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Summary

With several wolf packs now established in the Netherlands, the return of this species to our country is a
fact. At the time of writing, there are seven packs living in the Veluwe, one in Drenthe and one in Drenthe
and Friesland. When a large predator like the wolf returns to a human- and livestock-dense country like the
Netherlands, it is useful to assess where the species might settle so that policymakers and society at large
can prepare accordingly. A habitat suitability analysis is a key part of this process. The present habitat
suitability analysis was commissioned by the Ministry of Agriculture, Fisheries, Food Security and Nature
(Ministry of LVVN) in 2023. It was originally published in Dutch (Biersteker et al, 2024), and now translated
in English. The aim of this project is to assess habitat suitability for wolves in the Netherlands using a data-
driven modelling analysis. In consultation with Ministry of LVVN, this led to the following research questions,
which are answered in this report:
e What is the wolf’s potential range in the Netherlands?
e Given this range, how large could the wolf population become?

o What is the relationship between this range and tree cover in the Netherlands?

o What is the relationship between this range and the distribution of four prey species?

o What is the relationship between this range and the distribution of damage incidents?

o What is the relationship between this range and the centres of the current territories?
e Is it possible to predict which parts of the potential range are most likely to see habitat establishment first?

To reliably estimate the Netherlands’ habitat suitability and ecological carrying capacity for wolves,
information is needed on the animal’s preferred habitat types and the conditions found there. While no
transmitter research has been carried out in the Netherlands, wolves have been tracked in Germany,
providing information on their habitat use and dispersal capacity. This data was used to create a statistically
valid carrying capacity model. In the present study, this German model was applied to the Dutch situation,
resulting in a map showing the wolf’s range in 10x10 km grid sections. This resolution is quite low for a
country the size of the Netherlands. To increase the granularity of the German model, two analyses based on
the LARCH knowledge system were added. First, LARCH was run using a suitability map with a 10x10 km
resolution to demonstrate its similarity to the German model. The resolution was then increased by carrying
out a LARCH-SCAN analysis with a resolution of 100x100 m.

The results show that the wolf’s potential range in the Netherlands is concentrated in the north and east of
the country, including the Utrechtse Heuvelrug and eastern North Brabant. With its low threshold for habitat
suitability, the German model yields a distribution covering almost all of the northeastern Netherlands,
Flevoland, the Utrechtse Heuvelrug and large parts of North Brabant. Under a scenario with a higher
threshold, a much smaller range remains, primarily covering the Veluwe, southeastern Flevoland, Drents-
Friese Wold and parts of North Brabant. The LARCH model yields an almost identical range for both
scenarios, while the LARCH-SCAN model predicts a larger distribution and potential range than the 10x10 km
analyses. For instance, LARCH-SCAN identifies a number of dune areas in the western Netherlands as
suitable habitats, but with a carrying capacity of less than one pack. Even when using a higher threshold,
LARCH-SCAN yields a larger range than the other models, which can be attributed to its higher level of
detail. For carrying capacity, the LARCH-SCAN analysis provides a lower limit of 23 packs and an upper limit
of 56.

The results show a clear difference in suitability between the eastern and western parts of the country, which
is likely related to the level of human influence. The level of human influence in the west is such that, given
the parameters used in the model, the establishment of a pack is unlikely. However, there are several things
to note in this context. Some areas, for instance, are just below the threshold for pack establishment, so it is
not inconceivable that pack establishment could still occur there. Moreover, the area requirement of a pack
used in this study (200 km?) is not a hard lower limit, as wolf territories show considerable variation in terms
of size, ranging between 80 and 400 km?2. It should also be emphasised that this modelling study only
estimates the suitability of areas for permanent wolf establishment. However, dispersing wolves can turn up
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anywhere and stay for shorter or longer periods. This may include environments that are unsuitable as
permanent habitats, such as urban areas.

The current occurrence of wolves in the Netherlands (based on damage incidents involving livestock) and the
location of the current territories (based on monitoring) provide an indication of the degree of uncertainty
underlying the modelled range. The results of the model appear to be consistent with both damage incidents
and territory locations.

A visual validation of the modelled range against forest cover and the occurrence of ungulate species gives
an indication of the areas likely to be colonised first, as forest cover and wild ungulate abundance are
important factors in the habitat preferences of wolves. The model only identifies areas it deems suitable as
wolf habitats, without ranking them in terms of suitability. Based on the additional data, the Veluwe, with its
high degree of forest cover and the presence of four wild ungulate species, appears to be a highly suitable
environment. This can also be seen in practice, as the Veluwe is already home to seven packs. Wooded areas
with two ungulate species in Drenthe, Friesland and eastern North Brabant are also highly suitable for
colonisation, which appears to be confirmed by the current establishment of wolves in Drents-Friese Wold
and eastern North Brabant.

The present analysis was conducted based on data obtained from wolves in Germany. In order to improve
the quality of the models and reduce uncertainty, further research is needed on the habitat use of wolves in
the Netherlands, preferably using multiple methods such as telemetry, DNA and trace research. The data this
would yield could serve as a basis for a new model for the Dutch situation, with a higher predictive value.
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1 Introduction

1.1 Background

With several wolf packs now established in the Netherlands, the return of this species to our country is a
fact.t At the time of writing, there are seven packs living in the Veluwe, one in Drenthe and one in Drenthe
and Friesland. In 2012, in preparation for the expected return of the wolf, a fact-finding study was conducted
by Wageningen Environmental Research (WENR) on behalf of the Ministry of Economic Affairs, the
Association of Provincial Authorities (IPO) and BIJ12. This was six years before the establishment of the first
pack (Groot Bruinderink et al., 2012).

Due to the growing population of wolves in the Netherlands - and Europe - and the more frequent
occurrence of roaming wolves in the Netherlands, interactions between humans, livestock and wolves are
now increasingly common. The Interprovincial Wolf Plan (IPO, 2019) and Addendum (IPO, 2023) set out a
number of policy principles for the management of wolves. For the revision of this plan, two additional factual
reports were commissioned by the above-mentioned authorities, which together form the legal and ecological
basis for the updated document. The legal framework for the protection and management of wolves is
described in Boerema et al. (2021)2, while the report by Jansman et al. (2021) discusses issues surrounding
the ecology of wolves, such as their lifestyle, diet, distribution, occurrence and origin, but also ecological
carrying capacity. In addition, Jansman et al. (2021) address questions regarding problem behaviour,
human-wolf coexistence, policy, damage, monitoring and management.

When a large predator like the wolf returns to a human- and livestock-dense country like the Netherlands, it is
desirable to assess where the species might settle so that policymakers and society at large can prepare
accordingly. A habitat suitability analysis is a key part of this process. Two such analyses have previously been
conducted for the wolf in the Netherlands (Lelieveld, 2012; Potiek et al., 2012), both of which made
assumptions based on the literature and expert knowledge. However, a modelling study using a data-driven
approach can provide a more reliable prediction of potential distribution. After more than 20 years of experience
with wolves in Germany, researchers there have gained insight into the animal’s habitat use. This makes it
possible to carry out a new analysis of potentially suitable habitats in the Netherlands using modelling tools.

