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1.
Introduction
to the concept
of singularity
in forests

1. Introduction to the concept of singularity in forests
1. 1. The concept of singularity
Of all the forests that comprise a territory, a singular forest or forest stand is distinguished from the rest based
on certain structural aspects. A singular forest is characterized by three basic elements (Gracia et al., 2009):
1) Advanced age of the trees.
2) Outstanding conservation, social or productive values, also related to stands resulting from earlier
management. In this respect, the role that the management of the stand has to play is acknowledged.
3) Relative singularity on a regional scale (for instance, at the level of a massif or county). Stands with the
same characteristics may be singular in one place and not in another.
Therefore, the fundamental factor required for a forest to be classified as singular is the abundance of trees
of an advanced age (other woody species could also be included), at least significantly more than three times
older than trees normally used for timber production. The other factors are complementary and enable the
singularity of a forest to be enhanced qualitatively or quantitatively, for instance, by calculating an index to
measure the degree of singularity. The concept of singularity has provided the basis for the creation of the
Catalan Singular Forest Inventory (http://www.creaf.uab.es/BoscosSingulars), which is a pioneering project
on the Iberian Peninsula.

1. 2. The concept of old-growth
The concept of singularity is often related to the concept of maturity, which, in turn, is associated with the
definition of an old-growth forest (Box 1). There is no single definition for this concept, but rather just a
common denomination at an international level (Box 2). According to the definition of EUROPARC-Spain
(2015), an ideal old-growth forest can be defined as one with a dynamic free from human intervention (Box
3), containing stands in all phases of development (silvigenetic cycle, Box 4), particularly with the presence
of stands in the senescent phase.
According to this definition, an authentic old-growth forest must be of a sufficient size to allow the ecological
processes required to complete the phases of development of the entire silvigenetic cycle (Gilg, 2005), by
which a certain old stand can be replaced in the future by another one that is mature enough to take over the
older tree’s functions. This definition is the result of contrasting the most commonly used definitions of forest
maturity (Spies and Franklin, 1988; Hunter, 1989; Wells et al., 1998; Messier and Kneeshaw, 1999; Kimmins,
2003). These definitions either emphasize the structural (Box 2) and composition features or the successional
processes (Box 3) that lead to and sustain the old-growth stage.
A third classification introduces biogeochemical processes (Wirth et al., 2009): closed nutrient cycles, reduced
tree net primary production and zero net accumulation of biomass. These aspects have been questioned
and disputed (see Luyssaert et al., 2008, for instance). In any case, there is no single set of parameters for
characterizing old-growth forests, which is hardly surprising in view of the enormous diversity of forest
ecosystems (Mosseler, 2003; Spies, 2004; Wirth et al., 2009; Burrascano et al., 2013 (Figure 1)).

Figure 1. Black pine forests in the Els Ports National Park. Photograph: Jordi Bas.
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Box 1. Old-growth forest compared to second-growth forest
Old-growth forest. According to a general consensus, this refers to a forest that has not been significantly altered by
human intervention, such as certain tropical Amazon forests and Canadian boreal forests. Potapov et al. (2016) suggest the criteria of covering an area greater than 500 km2 comprised of a mosaic of woodland structures unaffected
by symptoms of fragmentation. The dimension of the forest enables viable populations of the native species to be
maintained.
Second-growth forest. A forest which has been modified by anthropogenic intervention at some point. It is a matter of
debate whether a second-growth forest can regain the characteristics of old-growth forest if the human intervention stops.
An old-growth forest tends to be mature, depending on the regime and intensity of non-anthropogenic disturbances.
However, old-growth forests may be second-growth forests in which the termination of human intervention has preceded a succession towards the more advance phases of the silvigenetic cycle that allows them to acquire maturity
characteristics associated with old-growth forests (MCPFE, 2007).

Box 2. Different expressions for old-growth forests
The term “old-growth forest” is most commonly used, particularly in North America (Wirth et al., 2009), although the
terms “ancient forest” and “ancient woodland” are also used in Great Britain. It is translated in French as “forêt ancienne” or “forêt à caractère naturel”, among other terms (Gilg, 2005). In Spanish, the terms “bosques maduros” and
“bosques viejos” are used (EUROPARC-Spain, 2015).

Box 3. Structural attributes of old growth
An old-growth stand must meet a set of objective and measurable criteria. Adapting the characterization of Fiedler et
al. (2007), the criteria for a structural definition are as follows:
1. Advanced age and senescence. The existence of trees in advanced successional stages with an age near the limit
of their lifespan and an average age within the stand around half this lifespan. Depending on the species and the
ecological site quality, this advanced age is general manifested in the existence of a high number of large trees.
2. Natural dynamic of regeneration through small disturbances. The population structure contains trees of different
age categories, gaps in the canopy and the regeneration of shade-tolerant species. The flora composition of the
undergrowth is predominated by woody species associated with the continuous existence of shade in a stand over
time. The richness in terms of the variety of flora may not be as high as in immature or altered forests in which the
environmental conditions allow the appearance of pioneering, meadow, field or ruderal species.
Oldeman (1990) describes three levels of organization of old-growth forests: 1) ecotope or space occupied by a tree
during its lifetime; 2) regeneration unit or eco-unit, a site liberated by the death of one or several trees simultaneously,
in what is referred to as a patch dynamic; 3) sylvatic mosaic or eco-mosaic), a set of regeneration units, often of
different ages1(Figure 2).
3. Dead wood in significant quantities, both standing and fallen, at various stages of decomposition.
4. Vertical diversification. The appearance of various differentiated
arboreal layers enables the existence trees of all heights.
5. Absence of anthropogenic interventions or none within the last
several decades. Old-growth forests may only be subject to smallscale natural disturbances.
As well as these characteristic structural variables, there is also a
specifically high diversity of species of bryophytes, fungi, lichen and
animals specialized in substrates associated with old-growth, such as large
trees and different types and states of wood in decomposition (Figure 2).
Figure 2. Sylvatic mosaic. It is formed by different eco-units or stands
corresponding to different phases of the silvigenetic cycle. Readers can
associate each colour to one phase or another for themselves. Illustration:
Anna Gallés.
In old-growth boreal forests subject to a natural fire regime, an eco-unit may be hundreds of km2. In temperate European forests, they more commonly correspond to gaps
opened up by various trees fall (gap dynamic). For instance, in an old-growth forest in Fontainebleau, 90% of the gaps have a diameter of between 15 and 30 m (Faille et al.,
1984). In the old-growth forest of Neuenburg, 45% have a diameter of between 15 and 30 m, and the rest between 30 and 75 m (Koop and Siebel, 1993).
1
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1. 3. Successional dynamics
The successional dynamics of a forest is determined by the extended lifespan of the trees of the engineer
species that comprise the architectural framework of the ecosystem. Throughout the vital growth process of
the trees that comprise a stand, there are episodes of mortality and replacement by new stems, as imposed
by the competition and facilitation relations, the lifespan limits of each species and the disturbances (fires,
blizzards, snowfall, floods, landslides, avalanches, infections, plagues). The death of a tree or groups of trees
opens up a space or gap in the canopy that can be recolonized, in what is known as a patch dynamic. The gaps
are opened by small-scale disturbances, inherent in the dynamic of the system, affecting a small spatial scale.
With respect to the patch dynamic, in the absence of anthropogenic interventions, the following sequential
phases can be distinguished.
Regeneration, renewal, reorganization or pioneer. Progressive mobilization an immobilization of nutrients
that allows the space to be occupied by herbaceous and woody seedlings, coming from the seed bank, the
arrival of propagules by dispersion or regrowth of trees surviving the senescent phase. This may assimilate
into an establishment phase (Terradas, 2001).
Exclusion, transitory, initial or exploitation. Among the pioneering species, the forest accumulates the
majority of the biomass and tends to close the tree canopy, while patches open due to competition depending
on the density and gradual mortality of the trees. With the closure of the canopy, the competition between
trees is accentuated and weaker individuals and less competitive tree species are eliminated, while shadeintolerant undergrowth species are excluded. This can be identified as a self-thinning phase (Terradas, 2001).
Optimum or conservation. A phase of the slow consolidation or the dominant tree species, prolonged by the
limits of their lifespan. It is also the stage of maximum accumulation of energy and living and decomposing
biomass. It is also referred to as the maturation phase (Spies and Franklin, 1996; Franklin et al., 2002) or
stabilization phase (Terradas, 2001). A gradual substitution of the canopy takes place, with the dominant trees
dying and falling, and being replaced by generally shade-tolerant species, unless small-scale disturbances
create larger gaps.
Across large stretches of forest, all the preceding stages occur to open up patches (Peet and Christensen,
1987; Oliver and Larson, 1990), so the horizontal and vertical structure of the forest becomes diversified. This
is the phase with the greatest diversity of forest specialists (saprophyte fungi, lichens, woody bryophytes and
phanerogams, saproxylic beetles, cavity-dwelling birds, bats, etc.), which take advantage of the diversification
of micro-habitats: old tree barks, the formation of cavities, dead wood of various types, growth of lianas and
shrubs adapted to different light and shade conditions in the patches, etc.
Liberation, terminal or creative destruction. The great accumulation of energy and biomass, with an extremely
high proportion in the form of standing and fallen dead wood, becomes fragile and more vulnerable to
disturbances. This corresponds to the senescence, decay or disintegration phase, which gives rise to the cycle
starting again, with large trees at the limit of their lifespan in a site of good quality, which generally become
spaced out and open up gaps for younger trees to grow. The situation of the uneven-aged or irregular stands
of beech-fir forests has been described as relatively stable over time (Gonin-Reina, 1999), without a renewal
phase, as the regeneration and falling of trees occurs in a diffuse and progressive way, as is usually the case
with mixed populations, often in areas of low site quality. This would not be the case of black pine forests
(Figure 3).

Regeneration

Exclusion
Canopy closure

Optimum
Structural
diversification

Liberation
Decay

Figure 3. Structural stage of the silvigenetic cycle. Adapted from EUROPARC-Spain (2017a). Illustration: Anna Gallés.
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The phases are cyclical in nature, which has led some authors to define them as the silvigenetic cycle (Gilg,
2005; EUROPARC-Spain, 2017a). A full cycle for a gap or copse can take hundreds of years, and perhaps as
long as 600 years in the case of black pine. In sites of low quality, the duration of the cycle is longer. The
natural disturbances of a considerable scale that recur less frequently than the trees’ lifespan return the
forest to earlier stages in the succession (Box 4).
Box 4. Successional dynamics in the case of severe disturbances
Large-scale or catastrophic disturbances (large fires, violent storms, extraordinary avalanches) shorten the successional
phases and greatly surpass the patch dynamic. The result is a large-scale dynamic, in which the eco-unit may cover
dozens to hundreds of hectares. The effects may be catastrophic and reduced the system’s resilience capacity.
In large stretches of boreal forests, where natural fires are frequent and the biomass and combustible material
accumulates rapidly, the silvigenetic cycles are shorter and the mosaic structure is simplified, depending on the
recurrence and scale of the fires (Bergeron et al., 1999; Egan, 2007; Fiedler et al., 2007). In Mediterranean forest
systems, a similar dynamic may occur in relatively young populations of Scots pine (Pinus halepensis) with a high
combustible load.
In the case of old-growth black pine forests, the system can remain relatively stable for a prolonged conservation
phase. Recurring fires caused by lightning strikes burn a few tree crowns, but basically spread through the undergrowth
and only partially affect the trunks of large pines. Competition from other woody species and even young pines is
eliminated by such fires, providing a good opportunity for the germination of the pine seeds by enabling contact with
the mineral soil. The action of the fire, together with other small-scale disturbances, competition and death through
old age lead to a population with a low density of old-growth tree, which are sometimes grouped together, along with
survivors from other generations, which facilitates surface fires. Therefore, the black pine is considered to be a species
adapted to small-scale, highly recurrent fires.
The quantity of dead wood in terms of totally or partially burnt trees may be large or very scarce due to the complete
combustion of the pre-existing dead wood. The resulting open canopies will once again lead to a large biomass in
the undergrowth and low level of tree regeneration, unless a large amount of seeds have been produced and the
conditions are favourable for regeneration, until the following fire. The lifespan limit of trees in the same or a close
generation, together with the appearance of more severe disturbances, will mark the start of the liberation phase
once again.

Figure 4. Cavities and Aphyllophorales fungi on a pine snag of an old-growth stand in the Els Ports National Park. Photograph: Jordi Bas.

1. 4. Life after death: the dynamic of decomposing wood
As well as the age of the trees, a significant accumulation of large dead trees of a high quality is the variable
that most defines an advanced successional dynamic, as long as the dynamic of generation and decomposition
of the dead wood remains fairly stable in terms of time and space. The dimensions are proportional to the
size of the living trees. The quality depends on the states of decomposition, whether it occurs in a living or
dead tree, the availability of dead wood (standing, fallen and underground, etc.) and its relative position
in the stand (in a clearing, in the interior of forest, in the scrub, on the outer boundary etc.). Dead wood
guarantees a range of functions in a forest:
1) the decomposition process releases carbon and other elements that are made available for plants;
2) fallen trunks affect the geomorphology as they restrict soil erosion in the case of heavy rainfall;

11

3) they provide a unique micro-habitat for several species. For instance, oaks form a habitat for around 900
species of saproxylic beetles (Gilg, 2012);
4) they provide cavities for decomposition or the action of woodpeckers, which prefer dead wood for
digging out their nests.
The volume of dead wood in a forest depends on its productivity, the stage of the silvigenetic cycle, the speed
of decomposition (correlated to its volume, contact with the soil, internal gases, temperature, humidity and
decomposing organisms) and the type and scale of disturbances (Harmon et al., 1986; Gilg, 2005). In oldgrowth forests, the volume of dead wood if often closely correlated with the volume of living wood and, in
the primeval forest in central and northern Europe, dead wood can account for between 20% and 40% of the
total volume (Harmon et al., 1986; Siitonen, 2001; Bobiec et al., 2005). As a general rule, the amount of dead
wood decreases during the exploitation phase and reaches a maximum during the falling phase (Figure 3).
Dead wood may be caused by biotic factors (for instance, fungi and beetles) which attack the most vulnerable
trees (such as those that have fallen due to water stress). During decomposition, dead wood goes through
various stages that are more or less attractive to saproxylic species (Figure 5). Right from the initial stages, they
can be used by woodpeckers for digging out their nests and can be inhabited by secondary cavity-dwellers
(birds, bats and other mammals), as well as fungi and invertebrates. Once it has fallen, dead wood can be
colonized by bryophytes, lichens, fungi and invertebrates. Even certain vertebrates (amphibians, reptiles,
rodents and carnivores) can take refuge in the cavities of fallen dead wood. Particularly when it is large in size,
dead wood retains a large amount of water, which provides a permanently moist substrate that supports a
large diversity of epiphytes: vascular plants, mosses, hepatics, lichens and fungi.

1		

2

3

4

5

6

7

8

Figure 5. Decomposition process of the wood of a standing conifer. 1) living tree; 2) decaying; 3) recently dead; 4) loss of bark
and branches; 5) snag, 6) split snag; 7) decomposed snag; 8) old strain. Illustration: Martí Franch.

The duration of the decomposition process of dead wood varies greatly. In the case of thin branches, it may
take a few years, while, it can take centuries in the case of certain species and conditions, particularly in
colder, drier places poor in saproxylic organisms (Peterken, 1996; Gilg, 2005). Every taxon plays a specific role
in the dead wood decomposition cycle. Fungi gradually convert the sugars, cellulose and then lignin. Certain
insects eat the wood directly (xylophages), others feed on fungi on the dead wood, with others preying on
these feeders, etc. The most tolerant species can survive on a few stumps and thick dead branches. The most
demanding species or those with limited mobility can only survive if there are substantial and well-distributed
quantities of dead wood (Bobiec et al., 2005). For instance, dead wood with a large diameter is essential for
the survival of certain beetles whose larvae develop over the course of several years or which only colonize
dead trees after four of five years of decomposition (Dajoz, 1974).
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1. 5. Timber exploitation in successional dynamics
Timber felling in secondary-growth forests usually takes place in the exploitation phase. Although such forests
do not reach the conservation or maturation phase, they may integrate elements associated with this phase
if they contain some dominant trees right through to the limit of their natural lifespan and dead wood is
generated naturally throughout the succession.
In the case of uneven-aged or irregular stands, the regulation of competition occurs through selective
felling (tens of m2), corresponding to an ecotope, by groups (hundreds of m2) or by copses (up to 5,000 m2),
equivalent to eco-units (Beltrán et al., 2012). Uneven-aged stand management emulates a patch dynamic
without reaching the limit of the trees’ natural lifespan, with the fundamental aim of maintaining reasonably
continuous and stable coverage at a spatial scale defined by the regeneration units. In even-aged or regular
stands, the process is similar to a large-scale natural dynamic, often in the order of hundreds of thousands of
square metres (or tens of hectares), which would correspond to the scale of a landscape or eco-mosaic, but
a shorter version of the full cycle.
The abandonment of farming and pasture lands activates a secondary succession towards the reconstitution
of the land by the forest. Since the mid-20th Century, this phenomenon has led to a very significant increase in
woodland across the Iberian Peninsula. For instance, in central Catalonia central, the black pine has colonized
areas of open pasture land that still contained a certain number of large trees, mainly oaks and pines, for shade,
acorns and green foliage for animal bedding, among other secondary uses. The relatively young, even-aged
and high density single-species forest populations advance slowly towards more mature stages. In large areas
without any forestry interventions, natural disturbances will make these populations more heterogeneous
over time until they constitute an eco-mosaic, with a thinner or thicker grain depending on the recurrence
and scale of these disturbances. If selective felling is practised in these stands, with thinning and cutting,
the succession towards more mature stages can be accelerated. In the case of extremely homogeneous
structures across extensive areas, a catastrophic collapse may occur, in terms of scale and size, due to severe
disturbances, such as large fires (Box 4). In this respect, forestry management that enables the formation of
eco-mosaics can reduce the effect of catastrophic disturbances that affect large stretches of land.

