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A B S T R A C T

This study applied a structured expert elicitation technique, the Delphi method, to identify the impacts of five
forest management alternatives and several forest characteristics on the preservation of biodiversity and habitats
in the boreal zone of the Nordic countries. The panel of experts consisted of a number of scientists in the field.
The data was collected using a semi-structured questionnaire distributed via e-mail in two rounds. Our findings
demonstrated that an increase in management intensity for timber production is likely to have a negative effect
on the biodiversity and habitats with intense management alternatives such as a “clear-cutting system” resulting
in the strongest adverse impact. The presence of deadwood, mixture of trees of different sizes and increase in
stand age were expected to promote preservation of biodiversity and habitats. However, there was little
agreement between experts regarding the functional form that relationships between preservation of biodiversity
and forest characteristics take. The Delphi method was found useful in investigating the existing knowledge base
and capable of contributing to a more comprehensive assessment for decision support as a valuable addition to
on-going empirical and modeling efforts. The findings could assist forest managers in developing forest man-
agement strategies that generate benefits from timber production while taking into account the trade-offs with
biodiversity goals.

1. Introduction

Despite a growing body of literature addressing impacts of different
land uses on the provision of ecosystem services (e.g. Foley et al. 2005;
Nelson et al. 2009; Burkhard et al. 2010; Raudsepp-Hearne et al. 2010;
Scolozzi et al. 2012), analysis of ecosystem services to support land use
decisions still faces challenges related to a limited understanding of
their flows and how they are affected by management (Carpenter et al.,
2009; de Groot et al., 2010; Filyushkina et al., 2016; Kettunen and
Vihervaara, 2013). These difficulties in assessment and quantification
of ecosystem services arise from challenges in linking ecological pro-
cesses with services, dealing with the complex dynamics of the re-

lationships between management and provision of ecosystem services,
and accounting for multiple spatial and temporal scales. Moreover,
since many ecosystem services are challenging to monitor, researchers
often have to rely on a variety of indicators (indirect and composite)
(Egoh et al., 2012; Layke et al., 2012), for most of which the strength of
evidence for the relationship has not been determined (Gao et al.,
2015). The choice of indicator(s) for ecosystem services affects revealed
trade-offs and impacts (Harrison et al., 2014) and thus it is important to
determine a comprehensive and robust set of indicators to inform de-
cision-making (Filyushkina et al., 2016; van Oudenhoven et al., 2012).

Forests and forest management is an example of land use, where
multi-functionality and service provision is an inherent feature (FAO,
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2016; Hytönen, 1995). However, provisioning services such as timber
production have been dominating in the past while in recent decades
the demand for other (non-provisioning) services (e.g. recreation,
carbon sequestration, biodiversity, and soil and water protection) has
been increasing (Berg et al., 2007; Kriström & Boman, 2001; Norman
et al., 2010). In the Nordic countries, there is a growing interest in
managing forests as a so-called multi-functional land use, e.g. to si-
multaneously provide high-value timber, biodiversity, opportunities for
recreation and game habitat from forests to meet societal preferences
and demands (Boman et al., 2010; Ezebilo et al., 2015, 2012; Löf et al.,
2016). Elsewhere, this is also reflected in the vast number of studies
devoted to decision support tools that integrate non-provisioning ser-
vices (e.g. Mendoza & Martins 2006; Diaz-Balteiro & Romero 2008) and
revealing impacts of forest management on them (e.g. Spiecker 2003;
Torras & Saura 2008; Paillet et al. 2010; Gustafsson et al. 2010).
However, the majority of existing studies included only one or two
management alternatives or forest characteristics, and applied growth
simulations and ecological modeling to assess impacts on the provision
of ecosystem services (e.g. Duncker et al., 2012b; Biber et al. 2015;
Frank et al. 2015). At the same time, a review of existing decision
support tools concluded that the majority of these tools do not include
non-provisioning ecosystem services (Segura et al., 2014). Thus, there is
a need for better understanding of impacts from various forest man-
agement regimes on delivery of non-provisioning ecosystem services in
order to make more informed decisions (Duncker et al., 2012b;
Filyushkina et al., 2016; Kuuluvainen et al., 2012; Trivino et al., 2016).

