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Introduction

The main reason for the decrease in forest biodiversity 
worldwide in ‘all its forms and all its levels of organization’ 
(Hunter, 1990) is degradation and loss of forest ecosystems 
(Foley et al., 2005). Decrease in biodiversity correlates 
with a decreasing number of habitat niches (e.g. Winter 
and Möller, 2008; Heino et al., 2009; Michel and Winter, 
2009). The concept of naturalness relates to the degree to 
which a natural state has been degraded. The underlying 
idea of comparing the current state of an ecosystem with 
its natural state was developed in central Europe during 
the last century. In this context, forest naturalness cor-
relates with forest structural diversity (Christensen et al., 
2005; Winter and Möller, 2008; Michel and Winter, 2009; 
Ranius et al., 2009) and with biodiversity characterized by 
the presence of saproxylic beetles (Müller et al., 2007a) 

and wood-inhabiting fungi (Müller et al., 2007b). Greater 
naturalness is characterized by a large number of adapted,  
specialized and often endangered plant and animal spe-
cies. Thus, in order to halt the loss of forest biodiversity,  
more emphasis must be directed at maintaining and  
restoring greater naturalness as has already been stated by 
Angermeier and Karr (1994), Majer and Beeston (1996), 
Trombulak et al. (2004) and Cardoso et al. (2007). Conse-
quently, greater naturalness is one of the main prerequisites 
for maintaining global forest biodiversity and should be a 
main focus of forest and conservation management at all 
scales. Nowadays, because sustainable forest management 
includes ecological sustainability, naturalness assessments 
must guide management efforts to restore and maintain 
forests. Without a consensus on naturalness assessment, 
forest monitoring is of limited value because observations 
of naturalness traits cannot be combined to produce a 
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single value that summarizes the ecological status of the 
forest. Consequently, naturalness assessments are increas-
ingly being required to determine and to monitor both 
the ecological status and the development of forests 
(Bartha, 2004).

As a component of forest monitoring, naturalness assess-
ments should lead to management practices that increase 
the functionality of ecosystem by maintaining habitat and 
thus ensuring continuous ecosystem use by endangered 
and specialized species. Identification of naturalness by 
the Ministerial Conference on the Protection of Forests in  
Europe (MCPFE, 2003) as one of the seven sustainable 
forest management indicators clearly underpins the im-
portance of a sound forest naturalness concept. Addition-
ally, the COST Action E43 project on the harmonization of 
national forest inventories (Winter et al., 2008; McRoberts 
et al., 2009; Chirici et al., 2011) conducted under the aus-
pices of the European programme ‘Cooperation in Science 
and Technology’ (COST, 2009) proposed naturalness as 
one of the main indicators for international reporting on 
forest biodiversity. The main purposes for assessing natur-
alness are threefold: (1) to properly estimate and report the 
ecological state of forests for purposes of evaluating nature  
conservation and forest management, (2) ‘to develop  
objective standards for forest conservation and (3) to iden-
tify natural, old-growth forests that can be designated as 
protected areas’ (McRoberts et al., in press).

Although the naturalness concept has great relevance 
for forest biodiversity maintenance and restoration and 
is known and accepted by the European public in general 
(Fischer and van der Wal, 2007), a common naturalness 
definition and an approach for naturalness assessments  
are lacking. Further, naturalness traits vary widely, both 
in kind and number. Without a commonly accepted nat-
uralness definition and a naturalness assessment approach, 
there can be no effective means of monitoring forest bio-
diversity trends. Further, until a common and scientifi-
cally based approach to assessing the state of forests is 
developed and applied, objective and thorough reporting 
on the ecological quality of our forests is impossible. The 
danger is that forest degradation will neither be apparent 
nor adequately recognized, and the loss of biodiversity will 
increasingly be accepted by forest managers and other de-
cision makers.

Further, differences between the concept of natur-
alness and the associated concept of hemeroby, which  
emphasizes human impacts, are not clearly differenti-
ated in the literature, a result that further hinders clarity 
and development of a common naturalness assessment 
approach.

The literature review that follows aims at clarifying  
the naturalness concept by contrasting it with the hemeroby 
concept and by describing previous use of and gaps in as-
sessment approaches. The review has five specific objectives:
 

1	 �To synthesize definitions of forest naturalness and 
hemeroby for the purpose of proposing a common  
definition,

2	 �To elucidate differences between the concepts of natur-
alness and hemeroby so that the two concepts can be 

appropriately used in scientific studies and for forest  
biodiversity monitoring,

3	 �To analyse different naturalness perceptions, traits, 
indicators, assessment frameworks and approaches,

4	 �To conduct a gap analysis and
5	 �To construct a framework for naturalness assessments 

based on the conclusions from the literature review and 
the gap analyses. 

Materials and methods

Numerous papers (about 80) on forest naturalness and 
hemeroby (see reference list) were analysed for their  
contribution to the five main objectives presented above. 
Papers mentioning the concept of naturalness range from 
those marginally using the term to those reporting thor-
ough naturalness studies. All available papers from the 
Web of Science (Web of Science, 2012) on forest natural-
ness (keywords: naturalness and forest) and on hemeroby 
(keyword: hemeroby without further selection) and several 
publications from other sources were analysed relative to 
four factors:
 

1	 �Definitions of naturalness and hemeroby,
2	 �Differences between the naturalness and hemeroby concepts,
3	 �Traits considered for naturalness and/or hemeroby 

assessment and
4	 �Assessment approach.
 

Literature considered other than from the Web of  
Science was published in German and included the early 
publications on naturalness and the source publication on 
hemeroby as well as publications with modifications of the 
hemeroby concept.

Literature review to assess the current status of the 
naturalness concept

Variety and inconsistency of naturalness definitions and 
distinction from the concept of hemeroby

Wherever definitions of naturalness are provided in the lit-
erature, they seem to vary. However, two main naturalness 
definitions and additionally one related hemeroby concept 
can be discerned:

First, the definition of naturalness is often understood 
as a ‘comparison of the current ecosystem state with  
its natural state’ (Table 1). Naturalness, or sometimes 
redundantly called the degree of naturalness, is proposed 
to be estimated either as a continuum from lesser to greater 
naturalness (e.g. Hunter, 1996; Angermeier, 2000) or as 
distinct classes that cover the range of the continuum 
(overview see Colak et al., 2003). Naturalness, whether 
assessed as a continuum or in classes, may use a broad scale 
ranging from highly artificial states such as large cities to 
primeval forests (Sjörs, 1986; Haber, 1991). Alternatively, 
a narrower scale that relates only to forest ecosystems  
may be used that ranges from the naturalness of forests  
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established as plantations which are characteristic of intense  
anthropogenic forest disturbances to primeval forests (Liira 
and Sepp, 2009; Tierney et al., 2009). Naturalness assess-
ments that aim to evaluate management activities should 
be on as small a scale as possible to obtain specific results. 
Other objectives such as reporting on large-scale biodiver-
sity may require a broader range.

