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1 Abstract
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Aim

Therestoration ofpostmining areasnd subsequenteconnection osuchfragmentedresto-

ration areas represent promising tools to counteract the loss of biodiverBighabilitation
efforts taken in the Rhenish lignite mining ar@LMAYor the past 10thave been very suc-
cessful regarding the diversity of species that has settled or resettlee rekabilitatedland-
scapes by now. Especially tlenabilitatedforestareas show a higlevelof biodiversity. How-
ever,in the RLMAthe conservatiorof biodiversity througltonnection of separated areass

not been addressed yet. Therefore, the mainesitjve of this study was to identifiactors
causing fragmentation of theehabilitatedforestareas in theRLMAand to propose a concept

for the connection of theseehabilitated forest areas In addition todetailed measures to
counteract the fragmentation afehabilitatedforest habitatsthis concept includes measures

to further increase the habitat quality within tHerest patches. With its need for wide home
ranges and diversely structured habitats, tBeiropean wildcat Helis silvestris silvestris
Schreber 1777in the following referred to as wildcata commonly used speciés enhance

forest ecosystem connectivity and natural forest development, was chosen as target species
for this concept. The pragsed concept follows a holistic approach by not only considering the
ecological conditions in the study area but also aspects influencingiplementationof pro-

posed measures. Furthermore, commonly used wildcat conservation measures were investi-

gated cbser with regard to their ecological effectiveness amdcticability

Location

The RLMA in thEederal state of North RhiAé/estphalia (NRW), Germany

Methods

In order toidentify the path of least restrain for the connectiohrehabilitatedforestareasa
least cost path analysis was conducted. Alongside the ecological needs of the (vépcat
sented by a habitat model¥actors influencing the actual implementation odnservation
measures within theehabilitatedforestareas were taken into accourguch ashe ownership
of land parcelsand the distribution of protected areaObstacleghat potentially hindered
wildcat migrationas well as potentig} wildcat movement motivatingreen infrastructure
suchwildlife overpassesgientified during the analysis were explored in detail throughstgr

inspections. An additional action planitcrease habitat quality within thiorest patches

-1-



1 Abstract

was worked out. For that purpose, expert interviewsre conducted to evaluate the ecolog-
ical statusquo of therehabilitatedforest areasregarding the needs of the wildcdkelevant
characteristics wex food availability, disturbance through anthropogenic use, availability of
breeding structures and availability daytimeresting spots. Additionally, commonly used
wildcat conservation measuragere assessed for their practicability foyestry expertsand
their effectiveness by wildcat experts. The wildcat experts edted the effectiveness and

implementability of roaerelated wildcat conservation measures.

Results

In the study area 18eparded forestcoreareas were identified as potentialildcat habitats
and interconnected via a least cost path analy8lisngthe resultingpath, 17 out of 18 obsta-
clesidentifiedwere roads The longest distance between two core areas was 6.5Tki@ hab-
itat quality of thecoreareaswasoverall goodimprovable factorsvere the availability ofow-
disturbance areas and breeding structures for wildcats. Mestltingforest management
relatedconservation measures showedjaod balance betweetheir practicability andeffec-
tivenesswhile the most effectiveroad-related measuresvere at the same timehe leastim-

plementableones

Main Conclusions

The analysis showed that the main factor causing fragmentatioetabilitatedforest eco-
systems in th&RLMAwere roads and highway€onsequently, the key to counteract fragmen-
tation in the study area is the installation of greiafrastructurethat enaldeswildcats to over-
come obstaclesAs the subsequent introduction of green infrastructurdiighly costinten-

sive, the installation of green infrastructure is more likely to be integrated in future road
maintenance projectsTherdore, upgrading existing structuresyhich may enable a safe
crossing of roads for wildlife and the installation of guiding structures to these safe crossing
points are essential interirgolutions to increase the connectivity in the study area in the near
future. Furthermore, claiming and securing land parcels for conservation purposes in order to
conserveand enhancehe connections between theehabilitatedforestareasis an important

step that needs to be taken as soon as posdiblecrease connectity in the rehabilitated

lands and thus contribute to biodiversity conservation in the RLMA



2 Introduction

HLY GNP RdzOGA2Y

2.1 Biodiversity lossa tremendoushallenge

Some servicethat mankinddependson inits daily life such a$ood, energy,clean waterand
air, can only be provided by an intaehvironmentin the long run(Hooper et al., 2005; Mil-
lennium Ecosystem Assessment, 2008 ny of theseso-called ecosysteraservices are based
on the existence of a wide variety of speciespsystema&nd genegHooper et al., 2005; Mil-
lennium Ecosystem Assessment, 20Q%)so called biodiversitfCampbell & Reece, 2009)
Onevery popularecosystem service, due to tliecentmedia attention given to insect mor-
tality, is the pollination of crops by insec®5 % of global crop production depend on the
pollination via pollinatorgKlein et al., 2007)The diversity of food available to us is thenedf
directly related to the diversity of insects that can pollinatep plants. Another important
example for arecosystenservice thats closely linked to biodiversity are medicatiodgout
47 % of cancer medications are directly woninspired from natural product®Newman &
Cragg, 2007)here are countless more ecosystem services dinatdependent on the diver-
sity of genesspeciesand ecosystemsalthough the linkage might not always be as obvious
as in the previously mentioned cases. Further exampledilare production, climate regula-
tion, pest control, biomass production and nutrient cycl{fiaz et al., 2006)n total, the loss

of biodiversity costs 10 % of the annual gross prodiRBES, 20)3

What could be calledhie ¢official global commitment to the importance of biodivergignd

the need to combat its loss was made in 1992, wh68countries signed the @vention on
Biological Diversity D). The main goals of the convention were the conservation and sus-
tainable use of biodiversity and its components as well agahesharing of benefits resulting
from the use of genetic resource®n December 291993 the convention came into force
Today he CBD counts 193 parti@@BD Secretariat, 202).

Nearly 30 yearfater the situation has not improvedTlheeverincreasing impact of humans
on the environment is threatening biodiversity more than e(d@&BES, 2019)oday 28 % of

all known plants and animals are threatened by extinc(lWCN, n.d.)Pimmestimated ex-
tinction rates in 1995 to be 100 to 1000 times higher than inlpwenan times(Pimm et al.,
1995)and still estimated a 1000 times higheate of extinction 19 years lat§Pimm et al.,
2014) Furthermore nearly all biodiversity indicators still showed decreasing trends while fac-

tors indicating additional pressure on biodiversity increa@&atchart et al., 2010)
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The main factor causing the loss of biodiversity to this unprecedented extend is global land
usechangeand the resulting degradation of lar(tPBES, 2018, 2019; Newbold et al., 2015;
Pimm et al., 2014; Wilcove et al., 1998; Wilson, 1988used byapid increase irhuman
population. Since970globalhumanpopulationhasmore than doubled ands expected to
reach8.5 billion by 203QUnited Nations, 204). Anthropogenic activities are the direct drivers

of 60 % of global land chand&ong et al., 20)8In the year 2000 some 55 % of the lands
surface have already been significantly altered by hunodmghich D % have been tuned into

- and additional 37 % were embedded betweeaettlements and agricultural landllis et al.,
2010) Other factors contributing to land degradation and thosthe loss of biodiversity are

the expansion of infrastructure as well as extractive actibRBES, 2018)

The demand of land for anthropogenic gsespecially the expansion of infrastructudmes

not onlylead to the direct loss of habitat but also babitat fragmentation.Although a on-
goingdebate has recently arisen in the literature about whetbenot habitat fragmentation
has a negative effect on biodiversitiyahrig, 2017, 2018Jhe longestablished evidence of a
negative effect of fragmentation currentutweighsthe arguments that challenge this point
of view(Fletcher et al., 2018Jirsty, habitat fragmentation leads to reduced connectivity and
thus to decreasedgenetic exchange between the emerging subpopulati@@ampbell &
Reece, 2009; EEA, 20EDr exampleDixon et al(2007)found significant genetic variations
between geographically close but by fragnestion separated Florida black bedsréus amer-
icanus floridanugPallas 178psubpopulationsThis lack of genetic exchange makes local pop-
ulations more vulnerable to disturbance and can lead to local exting@mpbell & Reece,
2009) Secondly, the edge effect significantly reduces the quality of the remaining habitat
(Haddad et al., 2015; Laurance et al., 2011; Pfeifer et al., 2AtApugh the transition areas
between two ecosystems are often real biodiversity hotspots due to thigih variation of
biotic and abiotic factors, these conditions only have a positive effect @alkedgeneralists
which are adapted to rapidly changing environmental conditions. Specialists, on the other
hand, are dependent on the constant environmental conditiontheir habitats and are much
more often listed aendangered species than generali@@eifer et &, 2017) Thirdy, if frag-
mentation is caused by roagthe resulting traffic alone poses a high mortality risk to wildlife.
For some species, such as thiddcat, vehicle collisiomates are so high that road mortality is

a populationdetermining factor(Hermann & Mathews, 2007; Moélich & Klaus, 20G3)ally,
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it cannot be denied that specieghichdepend on large contiguous habitaise at risk isuch
habitats ofsufficedsize are no longer available due to habit@gmentation This is especially
true for medium to large carnivorous mammgiSrooks, 2002Noss et al., 1996)Conse-
guently, the restoration and connectivity of ecosystems contstoebe perceived as the most
effective measures against biodiversity I¢psxon et al., 2007; EEA, 2011; IPBES, 2018, 2019;

Millennium Ecosystem Assessment, 2005)

2.2The embedment afestauration and connectivigonservationn inter-

national and German law
Due to their importance, these two instruments have become increasingly explicit in the CBD's

YR 20 KS Ndbjactivis: i tBeICBS sisategic plan for 202020, the preention of
further ecosystem degradation and fragmentation antplementingwell-connected ecosys-
tems were recorded in the Aichi targets number 5 and@BD Secretariat, 2020he official
strategic plan for 2030 by the CBD has not yet been released, as tHetohference of par-
ties (COP15)vas postponed due to the Covikd pandemicNeverthelessan initial draft of
the strategy sets a target of increasing the area devoted to ecosystem connectivitypbyy5

2030 and by 186 by 205FCBD Secretariat, 2021a)

Onthe European level, the Flora Fauna Habitat DirecfisleH)was adopted in1992 asre-
sponse to the CBOhe core ofthis directive ighe establishment of a Europ&ide network
of protected areas, Natura20qCouncil Directive 92/43/EECI92. In 2020 theprotection of
30 % of the land and sea area as well as the integration of ecalamirridors and the intro-
duction of a EtRestoration plan were set akey commitments of the European strategy for

biodiversityfor 2030(European Commission, 2020)

The national strategy for the protection of biodiversity of Germany was released in 2007
(BMUB(Ed.) 2015) In addition, 820f of the Federal Nature Conservation Act (BNatSchG) calls

for the creation of a network of interconnected biotopes on at leas@dof the area of the

federal states for the permanent protection of wildlife and a functioning ecological exchange.
Howeverf 201 f f &8 Y2NB RSGFAf SR GFNBSGa dRME aSd 7
diversity strategy of NR\statesthat 15 % of theF SRS NI € & i | (i $eSalivedfoNS I | N.
the connection ofecosystemsFurthermore the degradation and fragmentation of ecosys-

tems is to be reduced by the implementation of green infrastructiM&KULNYV, 2015}ur-
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thermore, 8§ 8 of the Nature Conservation Aaft NRW (LNatSchi@RW prescribes the prepa-
ration of a technical reportor nature conservation and landscape ptéamgin which guiding
principles and recommendations for biodiversttynservationand information ona connec-

tivity conceptare included.

The explicit prescription aécosystenrestoration and connectivity as key measures against
further biodiversity loss at all policy levels underlithe importance of these tools and sug-
gests thatthese two tools will actually have to be applied for effective biodiversityserva-
tion in the near future.Therefore, the practical implementation bbth toolsis explained in

more detail below.

2.3 Approachego counteract biodiversity logmused by fragmentation:

restoration, connectivity conservation and surrogate species
Actions to reduce and reverdand degradation can be diverséhey are often closglinter-

linked, complement or buildp on each other. Sometimes a strict separation between differ-
ent actions is difficulespecially becaushe conceptsand termsare often assigned tsimilar
actions.The clear differentiation of the various concepts is also made difficult by linguistic
differences.Thesame expressions in different languages can have different enghakile

for other concepts there are no adequate translations at(BHux et al., 2001)Therefore,
defining the meaning of different terms is essentialdéficient communicationThedefinition

used most for restoration and to which also the CBD and the IUCN (International Union for
Conservation of Nature) refer to was set by Beciety for Ecological Restoration International
Science & Policy Working Gro{ER)According to the SERcologicatestorationis a process

that supports degraded, damaged or destroyed ecosystentsiiacovery(SER, 2004pne of

the most importan features of restoration that distinguishes it from other related conserva-
tion methods is the fundamental goal bfingingthe ecosystenbackto its original stateand

often requires continuous managementleasures are therefore based on the statetlod
ecosystem at pralisturbance timesOther conservation methods that also seek to improve
the ecological state of degraded ecosystems might not aim to reintroduce historic conditions
and can be absolved after a shorter period of ti(fB&R, 2004The term rehabilitation refers

to the reintroduction of a selsustaining ecosystem with the pdisturbance state asefer-

ence But it focuses orthe re-establishment othe ecosysten® processes, functions and ser-



2 Introduction

viceswhile restoration also aims to bring back the flora and fauna of historic conditions. Con-
sequently, rehabilitation might in most cases be a component of successful restofdgon.
lamationdescribes theeturn of degraded landhto a useful stateusually in relation to mining
areas.Actions taken in the frame akclamationinclude the aesthetic improvement of the
area, assurance of public safety, revegetatiamd the stabilisation of lah(SER, 2004fReha-
bilitation and reclamatiorefforts can be based on ecological goals and thus in the end also
lead to rehabilitation or restoratin of thepostmining areagSER, 2004Thedefinitions of

the termsrestoration, rehabilitation andehabilitationwill beused in thecontext of this work

as induced by the SER.the Germanlanguagethe term "Rekultivierung'ls an important ex-
pressionin the broad subject of restorationit describes the returppostmining areado a
productive cultural landscap@Pflug, 1998)In comparison to reclamation, the landscape is
not only tuned into a usable state angrepared for subsequent use, but the new cultural
landscape is fully establisheBurthermae, the ecological aspects are also increasingly em-
phasisedoday> | & G KS | AY 2also deac8bedas thé-@eat®MNdanBc- A a
logically valuable cultural landscagieat can be reintroduced into the economic and natural
circle (Drebenstedt & Kuyumcu, 2014id is also determined as a compensation measure
under theBNatschGTheactualY S yAy 3 2F GKS GSNY awS{dz G§A DA
where between thalefinitions of reclamation and rehabilitation. Howevezyrewingthe def-
initions by the SER & NB i IA @A/ tE A (Nie IGakian $eyriiRekultivierund best alt-

hough it lacks the direct reference to peasiining areasTherefore, ehabilitationis used in

this paper as a translation of the German teéRekultivierung.

The fragmentation of natural landscapes is one of the major concerns of nature conservation.
Thus, actions that increase the connectivity, that is the exchange of species betakitat
parcels, are important tools for conservationi§@&ooks & Sanjayan, 2006pr this exchnge

to be possible, landscapes need to be permeable or migratable for sp@cesreasethe
permeability of a landscape, different measures can be taken, depending on the obstacle that
causes the fragmentatior’he probably most popular measure for caativity is the intro-
duction of corridors which ardinear habitatstructures connecting two or more habitat
patches across a dissimilar matrix. Corridors are implemented for conservation purposes as
they increase or maintain the viability pbpulations in the habitat patchedBeier & Noss,

1998) Steppingstones have the same function as corridors but instead of coetinuous
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linear structurethey are characterised by multiple small habitat patches, distributed across a
landscape to connect larger habitat patchi€ampbell & Reece, 200¥ot only landscapes

but alsoanthropogenic infrastructure likeoads can cause fragmentation. Measures to reduce
the fragmentation effect of roads can be the installation of gré@nastructurelike wildife
bridges or wildlife underpassé€ampbell & Reece, 2009yhichare designed to meet the
needs ofwildlife to enable them to cross theoads and thereforeeduce wildlifevehicle col-
lisions andconnect the habitats on both sides of the roatlscreased connectivity can also
bring risks. For example, the faster spread of pests or alien species and the gesaferof
disturbancesas well ahigheconomiccosts(Simberloff & Cox, 1987 he debate can perhaps

be summed up by saying that connected habitats are always preferable to fragmented habi-
tats. Nevertheless, connectivigonservation measures such as corridors are not a panacea
and their benefits must always be weighed against the costs on a situsphecific basiéBeier

& Noss, 1998; Crooks & Sanjayan, 2006grefore the probably most important thing about
connectivity for its practical implementation is thatcbnsistsof two parts. Firdy, the struc-
turalpartg KA OK RSAONAROG6SAE I fFyRaOlILISQa aLl aAalt O2
mentsandsecondlythe behaviourareactionof individuals, species or ecological procedses

the characteristics of the landscap@rooks & Sanjayan, 200Bue to the second component

the same landscape can result in sufficient connectivity for one and insufficient connectivity
for another speciegTaylor et al., 2006)n order to derive and implement meaningful connec-
tivity concepts, the purpose of the network must be precisely defit@mhsequently, e se-
lection of the species for which a landscape is to be made migratable is essential for connec-

tivity conservation conceptéBeier & Noss, 1998; Crooks & Sanjayan, 2006)

A mehod commonly used to delineate the best course for a corridor between two or more
separated habitat patches is the least cost path analysis (a38)see chapter 3.4For the

conduction of a LCP, cost values are assigned to different landscape featymesenting

favourable (low costs) and unfavouralleK A 3 K O2aida0v O2yRAUGAZ2ya F2N
LI 6K NBadzZ GAy3a FNRY GKS [/t A&a GKS GaOKSI LISal
tween the habitat patcheg§Adriaensen et al., 2003; Graham, 2001; Guzman Wolfhard & Rae-

dig, 2019; Nikolakaki, 200&chadt, Knauer, et al., 2002; Walker & Craighead, 1997)

Not only for connectivity conservation concepts but tmmservationactions in general the

definition of a specific conservation gagimportant to derive appropriate measuréhereby

-8-



2 Introduction

it is not possible talevelopan individualconservation plan for every species occurring in the
respective areaHencejn nature consevation practice the focus lies on single speciegose
protection promises the greatest possible beneétsofor other speciesA collective term for
this species isurrogate specieslhese speciegbtain characteristics that can help to attain
consevation objectivegCaro, 2010)Similarto actionstakento reverseland degradation,
there are also different, partly overlapping concepts the selectionof these speciesand

their designationThe most often used concepts are shown with a definition below.

Tablel: Characteristics of different types of surrogate species after (Cb0)

Umbrella species Species thahavehigh demands on their environment and thus represe
the needs of many other species.

