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Abstract Pine plantations established on former heathland are common throughout

Western Europe and North America. Such areas can continue to support high biodiversity

values of the former heathlands in the more open areas, while simultaneously delivering

ecosystem services such as wood production and recreation in the forested areas. Spatially

optimizing wood harvest and recreation without threatening the biodiversity values,

however, is challenging. Demand for woody biomass is increasing but other pressures on

biodiversity including climate change, habitat fragmentation and air pollution are inten-

sifying too. Strategies to spatially optimize different ecosystem services with biodiversity

conservation are still underexplored in the research literature. Here we explore optimiza-

tion scenarios for advancing ecosystem stewardship in a pine plantation in Belgium. Point

observations of seven key indicator species were used to estimate habitat suitability using

generalized linear models. Based on the habitat suitability and species’ characteristics, the

spatially-explicit conservation value of different forested and open patches was determined

with the help of a spatially-explicit conservation planning tool. Recreational pressure was

quantified by interviewing forest managers and with automated trail counters. The impact

of wood production and recreation on the conservation of the indicator species was
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evaluated. We found trade-offs between biodiversity conservation and both wood pro-

duction and recreation, but were able to present a final scenario that combines biodiversity

conservation with a restricted impact on both services. This case study illustrates that

innovative forest management planning can achieve better integration of the delivery of

different forest ecosystem services such as wood production and recreation with biodi-

versity conservation.

Keywords Ecosystem services � Forest management planning � Pine plantations �
Heathland � Metapopulation dynamics

Introduction

Pine plantations on heathland

Since the nineteenth century heathland has been converted to pine plantations in order to

increase wood production and economic profit of these areas in both Europe and North-

America, (Foster et al. 2002; Bertoncelj and Dolman 2013a; Bieling et al. 2013; Moran-

Ordonez et al. 2013). However this has often led to a loss of fauna and flora associated with

grassland, heathland and sandy habitats (GHS species) (Andres and Ojeda 2002; Farren

et al. 2010; Bertoncelj and Dolman 2013a). Heathland is now considered a rare and

threatened habitat which is eligible for protection under e.g. the European Habitat

Directive (Walker et al. 2004). The resulting landscape type, combining open and closed

habitats, is widespread throughout Europe and North-America and holds important values

for biodiversity conservation, wood production and recreation.

To restore biodiversity values in these pine-heathland systems many efforts have

focused on re-converting plantations and restoring heathland (Eycott et al. 2006; De Valck

et al. 2014). Nevertheless, while this can be a valuable and practical strategy in terms of

biodiversity of the GHS species (Walker et al. 2004), recovery can be slow and results in a

loss of other species that are linked to aggrading (pine) forests (Ozanne et al. 2000; Burton

2007). Moreover, re-conversion to heathland is not always possible and desirable for all

stakeholders, because forest plantations also offer other key ecosystem services such as

wood production, soil protection, water regulation and recreation (Zipper et al. 2011;

Vihervaara et al. 2012; Jacobs et al. 2013; De Valck et al. 2014). The demand for woody

biomass for example is high and rapidly increasing (Mantau et al. 2010) and forests in

densely populated regions such as Flanders face a very high recreational demand (Hermy

et al. 2008).

While trade-offs between pine plantations and GHS species conservation are obvious, it

has often been overlooked that benefits could be non-exclusive (Bertoncelj and Dolman

2013a). Viable populations of some GHS species persist in the pine plantation matrix,

thanks to the network of temporal (e.g. clear-cut areas) and permanent open patches (e.g.

remnant heathland, forest rides) (Bertoncelj and Dolman 2013a; Pedley et al. 2013). In

addition to these GHS species, also typical species of pine forests are hosted in these

landscapes. These forest specialists, such as forest carabid beetles, are often negatively

affected by increasing open areas (Barbaro et al. 2005, 2007). Hence, we argue that forest

management in these systems, with a focus on wood harvest and recreation, definitely has

certain trade-offs with biodiversity conservation. However, benefits of wood harvest and
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recreation could be non-exclusive, also leading to some synergies with biodiversity con-

servation. Additional quantitative data could help to further unravel the relation between

the services of plantation forests and biodiversity conservation.

Recreation and biodiversity

There is a general consensus that recreation can have a direct negative impact on biodi-

versity (Steven et al. 2011), mainly by altering the ability of animals to exploit resources

(Gill 2007). However effects of recreation vary across ecosystems, species, recreation

forms and intensity levels (Liddle 1996; Ficetola et al. 2007). Some species groups are

specifically vulnerable, such as ground-breeding birds (Mallord et al. 2007), ground-

dwelling forest birds (Thompson 2015) and large mammals (George and Crooks 2006).

Impact of recreation on ground dwelling arthropods is generally low (Zolotarev and

Belskaya 2015), but butterflies were reported to be directly, negatively influenced by

recreation (Bennett et al. 2013). There are also varying approaches to estimate the impact

of recreation on species with divergent results (Gill 2007) and the relationship between the

amount of recreational use and recreational impact is not always (curvi) linear (Monz et al.

