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EXECUTIVE SUMMARY
"Primary forests", that is to say, those that have evolved throughout their entire

history without human intervention, are now extremely scarce. However, old-growth
stands with a certain degree of maturity and a low human impact can still be found
locally. In the Mediterranean basin old-growth stands are estimated to represent
only 2% of the original forests.

Due to their extreme scarcity, their complexity and the biodiversity they host,
old-growth forests are a key issue in conservation policies. The EU is currently
moving towards a common strategy for mature forests, and progress is being made in
several countries concerning its identification and protection. In Spain, the
Spanish Forestry Strategy foresees the creation of an Ecological Monitoring
Network for Natural Forests, and many autonomous communities are in the process of
identifying their last old-growth stands.

This document provides an exhaustive review of the scientific state of the art on
forest maturity and its different meanings, and synthesizes the most significant
and observable characteristics of old-growth stands. These include the existence
of very old trees, gaps in the canopy that allows the regeneration of shade
tolerant species, significant amounts of dead wood - both standing and in the soil
- , a clear vertical diversification, and the absence of anthropic interventions.

The structural properties that characterize old-growth stands - and their
associated ecological functions - gradually appear over time, and are the result
of the ecosystem dynamics, in a cycle that is constantly re-starting. Moreover, it
is necessary to take into account the scale factor; an old-growth forest will be
composed simultaneously of stands in all phases of development, from young to old-
growth, resulting in a heterogeneous landscape mosaic.

Due to its special structural characteristics, old-growth stands are the habitat
of a large number of highly specialized species. The scarcity of old-growth stands
implies that forest Dbiodiversity related to senescent phases has become
threatened. This document reviews the importance of old-growth stands for
different groups: Dbirds, chiroptera, saproxylic coleoptera, vascular flora,
lichens and fungi.

The last old-growth stands are the most natural forest habitats available, and
therefore, they are a valuable element of comparison, so they can be considered as
"reference stands" for each type of forest. This reference character of old-growth
stands takes on special relevance under the Habitats Directive and the Natura 2000
Network. Moreover, the study of old-growth stands can also provide criteria to
guide forestry towards the achievement of conservation objectives of species or
habitats, especially in protected areas.

In the 1last section of the document, a set of criteria for evaluating both
structural parameters and anthropogenic influence is proposed, and a procedure for
the practical evaluation of forest maturity is advanced.

0ld-growth forests: characteristics and conservation value 1
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OLD-GROWTH FORESTS: CHARACTERISTICS AND
CONSERVATION VALUE

1. INTRODUCTION

1.1. Do old-growth forests exist?

Primary forests that have developed free from anthropogenic interference
and which, at the end of the last glaciation, covered 80% of Europe are
today extremely rare. The best examples are to be found on the American
continent, mainly in the temperate and boreal forests of Canada and Alaska,
and tropical forests in Amazonia, but also in the almost untouched boreal
forests of Russia and certain areas of Scandinavia. In Europe, intense land
use by humans has led to the present situation in which there 1is
practically no area of forest that has not been altered by the hand of man,
with the exception of some areas in the Urals and the Carpathian mountains
(Bengtsson et al., 2000) .1

In 2000 it was calculated that the world’s intact forest landscapes took up
12.8 million km?, 22% of the world’s forest landscapes. Intact forests are
defined as being those with a surface area greater than 500 km? and formed
of a seamless mosaic of forest and naturally treeless ecosystems which
exhibit no signs of human activity or habitat fragmentation and are large
enough to maintain all native Dbiological diversity, including viable
populations of wide-ranging species (Potapov et al., 2016). In the same
study, 1t was calculated that the area of intact forest landscapes
decreased by 7.2% between 2000 and 2013.

The absence of primary forests does not preclude the local presence of
highly untouched forests or stands, consisting in mature wooded areas or
stands with a very slight human footprint, at least with regard to logging
or other extraction processes. An estimated 15-20 million ha of forest with
minor anthropic intervention levels still survive, mainly on the Russian
taiga (Halkka and Lappalaien, 2001), which represents just 5% of Europe’s
total forest cover. This proportion is even smaller in the Mediterranean
basin, where 1t 1is estimated that a mere 2% of the original vegetation
remains relatively untouched; wunaltered forests account for 1.6 ha
concentrated mainly in Turkey and Bulgaria (FAO, 2013). Furthermore, in
more developed countries this ratio is smaller: in France only 0.2% of the
forest cover 1is untouched forest, in very remote locations (Barthod &
Trouvilliez, 2002).

1 http://www.intactforests.org/ data.ifl.html

Old-growth forests: characteristics and conservation value 1
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In Europe, forestry management and land uses have given rise to the
predominance of young forests with a long history of intervention, known as
secondary forests. Such forests have been subjected to human intervention,
intensively -through felling and planting, for instance- or through
continued harvesting of resources, and even through interventions seeking
to establish natural regeneration. The likelihood that these forests might
achieve the characteristics of a primary forest after an extended period of
time free from intervention, or the possibility of conducting active
management techniques to re-establish certain features of old-growth stands
more quickly than through natural evolution, are currently under debate
(D'Amato & Catanzaro, 2007; Paillet et al., 2015).

For these reasons, in recent years ‘old’ or ‘mature’ forests? have attracted
considerable attention and generated intense researching activity, although
the level of knowledge varies substantially from one biogeographical region
to another (Burrascano et al., 2013). Most research has been focused on
temperate and boreal ecosystems, and in the majority of cases these were
subject to frequent, low-level disturbances, and in particular, free of
damage by forest fires. Only rarely have studies been conducted on old-
growth forests in which the disturbances include fire in a prominent role,
and these are focused on conifer ecosystems on the American continent
(Cortés et al., 2012). All these cases highlight the fact that fire is a
key component in forest dynamics (Binkley et al., 2007; Fiedler et al.,
2007) .

In the Mediterranean basin, at present, there 1is insufficient scientific
knowledge on old-growth forests in Mediterranean ecosystems, in which fire
plays a major renovating role both in coniferous forests and in fagaceae
and broad-leaved forests (Mansourian et al., 2013).

Studies on Mediterranean environments focused on France and Italy refer, in
general, to mesic ecosystems such as beech or pine forests. In Spain, the
few studies conducted in this field are also centred on Atlantic or
Pyrenean areas (Antor & Garcia, 1994; Bosch et al., 1992; Gil, 1989; Rozas,
2001, 2004, 2005; Rozas & Hernandez, 2000).

Consequently, there is clear need for further research to establish common
ground on which to define ‘naturalness’ 1in forest bodies (Lorber &

2 The scientific literature has proposed many terms such as old-growth, virgin,
natural, pristine, etc. forest. The expression ‘old-growth forest’ is the most
widely used, especially in North America (Wirth et al., 2009), although in the
United Kingdom the terms ‘ancient forest’ or ‘ancient woodland’ are also used. The
FAO (2012) recognises as many as 99 different terms under ‘old-growth’. In Italian,
this term is translated as ‘foresta vetusta’, in French as ‘férets anciennes’ and in
German as ‘Urwald’. Some confusion still remains in Spain, where Dboth ‘bosques
maduros’ and ‘bosques viejos’ are used. In this document, a clarification of Spanish
terminology is proposed (see Glossary) .

0ld-growth forests: characteristics and conservation value 2
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Vallauri, 2007) and ‘maturity’ in varying environmental conditions, as well
as to consider the need for the characterisation of old-growth forests in
Mediterranean climates (Chirici & Nocentini, 2010).

1.2. O0Old-growth forests in conservation policies

Interest in the conservation of old-growth forests sprang up in North
America in the 1970s and 1980s, in reaction to the loss of primary forest
bodies and to harvesting models that endangered Dbiodiversity, most
especially species highly dependent on old stands. These studies took place
almost 1in parallel with the development of theories on the dynamics of
woodland stands, and called for setting in motion an inter-agency committee
(participated by the USDI Bureau of Land Management, Oregon State
University, and ©National Forest and Research Branches of USDA Forest
Service). This produced a working group for the establishment of the first
definitions (0ld-Growth Definition Task Group) that began in 1985, building
on the work done in the previous decade, and by 1986 had established the
draft definitions for some old-growth forests on the west coast of the USA
(Old-Growth Definition Task Group, 1986). A review of the history of the
origin of this concept is found in Franklin & Spies, 1991.

Since then, intense research has been conducted on this issue in North
America, leading in June 2014 to the submission of a request to President
Obama to enact a National Policy for the Conservation of Old-growth Forests
signed by more than 75 scientists and forest managers in the USA and
Canada. These scientists included renowned figures such as Edward O. Wilson
or Gene E. Likens, and forest managers including heads of the USDA Forest
Service.

This concept spread rapidly to Europe, and even in Spain studies on old-
growth forests were launched (i.e. Bosch et al., 1992; Antor & Garcia,
1994) . Research on old-growth forests was initially led by France and
central European and Scandinavian countries, which have now been actively
joined by Italy. Generally speaking, old-growth forests are considered in
Europe as secondary forests, in which intervention has ceased or low-impact
management systems are maintained. These forests are valuable assets, not
only for the biodiversity they support, but also as a reference both for
conservation initiatives and for productive forest management.

A further aspect in which Europe has made progress is in building these
concepts into 1its conservation policies. Thus, in 1995, the European
Commission approved COST Action E4: Forest Reserves Research Network, with
the aim of promoting coordination and enhancing research on natural and
semi-natural forests in Europe. The objectives were to create a European
network of forest reserves, to compile current research activity, to unite
and standardise researching methods and to enable universal access to a
central database on forest reserves (Parviainen et al., 1999).

In 2003 over 180 scientists from 18 countries signed the document
“Scientists’ call for the protection of forests in Europe”, which included
the demand for a specific policy to be issued by European governments and

Old-growth forests: characteristics and conservation value 3
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the EU assuring rigorous protection for extensive old-growth forests. This
document requested the constitution of a coherent sub-network of strict
forest reserves (Category I wunder the UICN) or central areas within
National Parks (Category II), which was diagnosed as one of the weaknesses
in many regions across Europe.

Though the inclusion of old-growth forests in conservation policies has
been unequal, some countries have indeed taken old-growth forests into
account in their Dbiodiversity preservation policies, as 1in the case of
Italy (Blasi et al., 2010). At present, the EU is working on concepts such
as HNV (high conservation wvalue) forests (EEA, 2014), which in the future
are expected to shape EU policies.