Keystone species Species with an essential role in the ecosystem

Flagship species Popular species with which many peopignpathiseso that they can
raise awareness, public engagement and funding

Indicator species Species that are very sensitive to the changbiofic or abioticfactors
and reflect these changes.

Some species cdit into multiple categoriesSuch species are ihé following referred to as

target species

2 4 Rehabilitatiorof postmining areasn the Rhenishignite miningarea
One region that is particularly affected by fragmentation and ecosystem degradation is

cated inthe federal state oNRWin western GermanyNRW has the highest population den-
sity of the federal states in Germany aisavith 23 % sealed surface area als®most heavily
fragmented federal statef Germany(MKULNYV, 2015AIsq it is home to the largest lignite
mining area in Europghe RLMAThe RLMA is located betwedéme cities ofAachen, Bonn

and Cologne anstill habitsthree active opercast minesoday (Figure). Approximately 50 %

of the lignite produced in Germany comes from the RLMA. In 2018, 12 % of the electricity
generated in Germany was produced from lignite from the RI(R&kneret al., 2019)Oper-

ator of the opencast mines ishe RWEPower AG, a subsidiary of the energy compRNYE
AG(RWE, n.d.JFor better understanding, RWBWwer AGand RWE AG will deth referred

to as RWE in the following.

Ligniteminingin the RLMAeganaround 1700in the sacalledésouthern distric€ between

Bruhl and Erftstadt (Figur®), where the lignite was close to the surface so that it could be
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mined withoutneed forlarge technical equipment. Thminingareawas then expanded suc-
cessivelyalong the Villeridge towards the norti(Figure3). Herethe lignite laydeeper,and
mining was associateavith the handling of much more overburdemhroughtechnical pro-
gressand the resulting use of larggcale equipmenti the 1950sthe commerciallyextraction
of thesedeep lignite seambecamefeasible Today, lignite seams up éodepth 0f350 mare
extractedin the three remainingopencast mines of theRLMA(ERer et al., 2017; Knauff,

1998)

Lignitemining has always been accompanieddisturbances ohature and landscapm the
RLMA Therehabilitationof the landscape and the compensation of tiisturbanceare pre-
scribed in Germany b§4 of the Federal Mining Ac(Bundebserggesetz in the following
BBergGpnd 8813ff of the Federal Nature Conservation ABundes Naturschutzgesetzt, in
the followingBNatSch@and must be provided by the polluteAs aresult,the responsibility
for rehabilitatingpostmining sites irthe RLMA liesvith RWE.

While lignite is stilextractedin the north of theRLMA rehabilitationhas already been com-
pleted in the soutlern district whererehabilitationefforts began in 192QSchdlmerich, 1998)
Through the rehabilitationthe postmining area of the southern district developed into the
VileC2NBaG> 6KAOKQa 2f RSald aEmeyeRal, 201RE | 6 2 dzi

Within the company RWE, the Rehabilitation Research Centre (Forschungsstelle Re-
kultivierung, in the following RR{Syesponsible forehabilitationefforts in the RLMAWithin

the rehabilitationareas, the RRC implements measures that go betfumlggal requirements

for rehabilitation Special attention is paid to the promotion of biodiversRghabilitatiorhas
created mainly agricultural andrestareasin the RLMAut to increase biodiversity, numer-
ous special biotopes such as particularly v, or nutrient-poor sites werdantegrated in

the rehabilitated landscape As a result, valuable biotopes have been created in the RLMA
(ERer et al., 2017)The high quality of theehabilitationby RWE is confirmed by many rare
animal and plant specidbat have(re-)settled in the areqAlbrecht et al., 2005and by the
IUCN(International Union of Conservation of Natur&hich describes theehabilitationin

the RIMA asone of the best in the worldmboden & Moczek, 2@). A good example of RWE's
rehabilitationwork is the Sophienhéhe, a 1500 hay outside dummorth of the opencast
mine Hambach, which continues to grow. In the courseebébilitation, the Sophienhéhe was

mainly rehabilitatedas foresthabitat, but various special biotopes weestablishedas well
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Thanks to an implemented deadwood concept, many speciesrbiahally justoccur inold-
grown forestscan already be found in the yourfgldest stands are about 40 years otdha-
bilitation of the Sophienh6hdERer et al., 2017Dn the advice of the IUCN, RWE's already
successfutehabilitation practices were strategically recorded in biodiversity strategyes-
pecially developedior the RLMA(BioDS (RWE Power AG, 2018his strategyvasbased on
the objectives of othebiodiversity conservatiostrategies, such as that 8fRW.Therefore,

in addition to objectives such as tipeomotion of natural development dbrests rivers and
lakes the creation of speciesch agricultural landscapes and tisapportof target species,
the creation of &unctioningbiotope network is also defined in the RLMA as a key objective
in the BioDISRWE Power AG, 2018Yhile the other objectives mentioned were actiygur-
sued through the practical work of the RRC even before the introduction 8iBithe pro-
motion of biodiversityin the RLMAhrough awell-connectedbiotope network has not been
addressedy the RR@et. Therefore, within the framework of the presentastludy, a detailed
connectivity conservatioplan for therehabilitatedforest areas of the RLMA was developed
in cooperation with the RRT o ensure that the concept complemengnd not repeats the
findingsof alreadyexistingconnectivity planghe status quo of existing concepts was exam-

ined first.

Meanwhile, nany of the rehabilitatedforest areas have already been returned by RWE to
their original or new owners, which is why, the management of many rehabilifatest ar-
eas is no longer the responsibility of R{ERer et al., 2017'he new owners can be, as in the
case of the Ville Foresthe state or other public corporations, but also private persons
companies Therefore the implementation of connectivity conservation measures in the

RLMA is not only the responsibility of RWE but of many different stakeholders.

2.5 Satus quoof connectivity conservation concepits the Rhenish lignite
mining area
In 2007 the NABUpresented aconcept for connectivity pathier five differenttarget species

throughout Germany. For NRW, the planned network structures for the wildcat and the red
deer(Cervus elaphysinnaeus, 1758wnere of particular importanceHowever, theseidenti-
fied connectivity pathavere exclusively located in the Eifélermannet al., 2003). Conse-
quently, potential paths to connect theshabilitationareas of the RLMA wergrobablynot

introducedin this concept due to the scale thfe concept, as the aim was to identify the most
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important connectivity pathghroughout all ofGermany.No concrete measurefor the im-
plementationof the connectivity pathsvere proposed within this concepbut it was pointed
out that this would have to be done by the federal states and municipallighin thiscon-
cept the NABU also identifietthe 125 most importantites for the construction of green

bridges, of whiclsixwere locatedin NRW, but none ithe RLMAHermann et al., 20G)).

The BUNDRund fir Umwelt und Naturschyteeleaseda connectivityplan for forest biotopes
in Germanyfor the conservatiorof wildcatsin 2007(BUND, n.da). In individual plans for the
federal states, connectivity axes wederived at a more local level. The network concepts
were all based on a wildcat habitat model, which Wased ortelemetry studies in the Eifel.
Byapplyingthis modelto aleast cost pth analyses, the most suitab®nnectivity pathdor
wildcats wereidentified (Klar, 2009b; Klar et al., 20083\lthough the Ville and the So-
phienhdhe were identified as suitable wildcat habitats in the RLikkY, were not selected as
target points for the corridorsn the plan for NRWKIlar, 2009h)which is why the BUND's

network plan for the wildcat does not include thehabilitatedpost-miningareas in the RLMA.

The most detaileadonnectivityplan was published bthe LANUVMinistry for Nature, Envi-
ronment and Consumer Protection NRW)2019in form ofthe technical reportfor nature
conservation and landscape planningdoampliance with 88 LNatschG NRWfdse et al.,
201%). According to this plarma connectivity axis for forested areas is to be implemented
along therehabilitatedforestareas of the RLMAarget speciewerea bat speciesRipistrellus
nathusii Keyserling & Blasius339 and theagilefrog (Rana dalmatinaFitzinger 1839 Alt-
hough both species are suitable target species for natural ferestagementneither is suit-
able as a target species fomade rangeconnectivity conceptConsequently, only measures
to improve the habitat qualityor these speciewithin the individwal forestpatcheswere pro-
posedin the connectivityconcept but none to connect thesragmentedhabitats (Frose et
al., 201%®). Along withthe written document, geodata was publish@dANUYV, 2021 which
areas for the creation of eonnected biotope networkvere pictured. A distinctiorwasmade
between areas of "outstanding importance”, which include areas already protected and wor-
thy of protection and "areas of special importance”, whicére areasintended to facilitate
the exchange of neighbouring populatioddthough alrehabilitatedforestareas of the RLMA
were marked here as areas of the biotope network, only some parts of the Fditlest and

the Sophienhdhe belong to the category of "outstanding importance”, so that it becomes clear
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that the other areas are not yet sufficiently @ged for nature conservatiofFrose et al.,
201%). As thelandownershipwas not consideredh this concept(personal communication
Frose, 2021)it is questionable whether it is even possible to secure all these areas. Unfortu-
nately, it is also not clear from the data set whether steps have already been taken to secure
some of the marked area3he technicaleport provides a good overview of the areas that
could be used to create a biotope netwolkit lacks a detailed description of measures to
connect the areasderived from a target species that is suitable for a wideging biotope

network.

All'in all two concepts with the wildcat as target species for connectivity paths were released
that worked on such large scales that the RLMA was not considered and no detailed action
plans to achieve connectivity along theskentified paths were providedHermann et al.,
2007a; Klar, 2009h)The plan that worked on a local level however proposed for onlya fe
measures fothe management o$inglerehabilitatedforestareas but non for their connection
(Frose et al., 2018). Consequently, to increase connectivity in the RLMA a detailed action plan
to counteract the fragmentation of theehabilitated forest patches is neededAs demon-
strated by the connectivity conservation concepfstte NABU and the BUND, the wildcat is

a suitable target species for the connection of forest habitgiermann et al., 20G¥ Klar,
2009b) Therefore the wildcat was also considered as target species for the connectivity con-

cept for therehabilitatedforestareas of the RLMA.

2.6 TheEuropean Wildcatrelis silvestris silvestris, Schreber 1777)

The latest investigations about the phylogeny of cats sorts the family of Felidae in eight line-
ages:panthera, bay cat line, caracal lineage, ocelot lineage, lynx lineage, puma lineage, leop-
ard lineage and domestic cat lineadéne species wildcaFglis 8vestrig, belonggo the do-

mestic cat linag® h Q. NA Sy . 8 éplitstintodivewild livinggubspecies: th&uropean
wildcat(Felis silvestrisilvestri3, the Near Eastermildcat Felis silvestris lybic&orster 1780

the Central Asian wildcafFelis silvestris ornat Gey 183} the Southern African wildcafFelis
silvestris cafraDesmarest 182Rand the Chinese desert cafFelis silvestribieti, Edwards
1892. Domesticatectats Felis silvestris catutinnaeus 1758developed from the domesti-

cationof F.s. lybican the Near East(Driscoll et al., 2007)

The European wildcdin the following addressed as wildcatps ace native toall Europe,

except forlreland Scandinavia and nortbastern Europebut becamenearly extinct due to
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intensive hunting actionand habitat lossintil the middle of the last centurfPiechocki, 1990)
Fortunately some smaller but fragmented populationsanaged to survive in some regions in
Europewith Luxembourg, France, Belgium and Germany hosting the most impqogota-
tions(Trinzen, 2006)n Germanywildcatshave found a refuge in the Eif@launus, Hunsrick,
PalatineForest, Harz and Solfigm where they are slowlgnigratinginto other forested land-
scapesagain(Birlenbach & Klar, 2009)jnce the hunting bam 1935(Piechocki, 1990)The
return to nearnatural forest management has also contributed to the recolonisation of for-
ests by wildcagin many parts of Germany over the last decd@ianzen, 2006)According to
estimates, the population in Germany is betwegf00 and7,000individuals(BUND, n.db),

of which about 1000 live in the EifgBUND, n.dc; Trinzen, 2006)

Nevertheless, the conservation status of the wildcat remaiiigal. It is listed undeAppen-
dix IV of the European Habitat Directi¢€ouncil Directive 92/43/EEC, 19923 categorized
as endangered on the red list of Germaanryd NRW.Due to thepresentpopulations, both
Germany andNRW are highlyresponsible for the conservation of the spec{deinig et al.,

2020)

The spatial requirements avildcatsrange from 200 t@00ha for females and 379 t800ha
for males,whereasthe homerange of a malavildcat often overlaps with thoseof a fewfe-
males. Overlaps between wildcats of tlsamesex are rare, but do occ(Birlenbach & Klar,
2009; Hupe, 2002; Hupe et al., 2004; Mdlich & Klaus, 2@03nall group of wildcats there-
fore requires 1000 to 3000 ha of sufficient and unfragmented halfiteihzen & Klar2010)
Fora long time wildcats were described as forest dependent spe@éschocki, 1990)By
now, it is assumed that although the forest often siglthe core habitat of the wildcat, it also
includes moregoartly unshelteredandscapes in itsome rangesThe general consensus is that
forests are still an important refugee area for wildcats but thas ot necessarily the forest
itself, but theshelteris the decisive factor, so thatore attention is alsgaidtowardsrichly
structured agriculturallandscapesspotential wildcat habita{Hermann et al., 200%, Jerosch
et al., 2017, 2018; Trinzen, 200®)evertheless, the wildcat is dependent stnuctures that
typically occur in older forest standas it needshelteredbreedingsitesto raise itscubs
These can often be found mmollow trunks under root plates in piles ofdeadwood and in

windthrow areagDietz et al., 2016; Hermarat al., 200D). Wildcatsalsoneedshelteredday-
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time hiding placesNindthrow areas, stands with dense shrubs and herbs laybedge struc-

tures but also abandoneperchesor agicultural areas during the vegetation phase are par-
ticularly suitable for this purpos@ietz et al., 2016; Hermann et al., 200 derosch 2015;

Trinzen, 2006)Themain food sourcef wildcatsare stillmice (Piechocki, 1990Hence they

often hunt in meadows or windthrow areéBietz et al., 2016; Trinzen, 200B to their need

for typical structuresof aged forests as well ageaswith a high dynamién their habitat,
wildcatscount as umbrella species for many forelpendent speciesuch as thdlack stork

(Ciconia nigraLinnaeus 1758 pine marten(Martes martesLinnaeus 1758. SOK ( ®dt SAy Qa
(Myotis bechsteinjiKkuhl 181Yand red deefCervus elaphysWildcats arelso a flagship spe-

cies due to itgyreat popularity among theocietyand are therefore well suited to mobilise

many different stakeholders for the implementation of measu{®@sholz, et al., 2016)

The maimatingseason ofvildcatsarethe months February and Marc®n average three to
four cubsare born per bredbetween April and June. that oneis lost, a seconthreeding

event can occulin autumn(Piechocki, 1990Puringtheir dailystrolls and in their migration
and search for new home rangesgjdcatsmainlymovewithin structures that provideshelter

while uncovered land tends to be avoid@dermannet al, 2007; Jerosch et al., 2018)hey

often follow the course of linear landscape elements such as hedges or st{Baets et al.,

2016; Jerosch dl., 2018; Jerosch & Go6tz, 2015; Klar et al., 2008)

Wildcatsare easily confused witlildcat-coloureddomestic cats. Although there are a some
phenaypical characteristics of wildcats like tHfeesh-coloured nose leather, the much more
diffuse fur pattern and the longeasylindrical tail with two to three black rings at the distal end
sometimesallow asolid assessmer{Piechocki, 1990; Stefen, 200@&h unmistakable identi-
fication can only be retrieved on the dead individual or via a genetic an@hieset al., 2000;
Pierpaoli et al., 2003Furthermore, wildcatare predominantly active at dawn and nigimd
very reclusive animalyhat makesmonitoring very challengo(Piechocki, 1990)A nonde-
structivemethod to monitor wildcats i collect their hair usingure sticls. Here, sticksprin-
kledwith valerian essencare installel in the study areaWildcats attracted by theodourrub
themselvesagainstthe sticks leaving hair which can be uséal a genetic analysi@Hupe &
Simon, 2007)
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The main factor for the wildlF 6 3 Q ONRGAOFE O2yaSNBIGAZ2Y adl

mentation. Settlements, roads and other anthropogenic infrastructure represent critical bar-
riers for wildcats and hinder their migratiqilermann & Mathews, 2007; Klar et al., 2008)
Roads pose a particular riskwaldcats.Up toone third of the local populatiosdiesin vehicle
collisions(Klar et al., 2009)Consequently, these misized carnivorefardly find connected
habitats that meet their special requirements.viable population in general consist of at least
500 individualgTrinzen, 2006)unfragmented landscapes that can host so many wildcats are
barely present in Germanjdence, numerous experts claim that connectivity conservation is
the only way to sustain wildcat populations@ermany(Birlenbach & Kla009; Hermann &

Mathews, 2007; Klar et al., 2008, 2009; Trinzen, 2006)

Within the RLMA the VillEorestand the Sophienhdhe but also smaltehabilitatedforest
patches along the Ville ridge were identified as suitable wildcat habjkdts, 2009h)Wild-
cats have already migrated into tlehabilitatedforest areas of theformer southern district
(ThietBender 2020) From there, aspread towards the northermehabilitated forest areas
could take placeWith regard to the termination of the extraction activities of tbpencast
mine Hambachthe suitable habitat fowildcatsat the Sophiehdhe will expand even more
The Sophienhdhe is already connected to many old beech fotkstspcalledErbwalder via
shrub structures alonthe edge of the opeftast mine. Thémplementationof a connection
between the Sophienhthe and the Ville via the othehabilitatedforest areas is therefore

also desirable with regard to the further spread of the wildcat.

In conclusionthe wildcat is perfectly suitable as target species for the connectivity concept
for the rehabilitatedforest habitats in the RLMA (in the following addresses as connectivity
concept RLMA) as it represents the ecological requirements of many other spe@bke to
mobilise various stakeholders, is especially prone to ecosystem fragmentation and has already

settled in the south of the RLMA.

2.7 Connectivity conservation concept for ttehabilitatedforestareas of

the Rhenish lignite mining area
A functional connection of theehabilitatedforestareas in the RLMA serves the achievement

of the targets set in the BioDi& RWE and those of the biodiversity strategy of N far
concepts for connectivity paths for wildcats in Germany have beemclzed that do noin-

corporate the rehabilitatedorestareas of the RLMA and a concept that addresses these areas

-16-
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2 Introduction

but lacks concrete measures to connect the fragmented rehabilitédeest patches derived

from the habits of a suitable target species, sashthe wildcatln feasibilitystudy for RWE

Dr. ThielBender investigated the possibility of a connective path for wildcats between the
Sophienhdhe and the Ville. She concluded that such a connection would be associated with
some effort, that a detailednvestigation of the obstacles along the patiould be required

and measured to prepare theshabilitated forest areas for the migration of the wildcat
needed to be takeriThielBender, 202Q)For therealisationof aconnectedbiotope network

in the RLMA, it is therefore necessary to develapetailed concept of measures at the local

level, so that proposed measures have a direct local reference and can be implemented.

