Chapter 1

The High Mountain Conser vation
in a Changing World
J ordi Catalan, J osep M. Ninot and M. Mercè Aniz

Abstr act The high mountains have retained a noticeable degree of wilderness even
in the most populated regions of the planet. This is the reason why many nature
reserves have been established in these landscapes. Currently, climate change and
long-range transport of contaminants are affecting those protected areas, and thus
conservation priorities may be challenged by these new pressures. In fact, many
high mountains hold a legacy of on-site past human activities (e.g., pasturing,
forestry, mining), which in some areas may partially persist, even increase, whereas
in others are substituted by new uses (e.g., tourism, mountain sport). Therefore,
high mountain nature reserves face a challenging future. The conservation goals
have to be revised. Former alternative paradigms respectively based on the
preservation of wilderness or a traditional cultural landscape will be insufﬁcient.
Indeed, global change provides new goals for the high mountain conservation areas
as suitable places where to study the nature’ s response in the absence of, or
combined with, other local pressures. Different branches of sciences may contribute
to inform about the changes; however, conservation is ultimately a societal
endeavour and thus their goals must be linked to the social demand for a fair society
in a sustainable planet. As an added-value to this task, the high mountains hold a
large amount of symbolism.
Keywor ds Nature reserves Climate change Landscape shifts Alpine biota
Long-range atmospheric contamination Land use change Mountain resources
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1.1 Introduction
1.1.1

Conservation in a Changing World

The increasing recognition of global change may place traditional conservation
goals in a deadlock. Mountains have been ﬂagship lands of conservation around the
world. Although plenty of natural resources, mountains have generally been less
amenable to the settling of large human populations. Their relative societal marginal role, together with their intrinsic natural values, has facilitated the creation of
nature reserves with the general goal of preserving species and natural landscapes.
Although climatic variability has long been recognized, the declaration of nature
reserves was based on the assumption that things would not change signiﬁcantly for
many generations and thus the preserved lands will remain pristine or recover a
state close to that if they had been highly modiﬁed by humans. Obviously, there
were differences among continents. In the less populated regions, preserving
wilderness played a central role (e.g., western North America) whereas in countries
with a long tradition of mountain use the conservation goal often included human
activities that were considered traditional in those landscapes (Radkau 2008;
Beniston and Stoffel 2014). Yet the central conservation goals may have differed
among countries or shifted with time since nature reserves started to be formulated
in the late 19th century, the alternative views were not challenged by anything that
could not be apparently managed at a local, regional or national scale.
Now the situation has drastically changed. National Parks and other nature
reserves will have to review their foundational goals. Beyond managing their
internal problems and the pressures from their immediate natural and societal
surroundings, they will have to deal with atmospheric drivers (Fig. 1.1) that may
shift their natural systems to situations completely unexpected in the recent past
(DeFries et al. 2012). These changing conditions will overlap with parallel changes
in the local and regional socio-economic context that will also be reacting to the
new situation (Pearson 2016). The larger the expected problem, the sooner the
reaction should be planned (Margalef 1976). Given the global change scenarios, it
is opportune to analyze the role of high-mountain nature reserves in a context of
persistent change, evaluate whether there are non-sustainable goals and discuss
alternative aims more in accordance to the new situation.

1.1.2

Vulnerability, Exposure, and Sensitivity

The eventual vulnerability of an ecosystem to some perturbation depends on both
the degree of exposure, and the sensitivity to it (Lloret 2017). High mountains are
particularly exposed to some of the atmospheric global change components (Steffen
et al. 2015): high mountains are prompt to shifts in climatic extremes (Rangwala
et al. 2012); the atmosphere is thinner, so UV radiation is higher, particularly in the
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Fig. 1.1 Meteorological and atmospheric deposition monitoring station in Lake Contraix
(Aigüestortes i Estany de Sant Maurici National Park (PNAESM), Pyrenees). High mountain
nature reserves are particularly suitable for developing long-term studies to investigate the
development and consequences of global change on ecosystems. To cope with the local
characteristics of the atmospheric forcing, meteorological and deposition stations have to be
deployed and maintained with a perspective of at least decades, to provide fundamental
information to any other ecosystem study in the mountain catchments (Camarero 2017b).
Photography: Lluis Camarero

UVB range (Blumthaler et al. 1997), which may be enhanced by stratospheric
ozone reduction (Blumthaler and Ambach 1990); cold conditions may facilitate the
condensation of semi-volatile compounds (Grimalt et al. 2001); and they are barriers to air-masses thus they are exposed to long-range transport of substances
(Catalan et al. 2013), microorganisms (Barberan et al. 2014) and diaspores (Flo and
Hagvar 2013). Although harsh conditions in the high mountains have been a
constant for the organisms living there, this does not mean that they are not sensitive to ﬂuctuations. In many instances, a large part of the high mountain organisms may be living at the edge of their respective possibilities; the tree-line
illustrates this issue (Korner and Paulsen 2004).
The way in which humans have been occupying and using the mountains have
been changing throughout history and locations (Walsh 2014). In many of the ranges
around the world, large areas have been modiﬁed for pasturing and forestry purposes
(Miehe et al. 2014); often reaching a landscape conﬁguration that may appear natural
to non-expert analysis. This traditional land use has not been sustained through
centuries everywhere, since wax and wane have modiﬁed the pressures depending
on both societal and climatic factors (Bocquet 1997). During the last decades, high
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mountains are experiencing a large cultural and socio-economical shift in many
regions of the world (Ooi et al. 2015). Transport facilities have increased visitors,
and tourism has become a signiﬁcant economic element in the high mountain and
around nature reserves (Oian 2013). In parallel, most traditional land uses—once
diversiﬁed and recurrent—are vanishing as local pressures on mountain ecosystems.
Mountain conservation involves a daunting task evaluating exposure and sensitivity
to a wealth of exceptionally dynamic pressures. An accurate evaluation is fundamental for deﬁning new conservation goals since a crude estimation indicates that
traditional ones may not be possible any longer.

