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The role of plant sociology in the study and
management of European forest ecosystems
Carlo Blasi, Sabina Burrascano
Forest composition is a faithful indicator of the stressors and disturbances that
influence forest ecosystems, and it should be accounted for in Sustainable
Forest Management policies. Indeed, the classification of forest ecosystems in
forest types is considered as a key tool to improve the assessment and monitoring of forest biological diversity, and for the definition of management
guidelines. Accordingly, the Ministerial Conference on the Protection of Forests in Europe has recognized the need of developing a pan-European forest
classification in forest types, and has identified indicators of Sustainable Forest
Management that should be applied by forest types. The classification of vege tation has always been among the main aims of the plant sociology. The quantitative and qualitative analysis of plant species composition, performed
through the plant sociological approach, condenses compositional and structural information within a hierarchical system, and expresses all historical, sociological and habitat factors that influence the actual and potential vegetation.
In a modern perspective the integration of plant sociology and ecological analysis represents a key to a hierarchical land classification and to the understanding of vegetation dynamics; furthermore the long history of plant sociology determined the availability of large datasets of vegetation data throughout Europe. Starting from these considerations, in this paper we briefly describe how plant sociology could represent a tool for the assessment of the indicators of SFM that should be applied by forest types, giving insights on how
this discipline could contribute to the assessment of each of these indicators.
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Introduction
Natural and anthropogenic
determinants of forest attributes
Forests are complex systems whose main
attributes derive from the interplay of several
abiotic and biotic factors. In addition to such
factors, in the last millennia forests were
altered by several human activities, especially intense and widespread in the temperate and Mediterranean zones of Europe, that
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are, and always were, among the most densely populated regions globally. As a consequence, besides being determined by climatic, lithological and morphological drivers
and by the regime of natural disturbances,
the main attributes of most European forests
are related to the type and intensity of past
and current human management (Corona et
al. 2010).
Many authors recognize, as the main attributes of forest ecosystems, composition,
structure and function which are intimately
related to each other (Franklin et al. 1981,
Noss 1990, Marchetti et al. 2010).
Forest composition strongly depends on
the regional and local species pool deriving
from past geographical and climatic events;
moreover, the distribution of species and
communities along ecological gradients
faithfully reflects the abiotic conditions of a
site (Carni et al. 2011). These drivers interact with biotic factors (such as competition
and facilitation) and with random events
(Hubbell 2001). In addition to the mentioned
determinants, forest composition was directly altered by human management, which
caused a strong reduction of forests tree species richness in many regions, and partly
hampered the spread of species that require
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long time for colonization (Hunter 1999,
Verheyen et al. 2003).
Also forest structure and functions depend
on biotic and abiotic features that determine
for instance the productivity and natural disturbance processes in a given habitat. However, in managed systems, these attributes
are directly manipulated to achieve productive objectives. Indeed, conventional forest
management often influences stand developmental processes through the simplification
of forest structure aimed at reaching the
maximum potential biomass accumulation
rate while neglecting other ecosystem functions (Ciancio & Nocentini 2011). On the
other hand, the life-history traits and the
longevity of species in a forest directly influence forest structure, productivity, and
dynamics.
Therefore, forest composition has a prominent role in the indication of the stressors
and disturbances that influence forest ecosystems, and it should be accurately analyzed and substantially accounted for in Sustainable Forest Management policies (Blasi
et al. 2010)

