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Abstract: The golden jackal (Canis aureus) is expanding its range towards Northern and West-
ern Europe. In these parts of Europe, there is a lack of substantial knowledge about this animal’s
ecology and habitat requirements. The aim of this study was to determine the potential location
and numbers of territories in the Netherlands suitable for the golden jackal. This article uses
a literature study to review the habitat requirements of the golden jackal. Factors such as diet,
roads, habitat size, land use and potential wolf (Canis lupus) territories were taken into account
to assess the quality of potential habitat for golden jackal in a Habitat Suitability Analysis (HSA).
Maps of the Netherlands were created to visualise possible core areas, highly suitable, and suita-
ble areas. The main factors limiting establishment of the golden jackal would seem to be urbani-
sation and the presence of wolves. The results show that core areas in the Netherlands could sup-
port more than a hundred family groups, while highly suitable areas could potentially support
an additional 150 family groups. The remaining suitable areas were found to be able to support
up to around 1200 more family groups. In total, the Netherlands could support around 1450
golden jackal family groups, although the re-establishment of wolves could decrease these num-
bers to around 800 golden jackal family groups. This study only considered the most important
parameters, which were set quite conservatively, so it is likely that our assessment of the amount
of suitable habitat and potential golden jackal numbers are an underestimation.

Keywords: Golden jackal, Canis aureus, Habitat Suitability Analysis, habitat requirements, the
Netherlands.

Introduction

The golden jackal (Canis aureus) is a canid
species with a widespread range. Up until
the year 1950 their habitat ranged from Indo-
china (Sillero-Zubiri et al. 2004), in the east,
to the Balkans in the northwest (Hoffmann
et al. 2018). Since the 1980s, the species has
been expanding north-westward in Europe,
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which has resulted in a genetic founder effect
(Zachos et al. 2009): the golden jackal has
established a thriving population in Hun-
gary, with an estimated population in 2007 of
more than 1500 individuals (Téth et al. 2009).
The first sighting in Germany was in 2000
(Mockel 2000). Reproduction of the golden
jackal was confirmed in Italy in 2007 (Lapini
et al. 2009) and in the Czech Republic in 2017
(Jirku et al. 2018). Factors that seem to drive
the recent expansion of the golden jackal are
land use change (Silek et al. 2014), climate
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change (Arnold et al. 2012) and the persecu-
tion of wolves (Canis lupus), which has elimi-
nated mesopredator control (Krofel 2017).

Historically, the golden jackal did not occur
in these parts of Europe and therefore has not
received much attention from ecologists or
jurists compared to other terrestrial carnivores,
such as the wolf (Chapron et al. 2014, Trouw-
borst et al. 2015). The golden jackal is included
in the Annex V of the Habitats Directive of the
European Union and thereby has less legal pro-
tection than the wolf (European Commission
1992). This indicates that Member States must
ensure that their exploitation and hunting is
compatible with maintaining a favourable con-
servation status of the golden jackal. This law
requires Member States to anticipate what kind
of management decisions will have to be taken
for the golden jackal population in their State.
For the Netherlands to meet this requirement it
is necessary to identify what habitats the golden
Jackal would find suitable if it were to settle here.

The first sighting of a golden jackal in the
Netherlands was documented in February
2016 on the Veluwe by means of a camera trap
(WUR 2016). These pictures have been veri-
fied by international experts on carnivores
(personal communication G. Lelieveld). The
apparent northwestwardly expansion of this
species, combined with this first sighting,
makes the arrival of the golden jackal in the
Netherlands almost a certainty.

In anticipation of this, this study will review
literature on the habitat requirements of the
golden jackal and perform a Habitat Suitabil-
ity Analysis (HSA) in order to answer the fol-
lowing questions: 1. Where would this species
find suitable habitat in the Netherlands? 2.
How large are the areas with different classes
of quality of suitable habitat?

The literature review on the habitat require-
ments will focus on the behaviour of the
golden jackal, its diet and habitat selection,
including how they deal with competitors,
such as the red fox (Vulpus vulpus) and the
wolf. This literature review is then used to
construct an HSA for the golden jackal.

14

The golden jackal’s biology:
a literature review

Social and hunting behaviour

The behaviour of the golden jackal is very
similar to that of the wolf. The species lives
in packs consisting of a breeding pair and the
cubs of previous years that assist their par-
ents by providing food for the current litter.
There are known cases of jackal families hunt-
ing together, but this only occurs when there
is a high density of golden jackal in an area
(Markov 2012). Usually, the golden jackal hunts
solitarily (Sillero-Zubir et al. 2004), which
affects the prey size they can handle, the larg-
est wild prey in Europe being red deer calves
(Cervus elaphus; Boskovic et al. 2013). The rest
of its diet is rather flexible and differs over the
seasons. A study showed that the primary food
of the golden jackal in winter consists of live-
stock carcasses, with small live mammals as
a secondary food choice (Ciroviv et al. 2014).
This study found golden jackals rarely eat
plant materials during the winter. In contrast,
a study on their diet over the whole year, con-
ducted by Radovic & Kovaci¢ (2010), shows a
more varied diet. Meat was still the primary
food source, but was supplemented by fruits,
seeds and vegetables, which made up a third of
their diet. A third study on their summer diet
in an agricultural area, found small mammals
to be their main food source (Markov & Lan-
szki 2012). Hence, most land use types in the
Netherlands would provide some kind of food
source for the golden jackal.