In this study we used the Delphi technique – a structured expert
assessment method, to deal with a large degree of uncertainty and
complexity (MacMillan and Marshall, 2006; Martin et al., 2012). Pre-
viously, the Delphi technique has been extensively applied in health-
care, technological and environmental forecasting and other fields since
its development in the 1950 s. Applications of the Delphi in natural
resource management include studies such as deriving habitat suit-
ability models (e.g. Crance 1987; Uhmann et al. 2001; MacMillan &
Marshall 2006), estimating potential of different land uses in provision
of ecosystem services (e.g. Geneletti 2007; Scolozzi et al. 2012), se-
lecting focal species in open space wildlife planning (e.g. Gobbi et al.,
2012; Rubino and Hess, 2003), and valuation of global ecosystem ser-
vices (e.g. Strand et al., 2017). Others include development of in-
dicators for identification of forest restoration projects (e.g. Orsi et al.
2011) and biodiversity conservation (e.g. Oliver 2002; McBride et al.
2012). However, few such studies have focused on forest ecosystems in
the Nordic boreal zone (e.g. Kangas and Alho, 1998; Edwards et al.,
2012).

The objective of this study was to determine the effects of five forest
management regimes on preservation of biodiversity and habitats in the
Boreal zone of the Nordic countries using expert assessment technique.
The study involved experts assessing the potential of five forest man-
agement alternatives along a continuum of management intensity le-
vels. The relative importance of forest characteristics for preservation of
biodiversity and habitat as well as functional forms of their relationship

were explored. Findings from this study could complement on-going
empirical and modeling efforts in quantifying the effect of forest
management on provision of ecosystem services and provide further
insights for decision support.

2. Methods and materials

2.1. Delphi methodology

Expert elicitation techniques are associated with a range of ad-
vantages such as ability to work with a large degree of uncertainty and
data-poor environments (Martin et al., 2012). They are often relevant
in cases when there is a need for generalization while still being able
to capture the complexity of the system. However expert judgments
have been criticized for being subjected to cognitive, motivational,
subjective and other biases (e.g. framing, overconfidence, anchoring,
halo effects, dominance), poor calibration and self-serving (Hasson
and Keeney, 2011; Kynn, 2008; Tversky and Kahneman, 1974).
Structured elicitation processes are meant to minimize these biases
(McBride et al., 2012; Waldron et al., 2016). The Delphi technique is a
multi-interaction structured group communication process that seeks
to provide a group expert opinion on the defined question(s), forging a
consensus through anonymous deliberations whenever possible. In
each round experts (participants) are asked to fill out questionnaires
individually and anonymously. After each round all responses within a
panel are summarized by the moderator and reported back to the
panelists, who then have an opportunity to revise their answers in the
light of others in the group. The process continues until a set level of
stability in answers is reached (Linstone and Turoff, 2002;
Novakowski and Wellar, 2008).

Apart from advantages common to all expert elicitation techniques
the Delphi method is associated with reduction of negative issues re-
lated to group dynamics due to anonymity of participants (e.g. social
pressure and desirability, domination, halo effect), increase of robust-
ness of opinion gathering due to structured and repeated nature of in-
quiry, possibility of engaging geographically dispersed experts and
lower costs (Jolson and Rossow, 1971; Landeta, 2006; Linstone and
Turoff, 2002; McBride et al., 2012; Novakowski and Wellar, 2008;
Waldron et al., 2016). These characteristics, as well as previous appli-
cations in complex and multi-faceted issues with a high degree of un-
certainty and poor data environment, make the Delphi method suitable
for addressing questions related to impacts of land use on the provision
of ecosystem services.

2.2. Data collection procedure

The data for this study were collected using a Delphi survey fol-
lowing the protocol described in Novakowski & Wellar (2008) and used
in Eycott et al. (2011) and Edwards et al. (2012). The process comprised
six steps as illustrated in Fig. 1.
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Step 1: Literature review

This study was built on a systematic review of the literature on
assessment and integration of non-provisional forest ecosystem services
into decision support (Filyushkina et al., 2016).

