acteon 14 38 41 19 285 20 15 0 9 25 195 11 20,0 0,9
Ochlodes venata 29 12,5 4 8 145 12 5 115 6,5 4 0 1 9,0 0,9
PAPILIONIDAE
Iphiclides podalirius 20 65 54 25,5 21 18 435 10 85 3 35 2 22,8 1,0
Papilio machaon 12 18 7 23 2 6 135 4 5 0 0 0 75 0,8
PIERIDAE
Leptidea sinapis 31 37 63 41 37 36 62,5 22,5 25,5 20,5 15 7 32,0 1,0
Anthocharis cardamines 25 49,5 39 41 20 10 24 29,5 17 30,5 12,5 22 26,7 1,0
Euchloe crameri 2 35 1 0 0 4 0 0 0 0 0 1 1,0 04
Pieris brassicae 3 67 59 22 215 16 93 245 93,5 215 135 10 37,0 1,0
Pieris mannii 0 0 0 0 0 0 3 1 0 0 0 0 0,3 0,2
Pieri srapae 54 235 37 80 91,5 495 130 425 70,5 3 115 33 78,4 1,0
Pieris napi 46 185 212 70,5 40 60 53 635 125 48 305 245 798 1,0
Pontia daplidice 1 3 1 1 25 2 0 1 0 0 0 0 1,0 0,6
Colias crocea 102 103 50 74 66,5 16 43,5 33 22 12,5 20,5 45 45,6 1,0
Gonepteryx rhamni 26 26,5 13 18 14,5 30,5 275 14 16,5 50 23,5 28 24,0 1,0
Gonepteryx cleopatra 9 17 25 16,5 24 33 50 17 37 25 49,5 235 27,2 1,0
LYCAENIDAE
Lycaena phlaeas 98 185 119 163 118 225 39 8 24 1 37 3 68,1 1,0
Neozephyrus quercus 12 2 54 10,5 102 33 88,5 22 75 1 55 0 28,2 0,9
Callophrys rubi 42 515 18 44 29 24 49 8,5 13 19 145 205 278 1,0
Callophrys avis 0 0 0 1 0 0 0 1 0 1 0 1 0,3 0,3
Satyrium esculi 138 270 592 311 127 189 173 103 123 232 282 215 229,5 1,0
Lampides boeticus 25 89 6 32 17 18 3 4 2 15 2 6 171 1,0
Cacyreus marshalli 0 0 0 35 3 0 10 35 0 0 0 0 1,7 0,3
Leptotes pirithous 123 170 14 89,5 135 22 26 8 5 1 0 4 49,8 0,9
Celastrina argiolus 20 39 63 215 6,5 22 20,5 20,5 23 145 6,5 145 22,6 1,0
Pseudophilotes panoptes 0 0 0 1 0 0 0 1 0 0 0 0 0,2 0,2
Glaucopsyche alexis 8 55 0 1 0 3 4 1 0 0 0 0 19 0,5
Glaucopsyche melanops 0 0 0 0 2 0 0 0 0 0 0 0 0,2 0,1
Aricia cramera 8 23 3 45 2 3 4 3 4 25 3 0 50 0,9
Polyommatus icarus 492 799 316 275 251 208 173 58 745 52 245 28 229,2 1,0
Polyommatus bellargus 0 0 0 0 3 0 0 0 0 0 0 0 03 0,1
Polyommatus hispana 1 0 0 0 0 0 0 0 0 0 0 0 0,1 0,1
LIBYTHEIDAE
Libythea celtis 7 24,5 16 3 3 2 11,5 32 42 58 635 246 424 1,0
NYMPHALIDAE
Argynnis paphia 6 1 3 135 8 8,5 14 6 4 2 5 75 6,5 1,0
Issoria lathonia 15 18 1 19,5 9 5 85 16 12,5 6,5 55 75 103 1,0
Boloria dia 0 5 4 0 0 1 35 0 1 0 0 0 12 04
Vanessa atalanta 8 21 12 12 17 6,5 16 12 15,5 6,5 23 5 12,9 1,0
Cynthia cardui 15 335 90 1 85 0 85 2 45 255 9 0 16,5 08