2013). Mallord et al. (2007) found a clear negative effect of disturbance on the density of

woodlarks in heathlands (Lullula arborea). George and Crooks (2006) found a lower

density of large mammals along paths with more visitors in an urban nature reserve

dominated by shrubs and open oak forests. Thompson (2015) underlines the need for trail-

free refuge habitat for forest birds in deciduous forests. These examples show that there can

be a strong impact of recreation on different species in different habitats. However, for the

local context of our study area (pine plantations on former heathland), there is hardly any

literature to be found. Only for the ‘flagship’ bird species, European nightjars

(Caprimulgus europaeus), strong negative effects of visitors on nightjar populations were

identified (Langston et al. 2007; Lowe et al. 2014).

To reduce the impact of recreation on biodiversity, a trail network can be designed to

guide recreationists to spatiotemporally separate visitors from vulnerable species (Ferrarini

et al. 2008). Standard trail design is already used to avoid vulnerable areas and to screen

sensitive species from disturbance by recreation, but is sometimes too general for optimal

results (Rodriguez-Prieto et al. 2014). A better way to design trails is based on empirical

research (Fernandez-Juricic et al. 2007) and by the use of simulation models (Stillman and

Goss-Custard 2010) to tailor the trail design to best fit the local context. However, Ficetola

et al. (2007) and Rodriguez-Prieto et al. (2014) demonstrated that an appropriate design for

one focal species is not necessarily appropriate for another species. Subsequently, adopting

a multi-taxa approach might promote intelligent trail design to limit disturbance for a

whole set of species. An example of such an intelligent steering of recreation pressure are

the differing access rules for different users (walkers vs walkers with dogs vs boating

activities) in the protection of bird colonies as proposed by Fernandez-Juricic et al. (2007).

Wood production and biodiversity

Wood harvest from clear-cuts can have a direct negative influence on forest species

(Linden and Roloff 2013). Species dependent on shade, dead wood, old trees and cavities,

such as shade-demanding woodland herbs, woodpeckers and saproxylic beetles are most

vulnerable (Martin and Eadie 1999; Djupström et al. 2012). Clear-cuts also have a drastic

influence on microclimatic environmental and biological conditions such as light, tem-

perature and availability of food and shelter. However, species that are suited to more open
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conditions will use intensively managed forests and open, clear-cut areas as new valuable

habitats (Bertoncelj and Dolman 2013b; Morris et al. 2013; Reidy et al. 2014). At land-

scape scale, the patchwork of open patches in a forest matrix can sustain viable

metapopulations of GHS species. However, the success of these metapopulations will

depend on the spatiotemporal lay-out of the clear-cuts and the dispersal capacity of the

species (Johst et al. 2011).

Most programs to conserve forest biodiversity focus on setting aside protected areas and

creating forest reserves (Lindenmayer et al. 2006). It has been stated that forest reserves

alone are not enough because they generally only cover a limited area and are often

isolated from each other (Daily et al. 2001; Lindenmayer et al. 2006; Mönkkönen et al.

2014). Another biodiversity conservation measure is retaining mature forest habitat ele-

ments on clear-cuts, such as green trees or snags, to reduce the negative impacts of wood

harvest in clear-cuts. (Söderström 2009; Linden and Roloff 2013). Recent findings high-

light that a green tree retention level of at least 10–15 % of all standing trees on large areas

is needed to obtain a strong conservation effect on most forest bird species (Söderström

2009). This contrasts with current retention levels which are often around 2 % (Söderström

2009). Installing protected areas and retaining habitat elements could definitely be part of

an effective forest biodiversity conservation strategy, but at the same time it is important to

create structural diversity on different scales and to increase habitat connectivity for dif-

ferent species (Lindenmayer et al. 2006; Brockerhoff et al. 2008; Gustafsson and Perhans

2010).

For the protection of the vulnerable GHS species, conservation managers often create

permanent open patches with grassland, heathland or sand dunes (Walker et al. 2004).

Another classical conservation measure, also to increase habitat connectivity, is the

broadening of forest roads (Bertoncelj and Dolman 2013a).

All of the above mentioned conservation strategies are valuable, but all have a clear

trade-off with wood production. Management scenarios that optimize spatial design of

temporal open patches to sustain metapopulations of both GHS and forest dwelling species

are less conventional. However, these innovative methods could be highly effective

(definitely when combined with classical conservation strategies), while more or less

safeguarding the important wood and biomass production function of forests (Mönkkönen

et al. 2011, 2014).

Management challenges

Forest managers have the challenging task to balance management between biodiversity

conservation, wood production and recreation among other ecosystem services. Classic

land sparing approaches, such as setting aside protected area are well known. Under land

sparing, biodiversity conservation is spatially separated from production and other ser-

vices, while under land sharing both goals are integrated on the same land (Phalan et al.

2011). Land sharing can be a very valuable conservation strategy if benefits of ecosystem

services and biodiversity conservation are non-exclusive (Phalan et al. 2011). However,

information and data on innovative land sharing approaches in forests, combining these

three management goals and minimizing spatio-temporal trade-offs, are lacking. Moreover,

land sparing and land sharing are often treated as alternative strategies (Phalan et al. 2011)

but a combination of both approaches would likely be the most successful strategy since

different actions benefit different species and ecosystem services (Rey Benayas and Bul-

lock 2012). We thus set out to investigate the trade-offs between biodiversity conservation

and both wood production and recreation in a pine plantation on former heathland and
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explored possible scenarios for improvement. We gathered empirical data for the different

services and used spatially-explicit analyses to study the trade-offs between biodiversity

and the two ecosystem services. Based on the analyses we formulate future management

and recreation scenarios with their impact on biodiversity for our case study area. We

complement contemporary management approaches to advance smart(er) ecosystem

stewardship that can both benefit policy makers and practitioners beyond our study area.