The present habitat suitability analysis was commissioned by the Ministry of Agriculture, Fisheries, Food
Security and Nature (Ministry of LVVN) in 2023. It was originally published in Dutch (Biersteker et al, 2024)3,
and now translated in English. The aim of this project is to assess habitat suitability for wolves in the
Netherlands using a data-driven modelling analysis.

1.2 Research questions

In consultation with Ministry of LVVN, this led to the following research questions, which are answered in this
report:
e What is the wolf’s potential range in the Netherlands?
e Given this range, how large could the wolf population become?
o What is the relationship between this range and tree cover in the Netherlands?
o What is the relationship between this range and the distribution of four prey species?
o What is the relationship between this range and the distribution of damage incidents?
o What is the relationship between this range and the centres of the current territories?
e Is it possible to predict which parts of the potential range are most likely to see habitat establishment first?

https://www.bij12.nl/onderwerp/wolf/.

Boerema L., L. Freriks. A.A. and D.B. van den Brink. 2021. The legal protection of wolves in the Netherlands and in a number of
other European countries: A legal study to support the formulation of Dutch wolf policy in the light of the implementation of
nature legislation, Boerema and Van den Brink B.V., Houwerzijl/Element Advocaten, Best.

3 https://doi.org/10.18174/654770 Habitatgeschiktheid voor de wolf in Nederland - een modelanalyse. Biersteker et al, 2024.
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Section 2 presents the methodology, describing the wolf’s specific requirements and the models used. The
results, boundary conditions and assumptions are set out in Section 3. Section 4 discusses the results in
relation to other studies and the validation process, before concluding with several recommendations.
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2 Method

2.1 Introduction

To reliably estimate the Netherlands’ habitat suitability and ecological carrying capacity for wolves,
information is needed on the animal’s preferred habitat types and the conditions found there. The habitat
size required for a pack to settle somewhere permanently (carrying capacity) must also be considered.
Finally, the distances wolves can travel to reach new areas need to be taken into account. This information
can be obtained from expert estimates or from field data (based on transmitters or derived from sightings of
tracks and droppings).

While no transmitter research has been carried out in the Netherlands, there is tracking data from two
German wolves that passed through the Netherlands (Jansman et al., 2021). This data gives an impression
of the animal’s migratory behaviour, but does not provide insight into how it uses its environment. German
researchers, however, have carried out several field studies, collaring wolves to collect information on their
habitat use and dispersal capacity. This data was then used to create a statistically valid model for carrying
capacity (Planillo et al., 2023; Kramer-Schadt et al., 2020).

In the present study, this German model was applied to the Dutch situation, resulting in a map showing the
wolf’s range in 10x10 km grid sections. This resolution is quite low for a country the size of the Netherlands.

To increase the granularity of the German model, two analyses based on the LARCH knowledge system were
added. First, LARCH was run using a suitability map with a 10x10 km resolution to demonstrate its similarity
to the German model. The resolution was then increased by carrying out a LARCH-SCAN analysis with a
resolution of 100x100 m.

Conceptually, the German model is very similar to the LARCH(-SCAN) knowledge system (Pouwels et al.,
2008; Riiter et al., 2014; Pazurova, 2018; Van der Sluis 2021). This model has previously been used in wolf
studies as well, for example in the Umbria region of Italy (Klaver, 2003; Van der Sluis & Pedroli, 2004),

the Abruzzo region of Italy - in the heart of the Apennines (Van der Sluis et al., 2003) - and two areas in
Lugansk Oblast, Ukraine (Van der Sluis et al., 2011). The LARCH model is described in Section 2.3.2.

In summary, the present study aims to determine the habitat suitability for wolves in the Netherlands
through three modelling analyses:

1. An analysis using the model developed in Germany;

2. An analysis using the LARCH model;

3. An analysis using the LARCH-SCAN model.

2.2 Species description — ecology of the wolf

The wolf is a generalist species (Boitani, 2000). Although it has a clear preference for wooded areas, it also
uses agricultural land and wetlands (Jedrzejewski et al., 2004; Fechter & Storch, 2014). The wolf’s territory
is typically made up of approximately 50% forest, ensuring sufficient nesting sites and prey (Jedrzejewski

et al., 2004; Jansman et al., 2021). While the animal generally avoids human-made structures such as
motorways and urban areas (Jedrzejewski et al., 2004; Fechter & Storch, 2014), secondary roads, lakes and
rivers do not affect habitat use.

The wolf’s diet is highly varied, as it feeds on whatever is most readily available in its habitat to meet its
nutritional needs (Boitani, 2000). Nevertheless, it prefers habitats with several different species of wild
ungulates, allowing for flexible use of the range depending on the season (Jansman et al., 2021).
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The size of wolf territories varies depending on the availability of prey, population density, time of year,
geographical location and land cover (Jedrzejewski et al., 2007; Mystajek et al., 2018). Wolves are highly
territorial, and will claim and defend an area from conspecifics. Their local presence is usually limited to a
pair of parents with their young, sometimes accompanied by a few young from the previous year. While the
size of these packs can fluctuate over time depending on the number of young born each year and their
survival rate, it always remains within certain bounds. Young adults will usually leave the pack at one or two
years of age, and occasionally a pack may accept a roaming lone wolf. Packs can range from two to nine
animals, with the average pack consisting of five animals (Fechter & Storch, 2014). Without human
intervention, it can be predicted with a high degree of certainty that this will be the number of wolves living
in a habitat or territory in the short, medium and long term.

In Europe, a pack’s home range is usually around 200 km?, but this can vary from 80 to 400 km? (Reinhardt
& Kluth, 2016; Jansman et al., 2021; Planillo et al., 2024). In the present study, the typical home range of
200 km? was used to parameterise the models and determine the number of wolves that could potentially
settle in the Netherlands.

The daily distances wolves travel vary depending on the food supply. According to Kusak et al. (2005), the
linear distance travelled by wolves in Europe (Italy, Croatia and Poland) ranges from 2.5 to 9 km/day.
Reinhardt & Kluth (2016), on the other hand, found that adult wolves travelled a daily distance of
approximately 9 to 13 km, with a maximum of 68 km, whereas Jedrzejewski et al. (2001) reported average
daily distances of 20-27 km, with a maximum of 64 km. This would mean that a wolf could theoretically
travel up to 30 km in one direction to forage and return to its starting point the same day. Based on the
average home range from their telemetry study, Mystajek et al. (2018) plotted circles around known wolf
dens (assuming these dens were in the centre of the home range). The home range of 378 km? they used
resulted in circles with an 11 km radius around the centres of established wolf territories. This radius also
corresponds to the wolf’s average daily travel distance. In North America, wolves are known to travel up to
80 km/day when food supply is low, and will typically travel 1.6 to 9 km/day when food supply is high (Kusak
et al., 2005). Combined with the average and maximum distances reported by Jedrzejewski et al. (2001),
this implies that wolves travel an average of about 10 km out and 10 km back to forage. This value was used
to parameterise the models.