Therefore, themain objective of the present study is to developannectivity conservation
concept for the rehabilitatedorest areas in the Rhenish lignite mining area. By utilizing an
interdisciplinary approach, two specific objectives are addressed: to improve connectivity in
the RLMA and to boost habitat quality within the rehabilitatedestareas. Figurd shows an
oveniew of the methods applied to answer the research questions and how the respective
results add to these specific objectivd® ensure that the resulting connectivity conceépt
ecologically effective and at the same time actually feasible, the actiors plane developed

in an interdisciplinary approach by including ecological immplementationcontrolling fac-

tors in the LCP and consulting experts of different disciplinesterviewson the effectivity

and practicability of various wildcat conservatimeasures.

Respectively the following research questions are answéethe developmentof the con-

nectivity conservation concept

1. What is the path of least restrain for the connectiorrefiabilitatedforestareas in the
RLMAwhen ecological andnplementationaspects are considered?

2. What are the main obstacles along that path?

3. What roadrelated wildcat conservation measures show the best balance between
ecological effectiveness amahplementability?

4. What actions ha@ to be taken to counteract thieagmentation effecof the identified
obstacles?

5. What is the status quo of the habitat quality within thehabilitatedforest areasre-

garding the habits and needs of the wildcat?
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6. Whichforest managementelated wildcat conservation measures show the best bal-

ance between ecological effectiveness and practicability?

7. What measures can be taken to increase the habitat quality ofehabilitatedforest
area®
Methods Results Special objective

Literature research
Least Cost Path Analysis

Identification of potential critical
points and potential helpful
structures

v

On-site explorations

Expert interview I: road-related
wildcat conservation measures

Expert interview I1: Habitat quality
assessment

Expert interview I11: forest
management-related wildcat
conservation measures

Least Cost Path

Classification of potential critical

= Connectivity
and potential helpful structures
iaiia PRV e actionplan
Rating of road-related wildcat
conservation measures,
identification of mostsuitable
measures
Assessment of habitat quality
——— within core areas. Identification of
deficits \ Habitat
quality action
Rating of forest management- plan
related wildcat conservation
—

measures, identification of most
suitable measures
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3 Material and Methods

oal GUSNAIf |yR aSiK2Ra
3.1 Study Region

3.1.1TheRhenish lignite mining area
TheRLMAiIs locatedbetween the cities of Cologne, Bonn, Aachen and Monchengladbach

the federal state of NR\M western GermangFigure?). It expands across an area of 250
(Dworschak & Rse, 2014)pnd contains 55 billion tons of lignite, making it the biggest lignite
deposit in EuropéDEBRIV n.d.) Biogeographically the RLMA can be assigned to the Altantic
region of the Lower RhinEmbayment (LRE). This biogeographical unit stretches across an
area of about 3450 kkandOl' Yy 06S &dzo RAGARSR Ay(2 (KS w%Nf LN
areas with very fertile soils), the Julicher Borde, the Ville and the CeBgne Rhine Plane
(Figure2). Elevations lie predominantly between altitudes of 60 m to 200 m above sea level
with the higher elevations being located in the Ville which creates a natural border between
the Zulpicher and Julicher Borde and the ColeBoen Rhine Plane in the LREBNUVN.d.).
Exceptions are the Sophienhéhad the Drachenfels with altitudes around 260 m above sea
level (Landesbetrieb Wald und Holz NRW, n.&éggions west of the Ville are dominated by
agriculture while regions east of the Ville are dominated by anthropogenic infrastructure like
settlements, roads and highways. The Ville itself shows a high density of forested land and
lakes(LANUYV, 2019)With an average annual precipitation of 550 to 800 mm and an annual
mean temperature of 9 °© €11 ° QLandesbetrieb Wald und Holz NRW, n.the LRE has a
temperate Cb) climate(Peel et al., 2007)ndustrial ignite miningbeganin the 18" century

in the southern Ville. Further mining areaswere developedfrom there towards the north
(LANUV, n.d.)Today,there are three actie opencast mines in the RLMAnden, Hambach

and GarzweilerBut although these active operast mines have a strong influence on the
region, the RLMA is shaped even more by the landscape that resulted frorartabilitation

of the former lignite miningireas (Figur8). For lignite extraction so far about 200 kof land

have been claimed by RWE. Of that 290 km have been rehabilitated: about*7@rkst re-
habilitation, 103 krdagricultural rehabilitation and 20 kfwatercourses, lakes and other land-

scapeyRWE AG, n.d.)

-19-



3 Material and Methods

540

52°

50°

48°

A A
3
Roermond, [52] A Dusseldorf
1\ , 0Monchengladbach (}Neuss I\ S
W I SNy
s i P AL s~~~ . som
- = ,L '
/ ™\ w7 Neu L ¢! el
/ ( iangenfeld
w4 A . | (Rheinland)
4] > X 4 Grévenbroich Dormagen ’ \
> 187 m J
- 1
A Leverkusen
o R §
& o €
Pulhei \
- A ulheim Ac
/ Ve [ JJ \ \ o
: // BS6 ‘ Berr'A‘-n \*1
R J Cologne .\
~ \ o \
\
erlen "’ K 2}
Kf}krade Kerpien Harth 8] \
A \
1t A } 6° éo
' & _ Eschweiler Briihl X
by D NS ™ A Diren ‘.\\Tmlsdnrl
Aachen Stolberg L Erftstadt :\\
) o (Rheinland) \ \\“/\\
\ NI Y1 Sankt Auguiip
- 00 \achen o\ [5s5]
v %‘! OBonr}\
= k 8399 \ &
= \ D fess B A
< i & \
ST & j { 2 \
n iézsa ¥ \ Euskirchen /»\\\ \\
0 5 107 =S_ .« 20 Kilometers NG A\ 1%
AN St dae 0 e/ N > - -
X # ¢ e T X
Nationalpark X 5
’ Eifel S /./‘ +)
Parc Naturel y .
6°20' 6°40' e 7°20'
Legend
Lower Rhenish Major natural units Active open-cast mines
Embyment A\ Former open-cast mines

100 120 14

Lower
Rhenish
Embayment

Overview

Figure2: Lower Rhenish Embaymemnterview.

A: Lower Rhenish Embayment Overvi@oyrce Basemap: Esri, EsriRikswaterstaat, NASA, NGA, USGS, Land NRW, LVer-

mCeo RP, Kadaster, Esri, HERE, Garmin, FAO, METI/NASA, USGS; Deliniation LRE and Major natural units: data retrieved via
Geoportal NRW® Land NRWBundesamt fir Kartographie und Geod&a2@®1) B: Reference map.ocation of the LRE in

Germany with the borders of the federal sta(Bsta Source for bordergerwaltungsgebiete 1:250 000 mit Einwohnerzahlen

(Ebenen), Stand 31.1Q/G256EW 3112.) © GeoBasiBDE / BKG (2021)).

3.1.2 Delineation of the study area
Themain objective of this study was the development of a connectivity conservation concept

for the rehabilitated forest areas in the RLMA. These areas are concentrated in the region

between the Ville and the activepencastmine of Hambach. Therefore, the study ardid

not expand across the entire RIBMut was reduced to a rectangle that incorpordiall forest

areas that resulted fromehabilitationefforts by RWE (Figuf®). This study area includieap-

proximately 1644 krh As the study area incorporatieural as well as urban regiortspth the

humanpopulation and road densgsshowed high variancesPopulation densities veed be-

tween 99 inhabitants per k#in the municipally Hirtgenwald and 2679 inhabitants plem?

in the city of Cologne. With an average of 670 inhabitants pes kme study area héan

intermediate population density which accousifor an overall town or suburb character
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(Dijkstra & Poelman, n.d.; Europe@ommission, n.¢l. The highest road densitiegere found
in the east due to the connection to the city of Cologne, whilke western part showd a
more rural character. The average density of roads with a traffic volume of more than 2500
motor vehiclesper day in the study areaas2 km/kn?. Some 12 % of the study areere

forested, and two rivers, the Erft and the Rurspahrough it, fed by some smaller tributaries.

A \ e — q  Study area
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Figure3: Study area.

A: Expenses of the study area within the Rhehggtite mining area (Source Basemap: Esri, EsriNL, Rijkswaterstaat, NASA,
NGA, USGS, Land NRW, LVewn@P, Kadaster, Esri, HERE, Garmin, FAO, METI/NASABUSE&eNnce map: Location of
the study area within the Lower Rhenish Embayment (Data sodetiseationLRE and Major natural units: data retrieved
via Geoportal NRWS Land NRWBundesamt fiir Kartographie und Geod&2i21).

3.2General information on thexpertinterviews
The expert interviews contributed to thaevelopmentof two action plas to increase habitat

guality within the core areas and fdyetter interconnection betweerthem.

GKNBS YIAYy 202S00A0Sa 27

1. the assessment of habitat quality withiwoodedareas along the connectivipath

¢ KS
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2. the assessment of practicability andefivity offorest managementelatedwild-
cat conservation measures
3. the assessment of effectivity and implementability of reathted wildcat conser-
vation measures
Three different types of experts were interviewdthrestry expertsRLMA experts and wildt
experts. The interviews with the wildcat experts contributed to the second and third objective,
whereas the interviews with the RLMA experts served the investigation dfrgiebjective.
RLMA expertwith detailed knowledge about some of tiierestareas in the study area ratke
the structural richness of these sectiorestry expertavere asked about habitat quality
and the practicability of wildcat conservation measures. All experts qualified due to their long
years of professional experience. $thgersonal descriptions can be foundAppendix ATa-
ble 13) During the interviews various valuable information were retrieved from the experts
which were frequently used for the sake of the following analyBlse information gained
through the intervewsthat wereconducted in the frame of this studnd can beverifiedvia
the audio filesprovideds Af f 06S NBFSNNBR (2 (GKS F2ftf2¢Ay3
LIS NJi 8 ZAllin alli1@ éxpeds were interviewed. The interviews took pladesein person

or online via zoonfZoom Video Communications, n(d@able2).

Table2: OverviewExpert interviewsTwo interviews were conducted with Dr. TiBeihder. As methods changed during the
working progress, the rating of the wildcat conservation measures had to be repgagdttroductory questions were not
asked again, hence the audio file with the firgerview is also handed in. The interview with Michael Stoffels is divided in
two audio files as an additional question was added after the official end of the first interview.

Name Expertise Date Interview type File name
ERer, Gregor RLMA 24.09.2021] in person Interv_ERer.mp3
Jussen, Lukas Forestry 23.09.2021] Zoom Interv_Jiessen.mp3
Dr. Klar, Nina Wildcat 07.09.2021] Zoom Interv_Klar.mp3
Pechtheyden, Frank | Forestry 15.09.2021] in person Interv_Pechtheyden.mp3
Roland, Giinther Forestry 16.09.2021] in person Interv_Roland.mp3
Dr. Rose, RLMA 20.09.2021| Zoom Interv_Rose.mp3
Schmaus, Hermann | RLMA 07.10.2021) in person Interv_Schmaus.mp3

Interv_Stoffels1.mp3

Stoffels, Michael Foresty 16.09.2021] in person Interv_Stdfels2.mp3
Dr. ThielBender, 30.08.2021 Interv_TB1.mp3
Christine Wildcat 06.09.2021) Zoom Interv_TB2.mp3
Trinzen, Manfred Wildcat 14.09.2021| Zoom Interv_Trinzen.mp3
Walther, Henning RLMA 24.09.2021] in person Interv_Walther.mp3
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The interviews weréheld in German language. With consent of the expeatsinterviews

were recorded and the mp3 files were submitted with this thesis. Decisive questions and an-
swers were translated into English for the evaluatiomapreliminary briefing which took

place immediately before the interview, the purpose of the interview, the subject and the aim
2F (KS LINB a Sy éreexplamneéd $oNdR axpeist sSaelhaa thasevaluation scales
that were used inthe interviews. The interview gquestions were definéd guidelinesprior to

the interviews. Théormulation of the questions during the interviewgas very close to the

one in the prescribed wording but did not always follow it word for worbe guidelines for

the interviews can be viewed in Appen@ixXTheinterviews with the first expertfor an objec-

tive resulted in some additional questions for the interviews with the following exgertthe

same objectiveAdditional questions put to the experts are also listed\ppendix2.

3.3Compilation of inforration on the migrairy behaviourof wildcats
from various data sources as basis for the following analyses

C2NJ 6KS RS@GSt2LIYSyld 2F GKS FTOlA2y LXFyax ol C
haviour was collated to derive thresholds fioflowing analygs and to assess the suitability

of crossing structures. The information was gathered throughout the whole working process
through literature research anthe consultation withexperts. However, as the information

gathered on the behaviour of wildeatvas used at many different points on the way to de-

velop the action plans, the ones used for the analysis of the study area and the development

of the action plan are presented in the following in a systematic approach. For example: it is
known that roadsbuild obstacles to wildcat movement, but at which traffic density is a road
considered an obstacle? The information compiled was mainly used to assess obstacles and
barriers, but also possibly useful structures suclpatential crossings structures fooads,

corridors and stepping stones in the study area. In the following it will be distinguished be-
tween barriers and obstacles: while barriers are landscape features that are not permeable

for wildcats, obstacles are landscape features with unfavourathelitions or even risks for

gAft ROF0&aQ YAINI GA2Y odzi OFy 3ISYySNrtfte oS ONP
3.3.1Traffic

Traffic is one of the greatest mortality risks feildcats. However, studies shed that rail

traffic has no effect or such a small effect that it is rgghle. Therefore, rail traffic was not

considered as an obstacle in the following analy&eaitz 2005 in Hermann & Mathews, 2007;
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Westekemper et al., 2021Klar et al.(2009)found that wildcats rarely cross roads with a
traffic density of more than 2500 motor vehicles per day (mwidhjle roads with only a few
hundred mv/d(Klar et al., 20094s well as country roadse negligible(Westekemper et al.,
2021) Hermann and Mathew$2007) suggested tmvestigate the fragmentation effeaif
roads withtraffic density of 4000 mv/dnore closelyHowevernot only the trdfic density but
also the density of roads in the area incresfee fragmentation effec{Westekemper et al.,
2021) As the study area sh@a a high road densitythe lower value of 2500 mv/d was se-
lected aghreshold to ¢assifyroads of all classes as obstacles. As the road mortality ingease
with higher traffic volumesspeedand the road widthand wasalso proven to be higher at
highways compared to other roadlasse¢Hermann & Mathews, 2007; Klar et al., 20089y h-
ways were rated as more severe obstachsverthelesshighways can be crossed by wildcats
unless they are fenced properfiKlar et al., 2009Xherefore highways were in generdassi-

fied as obstacles, not as barriers.

3.3.2 Settlements
Wildcatsgenerallydo not enter settlements or similar anthropogenic structures like industrial

areas(Hermann & Mathews, 2007a€ et al., 2008)Hence, settlements were considerad
barriers. Klar et al. (2008) also found that wildcats keep a distance of 900 m to villages and
200 m to single houses. These thresholds were applied for the conducted Least Cost Path
Analysis witin this study, to keeplose to the method used by Klar et &042) However,

other studiesalso showed highetolerancesof wildcats regarding thg@roximity to human
settlementswhere they were located in 500 m distante settlementsnext to a highly fre-
quented pedestrian patliSimon, 2010)Schievenhdvel et a(2010)found a wildcat using a

road underpasat about 200m distancefrom a villageand Hermann et a{2007b) found wild-

cats using corridor structures in distances of 220 m to 450 m of settlemiéotghis rason,
connectivityoptionsthat did not adhere tathe originaly obsewved thresholdsof Klar et al.

(2008)were also considered in th@nnectivityaction plan

3.3.3 Crossing structures
Green bridges specially designed for wildlife are well accepted logats(BAST, 2014; T

zen, 2013pnd viaducts weralsoused for crossing without hesitatigiiklar et al., 2009)The

Road andTraffic ResearchSociety (Forschungsgesellschaft fur StraRerd Verkehrswesen
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specifies a minimum width for newly constructetldcat under and overpasses of 50 (Ror-
schungsgesellschaft fur Strafsend Verkehrswersen, 2008)aking the connection of habi-
tats for wildcatsvery costly andchallengingHowever, many other structures thatere not
specifically designed for wildlife are also usednilglcats and other wildlifeTherefore, such
structures were also considered as potential crossing structures in the connectivity action
plan.Asroad underpasedor normalmotor traffic canpose a risk for crossingildcatsthem-
selvegKlar et al., 2009they were not classified as potential crossing structuRsslwayun-
derpasseson the other hand, were classified as potential crossing structiuesto the low
mortality risk forwildcats and becausene exemplary ailway underpass was also rated as
potentially useable for wildcats by Dr. ThE¢nder(personal communication, 202{pictures
seeAppendix4). Many authors have demonstrated the usesarvice road underpasséfor
exampleconstructed forforestor agricultural vehicled)y wildcats(Hupe et al., 208; Schiev-
enhovel et al., 2010; Simon, 201@uringan excursionDr. Thiel Benddjpersonal communi-
cation, 2021 plsorated a service way underpass under a highteaye suitable Underpasses
that were of similar structure athis underpasgfor picturessee Appendix) were therefore
classified as potentially usable crossing structures. Dr.-Beietler(personal communication,
2021)explained that although the asphalt surface does not prevent wildcats from tiseng
underpassn principle, the removabf the asphalt can make the crossing structure mooa-
venientfor wildcats and other species to use. This recommendatiasalso made by Simon
(2010) and Hermann and Mathews (200&thoughthe probability of usage of crossing struc-
tures by wildlife ingeneral increases with the height and widihthe structures(Schieven-
hovel et al., 201Q)the use of much smallemderpasseshan those of serviceoadshas also
beenobserved So, theregular use oa 1.60m high and 1.3® wide underpasses by wildcats
and even lynxwas documented (Deutsche Wildtier Stiftung, n.d.Wildcats even passed
through culverts of 1 m x 0.5 mvhereas the usef culverts corelated negatively with their
length (Yares et al., 1995)Dr. Thiel Bender explainetlring a fieldtripthat the visibility of
the end of theunderpassvasprobably the most importantactor (personal communication,
2021) Therefore, all underpasses exceeding the measures @f.2m were classified as po-
tential crossing structure§.he underpasses oiver or creeks can also work as crossing struc-
tures for wildcats if theyre equippedwith adry riparian strip (persona@lommunication Thiel
Bender, 2021)Pedestrias and service overpasses with paved ground and withvigual pro-

tection towards the traffiavere notat allor only exceptionallysedby wildcats(Hupe et al.,
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2004; Klar et al., 2009%imilar structures were therefore nabnsideredpotential crossing

structures in the connectivity action plan

Of course, the observations of other authors only give hints as to which structures might be
used by wildcatsThe situations on site are usualtyo specific thatto makegeneralassess-
ments In addition, thewildcats differ in their character(personal communication Thiel
Bender, 2021)Nevertheless, structures that met the above criteware classifiedn the con-

text of this connectivity concept as structures that reduce the fragmentation effect of roads.