Step 2a: Questionnaire development

The focus of this study was on eliciting expert judgments about
impacts of forest management on the preservation of biodiversity and
habitats for two forest types in the Nordic boreal zone2: Norway
spruce or Scots pine dominated forest ecosystems. In this study bio-
diversity preservation was regarded as a habitat supporting service
according to the classification from The Economics of Ecosystems and
Biodiversity (TEEB) initiative (TEEB, 2010) or “regulating and main-
tenance” according to the Common International Classification of
Ecosystem Services (CICES) (Haines-Young and Potschin, 2011).

Biological diversity, i.e. biodiversity, is defined by the Parties to the
Convention on Biological Diversity (CBD): ‘the variability among
living organisms from all sources including, inter alia, terrestrial,
marine and other aquatic ecosystems and the ecological complexes of
which they are part; this includes diversity within species, between
species and of ecosystems’ (CBD, 1992). During the pilot phase of this
study participants have agreed on the following focus for preservation
of biodiversity/habitat: the “long-term persistence/viability of popu-
lations of species at a landscape/regional level, including also rare or
red-listed species”. The pilot study was performed with several sci-
entists who had similar scientific profiles as the intended experts in
this study, but also with scientists who had experience with creation of
social science surveys. During the pilot stage feedback was elicited on
the complexity of questions, need for clarifications, definitions, and
re-formulations, thus allowing further improvement the ques-
tionnaire.

Two questions comprised the main body of the questionnaire:

Question 1 (Q1): “How does the potential to preserve biodiversity and
habitat change between forest management alternatives?”

The classification of forest management approaches along the man-
agement intensity continuum by Duncker et al. (2012a) was used to

Fig. 1. Schematic diagram describing steps of the Delphi process applied in this study.

2 We report results for one service (panel) of a bigger Delphi survey that focused on
several other ecosystem services (recreation, carbon sequestration) and included the
temperate Nordic zone. For those panels only one round of iteration was completed,
further deliberations were not feasible due to low number of participants.
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outline five management alternatives: “no management”, “close-to-nature
forestry”, “continuous cover forestry”, “clear-cutting system” and “in-
tensive forestry”. Each of the management alternatives was further divided
into three stages of stand development (i.e. stand age groups). The first
management alternative (no management) was represented by the fol-
lowing three age groups: 100 years old, 200–300 years old and older than
300 years. The other four were represented by the following three stages:
establishment/young, middle-aged – and adult/mature phase (a brief ex-
planation of management alternatives is presented in the Supplementary
materials).

We also investigated individual forest characteristics (MacMillan and
Marshall, 2006), in order to provide a more operational assessment that
could be useful for decision-making. This led to the second question.

Question 2 (Q2) was concerned with functional relationships be-
tween forest characteristics and preservation of biodiversity. The initial
list of forest characteristics was identified using findings of a systematic
review outlined in Filyushkina et al. (2016) (see Box 1).

The question was split into two sub-questions:

Question 2a (Q2a): “Which forest characteristics are important for
preservation of biodiversity and habitats?”
Question 2b (Q2b): “What functional form does the relationship be-
tween each of these forest characteristics and biodiversity have?”

Here “functional form” refers to the algebraic form of the relation-
ship between a dependent variable (biodiversity) and independent
variables (forest characteristics). Participants could then choose from a
list of possible functional forms (see Box 2) or suggest other ones.

In addition, the questionnaire contained a background section
where the participants provided information on their previous experi-
ence with expert elicitation techniques and a short description of forest
types and forest management alternatives. In each section, participants
in the Delphi survey were provided with opportunities to provide
feedback and comment on reasoning behind their answers, assumptions
they made or content of the questionnaire and process itself.

Step 2b: Identification of potential participants (experts)

Expert judgments in this study were only collected from researchers,
in order to establish the current level of knowledge regarding the
provision of ecosystem services from different forest management re-
gimes. The following criteria for inclusion in the study were applied:
existence of peer-reviewed publications on the preservation of biodi-
versity and habitat and forest management in the Nordic region and
willingness to participate in the study. Initially, potential participants
were identified through the literature review, professional networks,
and “snowballing” technique (i.e. invited participants were asked to
nominate other candidates).