1.2 Mountain Exposure to Global Changes
1.2.1

Climate Change

It has been suggested that mountains experience stronger cold and warm climatic
ﬂuctuations than average lands (Dedieu et al. 2014; Beniston 2006). Despite this
may be a matter of debate, there is no question that the recording and perception of
warming during the last decades have been observed at many different ranges (Diaz
and Bradley 1997). The particularity with mountains is that the altitudinal gradient
induces contrasting climates in a short distance. With climate change, the regional
means will change, but the altitudinal and other topographically-induced variability
may also be modiﬁed. All in all, mountains will warm throughout the world
(Nogues-Bravo et al. 2007).
In regions with relatively dry average climates, such as the Mediterranean,
high-mountains constitute sources of water to lowlands (Boithias et al. 2014).
Ascending from plains, one goes across water-driven vegetation to mostly
temperature-driven ecosystems. Not only in these mountain ranges but in general,
the way in which precipitation will regionally shift appears critical to project
potential vegetation changes, including details of the topographical climatic variation in the high-mountain (McCullough et al. 2016). The Mid-Holocene has
provided clear evidence that a complete shift in dominant landscape vegetation is
possible at sub-millennial time scales (Carrion 2002), with transitional changes at
local scales probably occurring over decadal periods. Mountain nature reserves may
be submitted to progressive declines in annual precipitation and also to increasing
frequency of drought events (Beniston et al. 2007). The character of the shift, either
smooth or abrupt, may result in entirely different interactions with other processes,
such as pests (Hodar et al. 2003), invasive species (Thomas 2010), pollution
(Bogdal et al. 2010), etc.
Even in ranges not expected to experience changes in annual precipitation,
warming will change the hydric balance. The seasonal pattern of warming would
play a critical role in determining the kind of new situations that ecosystem
experience. For instance, summer and autumn warming may lead to seasonal water
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limitation; spring warming to early snowmelt (Moran-Tejeda et al. 2014) and
upward shift of the snow line in spring; winter warming to episodic events of
melting (Gobiet et al. 2014) and shorter snow duration (Hantel and Hirtl-Wielke
2007); summer snowline uplift to a reduced nival belt (Gottfried et al. 2011), and so
on. In general, the shift from snow to rain may have amplifying consequences for
the hydrological cycle and the natural processes depending on it (Morán-Tejeda
et al. 2017). Floods related to rain-on-snow events may increase (Beniston and
Stoffel 2016), at least during a transition period as warming proceed. All things
considered, climate change may increase synchrony between ecosystems compared
to pre-industrial dynamics, which appears to be the case for forest over large areas
(Shestakova et al. 2016).

1.2.2

Atmospheric Contaminants

During the last decades, awareness about the accumulation of some persistent
organic pollutants (POPs) in high-mountain organisms has been increasing, mainly
from ﬁsh (Schmid et al. 2007; Grimalt et al. 2001) and pine needles studies (Grimalt
and van Drooge 2006; Davidson et al. 2004). The initially uncertainity of measuring high concentrations of some pollutants, far away from the areas where they
are produced or used, has given way to understanding the mechanisms related to the
semi-volatile character of these compounds (Catalan 2015). Although details may
differ from site to site, the preferential accumulation in cold areas, such as the high
mountains, is related to the air-water partition sensitivity to temperature for these
compounds (Wania and Westgate 2008). They are extremely hydrophobic, so if in
solution they quickly adhere to any organic material and thus organisms (Catalan
et al. 2004). The toxicological consequences of the POPs bioaccumulation in
mountain organisms are scarcely known; there are only a few pioneering studies
(Jarque et al. 2015; Quiros et al. 2007).
In fact, environmental dynamics of synthetic substances and their ecological
consequences is one of the major unknowns among global change components. The
assumed general behaviour may be plenty of challenging particularities for each
compound (Bartrons et al. 2012). Conservation biology should pay more attention
to the investigation of the potential problem. It may be affecting wildlife in a way
still difﬁcult to evaluate, but that could be non-negligible according to the indications provided by some studies in wild predators (Elliott et al. 2012) and domestic
herbivores (Shunthirasingham et al. 2013). An added interest to the topic is the
interaction of this dynamics with climate warming (Noyes et al. 2009). On the one
hand, higher temperatures will decrease the tendency to condensate of these
compounds in some mountain areas. On the other hand, high temperatures will
increase their release from soils were they might have accumulated. In any case,
there will be a redistribution of substances trapped in natural reservoirs [e.g., glaciers, Schmid et al. (2011)] and long-distance air transport will be probably
enhanced. New synthetic organic substances are discovered every day (Muir and
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Howard 2006). Even if the substances are not particularly persistent in the environment as much as POPs (e.g. PCBs), the use of some of them in large amounts
(e.g. in agriculture) may result in a steady transport to the mountains and the
exposition of the organisms there to high concentrations (Weber et al. 2010).
Metals are other atmospheric pollutants that have accumulated in the mountains
(Camarero 2017b). In fact, they have a longer history than POPs. Evidence of early
pollution in Europe dating from the Roman period and also from ancient times in
other parts of the world becomes stronger the more studies on natural registers exist
(Catalan 2015). Mountains have also been sites of historical interest for mining
provided that ores of different minerals are common. Depending on the economic
context even the exploitation of small, difﬁcult to access mines have taken place
(e.g. Trou des Romains, Val Sapin, Italian Alps). The regional context of this
mining throughout history is well recorded in lacustrine sediments and peats
(Camarero et al. 1998). The ecological consequences, if any, of these atmospheric
pollutants have not been evaluated yet. In some areas, the accumulation of some
trace metals in soils is very high so, under lower current deposition, they have
become sources of pollutants to sediments, plants, and animals, rather than sinks
(Bacardit et al. 2012). There is a legacy of pollutants in soils that may maintain high
pollutant ﬂuxes for some decades.
Ozone depicts a unique case in the global change context. On the one hand, the
current decline in stratospheric ozone causes an increase in the UV radiation
reaching the ground. In high mountains, the effect is enhanced compared to low
lands. First, because the atmosphere is thinner and thus both total and relative UV is
higher (Blumthaler et al. 1997); second because many high mountains are above a
cloud belt that protects valley lands from high radiation (Blumthaler et al. 1994).
However, the direct consequences for the organisms’ life of the increase in UV and,
particularly, in the more harmful UVB, might not be huge, since mountain
organisms have evolved in high UV environments, thus have developed many
protective and repairing mechanisms. Nevertheless, UV exposure is repeatedly
pointed as a potential factor of some species decline (Mitchell et al. 2015). On the
other hand, tropospheric ozone is increasing. At ground level, ozone protective role
against UV matters little and what becomes important is its harmful highly
oxidative effect (Wittig et al. 2009). Observatories in high mountains have indicated
a sustained increase in tropospheric ozone in many areas of the world. It can be
considered a global hazard. Indeed, there are mountains particularly exposed to air
masses that bring high ozone concentrations from source areas (Elvira et al. 2016).
Ozone is harmful both to plants and humans. The effects of ozone on trees may be
confounded at ﬁrst instance with drought effects. It would be reasonable to develop
speciﬁc surveillance protocols for high mountains, particularly in nature reserves.
Thus environmental assessment will provide a double beneﬁt. With climate change,
the stratosphere-to-troposphere ozone ﬂux will be modiﬁed with latitudinal differences in UV radiation effects and stratospheric ozone (Hegglin and Shepherd 2009).
Some technically sophisticated observatories already deal with estimations of trends
and global averages (Li et al. 2007; Cristofanelli and Bonasoni 2009; Cristofanelli
et al. 2010). Simpler systems may serve as sentinels for conservation purposes,
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and for investigating marked orographical differences within relatively small areas
(Burley et al. 2015).

