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Abstract

Aims: Our aims are threefold: 1) to determine whether global change has altered the
composition and structure of the plant community found in the sessile oak forests on the
NE Iberian Peninsula over the last decades, 2) to establish whether the decline in forest
exploitation activities that has taken place since the mid-20th century has had any effect
on the forests and 3) to ascertain whether there is any evidence of impact from climate
warming.

Methods: We assess changes in the plant community by comparing a current survey of
sessile oak forest with a historical dataset obtained from previous regional studies
dating from 1962 to 1977. We analyse the regional changes in the community in terms

of biodiversity variables, species composition and plant traits. Furthermore, plants traits
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such as plant life forms and chorological groups, are used to discern any effects from
land use changes and climate warming on the plant community.

Important Findings: There has been a loss of diversity in the community and, in the
hottest region there is also a loss of species richness. The composition of the community
suggests that, although significant changes have taken place over recent decades, these
changes differ between regions as a result of the low impact global change has had in
the western regions. For instance, while the tree canopy cover in the western sessile oak
forests remains stable, the eastern sessile oak forests are still recovering from the former
exploitation that led to a loss of their rich and abundant herbaceous stratum. In fact, the
recovery process in the Catalan Pre-Coastal Range has constituted an increase in the
Euro-Siberian plants typical to this community. Moreover, in the eastern forests there is
evidence that climate warming has impacted the thermophilization of the sessile oak

forests found on the Coastal Range.
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1. Introduction

The sessile oak (Quercus petraea (Matt.) Liebl.) is native to the UK and most of
Europe. The NE Iberian Peninsula, which is also an area that experiences the dry
summer months typical of a Mediterranean climate, is its southern-most distribution
limit. In the Mediterranean regions, sessile oaks can only been found growing in the
cooler, moister mountains, like the Pyrenees or the Pre-Coastal Range (Bou et al. 2016),
that provide refuges for its survival (Vigo, 2011; Loidi, 2017). The mountains in
southern Europe are particularly interesting because of their enormous biodiversity

(Vére et al., 2003) and because they constitute the southern-most distribution limit of
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numerous central European species (e.g., Gomez et al. 2017). The singularity of these
mountains is that they show different environmental characteristics, given that they are
humid and cold even though they are located in a warm, dry region (Loidi, 2017). These
environmental singularities enable Euro-Siberian and Boreal species to coexist with
xerophyllous species (Ruiz-Labourdette et al., 2013). For instance, flora such as boreo-
alpine plants can be found at high altitudes in the Pyrenees, while Mediterranean flora
can be found at the lower and medium altitudes (Loidi, 2017). The sessile oak forests
and other similar communities are very sensitive to change resulting from changes in
land use (Boada, 2002) and/or global warming (Vayreda et al., 2013).

In the Mediterranean regions in Europe, traditional agroforestry practices were
extensive, but during the second half of the 20th century these practices were
abandoned, resulting in meadows and croplands being replaced by shrub and forest
cover (UNEP, 1989; Ales et al., 1992; Garcia-Ruiz et al., 1996; Debussche et al., 1999;
MacDonald et al., 2000; Santos, 2000). The NE Iberian Peninsula is no exception
(Vila, 1999; Boada, 2002; Gordi, 2009; Bou Manobens et al., 2015) where the forests
have grown denser (Lasanta-Martinez et al. 2005; Améztegui et al. 2010). Before 1960
the forests were mainly exploited for wood for fuel, but when this declined with the end
of charcoal use, there was a subsequent decrease of exploitation pressure in these forests
eand the surrounding areas (Cervera, 2017). Currently, approximately 750,000 m*/year
of wood is harvested from the forests, of which more than 90% comes from conifers
(Observatori Forestal Catala, 2017). These anthropogenic factors can provoke major
changes in the composition of the plant community (Brunet et al., 1997; Lenoir et al.,
2010), as has been reported in the oak communities where landscape changes have led
to a loss in biodiversity (Amigo et al., 2001). Likewise, the lack of mature forests in

Europe (Forest Europe, 2015) and the NE Iberian Peninsula (Mallarach et al., 2013) is a
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further consequence of this human factor. For centuries, the sessile oak forests were
impacted by intensive human exploitation which, in turn, has altered their distribution
and structure (Eaton et al., 2016). Yet, another land use change that can affect forest
communities is associated with invasive species. For instance, 25% of European
forestry plantations use introduced species, representing an invasion risk that can lead to
a loss of biodiversity (Krumm and Vitkov4, 2016). In the montane zone on the NE
Iberian Peninsula the invasive tree, Pseudotsuga menziesii, whose source has been
identified as coming from forestry plantations, has been reported to have expanded into
a natural park (Broncano et al., 2005).

Mountain plant communities are considered to be particularly sensitive to the negative
impacts of global warming (Thuiller et al., 2005; Fischlin et al., 2007; Loarie et al.,
2009) as it promotes thermophile species adapted to warmer conditions to the detriment
of species adapted to cold climes and which, eventually, leads to the thermophilization
of the communities (De Frenne et al., 2013). In the transition between the
Mediterranean and Euro-Siberian regions in particular, enormous changes are expected
(Thuiller et al., 2005).

