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Preface

Protected natural areas deserve the combination of nature uniqueness and conservation
willing. The foundation stone for National Parks is the awareness of that unique char-
acter—actual or presumed, most times based on non-tangible properties or singularities
—grown in some social sectors, followed by the aim of preserving particular biota,
singular ecosystems or entire landscapes. This was the case for the Aigüestortes i Estany
de Sant Maurici National Park. Like other protected areas in alpine mountains, its
apparent wilderness was a key factor in declaring it National Park, in 1955. The rough
relief carved in the Maladeta granodiorite batholith, including rocky crests and summits,
steep slopes and glacial valley bottoms, had for long grabbed attention. The abundance
of alpine lakes and other water-related systems must have been particularly attractive, in
comparison with other Iberian mountains, and even with other Pyrenean areas.

The interest of these mountains has not been evenly valued by people during the
last centuries. Indeed, an old recurrent feeling of the local inhabitants has been to
consider them as ‘damned mountains’, a kind of God’s punishment, given the poor
use and strong limitations inherent to most of their extension. Contrarily, those
Pyrenean mountains evoked in some cultivated people myths and legends or at least
fantastic wilderness. This is best exemplified by the much acclaimed Romantic
Catalan poet Jacint Verdaguer, who struck by the powerful landscape of the
Pyrenean high mountains, wrote in the poem Canigó (1886):

Quins crits més horrorosos degué llançar la terra
infantant en ses joves anyades eixa serra!
que jorns de pernabatre!, que nits de gemegar!
per traure a la llum pura del sol eixes muntanyes,
del centre de sos cràters, del fons de ses entranyes,
com ones de la mar!
...

What terrible wails the Earth must have issued
Giving birth to these mountains in her youth!
What restless days! What groaning nights!
To eject such mountains into the pure light of the Sun
From the heart of her craters, from the depths of her entrails,
Like waves sweeping across the sea!
...

Passaren anys, passaren centúries de centúries
abans que s’abrigassen de terra i de boscúries
aqueixes ossamentes dels primitius gegants,
abans que tingués molsa la penya, flors les prades,
abans que les arbredes tinguessen aucellades,
les aucellades cants

Years passed; centuries of centuries passed
Before soil and wood began to cloak
These bones of the ancient giants,
Before the outcrops bore moss; the meadows, flowers,
Before the woodlands were filled with birds;
The birds with song.
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The 60th birthday of the Aigüestortes i Estany de Sant Maurici National Park has
been a suitable occasion to discuss the conservation of high mountain areas; to review
the knowledge acquired on their natural and cultural inheritance, to evaluate their
protecting role, and even to preview their fate under changing scenarios. These issues
define the scope of this book, launched at the workshop “The High Mountain in a
Changing World: Challenges for Conservation” held in Espot, Central Pyrenees, in
November 2015. Like in other National Parks, its scientific knowledge has notably
grown during the last decades, running through long, diversified ways. This progress
may be tracked by browsing across the ten volumes produced in the proceedings
Jornades sobre Recerca al Parc Nacional d’Aigüestortes i Estany de Sant Maurici,
based on the Park’s research workshops held once every 3 years. These volumes lead
from the description or cataloguing of the most apparent nature components to the
understanding of the functioning of ecosystems in a changing world, and to the real-
isation of the extent of the anthropic envelope—including cultural inheritance, pro-
tecting policies and changing environment. In fact, the weight of social matters on
nature conservation has become more and more apparent. Thus, nature conservation
remains science-based, but it is definitely a social affair.

Deepening and widening of local knowledge have progressively put it into a much
broader frame, both spatial (i.e. other European high mountains, Boreal biomes) and
temporary—from the far to the near geologic times, and to future. Apart from enabling
the comparative analysis between high mountain reserves, this has also evidenced
how very ancient anthropic activities are still compromising their presumed wilder-
ness; and also how distinct elements of global change (i.e. long-distance pollution,
biological invasion, climate warming) compromise their conservation purpose. The
strength of high mountain reserves remains therefore in the study and monitoring of
nature responses to ancient impacts and global change while keeping the anthropic
influence at the lowest level possible. These new insights have to be the substrate on
which to build a new paradigm on high mountain conservation. The previously
mentioned workshop and this book gather recognised authorities in particular and
emerging scientific fields, although also able to cross-discuss and evaluate the present
opportunity of consistently studying, evaluating and foreseeing high mountain con-
servation. Most of the book core information is from the Pyrenees, but there are other
chapters focussing in theAlps and SierraNevada. Overall, the discussion that emerges
extends worldwide where the high mountain is a valuable concept.

The two first chapters (Part I) set the conceptual scope of the book, review historic
and current conservation issues, and try to connect with the following thematic
chapters. Part II focus on the historical perspective of high mountain systems, centred in
the most influential facts and processes occurred through the last millennia. This
standpoint involves the awareness of the role played by major climatic changes and,
particularly, humans on biota, soils and landscapes. This anthropic heritage poses
particular challenges to the wilderness in protected areas, mostly concerning the
introduction and re-introduction of vertebrates related to fishing or hunting, but also
affecting soil and water biochemistry and processes (Part III). Acknowledging how
natural areas are subjected to global change has led to value the interest in monitoring at
long-term horizons. Chapters in Part IV review distinct biotic and abiotic components
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from the recent past to future. Examples of response, shift or adaptation, illustrate
possible scenarios for entire high mountain areas.

