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Abstract Balancing increasing demand for wood products
while also maintaining forest biodiversity is a paramount
challenge. Europe’s Biodiversity and Forest Strategies for
2030 attempt to address this challenge. Together, they call
for strict protection of 10% of land area, including all
primary and old growth forests, increasing use of
ecological forestry, and less reliance on monocultural
plantations. Using data on country wide silvicultural
practices and a new database on strict forest reserves
across Europe, we assess how triad forest zoning could
help meet these goals. Our analysis reveals that zoning in
Europe is overwhelmingly focused on wood production,
while there has been little concomitant protection of forests
in strict reserves. Moreover, most strict forest reserves
are < 50ha in size, likely too small to capture the
minimum dynamic area necessary to sustain many taxa.
We outline research priorities to meet future demands for
timber while minimizing the impact on native biodiversity.
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INTRODUCTION

European forests are vital for human well-being. They are
expected to provide habitat for native biodiversity, supply
potable water, store and sequester carbon, and meet the
growing demand for wood products. Satisfying these var-
ious services in the face of a changing climate is a para-
mount challenge.

Europe’s Biodiversity Strategy for 2030 and Forest
Strategy for 2030, the flagship initiatives under the Euro-
pean Green Deal, attempt to address this complex chal-
lenge. The Biodiversity Strategy calls for strict protection
of 10% of land area, which should include all remaining
primary and old growth forests in the European Union.
Adhering to the “third of a third rule of thumb” (Hanski
2011), the strategy also calls for conservation and
restoration measures on an additional 20% of land,
expanding upon Europe’s network of Natura 2000 pro-
tected areas, under which forests are often managed with
multipurpose forestry that includes timber production. The
Forest Strategy calls for increasing the use of integrative
forest management that simultaneously fulfils ecological
functions and produces timber, namely by using uneven-
aged, continuous cover forestry with diverse tree species
mixtures. The Forest Strategy suggests that such forests
should be promoted instead of high-yield monocultural
plantations, and that clear-cutting should be avoided.
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However, placing additional forest area under strict
protection and expanding forests managed with extensive,
integrated management instead of high-yield plantations
may lead to a decline in future timber production in Eur-
ope. Current trajectories project an increase in timber
demand both worldwide and in Europe, with global
roundwood consumption expected to increase by 54% by
2050 (Peng et al. 2023). The new EU Strategies offer little
to reconcile enlarging and improving forest habitat for
native biodiversity with the increasing demand for timber.

Aside from a goal of strictly protecting 10% of land
area, both strategies are largely based on the concept of
land sharing, whereby forests are managed to simultane-
ously fulfil ecological and timber production goals. How-
ever, there is little science-based evidence that a sharing
approach is the best strategy to maintain or increase timber
production at least cost to biodiversity over large areas. In
fact, some European studies indicate that widespread
sharing in forestry leads to regional declines in biodiversity
that is dependent on old growth forest conditions, partic-
ularly species dependent on large amounts of deadwood,
habitat trees, and disturbance legacies (Gossner et al. 2013;
Nagel et al. 2017a).

The alternative to a land sharing approach is to use high-
yield timber plantations to satisfy timber demand, while
retaining other parts of the forested landscape in unman-
aged, strictly protected reserves for the maintenance of
native biodiversity, otherwise referred to as land sparing.
There are numerous zoning solutions between the extreme
sharing and sparing that represent opposite ends of a con-
tinuum. For example, a well-known three compartment
approach in forest planning includes the triad management
first proposed by Seymour and Hunter (1992). Triad
includes areas managed with high-yield plantations
(Paquette and Messier 2010), unmanaged areas that protect
or allow the development of old growth or primary forests,
and areas managed with lower-yielding, extensive man-
agement, forming the forest matrix between the other zones
(Franklin and Lindenmayer 2009). Among the few studies
that examine how forest zoning approaches influence trade-
offs between timber production and biodiversity, sparing
approaches and triad often outperform sharing (Ranius and
Roberge 2011; Trivino et al. 2017; Blattert et al. 2023;
Harris and Betts 2023). However, there is still a scarcity of
research providing guidance on the optimal proportions of
land under triad compartments under different levels of
timber demand, or the spatial scale and arrangement of
these compartments across different regions (Betts et al.
2021).