Detailed dispersal studies are scarce for the Central European wolf population. Most reported dispersal
distances are under 100 km (Kojola et al., 2006; 2009; Linnell et al., 2005; Blanco & Cortes, 2007). Kojola
et al. (2006; 2009) found a median dispersal distance of 98.5 km (range 35-445 km) in Finland. In Linnell
et al. (2005), 65% of dispersal is under 100 km, 20% between 100 and 200 km and 17% above 200 km.
Long-distance dispersal is regularly observed as well, with linear distances ranging from 400 to more than
1,000 km (Wabakken et al., 2007; Ciucci et al., 2009; Mancinelli & Ciucci, 2018; Razen et al., 2016;
Reinhardt & Kluth, 2016; Andersen et al., 2015). Of the 298 published dispersal distances in the US, only
10 are above 500 km (Linnell et al., 2005). Jiminez et al. (2017) reported no significant difference in the
linear dispersal distances of males and females, which were 98.1 km and 87.7 km respectively, and that only
10 of the 297 collared wolves travelled more than 300 km. For the parameterisation of the models, we
assumed a dispersal distance of 100 km.
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2.3 Modelling analysis

2.3.1 German model

The German model (Planillo et al., 2024) was developed based on an analysis of observations of collared
wolves combined with land cover maps and indicator maps related to human impacts (population density,
distance to infrastructure and distance to roads). A human footprint (HFP) map was used as well.* The
researchers used these map layers together with observational data to train two different types of models: a
generalised linear mixed model and a maximum entropy model. The combination of these models resulted in
what is known as an ensemble or composite model, which is created by taking a weighted average of a
number of different models, each with its own strengths and weaknesses. This will result in a more robust
prediction than would be possible with any single model.

In the present study, the ensemble model was run using input maps from the Netherlands (Table 1) at a
resolution of 100x100 m. The model’s output is a map with the same resolution, showing a habitat suitability
score for each cell. This is the habitat suitability index (HSI), which ranges between 0 and 1, with

0 representing ‘completely unsuitable’ and 1 representing ‘habitat of optimal quality’. For a detailed
description of the HSI model, see Planillo et al. (2024).

Table 1 Source and year per source map.

Name Year Description Source

CORINE Land Cover 2018 Land cover, modified based on https://land.copernicus.eu/pan-european/corine-land-

classes that are relevant to the wolf cover/clc2018

Population density 2010 Human population densities https://www.eea.europa.eu/data-and-
maps/data/population-density-disaggregated-with-
CORINE-landcover-2000-2

Human footprint 2018 Degree of human impact on an area https://www.nature.com/articles/s41597-022-01284-8

Distance from settlements 2016 Distance from built-up areas https://ghsl.jrc.ec.europa.eu/esm R2019.php

Distance from roads 2016 Distance from motorways, only https://hub.worldpop.org/geodata/summary?id=17447

larger roads included

The resolution of the suitability map was then reduced to 10x10 km and resampled using a threshold, with
all cells below the threshold receiving a suitability score of 0. This ensured that only cells of sufficient quality
were retained for range modelling, as highly fragmented habitats and habitats of insufficient quality were
filtered out. In order to create a potential range map? with an upper and lower limit, this was done twice
(see Section 2.3.4).

The German model’s final population estimates were calculated by retaining only those areas with at least
two adjacent 10x10 km (100 km?) cells, including diagonally adjacent cells. This is equivalent to an area of
200 km?, which is the average size of a wolf’s territory, with a 10 km range for the animal’s daily activity
(see Section 2.2).

Applying the German model (Planillo et al., 2023) to the Dutch situation involved the following steps:

1. Creating a map showing the estimated habitat suitability (resolution of 100x100 m).

2. Reducing the resolution of this suitability map to 10x10 km.

3. Filtering this map to exclude highly unsuitable or fragmented patches or cells from the carrying capacity
calculations.

4. Determining the ranges? by retaining only areas (‘patches’) with two or more adjacent 10x10 km cells,
corresponding to the area requirement of one pack.

5. Calculating the total carrying capacity by dividing the total potential range in the Netherlands by the area
required by one pack.

4 An HFP map scores the extent to which an area has been adapted by humans on a scale of 0 to 50, where 0 represents ‘not
adapted’ and 50 represents ‘highly adapted’. The HFP map used here was created using maps of eight different variables: built
environment, population density, nighttime lighting, agricultural land, pastures, roads, railways and navigable waterways.
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2.3.2 LARCH model

In the present study, the HSI map from the German model was used as the basis for two LARCH analyses.
For the first analysis, the LARCH input was a version of the HSI map aggregated to a resolution of 10x10 km.
Similar to Planillo et al. (2024), the outcome of the HSI model was first translated to a 10x10 km resolution,
after which a suitability threshold was applied to retain the suitable habitats. LARCH determines
metapopulations: networks of spatially distinct populations that interact at different levels, such as exchange
of specimens, colonisation and extinction of populations.

In determining metapopulations LARCH also includes the resistance of infrastructure such as motorways,
waterways and urban centres. This is based on a resistance map with the same resolution as the habitat
suitability map. For a species that has no chance to cross a motorway or waterway (it is an absolute mortal
barrier), the patches on either side of such an element are not part of the same metapopulation since no
exchange can take place between these populations. Due to the use of a 10x10 km suitability map, however,
the current analysis does not consider absolute barriers, as this would require 10x10 km resistance maps
unsuited to the scale of these mostly linear elements.

The wolf’s range was set at 10 km (see 3), the range of daily activity rather than the dispersal distance,
which is many times greater. Given the distances regularly covered by dispersing wolves (see Section 2.2)
and the omission of resistance from the present analysis, it can be assumed that all wolf populations in the
Netherlands belong to the same network.

The following description of the LARCH knowledge system is largely based on the description given by

Van der Sluis et al. (2020):

For the spatial analysis of habitats, the landscape ecological model LARCH (Landscape-Ecological Analysis
and Rules for the Configuration of Habitat) was used. This model is based on principles from metapopulation
theory and provides information on the structure and viability of populations in relation to the configuration
and carrying capacity of breeding, foraging and resting areas. Metapopulation theory views landscapes as
networks of spatially distinct populations interacting at different levels (Hanski & Gilpin, 1997; Opdam et al.,
2002; Foppen, 2001). Interactions between habitat patches include exchange of individuals and colonisations
or extinctions. Exchange of terrestrial species often takes place through corridors, or incrementally via
‘stepping stones’ (Van der Sluis et al., 2004). The metapopulation approach is particularly useful in
fragmented landscapes.

LARCH is a knowledge system that integrates spatial information with ecological species characteristics. It is
used for scenario analysis and policy evaluation. The system was developed by Alterra (predecessor of
WENR) and has been fully described and has been applied in analyses worldwide (Chardon et al., 2000;
Franz et al., 2013; Groot Bruinderink et al., 2003; Van der Sluis & Chardon, 2001; Van der Sluis et al.,
2007; Verboom et al., 2001; Pouwels et al., 2002).

The principles underpinning the LARCH model are simple: a species of conservation concern or an indicator
species (sometimes called an umbrella species) that is representative of several other species is selected,
and the suitability of an area to support a population of the species is assessed. The size of an area and its
vegetation structure determine the potential number of individuals of a particular species it can support. The
distance to adjacent areas (network distance) determines whether these areas are part of a species’ network
with which exchange still takes place. All areas in a network contribute to the population, and the size of the
network population is determined based on the species’ characteristics.