This book and the preceding workshop are mainly due to the work, expertise and
willing of the chapters’ authors, who have grown upon the scientific atmosphere
created in the previous decades by so many colleagues. Nevertheless, we have also to
acknowledge the institutions that planned, managed or funded the event and the present
book, which includes the Spanish Organismo Autónomo Parques Nacionales, the
technicians of the National Park, the local government of Espot, Diputació Lleida
through the Institut d’Estudis Ilerdencs, and ‘la Caixa’. Jordi Vicente (National Park)
and Meritxell Batalla (CREAF) provided valuable help in the organisation and
manuscript editing, respectively. Several colleagues read and provided comments for
different parts of the book, which have contributed to improving them, yet the
responsibility remains with the authors. We are glad to thank Anna Agustí Panareda,
Anna Avila, Enric Ballesteros, Rick Battarbee, Anton Brancelj, Begoña García,
Josep M. Gasol, Gareth Griffith, Erik Jeppesen, JoachimW. Kadereit, Felix Knauer, Jiri
Kopacek, Christoph Marty, Yolanda Melero, Guillermo de Mendoza, Laszlo Nagy,
Sergi Pla-Rabès, Roland Psenner, Joan Real, Daniel Sol, Jaume Terradas, Jean-Paul
Theurillat, Luis Villar and Kevin Walsh.

Barcelona, Spain Jordi Catalan
December 2016 Josep M. Ninot

M. Mercè Aniz
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long-term ecological perspective, with examples that explain the dynamics of fir
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altitudinal limit of the forest and surveying the wetlands dynamics on the southern
slopes of the central Catalan Pyrenees have been shown to be effective tools to
develop appropriate management tasks. The arguments presented are useful to
enrich the public debate over management policies for natural protected spaces in
high-mountain areas.
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5.1 Palaeoenvironment, Biodiversity and Protected Areas

In recent decades, paleoenvironmental studies based on sedimentary records in
mountain regions have contributed a large quantity of data that can help to explain
the major environmental changes over time in different parts of the planet (Last and
Smol 2001; Battarbe et al. 2005; Willis and Birks 2006; Catalan et al. 2013). The
majority of these studies have focused on explaining the main vectors of global
change, and have discussed the impact of human activities on planet Earth (Boada
and Saurí 2002; Duarte 2006).

According to a recent international report, Protected Planet 2016, “there are
202,467 terrestrial and inland water protected areas recorded in the World Database
on Protected Areas (WDPA), covering 14.7% (19.8 million km2) of the world’s
extent of these ecosystems (excluding Antarctica)” (UNEP-WCMC and IUCN
2016: 30). The same source indicates that 19% of the world’s mountain area has
been declared Protected Areas, and in recent decades conservation policies have
emphasized the role of protected areas in conserving biodiversity and cultural
heritage. As Willis and Bhagwat (2010) point out, however, “since the first national
park was established in 1872, [protected zones] are spatially fixed, meaning that
migration beyond reserves in response to climate change may not be possible for
many species” (Willis and Bhagwat 2010: 765). All of this occurs in a matrix that
has been deeply affected by human impact and has experienced scenarios reflecting
major climate changes in recent decades (IPCC 2014).

Taking all of this into account, Willis and Bhagwat ask, “how can we then create
conditions that will protect native species beyond reserves and in novel ecosys-
tems? This may require a whole new approach to conservation, restoring ecological
processes and enhancing the quality of landscape matrix surrounding reserves”
(Willis and Bhagwat 2010: 765). Is this reflection taking place? The answer is: at
the theoretical level, yes—but only for the past decade—and at the practical level,
no because of a lack of dialog between conservationists and the paleo-community
(Sutherland et al. 2009). Some attribute this failure to communicate to a lack of
awareness of scientific advances made by conservation managers, the absence of a
long-term perspective that extends beyond 50 years, the priority given to the study
of short time periods rather than the Holocene as a whole, and the self-imposed
limitations within the scientific community when only the negative aspects of
research attract attention (Froyd and Willis 2008). Other authors attribute the
problem to differences between the palaeoecological descriptions used, without
adjusting them to reflect the day-to-day management and conservation of biological
diversity (Willis and Bhagwat 2010).

Richardson and Whittaker (2010) remind us that the conservation of biodiversity
was formally defined during the past decade, when Whittaker et al. (2005) wrote
about the biogeography of conservation and drew attention to four topics: (i) scale
dependency; (ii) inadequacies in taxonomic and distributional data; (iii) developing
improved understanding of the effects of model structure and parameterization,
through increased sensitivity analyses; and (iv) areas in which applied theory
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derived from biogeographical science requires greater focused attention” (Whittaker
et al. 2005: 318). That early 2000s, the expression ‘ecosystem services’ become
formally stated as “the benefits people obtain from ecosystems” and highlighting
“the consequences of the loss of biological diversity and degradation of ecosystem
services for human well-being globally” (Sutherland et al. 2009: 560). Immediately
thereafter, voices began to ask how to accomplish these things and what infor-
mation was available to confront this challenge.

Willis and Birks (2006) pointed out the usefulness of studies based on sedi-
mentary records in developing conservation policies. Their article, “What Is
Natural? The Need for a Long-Term Perspective in Biodiversity Conservation,”
shows the value to environmental managers of taking a “longer temporal per-
spective to address specific conservation issues relating to biological invasions,
wildfires, climate change, and determination of natural variability” and considered a
temporal perspective “essential for meaningful modeling, prediction, and devel-
opment of conservation strategies in our rapidly changing Earth.” They conclude
that the answer to the question “what is natural” lies in the historical analysis of
environmental changes, and thereby can “start to provide important guidance for
long-term management and conservation at local, regional, and global scales”
(Willis and Birks 2006: 1261).

