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ABSTRACT

1. Primary objectives of national parks usually include both, the protection of natural processes and species
conservation. When these objectives conflict, as occurs because of the cascading effects of large mammals (i.e.,
ungulates and large carnivores) on lower trophic levels, park managers have to decide upon the appropriate
management while considering various local circumstances.

2. To analyse if ungulate management strategies are in accordance with the objectives defined for protected
areas, we assessed the current status of ungulate management across European national parks using the natu-
ralness concept and identified the variables that influence the management.

3. We collected data on ungulate management from 209 European national parks in 29 countries by means of a
large-scale questionnaire survey. Ungulate management in the parks was compared by creating two naturalness
scores. The first score reflects ungulate and large carnivore species compositions, and the second evaluates
human intervention on ungulate populations. We then tested whether the two naturalness score categories are
influenced by the management objectives, park size, years since establishment, percentage of government-owned
land, and human impact on the environment (human influence index) using two generalized additive mixed
models.

4. In 67.9% of the national parks, wildlife is regulated by culling (40.2%) or hunting (10.5%) or both (17.2%).
Artificial feeding occurred in 81.3% of the national parks and only 28.5% of the national parks had a non-
intervention zone covering at least 75% of the area. Furthermore, ungulate management differed greatly
among the different countries, likely because of differences in hunting traditions and cultural and political
backgrounds. Ungulate management was also influenced by park size, human impact on the landscape, and
national park objectives, but after removing these variables from the full model the reduced models only showed
a small change in the deviance explained. In areas with higher anthropogenic pressure, wildlife diversity tended
to be lower and a higher number of domesticated species tended to be present. Human intervention (culling and
artificial feeding) was lower in smaller national parks and when park objectives followed those set by the In-
ternational Union for the Conservation of Nature (IUCN).

5. Our study shows that many European national parks do not fulfil the aims of protected area management as
set by IUCN guidelines. In contrast to the USA and Canada, Europe currently has no common ungulate man-
agement policy within national parks. This lack of a common policy together with differences in species
composition, hunting traditions, and cultural or political context has led to differences in ungulate management
among European countries. To fulfil the aims and objectives of national parks and to develop ungulate man-
agement strategies further, we highlight the importance of creating a more integrated European ungulate
management policy to meet the aims of national parks.

1. Introduction

Protected areas are a cornerstone of both national and international
conservation strategies for preserving the functioning of natural eco-
systems and to halt the loss of biodiversity (Dudley, 2008; Leroux et al.,
2010). Their establishment has increased during the twentieth century
because of concern over environmental degradation (Dudley, 2008;
Watson et al., 2014). Despite this trend, species extinctions caused by
human activities continue at an alarming rate (Convention on Biological
Diversity, n.d.).

Most conservationists advocate greater attention to the protection of
biodiversity and increased protected area coverage. However, biodi-
versity loss is likely to increase unless the effectiveness of protected area
management is improved (Chape et al., 2005; Laurance et al., 2012). To
increase its effectiveness, the underlying mechanisms causing biodi-
versity loss must be understood, management objectives should be
clearly defined, and management practices should be tailored to the
prevailing biological and social context within protected areas.
Furthermore, appropriate governance systems and resources are
required to be able to achieve conservation objectives (Chape et al.,
2005). This goal is complicated by competing management objectives of
the different stakeholders, which often results in complex management
plans (Dupke et al., 2019; Leroux et al., 2010; Naughton-Treves et al.,
2005; Watson et al., 2014). To overcome these complications and to
ensure long-term nature conservation, the International Union for
Conservation of Nature (IUCN) has developed standardized guidelines
for six protected area categories, classifying protected areas for purposes
of planning, setting regulations, and negotiating land and water uses (Ia
Strict Natures Reserve, Ib Wilderness Area, II National Park, III Natural
Monument or Feature, IV Habitat/Species Management Area, V Pro-
tected Landscape/Seascape, VI Protected Area with Sustainable Use of
Natural Resources) (Dudley, 2008). Although the six categories are

recognized as the global standard by the United Nations and many na-
tional governments, they are not consistently implemented and there is
no consistent use of the terminology. For example, in the United
Kingdom, several protected areas use the term national park, but more
correctly fit the definition of Category V Protected Landscape, due to
their cultural value and continuous human intervention (Department for
Environment Food and Rural Affairs, 2016; National Parks UK, 2018).
Hence, decisions on proper management practices not only depend on
guidelines set by the IUCN, but also on the cultural and political context
of the particular area, which determines the legislation (Theuerkauf and
Rouys, 2008). Consequently, management practices of different areas
within the same IUCN category can differ.

Management of national parks and other protected areas is further
complicated by different opinions on the primary objectives because of
concerns over the impact of wildlife on lower trophic levels and
cascading effects on vegetation (Coté et al., 2004; Demarais et al., 2012),
animal population declines due to human-wildlife conflicts (Woodroffe
and Ginsberg, 1998) and the spread of diseases (Gortazar et al., 2007;
Putman et al., 2011). Within the primary objectives of national parks,
the protection of biodiversity and natural processes are emphasized
(Dudley, 2008). Other objectives defined are, among other things, to
maintain viable and ecologically functional populations, to take the
needs of indigenous people and local communities into account and to
contribute to local economies through tourism (Dudley, 2008). How-
ever, management intervention and other human influences are only
allowed at a level that will not cause significant biological or ecological
degradation (Dudley, 2008). As a result, ungulate populations within
national parks should ideally be regulated by food availability, inter-
specific competition and predation by large carnivores (Sinclair, 1998).

