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ABSTRACT. Traditional land-use decline in Mediterranean mountains
is translating into extensive forest recovery and the loose of “cultural
landscapes”. In this context, the management of semi-natural ecosystems
plays a fundamental role for the future preservation of species and processes,
particularly in protected areas, and managers need rigorous information for
an integrative interpretation of the long-term and complex effects of land
cover replacement. Here we analyze changes in the land cover structure of
the Ordesa and Monte Perdido National Park and its peripheral protection
zone, by comparing 7 types of patches from aerial photographs taken in 1956
and 2015. Then, we discuss how this process affected landscape diversity
and two kinds of potential vulnerable plants. We found higher changes in
the unprotected than protected areas, concentrated below the treeline in both
cases, as a result of forest densification and strong reduction of anthropic and
unvegetated areas. Total edge of patches decreased, as well as the number of
patches, whereas mean patch size increased, indicating that patches merged
and ecotones reduced. Shannon diversity index of the landscape decreased
too, confirming a simplification of the system. Most Pyrenean endemic plants
and threatened ones occur either on stable grasslands over the treeline,
“winner” forests, or as rocky specialists irrespective of the land cover
class. Therefore, past landscape changes do not seem to have affected them
negatively, and forest expansion could also benefit several plants and tree-
dominated communities at the south limit of distribution (Abies alba, Fagus
sylvatica, Pinus uncinata). Landscape simplification, however, translates into
plant diversity reduction too, which could be slowed down by creating or
keeping small open patches inside matrices of forest. Maximization of plant
diversity would require in this case some human perturbation, but at lower
intensity than in the far past, in order to preserve large stands of old forests
too.
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Ganadores y perdedores de los cambios paisajisticos ocurridos durante los ulti-
mos 60 aiios en uno de los Parques Nacionales mas antiguos y meridionales de
la region Alpina Europea: Ordesay Monte Perdido

RESUMEN. El declive de los usos tradicionales en las montaiias mediterrdneas
se estd traduciendo en una recuperacion del bosque y la pérdida de “paisajes
culturales”. En este contexto, la gestion de los ecosistemas semi-naturales, es-
pecialmente en espacios protegidos, debe jugar un papel fundamental para la
futura preservacion de especies y procesos ecoldgicos, y los gestores requieren
informacion rigurosa para una interpretacion integradora de los efectos a largo
plazo del reemplazamiento de hdbitats. En este estudio analizamos los cambios
en la estructura de la ocupacion del suelo dentro del Parque Nacional de Ordesa
y Monte Perdido y su zona periférica, comparando manchas de 7 tipos de co-
bertura a partir de fotos aéreas tomadas en 1956 y 2015. Discutimos después
los efectos que dichos cambios han tenido en la diversidad del paisaje y en dos
grupos de plantas potencialmente vulnerables. Se han producido mds cambios en
la zona periférica que dentro del parque, en ambos casos casi en su totalidad por
debajo del limite del bosque. Dichos cambios son el resultado de una densifica-
cion y expansion de bosques, y la fuerte reduccion de cultivos y zonas sin vegeta-
cion. El borde de las manchas y su niimero ha decrecido, habiendo aumentado su
tamaiio medio, lo que indica fusion y la consecuente reduccion de ecotonos. La
diversidad paisajistica también se redujo, lo que confirma una simplificacion del
sistema. La mayor parte de los endemismos pirenaicos y las plantas amenazadas
se localizan en pastos, ambientes forestales, roquedos y otros sustratos rocosos
por encima del limite del bosque. Los cambios de paisaje registrados, por tanto,
no parecen haberles afectado negativamente, mientras que han podido beneficiar
a plantas vinculadas a bosques, situadas en su limite sur de distribucion. La sim-
plificacion del paisaje, no obstante, tiene como consecuencia una reduccion de la
diversidad, que podria frenarse con el mantenimiento o la creacion de pequerios
espacios abiertos dentro de la matriz forestal. El aumento de la diversidad vege-
tal requiere en este caso fomentar la perturbacion, aunque ésta deberia mante-
nerse por debajo de la que existio a principios del siglo XIX para poder preservar
también bosques maduros de suficiente tamario.
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1. Introduction