Evidence of climate change on the NE Iberian Peninsula are mounting. Recent decades
have witnessed an increase in the mean temperatures (0.23°C/decade), and the
maximum (0.28°C/decade) and minimum temperatures (0.17 °C/decade), especially in
the summer when the mean temperature has increased 0.33°C/decade (Martin Vide et
al., 2016). This has also been accompanied by an increase in the dry periods (Pefiuelas
et al., 2016) which, given that they have experienced a -2.4 - -3.9%/decade decrease in
their annual precipitation levels (Martin Vide et al., 2016), has seen the Pyrenees and
the Pre-Pyrenees become more sensitive to drying. According to different climate

predictions (IPCC, 2013), and given that all the projections show a clear and strong
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temperature increase (Calbd et al., 2016), this tendency is expected to continue. Climate
change impacts have also percolated into species distributions, with already documented
northward shifts (Walther, 2003; Berger et al., 2007; Lenoir, 2008) and migrations
toward higher elevations (Grabherr et al., 1994; Pauli et al., 1996, 2003; Walther et al.,
2005). This has rendered changes in species composition (Reif et al., 2017) ultimately
resulting in novel communities (Williams and Jackson, 2007; Bertrand et al., 2011).
However, while the effects climate change has had on plant communities at high
mountain elevations have been widely reported, studies about its impact on mid- and
low-elevation mountain ecosystems remain scarce (Walther, 2003; Pefiuelas and Boada,
2003; Kelly and Goulden, 2008; Lenoir, 2008). Indeed, in more local studies the
impacts of climate change have been less evident (Walther and Grundmann, 2001;
Vittoz et al., 2009), which might be a consequence of a lag in the biotic response
(Bertrand et al., 2011).

We hypothesize that since the mid-20th century, global changes have instigated changes
in the NE Iberian Peninsula sessile oak forest communities. As there is evidence that
these forests were heavily exploited before the second half of the 20" century, we would
expect to see a change in the communities’ plant life forms along with an increase in
tree cover. We would also expect to find some effects from global warming (despite the
lack of evidence in low-altitude mountain vegetation), considering that on the NE
Iberian Peninsula similar plant communities have already exhibited distributional shifts
(Fagus sylvatica forests; Pefiuelas and Boada, 2003). Consequently, some level of
sessile oak forest thermophilization is to be expected. To test this hypothesis, this study
compares the floristic community of the sessile oak forest over two different periods,

analyses which changes have occurred and determines the resulting dynamics.

6102 A\ €1 UO Jasn euolls) op 1elIsIeAIun Aq 986/ 875/620Z1/edl/S601 0 | /10pAdBIISqe-a)oe-aouBApE/adlj/woo dnooiwspese//:sdiy Wol) papeojumoq



2. Materials and methods

2.1. Study sites

Our study involves the sessile oak forests found in the NE of the Iberian Peninsula,
which inhabit the physiographic units of the northern Pyrenees and the Coastal Range
bordering the Mediterranean Sea and cover a surface area of 4967.12 ha (Bou et al.,
2016) (Figure 1). These forests are at the southern-most distribution limit for this
species, and Quercus petraea has its xeric limit in the Pre-Coastal and Coastal ranges.
Although the altitude in the NE of the Iberian Peninsula ranges from sea level up to
3,000 m a.s.l., the sessile oak forests span from 500 to 1700 m a.s.l. Sessile oak is only
found in montane zones with high precipitation or, in some cases, with regional
microclimates. The mean annual temperatures of the regions in this study range from 8
to 13°C, and annual precipitation ranges from 812 to 1035 mm (Table 1). Sessile oak
forests always grow on acid lithology (Vigo et al., 2005). Finally, the human factor
must also be added to these environmental conditions because, historically, many of
these forests were exploited (a practice now abandoned) and they have also been

included in different protected areas (Departament de Medi Ambient, 1996).

2.2. Field samplings

On the NE Iberian Peninsula, the sessile oak forests have been described, such as
different forest communities, but here we focus on the dominant sessile oak, Lathyro
montani-Quercetum petraea (Lapraz) (Rivas Mart. 1983), synonymous with Teucrio
scorodonia-Quercetum petraeae (Lapraz 1996, em. Bolos 1983) which includes
different subassociations (Bolos, 1983; Vigo, 1996). To achieve the objectives

proposed, the subassociations of mixed-stand structures were discarded, so that in this
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study the concept of sessile oak forests refers to the typical subassociation stachyetosum
Lapraz 1966.