Golden jackal’s ability to thrive on a wide
food range indicates a high flexibility in hab-
itat selection. Apart from forests, they can
colonise agricultural areas where they hunt
small rodents (Sélek et al. 2014). They some-
times even visit urban areas at night, where
they forage for garbage (Giannatos 2004, Sil-
lero-Zubir et al. 2004, Hoffmann et al. 2018).
A study conducted in Greece found that the
mean distance of observed jackal groups to
the nearest human settlement was 2.61 km

Wennink et al. [ Lutra 62 (1): 13-29



(0.1-4.5 km; n=112; Giannatos 2004).

The habitat size and population densi-
ties (Salek et al. 2014, Boyce et al. 2015) of the
golden jackal correlates with the amount of
food resources present in the area. For exam-
ple, in Israel jackal densities became very high
at a garbage dump (Reichmann 2013). Gian-
natos (2004) found one group within a 12 km?
area of poor quality habitat but also found one
group/1 km? in high quality habitat. The aver-
age number of groups that he found was 2-3
groups/10-12 km?.

Habitat preferences

Giannatos (2004) also found that the golden
jackal does not occur on high elevations or
mountainous terrain, due to winters with
extended periods of snow cover. The Nether-
lands does not have mountains or cold win-
ters with long periods of snow cover so these
factors would not limit the golden jackal’s
habitat options in the Netherlands and have
been excluded from this study. The golden
jackal prefers small forests with open canopies
(Giannatos 2004) and has a tendency to set-
tle in dense parts of small forest patches near
human settlements (Markov 2012). A study
performed by Lanszki et al. (2018) tracked a
young female while she was dispersing to start
her own territory. She crossed two highways
and found her own territory about 230 km
away from her parents’ den with a significant
lower density of golden jackal. This study con-
firms the golden jackal’s high dispersal abil-
ity and shows that while roads are a potential
threat they are not an obstacle to the ongoing
expansion of the golden jackal’s range.

Interactions with wolf and red fox
Golden jackals’ flexibility also becomes evident
in their interactions with the red fox. There is

an overlap between golden jackal and the fox
in their preferred food sources and feeding

Wennink et al. / Lutra 62 (1): 13-29

habits. When food sources are abundant, both
species will consume small rodents (Lanszki &
Heltai 2010). When they are less abundant, the
two canids’ food preferences seem to diverge.
Lanszki et al. (2016) showed that this diver-
gence leads to long-term coexistence of the two
canids despite their apparent niche overlap.
Another study supports this: they found that
red foxes do not alter their behaviour when
presented with the smell of the golden jackal
but avoided an area where a golden jackal was
present at that moment (Scheinin et al. 2006).
This indicates that avoidance seems to lead to
temporal divergence while their territories still
have spatial overlap.

There has been less research on the inter-
actions between the golden jackal and the
wolf and the existing literature suggest that
the two species do not readily co-exist. A
study conducted by Mohammadi et al. (2017)
observed a wolf kill a golden jackal in an agri-
cultural area. Observations of an established
golden jackal population in Greece, showed
that it disappeared the moment a wolf pack
of four individuals claimed the area (Gian-
natos 2004). These authors also observed that
wolves were drawn to jackal sounds, presum-
ably to chase them off.

To summarise, the literature shows that diet
is not a limiting factor for the golden jackal
due to its flexibility. The presence of foxes in
their habitat is also no limitation to the golden
jackal. However, presence of wolves can be
fatal. The golden jackal prefers forested areas
with clearings and near human settlements
but can also thrive in agricultural areas.
Urban areas are sometimes visited but do not
provide rest areas and are therefore not per-
manently used by the golden jackal.

Method
Habitat Suitability Analysis

Our Habitat Suitability Analysis (HSA) (Boyce
& McDonald 1999) is rule, or process, based,
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Table 1. Habitat requirement rules.

Explanation

Number Rule
1 Diet is not a limiting factor.
2 Urban areas are not used as resting

spots but will be visited during the
night for foraging purposes.

3 The territory of a family group in
highly suitable areas is 6 km? and in
suitable areas is 12 km?.

4 Roads are barriers but these are not
insurmountable.
5 Presence of wolves makes an area

uninhabitable for the golden jackal.

The literature indicates that the golden jackal is

extremely adaptable in its diet and can adapt to seasonal
changes (Markov & Lanszki 2012), the presence of the red fox
(Lanszki & Heltai 2010) and the availability of different food
sources in the area (Salek et al. 2014).

The literature indicates that the golden jackal does not stay in
prime urban areas. However, it will enter urban areas at night
in search of garbage (Giannatos 2004, Sillero-Zubir et al. 2004,
Hoffmann et al. 2018).