Using data on country wide silvicultural practices and a
newly compiled database on strict forest reserves across
Europe, we assess the zoning of forest functions using triad
as a framework. Our analysis reveals that current zoning in
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Europe is overwhelmingly focused on wood production,
while there has been little concomitant protection of forests
in strict reserves to balance this production focus. More-
over, based on knowledge of natural disturbance regimes,
most strict forest reserves in Europe are likely too small to
capture the minimum dynamic area that would sustain
habitats for both old growth and disturbance dependent
taxa. We discuss these findings in the context of European
forest-related policy, and outline future research priorities
aimed at establishing a science-based pathway to meet
future demands for timber while ensuring conservation of
viable populations of native biodiversity.

TRIAD ASSESSMENT

Our assessment of triad zoning in Europe is based on the
area of forests under intensive management, extensive
management, and strict protection. Data on strictly pro-
tected forests were compiled for this analysis from the most
recent information available in each country, and includes
the total area and size distribution of forests under strict
protection in 27 European countries (Appendix S1). Strict
forest reserves were defined as areas where forests develop
under natural processes, such that any type of wood
extraction is prohibited, including sanitation or salvage
logging after disturbance. In general, strict forest reserves
for most countries are part of a national or regional network
of forest reserves, or consist of core areas of national parks.
Additionally, we required a minimum size of 5 ha to sep-
arate very small protected patches and habitat features
within extensively managed forests (e.g. land sharing
approach) from forest reserves (e.g. sparing). In cases
where a large protected area included other ecosystem
types (e.g. alpine grassland or other non-forest ecosys-
tems), we only included the share of forest area. Finally, all
areas included in the database were required to be protected
under a legal framework, such as under national or regional
regulations. Therefore, unmanaged forests lacking formal
protection status were not included.

Data on the proportion of intensive and extensive forest
management across the same countries were extracted from
the study conducted by Mason et al. (2021), which contains
up-to-date information on the proportion of forests man-
aged with different silvicultural systems. Their assessment
included data on silvicultural systems under both even-
aged, rotational forest management (e.g. clear-felling,
uniform shelterwood, and seed tree systems) and uneven-
aged, continuous cover management (e.g. single tree
selection, group selection, irregular shelterwood). For our
assessment, we aggregated the data from even-aged sys-
tems to represent intensive management, and the data from
uneven-aged systems to represent extensive management.
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We acknowledge that this simple classification has draw-
backs. For example, forests managed with uneven-aged
systems that focus on timber production can have small
target diameters and very little deadwood, while some
even-aged systems can retain large trees and high amounts
of deadwood. Moreover, some may consider even-aged
shelterwood or small clearcuts as a type of extensive
management. However, the treatment size and rotation
period applied in Europe places these systems far outside
the natural disturbance regime (Aszalds et al. 2022).
Finally, our assessment makes a simple assumption that
forest land that is not protected in strict forest reserves is
available for management, consistent with data suggesting
that about 85% of European forest area is available for
wood supply (Forest Europe 2020).

Within any given country, the data show that current
forest zoning across Europe substantially diverges from a
triad system, assuming a balanced division among the three
triad zones for the sake of discussion (Fig. 1). Countries in
the south-eastern part of the temperate zone (e.g. Slovenia,
Bosnia and Herzegovina, Montenegro) mostly use exten-
sive management, and allocate less than 1% of their forest
area to strict protection. Most countries in Central and
Northern Europe prioritize intensive timber production,
with relatively little area devoted to either extensive
management or strict protection. Only one country (Italy)
partly resembles a triad system at the national level. One
country has > 10% of forest area under strict protection
(Estonia: 12%), and several other countries are approach-
ing 10% (Sweden: 9%; Finland: 7%), but most countries
have set aside less than 2% of forest area for strict pro-
tection. As a whole, 3.6% of the total forest area in the
dataset, representing most of Europe, is under strict pro-
tection, which indicates an upward trend since the 1999,
when approximately 1.7% of European forests were strictly
protected (Parviainen et al. 2000).