1.2.3

Long-Distance Atmospheric F ertilization

Part of the decline in stratospheric ozone is due to the emission of nitrogen oxides
to the atmosphere. Nitrogen emissions have many other effects. The perturbation of
the nitrogen cycle is probably also beyond the limits of a sustainable Earth system
(Steffen et al. 2015). Crystalline rocks dominate in many high-mountain landscapes.
Soils and waters on these bedrocks show little acid neutralizing capacity. Therefore,
mountains in areas receiving acid deposition due to emissions of sulfur and nitrogen
oxides to the atmosphere suffer acidiﬁcation (Psenner and Catalan 1994). Visible
consequences (e.g., ﬁsh kills, tree defoliation) had prompt to an international
reaction of successful results in controlling sulfur emissions and severe acidiﬁcation
(Catalan et al. 2013). However, nitrogen emissions are still high and difﬁcult to
reduce because of their multiple sources—industrial, agricultural and urban. In
addition to being acidifying agents, N compounds are also fertilizers for plants
(Stevens et al. 2015). Increasing atmospheric CO2, nitrogen deposition and temperature all point to an acceleration of primary productivity. In recent years, P
atmospheric deposition has also been identiﬁed as being enhanced by human
industrialization (Penuelas et al. 2013a). Mountain soils and waters are exposed to
all these fertilizing agents, which are changing the biogeochemical cycles in the
high mountains in a way not sufﬁciently understood (Camarero and Catalan 2012).

1.2.4

Biotic Dispersal Enhancement

Increased transport of goods and people is a feature of the post-industrial society.
This has facilitated the dispersal of all kinds of organisms to longer distances and
with higher frequency. Mountain natural reserves are increasingly exposed to exotic
and invasive species and new diseases and pests (Pauchard et al. 2009).
Amphibians have been particularly suffering this pressure. Chytridiomycosis has
been spreading quickly around the world and devastating some of their populations
(Wake and Vredenburg 2008). The interaction between pests and climate change is
a major source of uncertainty in conservation. Tree populations at their ecological
limits may be more prompt to infection, which may accelerate and otherwise slow
substitution of species (Camarero 2017a).
In some ranges, ﬁsh stocking is the primary pressure on amphibians (Miró and
Ventura 2013). Human enhancement of ﬁsh dispersal in mountain lakes, which are
naturally ﬁshless, is a complex behavioral and economic phenomenon where
ignorance and interest play signiﬁcant roles and poses major difﬁculties to conservation (Ventura et al. 2017). In the current shifting environmental conditions,
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which are challenging the foundational goals of a natural reserve, the role that
leisure may play becomes a matter of discussion. With rising inhabitants, the
number of visitors to natural reserves will continue increasing, both from nearby
and long-distance origins and with different motivation, including from purely
touristic attraction to scientiﬁc interest. Planning and protocols to prevent facilitated
dispersal of undesired organisms should develop and spread at a quicker pace than
the problems are diffusing.
Enhanced dispersal also includes the controlled introduction of new species, or
re-introduction of formerly extinct species, most typically of vertebrates.
Reintroducing some of these emblematic species from more or less remote populations is now feasible (Fig. 1.2), and adds new socio-economical interest to the
areas beyond conservation purposes and, in parallel, the need for new managing
measures (Palazón 2017). Consequently, some key species in mountain ranges are
becoming more and more managed.

Fig. 1.2 A female brown bear with a cub of the year in the Pyrenees (September 5, 2016).
Beyond the ecological consequences, the reintroduction of large carnivorous in areas where they
have been extinct or nearly so indicates a change of the societal attitude towards nature of valuable
symbolism. The last female bear from Central Pyrenees died in 2004 and the last male in 2010
(Palazón 2017). The current bear population was reintroduced from a set of individuals captured in
the Balkans (Slovenia) and released in the Pyrenees in 1996–1997. There was only one male born
from a released Slovenian male and the last Pyrenees female. In 2015, the Central Pyrenees
subpopulation had more than 30 bears identiﬁed. Photography: Departament de Territori i
Sostenibilitat, Generalitat de Catalunya
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1.3 Mountain Exposure to Regional Changes
Economic globalization has brought many changes to the local and regional
socio-economical context of mountains. Low cost of transport has modiﬁed commercial yields in forestry, mining and mountain pasturing. On the other hand,
mountain activities for leisure are exponentially increasing. Conservation faces
global change hazards exposed to regional socio-economic changes, which ultimately will also be conditioned by climate change.

1.3.1

Pasture Shifting Systems

Mountain pasturing dates from several millennia ago in some ranges (Schmidt et al.
2002; Pèlachs et al. 2017). Depending on the socio-economic context of the
mountains the intensity and type of pasturing have been ﬂuctuating across time.
Mountain archaeology has provided evidence of the early Neolithic use of rock
shelters and caves used as protections for sheep and goats in European mountains
(Gassiot Ballbèet al. 2017). No signs of ecological impact have been associated with
them yet. The opening of extensive pasturing areas at altitude during the Bronze Age
is clearly documented by archaeological sites and palaeoecological records from
lakes, bogs, and stone fences and shelters (Fig. 1.3). This use of high-mountain
meadows during millennia cannot have been ecologically innocuous; indeed, it may
even have constituted a selection factor favoring particular plant treats, species and
assemblages. This is a scarcely studied subject, as mountain pasturing has usually
been seen by ecologists as a traditional activity rooted in medieval times. Also, the
biogeochemical cycles in mountain meadows have been probably accelerated by
large herds pasturing during a portion of the year, whose winter survival is assured
by migration to much lower altitudes or far-away locations. This has led to much
higher herbivorism at the high mountain than in non-herding situations, where much
smaller wild herbivore populations survived resisting winter conditions with short
altitudinal migrations. With the development of high mountain pastures, the C/N
ratio distinctly declined in sediments of the lakes in the catchment, probably
reﬂecting changes in soil conditions (Schmidt et al. 2002).
The way to manage pasturing is different from range to range (even from valley
to valley), and it has been shifting through time according to societal changes
(Berrocal et al. 2014). A general tendency seems to have been increasing the
number of animals per ﬁeld shepherd by joining several small herds into a large one
during summer pasturing; even that the ownership was maintained by many individuals. This seems to have been a tendency as societies have become more
complex from the Bronze to Middle Ages and modern times. Many protected areas
include large pasturing meadows, whose management has been a matter of debate.
Arguments in favor of maintaining traditional practices are not probably aware of
the real extent of this adjective. Ironically, relatively recent shifting from sheep to
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Fig. 1.3 Despoblat de Casesnoves archaeological site. Medieval human occupation at 2225 m a.s.
l. that lasted until the 13th century (PNAESM, Pyrenees). Although the high mountain landscape
retains a lot of the wilderness character, the human footprint can be recognized in many ranges of
the world. Archaeological evidence indicates an early Holocene occupation (Gassiot Ballbè et al.
2017) and a development of a cultural landscape at least since the Bronze Age. Natural and
cultural heritages may coexist in high mountain nature reserves. However, management decisions
should not respond to pressures based on weak arguments about the merits of traditional uses.
Nature reserves should promote the proper understanding of the ecological incidence of humans on
high mountain ecosystems and landscape across time, but not necessarily reproduce them.
Photography: Grup d’Arqueologia de l’ Alta Muntanya, Archive of the Aigüestortes i Estany de
Sant Maurici National Park