Global change effects on natural systems are evident worldwide, and two drivers that
often act simultaneously promote the observed changes: climatic warming and land use
changes (Mantyka-Pringle et al., 2012; Newbold et al., 2015; Scheffers et al., 2016). The
European Environmental Agency has just reported on the high vulnerability and impacts
of climatic change (decrease in glacier extent, upward shift of plant and animal species,
increasing risk of forest pests...; EEA,2017), and South European mountains have often been
nominated among the areas that will suffer the highest impact (Thuiller ez al., 2005; Lépez-
Moreno et al.,2008; Engler et al.,2011). Likewise, land-use changes have been suggested as
the global change driver with the highest impact on biodiversity (Sala et al.,2010), and there
is ample consensus about recent recolonization by shrubs and trees after the abandonment of
farmlands and marginal agricultural areas in mountains (Sitzia et al., 2010). Deep changes
in the traditional land uses in rural areas of South Europe due to socio-economic reasons
have broken the balance maintained for centuries between natural and human-driven patches,
threatening in this way the future of cultural landscapes (Garcia-Ruiz and Lasanta, 2018).

In a global change scenario of rapid changes produced by the overexploitation of natural
resources (the Anthropocene, Corlett, 2015), and rural abandonment, mountains are also
interesting case studies because they often include protected areas due to the high amount
or singularity of the geo-biodiversity they shelter, and their role for the preservation of such
values. They offer vertical environmental gradients for life, concentrating contrasted conditions
across large areas at farther latitudes. In these territories, changes of landscape structure will
have, therefore, important consequences on plant and animal diversity associated to different
habitats. Natural and semi-natural European grasslands, for example, are among the world’s
record communities for vascular plant species richness (Wilson et al., 2012), and pollinators
and herbivores have been found to respond to management intensity and plant diversity
(Hudewenz et al., 2012). Unfortunately there is little information of the consequences of
shifts in the spatial attributes on biodiversity (Sitzia et al., 2010; Wielgolaski, 2017), and
both positive and negative effects of landscape change have been reported depending on
the biological group, the kind of ecosystem affected, and the management treatment (see
for example Falcucci et al., 2007; Bonari et al., 2017). Thus, although protected mountain
areas do not escape from the effects of warming, protection should translate somehow into
divergent consequences for biodiversity compared to unprotected areas.

Semi-natural ecosystems typical of Mediterranean mountains are shifting, and
managers require rigorous information to take actions in order to preserve both biological
values and cultural landscapes. Our goal in this study is to describe the dynamics over
the last 60 years of the land cover of a currently highly protected area with no human
perturbations beyond traditional livestock grazing: the Ordesa and Monte Perdido
National Park, and compare it with the surrounding area, where a higher human influence
persists. Then we will discuss how those changes would affect overall plant diversity
and its most vulnerable elements. Recent analyses carried out with remote sensing for a
shorter and more recent period in an area that includes our study site showed that there has
been a recovery of natural vegetation (Gartzia et al., 2014; Martinez-Vega et al., 2017).
In this study we quantified the extension of changes of land cover classes from aerial
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pictures taken in 1956 and 2015, both in the protected and peripheral area, and above and
below the treeline, and compared past-present indexes of spatial metrics (patch number,
occupancy, landscape diversity). Then, we discuss the effects of landscape change for
Pyrenean endemics and threatened vascular plants, by checking their habitat affinities
and overlapping their presence on the map of landscape changes. Our hypothesis is that
due to protection, the successional dynamics of the National Park has been different
than in its peripheral zone, and that vulnerable plants should find there a safer place to
persist. This kind of information will contribute to guide the complex management of
such valuable space.

2. Material and Methods
2.1. The study area: characteristics and use

The Ordesa and Monte Perdido National Park (OMPNP) extends over 15.692 ha,
although for this study we analyzed 34.805 ha after adding the peripheral protection zone
(PPZ). The National Park is located in a very low populated area (less than 4 inhabitants/
km?) in the border between Spain and France, and shows an abrupt topography shaped
by 4 deep valleys radiating from the highest calcareous summit in Europe. The minimum
altitude is located in the southernmost part, 660 m a.s.l., at the beginning of the narrow
canyon of Afisclo. The highest at the Monte Perdido summit, 3355 m a.s.l. Rainfall
ranges from 850 to 2500 mm yr! according to the oldest meteorological station inside the
OMPNP (Gériz, 2200 m a.s.1.). The climatic trend in the Pyrenees has been documented
as an increase of 0.25°C per decade between 1950 and 2010 (EEA, 2017).