The second use of the term naturalness (Table 1) in the 
literature refers to the ‘state of a forest without human  
impact’ (e.g. Wehenkel et al., 2009). This definition consid-
ers naturalness to be synonymous with the term ‘primeval 
forest’. This use is misleading and represents a misapplica-
tion, because the naturalness concept covers the entire range 
between the artificial and the natural state of an ecosystem.

Scientific investigations on forest naturalness were prob-
ably initiated in the German-speaking countries of Central 
Europe using two German words: ‘Naturnähe’, which con-
notes a comparison between the current state and a natural 
reference state, and ‘Natürlichkeit’, which connotes the 
current state of the forest. Both terms are widely acknowl-
edged and are still accepted in the German-speaking scien-
tific community (Kowarik, 1987, 1999; Leuschner, 1997; 
Zerbe, 1999), although the first definition, meaning ‘close-
ness to its natural state’, is more commonly used. In the 
peer-reviewed English language scientific literature where 
naturalness is first mentioned by Anderson (1991), the 
concept is discussed, but not conclusively defined (Table 1). 
As a consequence, various definitions appear in the cur-
rent English language scientific literature. Furthermore,  
numerous papers that mention naturalness still do not 
define the underlying concept (e.g. Smelko and Fabrika, 
2007; Winter and Möller, 2008; Hancock et al., 2009; 
Heino et al., 2009).

The hemeroby concept (Table 2) was introduced and 
defined by Jalas (1955) and promoted by Sukopp (1976) as 
a degree or measurement of human influence on ecosystems. 
Thus, hemeroby is an integrated measure of anthropogenic 
influence on landscapes or habitats (Jalas, 1955; Table 2). 
Other publications on hemeroby either refer to or cite the 
hemeroby definition given by Jalas and Sukopp or use a 
similar definition. Altogether, the definitions used for 
hemeroby are more homogenous than those for the natur-
alness concept, because the source definition of hemeroby 
was available from the beginning.

Scientific papers from the Web of Science that mention 
the concept of hemeroby almost all apply it to vegetation 
and flora, clearly indicating that the hemeroby concept 
was developed by vegetation ecologists (Jalas, 1955, modi-
fied by Sukopp, 1972). The term is still used by vegetation 
ecologists when referring to non-forested areas. Naturalness 
is currently considered much more frequently in forest  
research studies than is hemeroby. Furthermore, most  
authors who mention hemeroby also mention naturalness 
(Table 2).

Perception of the two concepts in the literature
The relationship between hemeroby and naturalness varies 
in the literature. First, the terms are regarded as synonyms 
(mentioned in Colak et al., 2003); second, hemeroby is 

defined as being included within the naturalness concept 
(Jalas, 1955; Sukopp, 1976; Kowarik, 1988; Colak et al., 
2003); third, naturalness and hemeroby are expressed in 
a reciprocal way (Klotz and Kühn, 2002; Fu et al., 2006) 
and fourth, the two concepts are interpreted as being inde-
pendent and with different reference points. For example, 
naturalness is referred to as being the historical, original  
state of the past, whereas hemeroby is considered to be  
the potential state of unmanaged forests in the future 
(Hornschuch and Riek, 2009).

Naturalness and hemeroby as opposite extremes of  
a gradient
Most authors mentioning naturalness agree that greater 
hemeroby and greater naturalness tend towards opposite 
extremes of a continuous gradient. Further, the gradient 
is mostly subdivided into naturalness or hemeroby classes 
(for an overview, see Schirmer, 1998) with the classes at 
the extremes characterized using many different details and 
differently focused indicators (see next section). The con-
clusion from the literature is that naturalness assessments 
place greater emphasis on the natural end of the scale,  
whereas hemeroby emphasizes human influence at the  
opposite end of the scale. For both naturalness and 
hemeroby, the class widths decrease as the respective  
extreme classes are approached. Some authors conclude 
that naturalness and hemeroby classes coincide when the 
number of classes and the gradient scale are the same 
(e.g. Colak et al., 2003) without recognizing that the class 
widths tend to be substantially different because the concepts 
have distinct frameworks (see below).

Thus, results of a hemeroby assessment are not fully  
adequate to assess forest naturalness. Furthermore, hemeroby 
should be regarded as a tool for differentiating among  
forests with serious human impacts, whereas naturalness  
assessments differentiate among more naturally managed and 
abandoned forests. Because the naturalness and hemeroby 
concepts are complementary, neither the concepts nor their 
gradient classes are compatible.

All things considered, the concepts of naturalness and 
hemeroby and their assessments cannot be regarded as 
interchangeable.

Variety of naturalness assessment traits, indicators  
and approaches

The naturalness concept is increasingly being incorporated 
into scientific studies (Figure 1). Whereas in early studies, 
the concept was mainly just described and discussed 
(Anderson, 1991, 1992; Gotmark, 1992), the trend in 
forestry is now to search, test and define naturalness traits 
and indicators of naturalness in detail and to quantify 
them (Azeria, 2007; Barbati, 2007; Cardoso et al., 2007; 
Corona, 2007; Liira et al., 2007; Midgley, 2007; Müller 
et al., 2007b; Smelko and Fabrika, 2007; Tyrvainen et al. 
2007; Gibbons et al., 2008; Gil-Tena et al., 2008; Magura 
et al., 2008; Paillet et al., 2008; Raunikar et al., 2008; 
Roberge et al., 2008; Skornik et al., 2008; Winter and 
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Table 2: Hemeroby definitions (literature examples; further literature on hemeroby do not provide any additional definitions)

Reference Hemeroby definition (original texts of the papers)

Naturalness is  
mentioned in  
the paper

Paper includes  
a definition of  
naturalness

McRoberts et al. (in press) The degree of human influence. X X
Testi et al. (2009) An indicator of human impact on vegetation,  

  ranging from 0 (no impact) to 9 (totally artificial).
– –

Atici et al. (2008) No definition, the text refers to the hemeroby classes  
  oligohemerobe and mesohemerobe.

X –

Tasser et al. (2008) Measures the degree of human impact on ecosystems  
  (after Steinhardt et al., 1999).

X X

Fu et al. (2006) Hemeroby or hemerobic state is an integrated  
  measure for the anthropogenic influence on  
  landscapes or habitats.

X –

Colak et al. (2003) Conscious or unconscious manner of total impacts  
  by human on natural ecosystems  
  (after Blume and Sukopp, 1976).

X X

Papers in German (translated)
Klotz and Kühn (2002) The system of hemerobic levels describes how  

  close to nature or how far away from nature  
  a vegetation unit is.

X –

Kowarik (1988) A measure for the human impact on ecosystems. X –
Sukopp (1976) An integrative measure for the impacts of all human  

  intervention on ecosystems, whether they are  
  intended or not. The degree of hemeroby is the  
  result of the impact on a particular area and the  
  organisms which inhabit it.

X –

Jalas (1955) An integrated measure for the anthropogenic  
  influence on landscapes or habitats.

X –

Papers (out of 11) 10 3

Möller, 2008; Halme et al., 2009a; Hancock et al., 2009; 
Heino et al., 2009; Liira and Sepp, 2009; Napierala et al., 
2009; Wehenkel et al., 2009). 