Step 3: Round 1

The Delphi survey was administered via e-mail. All communication
was standardized ensuring that all participants in the survey received
the same information from the moderator. For Round 1, identified ex-
perts were contacted in November 2014. As it was the first contact in
addition to the questionnaire the e-mail contained a short description of

Box 1
The initial list of forest characteristics and their definitions used in Q2.

1. Stand age – age of dominant tree species in the stand (from establishment to maturity)
2. Stand density (from open (i.e. retention trees) to moderate (i.e. shelter-wood/selection systems) to dense (i.e. closed canopy))
3. Variation in tree size/age within the stand (from uniform to mix of different sizes/uneven-aged)
4. Number of canopy layers in the stand (from one to many)
5. Presence/extent of under-storey (from none to moderate to dense)
6. Variation in spacing between trees in the stand (from regular spaced to different sized groups of trees, patches, openings)
7. Tree species diversity in the stand (from 1 to several to many tree species)
8. Presence of broadleaved trees in the stand (from none to some)
9. Amount of standing/fallen deadwood (volume from low to high)
10. Variation in the size of individual pieces of deadwood in the stand (from all piece of the same size to a mix of different sizes)
11. Amount of residues left from thinning and/or final harvesting (volume from low to high)
12. Size of clear-cut (from small to large)
13. Regeneration type (from natural to artificial)
14. Occurrence and/or mimicking of natural disturbances (from none to some)
15. Naturalness of forest edges – not “straight” edges (from low to high portion)
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the Delphi process, a proposed timeline and a brief outline of aims of
the survey. A reminder e-mail was sent out a week later for those who
had not responded by then. Out of 25 potential participants, a total of
11 experts answered the request to participate in the study. However,
five of these submitted only their feedback to the questionnaire, and in
total only six returned a completed questionnaire. These six experts
formed the panel in Round 1 of this Delphi study.

To reduce over-confidence bias experts were asked to report their
levels of confidence in the estimates they provided in addition to their
best guess estimate. In Q1 a four-step interval elicitation procedure was
applied – experts were asked to provide:

(i) upper and
(ii) lower limits between which the estimate lies,
(iii) best guess estimate, and
(iv) their level of confidence in the best guess estimate (Burgman et al.,

2011; Martin et al., 2012; Speirs-Bridge et al., 2010).
Step 4: Provisional analysis of Round 1 and refinement of the ques-
tionnaire for Round 2

The purpose of the provisional analysis of answers from Round 1
was to determine preliminary levels of consensus between experts and
refine questions based on their feedback. At the same time, it was im-
portant to find a way to present those results from the entire panel to
participants in Round 2 so that they could decide whether to adjust
their individual answers (and by how much) or not.

For Q1, it was decided to present values provided by each partici-
pant graphically on one figure. Below the figure each participant was
given a table containing his/her answers from Round 1 and space for
new values in Round 2 should he/she decide to revise them. The four-
stage elicitation technique (Speirs-Bridge et al., 2010) was replaced by
a two-stage one, containing only the best guess estimate and level of
confidence in best guess estimate.

For Q2, the most frequently identified relationships were presented
together with a full range of answers from all participants in a tabular
format. Supplementary forest characteristics suggested by participants
in Round 1 were added to the list for Round 2 (see Box 3). In addition,
Q2a was changed to “What is the relative contribution of these char-
acteristics to preservation of biodiversity and habitat on a scale from 1 to 10,
where 1 is the lowest?”

Step 5: Round 2

In Round 2, questionnaires were refined and tailored for each par-
ticipant and e-mailed to the panel. Participants were then invited to
reconsider their previous answers in the light of the group response
presented to them and to revise or provide comments if they considered
it appropriate. In addition, those who did not participate in Round 1

were also invited to contribute in this round.

