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Abstract

The landscape of Central Europe has been shaped by humans for centuries. One of the less affected
areas is the Bohemian Forest, located along the border of Germany (Bavaria), Austria, and Czechia. The
Bohemian Forest ecosystem is protected as national parks in Bavaria and Czechia. Bavarian Forest and
Sumava National Parks (NPs) together form one of the largest protected forested areas in Central Europe.
However, both NPs differ in management, history and geography. Therefore, wildlife management
measures (winter enclosures, feeding, hunting, law) were compared to reveal differences and similarities
and red and roe deer densities were analysed as well. They represent abundant species with impact on
vegetation. These measures are important for further harmonization of management. It is concluded
that differences and obstacles for harmonization stem from a different legislation in both NPs, which
causes that some measures cannot be applied in Sumava National Park in same way as in Bavarian Forest
National Park, and it also stems from different development of management and nature protection in
both NPs. On the other hand, there can be joint projects which can coordinate management. For example,
the returning wolf (Canis lupus) is a good opportunity to enlarge transboundary non-intervention area.
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INTRODUCTION

Protected areas have been here for a long time. The concept is not new. Conservation of
iconic landscape and wildlife is a long-lasting topic for civilization (Watson et al. 2014).
Naturalness has been, especially in the past, the main measure for evaluating and establishing
new protected areas (CoLE et al. 2008).

Nowadays protected areas are struggling with a wider range of problems. Despite
the growth of the number of protected areas since 1970 (NauGHTON-TREVES et al. 2005,
WatsoN et al. 2014), we have been facing biodiversity loss (Brooks et al. 2002) and social
conflicts in addition (SoLiku & ScHrAaML 2018). To fulfil objectives and prevent conflicts,
protected areas set the standards and frameworks for effective management (e.g. German
National Parks; KEMKES et al. 2008).

51



Wildlife management is a part of the measures which are necessary for fulfilling the
objectives of certain protected areas. Therefore, they can vary between the areas. Moreover, in
Europe, we can see changes in densities and dispersion of large mammals. Despite the decreasing
numbers of worldwide endangered herbivores (RippLE et al. 2015), common European ungulates
are increasing their numbers (GEISSER & REYER 2004, CRoMSIGT et al. 2013, BRaGINA et al. 2018).

Red deer (Cervus elaphus Linnaeus, 1758) and roe deer (Capreolus capreolus Linnaeus,
1758) live in Europe and increasing numbers bring conflicts in human-dominated landscape
as well as in protected areas. Ungulate management is based on hunting, it was the most
effective in selected case study (GEisser & REYER 2004), but subsequent measures can
influence whole ecosystem; for example, supplemental feeding affects the consumption and
composition of vegetation (PutmaN & StaNEs 2004, MIRANDA et al. 2015), but it is not sufficient.

Similar to ungulates, large carnivores are resettling Europe and can coexist with people in
the human-dominated landscape (CHaProN et al. 2014), but their dispersal is slowed down
by poaching (LiBERG et al. 2012, HeuricH et al. 2018). Generally, populations of large
mammals are growing in Europe with the exception of less economically successful countries
in Eastern Europe (e.g. Ukraine, Bulgaria, Latvia, Lithuania) (BRAGINA et al. 2018).

Despite the aim of naturalness of processes in national parks, European NPs are usually
managed (GONTHER & HEeuricH 2012). Wildlife management reacts to high numbers of
ungulates and returning of the predators. NPs adopt a wide range of measures enabling the
sustainable wildlife. Management considers many different aims: preserving the naturalness
— wildlife and vegetation and social aspect (e. g. tourism and human activities).

Hunting, winter enclosures, feeding, restricted areas and tourism are activities influencing
wildlife and are well-known from our study area. Presence of the measures can change behaviour
of animals and subsequently the whole ecosystem. Avoiding areas of hunting (THEUERKAUF
& Rouys 2008) and neighbourhood of hiking trails can, for example, change browsing pressure
of ungulates (MosT et al. 2015). Furthermore, winter enclosure can have same effect (MosT et al.
2015). But results differ for certain protected areas and species, those effects are not observed
in each case, somewhere predators even select hiking trails (Kays et al. 2017). Naturally it
should be driven by predator-prey relationship. Then, predator’s presence can influence
browsing of ungulates which, for example, avoid a wolf pack’s area (Kuuper et al. 2013).

Therefore it is not easy fulfilling the goals for wildlife management in national parks,
containing preservation of natural wildlife, non-intervention by human activities and, on the
other hand, offering educational and visiting experience with nature for visitors (HEURICH
etal. 2011).