To determine the evolution of the sessile oak, a bibliographic search was carried out to
uncover historical inventories of the forests. Most of the available studies are on a
regional scale and not specifically focused on the sessile oak forests. From these studies,
we discarded one (Mercade, 2008) because it was very recent and would have not been
useful in evaluating the changes that have taken place in the forests since the second
half of the last century. The historical records selected were studies and inventories
from several botanists dating from 1962 to 1997 (Lapraz, 1962; Vigo, 1968, 1996;
Bolos, 1988; Vifas, 1993; Carreras et al., 1995, 1997) (Table S1). The studies and
inventories selected follow Braun-Blanquet’s method (Braun-Blanquet, 1964) and use
vegetation censuses of over 100m? plots. Although the plots were described in the
papers and related studies (i.e., site description, elevation, surface, slope, and
exposition), they did not include the coordinates with which to relocate the plots.
Consequently some very intensive field work was carried out to (as closely as possible)
identify the land, determine the spots and localize the plots where the studies would
have been previously carried out. Habitat cartography (Universitat de Barcelona and
Generalitat de Catalunya, 2012), along with historical vegetation maps (Bolos, 1983;
Vigo, 1996) were used as support tools to determine community changes in the sessile
oak forests. In one case, however, the area did not correspond to the historical
description, so the inventory was discarded. Finally, 38 inventories were selected and a
new inventory complied of all the vascular plants identified between 2014 and 2018 in
the same areas as the historical inventories had been made, using the same Braun-
Blanquet method and marking the plots with a GPS. In one case, the historical

inventories had two samples for one specific small forest, but in the new sampling there
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was only one inventory (on M). By the end of this exhaustive field work, 37 new
inventories were compiled.

The use of historical inventories has the limitation that they were not all carried out in
the same year or in a short period of time, so the dataset can show high annual
variability. However, this is the only way to study the evolution of the communities’
plant composition and structure through recent decades. This historical dataset has been
composed using all the available vegetation surveys and is the only way to understand
how the sessile oak forest on the NE Iberian Peninsula has evolved over the past
decade. While this approach does have the limitation of annual variability, it is still the

most effective way to study vegetation dynamics over long periods of time.

2.3. Data analyses

Historical plant compositional studies can have problems with mistakes being made
when identifying species, changes in nomenclature, species being overlooked or
observer differences in coverage estimates (Vittoz and Guisan, 2007; Vittoz et al.,
2009). We reduced identification mistakes by aggregating all the confusable subspecies
and the not-sure identifications into one taxon for each case. Using the reference
nomenclature of the region (Bolos et al., 2005; Castroviejo, 2012), the nomenclature of
species was scrupulously checked for possible synonymies. As species being
overlooked cannot be avoided, their effect on species richness had to be taken into
consideration. The historical inventories had been compiled by several botanists and the
current dataset by the authors of this paper. To avoid differences in coverage estimates,
we analysed most of the data in two ways:1) as a presence and absence dataset and 2) as
an abundance dataset. We also transformed this into percentages for each sample to

reduce possible errors. To be able to use the inventories in abundance analyses, and to
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compare the data from different time periods, the Braun-Blanquet scale was converted
to percentage of cover using Vigo's (2005) methodology (Table 2) for all the
inventories. Statistical analyses were performed using R environment software (R Core
Team, 2015) and, in some cases, Primer version 6.1.11 software (Clarke and Gorley,
2006) and PERMANOVA 1.0.1 software (Anderson et al., 2008).

The 75 inventories were classified into two location levels: regional and sub-regional
(Table 1). On the sub-regional level, any statistical analysis of SU was discarded
because there are only two zones and not enough samples to compare. To be able to see
changes in the community over time, we used one-way ANOVA with time as the factor
with which to compare the biodiversity variables (richness and diversity) in each
subregion.

To check for the differences in species composition between periods, a PERMANOVA
analysis and an nMDS (nonmetric multidimensional scaling) of the abundance was
performed. We used a Bray-Curtis similarity coefficient (the data were square-root
transformed prior to analysis) and for presence the Jaccard coefficient was used (Clarke
and Gorley, 2006). In addition, the specific changes in species were calculated for each
locality, estimating then the number of new, extinct or stable species.

Meanwhile, plant traits (plant life forms and chorological traits) were also analysed
using the proportion of species of each class - with respect to the total richness for
relative richness -, and for relative abundance the proportion of abundance of each type
- with respect to the total abundance. The plant life forms (Raunkizr, 1934) felt into
nine classes: chamaephytes (Ch), geophytes (G), hemicryptophytes (H), deciduous
macrophanerophytes (MPc), evergreen macrophanerophytes (MPp), deciduous
nanophanerophytes (NPc), evergreen nanophanerophytes (NPp), phanerophytes (P), and