The persecution of large carnivores in the past (Ripple et al., 2014)
has led to their disappearance in many parts of Europe and North
America. In the last decades, large carnivores are successfully recovering
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in large parts of Europe (Chapron et al., 2014). However, most of the
continent supports low carnivore densities, and the proportion of their
geographical range covered by European national parks is small, as they
require extensive areas of habitat to maintain viable populations (Soulé
et al., 2003; Woodroffe and Ginsberg, 1998). Furthermore, large carni-
vores within European protected areas (Rauset et al., 2016) or at their
edges are prone to legal hunting and poaching, which will consequently
reduce their densities and affects their functional role (Kowalczyk et al.,
2015; Miiller et al., 2014; Woodroffe and Ginsberg, 1998). In protected
areas where large carnivores are absent or occur in low densities and in
protected areas located within highly productive environments, ungu-
late populations can be high (Hansen and DeFries, 2007; Melis et al.,
2009). Populations of large ungulates occurring at high densities can
severely affect plant communities through extensive browsing and
consequently change vegetation structure and impact natural processes
and subsequently local biodiversity (Apollonio et al., 2017; Demarais
et al., 2012; Fuller and Gill, 2001; Gill, 1992; Kuijper et al., 2009). These
direct and indirect impacts have triggered much debate about appro-
priate management of large ungulates (Demarais et al., 2012). Human
intervention in the form of culling or artificial feeding to reduce the
pressure on the natural vegetation, to compensate for lost wintering
grounds or food shortage are often considered necessary (Conover,
2001; Most et al., 2015; Putman and Staines, 2004). In Europe, hunting
is currently the main cause of mortality for ungulate populations. Thus,
park authorities have to balance the objectives of national parks to
protect biodiversity and to keep human interference to a minimum to
determine appropriate management practices.

The naturalness concept has proven to be a valid management tool
for quantifying the intactness or integrity of ecosystems (Anderson,
1991; Cole et al., 2008; Steinhoff, 2012; Winter 2012; Winter et al.,
2010). Although a commonly accepted definition of naturalness is
lacking, it has been proposed that naturalness is a non-binary variable
that can be described relative to ecosystem structure and human activity
(Anderson, 1991; Giinther and Heurich, 2013; Leroux et al., 2010;
Winter 2012; Winter et al., 2010) or that naturalness or a natural system
is a self-regulating ecosystem that should be free of any human influence
(Anderson, 1991; Cole et al., 2008). The naturalness concept has been
used descriptively to provide a conceptual framework for the evaluation
of ecosystems (Anderson, 1991) or quantitatively in terms of defined
naturalness indicators (Winter 2012). Such naturalness indicators have
to be able to detect differences between variables measured in the field
and a reference system, which in general should represent the most
natural state (Winter 2012). Some studies associate this with the state
before human colonization, or subject to limited human intervention (i.
e. Pleistocene, early Holocene) (Anderson, 1991; Winter et al., 2010).
The assessment of how natural a system is provides a relevant frame-
work for ecosystem maintenance and restoration (Winter 2012). How-
ever, the feasibility of using the naturalness concept solely to define
natural ecosystem integrity has been questioned (Porter and Under-
wood, 1999; Winter et al., 2010). First, because completely natural
ecosystems no longer exist, due to the global effects of human activities
(Cole et al., 2008; Winter 2012). Second, because management decisions
should not only focus on the desired state of naturalness but also
describe which natural processes should be preserved (Cole et al., 2008;
Theuerkauf and Rouys, 2008). In previous studies the naturalness
concept was applied to describe the current status of (forest) ecosystems
using a reference system (for an overview, see Anderson, 1991) to in-
fluence forestry management practices or to enable legislation and
management policy for the preservation of protected areas (Cole et al.,
2008; Steinhoff, 2012; Winter 2012; Winter et al., 2010). In contrast, we
used the naturalness concept as a tool to rank ungulate management in
terms of the natural state (species composition) and the processes
influencing the natural state (assessment of human impact on the sys-
tem). So far, only one study has focused on the relationship between
ungulate management and the naturalness concept, where a red deer
management naturalness index was calculated for twenty national parks
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using five pre-defined naturalness indicators (Giinther and Heurich,
2013). Our study aims at filling this gap by assessing the current status of
ungulate management, evaluating the diversity of ungulate manage-
ment within European national parks using the naturalness concept and
to analyse which variables influence the naturalness of ungulate man-
agement. We believe that a better understanding of ungulates and their
management in Europe is necessary to develop ungulate management
strategies in accordance with the objectives defined for protected areas.

2. Methods

We collected data on management objectives and practices within
national parks across Europe by means of an electronic questionnaire
survey. The survey (Fig. 1) was sent to experts in wildlife management in
each European country, who subsequently distributed it to local wildlife
management authorities. Each participating national park submitted
one completed questionnaire for our analyses. Similar to Winter et al.
(2010), we focused on national parks as these represent the areas in
Europe with the maximum level of naturalness; IUCN Category Ia (strict
nature reserve) and Ib (wilderness area) areas are uncommon in Europe
due to land-use history and high human population density (Cole et al.,
2008; Winter et al., 2010). Furthermore, we considered all areas called
national parks, whether or not they are officially defined as IUCN
category II to include the full range of management approaches possible
within European national parks. The survey consisted of 36 open-ended,
closed and mixed questions that provided general information about the
national park and its objectives, ungulate management and social as-
pects of the management (see Appendix; Table S1). Data were collected
from May 2015 to May 2016. First, to evaluate the diversity of ungulate
management within European national parks, two ungulate manage-
ment indicators were identified and for each of the two indicators a
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Fig. 1. Location of all national parks that participated in the study.
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naturalness score was calculated for each national park (2.1). Second,
several variables which could potentially influence these naturalness
scores were identified (2.2) and their influence tested.

2.1. Ungulate management naturalness indicators

We evaluated the naturalness of ungulate management within Eu-
ropean national parks by considering species composition and human
intervention.

I. Species composition: To analyse the self-regulation potential of the
park’s ecosystem, we recorded which ungulate and large carnivore
species were present within each national park and whether they are
native to the area.

II. Human intervention: We also recorded to what extent ungulate
populations are controlled by human intervention and artificial
feeding.

For each of these two components a naturalness score of 0 (least
natural) to 100 (most natural) was calculated for each national park.

2.1.1. Species composition

For each national park, a naturalness score was calculated for un-
gulate, large carnivore species and for domesticated species; these scores
were then combined into the species composition naturalness score for
each park.

First, for each ungulate and large carnivore species present within a
national park a naturalness score was calculated as follows: ungulates
and large carnivores were given a score of 0 (least natural) if they were
not present or were present but not native; a score of 0.5 x 100/(total
number of species native to the national park) if they were transient but
native; and a score of 1 x 100/(total number of species native to the
national park) if they were present and native or temporarily resident for
reproduction and native. The maximum score a national park could
receive is 100 (most natural) and the ratios used accounted for the
different maximum numbers of native species in the national parks.
Second, for each national park the individual species scores were sum-
med resulting in one ungulate and one large carnivore naturalness score.
To account for the possible negative impacts of ungulate and large
carnivore species that increase their native ranges or are artificially
introduced (Keller et al., 2011), we considered whether the species is
native to each national park based on the ecological baseline of Pysek
(1995). According to Pysek (1995), a species is native to an area when its
occurrence is independent of human activities, and is considered native
if it settled or was introduced by humans before the beginning of the
Neolithic period and is still present. We recognize that some ungulate
and large carnivore species present during the Holocene and Pleistocene
have gone extinct and consequently we focused on the ungulate and
large carnivore species that currently still exist. We obtained informa-
tion on the fossil records from the Holocene and Pleistocene from sci-
entific literature (Appendix; Table S2).

