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Determining effects of landscape-level conservation strategies is needed, yet a challenging and costly endeavour.
The aim of this study was to evaluate the effects of landscape-level conservation strategies in forests on biodi-
versity and provision of two ecosystem services (recreation and water quality). Specifically, we focused on the
spatial allocation of unmanaged areas in production forests and different levels of “land sharing” or “land
sparing”. They were represented through seven scenarios constructed for a boreal managed forest landscape in
central Sweden. All scenarios had the same total level of conservation effort, but they differed in the combi-
nations of sizes of unmanaged areas and how these areas were spread in the landscape. In one scenario, this was
complemented with extended rotation of production areas. Experts (researchers in relevant fields) assessed these
scenarios for overall biodiversity, recreation, and water quality. We used the Delphi technique: experts filled out
an online survey individually in two rounds. In the second round they were familiarized with anonymized re-
sponses of others from the previous round. There was little agreement between experts whether concentration of
unmanaged areas in one part of the landscape or dispersion of them around the entire area is more beneficial, for
biodiversity as well as for the two ecosystem services. The explanation of the opinions given by biodiversity
experts were based on different ecological theories resulting in different conclusions (mainly habitat comple-
mentation vs. metapopulation ecology). A few large unmanaged areas were considered more beneficial for
biodiversity than many small areas. The main argument was that long-term species persistence becomes higher
with larger areas. For recreation and water quality, there were almost no differences in estimates between these
two strategies. One “land sharing” approach, retention trees, received the lowest score. The second “land
sharing” approach, extended rotation, was scored higher, especially regarding recreation. This may be because
extended rotations generate features of high recreational value, such as mature, thinned forests with not so much
dead wood. Conclusively, we suggest a strategy of mixed conservation measures, with considerable efforts
directed towards establishing and maintaining large unmanaged areas.

1. Introduction

Intensive forest management for production of timber and bioenergy
has negative impacts on biodiversity and several non-provisioning
ecosystem services (Pohjanmies et al. 2017). Traditionally, negative
impacts of intensive forest management have been mitigated by setting
aside forest areas as reserves. For a few decades, this strategy has been
combined with contributions from managed forests such as retention of

trees at harvesting (Gustafsson et al. 2012) and extension of rotation
lengths (Roberge et al. 2016). With increasing global reliance on timber
and bioenergy, the area of intensively managed forests is predicted to
continue growing (Warman 2014). This will result in a higher propor-
tion of landscapes comprised primarily of managed forests and thus an
even more pressing need for identification of strategies beneficial for
biodiversity conservation and delivery of non-provisioning ecosystem
services in such landscapes.
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Much ecological research has been undertaken on the effect of the
spatial allocation of conservation areas on biodiversity (e.g. Schwartz
1996, Cabeza et al. 2004, Arroyo-Rodriguez et al. 2020). The SLOSS
(Single Large Or Several Small) debate, which started almost 50 years
ago, considered whether a few large or many small conservation areas is
the best alternative for biodiversity protection (Simberloff & Abele
1982) and is still ongoing (Fahrig 2019; Volenec & Dobson 2019). More
recently, “land sharing” vs “land sparing” has been debated, focusing on
whether it is better to combine intensively managed land with preser-
vation of high-quality habitat (“land sparing”) or to meet both produc-
tion and preservation objectives within the same area (“land sharing”)
(Phalan et al. 2011, Betts et al. 2021). The spatial distribution of con-
servation areas has also been considered, often within the framework of
metapopulation theory (Hanski 2011). Despite considerable ecological
research, there is still no consensus on how to evaluate and interpret
available data (e.g. Hanski 2015, Fahrig 2017, Ranius et al. 2019). One
reason for this is uncertainties that arise due to, for instance, complex
conservation goals, involving the preservation of various organism
groups and habitats at various spatio-temporal scales, and long delays
before the full consequences of newly introduced conservation regimes
are observed (Kuussaari et al. 2009). Climate change also effects the
conditions for biodiversity conservation, adding complexity and uncer-
tainty to decisions about biodiversity conservation (Keeley et al. 2018;
Kujala et al. 2013).

Apart from having a positive effect on biodiversity, leaving forests
unmanaged or extending rotations can be beneficial for delivery of non-
provisioning ecosystem services (Pohjanmies et al. 2017). Unmanaged
forests tend to have more irregularly spaced large trees and a higher
visual diversity, which increase the recreational values (Gundersen &
Frivold 2008; Edwards et al. 2012). On the other hand, messiness or
feelings of being unsafe in unmanaged forests can be perceived nega-
tively by recreationists (Gundersen & Frivold 2008). The in-between
options involving some management without visible traces have been
considered more appealing (Edwards et al. 2012), which suggest that
land-sharing approaches may be an attractive option. Another non-
provisioning service often negatively affected by forestry operations is
water quality. Forest harvesting affects water quality mainly because of
a decline in evapotranspiration that results in wetter soils and higher
stream runoff. In return, this can cause increased export of nutrients,
metals and sediments, which may affect aquatic biodiversity (Futter
et al. 2016). Leaving unfelled forests as buffers between water bodies
and clear-cuts can mitigate such negative effects (Gundersen et al.
2010). The spatial distribution of unmanaged forest buffers along
streams and lakes is, therefore, important for water quality (Kuglerova
et al. 2014).

The aim of this study was to evaluate the impacts of landscape-level
conservation strategies in a managed forest landscape for biodiversity
conservation and the provision of two ecosystem services (recreational
values and water quality). Specifically, we set out to determine which
strategy is more beneficial in each of the following sets: (a) concentrated
vs dispersed allocation of unmanaged forest areas; (b) a few large vs
many small unmanaged forests; (c) land sharing (extended rotation and
retention of trees at harvest) vs land sparing (unmanaged forest areas).
To represent these strategies, we constructed seven scenarios for a
managed boreal forest landscape in central Sweden (a typical landscape
in a country with a large proportion of forests intensively managed) and
simulated forest development for them over the next 100 years.
Assessment of these scenarios’ capacities for biodiversity conservation,
recreation and water quality at a landscape scale is particularly chal-
lenging due to presence of much uncertainty since empirical studies are
resource consuming. To overcome this challenge, we used the Delphi
technique, which is a structured group expert assessment method
(MacMillan & Marshall, 2006). This method is helpful in informing
decision-making by synthesizing knowledge in relation to scenarios and
policy (Pullin et al. 2016; Mukherjee et al. 2018). It is a structured group
communication process that allows a group of experts to deal with a
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complex problem. Experts conduct assessments individually in a series
of rounds. In round two and further, they consult group summaries from
the previous round in order to decide whether to adjust their response or
not. Responses are anonymized, which makes it less likely that some
experts dominate the discussion and the outcomes. At the same time,
through consultation of responses from previous rounds, participants
are able to conduct more informed assessments (Linstone & Turoff 2002;
Martin et al., 2012). The process allows for recording of divergent
opinions and their reasoning (Pullin et al. 2016). The potential and
usefulness of this method has been recognized in a variety of disciplines,
and a few applications in ecological and conservation research already
exist (Mukherjee et al. 2015).

