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The tension between biodiversity conservation and multipurpose forest management may lead to conflicts. An
internationally prominent example is the Białowieża Forest Massif (BFM), an extensive forest complex with high
levels of naturalness. We apply a systematic, multidisciplinary assessment process to review empirical evidence
on different dimensions of the BFM conflict. While there is broad consensus that this forest massif is an exceptional place worth conserving and that a way forward is a zonation system combining conservation with
management, exactly how this should be done has yet to be agreed upon. Our assessment shows that the key
reasons for the BFM controversy go beyond the availability of knowledge on the ecological status of the BFM and
include: 1) evidence stemming from different sources, which is often contradictory and prone to different interpretations; 2) knowledge gaps, particularly with regard to socio-economic drivers and beneficiaries as well as
uncertainties about future trends; 3) fundamentally different values and priorities among stakeholder groups,
resulting in power struggles, and an overall lack of trust. We conclude that evidence-based knowledge alone is
insufficient to cope with complex conservation conflicts. While more evidence may help assess the consequences
of decisions, the actual management decisions depend on different actors' worldviews, which are rooted in their
professional identities and power, and their political and legal realities. This calls for conflict management
through a well-organized participatory process organized and supervised by a body deemed legitimate by the
groups involved.
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1. Introduction

as a whole, in Poland and beyond (Bartczak et al., 2008; Franklin,
2002).
There is a long history of conflict relating to the Polish part of the
BFM (Blicharska and Angelstam, 2010; Blicharska and Van Herzele,
2015). Since the beginning of the 1990s, there have been conflicts over
how to manage the BFM, specifically the parts under Polish State Forest
(SF) management, which are outside the BNP (Blicharska and
Angelstam, 2010). In a simplified perspective, what we call the “environmental coalition” (Niedziałkowski, 2016) – comprised of conservation biologists and ecology scientists, some forest scientists, as
well as environmental activists – has called for an increase of the strictly
protected area of the forest, preferably by enlarging the existing BNP to
cover the whole Polish part of the BFM. In opposition to that, what we
call the “forestry coalition” (Niedziałkowski, 2016) – including foresters, a majority of forest scientists and the majority of local people –
argues that the present management is supportive of biodiversity conservation, as well as local need for fuelwood, non-timber forest products
and jobs. The key aspects of the conflict (Blicharska and Van Herzele,
2015) include (1) the ecology of the forest, especially disturbances and
how to manage them for ecological values, (2) the history of the area
and resulting values (either related to an ecosystem largely formed by
natural processes or through human activities), (3) the needs of local
communities using the forest, and value of the BFM for the whole Polish
society, and (4) the social, political and symbolic meanings of the area.
The conflict has roots in different understandings of what biodiversity
conservation and sustainable management mean between various
groups of stakeholders, professionals and scientists (Blicharska et al.,
2016; Blicharska and Van Herzele, 2015). This has invoked debates
ranging from the roles of tourism and wood-based industry for local
rural development to institutional and political controversies at the
national and EU level. In recent years the conflict has become particularly intense: this is due to the increased logging in one of the SF
districts of the BFM so as to address a large outbreak of spruce bark
beetle (Ips typographus), and the recent decision by the European Court
of Justice to halt logging related to this outbreak (ECJ, 2018;
Stereńczak et al., 2019; Stokstad, 2017).
The aim of this paper is to contribute to conflict resolution in the
BFM case and other conservation related land use conflicts through
exploring the evidence-based knowledge. As a first objective we review
the existing evidence behind the different arguments in the BFM conflict in order to better understand the controversy as a whole. In particular, we focus on the following questions: 1) What is the ecological
state of BFM, key drivers that determine it, and possible effects of different management approaches on it, 2) How have humans interacted
with BFM and what may it mean for today's management opportunities,
3) What is the socio-economic importance of the BFM, and 4) What are
the political importance of the BFM conflict, the issues at stake and the
role of different actors. As a second objective we identify the contested
issues and knowledge gaps linked to these questions. As a final objective we conclude from the two previous ones on the overall nature of
the conflict, and options to resolve it in the future.
To do so, we apply a systematic, multidisciplinary, evidence-based
assessment process involving scientists representing a wide range of
relevant disciplines and perspectives, selected to cover the key socioecological dimensions of the conflict. These include: ecology to understand ecosystem processes including disturbances that affect the
amount of habitat for species; forest management to identify options for
forest use and conservation focusing on particular objectives; environmental history and anthropology to trace human–nature interactions
over time; economics to understand economic relations including aspects of distribution and efficiency; and sociology and political science
to analyse values and interests as drivers of conflict and governance
arrangements for handling the conflict.
Our assessment results in a summary of the arguments where
compelling evidence exists and of the contested issues where evidence
is weak, contradictory or unavailable. Based on these results we

The conservation of forest biodiversity is dependent upon habitat
retention at multiples scales (Lindenmayer et al., 2006). This objective
frequently competes with forest management aimed at wood and biomass production in the same area (Angelstam et al., 2018; Mönkkönen
et al., 2014; Naumov et al., 2018), which can lead to severe conflicts –
from policy and governance to planning and forest management
(Niemelä et al., 2005; Young et al., 2005). Consequently, there is an
ongoing global debate about how to reconcile forest use, and specifically wood production, with biodiversity conservation (Bicknell et al.,
2015; Borrass et al., 2017; Edwards et al., 2014; Fischer et al., 2008;
Gustafsson et al., 2012; Maier and Winkel, 2017; Phalan et al., 2011).
A prominent example of the conflict between biodiversity conservation and forestry is the controversy regarding the Polish part of the
cross-border Białowieża Forest Massif (BFM) (Marris, 2008; Stokstad,
2017). The BFM is characterized by remnants of forests with high levels
of naturalness; including a high abundance of large and old trees
(Fig. 1), high amounts of standing and lying dead-wood in diverse
stages of decomposition, close-to-natural dynamics of forest stands
(Angelstam and Dönz-Breuss, 2004; Faliński, 1986) and a continuity of
tree cover for the last 12 thousand years (Latałowa et al., 2015). This
applies in particular to the Białowieża National Park (BNP), which
covers 16.6% of the Polish part of the BFM. These features support
species representing a wide range of life history traits and complete
species guilds. As such, for decades the BFM, particularly the strict
reserve of the BNP, has been an important reference area for scientists
studying natural characteristics and dynamics of European forests
(Brzeziecki et al., 2016; Faliński, 1986; Jędrzejewska and Jędrzejewski,
1998; Miścicki, 2012, 2017; Wesołowski et al., 2015). At the same time,
large parts of the BFM have been subject to manifold local uses. The
BFM has also a significant symbolic importance for foresters and society

Fig. 1. Large trees in the Białowieża Forest Massif.
(Photo: Janusz Korbel.)
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Fig. 2. The Polish part of the Białowieża Forest Massif and its protection and management zones.
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elaborate on forest management challenges, particularly those entailed
by the conflicts between biodiversity conservation and forest use. We
discuss lessons learned from the Białowieża case that could inform
other conflicts relating to conservation and forest use, with a particular
focus on the role of evidence-based knowledge in addressing such
conflicts.

supportive towards active forest management to supportive towards
increase in conservation), and (3) overall academic reputation (as
evaluated by publication record). These top-listed scholars representing
complementary perspectives were contacted and asked to join the research process. This led to the identification of twenty scientists: ten
were chosen as “experts”, ten as “moderators”; for each topic area there
was one expert and one moderator from each viewpoint, conservation
and forestry. The moderators were asked to support the experts in
identifying and discussing the existing evidence. Selecting the experts
from different disciplines and representing both sides of the debate
allowed us to identify the most important arguments in the BFM conflict. For details of expert selection, see Appendix A.
Experts were then asked to systematically screen the evidence existing in relation to their own discipline and to compile evidence
statements for their topics. The experts followed an acknowledged
scientific method by selecting, within their expertise, relevant and most
recent scientific literature, reliable data and information sources, so as
to provide the state of the art scientific understanding of the issues.
When the task was given to participants there were almost 1200 peerreviewed research papers or reviews listed in Scopus that mentioned
Białowieża in title, abstract, or key words. Of course, only part of these
were relevant to this study and the expert's role was to identify them
and include in the analysis. Moreover, where evidence from BFM was
insufficient, the search was expanded to other papers potentially relevant to BFM. The evidence statements aimed at summarising the
current scientific knowledge on each topic, referring to empirical evidence, as well as contested issues for which the evidence either was
weak or contradictory, or unavailable. The experts were also asked to
include recommendations for policy and management based on the
available evidence. This resulted in ten drafts of evidence statements
(Appendix B).
In the second step all 20 scientists attended a workshop in
Białowieża in August 2018. During the workshop evidence statements
were presented by experts, commented on by moderators and subsequently discussed by the whole group. Particular attention was paid to
the empirical evidence gathered in the statements. As a result, some
claims that were not supported by strong evidence (i.e. peer-reviewed
sources) were added to the list of contested issues. A Chatham House
Rule setting was agreed upon, meaning participants committed to not
reveal outside the group who had been using which argument in the
debate (ChathamHouse, 2019). Two field trips were organized to facilitate the discussion of evidence in the field: one with SF representatives, the other with BNP ones. At the end of the workshop all
participants agreed to contribute to this joint publication describing the
outcomes of the process. The workshop resulted in written notes summarising the claims that were supported by evidence, and the claims
that were not (and thus are presented in this paper as contested issues).
In the third step the experts prepared updated texts as input to the
results section of the article, based on the evidence statements and the
outcomes of the workshop discussion. For practical reasons the first two
topics (forest ecology, and forest disturbances and management) were
combined into one section, as it turned out their scopes strongly overlapped and the relevant evidence and arguments closely interrelated.
Three additional experts, whose expertise was missing (with regard to
forest history and forest disturbances), were added during the process;
one of the experts initially included left the study, resulting in 22 authors altogether. The lead author, elected by all participants during the
workshop, compiled the texts in the results section. Several iterations of
the emerging manuscript were done, both among all authors and between the lead author and individual co-authors or groups of co-authors. The key aim was to refine the synthesized evidence, and to remove claims that did not have strong support in available evidence. A
key criterion for the strength of the evidence was if it was published in
peer-reviewed articles or books, as the peer-review process guarantees a
form of quality assessment. Due to a lack of evidence in some cases,
grey literature was included; this is clearly indicated in the Results

2. Methodology
2.1. The Białowieża Forest Massif
The Białowieża Forest Massif (BFM) is located on the border between Poland and Belarus and covers approximately 1500 km2. This
study focuses on the Polish part of the BFM, ca. 630 km2 (Fig. 2). If not
indicated otherwise, we use “BFM” to refer to the Polish part of this
massif. The BFM is understood here as a socio-ecological system that
comprises lands allocated to various national and international management and conservation regimes, statutory categories under national
law, as well as EU and international nature conservation regulations
and rules, being at the same time subject to regular forest management
and land use under the applicable forest legislation (Agrawal, 2000;
Logmani et al., 2017; Niedziałkowski et al., 2014). The BFM is a UNESCO Biosphere Reserve, a NATURA 2000 area (both an EU Special
Protection Area for birds and a Special Area for Conservation for habitats), and a part of a transboundary UNESCO World Heritage Site.
Also, under Polish law, it is an Area of the Protected Landscape (which
excludes only the Białowieża National Park). This means that particular
areas of the BFM fall under the jurisdiction of different public administrations and are legally allocated to a variety of specific land uses
according to national, EU and international regulations (Grygar, 2016;
Grzeszczak and Muchel, 2018).
The BFM in Poland consists of two main parts. The first part of the
BFM (105 km2) is the Białowieża National Park (BNP), of which close to
58% (ca. 60.5 km2) is strictly protected; 39% (ca. 41 km2) is subject to
active protection/conservation management (excluding timber harvesting) aimed at maintaining and restoring populations of rare and
threatened species (e.g. eastern pasqueflower Pulsatilla patens,
European bison Bison bonasus) and natural forest structures and processes; and 3.4% (ca. 3.5 km2) is a landscape conservation zone, which
includes tourism facilities and the European bison breeding centre. The
second part of the BFM (525 km2) consists of three forest management
units of the Polish National Forest Holding “State Forests” (SF). The
politically set goal of the SF is sustainable forest management that includes the provision of multiple ecosystem services, including both
wood and non-wood products, as well as regulating services (Blicharska
et al., 2012; Chudy et al., 2016; Majchrowska, 2018). This part of the
BFM includes many nature reserves, altogether covering about
125 km2, and an additional 56 km2 reference zone that has been excluded from timber harvesting since 2016.
2.2. Methods
This paper reports a systematically structured scientific assessment
process conducted in three steps.
In the first step researchers from the European Forest Institute
scanned the scientific literature, as well as available policy documents,
press releases, internet (particularly social media debates) on the BFM
controversy (in English and in Polish). To get an overview of the case,
interviews were conducted with ten selected experts on the BFM. This
allowed for the identification of five major topic areas of the controversy: (1) forest ecology, (2) forest disturbances and management,
(3) forest history, (4) socio-economic factors, (5) forest policy and
governance. Subsequently, Polish and international scholars were
identified that fulfilled the selection criteria: (1) published research of
relevance to the BFM case within the selected topic areas, (2) complementarity of perspectives on the BFM case (i.e., ranging from being
4
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section as (potentially) weaker evidence. When refining the evidence
subsections of the paper, claims that lacked compelling evidence were
moved to the subsections containing contested issues and knowledge
gaps. The paper was submitted when a general agreement about the
evidence and the contested issues was achieved.
In the following sections we present the evidence relating to the four
outlined key aspects of the BFM conflict: (1) Forest ecology, disturbances and management (Section 3.1); (2) Forest history (Section
3.2); (3) Socio-economic factors (Section 3.3) and (4) Forest policy and
governance (Section 3.4). For each subsection we provide a short
summary of key arguments in the conflict, the underlying evidence and
a summary of the contested issues, i.e. where the evidence is unavailable, is contradictory or weak.