Materials and methods

Study area

The study was performed in North-Eastern Belgium in Bosland (center of the study region:

51.17�N, 5.34�E). Bosland is a statutory partnership of four public owners and two non-

profit organizations that used to work next to each other, but now closely collaborate to

increase the impact and coherence of the management in their forest and nature areas

(Vangansbeke et al. 2015a). Bosland covers a total surface area of 22,000 ha of which

approximately 35 % is forest, 7 % heathland and 3 % grassland. The soils are character-

istically dry, sandy and nutrient poor and were classified as Carbic Podzols (IUSS Working

Group 2007). Until the middle of the nineteenth century, Bosland was mainly covered by

an extensive heathland. Afterwards, gradual afforestation with conifers took place with

Scots pine (Pinus sylvestris) and Corsican pine (Pinus nigra ssp. laricio var. Corsicana

Loud.) as dominant tree species (Vangansbeke et al. 2015b). For this study we delimited a

study area of 1347 ha in the heart of Bosland, commonly known as Pijnven and Slijkven.

The study area is covered by a matrix of pine plantations and has traditionally been

managed for wood production under a simple harvest regime including some thinnings

(from 30 years stand age, ca each 6–9 years) and a final clear-cut after ca. 50–100 years.

For biodiversity purposes certain areas have been set aside as forest reserves (26 ha) and as

permanent open patches (77 ha). The forest matrix is interlaced with a network of forest

rides that are both used for recreation (mostly walking, but also cycling and horseback

riding) and for wood harvest and can also be a valuable habitat for the GHS species. The

study area is also split up in two zones, one with a high recreational pressure (792 ha) and

the other with a low recreational pressure (555 ha), without signposted tracks.

Data collection

Biodiversity

We chose to use an indicator species approach to monitor the biodiversity of the study area.

We organized a brain-storm session with the local platform on fauna and flora, formally

grouping people that work on management and research of species in the area with vol-

unteers of local nature conservation organizations, often involved in monitoring (Van-

gansbeke et al. 2015a). We asked them to make a credible selection of indicator species

that are locally relevant. Indicator species needed to be medium widespread within the

study area and reasonably detectable. To increase the ecological relevance we asked for a

large range in species’ habitat preference, mobility and home range. Ten indicator species

were selected for the in-depth study, but only seven species were used in the analyses

(Table 1), three other species (i.e., Coronella austriaca, Formica spec. and Genista pilosa),
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were removed from the analysis, because the total number of observations was below ten.

The final indicator species pool consisted of two forest species (crested tit and coal tit;

Lophophanes cristatus and Periparus ater), three GHS species (grayling, small heath and

northern dune tiger beetle; Hipparchia semele, Coenonympha pamphilus and Cicindela

hybrida) and two species that depend both on forest and open patches (nightjar and

common lizard; Caprimulgus europaeus and Zootica vivipara). A literature review was

performed to double check the habitat preference and the species mobility (Table 1).

An inventory of the butterflies and the tiger beetle was made three times along transects

on the forest rides through the study area in June and August of 2013 and 2014 by bicycle

or on foot (Fig. 1a). The insect inventory was done between 10 am and 4 pm and only on

sunny days, binoculars were used for easier determination from a distance. The exact GPS

location of each observation of an individual was registered. The crested tit and coal tit

were also inventoried by walking the observation transects three times, between sunrise

and 11 am on non-rainy days in April 2014. The observations were auditory (recognition

of vocal sounds) and the exact location was not determined, but a stand was marked as

occupied or not. We alternated the direction of the transects between days to compensate

for a possible time effect (e.g. highest bird activity just after sunrise). The nightjar

inventory was based on the sound of its churring song on one warm summer evening (July

10th 2014) with the help of no less than 60 volunteers spread over the entire study area.

Each churring individual was marked on a map. The distribution of common lizards was

assessed based on presence under black corrugated sheets that served as artificial refuges

(Busby and Parmelee 1996). Eighty of these sheets were laid out across the entire study

area, left for one year and checked for presence of lizards three times in August 2014.

Finally the rough data for the biodiversity inventory were compiled in a map with 821

point observations of the seven species (Fig. 1a).

Recreation

Bosland is a very important touristic destination with more than 1,000,000 yearly overnight

stays. To determine the spatial distribution of the numerous visitors we compiled quan-

titative visitor data with questionnaires and automated trail counters. We started with

interviewing the forest managers about the number of visitors on different road segments.

We used a map with all roads and tracks and asked them to mark them with five different

colors based on the relative recreational intensity. We then made up a relative recreational

intensity map with an average score from the interviews. Then we installed six automated

infrared trail counters (TRAFx research ltd, Canmore, Alberta, Canada) to quantify the

exact number of visitors. The location of the trail counters was decided in consultation with

the forest guards and with the goal to survey varying recreation intensities. We only had

the counters available during a period of seven months between October 2014 and May

2015. To interpret these counts and the possibility to extrapolate the data we investigated

data of four other counters in Bosland, just outside our study area. These counters were all

located within 7 km of our study area in similar habitat and counts for three consecutive

years were available. From this data we calculated a conversion factor as the ratio between

the average daily number of visitors between October and May and the average daily

number of visitors for a whole year. We found an average conversion factor of 1.05 (SD.