2. Materials and methods
2.1. Studied landscape

The studied landscape is located in central Sweden (Delsbo, 62° N,
16° E, altitude: 140 — 530 m). It is owned by a single company and
contains 14,935 ha of managed productive forest. The forest is typical of
the Swedish boreal region; dominated by Scots pine (Pinus sylvestris L.)
and Norway spruce (Picea abies (L.) Karsten) (50 and 33% of the total
standing volume respectively). Today, the landscape is mainly
composed of even-aged stands and the average stand age is 45 years.
About 80% of the productive forest is younger than 60 years, and 10% of
the productive forest is older than 100 years. The forest owner has been
certified according to the Forest Stewardship Council since the late
1990’s, and thus follows the requirements to retain trees during forest
operations and leave > 5% of the productive forest land unmanaged in
set asides (FSC 2010).

2.2. Scenario building

We constructed seven scenarios using the same total level of con-
servation effort across all of them (Table 1), i.e. leaving 16% of the area
unmanaged, or in case of extended rotation its equivalent in net-present
value. This level was chosen because it represents the proportion of the
productive forest land not managed for timber presently, both in Sweden
and in the county Gavleborg, where the landscape is located (Claesson
et al. 2015). The conservation measures in the scenarios employed in
this study were unmanaged areas of three different sizes (nature re-
serves, set asides, and groups of retention trees) and extended rotation.
The first two represent entire stands left unmanaged with the main
difference being that nature reserves consist of several neighboring
stands and form large areas (approximately 100 ha), while the set asides
are single stands (< 50 ha). Groups of retention trees are the smallest
unmanaged areas; they are located within stands under conventional
even-aged management and left on site at final harvest. Extended rota-
tion implies that the rotation is longer than the conventional one used in
the area.

All seven scenarios shared a baseline, where 6% of the total area was
taken out of timber production and split equally between the three sizes
of unmanaged areas, that were distributed around the entire landscape
(Fig. 1; Table 1). The difference between scenarios was regarding the
dominant conservation measure which was given additional 10% of the
total area. In six scenarios, the dominant conservation measure was one
of the three sizes of unmanaged areas, either dispersed around the whole
landscape or concentrated in a part of the landscape (namely the south-
west corner). In the seventh scenario, in addition to the baseline, rota-
tion length of managed stands was extended so that the net present value
was similar to that of the forests in the other six scenarios. As a result, the
minimum final felling age was set to be at least 1.5 times the lowest
allowable final felling age, which varied between 45 and 90 years in the
studied landscape.

Scenarios were built and simulated in Heureka, which is a Swedish
forest management decision support software (Wikstrom et al. 2011).
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Table 1

Scenarios and allocation of conservation measures. Throughout the whole
landscape, 6% of the total area is assigned to “no management”, of which 2% is
nature reserves; 2% set asides; 2% groups of retention trees within managed
stands covering the rest of the landscape*, while additional 10% is specific to
each scenario.

Allocation of 10% of the total area or its
equivalent specific to each scenario

Scenario name

1A: “Nature reserves assigned to “no management” as nature reserves

dispersed” and dispersed throughout the whole landscape
1B: “Nature reserves assigned to “no management” as nature reserves
concentrated” and concentrated in SW corner of the landscape

2A: “Set asides dispersed” assigned to “no management” as set asides and
dispersed throughout the whole landscape
assigned to “no management” as set asides and
concentrated in SW corner of the landscape
assigned to groups of retention trees and
dispersed throughout the whole landscape
(10.2% of the area of each managed stand**)
assigned to groups of retention trees and
concentrated in SW corner of the landscape
(34% of the area of each managed stand in the
SW corner of the landscape***)

assigned to even-aged forest management with
extended rotation and dispersed throughout the
whole landscape

2B: “Set asides
concentrated”

3A: “Groups of retention
trees dispersed”

3B: “Groups of retention
trees concentrated”

4: “Extended rotation”

* Groups of retention trees are only assigned in managed stands and therefore
areas assigned as nature reserves and set asides are excluded from the calcula-
tion. Thus, in order to reach 2% of the whole studied landscape area assigned to
groups of retention trees, 2.3% of the area of each managed stand was assigned
to groups of retention trees.

** Since groups of retention trees are only assigned in managed stands, an
additional 10% of the total area equals 10.2% of the area of each managed stand
to be assigned to groups of retention trees.

*** Concentrating the same additional retention area as in scenario 3A to the SW
corner of the landscape results in a retention area of 34% for each managed
stand within that corner area.

They were created by allocating each forest stand to one of five treat-
ments: no management (for nature reserves and set asides), conven-
tional even-aged management with groups of retention trees of one of
three levels (2.3; 10.2 and 34.0% of the stand area), and even-aged
management with extended rotation and with groups of retention
trees (2.3 % of stand area) (Table 1). The choice of the treatment for
each stand was based on their current age (i.e. at year 0), location in the
landscape and area constraints that were set for each category and
scenario. The oldest stands were prioritized for being selected as “no
management” treatments. In the survey, outputs from Heureka in the
form of maps depicting mean stand age, volume of deadwood and vol-
ume of large trees (diameter > 30 cm) per ha both at year 0 and 100 (at
the end of simulation period) were presented to the experts (see Sup-
plementary materials A for the full scenario description provided to
experts).

2.3. Delphi survey

From January to May 2018 we applied the Delphi technique and ran
a two-round online survey. The experts were researchers who had ob-
tained a PhD degree and had been conducting research on forest
biodiversity, recreation or water quality issues in Sweden, Norway,
Finland, Estonia, Latvia, or Lithuania (but not necessarily having their
affiliation there) and who felt knowledgeable to provide assessments for
the Swedish study landscape. Before starting the survey, we tested our
questionnaire with experts with similar professional profiles who were
not participating in the study, to ensure that the questions were clear
and to validate the time required for responding to them.

In round 1, participants identified their area of expertise and based
on that, they were assigned to one of the three panels: biodiversity,
recreation, or water quality. After studying descriptions of the scenarios
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(Supplementary materials A), the experts were asked to assess each
scenario’s capacity in relation to their stated area of expertise at a
landscape scale and 100 years from now (i.e. the end of the simulated
period). Specifically, in round 1, experts were first to rank the scenarios
from the worst to the best and then for each scenario to provide a per-
centage where 0 % represented the worst and 100 % the best conditions.
Furthermore, they were asked about effects of a longer time span and a
longer history of intensive forest management on their responses. They
were also asked to record rational for their answers. Screenshots of a
complete survey from round 1 are presented in Supplementary materials
B.

In the second round, the survey focused on one question only,
namely the percentage estimate of capacity of each scenario to provide
biodiversity or one of the ecosystem services at a landscape scale and
100 years from now (i.e. the end of the simulated period) (See Q#17 on
p. 17-18, Supplementary materials B). The anonymized group sum-
maries (including explained rationales) as well as their own responses
from round 1 were presented. Respondents were then asked to re-
consider and revise their responses in the light of presented informa-
tion should they deem it appropriate. Further rounds were not pursued,
since there were no large changes in individual responses between round
1 and 2. Also we did not expect consensus among experts, and thus did
not strive for converging responses.