cows has raised new concerns in some areas. The two species inﬂuence the
meadows in an entirely different way, thus changing the vegetation and soil processes. Soils in the mountains are usually thin, and meadows provide the areas with
the largest capacity for carbon storage (Garcia-Pausas et al. 2017). All in all,
nowadays the so called traditional uses have seen sharp shifts, in the form of
abandonment of extensive, low-income activities. This has led to encroachment of
less productive pasture into shrub land and to secondary woodland
(Lasanta-Martinez et al. 2005). To allow forest recovering vs. maintaining sheep or
cow pasturing may become an issue for some conservation reserves that are fairly
conditioned by a cultural view of the mountain, and do not consider enhancing
wilderness as a primary goal (Fig. 1.4). On the other hand, the scenario to manage
may change in a faster way than the time required for implementing protection
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measures (Garrard et al. 2016). Indeed, rapid economic development related to the
climatic shifts may be faster changing the landscape than the vegetation natural
response. Projections of climate change effects on nature reserves should include
potential new economic scenarios in the region.

1.3.2

Conservation Versus Extraction

Through history, the high mountains have been regarded and used by humans as a
source of goods (timber, rangeland, hydropower, ﬁshing, etc.), with the particularity
of being a space marginal to the permanent human habitat. Thus, being strongly
subject to seasonality, human settlements have been placed for most time at low
altitudes [but see Pèlachs et al. (2017)]. In contrast with other exploited ecosystems,
high mountain apparently maintained a high degree of wilderness, to some extent

Fig. 1.4 Sheep ﬂock in the Vall d’Àssua (Pyrenees). Enhancement of high altitude pasturing
meadows lowering the treeline may have lasted for several millennia in many mountain ranges of
the world. This practice had to have ecological and also evolutionary implications, which are still
scarcely understood. The current socio-economic context of the mountains is changing the land
use. This driver of ecological shifts is still stronger than climate change in many regions.
Conservation requires distinguishing between the two drivers and eventually understanding their
interaction (Pèlachs et al. 2017). Photography: Jordi Peró, Archive of the Aigüestortes i Estany de
Sant Maurici National Park

14

J. Catalan et al.

related to the imposed winter cessation of activities and to the noticeable proportion of
land scarcely or not at all exploitable (rocky and scree areas, alpine heathland,
fell-ﬁelds, etc.). However, growing evidence is emerging on the profound shifts
caused by human activity at several levels of the high mountain wilderness, such as
depletion or vanishing of large mammal’ s populations, alien ﬁsh introduction, uneven
grazing by domestic herbivores, overuse of running waters, or forest exploitation.
Up to some decades ago, exploitation was thought as limited to shape
semi-natural ecosystems, hampered by the limitations inherent to the environment.
Short seasonal forest growing led to longer logging periodicity in subalpine
woodlands than in lower altitude forests, and grazing intensity necessarily remained
lower than the resprouting capacity of grasslands. However, as high mountain
ecosystems become more ﬁnely analyzed, more footprints of exploitation practices
emerge to identify these activities as key factors in the current ecosystem functioning. The present structure and functioning of woodlands are in many cases a
delayed response to ancient logging. For instance, this included recent tree mortality in the Pyrenean Abies alba forests, a phenomenon predisposed by historical
logging that enhanced dense tree populations and induced by recent climatic
changes (Camarero 2017a). Similarly, shifts in alpine grazing have changed
grassland structure and composition (Komac et al. 2014).
Forestry is the most controversial issue concerning resource extraction in the
mountains; particularly if a view of maintaining a cultural landscape predominates
above wilderness enhancement (Agnoletti 2007). Where nature reserves include
large forested areas there is little argument for selective extraction, since they can
maintain natural dynamics—including catastrophic events. However, in the tiny
reserves of many European ranges forest management may be an important issue.
Arguments against forest aging and consequently selective cutting may appear even
with the conservationist support. Global change tendencies and the need for pest
control may increase the supporters of this latter view.
Mountains are full of natural resources susceptible to economic exploitation. As
a result of the orographic processes many ranges are rich in metals. This was very
early appreciated, and even in dry high mountains (e.g. Sierra Nevada, Iberian
Peninsula), where high-altitude agriculture or herding was not particularly suitable,
mining was an old practice (Martin Civantos 2014). The techniques for mineral
extraction in former times were not particularly concerned with the environment.
As a consequence, a legacy of pollution is maintained in the soils affected by
atmospheric transport from the mining sites in the region. Environmental history
studying palaeoenvironmental registers is progressively unveiling the distribution
and patterns of this old extractive activity (Catalan 2015). In some valleys, rich in
metals close to the surface, an associated metallurgic industry has impacted forest to
provide wood fuel (Pèlachs et al. 2009). This activity also has a changing dynamics
of centuries; current landscapes bearing apparently well-develop forests may hide a
history of several centuries of exploitation. Historically, mining industry/business
was ﬁrmly driven by economic constraints, compared to pasturing or agriculture
that could be closely related to the local domestic activities. Therefore, except in

1 The High Mountain Conservation in a Changing World

15

mountain where there is still an economical yield, mining becomes a historical issue
rather than a conservation problem. The historical heritage that mining may have
left on the mountain is an on-going research subject. Technological improvements
have usually lead to increased extraction and atmospheric pollution when resources
of economic value exists (Uglietti et al. 2015). Unfortunately, environmentally
careless mining keeps going in some ranges of the world nowadays (Pond et al.
2008; Wickham et al. 2013).
The increase in human populations and water demand, both for cities and
agriculture irrigation, has raised the value of mountains as water source. Large
regions, even whole countries, may depend on the precipitation in faraway
mountains [e.g., Himalayan region (Xu et al. 2009)]. Glaciers may provide a
year-long regular water supply to areas of marked seasonality in precipitation.
Some large cities in the Andes depend on reservoirs fed by such glaciers, which
shrinking and ﬁnal disappearance may cause large societal problems (Carey et al.
2014). Probably, little can be done on glacier preservation at this stage of climatic
change (WGMS 2015; Zemp et al. 2015). Thus plans for long distance transport to
these cities are required, which may change hydrological regimes in other areas,
and challenge conservation of mountain ecosystems.
In some mountains, there has been a traditional management of water for irrigation purposes. An extraordinary example is the Sierra Nevada (Iberian Peninsula)
acequia system built during the medieval Muslim period (Martin Civantos 2014).
Thousands of kilometers of small channels bring water from the mountain (sierra)
to the irrigation ﬁelds (vega), starting at about 2000 m a.s.l. and modifying the
hydrological regime of the lower part of the mountains. Other channels at higher
altitude (i.e., careos) drive water towards groundwater to increase spring supply.
This change in the hydrology has to have altered natural vegetation. A large proportion of the modiﬁed area is now part of a National Park and nature reserve
surrounding it.
Hydrological extraction has been more recent in the mountains located farther
from areas requiring high amounts of water supply, mostly starting at early- or
mid-20th century and associated with the development of hydropower stations. In
this case, lakes and streams have been particularly exposed to alterations (Catalan
et al. 1997). Surface connectivity between lakes has been enhanced by undergrown
galleries that may even connect lakes in different watersheds. In some areas, little
control of water level regulation or failure of old valves have produced huge water
level oscillations in lakes, resulting in severe impacts. The temporal overlapping
between this kind of industrial exploitation of mountain resources and the declaration of some mountain parks have led to odd situations in which both coexist in
the same area (e.g., Aigüestortes i Estany de Sant Maurici National Park, Pyrenees).
Beyond obvious impacts on the most affected lakes and streams by seasonal desiccation or strong water oscillations, ﬂow reduction and smoothening of the seasonal ﬂuctuations tend to produce a banalisation of the aquatic biota. Landscape
visual impacts are usually scarcely compatible with conservation reserves. Yet the
ultimate goal should be the eradication of this extraction activity from natural
reserves, actions against light contamination and general visual impacts of buildings
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and services are easily achievable actions. Climate change may exacerbate debates
between conservation and water extraction even in the mountains with water surplus (Beniston 2012).