Our aim is to compare two NPs — Sumava National Park (SNP) and Bavarian Forest
National Park (BFNP) — creating a transboundary area which is the one of the largest forested
protected areas in Central Europe (KRENovA & HruSka 2012). Even though it is only one area,
the two NPs differ in their wildlife management. This article wants to contribute to possible
further harmonization in future and presents past and present management in both NPs. These
questions were addressed: 1) How do the wildlife management differ? 2) What are the
objectives and requirements for wildlife management? 3) Which measures do the NPs use
and how do they differ? The study focused on key species of herbivores, zonation, hunting,
feeding, wildlife management, and differences in law and their impacts on management. Based
on management plans, NP administration documents, data, and scientific knowledge the study
compared the NPs concerning management and proposed joint transboundary management.
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MATERIAL AND METHODS
Study area

BFNP and SNP are situated in Central Europe, BENP in eastern Bavaria, SNP in southwestern
Czechia. Together they cover area of about 925 km?. The mountains are part of one
geomorphological unit (CGS 2012). The highest peak in the area is Mt. Rachel at
1453 m a.s.l. (KkenovA & Kiener 2012). The mean annual temperature varies from
approximately 3°C to 6°C (Torasz et al. 2007) and precipitation from 800 to 1600 mm
(DonnaL et al. 2011).

The NPs are created by forested mountain ridges, with mountain plateau and a mosaic
of peat bogs and meadows predominant in SNP and steep forested slopes predominant
in BENP (Janik & RomportL 2016). The area is also important because of its size and location
between the Alps and Carpathians and thus can serve as a stepping stone (HeuricH et al. 2011).

Management and history of the National Parks

Both NPs state that they belong to IUCN category II (BENP 2018, SNP 2018a). According to
TUCN, the primary objective of a category II NP is: “to protect natural biodiversity along with
its underlying ecological structure and supporting environmental processes, and to promote
education and recreation” (IUCN 2018). This goal should be fulfilled by management which
protects processes, native species and the ecosystem as a whole — including natural forest
processes and animal species (HEuricH et al. 2011).

Bavarian Forest NP

BFNP is the oldest German NP and was established in 1970 (HeuricH et al. 2011). The aim
was to protect natural development of the area. In 1983 and 1984 the NP was affected by
windstorms, but even so non-intervention management continued on a vast area (LAUscH et
al. 2011). The shift to a non-intervention NP continued even after the enlargement of the BFNP
area in 1997 (BFNP 2018). Now, about 75% (ca. 185 km?) of BENP is without hunting.

BFNP covers 242.5 km? and 68% of the area is in one core (‘“Naturzone’) under
a non-intervention regime with natural processes and without human impacts. Every year,
the area is enlarged with the aim of reaching 75% in 2027 (BFNP 2018). The Naturzone is
located along the border with Czechia and it offers the creation of a wild transboundary
area without human impacts (KktenxovAa & Kiener 2012). The second, development zone
(“Entwicklungzone’) will become the part of the Naturzone in the next few years. On the
boundary of BFNP there is the next “buffer” zone (‘““Randbereich’), which separates the NP
from its surroundings and protects private forests outside the NP by active management
measures. Finally there is the recreational zone (““Erholungzone’) (BFNP 2018).

Sumava NP

SNP is much younger than BFNP. SNP in Czechia was founded in 1991 after the fall of
communism and removing of the Iron curtain on the border with Germany and Austria. It was
established on an area of 683.4 km? as a part of a former larger Protected Landscape Area (PLA).
Sumava PLA now surrounds SNP with 994.8 km2. SNP is three times bigger than BENP.
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SNP management and zonation have gone through development. At the beginning SNP was
divided into three nature conservation zones according to Czech law (Act No. 114/1992 Coll.).
The most protected part (Zone I) covered 22% of the area initially and was divided
into 54 patches; from 1995 it covered only 13% of the area and has been fragmented into
135 patches. Even in Zone I active management was applied during the recent bark beetle
outbreak, but otherwise Zone I was strictly natural and non-intervention (KRENovA & HRrRUSkA
2012). Zone II was the largest one (82%) and contains human-affected ecosystems which will
be managed for future non-intervention. Zone III (5%) includes villages and their surroundings
(SNP 2018c¢). Amendment of Act No. 114/1992 Coll. in 2017 enabled new zonation to be proposed,
which since the 1st of March 2020 has come into force. This zonation delineates four zones
— natural (28% of SNP), nature-related (25%), managed (46%) and zone of cultural landscape
around villages (1%) (SNP 2019). This zonation combines conservation and management aims.