After developing 2,291 questions from a review of literature, Sutherland et al.
(2009) selected 100 key questions for conservation practices: “The questions are
divided into 12 sections: ecosystem functions and services, climate change, tech-
nological change, protected areas, ecosystem management and restoration, terres-
trial ecosystems, marine ecosystems, freshwater ecosystems, species management,
organizational systems and processes, societal context and change, and impacts of
conservation interventions” (Sutherland et al. 2009: 558). The broad range of topics
shows the complexity of the system, which was refined in each study included in
their review. Richardson and Whittaker (2010) use six keywords that exemplify this
complexity: “Biological invasions, climate change, conservation planning, data
requirements, invasion ecology, and species distribution modeling” (Richardson
and Whittaker 2010: 313). Their research shows the need for multi-proxy studies to
explain the changes in biodiversity and contribute to its long-term conservation.
Willis et al. (2010) conclude their article masterfully with this idea:

These archives indicate the complexity of responses to climate change over time, ranging
from inherent variability through to rapid compositional turnover, broad-scale migrations,
regime shifts, and the creation of novel ecosystems. They also indicate the dynamic
interactions of biotic and abiotic processes that sometimes lead to thresholds and in other
situations enable resilience and persistence. The record of these biotic responses obtained
from paleoecological records provides a valuable resource for conservation strategies to
conserve and manage ecological and evolutionary processes (Willis et al. 2010: 589).

In summary, biological conservation requires the analysis of a number of
long-term states and processes in a world of extremely dynamic changes (Willis and
Bhagwat 2010; Willis et al. 2010; Bradshaw et al. 2015) and a response to the
following four questions: (1) What are the baseline or ‘reference’ conditions before
recent times? (2) What is the range of natural variability? (3) Under what
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circumstances do negative impacts become apparent? (4) How can thresholds be
determined beyond which specific management plans should be implemented?
(Willis and Birks 2006: 1264). These questions lead us to various key concepts, as
outlined below.

5.1.1 Baseline and Range of Natural Variability

A central aspect of any analysis is determining the ‘baseline’ or ‘reference’ con-
ditions against which current changes can be assessed (Willis and Birks 2006;
Froyd and Willis 2008; Willis and Bhagwat 2010; Willis et al. 2010; Bradshaw
et al. 2015). Froyd and Willis (2008) agree with Lindbladh et al. (2007) that the
“baseline is perceived as the ecosystem present before human influence became
pronounced on the landscape” (Lindbladh et al. 2007). “Baselines are especially
common in environmental regulation and ecosystem services” (Froyd and Willis
2008: 1724).

Closely related to this concept, Froyd and Willis (2008) also highlight the
‘Range of Natural Variability’ (RNV) of ecological systems; the central premise is
that “resilient ecosystems will be maintained if land management activities operate
within the range of conditions that would be expected under the natural disturbance
regime” (Froyd and Willis 2008: 1725). This concept is promoted by managers with
a vocation based on ecology, geography, etc. As these authors further explain,
“application of the RNV incorporates the ideas of a historical baseline period or
reference condition, but in addition the concept includes the implicit acknowl-
edgement that ecological systems are not static and management applications
should therefore vary, yet within a defined boundary range” (Froyd and Willis
2008: 1725). The question of how far back we should set the baseline is not exempt
from dispute because it involves choosing a particular point on the space-time
continuum, and this choice is not easy when we know that the landscape has never
been static at any time in history. As Jackson and Hobbs (2009) point out,
ecosystems are dynamic, fluid, and ever-changing, making it difficult to identify
one moment in time to serve as a reference condition for the present situation.

5.1.2 Thresholds and Ecological Resilience and Persistence

In any case, it seems essential to set some thresholds, as Froyd and Willis (2008:
1726) indicated: “paleoecology holds great potential to inform conservation prac-
tice (…) through the identification of ecological thresholds, where the threshold is
an abrupt change in an ecosystem and a switch from one stable state to another. The
threshold concept is of particular interest to natural resource managers and policy
makers because of the potential to define limits on the amount of ‘acceptable’
change an ecosystem can withstand.”
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This perspective need not distract our attention from moments of ‘stability’ in
the natural system because, even if thresholds of change are abrupt, succession—
whether progressive or regressive, will be much longer (Margalef 1991). According
to Dietl and Flessa (2011) there are three main ways in which species respond to
changes in their environment: “(1) they can move, tracking environmental changes;
(2) they can stay and adapt to the changing environment; and (3) they can fail to
track habitats or to adapt, thus becoming extinct” (Dietl and Flessa 2011: 32). This
leads us to reflect on a typology of time concepts (change, evolution, transforma-
tion, process) (Mendizábal 2013), without neglecting another key concept: resi-
lience, a term that is currently used in many fields. Froyd and Willis (2008: 1726)
defined resilience as “the ability of systems to absorb disturbance and still maintain
the same relationships between populations (…). Thus resilience is the magnitude
of disturbance that can be tolerated before a system moves to another stable state.”
At present, the study of resilience is being applied to the effects of climate change
and paleoecological archives that help us understand why some ecosystems are
more resilient to climate change than other and identify different degrees of resi-
lience in different systems. The number of available studies and the contributions of
genetic diversity have been another important factor for the maintenance of resi-
lience in studies on the conservation of genetic diversity (Willis et al. 2010).

The general debate has focused on the study of interactions between climate,
ecological processes, and human activities in the past in order to better understand
the behavior of ecosystems in the present and future (Dearing and Battarbe 2007).
In this context, high-mountain zones have been considered among the most sen-
sitive and vulnerable to the environmental changes predicted for the 21st century
and one of the priority areas for attention to the value of natural attributes (Huber
et al. 2005).

The reason for this is that human activity cannot be decoupled from landscape
because they form part of it: “Over 75% of the Earth’s terrestrial biomes now show
evidence of alteration as a result of human residence and land use” (Willis and
Bhagwat 2009: 807). Most western European forests today “have long and diverse
histories of anthropogenic disturbance and current conservation values incorporate
both natural and cultural features” (Bradshaw et al. 2015: 194). In this sense, pollen
studies with high spatial resolution have shown that simple temporal concepts like
‘natural baselines’ and the continuity of forest cover underestimate the complexity
of the past (Bradshaw et al. 2015). What is the main problem? The complex nature
of the relations between climate change and human activities. Why? For the fol-
lowing reasons:

(a) The same evidence/variable may indicate different things, and these may
change over time.