hosted, in the past, rare species of high conservation value, for example,
insects like the great capricorn beetle (Cerambyx cerdo) and the stag
beetle (Lucanus cervus) (J. Hilszczański, unpubl. data). Most of these
species have not been recorded in the BFM for many decades, regardless
of the management intensity or protection status, most probably due to
the cessation of traditional forms of forest use, especially cattle grazing,
which was banned in Poland in the 1960s. Human impacts culminated
in the mid-nineteenth century, when the extent of non-forested areas of
anthropogenic origin within the entire BFM approached almost 30%
(Mikusinska et al., 2013).
Over the past century in Poland forest management has aimed at
wood production; activities related to the control of bark beetles have
led to an increased proportion of Norway spruce (Faliński, 1986) (see
also http://www.forbiosensing.pl/#) at the expense of deciduous tree
species. Low intensity, partly anthropogenic disturbances by fire declined rapidly since the end of the 18th century (Niklasson et al., 2010;
Zin, 2016). Subsequently, the shade-tolerant hornbeam (Carpinus betulus) has expanded (Kwiatkowska and Wyszomirski, 1988). This has
hampered the regeneration of Scots pine (Pinus sylvestris) and other
light-demanding tree species. In addition, spruce bark beetles have
impacted Norway spruce, and especially monoculture spruce forests, in
the BFM for a long time. Last decade's outbreak was the largest postWorld War II (Stereńczak et al., 2020). The area impacted peaked
2012–17, which led the logging of 675 ha of older Norway spruce forest
stands (around 1% of BFM) from 2016 to 2018 (Mikusiński et al.,
2018). The least human altered part of the BFM with the most intact
natural dynamics is found in the BNP, where no logging has been
conducted in the past century. The monitoring of tree species dynamics
over 76 years in the BNP shows ongoing shifts in tree species structure
in favour of shade-tolerant hornbeam as part of natural dynamics
(Brzeziecki et al., 2016).
The difference between the low human-impact inside the BNP and
the higher impact in the rest of the BFM has resulted in different
amounts of habitat components indicating forest naturalness. For example, Angelstam and Dönz-Breuss (2004) report that the incidence of
trees with diameter at breast height (dbh) > 80 cm is 58% in the BNP,
compared to 16% in the rest of the BFM; the basal area of deadwood:
9.7 compared to 2.6 m2/ha, respectively; incidence of old forest stands:
96 compared to 49%, and incidence of uprooted trees: 86 compared to
65%, respectively. Also, tree cavities are four times more common inside of the BNP (Walankiewicz et al., 2014), influencing the composition and structure of the bird community (Czeszczewik et al., 2015).
Moreover, focal species such as woodpeckers are less common in the
managed parts of the BFM (Angelstam et al., 2002; Czeszczewik et al.,
2013; Roberge et al., 2008). Notably, other managed Polish forests
surrounding BFM have lower amounts of natural habitat components by
an order of magnitude (Angelstam and Dönz-Breuss, 2004). With regard
to Norway spruce, research conducted in the strict reserve, other reserves and old forest stands in the managed parts of the BFM shows that
average height and dbh of spruce does not differ significantly between
these areas. However, there are some differences in spatial distribution
of this species in these areas (Erfanifard et al., 2019).

3. Results
3.1. Forest ecology, disturbances and management
3.1.1. The conflict
A key controversy is how the forest should be managed to maintain
its biodiversity conservation values. Representatives of the environmental coalition suggest that the majority of the BFM's natural or nearto-natural forest areas (including some SF areas) should be left for
natural disturbances to operate, and that no large-scale cuttings should
be allowed, such as sanitary cutting invoked by an extensive bark beetle
outbreak. Representatives of the forestry coalition suggest that the SF
part should be actively managed by silvicultural measures to maintain
its current state, including supporting existing species composition,
which justifies the use of sanitary cutting to mitigate impacts of bark
beetle outbreaks or other major natural disturbances (e.g. windthrows).
3.1.2. Evidence
The BFM is one of the largest and best-preserved temperate zone
lowland forests in Europe (Bohn et al., 2000; Faliński, 1986). It has
been shaped by complex interactions of natural disturbance factors and
human activities over a long time (Bobiec et al., 2011; Latałowa et al.,
2015; Niklasson et al., 2010; Samojlik et al., 2013b). The forest site
types are diverse and range from rich wet to poor mesic (see Kwiatkowski's map of vegetation landscapes: https://www.bdl.lasy.gov.pl/
portal/mapy), and are matched by several different natural disturbance
regimes (Angelstam and Kuuluvainen, 2004; Bobiec et al., 2000;
Brumelis et al., 2011; Faliński, 1986). These regimes range from gap
dynamics with shade-tolerant broad-leaved deciduous trees (Bobiec
et al., 2000; Faliński, 1986) to cohort dynamics linked to historic lowintensity fires (Bobiec et al., 2011; Zin, 2016), and succession after
infrequent stand-replacing disturbances caused by fire, wind or insects
(Mikusiński et al., 2018; Wesołowski and Rowiński, 2006). The majority of natural disturbances in the BFM over the past half century have
been caused by biotic factors like the fungal ash and elm diseases,
flooding by beavers and insect outbreaks, and to some degree by abiotic
factors, mainly wind-storms (Brzeziecki et al., 2016; Keczyński, 2002).
Bark beetle outbreaks have occurred in the BFM several times over the
last few decades (Grodzki, 2016), which has caused substantial mortality rates of Norway spruce (Picea abies) in the whole BFM (Stereńczak
et al., 2017; Stereńczak et al., 2020; Stereńczak et al., 2019).
In addition to natural disturbances, human activity has modified
processes and patterns in the BFM, and has influenced its biodiversity
over the long term (Faliński, 1986; Zin, 2016) (see also: http://www.
forbiosensing.pl/# and Section 3.2 below). Human use of forest, including grazing and browsing of livestock and burning of the forest
understory until the end of the 19th century (Zin et al., 2015), led in
some places to the creation of half-open forests with specific combination of diverse flora and fauna. More open forest communities created by long-term human use (Samojlik and Jędrzejewska, 2004),
thermophilous oak forest (Jakubowska-Gabara, 1996; Sokołowski,
1987) and acidophilous pine-spruce-oak forest (Matuszkiewicz, 2011)

3.1.3. Contestation and knowledge gaps
A first controversy is linked to biodiversity conservation and relates
to BFM's size. It has been proposed that a minimum dynamic area is
needed to maintain natural disturbance regimes that ensure the continuous presence of different habitats (Leroux et al., 2007; Pickett and
Thompson, 1978). Estimates of minimum dynamic areas vary with
disturbance regimes and range from 500 km2 (Potapov et al., 2017) to
20,000 km2 (Andrew et al., 2014). However, scientists in line with the
perspective of the environmental coalition maintain that mixed-species
forests in the BFM are shaped mostly by small-scale canopy gap disturbances, resulting in a shifting mosaic steady-state able to maintain
biodiversity (Bobiec et al., 2000; Faliński, 1986; Jaroszewicz et al.,
2017). Therefore, they suggest allowing for natural processes in most of
5
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the BFM stands (Mikusiński et al., 2018; Wesołowski, 2005), thereby
arguing that the size of the BFM is not a problem in maintaining its
natural processes. At the same time, scientists representing the view of
the forestry coalition consider the BFM too small to be able to maintain
its current species diversity through natural processes, and suggest active management based on silvicultural interventions, e.g. artificial
regeneration to support renewal of some species, e.g. pine (Brzeziecki
et al., 2018; Brzeziecki et al., 2017; Brzeziecki et al., 2016). They also
argue that large-scale windthrows covering many square kilometres are
also likely to happen in the BFM, even though the probability of such
events occurring in the in the Białowieża region is lower compared to
other parts of Europe (Schelhaas et al., 2010).
The second controversy concerns the management of bark beetle
outbreaks. On the one hand, scientists representing a forestry coalition
perspective indicate that, especially in highly fragmented European
forests where protected areas are adjacent to forests managed for wood
production, limiting beetle expansion and preventing adverse economic
effects of large-scale spruce bark beetle outbreaks is justified, and early
intervention including the creation of 500 m wide protective buffer
zones around strictly protected areas is effective (Fettig and
Hilszczański, 2015; Stadelmann et al., 2013). According to this perspective, sanitary cuttings could have stopped the ongoing outbreak of
bark beetle if the large number of relatively small protected areas
(nature reserves) spread across the BFM would not have effectively
limited a large-scale removal of infested trees. Consequently, protected
areas are regarded as potential infestation spots that pose a threat to
adjacent stands (Wermelinger, 2004). Thus, some of these scientists
suggest a rearrangement of the network of protected areas in the BFM
to combine them in less numerous and larger areas to allow more effective control of bark beetle populations (Holeksa 2019, personal
communication). On the other hand, scientists representing the perspective of the environmental coalition claim that limiting the bark
beetle population by removing infested trees is ineffective when infestation is widespread (Fahse and Heurich, 2011; Lausch et al., 2011;
Sproull et al., 2017). While the respective literature partially confirms
that it is particularly difficult to practice bark beetle control through
management in a mosaic of managed and strictly protected areas
(Dobor et al., 2019; Mezei et al., 2017), other scientists claim that
protected areas did not serve as a source of the outbreak in the BFM
(Gutowski and Krzysztofiak, 2005), which was also evidenced elsewhere (Schlyter and Lundgren, 1993). An additional dimension of the
controversy is linked to current forest management practices in the
BFM, specifically the question of what was done with trees killed by the
bark beetle. While some scientists state that foresters conducted salvage
logging of most of these trees to avoid economic losses and eliminate
safety risks, others claim that only sanitary cuttings with an aim to stop
the bark beetle outbreak were done.
The third controversy concerns the priorities for species conservation in the BFM. Scientists representing the view of the forestry coalition argue that intervention is necessary to maintain the habitats of
particular species (of open forest or linked to old spruce). They claim
that while a non-intervention strategy would favour late-successional
species, it would at the same time lead to the disappearance of species
associated with early successional stages after disturbances. For example, long-term research plots in the strictly protected part of the BNP
indicate a reduction in tree species diversity (Brzeziecki et al., 2016),
providing argument for active management in a majority of stands of
the BFM to maintain the existing tree species composition. On the other
hand, scientists representing the conservation coalition's perspective
highlight the importance of the BFM being continuously forested
(Kaplan et al., 2009; Latałowa et al., 2016; Mikusinska et al., 2013), and
with natural disturbance regimes sufficient to maintain the full diversity of species (Jaroszewicz et al., 2017; Mikusiński et al., 2018;
Wesołowski, 2005). They suggest a non-intervention strategy in most of
the BFM stands to allow for gap-phase dynamics, including some larger