3.3.4 Wildat secure fences
Fencing of roads can be an effective measure to avoid widfecle collisionsa measure

threat for wildcat migration Since wildcats are very capable of climbing, only special wildcat
securefences can hinder them from crossing stt®eOne wildcat secure type of fence was
introduced and tested by Klar et #2009) The introduced fence was very effective as it re-
duced wildcat road kills by 83 @Klar et al., 2009)Nevertheless, the installation of wildcat
secure fences along critical roadsedonot describe the aliound-solution forroadrelated
problems.The positive effect of the prevention of vehicle collisions with wildlife always has to
be outweighed against the increased barrier effddermann & Mathews, 2007)nless sit-

able crossing structures are installed along with the fence, a wildcat secure ffetioer in-
creasethe fragmentation effect of roads, not only for wildcats fubbablyall flightless spe-
cies that do ot fit through the meshesTherefore the instalhtion of suitable crossing struc-
tures every 1.5 km to 2.5 km is recommend®dildcatsshowthe willingnesso make detours

of about one kilometre to reach davouredsafe crossing poingKlar et al., 2009)Still, in
practice, the installation of a wildcat secure fence along with the crossing structure along all
roads that are identified asbstacleds unrealistic due to the costs amatso practicatonflicts

for examplewith the accessibility of service roaddie wildcat experts also rated the chances
of the subsequentinstallation of wildcat conservation measurdike underpasses along al-
ready constructed roads general as very loviuch measures are often only implemented in
connection with other road constructiomeasuresor directly included in the planning of
newly constructed road@nterview ThielBender, 202). Therefore the wildcat experts were
asked for the effectiveness of suitable crossing structalesg roadswithout a fence that

prevents wildcats from crossing the road on the roadwhyo of the threeexperts stated,

-26-



3 Material and Methods

that structures such as hedges or streams have a guiding effeatildnats and can thus con-
tribute to the use of crossing structurefnferview ThielBender, 2021; Interview Trinzen,
2021). The guiding function of such structures has also been demonstrated in sfleiesch

et al., 2017, 2018; Klar et al., 2008uidance could also be supported by creating poor con-
ditions at unfavourable crossing points, such as the removal of cover strudintesview
Trinzen, 202l The other experpointed out that thefragmentation effect of roadsn wild-
catsis not causedvildcatsshying away from crossing roads but being run avkiist trying.
Wildcats could use the crossing structure on one day and run across the roadway the other
day (also observed biylupe et al., 2004)Therefore only a fencewould help to avoid such
accidentgInterview Klar, 202)L Since the implementation of constructieelated measures

on already existing roadlat would leadto a sufficient number of crossing structures to com-
pensate for the fragmentation effecf awildcat securdence is so unlike)yan installation of
such a fence in the frame of the connectivity action plan is only considerdddbways.n

the context of thisconnectivity &tion plan, the focus is therefore on transitional measures

aiming at increasing the likelihood of wildlife using existing suitable crossing structures.

3.35 Corridors and steppirgfones
Wildcats cross distances of 500 m through unsheltered (igdmanret al., 200D). Although

there is evidence thatwvildcats also travel longer distancasrossunshelteredland (Simon,
2010) these seem to bsinglecases. Therefore, for the connectivigtion plandeveloped
here, urshelteredareas of more than 500 m arated as obstaclesSteppingstone structures

like hedges and waty structures of a size between (hd and 1 hanable the migration of
wildcats over several kilometrgslermann et al., 2003). The classification of steppirsgones

for the connectivityactionplanwasalso based on these sizés.the framework of the project
G9AY wSiddzy3ay S50 midétdrividrBasBuik ih FhiuringialorStée coh-
nection of twoforest habitatsto enable the migration ofwildcats between them(Mdlich &
Vogel, 2007)This dimension is also described by the BUND as the optimal variant for wildcat
corridors.Such aorridor consists of an approx. 35 m wide central area with nativesagite
propriate tree pecies, followed on both sides by a 5 m wide shrub structure and a 2 m wide
herbaceous arealhe minimum requirements for a corridor structure would be a single line

of fruit trees(BUND, 2011)he actual use of implemented corridor structures by wildcats has

-27-



3 Material and Methods

not been documented yeAssessments of the usability of corridor structures within the study

area are therefore based on the best corridor variant proposed byBIGBID.

3.4 Methods used talevelopmentthe connectivityactionplan
The following methods contributed to thaevelopmentof the connectivity conservatioplan

for the rehabilitatedforest areas of the RLMA. Tidentify the path of least restrain between
previouslydelineatedcore areas, deastcost path analysis was conductedNext, potential
critical pointse.g.,obstacles and barriers, as well as potentially usable crossing structures,
alternative paths, and potentially usable corridors or step@tumes along the leasbst path
were identified. The assessment of which structusese obstacles or barriers, or which could
be used as potential green infrastructure was based on literature re\aefshe consultation

of experts On-site explorations of the identified struates, together with thensights gained
through literature and the exchange with experts (presented in,3®n allowed a assess-
ment of the critical and potentially helpful structures along the least cost fbsequently,
various roaerelated wildcat conservation measures were assessed by wildcat experts with
regard to their effectivity andmplantability. The results of théeastcost path analysis, the
literature review, the orsite explorationsand expert interviews were then combined te-

velopanaction plan to increase connectivity between the core areas.

3.4.1Least Cost Path Analysis
Least Cost Path Analyses (in the following b@P® become a populamalysis tool for con-

aSNII 0A 2y Aail bidankifytl@ Sonnedig pathdothensd @strain between two or
more locations. The calculations are based omcated cost values, which are assigned to dif-
ferent environmental conditions depending dine ecological preferences of the target spe-
cies. Landscapes that can easily be migrated by the target species are appended with low cost
values, whilaunfavorablelandscapes and obstacles are appended with high cost vallnes
assignment of cost valuegsults in a raster dataset that quantifies the permeability of the
landscape for the target species. In the last step of the LCP the used soitlgatéiesthe

path of least cumulative cost connecting the predominantly defined target gsdisaensen

et al.,, 2003; Graham, 2001; Guzman Wolfhard & Ra&flg9; Nikolakaki, 2004; Schadt,
Knauer, et al., 2002; Walker & Craighead, 1997)

Inthis LCP the permeability of the landscape was not only based on the environmental condi-

tions cological cosysandobstaclesoccurring in the study area but also orefars influencing
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the implementation of wildcat conservation measurésglementation cosfsalong the re-
sulting path of least restrain. Consequently, three different cost rasters, were generated to
quantify the conditions for wildcat connectivity consetiea in the study area. These three
cost rasters were then joint together into onatal cost rastey which thereafter built the basis

for the identificationof the connective path of least restrain within the study area.

Cost values can bednded onexpdlli 8 Q S &G A Yl (A 2y Bo@xdddixBeyet ak | 6 A 4 |
2020) While theimplementationcostsand theobstacle cost valuesf the obstacles were es-
GAYFGSR @I fdzSa NBadzZ GAy3a FTNRY f AciohpldalicatiE NB @
resulted from the application of a wildcat habitat model by Kdial. (2008).This model was
chosenfor the following reasonsFirst,through the application of théabitat model cost val-

uesare assigned to the raster cells dependingtbe distance of aaster cellto influential

landscape features. This results in a more fluent transition between areas of high and low
costs compared t@ost rasters where cost values asaly defined by a landscape typ©n

that account the cost values resulting from the habitat modwdtter reflect reality
(Bourdouxhe et al., 202@nd thusthe natural migratiorbehaviorof wildcats. Secondly, the

data collection for the habitat model was performed in the Eiidar et al., 2008)which is

nearbythe examined studwrea Therefore, the landscape types tested for their influence on
wildcat habitat §f SOUGA 2y FNB (GKS alyYS GKFEG 200dz2NJ Ay
sumed that the source population of wildcats that migrated to the Ville originftas the
Eifel(BUND, 2021)The presumed close relations between the populations suggests that not

only the environmental conditions in both cases are alikd also the actuabehaviourof the

wildcats from the Ville will be analogue to that of the ones from the Eifel. At lastdheep-
tualisationfor the Wildkatzenwegeplafwildcatcorridor-concept)for Germanyas well ashe
detailedconceptsfor the federal states were based on thabitat model(BUND 2015; Klar,

2009b, 2009a; Klartal., 2012) Along these lines, it seemed advantageous to fund this study

on a habitat model that was used as a basis for LCP before and was additionally used for the

practical implementation of corridor structur€Scholz et al., 2016)

The overall workflow of the LCP svaubdivided into six processing steps which are described

in the following.
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6 Steps of the Least Cost Path Analysis

1. Ecological Probability Raster

2. Implementation Probability Raster 4.Total Cost Raster

3. Obstacle Raster 6. Connect Core Areas

\
;

5. Define Core Areas

Figure4: Overview of the &teps of theLeast Cost Path Analysis.
All analysis steps were conducted in ArcGIS(P&RI, n.d.J'he exact functions and tools ap-
plied in ArcGIS Pro to conduct the LPC can be taken from Apgdefidig geological data used

for the LCP were retrieved fromarious sources. In order to simplify the readability of the
methodological performance, all geological data were listed with their sources and simplified

trivial names which were used for the methodological description in Table

Table3: Geodata usetbr LCP
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Date
Trivial Official Data | Retrieved Data Source down-
Name Name via loaded/re- Further Infor-
trieved mation
Digitales Basis| Open Data . .
Lgndschafts- rel?rieved Sehiors Cleplorss
DLM : www.geoportal.nrw | 23.06.2021] NRW Stand
modell (NAS) | via Geopor- 30.03.2021
50 NW tal NRW T
via
https://gdz.
bkg.bund.d
elin-
: dex.php/de . Resolution:
cLC CCOJ\'/”; ;i”; fault/corine C;)chgggls)'*DE’ 23.06.2021| 5 ha
-land- Stand: 19.07.201¢
cover5-ha
stand
2018clcs>
2018.html
Strallennetz | Open Data Editor: Landesbe-
Street Landesbetrieb| retrieved www.aeoportal.nrw | 15.06.2021 trieb StralRenbau
Network | StralRenbau via Geopor- -geop ' T NRW;
NRW tal NRW Stand: 19.03.201§
Editor: Landesam!t
Nature Open Data .
Conser- Kartenlayer retrieved far Natur, Umwelt
. Naturschutz . www.geoportal.nrw | 21.07.2021 und Verbraucher-
vation Ar- . viaGeopor- .
eas gebiete NRW tal NRW schutz Nordrhein
Westfalen Stand
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Land
scape
Protec
tion Ar-
eas

Nature
Parks

FFH

Compen-
sation Ar-
eas, Erft
verband,
Public Ar-
eas

RWE,
RWE Bat,
RWERe-
habilita-
tion

Kartenlayer
Landschafts
schutzgebiete
NRW

Kartenlayer
Naturparke
NRW

Kartenlayer
FFHGebiete
NRW

Open Data
retrieved
via Geopor-
tal NRW

Open Data
retrieved
viaGeopor-
tal NRW

Open Data
retrieved
via Geopor-
tal NRW

on request

on request

www.geoportal.nrw

www.geoportal.nrw

www.geoportal.nrw

Amt fUr Liegen-
schaftskataster und
Geoinformation
Abt. 62/1¢ Liegen-
schaftskataster
Team 62/1% Lie-
genschaftkataster
Il

RheinErft-Kreis, Der

Landrat
Willy-BrandtPlatz 1
50126 Bergheim

Forschungstelle Re-

kultivierung
Burggasse
50126 Bergheim

21.07.2021

21.07.2021

21.07.2021

08.07.2021

07.06.2021

21.07.2021 (data
are updated daily)

Editor: Landesamt
fur Natur, Umwelt
und Verbraucher-
schutz Nordrhein
Westfalen; Stand
21.07.2021 (data
are updated daily)
Editor: Landesam!f
fur Natur, Umwelt
und Verbraucher-
schutz Nordrhein

Westfalen Stand

21.07.2021 (data
are updated daily)
Editor: Landesamt
fir Natur, Umwelt
und Verbraucher-
schutz Nordrhein

Westfalen; Stand
21.07.2021 (data
are updated daily)

Stand: 08.07.2021

Stand:
07.06.02021

3.3.1L.1LCP in ArcGIS RrStep 1: Ecological Probability Raster
The basis for the ecological cost values wasantogicaprobability rastergenerated through

the application of the wildcat habitat model by Kktral. (2008).Theusageof the model al-

lows the quantificatiorof habitat suitability expressedas a function of the distandeom the
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raster cells tahe following landscape variadd:forests meadowswater coursesroads, set-

tlements and single housdKlar et al., 2008)

Equationl: Equation for the calculation of logit (fKlar et al., 2008)

a € QO pP T X WS p @O0 o 80D N 'Qimdr 1t FRQi o DNG@E BT TP T
20"QQ1 00xB DB T ETOQi 0 EQOWQA & QAUIETd TBI T p W
Z 0 0D OQ@QQoT MTINT2TOQf 0 QO Ma ©i ‘Eimm

These probability values can be transferred into cost vahdgsh in turn can be usefibr an
LCP (Klar et al2012). Geological data for the calculation of probability values in the study
area were retrieved from the Basis DLM, C&tteetNetwork and RVEE Bat In thewildcat

habitatY2 RSf F2NBaida NBE RSaAaONAOSR |a (G4KS Yzal

tion (Klar et al., 2008 Nevertheless, more recent studies suggest that it is not the forest itself,
but the shelter in generahat is the decisive factor in habitat selecti@derosch et al., 27,
2018; Streif et al., 2016 herefoe, the factor forest was replaced by the factor sheliethe
formula. Theshelterlayerincludedall forestsandwoodlandstructureslargerthan 0.5 hectare

in the studyareaas 0.5 hectare is the minimum size of sheltering structures usstepping
stonesby wildcats(Hermann, 200@). In a more detailed review of the data, it became ap-
parentthat in some casethe surfaceareas of roads dnighwayshat interseced with shelter
areaswere included inthe polygon areas of thehelterstructures. The roadside greenery of

a road, for examplewas not separated into two polygons at each side of the road but dis-
played as continuous shelter polygon including the entire width of the roadrder to avoid

an artificial enlargement of the shelter areas, the rod#seisstra3en, Landstra3en, Bun-
destral3en and highways were cut out of the sheltetructuresbefore the size selectiorfor
that purpose, all roads were buffered by an extend of 12 m and all highways by an extend of
31 m which represent average road and highway widths in GerfB&§T 2015; Wikimedia,
2019) RWHbat protection areas weralsoincluded in the shelter layer. These areas are re-
forested by RWE for bat conservation purposes altdough they mightot be declared as
forested land in the DLM by now the&ill offer shelter inthe nearfuture. In the DLM settle-
ment data also includes mining areas. Howew@ning areas were expected to pose a smaller
hindrance to wildcat migratiothan actual settlemats as anthropogenic activity at night as
well as noise and light pollution areducedcompared to those of settlements. Additionally

mining areas are surrounded by vegetative structures so that the distance of 900 m wildcats
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keep from settlementgKlar et al., 2008night not account for mining areas. Therefotleese

areas wereexcludedfrom the settlement geodata for the probability value calculatiém-

other adaptationto the formula presented by Klaat al. (2008) had tde made due to a lack

of data. As single houses could not be extracted from the accessible geological data, this factor

was excluded from the calculation and single houses were treated as settlements.

These adaptations led to the usage of the following folan

Equation2 : Adapted Equation for the calculation of logit (P) (modified after Klar et al., 2008)

a & 000 PP T X BT P FDQI 0 FEDAD OB T FOQ 0 OOD@E 0
M T FI0QQI OVREDABITC T
z 01 0 QOO & Qi@ @il 'QE Bl "R OOT T T NP w
z 0Qi 6 (Y& @@t T

Prior to the application of Formula 2, the available vector data had to be transferredisto
tance rastersA resalition of 10 m * 10 m was picked for the raster cells. The output created
by the utilisation of Formula 2 was processed further through the usage of Formuldes.
result was a raster dataset of the expanses of the study area coding for the probability of
raster cells being selected as habitat by wildcats in dependence of the proximity to the land-
scape variables: shelter, meadows, rivers, settlements and stregtséasolution of 100n2.
Probability values reached from 0 for least suitable habitats to 0.744 for most suitable habitats

in the study area.

Equation3: Transformation of logit (P) into P (Klar et al., 2008)

3.4.1.2 LCP in ArcGIS PiStep 2: Implementation Probability Raster
Two factors that influence the implementation of connectivittigreasing measures in the

study area were considered in the LCP: the protection status of the areatharownership

of land. For the LCP, five different categories of protection status were distinguished. Three of
them belonged to the protected area categories defined by the Federal Nature Conservation
Act (BNatSchG)namely: nature conservation areaantiscape protection areas and nature

parks (88 22 BNatSchG) while the fourth category were areas protected under the FFH Di-
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rective 92/43/EEC. Additionally, compensation areas were considered as sort of protected ar-
eas. Compensation areas result from theextion of 815 (2) BNatSchG which declares that
unpreventable disturbances of nature have to be compensated by the initiator. However, data
of compensation areas were only available for the RitgiitKreis. National parks and bird
protection areas as wedls national nature monuments did not occur in the study area. Fur-
thermore, data for biosphere reserves were not available so that these could not be consid-
ered in the analysis. Consequently, the following geodata were used for the analysis of the
protection status:Nature Conservation Areas, Landscape Protection Areas, Nature Parks, FFH

and Compensation Areas

Categories of land ownership distinguished for the LCP viRereate landowners, RWE, RWE
Bat, Erftverband and Public Arg@svned by the towns, théederal state or other public bod-

ies) whereas the category private landowners described all land parcels that did not fall into
one of the other four categories. Land owned by RWE was subdivided into r&\lzareas
andRWE Baareas. RWHBat areas are land parcels owned by RWE that are preserved for bat
conservation purposes. Therefore, the implementation of further conservation measure-

ments within these areas appeared more likely than on regular RWE areas.

The geodata for conservation states and landownership within the study area were con-
verted into raster datasets with a resolution of @0* 10 m. Afterwardsprobability values
representing the likelihood that conservation measures could be implemented in the desig-
nated areas wee assigned to the different protection status and land ownership categories.
Thereafter, each raster cell was assigned to a probability value for its protection status and
one for its landownership. These two values were added umtonplementationprobability
valuefor each raster cellConsequentlyunfavorableconditions for the implementation of
measurements were assigned to lomvplementation probability valueshile favorablecon-
ditions for the implementation of measurements were assignetdighimplementation prob-
ability values Since thes@nplementationprobability valuesneeded to be comparable to the
ecologicaprobabilityvalues they had to be represented on a numerical range between 0 and
1 (minimum and maximurnecologicalprobability valuesafter Klar et al. (20083) Hence, the
probability values of the protection status and land ownership categories had to be chosen in

such a way that their sum did not exceedimplementationprobability valueof 1.
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Within this analysis the land ownershims/considered the more influential factor in compar-
ison to the protection status. That resulted from the assumption that although protection sta-
tus can sefavourableconditions, in the end the landowner decides about the implementation

of voluntary conseration measures. On that account probability values for land ownership
were coded on a range fromqX0.6 while protection status categories were assigned to prob-
ability values from @ 0.4. The only exception were RWE bat areas. As they were considered
the most probable areas for the implementation of conservation measures unbiased by their
protection status, these areas were assigned to the value 1. In order to prevent that RWE bat
areas that were located in a protected area reacimaglementationprobablity valueshigher

than 1, these areas were cut out of all protected area polygons before the transformation into

raster data.