The literature indicates that the smallest habitat size is 6 km?
under natural conditions (Giannatos 2004, Salek et al. 2014).

The literature indicates that roads pose a threat to the golden
jackal but that it is able to overcome these (Lanszki et al. 2018).
The literature indicates that wolves actively chase and kill
golden jackals (Giannatos 2004, Mohammadi et al. 2017).

Table 2. Summary of the basemap used, including a definition of the six suitability classes, population density and

the corresponding ID codes from the LGN7.

Suitability Definition Population density ~ ID codes from

class (family groups/km?)* the LGN7**

0 The golden jackal cannot live here. 0 8, 16, 17, 18, 20,

25

1 The golden jackal cannot find food here but the area 0 19, 24, 31, 35
itself poses no limitation.

2 The golden jackal is able to forage for food here but this 0.01 3,4,6, 10, 26, 22,
is of low quality and there are usually no available rest- 23,28, 32, 34, 36
ing areas.

3 The golden jackal is able to forage for food here, 0.08 1,2,5,61,9, 30,
and resting areas are available. 33, 37,38

4 The golden jackal is able to forage for food here, 0.16 62,42
which is of good quality. There are resting areas.

5 The golden jackal is able to forage for high quality food 0.16 11, 12, 39, 40, 41,

here and resting areas are abundant.

43, 45

* Population density based on the studies from Giannatos (2004) and Sélek et al. (2014).
** The appendix describes the ID codes from the LGN7 and their reclassification in suitability classes.

due to the flexibility of the species and insuf-
ficient literature on the golden jackal to do any
kind of powerful statistical analysis. Based on
the available literature on the biology of the
golden jackal (Giannatos 2004, Lanszki &
Heltai 2010, Markov & Lanszki 2012, Silek et
al. 2014), it seeks to identify the factors that
will limit the habitat of golden jackals in the
Netherlands (table 1).

16

Study area and origin of data

The Habitat Suitability Analysis of the golden
jackal in the Netherlands utilised the most
recent land cover map of the Netherlands;
“Landelijk  Grondgebruiksbestand Neder-
land versie 7 (LGN7)” (Hazeu et al. 2014).
Data regarding roads were retrieved from the
ToplONL (Hazeu et al. 2014), the most recent
and complete map of roads in the Nether-

Wennink et al. [ Lutra 62 (1): 13-29
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Figure 1. Habitat suitability for golden jackal in the Netherlands, based on land use types.

lands. The land cover of the LGN7 together
with the road network from the ToplONL were
combined to create a base map for this study.
Data on potential wolf territories (derived
from Lelieveld (2012), who found that the
Netherlands can support at least 14 wolf packs
with territories of at least 225 km?) were then
added. QGIS software was used to perform
the HSA using the raster, rgdal, SDMTools,
rgeos, units, smoothr, maptools and PBSmap-
ping packages from R version 3.4.0.

Wennink et al. / Lutra 62 (1): 13-29

Modelling strategy

Creating a base map

The first step was to reclassify the base map
according to how suitable the areas would be
for the golden jackal. With the detailed data
on land use contained within the LGN7, we
chose a resolution of 25x25 metres. Each of
the 39 land use types defined within LGN7
was assigned a class based on habitat suitabil-
ity from 0 to 5 (table 2; figure 1; appendix). 0
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was considered the lowest suitability class and
depicted as white in the map, 5 was consid-
ered the highest suitability class and depicted
as black. Table 2 provides an explanation and
estimated population density for each of the
habitat suitability classes. The second step was
to conduct a Focal Window Analysis. The goal
of this analysis is to soften and reduce small
spikes in the data. For example, we reduced
the negative impact of a building in an other-
wise suitable environment but did not reduce
the negative impact of primary and secondary
roads, which were added to the map after the
Focal Window Analysis. The resulting map
showed the habitat suitability for the golden
jackal in the Netherlands.

Identifying three area types

Three different area types were created to esti-
mate the suitable habitat for, and thus poten-
tial territory size of, the golden jackal. The
core areas consisted of all areas that were
assigned suitability class 4 and 5, which were
single adjacent areas, based on Rook connec-
tivity, larger than 6 km?, without any primary
or secondary roads, in an attempt to reach a
low disturbance level (Giannatos 2004, Salek
et al. 2014). An area size of 6 km? is conserv-
ative for a golden jackal territory, consider-
ing that several studies have found multiple
golden jackal groups within 6 km? (Giannatos
2004, Salek et al. 2014). We chose, 6 km? as
the Netherlands has a high human population
density which would increase disturbance
levels. The only difference in assessment crite-
ria between highly suitable habitats and core
areas was that the latter did not contain any
roads. When the two areas overlapped, they
were designated as core areas. To be conserv-
ative, any remaining highly suitable areas
after this subtraction, that were smaller than
6 km?, were excluded from the analysis. The
third area type was suitable areas. These areas
consisted of areas which were assigned class
3 to 5, single adjacent areas, based on Rook
connectivity, that were larger than 12 km?
When suitable areas and highly suitable areas

18

or core areas overlapped, the suitable areas
were considered to be less important. To be
conservative, any suitable areas of less than
12 km? remaining after this subtraction, were
excluded from the analysis. Lastly, potential
wolf territories, derived from Lelieveld (2012)
of 225 km? or more, were eliminated from
the three area types to account for the effect
wolves can have on golden jackals.