1.3.3

Tourism and Sport Pressures

In many mountain valleys around the world, tourism is growing as an economic
component replacing productive or extractive activities (Nyaupane et al. 2014).
Tourism development has led to separation into different categories such as ecotourism, sustainable tourism, wildlife tourism, nature-based tourism, heritage
tourism and cultural tourism (Rotherham 2013). Each of these categories has their
own idiosyncrasy, which should be taken into account in the high mountain conservation planning.
Nature reserves become a reclaim for the tourism sector. Declaration of new
protection areas sometimes includes among their beneﬁts that they will favor this
economic ﬁeld. Handling visitor’ s afﬂuence may become a primary issue for some
natural reserves of relatively reduced size or without possibility to diversify visitors
towards different zones. Access to mountain reserves usually follows some main
routes that become both a constraint and an opportunity for managing the number
of visitors. To traditional mountaineers, urban inhabitants on holidays and outdoor
long-distance sports practitioners provide new challenges to conservation. An
accepted self-responsibility for the risk that mountains constitute, which mountaineers and people working in the mountains had, is being replaced by a safety
delegation to the community. This may increase the gap between visitors and locals.
To an increasing degree, rural landscapes are being transformed into sites for
leisure. Even though tourism is welcomed as a rescue plan of rural mountain
economies in decline, it may at the same time be associated with unwanted changes.
In the cases in which the nature of these landscapes is labeled as wilderness by
conservationists and tourist industry alike, inhabitants of local communities may
perceive that the social and cultural aspects of the landscape they strongly identify
with are being disregarded (Oian 2013). This applies, for instance, to hunting and
angling in nature reserves and neighbouring areas for animal population control or
leisure but not for local consumption.
Climate change is modifying conditions at high altitudes, changing the spatial
distribution of risk and accessibility. Global factors cannot be mitigated locally but
improved management practices that aid local conservation and development in this
high mountain ecosystem are required (Garrard et al. 2016). At lower altitudes
within large ranges, a shift from traditional practices to a more diversiﬁed blend of
agropastoralism, tourism services, and cash-crop production may become adaptive
for local economies (Konchar et al. 2015). Conservation must ﬁnd its place within
this changing dynamics. On the other hand, in mountain ranges supporting a winter
snow industry, changes in snow deposition and snowpack persistence may result in
new demands upon preserved areas, enhancing social debates about conservation
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and economic sustainability at local and regional scales (Beniston 2012). Sensitivity
analyses of snow patterns to projected climate change may help to anticipate
conﬂicts; not only altitude matters for snow distribution (Uhlmann et al. 2009).

1.4 High Mountain Idiosyncratic Sensitivity
1.4.1

Temperature Versus Water

The elevation increase in mountains provides an associated decline in temperature,
atmospheric pressure and land area availability. Therefore, in a short distance environmental conditions change markedly providing the cues for a highly diverse
landscape and richness in organisms. This marked gradient also determines the high
sensitivity of mountains to climate change. The great diversity in forest formations—
and vegetation in general—is at expenses of a lower available surface for each of them
compared to plains, where similar conditions extend over large areas. Therefore,
climate change may imply a signiﬁcant modiﬁcation of suitable areas for a particular
type of forest, scrub or meadow (Dullinger et al. 2012).
The orographic barriers tend to increase precipitation at the slope facing the
ascending air masses. Mountains in general are, therefore, richer in water resources
than surrounding low lands and usually become a net source of water for the latter.
If air masses rich in water are mostly coming from the same direction, the vegetation contrast between mountain slopes may be remarkable. Consequently,
mountain vegetation is particularly sensitive to changes in direction and average
moisture content of air masses. In contrast to temperature, there is not a global
pattern of precipitation change with altitude (Körner 2007). In the temperate zones
of the planet, precipitation increases with elevation, either as rainfall or snow. But
in other parts of the globe the tendency can be the opposed, or the maximum can be
at intermediate levels. The mean altitude of the surrounding ranges is another factor
determining the characteristics of the altitudinal precipitation pattern. If climate
warming forces in a similar direction most of the mountains on the planet, changes
in air mass direction and moisture would show more distinctive regional (even
local) characteristics (Engler et al. 2011). Whereas long-term conservation plans
can be based on general warming projections, tendencies on precipitation would be
better assessed locally, and monitored at different sites in nature reserves with
valleys facing different directions (Beniston and Stoffel 2014).
A critical issue in areas with current positive water balance, where temperature
drives vegetation distribution, is whether changes in climate will bring to a situation
of water deﬁcit during vegetation growth periods. The short-term and long-term
response of mountain tree populations to episodic droughts are still scarcely studied
(Cocozza et al. 2016). Nature reserves entirely or partially within this situation
would face the main challenges in the near future. Drought episodes may compensate for any fertilizing (CO2 and N deposition increase) or warming growth
effect that may exist upon tree species usually controlled by temperature rather than
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water availability (Camarero et al. 2014). Vegetation on mountains with current
water limitation may be more resilient to extreme drought events (Herrero and
Zamora 2014), albeit that recurrent episodes may produce a progressive loss of
resilience (Lloret et al. 2004). Long-term palaeoecological evidence warns about
non-linear responses to water availability (Anderson 2012).
Most temperate mountain ranges are characterized by an altitudinal partition of
the slopes during spring into a snow-free belt and a white upper belt (Fig. 1.5). In
fact, there is a changing role of temperature and precipitation on snowpack. At
lower altitudes, temperature inﬂuence predominates and precipitation is a better
predictor of snowpack variability above certain altitudinal threshold (Moran-Tejeda
et al. 2013). As climate warms, the threshold will move upwards. Warming may
also affect heavy snowfall frequency differently with altitude, increasing the contrast between the upper snow belt and the lower altitudes with a shorter snow period
(Ignacio Lopez-Moreno et al. 2011).