The objectives of currently published papers can be clas-
sified into three general categories:
 1	 �To investigate or test available traits and indicators in 

case studies (e.g. Heino et al., 2009; Liira and Sepp, 
2009);

2	 �To emphasize improvement of programmes for monitor-
ing habitats or landscapes; however, these studies mostly 
mention the concept of naturalness only briefly or regard 
it as one indicator among others without describing the 
assessment approach in detail (e.g. Paillet et al., 2008; 
Halme et al., 2009a, b);

3	 �To refine existing or develop new approaches to natur-
alness assessments (e.g., Gibbons et al., 2008; Winter 
et al., 2010).

 

The three most comprehensive naturalness studies 
published in recent years focus on these clearly distinct 
categories. First, Liira and Sepp (2009) presented a com-
parative study of 171 boreo-nemoral forest stands along a 
management gradient and studied 50 stand characteristics 
in order to compile a critical and statistically confirmed list 
of naturalness indicators. This extensive study is similar to 
other investigations that seek to identify indicators for nat-
uralness assessment but differs in that it considers a large 
number of qualitative features and quantitative variables. 
Second, Paillet et al. (2008) conducted a study on forest 
fragmentation in France, referring to this approach as a 
‘multi-criterion method based on the difference between a 
natural value and a conservation value’. The method was 
developed by Du Bus de Warnaffe and Devillez (2002). 
Paillet et al. (2008) used this method to compare the 
naturalness of sycamore maple forests with surrounding 
deciduous forests. It is an applied study that was initiated 
to demonstrate the suitability of the specific naturalness 

Figure 1. Papers mentioning naturalness (number) within the 
Web of Science, 1991–2010.
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characteristics and combined the concepts of naturalness 
and hemeroby. Third, Gibbons et al. (2008) present an 
objective approach for predicting reference conditions and 
reference benchmarks for some biodiversity indicators in 
different forest communities in Australia.

In conclusion, the forest naturalness concept has been 
less widely discussed in the last few years, whereas studies 
on naturalness traits and the definition for reference bench-
marks have gained in importance.

The main naturalness traits considered in reported  
research studies are the diversity of tree species, forest struc-
ture, fauna, ground vegetation and deadwood (Figure 2). 
Most frequently, the naturalness of tree species compos-
ition is analyzed. Forest structure, fauna and ground vege-
tation are considered in more than half of naturalness 
papers and deadwood in about one-third. In most papers, 
only one or two naturalness traits are considered, mainly  
‘tree species’ and ‘forest structure’. The three thorough  
papers on naturalness assessments by Gibbons et al. 
(2008), Paillet et al. (2008) and Liira and Sepp (2009) 
incorporate a large number of indicators in their naturalness 
approaches, suggesting that multiple traits are needed to 
portray naturalness more reliably.

The linkage between biodiversity and naturalness traits  
such as deadwood, structural heterogeneity and forest  
development phases has been confirmed in several studies 
(see Introduction section). But still, for most species groups, 
the relationship between the proposed assessment traits 
and the ecological status of these species groups has not 
yet been adequately studied. Heino et al. (2009) state that 
‘the extensive surveys in protected and managed areas have 
not been conducted for a majority of taxonomic groups 
and ecosystem types, which makes it difficult to assess how 
large a portion of biodiversity is at least potentially under 
protection’ or sustainably managed.

The most thorough assessment approach and its appli-
cation were reported by Grabherr et al. (1998). This 
approach was developed for assessing the human impact 
on the forests of Austria and uses several indicators, such 
as plant species composition and the vertical and hori-

zontal forest structure including forest layering, develop-
mental phases, stand density, diameter distribution and  
deadwood. This approach, by far, is the most comprehen-
sive and complex. Grabherr et al. (1998) developed a sci-
entifically relevant and appropriate assessment algorithm  
and used it to produce a distinctive classification of the  
Austrian forests. The 11 traits considered were given  
individual weights following the questionnaire results 
from a Delphi technique (Schöllhammer, 1970, modified) 
on the importance of the traits for hemeroby assessment. 
Questionnaire responses were obtained from academics  
working in the field of forest ecology. The algorithm for  
estimating total naturalness uses five assessment levels to 
incorporate the traits to a single naturalness value (Grabherr 
et al. 1998, p. 190). Taking into account the distinction 
between the naturalness and hemeroby concepts presented 
in Materials and methods section, Grabherr et al. (1998) 
mainly incorporate the hemeroby concept.

None of the currently published naturalness studies  
focuses on an algorithm for naturalness assessment or on 
the question of how to apply the forest naturalness concept 
in science, nature conservation or in biodiversity moni-
toring. The latest approach was published in French by  
Du Bus de Warnaffe and Devillez (2002). Their assessment 
includes 14 naturalness indicators that refer to compos-
itional, structural and functional naturalness levels. The 
approach culminates with an estimate of mean naturalness 
for each of these three levels and finally in an overall nat-
uralness estimate calculated as the mean of the naturalness 
estimates for three levels. Uotila et al. (2002) focused on 
naturalness by comparing managed and unmanaged boreal 
forests in Fennoscandia. Neumann and Starlinger (2001) 
assessed forest naturalness by applying different indices for 
stand structure and diversity in Austrian forests using data 
for permanent monitoring plots. The former (Uotila et al., 
2002) conducted a complex comparative study consider-
ing common naturalness indicators such as coarse woody 
debris, living forest structure (number of trees, basal area,  
volume and range of diameter) and the proportion of  
deciduous tree species, but the indicator results were not 
combined with a general assessment approach of natural-
ness. However, Neumann and Starlinger (2001) applied 
11 diversity indices such as the Clark–Evans index, the 
Shannon index, the Pielou index (Pretzsch, 1996, 1997) to 
develop assessment algorithms. Nevertheless, the authors  
found no correlation between the naturalness of tree species 
composition and the estimated diversity indices; thus, the 
study did not result in an assessment approach.

Winter et al. (2010) were the first to attempt development 
of a thorough forest naturalness assessment method based  
on multiple biodiversity levels although the approach 
focused mainly on structural indicators. However, in order  
to include direct indicators of flora and fauna, further  
efforts are desirable. For further naturalness assessments 
of forests, the hemeroby-based approach of Grabherr et al. 
(1998) may also be modified and further developed in the 
future.

For development of naturalness assessment approaches, 
the focus on indicators for assessing naturalness and  

Figure 2. Traits of forest naturalness (% of about 80 papers) 
considered most often in naturalness studies.
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hemeroby on the two gradient extremes must be con-
sidered. Naturalness assessments require indicators that  
are able to detect even small differences between habitats 
and their reference states, whereas hemeroby assessments 
require indicators that respond in a meaningful way to 
human impact. Two examples elucidate this general dif-
ference between naturalness and hemeroby indicators. 
First, in European lowland beech forests, the herb species  
Anemone nemorosa L. is significantly more abundant 
in forests that are not managed than in managed forests 
(Dzwonko, 2001). A decline in prevalence is correlated 
with a decreasing number of years since harvesting was 
abandoned. Thus, A. nemorosa is an indicator species for 
naturalness assessments (Rose, 1999) because it relates 
to the natural state of a forest. However, the herb species 
Veronica officinalis L., the grass species Calamagrostis 
epigeios (L.) Roth and the neophyte herb species Impatiens 
parviflora DC. become more abundant with increasing 
intensity of forest management and less abundant in more 
natural forests. Thus, these species are indicators for 
hemeroby because they relate to human impact on a forest 
(Liira et al., 2007).