The same issue had to be solved with all protection status categ&iese different types of
protected areas often overlapather than being sharply separated from each other, it was
necessary to prevent the probability valueisseveral overlapping ptection categoriefrom

adding up in a raster cell. For the analysis, the protection category with the highest probability
valuewas tobe used Therefore, all areas belonging to a protected area category with a higher
probability valuewere cut out from those with a lower probability value. Sinite same prob-

ability values were assigned E#-H areas and natupgnservation areas fahese areast did

not matter which were cut oubf which.It occurred that some publicly owned areas and com-
pensation areasverlapped with RWE Bat areas. As RWE Bat areas were assigned to the higher

probability value these areas were erased from the publicly owned and compensation areas.

Chances for the implementation of wildcat conservation measures were rated as very high
due to the fact that this connectivity conservation concept for the RLMA deaglopedin
cooperation with theRehabilitationResearch CentrdRRCdf RWE, whickemphasiseshe in-

terest of theRRQo increase connectivity in the RLMA. This is also maeifiestthe biodiver-

sity strategy for the RLMA by RWRBVE Power AG, 2018)he bat areas of RWE were rated
with a much higher probability than other RWE land parcels as those are designated to nature
protection anyways. Therefore, the implementation of additional wald conservation
measures should not encounter too many obstacles as long as they are in line with bat con-
servation. All other RWE land parcels were rated with higher probability values as those of

private landowners based on the RWE goals formulated énBloDiS. Nevertheless, these
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areas are not designated to nature conservation yet and therefore have to be weighed against
other company interests which is why they resulted in lower probability values than publicly
owned areas. Within the land ownershiptegories publicly owned areas were considered
second best for the implementation of connectivity increasing measurements. The biodiver-
arite adNraGS3Ie 2F bw2 RSGSNXAYySa GKFG wmp 202
a network for connectivity anservation(MKULNV, 2015Henceadministrative organs have

an interest in counteracting ecosystem fragmentation and therefore an increased willingness
to designate land to connectivity conservation compared to private persons or companies.
Since it was not possible tterivea reliableassessment of the willingness to contribute to a
wildcat connectivity concept of all private persons or companies in the study area other than
RWE, privately owned land as well as land owned by companies other than RWE were assigned
to the probability vale of 0. This valuation was not based on the assumption that the willing-
ness of private landowners or all companies except RWE to contribute to connectivity conser-
vation is in general low but on the fact that every privately or company owned land partel tha
is required for the implementation of the concept equals at least one additional stakeholder.
These stakeholders first have to be convinced to agree to measures and then to be guided to
actually execute the agreed measures. Thus, every additional stlleghtoanslated into in-
creased effort for the implementation and also to an increased likelihood for hindrances in
the implementation processAlthough the Erftverband itself is a public law body committed

to the common¢ and environmental welbeing, the probability of the introduction of
measures on its properties was rated mediumtas already composed of representatives of

six different interest groupéErftverbandn.d.).

The assignment of probability values for the different protection statategorieswere ori-
ented towards the strictness of the protection requirements imposedhgyFederal Nature
Conservation ActAccordingly, more strictly protecteateaswere assigned higher probability
valuesasthe protectionof nature has a higher priorityn theseareas Hence, nature conser-
vation areas got the highest probability value {ghiandscape protection areas and nature
parks were assigned lower probability valugééthough compensation areas do not have a
legally defined protection status, they must be legally secured by the party causing the inter-

vention and the duration of theanpensation measures must not be limited in tim&e nec-
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essary compensation measures are calculated on the basis of the quality of the beh$epe
turbed by theintervention. Compensation can be achieved by the qualitative enhancement

of another biotope(De Witt & Geismann, 2011%ince the additional implementation wild-
catconservatiormeasures would in principle lead to an increase in the biotope quality of the
compensation areas, the probabilibf their implemenation was alsaconsidered to benigh.

As FFH areas are strictly protected under European law and wildcats are liggegendixiV

of the FFH species (92/43/EEC), they were also assigned to the highest probability value. The

assignment of probability vaéis is shown in Tabke

Table4: Implementability pobability values assigned to the different protection status and land ownership categories.

Factor Categoy Probability value
» Nature Conservation
= Area 0.4
z Landscapé®rotection
2 Area 0.2
% Nature park 0.1
a FFH 0.4
Compensation Area 0.4
< Publicly owned Areas 0.6
E Private Areas 0.0
2 RWE 0.3
b RWE bat 1.0
S Erftverband 0.3

The resulting probability rasters were all summed up to onplementationprobability ras-
ter. A side effect of the conversion process from vector to raster data was that the borders of
polygons were not shaped as accurately in raster data as coded ior\dsit. That resulted
in the overlapping of rasters in border areas of former adjacent polygons and thus in proba-
bility values higher than 1. Therefore, tiraplementation probability rastewas received by

reclassifying all probability values higher thhaito 1.

3.4.1.3 LCP in ArcGIS Pistep 3: Obstacle Raster
Although the transversion of the habitat model by Klar et al. (2008) into cost values allows the

differentiation between preferred and less preferrable conditions for wildcat migration, the
clea hindrance of migration or the great risk that can result from some landscape features
was not yet considered in the calculations. Hence, environmental conditions that act as a bar-

rier or obstacle€for wildcats were assigned to additional cost values. Waat a passage across
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these obstacles was prevented in the connectivity model unless it was absolutely necessary
(Klar et al., 2012)Iin practice obstacles or barriers were transferred into raster data and as-
signed to different cost values. At last, the different cost rasters were added and thus com-
bined to oneobstacle rasterGeodata used for that process were: DLM, Street Netwodkaan
seltcreated polygon layer for green bridges. As well as in Klar et al. (2012) settlements and
lakes were regarded as barriers and therefore assigned to cost values of 1000. This time min-
ing areas were not excluded from the settlement data. Althougldagits might not keep a
certain distance to mining areas as the anthropogenic activity is low during the nights, a pass-
ing through them is not possible. Therefore, mining areas were treated as settlements in this
context. Rivers were not taken into accountthis study as the only rivers in the study area
are the Erft and the Rur across which wildcats are able to swim (Dr-Bémeler 2021 per-

sonal communication In contrast to Klar et al. (2012) not only highway junctions but the
complete highways weraccredited with a cost value of 500. For that purpose, highways were
buffered with a width of 50 m and not only 31 m to prevent that roadside greenery of high-
ways was used as main travel axis in the model. Although a crossing of highways is possible
for wildcats, traffic is also the greatest danger to the animals and should therefore be avoided
if possible(Hermann & Mathews, 2007)he high cost value was not only assignedhie

whole length of highways in the study area to prevent unnecessary crossing, but also to pro-
mote crossing at the mogavorableplaces if necessary. Thdyarea is equipped with two
green bridges that lead over highways. The usage of the exidtingfiges in the LCP was
promoted by assigning high cost values along the complete highways except for the green
bridges. In practice that was done by creating polygons resembling the green bridges, con-
verting those into raster data and assigning themasto/alues 0f995. Satellite picturegEsri

et al., 2021ps well as the extend of theuffered highways served as template for the bridge
polygons. Through the addition of all obstacésembling rasters the green bridges resulted
into a cost value of Roads with a traffic density higher than 250@/d are only crosseby
wildcats at nigpt or during times of low traffi¢Klar et al., 2009)hus, #hough a safe crossing

of roads with a traffic density of 2500 mv/d is possible, they were assigned to cost values of
300. The buffer zone for roads was increased to 20 m, again to prevent roadside greenery to
be weighted too heavily. There is also oneliéidnal green bridge leading over a country road
with a traffic density of more than 2500 mv/d. The procedure of including this green bridge in

the analysis was the same as for the other green bridges except the cost value of the bridge
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was set to-295 aghe road it crosses had a cost value of 300. The investigation of the first LCP
output showed that in some cases roundabouts or road crossings created gaps in the Street
Network polylines. These resulted in inexact raster data translation as these aesasot
assigned to cost values and hence mistakeatognisedas paths of least restrain. To solve

this problem, polylines of roads or highway sections where this problem was noticed were
corrected manually. Furthermore, the resolution for the road rastas increased to 5 * 5 m.

In the 10 * 10 m resolution more curvy sections of the roads were converted into rasters that
gSNBE 2yte d GFy3aSyd G2 SIOK 20KSNJ G 2yS
was only represented by the contact powittwo raster vertices. As the path of least restrain
created by the LCP was a polyline, these points were mistakenly valued as areas without ad-
ditional cost values and thus proposed as best crossing points. The correction of the road cost

raster resoluton and the increase of the buffer zone of the roads to 20 m fixed this problem.

34.14LCP in ArcGIS Rr8tep4: Total Cost Raster
In order to combine thecological probability rastexith the implementationprobability ras-

ter the weighted sum of both rasters was calculated. The impact of the ecological equipment
of the study area was weighted slightly higher than that ofithplementationprobabilityas

the ecological equipment of the landscape also influences the implementat a connectiv-

ity concept. In an area with favorable conditions for wildcats less measures have to be imple-
mented to enable migration while areas with unfavorable conditions translate into more ef-
fort to make them migratable and thus face higher hindras in implementation. Conse-
quently, theecological probability rastavas weighted with 0.6 and thenplementationprob-

ability rasterwith 0.4. As demonstrated in Klar et al. (2012) the combined probability values
were translated into cost values usirg¢e different mathematical conversions. Through the
usage of the formulas thecological probability valuesnd theimplementation probability
valueswere converted intacost valies meaning that unfavorable conditions for wildcat mi-
gration or implementatn of measures from there on were represented by high cost values
while favorable conditions were represented by low cost values. The usage of three different
transformation values on the combined probability raster allowedthkulationof the path

of least restrains with three different cost rasters with differently weighted valuations of the
cost values and hence the output of three possible connectivity paths. These three options
were used tadentify the most robust version of a connectivity pathamater step (Klaet al,,

2012).
- 39_

Ny



3 Material and Methods

Equationd: First Equation for the conversion of probability values into cost values (modified after Klar et al. 2012)

6Eipd MXT1T0 Zp T W

Equation5:Second Equation for the conversion of probability values into cost values (modified after Klar et al. 2012)

6£icO TTTO ZpTT

Equation6:Third Equation for the conversion of probability valus cost values (modified after Klar et al. 2012)

6éicoOp GEMXTTO ZpTm

Afterwards theobstacle cost rastawas added to all three cost rasters resulting in three sep-

aratetotal cost rasters

3.4.15LCP in ArcGIS Rr8tep5: Define Coréreas
In order todevelopa connectivity conservation concept for tihehabilitatedforest areas of

the RLMA, core areas which were supposed to be connected through the concept had to be
defined. Core areas were delineated from each other in that way that within a core area the
gAf ROIFGOQAa YAINIXGAZ2Y g1 & y20 Kulefed Siydtien be-&8 | y &
tween the core areas was not possible or posed a great risk on the wildcats. Barriers were
defined as settlements, highways, roads with a traffic density higher than 2500 motor mv/d
as those are rarely crossed by wildcats or the cr@spimses great risk upon them and land-
scapegroviding no sheltefHermann, 200[; Klar et al., 2008, 2009%incewildcatsmigrate
distances of at least 500 m througimshelteredlandscapegHermannet al., 200D; Simon,

2010) unsheltered areas were only considered as barriers if they created distances of more
than 500 m between two shelter struates (at least 0.5 ha). Geodata used for this process
were RWHRehabilitatiorand DLM. All adjacemehabilitatedforestareas that were not inter-
sected by one of the named obstacles were joint together to forest area. These areas
were expanded by adgent forest areas or woodland that did not result fronehabilitation

efforts until they reached one of the named obstacles. The expansion byehabilitated

forest structures is reasonable as wildcats do not know if the areas which they cross were
shaped byehabilitationor not so the decisive factor was the unfragmented character of the
forested areas. Wildcats require large unfragmented forest areas for theirehanges

(Birlenbach & Klar, 2009) herefore, it would have not made sensed&velopa connectivity
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concept that considers every small forest or woodland patch to one another. Hence a thresh-

old of 200 ha for core areas was chosen as this is the smallestisizdo FSYI £ S gAf ROI
range(Birlenbach & Klar, 2009)Smaller forested structures were still considered as connec-

tive features between the core areas in the analy8isin al|l 13 core areas were delineated

within the study area, whereas the fragmentatiof these areas was mainly caused by highly

frequented roads (Figurg).

Core Areas Overview

Legend
= Core areas = Study area

51°

~50°50'

Figure5: Core areas overview.

The different core areas were assigned to names for identification. The mafee® nearby villages or landscape featare

Ly 2NRSNJ (2 F@2AR O2yFdzaA2y o0S06SSy OAf | hédesThe/rRmbé&rg NS | NB I
visualized in the map correspond to the names of the core areas as follows: 1 = Villel; 2 = Ville2; 3 = Ville3; 4= Ville4, 5
Hurth1,6 = Berrenrathl; 7 = Kerpenl; 8 = Horreth; Bergheiml; 10 = Bergheim2; 11 = Paffendorfl; 12 = Frimmersdorfl;

13 = SophienhdHeData source base map: Land NRW, LVermGeo RP, Kadaster, Esri, HERE, Garmin, METI/NASA, USGS; Land
NRW, Earthstar Geographics. This basemap was used for various other maps created for the purpose of this study and is
NEFSNNBER (2 Ay VYKISNR{ERGWNRE DAY G9aNR L
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3.4.16 LCP in ArcGIS R&iep 6: Connect Core Areas
Three cost connectivity analysis were conducted with the three diffeisat cost rasterand

the core areass input. As output the potential connective networks between the coresrea
were generated. In order talentify the most robust variant of the three pathways another
cost connectivity analysis was conducted with a cost raster that coded lowest cost values for
raster cells sections where all three potential paths overlapped,iumaosts for raster cells
where two paths overlapped, high costs for raster cells that were delineated by single paths
only and extraordinary high costs of 1000 for all raster cells that were no part of one of the
three derivedpotential paths. The resulvas the most robust connectivity pathway with re-
gard to all three mathematical variations of the probability val(ielar et al., 2012and thus

the final connectivity path¢ KS FA Yy I f LI GK Ifaz2 RAALIX I @SR (K
core areas. Howevens wildcats can move freely within the core arehgse parts of the

path are irrelevant. Therefore, sections of the connectivity path within core areas were de-
leted. Instead, the complete expanses of the core areas are regarded as part of the connectiv-
ity path (see alsdlar, 2009h)

3.4.2 ldentification ofpotentiallycritical and potentially useful structures along

the least cost path
Critical points were defined dsosespots along the final connectivity path proposed through

the LPC where wildcats would face barriersobstaclesf they would follow that pathAc-
cording to the results of the literature revieand communication with experts (section 3.3)
settlements, highways, roads with a traffic density higher than 2500 mv/d and areas without
shelter wider than 500 m were considereritical points and potential barriers or obstacles.
Consequentlyall points where the proposed connectivity path interseabee of those struc-
tures were marked as potential obstacles or barrigsdditionally, areas that gave the impres-
sion ofunfavorable conditions for wildcat migration along the path like sheltered but narrow
sections between two barriers were also regardegatential critical points.The surrounding
environment of tlose critical points was therscanned for potential crossingcoridor- or
steppingstone structureand alternative pathsAll these structuresvere identified by the use

of geodata from the LCP and satellite pictures. In cases where the obstacles hindering migra-
tion between the core areas were roads or highways, the focus of the problem analysis did
not lay on the exact crossing point shown in the LCP result but on the etagaction of the

road or highway separating the core areas from each other. Within these sections, the satellite
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pictures were investigated for potential crossing structures like underpasses or bridges in
cases of road and highway obstacles or for potdrdlternative routes for other types ab-
stacles andarriers.In cases where thpotential obstaclesor barrierswere characterized by
unsheltered land, the environment was checked for potential corridor or steppingstone struc-
tures. For easier identi@ation allpotential obstaclesor barriers crossing corridor, or step-
pingstonestructures and alternative paths were assigned to an identification nun#figpo-
tential obstaclesor barrierswere assigned to the letter O and alternative paths to thitele

P. Both were then assigned to an individual identification number (e.g., O1 or P1). Potential
crossing, corridor, or steppingstonestructureswere assigned to théetters S marked with

two numbers: the first one assigning them to the related obstacid the second for individ-

ual identification (e.g., S1.2). Potential crossing structures that were not directly related to an

obstacleor barrierwere assigned to the number O (e.g., S0.2).

3.4.3 Onsite explorations
A representative selection of sometaral points and potential crossing structureasinves-

tigated on site during field tripaccompanied by Dr. Thi8ender, Dr. Raedig and Henning
Walther on June, 18 2021. During this excursion Dr. THRender was kindly asked to give
assessments abouhe situation at the critical points and possible crossing structures as well
4 LINBPLRaAaAGAZ2Ya F2NJAYLINRPOSYSyd 2F (GKS &aAldz
(some statements were introduced in section 3.S}fructures visited during thexcursion
were: S0.1, S4.1, S6.1 and P1 (Tapl€he timethe excursion was planned the main objective

of the study was the concept for a connective path between the Ville Forest and the So-
phienhdhe. However, during the process, the main objective chéfigen the development

of a connective path between the MilForest and the Sophienhdhe to a connectivity concept
for the rehabilitatedforest areas of the RLMA. That affected the outcome of the LCP so that
five additional spots that were visited during the excursion did not occur in the final connec-

tivity concep.

The remainingcritical points, alternative routes and potential crossing structuresre ex-
plored unaccompanien further on-site explorations whichtook placeby car, by bicycleor
onfoot. The assessments of these locations and structures follave@xample of Dr. Thiel

Bender and incorporated the insights gained on the joint excursion.
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Table5: List of structures investigated during the-gite explorations.