In a recent document, the concept of old-growth forest is examined from the
European viewpoint, and a systematic summary is given of the data available
on old-growth forests in the 33 member countries of the European
Environment Agency (Garcia Feced et al., 2015), leading to the following
conclusions:

e It is difficult to establish a common terminology owing to the many
definitions given to a term and to the sundry criteria and
indicators. Moreover, myriad related terms are used freely with
little thought for their actual meaning. In Europe, this problem is
multiplied by the number of languages spoken on the continent.

e A review of the data available reveals that the body of information
is wunevenly distributed throughout Europe. In some countries, the
identification, inventory and protection of old-growth forests is at
an advanced stage:

e Scandinavian countries include the search for old-growth
forests in their national forest inventories.

e Specific mapping has Dbeen conducted in countries such as
Bulgaria, Romania and Hungary.

e Old-growth forests have Dbeen integrated in the Dbiodiversity
conservation policies of countries such as Austria, Germany and
France where programmes have been launched to create integral
reserve networks; or Italy, where a network of old-growth
forests has been created within the Italian Network of National
Parks.

*» There is an overall shortage of appropriate specific information and
insufficient access to critical forest data. Mapping is essential,
and historical research 1is necessary; the same can be said of
fieldwork to identify the characteristics of maturity.

e The availability of systematised information on ancient forests
across Europe could provide fundamental knowledge for conservation
programmes, as well as for establishing European indicators for the
naturalness or intensity of forestry management.

Within the Dbiodiversity conservation policies of certain Mediterranean
countries such as France (Gilg, 2005) or Italy (Blasi et al., 2010),
initiatives have been launched to locate and protect old-growth forests, or

Old-growth forests: characteristics and conservation value 4
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forests with the potential to reach this status; or, if these are not
found, older woodland stands.

The Spanish Forestry Strategy?® envisages the creation of a Network for the
Ecological Monitoring of Natural Forests, which should include not only
forest bodies that are ‘representative of old-growth forest but also
ancient forests. These two categories relate to the duration or continuity
of existing old-growth forests, and to primary, natural, semi-natural and
secondary forests, according to the categories assigned to their origin’.
With this aim, the mentioned Strategy has commissioned a joint committee
set up by the State and the Autonomous Regions to draft a national
inventory of natural forests, to issue planning and management
recommendations, for the incorporation of landowners to active management
of forests and woodlands in the Network, and to engage in research on the
Forest Reserves. These items in the Strategy have not Dbeen developed,
although some Autonomous Regions pursue similar initiatives.

We may highlight the creation of Integral Reserves within old-growth
forests (Muniellos, in Asturias; Aztaparreta and Lizardoia, in Navarra), or
the inclusion on the UNESCO World Heritage List of the "Primeval beech
forests of the Carpathians and other regions in Europe®", which comprise the
beech forests of Tejera Negra (Castilla La Mancha) and Montejo (Madrid),
Lizardoia and Aztaparreta (Navarra) and Cuesta Fria and Canal de Asotin in
Picos de Europa (Castilla y Ledn).

The greatest progress 1in studying, locating and protecting old-growth
stands and forests has been made in Catalufia, where it 1is believed that
primary forest 1is non-existent and relatively mature forests account for
just 2% of the total surface area (Mallarach et al., 2013).

Despite having compiled an inventory of old-growth forests in the Garrotxa
district (ANEGX,,2008), the Alt Pirineu Natural Park (Palau & Garriga,
2013), and the Montseny Natural Park (Sanitjas, 2013); having set in motion
the SELVANS programme promoted by the Provincial Government of Gerona
giving rise to 58 forest reserves (Hidalgo & Vila, 2013); or having drafted
an inventory of singular forests throughout the autonomous region (CREAF,
2011), the survival of these small reservoirs of Dbiodiversity are

threatened by forest Tharvesting pressures (Montserrat, 2013) . This
3 Spanish Forestry Strategy (undated). Ministry of the Environment. Secretariat-
General for the Environment. Directorate-General for Nature Conservation.

http://www.mapama.gob.es/

4 This is an international candidacy, in which Spain participates along with another
nine countries: Albania, Austria, Belgium, Bulgaria, Croatia, Italy, Romania,
Slovenia and Ukraine.

0ld-growth forests: characteristics and conservation value 5
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underscores one of the main conservation problems in these habitats. The
Generalitat de Catalunya proposed the creation in 2015 of a “Network of
Natural Evolution Forests"“, a pioneering initiative in Spain, along with

the identification of stands of reference in Aragon by means of designing
and implementing a method for the identification and characterisation of
mature and old-growth forest stands that is applicable to habitats of
Community interest.

Senescent fir forest in the Aragonese Pyrenees. Photo: Alvaro Hernandez

Old-growth forests: characteristics and conservation value 6
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2. THE CONCEPT OF OLD-GROWTH FOREST

The study of old-growth forests starts from the premise that forest
ecosystems permanently undergo changes and that they persist over very long
periods of time owing to the great 1longevity of the key species they
contain, namely, trees. Over such periods of time, these ecosystems develop
from their establishment to a state of maturity while simultaneously
undergoing changes in their composition, structure and functions (Franklin
& Spies, 1991).

In contrast with primary forests, old-growth forests may be secondary
forests in which human intervention has ceased, allowing them to acquire
mature properties that are similar to those of primary forests (MCPFE,
2007) .

Several definitions have been given for old-growth forests, from a number
of approaches: structural and with regard to their specific composition
(Rotherham, 2011), historical -stressing the importance of the continuity
of forest cover through an extended period- (Vallauri et al., 2012), based
on the theory of ecological succession, and even on ecological processes.
On many occasions a combination of these criteria is employed (f & Reich,
2003; Hilbert / Wiensczyk, 2007; Wirth et al., 2009).

Most of the definitions currently in use can be classed into three groups
(Spies & Franklin, 1988; Hunter, 1989; Wells et al., 1998; Messier &
Kneeshaw, 1999; Kimmins, 2003): the first lays emphasis on structural and
compositional features; the second underscores the successional processes
that lead to the mature stage and that are currently maintained; and the
third group assumes criteria relating to biogeochemical processes (Wirth et
al., 2009).

Below is a summary of the main features in each group:

Structural definitions

These are based on a description of distribution by age and size, and on
spatial distribution patterns of 1living and dead trees (Wells et al.,
1998). Among these indicators, data on age structure are the most
valuable as these are directly related to the birth and death rates that
shape the demographic structure.

This is the most commonly adopted approach, stemming from the idea that
structural features are the result of functional aspects that are
characteristic of old-growth forests (Spies & Franklin, 1988; Franklin &
Spies, 1991; Marcot et al., 1991; Holt & Steeger, 1998; Kneeshaw &
Burton, 1998; Wells et al., 1998; Braumandl & Holy, 2000), such as: big
trees, old trees, many-layered canopy, abundance of large tree-stumps,
diverse tree community, some very old trees, openings in the canopy,
micro-topography of small elevations caused by fallen trees, complex
structure, wide spaces between trees and more abundant undergrowth.

Old-growth forests: characteristics and conservation value 7
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One of the main shortcomings to this approach is that the structural
indicators have only been developed for the characterisation of old-
growth forests’ appearance in a limited set of forest types (Spies,
2004). The distribution of tree-girths is wusually used to gather an
approximate distribution of ages. However, data series for age and size
are in many cases poorly correlated (Schulze et al., 2005).

Structural characterisation of dead wood in terms of size, abundance and
state of decay is not a useful indicator to gauge conditions of maturity
unless 1t 1s backed up with additional information on the structural
permanence and history of the forest in question.

Additionally, it should be remembered that rates of decomposition will
vary according to the biogeographical region. High rates will be found
in humid, warm climates, which 1s why dead wood reserves in tropical
forests are generally low (Wirth et al., 2009). In Mediterranean
environments, wood decomposition rates may be up to five times faster
that in boreal climates, owing to the higher mean temperature (Lombardi
et al., 2010, 2013).

Moreover, different authors have found that structural characteristics
cannot be taken as the sole criterion in identifying old-growth forests
(Barnes, 1989) given that the degree of maturity and its appearance 1is
affected by local productivity (Carleton & Gordon, 1992; Day & Carter,
1990) and the species involved. The most frequent criticism of
definitions based on structure is that they fail to recognise the forest
ecosystem’s natural dynamic. The structure of old-growth forests is
thought to vary as a result of many factors (Boyce, 1995) making this
definition unsuitable for application to all forest types (c 2003).

Definitions based on succession

These are based on the theory of ecological succession, taking into
account both the successional paths that have led to the old-growth
forest and the processes that maintain it. According to Oliver and
Larson (1996), true old-growth ‘describes stands composed entirely of
trees which have developed in the absence of allogenic processes’. By
‘allogenic processes’, large-scale disturbances are referred to, such as
fire or major tree falls, which may potentially lead to secondary
succession but exclude continuous external forces such as alterations in
climate.

Other successional «criteria interpret older stands as a phase that
corresponds to the disappearance of the first cohort of individuals,
replaced by species that are characteristic of more advanced stages of
succession and that arrived later (Wirth et al., 2009), or as a stage
composed of shade-tolerant species =-a result of the successional
process- that regenerate in small clearings (Climax old-growth: Frelich,
2002) .

Further successional definitions highlight the processes sustaining old-
growth forests, such as the dominant type of disturbance or an elevated

Old-growth forests: characteristics and conservation value 8
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tolerance to shade conditions among the dominant species (Mosseler et
al., 2003).

Nevertheless, this type of definition disregards structural aspects, and
a knowledge of the forest’s composition, establishment and history 1is
essential before such definitions can be applied.

Biogeochemical definitions

These wuse criteria that indicate the maturity of the system for
quantifying the ecological processes: full cycles of nutrients, reduced
net primary protection of trees, net accumulation of zero biomass, and
increased undergrowth diversity. However, although these quantifications
are representative of maturity conditions, gathering most of these data
involves exhaustive fieldwork and costly instrumentation, which greatly
hinders their implementation beyond experimental spheres (Sala et al.,
2000) .

There 1is, however, no unique set of parameters with which to characterise
old-growth forests, a situation that in view of the wvast diversity of
forest ecosystems is neither possible nor desirable (Mosseler, 2003; Spies,
2004; Wirth et al., 2009; Burrascano et al., 2013). Nevertheless, there is
some consensus over an array of structural descriptors for maturity, which
are in all likelihood the most significant and observable characteristics
in all old-growth forests (Fiedler et al., 2007; Keeton et al. 2010). Among
these we can highlight the following:

— A degree of ageing, with the existence of specimens of species
pertaining to advanced successional stages with ages close to the
limits of their longevity, and a mean age for the whole stand at
the mid-point of said longevity. This old age can generally be
distinguished by the existence of numerous trees of great
dimensions.

— A composition and structure given by natural regeneration dynamics
triggered by mild disturbances: irregular forest mass structure,
openings in the canopy, regeneration of shade-tolerant species,
variety of species. The specific composition of the undergrowth is
dominated by nemoral species associated to the permanence of the
forest canopy 1n a stand over time, and is mostly free from
meadow, field and ruderal flora.