0.18) and used this to estimate an average daily number of visitors for a whole year for our

own counter data.
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Next we adjusted the relative recreational intensity map with the estimated average

number of daily visitors for every road segment and obtained a map with an estimated

recreational pressure for each road segment (Fig. 1b). We also calculated a recreation

pressure score for each forest stand with the following formula (Fig. 4 in Appendix):

Fig. 1 a Total number of observations of the different indicator species within the study area (n = 821).
b number of visitors on the different roads in the forests as deducted from interviews with forest guards and
counts from trail counters
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Recreation score of forest stand

¼
P

½ Length of adjacent road fragmentð Þ � ðAverage daily number of visitors on adjacent road fragmentÞ
Surface area of a forest stand

Wood production

We estimated the mean annual increment for each stand, based on the stand age, the

dominant tree species and the site quality which was deducted from the soil map (after

Broekx et al. (2013)). We then calculated the standing stock of every stand by multiplying

the stand age with the stand area, the mean annual increment for each tree species and a

harvest factor. The harvest factor was calculated as the ratio between the volume of the

final harvest and the total volume of all thinnings and final harvest according to the growth

table of Jansen et al. (1996).

The production of biomass from tree tops was calculated with the stem volume and a

species-specific biomass expansion factor (after Vande Walle et al. (2005)) and with

estimated harvest losses of 40 % (after Vangansbeke et al. (2015c)).

Habitat characteristics

We combined different data sources and layers to map the habitat in the study area. First of

all, for the forest stands we used the map of the 2010 forest inventory. This map included

all the forest stands and important habitat information such as dominant tree species and

stand age. We added two important habitat features to this data layer, namely the recre-

ational pressure of the stand (based on the pressure of the surrounding road segments) and

the amount of neighboring open habitat.

We mapped the entire road network, based on aerial photographs and ground field data.

The main habitat features for each road segment were the area, the orientation, the

recreational pressure and the surface type (tracks on sand, grass, tree litter or paved with

tarmac). We also mapped the non-forested patches; the area, the recreational pressure and

the surface type (orchard, agriculture, sandy, heathland/grassland, clear-cut, plantation)

were the main habitat features. We combined the road network layer with the non-forested

patches layer in one layer for all open habitats.

An overview of the different habitat features of both forests and open habitats is given

in Table 5 in Appendix.

Data analyses

Biodiversity

All spatial analyses were performed in QGIS 2.10.1 (QGIS Development Team 2015) and

all statistical analyses were implemented in R 3.0.1 (R Core Team 2013), using the multi-

model inference package (MuMIn). Every point observation was assigned to a forest stand

(coal tit, crested tit, lizard and nightjar) or to an open habitat element (i.e. a road segment

or a permanent open patch) (butterflies, beetles, lizard and nightjar). For nightjars we used

a circular buffer with a radius of 20 m, because the exact location of a churring individual

is hard to locate exactly. The presence of a certain species in a patch was modelled with a

logistic regression with the different habitat features as predictors for the patches (either

forest stands or open habitat patches) that were part of the inventory for this species.
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Patches were considered as part of the inventory when lying adjacent to an observation

route (forest species and GHS species), containing a corrugated sheet (lizard) or lying

within 400 m of an observation point (nightjar) (after Rebbeck et al. (2001)). Observation

surface was included in the regression models as a covariate, to compensate for the fact

that a higher observation surface automatically leads to a higher number of observations.

We rescaled all numerical predictors by subtracting the mean value and dividing through

the standard deviation to increase comparability. We ran generalized linear models

(GLMs) using a binomial distribution for every possible combination of predictors (i.e. 256

models for forest patches, 16 for open patches). The models were ranked based on the AIC

criterion, using the dredge function in the MuMIn package. Models with a delta AIC

smaller than four were considered equivalent (Bolker 2008). These so-called top models

were used to calculate an average model with the model averaging function in the MuMIn

package (Symonds and Moussalli 2011). The R2 was calculated for the model containing

all predictors that appeared in the top models. The importance value was used to evaluate

the relevance of the different predictors for species distribution. Habitat features that did

not appear in the top models were left out of the analysis. The final average coefficients

were used to predict probabilities of presence of the different species in all patches. The

probability of occurrence was considered as a measure for habitat suitability and was

mapped with a value between 0 and 1 for every habitat patch.

These habitat suitability maps were imported in Zonation 4 (C-BIG, Helsinki), a

framework and software tool for conservation prioritization and large-scale spatial con-

servation planning. It identifies areas that are important for retaining habitat quality and

connectivity simultaneously for multiple species, thus providing a quantitative method for

enhancing persistence of biodiversity in the long term (Moilanen et al. 2014). The software

tool translated the habitat suitability maps to a raster with 5 9 5 m2 grid cells and ranked

these cells according to their importance for the maintenance of a species. We used the

basic core-area cell removal rule algorithm to decide which cells were least important for a

species (Moilanen et al. 2014). To evaluate habitat quality and connectivity, this algorithm

depends on two species-specific biological parameters: the dispersal capacity and the

kernel width. The dispersion capacity was calculated as the inverse of half the dispersion

distance in meters (Moilanen et al. 2014) (Table 1). The kernel width was based on the

mobility of a species through the forest matrix. For the species that depended on forest we

set the kernel width to 50 m, the species of open habitats were assigned a smaller kernel

width of 35 m (small copper and grayling) and 20 m (Northern dune tiger beetle)

depending on their dispersion distance. We grouped the forest species (coal and crested tit),

the GHS species (two butterfly species and one beetle species) and the mixed species

(nightjar and lizard). We thus obtained one rank of the different pixels in the study area for

their suitability to sustain the current populations of the seven species under study.