Inachis io 2 3 15 6,5 75 3 35 1 0 2,5 1 1 38 0,9
Aglais urticae 0 0 1 1 0 0 0 1 0 0 0 0 03 03
Polygonia c-album 2 13 20 5 16,5 6 425 9,5 15 10 115 16 13,9 1,0
Nymphalis antiopa 1 1 3 7 6 7 13 17 30 32 9 32,5 13,2 1,0
Nymphalis polychloros 1 0 2 0 0 2 0 2 2 6 9 14 3,2 0,7
Euphydryas aurinia 5 0 1 2 15 6 0 0 1 0 0 2 15 0,6
Melitaea cinxia 1 0 0 0 0 0 0 0 0 0 0 0 0,1 0,1
Melitaea phoebe 0 1 1 0 15 2 0 0 1 0 0 0 0,5 04
Melitaea didyma 0 0 0 0 0 0 1 0 0 0 0 0 0,1 0,1
Melitaea deione 1 30 18 6 185 4 0 0 45 45 0 0 7,2 0,7
Limenitis camilla 0 0 6 5 3 2 2 0 2 0 0 0 1,7 0,5
Limenitis reducta 19 60,5 11 55 14,5 22 11 10 10 4 34 85 17,5 1,0
Charaxes jasius 59 58 61 345 57 69 56 615 285 22 385 15 46,7 1,0
Apatura ilia 0 0 0 0 3 25 6 1 0 1 15 0 13 05
Pararge aegeria 123 250 354 315 179 269 262 211 329 161 148 67 222,1 1,0
Lasiommata megera 61 121 12 325 495 43 39,5 38 62 1 34 10,5 42,0 1,0
Coenonympha arcania 4 4 0 0 1 0 0 4 1 0 0 1 13 0,5
Coenonympha pamphilus 1 0 0 0 0 0 0 0 0 0 0 0 0,1 0,1
Pyronia tithonus 18 22 34 60 54 65 90 16 72 5 6,5 0 36,9 0,9
Pyronia cecilia 1 5 0 0 1 0 0 0 1 0 0 0 0,7 0,3
Pyronia bathseba 18 37 11 13 11 42 42,5 20 13 325 29 24 244 1,0
Maniola jurtina 282 436 629 565 281 424 417 256 212 435 705 27 3034 1,0
Melanargia lachesis 5 4 2 4 0 8 9,5 2 0 0 1 0 3,0 0,7
Hipparchia fagi 0 0 2 0 0 0 0 0 0 0 0 0 0,2 01
Hipparchia semele 0 0 0 0 0 0 0 0 0 0 1 0 0,1 0,1
Hipparchia statilinus 1 1 7 0 0 0 1 0 0 0 0 0 038 03
Hipparchia fidia 0 1 0 0 1 4 16 45 1 0 0 1 2,4 0,6
Brintesia circe 5 5 5 2 3 19 49,5 10,5 1 4 4 1 9,1 1,0
Pyrgus sp. 38 123 0 43 36 85 45 3 5 4 2 75 326 0,9
Gonepteryx sp. 24 34 17 215 14,5 17 24 235 55 31 40,5 51,5 29,5 1,0
LYCAENIDAE 0 1 0 0 15 0 0 0 0 0 1 0 0,3 0,3
Limenitis sp. 0 0 0 0 0 0 5 0 0 0 0 0 04 01
NYMPHALINAE 0 0 0 0 0 15 0 0 0 0 0 0 01 01
Total ex. 2114 3857 3213 2646 2016 2004 2438 1282 1653 1046 1220 1007 2041,2 -
Total spp. 52 50 51 49 52 51 50 49 46 41 39 39 47,4 -

Note: Yearly butterfly counts along transect of ‘Can Riera de Vilardell’. Counts include estimated values for missing weeks and
therefore correspond to the standardized annual index of relative abundance.
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Table A2 Butterfly assemblages: ii) ‘Can Valls d’Olzinelles’ transect (2006-2012).