— An 1important presence of dead wood, standing and fallen, in
several stages of decomposition.

— Vertical diversification: appearance of several clearly-
differentiated strata, or a purely irregular structure leading to
the presence of trees of all heights.

— Absence of anthropogenic interference, or <cessation of such
interference many decades ago. Old-growth forests should be
subject only to autogenic disturbances.

In ecosystems where fire plays a leading role, these characteristics may be
altered to some degree, as it 1is common for old trees to be found in old-

Old-growth forests: characteristics and conservation value 9
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growth forests, but not always trees of very large size: low density of
trees, the latter distributed in groups; modest quantities of dead woody
matter, standing or fallen; canopies with some openings; much diversity and

biomass in the undergrowth and low levels of tree regeneration; and slow
nutrient cycles (Egan, 2007; Fiedler et al., 2007).

Old-growth stand of Pinus halepensis in the province of Zaragoza. Photo:
Enrique Arrechea

3. OLD-GROWTH FORESTS AND FOREST DYNAMICS

3.1. The silvogenetic cycle

The structural and ecological properties that are characteristic of old-
growth forests appear gradually over time, as a consequence of the
ecosystem’s own dynamic in a continuous cycle of constant renewal.

The phases of development are the successive structural stages experienced
by each generation of dominant vegetation in the absence of interference of
any importance, from their origin after a full renovation of the forest
floor to the demise of all the individuals comprised in the initial
generation. Additionally, the development phases correspond to differences
in the main ecological processes that take place in forest ecosystems.

The cycle begins when, following some disturbance and the ensuing clearing
of space for vegetation, the occupation of this space occurs with a new
generation of plants. The manner in which such occupation takes place 1is
heavily influenced by the type of disturbance, the surviving biological

Old-growth forests: characteristics and conservation value 10
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legacy, the features of the terrain (soil type, slope, etc.) and the

surrounding conditions.

During the occupation phase, every species present in the ecosystem will
play a role, whether from seed banks, surviving individuals or propagules
imported from undisturbed adjacent areas.

Following occupation, the newly-installed species will deploy their
strategies to compete and survive. Trees, 1in particular, taking advantage
of their taller stature and greater longevity in comparison with herbaceous
plants and shrubs, will gain in height and biomass to form a closed canopy
above the ground. This 1is known as the height growth and tree canopy
closure phase. During this phase, biomass accumulation continues, becoming
visibly dominant in the tree stratum.

As soon as the overhead tree canopy 1is complete, the exclusion phase
commences: competition among species becomes stronger, especially in the
tree stratum, but also in other strata that are deprived of light causing
the elimination of plants that cannot tolerate shade. Meanwhile, fierce
inter- and intra-species competition is established among trees, leading to
the death of individuals through self-clearing (this phase is also known as
“exclusion of failed trees”.

At this point the extended transition phase (Bormann & Likens, 1979; Oliver
& Larson, 1996) or maturation phase (Franklin et al., 2002; Spies &
Franklin, 1996) begins, during which horizontal and vertical structural
diversification of the forest stand takes place, giving rise to the
diversification of available ecological niches (Carey & Curtis, 1996).

Full maturity among the trees forming the upper canopy, and the
installation of intermediate levels, trigger a renewal dynamic that is
determined by the longevity of the species present and the rate of
disturbance. Where the level of interference is mild, the trees forming the
canopy are gradually replaced, as individual trees die, by trees from the
intermediate levels that are generally more resistant to shade conditions
than those initially forming the canopy. The forest openings left by dead
trees, due to competition or the growth in height of trees, provide the
conditions for shade-tolerant plants to become established, giving rise to
intermediate levels or potential regeneration drives. This phase in the
cycle corresponds with ‘old-growth stands’ and may last for an extended
period owing to the great longevity of forest species.

With the passage of time adult trees attain their full height, after which
some begin to fail, either through having fulfilled their maximum life
expectancy or due to disturbances. The openings thus created are occupied
by trees from the lower levels or, in the event of major disturbances, the
cycle will start all over again.

The development of intermediate layers, the growth of trees to replace
adult trees in the openings left in the canopy, the growth of herbaceous
plants and shrubs in the larger gaps, etc., ensure the structural diversity
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of the stand and, in particular, the occupation of the full wvertical
profile.

Moreover, the growth of the portion of trees surviving the initial
generation allows them to reach a great size, accumulating the greatest
percentage of biomass present in the entire ecosystem, while the death of
another portion of the same generation accumulates a voluminous store of
dead wood both fallen and standing.

Thanks to the great size and age reached by these trees, they suffer
breakages, hollows, and alterations to the bark, etc. which, further to
structural diversification, ensures a rich provision of ecological niches
that are occupied by specialised taxons.

All the above leads, at this point, to the senescence or ‘old-growth’
phase. Diverse vegetation, trees of great size (usually well spaced)
intermingled with younger trees of all ages whose crowns occupy the entire
vertical profile, and a large amount of dead biomass both standing -whole
trees or severed trunks- and fallen (Oliver & Larson, 1996), as a
consequence of the death of older trees.

This phase may extend over a long time by means of a renewal process in
small openings, and the subsequent ageing of the replacement trees, or
collapse altogether due to a major disturbance and re-start the cycle.

Cohort Biomass
establishment accumulation &
Canopy competitive
closure _exclusion  Maturation

Old-growth processes:
Vertical diversification
Horizontal diversification
Loss of pioneer cohort

Disturbance and
biological legacies

Figure 1.Principal structural properties in each of the phases in the
silvogenetic cycle.

3.2. Forest or stand. The importance of scale

The concept of ‘old-growth forest’ cannot be fully defined without taking
into account considerations on the scale of landscape. One of the latest
definitions, and the closest to the reality of our ecological situation,
has been coined in Italy, and defines old-growth forests thus: forests in
which anthropic disturbances are absent and in which the natural dynamic
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creates a mosaic of stands in all stages of development, including
senescence (Blasi et al., 2010).

This definition highlights the difference between forests, as ecosystems
requiring a large surface area to ensure that all the characteristic
ecological processes will occur and that they can support space-seeking
elements of forest biodiversity, and the stands they are composed of, some
of which may be in their final dynamic stages typically containing large,
old trees, standing and fallen dead wood, and a composition of wvascular
plants according to the biogeographical context that includes highly
specialised plants related to regeneration in forest clearings and micro-
habitats resulting from a high level of structural heterogeneity.

To this landscape perspective must be added the role of disturbances,
particularly the dominant type of disturbance (Spies et al., 1996): those
that eliminate the intermediate layers induce regeneration dynamics that
differ greatly from those that do not affect the stand’s bottom layers.
This leads to the question: what is the maximum degree of maturity that can
be reached by Mediterranean ecosystems subjected to intense drought, the
effects of grazing, and on many occasions characterised by forest fires as
the principal renovating agent.

The silvogenetic cycle 1is 1likely to be longer in the event of major
disturbances since, following the settlement of communities of pioneer
species and the ensuing exclusion phase, tolerant species return and
develop, leading to their regeneration and the demise of the pioneering
species that initially filled the gap. The final step is the maturation of
the communities of dominantly tolerant species.

To sum up, old-growth forests, as a result of disturbances, are
simultaneously composed of stands or copses at every stage of development,
all of which together make up a heterogeneous structure in the manner of a
mosaic (Schwendtner & Cércamo, 2010).

3.3. Forest management and the silvogenetic cycle

The commonest forest management practices, mainly directed at timber
harvesting, are based on the exploitation of forests at the peak of their
productivity, through constant renewal of the system and preventing the
forest from reaching senescence. In this manner, forest management leads to
a major transformation of the forest’s structural characteristics. This
basically consists of the continuous renewal of the forest mass by means of
different logging practices, forestalling disturbances such as falling
trees, fire or plagues that, in a natural state, would provoke a cycle of
different-sized openings 1in the forest canopy enabling an endless
rejuvenation process (Figure 2).

In forest terminology, the occupation phase 1is equivalent to the
dissemination and thicket stage, and the ‘height growth’ and ‘canopy
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closure’ phases correspond to the ‘thicket stage’. The exclusion phase
comprises the ‘pole stand’ and ‘young stemwood’ stages, while the ‘tall
stemwood’ stage signals the beginning of the maturation phase mentioned
above. It 1is wusually at this point that tree-felling for regeneration
purposes 1is conducted, thus relaunching the cycle. This eliminates the
maturity and senescence phases from husbanded forests and woodlands (and
from forest terminology). This gap between cycles occurs as trees reach
their maximum growth very early with respect to their longevity. This
allows for logging campaigns at intervals that vary from 70 to 140 years
for species whose natural longevity exceeding 500 years.
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Figure 2.Diagram of the phases in the development over time of a stand, and
the acceleration -or exclusion of certain phases- through forestry
management. Systematic exclusion of the senescent phase, which is precisely
the most transcendent for the conservation of threatened species.
Schwendtner, 2014.

Regular forestry management, therefore, simplifies the structural and
biological complexity of forests and woodland. Achieving a sustained yield
rate does not, however, always mean that the forest ecosystem 1is
sustainable (Mufioz & Schwendtner, 2005) and may be the cause of
biodiversity loss (Gilg, 2005). In addition, this simplification is likely
to impact forest structure and composition over an extended period of time.

A comparison of the specific wealth or alpha biodiversity in temperate and
boreal European forests, harvested or non-harvested, yields the following
results (Paillet et al., 2010):

— The overall wealth of species is slightly greater in non-harvested than
in harvested forests, especially in the case of saproxylic coleoptera,
fungi, lichens and bryophytes.
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— The wealth of species dependent on the temporal continuity of the forest
canopy and the presence of dead wood and big trees (bryophytes, lichens,
fungi, saproxylic coleoptera and carabids) 1s negatively affected by
forest exploitation.

— By contrast, vascular plant species benefit from harvesting practices,
which explains their greater abundance in forests under exploitation.

— Whether there are differences regarding the wealth of birdlife 1is
unclear, and is also dependent on factors such as habitat types in the
vicinity and the landscape mosaic structure, as well as the structure of
the stand itself.

— Overall differences in the wealth of species between harvested and non-
harvested forests and woodlands increase with the length of time elapsed
after they are abandoned, signalling a gradual recovery in biodiversity.
This gain 1in species diversity is of particular significance in fungi
and saproxylic insects, but may be considerably slower in the case of
lichens and bryophytes.

— In exploited forests, a smaller abundance of species is seen in forests
subjected to clear-cutting, especially when the subsequently regenerated
forest mass, whether naturally or through replantation, is made up of
different species to those that belong to the natural habitat in that
location. However, forests subjected to felling for thinning purposes do
not register significant losses in their wealth of species in comparison
with non-harvested forests.