Recreation and biodiversity

To evaluate trade-offs between recreation and biodiversity we selected the species for

which recreation was an important variable in predicting the distribution (threshold set on

an importance value larger than 0.5 (Lindtke et al. 2013)). These species were presumed to

be vulnerable for recreation, as their distribution was negatively related to recreation

intensity. The stands that had the highest average rank in Zonation for these vulnerable

species were considered as the stands that were most vulnerable for recreation. The stands

with the lowest average rank were considered as stands where recreation pressure has a

lower impact on the distribution of the species involved. To test the trade-offs between
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recreation and biodiversity we calculated the impact of three recreation scenarios on the

habitat suitability for the involved species. Scenario S1 doubles the amount of recreation

everywhere (200 % visitor pressure); Scenario S2 doubles the amount of visitors in the

least vulnerable areas (for the involved vulnerable species) and halves the amount of

visitors in the most vulnerable areas, leading to an overall increase of 25 % in the number

of visitors (125 % visitor pressure); Scenario S3 increases recreation with 25 % every-

where (125 % visitor pressure). We used these hypothetical recreation data to calculate the

habitat suitability with the GLM for every species and compared the average habitat

suitability score with the current reference.

Wood production and biodiversity

To evaluate the impact of harvesting on biodiversity we looked into the habitat preferences

of the species. We considered a negative effect of clear-cuts on the habitat quality and

connectivity for forest species and a positive effect on GHS species, that will profit from

these new, temporal open patches. Nightjars depend on both forest stands and open patches

and are very mobile, so spatial allocation of the harvested stands is probably less crucial to

sustain populations. We next developed a harvesting plan for the next 20 years according

to three different harvesting scenarios. First, in a wood production scenario, we followed

the existing long-term vision on wood production (Moonen et al. 2011). Under this sce-

nario, the oldest and most productive stands are harvested first. We ranked the stands by

hand to a decreasing wood production score and harvested every year about 1 % of the

total area (rotation period of 100 years). Second, in the biodiversity scenario, we first

harvested the stands that have a low importance for forest species distribution and a high

rank for the distribution of the GHS species. The third scenario is an integrated scenario

that puts equal weights on the wood production rank and the biodiversity rank (as a low

forest species rank and a high rank for GHS species). Finally, we calculated the output flow

of harvested stem wood (and crown biomass) under these three scenarios.

Results

Habitat suitability

Our statistical models successfully explained the distribution of all but one of our study

species (importance values and adjusted R squared in Table 2, average coefficients in

Table 6). Only for the common lizard, we found that the best model was the intercept only

model, without any environmental predictors. This is probably due to both the low number

of patches in the inventory and the low number of observations. This species was left out of

the analysis.

The probability of occurrence of the coal tit was strongly negatively related to a higher

recreation pressure and to the amount of adjacent open patches. Coal tits seemed to prefer

closed high forest without open patches, without too much recreation and from age class

81–100. Crested tits had a higher probability of occurrence in large high forest stands, with

a low recreational intensity and a limited amount of border with open habitat.
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The probability of occurrence for churring nightjars was higher in smaller stands with a

high amount of adjacent open habitat. Also some stand age classes had a much higher

probability of occurrence for nightjars, particularly stands from age class 81–100, 21–40

and uneven aged stands. To a much lesser extent the probability to find churring nightjars

was also negatively related to the amount of recreational intensity. In the open patches,

probability of presence of churring nightjars was mainly related to patch type (high

probability in young plantations and low probability in agricultural and orchard patches)

and size (again higher probability in smaller patches). In general, there was a higher

number of churring nightjars in forest stands (104) than in open habitats (41).

The probability of occurrence of small heath was positively related to large open

patches with grassland, heathland or sandy habitats and to a low number of visitors.

Grayling had a higher probability of occurrence in clear-cuts and plantations and to a lesser

extent in grassland, heathland and sandy habitats. Also for grayling we found a negative

relation between the recreation intensity and the probability of occurrence. The probability

of occurrence of tiger beetle was highest in large open patches with a sandy surface and in

grassland or heathland.

The average coefficients of the top models were then applied to predict probability of

occurrence for the indicator species in stands and open patches (Fig. 5 in Appendix). These

habitat suitability maps were then imported in Zonation to evaluate the value of each grid

cell for the conservation of a species groups (forest species, GHS species and species that

depend both on stands and on forest), given the spatial distribution of the habitat patches

and the mobility characteristics of the indicator species (Fig. 6 in Appendix).

Recreation and biodiversity

The coal tit, the small heath and the grayling were most vulnerable for recreational

pressure. We ranked all landscape cells according to their conservation priority for these

species and made up a map with the most and the least vulnerable areas for these species

concerning recreation (Fig. 2).