Fig. 1.5 Landscape view of Val de Saboredo (Aran, Pyrenees). The typical spring division of the
high mountain into a white snow belt and a lower one where ﬁelds ﬂourish will probably come
earlier and extend its duration with climate warming (Morán-Tejeda et al. 2017). This shift
increases potential risks (avalanches, ﬂoods) beyond the non-expert perception. Nature reserves
should be prepared for handling these increasing likely situations. Photography: Francesc Xavier
Bové Carbó, Archive of the Aigüestortes i Estany de Sant Maurici National Park
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Persistence Versus Migration

The high mountain biota includes cases of log-term persistence within a given range
of some species. They went through contrasting climatic conditions such as those
corresponding to the Quaternary succession of cold and temperate periods. In this
sense, some ancient plant and animal endemics have apparently remained from
Pliocene onwards roughly within their present range (Schmitt 2017). Interestingly,
most of these species, called paleoendemic, correspond to more or less isolated tips
in phylogenetic trees and nowadays are found in conservative habitats (Garcia et al.
2012) and are focus of conservation biology research (Segarra-Moragues and
Catalan 2010). Aside from these survivors, however, most probably there were
close relatives that vanished through changing ecological conditions. In parallel,
more dynamic ecosystems (e.g., grasslands) must have enhanced radiating speciation, which is well exempliﬁed in rich taxonomic complexes exhibiting narrow
endemicity at the levels of species or lower (García and Gómez 2007). Therefore, a
high mountain with fragmented landscapes in which different habitats are densely
arranged has been a noticeable arena for various biological groups where ﬁne-scale
isolation has favored speciation. All in all, the altitudinal gradient imposes contrasting environmental conditions and any overall shift in climate results in pressure
upon the current altitudinal species distribution (Fig. 1.6).
In simple terms, the response to an environmental change beyond the ideal
conditions for a species consists of two options (Berg et al. 2010). Either persisting
by acclimation (and eventually adaptation) to the new situation (Lapenis et al. 2005;
Reich et al. 2016) or migrating following the direction of suitable conditions for the
species (Hickling et al. 2006). The actual response depends on both the characteristics of the species and the pace at which environmental changes occur
(Theurillat and Guisan 2001). In extreme cases, a third option may occur, the
sudden collapse and local extinction of the population (Penuelas et al. 2013b).
With warming in the mountains, we can expect an upwards shift of the populations. This may apply from ﬂying invertebrates (Konvicka et al. 2003) to trees
(Seppa et al. 2002). However, the time response may be markedly different
(Dullinger et al. 2004), with a variety of factors playing a role. Not only matters the
capacity for displacement and generation time, but also the interaction with other
species (Laiolo and Obeso 2017). Dynamics at ecotones between mountain forest
belts is particularly difﬁcult to predict (Dullinger et al. 2005) and simulate (Wiegand
et al. 2006); the two, or more, tree species implied may not be responding in the
same way at the climate change (Rabasa et al. 2013). Therefore, we can expect not
only the displacement of the vegetation in the mountains, but also variations in the
relative thickness of the belts, or even the number of belts. At present, except for the
top mountain (Rixen and Wipf 2017), vegetation response to climate change may
be still obscured for concurrent land use shifts. The response of invertebrates may
be less ambiguous at the current stages of mountain warming (Wilson et al. 2005).
The different velocity of reaction may be causing a rearrangement of species
interactions, which increases the difﬁculty in predicting the ecological outcomes of
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Fig. 1.6 Parnassius apollo (a) and Limenitis reducta (b) from Aigüestortes i Estany de Sant
Maurici National Park (Pyrenees). Parnassius apollo has experienced strong regressions in its
lower altitudinal limit in France and likely in many southern places of the Iberian Peninsula. The
regression is related to a shorter snow cover duration and thus thermal insulation of the immature
instars. On the contrary, the Mediterranean species L. reducta may be expanding its altitudinal
range in the mountains (C. Stefanescu, com. per.). Butterﬂies and other invertebrates provide early
evidence of nature’ s response to climate change in the mountains. Although climate warming will
change the distribution of the biota across altitude in most of the mountains of the world, not all the
species will respond in the same way and at the same pace (Laiolo and Obeso 2017). They possess
different capacities to withstand changes and to migrate. Short living and motile organisms are
responding in a faster way, and we can expect a long period of continuous rearrangement of the
interactions among them. Nature reserve aims have to switch from a purely conservative strategy
towards a stewardship of the changes that may happen. Photography: Marta Avizanda, Archive of
the Aigüestortes i Estany de Sant Maurici National Park

climatic change (Tylianakis et al. 2008). However, one should also consider that
mountain landscapes have gone through marked climatic ﬂuctuations even in recent
time (e.g., Little Ice Age), so ﬁxed stability in the species interactions and
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assemblages may be the exception rather than the rule. Species with two altitudinal
fronts in their distribution in the mountain may show different predominant processes in each of them. Dispersal may dominate the ‘ leading edge,’ whereas in the
‘ rear edge’ acclimation, adaptation, and genetic drift may predominate (Hampe and
Petit 2005). Nature reserves may provide key sites for studying these processes.

1.4.3

Regional F ingerprints

There are many features in common around the mountains of the world. On the
other hand, each range is different. Even at a relatively short distance, the environmental and socio-economical context of the mountains may differ and with them
so do the risk and sensitivity to perturbations. A paradigmatic case is the contrast
between the surrounding ranges at the north and south halves of the Mediterranean
Sea. Roughly, temperature controls northern vegetation through limiting growth
period, whereas water deﬁcit shortens biologic activity at the southern areas. The
idiosyncratic aspects may extend to concepts apparently clearly established. The
available land area at high altitudes is lower than at montane stages, for instance.
However, what happens at medium altitudes may largely differ between ranges.
One can ﬁnd all sort of altitude-areal distributions affecting the upper limit of
montane vegetation belts, with contrasting implications in case of upward migration
of the montane species (Elsen and Tingley 2015).

1.5 Conservation Synergies and Challenges
The combination of exposure and sensitivity determines the eventual vulnerability
to environmental changes of the landscape and ecosystems of National Parks and
nature reserves in high mountains. Due to the variety of large-scale and local
changes to which most reserve areas are currently exposed, the achievement of
conservation synergies may be the general goal for natural reserves. The challenge
is how to handle the different trade-offs that the regional context may deﬁne.