therophytes (Th). The differences among these traits in each subregion were tested with
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one-way ANOVA. The chorological trait had nine classes (Bolos et al., 1993): Alpine
(Alp), Atlantic (Atl), Boreo-subalpine (Boralp), Euro-Siberian (Eur), Introduced
(Introd), Mediterranean (Med), Pluri-regional (Plurireg), Pontic (Pont) and Sub-
Mediterranean (Submed). The differences in these traits over time were tested with one-
way ANOVA for each subregion. Furthermore, the ratio between Mediterranean and
Euro-Siberian species was calculated as M/E ratio= -log(Med+1)/(Eur+1), where “Med”
is the total number of Mediterranean species per plot, and “Eur” the total number of
Euro-Siberian plants per plot. A high value of this ratio indicates a dominance of Euro-
Siberian plants over Mediterranean plants, and a low value the dominance of
Mediterranean plants. Values close to zero indicate a non-dominant situation between
these two chorological groups. The evolution of the M/E ratio over time was tested with
a one-way ANOVA and a regression analysis was carried on the relationships between
the M/E ratio and the altitude of the plots. As Euro-Siberian and Mediterranean plants
are of high interest, the increase in richness was calculated as the balance of species for
each chorological group. To do this, and to avoid possible errors when matching plots,
we used the lowest geographic unit, municipality, as the sampling unit, which meant we
were able to determine new, extinct and stable species. The richness increments of these
two chorological groups were also tested for correlations with altitude using a

regression analysis.

3. Results

3.1. Changes in biodiversity

3.1.1. Richness and diversity

While the mean number of species in the sessile oak forests did not change between the

first (32.29) and current (35.11) sampling period (ANOVA F; 73=1.829, p-value=

10
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0.180), the Shannon diversity index actually decreased (1.75) from the first (2.45)
sampling period (ANOVA F; 73=40.594, p-value< 0.001). The changes in richness and
in the Shannon diversity index over time in each sub-region were tested with one-way
ANOVA (Table 3 and S2). The richness of the forest community in VA has
significantly increased over time; unlike Mn where it decreased (Figure 2). The
diversity significantly decreased in VR, M and Mn (Figure 2). Of these variables, only

diversity had a significant relationship with elevation (Table 4).

3.1.2. Species composition

The current composition of species in the sessile oak forests showed significant
differences between regions for the abundance matrix (PERMANOVA Pseudo-
F473=3.102, p-value= 0,001) and the presence matrix (PERMANOVA Pseudo-
F473=3.521, p-value= 0,001). The composition changed over time in all the regions
except the Pre-Pyrenees (Table S3 and Figure 3). For example, the abundance of
Pteridium aquilinum has decreased, whereas Quercus ilex has increased on the Coastal
Range. Meanwhile, on the Pre-Coastal Range Festuca ovina has been replaced by
Festuca heterophylla and in the Pyrenees Deschampsia flexuosa has been replaced by
Brachypodium sylvaticum.

When comparing the new and lost species between the two periods on the subregion

level studied (Figure 4), a large number of species have disappeared in M and Mn (e.g.

Campanula rapunculoides, Lathyrus pratensis, Geranium dissectum, Arabis hirsuta and

Arrhenatherum elatius) and there is a low number of new species. On the other hand,
there are more new species and fewer losses in the northern subregions like VR and VA
(e.g. Stellaria holostea, Vicia sepium, Cardamine impatiens, Cephalanthera longifolia

and Hypericum montanum).

11
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3.2. Changes in plant traits

3.2.1. Plant life-forms

The sessile oak forests’ species were mainly hemicryptophytes (51.88%) and deciduous
macrophanerophytes (14.79%). Changes in species composition in some cases were
related to changes in the species relative richness for each plant life form observed in a
community (Table S4 and Figure 5). The relative richness for each life form showed a
great number of significant changes in M and Mn (Table 5). On one hand, the presence
of phanerophytes and deciduous macrophanerophytes increased in M and Mn, but on
the other, the presence of hemicryptophytes and evergreen nanophanerophytes
decreased. In Mn the relative richness of geophytes also increased, while in M the
relative richness of evergreen macrophanerophytes increased. On the other hand, VR,
PS and AG only showed few marginally significant changes (Table S5).

In terms of relative abundance, the sessile oak forests were dominated firstly by
deciduous macrophanerophytes (57.92% abundance) and then hemicryptophytes
(23.18%). These changes can also lead to a shift in the relative abundance of the
different plant life forms of the sessile oak forests (Table S4 and Figure 5). The relative
abundance for each life form showed significant changes in VR, PS, M, Mn and AG
(Table 5). For instance, the abundance of chamaephyte has increased in VR, M, AG but
decreased in Mn. Also, the relative abundance of deciduous macrophanerophytes has
increased in VR, M, Mn and Ag. On the other hand, hemicryptophytes decreased in VR,
M and AG, and geophytes also decreased in VR. At the same time, VR, PS and Mn

showed some marginally significant changes (Table S5).

12
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3.2.2. Chorological groups

Most of the species in the sessile oak forests are Euro-Siberian (64.87%) while other
chorological groups like the Pluri-regional (16.49%) and Atlantic (6.68%) had a low
presence. In some regions the relative richness for specific chorological groups changed
significantly over time (Table 6). There were increments in pluri-regional plants in VR,
introduced plants in M and Mediterranean plants in Mn (Table S6; Figure6). In contrast,
there were some marginally significantly decreases for Atlantic plants in AG and Euro-
Siberian in VR and Mn (Table S7).