Potential participants for the study were identified through a liter-
ature search and personal knowledge of the authors. The former was
conducted in Google Scholar and Scopus using “forest” and “boreal”
together with “biodiversity” and ecosystem services as keywords. Au-
thors of articles on relevant topics were then investigated for fitting the
following inclusion criteria: (i) having a PhD degree, and (ii) working
with either biodiversity or recreation or water quality in the boreal re-
gion. This was done using personal and professional webpages of au-
thors and other information on the internet. This yielded a list of 183
potential participants, to whom we sent invitations to participate in the
study. Most of the invited researchers were experts on various aspects of
biodiversity, since we were not able to identify more experts on the two
ecosystem services, and this was also reflected in the final sample of
participants. Round 1 was completed by 23 participants and round 2 by
22 participants, out of which 14 completed both rounds (Table 2). In the
analysis we included participants who completed both rounds as well as
only one round. Participants added in the second round were making
their judgement based on group summaries from the previous round and
their own expertise, thus staying within the requirements of the Delphi
protocol. The outcomes from the statistical analysis were the same in-
dependent on whether these participants were added or not. The
average participant had 15 years of research experience after
completing their PhD (range: 4-45 years). Experts in the panel on
biodiversity covered the following species groups as those they were
most knowledgeable about: birds, fungi, invertebrates, bryophytes &
lichens, and vascular plants, while for instance, no experts on mammals
participated (see Supplementary materials C for the breakdown of ex-
perts between species groups). Our panel sizes for recreation and water
quality were lower than the one for biodiversity, however they were
within the rule of thumb recommendation for studies applying the
Delphi technique to ensure that diverse perspectives and areas of
knowledge are reflected (three to five experts per field of expertise)
(Novakowski & Wellar, 2008).

2.4. Analyses

The analyses consisted of three steps: (i) individual responses and
ranking among scenarios were summarized; (ii) statistical tests between
sets of strategies were conducted; (iii) comments and arguments were
summarized. (i) In the first step we summarized the individual responses
of experts in each panel to determine if they recognized differences
between scenarios in their capacity to preserve biodiversity or provide
one of ecosystem services (recreation or water quality). Since experts
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2A: Set asides dispersed
Entire landscape: 2% NR, 2% SA, 2% RT &

additional 10% SA

ature reserves dispersed
Entire landscape: 2% NR, 2% SA, 2% RT &
additional 10% NR

1B: Nature reserves concentrated
Entire landscape: 2% NR, 2% SA, 2% RT
SW corner— additional 10%** NR

Entire landscape: 2% NR, 2% SA, 2% RT
SW corner— additional 10%** SA
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3A: Retention trees dispersed

Entire landscape: 2% NR, 2% SA, 2% RT &
additional 10%RT

=
4: Extended rotation

Entire landscape: 2% NR, 2% SA, 2% RT
& rotation length of managed stands
prolonged

mm Nature reserves (NR) — 2% in baseline

Set asides (SA)— 2% in baseline

Timber production stands with groups
== of retention trees (RT)— 2% in
baseline*

Nature reserves — additional 10%
Set asides —additional 10%

Timber production stands with groups
Bl of retention trees —additional 10%

4

3B: Retention trees concentrated -
Entire landscape: 2% NR, 2% SA, 2% RT
SW corner— additional 10%**RT

Fig. 1. The allocation of conservation measures in the landscape for each scenario. * In Scenario 4 this area is managed with an extended rotation length. **All
percentages (including the additional ones in the SW corner of the landscape) are given in relation to forests in the entire landscape. Groups of retention trees are only
assigned to managed stands after nature reserves and set asides are excluded from the total area, resulting in higher actual percentages of retention trees in each
managed stand than 2% in baseline and additional 10% (for exact calculations for each scenario see Table 1).

Table 2
Number of experts in each panel and round.
Panel Round 1 Round 2 Both Round 1 and 2 Used data*
1. Recreation 4 5 4 5
2. Water quality 3 1 0 4
3. Biodiversity 15 13 9 19

* In the final analysis we pooled answers from round 2 with those from round 1
who did not complete round 2.

were giving scores in percentage and could have different starting
points, but overall show the same trends in relative capacity of sce-
narios, we converted their scores into ranking using a scale from 1 to 7.
(ii) In the second step, we used the percentage scores given by experts
and tested statistically whether there were differences between the
scenarios in the scores given by experts. The analysis compared sce-
narios grouped according to two dimensions: (1) concentrated vs
dispersed allocation of unmanaged areas; (2) the dominant conservation
measure (i.e. nature reserves, set asides, groups of retention trees, and
extended rotation). Differences between estimates for scenarios with
dispersed and concentrated unmanaged areas were calculated for each
respondent, as means of the scenarios of the three sizes of conservation
measures (nature reserves, set-asides, and groups of retention trees). To
determine a preference in either direction, a one-sample Wilcoxon rank
sum test was conducted separately for each panel (biodiversity, recre-
ation, and water quality). Differences in estimates for scenarios with
different dominant conservation measures were analyzed using only
dispersed scenarios to enable comparison with extended rotation and
avoid pseudo-replication. The biodiversity panel data were normally

distributed and thus analyzed with a pairwise t-test, while recreation
and water quality with smaller sample sizes were analyzed with paired
Wilcoxon rank sum tests. (iii) The third step of analysis involved sum-
marizing of comments provided by experts, in order to identify argu-
ments for and against different scenarios.

3. Results

On an individual level, experts in all three panels found scenarios to
differ in their capacity for preservation of biodiversity and provision of
recreation or water quality. For each expert we converted provided
percentages scores (see Supplementary materials D) into rankings that
reflects relative capacity of scenarios to provide biodiversity, recrea-
tional values and water quality. We found that scenarios with nature
reserves as a dominant conservation measure were regarded as most
beneficial for biodiversity (Fig. 2). Findings from further investigation
by testing the differences between percentage scores given by experts for
scenarios together with a summary of rationales they provided to sup-
port their scoring are presented below.

3.1. Concentrated vs. dispersed allocation of conservation measures in a
landscape

For biodiversity and recreation, 11 and 2 experts respectively gave
higher scores to concentrated allocation of unmanaged areas in the
landscape while 8 and 3 experts respectively preferred dispersed allo-
cation. For water quality, respondents were either neutral or preferred
dispersed allocation. The preference for either concentrated or dispersed
allocation was not statistically significant in any of the three panels
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Fig. 2. Range of relative ranking provided by experts for each scenario, where
“1” is the lowest and “7” — the highest capacity of scenario in terms of biodi-
versity conservation or one of the two ecosystem services. Rankings have been
derived based on percentage scores provided by experts (see Methods for de-
tails). Panels: biodiversity — 19 experts, recreational values — 5 experts, and
water quality — 4 experts. The bold line inside the box is the median value,
boarders of the box are the 1st and 3rd inter-quartile, and whiskers are the
full range.