Step 6: Analysis of results from Round 1 and 2 and decision to proceed or
stop

Five participants completed both Round 1 and 2. One participant
completed the questionnaire for only Round 1 and one did so for only
Round 2. In order to determine whether there is a need for more
iterations, results from both Round 1 and 2 were analyzed for two
measures: levels of consensus and stability in answers. Levels of con-
sensus among participants were determined using the following pro-
cedure: for Q1 and Q2a by calculating median and range (min and max)
of values; and for Q2b by categorizing forest characteristics by type of
relationship that was identified by at least 60% of participants. Stability
in answers (i.e. consistency of responses between successive rounds) is
often considered as a more important measure in determining whether
more rounds are needed (Novakowski and Wellar, 2008; von der
Gracht, 2012). We assessed how many answers were changed from
Round 1 to Round 2 – less than 20%, this supported the decision to stop
further deliberations.

3. Results

The researchers who participated in this study have investigated
forest biodiversity in different parts of the Nordic boreal region: two in
Finland, three in Northern Sweden and one in Norway. Each of them
had studied different aspects of biodiversity and how it is affected by
forest management between 10 and 28 years. Two of the participants
had previously used other expert elicitation techniques in their own
research, and one participant had previously participated in a Delphi
exercise.

Generally, participants were willing to alter their answers after
studying the summary of responses from other experts in the group
from the 1st Round. Those who changed their answers were converging,
i.e. moving towards their group’s median estimate. Confidence levels
reported by participants (data not presented) were higher for Q2 than
for Q1, the latter also resulted in a higher number of comments/feed-
back.

(Q1): “How does the potential to preserve biodiversity and habitat

change between forest management alternatives?”

The purpose of this question was to generate trajectories that il-
lustrate how forest management alternatives of different intensity were
perceived to affect biodiversity and habitat. Figs. 2a and 2b presents
aggregated group estimates of the median after 2nd round (based on
individual estimates) and the range of individual answers represented
by min and max values. Figs. 2a and 2b present similar trajectories for

Box 3
The list of forest characteristics for Q2 added by participants in Round 1.

16. Shrub diversity in the stand (from low to high)
17. Degree of connectivity in the landscape (from low to some to high)
18. Size of individual pieces of deadwood (from small to large)
19. Degree of temporal and spatial continuity in the landscape (from low to high)
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Norway spruce and Scots pine dominated stands. For each large var-
iations in the estimated values were captured. The “no management”,
however, seemed to have the highest potential for preservation of
biodiversity and habitats, whereas “clear-cutting system” and “in-
tensive forestry” were given substantially lower scores. Thus, an in-
crease of management intensity is considered to negatively affect the
ability to preserve biodiversity and habitat. With the exception of “in-
tensive forestry, an increase in the potential to preserve biodiversity
and habitat is observed within each forest management alternative as
trees get older. However, some participants had not considered it re-
levant to differentiate between different stand ages as they “harbor
different species and processes”. The participants also reported that
they found the process challenging, especially providing exact numbers
given the potential range of values and a broad definition of biodi-
versity adopted for this study.

Levels of confidence in the estimates provided by the participants
ranged from 50 to 95 %. Two forest management alternatives on the
right side of the intensity continuum – “clear-cutting system” and “in-
tensive forestry” were consistently associated with constant and higher

levels of confidence among all participants (80 %). Whereas for the
other three management alternatives – “no management”, “close-to-
nature forestry” and “continuous-cover forestry” the levels of con-
fidence were fluctuating.

(Q2a): “What is the relative contribution of each of the characteristics to
preservation of biodiversity and habitats on a scale from 1 to 10, where 1
is the lowest?”

The experts’ ranking of forest characteristics (aggregated estimates
of the median as well as the min and max values reported by the in-
dividual experts) by their expected relative contribution to preservation
of biodiversity and habitats resulting from experts’ assessment is pro-
vided in Fig. 3. The characteristics that ranked the highest were (in
descending order): stand age, amount of standing/fallen deadwood,
presence of broadleaved species in the stand, degree of temporal and
spatial continuity in the landscape. However, as suggested by the error
bars (min and max values) a wide range of relative importance values
was observed for many characteristics.

Fig. 2a. The potential to preserve biodiversity
and habitat for five forest management alter-
natives in Norway spruce dominated stands (in
%). The curve shows the group’s median values
and error bars indicate the max and min of the
individual participants’ values from the 2nd
Round.