Moreover, another problem is that part of SNP is owned privately and by municipalities
(Kasperské Hory and Volary municipalities are the biggest non-state owners) (Kuc¢era 2009).
For example, Kasperské Hory municipality owns 4916 ha of forest and logged and removed
trees from a significantly larger area than SNP (ZyvaL et al. 2016). SNP is trying to rent and
buy private forests and get them into state ownership (Kucera 2009).

Methods

Both National Parks are presented in comparative perspective. At first, populations of the most
abundant herbivores, which affect NPs the most were compared. Available data of shot and
present red deer and roe deer from both NP’s administrations were graphically and statistically
(t-test in R (R CorEe TEaM 2019)) analysed to reveal effect of wildlife management on populations
and whether the effect is same or different in NPs. The numbers of shot animals were known
for seasons (e.g. years 1993—1994 with the end on the last March), and density was counted as
number of shot animals divided by area of NP (SNP or BFNP). Moreover, wildlife management
and its path dependency were compared in both NPs in context of applied measures and law.
We aimed at hunting and feeding measures including winter enclosures.

RESsuLTS
Wildlife species
Red deer

Density data were compared in both NPs. In BFNP, there are approximately 400 animals
and 80-150 are shot per year (HEuricH et al. 2011); the estimated density is 1.56/km?
(DupkEk et al. 2017) and it is increasing recently. In SNP, there are approximately 1000
individuals, with rather higher numbers in last years but with a slight decrease from 2018.
Similarly, number of animals shot in SNP reached the top in 2017 and since the year 2017
has been falling. Now density of red deer is higher in BENP than in SNP and numbers of shot
animals in both NPs are getting closer with still higher number in SNP (Fig. 1 and Fig. 2).

Density data shows no significant difference in numbers of red deer per 1 km? between
both NPs (t=-1.397, sig =0.170, conf. level = 0.95, Fig. 1), but significantly different density
in shot animals (t = 9.206, sig = 0.000, conf. level = 0.95, Fig. 2).
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Fig. 1. Development of density of red deer in both National Parks based on spring censuses.
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Fig. 2. Development of number of red deer shot in both NPs. Data are for seasons (beginning 93/94),
not for years.
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Roe deer

Density ranges from 1-3 animals per km? (DupkE et al. 2017). Roe deer are more abundant in
SNP (HeuricH et al. 2015). Approximately 100 animals were shot annually in BFNP
(HeuricH et al. 2011), but now hunting of roe deer is banned (BeLoTTI et al. 2015). Only about
30 individuals were killed for example in vehicle collisions on average per year in the last
3 years in BENP. In SNP approx. 60-70 animals died per year and approx. 25-45 animals
from them shot annually during the investigated period (Fig. 3). Density of shot animals in
both NPs differs significantly (t =—5.882, sig = 0.000, conf. level = 0.95).

Comparison of the wildlife management measures

Winter enclosures and feeding

Winter enclosures are present in both NPs, they are primarily for red deer, but their purposes
and management are different.

In Germany, winter enclosures compensate restriction of winter habitat, because natural
winter ranges of red deer lie out of the BFNP and red deer cannot be allowed to migrate there
(HeuricH et al. 2011). Moreover, winter enclosures simulate winter absence of red deer in
higher elevation and enable to control population (HEURrICH et al. 2015). After the foundation
of the BFNP, about 40 feeding stations in Rachel-Lusen area had been maintained and until
1985 they were closed (HEuricH et al. 2011). The hunting was permitted in whole area with
aim of reduction of the numbers. Then, instead of the feeding stations, four winter enclosures
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Fig. 3. Development of number of roe deer shot in both NPs. Data are for seasons (beginning 94/95),
not for years.
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were opened in 1970s (HEuricH et al. 2015) — enclosures were from 30 to 60 ha large fenced
areas (overall 157.5 ha) with the central feeding place (MosT et al. 2015), feeding is provided
between October and May (HEeuricH et al. 2011) and the hunting was prohibited in the core
areas and since 1980s and early 1990s shooting has been allowed in the winter enclosures
(HeuricH et al. 2011). Now, interventions are as low as possible, winter enclosures are key
measures of the management prevents from the damage of surroundings of NP. More than
80% of animals stay in winter enclosures and majority is shot there (HEuricH et al. 2015).
Only about 20% of red deer are hunted outside the enclosures (HEurIcH et al. 2011).