(Fig. 3; p varied between 0.37 and 0.72, one-sample Wilcoxon test based
on the mean of the three sizes of unmanaged areas per respondent).
Overall, 12 experts provided some arguments for their response in
relation to dispersed or concentrated allocation of unmanaged areas (9
for biodiversity, 2 for recreation, and 1 for water quality). Eleven experts
in the biodiversity panel also provided references to scientific studies
backing up their responses. However, no one presented comprehensive
arguments for their responses. Arguments provided by experts on
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Biodiversity = Recreation =~ Water quality

Fig. 3. The difference in estimates (scores in %) provided for dispersed and
concentrated options for scenarios 1-3 (median, inter-quartile range, max and
min). A positive value indicates a preference for dispersed allocation, calculated
based on the mean of the three answers (being estimates between 0 and 100)
from each respondent. Sample (panel) size: biodiversity — 19, recreation — 5,
water quality — 4.

biodiversity revealed that the differences in answers between experts
were related to how they assessed the weight of different ecological
processes. The main argument for concentrated allocation provided by
biodiversity experts was that larger population sizes can be reached and
exceed threshold levels for population persistence within at least some
areas, referring to e.g. Hanski (2011). Experts sometimes supported this
argument by statements about limited dispersal propensity of certain
species groups. Arguments for dispersed measures included that sites of
high conservation value may be preserved irrespective of where they are
in the landscape in such scenarios, and that habitat quality is generally
more important than the spatial allocation. Furthermore, an expert
pointed out that dispersed allocation increases the colonization proba-
bility over the whole landscape (referring to e.g. Fahrig 2017). In
addition, the habitat amount hypothesis (Fahrig 2013) was mentioned.
One argument among recreation experts for concentrated measures was
that it generates one sub-area of higher quality providing fascination
and stress relief, while some experts believed that dispersed allocation
may be better for people walking over longer distances. A water expert
argued for dispersed allocation, since it minimizes the area of large,
continuously disturbed areas.

3.2. Size of unmanaged areas and land sharing vs. land sparing

Scenarios with the dominant conservation measure being large vs.
small unmanaged areas and land sharing vs. land sparing had signifi-
cantly different estimated benefit for biodiversity and recreation, but not
for water quality. For biodiversity, nature reserves (i.e. large areas) were
preferred by experts (Fig. 4; p < 0.05 in pairwise t-tests), while for
recreation set-asides (i.e. small areas) and extended rotation (i.e. land
sharing) were scored higher than groups of retention trees (i.e. land
sharing) (Fig. 4; p (extended vs. retention) = 0.063 and p (set-asides vs.
retention) = 0.058; paired Wilcoxon rank sum test). For water quality,
there were no significant differences between any of these four domi-
nant conservation measures (Fig. 4; p-values between 0.37 and 1; paired
Wilcoxon rank sum test).

Overall, 8 experts provided arguments for their response in relation
to effects of size of the unmanaged areas or land sharing vs. land sparing
(7 for biodiversity and 1 for recreation). Again, none of the experts
provided comprehensive reasoning for the responses. The main argu-
ment for a few reserves rather than many set-asides presented by
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biodiversity experts was that larger populations have lower extinction
risk. Moreover, it was pointed out that some species have large area
demands. One expert argued for large reserves because the hydrology in
larger undisturbed areas is better for certain moist-demanding organ-
isms, while another expert stated that the negative edge effect for moist-
demanding organisms is small even for set-asides and thus argued that
these are large enough and preferred many small areas. One expert
argued against set-asides because they are, for policy reasons, less long-
lived environments. Experts presented two arguments against allocating
measures in form of a few large reserves. First, the average distance
between unmanaged areas becomes larger when protecting only a few
reserves. Second, with many set-asides the diversity among the un-
managed areas becomes higher. One biodiversity expert preferred
extended rotations, because they increase the time window for coloni-
zation and population growth. On the other hand, reserves and set-
asides were preferred due to their habitat quality; one expert regarded
managed forests with retention as a generally poor habitat and another
expert assumed that the extension was not long enough to create habi-
tats. Regarding recreation, one expert argued that larger unmanaged
areas could provide better experiences for those seeking time in a nat-
ural environment. Most of water experts argued that location is more
important for unmanaged forests rather than the specific conservation
measure as stated in our scenarios. One expert pointed out that retention
trees could decrease erosion and increase water uptake compared to
clear-cuts, whereas another expert considered the significance of
retention trees for water quality to be small.
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Fig. 4. Expert estimates (scores in %) for
scenarios with conservation measures domi-
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4. Discussion
4.1. Concentrated vs. dispersed allocation of unmanaged areas

There was little agreement among biodiversity experts regarding
effects of concentrated vs. dispersed allocation of conservation mea-
sures, even though many biodiversity experts individually demonstrated
clear preference for one or the other and supported their opinions with
ecological theories. Several experts utilized arguments related to meta-
population theory, which suggests that long-term persistence of
dispersal-limited habitat-specialized species is favoured by concen-
trating conservation measures (Hanski 2011). This is because a
threshold habitat density must be exceeded to keep the colonization rate
at least at the same level as the local extinction risk, which is needed for
landscape-level species persistence (Lande 1987). Empirical studies for
birds and mammals suggest that many species require at least 20% of the
landscape covered with habitat (Andrén 1994). Also, occurrence pat-
terns of deadwood-dependent organisms in boreal forests, give support
to concentrating conservation measures in landscapes with higher con-
servation value (Rubene et al. 2017; Nordén et al., 2018). On the other
hand, for certain mosses and epiphytic lichens, a large proportion of the
colonizations are probably due to long-distance dispersal (Lonell et al.
2014; Gjerde et al 2015), which results in small differences between
concentrated and dispersed allocation for these species, both regarding
genetic exchange and colonization-extinction dynamics. Ecological
theory also provides several arguments for dispersed allocation. If
landscapes and the species communities that inhabit them are hetero-
geneous (Miiller & Gossner 2010), concentrated allocation implies that
habitats and species that mainly occur in the subarea with a low level of
conservation measures will suffer; in contrast, with dispersed allocation,
conservation efforts can be undertaken at the most valuable sites



A. Filyushkina et al.

everywhere, benefitting communities occurring all over the landscapes.
Dispersed allocation may also promote dispersal, and thus also genetic
exchange, through entire landscapes and regions, since there will be
more stepping stones also in the poorest parts of the landscape. This
aspect is expected to be more important during rapid climate change.
This is because the resultant change in environmental conditions causes
species to shift their potential distribution ranges, making it necessary
for many species to migrate through less suitable areas to reach regions
with improved conditions (Keeley et al. 2018). Therefore, preservation
of various types of biodiversity both in short and long term probably
requires a combination of concentrated and dispersed allocation.