Next we investigated the effect of different hypothetical recreation scenarios on the

habitat suitability for coal tit, small heath and grayling (Table 3). We found a negative

effect of increased recreation on habitat suitability, but the impact was much smaller if

recreation in the most vulnerable patches was limited. There is thus a trade-off between

Table 2 Importance values of the different habitat features for predicting the presence of the species. A
high importance value means a high presence of a habitat feature in the top (DAIC\ 4) generalized linear
models for a certain species

Forest stands Adjusted R² Open patches Adjusted R²

Area
Age 
class

Recrea�on Border Management
Patch 
type

Area Recrea�on

Coal �t 0.31 0.45 0.94 0.93 0.20 0.19
Crested �t 0.46 0.01 0.40 0.30 0.78 0.31
Nightjar 1.00 0.97 0.36 1.00 0.12 0.39 1.00 0.96 0.29 0.30
Small heath 1.00 0.79 0.66 0.38
Grayling 1.00 0.39 0.78 0.35
Northern dune 
�ger beetle

1.00 0.67 0.31 0.45

Habitat features that were absent in the top models are marked with light grey shading, habitat features that
were absent for all species were not shown in the table. The adjusted R2 values were calculated for models
containing all relevant predictors. More info about the habitat features can be found in Table 5
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recreation and biodiversity conservation, but it can be minimized if both goals are spatially

separated.

Wood harvest and biodiversity

Harvesting wood and biomass from final cuttings transforms mature stands to clear-cuts.

This could have both negative (forest species) and positive (GHS species) effects on

conservation of species. Depending on the developed scenarios, the management plan for

the next twenty years diverge substantially. The biodiversity and wood production scenario

share hardly any stands spatially, while under the integration scenario most harvested

stands are also harvested under the biodiversity or wood production scenario (Fig. 3). As

Fig. 2 Vulnerability of forest stands to recreational pressure for coal tit, small heath and grayling. This map
can aid management and recreation planning

Table 3 Impact of three hypothetical recreation scenarios on the habitat suitability for the three vulnerable
species

Scenario Recreation (% of
current situation)

Habitat suitability for the three vulnerable species (%
of current situation): average (standard deviation)

S1 200 83.16 (1.36)

S2 125 97.82 (0.67)

S3 125 94.67 (0.27)

Scenario S1 doubles the amount of recreation everywhere; Scenario S2 doubles the amount of visitors in the
least vulnerable areas (blue in Fig. 2) and halves the amount of visitors in the most vulnerable areas (red in
Fig. 2), leading to an overall increase of 25 % in the number of visitors; Scenario S3 increases recreation
with 25 % everywhere
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expected the harvest of woody biomass is strongly determined by the chosen scenario

(Table 4). In general, the more biodiversity conservation is included as a management

target, the less wood is harvested, indicating a clear trade-off between these management

goals.

Discussion

Habitat suitability

Our results demonstrate that patch habitat features play an important role in the probability

of occurrence of the indicator species. Only for the lizard, we found no significant

Fig. 3 Harvest schedule for the next twenty years under three different scenarios, a wood production
scenario (WPS), a biodiversity scenario (BS) and an integrated scenario (IS). Some stands are only harvested
under one scenario, some are harvested under two scenarios (brown and green dots) and some even under
three scenarios (black dots). (Color figure online)

Table 4 Mean (standard devia-
tion between brackets) annual
harvest of stem and crown wood
and for the three scenarios

Wood harvest (m3 year-1)

Stem Crown

Biodiversity scenario 4422.4 (1330.4) 848.0 (254.4)

Wood production scenario 5645.8 (1820.2) 1083.2 (349.6)

Integrated scenario 4910.4 (964.0) 941.9 (185.5)
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relationship with any of the analysed habitat features. For the other species that use the

forest matrix as a habitat, important features are the recreational pressure, the amount of

forest border, the stand age or management type and the area. The contrast between coal

tits and nightjars was interesting, with the former preferring large stands with limited

borders and the latter preferring small stands with adjacent open space. This is in line with

our expectations since coal tit was classified as a forest species (Brotons 2000) and nightjar

as a mixed habitat species (Verstraeten et al. 2011). For the trail network and the open

patches, we found a strong relation between the type of ground cover and the probability of

occurrence of all indicator species. The butterfly species seemed to be more abundant when

the number of visitors was lower. It is not surprising that the tiger beetle preferred large,

sandy patches, however it is necessary to treat the results for this species with some

caution, considering the limited number of observations. The probability of occurrence of

small heath was bigger in larger open patches, while the opposite was true for nightjars.

Nightjars thus occurred more in both smaller patches of forest and smaller open habitats,

this links to its preference to a varied landscape. Nightjars were described to be vulnerable

to recreational pressure (Langston et al. 2007; Lowe et al. 2014), however we did not

detect a strong relation between recreational pressure. A possible explanation could be the

mismatch between the location of a churring bird and the breeding location and the fact

that we gathered data after sunset, when there is hardly any disturbance by recreation.

Langston et al. (2007) mentioned that the main disturbance by recreationists on nightjars

was related to a lower breeding success. Disturbance at the song posts after sunset will be

much more limited.

Recreation and biodiversity

The stands that were important for the conservation of the populations of the coal tit and

the butterflies were determined as the stands most vulnerable to recreational pressure.