‘Can Valls d’Olzinelles’ 2006 ‘ 2007 ‘ 2008 ‘ 2009 ‘ 2010 ‘ 2011 ‘ 2012 Average Frequency
HESPERIIDAE
Carcharodus alceae 3 0 1 0 0 7 55 24 0,6
Thymelicus acteon 3 0 4 0 5 1 6 2,7 0,7
Ochlodes venata 55 14 6 55 3 6 1 59 1,0
PAPILIONIDAE
Iphiclides podalirius 5 42 25,5 20,5 27 22 5 21,0 1,0
Papilio machaon 0 0 2 0 3 1 0 0,9 0,4
PIERIDAE
Leptidea sinapis 6 3 135 5 6 14,5 8,5 81 1,0
Anthocharis cardamines 13 6 18,5 39 31 44,5 35 26,7 1,0
Euchloe crameri 0 0 0 1 0 0 0 0,1 01
Aporia crataegi 0 0 0 0 1 0 0 01 01
Pieris brassicae 20 30 20,5 36,5 135 37 16 248 1,0
Pieris rapae 18,5 23 56 15 75,5 127 7 56,0 1,0
Pieris napi 245 103 22 22 22 164 29 55,1 1,0
Pontia daplidice 1 0 0 0 0 0 0 0,1 0,1
Colias crocea 315 17 18 50,5 285 21 325 284 1,0
Gonepteryx rhamni 20 23 13,5 16 18 26 19 19,4 1,0
Gonepteryx cleopatra 115 6 7 9 45 11 3 7.4 1,0
LYCAENIDAE
Lycaena phlaeas 235 235 22,5 3 35 34 335 25,0 1,0
Thecla betulae 0 0 0 1 0 0 0 0,1 0,1
Neozephyrus quercus 0 0 0 11 0 34,5 1 6,6 04
Callophrys rubi 7 7 0 0 15 9,5 8 47 0,7
Satyrium w-album 0 0 15 0 0 0 0 0,2 01
Satyrium esculi 111 155 107 128 328 240 182 178,6 1,0
Lampides boeticus 10 2 0 25 0 0 6,5 3,0 0,6
Cacyreus marshalli 1 0 0 0 0 0 0 0,1 0,1
Leptotes pirithous 0 11 0 15 0 9 1 32 0,6
Celastrina argiolus 5 50,5 32 6,5 16 9,5 13 18,9 1,0
Glaucopsyche alexis 0 0 15 25 1 0 0 0,7 04
Aricia cramera 0 0 0 0 5 1 0 09 03
Polyommatus icarus 44 16 33 28 29,5 30,5 115 2715 1,0
LIBYTHEIDAE
Libythea celtis 12 17 19 14 13 175 11 14,8 1,0
NYMPHALIDAE
Argynnis paphia 9,5 20,5 45 28,5 31 26 10 244 1,0
Issoria lathonia 0 4 5 6,5 2 4 1 3,2 0,9
Vanessa atalanta 17 10 14 11 16 85 7 11,9 1,0
Cynthia cardui 18 1 1 91,5 4 1 3 171 1,0
Inachis io 0 0 7 13,5 15 355 11 11,7 0,7
Polygonia c-album 19,5 20 32 145 19,5 28,5 10 20,6 1,0
Nymphalis antiopa 11 4 6 2 0 4 7 49 09
Nymphalis polychloros 5 1 0 3 4 2 7 31 0,9
Euphydryas aurinia 0 0 0 0 1 0 0 0,1 0,1
Melitaea phoebe 3 0 0 0 0 2 0 0,7 03
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Melitaea deione 6,5 9 2 15 2 205 15 81 1,0
Limenitis camilla 4 2 10 7 4 6 4 53 1,0
Limenitis reducta 25 175 2 4 10 3 1 57 1,0
Charaxes jasius 5 3 35 9 0 8 25 4,4 0,9
Apatura ilia 5 1 0 5 45 11 1 39 09
Pararge aegeria 275 270 119 86,5 57 162 63 1474 1,0
Lasiommata megera 8 8 6 9 11 215 8,5 10,3 1,0
Coenonympha arcania 6,5 7 0 0 0 1 0 21 04
Pyronia tithonus 0 0 1 0 0 0 0 0,1 0,1
Pyronia cecilia 1 0 0 9 0 0 0 14 0,3
Pyronia bathseba 45 0 0 15 3 6 4 2,7 0,7
Maniola jurtina 11 13 9 23 16 48,5 17 19,6 1,0
Hipparchia statilinus 1 0 0 0 0 0 0 0,1 0,1
Hipparchia fidia 0 0 0 1 0 0 0 0,1 0,1
Brintesia circe 1 0 0 6,5 1 0 1 1,4 0,6
Pyrgus sp. 3 1 0 0 2 4,5 1 16 0,7
Pieris sp. 0 0 0 235 0 0 0 34 01
Gonepteryx sp. 6 11 13,5 8 12 135 11 10,7 1,0
PIERIDAE 0 1 0 0 0 0 0 0,1 0,1
Limenitis sp. 0 0 0 1 0 0 2 0,4 0,3
Total ex. 799 952 700 784 882 1283 692 870,2 -
Total spp. 41 34 35 41 38 41 39 38,4 -

Note: Yearly butterfly counts along transect of ‘Can Valls d’Olzinelles’. Counts include estimated values for missing weeks and
therefore correspond to the standardized annual index of relative abundance.
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Figure 1 Study area within Europe, Catalonia and the Barcelona Metropolitan Region.

Catalonla

. ﬁ Metropolitan Region

0w
——

A
\od \\SantCeIoni
Rineles

Barﬁélma
N
Mediterranean Sea

31



Figure 2 Land-cover maps for 1850s, 1956 and 2012.
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Figure 3 Shannon-Wiener Index (H) and Effective Mesh Size (MESH) for 1850s, 1956 and 2012.
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Figure 4 Absolute Ecological Connectivity Index (ECI,) for 1850s, 1950s and 2012.
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Figure 5 Butterfly species richness and abundance in ‘Can Riera de Vilardell” (1994-2005) and
‘Can Valls d’Olzinelles’ (2006-2012) transects.
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Figure 6 Changes along time in the proportion of butterflies preferring open habitats in ‘Can
Riera de Vilardell’ (1994-2005) and ‘Can Valls d’Olzinelles’ (2006-2012) transects.
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Note: Each butterfly species was classified as either preferring ‘open habitats’ or ‘closed habitats’
(forest), based on data of the whole CBMS network (see text for details). For each year, a proportion was
calculated for the sum of individuals of species preferring open habitats with respect to all the individuals
that were counted that year. Error bars show 95% CI (confidence interval).
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Annex

Figure Al Basic Ecological Connectivity Index (ECly-forest, EClyy-agriculture, EClyz-pasture)
for 1850s, 1950s and 2012.
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