Pictures of the osite explorations are shown Appendixd. Pictures were taken on the day of the exploration except for:

O4c¢ pictures taken on 06.06.2021, S®pictures taken on 17.03.2021 and S.ddictures taken on 06.06.2021. Explora-

tion methodswere divided in three categories: on foot, by bicycle and by car. Explorations by car took place on roads that
could not be approached by foot or bicycle due to missing infrastructure and high traffic volumes. Here the explorations took
place by driving lang the road by car and examining the roadside greenery and other possible influential factors as good as
possible as well as watching out for structures (like railings) that indicated the existence qfagseésasf any kind. In some

cases, it was posdéto stop by the side of the road to investigate potential under passing more closely. In these cases the

SELX 2N} GA2Yy YSi kgdarwiHstopsNMBS O2 NRSR | & «
Structure Structure Explored by Date O.f explora- Exploration method
type tion
o1 Merk 12.08.2021 by bicycle
02 Merk 12.08.2021 by bicycle
(OK] Merk 17.08.2021 on foot, by car
Merk, Dr.RaedigDr.
® 04 ThielBender, Walther | 08.06.2021 on foot, by car
c—cé 05 Merk 09.09.2021 on foot
E 06 Merk 09.09.2021 on foot
o 07-010, 012 | Merk 09.09.2021 by car
013 Merk 05.09.2021 on foot, by car
014 Merk 09.09.2021 by car
015, 017, 01§ Merk 12.09.2021 by bicycle
016 Merk 12.09.2021 by car
< 0 2 Merk, Dr. Raedig, Dr.
E = § P1 ThielBender, Walther | 08.06.2021 on foot
© P2 Merk 12.09.2021 by bicycle
Merk, Dr. Raedig, Dr.
S0.1 ThielBender, Walther | 08.06.2021 on foot
S0.2 Merk 27.10.2021 on foot
S0.3 Merk 27.10.2021 by car with stops
m S1.1 Merk 12.08.2021 by bicycle
o S2.1-S2.2 Merk 12.08.2021 by bicycle
% S3.1-S3.3 Merk 17.08.2021 on foot
‘ué: Merk, Dr. Raedig, Dr.
o S4.1 ThielBender, Walther | 08.06.2021 on foot
= Merk, Dr. Raedig, Dr.
g S7.1 ThielBender, Walther | 08.06.2021 on foot
_TE S8.1 Merk 27.10.2021 on foot
é S82 Merk 09.09.2021 by car with stops
o S9.1-S9.2 Merk 09.09.2021 on foot
S14.1-S14.2 | Merk 09.09.2021 on foot
S15.1, S17.1,
Si18.1 Merk 12.09.2021 by bicycle
S16.1 Merk 16.09.2021 by car with stops
S16.2 Merk 16.09.2021 on foot
S16.3 Merk 27.10.2021 on foot
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3.4.4 Assessment of potentially critical and potentially useful structures along

the least cost path
The potentidly critical and potentially useful structures along the least cost path were now assessed

on the bases of theompiled data introduceéh section 3.3the onsite explorations and the insights

gained through the excursion accompanied by Dr. TBélder. Patntial crossing structuregorridois

and steppingstone structureswvere subdivided according to whether or not thesere suitablefor

wildcatsQ dril hether they really increadeonnectivity along the least cost patBtructures that

could be made udade for wildcas through the implementation of measures were also classified as
usable.Critical pointsalongthe pathwere subdivided in barriers, which were structures that were
impossible for wildcats to pass antistacless KA OK K2f R dzy Fl @2dz2N>F 6t S O2y RA

migration but are in general surmountable by wildcats.

3.4.5 Expert interviews |: assessmi®f roadrelated wildcat conservation
measures
For hisassessment list of roadrelated wildcat conservation measuressread out to the

experts. In order to increase the comprehensibility, the measures were also visible for the
expert either on scren or on handoutsThe wildcat experts were asked to rat¢hese
measureson two scales First, torate how difficult it is to achieve the actual implementation

of these measures already existingoads. Answering options for this assessment wese

at all implementable, not implementable, medium implantability, implementable, very imple-
mentableandl do not know Second, the effectiveness of readlatedmeasures was assessed
using the answering optionsot effectiveat all, not effective mediumeffectivity, effective
veryeffectiveor | do not know The experts were encouraged to give supplementary explana-

tions to their ratings if they found it necessary.

3.4.5.1 Analysis of the assessment of reathted wildcat measures and rankingtoé
measures
In order to evaluate the results gained through the expert interview, the answering options of

the different rating scales were transferred into numerical rating values for further analysis.
Table6 shows the options of the rating scales with the assigned rating values. In case the
experts answered with | do not know, the answer was not assigned to a numerical value and
not included in the ongoing analysis process. In some cases, the answers gpénts eould

not be assessed to one exact answering option of the scale but were in between two different
answering options. In these cases, the worse of the two possible rating options was used for

further evaluations.
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Table6: Rating values assigned to answering options for the assessment ofeladed wildcat conservation measures.

Rating options wildcat conservation measures
(road-related) numerical value
not at all effective hot at all implementable
not effective /not implementable
medium effectiveness / mediuimplementability
effective /implementable
very effective Mery implementable

g b~ W DN

For the comparability of the measures among each other, average values of the eggerts'
sessments regarding implementability and effectiveness were calculdtesl. measures as-
sessed were then assigned to two differeainservatiorpurposes: the prevention afildcat-
vehiclecollisionsand the provision of safe crossisguctures Based orthe mean values, a
ranking of the measures was created, indicating which of the measures \waefierablybe
proposed in the subsequent action plan. Measures that were assessed as both effective and
implementable werepositioned on top of the ranking and genergtiseferred in the action

plan.

3.4.6 Selectbn ofmeasures fothe connectivity action plan
Thefinal step in creatinghe connectivityactionplan was to propose appropriate measures

to overcome the identified obstacles and barriers. For this purpose, all collected results from
the literature research, the expert interviewthe expertise of Dr. Tiel-Bender and orsite
explorationswere compiled.The expert interviews and theubsequentranking ofroad-re-

lated measures served to identify the most effective and at the same time most implementa-
ble measures, so that measures to overcome tratfiated obstacles and barrieruld be
easily derivedrom the ranking Although the rankingrovideda good impressionfowhich
measuressuited bestfor the two purposes in terms of practicability and effectiveness, the
actual situationin placeplayed a major roleregarding the suitability of the measureBhe
measure placed first in the rankingasnot necessarily the mesppropriate measure for all
critical points. Thereforein some situations lower ranked measures were proposed @ th

connectivityaction plan if they were more suitable for the specific situation in place.
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3.5 Methods used talevelopthe habitat qualiy action plan
To develop the habitat quality action plaahabitat quality assessment and assessment of

commonly usedorest managementelatedwildcat conservation measures were conducted.
The habitat quality assessment served the investigation of the ecological sfatusf the
core areasThe evaluation of theneasureshelped toidentify the mostpracticableand effec-
tive measures t@ounteract deficits in thecore areasSuitable measures were then assigned

to the core areasn an action plan.

3.5.1 Expert interview IHabitat quality assessment
To be able to have the habitat quality rated by experts,ftirestareaswithin the study area

needed to be subdivided into structurally simitabitat areas As thiddelineationof different
areaswas not based on barriews it was for thecore areadut rather on the age structure

and applied forest management strategies, detailed knowledgaefdrestareas was neces-

sary for the sensible division. Therefore, the delineatetiitat areaswere reviewed and re-

vised in cooperation with the experts Frank Pechtheyden and Michael Stoffels before the in-
terviews were conductedrorestareas that were maller than 200 ha but showed off as im-
portant connecting fragments between tleore areasn the LCRvere also considered in the
delineation process of thbabitat areas Furthermore, areas, that were not included in the
connectivity concept through thedP but were in close proximity tmre areasso that they
constituted room for potential alternative connections were included in the habitat quality
assessment. Thieabitat areasoc 9 ND ¢ Nf RSNE o[ | NE&E T SK RS N td2a DA 3 v
Y S NLJS y S Wére olgitzaly<nit considered fohe habitat quality assessment. Neverthe-

less, they were identified as structurally similar regions and delineated by Ginther Roland and
assessed by the other experts in order to be able to include those areas in the pleioin

case they developed unexpectedly into essential areas for the connectivity concept during the
ongoing analysis. Since this did not happen, these results were not discussed in detail but can

be seen iMppendixs. All in all, 14 different habitadreas were delineate(Figure 6)
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Habitat areas overview

Legend

= Study area Habitat —blue /Ville  red/ salmon / Erbwalder
areas / 3 = Berrenrl + = Paffendl + __Dickb. and
corresponding _ brown / Kerpenl Frimmersd1 L6rsfelderb.
core areas Ville 4 =purple _ orange / Parrig and

. i green / yellow / Sophienh.1  Kerpener
- Tnzk/ Villel = Hirthi Bergheiml+ white Bruch
_ 2 turguoise

50°50'

Figure6: Habitat areas overview.

Coloured lines delineate the different habitat areas. The core areas located within the habitat areas are listed in dhe legen

I F G S NJ ThektBqudise andwhite habitat area did nit incorporate any core areas as well as the habitat areas Dickbusch

and Lorsfelderbusch, Erbwalder, and Parrig and Kerpener Br&iNI | 0 SGGESNI 2 GSNWASs (KS ylyvySa 2
R2ZNF ME T G{2LKASYIKI dBMEE | YR & [ | BIEsF Bap: ESiNdagedy Kybridd SNB & K2 NI Sy SR
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Experts asked to rate the habitat quality were eittierestry expertsor RLMA experts. Four
different factors influencing the habitat quality with regard to the needs @& wildcat were

rated for the habitat quality assessment: structures for breeding, structures for daytime hiding
places, food supply and anthropogenic disturbances. The rating scale for the first three factors
reached fronrare[0 ¢ 0.5 structures per hecta] overmedium[0.5¢ 1 structure per hectare]

to high[> 1 structure per hectare]. The quantification of the scale steps rare, medium and high
was developedwith and validated by Dr. Thi@®ender. Since more than one structure per
hectare was regarded dsgh structure abundance by the wildcat expert a further subdivision

of the rating scale from a threpoint into a fivepoint scale was regarded not conductive. A
further subdivision would have diminished the intervals of the rating scale from 0.5 t®0.25
that the expert would have had to assess the abundance of structures in units of 0.25 struc-
tures per hectare which did not seem applicable. Even the ravitien the three classes of

the scale, was assumed be hard to apply on the matteiTherefore,it was pointed out to

the interviewed experts that the numericataewas a guide to get an initial idea of how to
quantify therare, mediumand high stages, but that the most important thing was that the
assessed proportiobetween the differenthabitat areaswasrealistic For the ratification of

the fourth factor, a fivepoint scale was used. The proportion of areas with low anthropogenic
disturbances could be assessed witkery low[<10 %]Jow [11 ¢ 30 %],medium[31 ¢ 50 %],
high[51¢ 70 %)jveryhigh[> 70 %]. TheepNIi & O2dz R | f a2 FyagSNI gAll
point of the interview. The experts were also asked to give short explanations for their ratings
which resulted in descriptions of the conditions in place. Thereby more specific measures

could be proposedh the action plan.

In order to determine which habitat areasachexpert knew well enough to be able to assess
them according to the four criteria, they wepresenteda mapin the preliminary briefing,
showingthe different habitat areas which weredelineated with different colours To ease
the communication, the habitat areas were named after their borderto®ur during the
preliminary briefing and the intervievin order to give the experts a more precise idea of how
detailed their knowledge of thhabitat areas had to be for their assessment, they wgven
some exemplary structures which are suitablelioeedingor asdaytime hidingplaces Then

it washighlighted thatthe habitat quality assessment was about estimatimgabundanceof

such strictures in thehabitat areasusing thepresented scale®fterwards the experts named
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the habitat areasthey knew well enough to rate, and the actual interview started. The map
that showed the delineation of the differerftabitat areaswas open as referencsource for

the experts along the whole time of the interview. The definitions of structures that can work
as breeding places, structures that work as daytime hiding places, structures that increase
food availability and structures with low anthropogenistdrbances were read out to them
and could be reviewed by the experts during the complete time of the interview. That was
necessary as the experts rating thabitat areashad the local knowledge to assess the abun-
dance of structures that creat@vourableconditions for the wildcat but did not necessarily
know which exact structures that were. The definitions were reviewed by Dr-Béneler
before the interviews were conducted. The interviews were organized in such a way that the
experts assesed the abundance of one of the four habitat quality determining factors for all

habitat areas the expert knew before moving on to the next factor.

3.5.1.1 Analysis habitat quality assessment
For the habitat quality assessment different experts were askadte four different factors

of habitat quality within previously delineated habitat areas. In contrast tocthre areasthe
focus for the delineation of théabitat areaswas placed on a similar ecological character
within the areas rather than on amnhindered migration of wildlife through the delineated
areas. The differentiated division int@mbitat areaswas important for the habitat quality as-
sessment. However, in order to provide a better overview intibitat qualityaction plan
drawn up late, the proposed measures should be clearly based either on the divoiwatb-

itat areasor on the division otore areasThecore areasvere better suited for that purpose
as the connectivityction plan was alsaddressedhroughthe core areasFurthemore, the
delineation of both area types showed that in most cases @re areacould be assigned to
exactly onehabitat areabut in some cases oneabitat areaincorporated twocore areas
Thus, the focus on theore areasnabled the discussion of meass on a smaller scal&o
increase the traceability for the further course of the connectivity concept, from here on, ref-
erence is made to theore areasalso for the results of the habitat quality assessment. In
practice that means that the results ofdthabitat quality assessment are presented with ref-
erence to the expanses of theore areadnstead of thehabitat areas Core area located

within the same habitat area thus gained the same results in the habitat quality assessment.

Thehabitat areasd (i dzNJj dz2 A 8Sé¢ YR GoKAGSE RAR y20G O2NNE

fore further on listed under their habitat area names.
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Like the results of the interview with the wildcat experts, the results of the habitat quality

assessment had to be translatedo numerical values in a first step (Ta@e

Table7: Rating values assigned to answering options for the habitat quality assessment.

Rating options habitat quality assessment numerical value
rare [0¢ 0.5 structures per hectare]
medium [0.5¢ 1 structure per hectare]
high [> 1 structure per hectare]
very low [<10 %)]
low [11¢ 30 %]
medium [31¢ 50 %]
high [51¢ 70 %]
very high [> 70 %]

O B WNEFE WDN PP

For the further analysis of the habitat quality assessment, the rating values of thepbree

and fivepoint answering scales used for the habitat quality assessment had to be trans
formed so that all rating values were represented in the same numeeogke. Therefore, the

N GAYy3 @l tdzSa 2F GKRAGKAMNDH i OlSdzl INBit & ¢ T Il SINBNJ
the rating values of the remaining three factors by three. As a result, the ratings for all four
habitat quality factors were displayed orvalue range from @ 1. In a next step mean values

of the ratings from the different experts were calculated for each core area and habitat quality
factor. In order to evaluate which habitat quality factor was rated best across all core areas,

the mean raing values for the same habitat quality factor of all core areas were summed up.

Equation?: Calculation of total habitat quality factor rating.

0 £ 0@ ®'QH & o FADGD £6 0 QE "Q
B 0 Qaigd Qb Qa& A w Q0D @ &l

Tobe able du compare the overall habitat quality of the differente areago one another,
the total core area quality was calculated by summing up the mean values of alidbitat

guality factorsfor eachcore area

Equation8: Calculation of total habitat quality.

0 & 0@ DdQH & ®a "QB(Mean rating valies of all four habitat factors for core area (x))
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3.5.2 Expert interview llI: assessmentarest managementelatedwildcat
conservation measures

3.5.2.1 Practicability Assessment
For the practicability assessmeoit the forest managementrelated conservation measures

the forestry expertsvere asked to rate wildcat conservation measures for their practicability
on a fivepoint scale with the optiongaot practicable at ajlnot practical medium practicabil-

ity, practicableandvery practicable The experts could also answer witdo not know Ratifi-
cation of the conservation measures by tloeestry expertdook place directly after the hab-

itat quality assessment within the frame of the same interview. The conservation measures
originated from a collection of wildcat conservation measures that was provided by Dr. Thiel
Bender (ThielBender, 202Q) This collection was based on her own experience and on
measures proposed by Trinzen aBdhrmann(2015)and Hermann(2005) .During the inter-

view, the measures were read out to the experts but to increase the comprehensibility, the
measures were also visible for the expert either on screean handouts. The experts were

encouraged to give supplementary explanations to their ratings if they found it necessary.

3.5.2.2 Effectivity Assessment
Wildcat experts were asked to rate the safoeest managementelatedwildcat conservation

measuresas theforestexpert but with regard to their effectiveness. The rating scale offered
the following optionsnnot at all effective not effective medium effectivenes®ffectiveand

very effective The experts could also answer wittlo not know

3.5.2.2 Analysis of the assessmentfafestrelated wildcat measures amdnkingof
measures
TheForest managementelatedwildcat conservation measures were rated for their effectiv-

ity by three different wildcat experts and for their practicability by folifferent forestry ex-
perts. Analogue to the analysis of the results of the previously introduces expert interviews,
the answering options for the assessment of effectivity and practicability were translated into
rating values as shown in Tal@leln a nextstep mean values of the assessments given by the
experts for the introduced measures regarding their effectivity and practicability were calcu-

lated.
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Table8: Rating values assigned to answering options for the assessmiemesf managementelatedwildcat conservation
measures.

Rating options wildcat conservation measuref®iest manage-
ment-related) numerical value
not at all effective hot at all practicable
not effective /not practicable
medium effectiveness / mediupracticability
effective /practicable
very effective Mery practicable

ga b~ WN P

Theforestrelatedmeasured WS Yl A YAy 3 YR &dzlL}2 NI O2 LILIA OAy 3
S 3 &vasonly rated by one wildcat expert and twiorestry experts The other experts an-

swered with | do not know. Thereforéhis item was not included in the further analydtar

all remaining measures mean values of the ratings given by the different experts were calcu-

lated for the effectivity and the practicabilitg. dzS (2 GKS INBF G AAYAL I NR
main 5- 10 % of big windthrow areas and ca. 5 root plates @@ihii  NB¢ |y R awSYl A
2F GAYROKNRG 6A0GK INRBdzyR f SPSt aidNHzOGdzZNSA dzy
"Remaining the largest possible parts of windthrow untreated". The rating values for effectiv-

ity and practicability for this measure wegenerated by calculating the mean values for both

factors of the original measureNext themeasures werassignedo five different conserva-

tion purposes according to the outcome of the different conservation measures (9able
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Table9: Allocaion offorest managementelatedwildcat conservatiomeasures to their conservation purpo3ée assign-
YSyid 2F GKS YSI adz2NBYSy i Q -Belidtkiabie Sfineasur@@hielBenteBA02Q TiiBe& 5 NP ¢ KA St
Behrmann 2015; Herman(@005)andfrom the interview with Dr. Thidender.

- Reduced
- Provision Success-
Provision Increase | anthro-
. of day- : ful up-
Measures of breeding | .. of food pogenic L
time rest- . bringing
structures | . supply disturb-
ing places of cubs
ances
Remaining biotope trees and X X
deadwood inthe stand.
Remaining special structures liks
root plates tree stumpssmall
) . X X
waterbodies, forest clearings ani
landslides in the stand.
Stockpiling of crown wood X X
Support natural forest rejuvena-
tion, prioritisingnatural rejuvena-
. . . X X
tion before other rejuvenation
strategies
Establish richly structured forest
X X
edges

Remaining meadows through ex
tensive management.
Renunciation on thinning in for-
ests stands younger than 5 year, X X
between April and July
Designate areas suitable for
breeding and if possible, post-

) . X X
pone intensive management
measures between Sep. and Fe
Renunciation of manual harvest/
ing with chainsaws of small wing

o X X

throw areas especially itecidu-
ous wood.
Renunciation of rodenticides X
Controlling wood stacks before X
removal
Controlling root plates before X
folding them back.
Remain the largest possible pari X X X X

of windthrow areas untreated

The measures that were assigned to the same purpose were then compared with each other
in terms of their effectiveness and efficiency. The aim was to rank the measures in a way that
shows which measures are preferably proposed to increase habitat quratity core areas.