It must nevertheless be pointed out that these observations by Paillet and
collaborators refer to wealth as the specific number of species without
taking into account their ecological value. Absolute value in biodiversity
has more to do with the scarcity and specificity of species rather than
their numbers.

3.4. Management of old-growth stands

Forest management in protected areas may incorporate specific management
measures focusing on forest maturity. A first measure is to set in motion
actions to identify this type of stands, which are at present but little
known. As appropriate, other conservation measures are also taken to
guarantee the stands’ long-term survival (e.g., their declaration as
candidates for inclusion in protection schemes).

From the forest manager’s or landowner’s perspective, or the managers of
protected spaces, it 1is advisable to define the conditions under which
different management options should be applied as, in principle, this will
depend on the degree of maturity of the forest stands. Table 1 summarizes
the preferred type of management for each type of stand.

In older stands, non-intervention is the preferred management option. These
are stands that have not been managed for a long time, and should be left
to the action of nature’s ecological processes. Having identified such
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stands, it may be necessary to assess whether any specific measures are
needed to assure their long-term conservation. These sites may require some
restrictions to public uses. Likewise, they are scenarios of preference for
research and monitoring schemes. At all events, it should be borne in mind
that non-intervention, properly planned and 1in accordance with fixed
targets, is also a management measure (EUROPARC-Espafia, 2011).

In old-growth stands, or those in the process of maturing, in addition to
prospection, identification and conservation measures, 1t may be advisable
to implement certain proactive intervention measures aiming to reach or
enhance certain features of maturity that may be missing in the stand (for
instance, increasing the amount of decaying woody matter, the proportion of
clearings or vertical heterogeneity) by means of forestry techniques. It is
important that such techniques should target explicit and grounded results
(for instance, increasing the populations of a threatened saproxylic
species) .

In singular stands, measures such those mentioned above may sometimes be
desirable to promote certain aspects of ageing. In these stands, however,
other criteria involving their cultural value (pollarded trees, for
example) should also be taken into consideration.

In all other vyoung or rejuvenated forest and woodland bodies, and in
productive forests, the chosen management type should be oriented toward
building their resilience against disturbances and toward strengthening
their adaptability to climate change, by increasing their heterogeneity and
diversity.

The identification of the characteristics and processes pertaining to the
mature stages of a forest (i.e., big trees, dead wood, complex undergrowth
layers), and their relation to wvalues that are of interest to managers
(biodiversity, resilience against disturbances, carbon storage, etc.) is of
enormous interest for its silvicultural applications.

Old-growth forests provide references for silvicultural practices that
imitate natural processes, and that add value to forest management Dby
bringing new and profitable uses much appreciated by society.

Table 1.Possible management measures depending on the degree of maturity
of the stand

']
52
[(] B CHARACTERISTICS MANAGEMENT MEASURES
S
B
Stands that have developed free from | — Monitoring and research
= | BLELEOROgENLC INESEECEemes, e — Characterisation of determinant ecological
' % which covered 80% of Europe at the processes
H o= end of the last Ice Age, are today
=) — Preservation
=) g extremely rare and absent from the ) i
Mediterranean region. —IIn tﬁe Mediterranean region, search for
historical references
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Stands that are fully mature and

— Priority search and characterisation

E have reached their senescent stage. S Greaton of A Network of standstor
| % Large, very old trees, at the limit Reference
ﬁ $ O (S lOHQGVltyf Fogether WEE — Conservation and declaration under specific
N dead.trees, 1n.add1tlon to the protection measures
= previous maturity features. ,
o — Recommended management: preservation,
research and monitoring. No intervention
- Highly untouched stands, consisting — Priority search and characterisation
% Lo relat%vely mature WOOded areas or | _ creation of a Network of Stands of
z stands.w1th a very sl}ght human Reference
= footprint, at least with regard to _ Conservation
l logging or other extraction .
. processes. — Recommended magagement: preservation,
H research and monitoring + spot measures
- regarding certain maturity attributes
Stands with some attributes of — To implement knowledge and experience
maturity that are the result of gained from the monitoring and
erstwhile interventions, especially characterisation network on level II (and
those that take longest to achieve. III) of the Network of Stands of Reference
x | Examples ?f this case are a?andoned — Priority search and characterisation
e e et e that |, FESommEndd nanagement: actions siming <o
o % T fulfll'the eHVlsageq maturity paying special
= ) , . attention to ecological processes that are
« DR @EL Ly Ly lacking or over-represented for artificial
reasons: exclusion of land for grazing,
ringing, coppicing, etc.
— These actions, in the middle term, could
lead to level II
Other natural tree masses, young or — To implement knowledge and experience
3 rejuvenated through management or gained from actions on levels I and II.
< disturbances, and naturalised Silviculture close to nature/enhancement of
S artificial tree masses (with maturity features
ol autochthonous species). — To establish as one of the conservation
E : targets in protected areas, through
o < é regulations and forest/conservation planning
J"E instruments, the creation at each site of a
§ é reserve stand (example 35 in Navarra) with
S the clear aim of preserving biodiversity and
E left to evolve freely

— In the long term, these reserve areas could
reach level I or even II
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4. BIODIVERSITY ASSOCIATED WITH OLD-
GROWTH FORESTS

The special structural characteristics of old-growth forests provide
habitats to a large number of highly specialised species, which do not

settle in the younger phases of forest growth and are therefore
restricted to more mature stands. The scarcity of such mature locations
has caused forest biodiversity associated with senescent stages of
forest development to become so rare that we can state that a majority
of threatened forest-dwelling species are restricted to old-growth
forests (Schwendtner et al., 2005).

Among the structural aspects that are characteristic to old-growth
forests, large Dbodies of dead wood are most directly related to
specialised biodiversity (Gao et al., 2015). Large pieces of dead wood
offer several different stages of decomposition, each of which provides
a habitat for a diversity of taxons (several thousand insect and fungus
species in total), specialised in the direct use of this resource both
as shelter and for food. Rotting wood liberates carbon and other
minerals stored in cellulose and lignin, making these available to new
plants. These elements are often redistributed around the dead trees by
saproxylic fungi and their myceliar networks (Simard et al., 2015). Dead
wood may also act as a nursery for certain species’ seedlings
(especially in forests with a thick organic layer), and has also been
found to provide positive protection to tree seeds against pathogens
(Lonsdale et al., 2008).

This complex habitat changes over time with the process of decay,
allowing us to speak of a succession associated to this process.
Potentially harmful species (liable to behave as plagues or pathogens on
healthy trees) only appear during the early years in the succession
process, while rare (and often threatened) species emerge in later
stages of this succession. Throughout this succession, species
specialised in the host give way to a scenario in which the precise
species of tree becomes of lesser importance, whereas the habitat types
available and the stage of decomposition take on greater prominence
(Méndez, 2009).

Big trees, along with dead trees that are still standing, are also
related to their own biodiversity due to the latter’s role in generating
micro-habitats that are vital to forest species (Sandstrdm 1998; Carlson
et al., 1998; Camprodon 2003; Gao et al., 2015). The formation of
cavities (hollows, folds, etc.) 1n trees depends on a variety of
processes (fungus infection, insect attack, perforation by termites and
woodpeckers, lightning strikes, fire and naturally falling branches)
that increase as trees age, and are therefore more frequent in old-
growth stands. Tree hollows only appear 1in trees that have reached a
certain diameter (approximately 30 cm) and the proportion of trees with
cavities increases exponentially with their girth: only 5% of trees with
a diameter of 40-50 cm have hollows whereas 50% of trees with a girth of
70-80 cm have them (Flaquer et al., 2007). In addition, old trees with
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dead wood on their trunks and branches allow a diversity of epiphyte
flora to thrive (lichens, mosses, creepers, etc.) and provide the
habitat for arthropods that, in turn, are food to insectivorous birds
(Ferris-Kaan et al., 1993).

For instance, hollows in wild pines are found in individuals of 150
years or more (diametric class 30; Sandstrdém, 1992); in the case of
beech, the probability of hollows occurring through malformation,
rotting or wounds increases in diametric classes 50-55 (Camprodon 2003).
Considering that the age for cutting down trees is around 80-120 years,
trees featuring hollows become extremely scarce or cease to exist in
forests where wood is harvested.

Another differentiating feature in old-growth forests is their greater
structural Theterogeneity: greater vertical (several strata) and
horizontal complexity (openings in the canopy), together with greater
variety in the canopy’s age structure, gives a diversity of tree girths.
This is linked to greater biodiversity, as it provides a broader range
of possible environments or micro-habitats (Vallauri et al., 2010).

Lastly, permanence over time leads to the development of a community
that is more complex and more complete, both in the greater development
of the ground and in that of the trees themselves. To give an example,
the bark or rhytidome of old-growth trees, often over 300 years old, has
physical and chemical features absent from younger trees’ trunks that
hosts lichen flora that is specific to old-growth stands.

4.1. Species that are indicators of forest
maturity

Forests that are husbanded in a regular and intensive manner may present
a rich biocenosis, but in general the species present tend to be the
less demanding taxons. It is the more specialised groups such as certain
fungi generally associated with heterotrophic succession, saproxylic
insects, certain birds (woodpeckers) and some mammals (forest Dbats),
that are more clearly linked to old-growth forest environments
(Schwendtner et al., 2005; Mikusinski et al., 2001; Drever et al., 2008,
Roberge et al., 2008).

4.1.1. Birds associated with old-growth forests

Most woodland bird species associated with old-growth forests have their
geographic origins in the deciduous forests of Central Europe. As their
distribution advances southward, their wvariety and abundance diminishes
(Blondel 1985, Telleria 1992), as a result of which Mediterranean
countries are relatively poor in forest birdlife species in comparison
with the northernmost regions on the European continent: few endemisms
and wide dispersion of Dbaricentres toward the SW of the Palearctic in
species whose breeding grounds are in the Mediterranean region (Covas &
Blondel 1998). However, mountainous areas maintain populations of
central or boreal European origin: the Pyrenees, the Cantabrian and the
northern Sistema Ibérico mountain ranges harbour some cold forest
environment species: the Western capercaillie (Tetrao urogallus), the
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boreal owl (Aegolius funereus), the white-backed woodpecker (Dendrocopos
leucotos), the black woodpecker (Dryocopus martius), the middle spotted
woodpecker (Leiopicus medius), the marsh tit (Poecile palustris), the
goldcrest (Regulus regulus) or the Eurasian treecreeper (Certhia
familiaris), to mention a few. These species reached southern Europe

with the Wirm glaciation and remained isolated in the highest mountains
after the glaciers retreated. Therefore, a major part of the Iberian
forest species belong to this central European irradiation and, for many
of them, the 1Iberian Peninsula 1s the southernmost 1limit to their
distribution (Hagemeijer & Blair 1997).