(b) The same effect may have multiple possible origins that are completely
opposite and therefore can have multiple origins that are completely opposite
and therefore antagonistic. For example, Willis and Birks (2006: 1263) wrote
that it “is not unreasonable to assume that an increase in aridity would result in
more fires; several studies indicate otherwise.” They base their argument on the
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cases of Alaska and the Northern Great Plains grasslands of North America to
explain how greater humidity brings with it increased the risk of forest fires,
showing how the levels of complexity are increasing. In the study of forest fires,
there is a complicated climate-fuel-fire relationship that determines the vari-
ability of wildfires (Willis and Birks 2006).

If ecological systems are dynamic at natural scale (i.e., long-term ecological
records >50 years), why is management often carried out within a static framework,
dealing with short-term changes (<50 years)? Various studies have shown that it is
not possible to manage the natural environment without considering the dynamics
beyond that 50-year timeline (Willis and Birks 2006; Willis and Bhagwat 2010). In
a synthesizing review in the Applied Ecology journal, Froyd and Willis (2008)
affirmed that the majority of publications in the conservation/applied ecological
literature still focus on very short timescales (i.e., years or decades). Willis and
Bhagwat commented: “Paleoecological records are replete with examples of biotic
responses to past climate change and human impact, but how can we use these
records in the conservation of current and future biodiversity?” (Willis and Bhagwat
2010: 759). The solution involves always considering the long-term perspective and
providing a test of “predictions and assumptions of ecological processes that are
directly relevant to management strategies necessary to retain biological diversity in
a changing climate” (Willis and Bhagwat 2010: 759).

5.1.3 Why Environmental Geohistory and Not Only
Environmental History?

The term ‘environmental history’ has been in use for years, despite other labels that
have received a certain media notoriety (Fontana 1992; Pèlachs 2006), although
some sectors of ecology have begun to take it into account more recently (Whittaker
et al. 2005). Therefore, we share the view of the temporal dynamic described by
Dietl and Flessa (2011), who understand historical ecology in a broader sense,
based on two perspectives: one limited to relatively recent time intervals (i.e., the
Pleistocene) and another that concentrates on ecological dynamics (e.g., changes in
species distribution and abundance). They conclude the following: “(1) the tem-
poral scope of conservation paleobiology also extends to the pre-Pleistocene record;
and (2) conservation paleobiology, in addition to ecological dynamics, concentrates
on evolutionary dynamics (e.g., adaptive responses of species to changing climates
or ecological interactions)” (Dietl and Flessa 2011: 31). Our concept of environ-
mental geohistory also considers the spatial variable as a key factor. The temporal
dynamic, combined with the spatial variable, constitutes geohistory: time (dy-
namics) is as important a variable as is space (scale). Froyd and Willis (2008)
remind us that time and space are concepts that do not always go hand in hand with
paleoecology. Environmental geohistory only exists if both variables are treated at
the same time, but not if they are considered separately. As Dietl and Flessa (2011:
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Fig. 5.1 Paleobotanical sites considered in this study [Sites with partial or definitive results are
indicated with black dots. The two green stars (1 Solana de Sorpe; 2 Vall de Madriu, Andorra)
indicate works in progress (no results to date)]
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30) put it, “our message is that the perspective provided by geohistorical data is
essential for the development of successful conservation strategies in the midst of a
constantly changing environment.”

Environmental geohistory is an instrument with a focus on the future. Therefore,
this chapter attempts to answer questions asked by managers by providing current
examples that contribute information about diversity baselines, thresholds, resi-
lience, and restoration of ecological processes (Willis and Bhagwat 2010). As
Froyd and Willis (2008) point out, “the analysis of late Quaternary environmental
change to key environmental issues of biodiversity and conservation management
and examines areas which could be strengthened in the future including: (i) deter-
mination of baselines and natural ecosystem variability; (ii) understanding eco-
logical thresholds and resilience; (iii) climate change conservation strategies;
(iv) biological invasions; and (v) conservation and culture” (Froyd and Willis 2008:
1723). Willis et al. (2010) commented, “the message that emerges is that such
paleo-records have much to offer not only regarding understanding the ecological
and evolutionary processes responsible for biodiversity but also in guiding the
management strategies necessary to ensure biodiversity conservation” (Willis et al.
2010: 584). Paleoecological records provide evidence of numerous climate changes
and human impacts. The key to the question lies in how these records are used to
benefit current and future conservation of biodiversity (Willis and Bhagwat 2010).

The main objective of this chapter is to contribute information and reflection on
diversity baselines, thresholds, resilience, and restoration of ecological processes,
based on three specific, structured examples in various settings with different levels
of human intervention: (1) Abies and Betula as examples of forest changes permit a
discussion of baseline and Range of Natural Variability at different stages of suc-
cession; (2) Alpine pastures at the tree line and agricultural mountain areas show the
importance of thresholds and resilience in the management of more humanized
spaces; (3) Peat bogs, the maximum expression of local environments, demonstrate
that a lack of resilience requires maximum attention by managers. Both unpublished
and previously published data will be presented to illustrate examples from the
Pyrenees in areas surrounded by Natural Protected Spaces, both ‘Aigüestortes i
Estany de Sant Maurici National Park’ and ‘Alt Pirineu Natural Park’ (Fig. 5.1).