If for example three measures serve the purpose to increase daytime resting places these

-54-



3 Material and Methods

three measures are compared to each other with regard to their effectivity and practicability.
The measure with the best balance between these taoctdrs is ranked in first place and

consequently preferably proposed in the habitat quality action plan.

3.6 Selection of measures ftre habitat quality etion plan
In order to present the collected results of the habitat quality assessment and thenlast

views in a usable form, they were compiled in an action plan. appropriate measuresAdlere.
habitat quality factorswithin acoreareathat gained anean rating valuei).5 were identified

as deficits Here appropriate measures based on theescribed rankingvere proposed.
Measures to increase habitat quality were also proposedhédnitat quality factorsvith mean
rating values of 0.5¢ 0.8 and therefore classified aaprovable Habitat quality fatorswithin
acore areawith a mean ration value 0k0.8 were classified agifficient Hence no measures
were proposed hereln some cases, specific circumstances within ¢bee areasequired

that, despite their high practicability and effectivenesst always the besbut lower-ranked
measuresaccording to the ranking were proposdelrthermore, themplementation of the
measure "Remaining the largest possible parts of windthrow untreated" was proposed for all
core areaslue to its multiple positiveffects and high effectiveness. However, as this measure
was only moderately practicable, it is proposed in the most practical way for forest workers,

depending on the situation.
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4.1 Results concerning tleennectivityaction plan

In the following section all results, that contributed to tdevelopmentof the connectivity

action plan in the RLMA are presented. They are outcomes of the methods described in sec-
tion 3.4.

4.1.1 Least Cost Patbn-site explorationsind classificatiorof potential critical

points and potential useful structures
The delineation of thef the core areashowedthat traffic infrastructure was the main cause

for habitat fragmentation in the study area. 11 out of 12 core areas were separated from each
other by crossing roads with more than 2500 mv@nlySophienhdhel was separated from
the othercore aready agriculturally dominatedandscapesAccordingly 17 out of 18 identi-

fied obstacles or critical points along thieentified leastcost path andalternative pathsvere

roads with a traffic density of more than 2500 mviiche connective path along tluere areas

was subdivided into eight sections, whereas this subidivigid not follow any other guide-
lines but to depictall parts of theleast cost pathalong with the identified critical poirénd
potential crossing structures in a resolution of 26000 to 1 : 30000=or a more comprehen-

sive presentation of the resudt the findings of the LCP and the-site explorationsare de-
scribed together, following the subdivision of the sectiofise onsite explorations confirmed

that the previously identified critical points were all obstacles or barriers. The classification of
the potential crossingcorridor- and steppingstone structures resulting from the esite ex-
ploration and the informatin gained from literature and experts are also preseniedhe

following.

4.1.1.1 LCP and osite explorationg Sectionl
The core areas Villel and Ville2 were separated by the,ld19d calledPhantasialandstral3e

(O1; > 2500 mv/d) along a distancefoB.6 km(Figure7). The most suitable crossing point
identified through the LCP was located at about two thirds of the way northw@idsire?).
The underpass of a riding track was identified as potential crossing stru@aré) and as-
sessed asuitable for the usage by wildcats, as the proportions are meaatiow the passing
by horsesFurthermore the end of the underpass was clearly visible &gt and the ground
was covered with sangbictures see Append®). A cycle patlwaslocated abng the southern

side of the L194 as well as a narrow strip of grass between the cycling path and the street so

-56-



4 Results

that wildlife crossing the road from south to north eéenot walkimmediately on the roaday
when leaving the shelteiThe core areas Ville2 andlle3 were fragmented by the highway
A553 along a distance ofg8lkm(Figure?). The highwayvaslocated slightly higher, compared
to the surroundingenvironment,so that a wooded slope delingiti the highway from the core
areas Ville2 and VilleFwo service road underpasses (S2.1 and S2.2)eadlavgafe crossing
underneath the A558hichwerealso suitabldor wildcats as thexpanses of thenderpasses
were constructed formotor vehicles and hanans. The endfdhe underpassewas brightand

clearly visible from both sides. The ground is covered with gfpietlres see Appendi).
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Figure7: LCR; Sectionl.
A: Section 1B:Reference map showing the location of Section 2 in the study area. Base map: Esri Imagery Hybrid.

4.1.1.2 LCP and osite explorationg Section2
One obstacle with three related potential crossing structures was identified in section two

hindering the nigration between Ville3 and Ville4. The obstacle was the Luxemburgerstral3e,
B265 (> 2500 mv/d). The road separated the two core areas along a distahde2dtm.The

point selected for crossing by the L@Bslocatedat approximately one thirgfrom west to
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eas) of the route (Figure8). Up to that point the B265 Ieka bit elevated compared to the
adjacent areas which reseft in a wooded slope separating the road from tbere areas
Approximately at the marked cremg point of the least cost path, trsurrounding areas of
Ville3 and Ville4eachedthe level of the roadAt the samespota cyclepath started to follow
the direction of B265 eastwards along with a narrow gras strip, which ateasert of buffer
between the shelter structures of Ville 3 and teeuthernside of the road. The potential
crossing structure S3Wasa service road underpass, suitable for the usage by wildpats
tures see Appendi#). Awildlife fencewasinstalledfrom the proposed crossing point to S3.3
at least on the northern side of the roa@ihe end of thevildlife fence at the southern side of
the road could not have been locatethis exact type of wildlife fence poses a risk on wildcats
asthey can get stungith their claws in the wire knot®{. ThielBender 2021, personal com-
municatior) (picture see Appendi®). This exact type of wildlife fence will be referred to as
éwire sheep fencé Ay (i K SThefoghér twd gokeytidl crossingtructureswere some
sort of drainage structures for the B265. Witheightof f. 1.4m and a width off 1.20mthey
were big enough for wildcats. The end of thennel structureswasalso visibldrom the entry
point. Neverthelessthe wire sheepfencewasinstalled that way that it prevertd the en-
trance of wildlifeto the drainage structuregictures seé\ppendixd). Still, S3.2 and S3.3 were

classified as usable crossing structures.
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Figure8: LCR Section 2.
A: Section 2B:Reference map showing the location of Section 2 in the study Basa.map: Esri Imagery Hybrid.

4.1.1.3 LCP and osite explorationg Section3
Hve obstacles, five potential crossing structures and one alternative path were found in sec-

tion 3 (FigureQ). The outlined path for the connection of Ville4 and Hirthd déeross a hidly
FNBIjdzSYGdSR NRIFIR 6. SNNBYNF G§KSNEGNI O SawidgH p n n
that was locatedbetween the village Berrenrath and the industrial area Knapsack. Both, the
Berrenratherstral3e and the ditch were identified as critical sp8#.1 describd an aban-
doned bridge leading over the Berrenratherstral3e (Figd)relhe bridge bordexd a heaped
wooded slope at both sides of the road, stretching out to the marked point of O4. These slopes
formed a sortof barrierbetween the roadside greenery with the adjacent fields and the road.
Access to the bridg&asonly obtained via the slope, so that the bridg@snot used by hu-
mars. In addition, the vegetation and the steep slopedadhe access point to the bridge
difficult to locate for humans and wildlife. Wildlifeould only be guided to that spot if it wan-
dered on top of the slopeAlthough, the access to the bridgeasproblematic, the construc-

tion itselfwassuitable forwildcatcrossingDr. ThielBender, 202 1personal communicatign
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The vegetation of the roadside greenery stretdifeom both sides ovethe bride, providing
shelter and leaving only a few meters in tbentre of the bridge without shelter and with
paved underground

The ditch between Berrenrath and Knapsack sbddense vegetation whicprovided shel-

ter as well as dese shrubs and herbs laysrd ground level vegetation structures. The ditch
thus offered enough cover to allow a passagenfdcats However, it is questionable whether
the width of 35 m is sufficient to mitigate the anthropogenic effects of the sgtént and the
industrial area to such an extent that wildcats waititually usehat short critical section for
migration.

For themigration fromHurth1to Berrenrathl the Wendelinusstral3e (O6)stta be crossed
(>2500 mv/d)(Figure9). The Wendelinusstral3sordered fields in the south with only a slim
KSR3IS &G NHzOG dzNB  dafdatdhe samé e [ ddring jaiderds &f $hé VilligeJ
Berrenrathwhich maleit even less suitable for being used as migration structure by widcat
(pictures seAppendixd). At next, the highway Al (O7; > 2500 mv/ddito be crossed to get
from Hurthl1 to BerrenrathXFigure X)Due to the accumulation of three obstacles along the
proposedleast cost pattan alternative path, avoiding thenfavourableconditions of O5 and

06 and leading to a suitable crossing structure for a safe migration of the highway Al (O7) was
delineated (Fgure9).

This alternative path (PIpllowed the roadside greenery bordering the abandoned bridge
(S4.1) then turred northwards, using another strip of densely structures roadside greenery,
with adjacent fields in the west and the settlement Berrenrath to the east. This strip of road-
side greenery hdha minimum width of 30 m and thus sad for wildcat migration gersona
communicationThiel Bender, 2021)This strip of wood l&to a wider wooded area, which
wasbordered to the east by a ratay dam and to the west by thelAFigure9). Towards the
fields, the descried wooded structures showed dense vegetationamdlededges. Towards

the few pathways for pedestrians that led through the area, the vegetation structure was light
without groundlevel structureqpictures see Appendi). The railway dam fulfiédd a guiding
function here, whichmight lead wildlife further north to the underpass of the A1 and thus to
the potentialsafecrossingstructureof the Al (Dr. ThidBender, 2021personal communica-
tion). S7.1wasa railway underpas To both sides of the railway trackma footpath, which

also alloved wildcats and other wildlifa use of the underpass without having to enter the
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railwaytracks. The railway trackaere secured by a fencand the groundvaspaved. Never-
theless, the underpass can be used by wildeatshey would be able to climb over the fence
and do not hesitate to walk across paved gromtielBender, 2021 personal communica-
tion). A sheep wire fencevasinstalled along the roadside greery towards the highway.

It would also be possible that wildlife that wanders through Ville4 uses S0.1 for passing the
Al S0.lwasa rather long service way underpass  Twith pgwed ground but nevertheless
suitable for wildcats (DrThietBender 2021, personal communicatipnThe highwaywas
again elevated compared to the rest of the environmentwslolcatswould haveto climb up

a slope to get to the roadway. From Ville4, a narrow drainage chaan&lest to SO. 1. West

of the uncerpass it then bened north after a few meters and teto the Berrenratherstral3e.
Wildcatsthat cross the Al at SO.Have tocross the Berrenratherstral3fterwardswithout
supporting structuredo get to Berrenrathl The wooded structures in theore area Ber-
renrathl led from there on northwards.

A further migratiorfrom Berrenrathlto Kerpenlwashindered by the Holzstral3e, L264 (08; >
2500 mv/d)along a distance &f o @ Phis highly frequentebad offered two underpasses
(FigureQ). The first one@vasa service patho a smalconcreteplant (S8.1)whichand assessed

as usable for wildcats. The underpass led directly to the edge of Kerpenl. The close proximity
to the small concrete plant was not considered a hinderaneeaBse ofts small size, itid

not cause much disturbandérough transporting traffiand, especially at night, it is unlikely

to causeanydisturbance except for light pollutiofpictures see Appendi). The second un-
derpassvasa railway underpass from the same railway line as S.7.1. This struasoarried

by columns to the left and right of the railway tracks, so that in addition to the underpass for
the railway traffic therewere two other passages, whickere suitable forwildcatsthat did

not lead directly along the tracKpictures see Appendi¥.
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Figure9: LCR Section 3.
A: Section 3B: Reference map showing the location of Sec8dmthe study area. Base map: Esri Imagery Hybrid.

4.1.14 LCP and osite explorationg, Section 4
Thecore areaKerpenl and Horremivere separated by the highway A4 (09, > 2500 mv/d)

and the Durenerstraf3e (010, > 2500 mwEigurelQ). The path resulhg from the LCP pro-
poseal a crossing of both obstacles right afi@ne another However, a noise barriavasin-
stalled along the entire length of Kerpenl and Horrem1, along the A4 so tvatult not be
possible for wildcats or other flightless animals to cross the highway along the boundaries of
the two core aeaswithout any supportive structureslence, the A4 was classified as the only
barrier along the least cost patfthe suitability of the identi&d potential crossing structures
along the Advasquestionable. The first oneasan underpass thatvassuitable in size but
ended in a street of the village Horrem with the nearest house less thdmundredmeters
awayfrom the underpas$S.9.2) Althoudh passing wildlife could hide in the roadside greenery

of the A4 directly afteusingthe underpass and follow it to west in the direction of the Di-

renerstral3e and Horrem1, the close proximity to the villagesclearlyrecognizabldrom the
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underpass at dy and at night the streetvould beilluminated by lanterns so that wildcats
might not be interested in exploring the other side of the underp@msstures see Appendix

4). Therefore this underpass was not considered a structure that reduced the fragmenta
effect of the A4.S9.1wasa pedestrian bridge, leading over the Ancethe bridgewasvery
narrow 0 ¥  pdid Mab have asight protection on the sideand dd not offer anyshelter
(pictures see Append®). Furthermore, theonly existing, shelter providingpnnection of the
bridge toHorremlwas characterised biyarrow strip of woodlandetween a cultivated field
andthe Adwhich wasonlyabout200 metersawayfrom the village of Horrenilherefore this
bridgewasalso not coisidered as structure useful for wildcat crossimbere were no poten-

tial crossing structures found along the section of the Direnerstral3e that borders Horfem1.
bicycle pathifollowedthe Direnerstral3at the southside of the road. The roadside greenery
wasdense at both sides of the road but twedinto a grass strip right at the side of the rqgad
so that animalsvould not step directly out of the cover onto the roaay. As the crossing of
09 and 010 right afterree another seemed rather unfavourable an alternative path P3 was
delineated. This path incorporated the alreaddhabilitatedareas of a gravel plant and the
forested area of the Erlenbusch. Unfortunately, a more detailed inspection of this alternative

path through an orsite exploration was not feasible in the scogfdtus study.

For a better overview the obstacles O11 and O12 are depicted again in the map frame of sec-

tion 5 and discussed there.
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FigurelO: LCR Sectiord.
A: Sectiord. B: Reference map showing the location of Secfigmthe study area. Base map: Esri Imagery Hybrid.

4.1.15LCP and osite explorationg Section 5
Three obstacles were identified in section five. 012 and ®ff&sentedthe Aachenerstralie

(L361, > 2500 mv/d) and the Wacholderweg (L93, > 2500 rivigiirel1). O11, although its
construction is not completed jet, represatta connective road from thAachenerstral3e to
the A4, whichwill lead directly through Horreml, fragmenting tloere area Although an
underpass for pedestrians argicyclesis planned(Landesbetrieb StraRenbau Nordrhein
Westfalen, n.d.) which is probably suitable for wildlife crossing, no further information about
planned measures for wildlife crossing could be foufttere were no potential crossing struc-
turesfound alongth€ o 1Y f 2y JAachéhErstralzhyt separateiHir@m1l from
Bergheimi(Figurell). In front of the denseroadside greenery was a relatively wide grassy
strip to both sides of the Aacmerstral3epreventing wildlife fromstepping directly out of the
cover onto the roadiay. The grass was 30 cm to 50 cm highe Wacholderweg alsadinot
offer any obvious crossing structwalong theF 2.6km long section that fragmeatithe core
areasBegheiml and BergheimZurthermore the streetwasrather curvy decreasinthe
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visibility of traffic. The roadvasalso built into a slope, so that steep rises and falisracterise

the roadside greenerySteep slopes are generally not a problemtfar wildcat and would not
hinder them at crossing roadBut due to the given locanvironment,structures that secure
the slopewere installedalong the moresouthern pars of the road. Due to these structures,
the roadside greeeryrisesstraightup tof 2 m above road level in some places. Therefare
crossing of the road byildlife at these places is rather unlikely amdbuld therefore be more
suitablein the northern part of Bergheiml and Berghein{fdctures see Appendix4). The
roadside greenerwasdensely structured. At the eastern side of the road, towards Bergheim1

a cycling path aeid as a buffer between the roadway and the shelter structures.
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Figurell: LCR Section 5.
A: Section 5B: Refererre map showing the location of Section 5 in the study area. Base map: Esri Imagery Hybrid.

4.1.1.6 LCP and osite explorationg Section 6
The core areas Bergheim2 and Paffendovéte separated by the B477 (0142500 mv/day)

Ff2y3 | RR&MHAguréld. A&drding to the LCP the be best spot for crosdieg t
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road waslocated more to the west of the bordering section of the B477 with Bergheim1 and
Paffendorfl. Howeverat the eastern edge of their intersection, a railway underp@&sss.1)

and an underpass belonging to the infrastructure of the formgen-castmine Fortuna Gars-
dorf (S14.2pffered two safe crossing structurggigurel?). The railway trackeere located

in a dipand the underpasslid not offer much space next to the traskA safe use of this
underpass bywvildcats thuswould not be possible simultaneously with a train crossifpic-
tures see Appendit). Generally, howevethe underpassvassuitable as a crossing possibility
for wildcats. The ravaytracks coulgossibly even take a guiding function towattis cross-

ing possibilityThe underpass S.14vwasembedded in theehabilitatedforest structures of
Bergheiml1 and Bergheim2, so thratgrating wildlifewould even find shelter to both sides of
the paved road under the underpass. The road once might have been a service road towards
the opencastmine butwasabandoned or at least used very unfrequently by single motor

vehicles nowand therefore useable for wildcats

The obstacle CHand potential crossing structure S15.1 aisplayedfor better overview in

in sectiors 6, 7and 8but addressed later in Section 8 together with O17 and O18.
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Figurel2: LCR Sectiorb.
A: Sectiorb. B: Reference map showing the location of Sec@i@gmthe study area. Base map: Esri Imagery Hybrid.