1.5.1

Conservation Versus Stewardship
(F ranciscans Vs. Benedictines)

The declaration of nature reserves and, notably, National Parks was rooted in a
concept of stable nature in which the (only) perturbing element was human activity.
It was assumed that controlling the latter inﬂuence, conservation of landscape,
ecosystems, and emblematic organisms would proceed on their own. Today,
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direct human pressure around the reserve areas is still a major problem to deal with
for conservation in many places. A radical conservationist position (Franciscan)
might be useful in front of local and regional socio-economic inﬂuences. But it is
certainly useless when the change is driven at much larger scale, exceeding any
local or regional countermeasure. Conservation becomes a matter of stewardship of
the changes (Benedictines position) in agreement with goals at planetary scale
(Steffen et al. 2011). The ﬁrst step is acknowledging the situation. Climate change is
indeed occurring and, whatever the ﬁnal mitigation of the problem, signiﬁcant local
changes in species distribution and ecosystem dynamics will occur.
A new primary goal of conservation is to handle a smoother transition as possible
to new states. This requires the projection of the potential changes and understanding
the dynamics leading to them. As we are immersed in the dynamics, this exercise has
to be permanently recursive. Migration and invasion would become current issues in
nature reserves, and decisions on how to handle them would be better if planned in
advance. The principles of nature reserve stewardship have to be developed keeping
in mind the multifaceted essence of global change and the mountain idiosyncrasy to
enhance some of them. Three basic strategies have been suggested to make the best
use of current understanding in an environment of inevitable uncertainty and likely
sudden change: reducing the magnitude of, and exposure and sensitivity to, known
stresses; focusing on proactive policies that shape change; and avoiding or escaping
unsustainable social-ecological traps (Chapin et al. 2010). Likely, all conservation
measures are vulnerable to projected changes, but also they should involve sources of
adaptive capacity and resilience that can sustain active stewardship of nature reserves.
Climate shift in mountains may result in an extinction debt to pay decades ahead
(Hanski 2013). Decisions would have to be taken to what extent it merits to ﬁght
against species disappearance that sooner or later may occur (Dullinger et al. 2012).
Ecological knowledge here becomes critical, and there is an increasing demand for
assessments considering the details of the species distribution. Nature reserves can
be just a small portion of the territory occupied by a particular species, but within
which actions can be undertaken. As long as a species predicted to become extinct
still persists, there is time for conservation measures such as habitat restoration and
landscape management (Kuussaari et al. 2009). Standardised long-term monitoring
(Zamora et al. 2017), more high-quality empirical studies on key taxa (Fig. 1.7) and
ecosystems, and further development of analytical methods will help to quantify the
extinction debt better and to more successfully protect mountain biodiversity.
The water balance will certainly play a signiﬁcant role in mountain reserves’
fate. Warming will increase growth temperature and thus water demand; drought
risk will increase even in areas with average positive water balance. Does it make
sense to undertake mitigation engineering measures? Climate has oscillated enormously during the last million years. Many mountains have been glaciated and
deglaciated several times. Fragmentation and refugia during harsh periods explain
the current distribution of many species and biogeographical paradoxes among
sister species (Schmitt 2017). Do we have the knowledge and tools to identify
potential refugia within nature reserves (Gavin et al. 2014)? This could be a
main task in conservation research for the near future (Birks and Willis 2008).
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Fig. 1.7 Bearded vulture (Gypaetus barbatus) in Aigüestortes i Estany de Sant Maurici National
Park. There are species that play a key role in ecosystem dynamics and, at the same time, become
ﬂagship organisms for conservation, either in general or for a particular nature reserve. They attain
a high symbolic value both for the scientiﬁc community and the population in general. Correct
management of these species requires accurate knowledge of their behaviour that needs to be
based on long-term research plans (Margalida 2017). Nature reserves are the appropriate scenario
for sustaining this type of studies. Eventually, this will facilitate more objective management
decisions. Photography: Mario Lancha. Archive of the Aigüestortes i Estany de Sant Maurici
National Park

On the other hand, molecular studies may identify priority areas for conservation of
the genetic resources of endangered species (Petit et al. 1998).
Conservation has a strong imprinting of the habitat concept. It has been useful
for mapping, and a great effort has been put in habitat classiﬁcation. Patterns of
habitat invasions are consistent between regions and some of the high mountain
habitats are among the less susceptible to invasion [e.g., heathlands and
high-mountain grasslands (Chytry et al. 2008)]. However, about the habitat concept
and the interaction between species in general, there is a marked inﬂuence of the
Franciscan conservation view. Habitats are sometimes erroneously thought as
places to be ﬁlled with particular species. In fact, it may be argued the opposed, the
species make the habitat (Rosenzweig 1995). One may recognize different habitats
because they hold different species but would not make any distinction if the same
species, or a subgroup of them, were ﬁlling the space. The distribution of species
will certainly change at a different pace, thus rearranging the current interactions at
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local and regional levels. Conservation will have to deal with that. Coexisting
species will not migrate at the same pace with climate change, they even may move
in opposite directions if some migrate with the gradient and other counter it (Laiolo
and Obeso 2017).
There is a wealth of information about ecological changes with climate ﬂuctuations and human land use in the mountains that still requires a deep analysis
beyond patterns’ description. Progressively, environmental history is providing a
better temporal and spatial resolution about the changes occurred in the mountains
during the Holocene (Pèlachs et al. 2017). Yet we may be switching towards a
situation without analogues in the past, during this transition we may face situations
that similarly occurred during the last 10,000 years. Introducing a long-term historical perspective (centuries to several millennia) in the tool box of mountain
conservation management appears as a sensible measure to achieve a correct
compromise between observation and action.

1.5.2

Loss of Uniqueness

Natural reserves are proud of being representative of the natural values of a particular territory and landscape, but also they are selected because they hold elements
of singularity. Scenic values have not to be dismissed (Fig. 1.8). Sometimes the
singularity may be more aesthetical than substantial (e.g., certain erosive forms).
The very term “ National Park” tracks back to some of the initial triggers for the
creation of nature reserves during a historical period of effervescent national feelings (Radkau 2008). Identity was reinforced protecting areas of “ unique landscape.”
These scenic values are still perceived as a primary value for visitors to mountain
nature reserves (Schirpke et al. 2013). Abandonment of traditional land use may
lead to more homogenous landscapes, which may be perceived negatively by
visitors. Thus regional mountain planning and political decision makers should
make compatible demands from the wilderness, and cultural landscape conservation
visions. This is not an easy task. It requires the understanding of nature and
socio-economic dynamics at multiple scales. In many ways, the global challenges
have its equivalent at regional and local scales.
High-mountains, particularly those in ranges of intermediate size, become territories with a collection of communities and species that mostly differ from those
dominant in low lands and middle mountains. This applies in particular when the
elevation is in a dry region so that large differences in water availability are added to
the altitudinal thermal gradient. In areas without water shortage, warming will
produce an uplift of the vegetation belts with the risk of losing the high-mountain
character to some extent (Rixen and Wipf 2017). An extreme situation will be the
collapse of the alpine ﬂora in a few submits and its impoverishment in many
high-mountain temperate areas. This may lead to challenging decisions to be taken
in nature reserves. Studies on the genetic structure of small plant populations have
provided unexpected results about the lack of the correspondence between isolation
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Fig. 1.8 Sant Esperit waterfall in the Aigüestortes i Estany de Sant Maurici National Park at 1950
(a) and 2010 (b). Scenic values are part of the mountain nature reserves. Historically, National
Parks emerged in a period of national enthusiasm as a way to remark the singularities of a
country’ s landscape. Although this view may have evolved, the symbolic elements of the
landscape pervade from local to global scales, becoming icons of locations, values and natural
processes. Photography: Ricard Novell archive (a) and Archive of the Aigüestortes i Estany de
Sant Maurici National Park (b)

and genetic richness (Blanco-Pastor et al. 2013). Ad hoc studies may be helpful,
before expending efforts in a wrong direction.