If we consider relative abundance, the sessile oak forests are clearly dominated by Euro-
Siberian species (84.43%). The relative abundance for each chorological group showed
significant changes in VR and M (Table 6). Atlantic species have decreased in VR and
M, but in M the Euro-Siberian species have increased (Table S6; Figure 6). Moreover,
in PS the relative abundance of Euro-Siberian plants increased significantly (Table S7).
The M/E ratio shows different values for subregions (Figure S1), and only a marginally
significant change over time in Mn (ANOVA F; s=4.168, p-value= 0.076). This is
because of the increase in Mediterranean plants compared to that of Euro-Siberian
plants. In fact, at low elevations the Euro-Siberian increment is negative (Figure S2) but
the Mediterranean increment is positive (Table 4). These ratios have a significant
relationship with altitude (Table 4; Figure S3) because Mediterranean species are less

likely to be found at high elevations.

4. Discussion
4.1. Biodiversity dynamics
The sessile oak forest on the NE Iberian Peninsula has lost species diversity over time,

as much in the Pyrenees (VR) as on the Pre-Coastal and Coastal ranges in the south (M,

13
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Mn). However, this does not necessarily mean a loss in richness because, in general
terms, this has remained stable and only decreased on the Coastal Range (Mn). The loss
of diversity is due to a loss of plant abundance, but some species still remain dominant.
This can be explained by the changes in forest structure that we analyse next. That said,
species richness has increased in VA where different patterns could be observed. Thus,
only the Coastal Range shows a clear process of biodiversity loss, which can be
explained by the chorological trait changes. Besides these changes, the Coastal Range
forests are in a protected natural park (Diputacié de Barcelona, 2018), so here the
biodiversity loss should be considered to be a serious conservation problem.

Because there are significant differences in species composition, the different dynamics
between regions are understandable and taken into consideration in the analyses of this
study. For instance, the southern sessile oak forests have a high abundance of
Mediterranean species, such as Erica arborea and Arbutus unedo which, in some cases,
do not grow in the northern forests. Instead, the northern forests have some alpine and
subalpine plants like Vaccinium myrtillus and Ranunculus montanus. Most of the
regions’ species compositions have changed since the historical inventories were taken.
This was to be expected, given that changes in other European oak forests have also
been reported (Reczynska and Swierkosz, 2016). The changes in species composition in
the Pyrenees probably result from the large number of new species found in these
forests (VR and VA), unlike in the Pre-Coastal and Coastal ranges, where the changes
are probably due to the high number of species that have become extinct since the
historical inventories (M and Mn). Contrary to these changes, the Pre-Pyrenees seems to
be in a stable situation, probably because of the differences between the two subregions

of this landscape element.

14

6102 A\ €1 UO Jasn euolls) op 1elIsIeAIun Aq 986/ 875/620Z1/edl/S601 0 | /10pAdBIISqe-a)oe-aouBApE/adlj/woo dnooiwspese//:sdiy Wol) papeojumoq



4.2. Forest use and woody plants

The most abundant plants in the sessile oak forests are deciduous macrophanerophytes,
not only because Quercus petraea is very abundant, but also as a result of the presence
of other deciduous trees like Corylus avellana, Castanea sativa, Acer campester and
Fraxinus excelsior. Furthermore, as a consequence of the relative luminosity on the low
stratums, there is also a great abundance of hemicryptophytes like Gramineae species
such as Brachypodium sylvaticum, Festuca ovina and F. heterophylla. In terms of
species richness, this situation changes and hemicryptophytes are the largest group of
plants, with a lot of different species of the genus Campanula, Carex, Festuca and
Hieracium.

However, the relative richness and relative abundance of the plant life forms have
changed since the first period of the study. There is also a common pattern between the
aforementioned changes and the increase in deciduous macrophanerophytes (e.g. Q.
petraea, but also other deciduous species like F. excelsior and F. sylvatica), together
with the relative abundance decrease in the hemicryptophytes plants (e.g. species of
Festuca and Hieracium genus) which decreased in four of the seven subregions
analysed (VR, M, Mn and AG). In other words, there is now more tree cover. Besides
this, relative richness shows the same dynamics in the Pre-Coastal and Coastal ranges
(M and Mn), so this is a strong dynamic. This is probably because of the changes in
forest use, given that forest exploitation was severely reduced in the second half of the
20" century (Gordi, 2009). Due to this intensive activity, the sessile oak forests remain
open and disperse with, as Bolos (1983) described it in Montseny, ‘a remarkable
lightness’. These historical factors provide the perfect environment for a rich
hemicryptophyte cover to develop. However, since the fall-off in forestry activity, the