5.2 Examples of Environmental Geohistory
in the Pyrenees

5.2.1 The Baseline and Range of Natural Variability
of Abies Alba Mill

In western Europe, Abies alba is distributed across the central and southern part of
the continent; further north, Picea abies is the dominant genus. On the Iberian
Peninsula, this species reaches its southwestern boundary in Europe, with its largest
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extension of forest area in the Pyrenees (approximately 50,000 ha); we find the
southernmost populations in the Montseny massif (Costa et al. 1998). At present,
the stands are highly fragmented and in some cases degraded by human activity
(Alba–Sánchez et al. 2010). Their environmental needs include atmospheric
humidity, dense cover for proper germination, and resistance to cold, placing this
species below the altitude limits of Pinus uncinata, in other words at the subalpine
and montane level. The species can also share the ecological range of Fagus
sylvatica, with which it can form mixed stands of forest (Costa et al. 1998).

The available information about the paleogeographic history of Abies alba and
its current distribution generates a long list of questions about its environmental
history (genetic changes, a shift in distribution areas, etc.) and origins (colonization,
refuge populations, etc.) in the Iberian peninsula. These questions must be
answered to understand its current distribution, predict future developments within
the current framework of global change, and support better management of the
species.

Various paleogeographic studies at the European level, mainly in the Alps and
Apennines, have shown the decrease in the distribution area of firs, compared to the
mid-Holocene (ca. 5000–6000 years ago). At that time, the species would have
achieved a dominant presence in the montane zones and low-altitude areas
(Schneider and Tobolski 1985; Tinner et al. 1999; Wick and Möhl 2006). In the
Pyrenees, environmental geohistory studies have confirmed this trend (Jalut 1988;
Pèlachs et al. 2009b; Galop et al. 2013; Cunill et al. 2015). A study by Cunill et al.
(2015) in fir populations at 300 m altitude on the north slope of the Pyrenees
showed that, far from being anomalies or the fruits of repopulation efforts, these
arboreal masses are witness to the greater importance of firs in the past in low
pre-Pyrenees zones and a presence in the area for at least 5000 years.

It has not always been possible to apply the concepts of resilience, baseline, and
RNV to managing these forests because we still lack knowledge of their paleoe-
cological history and distribution. During the late glacial periods, Abies alba
withdrew to refuge zones (still little-known to this day) and then at the beginning of
the Holocene migrated progressively from east to west along the Pyrenees range. It
appears earlier in the Mediterranean Pyrenees (in Estanilles about 8500 years cal
BP, in the Burg Lake about 8000 years cal BP), and later in the Bassa Nera of the
Atlantic-influenced Aran Valley (at about 6500 years cal BP) (Jalut et al. 1998;
Esteban et al. 2003; Pèlachs et al. 2009b). In coming years, recently initiated pollen
and genetic studies should begin to provide more information on this topic
(Sancho–Knapik et al. 2014; Matías et al. 2016).

Palynological studies of five sedimentary records (Fig. 5.1) confirm the change
over time in the presence of Abies alba and provide new data about the chronology
of its dynamics (Pèlachs et al. 2009b; Bal et al. 2011; Pérez–Obiol et al. 2012;
Cunill et al. 2013). In addition, other techniques of high spatial precision such as
soil charcoal analysis or sedimentary macroremains analysis have confirmed this
chronology and provided more information about the altitudinal and local distri-
bution. Our group has found Abies alba on the shady and sunny sides of both slopes

5 The Role of Environmental Geohistory … 115



of the Pyrenees, at Montbrun–Bocage (Cunill et al. 2015) and Vall de Madriu et al.
(work in progress).

At present, minimum Abies values have been found in all the diagrams studied.
Human impact, as well as Holocene climatic changes leading to temporary moisture
deficits, may have had a significant impact on the Abies forests. The species is
considered to be less competitive on the sunny slope. Nevertheless, its rapid
quantitative decline can only be understood if the silver fir was growing in habitats
outside its current range. Millennia of land use could have eliminated Abies alba
from the warmest portions of its potential range. Matías et al. (2016) recently
suggested that the greater genetic diversity observed in the oldest populations of
Abies alba provides greater resistance to drought and therefore the decline in silver
fir could be a consequence of reduced genetic variation and the corresponding lack
of adaptability.

The current presence of most firs is at the lowest level in history in the study area
(Fig. 5.2). In an analysis of Holocene history between 4000 and 5000 years cal BP in
Burg and Bassa Nera sequences and between 6000 and 7500 years cal BP in
Estanilles peat bog, Abies alba would have had a much more important presence
before the high human impacts observed. This time-point could provide the eco-
logical baseline to be taken into account for conservation management studies.
However, this abundance could be explained by their location on the sunny slope, as
the values from Burg Lake, for example, seem to indicate. Beginning in
4200 years cal BP, the decline coincides with a period of rapid climate change (Bond
Event 3) and with the beginning of the Bronze Age in the region (Pèlachs et al. 2011).

A period of recovery coincided with the influence of Roman period. After this
phase, firs would never regain their previous coverage. In several pollen diagrams
(Coma de Burg, Estanilles, and Bassa Nera), it seems that there was a selective
management of firs or an unfavorable climate for these forests during this period.
The Abies percentage curves behaved differently from the arboreal pollen curve (AP
%) (Fig. 5.2). Some of our data are in good agreement with data from the Alps and
descriptions of the Romanche Valley, which explain the selective exploitation of
firs in the Roman period (Nakagawa et al. 2000).

Was the recovery of firs in the Pyrenees after the human perturbations a con-
sequence of management? The data show marked declines after the Late Roman
period that could be related to intensive, generalized exploitation across the last two
millennia. Therefore, the RNV should, in any case, precede this decline, although it
is hard to pinpoint because of the many human and climatic changes occurring
throughout the entire time period.

From a forest management perspective, the question is whether or not fir should
be harvested at present. There are two conflicting positions: one argues that
selective cutting will encourage regeneration and the other contends that the trees
should not be touched. The first is based on the notion that, if we have arrived at the
current situation of a certain forest quality, it is thanks to the forest management
efforts of the past century. The data, however, demonstrate that this is not the case.
The interventionist management of recent centuries is precisely the reason for the
Abies alba decline.