The OMPNP contains about 30 habitats of Community interest (Commission of
the European Communities 1992), one tenth of the estimated European flora, and can
be considered a crossroad of Mediterranean, Eurosiberian, Alpine and Boreoalpine
ecosystems. Forests extend along basal, montane and subalpine belts, and stands of
Pinus sylvestris, P. uncinata, Abies alba, Fagus sylvatica, Quercus cerrioides and Q.
ballota are the most common ones, besides mixed riparian vegetation along rivers (7ilia
platyphyllos, Fraxinus excelsior...). Around half of the total extension of the Park is
dominated by a large variety of both dense and sparse (often rocky) alpine grasslands,
and screes, above 1800 m a.s.l. approximately.

This is one of the oldest National Parks in Europe, since a small fraction of the Ordesa
valley got that protection in 1918 (2055 ha). The rest of the current Park was protected in
1982. For easiness, the OMPNP acronym will always refer to the protected area, PPZ to
the peripheral protection zone, and ONP-1918 for the historical area. Spanish legislation
for National Parks states that “Declaration as National Park is intended to conserve the
integrity of its natural values and its landscapes, subject to the social use and enjoyment
of all persons [...] while promoting environmental awareness in society, encouraging
scientific research and the sustainable development of the populations involved, in line
with the maintenance of cultural values, of the intangible heritage and the traditional
activities and uses inherent to the space” (https://www.mapama.gob.es/es/red-parques-
nacionales/ley-parques-bilingue_tcm30-61377.pdf). Grazing is the only traditional use
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allowed, whereas hunting and logging are forbidden. The park is currently visited by
around 600.000 people per year, highly concentrated in the summer period. Tourism is
the main income source in the surrounding area, which has totally changed the economic
structure of the territory in the last decades.

There are no inhabitants in the protected area, and just a few small villages are located
in the peripheral area. Similar to the Pyrenean range, however, this area has gone through
major changes in land organization, and the natural treeline in the OMPNP was lowered
below the natural treeline (approx. till 2100 m a.s.l.) due to centuries of downslope
grassland extension to increase the surface for summer livestock grazing (Anonym,
1976). Cultivations (cereal and potatoes crops) were frequent in the last centuries in the
bottom of the valleys and even at mid and high slopes, which were replaced around mid-
1900 by “mesic pastures” for cattle (we will use this term to distinguish them from the
alpine grasslands), which created a mosaic of open-forest vegetation (Fig. 1).

Figure 1. Entrance of the Ordesa Valley at the beginning of the 20" century, some years before
the declaration of the Ordesa National Park in 1918. Author: L. Briet.

2.2. Landscape analysis

We assessed the land cover change by comparing three sets of aerial pictures: the
oldest ones from flights carried out in 1956, and the newest ones in 2015, as well as a
set of intermediate pictures taken in 2006. For the old set of pictures, 59 photograms at
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1:33.000 scale were downloaded from the Regional Government (http://sitar.aragon.es),
orthorectified with Erdas Imagine (module Leica Photogrammetric Suite) using at least 10
control points per stereoscopic pair, and projected into a Geographic Information System.
The 2006 and 2015 pictures were downloaded as digital orthophotos at 1:1.500 scale and
0.5 m resolution (CNIG 2018). In order to compare the vegetation cover through images
and make sure that patch boundaries matched between the oldest and newest sets of images
when there was no change, we first manually drew polygons of land cover on aerial pictures
taken in 2006 based on maps of the III National Forest inventory (https://www.mapama.
gob.es/  es/biodiversidad/servicios/banco-datos-naturaleza/informacion-disponible/ifn3.
aspx), because both sources of information were obtained very close in time. Resulting
pictures with polygons were overlapped on the old (1956) and new (2015) aerial pictures
afterwards, to adapt boundaries to both sets of images with minimum error.

Due to the low resolution (and sometimes poor quality) of the oldest aerial pictures
we used a total of seven clearly differentiated land-cover classes: no vegetation (rivers,
lakes, bare soil...), anthropic (cultivated fields, meadows...), grassland and rocks
above the treeline (distinction was not easy and we preferred to add them together),
shrubland, sparse woodland (less than 20% tree cover), dense woodland (at least 20%
tree cover), and riparian vegetation (narrow belts of mixed trees and shrubs by rivers).
The classification of the land cover units was done by the same person in all the three sets
of aerial pictures, minimizing in this way differences in patch classification through time.