After the three area types were created,
their total surface area and mean area size per
polygon were calculated. Then a possible pop-
ulation density was estimated based on the
two types of surface areas. First, the total sur-
face area was multiplied by the corresponding
population density (table 2). Second, the mean
area size was divided by the corresponding
territory size (6 km? for core and highly suit-
able areas and 12 km? for suitable areas) and
then multiplied by the number of areas.

Results

The HSA showed that large parts of the Neth-
erlands offer a potentially suitable habitat for
the golden jackal, with the central, eastern and
northern parts of the Netherlands providing
more, and higher quality, habitat than other
parts of the country. All urban areas are unsuit-
able for the golden jackal, while the forested and
agricultural parts are more suitable (figure 1).

Figure 2 shows the next step in which the
three area types in the Netherlands were cre-
ated. Figure 3 shows the territory left for
golden jackal to colonise after taking into
account the likely re-establishment of wolves
in the Netherlands. The distribution of the
area sizes per area type shows that most of
the areas are smaller than 100 km? (figure 4).
The Pearson Chi-Square test for the core areas
(X=240, df=225, P=0.235), highly suitable areas
(X=1332, df=1296, P=0.238) and suitable areas
(X=3080, df=3025, P=-0.238) showed that no
significant differences were found whether or
not wolves would be likely to be present.

The maximum amount of suitable habitat

Wennink et al. [ Lutra 62 (1): 13-29
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Figure 2. Potentially suitable habitat (core, highly suitable and suitable areas) for golden jackal in the Netherlands.

calculated per area and calculated from total
area size show that the Netherlands could
support 1432 to 1476 family groups. The first
number was calculated with the minimum ter-
ritory size in mind while the second was calcu-
lated from the total suitable area size. If wolves
were to re-establish themselves in the Nether-
lands these numbers drop to 781 and 851 fam-
ily groups respectively (table 3). Roughly half
of the potential golden jackal population would
disappear if, and when, wolves re-establish

Wennink et al. / Lutra 62 (1): 13-29

themselves in the Netherlands, although only a
about a third of the total area would disappear.
This is because mostly core areas of the golden
jackal would be used by the returning wolves.

Discussion
This study has investigated (1) where the

golden jackal could settle in the Netherlands
and (2) how large the areas with different suit-
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Figure 3. Potentially suitable habitat (core, highly suitable and suitable areas) for golden jackal in the Netherlands

after excluding potential wolf territories.

ability classes are. Factors such as diet, roads,
habitat size, land use and potential wolf ter-
ritories were taken into account. The results
show that the northern and eastern parts of
the Netherlands, together with the Veluwe in
the centre of the country, seem to be the best
areas for the golden jackal (figure 1, figure
2). The potential re-establishment of wolves,
would, however, reduce the suitable golden
jackal areas by 6243 km?. These potential wolf

20

areas mainly coincide with core areas for the
golden jackal (figure 3).

Even though this study applied conserva-
tive methods when assessing the quality of
areas in the HSA, the results showed that the
Netherlands has around 7000 km?* of suita-
ble habitat which could support at least 1432
family groups (table 3). Such groups on aver-
age consist of four adults; one breeding pair
and the cubs of the previous year (Markov

Wennink et al. [ Lutra 62 (1): 13-29



2012). This results in a possible population
size of up to 5728 individuals. The number of
family groups calculated from the mean area
size and the total area size only differ by 44
family groups. This shows that most of the
suitable habitats are large enough to hold at
least one family group. In addition, figure 4
shows that the area sizes are mostly within a
100 km? range, there are two very large outli-
ers in terms of size within the suitable areas,
respectively of 8053 and 2279 km?. These out-
liers cover most of the northern and eastern
parts of the Netherlands, which indicates a
large area of well-connected suitable habitat
there. Some areas, that provide suitable habi-
tat, would be harder to reach for the golden
jackal due to large surrounding water bod-
ies, such as the Province of Zeeland, or large
urban areas, such as the area to the north of
the Amsterdam metropolitan region (Gian-
natos 2004, Silek et al. 2014). Apart from
this, most of the areas deemed suitable are
reachable, although time and more research
is needed to be conclusive on this. However,
the potential reestablishment of wolves would
reduce the 1432 possible golden jackal family
groups to around 781 family groups.