Second, generally, the number or frequency of native 
tree species increases with increasing naturalness, while  
in general, the number or frequency of non-native tree  
species increases with the management intensity (Gibbons 
et al., 2008). Consequently, the number or frequency of 
native tree species is an indicator for naturalness, while the 
number or frequency of invasive or exotic tree species is an 
indicator for hemeroby by depicting the forest conversion 
intensity of native forest communities. However, a small 
number of native tree species does not necessarily indicate 
forests with large transformations due to anthropogenic  
impacts, and conversely, a small number of exotic tree  
species does not necessarily indicate or differentiate natural 
forests. Differentiation in the same sense just described is 
found in indices for forest connectivity that indicate natur-
alness and likewise in indices for forest fragmentation that 
indicate hemeroby (Winter et al., 2010). Thus, conversions 
of hemeroby assessment results to naturalness assessment 
results and vice versa are not appropriate.

Gaps in the algorithms for assessing naturalness

The identification and description of gaps in our knowledge 
on naturalness assessments are the basis for improving  
future assessments. The preceding review of the litera-
ture on naturalness provides insights into how to develop  
and improve naturalness assessments in the future by  
revealing the gaps in the current knowledge on naturalness 
(assessments). Four main gaps were evident: (1) the lack of 
consensus regarding both the naturalness concept and the 
related concept of reference forest for which comprehen-
sive knowledge is inadequate, (2) an incomplete list of the 
naturalness traits considered essential for the assessment 
and the lack of a comprehensive assessment algorithms,  
(3) unknown linkages between naturalness traits and forest 
biodiversity and (4) lack of assessment approaches that can 
be adapted from regional to large scales.

Gap 1: lack of a naturalness definition, a reference  
concept and benchmarks
Accepting that forest naturalness includes a comparison 
between the current and a comparable reference state of 
forests, estimates of naturalness require the inclusion of 
suitable references and reliable reference values. Wehenkel 
et al. (2009) summarize the problem as follows: ‘All meas-
urements are confounded by the dilemma that maximal 
naturalness is unknown’. Gibbons et al. (2008) support 
both identifying references and estimating benchmarks  
for reference forests, an approach that is used in some  
Australian forests. However, this method requires data 
that are not currently acquired by existing monitoring  
programmes and therefore is not immediately useful for 
large-scale applications.

In many cases, authors recognize that a precise and proper 
knowledge of the forest reference is required (Table 1). 
Discussions are underway to determine the qualities a  
forest reference should provide for naturalness assessments. 
A common view is that the reference should represent the 
most natural forest relative to growth conditions (environ-
mental drivers) such as climate, soil, aspect and elevation 
for the managed forests that are assessed (Westphal et al., 
2004; Derous et al., 2007). A reference definition that also 
takes into account variable references in forest naturalness 
assessments in landscapes where virgin forests no longer 
exist was recently developed by Winter et al. (2010). For 
assessing hemeroby, knowledge about natural forests is  
required, but for naturalness assessments, knowledge of 
the traits of extreme anthropogenic impacts is not required. 
Thus, the naturalness concept relies less on other concepts 
and is more independent of them than the hemeroby con-
cept. Furthermore, in order to compare the concepts, it  
is vital to consider that even the classes used in different  
approaches to naturalness assessments do not have the 
same width and meaning (Schirmer, 1998). However, this 
can be regarded as an adaptation of the naturalness assess-
ments that depend on detailed assessment objectives.

Further research should provide general guidance for 
choosing appropriate reference forests and should generate 
benchmarks for different large-scale forest communities 
such as the 13 forest categories (EEA, 2006) used to classify 
European forests or at least for different large-scale climatic 
zones such as the boreal or temperate zone.

Gap 2: incomplete list of naturalness traits
A list of naturalness indicators along with appropriate inven-
tory methods is still not conclusive. According to the litera-
ture, for the most commonly considered naturalness traits 
(Figure 2), three additional issues should be considered: 

Impact of plot size: McRoberts et al. (in press) indicate that 
estimates of tree species diversity vary with small changes 
in plot sizes; this result prohibits regional comparisons that 
use national inventory data obtained from plot of differ-
ent sizes. However, it is assumed that on a large scale, the 
plot size effect might be negligible (Winter et al., 2012). 
Nevertheless, the need for comparable data entails the need 
for a harmonization approach. An initial holistic approach 

D
ow

nloaded from
 https://academ

ic.oup.com
/forestry/article/85/2/293/529315 by guest on 20 August 2022



FORESTRY300

to incorporate national forest inventory data from European 
countries and the US is presented by Chirici et al. (2011). 
Studies on the effect of plot size on the estimates of natural 
traits and studies on the harmonization of existing data 
should be continued.

Forest structure: The second most frequently considered 
naturalness trait may include multiple characteristics such 
as tree density by diameter class (Gibbons et al., 2008), ver-
tical heterogeneity (Paillet et al., 2008) or cover by canopy 
layer (Liira and Sepp, 2009). Structural components such as 
tree microhabitats that are essential for forest biodiversity 
(Winter and Möller, 2008; Michel and Winter, 2009) and 
ecologically integrative forest development phases (Winter 
and Brambach, 2011) are innovative naturalness traits that 
should be included in naturalness assessments. However, 
we are currently still searching for the methodology to 
record adequately some traits such as microhabitats.
Appropriate number of naturalness traits: There is a need  
for investigations into the number of naturalness traits  
sufficient to provide a comprehensive assessment of nat-
uralness. The number of naturalness indicators that have 
been proposed for inclusion in assessments is increasing 
(e.g. Müller et al., 2007a, b; Liira and Sepp, 2009; Winter 
et al., 2010). Thus, more studies should be initiated on the 
use of integrative indicators such as developmental phases 
and microhabitats (Winter et al., 2008; Chirici et al., 2011) 
to better monitor naturalness. Prospective results will lead 
to a sensible implementation of innovative naturalness indi-
cators in monitoring methodologies. Furthermore, analyses 
should be conducted to acquire insights into the minimum 
number of indicators that are needed for a reliable portrayal 
of naturalness.
 

Gap 3: unknown linkages between some naturalness 
traits, forest biodiversity and sustainable forest  
management
Large-scale forest management still lacks harmonized eco-
logical overview data to monitor biodiversity reliably and 
to improve preservation of biodiversity in managed forests. 
Insights on forest naturalness values may contribute to for-
est biodiversity management. Mrosek (2001) developed 
a hierarchical five-level approach for forest management 
based on assessments of criteria and indicators but without 
adapting forest management in accordance with the results 
of indicator-based assessments of reference forests. More-
over, Mrosek (2001) regards the very existence of unman-
aged forests as one criterion of the assessment. Without 
a clear focus on forest naturalness in forest monitoring, 
reliable sustainable forest management encompassing the 
maintenance of forest biodiversity will not be possible.