The overlap of land cover classes between 1956 and 2015 produced a cross-
tabulated matrix that served to estimate the probability (transition matrix) and magnitude
(surface) of changes over the last six decades. We also calculated transition matrices
for the 2006-2015 period to see if the change rate was in consonance with the whole
1956-2015 period. Then, some spatial metrics with ecological meaning were calculated
at the landscape level for the initial and final study year, to compare rates of change
between protected vs unprotected areas: Shannon diversity Index (SDI), number of
patches (NumP) and mean patch size (MPS). The later ones were also calculated above
and 2100 m a.s.l., the current timberline (thereafter named also as treeline to facilitate
comparisons with previous published information) due to the large differences observed
during analysis. Landscape structure and its temporal dynamics were studied using the
spatial analysis programs ZonalMetrics (Adamczyk et al., 2017) and Patch-Analyst 5.2
(Rempel et al.,2012) in ArcGIS.

2.3. Possible effects of landscape change on vulnerable vascular plants

Unfortunately most plant inventories carried out decades ago were not geolocalized
accurately enough as to repeat them and make sure about plant species replacement.
Instead, we will explore consequences of landscape changes by focusing on two kinds of
a priori vulnerable plants: narrow-distributed (Pyrenean endemics) and threatened. After
making a list of native vascular plant species recorded within the limits of the studied
area (herbarium vouchers, opportunistic observations and phytosociological inventories;
http://floragon.ipe.csic.es), we checked for the validity of each taxon and left out those
of no clear taxonomy or doubtful distribution for subsequent analyses (for example
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apomictic taxa of the Alchemilla and Hieracium genus). Then, we extracted Pyrenean
endemic plants according to Gémez ef al. (in press) and threatened according to regional
(Anonym, 1995 and 2005), national (official list and Red list; Anonym, 2011; Moreno,
2008; Bafiares et al., 2011) or European catalogues (Habitats Directive; Commission of
the European Communities, 1992). Plants of “special interest” (regional Catalogue), and
listed in the Annex V of the Habitats Directive were not included because they are not
considered “threatened” and do not need protection actions.

Each one of these target plants were associated to at least one of the land cover
classes, and also we checked if they occurred on imperturbable rocky habitats irrespective
of the altitude and land cover class (for example cliffs within forest stands). Finally
we overlapped their records on the map of landscape changes (geolocalization of plant
records is often stored at 1 km? of precision) to infer the probability of affection.

3. Results
3.1. Shifts in the landscape between 1956 and 2015

The Ordesa and Monte Perdido National Park (OMPNP) is spatially dominated
by alpine grasslands and rocky areas, and surrounded by a Peripheral Protection Zone
(PPZ) occupied basically by Mediterranean shrublands in the south and alpine grasslands
and shrublands in the northwest. Old pictures show that, when originally declared as
a protected space one hundred years ago (ONP-1918), the landscape of the National
Park looked much less forested than nowadays, and a mix of forests, cultivated fields
or pastures, and shrubs dominated the valley (Fig. 1; see many more pictures in Acin,
2000). Nevertheless, 63% of that surface was already covered with dense forests in 1956.

The land cover of the whole study area has changed 20% over the last 60 years,
mostly concentrated in three areas: south slope of the PPZ, Escuain canyon, and Pineta
valley (Figs. 2 and 3). The PPZ experimented more than twofold changes (26.4%) than
the protected one (OMPNP: 11.2%). Nevertheless, 98% of those changes (almost 4000
ha.) occurred below 2100 m a.s.l.

25000 | ®Rjparian vegetation =~ ®Dense forest Sparse forest Shrublands
Grasslands+rocky ® Anthropic B Unvegetated
20000
: ]
s 15000 - -
©
7]
T
10000
5000
0 - —
OMPNP 1956 OMPNP 2015 PPZ 1956 PPZ 2015

Figure 2. Occupancy area by 7 land cover classes in the Ordesa and Monte Perdido National
Park (OMPNP) and the Peripheral Protection Zone (PPZ) in years 1956 and 2015.
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Bosque de las Hayas

Treeline
2100 mas.l.

Protected areas

—— Ordesa National Park (1918)

Peripheral Protection Zone

— Ordesa and Monte Perdido National Park (1982)
Land use (changes > 1% total surface)

{7] Grassland + rocky to Shrubland

L Shrubland to Dense forest

Sparse forest to Dense forest

Barranco de Estalon Tozal de Lascal

Figure 3. Map of changes in the study area, showing patches of size >1% of the total surface and
the type of change. Red line: limit of the Ordesa and Monte Perdido National Park as declared
in 1982; purple line: limit of the Ordesa National Park as declared in 1918; remaining area:
peripheral protection zone. Four pairs of pictures taken in 1956 and 2015 (A, B, C, D) show
different intensities of change inside and outside the National Park, and at contrasted altitudes
and aspects.
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Table 1. Matrices of changes between 1956-2015, in terms of hectares of occupation by each
land cover class (occupancy matrix), and probability of transition among classes (transition
matrix), both for the National Park and the peripheral zone. Row and column labels are
exactly the same.