The naturalness score for free-ranging domesticated species (maxi-
mally 8 species, namely boar, cow, sheep, goat, horse, donkey, dog and
reindeer) was assigned based on the number of species present. Due to
the anticipated negative effect of the domesticated species (Mack et al.,
2000; Taylor et al., 2001), a score of 100 (most natural) was attributed
to the national park where no domesticated species were present within
the area. Specifically, a score of 100, 70, 60, 50, 40, 30, 20, 10, and 0 was
given for 0, 1, 2, 3, 4, 5, 6, 7, and 8 species. The uneven distribution of
the scores considered the anticipated negative effect of domesticated
species on naturalness (Mack et al., 2000; Taylor et al., 2001). A com-
bined species composition naturalness score for ungulates, large carni-
vores and domesticated species in each national park was calculated by
summing the three individual scores and dividing by three. A summary
of the naturalness score calculations for ungulates, large carnivores and
domesticated species can also be found in Table S3 in the appendix.
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2.1.2. Human intervention

Human intervention is often considered necessary to maintain stable
populations and to reduce pressure on natural vegetation (Conover,
2001; Most et al., 2015; Putman and Staines, 2004). For each national
park, a naturalness score was calculated for two human activities with
the focus on ungulate management that could influence ungulate pop-
ulation numbers and ecosystem functioning, namely ungulate popula-
tion control (Conover, 2001; Geisser and Reyer, 2004) and artificial
feeding (Miranda et al., 2015; Putman and Staines, 2004). These scores
were then summed to produce the human intervention naturalness score
for each national park. A summary of the naturalness score calculations
for human intervention can be found in Table S3 in the appendix.

2.1.2.1. Ungulate population control. The naturalness score for ungulate
population control, through culling and commercial hunting, was
assessed based on the motivation of ungulate removal, the method used
for legal ungulate control, number of months of legal ungulate popula-
tion control, and estimated extent of poaching.

Ungulate removal by means of culling is a common management
practice used to maintain ungulate populations at a level that keeps
wildlife damage to the vegetation at acceptable levels, reduces the
spread of diseases, maximizes environmental benefits for other species
and maintains stable populations (Conover, 2001; Geisser and Reyer,
2004). On the other hand, hunting may also take place for commercial
use of animal products, trophy hunting and meat consumption. In this
study, the difference between the culling of ungulates and commercial
hunting is defined by their different objectives as explained above and is
irrespective of the performing hunting body. National parks received a
score of 0, 33, 66, 100 for commercial hunting, commercial hunting and
culling, culling and no ungulate removal respectively.

Further, the naturalness score assigned to each of the different un-
gulate population control methods was based on the duration of the
disturbance (in days) and the related predation pressure. According to
some studies, permanent ungulate population control pressure (regular,
repeated single hunts/battues) was the main cause for an increase in
home range size for ungulates (Keuling et al., 2008; Maillard and
Fournier, 2014), while ungulate behaviour was less influenced when
exposed to less intensive control pressure (Keuling et al., 2008; Scillitani
et al., 2010). In this study, control pressure is expected to be lower with
drive hunts as more animals can be killed in a shorter time span. In
contrast, single hunting methods, such as hunting from blind seats or
stalking are considered to be more intensive as ungulates will be exposed
to hunting pressure for a longer time compared to drive hunts in order to
remove the same number of animals. Population control using trapping
facilities enables managers to catch large groups and whole social units
effectively, with concentration of hunting pressure on small areas and
time spans (Heurich et al., 2011). Consequently, naturalness scores for
control methods were assigned as follows: scores of 100, 75, 50, 25, and
0 for no hunting, trapping, drive hunting, shooting from a blind/single
shootings/stalking, and baiting, respectively, which considered the in-
tensity of the hunting pressure. The score regarding the number of
months ungulate population control (0-12 months) took place
decreased for each month of hunting according to the following formula:
100 - (100/12 x n), where 100 represents the maximum score, 12 the
maximum number of months and n the number of months hunting took
place. Poaching (illegal hunting) can reduce species densities and can
change species behaviour and spatial patterns (Haller, 2016; Liberg
et al., 2012). The extent of poaching estimated by park managers was
assigned scores of 100, 75, 50, 25, and O for no poaching, little poaching,
moderate poaching, high poaching and very high poaching, respec-
tively. These three scores were summed and divided by three to obtain
the ungulate population control naturalness score for each national
park.

2.1.2.2. Artificial feeding. The naturalness score for artificial feeding
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considered the type of food provided and the time of the year when
feeding took place. High-caloric value supplements such as corn and
concentrated feed were considered to be the least natural, silage was
considered as moderate and hay feeding was assessed as the most nat-
ural as it resembles natural feed, does not contain additional artificial
products and is therefore less suitable for rapid weight gains (Ouellet
et al., 2001). Consequently, the type of food was assigned scores of 100,
66, 33, and O for no feeding, hay, silage, and concentrated/corn,
respectively.

According to the questionnaires, the national parks provided no
other artificial food types. Furthermore, the rationale of artificial
feeding is to maintain or increase population densities, body weights,
improve reproductive performance and fertility or to reduce levels of
damage to agriculture and forestry (Putman and Staines, 2004). How-
ever, artificial feeding would be most natural if it resembled natural
conditions. In Mediterranean ecosystems, food shortage for ungulates is
most severe during late summer and early autumn (Bugalho and Milne,
2003). In autumn, food supplementation is likely to affect the distribu-
tion of females and the mating system in some ungulate species (Car-
ranza et al., 1995; Pérez-Gonzalez et al., 2010). As a result, for the
national parks within the Mediterranean biogeographical region, scores
of 100, 66, 33, and 0 were assigned for no feeding, winter, spring/-
autumn, and summer, respectively. In other European ecosystems, food
availability is generally highest during summer and lowest during
winter (Muhly et al., 2013). For these ecosystems, the time of year of
feeding was assigned scores of 100, 66, 33, and O for no feeding, sum-
mer, spring/autumn, and winter, respectively. For each national park,
the scores for the type of food provided and the season feeding took
place were averaged to obtain the artificial feeding naturalness score for
each national park.