As input, LARCH requires a habitat map (e.g. a vegetation or land cover map) and ecological species
parameters (e.g. home range, dispersal distance and carrying capacity for all habitats). LARCH does not
require distribution or abundance data, as the assessment is based on the potential of a species’ ecological
network given optimal habitat quality.
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2.3.3 LARCH-SCAN

The second analysis used the SCAN module of LARCH, which clusters metapopulations based on species
range, taking into account the degree of habitat connectivity. The degree of habitat connectivity is based on
Hanski (1989), who calculates the connective strength between patches using an exponential function of the
distance a species can move (dispersal) and habitat size.

The LARCH-SCAN module was run with the HSI map at its original resolution of 100x100 m, providing a
more accurate estimate of the range and number of packs.

At the time of writing, it is not yet possible to properly estimate landscape resistance with the LARCH-SCAN
model due to insufficient Dutch field data for wolf movements. Infrastructure resistance was therefore not
included in the metapopulation modelling.

In this analysis, the wolf’s range was set at 10 km, equal to the 10x10 km LARCH analysis (see Sections 2.2
and 2.3.2).

2.3.4 Uncertainty/upper and lower limits of the range

To cater for the uncertainty in their predictions, Planillo et al. (2024) use a ‘lenient’ (0.17) and a ‘strict’
(0.28) threshold level to resample or convert the HSI map before determining the range and calculating the
number of packs, resulting in two different HSI maps. This means that the range and number of packs are
calculated twice, once for each filtered HSI map, yielding an upper and lower range limit.

The thresholds are determined based on the HSI scores with the highest number of observations. The lower
limit is defined as the lowest value within the 95% confidence interval, while the upper limit is calculated as
the mean HSI score for the observations, minus one standard deviation. This ensures that cells of insufficient
quality are not included in the calculation of the total humber of packs.

In order to provide transparency regarding the uncertainty of the LARCH and LARCH-SCAN analyses, we
decided to use the above approach as well.

2.3.5 Numbers

The unit used to express the size of (meta)populations or networks is the reproductive unit (RU). This is the
number of units in a population that are able to reproduce. The reproductive unit for wolves is a pack,
typically consisting of two to nine animals (Fechter & Storch, 2014).

In calculating the number of RUs per population, we assumed a home range of 200 km?, which is consistent
with what Planillo et al. (2024) infer from the observational data. The number of packs that, according to the
models, could settle in the Netherlands was calculated by taking the sum of all populations that could contain
at least one pack based on their area.

For each modelling analysis, the range’s carrying capacity in terms of humber of packs was calculated as
follows:

1. The different sub-areas within the range were divided by the area required by a pack.

2. All areas large enough to support at least one pack were added together.

In order to obtain a lower limit for the carrying capacity, the above procedure was used to calculate the

range according to the strict threshold, and in order to obtain an upper limit the lenient threshold was used.
The carrying capacity range is the difference between this upper and lower limit.
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2.4 Visual interpretation of model results

The model used by Planillo et al. (2024) is based in part on the CORINE Land Cover map that was developed
as part of the EU Copernicus programme. This map includes a variety of land cover types with large
differences in tree cover and prey availability, two key factors in the wolf’s habitat preferences that are not
included in the model (Krammer-Schadt et al., 2020, Planillo et al., 2024). These factors can be used to give
an indication of which parts of the range (as calculated by the LARCH-SCAN model) are most likely to see
pack establishment, or where this will happen first. To facilitate this process, maps were created of the
average tree cover in the Netherlands and the distribution of four ungulate species, namely Roe deer, Fallow
deer, Red deer and Wild boar were made.

Two additional maps were created to provide insight into how the LARCH-SCAN range compares with what is
observed in practice: one showing the centres of established territories and another providing an overview of
incidents involving livestock damage. In both maps, the points are plotted on the modelled range.

Below we describe how each additional map was created and which sources were used.

2.4.1 Forest cover in the Netherlands

This map shows the percentage of tree cover for 1x1 km sections within the LARCH-SCAN range; the data for
mean tree cover is from the EU Copernicus Land Monitoring Service
(https://sdi.eea.europa.eu/catalogue/copernicus/api/records/c7bf34ea-755c-4dbd-85b6-
4efc5fd302a2?language=all).

2.4.2 Range of wild ungulates in the Netherlands

To map the occurrence of ungulate species, all observations within the last year for Roe deer, and within the
last five years for Fallow deer, Red deer and Wild boar, were retrieved from the National Flora and Fauna
Database. These figures were converted to the level of hourly section presence (5x5 km?), by scoring all
hour sections with at least five observations as ‘present’.

In addition, these hourly sections were used to create a map of the number of species occurring in different
parts of the LARCH-SCAN range.

2.4.3 Damage to livestock

In the Netherlands, a large proportion of land-based livestock farms are insufficiently protected, for example
by wolf-resistant fencing (link: BIJ12 December 2023 progress report: <2% sufficiently protected). As a
result, wolves are not only preying on wild ungulates, as they normally do, but also causing damage to
livestock. As a visual comparison between the distribution of such damage incidents and the modelled range
can provide an indication of the plausibility of the model results, BIJ12 damage data from roughly the past
eight years (2015-2023) was mapped onto the wolf’s range according to the LARCH-SCAN model.

2.4.4 Centres of current territories/monitoring in the Netherlands

In the Netherlands, monitoring is coordinated by BIJ12 on behalf of the provinces. DNA samples are collected
from bitten livestock, deer and boar, as well as from found faeces. These samples are used to determine if a
wolf is present, and whether it has settled or is still roaming. This is how the centres of the territories
currently established in the Netherlands were identified and mapped onto the modelled range.
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3 Results

3.1 Modelling analysis

3.1.1 Habitat suitability

The habitat suitability modelling results in a map with values between 0 and 1, where 1 represents an
optimal habitat for wolves, the highest attainable score. Areas with natural vegetation and low anthropogenic
pressure are marked as highly suitable (Figure 1). In particular, these are the Veluwe,

the Oostvaardersplassen, Drents-Friese Wold, the Biesbosch National Park, the dune areas in

the west of the Netherlands and the wooded areas in the south of North Brabant and on the border between
Limburg and Germany. Non-natural areas with low anthropogenic pressure are also reasonably suitable,
despite their lower suitability scores compared to areas with natural vegetation. Examples of such
non-natural areas include the Alblasserwaard, Flevoland and rural areas in the north and east of the country.

Habitat Suitability Index (HSI)

(C) OpenStreetMap contributors
(C) CARTO

Figure 1 The habitat suitability map for wolves in the Netherlands, based on the German model
(Planillo et al., 2024).
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3.1.2 Range according to three methods

Below are the wolf population estimates and range maps for each of the three models. These maps should be

interpreted as follows.

1. Orange is the range when the strict threshold (0.28) is used to calculate the HSI. This is the highest
quality ‘core area’, where wolf establishment is most likely and will likely happen first. The actual
distribution of wolves in the Netherlands is expected to include at least this area, which therefore
represents the lower limit of wolf distribution in the Netherlands.

2. Blue is the range when the lenient threshold (0.17) is used to calculate the HSI. This can be seen as a
broad estimate of wolf distribution. Although wolf establishment may occur in this area, it is less likely
than in the orange area. It is not likely that the actual distribution of wolves will include this area in its
entirety, as is the case with the orange area. The blue area therefore represents the upper limit of wolf
distribution in the Netherlands, and is unlikely to see establishment in the short term.