ORDESA AND MONTE PERDIDO NATIONAL PARK
1956
Unveg | Anthropic Alp Shrubland Sparse Dense Riparian
OCCUPANCY MATRIX grass_rocks forest forest veget
Unvegetated 52,6 0,0 0,0 0,0 0,0 04 0,0
Anthropic| 0,4 270 | 00 0,0 0,0 0,0 0,0
™S Alpine grasslands and rocks 8,4 0,0 | 80539 0,6 04 3,2 0,0
g Shrubland 0,0 53,3 8,8 3113,3 14,6 0,2 0,0
N Sparse forest 2,6 0,0 16,5 434 121,5 0,8 0,0
Dense forest| 22,1 19,2 12,7 124,7 705,2 32844 0,0
Riparian vegetation 0,0 0,0 0,0 0,0 0,0 0,0 1,5
TOTAL 1956 (ha) 86,02 99,54 8091,92 3282,02 841,62 3289,04 1,53
| TOTAL CHANGE 2006-2015 (ha)| -33,0 -72,1 -25,3 91,8 -656,9 879,2 0,0
Unveg | Anthropic i Shrubland Space e Hipman
TRANSITION MATRIX grass_rocks forest forest veget
Unvegetated| 61,1 0,0 0,0 0,0 0,0 0,0 0,0
Anthropic 04 271 0,0 0,0 0,0 0,0 0,0
w Alpine grasslands and rocks 9,8 0,0 99,5 0,0 0,0 0,1 0,0
b= Shrubland| 0,0 53,5 0,1 17 0,0
N Sparse forest| 3,0 0,0 0,2 13 0,0
Dense forest 25,6 19,3 0,2 3,8 0,0
Riparian vegetation 0,0 0,0 0,0 0,0 0,0 0,0 100,0
PERIPHERAL PROTECTION ZONE
1956
Unveg | Anthropic A Shrubland Sparse Dense Riparian
TRANSITION MATRIX grass_rocks Jorest forest veget
Unvegetated| 61,4 3,2 16 5,2 55 71 0,0
Anthropic 1,2 99,9 0,0 0,0 0,0 0,0 0,0
wn Alpine grasslands and rocks 2,4 0,0 6088,5 71 538 0,2 0,0
S Shrubland 3,0 137,1 464,9 54 0,8 0,0
N Sparse forest 0,8 13,0 60,2 28,2 0,0 0,0
Dense forest| 68,4 1035 149,8 281,6 1721,6 7,6
Riparian vegetation 3,8 0,0 0,0 0,0 0,0 0,0
TOTAL1956 (ha) 141,0 356,7 6765,1 63492  1870,9  3603,1 26,9
| TOTAL CHANGE 2006-2015 (ha)| -57,0 -255,7 -661,1 289,1 -1636,0 2324,5 -3,8
Unveg | Anthropic Alp Shrubland Sparse peme Riparian
OCCUPANCY MATRIX grass_rocks forest forest veget
Unvegetated| 43,5 0,9 0,0 0,1 03 0,2 0,0
Anthropic 0,8 28,0 0,0 0,0 0,0 0,0 0,0
v Alpine grasslands and rocks 1,7 0,0 90,0 0,1 03 0,0 0,0
s Shrubland| 2,2 38,4 6,9 94,9 03 0,0 0,0
N Sparse forest 0,6 3,7 0,9 04 7,1 0,0 0,0
Dense forest 48,5 29,0 2,2 44 92,0 99,8 | 28,4
Riparian vegetation 2,7 0,0 0,0 0,0 0,0 0,0 | 71,6
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Transition matrices (Table 1) show that ruderal, unvegetated, and sparse forest
classes suffered the highest retrogression, the extent of the reduction being higher in the
PPZ than the OMPNP. Dense forests were the absolute winners, increasing considerably
their extension in both reference areas at the expense of almost all the other land cover
classes. The most noticeable change in the study site was the strong densification of
sparse forests, and tree species that experimented higher increase were Pinus sylvestris
in the mountain belt and Pinus uncinata in the upper part, as well as Fagus sylvatica,
and Salix spp. by the rivers. Shrublands stayed relatively stable, but whereas their
occupation slightly decreased in the protected area, it increased in the peripheral one.
Alpine grasslands and rocky habitats slightly reduced their occupancy, again more in the
unprotected than protected area.