deciduous macrophanerophytes have gained cover and the optimal situation for herbs
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has been reduced. In fact, the densification of the sessile oak forests have been reported
for the Pre-Coastal Range (Bou and Vilar, 2018), where the plant life form pattern is
very clear. This has also occurred with the increase in the relative richness of evergreen
macrophanerophytes. The Coastal Range also shows an increase in the relative richness
of geophytes because the forest has more ferns than ever before (e.g. Asplenium
adiantum-nigrum), probably as a consequence of the shade the current dense forest
provides. In PS, the situation is the opposite because the relative abundance of
geophytes has been reduced due to fern and Lathyrus niger loss. Only in the north-
western forests has this tendency been avoided (VA, PS and SU), as the Pre-Pyrenees
and Pyrenees subregions affected are in the east (VR and AG). The fact that north-
western forests have remained stable could be explained by the high precipitation and
less intensive exploitation, rendering a better state of forest conservation. However,
there is also the possibility that the stability is due to the shorter period between the
historical and the current inventories. At these stable subregions, as there is no change
in the relative abundance of deciduous macrophanerophytes, it can be assumed that the
light conditions have probably not changed. As a consequence, a change in
hemicryptophytes would not be expected. Furthermore, there are some changes in
woody plants on the Pre-Coastal and Coastal ranges, since the relative richness of
evergreen nanophanerophytes has decreased and been replaced by phanerophytes that
have also increased their abundance. Chamaephytes have also experienced some
changes in relative abundance but as their abundance is still very low, this does not have
a major impact on the community. Therefore, in general terms, the eastern sessile oak
forests have densified and gained woody plants in relative richness and abundance.

In the historical inventories only one introduced species, Castanea sativa, appears as is

a result of past human actions that substituted sessile oak forests for chestnut plantations
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in humid montane zones (Llobet, 1947; Panadera and Nuet, 1986). However, other new
tree species have recently appeared, one of them being Picea abies, which is an
introduced tree (present in VR) originally from Northern Europe and used for forestry
plantations on the NE Iberian Peninsula. The other two species of trees that have
appeared have been reported as invasive: the Douglas fir (Pseudotsuga menziesii) in M,
which shows invasive growth in this massif and the surrounding area (Broncano et al.,
2005) and has been observed in sessile oak forests not only as tree cover, but also as
seedlings (Bou et al., 2018), and Buddleja davidii (MAPAMA, 2018) in the VA sessile
oak forest, which is present as a consequence of the proximity to a road where it can
easily colonize the margins. Of these three introduced species, the most problematic is
the Douglas fir because, as a result of the increase in the number of Douglas fir
plantations in recent years, the sessile oak forest has been increasingly exposed to this
invasive plant. What is more, landowners have even been advised to replace their

chestnut plantations with Douglas fir (Tusell and Beltran, 2016).

4.3. Thermophilization

Although there is some sub-regional variability, the sessile oak forests are clearly
dominated by Euro-Siberian plants, because their relative richness and abundance is
always higher than other chorological groups. This is common in the humid montane
zones of the NE Iberian Peninsula, where Euro-Siberian plants are typically present
(Andrés and Font, 2011). However, on the NW Iberian Peninsula Atlantic plants are
more important (Diaz-Maroto and Vila-Lameiro, 2007).

The sessile oak forests in the Coastal Ranges have experienced an increase in the
relative richness for Mediterranean plants, but a decrease for Euro-Siberian plants. This

is probably due to the warming conditions that have been occurring since 1950 (Martin
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Vide et al., 2016) which, as a result from an increase in hydric stress, promote the
thermophilization of the community which, in turn, promotes plants sensitive to the new
conditions being substituted for those more tolerant to them (Reif et al., 2017). On the
NE Iberia Peninsula, these tolerant plants are the Mediterranean species which have
adapted to the summer droughts in these climatic regions. In fact, the
Mediterraneanization of other deciduous forests in the Pre-Coastal Range has already
been reported (Pefiuelas and Boada, 2003). So, in the hottest locality, at low altitude and
close to the sea, one would expect to find this process in a Euro-Siberian community
like the sessile oak forest. Also, the ratio between the thermophile species and the
typical plant chorology in this forest (M/E ratio), shows a thermophilization of the
Coastal Range sessile oak forests.

Next to this region, in the Pre-Coastal Range, this dynamic is not clearly observed
because, while there is a decrease in the relative abundance of Atlantic species (a plant
group with high hydric requirements), there is also an increase in the relative abundance
of Euro-Siberian plants. Therefore, the community in the Pre-Coastal Range becomes
more typical, i.e., with the vegetation corresponding to a sessile oak forest. This result
contradicts one case study in the Montseny Massif where Mediterraneanization was
reported in a specific forest (Gomez et al., 2008). However, according to a larger study,
that is the region where a recovery of the sessile oak forest was reported to be taking
place in Montseny (Bou and Vilar, 2019). Therefore, the increase in Euro-Siberian
plants must be understood as the recovery of the plant community from the historical
forest activity described in Montseny. Because of this recovery from human activity,
thermophilization is not observed. However, it could have been masked by the recovery
from human activity, so this forest needs to be monitored further to evaluate such

patterns.
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Meanwhile, albeit at a lower intensity than in the Coastal Range forests,
thermophilization in the Pyrenees in the VR forests shows a loss of Atlantic relative
abundance (another group of plants with high water requirements), and an increase in
Pluri-regional plants. In other words, less specialized plants are increasing to the
detriment of plants typically found in these forests. In addition, there is a slight
decreasing trend for Euro-Siberian relative richness. Probably, this tendency is a
consequence of thermophilization, but it has had less impact on these eastern Pyrenees
locations than in the Pre-Coastal and Coastal ranges, and only specialization in the flora
typical to these areas has been lost i.e., no Mediterranean plants have been gained. In
fact, in VR no Mediterranean plants are present at all. Meanwhile in AG there is a loss
trend in Atlantic relative richness, but this is not followed by the thermophilization of
the community.