116 A. Pèlachs et al.



Fig. 5.2 Abies alba dynamics in some valleys of the Pyrenees [Estanilles results modified from
Cunill et al. (2013) and Burg partially published in Pèlachs et al. (2011)]
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What can we learn from the historical dynamics of Abies alba? Is there some
type of human management that had previously benefited or harmed the firs? In any
case, human impact, more than climate, appears to be the primary factor in local
extinction and the loss of genetic diversity and, consequently, the loss of adapt-
ability (Carcaillet and Muller 2005).

5.2.2 Are Baseline and Range of Natural Variability
Appropriate Concepts for Secondary Communities?

Although Costa et al. (1998) reported that Betula is widely distributed across the
northern and medial zones of the European subcontinent, in the south its presence
becomes progressively weaker. In the Iberian peninsula, these trees often dot other
forest formations, such as Eurosiberian or sub-Mediterranean, although it is also
possible to find them in more or less pure stands. Therefore, from the viewpoint of
current forest management, knowing the origin of the small birch woods that are
scattered across the panorama of other forests or whether there are stable birch
forests is of great interest to conservation efforts.

In the Pyrenees, we find two species: Betula pendula and Betula pubescens.
Being heliophilous plants, they have serial behaviors, meaning that in the process of
succession that allows the original forest to recover, they act as pioneers in the
successional sequence after disturbances in other forest masses or other sites that
are difficult to colonize. Birch is a eurioic genus, capable of rapid natural expansion
under favorable conditions, i.e., heavy production of light, winged seeds, vegetative
regeneration, and easy germination (Costa et al. 1998). Therefore, the discussion
concerns whether birch should be considered a secondary formation or the optimum
forest vegetation, which would not be unusual in the presence of rexistasia and
geomorphological activity (landslides, avalanches, etc.).

From a paleoecological perspective (Fig. 5.3a), birch propagated rapidly at the
beginning of the Holocene, when the last glaciation had relegated to far distant
areas the various forest patterns that today occupy the territory, allowing a broader
distribution than in present times. Later, its distribution was limited to small pop-
ulations in more favorable local habitats, which contributed to its persistence during
the rapid climate changes that followed. At present, when thinking about ecological
succession after a system has been strongly modified by human action, we tend to
consider changes in forest structure at human scale. That is why birch stands have
not traditionally been considered a stable ‘final’ status but rather an intermediate
phase of a succession. What happens if these secondary dynamics extend more than
100 years? During the beginning of the Holocene, birch woods have been stable
formations in the Pallars Sobirà region, and it was not until recent millennia that
they have adapted to specific, greatly disturbed areas. Therefore, the same species
of this genus may have had two totally differentiated preferences over the course of
time, and a species considered to be mainly secondary in the Pyrenees today might
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have had a different profile in the past (Fig. 5.3a). When these pioneer formations
are being analyzed, the problem is greatest when attempting to define the ecological
baseline and RNV. As indicated by Alagona et al. (2012: 65): “Restoration requires
historical baseline targets, but all such targets are arbitrary for ecosystems that are
constantly changing and have always been doing so (…) Recasting historical
knowledge not as a narrow search for singular baseline conditions or specific
population figures, but as a way to track multifaceted ecological changes over time,
offers a middle ground where the past may inform but not determine the ecosystems
of the future. The past may be imperfect as a model for the future, but it is an
indispensable guide for understanding a world in flux.”

At present, there is no special management of birch in the National Park. It is an
opportunistic pioneer species that has adapted to colonizing unstable settings such
as landslide channels and places with limited soil. Both species mentioned above,
Betula pendula and B. pubescens, are found in this zone; the first is much more
abundant now. We do not know whether this was also the case in the past, but it
seems clear that B. pubescens must have a certain priority for conservation because
it represents a relic of the past.

5.2.3 How Should Open Spaces Cleared for Human
Activities Be Managed When They Have
a Semi-natural Function?

The European Community’s Directive 97/62/EC defines 198 habitats of community
interest. In Catalonia, 94 habitats of community interest have been identified, of
which 22 are prioritized. Among these habitats we find the acidic peat bogs of
Sphagnum (see Sect. 2.5), natural and semi-natural grasslands (e.g., meadows

Fig. 5.3 a Holocene dynamic of the birch, the fir, and the pine at Burg Lake [partially published
in Pèlachs et al. (2011)]. b Local environment in Bassa Nera during the Holocene [partially
published in Pèlachs et al. 2016]
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of Nardus stricta, rich in flowers and sandy mountain soils of the mid-Atlantic or
sub-Atlantic) and ecotonic bands of mountain with clusters of Cytisus
oromediterraneus or Juniperus communis, among others, that colonize the mead-
ows. In many cases, these areas are directly related to the open spaces and ecotonic
areas that contain a great diversity of habitats.

At present, a topic of discussion is whether management must be based on a
certain level of active human disturbance, or if open spaces can be maintained from
a naturalist point of view. Fires and domestic cattle are indispensable elements for
the first option, and there are wild plant-eating animals for the second. A second
idea expressed by Willis and Bhagwat (2010: 765) is that “understanding the
relationship between past herbivore densities and their role as ‘ecosystem engi-
neers’ is an important future research challenge for long-term ecology.” In both
cases, the arboreal reforestation that could exist without either of these interventions
is discarded. Just as we are told that not all meadows have an exclusively human
origin, there are also natural origins, which quickly become the excuse to label the
landscape as deteriorated and of little priority for conservation efforts, when it could
mean exactly the opposite and have important endemic species of high conservation
priority (Willis and Bhagwat 2010).

The altitudinal boundary of the forest is used to study climate change (Grau et al.
2013) and human impact (Catalan et al. 2013). As we have seen, however, the
limits of the ‘natural forested areas’ have been substantially altered by the uses
during recent centuries. That is why managing the forest for multiple uses, agri-
cultural and livestock management and even improving animal habitat require
knowledge of how the forest boundaries have varied to apply conservation policies.