One of the respondents referred to the habitat amount hypothesis,
which suggests that the amount of habitat within a landscape of a certain
scale of response is the main factor explaining species richness, while the
spatial configuration of the habitat within that landscape is not impor-
tant (Fahrig 2013). If this hypothesis is true and the spatial scale of
biodiversity response is of the same size or larger than our study land-
scape, all scenarios would result in similar outcomes for biodiversity
since the habitat amount was similar. However, field studies in managed
boreal forest landscapes have either not supported this hypothesis, or
supported it at a much smaller spatial scale (Ranius et al. 2019). On the
contrary, in a larger variety of habitats, tests have given some support
for the hypothesis (Martin 2018; Watling et al. 2020). Thus, the habitat
amount hypothesis is indeed relevant for this question, but more
empirical studies are needed before it can be used as an argument for
certain conservation strategies in managed boreal forests.

Similar to the biodiversity panel, there was no consensus among
experts on recreation whether concentrated or dispersed allocation of
unmanaged forests in the landscape is more beneficial. One argument
for concentrating unmanaged areas was that such an approach may
provide higher quality sites for visitors, who are seeking to experience
more natural areas located closer to one another and willing to travel
longer distances to reach the site. One potential disadvantage of such an
approach could be that certain areas become over-crowded (Aasetre
et al. 2016). However, such risk is lower in sparsely populated areas like
the one in our study. Dispersed allocation might also be more beneficial
for recreational activities that take place over larger areas, such as
walking. Consequently, the fact that recreation includes many different
activities conducted by people with various preferences means that
advantages can be identified both for concentrated and dispersed
allocations.

As the hydrological effect of forest harvesting is proportional to the
harvested area, some experts argued for dispersed conservation mea-
sures as a practice to minimize the extent of contiguously disturbed
areas. This is in line with empirical studies from boreal forests demon-
strating that if small proportions (< 10%) of a catchment area are clear-
cut, water quality remains largely unaffected (Schelker et al. 2014). This
speaks for careful landscape planning to avoid excessively large clear-
cut areas within the same 10-year period (Ohman et al. 2009). How-
ever, water quality is also affected by the spatial allocation of forest
harvesting within stands. For instance, forest harvesting should be
avoided in riparian areas in direct proximity to streams and lakes
(Kuglerova et al. 2014). Therefore, the location of different conservation
measures in relation to watercourses is important, but our scenarios did
not include such information. This probably explains why there was no
clear preference for either concentrated or dispersed allocation from the
water experts.

Conclusively, many experts regarded the spatial allocation as
important, but there are several arguments supporting both strategies.
This suggests it is desirable to spread the risk by doing both, to some
extent within landscapes, but also by varying the measured between
different landscapes.

4.2. Size of unmanaged areas and land sharing vs. land sparing

The estimated benefit for biodiversity differed dependent on the size
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of the unmanaged areas. Large unmanaged areas (nature reserves of
about 100 ha each) were considered most beneficial by experts. The
main argument why a few large unmanaged areas are better than many
small for biodiversity was that long-term species persistence becomes
higher with larger areas due to lower dispersal mortality, higher popu-
lation densities, and a lower risk of suitable sites being unoccupied.
There seems to be only limited support for these assumptions in boreal
forests (but see Ockinger & Nilsson 2010). In addition, a few large areas
may be better for some vertebrate species because the individuals have
large area requirements (see Roberge et al. 2018) and also for species
sensitive to edge effects, since for them the forest interior (which con-
stitutes a larger proportion of the area of larger unmanaged area) is of
higher quality (Ruete et al. 2016). On the contrary, many small un-
managed areas can be more favourable than a few large ones if forest of
high conservation value mainly occurs in small patches. Reserve selec-
tion could then more specifically target these areas. There is some
empirical support for this (Bouget & Parmain 2016), however, whether
this is an important factor is landscape specific (Ranius & Kindvall 2006)
and the spatial scale of the response differs among ecological species
groups (Percel et al. 2019), which affects the optimal size of the un-
managed areas. Another advantage with many small unmanaged areas is
the shorter inter-patch distance, which minimized dispersal limitations.

Conclusively, in landscapes dominated by production forests, such as
in our study, experts regarded larger conservation areas as more valu-
able than a larger number of smaller ones. This may be seen as contra-
dictory to recent studies suggesting that small, isolated patches are
important and therefore more effort needs to be dedicated to connecting
and restoring them (Wintle et al. 2019). However, that is not the case
since the large conservation areas (reserves) in our scenarios are about
100 ha (which is realistic in this kind of landscape), while Wintle et al.
(2019) defined a small patch as < 1,000 ha.

Land sharing approaches were less preferred than land sparing ones
among biodiversity experts. Still, many studies show that tree retention
(a land sharing approach) improves the conditions for local biodiversity
(see Fedrowitz et al. 2014 for a review). On the other hand, based on
metapopulation modelling, it has been questioned whether tree reten-
tion is an efficient way to promote landscape-level population persis-
tence for wood-dependent species, even though many species may use
the retained areas as habitat (Ranius & Roberge 2011). One reason for
this is that for long-term persistence, threatened species often require a
density of structures higher than obtained by retention (Penttila et al.
2004). Moreover, retention trees are, for many taxa, a different habitat
in comparison to forest interior trees (e.g. for deadwood-dependent
beetles: Sverdrup-Thygeson & Ims 2002). This means that retention
trees add new habitats in comparison with a landscape with no retention
forestry, which are the good news, but it is a disadvantage that retention
can only compensate to a limited extent for insufficient intact old forest.
In contrast, prolonged rotation of managed stands creates a habitat
which is more similar to unmanaged forest, but the lack of long-term
continuity of various tree habitats may make it of lower value than
permanent reserves (Ranius et al. 2016). This may explain why it was
considered to have comparatively low value by the biodiversity experts,
even though it has been shown to improve the conditions for biodiver-
sity (Lassauce et al., 2012). To sum up, a combination of land sharing
and land sparing approaches is favourable for biodiversity (Monkkonen
et al. 2014), but more focus on land sparing was preferred by the experts.

For recreation, land sharing approaches were both the most and least
preferred (extended rotations and retention trees, respectively).
Extended rotations generate forest characteristics with high recreational
values, such as mature, thinned forests with not so much dead wood
(Gundersen & Frivold 2008). With almost all forest units being under
even-aged management however, one potential disadvantage could be
the lack of visual diversity between them (Edwards et al. 2012). While
retention trees are generally regarded positively (Gundersen & Frivold
2008), large unmanaged forests have been scored higher for recreation
by experts, suggesting that they could cater better to the interests of
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those seeking to be in a natural environment.

For water quality, the scoring provided by experts was relatively
similar for large and small unmanaged areas and extended rotations.
One reason for lack of large differences pointed out by one expert was
that for water quality the location of the unmanaged areas (for example,
proximity to water bodies) is more important than whether it is
dispersed across the entire landscape or concentrated in one area.
Extended rotations imply that harmful harvesting operations take place
less often (Roberge et al. 2016). Although this will probably have min-
imal local effect on water quality when harvesting is taking place
(Schelker et al. 2012), it will have positive effects at the landscape scale
as extended rotation periods result in fewer clear-cut areas (Futter et al.
2016). Even though experts pointed out the erosion-decreasing capacity
of retention trees, this measure received the lowest ranking, with one of
the experts stating that they have small significance for water quality.