Figure 6. Selective felling in an even-aged or regular black pine stand in the Serra del Boumort SAC. To integrate elements of
maturity and promote biodiversity, some tall stumps are cut along the stand and some large pieces of cut dead wood is left on the
ground, prioritizing the ones of lowest commercial value. Photograph: Jordi Camprodon.
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2. Old growth as a key element of the forests
2. 1. Why is old growth considered as a singular characteristic?
Old-growth forests are calculated to account for less than 20% of all the forests on Earth, and this proportion
fell by 7.2% between 2000 and 2013 (Potapov et al., 2016). European old-growth forests are extremely rare:
they cover just 5% of the total woodland area and are particularly concentrated in the Russian taiga (Halkka
and Lappalaien, 2001). In the Mediterranean Basin, it is estimated that 2% of forests are practically unaltered,
located in the most remote parts of the Balkans and Anatolia (FAO, 2013).
Iberian forests have been exploited since ancient times. For instance, in Catalonia, the black pine is the third
most commonly used species in wood production. Nowadays, there are no primeval forests on the Iberian
Peninsula, at least in terms of widespread tree species. However, there are a few rare examples of forests
and stands with advanced old-growth characteristics. For example, in the case of the black pine in Catalonia,
the Life+ PINASSA project has identified 37 singular forest stands, with old-growth characteristics of varying
degrees. The average area of these stands is 12.4 hectares and the maximum age of the trees does not exceed
200 years, although Pinus nigra subsp. salzmannii can reach an age of over 600 years (Ruiz de la Torre, 2006),
having the longest lifespan of all Iberian conifer species.

2. 2. Conservation of the singular forest stands in the Life+ PINASSA project
With respect to the singular forest stands in which the black pine is predominant, the objective is to protect,
improve the conservation status and regulate the public use of the largest possible sample of stands in Catalonia
characterized by their maturity. The black pine is a long-living species that thrives in climate conditions with
a range of stress factors (summer drought, very cold winter and frequent late frosts). However, the age of the
current formations is well below their natural lifespan and it is hard to find large trees. There are just a few
stands with certain degree of old growth spread across the various parts of the Natura 2000 Network (special
areas of conservation, SAC), covering just a small area. Therefore, the Life+ PINASSA project does not focus on
old-growth in terms of advanced successional stages, but rather considers forests to be singular based on the
attributes of maturity that surpass others in terms of quality and quantity, within the current context of oldgrowth forests in the strictest sense being extremely rare. Although many of these stands are included in SAC
or even in specially protected natural areas, they are not covered by a sufficient degree of effective protection
that prioritizes their medium- and long-term conservation based on their singularity.
The specific objectives of the actions taken within the framework of the Life+ PINASSA project in singular
black pine forest stands are as follows:
•

Protecting the singular black pine forest stands with old-growth characteristics that clearly surpass
the average for Catalan black pine forests and which lack sufficient planning that emphasizes their
conservation interest and singularity.

•

Improve the stability and structural heterogeneity, as well as the medium-term regeneration (at least
25 years), in excessively homogeneous and dense stands, with a scarcity of dead wood and a lack of
regeneration or vitality in the regenerated crop.

•

Raise awareness of the various extraordinary services that singular forest stands can offer society: a)
scientific and environmental interest; b) heritage value; c) a genetic and biodiversity reserve; d) social use.

When selecting the singular forest stands in Catalonia based on their old-growth, various criteria were
taken into consideration: various structural components that characterize old-growth forests, geographical
location (southern or northern region) the risk of anthropogenic disturbances, the time since the last forestry
intervention and the ease with which an agreement can be reached with the owners.
The first step towards publicizing and enhancing the value of the singular forest stands is to establish their boundaries,
catalogue them in the inventory and reach a conservation agreement with the owners. Secondly, permanent plots
are established for scientific monitoring. Thirdly, regulations on the public use of the land are stipulated.
The conservation of singular forest stands is compatible with other planning objectives. Within the general
conceptualization of the multifunctional nature of forest planning on the scale of an estate or mountain,
stands cans be allotted for the natural dynamic. These will preferably be selected from among stands notable
for their maturity, their valuable role in the preservation of ecological processes and/or the conservation of
rare, endemic or threatened species.
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Figure 7. Twilight on a black pine forest in the Els Ports National Park. Photograph: Jordi Bas.

Box 5. What contributions do old-growth forests make to society?
The socioeconomic and demographic changes (particularly the mass rural exodus) and shift in values (growing
perception of nature as an asset that needs protecting) that characterized much of the 20th Century have generated
a demand for contact and interaction with nature in modern societies, which are predominantly urban. As a result,
spaces that represent nature (almost) unaltered by human activity are highly valued by a large proportion of society,
which recognizes its value as natural heritage and even as a defining feature of the society, and therefore demands its
preservation.
In this respect, there is a lot of potential for old-growth forests to be perceived as valuable elements that evoke a
sensation of unspoiled, primeval nature, both in terms of their aesthetic value and their intrinsic status of being
subject to no or very little human intervention. As such, such forests can play a key role when responding to the
growing demand for attractive natural spaces that improve people’s quality of life. They therefore have an important
social function. In this respect, initiatives are being implemented to organize itineraries and activities in singular
forests, which are see as having a therapeutic value, with the aim of improving people’s health and quality of life.
However, it should be noted that, when tapping into this great potential to organize recreational, educational and
therapeutic activities, they must be conducted in a way that does not harm the environment and in agreement with
the users, owners and competent authorities.
Europe is now characterized be a high human population density, an absolute dominance of highly transformed
landscapes and the absence of large areas of unspoiled wilderness. Within this context, the remaining old-growth
forests acquire a crucial role as singular spaces, society’s perception and value of which often goes beyond its
production potential. It is not surprising therefore that the most accessible old-growth forests are often emblematic
places, frequented by people keen to use nature in a contemplative way.
Old-growth forests are extraordinarily valuable for biodiversity, bearing in mind the enormous variety of species
associated with the components that characterize the forests’ maturity (thick trees, dead wood, micro-habitats, etc.).
In addition, they contribute towards forest fire prevention, due to their greater resistance in this respect: large trees
keep the crowns of combustible material far from the undergrowth, making it less likely that a large forest fire can
spread.
The scarcity of old-growth forests means that they have an undisputed scientific interest. These stands become
models for studying natural processes in practically unaltered ecosystems. Although natural systems are hardly ever
stagnant, and the processes are highly influenced by the context to varying degrees, the old-growth forests that
survive today give us a great opportunity to study the functions and processes that form part of the natural dynamic
natural in the later stages of the succession.
The knowledge generated by studying old-growth forests is very valuable for the environmental management as a
whole, and particularly in terms of the integration of biodiversity in forests subject to varying degrees of exploitation,
playing a key role in striking the balance between conserving natural values and forestry uses.
In this respect, old-growth forests can be used to establish reference values when evaluating the functionality and
conservation status of forests managed for other purposes or which are at earlier successional stages. Moreover,
old-growth forests provide references for integrating conservation measures focused on biodiversity in an approach
to forestry that is multifunctional and close to nature, imitating the processes that form part of the natural dynamic.
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3. The singular black pine forest stands in Catalonia
3. 1. Characteristics of the singular forest stands identified in Catalonia
The Life+ PINASSA project has enabled us to bring together all the disperse information that existed regarding
the distribution and status of the singular forest and/or old-growth stands of Pinus nigra in Catalonia. Based
on this information, coming from a range of sources (previous inventories, interviews with local agents,
catalogued forests, etc.), as well as a prior analysis of the available maps, 38 black pine stands were identified
that could be considered singular based on the criteria of maturity, social significance and/or biogeographical
uniqueness. The whole set of these stands covers a total area of 459 ha, although the size of the stands
varies greatly. The areas of the stands range from 0.4 ha to a maximum of 47.3 ha. Therefore, the stands are
discrete entities in terms of area, more abundant and extensive in the southern region (247 ha spread across
16 stands).
Of all the stands identified in Catalonia, 392 ha corresponding to 30 stands (84% of the total area of singular
forest stands identified) are covered by some type of protection, either within the framework of the Natura
2000 network (Figure 8) or in spaces with a more restrictive degree of protection, such as Natural parks.
Moreover, a total of 31 of the singular black pine forest stands in Catalonia are included in the Catalan Singular
Forest Inventory (http://www.creaf.uab.es/BoscosSingulars). The stands identified are located at altitudes of
between 466 m and 1,177 m, with one exceptional case in the county of El Gironès at an altitude of just 197 m.

Figure 8. Location of the singular forest stands of the Life+ PINASSA project. The SAC with singular black pine forest stands in
Catalonia are shown in dark green.

In all the singular black pine forest stands in Catalonia, there are indications of human intervention to varying
degrees, to the extent that none of the stands can be considered an old-growth forest. As such, the trees
with thickest trunks range between 100 and 250 years (with a maximum age identified of 325 years), still well
below the natural lifespan of the species. In terms of maturity, 26 of the singular forest stands are considered
mature, bearing in mind the structure of the population and the distribution of diameter classes. The rest of
the stands are considered singular based on criteria of biogeographical uniqueness (for example, two of the
stands in the province of Girona) or their significance in terms of their social scale and popularity.
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The last forestry exploitation of the stands considered to be old growth took place last century, in the 1970s in
the publicly-owned stands, and in the 1980s in the case of the privately-owned stands in the north. Currently,
these stands are basically subject to autogenic disturbances. In the case of the stands included in the Life+
PINASSA project, this process will probably accelerate in the coming decades, as they are stands that will now
be subject to natural dynamics.
The singular black pine forest stands in Catalonia are characterized by the abundance of thick trees, larger
than average in the forests around them (Table 1). In general, the trees with thicker trunks are between 100
and 200 years old. The senescent trees are scarce, although there is a considerable amount of dead wood,
with a volume above the average for black pine forests.
In these stands, gaps in the canopy are starting to appear, as well as regenerated groups. However, in many
cases, the emergence of these elements is not yet generalized. For instance, only 39% of the stands for
which information is available in this respect (n=23) contain regeneration of the main species. In general, a
single layer dominates the canopy, sometimes accompanied by an insignificant subordinate layer or isolated
trees of different generations. The undergrowth contains a diverse range of shrubs and lianas of varying
heights, among which extensively developed climbing ivies often predominate, particularly in shadier stands.
In general, the stands in the central counties have more diverse undergrowth in terms of species, while the
southern stands are poorer in this respect, probably due to the regime of recurring fires and grazing. In
the undergrowth, shrub and meadow grass species often appear, in forest clearings and rocky areas. These
include certain phanerogam species that are under threat in Catalonia.
In order to evaluate the structural characteristics of these stands appropriately, it must be taken into account
that fire plays a significant role in the southern stands. The black pine is a species adapted to a fire regime of
low intensity and high recurrence. In case of old-growth trees, surface fires do not affect the crown and only
scorch the bark on adult pine trees without reaching the branches. This reduces competition from the Aleppo
pine, oak species, shrubs and dense clumps of graminoid herbaceous plants. These are the optimal conditions
of which black pine takes advantage for regenerating. As a result, old-growth black pine stands can combine
characteristics of maturity without very developed vertical stratification, depending on the recurrence of
fires.
In old-growth black pine stands that have not experienced any small-scale fires, such as in the case of the
northern stands, in the absence of any anthropogenic interventions, regeneration takes place through gaps
opening in the canopy. In such stands, competition with holm oaks and other oak species is common, possibly
leading to mixed crops, with a subordinate canopy of oak species working their way to the dominant canopy.
The appearance of a small-scale fire under dominant canopy crowns may give black pines a competitive
advantage, with higher shafts keeping combustible material further away.
Based on the descriptive data of the crops that form the singular forest stands, it can be concluded that
the state of maturity of the black pine forests in Catalonia has not reached a level at which it meets the
criteria to fulfil most of the requirements to qualify as old-growth in terms of age, time elapsed since the last
interventions and area covered (Fiedler et al., 2007). However, it is evident that these stands boast certain
attributes of maturity that make them outstanding in comparison to the rest of the area occupied by the
habitat in the country as a whole. Therefore, its exceptional heritage value at a regional level is fully justified.
Weighing up the pros and cons of the orthodox definitions of maturity, in this project, the criteria of relative
perception have been applied (Gracia et al., 2009), in relation to a region (at a massif or county scale) for
which the term “singular forest stand” seems most appropriate.
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Table 1. Main characteristics of singular forest stands in Catalonia based on their maturity. Source: Catalan Singular
Forest Inventory and own data. DC: diametric class.

Stands (n)

Total areal
(ha)

Area (ha;
average ±
S.E.)

Basal area
(m2/ha;
average ±
S.E.)

Dominant height, Ho
(m)

Average density of live trees
(trees/ha
35 ≥ CD
≥ 45

50 >
CD

Northern sector

7

61,4

87,7
(±2,4)

44,8 (±7,3)

23,6 (±1,7)

328,2

81,6

92,8

Southern sector

12

155,2

11,9
(±1,6)

40,6 (±4,1)

21,8 (±1)

116,1

113,9

84,1

Central counties

6

52,4

8,73
(±4,5)

37,2 (±5,4)

22,7 (±2,7)

331,9

100,9

48,3

Maximum age
(average ± S.E.)