2.2. Variables potentially influencing ungulate management practices

Based on a literature review and the conducted survey, five variables
potentially influencing ungulate management were considered, namely
park size, years since park establishment, percentage of government-
owned land, naturalness scores of the objectives, and human influence
index. Further, to account for differences in species composition, wild-
life conservation histories, differences in the political/cultural situation
and biogeographical regions, we included country and biogeographical
region as random variables in our analyses.

2.2.1. Park size

The size of a protected area is an important variable that can influ-
ence ecosystem dynamics (Green and Paine, 1997; Woodroffe and
Ginsberg, 1998). Conservation theory advocates that protected areas
should be large enough to minimize species extinction risk and maxi-
mize the representation of ecological communities as larger protected
areas are better buffered against outside pressures (Green and Paine,
1997). Even though it is difficult to assess whether a national park is too
small for the species assemblages and their inherent dynamics, we
assumed that smaller parks generally contain less wildlife, especially
large carnivores, and are more influenced by processes from the outside
(i.e., edge effects). This could negatively influence natural ecosystem
dynamics (Woodroffe and Ginsberg, 1998) which may lead to human
intervention aimed at i.e. reducing the pressure on the natural vegeta-
tion (Conover, 2001; Most et al., 2015; Putman and Staines, 2004). As a
result, we hypothesized that species composition scores would be lower
in smaller parks. In addition, we hypothesized that human intervention,
i.e. artificial feeding and ungulate population control, would more likely
occur in smaller national parks to counteract the effects from sur-
rounding areas and low large carnivore densities.

2.2.2. Years since establishment
Effective management strategies in protected areas are crucial for the
conservation and functioning of natural ecosystems (Hebblewhite et al.,
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2005; Watson et al., 2014). In Europe, where national parks are typically
established in cultural landscapes, it might take years to modify the use
of natural resources in accordance with the primary objective of the
national park’s category. For example, in the newly established national
parks in Germany, a transition period of 30 years is given to achieve the
protection of natural dynamics and processes for at least 75% of the area
as required by the IUCN (Nationale Naturlandschaften, 2008). In addi-
tion, management can change over time as a result of changes in
governance, changes in the interaction of people with nature, and
development of naturalness concepts (Dudley, 2008). Consequently, we
hypothesized that as administrations develop their skills and improve
management based on experience, naturalness scores for species
composition and human intervention will generally increase over time.

2.2.3. Government-owned land

Most European national parks are predominantly owned by the
government (Protected Planet, 2014), which generally ensures a similar
mission and management focus among the national parks of one coun-
try. Within government-owned national parks, small land parcels, such
as those around human settlements, may be privately owned. In such
cases, park managers have to consider the rights of private owners,
which results in more complex management plans. To test whether
governance affects the naturalness of wildlife management within Eu-
ropean national parks, we included the percentage of
government-owned land as an independent variable in the species
composition and human intervention models. We hypothesized that
when a larger part of the land is government owned, and therefore a
larger percentage of the park has a common management approach, the
human intervention and species composition naturalness scores will be
higher.

2.2.4. Naturalness score of management objectives

Management objectives are crucial for conservation efficiency
(Ivancevich, 1974). However, managers face challenges in keeping to
the IUCN Category II objectives because of differences in the cultural,
political and ecological contexts in each area, which can result in dif-
ferences in management among national parks. To test whether the
naturalness of ungulate management was influenced by the objectives
set by park managers, we included a naturalness score for management
objectives as an explanatory variable. For each national park, an overall
management objectives naturalness score was calculated based on
several IUCN national park objectives and their ranking of importance
by park managers. We hypothesized a positive correlation between the
naturalness score of the management objectives and the naturalness
scores for both species composition and human intervention.

According to the IUCN, one of the most important objectives of na-
tional parks is to protect large-scale ecological processes along with
species and ecosystem characteristics (Dudley, 2008). Consequently,
national parks scored highest (100) when the protection of species
populations and the protection of natural processes were prioritized,
whereas those that did not consider these objectives scored lowest (0),
with intermediate scores of 25 (subordinate objective), 50 (neutral), or
75 (important objective), accordingly. Furthermore, the promotion of
education and recreation is also a primary IUCN objective, but it should
be at a level that will not cause significant biological and ecological
degradation of the natural resources (Dudley, 2008). For example,
visitor numbers can be limited or core zones where access is denied can
be created (Dudley, 2008). (Eco)tourism can generate income for the
park, contribute to local communities (Dudley, 2008) and help in the
conservation of nature and wildlife (Ballantyne et al., 2009), but if
human disturbances are high, animal behaviour and ecosystem pro-
cesses can be affected (for an overview, see Green and Giese, 2004;
Manor and Saltz, 2005). Visitor numbers tend to be high, but visitors are
concentrated on trails. By contrast, researcher numbers are lower, but
researchers tend to deviate from trails, which increases disturbance. As a
result, national parks scored highest (100) when (eco)tourism and
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research objectives were regarded as neutral, lowest (25) when the
objectives were regarded as very important or when there were no such
objectives, and intermediate (75) when the objectives were regarded as
subordinate or important. The last management objective considered
was hunting, which could be sustainable in that it controls damages
caused by wildlife (Geisser and Reyer, 2004) or it is used for commercial
use of animal products, trophy hunting and meat consumption. Both
types of hunting can affect wildlife behaviour and spatial distribution
(Keuling et al., 2008; Maillard and Fournier, 2014). Consequently, na-
tional parks scored lowest (0) for the objectives “damage prevention”
and “hunting” when managers considered them very important and
highest (100) when managers had no such objectives, with intermediate
scores of 25 (important objective), 50 (neutral), and 75 (subordinate
objective). A summary of the naturalness score calculations for the
management objectives can be found in Table S3 in the appendix.