4.3. Methodological considerations

The classical Delphi technique aims to achieve an expert consensus
based on the assumption that experts are rational people who, after
sharing and discussing arguments, eventually agree on the most prob-
able and reasonably accurate estimate (Linstone & Turoff 2002). This is
attained by removing the psychological bias of group behaviour by
applying an anonymous process and sharing knowledge on the topic.
However, this assumption has been criticized for being unrealistic or
undesirable, as experts often disagree about the outcome of events and
people usually do not change their mind as often as they should, giving
too much weight to their own opinion and too little to the views of others
(Bolger & Wright 2011). Another well-established Delphi approach, the
policy Delphi, is based on the notion of dissensus, and aims to explore
the variety of views of an issue (Linstone & Turoff 2002). In this study
we combined the consensus and dissensus approaches (cf. Rikkonen
et al. 2019), since we were interested in identifying the most preferred
scenarios, and the arguments supporting both the common views and
the relevant counter-arguments overshadowing them. Thus, we con-
ducted statistical analysis to identify preferred scenarios, as well as re-
ported the diversity of views in a qualitative manner.

Overall, we found the Delphi technique to have been useful in this
study when identifying and synthesizing the range of different relevant
considerations among experts, since it minimized the risk that important
aspects are forgotten due to authors’ bias. However, we have encoun-
tered several difficulties often reported by other studies employing
Delphi technique, such as poor response and high drop-out rates
(Mukherjee et al. 2018). Moreover, the experts did not give any
comprehensive explanation for their estimates. Consequently, it is
impossible to be certain whether every expert took the time to consider
all important aspects in their responses. Hence, adding face-to-face or
online deliberation session to the classic Delphi technique set-up (for
example, as suggested in Hanea et al., 2018) may give rise to a more
engaged and deep discussion, while also mitigating time constraints of
experts.

5. Concluding remarks

The three aspects considered in this study — biodiversity, water
quality, and recreation — are all favoured by a less intensive forestry.
However, in terms of how and where to leave forests unmanaged, these
aspects differed widely in how experts ranked various options. For
biodiversity, a few large unmanaged areas received the highest scores
and prolonged rotations the lowest, while for both recreation and water
quality, prolonged rotations were given high scores. Thus, environ-
mental concern should not only focus on one aspect, but if several as-
pects are important, they all have to be considered in policy-making and
management.

Given the findings of this study, we suggest that in Sweden and other
countries where most of the forest land is managed intensively for wood
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production, a strategy of mixed conservation measures should be
applied also in the future, with a considerable part of the efforts being
directed towards establishing and maintaining large unmanaged areas.
Such a diversified conservation strategy is probably more cost efficient
than focusing on a single measure (Monkkonen et al. 2014) and bene-
ficial when mitigating negative effects of climate change (Robillard
et al., 2015).

We have studied a landscape where a great majority of the forest land
is used for a forestry practice which is intensive, but that is still mostly
utilizing native tree species and with some conservation concern taken
into account in every production stand. Such areas are frequent in
Sweden, Finland and other regions in Northern Europe and Northern
America. In other parts of the world, a much larger proportion of the
forests are still unmanaged. Where more forests have never been
affected by intensive forestry, it may be more attractive to focus on
protecting these forests, rather than on conservation measures in the
production stands, especially if the production stands are dominated by
plantations of exotic tree species (Ranius & Kindvall 2006). Another
factor which may affect the choice of conservation strategy is the natural
disturbance regimes, since inhabiting forest species are adapted to them.
For instance, in temperate forests the spatial and temporal continuity of
forest habitats may be more important for biodiversity than in boreal
forest, since there the natural disturbances tend to be generally more
small-scaled (Bengtsson et al. 2000). For recreation, the outcome of
strategies is affected by the cultural context, since it includes many
different activities with different demands, and the interests for per-
forming different activities probably differ among countries.

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 thank the participants of this Delphi study for their time and
input as well as Mattias Jonsson and Erik Ockinger, who provided
feedback on study design at the testing stages. The authors are solely
responsible for the content of the paper. The project was financed by
Stiftelsen Oscar och Lili Lamms minne.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jnc.2022.126180.

References

Aasetre, J., Gundersen, V., Vistad, O. I., & Holtrop, E. J. (2016). Recreational preferences
along a naturalness-development continuum: Results from surveys in two unequal
urban forests in Europe. Journal of Outdoor Recreation and Tourism, 16, 58-68.

Andrén, H. (1994). Effects of habitat fragmentation on birds and mammals in landscapes
with different proportions of suitable habitat: A review. Oikos, 71, 355-366.

Arroyo-Rodriguez, V., Fahrig, L., Tabarelli, M., Tischendorf, L., Benchimol, M.,
Cazetta, E., et al. (2020). Designing optimal human-modified landscapes for
biodiversity conservation. Ecology Letters, 23, 1404-1420.

Bengtsson, J., Nilsson, S. G., Franc, A., & Menozzi, P. (2000). Biodiversity, disturbances,
ecosystem function and management of European forests. Forest Ecology and
Management, 132, 39-50.

Betts, M. G., Phalan, B. T., Wolf, C., Baker, S. C., Messier, C., Puettmann, K. J., et al.
(2021). Producing wood at least cost to biodiversity: Integrating Triad and
sharing-sparing approaches to inform forest landscape management. Biological
Reviews, 96, 1301-1317.

Bolger, F., & Wright, G. (2011). Improving the Delphi process: Lessons from social
psychological research. Technological Forecasting and Social Change, 78, 1500-1513.

Bouget, C., & Parmain, G. (2015). Effects of landscape design of forest reserves on
Saproxylic beetle diversity. Conservation Biology, 30, 92-102.

Cabeza, M., Moilanen, A., & Possingham, H. P. (2004). Metapopulation dynamics and
reserve network design. In Ecology (pp. 541-564). Genetics and Evolution of
Metapopulations: Academic Press.


https://doi.org/10.1016/j.jnc.2022.126180
https://doi.org/10.1016/j.jnc.2022.126180
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0005
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0005
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0005
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0010
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0010
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0015
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0015
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0015
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0020
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0020
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0020
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0025
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0025
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0025
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0025
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0030
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0030
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0035
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0035
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0040
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0040
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0040

A. Filyushkina et al.

Claesson, S., Duvemo, K., Lundstrom, A., & Wikberg, P.-E. (2015). Skogliga
konsekvensanalyser 2015 — SKA 15. Rapport nr 10. Swedish Forest Agency.
Jonkoping.

Edwards, D., Jay, M., Jensen, F. S., Lucas, B., Marzano, M., Montagne, C., et al. (2012).
Public preferences for structural attributes of forests: Towards a pan-European
perspective. Forest Policy and Economics, 19, 12-19.