STRICT RESERVE SIZE AND NATURAL
DISTURBANCE REGIMES

Among the 35 080 strictly protected forest areas in the
dataset, 73% are under 50 ha in size and 53% are under
20 ha in size (Fig. 2). While there are some exceptionally
large areas (i.e. > 100 000 ha in Finland and Sweden),
only 2% are > 1000 ha and 52 areas are > 10 000 ha,
most of which are found in Sweden (n = 21), Finland
(n = 17), and Turkey (n = 7). Large reserves also make up
a disproportionate amount of the total area under strict
protection. For example, reserves > 1000 ha in size col-
lectively make up 46 867 km? (70% of total area under
strict protection), compared to 4009 km? (6% of total) for
reserves under 50 ha.

@ Springer

This widespread lack of large, strictly protected forested
landscapes, where old growth and early seral conditions
can develop under regimes of natural disturbances, is cause
for concern with regard to biodiversity conservation.
Among other reasons, the dominance of small forest
reserves may be due to a traditional, but outdated under-
standing of forest dynamics, in which forest development is
thought to be regulated by continuous, diffuse mortality of
single or small groups of old trees (e.g. gap dynamics),
giving rise to a relatively steady-state forest structure at
small scales (e.g. < 50 ha). However, a rich history of
disturbance ecology research in Europe during the past few
decades clearly demonstrates that disturbances are an
integral part of forest dynamics (Kulakowski et al. 2017).
Natural disturbances, such as windstorms, ice-storms,
wildfires, and bark beetle outbreaks, periodically interrupt
the ongoing process of gap dynamics and give rise to
heterogeneous mortality patterns in forested landscapes,
ranging from small patches of canopy removal to entire
stands or landscapes capturing a range of damage severi-
ties. The legacies created by these disturbances, including
standing, snapped, and uprooted trees, large inputs of sun-
exposed deadwood, and early seral vegetation, serve as key
habitat for many taxa, yet many of these legacies are often
routinely removed during forest management (Thorn et al.
2020).

Capturing the natural disturbance regime requires large
protected areas, sometimes referred to as a minimum
dynamic area. Pickett and Thompson (1978) defined this as
“the smallest area with a natural disturbance regime which
maintains internal recolonization sources and hence mini-
mizes extinctions”. To provide an example from temperate
mountain forests of Europe, intermediate severity distur-
bance events, such as blowdown patches from convective
storms, are an important component of the natural distur-
bance regime. These events tend to cause stand-scale
damage to forests (e.g. 10s of ha) with heterogeneous
severity patterns, ranging from small gaps to larger blow-
down patches varying in damage severity (Nagel et al.
2017b) (Fig. 3). Such events have return intervals of sev-
eral centuries (Nagel et al. 2014), which implies that large
landscapes are required to encompass a mosaic of stands
recovering from past disturbances (Fig. 3). For example,
research in boreal forest ecosystems suggest minimum
sizes of > 5000 ha (Edwards et al. 2022).

RESEARCH AND POLICY RECOMMENDATIONS

Very little forest area is strictly protected in Europe, even
in regions that devote most of their forests to intensive
wood production, where one might expect there could be
scope for larger areas under strict protection to balance
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Fig. 1 Country level triad zoning across Europe, with pie charts showing the proportion of strictly protected forest reserves (i.e. no timber
harvesting), intensively managed forests (i.e. even-aged, rotational management), and extensively managed forests (i.e. uneven-aged, continuous
cover management) out of the total forest area in each country (green background on map). Total forest area in each country was extracted from
2020 country reports from the FAO Global Forest Resources Assessment. Note that zones representing less than 1% of total forest area are not