wind-felled areas (Bobiec et al., 2011; Jaroszewicz et al., 2017;
Szwagrzyk et al., 2018).
3.2. Forest history
3.2.1. The conflict
The basic controversy relates to the question whether the BFM
should be considered a natural heritage or a cultural heritage, and what
implications this has for management and conservation of the forest.
While the representatives of the environmental coalition highlight the
naturalness of the forest and focus on the maintenance of ecological
structures and processes, the representatives of the forestry coalition
underline the role of people in shaping the BFM as it is now, and the
need to focus on cultural values and past remains.
3.2.2. Evidence
Evidence shows that humans have been present in the BFM for at
least several thousand years. Well-preserved relicts of former human
activity from different time periods (e.g. ground barrows, remains of
charcoal hearths, newly discovered polygonal land divides – relics of
old settlement and/or fields) have been identified on numerous sites
(Górska, 1976; Götze, 1929; Hedemann, 1939; Krasnodębski and
Olczak, 2012; Samojlik, 2007; Samojlik et al., 2013a; Wawrzeniuk
et al., 2017; Zapłata and Stereńczak, 2016; Zapłata et al., 2018). In
prehistoric times the BFM area was associated with a variety of human
activities, including agricultural activities leading to the short-term
deforestation of some fragments of the BFM (Zapłata and Stereńczak,
2016; Zimny et al., 2017).
Human presence in the forest has varied between periods with more
intensive use and periods with little human impact (e.g. drop in anthropogenic indicators in the 6th–10th century) (Latałowa et al., 2015;
Latałowa et al., 2016; Samojlik, 2007). Specifically, BFM dynamics are
interrelated with the presence of animals; the human management of
animals in this area has occurred in the past and occurs now in the
present (Krasnodębski and Olczak, 2012; Latałowa et al., 2015;
Samojlik et al., 2013a; Zapłata and Stereńczak, 2017; Zimny et al.,
2017). From the 14th until the end of the 18th century, the BFM was
managed as a hunting reserve of Polish kings, which contributed to
shaping the forest mosaic. From the 17th century onwards human activity included local villagers and townspeople using specific parts of
the forest described in the so-called “access rights” – special permissions
given by the king. Such permissions incorporated mainly haymaking on
forest meadows and river valleys, carving beehives and settling bees to
produce honey and wax, fishing in forest rivers, harvesting berries,
mushrooms or firewood, and pasturing cattle on meadows adjacent to
villages (Samojlik, 2007; Samojlik et al., 2013b). However, the local
people were not allowed to hunt or fell timber. At the beginning of the
20th century over 5 million m3 of wood was harvested (Więcko, 1984):
around 2.6 million m3 during World War I by occupying German forces
and a further 2.6 million m3 between 1924 and 1929 by the English
company The Century European Corporation. According to a technical
report from 1923 (Mokrzecki, 1923), a large zone of forest was degraded during the German wood harvesting. This created a feeding base
for the bark beetle, which led to the biggest outbreak of bark beetle in
the BFM recorded before World War II, between 1919 and 1923,
killing > 1.3 million m3 of spruce (in the whole BFM, including the
Belarusian side).
Nevertheless, natural regeneration of the forest was maintained.
According to palynological studies, the BFM has never been fully deforested at any one time, and continuity of forest cover, at least in parts
of the BFM, has not been disrupted in the last twelve thousand years.
Evidence for this is based mainly on pollen analysis both for the BNP
area and for the managed part of the BFM (Latałowa et al., 2015;
Latałowa et al., 2016). Archaeological research on the entire BFM found
the remains of agricultural systems on a total area of at least 25 km2,
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the oldest initially dated 2000 years old, indicating a presence of
agricultural activities in some parts of the forests in the past
(Wawrzeniuk et al., 2017; Zapłata and Stereńczak, 2016, 2018).

2.7 million €. These benefits were 27 times greater than the profits
currently generated by the SF in the BFM. Other studies indicate that
the “naturalness” of the BFM is an important characteristic for tourism:
one study (Janeczko and Janeczko, 2015) explores the economic benefits provided by the tourists visiting the managed part of the BFM, and
estimates tourist spending at 2.1 million € per year. According to this
study, 64% of the 355 respondents came specifically to the BFM because of its “unique natural character”. A recent study by Czeszczewik
et al. (2019) points out that birding tourism is an important source of
income for the local community (birdwatchers stay longer in the BFM
and spend more money per day of visit compared to other visitors) and
that those species linked to unmanaged old growth forests are the most
desirable for birdwatchers visiting the BFM.
There is also agreement on the BFM's high symbolic importance for
Polish society and beyond (Bartczak, 2006). Studies measuring this in
economic terms find a Willingness to Pay (WTP) of 20 €/household/
year (Czajkowski et al., 2009) for improving biodiversity levels in the
BFM, and Bartczak (2015) confirms the high WTP even among people
who have never visited the area. The BFM is frequently attributed to be
unique in the larger European context. While we could not find peerreviewed papers confirming this symbolic importance, e.g. based on
empirical social science research with the European public or policy
makers, the designations of the BFM as Man and Biosphere Reserve,
World Heritage Site, and Diploma of Europe (awarded by the Council of
Europe to protected areas of exceptional European conservation interest), as well as the rich scientific and media coverage (Marris, 2008;
Stokstad, 2017) and the high amount of publications in international,
peer-reviewed journals all suggest BFM's international symbolic importance (see also Bakhtiari et al., 2018; Dallimer et al., 2015).

3.2.3. Contestation and knowledge gaps
There is no full consensus on whether the BFM should be seen primarily as a cultural heritage or if it should be understood primarily as a
natural heritage area, or in how far and with what spatial dimensions
both perspectives can co-exist. Studies applying the cultural heritage
framework, which aims to understand cultural dynamics in the forest,
are so far underrepresented in the research regarding the BFM.
Moreover, there is no consensus on the range and impact of economic
activities in the BFM across time and space; for instance, whether or
not, and where, pre-industrial activities significantly disturbed forest
habitats before the end of the 18th century – specifically the time before
the hunting reserve was established in the 14th century or what were
the impacts of industrial forestry activities in the first half of the 20th
century.
3.3. Socio-economic factors
3.3.1. The conflict
The main disagreement regards what the key socio-economic values
of the BFM are and how this is distributed among different actors.
Representatives of the forestry coalition emphasize the importance of
the forest for the local people's livelihoods, through supply of wood
products (Blicharska and Van Herzele, 2015) and job provision
(Niedziałkowski, 2016). Environmental coalition representatives underline the value of the BFM for the whole Polish society and also locally for the possibility of increased income from employment in the
tourism sector. Additionally, they emphasize the international brand of
the BFM's natural heritage and existence value per se.

3.3.3. Contestation and knowledge gaps
Firstly, there is substantial uncertainty on what the actual benefits
of the BFM are for local people, also compared to the perceived benefits. This concerns, in particular, local benefits of timber harvest, the
dependency of local people on local fuelwood and on non-timber benefits (collection of non-wood forest products and hunting), and benefits
from tourism. While wood production and the forest sector have importance, especially locally, detailed input–output models for the region that also consider substitution effects would be needed to assess
the de facto importance of local wood supply.
Secondly, although it is suggested that the BFM is important for
tourism income, and existing studies do indicate that the “naturalness”
of the forest is an important characteristic to support touristic development, the correlation remains unclear between forest value for
tourism and different forest management or conservation measures
(including potential tourism restrictions). Specifically, the distribution
of costs and benefits of different use options – who bears costs and who
receives benefits – is unknown (e.g. foregone timber value for the forestry sector or foregone tourism value for local people versus foregone
options to support fuel wood for local people and foregone benefits for
non-local tourism companies).
Thirdly, it is unclear what the actual costs and benefits of the (potential) increase in protection of the managed part of the BFM are. It is
unclear who would benefit and who would suffer from increased protection or forest use. This relates to questions of prestige and salary
level of possibly competing branches in relation to the forest (e.g. wood
production sector versus tourism versus conservation work). In addition, the economic costs of the BFM controversy itself in terms of possibly decreasing interests of investors to invest in forestry/forest industry and tourism, also beyond the region, are unknown.
Finally, while the symbolic importance of the BFM has been studied
and is estimated to be of high value, it is less known what symbolic
meaning the forest has in terms of culture, religion and identity to
different societal groups (Franklin, 2002).

3.3.2. Evidence
There is limited evidence on the socio-economic importance of the
BFM; however, some data exist. With 630 km2, of which 525 km2 is
under SF management, the BMF constitutes < 1% of the 92,000 km2
total Polish forest cover. Thus, at the national level the BFM is a minor
generator of income and employment in the forestry sector. Locally,
Gołos and Zając (2007) estimate the contribution forest-based goods
and services in the BFM at USD 4.8 million/year enabling 452 jobs in
the forest sector and 413 outside. On top of this is the wood-processing
industry. However, in such measures, substitution effects are not considered and, as a consequence, if these values and jobs are lost, the
effect on the society will likely be smaller than these numbers indicate.
On the other hand, it has been suggested that the limited SF profits are
also related to the limitations on timber harvesting resulting from
nature conservation regulations in the BFM (Janeczko, 2008; Janeczko
and Parzych, 2008); however, this is not confirmed by peer-reviewed
evidence.
Locally, fuelwood and the collection of mushrooms and berries are
considered important in the BFM (Niedziałkowski et al., 2014). According to a local authority report (not peer-reviewed), the demand for
fuelwood in the county Hajnówka, where the BFM is located, is estimated to be around 350 thousand m3/year (Brzostowski et al., 2014).
At the same time local supply indicated in local forest management
plans (RDLP, 2011a, 2011b, 2012) is only 48 thousand m3/year, because of conservation rules. Thus, the region is already strongly dependent on wood imported from other areas (Niedziałkowski et al.,
2014). In terms of employment, jobs in the SF are more prestigious and
better paid compared to the jobs in the BNP service (Niedziałkowski,
2016).
Regarding the recreational values of the BFM, Bartczak et al. (2008)
estimate the average recreational value of Polish forests to be 5–8 billion € or 570–970 €/ha, with the BFM being at the high end. Giergiczny
(2009) estimates the consumer surplus for the visits in the BFM to be
7
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3.4. Forest policy and governance

legislation. A meaningful, participatory dialogue did not take place
among the actors involved; the possibility to organize such a dialogue
decreased as the dynamic and polarization of the conflict increased
(Niedziałkowski et al., 2019).

3.4.1. The conflict
The key contested issues linked to policy and governance concern
the possible options for resolution of the conflict, linked to existing
interests and priorities, as well as perceptions of the roles of the different parts of the BFM.

3.4.3. Contestation and knowledge gaps
A large body of social science literature (Blavascunas, 2014;
Konczal, 2017; Logmani et al., 2017; Niedziałkowski, 2016;
Niedziałkowski et al., 2012) points to the dominant position of the SF
and its employees in the BFM conflict. It is claimed that SF managers
engaged in a number of symbolic and material practices to control the
BFM, and to some extent successfully defended their influence and interests against nature conservation options raised by environmentalists
since the 1920s (Blavascunas, 2014; Szafer, 1957). In contrast, Franklin
(2002) argues that since the 1990s the controversy has been driven by
environmentalists, who have constructed an “inaccurate” vision of the
BFM and want to “close” the forest for human use. According to
Witkowski (2017), involved civil society groups and international organizations often lack detailed technical knowledge about the issues at
stake.
Another disagreement in the reviewed literature refers to potential
practical solutions proposed to resolve the controversy (Kuboń et al.,
2018; Niedziałkowski et al., 2019; Niedziałkowski and Shkaruba,
2018). A widely recommended solution is to empower stakeholders to
work within a participatory process (Blicharska and Angelstam, 2010;
Franklin, 2002; Sadowski, 1995); this is also supported by leading SF
representatives (Konieczny 2018, personal communication). However,
to be successful, such a process needs to meet a number of requirements
(Sabatier and Weible, 2007; Sotirov and Memmler, 2012), which are
particularly difficult to fulfil during times of high-level controversy
(Sotirov et al., 2017). This makes many stakeholders and commentators
sceptical of such an approach, including concerns that such a process
would not escape from the logic of the coalitions' fight for power, and
could be misused strategically by one coalition to achieve its objectives
(Niedziałkowski, 2016; Niedziałkowski et al., 2019).
A few key knowledge gaps can be identified with relation to the
politics and governance of the BFM. Firstly, despite the recent involvement of the European Commission and the European Court of
Justice in the controversy, the impact of Europeanisation – and the
interplay between EU and national institutions and actors – on the
controversy has been analysed only to a very limited extent. Secondly,
the BFM case is often analysed without reference to wider socio-political struggles between conservation and forestry actors on the national
(e.g. regarding designation of national parks and nature reserves) or
international levels (Logmani et al., 2017). A longitudinal policy analysis is still missing, one that considers the different levels of the controversy and analyses actor coalitions as well as their strategies and
power plays.