We cannot speak of birds that are exclusive to old-growth forests, at
least on the Iberian Peninsula, or of species that unequivocally signal
a forest’s maturity. Rather, we need to look at functional groups of
species that are associated to the various structures present in old-
growth forests.

Birdlife associated to old-growth forests consists mainly of specialists
in exploiting forest resources, and can be distinguished among species
that make holes in trees for nesting (Picidae), those that take up
secondary occupation of such hollows (the treecreeper, blue nuthatch and
forest-dwelling nocturnal birds of prey) and tree-top dwellers (mostly
Paridae) .

There 1s a positive relation between tree size and the presence of
drilling birds (Beebe, 1974; Carlson et al., 1998). On the one hand,
these species prefer small-sized holes at great height where they are
free from predators, and thick walls for insulation. These conditions
are only found in large trees (over 30 cm diameter). On the other hand,
many bird species prefer to feed in these larger trees (Robles et al.,
2007) . The tendency to occupy stands of greater maturity has been
documented among woodpeckers, especially the black woodpecker (Dryocopus
martius), the white-backed woodpecker (Dendrocopos leucotos) and the
middle spotted woodpecker (Leiopicus medius) (Camprodon et al., 2007).

Tree hollow numbers are influenced by the combination of tree-top
species, the intensity of forest treatment, the amount of dead or dying
wood, the normal diameter, height and age of the trees and the
malformations present (Sandstrdém 1998, Carlson et al., Camprodon 2001).

The proportion of big trees in a given forest 1is also associated with
greater density and variety of ©passerines, secondary tree hollow
occupants who use them for breeding and for shelter, in particular the
blue nuthatch (Sitta europea), the treecreepers (Certhia brachydactyla
and Certhia familiaris) and the Dblue tit (Cyanistes caeruleus)
(Camprodon 2003, 2014; Camprodon et al., 2008). Among these, the Dblue
nuthatch can be considered as the Iberian bird species that acts as the
best indicator of forest maturity: its abundance increases with tree age
and girth and the presence of standing dead wood (Camprodon et al.,
2003) .

A similar ratio is found between tree age and girth and central European
passerines, secondary occupants of tree cavities, both in the more
common species (coal tit, blue tit, blue nuthatch, treecreeper, European
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starling (Robles et al., 2011), and in species rare to the Iberian
peninsula such as the European pied flycatcher (Ficedula hypoleuca), the
collared flycatcher (Ficedula albicolis) and the common redstart
(Phoenicurus phoenicurus) Wesotowski 2007). The boreal owl (Aegolius
funereus), secondary occupant of Picidae tree hollows, displays a
similar trend as far as selecting a tree stand in which to nest (Mariné
& Dalmau 2000) .

In sum, old-growth, and hence large trees of at least 30 cm in diameter,
are a determinant factor to forest birds, since these are the trees that
offer the hollows that these birds need, whether these are Picidaes’
nests or disturbances or breakages (Camprodon et al., 2007).

There 1s also a significant correlation between the amount of dead wood
and the density of cave-dwelling birds, as large dead trees are an
excellent nesting medium for drilling birds, and likewise for secondary
occupants of these hollows (Sandstrom 1992, Camprodon 2003, Redolfi et
al., 2016).

4.1.2. Forest Chiroptera

Most bat species use forest habitats at some stage in their life cycle,
whether this is to hunt, hibernate, or seek temporary shelter. However,
some species are more closely linked to forest environments and known as
‘strictly forest species’. 1Included within this category are nine
species of those identified on the Iberian peninsula: the lesser noctule
(Nyctalus leisleri), the greater noctule bat (Nyctalus lasiopterus), the
common noctule (Nyctalus noctula), the barbastelle (Barbastella
barbastellus), the brown long-eared bat (Plecotus auritus), the Alpine
long-eared bat (Plecotus macrobullaris), the whiskered bat (Myotis
mystacinus), the Alcathoe bat (Myotis alcathoe) and Bechstein’s bat
(Myotis bechsteinii).

These forest bats are closely dependent on trophic and structural
habitat qualities, from which they obtain trophic resources and shelter
in which to spend their periods of inactivity. Strictly forest species
hunt in the forest or its fringes and take shelter mainly in tree
hollows (although some species roost in caves or fissures, such as the
common pipistrelle (Pipistrellus pipistrellus), the soprano pipistrelle
(Pipistrellus  pygmaeus), Daubento’s Dbat (Myotis  daubentonii) and
Natterer’s bat (Myotis nattereri), and may combine both types of shelter
depending on its availability). These bats are also highly sensitive to
alterations in the habitat, which makes them extremely vulnerable
(Vaughan et al., 1997, Grindal & Brigham 1999, Swystun et al., 2001,
Kusch et al., 2004, Kusch & Idelberger 2005, Menzel et al., 2005,
Flaquer et al., 2007a).

The rich abundance of forest chiroptera and their activity has been
shown to be significantly greater in forests than in their fringes, and
greater still wunder conditions characteristic of old-growth forests
(Camprodon et al., 2009; Camprodon & Guixé 2007). In concrete terms,
forests containing big trees (greater than 45 cm normal diameter),
heterogeneous structures and an abundance of dead wood are
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preferentially associated with forest <chiroptera. This relationship
involves the greater availability of shelter (tree hollows) both in
large trees and in standing dead wood, together with greater
availability of trophic resources (Kunz 1982; Russo et al., 2004). Thus,
the presence of forest chiroptera may be interpreted as a symptom of
forest maturity.

All the above factors are conditioned by forest management. Old-growth,
dead or deformed trees are generally seen negatively for wood harvesting
purposes, and are eliminated, thus reducing opportunities for the
establishment of chiroptera (Flaquer et al., 2008).

Table 2. Strictly forest-dwelling Iberian chiroptera on the Iberian

Peninsula

Species Threaten
Category*

Myotis Vulnerable
bechsteinii

Myotis alcathoe -

Myotis mystacinus Vulnerable

Barbastella -
barbastellus

Plecotus auritus -

Plecotus -
macrobullaris

Nyctalus Vulnerable
lasiopterus

Nyctalus noctula Vulnerable

Nyctalus leisleri -

* Source: Catalogo Espafiol de Especies Amenazadas, MAPAMA

4.1.3. Saproxylic coleoptera

Biodiversity associated to the decomposition of dead wood -known as
saproxylic- contains one of the most rich and complex communities
present on Earth’s ecosystems (Harmon et al., 1986, Speight 1989). One
quarter of temperate forest species are saproxylic (Stokland, 2003)
(fungi, 1lichens, arthropod invertebrates, etc.) and this ratio may
increase depending on the type of forest (Grove, 2002). The most highly
diverse macroscopic saproxylic organisms are insects and saprophytic
wood-rotting fungi (Speight, 1989). As for insects, the greatest
diversity is found in the orders coleoptera, hymenoptera and diptera.

The dominant diversity among coleoptera in this functional group,
comprising around 2,500 Iberian and Macaronesian species, 1is the main
reason for their selection as indicators for the saproxylic community
and processes associated with the decomposition of dead wood (Grove,
2002; Lachat et al., 2012) . Further reasons are the multiplex
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relationships with the different aspects of saproxylic biodiversity
(Quinto et al.; Zuo et al., 2016), which, along with fungi, play a key
role 1in rotting processes (Geib et al., 2008; Ulyshen, 2015, 2016);
their presence in practically all forest habitats and in the majority of
dead wood micro-habitats; the greater knowledge of their ecology with
respect to other taxonomic groups; and lastly, the broad experience of
study methods (@kland, 1996; Bouget et al., 2009%9a, b; Quinto et al.,
2013). In addition, there 1is a large group of stenotopic saproxylic
beetles that only occupy micro-habitats -extremely scarce nowadays-
associated with mature wood (Ranius, 2002; Gouix, 2013).

Priority wuse of <coleoptera 1in the research and studies on the
conservation of saproxylic organisms conducted over recent decades,
chiefly in Northern Europe but also in North America and in Oceania, has
allowed us to discern a series of relationships with old-growth forests
and elements of maturity. Both the wealth of species and their abundance
are related to the maturity of the stand (Martikainen et al., 2000;
Lassauce et al., 2013), principally owing to the fact that these are
habitats with more dead wood, greater heterogeneity (stages of
decomposition, typologies, etc.) and abundance of dead trees.

In stands of flowering plants, higher numbers of coleoptera also respond
to the better quality of micro-habitats (Ranius, 2000), a factor that is
difficult to characterise and 1in which coleoptera acquire special
importance as bioindicators. An example of this are the tree hollows in
Iberian dehesas, 1in which a relationship has been found between the
volume and quality of organic matter in the hollow and the make-up of
the saproxylic community (Quinto et al., 2014) after the
characterisation of these micro-habitats and samplings of coleoptera and
diptera (Diptera: Syrphidae).

Moreover, we may highlight the species associated with elements of
maturity (Russo et al., 2010; Miller et al., 2005; Chiari et al., 2012;
Hj&dltén et al., 2012), as stenoic, relict or listed species on the UICN
Red List (Nieto & Alexander, 2010; Recalde, 2010), that maintain a
relationship with the quality of the habitat and are useful in the
detection of micro-habitats that are highly wvaluable for conservation
purposes.

Nevertheless, it is important to bear in mind that the presence of one
species does not in itself necessarily indicate the presence of an old-
growth stand. We find an example in Limoniscus violaceus (Miller, 1821)
(Coleoptera: Elateridae), a severely threatened species that grows in
the basal cavities of Quercus or Fagus. It 1is known to exist at three
sites on the Iberian Peninsula in old-growth stands (S&nchez & Recalde,
2012), but in France it 1is found on old, solitary trees 1in bocage
landscapes (Gouix, 2013). Therefore, taking the presence of a single
species as an indication of a mature forest habitat may lead to error,
despite knowing that its presence may tell us of a micro-habitat that is
likely to persist over time.

The use of saproxylic coleoptera as indicators of old-growth stands or
stands of reference 1is, therefore, a wvalid tool provided that an entire
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community or set of species associated with elements of maturity is

taken into account (Speight, 1989).

In France, for instance, a list of 300 species has been used to evaluate
the biological value and location of stands of reference (Brustel. 2004
and 2007; Bouget et al., 2008).

However, we may wonder at this use of the community of saproxylic
coleoptera, in the knowledge that a forest inventory planned with this
aim in view can be more efficient (Grove, 2002; Gao et al., 2015). The
response stems from the required degree of knowledge with respect to
describing an old-growth forest or which elements or processes relating
to maturity are to be detected.