Fig. 2b. The potential to preserve biodiversity
and habitat for five forest management alter-
natives in Scots pine dominated stands (in %).
The curve shows the group’s median values
and error bars indicate the max and min of the
individual participants’ values from the 2nd
Round.
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(Q2b) “What functional form does the relationship between each of these
forest characteristics and biodiversity have?”

Table 1 presents both functional forms that have been identified by
a highest number of participants and other types of relationships. For
almost all characteristics the participants did not agree on the same
type of relationship, except for “variation in sizes of individual pieces of
deadwood” and “size of clear-cutting”. Some of the participants re-
ported lack of research experience with several of the characteristics.
The majority of the relationships were reported as either positive or
concave (Table 1). As the same types of functional relationships were
provided for both forest types, they have been reported together.
However, it was stated by participants that drainage could be an ad-
ditional characteristic, which is more important in Scots pine than in
Norway spruce forest.

Medium to high levels of confidence in the answers were reported
for the estimates of relationships between the following eight forest
characteristics and preservation of biodiversity: Stand age, variation in
tree size within a stand, number of canopy layers in the stand, tree
species diversity in the stand, presence of broadleaved trees, amount of

standing/fallen deadwood, variation in sizes of individual pieces of
deadwood, amount of harvesting residues and degree of spatial and
temporal continuity in the landscape. For the remainder of character-
istics medium to low levels of confidence in the type of relationship was
indicated.

4. Discussion

This study contributes to the understanding of how forest manage-
ment can influence biodiversity and habitat in the boreal zone of the
Nordic countries using a structured expert elicitation technique (the
Delphi method). The findings from the first question of this study
suggested that the two most intensive management alternatives (“clear-
cutting system” and “intensive forestry”) have the strongest negative
effect on biodiversity, which was supported by previous studies both in
boreal and other regions (Chaudhary et al., 2016; Duncker et al., 2012b;
Paillet et al., 2010). Overall diminishing ability of both Norway spruce
and Scots pine stands to preserve biodiversity and habitats with an
increase in management intensity has been demonstrated in this study.
This is consistent with findings published in several studies on boreal

Fig. 3. The relative importance of individual
forest characteristics for preservation of biodi-
versity and habitat in the Nordic boreal zone (on a
scale from 1 to 10, where 1 is the least important).
Columns show the group’s median values and
error bars indicate min and max of the individual
participants’ values.
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and temperate zones (e.g. Duncker et al., 2012b; Framstad et al., 2013;
Gustafsson et al., 2010; Kuuluvainen et al., 2012; Martikainen et al.,
2000; Paillet et al., 2010; Stenbacka et al., 2010). However, other
studies showed the existence of both positive and negative correlation
between biodiversity and intensity of management (Biber et al., 2015;
Gossner et al., 2014), some of which has been attributed to the differ-
ences in requirements between various taxa (Gossner et al., 2014). The
negative effects of forest management on biodiversity in the boreal zone
are often associated with loss and fragmentation of old-growth forests
in structurally simplified production forests. In this region, natural
dynamics are suggested to be characterized by disturbances from re-
curring fires, insect outbreak, grazing or small-scale felling. Overall, in
various geographical zones studies suggest that, some management
might be beneficial for biodiversity (e.g. Bernes et al., 2015; Hedwall
and Mikusiński, 2015; Kuuluvainen et al., 2012; Lindenmayer et al.,
2006; Löf et al., 2016; Verschuyl et al., 2011). Reduced forest inter-
vention can benefit a large range of species in boreal and temperate
zones including saproxylic insects and hole-dwelling birds as well as
epiphytes and fungi (Brunet et al., 2010; Friedel et al., 2006; Lassauce
et al., 2011; Müller et al., 2013; Müller and Bütler, 2010; Odor et al.,
2006). A certain degree of intervention is needed for maintaining bio-
diversity from such traditional systems as coppicing (Fartmann et al.,
2013; Sebek et al., 2015).