Taken together the results show that the
Netherlands has enough suitable habitat for a
thriving population of golden jackal. Despite
the high human and road density, there are
enough sheltered areas and food sources. Lan-
szki et al’s. (2018) tracking of a young dispers-
ing female, which easily crossed highways in

10,000+ “
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Figure 4. Boxplots (with median, first and third quar-
tile, maximum and minimum) of area size per area
type. Total core areas: n=58; Core areas with wolf pres-
ence (16); highly suitable areas: n=78; highly suitable
areas with wolf presence: n=37; suitable areas: n=58;
suitable areas with wolf presence: n=56. Y axis on loga-
rithmic scale. Asterix * and circles ° are suspected out-
liers because these areas are larger than the other areas.

a cultural landscape, suggests a high flexibil-
ity in the dispersal of the species. The main
reason why the Netherlands might become
less suitable for the golden jackal would be
the reestablishment of wolves in the country
(Giannatos 2004, Mohammadi et al. 2017).
All the rules that we used for the HSA are
supported by the literature. However, there is
a serious lack of literature on the golden jackal
in general, which means that this study is less
well supported than we would prefer. As a
result this study tried to be as conservative as

Table 3. Possible golden jackal population density per area (also accounting for potential wolf presence) in the

Netherlands.

No wolf presence

Including wolf presence

Core Highly suit- Suitable  Total Core  Highly suit- Suitable Total
areas  ableareas  areas areas  ableareas  areas
Number of areas 58 78 58 194 16 37 56 109
Average area size (km?) 14.38 12.31 243.69  270.38 10.80 10.07 163.20 184.08
Total area size (km?) 843.47 959.97 14133.81 15928.25 172.87 372.69 9139.15 9684.71
Potential number of family groups based on
Average area size 116 156 1160 1432 16 37 728 781
Total area size 139 160 1177 1476 28 62 761 851
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possible when assigning suitability classes to
certain habitats. For instance, when there was
any doubt about which suitability class should
be chosen, we chose the lower class. This con-
servative method was also applied when
assigning a population density to a certain
suitability class. Therefore there is a strong
possibility that we have underestimated the
potential population size of the golden jackal
in the Netherlands which could exceed the
numbers that we have estimated, particularly
when taking into account this species’ flex-
ibility with regard to habitat requirements,
such as diet and resting areas (Lanszki & Hel-
tai 2010, Markov & Lanszki 2012, Silek et
al. 2014). Other possible competitors such as
the lynx (Lynx lynx) and brown bear (Ursus
arctos) were not included because this study
deemed it unlikely that these predators will
reproduce sooner than the wolf or golden
jackal in the Netherlands.

This study also excluded the border areas of
the Netherlands from the HSA, although some
golden jackal territories could overlap national
boundaries with neighbouring countries

The future settlement of the golden jackal
will have implications for Dutch society. The
golden jackal is only slightly larger than a red
fox and therefore is likely to be too small to be
a direct threat to humans. However, it could
be a potential threat towards sheep (Lanszki
et al. 2006). Most literature on this topic is
from eastern Europe, where herds are housed
indoor during the night, protected by sheep-
dogs or electric fencing to keep the cattle save
from wolves (Lanszki et al. 2006), which also
prevents golden jackal from hunting sheep.
However, sheep in the Netherlands are not
protected and are therefore potential prey and
this could potentially lead to high costs for
farmers.

Further research could expand this study
to the whole of Europe, since the expansion
of the golden jackal is on-going. Factors such
as elevation and cold winters would then be
necessary to take into account. Also studies
on potential diet composition, specifically tai-
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lored to the Netherlands, could add value to
the conclusions of this study. Findings from
these kind of studies could strengthen the
argumentation behind our assignment of
suitability classes to certain habitats.

The main conclusion from this, conserva-
tive, study is that the Netherlands has suita-
ble potential golden jackal habitats that could
support at least 1432 family groups. This leads
to an estimated population size of at least
5728 individuals. The central, northern and
eastern parts of the Netherlands are the most
suitable for this species. However, the poten-
tial re-establishment of wolves in the Nether-
lands would reduce the available habitat for
the golden jackal, reducing the number of
possible family groups from 1432 to 781 and
the potential population size to around 3124
individuals. This study considered as many
parameters as possible and used conservative
parameter settings, so it is likely that we have
underestimated suitable habitats and poten-
tial golden jackal numbers.
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Samenvatting