The total edge of patches reduced in both areas between 1956 and 2015 (Table 2),
mainly because the number of patches halved and their mean size doubled below the
treeline. This means that some patches merged and ecotones decreased. The Shannon
diversity index lowered in both reference areas, about 12% in the OMPNP and 16% in
the PPZ (Table 2). Altogether, results indicate a homogenization driven by expansion,
merging and densification of forest patches, including a slight shift upwards of the
treeline at the cost of a very small surface of subalpine grasslands.

Table 2. Spatial metrics calculated for 2 reference areas (OMPNP: Ordesa and Monte Perdido
National Park, PPZ: Peripheral Protection Zone), in two years (1956 and 2015), and above and
below the current treeline (2100 m a.s.l.). TE: total edge, NumP: number of patches, MPS: mean

size of patches, SDI: Shannon diversity index.

Area (ha) | TE (km) NumP MPS SDI
OMPNP 1956 15692 1627 334 47 1,25
<2100 8416 1271 293 29 1,36
>2100 7276 506 71 102 0,36

OMPNP 2015 15692 1444 180 87 1,1
<2100 8416 1070 142 59 1,14
>2100 7276 506 68 107 0,36

PPZ 1956 19113 2772 673 28 145
<2100| 11965 1987 607 20 1,48

>2100 7149 1001 150 48 0,70

PPZ 2015 19113 2455 359 53 1,21
<2100 11965 1647 293 41 1,12

>2100 7149 1001 140 51 0,71
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3.2. Plant diversity response: winners and losers

A preliminary list of 1338 plants resulted in the OMPNP (species level),
although analyses were restricted to 1278 clearly differentiated taxa. The PPZ only
adds 62 more taxa to the whole study site. Grasslands and rocky areas above the
treeline constitute the land cover class with the highest plant number, and also the
highest number of Pyrenean endemic plants (50 out of 52), although some of them
occur over a wide altitudinal gradient (Fig. 4). A total of 23 threatened plants occur
in the study area, 20 inside the limits of the OMPNP and 3 more outside in the
peripheral zone (Fig. 4). Threatened plants are more widely distributed across land
cover classes than endemics: 14 of them above the treeline, 8 associated to forests
(sparse, dense or riparian, as well as forest gaps) and one to shrublands. As many as
31 out of our 70 target plants (some are both endemic and threatened) are intimately
associated to highly imperturbable rocky habitats: screes, cliffs, erratic boulders,
crests, or sparse rocky alpine grasslands. Altogether, these results indicate that most
of the potentially vulnerable plants of the National Park are either on “winner”
forests, totally or partly distributed in the stable habitats over the treeline, or can be
considered rocky specialists.

4. Discussion

Our study on the landscape changes over the last 60 years in a highly valuable
protected area of Central Pyrenees confirms an increase of the forest, and a reduction
of landscape heterogeneity. Almost all changes of land cover occurred below the
treeline (2100 m a.s.l.), and most of them in the currently low-populated peripheral
area of the Ordesa and Monte Perdido National Park. In the PPZ, traditional uses
(wood extraction, agriculture and grazing) were historically more intense than
currently, and nowadays are higher than in the protected area. Forests increased
both by densification and at the expense of open areas: mesic pastures, shrublands,
and, to a much less extent, subalpine grasslands. Our results also show a strong
stability of alpine systems, in line with previous observational and experimental
studies carried out at much finer scales in the same area (Pardo, 2016).