3. Grey areas are potentially suitable for wolves (based on the lenient threshold), but not large enough to
support at least one pack (200 km?).
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3.1.2.1 German model

Applying the German model (Planillo et al., 2024) to the Dutch situation results in the map shown in

Figure 2. The modelled range has two centres of gravity: one in the northeastern Netherlands and another in
the south of North Brabant. Using the low threshold, the wolf’s range covers the entire northeast of the
country. This region has many agricultural areas scattered with natural elements, which are sufficiently
suitable for the wolf, especially considering the low anthropogenic pressure in this part of the Netherlands.
Besides the larger core areas, there are a number of smaller cores in the west, around the Biesbosch,

the Utrechtse Heuvelrug and various agricultural areas in North and South Holland. When the high threshold
is used, the remaining core areas are the Veluwe, a cluster in Drenthe, Friesland and Overijssel, and the
forest and moorland areas in the south of North Brabant. These areas have the highest suitability scores and
are thus most likely to be settled by wolves.

Method conform Planillo et al., 2024

More then 1 pack
at threshold:
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AMSTERDAM

UTRECH

ROTTERDAM

Middelburg

Essen W
Duisburg

Wuppertal
DUSSELDORF
Solingen

RUCES

ANTWERP
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(C) OpenStreetMap contributors
(C) CARTO Liege

Figure 2 Potential range of wolves in the Netherlands according to the German method (Planillo et al.,
2024). The blue areas can support one pack or more at the low threshold. The orange areas can support at
least one pack at the high threshold.
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3.1.2.2 LARCH model
Figure 3 shows the result of the LARCH model using the same parameter settings. Despite small, one-cell
differences here and there, the outcome is almost identical to that of the German method.

Method: LARCH

More then 1 pack
at threshold:

Too small
o low
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Solingen
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COLOGNE
Kortrijk BRUSSELS
BONN

(C) OpenStreetMap contributors %
(C) CARTO Liege

Figure 3 Potential range of wolves in the Netherlands according to the LARCH model, at a resolution of
10x10 km. The grey areas are too small to support one pack. The blue areas are large enough for one pack
at the low threshold, and the orange areas can support one pack at the high threshold. The grey areas were
calculated using the low threshold.
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3.1.2.3 LARCH-SCAN model

The distribution picture resulting from the LARCH-SCAN model is broadly the same: a high probability of
occurrence in the northeastern Netherlands and the south of North Brabant, with centres of gravity in
the Veluwe, Drents-Friese Wold and forest and heathland areas in North Brabant (Figure 4).

Nevertheless, a number of differences stand out. Certain areas with carrying capacity for at least one pack in
the 10 km LARCH model (at the low threshold) are not large enough to support a pack according to the
LARCH-SCAN model. This applies to the Biesbosch, the Alblasserwaard, Robbenoordbos and its surroundings,
the agricultural area in Zeelandic Flanders and the wooded areas on the border between Limburg and
Germany (De Maasduinen National Park/ Klever Reichswald and De Meinweg National Park).

Method: LARCH-SCAN

More then 1 pack

at threshold: e % X 5
Too small % ﬁ ¥ S
o Low by SREDES OB S/ O
A ‘. ¥
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Wupperta

BRUCES ANTWERP DUSSELDORF

Solinge

COLOGNE
Kortrijk BRUSSELS

BONN

(C) OpenStreetMap contributors
(C) CARTO Liege

Figure 4 Potential range of wolves in the Netherlands according to LARCH-SCAN. The blue areas are
large enough for one pack at the low threshold, and the orange areas can support one pack at the high
threshold. The grey areas, which are only identified by the model at the low threshold, are too small to
support one pack.

3.1.3 Numbers

The lower and upper limits for the number of packs that could occur in the Netherlands according to each of
the three models are given in Table 2.
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Table 2 Total number of packs in the Netherlands according to the different methods.

Method Lower limit Upper limit
German model 15.5 99.5
LARCH model 19.5 104
LARCH-SCAN model 22.86 55.65
3.2 Visual interpretation of the models

3.2.1 Tree cover

The average tree cover in the Netherlands is shown in Figure 5. In general, tree cover is relatively high in the
east and south of the country compared to the west and far north. In the west, high tree cover is mostly
limited to the dune areas.

Average Tree Cover
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Figure 5 The percentage of tree cover at the level of 1x1 km sections mapped onto the distribution area
according to LARCH-SCAN (grey). Sections with less than 10% cover have been left blank.
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3.2.2 Ungulate species available

The availability of Roe deer, Fallow deer, Red deer and Wild boar is shown in Figure 6. In the Veluwe, each of
these ungulates is available as prey. Roe deer is also available in Limburg, as is Wild boar in certain regions.
In Drents-Friese Wold and the dune areas along the coast, Roe and Fallow deer are available.

Number of species

Fallow deer

Roe deer

Wild boar

{C) GpenStroctiag contnzutors (G
CARTO

Figure 6 Availability of four ungulate species in the Netherlands and the number of ungulate species
occurring in different parts of the range.
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3.2.3 Map versus practice: territories & damage

To validate the model output, Figure 7 shows the centres of gravity of the current territories as well as
locations where damage to livestock has been reported (confirmed cases), mapped onto the modelled
potential range.

For the territories, there appears to be a complete overlap, with all the packs located in the core area. One
territory, belonging to a solitary animal, is located in the wide range (the blue areas on the maps).

There is also a high degree of overlap between damage incidents and the potential range. The areas around
Drents-Friese Wold, Strabrechtse Heide and the Veluwe show the highest concentration of damage incidents.
These are also the focal areas of the modelled range.

Livestock damage Centers of wolf territories (~2023)

Wolf territory:
Solitary wolf
B Wolf pack

{C; OpenStrzetiag contributors (C) 1C} OpenStreetiap cantriators (C;
CARTO CaRTe

Figure 7 The map on the left shows reported and confirmed incidents of livestock damage

(date boundaries). Each orange dot represents one reported incident. The map on the right shows the global
centres of established wolf territories in 2023. The blue dots show the territories of packs, the orange dots
those of solitary animals. The light and dark grey areas are the LARCH-SCAN ranges at the low and high
thresholds respectively (see also Figure 4).
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4 Discussion

4.1 Range

This report mapped the potential range of wolves in the Netherlands based on modelling analyses. These
analyses were based on the habitat use of wolves in Germany. As the wolf populations in the Netherlands
and Germany are closely related, it is reasonable to assume similar preferences. Nevertheless, a certain
degree of caution is warranted when interpreting the results. Large parts of the Netherlands, such as

the Veluwe and the Achterhoek, resemble Germany in terms of habitat, but the same cannot be said of the
open agricultural areas in other parts of the country. Uncertainties regarding the model results are discussed
below.