2.2.5. Human influence index

Habitat loss as a result of an increase in human population is the
greatest threat for a wide range of species (Brooks et al., 2002; Wilcove
et al., 1998). In addition, human land-use practices, infrastructure and
activities such as hunting can directly influence both ungulate and
predator densities or indirectly influence their habitat selection and
foraging behaviour (Kuijper et al., 2016; Rogala et al., 2011). To assess
whether anthropogenic impacts on the landscape influence ungulate
management, we calculated the human influence index as developed by
the Wildlife Conservation Society for each national park. The human
influence index is a data set based on human population pressure
(population density), human land use and infrastructure (built-up areas,
night-time lights, land use/land cover), and human access (coastlines,
roads, railroads, navigable rivers), which is mapped globally in 1 x 1 km
grid cells (Wildlife Conservation Society - WCS and Center for Interna-
tional Earth Science Information Network - CIESIN - Columbia Univer-
sity, 2005). First, we acquired a shapefile containing all European
protected areas from the European Environment Agency (European
Environment Agency, 2017) and selected only the polygons from
participating national parks. We then obtained one human influence
index value per national park by calculating the mean of the human
influence values found within the national park plus a 5-km buffer using
the extract function from the raster package (Hijmans, 2016) in R 3.4.1
(R. Core Team, 2017). The 5-km buffers around the national park bor-
ders were included using the gBuffer function from the rgeos package
(Bivand et al., 2016) because protected area management is strongly
influenced by edge effects and human activity at the borders. We ex-
pected that in areas where anthropogenic influences were higher, more
management interventions would be necessary to compensate negative
impacts from outside the park, and vice versa. In other words, we hy-
pothesized that the human influence index of a national park would be
negatively correlated to the naturalness scores for species composition
and human intervention.

2.2.6. Biogeographical region

Decisions on proper management practices depend on the ecological,
cultural and political context of the area where the national park is
located. Besides the size of the national park, which is important within
the ecological context, the biogeographical region also potentially in-
fluences ecosystem dynamics. Biogeographical regions are spatial units
of various scales that bear distinctive flora and fauna assemblages as a
result of differences in evolutionary history, climate and physical and/or
ecological barriers (Dapporto et al., 2016; European Environment
Agency, 2016; Huggett, 2011). These assemblages live in conjunction
with the abiotic factors present within these regions, which results in
area-specific interactions (Bryant et al., 1991; Fortin et al., 2005; Kuijper
et al., 2013; Lima and Dill, 1990; Ripple et al., 2001). By contrast,
abiotic factors such as soil, sunlight, temperature, rain and available
nutrients are variables that influence vegetation structures and conse-
quently determine which wildlife species occur in the region. Therefore,
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we expected that national parks in different biogeographical regions will
have different natural conditions. We accounted for differences in nat-
ural conditions by adding the biogeographical region as a random var-
iable in our models. The following 8 biogeographical regions were
included: Alpine, Arctic, Atlantic, Boreal, Continental, Mediterranean,
Pannonian and Steppe Region (European Environment Agency, 2016).

2.2.7. Country

The occurrence and densities of both ungulates and their predators
differ between areas, resulting in area-specific species interactions, im-
pacts and problems, which in turn leads to differences in ungulate
management between areas. On the other hand, recent and historic
ungulate management can affect both ungulate and large carnivore
densities, their interactions and impacts and problems. In addition,
countries have different legal and administrative frameworks within
which ungulate management is carried out (Putman, 2010), which
reflect differences in political and socioeconomic history, but are also
influenced by cultural traditions. Humans had already settled and
influenced the landscape through agriculture and hunting long before
national parks were established. Ungulate management practices are
likely influenced by hunting history and its place within cultural tradi-
tion, hunting rights ownership, hunting methods applied and proportion
of people engaged in hunting activities, all of which may differ among
countries (Putman, 2010). To account for these differences in species
composition, wildlife conservation histories and differences in the
political/cultural situation, we added country as a random variable in
our analyses.

2.3. Statistical analyses

All statistical analyses were performed using R 3.4.1 (R. Core Team,
2017). First, we tested if there is less human intervention taking place in
national parks with a more natural species composition, using a linear
model from the stats package (R. Core Team, 2017). Second, we tested
how the naturalness scores of species composition and human inter-
vention were influenced by the above-mentioned variables, using
generalized additive mixed models from the mgcv package (Wood,
2011). National parks with a marine focus or situated on islands where
no large mammal species were present, were excluded from the analysis.
Two different models were constructed with species composition and
human intervention as response variables. The years since establishment
(y), park size (ha), percentage of government-owned land, objective
score, and human influence index were used as explanatory variables in
both models. In addition, the variables country and biogeographical
region were included as random effects. All independent variables were
included as smooth terms, spline functions of a single explanatory var-
iable, in the gam model because of their flexible characteristics that
allow the best fitting of response variables. Further, we tested the change
in model deviance after removing single smooth terms from the full
model. This was repeated for all smooth variables separately. To avoid a
correction in smooth term correlations in the reduced models, all
reduced models used the same smoothing parameters as the full model
using the mgev package (Wood, 2011).

3. Results
3.1. General characteristics of national parks

Of the 335 national parks from 31 countries across Europe contacted,
managers of 209 national parks from 29 countries responded (Fig. 1;
Table 1). Although all of these parks identified themselves as a national
park, only 87.5% correspond to IUCN category II and consequently are
managed following the IUCN guidelines. Of the national parks in the
study, 88.5% were established between 1951 and 2016, of which most
were established between 1991 and 2000 (23.4%; Table 1). The national
parks represented 8 of the 11 biogeographical regions of Europe, with
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Table 1

Characteristics of the national parks analysed.

Journal of Environmental Management 260 (2020) 110068

TUCN category

la 1b I 11 v v VI None
Number of national parks 1 1 183 1 1 16 3
Percentage 0.5 0.5 87.5 0.5 0.5 7.7 1.4 1.4
Year of establishment
1909-1950 1951-1960 1961-1970 1971-1980 1981-1990 1991-2000 2001-2010 2011-2016
Number of national parks 24 26 10 15 39 49 37 9
Percentage 11.5 12.4 4.8 7.2 18.7 23.4 17.7 4.3
Biogeographical region
Alpine Arctic Atlantic Boreal Continental Mediterranean Pannonian Steppe
Number of national parks 56 1 30 60 38 16 6 2
Percentage 26.8 0.5 14.3 28.7 18.2 7.6 2.9 1
Number of domesticated species present
0 1 2 3 4 5 6 7 8
Number of national parks 113 46 16 12 7 11 3 1 0
Percentage 54.1 22.0 7.7 5.7 3.3 5.3 1.4 0.5 0.0
Human intervention
Ungulate population control Artificial feeding
Culling Commerical hunting Commercial hunting/Culling None Unknown Yes No
Number of national parks 84 22 36 64 3 170 39
Percentage 40.2 10.5 17.2 30.6 1.5 81.3 18.7
Non-intervention zone relative to national park size (%)
<25% 25-50% 50-75% 75-100% NA
Number of national parks 84 12 10 59 42
Percentage 40.6 5.8 4.8 28.5 20.3