Most, but not all of the stands that were mapped as ‘vulnerable’ are already located in the

actual zone with a low recreational pressure. This was expected, because the current

distribution of the three species is the main parameter to determine the stand vulnerability

and the distribution of these species is already influenced by the actual recreational

pressure. The fact that we did not find a strong relationship between the number of visitors

and the other indicator species does not necessarily mean that there is no such a negative

effect of recreation on these species. However our data do not allow to assign certain

stands for protecting these species. It is important to note that most of the stands that were

mapped as tolerant to recreation were located at the edge of the study area. This is partly

because of their habitat features that are less suited to sustain the indicator species. The

effect is reinforced by the basic core-area cell removal rule algorithm implemented in

Zonation, that promoted suitable habitat that is connected to other suitable habitat

(Moilanen et al. 2014). When looking into the results of the hypothetical recreation sce-

narios we observe a decrease of the habitat suitability for the three species with an

increasing number of visitors. Protection of the most vulnerable patches seems indeed

crucial to sustain populations. After all, we found a very low decrease in habitat suitability

in scenario S2 compared to S3, for the same total amount of visitors.

Our results thus seem to support the classical, land sparing approach to design the track

network mostly in the border of a nature reserve, while safeguarding the core of the area

from visitors for conservation purposes (Rodriguez-Prieto et al. 2014).
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Wood production and biodiversity

Depending on the management focus, the temporal lay-out of the clear-cuts is almost

entirely different, with the integrated scenario as an intermediate solution between both

mono-functional scenarios. Stands harvested under the biodiversity scenario are mostly

located closer to the edge of the study area where there is a low conservation value for the

forest species and adjacent to existing open patches to increase habitat of GHS species.

Adoption of the biodiversity scenario would reduce yearly stem harvest with ca. 22 %.

When using an average resale price of 23 € m-3 stem wood and of 4 € m-3 crown wood

(after Vangansbeke et al. (2015b)), subtracting a 33 % margin of profit for the harvesting

company), the biodiversity scenario results in an income decrease of 29,000 euro per year

compared to the wood production scenario over a planning period of 20 years. In the

integrated scenario, annual harvest declines by ca. 13 % and total income by 17,000 €
yr-1. It is important to be cautious in interpreting these economic values which are based

on a rough estimation of growth and for instance neglect possible positive biodiversity

effects on tree growth. With the given data, forest managers can easily develop their own

scenarios with a different weight for biodiversity or harvesting. Although including bio-

diversity conservation as a management goal negatively affects wood production, the

results show that a land-sharing approach is possible with limited impact on either wood

production and biodiversity conservation.

Integration of services

In order to better support complex ecosystem dynamics, we will need to develop a new

kind of (planetary) stewardship [e.g. Power and Chapin (2010); von Heland et al. (2014)]

which combines a systems approach with transformative action. The current study can be

seen as a first stepping stone in this regard since we combine first notions of systems

thinking (linking biomass production, biodiversity and recreation; using multi-species

analysis; scenario development) with a more transformational approach (involving vol-

unteers, action research design, focus on practical applicability and close cooperation with

policy makers) in a real-life setting. We believe that this exploratory study furthers our

understanding of what ecosystem stewardship entails by adding new insights on the trade-

offs of different management scenarios which may be of particular interest for policy

makers or practitioners on the field.

Developing a management scenario that includes recreation pressure, wood harvest and

reaches biodiversity conservation goals is not easy. Comparing different management

scenarios can help forest managers to identify knowledge gaps that need to be addressed

for better ecosystem management and can help policy makers to develop adaptive man-

agement approaches that are more appropriate to support a multitude of ecosystem ser-

vices. The different scenarios show how management can be focused locally on increasing

either biodiversity or biomass harvest. By bringing these two together in an integrated

scenario, an approach can be developed where the trade-offs can be minimized. Installing

the integrated harvest plan would increase the value of the landscape for biodiversity

conservation, while safeguarding 87 % of the current wood harvest. In combination with

an intelligent trail design and conventional conservation strategies this could be an

important step towards bringing into practice better stewardship management

arrangements.
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Scenarios such as the ones developed here can be very useful for forest managers since

they provide first indications on the estimate of the income loss (or suspended income)

when incorporating biodiversity conservation as a management goal. They can better

balance installation of this scenario with the costs of other biodiversity conservation

measures. Mönkkönen et al. (2011) modeled the cost-effectiveness of different biodiversity

conservation measures: installation of a few permanent large reserves, of many permanent/

temporary small reserves (‘SLOSS dilemma’), and green tree retention. An important next

step would be to investigate what additional costs might arise over a longer time period

when choosing the wood production scenario.

When management is focused solely on biodiversity conservation, both recreation and

harvest are restricted to the stands at the border of the study area. While not included in our

study, there also exist trade-offs and synergies between recreation and wood harvest. On

the one hand, recreationists value structural variation at the landscape scale. On the other

hand, clear-cuts can evoke strong objections by visitors (Brunson and Reiter 1996). Forest

management measures such as thinning can also affect recreation. There is little infor-

mation available, but Heyman et al. (2011), for example, studied the effect of openness in

the understory of plantation forests and found a preference of visitors for a more open

understory, but a slightly negative effect on bird biodiversity in more open plots. In order

to develop better stewardship practices, more research is thus needed to cover a wider

spectrum of ecosystem services and a more encompassing set of species.