It is here that saproxylic coleoptera may play a more significant role,
beyond acting as indicators of maturity structures, in which they act as
indicators of processes related to the decomposition of woody necromass.
This information involves considerable technical difficulty and a large
budget for a conventional forest inventory. For instance, the presence
of Cetonia aurataeformis (Curti, 1913) or Osmoderma eremita (Scopoli,
1763) (Coleoptera: Cetoniidae) are indicators, besides a type of micro-
habitat, of a series of decomposition processes thanks to the action of
larvae that enrich the humus levels of N and C (Jbnsson et al., 2004;
Micdé et al., 2011; Séanchez et al., 2016) and that enable a different
succession of decay-inducing species (Ranius, 2002).

A list of species associated with old-growth forests has not yet been
drafted for Spanish forests. As an example, a list 1s provided of
saproxylic species associated with long-lasting micro-habitats, or that
are only found in forests in advanced states of maturity.

Regeneration after minor disturbance. Photo: Enrique Arrechea
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Table 3. Saproxylic coleoptera associated with old-growth forest

habitats
Familia Species Bioregion Associated Habitat
tree
Aderidae Euglenes Eurosiberia Quercus Hollows in old
oculatus na trees
(Paykull,
1798)
Anthribidae Platystomos Eurosiberia Frondosas Saproxilic
albinus na fungus
(Linnaeus
1758)
Biphyllidae Diplocoelus Eurosiberia Frondosas Saproxilic
fagi na fungus
(Chevrolat
1837)
Bostrychidae Stephanopachys Macaronésic Pinus Coarse dead
brunneus a canariensis wood
(Wollaston,
1862)
Bothrideridae Bothrideres Mediterréane Quercus/Fagus Hollows in old
interstitialis a trees
(Heyden, 1870)
Buprestidae Buprestis Mediterréne Pinus Big trunks
splendens a
(Fabricius,
1775)
Cerambycidae Tragosoma Boreoalpina Pinus Big trunks
depsarium uncinata
(Linnaeus,
1767)
Cerophytidae Cerophytum Eurosiberia Quercus 0ld trees
elateroides na/Mediterr
(Latreille, anea
1804)
Cetoniidae Osmoderma Eurosiberia | Quercus/Fagus Basal hollows
eremita (Scopol na/Mediterr in old trees
i, 1763) anea
Cleridae Tillus Eurosiberia Frondosas Big trunks
elongatus na
(Linnaeus
1758)
Cucujidae Cucujus Eurosiberia Frondosas / Big trunks
cinnaberinus na Coniferas
(Scopoli,
1774)
Curculionidae Camptorhinus Eurosiberi Quercus Big dead
statua (Rossi ana branches
1790)
Elateridae Limoniscus Eurosiberia @ Quercus/Fagus Basal hollows
violaceus na/Mediterr in old trees
(Mtiller, 1821) anea
Endomychidae Mycetina Eurosiberia Frondosas/ Saproxilic
cruciata na Coniferas fungus
(Schaller
1783)
Erotylidae Triplax Mediterréane Frondosas/ Saproxilic
lacordairii a Coniferas fungus
(Crotch, 1870)
Eucnemidae Farsus dubius Mediterrane Frondosas Coarse dead
(Piller & a wood
Mitterbacher,
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Familia Species Bioregion Associated Habitat
tree
1783)
Histeridae Merohister Mediterrane Frondosas Predator
ariasi a
(Marseul 1864)
Laemophlaeidae Notolaemus Eurosiberia Mediterrénea Predator. Big
unifasciatus na trunks
(Latreille
1804)
Leiodidae Anisotoma Holartica Eurosiberian Sub cortical
humeralis a fungus
(Fabricius
1792)
Lucanidae Aesalus Eurosiberia Frondosas Coarse deadwood
scarabaeoides na
(Panzer, 1794)
Lycidae Pyropterus nig Eurosiberia Frondosas Predator
roruber na
(DeGeer, 1774)
Lymexylidae Lymexylon Eurosiberia | Quercus/Fagus 0ld tres and
navale na/Mediterr coarse deadwood
(Linnaeus, anea
1758)
Melandryiidae Melandrya Eurosiberia Frondosas Pudricidn
caraboides na blanca
(Linnaeus
1761)
Mordellidae Mordellochroa Eurosiberia Frondosas Recent
milleri na deadfwood
(Emery, 1876)
Mycetophagidae Mycetophagus Eurosiberia Quercus Saproxilic
quadriguttatus na fungus
(Miiller, 1821)
Oedemeridae Nacerdes Europea Coniferas Big trunks
carniolica
(Gistel 1834)
Ptinidae Ptinomorphus Mediterréane Quercus Xiléfaga
angustatus a
(Brisout, 1862)
Pyrochroidae Pyrochroa Europea Frondosas Big trunks
coccinea
(Linnaeus
1760)
Pythidae Pytho Eurosiberia Coniferas Coarse Deadwood
depressus na
(Linnaeus
1767)
Rhysodidae Rhysodes Boreoalpina Coniferas Saproxilic
sulcatus fungus
(Fabricius,
1787)
Salpingidae Vincenzellus Eurosiberia Frondosas Predator
ruficollis na
(Panzer 1794)
Scirtidae Prionocyphon Eurosiberia Frondosas Holes with
serricornis na water
(P.W.J. (dendrotelmas)
Muller, 1821)
Scraptiidae Cyrtanaspis Europea Frondosas Decomposed
phalerata con coniferas seadwood
(Germar 1847)
Silvanidae Dendrophagus Boreoalpina Coniferas Coarse deadwood
crenatus (trunks)
(Paykull 1799)
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Familia Species Bioregion Associated Habitat
tree
Sphindidae Aspidiphorus Mediterréne Coniferas/ Saproxilic
lareyniei a Frondosas fungus
(Jacquelin du
Val, 1859)
Staphylinidae Scaphidium Eurosiberia Coniferas/ Coarse deadwood
quadrimaculatu na Frondosas (trunks)
m (Olivier,
1790)
Tenebrionidae Prionychus Mediterréne Frondosas Holes in old
ater a trees
(Fabricius,
1775)
Teredidae Teredus Eurosiberia Acer/Alnus Coarse deadwood
cylindricus na/Mediterr (trunks)
(Olivier 1790) anea
Tetratomidae Tetratoma Mediterrédne | Quercus/Fraxi Saproxilic
baudieri a nus fungus
(Perris, 1864)
Throscidae Aulonothroscus Eurosiberia Quercus 0ld tres
laticollis na
(Ribinsky,
1897)
Trogidae Trox scaber Eurosiberia Quercus Holes in old
(Linnaeus, na trees
1767)
Trogossitidae Calitys scabra Boreoalpina Pinus Coarse deadwood
(Thunberg, (trunks)
1784)
Zopheridae Pycnomerus Eurosiberia Quercus Coarse deadwood
terebrans na (trunks)
(A.G. Olivier,
1790)
4.1.4. Vascular plants
Old-growth stands show some features in common with regard to their

floristic make-up.

proportion of shade-tolerant

By and large,
(skiophilous)

old-growth stands

contain a greater
species due to the close tree

canopy that prevents full sunlight from reaching the lower layers (Hermy

et al.,

1999) . Among these,

less interest than non-nitrophilous plants®.

5 Thus, for
species can
Astrantia major,
digitata, Convallaria majalis,
Hepatica nobilis,
Lathyrus vernus,

and Vicia

instance,
considered

Laserpitium
Melica uniflora,

and the

in the forests of the
skiophilous
Brachypodium sylvaticum,
Elymus caninus,

latifolium,
Poa nemoralis,
following as

species:

nestleri,
Polypodium cambricum,
skiophilous-nitrophilous

southern Sistema Ibérico,
Aquilegia
Campanula trachelium,
Epipactis microphylla,
Laserpitium

vulgaris,

Arabis
Carex depauperata, Carex
Helleborus foetidus,
Lathyrus pisiformis,
Sanicula europaea
species:

species with nitrophilous tendencies are of

the following
turrita,

Alliaria
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Old-growth stands also contain greater diversity of biological types,
among which macrophanerophytes and vines stand out while terophytes are
of lesser importance.

Table 4.
of the southern Sistema Ibérico

Species, by biological type, present in the relict lime tree forests

(Garcia Cardo, in preparation)

Macrofanerophytes

Meso &
nanofanerophytes

Scandents

Terophyites,
Hemicriptophytes,
Geophytes, etc.

Acer monspessulanum,

Betula pendula subsp.

fontqueri, Corylus
avellana, Fraxinus
excelsior, Ilex
aquifolium, Populus
tremula, Salix
caprea, Sorbus aria,
Sorbus torminalis,
Sorbus latifolia,

Taxus baccata, Tilia
platyphyllos, Ulmus
glabra

Buxus sempervirens,
Cornus sanguinea,
Euonymus europaeus,
Ligustrum vulgare,
Prunus mahaleb,
Rhamnus alpina,
Rhamnus catharticus,
Ribes alpinum, Ribes
uva-crispa, Viburnum
lantana

Clematis vitalba,
Hedera helix,
Lonicera xylosteum

Alliaria petiolata,
Arabis turrita,
Brachypodium
sylvaticum, Campanula
trachelium,
Convallaria majalis,
Epipactis
microphylla, Geranium
robertianum, Hepatica
nobilis, Laserpitium
latifolium,
Laserpitium nestleri,
Lathyrus pisiformis,

Melica uniflora,
Monotropa hypopitys,
Neottia nidus-avis,

Poa nemoralis,
Sanicula europaea,
etc.

Also more frequently found are species with a limited capacity for
dispersion and colonisation, which 1s an indicator of the forest
canopy’s long-term permanence (Wulf, 1997; Hermy et al., 1999). This

continuity in old-growth forests, safeguarding the stability of their

ecological conditions over the last few centuries, has also ensured that
they contain a greater abundance of relict species among their flora
(species that have become isolated from their original populations as
climate wvaried during glaciation

periods. In each territory these

species differ, as some species are of a relictual nature in a given

geographical area but not in others.

Table 5.
forests

Relictual species in the southern Sistema Ibérico associated with

(Garcia Cardo, in preparation)

petiolata, Geranium robertianum,
and Polygonatum odoratum.

Lapsana communis, Moehringia trinervia, Mycelis muralis
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Species Origin Disyunction
level
Actaea spicata Euroasiatic High
Adonis vernalis Euroasiatic Medium
Astrantia major Eurosiberian High
Atropa baetica Ibero-northafrican High
Betula pendula subsp. Ibero-northafrican High
fontqueri
Campanula latifolia Euroasiatic-Northafrican Very High
Carex digitata Eurosiberian High
Convallaria majalis European High
Dactylorhiza sambucina Euroasiatic High
Daphne mezereum Euroasiatic Very High
Dictamnus albus Eurosiberian Medium
Epipactis microphylla Euroasiatic Medium
Fuonymus latifolius European, Iranoturanian & Very High
Northafrican
Laserpitium latifolium European High
Lathyrus pisiformis Euroasiatic Very High
Lathyrus vernus Euroasiatic High
Lonicera splendida Bétic-Sistema Ibérico High
Monotropa hypopitys Circumboreal Medio
Orthilia secunda Circumboreal Very High
Potentilla micrantha Eurosiberian High
Pyrola chlorantha Circumboreal High
Quercus petraea Euroasiatic High
Rhamnus catharticus Eurosiberian Medium
Rubus saxatilis Euroasiatic Very High
Tilia platyphyllos Euroasiatic High
Ulmus glabra Euroasiatic Medium
Viburnum tinus Mediterranea Medium
Xiphion serotinum Bético-Sistema Ibérico Alto

The lack of mature and senescent phases in European forests causes many
of the species most closely linked to these environments to endure in
to be listed as threatened to
in old-growth stands,

very small populations and, therefore,

some degree. This means that the proportion of

scarce or threatened species is often very high (Wulf, 1997).