4.1.1 Range according to this study

The results show that the wolf’s potential range in the Netherlands is concentrated in the north and east of
the country, including the Utrechtse Heuvelrug and eastern North Brabant. With its lower threshold (HSI
0.17), the German model yields a distribution covering almost all of the northeastern Netherlands, Flevoland,
the Utrechtse Heuvelrug and large parts of North Brabant (Figure 2). Under a scenario with a higher
threshold (HSI 0.28), a much smaller range remains, mainly covering the Veluwe, southeastern Flevoland,
Drents-Friese Wold and parts of North Brabant. The LARCH model yields an almost identical range for both
scenarios (Figure 3). The LARCH-SCAN model (Figure 4, Annex 1) predicts a wider distribution and potential
range than the 10x10 km analyses. For instance, LARCH-SCAN identifies a number of dune areas in the
western Netherlands as suitable habitats, but with a carrying capacity of less than one pack. When using the
strict threshold, LARCH-SCAN vyields a larger range than the other models, which can be attributed to its
higher level of detail. While the German model identifies suitable habitats using 10x10 km cells, the
LARCH-SCAN grid is more granular (100x100 m). Lowering the resolution to 10x10 km means that cells will
be identified as unsuitable when they do not contain sufficient suitable habitat, for example when the land
cover is predominantly agricultural with high anthropogenic pressure. However, this also excludes parts of
cells that may be suitable from further analysis. Due to its finer resolution, the LARCH-SCAN model does
include these areas.

The results show a clear difference in suitability between the eastern and western parts of the country, which
is likely related to the level of human influence. The level of human influence in the west is such that, given
the parameters used, the establishment of a pack is unlikely. However, there are several things to note in
this context. Some areas, for instance, are just below the low threshold for pack establishment.

The Alblasserwaard, De Maasduinen National Park and Reichswald Kleve, and De Meinweg National Park have
scores of 98, 97 and 81% respectively. Given their size, it is not inconceivable that pack establishment could
still occur in these areas. Whether or not these areas are actually suitable for establishment is likely to
depend primarily on the degree of forest cover and the availability of prey animals. This means that
establishment in Maasduinen appears more likely than in the Alblasserwaard. Moreover, the area
requirement of a pack used in this study (200 km?) is not a hard lower limit, as wolf territories show
considerable variation in terms of size, ranging between 80 and 400 km? (Reinhardt & Kluth, 2016; Jansman
et al., 2021, Planillo et al., 2024). As a result, pack establishment in areas assessed as too small cannot be
ruled out. Particularly in the dune areas of North and South Holland, it is conceivable that a pack could make
do with a smaller area, given the availability of prey animals (Fallow and Roe deer) and high degree of forest
cover. In addition, there are areas that are not large enough for a pack at the high threshold, but that almost
meet the area requirement. Examples include the Utrechtse Heuvelrug and the agricultural land surrounding
Lauwersmeer, which meet 68 and 87% of the area requirement respectively. In addition to packs, a solitary
wolf may also settle in an area. This has already happened in a number of places around the country

(Figure 7).
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4.1.2 Previous habitat suitability studies

Several attempts have been made to identify potential wolf habitats in Europe based on modelling analyses
(Jedrzejewski et al., 2008; Fechter & Storch, 2014; Louvrier et al., 2018; Marucco & Mclntire, 2010; Nowak
et al., 2017; Gwynn & Symeonakis, 2022). Such habitat suitability studies have also been carried out for

the Netherlands (Potiek, 2012; Lelieveld, 2012). The assumptions used in these studies vary widely, and it is
not always clear whether the factors used are representative of wolf preferences, or whether the underlying
data have introduced artefacts into the model output. These artefacts can occur when the data used comes
from different habitats and relates to different habitat types, different degrees of anthropogenic influence
and different wolf population densities. However, they can also occur when the data only covers a relatively
small subarea (Planillo et al., 2024).

The range in the present study is consistent with the area modelled by Lelieveld (2012), with both models
yielding a centre of gravity in the northeast of the country. There are also suitable areas in eastern

North Brabant, the Utrechtse Heuvelrug and De Maasduinen National Park. Potiek et al. (2012) arrived at a
distribution covering almost the entire country, with the exception of North and South Holland and certain
parts of Utrecht. This was likely an overestimate, which can be attributed to the fact that they divided the
country into sections using motorways. The centre of gravity, however, is similar to that of Lelieveld (2012)
and the present study, located in the northeast.

All three habitat suitability studies for the Netherlands (Lelieveld, Potiek and the present study) identify
almost the entire northeast of the country as suitable for wolf establishment, making it highly likely that the
centre of gravity of the Dutch population will be in this area. The present and previous studies also show that
models based on expert estimates are sufficient to give a rough indication of the wolf’s range. Indeed, the
present model, with its higher granularity and input quality, shows roughly the same picture. As the level of
detail increases, the differences become more pronounced and more nuances emerge in the modelled range.
The similarity between the results of the previous studies and the present one is remarkable given the
differences in terms of methodology and input. Analyses based on anthropogenic pressure, prey availability
and a combination of these factors all yielded similar distributions.

However, models that assume general habitat requirements may underestimate an area’s suitability for
wolves. A modelling study by Gwynn & Symeonakis (2022) argues that agricultural land (fields and
grassland) is unsuitable, while Planillo et al. (2023) find increasing colonisation of open areas in northern and
western Germany. It is unclear to what extent open areas with little cover (thickets and forest) in the
Netherlands provide sufficient prey, or whether they are suitable for burrowing. Roe deer occur almost
everywhere in the Netherlands (Figure 6), which means that even agricultural areas could be partly suitable
provided there is sufficient cover nearby. However, pastures and farmland are not suitable, as wild ungulates
are not present (or are present at too low a density) and livestock are not usually available as prey (provided
that sufficient protective measures are in place).

4.1.3 Range development/expansion

Predicting potential range expansion is complex, as the response of individuals to anomalous habitat may
differ from habitat use in modelling studies (Louvrier et al., 2018; Planillo et al., 2024). As a ‘plastic species’,
the wolf is also an opportunist that adapts to new conditions. Hence, modelling studies based on early
establishment data yield different predictions than those based on data from areas that have been colonised
for longer. In areas that have been colonised for some time, suboptimal habitat also becomes part of wolf
territories once all optimal habitat is occupied.

When using only telemetry data, there is a risk that a few individuals with specific habitat preferences will
have an outsized influence on the model results. In Germany, Planillo et al. (2024) recently found wolf
territories in areas with higher levels of human disturbance in an area colonised 20 years ago. The first areas
that were established, however, had high forest cover and low levels of human disturbance. Using only the
German data from recently colonised areas as model input would lead to an underestimation of habitat
suitability compared to the actual observed distribution (Planillo et al., 2024).

26 | Wageningen Environmental Research Report 3350 (English version)



It should be emphasised that this modelling study estimates the suitability of areas for permanent wolf
establishment. However, dispersing wolves can turn up anywhere and stay for shorter or longer periods. This
may include environments that are unsuitable as permanent habitats, such as urban areas.

4.1.4 Numbers

For carrying capacity, the LARCH-SCAN analysis provides a lower limit of 23 packs and an upper limit of 56.
It therefore seems unlikely that fewer than 23 packs or more than 56 packs will occur in the Netherlands.

Potiek et al. (2012) calculated the maximum number of packs that could occur in the Netherlands to be
between 68 and 89. Using the population dynamics analysis they carried out based on this carrying capacity
(METAPHOR analysis), they estimated that 10 packs (50 animals) could occur in the Netherlands. Lelieveld
(2012) estimated that the Netherlands could support between 16 and 44 packs, depending on the modelling
scenario.