Habitatgeschiktheidanalyse voor de
goudjakhals in Nederland

De goudjakhals (Canis aureus) verspreidt zich
op natuurlijke wijze vanuit de Balkanlanden
in noordwestelijke richting. Daarmee komt
de soort ook richting Nederland. In deze stu-
die vragen we ons af wat geschikt leefgebied
is voor de goudjakhals en waar in Nederland
potentieel geschikte leefgebieden aanwezig
zijn. Allereerst is een literatuuronderzoek
gedaan, om meer zicht te krijgen op de eco-
logie en habitatvoorkeuren van de goudjak-
hals. Vervolgens is een een habitatgeschikt-
heidanalyse uitgevoerd, waarbij allereerst is
gekeken naar het landgebruik in Nederland.
Aan elk type landgebruik werd een waarde
toegekend voor de mate van (potentiéle)
geschiktheid voor de goudjakhals. De hier-
uit voortkomende kaart vormde de basis voor
het verdere onderzoek. Er werden drie ver-
schillende typen gebieden aangewezen waar
de goudjakhals zou kunnen leven. 1. Kernge-
bieden: hier is het landgebruik optimaal, zijn
de gebieden minimaal 6 km? groot en komen
geen primaire wegen (snelwegen en andere
doorgaande wegen) voor. 2. Zeer geschikte
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gebieden: deze lijken sterk op de kerngebie-
den, maar hierin komen wel primaire wegen
voor. 3. Geschikte gebieden: het landgebruik
is hier minder geschikt, gebieden zijn mini-
maal 12 km? groot en er komen primaire
wegen in voor. Als volgende stap is uitgere-
kend hoeveel familiegroepen van de goudjak-
hals er in theorie in Nederland zouden kun-
nen leven wanneer potentiéle wolfterritoria
niet zijn meegerekend. Uit deze analyse blijkt
dat Nederland ruimte heeft voor maximaal
1432 geschikte jakhalsterritoria, hetgeen zou
betekenen dat er in ons land 5728 goudjakhal-
zen kunnen leven. Als wolven terugkomen zal
dit aantal afnemen naar maximaal 781 terri-
toria en 3124 dieren. Bij onze berekeningen
zijn wij bij elke keuze steeds van de meest con-
servatieve optie uitgegaan. De hier gepresen-
teerde aantallen zijn daarom waarschijnlijk
nog een onderschatting.
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Appendix

Description of the reclassification of the ID
codes of the LGN7 in suitability classes

The LGN7 was used as a base map for this
study. Each of the 39 land use types were clas-
sified according to their suitability for the
golden jackal.

Code 1 - Agricultural grass

Grassland utilised by farmers. This includes
pastures for cattle and areas used to grow hay,
including dikes, road sides and other grass
covered areas. Graveyards outside urban
areas are also included in this class.

The golden jackal can utilise these areas by
hunting small mammals (Markov & Lanszki
2012), thus reducing pests (Cirovic et al. 2016).
Therefore the assigned suitability class is 3.

Code 2 - Corn
All areas utilised by farmers for growing corn.
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The golden jackal can utilise these areas by
hunting small mammals (Markov & Lanszki
2012), thus reducing pests (Cirovic et al. 2016).
Therefore the assigned suitability class is 3.

Code 3 - Potatoes

All areas utilised by farmers to grow potatoes.
The golden jackal can utilise these areas by

hunting small mammals (Markov & Lanszki

2012) and thus reducing pests (Cirovic et al.

2016). Therefore the assigned suitability class

is 3.

Code 4 - Beets

All areas utilised by farmers to grow beets.
The golden jackal can utilise these areas by

hunting small mammals (Markov & Lanszki

2012). But rodent density is lower than with

other crops. Therefore the assigned suitability

class is 2.

Code 5 - Crop plants

All areas utilised by farmers to grow crop
plants. This includes wheat, barley, hay, rye,
etcetera.

The golden jackal can utilise these areas by
hunting small mammals (Markov & Lanszki
2012) and thus reducing pests (Cirovic et al.
2016). Therefore the assigned suitability class
is 3.

Code 6 - Other crops
All areas with agricultural crops that do not
fall within the previous classes, excluding
flower bulbs. Examples include horticultural
crops, cabbages, hemp, oilseed rape, etcetera.
The golden jackal can utilise these areas by
hunting small mammals (Markov & Lanszki
2012). The rodent density of these areas is dif-
ficult to determine. Therefore the assigned
suitability class is a conservative 2.

Code 61 - Orchards [tree)
All areas utilised by farmers to grow trees
(other than fruit trees).

The golden jackal can utilise these areas by
hunting small mammals (Markov & Lanszki
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2012). Therefore the assigned suitability class
is 3.

Code 62 - Orchards (fruits)

All areas utilised by farmers to grow low-
growing fruit trees. No distinction between
different kinds of fruit are made.

The golden jackal can utilise these areas
by hunting small mammals (Markov & Lan-
szki 2012) and eating fallen fruit (Radovic &
Kovaci¢ 2010). Therefore the assigned suita-
bility class is 4.

Code 8 - Greenhouses
All areas utilised by farmers by growing crops
in greenhouses.

It is assumed that the golden jackal cannot
enter these buildings and is therefore una-
ble to utilise these areas. Assigned suitability
class for this habitat is 0.

Code 9 - Orchards

All areas utilised by farmers to grow trees.
The golden jackal can utilise these areas by

hunting rodents (Markov & Lanszki 2012).

Therefore the assigned suitability class is 3.

Code 10 - Flower bulb fields
All areas utilised by farmers for growing
flower bulbs.

The golden jackal can utilise these areas by
hunting small mammals (Markov & Lanszki
2012) and thus reducing pests (Cirovic et al.
2016). Therefore the assigned suitability class
is 2.

Code 26 - Construction in rural area
All buildings classified for agricultural, for-
estry and nature purposes.

The golden jackal can utilise these areas
by feeding on garbage but will not rest here
(Giannatos 2004). Assigned suitability class
for this habitat is 2.

Code 11 - Deciduous forest

This concerns deciduous forests outside urban
areas. Forests in marshland and peat moor
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areas have gotten their own classes. Decidu-
ous forest can have the function of nature but
not per sé.