A study by Cunill et al. (2013) carried out in the Vall de Cardós using
pedoanthracology, palynology, and sedimentary charcoals deduced the transfor-
mation of the Pyrenean landscape, specifically the forest boundaries, during the
Holocene (Fig. 5.4). Analysis of the data showed that human management has
affected the forest boundaries. Fire, along with pastures and agriculture, has had a
decisive role for thousands of years. Therefore, the current configuration of alpine
and sub-alpine belts has been equally or more influenced by human action than by
climate factors.

We could ask ourselves, why we value stability when studying vegetation
succession but assign less value to systemic stability that results from human
activity. Once again, the discussion must occur between two conflicting points of
view: one side thinks that a certain dose of human disturbance contributes to the
diversity of habitats and, therefore, to biodiversity; the others argue that the absence
of human perturbations and the trend toward landscape homogenization that occurs
with a high degree of maturity (e.g., in a mature forest) is the best way to encourage
the natural system. The key question is, where is the limit? Does the management of
protected natural spaces necessarily favor biodiversity by way of heterogeneity
of habitats or will prolonged homogeneity lead to sufficient maturity and richness of
species and biodiversity over time?
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Fig. 5.4 a Anthracomass is defined as the quantity of charcoal per kilogram of dried soil and was
calculated on the basis of the mass of charcoals larger than 0.8 mm (expressed in milligrams) and
the total mass of the fraction of dry soil less than 5 mm (expressed in kilograms). The soil charcoal
analysis showed that anthracomass was present at all sampling points. b Pedoanthracological
diagrams (modified from Cunill et al. 2013). Taxon-specific anthracomass (TSA) by level in an
elevational transect, expressed in mg/kg. c Theoretical profile of the upper forest boundary, based
on the anthracomass at the time of maximum Holocene forestation, compared to the present
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5.2.4 From the Late Roman to the Medieval Age Was Born
the Open Landscape: Threshold Forestry Without
Turning Back?

If we analyze the intensity of human disturbance in our mountains, agriculture
would be among the most important. As Willis and Bhagwat (2010) point out,
based on examples from around the world, “Many of the landscapes in so-called
biodiversity hotspots have a long history of human habitation and have been under
some form of cultivation in the past” (Willis et al. 2004). The socioeconomic
changes of the second half of the 20th Century led to the abandonment of many
traditional practices related to the primary sector, and the Pyrenees are no exception
(García–Ruíz et al. 1996). The loss of biodiversity associated with farming and
livestock mosaics is a subject of debate in the management of Natural Spaces, to the
extent that in recent years some of them, such as the Alt Pirineu Natural Park, have
put in place policies of recovering fields and planting cereal crops. According to
Willis and Bhagwat (2009: 807), “It has long been assumed that in a fragmented
landscape, the fragment size and its isolation are important factors in determining
species persistence; the smaller and more isolated the fragment, the lower its
occupancy.” One idea that contradicts the forest recolonization that provoked the
abandonment of the traditional farming and livestock system in the valleys and
mid-slopes. Bradshaw et al. (2015) summed it up this way: “Long forest continuity
may be of importance for the local survival of higher plants, but for the insects,
fungi, lichens, and bryophytes that are so valued in contemporary European tem-
perate and boreal forests, habitat diversity maintained by dynamic processes would
appear to be of greater significance” (Bradshaw et al. 2015: 194). This issue is also
under discussion. Should managers strengthen the farming and livestock mosaic?
Should agriculture be incentivized? Managers ask for specific answers, but policy
management must be more general (Dietl and Flessa 2011). The following is an
example of a threshold from more than a thousand years ago.

To understand the agricultural system, we analyzed the curves of cereals and
grasses on the pollen diagram for Burg Lake, observing that the starting point of the
modern farming and livestock system began about 4250 years cal BP (Fig. 5.5).
The trend has clearly been on the increase, especially over the last two millennia. In
other words, in the past 2000 years, there has never been such a small farming and
livestock system in that study area. During those two millennia, the landscape has
almost always been more open than it is now and forest recovery has clearly been in
deficit compared to the recovery of pastures and open spaces.

A paradigmatic case occurred in Estanilles (Fig. 5.2), where deforestation was at
its maximum 500 years ago, with AP% below one-third, coinciding with a maximum
curve of cereal pollen. The peculiarity of this case is that this process occurred at an
altitude of 2247 m.a.s.l., which is usually associated only with pastures. Nonetheless,
the data indicate an open farming and livestock landscape without trees.

Is the speed and intensity of these changes comparable throughout history?
The current landscape often inhibits our ability to see beyond the human scale
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(decades or, in the best case, a few generations). There has been a highly accelerated
and profound transformation as a result of human action during the 20th century, due
to the exploitation of fossil fuels and technical and technological improvements.
However, there also were notable changes in intensity level at the transition from the
Roman period to the Late Roman or Late Middle Ages. From a forest point of view,
the Pyrenees were more radically transformed during the first centuries of our era
than what is now occurring—or at least the changes are comparable—and marked a
threshold that represented the beginning of a deforestation of the space that will
never again return to ‘the way it was’ (Fig. 5.5). In addition, we cannot uncouple the

Fig. 5.5 The agricultural system at Coma de Burg [sedimentary charcoal partially published in
Bal et al. (2011) and Gassiot et al. (2014)]
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development of new agricultural spaces from the disappearance of forest species,
such as the loss of beech from the Mata, València d’Àneu (Pèlachs et al. 2009b).
Similarly, we cannot separate the use and management of fire as a means of creating
clearings in the woods from other aspects of agricultural and livestock management
over almost the past 3000 years (Bal et al. 2011).