The intensity of recorded changes in our study area was not as dramatic as
in open Mediterranean regions (for example around 80% for a similar period in S
France, Sirami et al., 2010), but more similar to other mountain areas (Améztegui
et al.,2010; Tattoni et al., 2011). Previous analyses based on remote sensing over
shorter temporal series (mid-1980s and mid-2000s period) concluded that changes
in a wider area that included our study site took place below the potential tree line
(96% below 2100 m a.s.l.; Gartzia et al., 2014) and hardly affected the core of
the OMPNP (Martinez-Vega et al., 2017). Interestingly, when comparing the 2006
and 2015 pictures we found very little changes, probably because forest expansion
is close to reach the total suitable space. A deceleration in woodland expansion
has also been found in two Italian watersheds with contrasted current management
(Campagnaro et al., 2017), but the generalization of such deceleration in protected
areas is unknown.
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Figure 4. Distribution and abundance of Pyrenean endemic (above) and threatened (below)
vascular plants in the Ordesa and Monte Perdido National Park (delimited by the red line) and
Peripheral Protection Zone (surrounding area).
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Natural reforestation is a common pattern in other European mountains (MacDonald
etal.,2000; Garbarino et al.,2014),and vegetation changes and woody plant encroachment
in the study area are definitely related to the decline of traditional practices after rural
depopulation starting in the 1930s (Améztegui et al.,2010; Garztia et al., 2014; Xystrakis
et al., 2017). Livestock continues grazing in summer and autumn inside the OMPNP,
but at low-intensity compared to historical times, which similarly to other mountains
resulted in encroachment of shrubs and trees in the forest-alpine grassland ecotone.
To what extent the observed changes are a consequence of warming or the decrease
of grazing seems difficult to decipher given the lack of previous monitoring programs,
the complexity of the topography, and habitat diversity (Batllori and Gutierrez, 2008).
Upward treeline shifts and forest expansion are probably consequences of both climatic
factors and decrease of human activities, although seems to be primarily controlled by
land-use history (Alvarez-Martinez et al., 2014).

Landscape heterogeneity has decreased in our study area due to the prevalence of
natural succession over human perturbations below the treeline, which is another frequent
result when analyzing landscape dynamics (Sitzia et al., 2010; Campagnaro et al., 2017;
but see opposite results in Garbarino et al., 2014). Densification and aggregation of forest
patches reduced heterogeneity, which together with the stability of the alpine belt resulted
in a reduction of ecotones. Moderate levels of perturbation (either natural like avalanches
and wild board digging, or by human activity like cultivations) typically enhance diversity
as a consequence of an increase of environmental heterogeneity (Roxburgh et al., 2004),
and it should be considered for managers when a single kind of habitat takes over
large areas as a result of natural succession. Habitat transformation is followed by the
replacement of a myriad of macro- and microorganisms dependent on the ecological niches
provided by structural elements such as trees, shrubs, rocks, or grasslands. Some organisms
are dependent on elements only provided by very old stands in the case of forests though
(Lindermayer and Laurance, 2017), and therefore their age should be considered besides
extension for an effective management of the diversity they shelter.

Sirami et al. (2010) evaluated the impact of land-cover transformation of a mosaic
landscape representative of the north-western Mediterranean Basin on several groups of
organisms, by combining qualitative and quantitative data on populations trends. They
found that, apart of amphibians and insects, rare or endemic species of birds, reptiles
and plants were associated to open habitats and thus threatened by land abandonment.
Our exploratory analysis with two groups of potentially vulnerable plants (Pyrenean
endemics, and threatened) does not support the idea of a negative effect of recent
landscape changes on them because they are located either in the most abundant and
stable land-cover classes identified (alpine grasslands and rocky places) or inside the
successful forests. Nevertheless, we used a coarse scale (land cover classes) that might
hide important changes at finer scale, and there is not enough available information
to make generalizations because results seem to be rather context-dependent. For
example, an accelerated enhancement of richness has been reported on high European
summits as a consequence of warming (Steinbauer et al., 2018), whereas increasing,
neutral and decreasing trends of richness have been found after repeated sampling
over time across European grasslands (Diekmann et al., 2014; Gillet et al., 2016).
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Concerning our study site, Pardo et al. (2015) found that grazing cessation did not have
a strong effect on community structure except for an extremely warm and dry period,
after comparing richness and abundance inside and outside livestock exclusions
running for 20 years in subalpine grasslands. In the same line, Mariotte et al. (2013)
found an unnoticeable but very valuable role of non-dominant plants contributing to
the diversity of semi-natural grasslands of the Jura mountains, because their removal
resulted in lower resistance of the community to climatic hazards. Traditional practices
promoting diversity in grasslands, therefore, seem to be beneficial to buffer the effects
of adverse climatic events.