The definition of forest types as a tool
for Sustainable Forest Management
Sustainable Forest Management (SFM) is
widely accepted as the overriding objective
for forest policy and practice. The high level
forest policies that address all dimensions of
SFM are driven in the pan-European region
by the Ministerial Conference on the Protection of Forests in Europe (MCPFE), that was
the first to define the concept of SFM as:
“the stewardship and use of forests and
forest lands in a way, and at a rate, that
maintains their biodiversity, productivity, regeneration capacity, vitality and their potential to fulfill, now and in the future, relevant
ecological, economic and social functions, at
local, national, and global levels, and that
does not cause damage to other ecosystems”.
In order to evaluate and report on progress
towards implementing SFM in the pan-European region, the Ministerial Conference on
the Protection of Forests in Europe (MCPFE
2002) defined a set of criteria and indicators.
The six criteria in which the indicators are
classified define and characterize the essential elements by which SFM may be assessed. The periodical measurement of the
indicators reveals the direction of change
with respect to each criterion. The MCPFE
countries report periodically on this basis,
contributing to a report on the “State of Europe’s forests” and on the progress towards
sustainable forest management issued by
MCPFE with the aim of providing policy
and decision makers with key facts and figures about Europe’s forests and SFM and to
inform a wider public (UNECE-FAO 2011).
Among the mentioned indicators, seven
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Tab. 1 - Pan-European criteria and indicators of Sustainable Forest Management (SFM)
based on forest types from EEA (2006).
Forest type-based indicators
Criterion 1:
1.1 Forest area
Area of forest and other wooded land, classified
Forest resources
by forest type and by availability for wood supand global carbon
ply,and share of forest and other wooded land in
cycles
total land area
1.2 Growing stock Growing stock on forest and other wooded land,
classified by forest type and by availability for
wood supply
1.3 Age structure
Age structure and/or diameter distribution of
and/or diameter forest and other wooded land, classified by forest
distribution
type and by availability for wood supply
Criterion 2:
2.4 Forest damage Forest and other wooded land with damage, clasForest health and
sified by primary damaging agent (abiotic, biotic
vitality
and human induced) and by forest type
Criterion 4:
4.1 Tree species
Area of forest and other wooded land, classified
Forests biological
composition
by number of tree species occurring and by forest
diversity
type
4.3 Naturalness
Area of forest and other wooded land, classified
by “undisturbed by man”, by “semi-natural” or by
“plantations”, each by forest type
4.5 Deadwood
Volume of standing deadwood and of lying deadwood on forest and other wooded land classified
by forest type
were explicitly designed for an application
by forest types (Tab. 1). These indicators are
classified into three different criteria: forest
resources and global carbon cycles; forest
health and vitality; forest biological diversity; therefore, they are relevant to several
different issues within the framework of
SFM (EEA 2006).
In this view, the classification of forest
ecosystems into homogeneous forest types is
a valuable approach for the definition of
management guidelines. Indeed, forest types
are considered as a key tool for improving
the assessment and monitoring of forest biological diversity in Europe. Accordingly, the
MCPFE has officially recognized “the need
of improving existing international forest
classification, through developing a panEuropean understanding on forest classification in forest types” (MCPFE 2005).

The role of plant sociology in the
definition of forest types
The classification of vegetation has at first
been the focus of those geographers that in
the XIX century investigated on the distribution of plants, like Alexander von Humboldt
and Joachim Frederik Schouw, setting the
scene for the first vegetation scientists.
Among the earlier vegetation scientists some
foresters are often mentioned since they used
the plant sociological approach to define different forest types (see Cajander 1909,
Sukatschew 1932). Indeed, vegetation science addresses the question of “What is the
distribution of plants and the vegetation
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types they create, and which drivers determine this distribution?” (Pott 2011). Therefore, the classification of vegetation types
have always been among the main topic of
vegetation science, in particular qualitative
and quantitative analysis of plant species
composition has two kinds of advantages in
the definition of vegetation types:
• the possibility of condensing compositional and structural information in vegetation types within a hierarchical system in
which different levels can be used in relation to the degree of floristic similarity and
to the scale of analysis;
• the resulting types will be the expression
of all historical, sociological and habitat
factors that influence the quality and
quantity of vegetation.
A classification of vegetation types that reflects the whole set of conditions in which
plant communities develop was among the
main aims of plant sociology since its earliest steps. In a modern perspective the proper integration of plant sociology and ecological analysis represents a key to a hierarchical land classification that defines ecological units and vegetation types with a degree of detail depending on the scale of analysis (Blasi & Frondoni 2011, Capotorti et
al. 2012).
The long history of plant sociology not
only provided this discipline with several
different approaches (ecological and dynamic), but also determined the availability of
large datasets of vegetation data throughout
Europe. Plant sociological databases, that
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are increasingly being integrated at the European level, have a wide range of application:
from the assessment of the diversity of plant
communities (Feoli et al. 2011), to international initiatives in nature conservation, e.g.,
Natura2000 (Schaminee et al. 2011).

Plant sociology and the indicators
of sustainable forest management

Given the wide relevance of plant sociology in the definition of forest types and in the
application of compositional information to
define several ecosystem parameters, we will
here briefly describe how vegetation science,
and especially plant sociology, could represent a means for the assessment of the indicators of SFM that should be applied by
forest types.