History of the enclosures on the Czech side started between years 1998 and 2001. The first
purpose was to protect forest after bark beetle outbreaks and monitoring of the population as
well. Seventeen enclosures were built. Now, ten of them work and the total area is 215.5 ha
(circa 22 ha per one enclosure on average). Seven were closed due to changes of ownership
of forest and vicinity of agricultural land or due to increasing effectivity of rest of them. In
SNP about 50% red deer spend winter in winter enclosures (Jiksa 2016). But no animals are
shot (HEurIcH et al. 2015) because the winter enclosures are smaller than in BFNP and not
prepared for culling (Jirsa 2016); furthermore, Czech law does not allow it (Act No. 449/2001
Coll.). In SNP, intensive feeding is provided in winter enclosures. The feeding should attract
animals to use the winter enclosures. It is concentrated in the winter enclosures, but it is not
prohibited outside them (Jirsa 2016).

Hunting management

Hunting in BFNP is only a small part of wildlife management. Hunting is strictly regulated
and evaluated from more points of view: return and numbers of predators, density of deer; in
addition, trophy hunting was prohibited (LINNER & WANNIGER 2010). Generally, natural forest
regeneration in Bavaria has priority over wildlife (HEuricH et al. 2015). The objective is to
“let nature to nature”, but in a given condition (without enough predators, restricted winter
ranges for red deer) BFNP must monitor and regulate numbers (LINNER & WANNIGER 2010).
Despite that, hunting is almost excluded from BFNP. Red deer are shot in enclosures; it was
around 50% (HEeuricH et al. 2011) but this share has increased, with 80% mentioned by
Mosr et al. (2015); shooting is also permitted in management zone on the edge of the NP
(HeuricH et al. 2011). Red deer migration outside the park is restricted by law (HEURICH et al.
2015). Roe deer hunting is banned (BeLotTi et al. 2015).

On the other hand, in Czechia, hunting is more traditional and SNP management is more
hunting-oriented (HeuricH et al. 2015). Non-hunting area covers just a small part of the SNP,
but it was enlarged recently as a consequence of wolf occurrence (Dvorak 2018). Trophy
hunting is permitted but it is being limited (SNP 2017). Reduction of numbers in winter
enclosures is not widely used. Winter enclosures in SNP are not suitable for culling and the
law does not allow it to be done effectively (Jirsa 2016). Furthermore, hunting is only allowed
in the hunting period, which is for red deer from the 1st of July to the 31st of January (male),
from the 1st of August to the 31st of January (female), and for whole year (animals under two
years old) (Act No. 323/2019 Coll.); thus, this period does not fully overlap the period of stay
in winter enclosures. Outside the NPs, regular hunting and feeding occur (HEuRrICH et al. 2015).
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Hunting law

In Bavaria, the law on winter enclosures only permits shooting of wounded and undesirable
individuals, but with exception that hunting is allowed in the case of nature conservation
(Act No. BayRS 792-1-L 1978). Therefore, the numbers of ungulates are kept at a level enabling
natural regeneration of tree species (HEURICH et al. 2015). Furthermore, the range of red deer
outside BFNP is restricted by law (HeuricH et al. 2015, MosT et al. 2015) and compensation
for ungulate damage (e.g. browsing) has to be paid to landowners (HEuRIcH et al. 2015).
Czech legislation (Act No. 449/2001 Coll.) only permits shooting of wounded and
undesirable individuals in winter enclosures, but there is no exception for nature conservation
purposes and hunting is only allowed with special permission. The animal must have obvious
signs of injury or to be undesirable or weak (MZP 2011). Reduction of numbers can also be
areason, but only in rare cases (spreading of illness, hugely increasing damage) (Jirsa 2016).

DiscussioN

The article presented differences in zonation, management of the NPs, and selected wildlife
management measures. As we can see from results and from summary Tab. 1, the management
differs a lot.

Red and roe deer data comparison shows these differences between both NPs. Based on
red deer density data, it is assumed, that due to forest regeneration after the bark beetle
outbreak, an increasing nutritional base had been expected as well as a population increase
(HeuricH et al. 2011), which was fulfilled circa from 2014 (Fig. 1) with larger recent area of
forest regeneration (Lausch et al. 2011, Janik & RomportL 2018). Development of number of
red deer in both NPs is similar, now with higher number in BFNP.