The increase of forest occupancy clearly reduces plant diversity because of the
lower number of plant species associated to forests compared to mesic pastures, but
at this latitude it might also benefit understory herbs at the South limit of distribution.
Almost two hundred plants are in this situation in the Pyrenees (Garcia et al., in prep.),
such as Cypripedium calceolus. After monitoring two Pyrenean populations of this
threatened orchid over a decade, Garcia et al. (2010) found that population trends were
increasing despite severe herbivory in the one located in the PPZ, and the only plausible
explanation was afforestation of populations of this iconic plant after comparing the
1956-2006 aerial pictures. The dramatic increase of the canopy where populations occur
must have reduced considerably the temperature that plants experience despite overall
warming in the region (EEA, 2017). Besides that, some of the forests of the OMPNP
are very close to the absolute southern limit of distribution in the Pyrenees (Abies alba,
Pinus uncinata) and others are keystone pieces of Habitats of Community Interests
according to the European Habitats Directive (Fagus sylvatica). So, allowing forests
to be shaped by natural processes after centuries of human disturbance, to preserve old
stands of a minimum size must also be among the priorities of a protected space. A
recent comprehensive review of forest fragmentation showed many detrimental short-
and long-term effects on biodiversity (Haddad et al., 2015). Merging forest patches,
therefore, should not be considered a concern from a biological point of view in a
world where 70% of remaining forest is within 1 km of the forest’s edge and subject to
the degrading effects of fragmentation, and particularly when such process constitutes
the natural succession of vegetation and does not affect the maintenance of natural
alpine system on top of it. Nevertheless, many considerations have to be taken in mind,
including the risk of fire, and the lost of diversity associated to the open places they
transform.

The main losers of the lower human-pressure in the National Park are plants
associated to cultivated fields (former crops and current mesic pastures), and
other perturbed places. They have an important contribution to overall diversity
of the area, but their presence and abundance beyond the Pyrenees make them less
vulnerable than endemics or threatened. Our potential vulnerable plants are located
either on “winner” or very stable habitats that will not disappear in the OMPNP
even if the livestock disappeared. As part of an ongoing monitoring project of
plant population and habitat dynamics in the National Park and Peripheral zone
(see description of the method in Garcia et al., 2018), we are tracking the local
abundance of plant species occurring in more than 50 monitoring units, covering a
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wide spectrum of life forms, altitudes and habitats, many of them threatened or of
Community interest according to the Habitats Directive. Preliminary results show
an outstanding stability, with no plant extinction and very few declining populations
even among the most endangered taxa (Garcia et al., unpublished). These results
do not support the forecasts produced by climatic models (for example Thuiller
et al., 2005), and demonstrate the need of gathering more real information before
alarming managers and policy-makers.

Like other mountain systems, the OMPNP should be viewed as a complex and
heterogeneous system that is recovering from a much higher human pressure in the past.
Such pressure is currently restricted to visitors footprint and a reduced stocking rate,
which certainly exert a much lower effect compared to the period when the Pyrenees
were heavily populated (maximum in the middle of the eighteen century, Garcia-Ruiz
et al., 2015). Early in the nineteen century the landscape showed signs of heavy land
use, strong grazing, and forest overexploitation (Acin, 2000). In the recovering process
there are inevitably local winners and losers among plants, animals and the hidden
edaphic microbiota (see for example McKinney and Lockwood, 1999). Also changes
in ecosystem services due to the reduction of soil erosion, increase of sequestering
carbon from the atmosphere, or the settlement of watersheds. And some changes might
have consequences far away, as for example on the hydrologic regimen downstream.
Therefore shifts in natural systems should be interpreted from an integrative and long-
term perspective, because of the interconnection of uncountable elements and processes.

5. Conclusion

In the Anthropocene period (Corlett, 2015), protected areas must play a key role
for biodiversity preservation. They should become Noah’s Arks not only for organisms,
but also their environment and ecological relationships (Valiente-Banuet et al., 2015),
become safer from the negative and “irreversibility” human pressure elsewhere. Managers
have to take informed decisions on what land-owners, scientists, and the society consider
important to preserve, in a world where agro-pastoral activities are decreasing in a
probably irreversible way (Garcia-Ruiz and Lasanta, 2018). By knowing how landscape
changes restructures biodiversity at multiple spatial scales and biological organization
levels, and the real possibilities of actively managing ecosystems with current resources,
we will be able to make an effective, balanced and sustainable preservation of natural
and cultural landscapes. In this study we demonstrated that landscape changes have
been more intense in the peripheral zone in than the protected National Park, and
hardly affected above the treeline. Also, that the reduction of traditional land uses are
not jeopardizing threatened or narrow-distributed plants, and it might even improve
the situation of some plants and trees at the South limit of distribution. But landscape
diversity is getting lower in the National Park, and diversity reduction could be slowed
down by promoting the presence of patches of open areas in the forest matrix. Contrary
to what human societies did for their own survival in the far past, we have now the tools
to regulate the intensity of disturbance in order to assure the long-term persistence of as
many biodiversity elements as possible.
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