Fahrig, L. (2013). Rethinking patch size and isolation effects: The habitat amount
hypothesis. Journal of Biogeography, 40, 1649-1663.

Fahrig, L. (2017). Ecological responses to habitat fragmentation per se. Annual Review of
Ecology, Evolutions and Systematics, 48, 1-23.

Fahrig, L. (2019). Why do several small patches hold more species than few large
patches? Global Ecology and Biogeography, 29, 615-628.

Fedrowitz, K., et al. (2014). Can retention forestry help conserve biodiversity? A meta-
analysis. Journal of Applied Ecology, 51, 1669-1679.

Sweden, F. S. C. (2010). Swedish FSC Standard for Forest Certification including SLIMF
indicators. Sweden: Uppsala.

Futter, M. N., Hogbom, L., Valinia, S., Sponseller, R. A., & Laudon, H. (2016).
Conceptualizing and communicating management effects on forest water quality.
Ambio, 45(Suppl. 2), 188-202.

Gjerde, B. HH., Heegaard, E., & Saetersdal, M. (2015). Lichen colonization patterns show
minor effects of dispersal distance at landscape scale. Ecography, 38, 939-948.

Gundersen, V. S., & Frivold, L. H. (2008). Public preferences for forest structures: A
review of quantitative surveys from Finland, Norway and Sweden. Urban Forestry
and Urban Greening, 7, 241-258.

Gundersen, P., et al. (2010). Environmental services provided from riparian forests in the
Nordic countries. Ambio, 39(8), 555-566.

Gustafsson, L., et al. (2012). Retention forestry to maintain multifunctional forests: A
world perspective. BioScience, 62(7), 633-645.

Hanea, A. M., McBride, M. F., Burgman, M. A., & Wintle, B. C. (2018). Classical meets
modern in the IDEA protocol for structured expert judgement. Journal of Risk
Research, 21(4), 417-433.

Hanski, I. (2011). Habitat loss, the dynamics of biodiversity, and a perspective on
conservation. Ambio, 40(3), 248-255.

Hanski, I. (2015). Habitat fragmentation and species richness. Journal of Biogeography, 42
(5), 989-993.

Keeley, A. T. H., Ackerly, D. D., Cameron, D. R., Heller, N. E., Huber, P. R., Schloss, C. A.,
et al. (2018). New concepts, models, and assessments of climate-wise connectivity.
Environmental Research Letters, 13, Article 073002.

Kuglerovd, L., Agren, A., Jansson, R., & Laudon, H. (2014). Towards optimizing riparian
buffer zones: Ecological and biogeochemical implications for forest management.
Forest Ecology and Management, 334, 74-84.

Kujala, H., Burgman, M. A., & Moilanen, A. (2013). Treatment of uncertainty in
conservation under climate change. Conservation Letters, 6, 73-85.

Kuussaari, M., Bommarco, R., Heikkinen, R. K., Helm, A., Krauss, J., Lindborg, R., et al.
(2009). Extinction debt: A challenge for biodiversity conservation. Trends in Ecology
and Evolution, 24, 564-571.

Lande, R. (1987). Extinction thresholds in demographic models of territorial populations.
The American Naturalist, 130(4), 624-635.

Lassauce, A., Larrieu, L., Paillet, Y., Lieutier, F., & Bouget, C. (2012). The effects of forest
age on saproxylic beetle biodiversity: Implications of shortened and extended
rotation lengths in a French oak high forest. Insect Conservation and Diversity, 6(3),
396-410.

Linstone, H. A., & Turoff, M. (2002). The Delphi Method - Techniques and Applications,
1-616.

Lonell, N., Jonsson, B. G., & Hylander, K. (2014). Production of diaspores at the
landscape level regulates local colonization: An experiment with a spore-dispersed
moss. Ecography, 37, 591-598.

MacMillan, D. C., & Marshall, K. (2006). The Delphi process — an expert-based approach
to ecological modelling in data-poor environments. Animal Conservation, 9, 11-19.
https://doi.org/10.1111/j.1469-1795.2005.00001.x

Martin, C. (2018). An early synthesis of the habitat amount hypothesis. Landscape
Ecology, 33, 1831-1835.

Martin, T. G., Burgman, M. A., Fidler, F., Kuhnert, P. M., Low-Choy, S., Mcbride, M., et al.
(2012). Eliciting Expert Knowledge in Conservation Science. Conservation Biology, 26
(1), 29-38.

Monkkonen, M., Juutinen, A., Mazziotta, A., Miettinen, K., Podkopaev, D., Reunanen, P.,
et al. (2014). Spatially dynamic forest management to sustain biodiversity and
economic return. Journal of Environmental Management, 134, 80-89.

Mukherjee, N., Hugé, J., Sutherland, W. J., Mcneill, J., Van Opstal, M., Dahdouh-
Guebas, F., et al. (2015). The Delphi technique in ecology and biological
conservation: Applications and guidelines. Methods in Ecology and Evolution, 6(9),
1097-1109.

Mukherjee, N., Zabala, A., Huge, J., Nyumba, T. O., Adem Esmail, B., & Sutherland, W. J.
(2018). Comparison of techniques for eliciting views and judgements in decision-
making. Methods in Ecology and Evolution, 9(1), 54-63.

Miiller, J., & Gossner, M. (2010). Three-dimensional partitioning of diversity informs
state-wide strategies for the conservation of saproxylic beetles. Biological
Conservation, 143(3), 625-633.

Nordén, J., Astrém, J., Josefsson, T., Blumentruth, S., Ovaskainen, O., Sverdrup-
Thygeson, A., & Nordén, B. (2018). At which spatial and temporal scales can fungi

Journal for Nature Conservation 67 (2022) 126180

indicate habitat connectivity? Ecological Indicators, 91, 138-148. https://doi.org/
10.1016/j.ecolind.2018.03.062

Novakowski, N., & Wellar, B. (2008). Using the Delphi technique in normative planning
research: Methodological design considerations. Environment and Planning A, 40(6),
1485-1500.

Ockinger, E., & Nilsson, S. G. (2010). Local population extinction and vitality of an
epiphytic lichen in fragmented old-growth forest. Ecology, 91, 2100-2109.

Ohman, K., Seibert, J., & Laudon, H. (2009). An approach for including consideration of
stream water dissolved organic carbon in long term forest planning. Ambio, 7,
387-393.

Penttild, R., Siitonen, J., & Kuusinen, M. (2004). Polypore diversity in managed and old-
growth boreal Picea abies forests in southern Finland. Biological Conservation, 117,
271-283.

Percel, G., Laroche, F., & Bouget, C. (2019). The scale of saproxylic beetles response to
landscape structure depends on their habitat stability. Landscape Ecology, 34,
1905-1918.

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.

Pohjanmies, T., Trivino, M., Tortorec, E., Mazziotta, A., Snéll, T., & Monkkonen, M.
(2017). Impacts of forestry on boreal forests: An ecosystem services perspective.
Ambio, 46(7), 743-755.