It seems clear that management of natural spaces cannot dispense with an
analysis of human influence at a very local scale. Also, the generalized fragmen-
tation of habitats and the widespread creation of open spaces occurred ‘only’ during
the past three millennia. The high temporal resolution seems to be one of the keys to
studies of the dynamics of natural systems, but the high spatial resolution is the only
way to test its effects. Among the examples from mountain areas in Spain, we
would point out studies of the effects of agricultural abandonment around the Cadí
(Soriano 1994; Molina 2000), the intensity of charcoal kilns and forest exploitation
in the Viros forest of Vallferrera (Pèlachs et al. 2009a), or high-altitude vegetation
dynamics in the Pyrenees (Cunill et al. 2013).

Nonetheless, this focus on details does not obscure the importance of each piece
forming part of a larger picture; management also must be global because the key to
good planning will always be found at medium scale and in the overall vision. At
what scale, then, should we consider habitat diversity? As we have seen, geohistory
does not encourage a generic response; on the contrary, accurate data are needed to
be able to integrate different scenarios that combine various levels of intervention
and fragmentation and guarantee biodiversity based on diverse formulas.
Management of the natural surroundings in mountain areas can never be approa-
ched at the global level.

5.2.5 Local Environments Appear to Have no Resilience!

In analyzing local-level dynamics, we need to take into account the observation that
“the search for the universal in the infinitesimally small” is a common theme in
most cultures (Haskel 2014: 12). If we apply this concept to forest management and
planning, the key question is the minimum surface area a species must occupy
before it has ‘value.’ The maximum protection of nature in our study area occurs in
the National Park. With the park, the most restrictive areas are the Integral reserves
(Article 24, Natural Spaces Law 12/1985, 13 June), spaces preserved from any
human intervention where only scientific research activities and the sharing of
natural values. The National Parks at Aigüestortes and Estany de Sant Maurici are
very localized spaces characterized by their exceptional values. Nevertheless, in a
National Park, it is pertinent to ask if this is the proper management policy. Why are
the integral reserves in a National Park small sites and not large protected areas?

For example, the integral reserves of peat bog, such as Bassa Nera or Trescuro in
Aigüestortes i Estany de Sant Maurici National Park, contain a large part of the
natural values recognized by the Natura 2000 network (Carreras and Farré 2014).
Within the National Park they are small sites, highly localized, with very specific
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and unique characteristics. At Bassa Nera pond, as explained by Pérez-Haase
(2016), 110 species of vegetation have been identified in 35 inventories, of which
11 are designated as rare species. Their singularity is based on their presence in
ditches and borders, spaces where the humid ecosystem offers the most stressful
conditions.

Environmental geohistory helps us to think about whether it has always been this
way: How long ago was it a peat bog? What would be its dynamic? Does it make
sense to preserve or protect it? The study of local vegetation demonstrates the
extraordinary variability and mobility of the particular place. In this sense, the
ombrotrophic raised bog at Bassa Nera has functioned for 60 years, alternating
between emerging and submerging episodes for most of the Holocene with high
environmental sensitivity (Fig. 5.3b). In other words, during the same period of
time one of them could be an emerging peat bog but the other a submerging one.
The point, in this sense, is to protect the Beta diversity. The substantial variability
of these parts of the landscape, with a definite intra-annual seasonality (Catalan
et al. 2013), convert the surrounding into places of extreme sensitivity, where
resilience seems not to exist. Changes occur from one day to the next, and cannot be
reversed. Therefore, the key is to adjudicate them in zones with maximum
protection.

5.3 Final Considerations

Environmental geohistory is a useful tool for the understanding and management of
natural systems in high-mountain areas. It contributes information at different scales
but acquires its greatest usefulness at mid-scale and in explaining differences in
various parts of the territory. High-mountain natural systems are sensitive to climate
change, but also to the human management that clearly had begun by the Neolithic,
became significant over the past three millennia, and were present everywhere
starting in the Middle Ages.

The examples provided show the following:

(1) The relationship between environmental geohistory researchers and environ-
mental managers is essential. Incorporation of a long-term perspective is nec-
essary to making decisions for the future. The error is found in attempts to
replicate the past because the choices made will always be arbitrarily based on a
point in time and space that cannot be repeated. Therefore, the past may be an
imperfect model for the future, but it is an essential consideration because it
reveals the possibilities for biodiversity.

(2) Policies for the restoration of a natural environment that are based on concepts
such as baseline, RNV, threshold, resilience, etc. are essential for theoretical
reflection but should not be either the key factor nor the excuse for
decision-making by managers. The modern key is found in the environmental
values that are to be conserved, which requires that the natural dynamic of the
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system be incorporated (i.e., the protected boundaries must be neither fixed nor
stable) and that human impact be acknowledged, along with the degree of
human disturbance that is necessary to conserve biodiversity in a climate
scenario that is never the same. All options for the future must pass through the
filters of environmental diversity and overall protection of the territory.

The specialization processes that resulted from exploiting the natural resources
of each valley have influenced the configuration of the current landscape and
require that managers make localized and global decisions. Therefore, the envi-
ronmental geohistory of firs in the Pyrenees has shown that the current distribution
is the least extensive since initial colonization. Human management of the forest, as
well as climate factors, might have favored their presence during the Roman period.

The data indicate that this is the first time in the last 2000 years that the farming
and livestock landscape opened by humans is being abandoned, giving way to rapid
recovery of arboreal cover, on a human timescale: 60 years. Criteria should be
established to determine whether historical evidence has been appropriately con-
sidered in making a decision to maintain a cultural landscape or return it to its wild
state.

The fragmentation of the landscape that has persisted over the past two millennia
is leading to forest homogeneity. The role and characterization of secondary
communities and potential natural vegetation should be considered at different time
scales as part of future studies analyzing the phases of stability and the periods of
profound changes.
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