most in the Alpine (26.8%) and Boreal (28.7%) regions (Table 1).
Furthermore, the majority of the national parks had 0 (54.1%) or 1
(22.0%) domesticated species present (Table 1). In 67.9% of the national
parks, ungulate population were regulated by culling (40.2%) or hunt-
ing (10.5%) or both (17.2%). Artificial feeding occurred in 81.3% of the
national parks. Many of the national parks (40.6%) had a non-
intervention zone covering up to 25% of the park area, and only
28.5% had a non-intervention zone that covered 75-100% of the park
area (Table 1).

We determined the species composition and human intervention
scores for each national park (Appendix: Table S3 and Table S4). The
average species composition scores varied between countries (Fig. 2A),
as did the human intervention scores (Fig. 2B). Slovakia and Finland
showed the highest naturalness scores, while The Netherlands, United
Kingdom, Ireland and Spain showed the lowest naturalness scores for
species composition. The average human intervention naturalness
scores were highest (less human intervention; most natural) in

(A) Species composition
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(B) Human Intervention

Switzerland, Finland, Romania, Italy and Ireland and lowest (highest
human intervention; least natural) in Hungary, Slovakia, Latvia and
Lithuania. The total naturalness score of each country was calculated as
the average of the species composition and human intervention scores
(Fig. 2C) and was highest in Finland, Switzerland and Romania.

3.2. Naturalness of ungulate management

First, we found no correlation between the human intervention
naturalness score and the species composition naturalness score (0.063
+ 0.068, t = 0.923, df = 175, P = 0.357). Furthermore, our generalized
additive mixed model of species composition explained 67.0% of the
deviance (n = 177, adjusted R? = 0.614). The naturalness score of
species composition tended to decrease as the human influence index
increased (Fig. 3, F = 3.043, P = 0.083). Further, we found no effect of
park size, the number of years since park establishment, the percentage
of government-owned land and the naturalness score of the

(C) Total score

100 100
80 80
60 60
40 40
20 20
0 0

Fig. 2. (A) Species composition naturalness score, (B) human intervention naturalness score and (C) total naturalness score. For each country, the average natu-
ralness score was calculated where a score of 0 represents the least natural conditions and a score of 100 the most natural. The total naturalness score of each country
was calculated as the average of the species composition and human intervention scores.
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Fig. 3. Plot of the generalized additive mixed model predicting the difference
in the naturalness score of species composition in European national parks (y-
axis) influenced by the human influence index.

management objectives on the species composition naturalness score
(Table 2). The model deviance decreased the most after removing
country from the full model. In other words, the amount of unexplained
variation is highest for the reduced model with country removed in
comparison to the other reduced models. After country, the deviance
decreased the most after removing the biogeographical region, but was
relatively unaffected by the inclusion of percentage of government-
owned land, the number of years since establishment, the human in-
fluence index, park size and the objective score (Table 2; Appendix
Fig. S1).

Our generalized additive mixed model of human intervention
explained 76.8% of the deviance (n = 177, adjusted R? = 0.722). The
human intervention naturalness score decreased with park size (Fig. 4A,
F = 6.069, P = 0.002). Whereas the human intervention naturalness
score increased with the objective score (Fig. 4B, F = 4.662, P =
<0.001), although only very low or very high objective scores influ-
enced the naturalness score. Furthermore, the percentage of
government-owned land, the human influence index and the number of
years since park establishment did not influence the human intervention
naturalness score (Table 3). Finally, the deviance decreased the most
after removing country from the full model, followed by the objective

Table 2

Summary of the results of generalized additive mixed models predicting the
influence of the selected explanatory variables on the naturalness scores of
species composition in the national parks. Significant variables are highlighted
in bold and variables showing a trend are underlined. “edf” = estimated degrees
of freedom; “Res df” = residual degrees of freedom. Delta (A) deviance explained
represents the difference in percentage of deviance explained by the full model -
the percentage deviance explained by the reduced models.

Approximate Adeviance edf Res df F- P-value

significance of explained value

smooth terms (%)

Country 11.2 11.114 21.000 7.013 0.001

Biogeographical 8.1 6.168 7.000 25.010 <0.001
region

Government-owned 1.0 2.861 3.501 0.874 0.428
land (%)

Years since 0.7 2.385 2.952 0.849 0.533
establishment

Human influence 0.6 1.000 1.000 3.043 0.083
index

Park size (ha) 0.4 1.000 1.000 1.432 0.233

Objective score 0.0 1.000 1.000 0.000 0.995
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score, park size, government-owned land, the human influence index,
the number of years since establishment and the biogeographical region
(Table 3; Appendix Fig. S1).

4. Discussion

Our study provides new insights on the current status of the natu-
ralness of ungulate management in European national parks and iden-
tifies the explanatory variables that influence the naturalness of
ungulate management. Our results prove that the cultural and political
context of the country more strongly influences ungulate management
in European national parks compared to the other variables tested. Park
size, the human influence index and the percentage of government-
owned land also influenced ungulate management, although only
explained a small part of the deviance. In contrast to our hypothesis, the
management objectives set by a given park and the years since park
establishment did not influence ungulate management in European
national parks.

4.1. The naturalness concept as a useful management tool

Most studies that included the naturalness concept focused on the
naturalness of forest ecosystems (Gibbons et al., 2008; Liira and Sepp,
2009; Paillet et al., 2008; Winter 2012) and only one considered the
naturalness concept in relation to ungulate management (Giinther and
Heurich, 2013). Our study is the first to attempt to evaluate and quantify
wildlife management strategies in most of the national parks in Europe.
Consequently, the main naturalness variables considered in our study (i.
e. years since establishment, park size, percentage of government-owned
land, objective score, and human influence index) have not been
considered in other studies.