Volume of dead wood
(m3/ha)

Undergrowth
(thicket as a fraction of canopy cover)

Northern sector

161,1 (±24,7)

15,1 (7)

121,9 (25,3)

Southern sector

193,4 (±15,6)

11,4 (3,8)

28,8 (5,1)

Central counties

127,5 (±20,1)

4,7 (2,6)

86,7 (20,8)

Box 6. Brief description of the habitat
Iberian black pine forests are sub-Mediterranean formations dominated by Pinus nigra subsp. salzmanii, a sub-species
adapted to the areas with the most continental climate features within the Mediterranean region and, therefore,
able to withstand conditions characterized by severe winters with frequent frosts and a large temperature range. The
habitat is considered a priority conservation interest in the European Union: 9530* (sub-) Mediterranean endemic
Pinus nigra forests (Annex I of the Habitats Directive).
In general, it belongs to the supra-Mediterranean zone (oro-Mediterranean in some mountain ranges in the south of
the Iberian Peninsula) and requires a high level of rainfall (700-1,600 mm), with frequent summer storms that give it
a competitive advantage over certain Mediterranean oak species and other formations better adapted to prolonged
periods of drought (Regato and del Río, 2009). It is found at different altitude intervals depending on the latitude and
the influence of the Mediterranean. In terms of substrate, the habitat is suited to chalky Mesozoic substrates (dolomites
and limestones), although it may be found on loamy ground in southern areas. One notable exception, which in fact
represents a sub-type of the habitat, are the relict forests in the System Central on metamorphic substrates. Generally,
it is a habitat that develops well on shallow soils, as well as in rocky areas, as the species Pinus nigra germinates and
develops adequately in cracks and crevices. In these contexts, it also plays a key role in edaphological processes, as
the black pine develops a powerful root system that can separate the rock, thereby generating a substrate suitable for
other species to inhabit. The flora that accompanies the black pine forests on the Iberian Peninsula varies a great deal
from one place to another, although there are certain characteristic flower species such as Viburnum lantana, Lonicera
xylosteum and Thalictrum tuberosum.
Pinus nigra subsp. salzmannii
Leaves of 10-16 × 0.1-0.5 cm, somewhat rigid but flexible and not very sharp, intense green colour. Cones of 4-8 × 2.5-3
cm (Ruiz de la Torre, 2006).
The specific name refers to the dark colour of some of the varieties of this pine family. The subspecies is named after the
German botanist Philipp Salzmann (1781-1851), who collected plants in the Iberian Peninsula and the north of Africa.
Spanish: pino laricio, pino negral, pino gargallo, pino salgareño
Catalan: pinassa, pi negral, gargalla
Basque: larizio pinua
Galician-Portuguese: pinheiro-negral, pinheiro-larício
Iberian varieties or ecotypes:
pyrenaica: Pyrenees and north-east Iberian Peninsula
hispanica: central and southern Iberian Peninsula
latisquamata: Albacete, Cuenca and Teruel; it should probable be included within the hispanica variety
There has also been reforestation with the typical nigra subspecies, which originated from central and southern
Europe. Leaves of 8-16 × 0.15-0.2 cm, more rigid, dark green colour, larger cones of 5-8 cm and a limper appearance
(Ruiz de la Torre, 2006).
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3. 2. Characteristics of the singular forest stands of the Life+ PINASSA project
Of all the singular black pine forest stands identified in Catalonia, the Life+ PINASSA has established value
enhancement agreements with 12 stands (174 ha) belonging to 8 estates, two of which are privately owned
and six that are publicly owned (Box 7).
Box 7. Agreement with landowners
The protection of a network of singular and/or old-growth forest stands was established through different kinds of
agreement between the Life+ PINASSA project and the owners of the forests. In the case of both the privately-owned
and municipal stands, 25-year land stewardship agreements were signed between the Fundació Catalunya La Pedrera
and the landowners.
Land stewardship is a strategy to involve institutions, owners and land users in the management and conservation of
nature and the countryside. Within the framework of a conservation project, through voluntary agreements between
landowners and non-profit organizations, public and private institutions, the aim is to manage directly or provide
support for the management of woodlands containing habitats of communal interest in order to maintain or restore
their value.
In the singular forest stands of the Life+ PINASSA project, this agreement ensures the owners’ commitment throughout
the agreed period not to exploit the land for timber or any other use that is incompatible with preserving the values of
the stand’s singularity. They can carry out forestry work to improve the habitat, conduct environmental and signposting
projects, and restrict public use of the land with the objective of enhancing the stand’s maturity, biodiversity and
capacity for resilience, as well as regulating its social use. In case of a forest fire while the agreement is in force, both
parties will agree the work required to restore the forest. In cases in which the estate on which the stand is located
has a forest land-use planning instrument, the owners must apply for the inclusion of a declaration of the singular
forest stand as a “forest reserve” at the Centre for Forest Property in the case of privately-owned stands and to the
Department of Agriculture of the Generalitat de Catalunya in the case of publicly-owned land. After the period of the
agreement reaches its end, the parties can renew it by mutual agreement.
In the case of private properties, the agreement included a payment for the key environmental services offered
by these singular forest stands designed for strict conservation. The municipally-owned stands did not involve and
financial consideration due to their public nature. In the case of the heritage stands owned by the Generalitat de
Catalunya, it is the Administration itself that guarantees the preservation of stands identified as singular.
Figure 9. El Solà (Castellar de la Ribera, Solsonès). It covers an
area of 14.4 ha privately-owned land in the Pre-Pyrenees and
central region included within the “Ribera Salada” SAC. The
canopy coverage is 83%, with a density of 1,565 trees/ha, a
basal area of 45.1 m2/ha and a dominant diameter of 32 cm. The
dominant height is 16.3 m and the undergrowth is sparse (16%)
and heterogeneous in composition, slightly predominated by an
herbaceous covering (28%), followed by bryophytes (18%) and
shrubs (17%) such as Viburnum lantana, Quercus faginea and
the regeneration of Pinus nigra, with an average height of 62 cm.
Photograph: Jordi Camprodon.

Figure 10. Viladrich (Castellar de la Ribera, Solsonès). It covers an
area of 3,6 ha in the Pre-Pyrenees and central region included in
the “Obagues de la riera de Madrona” SAC. The canopy coverage
is 85%, with a density of 1,592 trees/ha, a basal area of 36 m2/
ha and a dominant diameter of 36.1 cm. The dominant height is
15.9 m and the undergrowth is dense, predominated by a shrub
layer (61%) at an average height of 78 cm and mainly comprised
of Quercus faginea and Buxus sempervirens. The coverage of
bryophytes is also notable (31%). Photograph: David Guixé.
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Figure 11. Pentina (Baix Pallars, Pallars Sobirà). It covers an
area of 47.3 ha of publicly-owned land in the Pre-Pyrenees and
central region included in the “Serra de Boumort-Collegats”
SAC. The canopy coverage is 50%, with a density of 180 trees/
ha, a basal area of 30.4 m2/ha and a dominant diameter of 73.3
cm. The dominant height is 21.9 m and the undergrowth is
generally sparse (25%) at an average height of 100 cm, with a
notable presence of Amelanchier ovalis and Buxus sempervirens.
Photograph: Jordi Camprodon.

Figure 12. Pinar de Cosp (Rasquera, Ribera d’Ebre). It covers
an area of 6.9 ha of municipally-owned land in the southern
region included in the “Serres de Cardó-El Boix” SAC. The canopy
coverage is 76%, with a density of 191 trees/ha, a basal area of
25.3 m2/ha and a dominant diameter of 53.1 cm. The dominant
height is 12.7 m and undergrowth is predominated by a shrub
layer (30%) at an average height of 150 cm, mainly comprised
of Smilax aspera, Acer campestre and Quercus ilex. Photograph:
Jordi Bas.

Figure 13. Barranc de la Galera – Bassís de Caro (Roquetes,
Baix Ebre). It covers an area of 16.1 ha of publicly-owned land
(Generalitat de Catalunya) in the southern region included in the
“Sistema Prelitoral Meridional” SAC and the Els Ports Natural
Park. It is an open forest with trees of a considerable size. The
canopy coverage is 76%, with a density of 298 trees/ha, a basal
area of 38.5 m2/ ha, a dominant diameter of 64.5 cm and a
dominant height of 19.5 m. The shrubby undergrowth is sparse
(35%), at an average height of 65 cm, predominated by Buxus
sempervirens and Quercus coccifera. The herbaceous layer is
fairly dense (70%). Photograph: Jordi Bas.

Figure 14. Barranc de la Galera – Mola Castellona (Roquetes,
Baix Ebre). It covers an area of 21.4 ha of publicly-owned land
(Generalitat de Catalunya) in the southern region included in the
“Sistema Prelitoral Meridional” SAC and the Els Ports Natural
Park. It is not a very dense forest, with crown coverage of 83%, a
density of 403 trees/ha, a basal area of 59.3 m2/ ha, a dominant
diameter of 59 cm and a dominant height of 14.4 m. The shrubby
undergrowth is sparse (40%), at an average height of 70 cm
predominated by Buxus sempervirens. The herbaceous layer is
fairly dense (65%). Photograph: Jordi Bas.
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Figure 15. El Port – Montsagre (Horta de Sant Joan, Terra Alta).
It covers an area of 9.8 ha of publicly-owned land (Generalitat
de Catalunya) in the southern region included in the “Sistema
Prelitoral Meridional” SAC and the Els Ports Natural Park. The
forest has canopy coverage of 86%, a density of 668 trees/ha,
a basal area of 53 m2/ha, a dominant diameter of 48.4 cm and
a dominant height of 14.6 m. The shrubby undergrowth is very
sparse (17%), at an average height of 100 cm, predominated
by Juniperus oxycedrus, accompanied by an herbaceous layer
covering 53%. Photograph: David Guixé.

Figure 16. El Port – Pinarisses (Horta de Sant Joan, Terra Alta).
It covers an area of 19.5 ha of publicly-owned land (Generalitat
de Catalunya) in the southern region included in the “Sistema
Prelitoral Meridional” SAC and the Els Ports Natural Park. It has
canopy coverage of 80%, a density of 572 trees/ha, a basal area
of 43.3 m2/ha, a dominant diameter 55.2 cm and a dominant
height of 18.5 m. The undergrowth is predominated by rocks
(42%) and a shrub layer at an average height of 87 cm (43%),
with the regeneration of Pinus nigra, Quercus ilex and Juniperus
oxiycedrus as the predominant species. Photograph: Jordi Bas.

Figure 17. Rafalgarí – Obaga de l’Amat (La Sénia, Montsià). It
covers an area of 11 ha of publicly-owned land (Generalitat
de Catalunya) in the southern region included in the “Sistema
Prelitoral Meridional” SAC and the Els Ports Natural Park. It has
canopy coverage of 85%, a density of 692 trees/ha, a basal area of
67 m2/ha, a dominant diameter of 51 cm and a dominant height
of 25 m. The undergrowth is predominated by the herbaceous
layer (55%), although there is also a notable shrub layer (30%)
at an average height of a metre, predominated by Juniperus
oxycedrus and Buxus sempervirens. Photograph: Joan Mestre.

Figure 18. Barranc de la Galera – Clot de l’Hospital (Roquetes,
Baix Ebre). It covers an area of 6.9 ha of publicly-owned land
(Generalitat de Catalunya) in the southern region included in
the “Sistema Prelitoral Meridional” SAC and the Els Ports Natural
Park. The average canopy coverage is 66%, a density of 290 trees/
ha, a basal area of 40.1 m2/ha, a dominant diameter of 73.4 cm
and a dominant height of 17.8 m. The shrub layer covers 40%, at
a height of 150 cm, predominated by Buxus sempervirens, and
the herbaceous layer covers 60%. Photograph: Jordi Bas.
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Figure 19. Barranc de la Galera – Replanellars (Roquetes,
Baix Ebre) It covers an area of 16.8 ha of publicly-owned land
(Generalitat de Catalunya) in the southern region included in the
“Sistema Prelitoral Meridional” SAC and the Els Ports Natural
Park. It has canopy coverage of 75%, a density of 304 trees/ha
and a basal area of 49 m2/ha an average quadratic diameter
of 49 cm. The average height is 20,5 m. In the undergrowth,
the shrub layer cover 25%, with an average height of a metre,
predominated by Juniperus oxycedrus and a herbaceous layer
cover 50%. Photograph: Jordi Bas.

The singular forests are sub-Mediterranean pine forests of Pinus nigra subsp. salzmannii var. pyrenaica, of
average and low site quality and high capitalization, with a certain degree of heterogeneity in the canopy. They
are regular stands or at an advanced stage of uniform stratification, in which competition in the dominant
canopy can be observed in some cases. In other cases, however, the dominant canopy remains open, which
allows other arboreal layers to develop. There is a notable presence of larger trees than the average in Catalan
black pine stands. Regeneration tends to be scarce and in intermittent bursts. It is common to find Scots pine
(Pinus sylvestris) and leafy species in the form of bushes and small trees: Portuguese oak (Quercus faginea
and its hybrid forms) and holm oak (Quercus ilex) and sometimes maples (Acer opalus subsp. granatensis) in
the southern locations. An occasional large leafy tree sometimes appears, scattered through the stand.
In the population structures of the southern stands, there is a predominance of large trees, in most cases with
a lack or scarcity of trees in the intermediate age and regenerated categories. This simplified structure should
not compromise the long-term stability of the black pine as it is a very long-living species. The free evolution
dynamic is expected to start the formation of small gaps in the canopy that facilitate regeneration.
In the northern stands, the dimensions of the trees are relatively larger than the region’s average, but more
moderate in comparison to the southern stands. In the stand located in the “Ribera Salada” SAC, a certain
stagnation of the growth of the adult trees has been detected, perhaps due to the diameter thinning carried
out in the mid-20th Century, when they left behind the with the worst appearance and phenotypic quality.
However, there is a group of good-sized dominant trees that be strengthened to enhance the maturity of the
forest and maintain its singularity.
In several stands, charred remains can be observed at the base of the trunks, suggesting that they have
withstood fires of a small scale and high recurrence. The ages of the singular forest stands are not very high,
ranging between 100 and 130 years for the oldest trees. Some tree may reach the age of 150, but such cases
are very rare with respect to the stand as a whole. The average age 113 years, which is significantly higher
than the age of the surrounding adult stands of a regular stand (72 years on average), in which the Life+
PINASSA project has carried out other actions.
The average density of the woodland in the whole set singular forest stands included in the Life+ PINASSA
project is 690 trees/ha, with a coverage of 78%, a volume of 326 m3/ha of wood with bark, a basal area of 42
m2/ha, an average diameter of 28 cm and an average diameter of the largest one hundred trees of 49 cm, an
average height of 13 m and a dominant height of 18 m.
Figures 20, 21 and 22 show whether there are significant differences between the singular forest stands and
the average of all the other stands included in the project, with regular and irregular structures.
The coverage of shrubs, grasses, mosses and plant remains in the singular forest stands is considerably high
(Figure 23), but not significantly higher than in the younger stands sampled. These cannot therefore be taken
as variables that characterize the singularity of these stands, despite being important from the perspective
of adding structural complexity. The singular forest stands do, however, display greater and very significant
coverage of rocky outcrops, which may be related to the poorer site quality of the stands without forestry
interventions in the last few decades.
The presence of cut stumps is taken as a measurement of forestry intervention. The average density is 6.9
stumps/ha, below the average for regular and irregular stands in productive management, but it does not
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qualify as a statistically significant density. This indicates that, in the singular forest stands, a certain amount
of felling has taken place over the last 50 years, particularly in the case of the northern stands.
Dead wood is a variable associated with a forest's natural dynamics, and a high degree of naturalness.
Simultaneously, it is correlated with a higher availability of microhabitats and resources for saproxylic
organisms (Lassauce et al., 2011), which, in turn, play a key role in the nutrient cycle and have an essential
function in the forest ecosystem (Stockland et al., 2012). For its importance in the degree of naturalness,
the Life+ PINASSA project measured the amount and quality of the dead wood. All the singular forest stands
contained fallen and standing dead wood prior to the silvicultural treatments of the Life+ PINASSA. The
amount of dead wood in the singular stands not differ to productive stands with irregular o regular structure
(Figure 24). However, the average volume of dead wood is greater in the singular forests (Figure 25), but the
differences are not statistically significant. On the other hand, the average size of individual dead trees is
significantly higher in the singular stands. Beyond the total amount of dead wood, the average size of dead
trees provides a fundamental qualitative information about the stand's capacity to accept taxa associated
with a greater degree of naturalness (Bütler et al., 2004; Heilmann-Clausen and Christensen, 2004).
A third structural factor related to the dead wood present in a stand and which has a clear impact on the
diversity and abundance of species that it can support is the quantity of standing dead wood. The functionality
of a trunk in the ecosystem varies greatly depending in whether it is standing or has fallen to the ground.
Generally, the proportion of standing dead wood in relation to the total is expected to be higher in old-growth
forests, subject to a natural dynamic or with little intervention. This assumption seems to hold true in the
singular forest stands monitored within the framework of the Life+ PINASSA project, which has found a greater
quantity of standing dead wood, and in a greater proportion with respect to fallen trunks (Figure 24). Standing
dead wood is a valuable resource for the biodiversity associated to forests. For instance, it is a substrate for
nesting and shelter for primary and secondary cavity-dwellers, such as woodpeckers or forest bats.
In the singular forest stands, some of the trees probably fall due to old age, while, in the case of the stands
in production, they mostly fall due to competition and accidents (wind and snow). This would explain the
difference in amount of dead wood between structure categories, while enabling a link to be established
between the larger average size of dead wood and higher degree of the stand’s maturity. In the surveyed
forests, most of the dead wood is black pine. Sometimes, dead Scots pine or leafy trees can be found. The
average of amount of dead wood in the singular black pine forests is 9.6 trees/ha in the case of stumps, 0.45
trees/ha for standing dead wood and 23.8 trees/ha in the case of fallen trunks. The average diameter of the
dead wood is 29.3 cm and the average length is 5.6 m. Most of the dead wood contains elements of biota:
66% fungi, mosses or lichens and 17.8% show indications of invertebrates. The 16.2% of dead trees that do
not contain biota have either died very recently and there has not been time for them to be colonized, or the
wood is extremely dry, associated to microclimatic conditions in the stands of low humidity (south-facing and
strong sunshine).
The density of cavities suitable for vertebrate fauna (birds and bats) is significantly higher in singular forest
stands, as well as the average diameter of trees with cavities (Figure 26). This result tallies with the preference
of woodpeckers for larger trees to build their nests and the greater likelihood of forming cavities due to decay
or accidents as trees get bigger and older.
In conclusion, structural singularity is based on the size of the trees (volumes, trunk diameters and heights),
considerably higher than the average for black pine forests, the amount of larger dead trees and the greater
availability of cavities for fauna. They can be considered mature from an observational perspective and in terms
of being significantly statistically higher than average. Therefore, they qualify as singular on a regional scale.
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Figure 20. Average woodland density in irregular destructured stands, regular stands with regeneration difficulties and singular
stands catalogued by Life+PINASSA. The significant differences in the variance analysis are indicated with respect to singular stands
(* p <0,05, ** p <0,01, *** p <0,001). The bar chart shows the mean, quartiles 1 and 4, and the value ranges (within 1-5 times the
interquartile range).