Methodological remarks

Of course, studying multi-species habitat preferences on a landscape scale is susceptible to

uncertainties such as parametrization of the modeling. First of all, the selection of the

indicator species is an important a priori choice that will have an important influence on the

results. Ideally, all biodiversity components across all taxa are included but this is virtually

impossible. Therefore, indicator species are chosen that are assumed to well represent the

biodiversity values of a patch. It is important to choose different indicator species from a

wide range of taxa, habitat preferences and mobility (Heink and Kowarik 2010; Rodriguez-

Prieto et al. 2014; Pakkala et al. 2014). With help of the local volunteers we succeeded in

fulfilling these requirements. However, due to limited observations we had to exclude

some species from the analysis, causing a slightly unbalanced distribution of indicator

species with only insects as GHS species and only birds as forest species.

Second, we considered only presence/absence of a species in a habitat patch as an

indicator for a suitable or unsuitable territory. We believe this to be quite accurate for the

insects, the lizard and the singing coal and crested tit. Nightjar home ranges, however, are

much bigger and absence of a churring bird is probably not a solid indicator of unsuit-

able habitat (Sharps et al. 2015). However, given the complex life strategy of nightjars and

the difficulty in mapping nightjar territories (Rebbeck et al. 2001), our methodology seems

a good compromise with practical feasibility. We also chose for a high spatial resolution

with a high number of observers, but as a drawback we only used data from one night,

which could distort the results.

A third element that could distort the interpretation of the result is a possible mismatch

between the scale of habitat mapping and preferences of the smaller indicator species. We

worked at the landscape scale and performed analyses on the patch level (forest stands,

forest road segments and open patches). Distribution of some indicator species will depend

on micro-habitat features within patches, such as the presence of a host plant, microcli-

mates or a smaller structure element [e.g. for grayling (Maes et al. 2006)], and bear little
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relationship with patch-level habitat features (Pakkala et al. 2014). However, only working

at the patch level in such a large landscape was practically feasible.

A fourth element that influenced our final results was the delineation of our study area.

Our study area can more or less be considered as an ecological unity with sharp borders,

agricultural areas in the north-west and main roads in the south and east. We thus con-

sidered every cell outside our study area as unsuitable habitat for the studied populations.

Well-connected habitats occurred logically more in the center of our study area than at the

border and were thus awarded a higher conservation value. Setting the importance value

threshold on 0.5 (after Lindtke et al. (2013)) to evaluate vulnerability to recreation can also

be subject to debate. (Calcagno and de Mazancourt 2010) suggest a threshold of 0.8, which

would give a different result in our analysis. A direct measurement of recreation pressure at

the same time of species distribution mapping would maybe also have yielded better

results. However we used the best available alternative, by estimating the year round

recreation pressure with help of a conversion factor.

Finally there are also lots of related issues that were not looked into in this study, but

where supplementary research could be highly valuable. A next step could be a more

formal trade-off analysis between wood harvest, recreation and biodiversity conservation.

This can be achieved through a multi-criteria analysis of a set of alternative scenarios that

combine different harvest and recreation regimes. However, to quantify the impact of each

scenario on biodiversity conservation, absolute values are required instead of relative

biodiversity conservation scores as those provided by the program ‘Zonation’. Another

interesting way to assess these trade-offs could be to execute the proposed management

scenarios in the field and evaluate their impact on biodiversity. The future biodiversity

surveys can then be used in future management plans, adopting a true adaptive manage-

ment cycle (Lindenmayer et al. 2006). Other aspects that urgently require further research

include the relationship between other harvesting techniques than clear-cuts and biodi-

versity (e.g. Fuller (2013)), the biological interactions between species (Pakkala et al.

2014) and the economic (Schou et al. 2012) and ecological (Brown et al. 2015) impact of

the planned conversion to broadleaves.

Conclusion

To conclude, the combined valuation of biodiversity conservation and wood production led

to an integrated harvest plan that increases the biodiversity conservation value of the

landscape, while safeguarding 87 % of the current wood harvest. In addition, knowledge

on the conservation value of stands for species vulnerable to recreation can help to improve

the trail network design, guiding visitor streams and sheltering biodiversity hotspots. We

showed that wood production and recreation have certain trade-offs with biodiversity

conservation. However, with a better spatiotemporal design, important biodiversity con-

servation gains can be made without greatly reducing the delivery of other services. The

current study will help policy makers and practitioners to develop future management

schedules, for Bosland and beyond. Moreover it demonstrates that a combined land-sharing

(for wood harvest) and land-sparing (for recreation) approach allow finding compromises

between ecosystem services and biodiversity. There is an urgent need for additional

research on the science-management interface, mainly on the interplay of different forest

ecosystem services and the impacts for biodiversity.
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Appendix

See Figs. 4, 5, 6 and Tables 5, 6.

Fig. 4 Classification of the forest stands based on recreational pressure. Stands in reds have the highest
recreation pressure based on the number of visitors on adjacent roads (see text for details on calculation),
stands in blues have the lowest recreation pressure. (Color figure online)
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Fig. 5 Habitat suitability maps for the indicator species, based on the GLMs, blues stand for a high habitat
suitability, reds for a low habitat suitability. a Coal tit, b Crested tit, c Nightjar, d Small heath, e Grayling,
f Northern dune tiger beetle. (Color figure online)
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Fig. 6 Zonation rank of the
landscape for the different
species groups, blues stand for a
high conservation value for a
species group, red for a low
conservation value. a the forest
species, b the species that depend
on both forest and open habitat,
c the GHS species. (Color
figure online)
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