Western sessile oak forests in the Pyrenees (VA and PS) show stable chorological
compositions, so currently there is no sign of thermophilization there. However, in the
past no Mediterranean plants were to be found in VA and SU whereas now there are
some, like Quercus ilex and Rubia peregrina, but with a very low cover. It is possible
though, that over time Mediterranean plants will expand, and these forests will show
thermophilization in the future. Currently at low altitudes, such as the Coastal Range,
there is a marked Mediterraneanization process, while at higher altitudes, like in the
west of the Pyrenees, the community appears to be more stable.

It is unusual to find the presence of alpine and boreo-subalpine plants in sessile oak
forests, even on the Coastal range, but in the Pre-Pyrenees and Pyrenees they have a
little more presence in the higher elevation plots because of the proximity to subalpine

vegetation, following an altitude gradient, as previously suggested (Grau et al., 2011).
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There is also one Pontic plant that is only present in VA, albeit with a very low relative

abundance.

5. Conclusion

There is enough evidence to determine that the sessile oak forests on the NE Iberian
Peninsula have changed since the second half of the 20th century. That said, there are
some regional and sub-regional differences that must be considered. Most of the forests
show changes in species composition and in the Coastal Range a loss of biodiversity has
also been reported. The changes in species composition can be explained by the changes
in landscape uses, because the sessile oak forest was heavily exploited in historical
times, but such practices have since been abandoned. It has been observed that the
eastern sessile oak forests are recovering from the impact of this exploitation. This can
be seen in the increase in tree cover, which reduces the optimal conditions for some
herbs, thus leading the decay of hemicryptophyte plants. This recovery can also affect
the chorological composition of the community, because in the Pre-Coastal Range there
has been an increase in the typical Euro-Siberian plants. Thus, while many of the
changes can be explained by these forests recovering from historical forest activity,
there are also other changes that are more closely connected to climate warming. In the
Coastal Range sessile oak forests, the thermophilization of the community has been
reported as the increase in Mediterranean species. This evidence is a sign of climate
change and a warning about what could happen to these deciduous forest populations
found at the xeric limit. In fact, a decrease in the presence of Atlantic plants has also
been reported in the Pyrenees, which could be the initial phase of thermophilization. On
the other hand, the western sessile oak forests seem to be more stable, probably as a

result of being at a higher altitude in better environmental conditions and thus better
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conserved. To all these dynamics, the emergence of new invasive plants in these forests
must be added; with the case of Douglas fir in the Pre-Coastal Range being of particular
concern. More monitoring studies on the effect climate change is having on community
compositions are needed, especially focusing on montane vegetation like sessile oak
forests. The evidence of Mediterraneanization on the Coastal Range must be taken as a
warning of the probable future changes that will take place in other sessile oak forests

on the NE Iberian Peninsula.
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Figure

Figure 1. Sessile oak forests (black) on the NE Iberian Peninsula.

Figure 2. Richness and diversity values of the sessile oak forests for each subregion and
for the two periods studied.

Figure 3. MDS plots showing forests, according to the abundance of each species, from
the Pyrenees (A), Pre-Pyrenees (B), Coastal Range (Mn) and Pre-Coastal Range (M).
Figure 4. Species classified as being new or not to the localities by comparing the two
study periods.

Figure 5. Right, the relative richness of hemicryptophytes (H) and deciduous
megaphanerophytes (MPc). Left, the relative abundance of the same plant traits. The
results are shown for each subregion and the two periods studied.

Figure 6. At the top, the Mediterranean (Med) relative richness and relative abundance,
and below these the relative abundance of Atlantic and Euro-Siberian plants. The results

are shown for each subregion for both periods studied.
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Table 1. Localities studied classified as subregion and region, with the meteorological

characteristics of sessile oak forests.

Region Subregion Inventories|Mean altitude[ Annual rainfall® mm[Mean temp’ °C[Max. temp °C[Min. temp'°C
mas.l.

Pyrenes Pallars Sobira |(PS) (16 1439,19 812,56 7,98 13,66 2,38

Vall de Ribes |(VR)|12 1063,75 1035,33 9,83 16,25 3,47

Valld Aran  |(VA)|6 1127,33 1010,37 8,00 13,50 2,50
Prepyrenes la Seu d Urgell|{(SU) |4 1325,00 883,25 8,05 14,00 2,15

Alta Garrotxa |(AG)|6 1018,83 1095,07 10,03 15,20 4,97
Precoastal Range| Montseny (M) |21 1029,64 969,09 10,25 14,82 5,78
Coastal Range |Montnegre (Mn)|10 650,50 945,14 12,56 16,94 8,22

TClimatic variables were estimated using a georeferenced model (Ninyerola et al., 2000).
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Table 2. Scales used for Braun-Blanquet plant cover estimates and the corresponding
value to the transformations to percentage of cover used in the analyses.