Figure 21. Volume with bark calculated based on the basal area (allometric relation) in irregular destructured
stands, regular stands with regeneration difficulties and singular stands catalogued by Life+PINASSA. The significant
differences in the variance analysis are indicated with respect to singular stands (* p <0,05, ** p <0,01, *** p <0,001).
The bar chart shows the mean, quartiles 1 and 4, and the value ranges (within 1-5 times the interquartile range).
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Figure 22. Structural characteristics: woodland cover, average quadratic diameter (Dg), average diameter of the largest one hundred
trees per hectare (Do), average tree height (hm) and Assmann’s dominant height (Ho) – in irregular destructured stands, regular
stands with regeneration difficulties and singular stands catalogued by Life+PINASSA. The significant differences in the variance
analysis are indicated with respect to singular stands (* p <0,05, ** p <0,01, *** p <0,001). The bar chart shows the mean, quartiles
1 and 3, and the value ranges (within 1-5 times the interquartile range).

Figure 23. Undergrowth cover in regular singular stands with regeneration difficulties or irregular destructured singular stands,
catalogued by Life+PINASSA. The significant differences in the variance analysis are indicated with respect to singular stands:
*p<0,05, ** p<0,01, ***p<0,001.
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Figure 24. Density of fallen (red) and standing (blue) dead wood in irregular destructured stands, regular stands with regeneration
difficulties and singular stands catalogued by Life+ PINASSA. The bar chart shows the mean, quartiles 1 and 3, and the value ranges
(within 1-5 times the interquartile range).

Figure 25. Average volume of dead trees in irregular destructured stands, regular stands with regeneration difficulties and singular
stands catalogued by Life+ PINASSA. The bar chart shows the mean, quartiles 1 and 3, and the value ranges (within 1-5 times the
interquartile range).
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Figure 26. Density of cavities suitable for cavity-dwelling vertebrates and dimensions of trees with cavities irregular in destructured
stands, regular stands with regeneration difficulties and singular stands catalogued by Life+ PINASSA. The significant differences
in the variance analysis are indicated with respect to singular stands: * p <0,05, ** p <0,01, *** p <0,001. The bar chart shows the
mean, quartiles 1 and 3, and the value ranges (within 1-5 times the interquartile range).

31

4.
Biodiversity
associated
with old-growth
forests

4. Biodiversity associated with old-growth forests
4. 1. Introduction
Broadly speaking, the specific richness and abundance of forest specialist organisms (and, in ecological
terms, alpha diversity) increase in old-growth successional stages. This affects species and functional guilds
dependent on the continuity of forest cover over time, which will provide microclimatic stability in terms
of temperature and humidity (fungi, lichens, bryophytes, nemoral spermatophytes), as well as for any taxa
associated with old-growth variables (ancient trees, dead wood, developed organic soils, microhabitats):
birds that nest in cavities, arboreal bats, saproxylic beetles and fungi, etc. Microhabitats correspond to parts
of a tree or another element of the habitat with particular characteristics: bark roughness; fruiting bodies
of Aphyllophorales fungi; lesions that ooze sap; natural hollows, which for saproxylic organisms can be very
different depending on whether they are trunk, branch or root cavities, or also depending on whether they
are apical or basal hollows (Micó et al., 2013). On the other hand, vascular plant species cope well with
natural and anthropogenic disturbances, with more diversity in managed forests (Paillet et al., 2010).
The influence of the space-time scale on biodiversity must be taken into account. Old-growth stands with an
advanced conservation status, but that are very small, measuring only a few hectares, can support a good
part of the species associated with old-growth forests (in the case of vertebrates with larger home ranges,
they would basically act as places of refuge). The fragmentation of these stands into small units very far from
one another may entail the isolation of taxa associated with old growth, especially in the case of organisms
with little dispersal capability, such as bryophytes or invertebrates. It could go so far as to compromise the
genetic viability of their populations. Large old-growth forests and, complementarily or in their absence, a
network of old-growth stands or stands with a certain singularity based on their old-growth characteristics,
contribute to genetic and ecological connectivity.
Different species of flora and fauna that are threatened and of conservation interest at European level can
be found in singular forest stands of black pine. Several of these species appear in Annex II of the Habitats
Directive, for which SAC must be designated: Eriogaster catax, Graellsia isabelae, Callimorpha quadripunctaria,
Lucanus cervus, Cerambyx cerdo, Barbastella barbastellus, Rhinolophus ferrumequinum, Myotis emarginatus,
Myotis bechsteinii (Regato and del Río, 2009). Different indicator groups or groups of special conservation
interest are described below, as well as their relationship with the maturity of the forest, highlighting the
results obtained in Life+ PINASSA, wherever data are available.
The understanding of the biodiversity components associated with the maturity and structural complexity
of forests forms a reference for using biomonitoring to develop technical criteria that will allow for the
integration of biodiversity components in forests with a productive priority objective.

Figure 27. Paeonia officinalis subsp. microcarpa. Els Ports Natural Park. Photograph: Bruno Duran.
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Table 8. What biodiversity should be protected?
Which species should receive priority attention? This is the key question that must be asked when managing a natural
area. The prioritization must be aimed, firstly, at threatened species*; then at endemic and rare species (which rise to
maximum priority level if they are also threatened); next at forest specialists; and, finally, at generalist species. Forest
specialists means taxa exclusive to the habitat that make specific use of its resources, such as numerous saproxylic
fungi and beetles. Generalists, such as blackbirds or the common pipistrelle, are found in alternative habitats to
forests, including open spaces and urban parks. However, it must be borne in mind generalists also include species
that are key or functional in the functioning of the ecosystem, which must also be taken into consideration to avoid
destabilising it. Furthermore, it must be taken into account whether threatened taxa typical of open spaces appear in
forest clearings and other open areas, in which case they will also have to be considered in the management.
Different categories of threat are distinguished among threatened species: endangered, vulnerable, etc. To that end,
the IUCN website (www.iucnredlist.org) and red books and catalogues of threatened species at regional level may be
consulted. Management responsibility increases in line with the geographical scale of the threat level. For example,
two threatened species in the Pyrenees are the Tengmalm’s owl and the western capercaillie. However, while the
Tengmalm’s owl is threatened at Iberian Peninsula level, but not worldwide, the western capercaillie (Pyrenees) is
threatened globally as a subspecies and the responsibility is greater. The responsibility is even greater for Graellsia
isabellae (the Spanish moon moth), which is an endemic species at a specific level and is threatened.
One dilemma that may arise with a freely developing old-growth forest is deciding whether to conserve a certain
biodiversity component where this affects the naturalness of the forest. For example, a threatened light-demanding
species is found in an old-growth forest that is developing towards crown closure. Would it be appropriate to make
clearings? The most sensible thing to do is to assess the regional impact of locally managing this forest. If the forest
contributes decisively to the preservation of the taxon at regional or global level (in the case of an endemic species),
the most sensible thing to do would be to intervene at the expense of naturalness.
*The more common term species is used, but it would be more correct to talk about taxa and to distinguish the subspecific taxa,
e.g. Pinus nigra salzmanni pyrenaica.

4. 2. Life+ PINASSA bioindicator sampling
Samples from different biological descriptors and indicators were taken in singular forest stands, so they
could be characterized. The descriptors consisted in a dasometric and vegetation inventory and a dead wood
and microhabitat inventory. The flora of interest and forest birds were inventoried as indicators in all stands.
Inventories of bats and moths were produced in a selection of stands. The method and effort were adapted
to the characterization and monitoring aims and to the human resources available.
4.2.1. Dasometric and vegetation inventory
A permanent plot with a 10-m radius was delimited per hectare in the stands with silvicultural treatments,
up to a maximum of three plots per stand. An inventory by expert estimate was carried out in plots without
treatments.
The following variables were measured in the permanent plots:
•

Normal diameter (at a height of 1.3 m) of the living trees with diameter ≥ 7.5 cm.

•

Estimation of the vitality of each tree inventoried, in two categories.

•

Classification of the trees by sociological layers.

•

Total height of five trees.

•

Height of the first living branch and crown diameter of three or five trees.

•

Age and growth over the past 10 years of a tree representative of the stand.

The following variables were estimated or measured at the sampling points in the inventory by expert estimate
with literal silvicultural description:
•

Average normal diameter (at 1.3 m) and average height of the living trees with diameter ≥ 7.5 cm.

•

Average normal diameter (at 1.3 m) and average height of the group of dominant trees (upper layer and
highest diameters).
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•

Basal area of the three size groups: small (diameter class DC 10-15), medium (DC 20-30) and large (DC ≥ 35).

•

Density of larger trees (Dn ≥ 7.5 cm) and smaller trees (Ht > 1.3 m and Dn < 7.5 cm).

•

Opening to light from the middle of the plot.

•

Parameters for classifying the vulnerability of the stand to forest fires.

•

Coverage and average height of the shrub layer.

•

Coverage of the herbaceous layer, moss, woody debris and rocks.

Table 9. What is meant by bioindicator?
A bioindicator is a species or group of species that, due to its characteristics and response to certain environmental
conditions, is used to assess ecosystem status, as well as to indirectly detect and measure the changes that take place
in ecosystems. A scale of values for the bioindicator (which can be created based on different parameters according to
the case) is generally associated with a quality gradient or environmental conditions in a defined geographical area. In
ecology and conservation, it is common to use bioindicators to assess the conservation status of ecosystems and the
effects of human activity on them, although bioindicators can also be used to assess the effect of natural processes
on these ecosystems.
Not all organisms or processes provide the same information in relation to the quality and conservation status of
the habitats in which they are found. Therefore, not all the species or groups are equally suitable when it comes to
using them as bioindicators. On the other hand, the same organism or group does not only respond to the changes or
conditions we want to assess, so its suitability as bioindicator will depend on the context in which we find ourselves. For
example, a species will not provide the same information regarding the impact of human activities on the environment
if we analyse its status in a potentially optimal habitat or if we do this in a marginal zone of its natural distribution area,
where the environmental conditions are already naturally close to the tolerance limits for the species. A fundamental
characteristic and necessary requirement that determines the usefulness of one or several organisms as bioindicators
is sensitivity to the change factors we are interested in assessing. In other words, the changes in the environment
that we want to detect or measure must be associated with tangible and measurable changes in the groups that we
want to use as bioindicators, whether at the level of population, behavioural or physiological status parameters. The
changes caused must also be measurable and quantifiable on a scale proportional to the degree of environmental
variation that is of interest to us in each case. Generally, in conservation, a good indicator will be one that allows us to
detect changes of a magnitude of variation sufficient to determine decision making and the appropriate action based
on pre-established criteria.
Often, the simultaneous use of different bioindicators can provide much more complete and reliable information
than if we use just one indicator, especially if bioindicators are used that have different sensitivities to the change
factors that we want to evaluate or, moreover, if the response to these changes is conflicting in the different groups
considered. The specificity of the bioindicator’s response is also an important factor that determines its suitability.
Thus, the ideal bioindicator would be one in which the changes observed were only measured by the change factor
we are interested in assessing. Generalist species adapted to different environmental conditions with wide ranges of
tolerance to the change factors we are interested in are not usually good bioindicators, and extremely rare species
(difficult to monitor) or species with a significant response to small variations in the variables of interest are not
usually good bioindicators either.

4.2.2. Dead wood and microhabitat inventory
To find out the availability of dead wood and microhabitats, sampling was done using line transects across the
stand with a minimum length of 1 km. For fallen dead wood, a 4 m band was defined, 2 m at either side of the
progression line. The dead wood that interrupted the progression line was measured starting from 15 cm in
normal diameter (method adapted from Stal and Lämas, 1998; Nordé et al., 2004; Bobiec et al., 2005) and the
species was described, as well as its normal diameter and height, its state of decomposition, percentage of bark
and likely cause of its death. The standing dead wood (starting from 20 cm in normal diameter) was measured
within a 50 m radius and its state of decomposition and presence of cavities were noted. The presence of nest
platforms suitable for birds of prey was considered at the same distance. The microhabitats and biotic elements
found in the dead wood itself (mosses, lichens, Aphyllophorales fungi, tumours, insect bore holes, etc.) were
characterized in the same transect. The tree cavities suitable for vertebrate fauna were measured in a 25 m band,
making it possible to inspect all the trees in the same transect as the dead wood. Note was made of the cavity
type (woodpecker nest, decay, cracks, raised bark, lightning mark, chimney, tumour or other malformation), the
number, species, location (on the trunk, branch, root), the vital state of the tree and dasometric data (normal
diameter and at the height of the cavity, height of the tree and the cavity, etc.).
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A transect between 1,000 m and 3,500 m in length across the stand is sufficient to assess the quality of the
dead wood (type, arrangement, biota, etc.) (Bobiec et al., 2005). However, to assess the quantity of dead
wood, it is better to use a transect that goes around the entire stand. The trees are measured that interrupt
the progression line in a 4 m band (2 m at either side of the progression line) following the level curves (Figure 28).

Start of the transect

End of the transect. Total dist. = 1,000 m

Figure 28. Representation of the transect for the characterization of dead wood and cavities.

4.2.3. Flora of special interest inventory
The vascular flora species from the catalogue of threatened flora in Catalonia and from the red book of
threatened species in Catalonia was sampled using a transect (Sáez et al., 2010). Endemic species and rare taxa
were also included, as well as phytosociologically characteristic species of black pine forests. The transects
were done during the month of May, the maximum period of growth and flowering for the majority of the
species, and coincided with the dead wood transects (4 m band). The number of trees, altitude, phenology,
vitality and coverage of the shrub and arboreal layers over the ground level were recorded, among other
variables.
4.2.4. Forest bird census
A census of common forest birds was taken using the listening station method (Bibby et al., 1992), the standard
method in forest environments, which can be used well in tandem with the forest and vegetation inventories.
The species seen or heard were accounted for in three concentric bands of 25 m, 50 m and beyond 50 m. This
way, all the contacts within the 50 m band can be associated with the stand studied and those beyond 50 m
with the rest of the forest. The distance between stations was at least 250 m. The duration of each listening
event was 20 minutes, staring a half-hour after sunrise and lasting until mid-morning.
4.2.5. Bat census
The census consisted in automatic listening stations with ultrasound detectors. These were combined with
capture sessions to determine the cryptic species that were impossible to differentiate with certainty by
analysing the ultrasounds. It is demonstrated that the use of combined methods to study bats is the most
efficient means to this end (Flaquer et al., 2007). The sampling was done from the end of June until the
middle of July. Each station recorded bat ultrasounds over four consecutive nights per stand.
The captures were done during one night per stand by using particularly fine Japanese nylon nets suitable
for bats. The nets were normally situated on forest trails or crossing ponds, reservoirs or watering places
within the stand or very close by, to thus optimise the probability of capture. It was assumed the capture of a
breeding individual or a baby meant the existence of at least one breeding colony in the area.
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Special shelter boxes for bats were installed in some stands, in groups of three boxes in three different
models. This is a supplementary method for the long-term monitoring of populations, as the bats do not start
to occupy the boxes until months or even years after they are installed.
4.2.6. Moth sampling
Night-time sampling was done using Heath light traps equipped with actinic fluorescent lights between 6 and
8 W powered by batteries (Figure 29). Nights without a full moon were chosen, since the attraction of the
artificial light is stronger then. The traps were in operation from dusk until 2 am (around four hours). One
trap was installed per stand. The highest possible number of species was identified on site, while the other
samples were collected for identification in the laboratory.

Figure 29. Sampling of birds, bats and moths in Life+ PINASSA. Photos: David Guixé.