shown on pie charts

timber production. Many native species can thrive in for-
ests outside of strictly protected areas in Europe (Chapron
et al. 2014; Schall et al. 2018), implying that a sharing
approach can fulfil both timber production and conserva-
tion of much native biodiversity. However, there is also a
substantial body of research demonstrating that many for-
est dwelling species are tightly connected with conditions

www.kva.se/en

found in old growth and primary forests, especially species
dependent on old habitat trees, decaying deadwood, and
disturbance legacies associated with early seral conditions
(e.g. saproxylic species of lichens, bryophytes, fungi,
insects, birds, and bats) (e.g. Wesotowski 2005; Brunet
et al. 2010; Nagel et al. 2017a; Eckelt et al. 2018; Thorn
et al. 2020; Kozdk et al. 2021; Mikolas et al. 2021; Gloor
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Fig. 2 Size distribution of strict forest reserves in Europe, showing
the portion of the dataset below the 95" percentile. Note that the data
include the total size of individual reserves that are completely
forested, or the area of forests within strict reserves that also include
non-forest ecosystems

et al. 2024). The latter body of research calls for protecting
existing old growth and primary forests, increasing the area
of strictly protected forests, and improving habitat condi-
tions in extensively managed forests. Triad forestry would
seemingly offer a viable solution to reconcile the increas-
ing demand for timber, conservation of native biodiversity,
and the development of closer-to-nature forestry practices
(Larsen et al. 2022). However, few countries employ a
regional triad system, and there are many key questions
that require evidence-based answers before triad systems
can be implemented. Below we highlight several research
and policy priorities to this end:

(1) The strict protection of 10% of land area in Europe
called for under the EU Biodiversity Strategy should
include a sufficient amount of forest area. For
example, 10% of total forest area may be a conser-
vative target within most regions, particularly given
that forests are the natural late-successional vegeta-
tion cover in the absence of management across most
of Europe, yet cover less than half of the continent.
We also reiterate the call for rapid protection of
remaining primary and old-growth forests (Mikolas
et al. 2023).

(2) In addition to the many small strict forest reserves in
Europe that are important for protecting key habitats
and species (i.e. fine filter approach), larger reserves
that capture natural disturbance regimes are also
needed (i.e. coarse filter). As countries seek to expand
land area under strict protection in Europe, there
should be an emphasis on including some large
forested landscapes whenever feasible. Further
research is also needed to quantify the minimum
dynamic area for different forest types in Europe,
which requires data on disturbance regime compo-
nents, such as patch size and frequency. In this regard,
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remote sensing of forest disturbances over extant
primary forest landscapes could provide valuable
reference conditions. Likewise, further research on
the area requirements of species associated with old
growth is needed. Recent work, for example, indi-
cates that the White-backed Woodpecker, a rare
deadwood dependent species restricted to broadleaf
forests with old growth structures in Europe, requires
habitat patches of about 300 ha (Campion et al. 2020).
The White-backed Woodpecker is also a known
umbrella species for other forest biodiversity, includ-
ing bird species of conservation concern and threat-
ened saproxylic beetles (Roberge et al. 2008;
Angeleri et al. 2024), and may thus serve as an
effective indicator for identifying and protecting new
strict forests reserves.