Braun-Blanquet scale

Values used in
analyses

+

0,1

5

17,5

37,5

62,5

P WNF-

87,5
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Table 3. ANOVA results for the biodiversity variables differences over time.

Richness | Diversity
Subregion| P |sig| P sig
Mn 0,021| *|<0,001 |***
M 0,690 <0,001 | ***
AG 0,856 0,177
PS 0,136 0,166
VA 0,013| *| 0,569
VR 0,135 0,001 | **
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Table 4. Linear regression between altitude and ecological variables. The first P-value
tests the regression model, the second corresponds to the t-test of the intercept (a)
whereas the third corresponds to the t-test of whether the regression coefficient or slope
(b) is significantly different from 1. The coefficient of determination () and the
residual standard error (SE) of the regression model are also given.

2

Variables r p SE | p b p
Richness increment Eurq-siberian 0,306| 0,026(6,431|-17,299| 0,063| 0,018/ 0,026
Mediterranean (0,188 0,094|0,817| 2,130 0,071|-0,002| 0,094
M/E ratio 0,362/<0,001|0,307| 0,187 0,209| 0,001|<0,001
Richness 0,011 0,381|0,113| 1,480(<0,001|<0,001| 0,381
Diversity 0,107| 0,004/0,568| 1,322|<0,001| 0,001| 0,004
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Table 5. ANOVA results for the plant life-form variables differences over time.

&
% Mn M AG PS VA VR
;_‘-Elj P |Sig P |Sig| P |Sig| P |Sig| P |Sig| P |Sig
Ch | 0,249 0,843 0,671 0,962 0,216 0,217
|G [<0001]***] 0,281 0,534 0,104 0,709 0,458
8 |H 0,002 |** [<0,001|***[0,200(. [0,827 0,693 0,284
5 |MPc| 0,005|** | 0,009|** |0,423 0,702 0,220 0,641
E, MPp| 0,370 0,008 |** [0,714 0,067|. [0,364 0,063 .
£ |NPc | 0,251 0,174 0,835 0,528 0,701 0,896
< INPp| 0013[* | 0,027[* 0,668 0,250 0,161 0,265
P 0,010|** | 0,008[** [0,065(. [0,860 0,285 0,077 .
Th | 0,981 0,737 0,374 0,223 0,248 0,610
Ch [<0,001[***| 0,034[* [0,005|** [0,075]. [0,390 0,046 | *
g |G 0,401 0,274 0,227 0,040|* (0,350 0,619
§H 0,066 | . 0,005 |** 0,003 |** 0,928 0,409 0,018 | *
S | MPc | <0,001 | ***|<0,001|***[0,004 [ ** [0,113 0,717 0,005 | **
< |MPp| 0,861 0,136 0,496 0,140 0,496 0,212
2 [NPc | 0137 0,174 0,635 0,343 0,715 0,406
S INPp | 0,294 0,173 0,307 0,127 0,368 0,251
@ ip 0,555 0,750 0,382 0,902 0,262 0,054
Th | 0,724 0,366 0,374 0,408 0,371 0,371
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Table 6. ANOVA result for chorological variables differences over time.

28| Mn M AG PS VA VR
S5 _ _ _ _ _ _
5% P |Sig| P |Sig| P |Sig| P |Sig| P |[Sig| P |Sig
Alp - - (0,388 - - |o,121 0,374 0,769
., At 0,911 0,134 0,074|. [0,524 0,593 0,419
§ Boralp |- - |- - |- - 10,950 0,864 0,853
5 | Eur 0,069|. [0,722 0,829 0,317 0,607 0,099 | .
é Introd |0,744 0,019|* 0,550 - - |o0,374 0,341
S |Med  |0,019|* [0,854 0,672 0,510 0,374 - -
2 | Plurireg | 0,640 0,875 0,910 0,948 0,199 0,007 | **
Pont |- - |- - |- - |- - 10,374 - -
Submed | 0,286 0,165 0,415 0,375 0,631 0,263
Alp - - (0,228 - - 10,169 0,374 0,180
2 | Atl 0,617 0,010|* [0,461 0,324 0,714 0,029 | *
S |Boralp |- - |- - |- - 10,532 0,718 0,352
=)
< | Eur 0,550 0,031|* [0,457 0,073|. |0,663 0,264
& |Introd |0,707 0,359 0,301 - - 10,374 0,341
2|Med [0335] (0410 [0260[ [0841] (0374 [- |-
S | Plurireg | 0,249 0,628 0,810 0,404 0,346 0,141
® \pont |- - - - - - - - 10,374 - -
Submed | 0,363 0,822 0,936 0,110 0,385 0,326
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Fig 2.
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Fig 3.
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Fig 4.
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