Czech NP has also higher rate of shot red deer, which stems from different law (e.g. winter
enclosures), management settings and their development and aims. However, recently
numbers of shot red deer in both NPs are getting closer consequently with enlarging
non-hunting area and wolf’s presence in SNP. In BENP the majority of red deer spend winter
in enclosures. This management is applied because red deer presence would be harmful for
private property outside the NP and it is also not allowed by law; furthermore, it simulates
natural migration to lower elevations. In SNP, enclosures are not so widely used by red deer
(HeuricH et al. 2015). Hunting in SNP is prohibited only on 10% of the area and winter
enclosures and feeding are measures for hunting and forest protection, not for more natural
development of the NP, which is the objective in BFNP. Czech legislation does not enable
culling in the winter enclosures, which are smaller than in BFNP and therefore, number of
shot red deer is higher and has been increasing recently (Fig. 2).

To sum up, according to data, densities of red deer are similar, but still for different
purposes. In BFNP the objective is natural condition (LINNER & WANNIGER 2010, HEURICH et
al. 2015). Furthermore, BFNP is older with longer non-intervention management, which is
lacking in SNP and it means that protection of natural vegetation from herbivores is needed
and thus this is next reason for more hunting-oriented wildlife management.

Roe deer shot data show that in BFNP numbers were reduced (Fig. 3). Recently, management
controlled only a small area (40 km? in Falkenstein-Rachel area) (DupkE et al. 2017).

Density data of red and roe deer could be influenced by migration outside of NPs, for e.g.
shot red deer do not have to be included in spring census and reproduction, roe deer migrate
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Table 1. Comparison of selected characteristics of both NPs.

(68%), four zones, goal is
75% non-intervention in 2027

Characteristics Bavarian Forest NP Sumava NP

Area 242.5 km? 683.4 km?

Founded 1970 1991

Management Mostly non-intervention 28% is in the most protected

natural almost non-intervention
zone

Non-hunting area

75%

10% (Zone A)

Winter enclosures

No: 4; mean size: 39 ha;
ca. 80% of red deer use

No: 10; mean size: 22 ha;
ca. 50% of red deer use

Law consequences

Enabling shooting in
enclosures (80%); red deer
restricted in certain range

Enabling shooting in enclosures
only in rare cases; populations
of roe and red deer migrate

outside NP regularly

to surroundings of SNP (BELoTTI et al. 2015). Moreover, rules for hunting have been changing
during the period.

However, BFNP management with winter enclosures and enabling shooting according
to law (Act No. BayRS 792-1-L 1978, HeuricH et al. 2011, MosT et al. 2015) is still considered
as very artificial among German, Austrian, and Swiss NPs (GUNTHER & HEeuricH 2012) and
cause artificial management-induced spatial inequalities in browsing pressure (MosT et al.
2015).

Despite being one area, the NPs are different; they differ in history, area, and management
(Tab. 1). On the other hand, there was an effort to create the “Wild heart of Europe” (KkRENOVA
& KIENER 2012). But harmonization is not easy. SNP is significantly bigger and therefore its
landscape is more diverse (SNP 2018b). Due to legislation and staff changes (including the
head of the administration), SNP was without clear and long-lasting goals. Moreover, private
owners within the NP influenced management goals and they remove trees from a significantly
bigger area (ZvvaL et al. 2016). Nowadays, new zonation for SNP since the 1st of March has
come into force with only four management zones and about 28% of the NP is in the proposed
natural almost non-intervention zone. The non-hunting area will be probably only be part of this
zone. On the other hand, BFNP has a goal of creating a 75% non-intervention zone in 2027
(BFNP 2018).

CONCLUSION

This study shows how wildlife management in BFNP and SNP differs. There is still long
way to transboundary wildlife management, because development and characteristics of both
NPs are different. Different objectives — forest regeneration in BFNP and shorter and often
unclear development in SNP are together with legislation, which does not allow to use winter
enclosures for culling and to leave cadavers, and different forest structure, and development
of protection, obstacles for harmonization.
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There is also question for future development; return of the wolf will affect management
in next period (requirements for management of the area: non-intervention and non-hunting;
and wildlife management: winter enclosures and feeding) and can help to harmonize
management of the NPs. In case of enlarging wolf’s population dispersal, it is recommended
to enlarge non-intervention and non-hunting areas as well as reducing the number of winter
enclosures and consider their purpose (especially in SNP).

Continuous monitoring and evaluation of management measures and joint planning are
factors which enable fulfilment of the aims of the NPs. Despite the differences described
above, there is the opportunity to plan together at least in the core area; new zonation in SNP
and the recent enlargement of the non-hunting area along the BFNP boundary is an example.
Moreover, change of legislation for SNP would be necessary for further harmonization.
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