The estimate of the present study is similar to the results of the previous studies, although there is a greater
difference with the study by Potiek et al. (2012), which found a fairly wide spread in carrying capacity, from
10 to 89 packs. The spread in the present study (33) is about the same as that in Lelieveld (2012) (28),
while the numbers are slightly higher: the lower limit is seven packs higher and the upper limit is 12 packs
higher.

4.1.5 Trends in wolf numbers

In practice, the wolf population in a given region is largely determined by the animal’s highly territorial
nature, so numbers tend to be fairly constant (see Section 2.2; Van Den Berge & Gouwy, 2021).

This is an essential difference with non-territorial species, such as Wild boar, whose numbers can fluctuate
greatly (Briedermann, 2009).

Due to the wolf’s territorial nature, population changes manifest in localised spatial patterns of local presence
and absence, as with other medium and large predators. Wolves’ territories can be seen as pieces in a jigsaw
puzzle, not necessarily adjacent to one another and often with intervening gaps. The variation in the size of
wolf territories can sometimes be considerable, and local conditions such as food availability are a factor in
this: more abundant food allows for smaller territories and vice versa.

The density of a wolf population is ultimately determined primarily by the number of territories, viewed
across a wider region, plus lone wolves roaming within that same area. As the density of wolves increases,
negative density-dependent factors come into play. These can include smaller litter sizes, lower survival
rates among young wolves, an increase in aggressive interactions between wolves and the spread of disease.
Smith et al. (2020a) report that population regulation in wolves is determined by density-dependent
mortality as a result of aggression between packs.

For the time being, there is plenty of space for wolves in the Netherlands, as their numbers still appear to be
low. While the wolf population in the Netherlands is growing, density-dependent factors will curb the rate of
growth as numbers increase. Eventually, the population will stabilise and fluctuate around the ecological
carrying capacity of the ecosystem, a situation that now appears to have been achieved in the Lusatia region
in eastern Germany. In the US, the population in Yellowstone National Park also stabilised after growing
rapidly in the years following reintroduction, partly as a result of disease (Smith et al., 2020b). Annual wolf
population growth in the states of Idaho, Wyoming and Montana has been around 25% for the past three
decades (Wielgus & Peebles, 2014). In Germany, the wolf population grew from one pack to 67 packs
between 2000 and 2015, at an average annual growth rate of 36% (Reinhardt et al., 2019). It then levelled
off slightly, to around 25% per year (Reinhardt et al., 2021). In 2022 and 2023, the number of packs in
Germany was around 184°, while the range continued to increase.

Most wolves colonising the Netherlands come from the Central European population, especially from
Germany. As this population continues to grow, it is likely that more wolves will migrate to the Netherlands

° https://www.dbb-wolf.de/wolf-occurrence/confirmed-territories/map-of-territories.
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from Germany. In addition, due to wolves’ high capacity for dispersal and growth in other subpopulations in
Europe, such as the Alpine wolf population, individuals may also come to the Netherlands from other regions.
Whether these newcomers can find a place to settle will depend on the amount of suitable territory that is
still available. The amount of available habitat may also change in the coming years due to spatial
developments (e.g. forest expansion, nature development and housing development).

4.2 Visual validation of model results

Figures 5, 6 and 7 show a visual validation of the modelled range against forest cover, the occurrence of
ungulate species, the centres of current wolf territories and validated incidents of livestock damage.
Figures 5 and 6 give an indication of the areas likely to be colonised first, as the degree of forest cover and
the availability of wild ungulates are important factors in the habitat preferences of wolves (Jedrzejewski
et al., 2004; Fechter & Storch, 2014, Jansman et al., 2021). The current occurrence of wolves in the
Netherlands (based on damage incidents involving livestock) and the location of the current territories
(based on monitoring) provide an indication of the degree of uncertainty underlying the modelled range.

4.2.1 Forest cover and ungulate availability

In general, areas identified as suitable habitats by the models have relatively high levels of forest cover
(Figure 5). This is particularly the case for the core area (calculated using the strict threshold, shown in
orange on the maps). The core area according to the LARCH-SCAN model mainly comprises natural areas
with high levels of forest cover. However, when looking at the range calculated by the LARCH-SCAN model at
the lenient threshold (shown in blue on the distribution map), the picture becomes less clear. At this
threshold, more agricultural land is included in the range. Forest cover in these areas is generally much lower
than in predominantly natural areas. It is therefore more likely that wolves will settle in an area such as

the Veluwe or the Utrechtse Heuvelrug than in agricultural areas identified as suitable by the model based on
land use and anthropogenic pressure.

The calculations in the present study did not include data on prey abundance, as food availability was not
shown to be a key factor in the habitat suitability analysis of the German study. It was assumed that
ungulate densities were sufficient throughout Germany. Home range size is partly dependent on the
availability of prey (Jedrzejewski et al., 2007; Mystajek et al., 2018). European wolves prey mainly on
ungulates, such as Red deer, Roe deer and Wild boar (Fechter & Storch, 2014; Merrigi et al., 2011;
Zlatanova et al., 2014; Khorozyan & Heurich, 2022; Jansman et al., 2021). Roe deer are especially popular.
It is generally assumed that ungulate densities are high in Europe (Massei et al., 2015; Reinhardt et al.,
2020). The Netherlands also has high densities of wild ungulates in some regions, but a zero population
policy applies to Red deer, Fallow deer and Wild boar in large parts of the country (Figure 6).

When wild ungulates are in limited supply, other animals become prey, including unprotected livestock,
beavers and lagomorphs. Wolves will switch prey species depending on their sex and age, as well as the
benefits (supply) and costs (own safety/vulnerability of prey) (Sovie et al., 2023). A habitat with multiple
species of wild ungulates provides more food security for wolves in situations where prey numbers fluctuate
(Glenz et al., 2001). For the Dutch situation, this implies that areas with multiple species of wild ungulates
provide optimal habitat, as this allows wolves to switch between prey species depending on the season.
Small-scale cultivated landscapes and intensively used open agricultural areas appear to be less suitable due
to the monotonous prey supply (Roe deer and small mammals), assuming that livestock are well protected
and not available. Roe deer, the wolf’s favourite prey, is found almost everywhere in the Netherlands. Other
wild ungulates (Red deer, Fallow deer, Wild boar) that could serve as alternative prey have a more limited
distribution (Figure 6). Semi free-living ungulates (Heck cattle, Highland cattle, Konik horses,

Galloway cattle, European bison, etc.) could also serve as prey, especially the calves and weaker individuals.
It therefore seems plausible that the early establishment phase will mainly see colonisation in forest areas
with multiple species of wild ungulates (and higher densities), as has already happened in the Veluwe in
recent years. Establishment in the open cultivated landscapes of the Flevopolders, Zeeland or Friesland
seems less likely, but cannot be ruled out based on the models. It is not known whether and for how long
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the less suitable areas would remain populated; wolves may only be transient in these areas, but they may
also prove suitable for permanent establishment.