Policies aimed at improving and expanding extensive
management, such as forests managed with closer-to-
nature principles, should follow ecological forestry
guidelines based on studies of natural disturbance
regimes and target values for retaining key forest
structures (e.g. minimum habitat tree density and
deadwood volume) (Larsen et al. 2022; Kuuluvainen
and Pukkala 2024; Nagel et al. 2024). We acknowl-
edge that our exclusion of even-aged systems from
the extensive management zone is not necessarily
consistent with ecological forestry, as there could be
cases when even-aged stands are emulative of natural
disturbance dynamics (Kaasik et al. 2023). Continued
research is needed to examine how ecological forestry
influences both timber production and biodiversity,
especially with regard to forest structural require-
ments for taxa dependent on old growth conditions.
Research is needed to quantify the optimal propor-
tions, scale, and spatial configuration of land area
under triad compartments across different social-
ecological systems in different ecoregions/countries
in Europe, with the goal of meeting rising demand for
wood production while maintaining native forest
biodiversity. The implementation and challenges
associated with land sharing-sparing research in
forests are well documented by Betts et al. (2021),
and will likely require long-term empirical experi-
ments, observational studies, and simulation models.
There are some research directions that can be
quickly pursued, such as leveraging existing data-
bases that include both data on multi-taxa biodiversity
and forest management history (Burrascano et al.
2023), or using dynamic vegetation models that can
simulate forest yield and biodiversity habitat across
virtual triad treatments. In a recent example using a
dynamic vegetation model and optimization of mul-
tiple ecosystem services (e.g. carbon storage,
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Fig. 3 a Wind disturbance damage caused by a summer thunderstorm in a temperate Fagus sylvatica dominated forest in Europe, showing
typical patch-scale partial canopy removal and disturbance legacies, such as abundant sun-exposed deadwood, tip and mound habitat, and
windfirm legacy trees. b Landscape-scale distribution of disturbance patches of varying size and severity from a summer thunderstorm in
temperate forests of Slovenia (from Nagel et al. 2017b). The box depicts the size of a large reserve (e.g. 5000 ha) needed to capture such events
compared to the typical small reserve (e.g. 50 ha)

biodiversity habitat, and wood production), Gregor
et al. (2022) identified an optimized Europe-wide
portfolio that contains 29% unmanaged forests,
mainly due to the co-benefit between carbon storage
and biodiversity habitat provided in unmanaged
forests. In a follow up study, introducing a constraint
of 10% strict forest protection and stable timber
harvest levels, Gregor et al. (2024) identified sub-
stantial trade-offs in the provision of ecosystem
services and timber production across Europe,
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whereby some regions would need to prioritize
timber production to make up for reduced harvests
elsewhere. They call for additional research using
regional optimizations based on higher resolution
data, existing old growth and primary forests areas,
ownership structure, and forest accessibility to better
address these conflicting demands and coordinate
solutions across Europe (Gregor et al. 2024).

Europe has a large proportion of non-industrial
private forest ownership, often fragmented into small
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land holdings, many of which are not regularly
managed for wood production. This ownership
patchwork creates both challenges and opportunities
for the implementation of large-scale triad treatments,
and the optimal configuration of potential triad
treatments will likely vary across regions with
different patterns of forest ownership (Naumov
et al. 2018). Research will therefore need to incor-
porate ownership patterns and data on private forest
management into models. Policies should focus on
creating new incentives to encourage owners to
regularly manage forests and contribute to wood
production in Europe, or to designate forests with old
growth features as strict reserves.

CONCLUSIONS

Implementing the new Biodiversity and Forest Strategies
will be challenging given predictions of increasing demand
for timber and the increasing threat of climate change.
Triad may offer a valuable framework for meeting these
growing demands for domestic timber production, while
still maintaining sufficient and well-connected habitat for
forest biodiversity, including those species that require
large unmanaged forest landscapes. We also emphasize
that triad zoning could potentially accommodate other
forest functions, including climate change adaptation and
mitigation strategies. For example, recent work demon-
strates the high carbon carrying capacity in old growth and
primary forests across Europe, and the mitigation potential
if additional forests are protected in strict reserves (Keith
et al. 2024). As a compliment to strict reserves, zones
focused on timber production have high adaptation poten-
tial, as forest managers can adjust silvicultural regimes and
tree species composition toward species adapted to future
conditions (Pawson et al. 2013). Although implementing
triad zoning in Europe presents challenges, it is not an
insurmountable task. We hope that this paper will serve as
a catalyst for expanded research on the efficacy of triad
zoning and stimulate discussion on how to effectively
achieve the goals outlined in the new European strategies
related to forestry and biodiversity.
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