Forest area
This indicator is based in the area of forest
and other wooded land classified by forest
type, therefore vegetation maps are particularly useful for a proper assessment. Such
maps would be even more useful if the
mapped vegetation types are associated with
information on vegetation dynamic, and with
data on the climate, lithology and morphology of the areas on which they develop. Indeed, through the plant sociological approach, it is possible to define models of vegetation dynamic (vegetation series) and to
relate these to unique combinations of climatic, lithological and morphological conditions. Such a great body of information can
be achieved using jointly the inductive methodology of plant sociology (based on field
observations and data collection) and the deductive approach of landscape ecology that
identifies ecologically homogenous land
units through a process of hierarchical classification (Blasi et al. 2005).

Growing stock
According to the MCPFE scheme, the indication of growing stock should be classified by forest type and by availability of
wood supply. Again the use of detailed vegetation maps could effectively be the starting
point to define associations between some
ecosystem parameters, such as biomass, and
specific forest types, as it was already proposed for grasslands (Poldini et al. 2011),
while today classifications based solely on
the dominant species are used (Marchetti et
al. 2012). The use of vegetation maps based
on forest types with detailed information on
composition instead of maps based on dominant tree species will also contribute to the
assessment of the indicator “tree species
composition” (4.1 in Tab. 1).
Moreover, the definition of dynamic models specific to each vegetation type (vegetation series) could help in the management of
forest areas, with special reference to the
“other wooded lands”, that may include
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Plant sociology for sustainable forest management
areas that will develop into forests with a
high potential for biomass accumulation.

Age structure
The age structure of a stand is highly informative with regards to its degree of heterogeneity that strongly affects the levels of
biological diversity for numerous taxonomic
groups. The plant sociological approach
could integrate the analysis of stand ages, for
instance with regards to those age classes
considered particularly valuable for the
maintenance of forest biological diversity,
such as old-growth forests. This approach
was already applied in Italian national parks,
where a network of old-growth forests was
defined that represents, as closely as possible, all the forest types occurring in the national parks differing in ecological and phytogeographic features based on the map of
the vegetation series. This network represented a starting point for further investigations aimed at identifying sustainable management guidelines, especially in terms of
biological diversity (see Ricotta et al. 2010
and references therein).

Forest damage
Also in relation to forest damage, regardless of the nature of the damaging agent, it is
important to have a sound knowledge of the
community occurring in the damaged area,
and of the communities that are most likely
to replace it. Indeed information about the
model of vegetation dynamic (vegetation
series) will allow to interpret ecologically
and in a dynamic perspective the communities developing after a damage and to define
management actions consistent with the current vegetation conditions and with their potential to restore the former community
(Blasi et al. 2005).

Naturalness
The concept of naturalness is used for systems not created or influenced by man (Angermeier 2000). In the description of ecosystems, “natural” is generally used in contrast
to “artificial”; as a consequence, naturalness
expresses a gradient between these extremes
(Machado 2004). In order to place systems
along this gradient many authors used criteria based on the history and the potentiality
of a site (Anderson 1991, Angermeier 2000).
Indeed, in most areas that are potentially
covered by forests, human influence on natural dynamic has been substantial, making
difficult to identify sites where this influence
was negligible (Acosta et al. 2000, Ricotta et
al. 2001).
In this view the use of the plant sociology,
taking advantage also of a deductive approach, can effectively drive the assessment of
the level of naturalness, through the analysis
of the consistency between the real and the
potential vegetation of a site.
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Deadwood
Deadwood volumes strongly depend on the
stand disturbance regime, therefore also on
the type and intensity of management.
Nevertheless, further determinants of the
amount of deadwood that could be found in
a forest are: (i) climate, especially temperature, that was reported as the main driver of
deadwood decay rates in a global analysis
(Mackensen et al. 2003); (ii) tree species
composition, since wood decomposition
rates are species-specific and strongly depend on species traits (Cornwell et al. 2009,
Zell et al. 2009). Therefore a thorough
knowledge of the vegetation composition
and its relations to climate would effectively
integrate quantitative analysis on deadwood.

Conclusions

We highlighted how plant sociology,
through a dynamic and integrated approach,
may support the study and management of
forest ecosystems. Indeed, the understanding
of such complex systems could be achieved
through a multidisciplinary approach that
could inform on forest structure, composition and functions. Plant sociology, integrating information on forests’ current and potential composition is extremely useful for
qualitative and quantitative analysis aimed at
conservation programs, as well as at the definition of sustainable management guidelines.
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