4.2.2 Sequence of establishment

The model only identifies areas it deems suitable as wolf habitats, without ranking them in terms of
suitability. Forest cover and prey availability should give an indication of which parts of the modelled range
are likely to be established by packs first. Based on the additional data, the Veluwe, with its high degree of
forest cover and the presence of four wild ungulate species, appears to be a highly suitable environment.
This can also be seen in practice, as the Veluwe is already home to seven packs. Wooded areas with two
ungulate species in Drenthe, Friesland and eastern North Brabant are also highly suitable for colonisation,
which appears to be confirmed by the current establishment of wolves in Drents-Friese Wold and eastern
North Brabant.

4.2.3 Overlap with current territories

The visual comparison between the modelled range and the territory centres shows a high degree of overlap
(Figure 7). All of the territories are located within the range. Moreover, all pack territories, unlike those of
solitary animals, are also within the core area. This shows that the modelled range is consistent with what is
observed in practice.

4.2.4 Overlap with incidents of livestock damage

To validate the model results, the distribution of damage incidents was mapped onto the LARCH-SCAN range
(Figure 7). The significant overlap between the two areas confirms the plausibility of the modelled range.

The high concentration of incidents around Drents-Friese Wold and in North Brabant, and the low number of
incidents around the Veluwe - the area where most wolves are currently found - are noteworthy. The
differences between these areas are likely due to the Veluwe’s abundance of wild ungulates. There are at
least four different prey species in this region, all of which occur in fairly high densities. As a result, wolves
do not have to venture outside the nature reserve to find food, limiting their contact with unprotected
livestock. In Drenthe, Friesland and North Brabant, the supply of wild ungulates is lower, which means that
wolves have to move around more in search of prey. In addition, the natural areas in these regions are more
fragmented than in the Veluwe, with a lot of agricultural land cutting through nature reserves. As wolves
move between these fragmented natural areas, they are more likely to encounter unprotected livestock.

The map also shows damage incidents outside the range. These can probably be attributed to dispersing
wolves, which can travel long distances and come into contact with unprotected livestock along the way.

4.3 Recommendations

In terms of modelling wolf distribution and pack numbers, the present study provides sufficient background
for policymakers. The modelled distribution, combined with future research and existing knowledge, can be
used to anticipate potential problems. However, the present analysis was based on data obtained from
wolves in Germany. In order to improve the quality of the models and reduce uncertainty, further research is
needed in particular on habitat use and movements of wolf in the Netherlands, preferably using multiple
methods such as telemetry, DNA and trace research. The data this would yield could serve as a basis for a
new model for the Dutch situation, with a higher predictive value. To gain a better understanding of human-
wildlife coexistence, research is also needed on the possibility of wolves adapting to a landscape with high
anthropogenic pressure, as is the case in the Netherlands.

In order to manage the wolf’s return to the Netherlands in the best possible way, future research should pay

more attention to human-wildlife coexistence., e.g. effective strategies to prevent damage to livestock,
increase public support and limit conflicts with recreational activities.
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Annex 1

Model outputs

Middelburg

Seudy

RUCES

Chent

rtrijk

(C) OpenStreetMap contributors
(C) CARTO

Potential range of wolves in the Netherlands (100% HSI)

Low threshold value of 0.17

Essen

Duisburg
&%
Wuppertal
ANTWERP DUSSELDORF
Solingen
COLOCNE
BRUSSELS

BONN

Liege

Wageningen Environmental Research Report 3350 (English version) | 33



Potential range of wolves in the Netherlands (100% HSI)

High threshold value of 0.28

R—

v

GRONING
¥

N

;AMSTEQDAM : -f‘i
25 NS>y
. e

Y
um.cm*_
= "y

Middelburg

Essen
Duisburg

Wuppertal
DUSSELDORF

Solingen

RUCES ANTWERP

Chent

COLOGNE

KortriJk BRUSSELS

BONN

(C) OpenStreetMap contributors A
(C) CARTO ege

34 | Wageningen Environmental Research Report 3350 (English version)




Wageningen Environmental Research Report 3350 (English version) | 35



Wageningen Environmental Research
P.O. Box 47

6700 AA Wageningen

The Netherlands

T 0317 48 07 00
wur.eu/environmental-research

Report 3350 (English version)
ISSN 1566-7197

[m]: 55 o]

e
=]

The mission of Wageningen University & Research is “To explore the potential of
nature to improve the quality of life”. Under the banner Wageningen University &
Research, Wageningen University and the specialised research institutes of the
Wageningen Research Foundation have joined forces in contributing to finding
solutions to important questions in the domain of healthy food and living
environment. With its roughly 30 branches, 7,700 employees (7,000 fte),

2,500 PhD and EngD candidates, 13,100 students and over 150,000 participants to
WUR's Life Long Learning, Wageningen University & Research is one of the leading
organisations in its domain. The unique Wageningen approach lies in its integrated
approach to issues and the collaboration between different disciplines.







improye the
quality of life

Wageningen Environmental Research The mission of Wageningen University & Research is “To explore the potential of
P.O. Box 47 nature to improve the quality of life”. Under the banner Wageningen University &
6700 AB Wageningen Research, Wageningen University and the specialised research institutes of the
The Netherlands Wageningen Research Foundation have joined forces in contributing to finding
T +31(0) 317 48 07 00 solutions to important questions in the domain of healthy food and living
wur.eu/environmental-research environment. With its roughly 30 branches, 7,700 employees (7,000 fte),

2,500 PhD and EngD candidates, 13,100 students and over 150,000 participants to
Report 3350 (English version) WUR's Life Long Learning, Wageningen University & Research is one of the leading
ISSN 1566-7197 organisations in its domain. The unique Wageningen approach lies in its integrated

approach to issues and the collaboration between different disciplines.




	Contents
	Statement of accountability
	Summary
	1 Introduction
	1.1 Background
	1.2 Research questions

	2 Method
	2.1 Introduction
	2.2 Species description – ecology of the wolf
	2.3 Modelling analysis
	2.3.1 German model
	2.3.2 LARCH model
	2.3.3 LARCH-SCAN
	2.3.4 Uncertainty/upper and lower limits of the range
	2.3.5 Numbers

	2.4 Visual interpretation of model results
	2.4.1 Forest cover in the Netherlands
	2.4.2 Range of wild ungulates in the Netherlands
	2.4.3 Damage to livestock
	2.4.4 Centres of current territories/monitoring in the Netherlands


	3 Results
	3.1 Modelling analysis
	3.1.1 Habitat suitability
	3.1.2 Range according to three methods
	3.1.2.1 German model
	3.1.2.2 LARCH model
	3.1.2.3 LARCH-SCAN model

	3.1.3 Numbers

	3.2 Visual interpretation of the models
	3.2.1 Tree cover
	3.2.2 Ungulate species available
	3.2.3 Map versus practice: territories & damage


	4 Discussion
	4.1 Range
	4.1.1 Range according to this study
	4.1.2 Previous habitat suitability studies
	4.1.3 Range development/expansion
	4.1.4 Numbers
	4.1.5 Trends in wolf numbers

	4.2 Visual validation of model results
	4.2.1 Forest cover and ungulate availability
	4.2.2 Sequence of establishment
	4.2.3 Overlap with current territories
	4.2.4 Overlap with incidents of livestock damage

	4.3 Recommendations

	References
	Annex 1 Model outputs