Our findings from the second question showed that deadwood,
stand age and variation in tree size in spruce and pine stands were the
most important characteristics for preservation of biodiversity and ha-
bitat. These conclusions are also consistent with previously published
papers (e.g. Bouget et al., 2012; Gustafsson and Perhans, 2010;
Kuuluvainen et al., 2012; Siitonen, 2001; Stenbacka et al., 2010). This

suggests that to promote preservation of biodiversity and habitats,
managers should focus on forest management systems that foster ac-
cumulation of deadwood in the stands, prolong rotation ages and en-
courage natural regeneration for increased structural diversity. This
study also revealed that there is some disagreement between scientists
on the functional forms of relationships between preservation of bio-
diversity and forest characteristics and confirm findings in previously
published papers (e.g. Normander et al. 2012; Nybø et al. 2012). This
indicates that the relationships between various forest characteristics
and preservation of biodiversity are not well understood. Since some of
these forest characteristics are often used as indicators/proxies for
biodiversity, our findings also contribute to concerns regarding the
strength of evidence for a number of indicators as reported by Gao et al.
(2015). Thus, there is a need for more research focusing on exploring
the different forms of relationships between preservation of biodiversity
and various forest characteristics.

In this study, expert (researcher) opinions regarding the influence of
forest management and contribution of forest characteristics on pre-
servation of biodiversity and habitat varied. One possible reason for this
variation was differences in ecological requirements of different taxa
and the definition of biodiversity that was used in this study (Felton
et al., 2010; Johansson et al., 2007; Martikainen et al., 2000). The
experts agreed on defining preservation of biodiversity as the long-term
persistence/viability of populations of species at a landscape/regional
level, including also rare or red-listed species. However, if experts are
focusing more on some taxa (species) than others this may contribute to
differences in assessments among them. For example, lichens, fungi,
and saproxylic beetles depend on forest cover continuity, deadwood
and large trees. They are, thus, more likely to be negatively affected by

Table 1
Functional forms of relationships between forest characteristics and contribution to preservation of biodiversity and habitat.

Forest characteristics The answer provided by the highest number of participants Another type of relationships identified by
panelists

The type of relationship:

(C) – concave

(B) – bell-shaped

(P) – positive

(N) – negative

% of participants who chose this type of
relationship

Stand age – age of dominant tree species in the stand C 60 P
Stand density B 60 N
Variation in tree size/age within the stand P 80 C
Number of canopy layers in the stand P 80 C
Presence/extent of understorey C 80 B
Shrub diversity in the stand C 67 P
Variation in spacing between trees in the stand C 67 P
Tree species diversity in the stand P 75 C
Presence of broadleaved trees in the stand P 75 B
Amount of standing/fallen deadwood C 60 P
Size of individual pieces of deadwood C 67 P
Variation in the size of individual pieces of deadwood

in the stand
C 100 –

Amount of residues left from thinning and/or final
harvesting

C 60 B

Size of clearcut N 80 N
Regeneration type N 67 P
Occurrence and/or mimicking of natural

disturbances
P 80 C

Naturalness of forest edges – not “straight” edges P 80 C
Degree of connectivity in the landscape C/P 50 –
Degree of temporal and spatial continuity in the

landscape
P 75 C
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management of higher intensity (Paillet et al., 2010; Penttilä et al.,
2004). Another possible reason for the variation in experts’ opinion was
the regional differences in the specific implementation of forest man-
agement alternatives, their applicability or presence of additional fac-
tors that they have considered. For example, close-to-nature forestry in
boreal Sweden is not often practiced, while in Finland nature-oriented
silviculture has been applied (Mielikäinen and Hynynen, 2003). Addi-
tional factors considered by the participants and recorded in the spaces
for comments included: clear cut area, connectivity and distances be-
tween different types of forests, forest history (“historical contingency
could be more important for today’s services than current manage-
ment”), ownership patterns (“random forestry” – “small-scale foresters
harvesting more or less without a plan, and left for long intermittent
periods of no intervention”). The range of responses could also indicate
underrepresentation of certain topics (either forest management re-
gimes or forest characteristics) in the existing research or experience of
participants and thus limited knowledge about them, which has been
noted in a review study by Paillet et al. (2010). In Q1 these included
less intense forest management alternatives: “no management”, “close-
to-nature forestry” and “continuous-cover forestry”. It could be that the
notion ‘less intense management interventions’ is considered beneficial
for the biodiversity.