4. 3. Vascular flora
4.3.1. General points
LThe vascular flora in old-growth forests reflects the diversity of microhabitats (rock outcrops, shaded
shelters, water points, etc.) and the environmental conditions present at eco-unit level (from forest clearings
to very closed canopies). There are few vascular plants typical of old-growth forests and they differ from
one region to another (Peterken, 1996; McComb and Lindenmayer, 1999). Thus, a species described in one
biogeographical region as associated with old-growth forests can appear in productive forests or in open
habitats under other bioclimatic conditions (Hermy et al., 1999), making it difficult to use vascular plants as
indicators of old growth. On the other hand, the scarcity of maturation stages and senescence means that
many species linked to these forests are rare or may be threatened (Wulf, 1997).
Old-growth forests support, in general, a higher proportion of species tolerant to shade, if there is canopy
closure, and diversity of biological types, including trees and lianas (EUROPARC-España, 2017). The continuity
of the canopy over time facilitates the higher frequency of species with little dispersal and/or colonization
capability as well as relict species, isolated from the source populations or heavily harvested in the past,
such as the yew (Taxus baccata). Clearings can increase the total species richness of a stand by favouring
the development of light-demanding plants, including meadow species and nitrophilous shrubs, such as
blackberry bushes (Rubus sp.).
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4.3.2. Flora in old-growth black pine forest stands
The old-growth and singular black pine forests sampled as part of Life+ PINASSA correspond to two large
biogeographical areas that determine, to a large extent, the floristic communities found in the different forest
stands. This makes it difficult to compare the richness based solely on the structural characteristics of the
stand. Among the flora species of interest that have been found, a distinction is made between threatened
flora species, included in the catalogue of threatened flora (Decision AAM/732/2015 of the Generalitat de
Catalunya) or listed in the red book of endemic and threatened flora of Catalonia (Sáez et al., 2010), and
plants with a special interest. The taxa that have outstanding biogeographical interest (endemic or rare at
local or regional level) are defined as such, as well as taxa that are characteristic according to the vegetation
type described for black pine forests (Gamisans and Gruber, 1988; Álvarez de la Campa, 2004). Species are
also included that may be good indicators of the structure and forest history of the stand.
Table 2 shows the taxa of floristic interest inventoried by Life+ PINASSA. Endemic and threatened taxa are also
included whose distribution area coincides with the singular black pine forest stands identified. The El Port
massif (“Sistema Prelitoral Meridional” SAC) stands out as the area where they have been documented or
found by inventorying 17 taxa of interest. These include species that are threatened in Catalonia and endemic
to the Sistema Prelitoral Meridional, such as Aquilegia paui, Arenaria conimbricensis subsp. viridis, Armeria
fontqueri, Atropa baetica, Pinguicula grandiflora subsp. dertosensis, Biscutella laevigata subsp. fontqueri,
Salix tarraconensis and Thymus willkommii. Moreover, Euphorbia nevadensis subsp. bolosii is protected at
European level and Ilex aquifolium, Prunus prostrata and Taxus baccata are protected in Catalonia. In addition,
Sanicula europaea and Ranunculus gramineus are rare species and Paeonia officinalis subsp. microcarpa
and Viola willkommii are phytosociological characteristic species of the habitat. Three species of interest
have been located in the “Serres de Cardó-El Boix” SAC: Salix tarraconensis, Centaurea podospermifolia and
Hieracium vinyasianum, in the Cosp singular forest stand; the second is a species endemic to Els Ports and
nearby mountain ranges, and the third is exclusive to the Cardó range. Three species appear in the northern
singular forest stands: Rosa pimpinellifolia, Cephalanthera damasonium and Viola willkommii, of which the
first two are rare species not found in the southern forest stands.
The threatened flora or flora of special interest are not exclusive to the singular forest stands; they are found
in other silvicultural types. Two-thirds of the species found are in clearings and rock outcrops, while only
one-third are strictly forest (Figure 30). The low density of trees that usually occurs in a good part of the
southern singular forest stands, together with the presence of clearings and rocks, provides habitat structures
favourable to the distribution of populations of threatened flora and flora of special interest.
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Table 2. Species that are threatened in Catalonia, rare or of biogeographical interest, located in singular black pine forest
stands. Occurrence: number of stands where the species has appeared. SPM: Sistema Prelitoral Meridional, C: Serres de
Cardó-El Boix, RS: Ribera Salada, M: Obagues de la riera de Madrona.

Species

Occurrence

SPM

C

RS

M

Main
habitat

Rareness

Flora catalogue
Decree
172/2008

Interès

1

+

-

-

-

Rocks and
shaded
pastures

rrr

EN

Protected in Catalonia
and endemic to Els
Ports

VU

Endemic species from
the mountains in
the southern half of
Catalonia

Catalogued species
Aquilegia paui
Arenaria
conimbriscensis
subsp. viridis

1

+

-

-

-

Open forests

Armeria fontqueri

2

+

-

-

-

Rocks,
bushes and
dry pastures

rr

VU

Protected in Catalonia
and endemic to Els
Ports

-

Forest
clearings,
open
forests,
scrub and
rocks

rrr

EN

Protected in
Catalonia

rr

VU

Protected in Catalonia
and endemic to Els
Ports and Cardó

Atropa baetica

1

+

-

-

Centaurea
podospermifolia

1

-

+

-

-

Rocks,
clearings
and forest
edges

Hieracium
vinyasianum

1

-

+

-

-

Shaded
rocky areas

rrr

VU

Protected in Catalonia
and endemic to
Cardó

Pinguicula
grandiflora subsp.
dertosensis

2

+

-

-

-

Shaded
rocks

rr

VU

Protected in
Catalonia. Only
location in Catalonia

Prunus prostrata

1

+

-

-

-

Rocks and
scrub

rr

VU

Protected in
Catalonia

VU

Protected in Catalonia
and endemic to
the central and
southern Catalanidic
mountains

VU

Protected in Catalonia
and endemic to
the central and
southern Catalanidic
mountains

Salix
tarraconense

Thymus willkomii

2

+

+

-

-

Shaded
rocks

rr

1

+

-

-

-

Rocks

rr

4

+

-

-

-

Rocks,
scrub and
clearings

c

Endemic species
Biscutella
laevigata subsp.
fontqueri

Endemic to Els Ports

Protected species in Catalonia, not catalogued
Ilex aquifolium

1

+

-

-

-

Forests

Taxus baccata

1

+

-

-

-

Forests

Characteristic species of the habitat
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Protected in
Catalonia
r

Protected in
Catalonia

Cephalanthera
damasomium

1

-

-

+

-

Forests

r

Rare

Paeonia
officinalis subsp.
microcarpa

1

+

-

-

-

Forests

rr

Rare and
characteristic of the
habitat

Rosa
pimpinellifolia

1

-

-

+

-

Forests

r

Rare

Viola willkommii

6

+

-

+

+

Forests

Euphorbia
nevadensis subsp.
bolosii

2

+

-

-

-

Scrub, dry
pastures
and rocks

rr

Rare

Ranunculus
gramineus

1

+

-

-

-

Pastures

r

Rare

Sanicula
europaea

1

+

-

-

-

Forests

r

Rare

Saxifraga
longifolia var.
aitanica

1

+

-

-

-

Rocks

rr

Characteristic of the
habitat

Rare species

(VU)
descatalogada

Rare

Figure 30. Distribution by type of habitat or microhabitat of the species of threatened flora or flora of special interest found
in singular black pine forest stands.

Figure 31. Atropa baetica, Salix tarraconensis (Photographs: Toni Buira) and Pinguicula grandiflora subsp. dertosensis
(Photograph: David Guixé). Els Ports Natural Park.
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4. 4. Mosses and lichens
Mosses and hepatophytes (bryophytes) develop in conditions of high humidity, and are therefore usually
associated with closed canopies. They are abundant in shaded spots and, on a small scale, in the less insolated
parts of the trunks and large rocks. Under conditions of very high humidity, associated with frequent mists,
there can be extensive green mantles like in the Macaronesian laurel forests. Under more normal conditions,
they preferably grow on more durable substrates, such as rock outcrops and stumps, under humidity and
temperature conditions that are typically found within forests. Over the last 100-150 years, a decline has been
observed in lichens and mosses associated with advanced stages of forest succession, due to the removal of
ancient trees and dead wood from the forests (Kriebitzsch et al., 2013).
Mosses participate in the conservation of the environmental humidity of the wood and the soil, an action that
benefits other species such as fungi, vascular plants and invertebrates. Precisely, mosses form the habitat of
small invertebrates such as nematodes and molluscs. Although mosses can be found in any forest that meets
their humidity, temperature and sunshine requirements, the closed canopies and more prolonged stability
conditions of old-growth forests can facilitate their species richness and abundance. Furthermore, several
characteristic species have been described in advanced states of decomposition of the wood (Crites and Dale,
1998). In Life+ PINASSA, 31% of the fallen dead wood and stumps was colonized by mosses, in different stages
of decomposition, although moss was significantly more abundant in very old and hard or very decomposed
wood, which, therefore, had had more time to be colonized.
Lichens respond to different environmental conditions, among which substrate type is a determining
factor. For example, at forest stand or plot level, sometimes rocky open areas hold a species richness that is
significantly higher than the richness of dense pastures where they are not competitive, and even higher than
under the tree canopy. Lichens are organisms that grow very slowly, and therefore within the forest, the type
and distribution of adequate substrates in the space, their permanence over time and stable microclimatic
conditions are the determining factors of the species richness and abundance.
Among the different species, Lobaria pulmonaria is often used as indicator of stable time-dependent
conditions in forests of all kinds (Gilg, 2005). To give an example, rough barks (oak compared to beech) and
large trees surrounded by young focal trees are selected factors (Belinchón et al., 2011). Due to the fact that
their bark comes off easily, pines are less stable for lichen colonization. In conclusion, the variety of tree
species, of different sizes and ages, and bark roughness are variables that determine lichen diversity. Dead
wood, especially dead wood that is large in size, also influences lichen and bryophyte diversity (Hofmeister
et al., 2015). Since they are associated with the maturity of the forest, these variables result in a greater
richness of epiphytic bryophytes and lichens in forests with a higher degree of naturalisation (Boch et al.,
2013; Ardelean et al., 2015). Lichens’ slow growth and limited dispersal capability determine a slow recovery
of the communities after episodes of disturbance.
Certain lichen and bryophyte species associated with these conditions can be used to detect changes in the
environmental conditions under the tree canopy. The presence of extensive layers of slow-growing and very
photosensitive epiphytic bryophytes and lichens can be interpreted as indicative of a continuity of canopy
closure nemoral conditions that are prolonged over time (EUROPARC-España, 2017a). On the other hand,
crown opening and the edge effect can harm them by changing the microclimatic conditions.
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Figure 32. Black pine stump covered by mosses and powdery lichen from the genus Chrysothrix, typical of the bark of trees with
rough bark, in a singular forest stand in Solsonès county. Photographs: Jordi Camprodon.

4. 5. Fungi
The mycelium networks of fungi and bacteria perform the essential ecological role of breaking down organic
matter (wood, leaves, animal tissues, etc.) and fixing a good part of the mineral elements released during
decomposition. This way, they redistribute these elements, essential for plant growth, within a radius of
several metres. Soil mycorrhizae also play an essential role in the functioning of forests. Fungi influence the
structure and successional dynamics of the forest stand, and they therefore determine the habitat for other
species. For example, the red-belted bracket (Fomitopsis pinicola) is a common polyphore in coniferous
forests. It is plentiful with dead wood and can infect living trees with wounds and dead parts. It is rare in
young forest stands, unless there are frequent wounds due to forest works or wind damage. It only degrades
the cellulose, leaving the other primary constituents of wood, lignin, as a considerably less dense but fairly
stable residual structure that is suitable for excavation by woodpeckers.
On the other hand, fungi increase biodiversity in a very significant way, reaching over 200 species in 0.5 ha in
a mixed broad-leaved forest that has not had interventions in 100 years (Langlois, 2000) and up to more than
2,000 species for the entire Białowieża old-growth broad-leaved forest (Falinski, 1991). Old-growth forests
often support more than half the saproxylic fungi as forests managed to obtain wood (Sippola and Renvall,
1999).
The Basidiomycota group is the most diversified fungi group associated with trees. These fungi include
numerous representatives of different taxonomic groups, such as Aphyllophorales, Agaricales and Russulales.
Ascomycetes, including yeasts, are also well represented (Stokland et al., 2012). Among the Aphyllophorales,
the polyphore family provides interesting perspectives for studying the spatial continuity of the old-growth
variables. They can colonize habitats (dead or dying trees) that are transient, scattered and appear at random.
Although some of their spores (they produce thousands of them per hour and per cm2) can be transported
long distances (several hundred kilometres), the majority fall in the immediate proximity of the fungi (Stenlid
and Gustafsson, 2001). If the density and renewal rate of the dead large trees is too low, the genetic flow
between saproxylic fungi populations may be seriously compromised. As in the case of lichens and bryophytes,
the changes in microclimatic conditions due to canopy opening or edge effect can harm the species most
sensitive to environmental humidity. Other fungi characteristic of dead wood from Mediterranean pines are
Hypholoma fasciculare, Tricholomopsis rutilans and Phellinus pini, the latter of which is parasitic.
In the old-growth black pine forest stands in Life+ PINASSA, Aphyllophorales fungi have only been found in a
scant 5% of the dead wood inventoried (3.3% in wood in an advanced state of decomposition). In non-oldgrowth forest stands, only Aphyllophorales carpophores have been found. It is likely that the scant variety of
wooded species and conditions of little environmental humidity in some of the old-growth forest stands do
not facilitate the colonization of the dead wood by fungi.
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Figure 33. Red-belted bracket (Fomitopsis pinicola), a wood saprophytic fungus, characteristic of conifers. El Solsonès. Photograph:
Jordi Camprodon.

4. 6. Moths
Around 30,000 insect species live in European forests (Wermelinger et al., 2013). The following stand out
among the numerous taxonomic groups for their value as indicator of forest conservation status: ants
(Formicidae), moths (Heterocera) and butterflies (Rhopalocera), parasitoid wasps (Terebrantes), hoverflies—a
family of predatory flies—(Syrphidae) and beetles (Coleoptera), among which saproxylic beetles stand out.
The species richness and diversity of the different taxa and functional groups depend on different structural
variables, including the mix of trees and the richness of woody and herbaceous plants that act as nourishing
plants and shelters, the canopy cover that determines the insolation of the undergrowth and the availability
of microhabitats, prominent among which is the wood at different stages of decomposition. As abiotic factors,
temperature and environmental humidity, and their influence on the quality of the dead wood, are decisive.
A total of 257 moth species have been determined in the Life+ PINASSA black pine forests. Moths depend on
different nourishing plants, and therefore there is a greater species richness and abundance of individuals where
the vegetation is more complex and diversified, regardless of the maturity of the trees. On the other hand, the
richness of moths diminishes significantly in the small groups of adult pines surrounded by Mediterranean scrub,
isolated from the extensive black pine forests by the great fire of Montserrat in 1986. If the data are considered
by geographical area, the northern singular forest stands support greater diversity compared to the southern
singular forest stands, which are less diversified in their vertical vegetation profile (Figure 34).

Lymantria monacha, family Erebidae.

Photograph: Jordi Dantart.

Figure 34. Average species richness and average abundance of moths in singular forest stands and adult black pine forest stands
according to their geographical distribution. àfica.
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The most abundant species distributed over a larger number of locations are Eilema complana, Eudonia
mercurella, Endotricha flammealis, Thaumetopoea pityocampa, Idaea eugeniata and Idaea aversata. On the
other hand, Eilema lurideola, Eilema depressa, Acrobasis glaucella and Macaria liturata are abundant in few
locations, while Cydia fagiglandana, Catocala nymphagoga, Dendrolimus pini and Polyphaenis sericata are
less abundant, but well distributed among locations.

Figure 35. Graellsia isabellae, a saturniid characteristic of the sub-Mediterranean forests of black pine and scotish pine, included
in Annex II of the Habitats Directive. Photograph: Jordi Bas.