The golden jackal can utilise these areas by
hunting small mammals (Markov & Lanszki
2012), larger mammals (Boskovic et al. 2013)
and foraging for fruits and seeds (Radovic
& Kovaci¢ 2010). In addition this habitat can
provide resting spots which consist of dense
vegetation and thereby difficult to penetrate
by humans and domestic animals (Giannatos
2004). Therefore the assigned suitability class
is 5.

Code 12- Coniferous forest

Coniferous forests outside urban areas. For-
ests in marshland and peat moor areas have
their own classes. Deciduous forest can have
some natural characteristics but are not natu-
ral per se.

The golden jackal can utilise these areas by
hunting small mammals (Markov & Lanszki
2012), larger mammals (Boskovic et al. 2013)
and foraging for fruits and seeds (Radovic &
Kovaci¢ 2010). In addition this habitat can pro-
vide resting spots which consist of dense vegeta-
tion which are difficult for humans and domes-
tic animals to penetrate (Giannatos 2004).
Therefore the assigned suitability class is 5.

Code 16 - Fresh water
All inland areas covered with fresh water,
such as rivers, lakes, ditches, etcetera.

The golden jackal will drink from these
areas but cannot live here. It is a land mammal.
Therefore the assigned suitability class is 0.

Code 17 - Salt water
All areas covered with salt water such as the
North Sea, Wadden Sea, Oosterschelde, West-
erschelde, etcetera.

The golden jackal cannot live here because
it is a land mammal. Therefore the assigned
suitability class is 0.

Code 18 - Buildings in prime urban
areas
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All buildings within prime urban areas.
Prime urban areas consist of shops, restau-
rants, company and industrial sites. These are
typically located in the center of urban areas.

These areas generally have a high density
of human population. Therefore the golden
jackal will not enter these areas (Giannatos
2004). Therefore the assigned suitability class
is 0.

Code 19 - Buildings in secondary urban
areas
All buildings within secondary urban areas.
Examples are airports, camp sites, buildings
within military zones, buildings for electric-
ity, etc. These are typically located at the edge
of urban areas or not connected to cities.
These areas have a fluctuating human popu-
lation. The golden jackal will enter these areas
if the number is low to forage for garbage
(Giannatos 2004, Sillero-Zubir et al. 2004,
Hoftmann et al. 2018). Therefore the assigned
suitability class is 1.

Code 20 - Forest in prime urban areas
All forests located within prime urban areas.

The golden jackal will not enter these areas
due to the high human population density
(Giannatos 2004). Therefore the assigned suit-
ability class is 0.

Code 22 - Forest in secondary urban
areas

All forests located within secondary urban
areas.

The golden jackal will enter these areas to
hunt for small rodents (Markov & Lanszki
2012) and forage for fruits and seeds (Radovic
& Kovaci¢ 2010). The quality of these areas is
difficult to determine. However, these habitats
do have potential to be of high quality. There-
fore the assigned suitability class is 2.

Code 23 - Grass in prime urban areas

All grass areas within prime urban areas.
These areas are construction sites, parks and
sports facilities.
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The golden jackal will visit these places at
night, when there are less people around, to
forage for garbage (Giannatos 2004, Sillero-
Zubir et al. 2004, Hoffmann et al. 2018) and
hunt small rodents (Markov & Lanszki 2012).
Therefore the assigned suitability class is 2.

Code 24 - Bare soil in urban outskirts

All areas covered with bare soil in urban areas.
The golden jackal will not be able to for-

age for food in these areas. However, it is also

not a limiting factor to them. Therefore the

assigned suitability class is 1.

Code 28 - Grass in secondary urban areas
All grass areas within secondary urban areas.
These areas are typically sports facilities, rec-
reation areas, golf courts and garbage dumps.
The golden jackal will visit these places
at night, when there are less people around
(Giannatos 2004) to forage for garbage (Reich-
mann 2013) and hunt small rodents (Markov
& Lanszki 2012). Some of these areas can be of
high quality while others are of lower quality.
Therefore the assigned suitability class is 2.

Code 25 - Infrastructure
This includes all major roads and train tracks.
Highways, major roads and all roads broader
than 7 meters are included. All roads are
assumed to have a buffer zone that extends
them to 12.5 meters. Train tracks have differ-
ent buffer zones, depending on their type.
The golden jackal can profit from roads by
feeding on roadkill, such as red fox (Doug-
las et al. 2011). However, roads can be lethal,
therefore the assigned suitability class is 0.

Code 30 - Saltmarsh
All grass areas beyond the dikes.

The golden jackal can hunt for small rodents
(Markov & Lanszki 2012) and seabirds in
these areas (Lanszki et al. 2009). Therefore the
assigned suitability class is 3.

Code 31 - Open sand
All areas along the coast without any vegeta-
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tion, such as beaches and open dunes.

The golden jackal will not find any food here
but this is also not an absolute limitation since
human population is low (Giannatos 2004).
Therefore the assigned suitability class is 1.