As mentioned above this study was based on five to seven different
experts. The number of experts in Delphi studies varies (from a couple
of participants to hundreds). The most critical consideration is to in-
clude “all the relevant perspectives” (Novakowski and Wellar, 2008).
One or two experts may be sufficient when eliciting a judgment con-
cerning a narrow area expertise, for more complex matters the general
rule of thumb is three to five participants for each perspective in order
to capture various views on the matter (Linstone and Turoff, 2002;
Morgan, 2014; Novakowski and Wellar, 2008). In this study, the size of
the panel represented 25% of the total number of potential participants
identified in the region. Examples of previous studies with similar re-
sponse rates or number of participants include Uhmann et al. (2001),
Eycott et al. (2011) and Curzon and Kontoleon (2016).

Methodologically, the ideal means of exploring the impacts of forest
management on biodiversity and habitats would be the collection of
large data sets involving empirical observations of different treatments
over an extended period of time. However, this data collection method
would be expensive and lengthy. The findings of this study were qua-
litative and based on a small but qualified panel of experts, providing a
generalized assessment which is relevant for decision support as it in-
cluded a broad range of forest management alternatives as well as forest
characteristics, all assessed by the same group of experts. Moreover, the
consistency of our findings with existing literature on biodiversity
added to the reliability of the method and indicated that the Delphi
method could be applied in the context of forest biodiversity and ha-
bitat preservation. Advantages of applying this technique have been
frequently reported (e.g. MacMillan & Marshall 2006; Landeta 2006;
McBride et al. 2012), however, the method has been relatively under-
used in studies on conservation and ecology (Mukherjee et al., 2015).
We observed added benefits of applying the Delphi technique in the
qualitative data that is collected in the process such as comments from
participants, confidence as well as differences in estimates. Such in-
formation provides additional insights into the quality and extent of
existing knowledge on the subject beyond what a simple literature re-
view is capable of. In the future, this “additional” source of information
could be expanded by inquiring about how long it took participants to
fill out the questionnaire, or researchers they most often publish with.
In addition to the identification of functional forms of relationships
between forest characteristics and biodiversity (ecosystem services),
such information would help determine patterns and gaps in research.
This could present a more useful base for future empirical or modeling
exercises as well as provide insights into forest management decision
support.

In order to improve the quality of data from a Delphi survey, this

study highlighted the need for an increase in the diversity of partici-
pants involved in pre-test survey to help reveal possible mis-
understandings and improve both the questions and background in-
formation. Personal contact with potential participants as well as
inclusion of face-to-face interviews could increase motivation to parti-
cipate and response rate, especially in the light of often complex nature
of survey questions. In order to shorten the length of time used in the
Delphi process as well as introduce a more interactive component, the
inquiry could be administered online. For findings from a Delphi survey
to be more useful for decision support it needs to be of an applied
nature and focus on a specific issue from practice, which can be de-
termined through consultation/pre-testing of the questionnaire with
different groups of stakeholders (both in research and practical do-
mains).

5. Concluding remarks

This study provided insight into the influence of different forest
management and forest characteristics on preservation of biodiversity
and habitat in the boreal zone of the Nordic countries using a structured
expert assessment technique (Delphi method). The findings revealed
that an increase in forest management intensity results in a diminishing
potential to preserve biodiversity and habitat. Forest characteristics
such as deadwood, increase in stand age and mixture of trees of varied
sizes were considered the most important for preservation of biodi-
versity and habitat. As the access to research funding is becoming in-
creasingly scarce whereas the demand for quality data for making well-
informed decisions is continuing to increase, alternatives to empirical
observational data collection are explored. This study suggested that
the Delphi technique could play an important role in conducting novel
research on complex topics with limited funding. In order to provide a
more comprehensive assessment for decision support, there is a need to
cover biodiversity and ecosystem services more broadly as well as
conduct ecological modeling and field data collection. The findings
contribute to a greater understanding on possible ways to manage
forests to promote preservation of biodiversity and habitat. This could
assist forest and nature managers in designing a management strategy
that provides a range of benefits.
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