4. 7. Saproxylic beetles and other invertebrates
Invertebrates, including insects, are the most diversified group of organisms in the forests, followed by fungi.
They perform essential ecological functions, such as decomposing and recycling woody plant material (crushing
and physical degradation, chemical decomposition, fungi vectors, dispersal of humification microorganisms,
etc.), as well as playing an essential role in pollenization and the composition of trophic networks as herbivores,
predators and prey. Invertebrates perform the initial steps in the dead wood degradation process by means
of crushing and subsequent chemical digestion, contributing to the decomposing work of protists, fungi and
bacteria as part of a network.
Among the broad association of macroinvertebrates with different vegetation layers, insects associated
with wood stand out in particular in old-growth forests. Four orders concentrate the majority of their
biodiversity: Coleoptera (beetles), Diptera (flies and mosquitoes), Hymenoptera (wasps, bees and ants)
and Isoptera (termites). Other groups of arthropods also find their habitat and main source of nutrients in
the microenvironments provided by dead or living wood. Examples of these are mites and other predatory
arachnids such as pseudoscorpions and spiders, saprophagous crustaceans from the isopods group, as well
as myriapods (centipedes and millipedes) and many Lepidoptera and Hemiptera. Lastly, other very common
invertebrates are roundworms or nematodes (Méndez-Iglesias, 2009).
One group stands out for its great diversity: saproxylic beetles. There is double the variety of species as all
vertebrates, with 2,500 Iberian and Macaronesian species (Grove, 2002). They can be differentiated into
various ecological or functional guilds according to the substrate where the larvae develop. Thus, the guild
of xylophagous species colonizes the earlier stages of wood decomposition; they are able to fragment it and
partly break down the complex organic molecules that compose it (lignin, cellulose and hemicellulose). The
more broken-down wood mixed with other plant organic remains is suitable for saproxylophagous species.
Saprophagous species appear where the wood’s state of decomposition is already very advanced and it
accumulates in the form of humus. One particular functional guild is formed by xylomycetophagous species,
whose larvae feed on basidiomycete or ascomycete saproxylic fungi or microscopic fungi (Stokland et al.,
2012), or the different stages of decomposition generated by these fungi or their products (Alexander, 2008).
Besides these guilds, there are the predators specializing in dead wood insects and commensalists.
Saproxylic beetles can also be grouped according to the microhabitat or substrate they occupy: large conifer
trunks, such as Nacerdes carniolica; hollows in Mediterranean ancient broad-leaved trees, such as Prionychus
ater; saproxylic fungi in Mediterranean broad-leaved and coniferous trees, such as Triplax lacordairii; under
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the bark of conifers, such as Pytho depressus, etc. (EUROPARC-España, 2017a). In general, broad-leaved trees
are richer in saproxylic beetles associated with old-growth forests than coniferous trees. The most threatened
species in Mediterranean pine forests, including black pine forests, is Buprestis splendens (Annexes II and IV
of the Habitats Directive), a parasite of diseased coniferous wood; this species, of which there are only three
mentions in the Iberian Peninsula, could have even become extinct (iucnredlist.org). In seven studies in central
and northern European forests, abundances or high richness of saproxylic beetles have been described in
densities of dead wood around 55 m3/ha on average (24 and 140 as extreme values), with wood thicknesses
from 10-15 cm in diameter (Müller and Bütler, 2010).
Hoverflies, the most abundant family associated with dead wood, stand out among the Diptera (Micó et
al., 2013). Saproxylic hoverfly larvae are aquatic or semi-aquatic and are closely associated with forest
microhabitats such as hollows in living trees. In these hollows, they find temporary or almost permanent
accumulations of water, while the temperature and humidity are more temperate and comfortable than in
the open air.
There are many factors affecting the diversity of saproxylic macroinvertebrates, including the quality and
quantity of dead wood and the availability of microhabitats where they can develop, such as hollows and
wounds in living trees (Jonsell et al., 1998; Rotheray and MacGowan, 2000), characteristics associated with
old growth. For this reason, it is not surprising that old-growth forests support more species richness and
abundance (Martikainen et al., 2000). For example, in Cabañeros Natural Park, the forest stands with more
diverse hollows were more diverse in saproxylic beetles and hoverflies, coinciding with forests that are not
currently managed and sometimes with a lower degree of intervention in the past (Micó et al., 2013). In the
context of Life+ PINASSA, signs of saproxylic insects have been found in 26% of the decomposing wood, 84%
of which is in old-growth forest stands. These signs corresponded to bore holes and galleries located in fallen
or standing trunks, sometimes on cut stumps, in fairly even proportions between wood that had recently died
or just started to decompose (22%), was moderately decomposed (29%), totally decomposed (17%) and old,
hard and barely decomposed (28%).

Figure 36. Prionychus melanarius, saproxylic darkling beetle found in pine forests. Photograph: Amador Viñolas.

4. 8. Birds
invertebrates from the tree bark (the thicker the better) and from dead wood of a certain size. In the case
of black pine forests, we find the best examples in the Picidae (the black woodpecker in Pre-Pyrenean pine
forests and the great spotted woodpecker in all parts), the tawny owl, the Eurasian nuthatch, the short-toed
treecreeper and the European crested tit, all of which are cavity-using birds, i.e. birds that use cavities as
nests and sleeping places. Of these birds, woodpeckers are the only vertebrates able to excavate their own
nests in the wood. Although the European crested tit is able to widen a cavity in a very decomposed stub and
the Eurasian nuthatch can reduce the size of the hole and fill in the cracks of the cavity using mud masonry,
woodpeckers are the key species that provide their old nests as shelters suitable for other animal species,
including other cavity-using birds and bats, faunal groups or species that can be called secondary occupants
of cavities (Table 3).
In forest stands with old-growth characteristics, in general, a positive and statistically significant relationship
is established between the abundance of birds and the abundance of trees with large trunk and crown size.
The relationship affects the bird community as a whole, but in particular the woodpeckers and passerines
that are secondary occupants of tree cavities (Camprodon, 2014). The absence or scarcity of trees of a certain
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size (greater than 30 cm in normal diameter) is critical for some species, such as the black woodpecker or
European nuthatch. Trees that are 35-45-cm in normal diameter and do not exceed 10 trees/ha on average
and 14 m in dominant height seem to be a decisive factor (Camprodon et al., 2007).
The cavities are formed mainly in trees of a certain age, and the older and more decrepit they are, the better.
There is also a positive correlation between cavity-using birds and standing dead wood, which can form
cavities due to decomposition, the substrate preferred by woodpeckers for building their nests. Moreover,
large, tall trees with thick branches are a good support for diurnal birds of prey (the buzzard, the goshawk, the
booted eagle or the short-toed snake eagle) to build or reuse twig platforms that make up their nests. These
birds of prey can occupy old-growth forest stands, but in choosing the nest tree, the most important factor is
a location in quiet places, with barely any human visitors.
In the singular black pine forest stands sampled by Life+ PINASSA, birds that climb along trunks (woodpeckers,
short-toed treecreeper and Eurasian nuthatch , figure 37) have been considered the species that best indicate
the maturity of the forest. Very significant differences have been observed between the singular forest stands
and other forest stands with tall stemwood structure included in the project (Figure 38). These data confirm
the trends noted at the start and can be attributed to greater maturity of the trees in the singular forest
stands. The differences continue to be statistically significant if the whole community (crown and undergrowth
birds) is included. This result can probably be explained by the greater structural complexity of the vegetation
associated with singular forest stands. Overall, they are fairly common species, largely protected, but not
threatened. The majority of species live in the forest year-round, although some are summer species and
migrate in autumn to African wintering grounds and others appear—or are more numerous—in winter,
coming from Pyrenean boreo-alpine forests or more northerly latitudes.

Figure 37. Climber birds: black woodpecker (Dryocopus martius), great spotted woodpecker (Dendrocopos major), short-toed
treecreeper (Certhia brachydactyla) and Eurasian nuthatch (Sitta europaea). Photographs: Eudald Solà.
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Figure 38. Average abundance of birds (number of individuals detected in a 50-m radius) in singular forest stands, unstructured
irregular forest stands and forest stands with a regular structure, obtained by means of listening stations to characterise the bird
community in the context of Life+ PINASSA. Birds of prey have been excluded due to their low occurrence and detectability. The
significant differences in the variance analysis are indicated for tall stemwoods with regard to the singular forest stands: *p < 0.05,
**p < 0.01, ***p < 0.001. The box plot shows the median, first and third quartiles and range of values (within 1.5 times the
interquartile range).

Table 3. List of common bird species reported by the listening stations in singular black pine forest stands. Specialist:
mainly forest bird; generalist: bird that is found in the forest as well as open environments (scrub, pastures and/
or croplands); cavities: bird that breeds in tree holes; crowns: bird that breeds and/or feeds mainly in tree crowns;
undergrowth: bird that breeds and feeds in the undergrowth; climber: bird that breeds and feeds in the trunks of the
trees it climbs along; rocky areas: bird that breeds and feeds mainly on rock outcrops; ground: bird that breeds and
feeds on ground covered mainly by herbaceous plants. Summer: species only present during breeding season; resident:
species present year-round.
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Common name

Scientific name

Ecological guild

Phenology

Eurasian blue tit

Cyanistes caeruleus

Specialist/cavities

Resident

European pied flycatcher

Ficedula hypoleuca

Specialist/cavities

Summer

Eurasian wryneck

Jynx torquilla

Specialist/cavities

Summer

European crested tit

Lophophanes cristatus

Specialist/cavities

Resident

Great tit

Parus major

Specialist/cavities

Resident

Coal tit

Periparus ater

Specialist/cavities

Resident

Long-tailed tit

Aegithalos caudatus

Specialist/crowns

Resident

Red crossbill

Loxia curvirostra

Specialist/crowns

Resident

Western Bonelli’s warbler

Phylloscopus bonelli

Specialist/crowns

Resident

Common chiffchaff

Phylloscopus collybita

Specialist/crowns

Resident

Eurasian bullfinch

Pyrrhula pyrrhula

Specialist/crowns

Resident

Common firecrest

Regulus ignicapillus

Specialist/crowns

Resident

Song thrush

Turdus philomelos

Specialist/crowns

Resident

Ring ouzel

Turdus torquatus

Specialist/crowns

Resident

Garden warbler

Sylvia borin

Specialist/undergrowth

Resident

Blackcap

Sylvia atricapilla

Specialist/undergrowth

Resident

Short-toed treecreeper

Certhia brachydactyla

Specialist/climber

Resident

Great spotted woodpecker

Dendrocopos major

Specialist/climber

Resident

Black woodpecker

Dryocopos martius

Specialist/climber

Resident

Eurasian nuthatch

Sitta europaea

Specialist/climber

Resident

Tree pipit

Anthus trivialis

Generalist/crowns

Summer

Greenfinch

Carduelis chloris

Generalist/crowns

Resident

Common wood pigeon

Columba palumbus

Generalist/crowns

Resident

Carrion crow

Corvus corone

Generalist/crowns

Resident

Common cuckoo

Cuculus canorus

Generalist/crowns

Summer

Common chaffinch

Fringilla coelebs

Generalist/crowns

Resident

Eurasian jay

Garrulus glandarius

Generalist/crowns

Resident

Spotted flycatcher

Muscicapa striata

Generalist/crowns

Summer

Eurasian golden oriole

Oriolus oriolus

Generalist/crowns

Summer

European serin

Serinus serinus

Generalist/crowns

Resident

European turtle dove

Streptopelia turtur

Generalist/crowns

Summer

Mistle thrush

Turdus viscivorus

Generalist/crowns

Resident

Blue rock thrush

Monticola solitarius

Generalist/rocky

Resident

European rock bunting

Emberiza cia

Generalist/undergrowth

Resident

European robin

Erithacus rubecula

Generalist/undergrowth

Resident

Melodious warbler

Hippolais polyglotta

Generalist/undergrowth

Summer

Common nightingale

Luscinia megarhynchos

Generalist/undergrowth

Summer

Subalpine warbler

Sylvia cantillans

Generalist/undergrowth

Resident

Sardinian warbler

Sylvia melanocephala

Generalist/undergrowth

Resident

Eurasian wren

Troglodytes troglodytes

Generalist/undergrowth

Resident

Eurasian blackbird

Turdus merula

Generalist/undergrowth

Resident

Woodlark

Lullula arborea

Generalist/ground

Resident

European green woodpecker

Picus viridis

Generalist/climber

Resident

House sparrow

Passer domesticus

Open environments/cavities

Resident

Rock sparrow

Petronia petronia

Open environments/cavities

Resident

Common linnet

Carduelis cannabina

Open environments/scrub

Resident

European goldfinch

Carduelis carduelis

Open environments/scrub

Resident

Dunnock

Prunella modullaris

Open environments/scrub

Resident

Common stonechat

Saxicola torquata

Open environments/scrub

Resident

Black redstart

Phoenicurus ochruros

Open environments/rocky areas

Resident

Eurasian skylark

Alauda arvensis

Open environments/ground

Resident

4. 9. Bats
The majority of the more than 30 species of Iberian bats use the forests at some point in their life cycle,
whether for hunting, mating, breeding, hibernating or as temporary shelter. However, some species are
closely linked to forest environments: the so-called arboreal bats (Guixé and Camprodon, 2018). Ten species
can be included within this category: the three noctule bats (small, medium and large), the barbastelle, the
brown long-eared bat, Bechstein’s bat, the whiskered bat, the Alcathoe whiskered bat, Natterer’s bat and
Nathusius' Pipistrelle bat.
A forest’s capacity to support bats is closely dependent on the tree structure. Very high densities (as a guide,
less than 4-6 m spacing between trees) make movement, hunting flights and looking for shelters difficult.
Another influencing factor is the heterogeneity of the vertical vegetation profile and the floristic richness,
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which facilitates the diversity of prey arthropods. A final decisive variable is the availability of good cavities
in the trees. This last factor is directly related to the maturity of the forest. Not just any cavity will do; each
arboreal bat species has its preferences: for example, woodpecker nests for noctule bats, small hollows for
long-eared bats or cracks under the bark for barbastelles. Their survival thus depends on a high density of
standing dead trees and large-diameter trees with cavities. Where there is limited availability of good cavities,
the forest’s hosting capacity will be lesser and the probability of predation, greater.
Furthermore, a single individual uses several grouped cavities throughout the year, meaning there must be a
prominent abundance of shelters. Consequently, a high richness and/or abundance of arboreal bats can be
used as an indication of the diversification and abundance of cavities in a forest’s trees. On the other hand,
the abundance of generalist bat species (which occupy other habitats in addition to forests) is not necessarily
related to the maturity of the forest stand, since they can hunt and move around tree populations and shelter
in rock fissures, buildings and caverns.
Up to 15 bat species have been detected in Catalonia’s black pine forests, of which five species are forest
specialists: Myotis bechsteinii, Myotis cf. natereri, Nyctalus lasiopterus, Nyctalus leileri and Plecotus auritus.
Even taking into account that the species richness and flight activity, recorded from the ultrasound recording
stations, are higher in the singular forest stands, no significant differences are established with regard to
the unstructured forest stands with irregular structure. Significant differences are established in the activity
of forest specialists between these two forest types (Figure 39). It may be deduced that generalist bats,
which feed both around forested areas as well as in open field, do not discriminate between more or less
mature structures. These species can shelter in tree cavities, but the majority frequent caves, rock fissures
and buildings more often. Conversely, forest specialists only or mainly use tree cavities as shelter, despite the
fact they can feed both within the forest as well as around open spaces to hunt or move around.

Figure 39. Average flight activity (contacts per hour of ultrasound recording) of generalist and forest specialist bats, recorded as
contacts per hour of ultrasounds in singular forest stands and unstructured forest stands with irregular structure. The box plot
shows the median, first and third quartiles and range of values (within 1.5 times the interquartile range).
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Figure 40. Bechstein’s bat (Myotis bechsteinii), an arboreal bat found with a baby in an old-growth forest stand in the “Obagues de
la riera de Madrona” SAC during the Life+ PINASSA bat survey. Photograph: Jordi Bas.

Figure 41. Barbastelle (Barbastella barbastellus) and brown long-eared bat (Plecotus auritus), two species of arboreal bats.
Photographs: Luis Lorente and David Guixé.

4. 10. Large mammals
Large herbivores form part of the biocoenosis of black pine forests, such as the Iberian ibex in Els Ports.
Ungulate populations are favoured by the spatial heterogeneity of the mountains with black pine forests,
which combine forested areas with dense woody vegetation and old-growth forest stands with crown
opening and herbaceous undergrowth, as well as open spaces with scrub and pasture, rocky crests and
gorges. Furthermore, the natural dynamics of recurring surface fires, to which old-growth forest stands adapt
well, provide pasture spaces. Under these conditions, large herbivores broadly cover their seasonal ecological
needs for food, breeding and shelter.
Among carnivores, the genet and the marten have recovered their populations since they stopped being
hunted for their skin and the forests have recovered ground. These medium-sized carnivores regulate the
rodent populations, together with the rare wildcat. However, the scarcity of large carnivores (wolf and lynx)
in the black pine forest distribution area can cause an excessive increase in the ungulate populations and
represent a significant problem in the forest dynamics: an excessive load of herbivores can negatively affect
regeneration (Regato and del Río, 2009). A mountain without these large carnivores will show incomplete
naturalness. Herbivores respond to population dynamics dependent on their density. In the absence of
predators, herbivore populations are regulated by competition within the population and by diseases and
parasites, with greater effects where the animal densities are greater. But without pressure from predators
and the constant fear of being eaten (which is experienced every day and causes movement from one area
to another), ungulate populations tend to grow disproportionately until they exceed the environment’s load
capacity, cause damage to the vegetation and alter the silvigenesis.
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Managing ungulates through hunting does not completely replace the predators if it is not done on a constant
and planned basis. Unlike predators, which immediately respond to variations in the abundance of their prey,
hunting is a delayed response. Consequently, the presence of large carnivores could restore the dynamics
between forest, herbivores and predators.