Our large-scale electronic survey covered all of Europe. The inherent
risk of electronic surveys is their subjectivity and differences in question
interpretation. To maximize the response rate, we limited our survey to
36 questions, which respondents should have been able to answer within
15 min, but may have resulted in a loss of detail. For example, an esti-
mate of the number of animals shot per area unit, the livestock units, the
animal densities present, or the mass of artificial food per unit area
might have provided a better understanding of the management prac-
tices. However, these exact numbers are often not readily available to
national park managers. Further, the number of animals poached per
species would give a better estimation of the extent of poaching, but this
number is elusive since it is an illegal activity. Still, we believe problems
of subjectivity, question interpretability and loss of detail were mini-
mized through cooperation with local wildlife specialists. As they
distributed questionnaires to the national park authorities, the answers
are not the opinion of a single person, but the official statement of the
park. Further, due to their expertise and ecological backgrounds these
wildlife specialists were highly capable of judging whether the data
provided by the national park authorities were in accordance with local
circumstances. Consequently, we believe the method provides a relevant
characterization of the most important drivers of ungulate management,
the challenges involved, and the variables influencing current ungulate
management in European national parks.

4.2. Variables influencing ungulate management

Managers need to fully understand the strengths and weaknesses of
their management of protected areas to maximize the potential to
conserve natural ecosystem functioning (Kilgo et al., 1998). This entails
understanding which variables influence management. Within this
study, variables potentially influencing the naturalness of ungulate
management were considered based on a literature review and the
conducted survey. Unfortunately, we had to exclude the size of the
non-intervention zone from our analyses because this specific question
was often left unanswered. We speculate that this may be due to the lack



S.T.S. van Beeck Calkoen et al.

s A

\

\
\
\
0 R
= N
] N
2 &
= b
§ -5 S o - e =
-10-
T T R T T T Y
0 50000 100000 150000 200000

Park size (ha)

Journal of Environmental Management 260 (2020) 110068

204 B
’
/
Ve
04 .................... ;..n?.‘.;...............7.f.‘..?n-....‘ ...........
. 4 \_//
] /
0 /
) /
20 /
o /
) /
/
a0/
-60-1 N Ll 11
0 20 40 60 80

Objective score

Fig. 4. Plots of generalized additive mixed models predicting the naturalness score of human intervention in European national parks (y-axis) influenced by (A) park

size and (B) objective score.

Table 3

Summary of the results of generalized additive mixed models predicting the
influence of the selected explanatory variables on the naturalness scores of
human intervention in the national parks. Significant variables are highlighted
in bold and variables showing a trend are underlined. “edf” = estimated degrees
of freedom; “Res df” = residual degrees of freedom. Delta (A) deviance explained
represents the difference in percentage of deviance explained by the full model -
the percentage deviance explained by the reduced models.

Approximate Adeviance edf Res df F- P-value

significance of explained (%) value

smooth terms

Country 31.3 18.130 21.000 9.626  <0.001

Objective score 5.1 5.883 6.942 4.662 <0.001

Park size (ha) 2.2 1.949 2.400 6.069  0.002

Government-owned 0.2 1.310 1.541 0.400 0.482
land (%)

Human influence 0.1 1.321 1.572 0.278 0.582
index

Years since 0.1 1.000 1.000 1.329 0.251
establishment

Biogeographical 0.0 0.000 8.000 0.000 0.982
region

of such zones in several national parks or to uncertainty. As an alter-
native, we considered national park size in our statistical models, but
included the size of the non-intervention zone relative to the size of the
national park in descriptive analyses. Only 28.5% of the 165 national
parks that answered the question had a non-intervention zone covering
75-100% of the national park area. The IUCN highlights that for all
protected areas, the primary management objective of a park should
apply to at least 75% of the protected area (Dudley, 2008). Conse-
quently, this result shows that despite the main objective of national
parks to protect biodiversity and support environmental processes, na-
tional parks have set only a relatively small area aside for the preser-
vation of natural processes without intervention.

Regarding the number of years since park establishment we have to
note that we do not have information on the initial conditions of each
national park. Some parks might have experienced major developments,
but others might have changed little over time. For example, forestry
was important before the establishment of the Bavarian Forest National
Park, and a transition period was necessary for people to recognize the
importance of nature protection and the concept of pristine nature and
to gradually increase the size of the non-intervention zone within the
national park. The concept of “let nature be nature” was especially
challenged after the first bark beetle attack and windthrows of August

1983, but this set the course for further management actions (Natio-
nalparkverwaltung Bayerischer Wald, n.d.). By contrast, the Swiss Na-
tional Park was established with the aim of developing a “complete
nature reserve”, where all human activities are prohibited and the forest
is left unmanaged (Kupper, 2013).

No correlation was found between the human intervention score and
the species composition score. In other words, in national parks with
higher wildlife diversity and lower numbers of domesticated species
present, human intervention in the form of ungulate population control
and artificial feeding took place to the same degree. In addition, we
found that wildlife regulation took place in the form of culling (40.2%),
commercial hunting (10.5%) or both (17.2%). Artificial feeding
occurred in 81.3% of the national parks. This shows that, independent of
species composition and whether a top-down naturally-regulated system
was present, human intervention measures are considered a necessary
tool for restoring or maintaining ecological integrity in accordance with
IUCN category II objectives or that other objectives or traditions, like
hunting or livestock farming, were pursued.

4.2.1. Species composition

The naturalness of the species composition in a national park can be
improved directly by expansion of the natural range of species, e.g.
recolonization of grey wolves (Canis lupus) in Europe (Chapron et al.,
2014) and active reintroduction of species, e.g. Eurasian lynx (Lynx lynx;
Kaczensky et al., 2012) and Alpine ibex (Capra ibex; Stiiwe and Nie-
vergelt, 1991). National park managers could create suitable habitats for
natural recolonization and authorize/implement the latter process. In
contrast to our hypotheses, we found no positive correlation between
species composition and years since establishment, objective score and
the percentage of state-owned land, which suggests that national park
authorities play a limited role in influencing the naturalness of the
species composition. National park authorities may be restricted in
organizing active reintroductions, due to the lack of financial support or
stakeholder attitudes. Large carnivore reintroductions have often led to
local resistance due to fear for human safety, killing of livestock or the
potential competition with hunters (Linnell et al., 2002; Treves and
Karanth, 2003). In parallel, damage to crops and increased browsing
pressure outside national parks shape human-wildlife conflicts with
respect to herbivore reintroduction (Balciauskas et al., 2016; Jenny and
Filli, 2014).