Code 32 - Dunes with low vegetation

(<1 m)

Dunes in coastal areas with low vegetation
<l m.

The golden jackal can hunt for small rodents
(Markov & Lanszki 2012) and birds (Lanszki
et al. 2009). Therefore the assigned suitability
classification is 2.

Code 33 - Dunes with high vegetation

(>1 m)

Dunes in coastal areas with high vegetation
>1 m.

The golden jackal can hunt for more rodents
than in dunes with low vegetation (Markov &
Lanszki 2012). Therefore the assigned suita-
bility classification is 3.

Code 34 - Dunes with heathland
Dunes covered with heath.

The golden jackal can hunt for rodents here
(Markov & Lanszki 2012). However, heath-
land is has a low production speed. Therefore
the assigned suitability classification is 2.

Code 35 - Open sand (drift/ river sand)
All areas covered with open sand with no
to almost none vegetation, not situated in
coastal dunes. Mostly drift planes but also
beaches along rivers.

The golden jackal cannot forage for food in
these areas but they are not limiting since the
human population is low (Giannatos 2004). In
addition, beaches along rivers can provide car-
rion. However, the basemap did not differenti-
ate between drift sands and beaches along riv-
ers. Therefore the assigned suitability class is 1.

Code 36 - Heathland
All areas covered with heathland with less
than 25% grass.
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The golden jackal can hunt for small rodents
but heathland is of poor quality (Markov &
Lanszki 2012). Therefore the assigned suita-
bility class is 2.

Code 37 - Moderate grassy heath
All areas covered with heathland with grassy
elements making up between 25-75%.

The golden jackal can hunt small for
rodents. While heathland is of poor quality,
grassland is not (Markov & Lanszki 2012).
Therefore the assigned suitability class is 3.

Code 38 - Grassy heath
All areas covered with heathland with more
than 80% grassy elements.

The golden jackal can hunt for rodents.
Heathland is of poor quality but grassland
is not (Markov & Lanszki 2012). It is difficult
to determine whether the slight increase in
grass will affect the hunting possibilities of
the golden jackal. Therefore the assigned suit-
ability class is 3.

Code 39 - Peat moor
All areas covered with peat moor.

The jackal can hunt for rodents (Markov &
Lanszki 2012), birds (Lanszki et al. 2009) and
forage for fruits and seeds (Corlett 2017). In
addition, this habitat can provide resting spots
which consist of dense vegetation and thereby
difficult to penetrate by humans and domes-
tic animals (Giannatos 2004). Therefore the
assigned suitability class for this habitat is 5.

Code 40 - Forest on peat moor
All areas covered with forest, situated on peat
moor.

The jackal can hunt for rodents (Markov &
Lanszki 2012), birds (Lanszki et al. 2009) and
forage for fruits and seeds (Radovic & Kovaci¢
2010, Corlett 2017). In addition, this habi-
tat can provide resting spots which consist of
dense vegetation that are difficult for humans
and domestic animals to penetrate (Gianna-
tos 2004). Therefore the assigned suitability
class for this habitat is 5.
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Code 41 - Other marsh vegetation

All areas covered in vegetation that is not for-
est or reed. These vegetation types mainly
consist of grasslands within marsland.

The jackal can hunt for rodents (Markov
& Lanszki 2012), birds, water fauna (Lanszki
et al. 2009) and forage for fruits and seeds
(Radovic & Kovaci¢ 2010). In addition, this
habitat can provide resting spots which con-
sist of dense vegetation that are difficult for
humans and domestic animals to penetrate
(Giannatos 2004). Therefore the assigned suit-
ability class for this habitat is 5.

Code 42 - Reed vegetation
All areas covered with reed, situated in marsh-
land.

In several countries the nickname of the
golden jackal is reed wolf (Téth et al. 2009).
The jackal can hunt for rodents (Markov &
Lanszki 2012), birds, water fauna (Lanszki
et al. 2009) and forage for fruits and seeds
(Radovic & Kovaci¢ 2010). However, resting
spots are less abundant as most of the ground
is usually wet. Therefore the assigned suitabil-
ity class for this habitat is 4.

Wennink et al. / Lutra 62 (1): 13-29

Code 43 - Forest in marshland
All areas covered in forest, situated in marsh-
land.

The jackal can hunt for rodents (Markov &
Lanszki 2012), birds (Lanszki et al. 2009) and
forage for fruits and seeds (Radovic & Kovaci¢
2010). In addition, this habitat can provide
resting spots which consist of dense vegeta-
tion that are difficult for humans and domes-
tic animals to penetrate (Giannatos 2004).
Therefore the assigned suitability class for this
habitat is 5.

Code 45 - Nature grasslands
Nature areas covered with grass. These areas
are not managed intensively.

The jackal can hunt for rodents (Markov &
Lanszki 2012) and forage for fruits and seeds
(Radovic & Kovaci¢ 2010). In addition, this
habitat can provide resting spots which con-
sist of dense vegetation that are difficult for
humans and domestic animals to penetrate
(Giannatos 2004). Therefore the assigned suit-
ability class for this habitat is 5.
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