3.4.2. Evidence
The BFM controversy is driven by a political controversy between
two opposing coalitions with competing interests and values
(Blicharska and Angelstam, 2010; Niedziałkowski et al., 2012), the
environmental coalition and the forestry coalition (for details see
Introduction). Each of these groups is concerned with the attainment of
their specific policy core beliefs, values and preferences (Bieńkowska
et al., 2019; Niedziałkowski, 2016; Witkowski, 2017), which can be
broadly aligned with either of two worldviews: conserving the biological traits of the forest or safeguarding the sustainable flow of forest
provisions (Konczal, 2017; Naumov et al., 2018). To a large extend, the
tensions are driven by opposing definitions of and solutions to the
problems of BFM management, and the very notions of “biodiversity”
and “naturalness” in particular (Konczal, 2017). While the environmental coalition believes that the BFM outside the BNP is negatively
affected by timber harvesting, the forestry coalition believes that the
forest has already lost its natural resilience and requires human intervention.
Apart from environmental considerations, some of the public forest
managers oppose an enlargement of the BNP due to possible consequences of losing well-paid employment and professional prestige
(Niedziałkowski, 2016). Others express concerns about “giving away”
the BFM as a potential first step to “losing” other forest areas to conservation (Bakhtiari et al., 2018; Logmani et al., 2017; Niedziałkowski,
2016; Niedziałkowski et al., 2014; Niedziałkowski and Shkaruba,
2018), indicating the relevance of the BFM case at a national political
level.
Each coalition draws on strategic power resources. In the environmental coalition, these include (1) scientific conservation knowledge
and ecological data provided by scientists, (2) favourable supranational
regulations at the EU level together with related implementation procedures and court rulings, as well as (3) the ability of NGOs to attract
domestic and transnational public attention, to mobilize domestic and
transnational conservation networks and to thereby organize protests
(Blicharska and Van Herzele, 2015; Franklin, 2002; Niedziałkowski
et al., 2019). In the forestry coalition these resources include (1) scientific forest research and expert knowledge providing support and
legitimacy, (2) SF foresters' professional, financial and organizational
resources and decision making rights at local and national levels according to domestic regulations, and (3) local residents' and communities' opposition to government initiatives restricting forest management (Blavascunas, 2014).
Since the beginning of the 1990s the debate in BFM has been
dominated by attempts of the environmental coalition to convince the
government to enlarge the BNP and restrict harvesting in the areas
managed by the SF, as well as by attempts of the SF to prevent such
changes (Blicharska and Van Herzele, 2015; Niedziałkowski et al.,
2012). The government attempted to resolve the conflict but its actions
were plagued by its unfulfilled promises to the local authorities, invalid
implementation of support programmes and insufficient resources, as
well as lacking commitment with regard to building consensus
(Niedziałkowski et al., 2019). This in turn increased distrust and strategic activities aimed at distorting the communication, resulting in increased polarization. The introduction of legal veto rights for the local
and regional authorities concerning a national park enlargement in
2000 shifted the venue of decision making downwards, while at the
same time Poland's accession to the EU in 2004 added a new supranational level of decision making with a respective biodiversity

3.5. Summary
Table 1 summarizes the key scientific points of consensus found in
the BFM controversy, as well as the contested issues driving this controversy and the main reasons for the disagreements.
4. Discussion
4.1. The BFM case: from a forest management and conservation
perspective…
Our review has revealed that in the European context the
Białowieża Forest Massif represents a unique large lowland temperate
forest complex with close-to-natural structures and processes
(Angelstam and Dönz-Breuss, 2004; Peterken, 1996; Sabatini et al.,
2018). Notwithstanding the controversy concerning management aims
and practices, the reviewed literature shows that there is broad
8
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Table 1
Summary of key points supported by evidence and contested issues.
Expertise area

Points of agreement

Contested issues

Main reasons for disagreementa

Forest ecology,
disturbances and
management

The BFM has several unique features (species,
structures, processes, scale) of an old-growth forest.
Its international status as a valuable area for nature
conservation is justified

Which species, habitat, processes should be
prioritized in management/conservation of
BFM?

Contradicting values/priorities of the
main actors, partially related to contested
research findings on the forest's history

Natural dynamics and natural disturbance regimes are
important to maintain many species associated with a
natural forest
Bark beetle disturbances are natural processes
associated with ageing Norway spruce
Climate change and lowered ground water levels do
alter bark beetle dynamics and other natural
disturbances
Specific human interventions are needed to maintain
some species associated with more open areas, and
light-demanding tree species like pine and birch
There are differences in ecological structures and
processes (and biodiversity) between the BNP and
managed part of the BFM; and differences between
the BFM and other managed Polish forests

Is the BFM large enough to enable
maintenance all aspects of biodiversity?
Should natural disturbances such as bark
beetle outbreaks be managed or left alone?

Is sanitary cutting the best/most efficient way
to mitigate the effects of bark beetle outbreaks
and if so, should this be done in the BFM?
Should salvage logging be used to prevent
economic losses or should the trees killed by
bark beetle be left in the forest to support
biodiversity?

Contradictory empirical evidence and
related interpretations
Contradicting values/priorities of the
main actors and uncertainty due to
changing (climatic) conditions
Contradictory empirical evidence and its
interpretation

Contradicting values/priorities of the
main actors

Contradicting values/priorities of the
main actors and related interpretation of
empirical evidence

Should active management or zero
intervention be preferred, and how should
these two be spatially distributed?
Forest history

The BFM has been used for many socio-economic
purposes for centuries
There was no hunting and timber extraction by local
people between 14th and 18th century due to royal
protection
Natural regeneration of the forest and continuity of
forest cover has been kept despite human activity, and
several characteristics of an old growth forest
have remained

Should the BFM be seen as natural or cultural
heritage and what should be its future
management in relation to both?

What was the range of human socio-economic
activities in the past?
What was the impact of “pre-industrial”
human activities on BFM?
What has been the impact of 20th century
forest management on natural stands and
biodiversity?

Socio-economic factors

Timber harvest in the BFM has only small importance
for the Polish forestry sector and economy
Local communities perceive a dependence on local
wood, mainly fuel-wood, and non-wood products
from the BFM
The BFM is highly appreciated by the Polish people
and international visitors as a place for nature-based
recreation
Jobs in state forestry are more prestigious and better
paid compared to jobs in the nature conservation
administration (National Park Service)
The BFM has a high symbolic value for Polish society
and high international prestige in the eyes of both
nature conservation and forestry experts in Europe

What are the actual benefits from the BFM
(wood, non-wood products, tourism) to
different societal groups and at what scale?
What would the impacts of increased
conservation or forest management on tourism
and related benefits be, and who would benefit
and who would lose?

Contradicting values/priorities of the
main actors, partially related to
contradictory empirical evidence and
knowledge gaps
Contradictory empirical evidence and its
interpretation
Contradictory empirical evidence and
knowledge gaps
Contradictory empirical evidence and
knowledge gaps

Knowledge gaps

Knowledge gaps

What is the symbolic meaning of the BFM and
its use in terms of culture, religion and identity
to different groups in society?
What have been/are the costs of the ongoing
controversy (e.g. effects on reputation of the
forest sector, or tourism)?
Should the local, national or international
(symbolic) value of the BFM be prioritized?

Knowledge gaps

Knowledge gaps

Contradicting values/priorities of the
main actors

(continued on next page)
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Table 1 (continued)
Expertise area

Points of agreement

Contested issues

Main reasons for disagreementa

Forest policy and
governance

The BFM controversy is mainly driven by a struggle
over power and values between two main opposing
policy actor coalitions

What are the impacts of larger policy factors,
e.g. an interplay of European and domestic
politics, on the BFM controversy?

Knowledge gaps

These coalitions have diverging world views
(simplified: conservation vs. sustainable forest use)
that result in different management/conservation
priorities for the BFM (nature conservation
emphasizing non-intervention, sustainable forest use
emphasizing active forest management)

What are the possible options for resolution of
the conflict?

Contradictory empirical evidence and
uncertainties as well as contradicting
values/priorities of the main actors

Up to now a meaningful cross-coalition participatory
conflict resolution process has not taken place/
succeeded
a
Note: the main reasons of disagreement were derived based on expert judgement of all involved authors of this paper. While only the main reason (as judged by
the experts) is presented, in most cases there is more than one reason behind each disagreement, and they are intertwined.

A recent publication by Mikusiński and Niedzialkowski (in press), indicates that the use of goods and services from BFM varies spatially, so
the zoning approach should carefully consider differences in the needs
of stakeholders of different kinds. There is obvious potential to better
connect the BFM to the protected areas in Belarus, which are currently
disconnected from the Polish forest through a massive border fence.
Coordinating conservation and management efforts more effectively
across borders could be particularly important in response to the major
disturbances that are expected to impact forests in the future due to
global change (Müller et al., 2018). To conclude, the BFM as a whole in
both Poland and Belarus is possibly the most suitable lowland temperate forest in Europe for developing a largely self-sustaining biodiversity conservation area supporting a wide range of ecosystem services.

consensus that the BFM is a special place worth conserving. It has also
been suggested in both ecological and forest history literature that in
order to maintain the ecological value of this forest, there is a need to
maintain disturbance regimes that have shaped them, both natural and
human-induced. However, there is no consensus in the literature on if,
and in which parts of the BFM, these regimes should be promoted by
human intervention or non-intervention approaches.
A non-intervention approach based on protected areas is a common
strategy for forest biodiversity conservation (Bernes et al., 2015;
Peterken, 1996). Creating areas with very limited human influence has
also been adopted globally as one of the key actions that can halt the
further loss of biodiversity. In the European context, however, due to
historical and natural conditions, protected forests frequently require
active management to maintain their conservation value (Bernes et al.,
2015; Sebek et al., 2015). If biodiversity values depend on legacies of
past natural and human disturbances that no longer occur, active
management including bringing back those traditional ways of forest
use may be necessary even from a conservation perspective (see Van
Meerbeek et al., 2019 on the importance of legacies for deciding on
conflicting conservation strategies).
In case of the BFM, the literature evidences both natural and anthropogenic processes shaping the biodiversity values differently in
different locations across the forest. Depending on the forest type and
the state of a particular area, shaped inter alia by the specific environmental history, appropriate disturbance regimes in the BFM can be
encouraged by either active management or non-intervention (i.e.
natural processes only). For example, there is clear evidence that some
parts of the BFM stand out as having high levels of natural forest
properties, both when compared to neighbouring forest massifs in NE
Poland (Angelstam and Dönz-Breuss, 2004) and other European forests
(Faliński, 1986). This offers the potential to allow and encourage natural disturbance regimes as a way to maintain habitat for viable populations of associated species in the long term. On the other hand,
other parts of the BFM are shown to be shaped by human activity and
are specifically vulnerable to biotic disturbances affecting particular
species and habitats (Brzeziecki et al., 2020; Spinu et al., 2020). In such
areas, there may be a need for active management if such patterns are
to be retained. This type of management could be oriented solely at
conservation objectives or be combined with sustainable timber production.
Considering BFM's size and the spatial distribution of the areas
shaped by the different disturbance regimes, there is an opportunity to
have a mosaic of zones with different levels and types of site-adapted
management (including both free development and active management) (Götmark, 2013). In the long term, the size of the entire protected area (with different zones of protection/the BFM) could even be
enlarged by adding new multiple-use forest areas as large-scale buffers.