Despite these differentiating features, the assessment of a forest’s
since the
presence or absence of certain plant species is not enough to go by
1999). considered to be associated to old-growth
forests in a given location may appear in husbanded stands or on open

(Hermy et al., 1999).

maturity based on its floristic composition is no easy task,

(Rose, Even species

ground under different environmental conditions

It is therefore deemed necessary to draw up lists of species that act as
adapted to each type of forest habitat and each
with

indicators of maturity,

biogeographical region, as each specific composition wvaries

geology, topology, climate and local history (Rose, 1999).

In assessing the degree of maturity of a given stand, it is necessary to

establish references against which to compare each forest type within

the selected biogeographical territory, jointly evaluating the criteria

described herein: composition of species, nanophanerophytes/climbing

plants ratio, predominance of tree habitats, canopy cover and presence

of relictual and threatened species.
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4.1.5. Lichens and bryophytes

Lichens and bryophytes are highly sensitive to minor alterations to the
environment as their physiology is closely linked to humidity, solar
radiation and temperature, which makes them extremely wuseful in
detecting changes in atmospheric conditions (Aragdén et al., 2015).
Overall, the lichens and bryophytes found in nemoral habitats such as
forests with close canopies are more sensitive to environmental changes,
owing to their strong dependence on atmospheric humidity and their
tendency to suffer photo-inhibition when exposed to more sunlight than
would reach them in their normal surroundings. Their presence,
therefore, may indicate extended periods of continuity in forests with
closed canopies. Conversely, old-growth forests enable the presence of
species that cannot grow in forests with frequent openings in the forest
canopy.

As for the variety and abundance of species, although some open areas
may offer greater diversity, the forest structure acts as the main
factor determining habitat quality for these organisms at a local scale
(Belinchén et al., 2011). This causes old-growth stands to accumulate a
wealth of lichen and moss types, in particular epiphytic species (Boch
et al., 2013). In this line, a number of studies conducted in different
climates have highlighted the importance of old-growth forests for
quality of epiphyte habitats deriving from their heterogeneity, and
especially from the diversity of arboreal species, and the existence of
trees of different ages and sizes, comprising very large trees
(Hofmeister et al., 2015) and very small trees (Hofmeister et al., 2015;
Merinero, 2015).

Furthermore, on a microscale, tree characteristics also determine the
heterogeneity and availability of suitable micro-habitats and
microclimates that condition the distribution and abundance of epiphyte
lichens: the foremost being tree age and size, and certain features of
the park such as pH and roughness (Merinero, 2015).

Another important habitat for lichen and epiphyte moss diversity is dead
wood, especially large woody debris (Hofmeister et al., 2015), which is
another characteristic of old growth forests.

This makes it quite usual to find less diversity of epiphytes in forests
that are harvested then in forests allowed to evolve naturally, and that
in forests subjected to intensive exploitation in the past, despite
having been left to return to a natural state of evolution, fewer
species are present (Ardelean et al., 2015; Boch et al., 2013) and these
recover but slowly (Infante & Heras, 2008).

Epiphyte lichens, therefore, and in particular the species belonging to
the Lobarion community, have Dbeen identified as characteristic of
forests that have remained over a long period of time with very little
interference from human activity or heavy disturbances (Potenza &
Fascetti, 2010; Rose, 1985, 1988). These can be used as indicators of
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such situations involving long-term ecological continuity (Rose, 1999;
Coppins & Coppins, 2002; Brunialti et al., 2010).

Table 6. List of bryophytes (mosses and hepatica), epiphytes and epixyles
(growing on bark or dead wood) found in the Turieto fir forest (Parque
Nacional de Ordesa y Monte Perdido) .

Mosses Hepatics
Anomodon viticulosus Anastrophyllum Dw
hellerianum CR
Antitrichia sens Anastrophyllum minutum Dw
curtipendula
Brachythecium Blepharostoma D
rutabulum trichophyllum
Bryum flaccidum Cephalozia catenulata Dw
DD
Buxbaumia viridis Dw Cephalozia leucantha Dw
VU
Ctenidium molluscum Chiloscyphus polyanthos
Dicranum scoparium NT | Frullania dilatata
Dicranum tauricum Frullania fragilifolia sens
Eurhynchium striatum Frullania tamarisci sens
Herzogiella seligeri DW Lejeunea lamacerina sens
Homalothecium Lejeunea ulicina sens
sericeum
Hylocomium splendens Lepidozia reptans Dw
Hypnum cupressiforme Lophocolea heterophylla
Isothecium Metzgeria furcata
alopecuroides
Leptodon smithii Nowellia curvifolia Dw
Leucodon sciuroides Plagiochila porelloides NT
Mnium hornum Porella arboris-vitae sens
Mnium spinosum Sens Porella platyphylla sens
NT
Neckera besseri sens Radula complanata
Neckera complanata Riccardia latifrons Dw
Neckera crispa Tritomaria exsectiformis D
Neckera pumila sens
Orthotrichum affine
Orthotrichum lyelii
Orthotrichum VU
pulchellum
Orthotrichum pumilum Sens
NT
Orthotrichum
speciosum
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Orthotrichum
stramineum
Orthotrichum striatum
Paraleucobryum
longifolium
Plagiomnium sSpp.
Plagiomnium undulatum
Pseudoleskeella
nervosa
Pterigynandrum NT
filiforme
Pterogonium gracile
Rhizomnium punctatum
Rhytidiadelphus
triquetrus
Schistidium cf.
crassipilum
Scorpiurium
circinatum

Tetraphis pellucida Dw
Tortella tortuosa
Ulota crispa

Zygodon baumgartneri

Table 7.
wood)

List of epiphyte and epixyle lichens (growing on bark or dead

found in the Turieto fir forest (Parque Nacional de Ordesa vy

Monte Perdido, Huesca, Spain).
Agonimia tristicula Micarea micrococca
Arthonia radiata Micarea prasina Dw
Bacidia rosella sens Mycobilimbia
sabuletorum
Bacidia rubella sens Mycocalicium subtile Dw
Bacidia laurocerasi sens Nephroma laevigatum LOB
Bryoria capillaris sens Nephroma parile LOB
Bryoria fuscescens sens Nephroma resupinatum LOB
Buellia disciformis sens Normandina pulchella LOB
Calicium salicinum Dw Ochrolechia species sens
Caloplaca herbidella sens Opegrapha rufescens
Candelariella Opegrapha varia
vitellina
Candelariella Pachyphiale carneola LOB
xanthostigma
Catillaria sens Pannaria conoplea LOB
atropurpurea
Chaenotheca brunneola DW Parmelia saxatilis
Chaenotheca xyloxena Dw Parmelia submontana sens
Cladonia caespiticia sens Parmelia sulcata
Cladonia coniocraea Parmeliella testacea LOB
Cladonia digitata Dw Parmeliella LOB
triptophylla
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Cladonia fimbriata Parmeliopsis ambigua sens
Cladonia pyxidata Parmeliopsis hyperopta sens
Cladonia species Peltigera horizontalis LOB
Collema furfuraceum sens Peltigera lactucifolia sens
Collema species sens Peltigera praetextata LOB
Dimerella pineti Pertusaria albescens sens
Graphis scripta Pertusaria amara sens
Graphis species sens Pertusaria coccodes sens
Gyalideopsis Pertusaria flavida sens
anastomosans
Hypogymnia physodes Pertusaria hymenea sens
Hypogymnia tubulosa Pertusaria pertusa sens
Lecanora allophana sens Phaeophyscia species
Lecanora argentata sens Phlyctis agelaea sens
Lecanora chlarotera Phlyctis argena
Lecanora glabrata sens Physconia species
Lecidella elaeochroma Platismatia glauca sens
Lepraria incana Porina aenea
Lepraria lobificans Pyrenula nitida sens
Leptogium furfuraceum LOB Ramalina farinacea
Leptogium gelatinosum LOB Rinodina species
Leptogium lichenoides LOB Sclerophora pallida sens
Leptogium saturninum LOB Trapeliopsis granulosa
Lobaria amplissima LOB Trapeliopsis

pseudogranulosa
Lobaria pulmonaria LOB Usnea filipendula sens
Melanelia glabratula Usnea hirta sens
Melanelia subaurifera Usnea species sens

(sens) species sensitive to habitat alterations.

(DW) species specialised in dead wood.

(LOB)

species belonging to the Lobarion community.

44

N
NATURA 2000

Old-growth forests:

characteristics and conservation value 34



é@ §§? ‘44.;3“L—

S
R o
NATURA 2000

5. THE VALUE OF OLD-GROWTH FORESTS

The values associated to old-growth forests are manifold. We have
already discussed the wvalue of the heritage they convey in terms of
biodiversity, and their scientific wvalue as rare ecosystems hosting
singular ecological processes. But in addition to these, the value of
old-growth stands also responds to more practical reasons.

Besides, we should bear in mind the climatic scenarios we can already
foresee: the future is expected to be warmer, drier and more variable,
and silviculture may contribute to enhancing the adaptive qualities of
forests to the new conditions, preserving the services that forests
offer to society. Old-growth stands, on account of their greater
heterogeneity, are more resilient in the face of climate change and from
their structure and functions we can draw useful guidance for the forest
management in the future (EUROPARC-Espafia, 2017). We should also examine
their role in mitigating climate change, as the forest nutrient cycle is
very slow and retains vast quantities of carbon, both in the above-
ground biomass and on the forest floor (Zhou et al., 2006; Luyssaert et
al.; Keeton et al., 2010).

Lastly, it 1s important to consider the social wvalue of forests and
their contribution to our wellbeing (EUROPARC-Espafia, 2013b). The new
services demanded by society from forests are increasingly important.
Among these, we may highlight public uses, leisure spaces, and
environmental awareness raising. These are aspects that should be
covered in forest management strategies, and old-growth stands are the
scenarios of preference.