Gap 4: lack of assessment approaches that can be adapted 
from regional to large scales
Current assessment approaches are based on local to  
regional studies. The adaptation of these methods for large-
scale application or for the development of an innovative 
large-scale assessment approach has not yet been fully dem-
onstrated. The only example of a large-scale application is 
the hemeroby study by Grabherr et al. (1998) on Austrian 

forests. However, this study was conducted in a country 
that uses country-specific forest inventory methods. In an 
initial attempt, McRoberts et al. (in press) and Winter et al. 
(2012) suggest using an assessment approach that harmo-
nizes data from different national forest inventories for tree 
species composition and some forest structural features  
such as the tree diameter. But harmonization of heteroge-
neous national forest inventory data or estimates (Ståhl 
et al. in press) still results in simple naturalness assessments. 
The proposed large-scale naturalness assessments are not 
feasible on a scale as large as the European Union. Thus, 
a more general and comprehensive approach is required.

Seven-level framework for forest naturalness 
assessments and its application for biodiversity and 
nature conservation surveys

For purposes of proposing a framework for assessing forest 
naturalness, a definition of naturalness for common use is 
first given: ‘naturalness is the similarity of a current eco-
system state to its natural state’. The first afore-mentioned 
approach for defining the term naturalness (see Variety 
and inconsistency of naturalness definitions and distinction 
from the concept of hemeroby section) is meaningful and 
clear because naturalness is regarded as a concept which is 
different and distinguished from the concepts of hemeroby 
and of nature in the sense of a primeval forest state. This 
definition underlies the development of the seven-level 
framework described in the following sections.

Second, the framework is based on and addresses the  
conclusions from the literature review. From the literature 
on naturalness, a comprehensive naturalness assessment  
approach that supports forest biodiversity monitoring and 
conservation management entails seven successive steps 
(Figure 3):
 

1	 �Definition of the criteria for identifying reference forests 
(e.g. primeval forests or forest with the maximum time 
past since the management was abandoned).

2	 �Evaluation of the main traits for assessing naturalness 
on a large scale. Evaluation schemes from the literature 
(Figure 2) or Delphi techniques reveal the essential traits 
of biodiversity which are documented by Chirici et al. 
(2011) and are appropriate for evaluating the main 
naturalness traits.

3	 �Selection of a set of naturalness indicators such as dead-
wood volume, deadwood decay classes, sizes of the lar-
gest trees and native tree species composition. Following 
the concepts and definitions of biodiversity (Whittaker, 
1972; Noss, 1990) which are widely acknowledged, the 
indicator set for naturalness assessments should include 
indicators of two different concepts of forest diversity 
to encompass the main biodiversity components. On the 
one hand, there is the concept developed by Noss (1990) 
where three basic ecosystem components are defined: (a)  
‘compositional’ indicators relating to the diversity of  
elements such as taxons, e.g. tree species, (b) ‘functional’ 
indicators describing the ecological and evolutionary 
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process of the forest ecosystem, e.g. forest connectivity 
representing processes within populations (Winter et al., 
2010) and (c) ‘structural’ indicators encompassing the 
physical (and spatial) organization of the elements such 
as the amount of deadwood. On the other hand, within  
the other concept (Whittaker, 1972), different levels 
of diversity from the local to the large scale are defined 
and should thus be addressed by different assessment  
approaches.

4	 �Development of a consistent and common field guide 
to record data for the indicators in the reference and 
managed forests.

5	 �Development of algorithms to compare results for the 
reference and managed forests.

6	 �Adaptation of the forest management standard with 
respect to the results of the naturalness assessment to  
increase the naturalness and its associated forest  
biodiversity.

7	 �Evaluation of the success in maintaining and restoring 
biodiversity via monitoring indicator species (Halme 
et al., 2009b). The outcomes of the evaluation control 
may result in further management adaptation.

 

After developing the naturalness assessment, levels 4–7 
form the continuous naturalness assessment as a compo-
nent of the forest biodiversity survey which could be part 
of existing monitoring programmes such as national forest 
inventories.

Developments of naturalness assessments that follow the 
seven-level framework are feasible for detailed monitoring 

of the maintenance of forest biodiversity, for instance, of 
threatened saproxylic beetles (Winter and Möller, 2008; 
Brunet and Isacsson, 2009) as listed for Central Europe by 
Müller et al. (2005).

Discussion and conclusions

A general approach for assessing naturalness has not yet 
been developed. We still lack the capability to progress 
from naturalness case studies to an overall assessment 
approach. Therefore, it is difficult to conduct large-scale 
naturalness assessments and there is a high degree of uncer-
tainty in the application of available regional assessment 
approaches at large scales.

Naturalness assessment of forests is common practice for  
multiple European countries (13 of 19 analysed European 
countries, Chirici et al., 2011) with forest management 
following the sustainability paradigm, at least for annual 
wood production (Roberge et al., 2008; Skornik et al., 
2008). But considering the spatial distribution of coun-
tries and regions with studies on naturalness such as in 
Australia, several countries in Central, Northern and 
Southern Europe and in the US, it is obvious that natural-
ness assessments can be conducted in different forest zones 
with clearly different forest communities ranging from  
eucalyptus forests, deciduous forests, e.g. with Fagus syl-
vatica, to boreal forests with Picea abies and Pinus sylves-
tris to thermophilous forests with, e.g. Quercus spp. and 
Carpinus spp., and to Populus–birch forests, respectively. 
Naturalness studies in tropical forests are not available, but 
considering the main traits currently used, naturalness assess-
ments might also be applied in tropical forests. In addition 
to spatial feasibility, temporal validity must be considered.  
Following the seven-level framework concept, the assess-
ment includes changes of the forest reference, e.g. due to 
global climatic changes.

The concept of forest naturalness is similar to other con-
cepts, such as ‘ecosystem quality’ of a forest community, 
‘habitat quality’, forest ‘ecosystem health’ and assessment 
of ‘habitat natural quality’ (Liira and Sepp, 2009). Paillet 
et al. (2008) mention ‘ecological assessment’ of forest 
stands and combine indicators of the naturalness and 
hemeroby concept in their assessments. For example,  
indicators related to forest function include the intensity 
of tourist activity, silvicultural treatments and the export 
of ligneous biomass; these are clearly variables used to 
assess human impact following the hemeroby approach. 
Tierney et al. (2009) developed an approach to assess the 
‘ecological integrity’ of forests which resembles a natural-
ness assessment. Angermeier (2000) suggests that the term 
ecological integrity should be an integral part of the 
naturalness concept. Cardoso et al. (2007) used the term 
‘biotic integrity’ in their study of arthropod communities 
and used it synonymously with ecological integrity. ‘Nat-
ural likeness’ is mentioned by Colak et al. (2003). How-
ever, to distinguish naturalness precisely from the closely 
related terms mentioned above is beyond the scope of this 
paper. But obviously, the term naturalness and its links to 
several other related terms should be clarified in the future.