In accordance with our hypothesis, the naturalness score for species
composition tended to be lower when the human influence index was
higher, which indicates that greater anthropogenic pressure leads to
lower wildlife diversity and higher numbers of domesticated species.
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Large carnivore and herbivore movements tend to be lower in areas with
a higher human influence because of barriers in the form of habitat
change and fragmentation on the one hand, and enhanced resources in
the form of crops and artificial feeding on the other hand. Both mech-
anisms likely affect animal densities and species composition within an
area (Tucker et al., 2018).

Finally, in contrast to our hypothesis, we found no influence of park
size on the naturalness scores of species composition. Smaller national
parks face more edge effects and as a direct consequence of the national
park objectives, human influences are expected to be generally higher
outside national parks. As a result of this interaction, we expected that in
accordance with Woodroffe and Ginsberg (1998), species are more
likely to disappear from smaller national parks with higher anthropo-
genic influences. Although our study indicated that human influences
did indeed negatively affect species composition, smaller national parks
did not have a significant lower naturalness of species composition.
Consequently, the anthropogenic effects within and surrounding the
national parks negatively influenced the species composition more than
parks size did. In this study, five very large national parks (>200,000 ha)
were excluded from the analyses, as these were much bigger in com-
parison to all other European national parks and had a strong influence
(leverage) on the results. The model results for species composition with
these five large parks included are summarized in the Appendix
Table S5. When these large parks were included, we found that park size
negatively influenced the species composition naturalness score (F =
2.714, P = 0.005). These large national parks had either no ungulate or
large carnivore species present that were native to the area. This might
be explained by the location of these national parks (e.g. covering high
mountain ranges, river delta) and the large carnivore management
measures (including hunting) present.

4.2.2. Human intervention

In accordance with our hypotheses, we found that the naturalness
score for the objectives was positively correlated with the naturalness of
human intervention. This result implies that when national parks are
managed in accordance with the primary objectives defined by IUCN
Category II, which stress the protection of species and natural processes,
less human intervention in the form of ungulate regulation and artificial
feeding should occur. Furthermore, we found no support for our hy-
potheses that less human intervention occurred in older national parks
or when a greater part of the park is owned by the government. This
indicates that as long as national parks are managed according to I[UCN
objectives, the private or governmental body owning the area and the
years since park establishment are of lesser importance. This result also
suggests that older parks have not necessarily developed towards more
effective management strategies to reduce human intervention.

In contrast to our hypothesis, the human intervention naturalness
score decreased with park size, where naturalness scores were highest
for national parks <2,000ha. After including the five large parks in the
analyses, the same result was found (F = 2.441, P = 0.071, Appendix
Table S6). It might be easier to implement a non-intervention zone in
smaller national parks because stakeholders (foresters, hunters) can, e.g.
hunt ungulates outside the national parks. In larger parks with no or low
densities of predators, higher ungulate densities can persist and it is
generally assumed that their numbers must be controlled. However,
large non-intervention zones are important for the protection of natural
processes as large carnivores are more likely to reach ecologically
functional densities in such areas. Lastly, in contrast to the naturalness of
species composition, the degree of anthropogenic influences did not
influence the naturalness of human intervention. This result suggests
that the ungulate population control by humans is less important
because the number of species present in the area is already influenced
by the degree of anthropogenic influences.
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4.3. Variation in the cultural/political context among countries explains
diversity of ungulate management practices

Our results show that in comparison to the other variables, country
explained the largest part of the deviance for both the species compo-
sition naturalness and the human intervention naturalness scores. The
different countries reflect differences in legal and administrative
frameworks and are also influenced by their political and socioeconomic
histories and cultural traditions, such as hunting and agricultural prac-
tices. The fact that the variable country explained a larger part of the
unexplained variation mirrors the extreme variability in ungulate
management systems adopted by different countries in Europe (Apol-
lonio et al., 2010) and highlights the importance of the cultural/political
context in influencing ungulate management.

In contrast to the USA where all national parks are managed by the
federal National Park Service following the same management policies
(US Department of the Interior National Park Service, 2001), European
national parks have no responsible central authority for managing
protected areas, and therefore there is no institutionalized cooperation
in managing ungulates in national parks among European countries. The
only conservation system at the EU level is the Natura 2000 network,
which ensures the long-term survival of valuable and threatened species
and habitats, listed under the Birds Directive and the Habitats Directive
(Sundseth, 2014). The directives provide a legislative framework for the
28 member states and have been instrumental in protecting vulnerable
habitat types and species (Sundseth, 2014). Although, these directives
shape the governance of protected areas, their main focus is on the
protection of endangered or endemic species and the designation of
special areas for conservation (Paavola, 2004).

Another encumbrance to park management is the lack of a European-
wide legal definition of protected areas. Most European national parks
are managed by a central or local nature conservation authority of the
respective country to which the park authorities report (Baskin et al.,
2004; Klemm and Shine, 1996). For example, in France, national park
management strategies are set by a board representing governmental
agencies, local authorities and NGOs (Klemm and Shine, 1996). In
Germany, each federal state (Bundesland) is responsible for designating
protected areas and creating legislative plans within the federal frame-
work (Kemkes, 2008). In Italy, the Ministry of Environment manages all
national parks. In Romania, the National Forest Administration (ROM-
SILVA), which consists of county departments, forest districts and park
administrations implements state forest legislation (Ioras and Abrudan,
2006).

5. Conclusions

The results of our study reveal the usefulness of the naturalness score
as a tool to assess the current status of ungulate management and the
diversity of the management, and to determine which variables influ-
ence the naturalness of ungulate management. Our study shows that
despite IUCN categorization of protected areas and the standardized
guidelines set for protected area management, ungulate management
greatly varied among European countries and that most European na-
tional parks do not fulfil the aims of protected area management as
stated by the IUCN. To fulfil the aims of protected areas, the legal,
institutional and managerial frameworks must be defined and sufficient
resources must be provided (Getzner et al., 2012). To be able to develop
ungulate management strategies further, and to set-up and integrate
these frameworks, we highlight the importance of achieving a more
integrated European management policy, which is in accordance with
IUCN guidelines and helps to enforce international guidelines for na-
tional park management. A more integrated ungulate management
framework is needed that provides a common definition of national
parks with clearly specified laws, regulations and policies, an integrated
adaptive management system that considers all ecosystem processes,
local traditions and socio-political contexts, and a network of national



S.T.S. van Beeck Calkoen et al.

park authorities that facilitates the exchange of knowledge and the
development of the management system.
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