Figure 42. Baby European roe deer (Capreolus capreolus) in a black pine forest in the Boumort range and Iberian ibex
(Capra hispanica) in Els Ports Natural Park. Photographs: David Guixé and Jordi Bas.
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5. Cultural values of the habitat
Timber harvesting took place in the majority of old-growth black pine forest stands until the second half of
the 20th century. In the privately-owned northern forest stands, several thinning cuttings took place every
15-20 years. In public forest stands, which belong to various city councils or are mountains of the Generalitat
de Catalunya, there are different management procedures depending on the different interests. These forest
stands form part of the extensive forest landscape of Els Ports, where timber harvesting was carried out
over long periods. The last high-intensity activity was carried out in the middle of the 20th century for the
production of railway sleepers. For example, in the forest stands of La Pimpollada–Bassís de Caro and Mola
Castellona (Roquetes), no signs of harvesting are currently observed, but there are signs of surface fire. In the
Clot de l’Hospital and Replanell forest stands, stump remains are observed from an intervention carried out
in the 1960s. Very occasionally there are bases of ancient trees partially hollowed by axe marks, which may
be incisions to obtain firebrand. Very occasionally, tree bases can be found that have been partially hollowed
out to obtain the heartwood (Figure 43).
Some of these northern pine forests—especially those located in ecological stations of lower quality, such as
Montsagre and Pinarisses (Els Ports) and Cosp (Cardó range)—have been used in the past for grazing. During
the 1940s and 1950s, up to 16 flocks of sheep grazed in these singular forest stands in Els Ports. Today, the
livestock load is moderate, but the sheep have been replaced by cattle. Some of the herd is Avileña breed,
which tends to replace the poorly adapted Charolais cattle, coming from stabling. The Cosp pine forest has
been used for grazing in the past with herds of Rasquera white goats, a local indigenous breed. The continuity
of grazing, since medieval times, used to promote the conservation of old-growth woodland, with low-density
structure and partially turned into pasture. The Cosp pine forest is adjacent to one of the oldest yew forests
on the Iberian Peninsula, where shepherds had the habit of pruning yew branches to use as browse for the
goats and taking advantage of the shade of the yew trees to rest in summertime. The flocks of white goat in
Cardó have diminished drastically in recent years and, with it, the grazing in the Cosp old-growth pine forest.
The livestock drinking troughs were traditionally constructed in Cardó and Els Ports using grooved trunks,
often made from black pine. Dry-stone walls and shepherds’ huts are not found in the singular forest stands,
although they are found in black pine forest stands that are close by or not very far away, as vestiges of old
plant coverings in what are young forests today.

Figure 43. Fish oven and tar in a singular forest stand in the Bassís de Caro and the trunk from which the heartwood for the oven
was extracted (Els Ports National Park). Photographs: Jordi Bas.
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6. How to improve the conservation of forest stands in the long term
6. 1. Silvicultural and pastoral management
The first stage in forest management to conserve singular forest stands consists in identifying the stands
within its scope of action. To do this, various inventory methods are suggested in chapter 7. Once identified,
management objectives must be set that are adapted to each case—which will ensure the conservation of the
stands’ singularity in the long term—and may include the regulation of social use and scientific monitoring.
Where the priority objective of the singular forest management1 is to maintain and strengthen the forests’
singularity characteristics, different specific management measures can be taken. Where the singularity is
defined by the conservation of a certain old-growth structure of the habitat determined by the silvicultural or
pastoral management, more appropriate technical criteria must be established to maintain these activities.
Grazing is a management tool that has long determined the structure of some old-growth black pine forest
stands, for example in Els Ports or the Cardó range. It can be made compatible with the maintenance of
ancient trees in low densities or in structures that have been turned into pasture. Appropriate livestock loads
and livestock rotation will make it possible to regulate the effect on the undergrowth and saplings. In the
event of identifying threatened or rare flora species sensitive to livestock teeth or trampling, it is advisable to
temporarily or permanently exclude the area from grazing by circulating the livestock through other places or
by using exclusion fences that will protect individuals or small population centres.

6. 2. Preparing the forest stands for natural dynamics
If the objective is to progress by a maximum degree of naturalness, the management of a forest stand or
forest would be aimed at dynamics free of interventions. However, silvicultural treatments can be carried
out that are aimed at preparing these forest stands for more advanced states of naturalness, increasing
resilience to disturbances and/or improved adaptation to climate change. It is important for these actions to
fulfil specific and justified objectives (EUROPARC-España, 2017a). For example, it may be decided to generate
dead wood by ring barking some trees to increase the population of a threatened saproxylic species or the
short-term availability of this resource where past management has removed it. Another justifiable action
may be regulating the competition over the trees with better biological formation to improve the forest
stand maturation process. These one-time interventions can be more efficient in less advanced stages of
naturalness or in the initial stages of a certain disturbance appearing (Figure 44).
1

Degree of naturalness

0
Management effort

Figure 44. The effort required to increase the naturalness of a forest stand depends on the kind of change, but also on its initial
naturalness. For example, it is easy to double the naturalness of a young forest stand (squares) than to increase the naturalness
of an old-growth forest (circles). Original by Gilg (2005), redrawn.

Management is defined, in this area, as going ahead with a project, dealing with its administration, planning, operation and monitoring, without this
necessarily entailing an intervention of a silvicultural or any other nature that may modify the structure of the forest.
1
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Other purpose-oriented interventions may include the opening of clearings in less developed and homogeneous
populations and the elimination of exotic species. This latter case would be especially necessary and an
immediate intervention in the case of species of a marked invasive nature. The technique used must be
chosen carefully so as to cause the least impact on the soil, the water and other species. Fortunately, actions
can be supported by crown coverage, which reduces the probability of implantation of invasive plant species,
by occupying the space and by excluding the most light-demanding plants.
Freely developing forest stands or forests should be excluded from the harvesting of mushrooms or other
components both of their biocoenosis and their biotype. It would not be appropriate to plant exotic species
or introduce species for hunting purposes within or near these stands or forests, either. Only in very justified
cases, set out if possible in a conservation plan, can there be plans for the population reinforcement of
plant and animal species typical of the ecological station and the successional status in which the habitat is
found. In the case of planting plant species, such as seedlings of species with little regeneration or dispersal
capability, the source material should be obtained from the same biogeographical area of origin (regulated by
decree). However, in practice and in the long term, it is usually more efficient to promote natural regeneration
and its protection than to plant.
If the occasion so requires, plans can be made to integrate constructed elements to protect against erosion, with
the highest degree of naturalness possible (fascines or dry-stone walls), or health treatments for monumental
trees. In old-growth forest stands, cultural elements with heritage value must also be considered, such as the
presence of old pollarded trees, as well as construction features such as archaeological sites. Finally, social
use is compatible with free dynamics, provided that visits fall within the habitat’s load capacity. For example,
self-guided paths are common in American and European forests with free dynamics, and are often partially
situated on wooden walkways to bypass uneven terrain and flooding and to avoid trampling layers of mosses,
lichens or spermatophytes.
The decision making regarding the management that must take place in the Life+ PINASSA singular forest stands
has been designed taking into account the specific objectives of this action and the ecological structure of each
stand. The main criterion to be applied has been based on the principle that every action of a silvicultural
nature, of ecological restoration or regulating social use, should be aimed at the long-term conservation and
strengthening of the structural old-growth variables and the specific ecological processes of a free development
of the forest: tree growth and ageing; dead wood generation cycle; natural processes of regeneration, formation,
destruction and replacement of microhabitats; dynamics of the accompanying vegetation, etc.
Box 10. Silvicultural actions in the Life+ PINASSA singular forest stands
In this context, Life+ PINASSA planned one-off interventions to generate dead wood and regulate competition in
singular forest stands. The silvicultural interventions were focused as one-off and purpose-oriented, without plans
to carry out others, unless this is considered necessary in future to reinforce the singular values of the forest stand,
to prevent fires or with a view to improving the regulation of social use. Any future intervention subsequent to Life+
PINASSA should be agreed between the landowner and the administrative agencies for forest management and
nature conservation.
In the first case, the project was focused on two of the pastured pine forests owned by the municipality of Els Ports,
with little dead wood and saproxylic organisms. The aim was to increase the dead wood as a characteristic component
of old-growth forest stands, while it was also considered of interest to monitor the decaying process of ring-barked
trees and their colonization by biota. The initial specifications set a generation of up to 10 trees/ha of standing dead
wood with a minimum diameter class of 20 cm. Finally, 2.2 and 3.3 trees/ha were ring barked per forest stand (reducing
the basal area less than 1%), paying attention to the low density of living trees and the pre-existence of dead wood
scattered around the forest stand (15.6 and 13.4 trunks/ha for each forest stand with fallen wood at least 15 cm in
normal diameter; 0.4 and 2.5 trees/ha of standing dead trees at least 20 cm in normal diameter).
The second case was a forest stand that was barely 100 years old, with silvicultural interventions up to the 1970s
on a private property in the county of El Solsonès. The aim was to facilitate the trees’ growth into maturity, very
much determined by the historical interventions, with views to leaving them to natural dynamics after this treatment.
Light selective clearing was done focused on eliminating the direct competitors of the trees with better prospects:
dominant pines with a sturdier stature and more balanced crowns, as well as large oaks. 127 trees were cut per
hectare, representing a 10% reduction of the initial density and a 3.4% reduction of the initial basal area of living trees.
Trees with ivy on the trunk, cavities or nests were respected. The trees chosen to be eliminated were ring barked
or, near roads, left lying in situ. The trees to come down were cut at a height of 40-50 cm to create high stumps to
encourage saproxylic fungi and invertebrates and epiphytic flora. The generation of dead wood made it possible to
increase the old-growth variables, due to the low density of dead wood counted in previous inventories (7.2 trunks/
ha fallen and 1.5 trees/ha standing).
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Figure 45. Ring-barked trunk to decay standing. Cut tree with a high stump to encourage epiphytic and saproxylic biota.
Photographs: Jordi Camprodon.

6. 3. Introduction of natural low-intensity fire dynamics
Old-growth black pine forests are highly sensitive to large forest fires, which have drastically restricted their
distribution area in Catalonia. Black pine shows great difficulty in recovering after intense crown fires (Retana
et al., 2002). On the other hand, they are resistant to the passage of recurrent low-intensity natural fires
(Fulé et al., 2008). This is indicated by the wounds produced by fire in adult pines from the Catalan “Sistema
Prelitoral Meridional” SAC. Dry mountain storms, with abundant lightning, often cause fires with short
flame length and slow propagation speed. They sometimes go out naturally without affecting the crowns of
adult trees, but having totally or partially burnt the undergrowth. There is the possibility, in certain cases, of
recovering these dynamics, allowing these natural fires to burn in a supervised way. There is also the more
controlled possibility of emulating the natural low-intensity fire dynamics using limited fires in forest stands
with a certain degree of old growth and signs of natural fire action. This action has been carried out in a
demonstrative way by Life+ PINASSA in singular forest stands in Els Ports and Cardó (Figure 14).

6. 4. Regulation of social use
The social use of singular black pine forest stands is relatively limited at present, but it is not exempt from risks:
waste, fires, erosion, disturbing the fauna, extracting biodiversity elements, etc. There are some recreational
visits to these forest stands by mushroom pickers, hikers, naturalists and hunters. It is not considered
appropriate to promote the social use of singular forest stands in an indiscriminate way. For example, in
the context of Life+ PINASSA, the publishing of leaflets detailing the stands’ locations has been avoided.
The regulation of social use was agreed with the landowner in each case. In the case of forest stands on
private properties, the landowners expressed their desire not to promote social use beyond guided visits of a
technical nature and scientific monitoring.
In publicly-owned forest stands, it was agreed with the landowner and the management services of natural
spaces with special protection that guided visits would only be promoted in certain demonstrative forest
stands where there are access routes (roads or trails). Guided visits to these forest stands with access can be
included in the offer of activities from naturalist guide companies and rural tourism establishments. These
activities would have technical support from the space’s management services and from Life+ PINASSA
to orient the content and messages of the visits. Along this line, small informational panels (slant boards)
explaining the singularity of the forest stand were installed in two of the stands located in Els Ports Natural
Park (Figure 46). These actions have been carried out far from the breeding areas of threatened species and
from locations of sensitive and threatened flora. For more information, please see the forest stand social use
plan prepared by Life+ PINASSA (www.lifepinassa.eu).
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Figure 46. Small panel on the trail in the singular forest stand at Barranc de la Galera–Replanellars (Roquetes). Photograph: Jordi Bas.

6. 5. Scientific monitoring
Dasometric inventories, inventories of coverage by vegetation layers, dead wood, tree cavities and indicator
organisms were carried out in the singular forest stands. These inventories are georeferenced and allow for
long-term monitoring. Scientific monitoring is of particular interest from the point of view of learning about
dynamics associated with old growth, at the same time as providing supervision of processes that might
disturb these ecosystems, such as the appearance of exotic invasive species.
Shelters for bats were installed in some forest stands. Shelter boxes are a resource of great interest for
monitoring populations, environmental education and conserving biodiversity, especially in forest stands with
few natural cavities. Only in the event of the presence of threatened species populations within the forest
stand or scientific monitoring, would the installation of shelters in freely developing forest stands be justified,
since, in general, it is not recommended to install boxes or artificial shelters for birds or bats by default, due
to being elements external to the habitat.
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7. Evaluation of a forest stand’s maturity
A forest stand’s singularity in maturity can be identified, first of all, through the experience gained in the
field and through observation and data collection in conventional inventories (expert judgement). The
second option, which is also valid for specialist technical personnel, is to determine a forest stand’s maturity
through a specially designed quantitative evaluation. Two models are described below that combine the two
options mentioned above: a first qualitative evaluation by expert judgement (or survey stage) and a second
quantitative assessment by inventory with sampling plots, proposed by Life REDBOSQUES (EUROPARCEspaña, 2017b). The first makes it possible to quickly evaluate whether a candidate forest stand meets
sufficient maturity characteristics. The inventory makes it possible to fully quantify an old-growth forest stand
in the field and compare it to other stands and inventories of reference. For more details on the data to be
taken, please see the REDBOSQUES project website (www.redbosques.eu).

7. 1. Qualitative evaluation: does the forest stand meet maturity characteristics?
This is a preliminary survey to identify old-growth stands based on various qualitative criteria. It is generally
done using existing knowledge of the terrain by the managers of the protected areas, forest managers and
wardens.
To evaluate the forest stand, a transect is created that may go around the entire stand, if it is less than 1 ha,
or the most mature areas are chosen (if it is very heterogeneous, the distinction into sub-stands will be made
in the next stage).
Several indicators are used, corresponding to the main variables for naturalness associated with old-growth
forest stands. Each indicator is assigned a score if it exceeds a minimum threshold, which is established
for each indicator. A minimum score is established that decides whether the candidate forest stand fulfils
sufficient indications of naturalness. The Life REDCAPACITA project (2015) can be consulted for an example
of using scoring with thresholds.
Signs of the human footprint must be taken into account. Ideally, the forest stands should be ones that have
always been forest, and where there has been no timber harvesting or this stopped a long time ago (decades).
A) Basic characteristics of the forest stand
Location, UTM coordinates of a central point in the stand and approximate surface area.
Short description of the forest, indicating its main tree species and whether there are other tree species or
flora species characteristic of the plant community or ecological station. For example:
Old-growth Pinus nigra subsp. salzmannii pine forest with abundant large-diameter trees (> 40 cm normal
diameter) and standing dead wood. Presence of co-dominant Pinus sylvestris with 15% coverage.
B) Structural indicators of naturalness
Number of tree species present, stating their coverage. Tree species are considered to be any species that
usually grow from a single trunk and reach a height greater than 5 m. This category includes woody species
that, exceptionally, according to the region or other characteristics of the terrain, develop an arboreal stature.
Structural diversity. It must be stated whether the main form of the population is considered regular or
pastured. Regular or even-aged: 90% of the trees belong to a single artificial age class. Semiregular: 90% of
the trees belong to two consecutive artificial age classes. Irregular or uneven-aged: all artificial age classes
are present in the population or at least 90% of the trees belong to three cyclically contiguous age classes.
Pastured: population with large, scattered trees, often with a low stature; pastures have traditionally been
used for grazing under tree cover.
Number of vertical layers of the trees: 1) lower layer (< 1/3 of the stand’s Ho); middle layer (between 1/3 and
2/3 of the Ho) and upper layer (> 2/3 of the Ho). There must be coverage of at least 20% to be considered a
vertical layer.
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Number of trees with exceptional diameter. These trees have a normal diameter more than three times the
dominant height of the stand.
Standing dead wood. From trees that have died recently with all their branches to stubs (dead, delimbed
trunks), starting from diameter class 17.5 cm.
Fallen dead wood. Trunks or large-diameter branches with a diameter halfway along their length greater than
17.5 cm.
To facilitate the counting of standing and fallen dead wood, it may only be indicated up to the minimum
number established by the threshold set for these indicators.
Living trees with microhabitats: see Table 4. This will only have to be indicated up to the minimum number
established by the threshold set for these indicators.
Existence of gaps in the upper canopy that have their origin in natural disturbances due to falling trees,
avalanches and fires. The coverage will be estimated. Gaps due to discontinuities in the physical environment
will not be considered, for example due to the presence of rocky ground or rock outcrops.
Seedlings. Coverage of tree species plants or seedlings with a height above 10 cm and a normal diameter less
than 2.5 cm. Newly germinated or not yet established seedlings are not considered.
Advanced saplings. Coverage of trees from diameter class 5 (diameter > 2.5 cm and < 7.5 cm).