Figure 3. Seven-level framework for naturalness assessments 
and conservation management.
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Recommendations drawn from the literature for future 
studies on naturalness are as follows: (1) hemeroby and 
naturalness approaches should be clearly distinguished, (2) 
more comparative studies are necessary to identify a se-
lect number of indicators and to enhance our biodiversity-
related knowledge of the indicators for their inclusion in 
naturalness assessments, (3) studies should be conducted 
to investigate the explanatory proportion of different nat-
uralness indicators to determine the minimum number of 
indicators needed for naturalness assessments and (4) nat-
uralness assessment studies should follow the seven-level 
framework presented herein and could be conducted using 
national forest inventory data from different countries 
(using a small set of additional ecologically relevant indica-
tors) in order to explore the opportunities to harmonize 
heterogeneous international databases.

Acknowledgements

Thanks to R.E. McRoberts who discussed with me the natur-
alness concept several times and for his substantial editing of  
the text for the final manuscript version. Thanks to Mark  
Laurence, Mike McManus and Elizabeth Hamzi-Schmidt for  
improving my English. Thanks to H. Pretzsch, M. Flade, M. Zaplata 
and A. Fischer for improving the paper in different ways. And 
thanks to Helen McKay, editor of the journal Forestry: An 
International Journal of Forest Research, and an anonymous 
reviewer for their very good comments on a former version of the 
manuscript.

Conflict of interest statement

None declared.

References

Anderson, J.E. 1991 A conceptual-framework for evaluating and 
quantifying naturalness. Conserv. Biol. 5, 347–352.

Anderson, J.E. 1992 Naturalness as an evaluation criterion in  
nature conservation. Conserv. Biol. 6, 459–460.

Angermeier, P.L. 2000 The natural imperative for biological  
conservation. Conserv. Biol. 14, 373–381.

Angermeier, P.L. and Karr, J.R. 1994 Biological integrity  
versus biological diversity as policy directives. Bioscience. 44, 
690–697.

Atici, E., Colak, A.H. and Rotherham, I.D. 2008 Coarse Dead 
Wood Volume of Managed Oriental Beech (Fagus orientalis 
Lipsky) Stands in Turkey. Investigacion Agraria-sistemas y 
recursos forestales 17, 216–227.

Azeria, E.T., Sanmartin, I., As, S., Carlson, A. and Burgess, N. 
2007 Biogeographic patterns of the East African coastal forest 
vertebrate fauna. Biodivers. Conserv. 16, 883–912.

Barbati, A., Corona, P. and Marchetti, M. 2007 A forest  
typology for monitoring sustainable forest management: the 
case of European Forest Types. Plant Biosyst. 141, 93–103.

Bartha, D. 2004 Chances for a stand-level evaluation of the natur-
alness of forests. Allg. Forst. Jagdztg. 175, 8–13.

Blume, P. and Sukopp, H. 1976 Ökologische Bedeutung anthropo-
gener Bodenveränderungen. Schrift Vegetationskunde. 10, 7–89.

Brunet, J. and Isacsson, G. 2009 Restoration of beech forest for 
saproxylic beetles-effects of habitat fragmentation and sub-
strate density on species diversity and distribution. Biodivers. 
Conserv. 18, 2387–2404.

Cardoso, P., Borges, P.A.V. and Gaspar, C. 2007 Biotic integrity 
of the arthropod communities in the natural forests of Azores. 
Biodivers. Conserv. 16, 2883–2901.

Chirici, G., Winter, S. and McRoberts, R. 2011 Contribution of 
National Forest Inventories for Forest Biodiversity Assessment. 
Springer Verlag, London, 206 pp.

Christensen, M., Hahn, K., Mountford, E., Ódor, P., Rozenberger, D.,  
Diaci, J. et al. 2005 Dead wood in European beech (Fagus 
sylvatica) forest reserves. Forest Ecol. Manage. 210, 267–282.

Colak, A.H., Rotherham, I.D. and Calikoglu, M. 2003 Com-
bining ‘naturalness concepts’ with close-to-nature silviculture. 
Forstwiss. Centralbl. 122, 421–431.

Corona, A.M., Toledo, V.H. and Morrone, J.J. 2007 Does the 
Trans-Mexican Volcanic Belt represent a natural biogeographical  
unit? An analysis of the distributional patterns of Coleoptera.  
J. Biogeogr. 34, 1008–1115.

COST 2009 European Cooperation in the Field of Scientific and Tech
nical Research. http://www.cost.esf.org/ (accessed on 12 June 2011).

Derous, S., Agardy, T., Hillewaert, H., Hostens, K., Jamieson, G., 
Lieberknecht, L. et al. 2007 A concept for biological valuation 
in the marine environment. Oceanologia. 49, 99–128.

Du Bus de Warnaffe, G. and Devillez, F. 2002 Quantifier la valeur 
écologique des milieux por intégrer la conservation de la nature 
dans l’aménagement des forêts: une démarche multicritères. 
Ann. Forest Sci. 59, 369–387.

Dzwonko, Z. 2001 Migration of vascular plant species to a  
recent wood adjoining ancient woodland. Acta Soc. Bot. Pol. 
70, 71–77.

EEA—European Environment Agency. 2006 European forest 
types. Categories and types for sustainable forest management 
and reporting. EEA Technical Report 9. Office for Official  
Publicatoins of the Communities, Luxembourg, 111 pp.

Fischer, A. and van der Wal, R. 2007 Invasive plant suppresses 
charismatic seavir—the construction of attitudes towards bio-
diversity management options. Biol. Conserv. 135, 256–267.

Foley, J.A., DeFries, R., Asner, G.P., Barford, C., Bonan, G. and 
Carpenter, S.R. 2005 Global consequences of land use. Science. 
309, 570–574.

Fu, B.J., Hu, C.X., Chen, L.D., Honnay, O. and Gulinck, H. 2006 
Evaluating chance in agricultural landscape pattern between 
1980 and 2000 in the Loess hilly region of Ansai county, China. 
Agr. Ecosyst. Environ. 114, 382–396.

Gibbons, P., Briggs, S.V., Ayers, D.A., Doyle, S., Seddon, J., 
McElhinny, C. et al. 2008 Rapidly quantifying reference condi-
tions in modified landscapes. Biol. Conserv. 141, 2483–2493.

Gil-Tena, A., Torras, O. and Saura, S. 2008 Relationships  
between forest landscape structure and avian species. Ardeola. 
55, 27–40.

Gotmark, F. 1992 Naturalness as an evaluation criterion in  
nature conservation. Conserv. Biol. 6, 455–458.

Grabherr, G., Koch, G., Kirchmeir, H. and Reiter, K. 1998 
Hemerobie österreichischer Waldökosysteme. Publication of 
the Austrian MaB-Programme 17, Innsbruck, Austria, 493 pp.

Haber, W. 1991 Kulturlandschaft versus Naturlandschaft. 
Zur Notwendigkeit der Bestimmung ökologischer Ziele im  

D
ow

nloaded from
 https://academ

ic.oup.com
/forestry/article/85/2/293/529315 by guest on 20 August 2022

http://www.cost.esf.org/


 FOREST NATURALNESS ASSESSMENT 303

Rahmen der Raumplanung. Raumforsch. Raumordn. 49, 
106–112.