Pullin, A., et al. (2016). Selecting appropriate methods of knowledge synthesis to inform
biodiversity policy. Biodiversity and Conservation, 25, 1285-1300.

Ranius, T., & Kindvall, O. (2006). Extinction risk of wood-living model species in forest
landscapes as related to forest history and conservation strategy. Landscape Ecology,
21(5), 587-698.

Ranius, T., & Roberge, J. M. (2011). Effects of intensified forestry on the landscape-scale
extinction risk of dead-wood dependent species. Biodiversity and Conservation, 20
(13), 2867-2882.

Ranius, T., Korosuo, A., Roberge, J. M., Juutinen, A., Monkkonen, M., & Schroeder, M.
(2016). Cost-efficient strategies to preserve dead wood-dependent species in
managed forest landscape. Biological Conservation, 204, 197-204.

Ranius, T., Snéll, T., & Nordén, J. (2019). Importance of spatial configuration of
deadwood habitats in species conservation. Conservation Biology, 33, 1205-1207.

Rikkonen, P., Tapio, P., & Rintamaki, H. (2019). Visions for small-scale renewable energy
production on Finnish farms — A Delphi study on the opportunities for new business.
Energy Policy, 129, 939-948.

Roberge, J. M., et al. (2016). Socio-ecological implications of modifying rotations lengths
in forestry. Ambio, 45(Suppl. 2), S109-S123.

Roberge, J. M., Ohman, K., Limés, T., Felton, A., Ranius, T., Lundmark, T., et al. (2018).
Modified forest rotation lengths: Long-term effects on landscape-scale habitat
availability for specialized species. Journal of Environmental Management, 210, 1-9.

Robillard, C., Coristine, L., Soares, R., & Kerr, J. (2015). Facilitating climate-change-
induced range shifts across continental land-use barriers. Conservation Biology, 29(6),
1586-1595.

Rubene, D., Schroeder, M., & Ranius, T. (2017). Effectiveness of local conservation
management is affected by landscape properties: Species richness and composition of
saproxylic beetles in boreal forest clearcuts. Forest Ecology and Management, 399,
54-63.

Ruete, A., Snall, T., & Jonsson, M. (2016). Dynamic anthropogenic edge effects on the
distribution and diversity of fungi in fragmented old-growth forests. Ecological
Applications, 26(5), 1475-1485.

Schelker, J., EKI6f, K., Bishop, K., & Laudon, H. (2012). Effects of forestry operations on
dissolved organic carbon (DOC) concentrations and export in boreal first-order
streams. Journal of Geophysical Research-Biogeoscience, 117(G1).

Schelker, J., Ohman, K., Lofgren, S., & Laudon, H. (2014). Scaling of increased dissolved
organic carbon inputs by forest clear-cutting - What arrives downstream? Journal of
Hydrology, 508, 299-306.

Schwartz, M. W. (1996). Choosing the appropriate scale of reserves for conservation.
Annual Review of Ecology and Systematics, 30, 83-108.

Simberloff, D., & Abele, L. G. (1982). Refuge design and island biogeographic theory:
Effects of fragmentation. The American Naturalist, 120, 41-50.

Sverdrup-Thygeson, A., & Ims, R. A. (2002). The effect of forest clearcutting in Norway
on the community of saproxylic beetles on aspen. Biological Conservation, 106(3),
347-357.

Volenec, Z. M., & Dobson, A. P. (2019). Conservation value of small reserves.
Conservation Biology, 34(1), 66-79.

Warman, R. D. (2014). Global wood production from natural forests has peaked.
Biodiversity and Conservation, 23, 1063-1078.

Watling, J. I., Arroyo-Rodriguez, V., Pfeifer, M., Baeten, L., Banks-Leite, C.,

Cisneros, L. M., et al. (2020). Support for the habitat amount hypothesis from a
global synthesis of species density studies. Ecology Letters, 23, 674-681.

Wikstrom, P., Edenius, L., & Elfving, B. (2011). The Heureka forestry decision support
system: An overview. Mathematical and Computational Forestry & Natural-Resource
Sciences, 3(2), 87-94.

Wintle, B. A., Kujala, H., Whitehead, A., Cameron, A., Veloz, S., Kukkala, A., et al.
(2019). Global synthesis of conservation studies reveals the importance of small
habitat patches for biodiversity. Proceedings of the National Academy of Sciences of the
United States of America, 116(3), 909-991.


http://refhub.elsevier.com/S1617-1381(22)00053-X/h0045
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0045
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0045
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0050
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0050
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0050
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0055
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0055
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0060
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0060
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0065
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0065
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0070
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0070
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0075
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0075
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0080
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0080
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0080
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0085
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0085
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0090
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0090
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0090
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0095
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0095
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0105
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0105
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0110
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0110
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0110
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0115
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0115
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0120
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0120
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0130
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0130
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0130
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0140
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0140
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0140
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0145
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0145
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0150
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0150
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0150
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0155
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0155
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0160
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0160
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0160
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0160
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0170
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0170
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0175
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0175
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0175
https://doi.org/10.1111/j.1469-1795.2005.00001.x
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0180
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0180
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0185
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0185
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0185
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0190
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0190
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0190
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0195
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0195
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0195
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0195
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0200
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0200
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0200
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0205
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0205
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0205
https://doi.org/10.1016/j.ecolind.2018.03.062
https://doi.org/10.1016/j.ecolind.2018.03.062
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0210
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0210
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0210
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0215
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0215
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0220
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0220
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0220
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0225
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0225
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0225
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0230
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0230
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0230
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0235
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0235
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0235
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0240
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0240
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0240
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0245
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0245
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0250
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0250
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0250
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0255
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0255
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0255
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0260
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0260
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0260
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0265
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0265
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0270
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0270
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0270
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0275
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0275
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0280
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0280
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0280
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0285
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0285
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0285
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0290
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0290
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0290
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0290
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0295
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0295
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0295
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0300
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0300
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0300
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0305
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0305
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0305
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0310
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0310
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0315
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0315
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0320
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0320
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0320
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0325
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0325
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0330
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0330
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0335
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0335
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0335
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0340
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0340
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0340
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0345
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0345
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0345
http://refhub.elsevier.com/S1617-1381(22)00053-X/h0345

	Expert assessment of landscape-level conservation strategies in boreal forests for biodiversity, recreation and water quality
	1 Introduction
	2 Materials and methods
	2.1 Studied landscape
	2.2 Scenario building
	2.3 Delphi survey
	2.4 Analyses

	3 Results
	3.1 Concentrated vs. dispersed allocation of conservation measures in a landscape
	3.2 Size of unmanaged areas and land sharing vs. land sparing

	4 Discussion
	4.1 Concentrated vs. dispersed allocation of unmanaged areas
	4.2 Size of unmanaged areas and land sharing vs. land sparing
	4.3 Methodological considerations

	5 Concluding remarks
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary data
	References