1.5.3

F unctional Versus Phylogenetic Conservation

Criticism to estimated excessive effort on conservation actions towards preserving
genetic variability and details in phylogeography issues advocates that conservation
should aim to maintain functional diversity rather than to pay attention to taxonomic and phylogenetic details. This appears to be a false debate. It primarily
depends on where one stops deﬁning functional traits. The more detail we gain in
functional attributes, the more we approach function to phylogenetic structures
(Flynn et al. 2011). Trait convergence among scarcely related phylogenetic groups
is a fact; however, convergence in some characters does not invalidate differences
in others. So, in the end, any species is phylogenetically and ecologically unique.
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Preserving species preserves functions, with the added value that no judgments are
required on which functions have to be prioritized. On the other hand, partial
functional redundancy is a fact in nature. Probably simply by natural selection,
essential functions have become more redundant than the ones less critical for the
organization of ecosystem functioning regarding cycling of matter and energy ﬂow.

1.5.4

Size Matters

It is unclear how much of the present distribution of species in high mountains is
related to human inﬂuence. Treeline has been modiﬁed at least since about
3000 years ago in many European mountain valleys (Pèlachs et al. 2017). Fire was
the tool to open the landscape (Tinner et al. 2005). The artiﬁcial maintenance of
pasturing meadows at high altitude should have modiﬁed the species assemblage
and favored some of them, according to the enhanced grazing and fertilization. It
would be interesting to check whether a selection of species or morphotypes can be
related to these increased pressures. Similarly, the human pressure on some trees
may not have been genetically innocuous. Fir (Abies alba) is currently mostly
restricted to north-facing slopes in the Pyrenean valleys. However, there is growing
evidence that in the past, along the second half of the Holocene, it also extended
through south-facing slopes over a larger area. Apparently, there are not climatic
reasons for the observed change. Rather, there is growing palaeoecological evidence that humans have preferred to leave ﬁr in the shaded areas and facilitate other
species (e.g., pines (Pinus sylvestris, P. uncinata), or beech (Fagus sylvatica),
among others) in the sunny slopes and plains. This practice may have lasted during
centuries, perhaps actually introducing a shift towards these conditions in the
Pyrenean ﬁr metapopulation. Studies across the range of Abies alba indicate an
intense human pressure on this tree in Southern Europe (Ruosch et al. 2016). In any
case, with decreased forestry activity within and outside the nature reserves, current
tree distribution in many mountains would be changing even without climate
change. Many nature reserves may be too small to cope appropriately with these
changes and forest mass conservation in general. Reserve size matters, at least
concerning trees and large mammals, thus conservation policy outside natural
reserves becomes a vital element for them. Natural reserves may provide space for
pilot studies and observations to inform decisions over large mountain-areas
regulation.

1.5.5

Local Contribution to Global Ecological Services

The task that mountain nature reserves may play in mitigating global change may
appear as insigniﬁcant. Although carbon stock in soils and forests may be high per
surface unit (Garcia-Pausas et al. 2017), the overall ﬁgure may become irrelevant
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when considering large areas. It may happen similarly with biodiversity preservation and any other of the components of current global change. Although ecological
services to mitigate global change issues can be modest, the symbolism of mountain
nature reserves may be valuable. Actions in mountain reserves may be mirrored in
other areas covering larger extensions. It is not only a matter of education but also
of symbolism. Mountains have had a symbolic appeal since ancient times, and they
are still being so. Current conservation goals may emotionally link people to those
traditional values [e.g., sacred lakes and forests (Brandt et al. 2013)].

1.5.6

Conservation Beyond Conservation

The conservation paradigm was built in a context in which a large part of the
population had actual contact with natural environments through a rural life or
recent memory of them. Even in those circumstances, the understanding and
emotional connection to nature varied among cultures (Crowley 2013). Nowadays,
more than half of the population of the planet has moved to the cities and a large
part of the population in developed countries has only incidental contact with
nature. Even among those that expend a lot of time outdoors, most are of urban
origin, many are sports practitioners or specialized collectors with a limited
understanding (interest) for how nature works as a whole. Conservation has had
always a double appeal: emotional and rational. The hankering of preserving a past
legacy is now challenged by global change but also by the loss of tight connections
of humankind with nature.
The conservation paradigm has to face the new situation and accumulate as
many as possible rational and emotional arguments. A leading token in that sense is
the global stewardship humans are responsible for (Steffen et al. 2011). In this
situation, new conservation values emerge; for instance, microbial conservation
(Casamayor 2017) and biogeochemical ecosystem services (Garcia-Pausas et al.
2017). Saving big trees and bears is ﬁne, but consciousness about our intervention
in the dynamics of the whole planet system and the need to respond in an appropriate way to this challenge becomes a priority in the conservation paradigm. In
contrast to trees and bears, microbes and biogeochemical pathways are scarcely
apparent. Communication and visualization techniques in nature reserves have a
great role to play in this issue, including the use of new technologies.
The more conservation suffers from social pressure, the more it is involved in the
economic arena. This has pros and cons, but the tendency of a growing economics
around conservation calls for more expert attention (Sala et al. 2013). The environment has been progressively accepted as an economic sector as pollution
problems have been growing. Conservation has not fully been included yet in the
same dynamics. It is still viewed in aesthetical terms rather than as a critical part of
the socio-economic affairs. This ﬂawy attitude is even shared by some professionals
of environmental issues. They see conservation as a matter of preserving beautiful
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butterﬂies, instead of recognizing that the conservation paradigm provides the roots
in which their activity is grounded.
The planet requires areas (land and sea) in which nature free dynamics can
develop. These areas have to be sufﬁciently large to be more than an open zoo. On
the other hand, conservation has to facilitate the contact of the citizens with the
natural processes beyond TV shows. Therefore, rather than ﬁrm boundaries, a
complex system of progressive zonation with different degrees of human presence
and activities is desirable. The high-mountain landscape is naturally prompt to this
situation. This is the reason why many nature reserves are located there. The
harsher conditions with increasing altitude provide a natural softening of direct
human incidence. However, preserving the highest lands cannot be at the expense
of inhibition about lower areas. Nature conservation is crying for new developments
in science and technology on natural and social ﬁelds according to the current
challenging changing times.
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