Halme, P., Kotiaho, J.S., Ylisirnio, A.L., Hottola, J., Junninen, K.,  
Kouki, J. et al. 2009a Perennial polypores as indicators of 
annual and red-listed polypores. Ecol. Indic. 9, 256–266.

Halme, P., Monkkonen, M., Kotaho, J.S., Ylisirnio, A.L. and 
Markkanen, A. 2009b Quantifying the indicator power of an 
indicator species. Conserv. Biol. 23, 1008–1016.

Hancock, M.H., Summers, R.W., Amphlett, A. and Willi, J. 2009 
Testing prescribed fire as a tool to promote Scots pine Pinus 
sylvestris regeneration. Eur. J. Forest Res. 128, 319–333.

Heino, J., Ilmonen, J., Kotanen, J., Mykrä, H., Paasivirta, L., 
Soininen, J. and Virtanen, R. 2009 Surveying biodiversity in 
protected and managed areas: algae, macrophytes and macroin-
vertebrates in boreal forest streams. Ecol. Indic. 9, 1179–1187.

Hornschuch, F. and Riek, W. 2009 Bodenheterogenität als Indika-
tor von Naturnähe? 1. Bewertung der Natürlichkeit anhand 
verschiedener Kompartimente und Diversitätsebenen unter 
besonderer Berücksichtigung des Bodens (Literaturstudie). 
Waldökologie Landsch Naturschutz. 7, 35–53.

Hunter, M.L. Jr 1990 Wildlife, Forests, and Forestry: Principles 
of Managing Forests for Biological Diversity. Prentice-Hall, 
Englewood Cliffs, NJ, 370 pp.

Hunter, M.L. Jr 1996 Benchmarks for managing ecosystems: are 
human activities natural? Conserv. Biol. 10, 695–697.

Jalas, J. 1955 Hemerobe und hemerochore Pflanzenarten. Ein  
terminologischer Reformversuch. Acta Soc. Pro Fauna Flora 
Fenn. 72, 1–15.

Klotz, S. and Kühn, I. 2002 Indikatoren des anthropogenen  
Einflusses auf die Vegetation. Schrift Vegetationskunde. 38, 
241–246.

Kowarik, I. 1987 Kritische Anmerkungen zum theoretischen 
Konzept der potentiell natürlichen Vegetation mit Anregungen 
zu einer zeitgemäßen Modifikation. Tuexenia. 7, 53–67.

Kowarik, I. 1988 Zum Menschlichen Einfluss auf Flora und 
Vegetation. Schrift Fachbereich Landsch TU Berlin, Berlin. 56, 
1–280.

Kowarik, I. 1999 Natürlichkeit, Naturnähe und Hemerobie als 
Bewertungkriterien. In Handbuch Naturschutz und Land-
schaftspflege. W. Konold, R. Böcker and U. Hampicke (eds). 
ecomed, Landsberg, Germany, pp. 1–18.

Leuschner, C. 1997 Das Konzept der potentiell natürlichen Vege-
tation (PNV): schwachstellen und Entwicklungsperspektiven. 
Flora. 192, 239–249.

Liira, J. and Sepp, T. 2009 Indicators of structural and habitat 
natural quality in boreo-nemoral forests along the management 
gradient. Ann. Bot. Fenn. 46, 308–325.

Liira, J., Sepp, T. and Parrest, O. 2007 The forest structure and 
ecosystem quality in conditions of anthropogenic disturbance 
along productivity gradient. J. Forest Econ. 250, 34–46.

Magura, T., Baldi, A. and Horvath, R. 2008 Break-down of 
the species-area relationship in exotic but not in native forest 
patches. Acta Oecol. 33, 272–279.

Majer, J.D. and Beeston, G. 1996 The Biodiversity Integrity 
index: an illustration using ants in western Australia. Conserv. 
Biol. 10, 65–73.

MCPFE—Ministerial Convention on the Protection of Forests in 
Europe. 2003 Improved Pan-European Indicators for Sustain-
able Forest Management as Adopted by the MCPFE Expert 

Level Meeting, 7–8 October 2002, Vienna, Austria. MCPFE 
Liaison Unit Vienna, Vienna, Austria.

McRoberts, R.E., Tomppo, E., Schadauer, K., Vidal, C., Ståhl, G., 
Chirici, G. et al. 2009 Harmonizing national forest inventories. 
J. Forestry. 107, 179–187.

McRoberts, R.E., Winter, S. and Chirici, G. 2011 Assessing forest  
naturalness. Forest Sci. (in press).

Michel, A. and Winter, S. 2009 Tree microhabitat structures as 
indicators of biodiversity in Douglas-fir forests of different 
stand ages and management histories in the Pacific Northwest, 
USA. Forest Ecol. Manage. 257, 1453–1464.

Midgley, A.C. 2007 The social negotiation of nature conserva-
tion policy: conserving pinewoods in the Scottish Highlands. 
Biodivers. Conserv. 16, 3317–3332.

Mrosek, T. 2001 Developing and testing of a method for the ana-
lysis and assessment of multiple forest use from a forest conser-
vation perspective. Forest Ecol. Manage. 140, 65–74.

Müller, J., Bussler, H., Bense, U., Brustel, H., Flechtner, G.,  
Fowles, A. et al. 2005 Saproxylic beetles indicating structural 
qualities and habitat tradition. Waldoekologie 2, 106–113.

Müller, J., Bussler, H. and Kneib, T. 2007a Saproxylic beetle  
assemblages related to silvicultural management intensity  
and stand structures in a beech forest in Southern Germany.  
J. Insect Conserv. 12, 107–124.

Müller, J., Engel, H. and Blaschke, M. 2007b Assemblages of 
wood-inhabiting fungi related to silvicultural management  
intensity in beech forests in southern Germany. Eur. J. Forest 
Res. 126, 513–527.

Napierala, A., Bloszyk, J. and Bruin, J. 2009 Communities of  
uropodine mites (Acari: Mesostigmata) in selected oak-hornbeam 
forests of the Wielkopolska region (Poland). Exp. Appl. Acarol. 
49, 201–303.

Neumann, M. and Starlinger, F. 2001 The significance of different 
indices for stand structure and diversity in forests. Forest Ecol. 
Manage. 145, 91–106.

Noss, R.F. 1990 Indicators for monitoring biodiversity: a hier-
archical approach. Conserv. Biol, 4, 355–364.

Paillet, Y., Archaux, F., Breton, V. and Brun, J.J. 2008 A quan-
titative assessment of the ecological value of sycamore maple 
habitats in the French Alps. Ann. Forest Sci. 65, 713, 1–11.

Petriccione, B. 2006 Aspects of biological diversity in the CONECO-
FOR plots. VII. Naturalness and dynamical tendencies in plant 
communities. In Aspects of Biodiversity in Selected Forest Eco-
systems in Italy: Status and Changes Over the Period 1996-2003. 
M. Ferretti, B. Petriccione, G. Fabbio and F. Bussotti (eds). Annali 
Istituto Sperimentale per la Selvicoltura 30 (Suppl. 2), 93–96.