4.2. …to the necessity to understand and deal with a complex socioecological forest system
Although there is a general consensus that the BFM is unique and
worth protecting, exactly how this should be done has not been agreed
upon despite several years of debate, particularly regarding the specific
distribution of zones with different management and conservation regimes (including potential enlargement of the national park). While it
appears that there is enough information concerning the BFM to apply
multi-criteria decision analysis techniques in a spatial context to support such zoning (Geneletti and van Duren, 2008), given the multi-faceted nature of the BFM controversy, there are possible barriers to such
a rational/technical approach: (1) the fact that some ecological and
historic data are contradictory and prone to different interpretation,
especially if not discriminating between localities and forest site types,
(2) the existence of gaps in knowledge, particularly with regard to
socio-economics, and uncertainties about future trends in the portfolios
of desired ecosystem services, and (3) fundamentally different policy
focus, values and priorities that are present in the controversy about
BFM (Table 1). In addition, the recorded lack of trust, and power
struggles between the two coalitions, are impeding an evidence-based,
“technical” conflict resolution.
Specifically, firstly, existing data can be contradictory and/or can be
interpreted in different ways, depending on spatial scales and extents,
focal interests, values and beliefs of particular actor groups, often
linked to their professional identity (Redpath et al., 2015). For example,
the decision whether the BFM is large enough to maintain ecological
processes can be informed by empirical evidence, but is in the end a
value-based decision, as it depends on the considerations of what one
wants to protect and what baseline size one chooses to apply. One
could, for example, argue that most protected areas in Europe are too
small to be protected without intervention, if a pre-human baseline of
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the level of naturalness and habitat connectivity is applied. Similarly,
one can argue that nature is dynamic and will develop continuously on
its own and if naturalness in the process is the aim, human interventions may be unwarranted. In addition, empirical findings about ecological phenomena can be interpreted differently, resulting in different
management recommendations. For example, the possibility to contain
a bark beetle expansion, and what impacts it has, are controversially
discussed. There is partially contradictory evidence connected to the
importance of parameters such as the climate, the size and intensity of
the outbreak, the importance of the distribution of spruce trees and
their predisposition to infestation, and finally the exact impact of the
bark beetle expansion on the forest ecosystem, also in a long term
perspective (Gutowski and Krzysztofiak, 2005; Mezei et al., 2017).
Climate change and the complexity of interactions between different
disturbances additionally elevate uncertainty in the accuracy of predictions concerning the impact of bark beetles (Seidl and Rammer,
2017). Given the multiple dimensions of the issue and uncertainties on
one hand, and the conflicting political stakes involved on the other, the
conflict concerning the management of the BFM could be considered a
so-called “wicked” problem and a case of “post-normal” science, emphasizing the necessity not only to involve different scientific disciplines in developing knowledge for problem solutions, but also to
extend this knowledge generation process beyond the boundaries of
science and research to involve different societal groups and policy
experts (Funtowicz and Ravetz, 1995).
How the empirical evidence is used and interpreted and what
priorities are highlighted also depends on the spatial scale used. While
there is some evidence that most of the local actors seem to pay most
attention to the provisioning services and job possibilities the BFM
provides, actors from outside the region seem to prioritize cultural
ecosystem services (e.g., nature-based recreation) and biodiversity
conservation. At the international level, a conservation view is dominating the debate, mimicking similar constellations in other environmental controversies in different countries (Winkel et al., 2015). These
socio-spatial considerations raise the following question: who, at what
governance level, should decide about a fate of a place such as the BFM,
where both international and local people's values are important.
Secondly, up-to-date socio-economic evidence is largely missing.
This is surprising as the BFM is one of the best studied forests of the
world (almost 1200 publications in Scopus that mention “Białowieża”).
This lack of knowledge and the resulting uncertainty regarding potential costs and benefits of different management options for the different
actor groups fuel the controversy.
Finally, an important part of the BFM controversy is its political
element, particularly (but not only) the ongoing struggle over power
and the different beliefs between the environmental and forestry coalitions involved. Changing societal values threaten traditional forestry
trajectories and support conservation interests (Sténs and Mårald,
2020). The described long history and polarization of the controversy
has led to severe distrust among the conflicting coalitions, making attempts to broker the controversy very difficult. Political science literature (Sabatier and Weible, 2007) shows that a negotiated agreement
through mediation between opposing policy coalitions in a polarized
stalemate like the one in the BFM is possible if: (1) the continuation of
the status quo is seen as problematic for both sides, (2) all relevant
groups involved in the controversy are present, (3) there is a credible
policy broker with a mandate from the two coalitions to negotiate future solutions, and all major conflict groups have enough trust in the
person and process, (4) both sides can agree on rules and the boundaries of what can be negotiated, (5) commitment is long-lasting, and (6)
there are relatively few alternative options for both sides to succeed
with their interests by circumventing the process. It remains an open
question in our assessment if these preconditions can be met. While it
was not an aim of our study to analyse the potential for such pre-conditions in the BFM case, future studies on that would be important for
further steps in conflict resolution. There is an indication that at least

some of the conditions may be difficult to fulfil, e.g. there is seemingly
no legitimate broker who could organize a constructive dialogue and
produce a policy option that is acceptable for both parties. Also, it is not
clear in how far there is a shared interest by all major involved actors to
move beyond the status quo. However, the long-lasting and increasingly
polarized conflict, together with the considerable reputational damage
for the region and the responsible administrations, accompanied with a
substantial “fatigue” among many of the involved conflicting parties,
may be preparing the ground for initializing such a process, supported
by credible scientific knowledge and data, to develop a resolution of the
BFM controversy. Using a game theoretical approach to understand the
conflict may be one of the ways ahead, as suggested by Redpath et al.
(2013) in their study on conservation conflicts in the rainforests of the
Pacific North-West.
When designing such a collaborative process aimed at trustbuilding, the issue of spatial scale is important. As this paper has demonstrated, the BFM has ecological features that are unique and irreplaceable in the European lowlands (Hannah et al., 1995; Sabatini
et al., 2018). These features are the basis for the international dimension of the controversy, with respective European (Natura 2000) and
global (UNESCO World Heritage) legislative and protective frameworks
coming into play. This means that the BFM controversy is not only a
local or even national issue, but has an international dimension that
needs to be recognized in any dialogue process.
The growing uncertainty of how to best conserve and manage the
BFM in light of future climate change calls eventually for an adaptive
management approach. This approach has been suggested for approaching forest management and conservation in complex settings that
encompass both social and ecological systems (Nordin and Sandström,
2016), building on an ongoing assessment of the effects of interventions, and learning from successes and mistakes. In the case of the BFM,
adaptive co-management that involves representatives of both the forestry and environmental coalitions in the interpretation of data and
decision making could enable both trust building and handling the
existing uncertainties (Rist et al., 2016). Similarly, planning that adopts
the rules of a strategic choice approach, which helps participants to
develop a capacity to creatively cope with complex multidimensional
situations characterized by uncertainty and considers interconnected
agendas in the decision making, could be beneficial (Friend and
Hickling, 2004).
5. Conclusions
As the result of a systematic interdisciplinary scientific assessment
process about the BFM in Poland we show that the interrelation of
knowledge and decision making in conflicts about the conservation and
management of nature remain complex. Evidence-based knowledge
about ecological, social and economic systems is necessary but insufficient to cope with such conflicts. This stresses the need for humbleness regarding claims that empirical evidence can directly resolve
complex environmental controversies, or that more research will clarify
contested issues in polarized conflicts such as around the BFM. There
can be important knowledge gaps where systematic research could
generate new evidence (e.g., socio-economic information in the BFM
case). Yet for other issues, a large amount of studies does not per se
decrease the contestation, including within the academic community.
This is because different scientific communities represent different
paradigms for knowledge production, and thus partially distrust and
distance themselves from each other per se, thus questioning the validity of each other's' findings and interpretations. In the highly emblematic case of the BFM, this has led to a certain stalemate, polarization and frustrations not only among policy makers, but also among
scientists. To bridge this polarization has been one main motivation for
this paper. The approach taken – testing a novel approach to assess the
evidence, engaging both sides in one publication reviewing the state of
knowledge, and having a constructive debate about the BFM case – may
11
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merit repetition in other similar settings. Even more, one lesson learnt
from this study is that it could be a promising strategy for knowledge
generation to encourage scholars with distinct perspectives to not only
jointly review existing evidence, but also work together to conduct
empirical research (data gathering and analysis) to generate new evidence on contested issues after having agreed on adequate joint research designs.
However, while better evidence may help to make the consequences
of decisions more visible, the actual decisions depend on different actors' worldviews rooted in their personal situations (e.g. dependence on
forest resources), power and professional identities, and the political
and legal settings (Redpath et al., 2015) that shape, for instance, who
has the right to decide about a particular area. The role of research is
then not to say what is the right decision, but to describe the consequences for different aspects and to clarify how far arguments in the
debate can be based on empirical evidence, but also to openly acknowledge uncertainties and contestations, and finally, to point towards the necessity to take decisions over partially conflicting values
and interests which goes beyond the realm of science and research. We
hope that our study will be useful in that respect for supporting decision
making and inform readers from both science and policy dealing with
forest management and biodiversity conservation issues in and beyond
the Białowieża Forest.
Supplementary data to this article can be found online at https://
doi.org/10.1016/j.biocon.2020.108614.