7. 2. Quantitative assessment through inventory
Quantitative assessment through inventory is used for the forest stands chosen in the survey stage, based
on a set of quantitative indicators, making it possible to characterize the structural parameters of the stand’s
maturity, its monitoring in the long term and its comparison with other stands. This can be done using
permanent plots, which require a significant effort in the field, or through expert estimation, with simpler
sampling (Figure 47).
Box 11. Summary of inventory data for the quantitative characterization of singular stands based on their
maturity. Adapted from EUROPARC-España, 2017b.
• General stand data
• Sampling method
• Ecosystem process indicators
o Vegetation
o Continuity over time of the forest and time without intervention
o Population structure
o Dead wood
o Microhabitats in living trees
o Vertical layers
o Openings in the canopy and regeneration
• Human footprint
o Before 1956
o From 1956 up to today
o Foreseeable pressures in the next 50 years
Data regarding lithology, soil and climatic variables can be included. The sampling can be expanded with more
exhaustive inventories of the vegetation or biological indicators, as well as with detailed cartography, for example,
using drone flights or 3D aerial photos.
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7. 2. 1 Sampling plot and expert identification using transects
Plot
Adapted to the surface area of the forest stand. High sampling fractions are recommended (between 5% and
10% of the stand’s total surface area) to be able to adequately characterize the heterogeneity. Circular plots
are preferable, as this geometric shape has a lower perimeter-area relationship, thus minimizing the error
of whether or not a tree on the edge of the plot is counted. They are also easier to create in the field. It is
advisable for the plots to have a radius from 15 to 25 m, so they may include several large trees. A square
or rectangular shape is a good alternative for large plots (between 625 and 2,500 m2), although it is more
difficult to delimit and it is more complicated to correct the slope in situ. Monitoring plots can be delimited
using paint marks on the trees, milestones or boundary stones in the vertices (square plots) or in the centre
(circular plots).
Transects
Equidistant sampling points are established along a linear transect. Variables are measured at each point to
later calculate the indicators for the entire forest stand. The length of the transect depends on the surface
area of the stand to be characterized. To do this, it is estimated that covering between 250 and 500 m is
sufficient to survey 1 ha of forest stand. The width of the transect will depend on the roughness of the terrain
and the visibility of the trees from the central axis of the transect. EUROPARC-España (2018) recommends
situating the transect in the more mature areas of the forest stand, to thus ensure that the reference areas of
the most exceptional aspects of the stand are included.

Dead wood
transects

Plot with
larger trees
Plot with
smaller trees

Plot with
saplings

Figure 47. Schematic representation of a circular plot (above) and a transect for expert estimate (right). Living trees are sampled in
the plot at different concentric radii. The black lines represent the transects for sampling fallen dead wood. In the expert estimate,
there are one or several transects following the level curves, so that overall a distance is covered with a sufficient band width, that
will cover approximately one hectare (Figure 28). Original from EUROPARC-España 2017.

To maximize the efficiency of the sampling in a plot, it is useful to carry out the measurements of the different
structural variables in different surface units, for example, concentric radii (Figure 47): 15-25 m for larger trees
and vegetation layers; 10 m for smaller trees (diameter classes 10 and 15); and 5 m for saplings (seedlings and
trees in diameter class 5). Dead wood, cavities and other microhabitats are generally scarce and aggregate
variables. To assess their quality (type, degree of decomposition, biotic elements, etc.), it may be sufficient to
measure them within the plots with a 15 m radius or along the radial transects within this plot.
In the expert identification, the indicator variables are measured within the census band defined along the
transect that runs across the forest stand. In the specific cases of the basal area of living trees and the number
of vertical layers of woody vegetation, these are measured at equidistant sampling points along the transect
axis. These points are positioned every 50 m, starting at 25 m from the beginning of the transect. EUROPARC-
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España (2018) estimates that no more than 10 points are necessary, regardless of the total length of the
transect. If the length is going to be more than 600 metres, it is worth increasing the equidistance between
the points.

7. 2. 2 Naturalness indicators
The following variables will be calculated on the forest stand sheet:
Number of indigenous tree species present in the main canopy and in the underwood of the forest stand.
Basal area. Can be grouped by size classes. For example, thin (from 17.5 to 35.3 cm in normal diameter),
medium (from 35.3 to 53.2 cm) and thick (> 53.2 cm).
Number of diameter classes of larger living trees, calculated based on normal diameter (Dn) ≥ 17.5 cm
(diameter class 20).
Dominant or stand height (Ho) of the most abundant species or two most abundant species in basal area,
either those making up the upper canopy or if they are in an underwood in the plots.
Volume of living trees (estimator of the living above-ground biomass) by hectare, taking into account only
trees with Dn greater than 17.5 cm.
Number of woody vegetation layers. A layer will only be counted where its canopy cover is greater than 20%.
Exceptional trees. The number of trees per hectare will be recorded whose Dn is greater than or equal to the
theoretical maximum diameter (TTGB, taken from the French expression ‘très très gros bois’), calculated in
function of the dominant height. The TTGB is a theoretical expression of the station’s potentiality for largediameter trees. It is defined as any tree with the Ho/Dn ratio < 0.33, i.e. a diameter at 1.30 m from the ground,
in centimetres, that is three times the height of the dominant adult population in metres. For example, for a
dominant height of 26 m, the TTGB takes a value of 26 × 3 ≈ 80 cm.
Volume of standing and fallen dead wood. In cubic metres per hectare starting from Dn 17.5 cm. The
percentage (%) of volume of total dead wood in relation to the living wood is also calculated. This includes
trunks and large-diameter branches that are standing, fallen or suspended in other trees (> 17.5 cm Dn) and
stumps.
Living and dead trees with microhabitats. Large-diameter and ancient trees prone to forming cavities
and irregularities in the bark or in the wood (due to wind, lightning strikes, woodpeckers, fungi, etc.) that
support very specialized flora and fauna. The number of trees per hectare in each plot that have at least one
microhabitat (Table 4) can be assessed.
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Table 4. Types of microhabitats. Adapted from EUROPARC-España (2017) and Kraus et al. (2016).
Type

Microhabitats

Description

Woodpecker cavity

Partial or full cavities from woodpeckers

Hole in the wood with a diameter greater than 3 cm and a depth greater
than 5 cm. To be considered full, the bottom of the cavity must not be
observed from the outside with the aid of binoculars.

Other cavities

Trunk cavities

Cavities with a depth greater than 5 cm originating from a wound or
decay from branch breakage that progresses faster than the occlusion
of the wound.

Insect galleries

Small holes and galleries bored by insects under the bark or on the trunk.
Can be entry gates for fungi.

Dendrotelmata and water-filled holes

Cavities that retain rainwater for long periods due to their concave shape.
Can host algae and aquatic invertebrate communities.

Bark loss

Wounds on the bark that leave the heartwood exposed.

Crown breakage

Broken crown of a living tree. An overhead decomposition process
may begin. Woodpeckers usually take advantage of these structures to
excavate their nests.

Cracks and scars

Damage on the trunk and large-diameter branches (down to the wood)
more than 1 m long. These cracks or scars are often caused by lightning
strikes or fires. If the damage has penetrated deeply, it can form good
shelters for bat colonies.

Bark

Separated bark

Loss of bark over an area more than 300 cm2 (30 × 10 cm). Can be
shelters for invertebrates, treecreepers and bats. The bark ceases to be
functional as a cavity as it falls off the tree.

Dead wood

Large branches and parts of dead crowns

Crown with dead branches of a significant size (at least 10 cm in diameter
at the base).

Growth forms

Root buttress cavities

Natural cavities at the base of the trunk formed by growth of the roots
outside the ground. Can be used by amphibians, reptiles, rodents and
other fauna.

Broom and sprouts

Dense agglomeration of twigs formed by certain parasites or caused by
buds under the trunk.

Cankers

Proliferation of cell growth on the trunk due to infection by a parasitic
fungus.

Polyphores

Fruiting bodies of xylobiont fungi present on dead wood.

Myxomycetes

Mould formed by plasmodium, with a gelatinous appearance when fresh.

Cryptogams and vascular plants

Bryophytes, lichens, ferns and spermatophytes that grow on tree trunks
and branches, including climbing lianas and parasitic plants.

Nests

Nests

Structures built by animals, such as the nests of birds, squirrels, wasps,
etc.

Other

Resin and sap, microsoil, etc.

Exudations of resin and sap through the trunk. Microsoil results from the
micro-podogenesis produced by epiphytes.

Damage and wounds

Epiphytes
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Figure 48. Examples of microhabitats in black pine forests. From left to right and from top to bottom: cavity due to decay where a
branch has fallen, occupied by a bird’s nest; crack in dead wood in a decayed tree, with raised bark and formation of microsoil with
colonization by epiphytes; woodpecker nest on a stub with raised bark in a group of poplars (Populus tremula); cavity in the roots of
a stump with field mouse (Apodemus sp.) food stocks; insect bore holes and galleries in a fallen trunk; cracked pine bark used as a
‘workshop’ for great spotted woodpecker (Dendrocopos major). Photographs: Jordi Camprodon.

Seedlings and advanced saplings. Trees per hectare (count suggested in a circular plot with a 5 m radius).
Smaller trees from diameter classes 10 and 15. Trees per hectare (count suggested in a circular plot with a
10 m radius).
Silvigenetic phases. Evaluation of the completeness of the silvigenetic cycle, noting the number of phases
recognized in the forest stand: clearings, regeneration, occupation, exclusion, maturation and senescence.
The occupation will be noted, as a percentage, for each of the phases if there is at least a minimum area of
200 m2, with the exception of the regeneration phase, which can be at least 100 m2. This indicator can only
be assessed at forest stand level.
Biodiversity. Flora and fauna species detected during the inventory or cited, classifying them as exotic,
threatened or bioindicators. The list of habitats of Community interest (woodland or not) present in the forest
stand must also be provided.

7. 2. 3 Human footprint
Description of cultural element indicators in the forest stand, according to whether they are old (prior to the
first full aerial photo) or a recent human footprint (later than 1946 or 1956 up to present).
Continuity over time. One indicator of maturity is to learn about the forest stand’s structure in the past. Data
can be obtained from historical records, old plans and photos and the first aerial photos. The frames from the
1946 and 1956 flights form the most accessible basic information.
Agropastoral uses. Identified from direct or indirect signs of grazing (bridle paths, low walls, terraced areas,
shelters, ruins, trees used for pasturing, etc.). These data are obtained through field visits, supported by
photo interpretation from the 1956 flight. The herbivory will be assessed through signs of browsing in young

67

trees and saplings and debarking of larger trees.
Forestry uses. Former uses must be recorded, such as stumps with regrowth, presence of resin-covered trees,
pollards, etc. With regard to recent uses, enquiries will be made about the years that have passed since the
last cutting, or searches can be done in plans. The years since the last cutting can also be estimated based on
the age of the stumps. The number of cut stumps per hectare must be estimated.
Invasive species. Canopy cover occupied by invasive species.
Fragmentation. A forest stand is considered fragmented and isolated where there is a deforested distance
greater than 100 m around its entire periphery.
Hunting. The intensity of hunting practices is evaluated based on information from the different types of
hunting zones and based on signs of hunting activity.
Visit rate. Can be measured according to the distance to different types of tracks (roads, trails and their
variants).
Archaeological elements. If there are these kinds of elements, their location must be indicated: dolmens,
monuments, trenches, archaeological sites, etc.
Durability of uses. Measured initially by protection category according to the IUCN classification, which
estimates the degree of protection and, ultimately, the probability of change of use.
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8. Conclusions and future challenges
The concept of singularity associated with forests includes and integrates different aspects: the maturity
of the trees and prominent conservation, social or productive values. It is a relative term according to the
territorial level (for example, at the level of biogeographical region, county, natural space, etc.). Life+ PINASSA
was focused on the conservation of singular forest stands based on their maturity at regional level.
Old-growth forests have high potential to be perceived by society as valuable elements. They form spaces of
extraordinary aesthetic and iconic value due to their scarcity, monumentality and beauty. They are essential
in preserving the biodiversity associated with structural old-growth components, and are of undeniable
scientific interest for the study of biodiversity and the understanding of ecological processes. They also form
reference systems for improving forest management and contribute to preventing forest fires. Furthermore,
they have great social and pedagogical potential for developing recreational, educational and therapeutic
activities that are regulated and environmentally friendly.
Life+ PINASSA established agreements with landowners to improve the conservation status of a representative
sample of the singular black pine forest stands identified in Catalonia: 12 stands totalling 174 ha. They
belonged to eight properties, two of which are privately owned and six publicly owned, spread across two
biogeographical areas (northern and southern) and five SAC: “Ribera Salada” (two stands), “Obagues de la
riera de Madrona” (one stand) and “Serra de Boumort-Collegats” (one stand), in the northern area; and
“Serres de Cardó-El Boix” (one stand) and “Sistema Prelitoral Meridional”, in the southern area. The latter
includes Els Ports Natural Park, with seven stands.
The aim is to give the stands over to natural dynamics, notwithstanding that improvement treatments may
be carried out in certain cases where advisable based on the technical conditions. These interventions are
understood to be a stimulus for progressing towards old-growth stages in forest stands with past harvesting
that determined a lack of heterogeneity, competition problems or little regeneration.
The structural singularity of the singular forest stands in Life+ PINASSA lies in the size of the trees (volumes,
trunk diameters and heights), distinctly higher than the average for black pine forests in Catalonia; the largersized dead wood; and the increased availability of cavities for fauna.
The values in different bioindicator groups (climber birds, arboreal bats, fungi and other saproxylic organisms)
of the singular forest stands is significantly higher than the average for black pine forests in Catalonia. These
forest stands contribute to the conservation of species that are threatened, rare or with restricted distribution
and that are associated, within the ecological succession, with stages of conservation or maturation and
release or creative destruction, absent in productive forests.
Thus, in 24% of the forest stands, treatments were carried out to improve the conservation of the habitat,
while the rest were maintained at the start of natural development, according to the information obtained
from previous inventories. The main action carried out consisted in improving biodiversity through the
formation of standing dead wood (by ring barking living trees) or fallen dead wood around trails and roads
(generating fallen trunks and high stumps). In one specific case, a mechanical fire prevention treatment was
carried out, and in another forest stand, selective clearing was carried out to release some trees of special
interest (oaks, large pines, etc).
In the public forest stands, agreements or partnership agreements were signed, while in the private stands,
25-year lease agreements were signed in which the landowner undertakes not to carry out any kind of actions
in the forest that may compromise the singularity values.
The conservation of singular forest stands is compatible with other objectives at property level, within the
general concept of multifunctionality of forest planning.
A singular forest stand social use plan was drawn up, with the aim of regulating visitor flow and allowing for
long-term scientific and technical monitoring. The proposals for this plan are aimed at learning about the
initial situation of the forest stand, minimizing visitor flows and reducing their impact. For this reason, and
based on the characterization, the forest stands have been distinguished that can form part of circuits for
use by the general public, as well as the forest stands that can be accessed through guided visits and those
restricted only to technical and scientific visits. This plan was agreed with the landowner in all cases.
One aspect of particular importance is carrying out long-term monitoring of the natural dynamics and
biodiversity. With this monitoring, it will be possible to obtain data that are very valuable for understanding
ecological processes and the response from the associated biodiversity.
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Singular forest stands form natural systems of reference for using biomonitoring to offer a scientific basis
that will make it possible to develop technical criteria for integrating biodiversity components in forests
with a productive priority objective. Along this line, the dissemination of the concept of integrating the
conservation of biodiversity and timber production among the forest landowners is a basic element to ensure
the conservation of black pine forests.
The evaluation of results from monitoring singular forest stands will contribute to responding to very interesting
aspects associated with environmental planning. For example, is the current network of old-growth forest
stands sufficient to guarantee the preservation of species associated with old growth and short dispersal
capability and singularity elements? What should the distribution be like within the space and what should
the minimum and optimal dimensions be for these forest stands to ensure their functions? To what extent is
it prudent to intervene in these forest stands to improve their stability and accelerate ecological processes?
Environmental education on the natural and cultural values of singular forest stands and the ecological and
socio-economic functions of forests, as a whole, is a basic tool for the understanding by the public in general,
and by students in particular, of the issues affecting forests and their importance to society. Moreover, it
makes it possible to seek their involvement and understanding in the application of future-oriented solutions.
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