Pretzsch, H. 1996 Structural diversity as a result of silvicultural 
treatment. Allg. Forst. Jagdztg. 167, 213–221.

Pretzsch, H. 1997 Analysis and modeling of spatial stand structures. 
Methodological considerations based on mixed beech-larch 
stands in Lower Saxony. Forest Ecol. Manage. 97, 237–253.

Ranius, T., Niklasson, M. and Berg, N. 2009 Development of 
tree hollows in pedunculate oak (Quercus robur). Forest Ecol. 
Manage. 257, 303–310.

Raunikar, R. and Buonglorno, J. 2008 Ecological integrity as an 
economic variable: an application to forested landscapes in the 
southern United States. J. Forest Econ. 14, 29–45.

Roberge, J.M., Angelstam, P. and Villard, M.A. 2008 Specialised 
woodpeckers and naturalness in hemiboreal forests—deriving 

D
ow

nloaded from
 https://academ

ic.oup.com
/forestry/article/85/2/293/529315 by guest on 20 August 2022



FORESTRY304

quantitative targets for conservation planning. Biol. Conserv. 
141, 997–1012.

Rose, F. 1999 Indicators of ancient woodland: the conservation of 
vascular plants in evaluating ancient woods for nature conser-
vation. Br. Wildl. 10, 241–251.

Schirmer, C. 1998 Reflections on assessing the naturalness of 
present forests. Allg. Forst. Jagdztg. 170, 11–18.

Schöllhammer, H. 1970 Die Delphi-Methode als betriebliches 
Prognose- und Planungsverfahren. Zeitschrift Betriebswirt-
schaftliche Forschung. 22, 128–137.

Sjörs, H. 1986 On the gradient from near-natural to man-made. 
Bot. J. Scotland. 45, 77–84.

Skornik, S., Sajna, N., Kramberger, B., Kaligaric, S. and Kaligaric, 
M. 2008 Last remnants of riparian wooded meadows along 
the middle Drava river (Slovenia), species composition is a  
response to light conditions and management. Folia Geobot. 
43, 431–445.

Smelko, S. and Fabrika, M. 2007 Evaluation of qualitative  
attributes of forest ecosystems by means of numerical quanti-
fiers. Forest Sci. 53, 529–537.

Ståhl, G., Cienciala, E., Chirici, G., Lanz, A., Vidal, C., Winter, S. 
et al. 2011 Bridging national and reference definitions for harmo-
nising forest statistics. Forest Sci. (in press).

Steinhardt, U., Herzog, F., Lausch, A., Mueller, E. and Lehmann, S. 
1999 Hemeroby index for landscape monitoring and evalu-
ation. In Environmental Indices-System Analysis Approach. 
Y.A. Pykh, D.E. Hyatt and R.J. Lenz (eds). EOLSS Publishers, 
Oxford, pp. 237–245.

Sukopp, H. 1972 Wandel von Flora und Vegetation in Mitteleuropa 
unter Einfluss des Menschen. Ber. Landwirtsch. 50, 112–139.

Sukopp, H. 1976 Dynamik und Konstanz in der Flora der Bun-
desrepublik Deutschland. Schriftenreihe für Vegetationskunde 
10, 9–27.

Tasser, E., Sternbach, E. and Tappeiner, U. 2008 Biodiversity indica-
tors for sustainability monitoring at municipality level: An example 
of implementation in an alpine region. Ecol Indic 8, 204–223.

Testi, A., Bisceglie, S., Guidotti, S. and Fanelli, G. 2009 Detecting 
river environmental quality through plant and macroinverte-
brate bioindicators in the Aniene River (Central Italy). Aquatic 
Ecol 43, 477–486.

Tierney, G., Faber-Langendoen, D., Mitchell, B.R., Shriver, W.G. 
and Gibbs, J.P. 2009 Monitoring and evaluating the ecological 
integrity of forest ecosystems. Front. Ecol. Environ. 7, 308–316.

Trombulak, S.C., Omland, K.S., Robinson, J.A., Lusk, J.L., 
Fleischner, T.L., Brown, G. et al. 2004 Principles of conservation 
biology: recommended guidelines for conservation literacy 

from the education committee of the Society for Conservation 
Biology. Conserv. Biol. 18, 1180–1190.

Tyrvainen, L., Makinen, K. and Schipperijn, J. 2007 Tools for 
mapping social values of urban woodlands and other green 
areas. Landscape Urban Plan. 79, 5–19.

Uotila, A., Kouki, J., Kontkanen, H. and Pulkkinen, P. 2002 
Assessing the naturalness of boreal forests in eastern Fenno-
scandia. Forest Ecol. Manage. 161, 257–277.

von Oheimb, G., Westphal, C., Tempel, H. and Härdtle, W. 2005 
Structural pattern of a near-natural beech forest (Fagus sylvatica)  
(Serrahn, North-east Germany). Forest Ecol. Manage. 212, 
253–263.

Web of Science. 2012 http://hpps.isiknowledge.com (accessed on 
6 January, 2012).

Wehenkel, C., Corral-Rivas, J.J., Castellanos-Bocaz, H.A. and 
Pinedo-Alvarez, A. 2009 Is there a positive relationship between 
naturalness and genetic diversity in forest tree communities?  
Invest. Agraria-sistemas Y recursos For. 18, 20–27.

Westphal, C., Härdtle, W. and von Oheimb, G. 2004 Forest history,  
continuity and dynamic naturalness. In Forest Biodiversity—Lessons 
from History for Conservation. O. Honnay, K. Verheyen, 
B. Gossuyt and M. Hermy (eds). IUFRO10 Research Series. 
Cabi Publishing, pp. 205–220.

Whittaker, R.H., 1972 Evolution and measurement of species 
diversity. Taxon 21, 213–251.

Winter, S., Böck, A. and McRoberts, R.E. 2012 Estimating tree 
species diversity across geographic scales. Eur. J. Forest Res. 
131, 441–451.

Winter, S. and Brambach, F. 2011 Determination of a common 
forest life-cycle assessment method for biodiversity evaluation. 
Forest Ecol. Manage. 262, 2120–2132.

Winter, S., Chirici, G., McRoberts, R.E., Hauk, E. and Tomppo, 
E. 2008 Possibilities for harmonising national forest inventory 
data for use in forest biodiversity assessments. Forestry. 81, 
33–44.

Winter, S., Fischer, H.S. and Fischer, A. 2010 Relative quanti-
tative reference approach on naturalness assessments. Forest 
Ecol. Manage. 259, 1624–1632.

Winter, S. and Möller, G. 2008 Microhabitats in lowland beech 
forests as monitoring tool for nature conservation. Forest Ecol. 
Manage. 255, 1251–1261.

Zerbe, S. 1997 Stellt die potentielle natürliche Vegetation (PNV) 
eine sinnvolle Zielstellung für den naturnahen Waldbau dar? 
Forstwiss. Centralbl. 116, 1–15.

Received 27 May 2011

D
ow

nloaded from
 https://academ

ic.oup.com
/forestry/article/85/2/293/529315 by guest on 20 August 2022