specialisation in a landscape history gradient in NE Poland. In: Chamberlain, D.,
Wilson, A. (Eds.), Annual IALE(UK). The University of East Anglia, pp. 25–38.
Angelstam, P., Naumov, V., Elbakidze, M., Manton, M., Priednieks, J., Rendenieks, Z.,
2018. Wood production and biodiversity conservation are rival forestry objectives in
Europe’s Baltic Sea Region. Ecosphere 9, e02119.
Bakhtiari, F., Jacobsen, J.B., Thorsen, B.J., Lundhede, T.H., Strange, N., Boman, M., 2018.
Disentangling distance and country effects on the value of conservation across national borders. Ecol. Econ. 147, 11–20.
Bartczak, A., 2006. Wartosc funkcji rekreacyjnej lasów w Polsce. Ekonomia i Środowisko
30, 23–41.
Bartczak, A., 2015. The role of social and environmental attitudes in non-market valuation. An application to the Białowieża Forest. Forest Policy Econ. 50, 357–365.
Bartczak, A., Lindhjem, H., Navrud, S., Zandersen, M., Żylicz, T., 2008. Valuing forest
recreation on the national level in a transition economy: the case of Poland. Forest
Policy Econ. 10, 467–472.
Bernes, C., Jonsson, B.G., Junninen, K., Lõhmus, A., Macdonald, E., Müller, J., Sandström,
J., 2015. What is the impact of active management on biodiversity in boreal and
temperate forests set aside for conservation or restoration? A systematic map.
Environmental Evidence 4, 25s.
Bicknell, J.E., Struebig, M.J., Davies, Z.G., 2015. Reconciling timber extraction with
biodiversity conservation in tropical forests using reduced-impact logging. J. Appl.
Ecol. 52, 379–388.
Bieńkowska, M., Faszcza, Ł., Wołyniec, Ł., 2019. Movement to defend the Białowieża - the
problem of the Białowieża Forest protection as an example of a values conflict, In
Borderology: Cross-disciplinary Insights from the Border Zone. eds J.S. Methi, A.
Sergeev, M. Bienkowska, B. Nikiforova, pp. 31–40. (Springer Geography).
Blavascunas, E., 2014. When foresters reterritorialize the periphery: post-socialist forest
politics in Białowieża, Poland. Journal of Political Ecology 21, 475–492.
Blicharska, M., Angelstam, P., 2010. Conservation at risk: conflict analysis in the
Białowieża Forest, a European biodiversity hotspot. International Journal of
Biodiversity Science Ecosystem Services and Management 6, 68–74.
Blicharska, M., Van Herzele, A., 2015. What a forest? Whose forest? Struggles over
concepts and meanings in the debate about the conservation of the Białowieża Forest
in Poland. Forest Policy Econ. 57, 22–30.
Blicharska, M., Angelstam, P., Elbakidze, M., Axelsson, R., Skorupski, M., Węgiel, A.,
2012. The Polish Promotional Forest Complexes: objectives, implementation and
outcomes towards sustainable forest management? Forest Policy Econ. 23, 28–39.
Blicharska, M., Bobiec, A., Bohdan, A., Buchholz, L., Chylarecki, P., Engel, J., Falkowski,
M., Gutowski, J.M., Jaroszewicz, B., Kepel, A., Kujawa, A., Latałowa, M., Mikusiński,
G., Mysłajek, R.W., Nowak, S., Orczewska, A., Skubała, P., Stepaniuk, M.,
Walankiewicz, W., Wesołowski, T., Zub, K., 2016. Spór o przyszłość Puszczy
Białowieskiej. In Las Polski 11, 18–19.
Bobiec, A., van der Burgt, H., Meijer, K., Zuyderduyn, C., Hagab, J., Vlaanderen, B., 2000.
Rich deciduous forests in Białowieża as a dynamic mosaic of developmental phases:
premises for nature conservation and restoration management. For. Ecol. Manag.
130.
Bobiec, A., Jaszcz, E., Wojtunik, K., 2011. Oak (Quercus robur L.) regeneration as a response to natural dynamics of stands in European hemiboreal zone. Eur. J. For. Res.
130, 785–797.
Bohn, U., Gollub, G., Hettwer, C., 2000. Map of the Natural Vegetation of Europe.
Explanatory text with CD-ROM. Federal Agency for Nature Conservation, Bonn-Bad
Gotesberg.
Borrass, L., Kleinschmit, D., Winkel, G., 2017. The “German model” of integrative multifunctional forest management. Analysing the emergence and political evolution of a
forest management concept. Forest Policy Econ. 77, 16–23.
Brumelis, G., Jonsson, B.G., Kouki, J., Kuuluvainen, T., Shorohova, E., 2011. Forest
naturalness in northern Europe: perspectives on processes, structures and species
diversity. Silva Fennica 45.
Brzeziecki, B., Pommerening, A., Miścicki, S., Drozdowski, S., Żybura, H., 2016. A
common lack of demographic equilibrium among tree species in Bialowieża National
Park (NE Poland): evidence from long-term plots. J. Veg. Sci. 27, 460–469.
Brzeziecki, B., Drozdowski, S., Żybura, H., Bolibok, L., Bielak, K., Zajączkowski, J., 2017.
Managing for naturalness alone is not an effective way to preserve all the valuable
natural features of the Białowieża Forest – a reply to Jaroszewicz et al. J. Veg. Sci. 28,
223–231.
Brzeziecki, B., Bielak, K., Bolibok, L., Drozdowski, S., Zajączkowski, J., Żybura, H., 2018.
Structural and compositional dynamics of strictly protected woodland communities
with silvicultural implications, using Białowieża Forest as an example. Annals of
Forest Science 75, 89.
Brzeziecki, B., Woods, K., Bobolik, L., Zajączkowski, J., Drozdowski, S., Bielak, K.,
Żybura, H., 2020. Over 80 years without major disturbance, late-successional
Białowieża woodlands exhibit complex dynamism, with coherent compositional
shifts towards true old-growth conditions. J. Ecol. 108, 1138–1154.
Brzostowski, N., Poskrobko, K.M., Poskrobko, T., Sidorczuk-Pietruszko, E., 2014. Analiza
zapotrzebowania, potencjału i wykorzystania surowców w regionie. Hajnówce,
Hajnówka, Starostwo Powiatowe w, pp. 160.
ChathamHouse, 2019. Chatham House Rule, https://www.chathamhouse.org/chathamhouse-rule.
Chudy, R., Stevanov, M., Krott, M., 2016. Strategic options for state forest institutions in
Poland: evaluation by the 3L Model and ways ahead. Int. For. Rev. 18, 387–411.
Czajkowski, M., Buszko-Brigs, M., Hanley, N., 2009. Valuing changes in forest biodiversity. Ecol. Econ. 68, 2910–2917.
Czeszczewik, D., Walankiewicz, W., Mitrus, C., Tumiel, T., Stański, T., Sahel, M.,
Bednarczyk, G., 2013. Importance of dead wood resources for woodpeckers in coniferous stands of the Białowieża Forest. Bird Conservation International 23, 414–425.
Czeszczewik, D., Zub, K., Stański, T., Sahel, M., Kapusta, A., Walankiewicz, W., 2015.

Author statements
First and last author (MB and GW) developed the idea of the study
and led the whole process. MB has synthesized the texts provided by
other co-authors and wrote the manuscript. All other authors contributed with gathering the evidence base, writing parts of Results and
providing inputs to all parts of the manuscript. KS prepared a map
(Fig. 1).
Declaration of competing interest
The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence the work reported in this paper.
Acknowledgements
We are grateful to the German Federal Ministry for Food and
Agriculture (BMEL) for funding the Białowieża Science Initiative under
the “Integrated Forest Management Learning Architecture”
(INFORMAR) project; and the European Network Integrate and its
members for their support to the study. We also would like to thank the
Białowieża National Park Service and the Polish State Forests for the
two field trips they organized for us, as well as Steve Redpath for
helpful suggestions on the early version of the manuscript, and Amelia
Pope for the language editing.
References
Agrawal, A., 2000. Adaptive management in transboundary protected areas: the
Bialowieza National Park and Biosphere Reserve as a case study. Environ. Conserv.
27, 326–333.
Andrew, M.E., Wulder, M.A., Cardille, J.A., 2014. Protected areas in boreal Canada: a
baseline and considerations for the continued development of a representative and
effective reserve network. Environ. Rev. 22, 135–160.
Angelstam, P., Dönz-Breuss, M., 2004. Measuring forest biodiversity at the stand scale –
an evaluation of indicators in European forest history gradients. Ecol. Bull. 51,
305–332.
Angelstam, P., Kuuluvainen, T., 2004. Boreal forest disturbance regimes, successional
dynamics and landscape structures – a European perspective. Ecol. Bull. 51, 117–136.
Angelstam, P., Breuss, M., Mikusinski, G., Stenström, M., Stighäll, K., Thorell, D., 2002.
Effects of forest structure on the presence of woodpeckers with different

12

Biological Conservation 248 (2020) 108614

M. Blicharska, et al.
Effects of forest management on bird assemblages in the Bialowieza Forest, Poland.
IForest 8, 377–385.
Czeszczewik, D., Ginter, A., Mikusiński, G., Pawłowska, A., Kałuża, H., Smithers, R.J.,
Walankiewicz, W., 2019. Birdwatching, logging and the local economy in the
Białowieża Forest, Poland. Biodivers. Conserv. 28, 2967–2975.
Dallimer, M., Jacobsen, J.B., Lundhede, T.H., Takkis, K., Giergiczny, M., Thorsen, B.J.,
2015. Patriotic values for public goods: transnational trade-offs for biodiversity and
ecosystem services? BioScience 65, 33–42.
Dobor, L., Hlásny, T., Rammer, W., Zimová, S., Barka, I., Seidl, R., 2019. Is salvage logging effectively dampening bark beetle outbreaks and preserving forest carbon
stocks? J. Appl. Ecol. 57, 67–76.
ECJ, 2018. Judgment of 17. 4. 2018 – Case c-441/17. Commission v Poland (Białowieża
Forest). European Court of Justice.
Edwards, D.P., Gilroy, J.J., Woodcock, P., Edwards, F.A., Larsen, T.H., Andrews, D.J.R.,
Derhe, M.A., Docherty, T.D.S., Hsu, W.W., Mitchell, S.L., Ota, T., Williams, L.J.,
Laurance, W.F., Hamer, K.C., Wilcove, D.S., 2014. Land-sharing versus land-sparing
logging: reconciling timber extraction with biodiversity conservation. Glob. Chang.
Biol. 20, 183–191.
Erfanifard, Y., Stereńczak, K., Miścicki, S., 2019. Management strategies alter competitive
interactions and structural properties of Norway spruce in mixed stands of Bialowieża
Forest, Poland. For. Ecol. Manag. 437, 87–98.
Fahse, L., Heurich, M., 2011. Simulation and analysis of outbreaks of bark beetle infestations and their management at the stand level. Ecol. Model. 222, 1833–1846.
Faliński, J.B., 1986. Vegetation Dynamics in Temperate Lowland Forests. Dr W Junk
Publishers, Dordrecht.
Fettig, C.J., Hilszczański, J., 2015. Management strategies for bark beetles in conifer
forests, In Bark beetles: Biology and ecology of native and invasive species. eds F.
Vega, R. Hofstetter, pp. 555–584. Elsevier.
Fischer, J., Brosi, B., Daily, G., 2008. Should agricultural policies encourage land sparing
or wildlife-friendly farming? Frontiers in Ecology and Environment 6, 380–385.
Franklin, S., 2002. Bialowieza Forest, Poland: representation, myth, and the politics of
dispossession. Environ Plan A 34, 1459–1485.
Friend, J., Hickling, A., 2004. Planning Under Pressure: The Strategic Choice Approach,
3rd ed. Elsevier, Oxford, UK.
Funtowicz, S.O., Ravetz, J.R., 1995. Science for the post normal age, In Perspectives on
ecological integrity. eds L. Westra, J. Lemons, pp. 146–161. Springer, Dordrecht.
Geneletti, D., van Duren, I., 2008. Protected area zoning for conservation and use: A
combination of spatial multicriteria and multiobjective evaluation. Landsc. Urban
Plan. 85 (2), 97–110.
Giergiczny, M., 2009. Rekreacyjna Wartość Białowieskiego Parku Narodowego.
Ekonomia i Środowisko 2, 116–128.
Gołos, P., Zając, S., 2007. The role of forestry in the socio-economic development of
Poland’s agricultural region (input–output analysis). Folia Forestalia Polonica. Series
A – Forestry 49–50, 69–80.
Górska, I., 1976. Badania archeologiczne w Puszczy Białowieskiej. Archeologia Polski 21,
109–134.
Götmark, F., 2013. Habitat management alternatives for conservation forests in the
temperate zone: review, synthesis, and implications. For. Ecol. Manag. 306, 292–307.
Götze, A., 1929. Archeologische Untersuchungen im Urwalde von Bialowies (Beiträge zur
Natur – und Kulturgeschichte Litauens und angrenzenden Gebiete)//Abhandlungen
der mathematischen und naturwissenschaftlichen. In: Supplement Band. Abteilung
der Bayrische Akademie der Wissenschäften, München, pp. 511–530.
Grodzki, W., 2016. Mass outbreaks of the spruce bark beetle Ips typographus in the
context of the controversies around the Białowieża Primeval Forest. For. Res. Pap. 77,
324–331.
Grygar, J., 2016. Geopolitics in the forest: a border of wilderness. Cargo Journal 14.
Grzeszczak, R., Muchel, M., 2018. Provisional measures against EU Member States in the
light of the Białowieża Forest case. Eastern European Journal of Transnational
Relations 2, 21–35.
Gustafsson, L., Baker, S.C., Bauhus, J., Beese, W.J., Brodie, A., Kouki, J., Lindenmayer,
D.B., Lohmus, A., Pastur, G.M., Messier, C., Neyland, M., Palik, B., SverdrupThygeson, A., Volney, W.J.A., Wayne, A., Franklin, J.F., 2012. Retention forestry to
maintain multifunctional forests: a world perspective. BioScience 62, 633–645.
Gutowski, J.M., Krzysztofiak, L., 2005. Directions and intensity of migration of the spruce
bark beetle and accompanying species at the border between strict reserves and
managed forests in north-eastern Poland. Ecol. Quest. 6, 81–92.
Hannah, L., Carr, J.L., Landerani, A., 1995. Human disturbance and the natural habitat - a
biome level analysis of a global data set. Biodivers. Conserv. 4, 128–155.
Hedemann, O., 1939. Dzieje Puszczy Białowieskiej w Polsce przedrozbiorowej (w okresie
do 1798 roku). In: Rozprawy i Sprawozdania Seria A. Instytut Badawczy Lasów
Państwowych, Warszawa, pp. 1–310.
Jakubowska-Gabara, J., 1996. Decline of Potentilloalbae-Quercetum Libb. 1933 phytocoenoses in Poland. Vegetatio 124, 45–59.
Janeczko, K., 2008. Koszty alternatywne ochrony przyrody w lasach zagospodarowanych
na przykładzie LKP Puszcza Białowieska, In Zarządzanie ochroną przyrody w lasach.
eds K. Kannenberg, H.r. Szramka, pp. 210–230. Wyższa Szkoła Zarzadzania
Środowiskiem w Tucholi, Tuchola, Poland.
Janeczko, K., Janeczko, E., 2015. Las jako produkt turystyczny na przykładzie Leśnego
Kompleksu Promocyjnego (LKP) Puszcza Białowieska. Turystyka i Rekreacja 1,
67–70.
Janeczko, K., Parzych, S., 2008. Koszty rezerwatowej ochrony przyrody w Leśnym
Kompleksie Promocyjnym Puszcza Białowieska, In Zarządzanie ochroną przyrody w
lasach. eds K. Kannenberg, H. Szramka, pp. 65–76. Wyższa Szkoła Zarzadzania
Środowiskiem w Tucholi, Tuchola, Poland.
Jaroszewicz, B., Bobiec, A., Eycott, A.E., 2017. Lack of demographic equilibrium indicates
natural, large-scale forest dynamics, not a problematic forest conservation policy – a