The contribution of forests to social wellbeing is becoming recognised
even 1in the field of preventive medicine. Although the psychological
effects of contact with nature have been known to environmental
psychologists for decades (Kaplan & Kaplan, 1989), studies on the
therapeutic benefits of contact with nature have only recently begun
(Maller et al., 2009), particularly those focusing on older forests.
Some evidence of the psychological and physiological effects of contact
with old forests has led to developing therapies based on contact with
forests, especially in Japan (Park et al., 2010; Song et al., 2016).
These are gradually being implemented in Spain (known as ‘forest
walkabouts’; Fernandez Muerza, 2017).

5.1. Stands of reference 1in the assessment of
conservation status

European forests are currently undergoing rapid changes for which no
referents are available, whether from the socioeconomic angle
(abandonment of forest harvesting, loss of profitability) or from an
ecological point of view (changes induced by discontinuing land uses and
climate change). The last old-growth stands represent the most natural
forest habitats available and, therefore, are valuable items for
comparison. Hence their status as ‘stands of reference’ for each forest
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type: they allow us to identify the foreseeable structure and functions
for different forest types in a non-intervention context.

Featuring old-growth stands as ‘stands of reference’ takes on special
importance under the Habitats Directive and the Natura 2000 Network.
This directive sets forth EU Member States’ obligation to conduct six-
yearly assessments of the conservation status of all habitats of
Community interest present on their territories (Table 8).

Stands of reference are an essential tool in the assessment of forest
habitat conservation status. Indeed, the “Preliminary ecological bases
for the conservation of habitat types of Community interest in Spain”
(Several authors, 2009), referring to forest and woodland habitats,
propose the assessment of their conservation status by means of
comparison with the structure and biological indicators inherent to old-
growth forests (the presence of Dbig trees, dead wood, irregular
distribution, species such as Picidae, xylophage insects, -etc.).
Although the above publication acknowledges large gaps in the body of
knowledge on how Spanish forests function, it views forest maturity as a
point of comparison in the assessment of conservation status. The study
and characterisation of old-growth stands and woodland is therefore
considered as the most useful tool for establishing models of reference
to allow the assessment of conservation status in the wvarious forest
habitats of Community interest.

Studying old-growth stands may also provide criteria to guide
silviculture toward reaching species or habitat conservation goals,
particularly in protected areas (EUROPARC-Espafia, 2013a). At the same
time, it is obvious that a large forest area needs proper management,
whether geared toward production targets, adaptation to climate change,
or risk control (forest fires). In this context, old-growth stands help
us to identify the structural characteristics most directly linked to
biodiversity assets, allowing silvicultural practices to be conducted
that imitate natural processes by maintaining forest structures or
features that are in keeping with highly mature situations (Keeton,
2006; Tiscar, 2006, 2011) and maintaining a favourable conservation
status throughout all forest and woodland spaces.

Table 8. Forest habitats of Community interest present in the Spanish
Mediterranean biogeographical region

CcODIGO NOMBRE

9120 Atlantic acidophilous beech forests with Ilex and sometimes also Taxus in the
shrublayer (Quercion robori-petraeae or Ilici-Fagenion)

9150 Medio-European limestone beech forests of the Cephalanthero-Fagion

9180 Tilio-Acerion forests of slopes, screes and ravines (*)

91BO Thermophilous Fraxinus angustifolia woods

91E0 Alluvial forests with Alnus glutinosa and Fraxinus excelsior (Alno-Padion,
Alnion incanae, Salicion albae) (*)

9230 Galicio-Portuguese oak woods with Quercus robur and Quercus pyrenaica

9240 Quercus faginea and Quercus canariensis Iberian woods

9260 Castanea sativa woods

92A0 Salix alba and Populus alba galleries
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92B0 Riparian formations on intermittent Mediterranean water courses with
Rhododendron ponticum, Salix and others
92D0 Southern riparian galleries and thickets (Nerio-Tamaricetea and Securinegion
tinctoriae)
9320 Olea and Ceratonia forests
9330 Quercus suber forests
9340 Quercus ilex and Quercus rotundifolia forests
9380 Ilex aquifolium forests
9430 Subalpine and montane Pinus uncinata forests (* if on gypsum or limestone)
9520 Abies pinsapo forests
9530 (Sub-) Mediterranean pine forests with endemic black pines
9540 Mediterranean pine forests with endemic Mesogean pines
9560 Endemic forests with Juniperus spp (*)
9570 Tetraclinis articulata forests
9580 Mediterranean Taxus baccata woods
On a national scale and under the promotion and coordination of
EUROPARC-Espafia, the LIFE RedBosques project aims to identify a network
of ‘stands of reference’ nationwide. With this purpose, a two-phase plan

with a gradual increase in complexity 1s proposed: an initial phase to
and a second phase for their

characterisation by means of a set of indicators.

identify potential mature stands in situ,

Stands thus identified will form part of the nationwide Network of
Stands of Reference made up of the most mature stands found in each
forest habitat.

The process for identifying these stands will be implemented by the

competent administrations within their territories,

be published
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6. CONCLUSIONS

Mature forests are assets of enormous interest and their identification
and characterisation have aroused considerable attention (e.g., Goldberg
et al., 2007). The wvirtual absence of this type of forests and the
extreme scarcity of senescent stands in Spain, together with the fact
that many of these 1lie within protected spaces, Natura 2000 Network
sites or forests open to public use, calls for identification methods
and management criteria to be devised for their proper conservation.

The working group on forests within the EUROPARC-Espafia Conservation
Group began, in 2013, a line of work on this subject, among whose
findings are the following (EUROPARC-Espafia, 2013c, 2014):

— The conservation of forest ecosystems demands the presence of all
successional stages, from the ©pioneering stages to mature and
senescent conditions, in the form of a mosaic on a landscape scale.

— Mature forests are an essential stage in forest ecosystem dynamics,
and a very valuable asset due to their extreme scarcity, their
fragility, for hosting highly specialised flora that would be unable
to find shelter in other habitats, and their impossible recovery in
the event of being lost or altered.

— There 1is insufficient knowledge of the structure and dynamics of
mature forests, especially in the Mediterranean region, to determine
their favourable conservation status. In particular, the wuse of
temperate or boreal ecosystem indicators for Mediterranean forests
may lead to major errors. It is therefore essential to identify old-
growth stands of reference in every type of forest, not only in
unfavourable environmental conditions but also on good quality sites.

— To keep forests in favourable conservation conditions, not only is it
vital to preserve old-growth stands, but younger stands should be
planned and managed with the aim of achieving greater extensions of
this type of ecosystem 1in the future. Although some features of
maturity can be achieved more quickly by means of management actions
(concentrated growth of certain tree types, dead wood, spatial
heterogeneity, presence of emblematic species), special attention
must be given to maintaining or restoring the ecological processes
that lead to maturity.

— It is essential to improve communication to society of the wvalue of
forests in general and old-growth forests in particular, highlighting
the wvalue of the wvarious components of maturity (thick tree-trunks
with hollows, dead trees, rotting woody matter, complex undergrowth)
and of the management skills needed to maintain or recover forests
and woodland.

The implementation of the proposed set of indicators in a sample of
pilot stands will enable progress toward assessing the degree of
maturity and natural evolution of forests. Several lines of work are
envisaged, namely:
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— To create a ‘Forest of Reference Network’, made up of the most
natural stands, to become a reference 1in the assessment of the
conservation status of different types of forest habitat.

— To establish permanently monitored plots that will enhance our
knowledge of the structure and function of old-growth stands.

— To develop forest management techniques aiming to maintain forests’
natural features and to maximise the naturalness of interventions, as
well as to identify the most appropriate management measures to
accelerate forest dynamics leading to maturity.

7. GLOSSARY

Below is a concise description and explanation of terms used in this
text.

— Forest: ecosystem whose physiognomy and main structure is determined
by a more or less unbroken woodland formation composed of a mosaic of
stands in different successional stages, some consisting of shrubs or
herbaceous plants as a result of natural disturbances.

Altogether, the forest-scale dynamic is a shifting mosaic: the forest
is made up of mosaic tiles, each at a different degree of maturity
(or ‘phase’), including recently regenerated stands, young stands,
stands in full-scale development and senescent stands. The latter may
be replaced by young stands, or remain more or less perpetually over
varying lengths of time.

— Stand: a forest sector whose structural, specific and ecological
characteristics are relatively homogeneous and is clearly
distinguished from other surrounding sectors.

In husbanded forests, each stand is usually given a preferential use
and specific treatment throughout its extension. In forests that are
not husbanded, stands are formed by disturbances that impact a medium
to large area. The forest dynamic forms a mosaic or tesselated
pattern, in which clearings are made by fallen trees, forest fires or
other causes.

Depending on the size of such patches, thickets, copses or stands are
formed. To adopt a convention for reference, we may speak of a
minimum area of 1 ha, although it is more common for such patches to
cover a surface area ranging from 5 to 50 ha.

— Primary forest: a forest untouched by human intervention. By
definition, any primary forest should be mature.

— Secondary forest: a forest that, at some time, has been modified by
human actions. It is still a matter for debate whether a secondary
forest can acquire the characteristics of a primary forest after the
cessation of human intervention.
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— Mature forest: a forest whose dynamic 1is free from human

intervention, that is made up of stands in all stages of development
or maturity and whose singular feature is the presence of senescent
stands.

A true mature forest should cover a sufficient extension to allow
ecological cycles to be maintained, and to ensure that each stage of
development fulfils its cycle, so that any of its older stands can be
replaced in the future with another that has the degree of maturity
to cover all functions: in other words, to ensure that the mature
forest’s characteristics are perpetuated.

— Old-growth forest: This refers to a dynamic phase within a stand,
rather than to an entire forest. In fact, given that finding an
entire old-growth forest 1s most improbable, we should wuse the
expression ‘Mature forest’. See “mature forest” and “old-growth
stand”.

— Mature stand: a forest stand displaying ‘features of maturity’: very
large trees, openings in the canopy cover, regenerating thickets,
significant amounts of dead biomass both standing and fallen on the
forest floor, abundance of micro-habitats on the trunks of large
trees and full, complex ecological cycles.

— Old-growth stand: a forest sector in an advanced stage of maturity,
that has reached senescence. This results in a population of very old
trees, at the limits of their longevity, and the presence of dead
trees.

— Stand of reference: for a Habitat of Community Interest, a stand
displaying the most advanced maturity available within the territory.
This is the Dbest example of the dynamics of untouched forests, and
can be taken as a reference for assessing the conservation status of
other forests masses in the same habitat.

— [Cultural old-growth stand]: a stand made up mostly of old trees,
resulting from previous forest management. Generally speaking, older
stands of this type, with anthropic origins, lack some or many of the
necessary characteristics of maturity for consideration as an old-
growth stand, especially regarding its natural population dynamic.

For example, a grove of pollarded beech or oak, or a dehesa of holm
or cork oak.
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