reply to Brzeziecki et al. J. Veg. Sci. 28, 218–222.
Jędrzejewska, B., Jędrzejewski, W., 1998. Predation in Vertebrate Communities: The
Białowieża Primeval Forest As a Case Study. Springer-Verlag, Berlin Heidelberg.
Kaplan, J.O., Krumhardt, K.M., Zimmermann, N., 2009. The prehistoric and preindustrial
deforestation of Europe. Quat. Sci. Rev. 28, 3016–3034.
Keczyński, A., 2002. Wpływ gradacji kornika drukarza na drzewostany obszaru ochrony
ścisłej Białowieskiego Parku Narodowego. Kosmos 51, 471–474.
Konczal, A., 2017. Antropologia lasu. Leśnicy a percepcja i kształtowanie wizerunków
przyrody w Polsce, IBL Instytut Badań Literackich PAN Warszawa.
Krasnodębski, D., Olczak, H., 2012. Badania archeologiczne na terenie polskiej części
Puszczy Białowieskiej – stan obecny, problemy i perspektywy. In: Biuletyn
Konserwatorski Województwa Podlaskiego, pp. 145–168 (Bialystok).
Kuboń, M., Latawiec, A.E., Scarano, F.R., Drosik, A., Strassburg, B.B., Grzebieniowski, W.,
Bastos, J.G., 2018. Searching for solutions to the conflict over Europe’s oldest forest.
Conserv. Biol. 33 (2), 476–479.
Kwiatkowska, A.J., Wyszomirski, T., 1988. Decline of Potentillo albaeQuercetumphytocoenoses associated with the invasion of Carpinus betulus. Vegetatio
75, 49–55.
Latałowa, M., Zimny, M., Jedrzejewska, B., Samojlik, T., 2015. Białowieża primeval
forest: a 2000-year interplay of environmental and cultural forces in Europe's best
preserved temperate woodland, In Europe's Changing Woods and Forests: From
Wildwood to Managed Landscapes. eds K. Kirby, C. Watkins, pp. 243–264. CABI
Publishing, UK.
Latałowa, M., Zimny, M., Pędziszewska, A., Kupryjanowicz, M., 2016. Postglacjalna
historia Puszczy Białowieskiej – roślinność, klimat i działalność człowieka. Parki
Narodowe i Rezerwaty Przyrody 35, 3–49.
Lausch, A., Fahse, L., Heurich, M., 2011. Factors affecting the spatio-temporal dispersion
of Ips typographus (L.) in Bavarian Forest National Park: a long-term quantitative
landscape-level analysis. For. Ecol. Manag. 261, 233–245.
Leroux, S.J., Schmiegelow, F.K.A., Lessard, R.B., Cumming, S.G., 2007. Minimum dynamic reserves: a framework for determining reserve size in ecosystems structured by
large disturbances. Biol. Conserv. 138, 464–473.
Lindenmayer, D.B., Franklin, J.F., Fischer, J., 2006. General management principles and a
checklist of strategies to guide forest biodiversity conservation. Biol. Conserv. 131,
433–445.
Logmani, J., Krott, M., Lecyk, M.T., Giessen, L., 2017. Customizing elements of the
International Forest Regime Complex in Poland? Non-implementation of a National
Forest Programme and redefined transposition of NATURA 2000 in Bialowieza
Forest. Forest Policy Econ. 74, 81–90.
Maier, C., Winkel, G., 2017. Implementing nature conservation through integrated forest
management: a street-level bureaucracy perspective on the German public forest
sector. Forest Policy Econ. 82, 14–19.
Majchrowska, A., 2018. The History of State Forests and Forestry in Poland. Berghahn
Books, New York-Oxford, Managing Northern Europe's Forests. Histories From the
Age of Improvement to the Age of Ecology.
Marris, E., 2008. Ecology: the heart of the wood. Nature 455, 277–280.
Matuszkiewicz, J.M., 2011. Changes in the forest associations of Poland’s Białowieża
Primeval Forest in the second half of the 20th century. Geogr. J. 82, 69–105.
Mezei, P., Jakuš, R., Pennerstorfer, J., Havašova, M., Škvarenina, J., Ferenčik, J.,
Slivinsky, J., Bičarova, S., Bilčik, D., Blaženec, M., 2017. Storms, temperature
maxima and the Eurasian spruce bark beetle Ips typographus – an infernal trio in
Norway spruce forests of the Central European High Tatra Mountains. Agric. For.
Meteorol. 242, 85–95.
Mikusinska, A., Zawadzka, B., Samojlik, T., Jędrzejewska, B., Mikusiński, G., 2013.
Quantifying landscape change during the last two centuries in Białowieża Primeval
Forest. Appl. Veg. Sci. 16, 217–226.
Mikusiński, G., Niedziałkowski, K., 2020. Perceived importance of ecosystem services in
Białowieża Forest for local communities – does proximity matter? Land Use Policy 96,
104667.
Mikusiński, G., Bubnicki, J.W., Churski, M., Czeszczewik, D., Walankiewicz, W., Kuijper,
D.P., 2018. Is the impact of loggings in the last primeval lowland forest in Europe
underestimated? The conservation issues of Białowieża Forest. Biol. Conserv. 227,
266–274.
Miścicki, S., 2012. Structure and dynamics of temperate lowland natural forest in the
Biaowieza National Park, Poland. Forestry 85, 473–483.
Miścicki, S., 2017. Changes in the stands of the Białowieża National Park from 2000 to
2015. For. Res. Pap. 77, 371–379.
Mokrzecki, Z., 1923. Sprawozdanie z walki z kornikiem w Puszczy Białowieskiej w 1922.
In Las Polski. pp. 297–307.
Mönkkönen, M., Juutinen, A., Mazziotta, A., Miettinen, K., Podkopaev, D., Reunanen, P.,
Salminen, H., Tikkanen, O.P., 2014. Spatially dynamic forest management to sustain
biodiversity and economic returns. J. Environ. Manag. 134, 80–89.
Müller, J., Noss, R.F., Thorn, S., Bässler, C., Leverkus, A.B., Lindenmayer, D., 2018.
Increasing disturbance demands new policies to conserve intact forest. Conserv. Lett.
12 (1), e12449.
Naumov, V., Manton, M., Elbakidze, M., Rendenieks, Z., Priedniek, J., Uglyanets, S.,
Yamelynets, T., Zhivotov, A., Angelstam, P., 2018. How to reconcile wood production
and biodiversity conservation? The Pan-European boreal forest history gradient as an
“experiment”. J. Environ. Manag. 218, 1–13.
Niedziałkowski, K., 2016. Why do foresters oppose the enlargement of the Białowieża
National Park? The motivation of the State Forest Holding employees as perceived by
social actors engaged in the conflict over the Białowieża Forest. For. Res. Pap. 77,
358–370.
Niedziałkowski, K., Shkaruba, A., 2018. Governance and legitimacy of the Forest
Stewardship Council certification in the national contexts - a comparative study of
Belarus and Poland. Forest Policy Econ. 97, 180–188.

13

Biological Conservation 248 (2020) 108614

M. Blicharska, et al.
Niedziałkowski, K., Paavola, J., Jędrzejewska, B., 2012. Participation and protected areas
governance: the impact of changing influence of local authorities on the conservation
of the Białowieża Primeval Forest, Poland. Ecol. Soc. 17, 2.
Niedziałkowski, K., Blicharska, M., Mikusiński, G., Jędrzejewska, B., 2014. Why is it
difficult to enlarge a protected area? Ecosystem services perspective on the conflict
around the extension of the Białowieża National Park in Poland. Land Use Policy 38,
314–329.
Niedziałkowski, K., Jaroszewicz, B., Kowalczyk, R., Kuijper, D.P., Mikusiński, G., Selva,
N., Walankiewicz, W., Wesołowski, T., 2019. Effective mitigation of conservation
conflicts and participatory governance: reflections on Kuboń et al. Conserv. Biol. 33,
962–965.
Niemelä, J., Young, J., Alard, D., Askasibar, M., Henle, K., Johnson, R., Kurttila, M.,
Larsson, T.B., Matouch, S., Nowicki, P., Paiva, R., Portoghesi, L., Smulders, R.,
Stevenson, A., Tartes, U., Watt, A., 2005. Identifying, managing and monitoring
conflicts between forest biodiversity conservation and other human interests in
Europe. Forest Policy Econ. 7, 877–890.
Niklasson, M., Zin, E., Zielonka, T., Feijen, M., Korczyk, A.F., Churski, M., Samojlik, T.,
Jedrzejewska, B., Gutowski, J.M., Brzeziecki, B., 2010. A 350-year tree-ring fire record from Białowieza Primeval Forest, Poland: implications for Central European
lowland fire history. J. Ecol. 98, 1319–1329.
Nordin, A., Sandström, C., 2016. Interdisciplinary science for future governance and
management of forests. Ambio 45, S69–S73.
Peterken, G.F., 1996. Natural Woodland: Ecology and Conservation in Northern
Temperate Regions. Cambridge University Press, Cambridge, United Kingdom.
Phalan, B., Onial, M., Balmford, A., Green, R.E., 2011. Reconciling food production and
biodiversity conservation: land sharing and land sparing compared. Science 333,
1289–1291.
Pickett, S.T.A., Thompson, J.N., 1978. Patch dynamics and the design of nature reserves.
Biol. Conserv. 13, 27–37.
Potapov, P., Hansen, M.C., Laestadius, L., Turubanova, S., Yaroshenko, A., Thies, C.,
Smith, W., Zhuravleva, I., Komarova, A., Minnemayer, S., Esipova, E., 2017. The last
frontiers of wilderness: tracking loss of intact forest landscapes from 2000 to 2013.
Science Advances 3, e1600821.
RDLP, 2011a. Plan urządzenia lasu nadleśnictwa Białowieża na okres 01.01.2012–31.12.
2021. Biuro Urządzania Lasu i Geodezji Leśnej oddział w Białymstoku, Białystok,
Poland.
RDLP, 2011b. Plan urządzenia lasu nadleśnictwa Hajnówka na okres 01.01.2012–31.12.
2021. Biuro Urządzania Lasu i Geodezji Leśnej oddział w Białymstoku, Białystok,
Poland.
RDLP, 2012. Plan urządzenia lasu nadleśnictwa Browsk na okres 01.01.2012–31.12.2021.
Biuro Urządzania Lasu i Geodezji Leśnej oddział w Białymstoku, Białystok, Poland.
Redpath, S.M., Young, J., Evely, A., Adams, W.M., Sutherland, W.J., Whitehouse, A.,
Amar, A., Lambert, M.A., Linnel, J.D.C., Watt, A., Gutierrez, R.J., 2013.
Understanding and managing conservation conflicts. Trends Ecol. Evol. 28, 100–109.
Redpath, S.M., Gutierrez, R.J., Wood, K.A., Sidaway, R.Y., Young, J.C., 2015. An introduction to conservation conflicts, In Conflicts in conservation. Navigating towards
solutions. eds S.M. Redpath, R.J. Gutierrez, K.A. Wood, R.Y. Sidaway, J.C., pp. 3–18.
Cambridge University Press Cambridge.
Rist, L., Shackleton, C., Gadamus, L., Chapin, F.S., Gowda, C.M., Setty, S., Kannan, R.,
Shaanker, R.U., 2016. Ecological knowledge among communities, managers and
scientists: bridging divergent perspectives to improve forest management outcomes.
Environ. Manag. 57, 798–813.
Roberge, J.-M., Angelstam, P., Villard, M.-A., 2008. Specialised woodpeckers and naturalness in hemiboreal forests - deriving quantitative targets for conservation planning. Biol. Conserv. 141, 997–1012.
Sabatier, P.A., Weible, C.M., 2007. The advocacy coalition framework: innovations and
clarifications, In Theories of the Policy Process. ed. P.A. Sabatier, pp. 189–220. West
Press, Colorado.
Sabatini, F.M., Burrascano, S., Keaton, W.S., Levers, C., Lindner, M., Pötzschner, F.,
Verkerk, P.J., Bauhus, J., Buchwald, E., Chaskovsky, O., Debaive, N., Horváth, F.,
Garbarino, M., Grigoriadis, N., Lombardi, F., Marques Duarte, I., Meyer, P., Midteng,
R., Mikac, S., Mikoláš, M., Motta, R., Mozgeris, G., Nunes, L., Panayotov, M., Ódor, P.,
Ruete, A., Simovski, B., Stillhard, J., Svoboda, M., Szwagrzyk, J., Tikkanen, O.-P.,
Volosyanchuk, R., Vrska, T., Zlatanov, T., Kummerle, T., 2018. Where are Europe’s
last primary forests? Divers. Distrib. 24, 1426–1439.
Sadowski, A., 1995. Public participation in establishing of a biosphere reserve. In:
Paschalis, P., Rykowski, K., Zajączkowski, J. (Eds.), Protection of Forest Ecosystems
Biodiversity of Białowieża Primeval Forest. Fundacja “Rozwój SGGW”, Warsaw, pp.
247–256.
Samojlik, T., 2007. Antropogenne przemiany środowiska Puszczy Białowieskiej do końca
XVIII wieku. Jagiellonian University, Białowieża-Kraków.
Samojlik, T., Jędrzejewska, B., 2004. Użytkowanie Puszczy Białowieskiej w czasach
Jagiellonów i jego ślady we współczesnym środowisku leśnym. Sylwan 11, 37–50.
Samojlik, T., Rotherham, I.D., Jędrzejewska, B., 2013a. The cultural landscape of royal
hunting gardens from the fifteenth to the eighteenth century in Białowieża Primeval
Forest, In Cultural Severance and the Environment. ed. I.D. Rotherham, pp. 191–204.
Springer, Dordrecht.
Samojlik, T., Rotherham, I.D., Jędrzejewska, B., 2013b. Quantifying historic human impacts on forest environments: A case study in Białowieża forest, Poland. Environ.
Hist. 18, 576–602.
Schelhaas, M.-J., Hengeveld, G., Moriondo, M., Reinds, G.J., Kundzewicz, Z.W., ter Maat,
H., Bindi, M., 2010. Assessing risk and adaptation options to fires and windstorms in
European forestry. Mitig. Adapt. Strateg. Glob. Chang. 15, 681–701.
Schlyter, F., Lundgren, U., 1993. Distribution of a bark beetle and its predator within and
outside old growth forest reserves: no increase of hazard near reserves. Scand. J. For.
Res. 8, 246–256.

Sebek, P., Bace, R., Bartos, M., Benes, J., Chlumska, Z., Dolezal, J., Dvorsky, M., Kovar, J.,
Machac, O., Mikatova, B., Perlik, M., Platek, M., Polakova, S., Skorpik, M., Stejskal,
R., Svoboda, M., Trnka, F., Vlasin, M., Zapleta, L.M., Cizek, L., 2015. Does a minimal
intervention approach threaten the biodiversity of protected areas? A multi-taxa
short-term response to intervention in temperate oak-dominated forests. For. Ecol.
Manag. 358, 80–89.
Seidl, R., Rammer, W., 2017. Climate change amplifies the interactions between wind and
bark beetle disturbances in forest landscapes. Landsc. Ecol. 32, 1485–1498.
Sokołowski, A.W., 1987. Zmiany składu gatunkowego zbiorowisk leśnych rezerwatu
“Lipiny” w Puszczy Białowieskiej. Parki Narodowe i Rezerwaty Przyrody 8, 15–21.
Sotirov, M., Memmler, M., 2012. The advocacy coalition framework in natural resource
policy studies – recent experiences and further prospects. Forest Policy Econ. 16,
51–64.
Sotirov, M., Blum, M., Storch, S., Selter, A., Schraml, A., 2017. Do forest policy actors
learn through forward-thinking? Conflict and cooperation relating to the past, present and futures of sustainable forest management in Germany. Forest Policy Econ.
85, 256–268.
Spinu, A.P., Niklasson, M., Zin, E., 2020. Mesophication in temperate Europe: a dendrochronological reconstruction of tree succession and fires in a mixed deciduous
stand in Białowieża Forest. Ecology and Evolution 10, 1029–1041.
Sproull, G.J., Bukowski, M., Mcnutt, N., Zwijacz-Kozica, T., Szwagrzyk, J., 2017.
Landscape-level spruce mortality patterns and topographic forecasters of bark beetle
outbreaks in managed and unmanaged forests of the Tatra Mountains. Pol. J. Ecol.
65, 24–37.
Stadelmann, G., Bugmann, H., Meier, F., Wermelinger, B., Bigler, C., 2013. Effects of
salvage logging and sanitation felling on bark beetle (Ips typographus L.) infestations.
For. Ecol. Manag. 305, 273–281.
Sténs, A., Mårald, E., 2020. “Forest property rights under attack”: actors, networks and
claims about forest ownership in the Swedish press 2014–2017. Forest Policy Econ.
111, 102038.
Stereńczak, K., Kraszewski, B., Mielcarek, M., Piasecka, Ż., 2017. Inventory of standing
dead trees in the surroundings of communication routes – the contribution of remote
sensing to potential risk assessments. For. Ecol. Manag. 402, 76–91.
Stereńczak, K., Milecarek, M., Modzelewska, A., Kraszewski, B., Fassnacht, F.E.,
Hilszczański, J., 2019. Intra-annual Ips typographus outbreak monitoring using
multi-temporal GIS analysis based on hyperspectral and ALS data in the Białowieża
Forests. Forest Ecology and Managment 442, 105–116.
Stereńczak, K., Mielcarek, M., Kamińska, A., Kraszewskie, B., Piasecka, Ż., Miścicki, S.,
Heurich, M., 2020. Influence of selected habitat and stand factors on bark beetle Ips
typographus (L.) outbreak in the Białowieża Forest. Forest Ecology and Management
459, 117826.
Stokstad, E., 2017. Last stands. Foresters and ecologists face off over the future of Europe's
oldest forest. Science 358, 1240–1243.
Szafer, W., 1957. Pierwsze karty z historii Białowieskiego Parku Narodowego. Kosmos 6,
469–475.
Szwagrzyk, J., Gazda, A., Dobrowolska, D., Checko, E., Zaremba, J., Tomski, A., 2018.
Natural regeneration following wind disturbance increases the diversity of managed
lowland forests in NE Poland. J. Veg. Sci. 29, 898–906.
Van Meerbeek, K., Muys, B., Schowanek, S.D., Svenning, J.C., 2019. Reconciling conflicting paradigms of biodiversity conservation: human intervention and rewilding.
BioScience 69, 997–1007.
Walankiewicz, W., Czeszczewik, D., Stanski, T., Sahel, M., Ruczynski, I., 2014. Tree cavity
resources in spruce-pine managed and protected stands of the Białowieza forest,
Poland. Nat. Areas J. 34, 423–428.
Wawrzeniuk, J., Budziszewski, J., Jakubczak, M., Rutyna, M., Szlązak, R., Szubski, M.,
Urbańczyk, P., 2017. Dziedzictwo kulturowe Puszczy Białowieskiej – wstępne rozpoznanie, In Dziedzictwo kulturowe w lasach. ed. J. Wysocki, pp. 193–200.
Archaeologica Hereditas. Prace Instytutu Archeologii UKSW, Warsaw.
Wermelinger, B., 2004. Ecology and management of the spruce bark beetle Ips typographus - a review of recent research. For. Ecol. Manag. 202, 67–82.
Wesołowski, T., 2005. Virtual conservation: how the European Union is turning a blind
eye to its vanishing primeval forests. Conserv. Biol. 19, 1349–1358.
Wesołowski, T., Rowiński, P., 2006. Tree defoliation by winter moth Operophtera brumata L. during an outbreak affected by structure of forest landscape. For. Ecol.
Manag. 221, 299–305.
Wesołowski, T., Czeszczewik, D., Hebda, G., Maziarz, M., Mitrus, C., Rowinski, P., 2015.
40 years of breeding bird community dynamics in a primeval temperate forest
(Białowieża National Park, Poland). Acta Ornithologica 50, 95–120.
Więcko, E., 1984. Puszcza Białowieska. Państwowe Wydawnictwo Naukowe, Warsaw,
Poland.
Winkel, G., Blondet, M., Borrass, L., Frei, T., Geitzenauer, M., Gruppe, A., Jump, A., De
Koning, J., Sotirov, M., Weiss, G., Winter, S., Turnhout, E., 2015. The implementation
of Natura 2000 in forests: a trans- and interdisciplinary assessment of challenges and
choices. Environ Sci Policy 52, 23–32.
Witkowski, Z., 2017. The Białowieża Forest controversy in the light of the world dispute
in conservation biology. Forest Research Papers 78, 347–356f.
Young, J., Watt, A., Nowicki, P., Alard, D., Clitherow, J., Henle, K., Johnson, R., Laczko,
E., McCracken, D., Matouch, S., Niemela, J., Richards, C., 2005. Towards sustainable
land use: identifying and managing the conflicts between human activities and biodiversity conservation in Europe. Biodivers. Conserv. 14, 1641–1661.
Zapłata, R., Stereńczak, K., 2016. Puszcza Białowieska, LiDAR i dziedzictwo kulturowe –
zagadnienia wprowadzające. Raport 11, 239–255.
Zapłata, R., Stereńczak, K., 2017. Archeologiczna niespodzianka w Puszczy Białowieskiej.
In Archeologia Żywa. pp. 84–85.
Zapłata, R., Stereńczak, K., 2018. Archaeological heritage in forested areas – challenges,
problems and solutions. Raport 13, 117–128.

14

Biological Conservation 248 (2020) 108614

M. Blicharska, et al.
Zapłata, R., Stereńczak, K., Ksepko, M., Wajda, S., 2018. Puszcza Białowieska (Białowieża
Forest) – archaeological heritage in the light of latest research. In: From the Concept
of Researching Archaeological Monuments – Via Non-invasive Methods - To
Protection and Management of Cultural Resources in Forested Areas. Woodlands.
Białowieża, In The Archaeology of.
Zimny, M., Latałowa, M., Pędziszewska, A., 2017. Późnoholoceńska historia lasów
Rezerwatu Ścisłego Białowieskiego Parku Narodowego. In: Keczyński, A. (Ed.), Lasy

Rezerwatu Ścisłego Białowieskiego Praku Narodowego, pp. 30–59 (Białowieża).
Zin, E., 2016. Fire History and Tree Population Dynamics in Białowieża Forest, Poland
and Belarus. PhD dissertation. Sveriges lantbruksuniversitet, Alnarp.
Zin, E., Drobyshev, I., Bernacki, D., Niklasson, M., 2015. Dendrochronological reconstruction reveals a mixed‐intensity fire regime in Pinus sylvestris‐dominated
stands of Białowieża Forest, Belarus and Poland. J. Veg. Sci. 26 (5), 934–945.

15