4.1.1.7 LCP and osite explorationg Section 7
Beside the structures O15 ar®l5.1 which & discussed in sectio® (Figure 14)section 7

showed one obstacle antivo potential crossing structuie S.02 represesd an underpass of
the river Erft under the road L2Zhd S0.3 a railway underpass under the same road less than
100 m apart from SO0.2Although the section of the L213 where the proposeakt cost path
crossel it wasnot marked as a section with more than 2500 mv/diéne adjacent sections of
that exact steet were marked as such. Therefqrie wasquestionable if that 1.7 kmwide
section of the road is not that highly frequent@igurel3). Hence the underpasesS0.2and
S0.3 weranvestigated more closely. The underp&&k2wasequipped withpedestrian paths
to both sides making it usable for wildcats (pictures see ApperixI he railway underpass
wasalso suitable for the usage by wildcalse to its size and wide grass stigading through
the underpass beside the railwaf@ctures see Appendi). Ol6wasa road(L116)eading to
an industrial area and frequented by more than 2500 mv/d (Fi@@jeThe proposed connec-

tion of the LCHinkedthe rehabilitatedforest areas in the north of Paffendorfl with10 m
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to 200 m wide strip ofehabilitatedforestland of Frimmersdorfl betweea golf course and

an industrial areaA potentially useful safe crossing structure for the L{ti8ns into L213
south of the roundabat that leads to the industrial areayaslocated about 100 north of the
proposed crossing point of tHeast cost pathThis introduced structurerasan underpass of

the Muhlenerft. During the exploration the water level of the Miuhlenerft was relativegi h
resulting in flooded riparian strips. During times when the Mihlenerft keeps less water the
riparian stripsmightbe used by wildcats as safe crossing struct8i6.2vasanother under-
pass of the MuhlenerfiTheunderpassvasusable for wildcats aceding toits expenses. The
underpass of the Mihlenerfivasequipped with a pedestrian and cycling path to both sides
of the riverand hencecouldbe used by wildlife without the needs to swim or cross the river.
Although 16.2 led directly into a section of older floodplain forest witlese shrubs and herbs
layer, which could be structurally interesting for the wilddagfore merging with the youger
rehabilitatedforestareas It isquestionablaf wildcatswould approach the crossing structures
due to their close proximity to the villag&8edburgand KasterThe only way to that crossing
structure leads thorough an only 200 m wide wooded sechiordering the village Bedburg
and using the underpass ends wildcats in only 150 m distance of the village Kaster. Conse-
quently, S16.2 was not classified as usable crossing stru@af3waslocated even closer

to the villages Bedburgand KasterThe crossing of the underpass form Paffendorfl north-
wardsled directly to the ground of a public swimming pool. The only option for wildcats to
migrate any further after passing S16.3 would be by using the roadstémery betweerthe
public swimming poacdnd the L213In addition, a lot of rubbish, sleeping mats and sleeping
bags were found in thenderpass which indicatd that it servel as a refuge for homeless
people.Therefore, the presence of humans could also detdafcatsfrom using theunderpass

at night. All in all, thisinderpasswvas not considere@ usefulcrossing structure for the pur-
poses of this connectivity concefthe L213vaslocated on a higher elevation along the com-
L SGS ot e& G2 (KS Ay RdzAm a6 2fandl cNdBol > 2NB | OKAAYYATY dE
¢ 2 m compared to the surrounding environment near the industrial afdwrus the roadside
greenery bulil a slope between the road and the surrounding environmé&itithermore the

L213 and L11&ere equippedwith hard shoulders and grass strips to both sides of the road
preventing wildcats and other wildlife from stepping directly out of the shelter onto the road-

way.
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Figurel3: LCR Section 7.
A: Section 5B: Reference map showing the location of Section 7 in the study area. Base map: Esri Imagery Hybrid.

4.1.1.8 LCP and osite explorationg Section 8
Section 8 showthe connection of Paffendorfl to Sophienhéh@ligure 14) Theleast cost

pathled along the Terra Nova Speedway, a paved road only open for bigyetisstriansand
skaters but not for motor vehicle3his speedway leads directly to the eastern edge of the
opencastmine Hambach and hence connects Paffendorfl to Sophierhdftes recrational

trail wasframed on both sides by waled vegetation stripswhichwere 30 meters wide at

the narrowestspots and 50 meters wide at the widest places and thus represents a kind of
corridor structurewhich might besuitable for the use by wildcatSince the migration along
sheltered land is technically possible using the neighboring structures of the Terra Nova
Speedway, thegriculturally dominated land between the core areas Paffendorfl and So-
phienhthel was not identified as potential obstacle. ditiveless, the suitability of the green-

ery framing the Terra Nova Speedway has to be discu3dezlpaved road between these
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vegetation stripsvasonly 5 m wide and although highly frequented by athletes on the week-
ends,it ismost likely not used by humans at nightcluding the paved road between them,

the vegetation structures reached expanses of 65 m to 13Dha.wood structures/ere quite
dense along thespeedway with only a fevexceptions providing migrating animals sher

from the speedway but also from the settlements in cldsethe speedway.Most of the time

the TerraNova Soeedway bordeed fields,and hencecreated interesting epitopes with the
levelledwooden structures that separatithe Soeedway and thedjacen agricultural lands
Another advantage of the Terra Nosgeedwaywasthat underpasses for the pedestrians and
athletes using thespeedwaywere installed under every intersecting roalience, suitable
crossing structures for the obstacles O15 (L361, >250d), O17 (A61, >2500 mv/d) and O18
(B55, >2500 mv/dyerefound directly along thderraNovaSeedway(Figureld). S15.1 and
S18.1were underpasses of the Terra NoBaeedway, with wide grass strips to both sides of
the paved road of the speedway. Thegre rather wide but short so that the end of the un-
derpasswould beclearly recognizable for wildcafpictures see Appendi&). All in all every
underpass along the sedwaywasfound suitable for the migration of wildcats. S17.1 repre-
sented a bridge leading the Terra Nova Speedway across the A61. As thisweasiggquipped

with sight protections towards the A61 and grass strips to both sides of the paved speedway,
it would alsobe likely to be used by wildlife like wildcatSritical about the location of the
Terra Nova Speedwayasthe close proximity to the villages Kirdorf aflesch. Using the
wood strips opposite the villages would allow wildcats to keep adi§an@ ¥ 2y f & F wmMT.
Df SAO0OK | yR F Shprnbefdfe tie2edg¥ &f Mbp2nddstanine Hambach, the
originalleast cost pat left the Terra Nové&eedway and ld across a 500 m side section of
unsheltered field(Figurel4). Although wildcats do cross such distancesimghelteredland
are not characterized as obstacles for wildc#ts,alternative path P2 wagelineated follow-
ing the Terra Nova speedway to thdge of theopencastmine Hambach, from where on
wood structuresprovide shelter towards Sophienh6heIhe fence securing thepen-cast
mine of Hambach can be climbed over by wildcats (pictures see App@ndire wood struc-
tures that framel the Terra Nova Speedway sheathe expanses of the optimum versiaof

a wildcat corridoras proposed by the BUNBUND, 2011along half the way if only one side

of wooded structure next to the Terra Nova Speedway is considered and along the complete
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way if both sides are considered @nejoint corridor. Neverthelessthe effects of the recrea-

tional path between them as well as the close proximity todigenot allow a cleaclassifica-

tion of this potential corridor structure by now.
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Figurel4: LCR Sectim 8.
A: Section 5B: Reference map showing the location of Section 8 in the study area. Base map: Esri Imagery Hybrid.

4.1.2 Effectivity and implementability of roadlated wildcat conservation

measures
All but one of the road-related measures were rated as more effective thamplementable

(Figure 15) The ratings always related to the implementation at already existing rentd
newly constructed roads. The measures could be subdivided into two groups with different
conservation intentions. First measures that aim to reduce the accidents with motor vehicles
and wildcats. Second measures that intend to introduce save crosgnagtructure (Figure

15).
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Effectivness and implementability of road-related wildcat
conservation measures
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Figurel5: Mean rating values of rated effectivity and implementability of roaldted wildcat conservation measures result-

ing from ratification by different experts. The number of experts ratingffestivity and implementability was 3 for all intro-

duced measures. Coloured bars on the left indicate to which conservation purposes the measures were assigni®t@ a A y 3
strucbé  wWSLINBASYyda G(KS 02y &SNV GA2Yy |DEMLIZA SR XM NSy (81 FiS
conservation purpose of preventing vehialiétdcat collisions.

For both purposes the most effective measures, wildcat secure fénuaeffectivity = 5; mrv
implementability = 2and wildlife overpassgsnrv dfectivity = 5; mrv implementability = 1.67)

were the least implementable oneBue to the low probability that these measunasuld be
implemented, these twavere only taken into accounfior the connectivity action plaif the

other measuresvere not expected to be successful due to the situation on $ite.measures

to avoidaccidents, Remaining a strip of short cut grass between the road and shelter struc-
tures' preferred compared to the introduction of speed limitsealto the betterbalanceof
implementabilityand effectiveness. Both measures can of course also be proadseg with

each other.The effect of the short cut grass strip could also be achieved by removing a strip
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of shelter giving roadside greenery anduttbwas thusalso proposed in the connectivigc-
tonpland C2NJ 6§ KS AYLIX SYSy Gl A2y 2F alFr¥S ONRaaAy:
Ay 3 &l NdeOsifeNE & 8.33; mrv implementability = 3.38%s preferred over the
installation of newwildlife underpassegmrv effectivity = 3.67; mrv implementability = 2.33)
due to its higher implementability and only slightly lower effectiven&fscourse, this is only

possible if structures exist that can be improved.

Tablel0: Ranking of roadrelated wildcat conservation measures.

Conservation pur-
pose Measure # Ranking
_ D g Remaining a strip of shortly cut grass between the road and
5 % B shelter giving structures 1
> O =
2238 Speed limits 2
o ©
= © Wildcat secure fences 3
o . L .
ks § Upgrading existing crossistructures 1
0B 3
-'g % Ei Wildlife underpasses 2
o g Wildlife overpasses

4.1.3 Connectivity action plan
The results of the LCP, the-site explorations, literature research and expert interviews were

used todevelopan action plan with sufficient measures to increéise connectivity between
the rehabilitatedforest areas of the RLMA:or the action plan the transition zones between
adjacentcore areaswere discussedegardingthe obstacles and barriers separatingettore
areasfrom another. Additionallymeasures to counteract the fragmentation effect of the ob-
stacleswere proposed.Unfortunately, statisticson wildlife accidents were not available for

the roads in the study area.

All ofthe 17 roads identifie@s dostaclesshowed a traffic densityhigher than2500 mv/d.The
three wildcat conservation measures that would result in bigger construction effoaisely
wildcat secure fences, wildlife underpasses and wildlife overpasses wekastet or not

at all implementabléoy the experts. During the interviews all three expertsphazisedhat

the introduction of such measures alorexistingroads is very unlikg due to high costs and
the associated effortln cases where it has worked in the past, the implementation process

took a long time, and in some cases these structures were installed in conjunction with other
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road work(Interview ThielBender, 2021)Dueto the low likelihoodof the implemeniation,
these three measurewere proposedrarelyin the connectivity action plan. The focwas bn

the remaining measures likgpgradingexisting usable crossirggructuresandthe direction of
wildlife towardsthese safe crossing opportunitieStill, it must be highlighted that hese
measuresshould be regarde@s transitional solutions that can mitigate the fragmentation
effect and theriskpotential of individual roads. In the long term, however, they aresnbsti-

tute for the introduction of many more crossing optioswsitable for wildlifein the study area.

A functioning biotope network can only be achieved through the introduction of green infra-
structure Therefore, theplanningof additional suitable crossg facilities to complement the
existing appropriate structures is strongly recommended so that green infrastructure is pro-
vided every 1.5 to 2.5 km along the problematic roads described, especially if future road
works are considered necessary anywAyecommendation as to which type of crossing

structure is suitable at which location cannot be given at this point due to a lack of expertise.

4.1.3.1ConnectiorVillel and Ville2
The core areasVillel and Ville2 were separated by th&94 (Phantasialandstraf3eglong

F 3.4km with only one sufficient crossing structure located towards the northern end of the
critical road sectionConsequently, there was no sufficient number of crossing strusture
along the L194. Neverthelessertse hedge structures that guideildcatsto the underpass
should be planted on both sides of thimderpass On the northern side of the road, where
there is no cyclgath to provide a buffer between thehelterand theroadway, part of the
sheltering structureshould be removed and replaced withstip of shortly cut grass® im-
prove visibility of the road. the same could be done on the other side of the road to make
crossing the road at locations other than thaderpasseven less attractiveSince the pres-
ence of wildcatss proven for bothcore areasfurther investigations on the actual usage of

the underpass by wildcatshould be conducted

4.1.3.2ConnectiorVille2 and Ville3
Thehighway A55%eparated thecore areas/ille2 and Ville3 along a distance of 1.8 km. This

section of the highway wasgquippedwith two sufficient crossing structuresithin a distance
2 T 456m. Consequently, this section of the A553 featured enough crossing strudtues
thermore, the highwayaid elevated compared to theore areas/ille2 and Ville3 which cre-

ated a sort of guiding structure towards thenderpassesThisslope as well as the pedestrian
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paths could have a guiding function on wildcats towards the angssiructuresDue to the
two existing crossing structures, it would even be possible to instaildrat securefence
here if it becomes apparenhat this area is prone to accidents with wildlifEhe sheepwire
fences around the hedge structures of 82hould be replaced by another sort of wildlife
fence.Since the presence @fildcats in bothcore areadas already been proven, it should be

investigatedto what extendthe underpasseare used byvildcats or otherwildlife.

4.1.3.3ConnectiorVille3 and Ville4

The B265separatingt Af f So FyR +AffSn aK2gSR G(KNBS dzl

4.2km. Although this amount of crossing structures would be sufficient for that distance, the
three crossing structures were accumulatddray the first 700 m of the western end of the
intersecting road sectionThus there were not enough crossing structures situated at the
B265, to compensate its fragmenting effect. Furthermore, two of the crossing strusteres

not usable yet, as sheeapire fences block their entrance¥hus, hose fences have to be re-
moved.If the drainage structures are made accessible, wildlife cameras should be installed in
order to investigate which species use these structurgs.wildcats occur in Ville3 and ¥4l

the wire sheep fences along the road should be replaced through a fence that does not pose
an additional risk on wildcat#\s these twacore areagepresent the largeshot fragmented
wildcat habitats in the study area, measutescounteract fragmentaon should be taken as
soon as possible in order to ensune @xchange of the two areahitially, a reduction of the
roadside greenery on those parts of the road where there is no cycle path could improve the
visibility of the roadIn Ville4, north ofhe B265wasan uncovered strifporderedthe slightly
elevated B26%lready A narrow and sparse hedge strip adgait. By increasing the density

of the hedge strip, it could take on a guiding function in this area@ossibly lead wildcats
directly to the three possible crossistyucturesif the hedge strip is opened up in precisely

these area.

4.1.3.4Connection Ville4 and Hurthl and Berrenrathl
The LCPA revealed that the best way to connect all core areas would be achieved by connect-

ing Ville4 and Hurth1. This connective path lead through a narrow, sheltered ditch that was
framed on both sides by antbpogenic infrastructure. As the migration of wildcats through

that ditch was rather questionable, the connection of Ville4 to Berrenrathl sedmore
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practical.Nevertheless, th&errenratherstral3e ha® be crossedAn abandoned bridge lead-
ingoverthe road was identified as potential crossing structureorder b make it usable for
wildcats, ithas tobe betterintegratedin the rest of thelandscape The slopeunningnorth-

west ofto both sides of the bridgereates a kind of boundary to the roatd is thus actually

a useful structureHowever, tancrease the accessibility of the bridgke slopeneeds to be
flattened on both sides of the bridg®ense hedge structures should be planted to lead wild-
cats to the entrance of the bridge. Additiohgla visual protection towards the road should

be installed on the bridgépersonal communication Thi&ender, 2021)The remaining strip

of paved ground on the bridge could be covered with a different substFatem the northern

end of the bridge wildats can migrate towards Berrenrathl along some wood stAfieough
these wood structures were suitable for the migration of wildcats, a widening should be con-
sidered, in order to make the migration through an area that borders villages, and a highway
more attractive.However, these structures directlydeo a useful crossing structure of the Af.
measures are implemented at the bridge, wildlife cameras should definitely be installed here
to see whether and whicWildlife take up such crossing opporttieis. Further cameras should

be installed ai0.1 in order to check whether this structure is perhaps already being used by
wildcats and whether a spread towards Berrenrathl is already taking place along this path.
Due toits elevated location, fencing diie Al along the borders of Berrenrathl is not consid-
ered necessary fanow (personal communication Thi®ender, 2021)However, as the slope

to the Alflattensin the immediate vicinity of B1is and therefore has a lower bordering
effect, some rows ofrees of the roadside greenery could be removed here. Instead, hedge
structures should lead to7Sl. If possible, the asphalt surface undef.5and S0.Icould be

removed(personal communication Thi®ender, 2021)

For the connection of Berrenrathl with Hurthdhelter structures across the agricultural area
adjacent to Hurthlshould be introduced. Although the maximum distance to be covered
across unsheltered lantere wasonly about 200m, the field to be crossed is bordered to the
west by the settlement of Berrenrath and to the nom#ast bysinglehouses of the settlement
of Gleul. The distance between these two disturbing influences is onlyni2680300 m.Per-
haps theoptimal solution would be to convert thagricultural areanto an extensively used

meadow with some woody structures so that the entire area provghesdter. To mitigate the
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disturbance of the settlements, densand broader woodstructures should be phted to-
wardsthe borders of thesettlements.Traffic of theWendelinusstralRevasreadily assessable
comingfrom both sides The speed limit could be lowered from K@/h to 50 km/h, at least

from Berrenrath to the junction with Aldenratherstrafl3e. Since this restriction comes into ef-
fect shortly before Berrenrath anyway, this speed reduction could certainly take place a few
hundred metres earliel.eaving Hurth1 by crossitige Wendelinusstral3e ends wildcats in the
area around the Gotteshuttpond. Thesafecrossing of the Al northwards to Berrenrathl

would be possibleia S7.Jagain

4.1.3.5 Connection Berrenrathl and Kerpenl
Berrenrathl and Kerpenere fragmented bytheBcn | ONR & a | Rwhichi I yOS

was equipped with two suitable crossing structurdéth a distance of 1.7 km between these
crossing structures distributed in that way that theytigated the fragmentation effecof the
B264 However, the B26#vasat the same level as Berrenrathl and Kerpenl, so that no slope
separatal the road from thesurrounding environmenandwildcatswere not guided directly

to the crossing possibilitieS.herefore, rows of roadsidgreeneryshould also be removed
here to make crossing the road at places other thanuthderpassesnattractive. At the same
time, hedges should be planted as guiding structures touhderpasseslf possible, the as-

phalt surface under S8.1 could be removed.

4.1.3.6Connection Kerpenl ardorreml
Kerpenl andHorreml were separated by the A4 and tBéirenerstraleNo sufficient crossing

structures were located at either of them. Furthermore, the A4 watsamly identified as ob-

stacle but as barrier as a noise harmwas installedo both sides whictwasnot permeable

for wildcats.The least cost patshowed the bestonnection between the twaore areas
diagonally across both thieighwayand Dirnenerstrd3e. This variant would only be possible

by building a greenrdge or a very broad underpasSuch agreen bridge ounderpasghat

passes directly over under both roads is probably not constructible. Crossing structures should
nevertheless not be too far away from the proposed points, asrbtallation at other dca-

tions would endvildcatsclose to settlementsA connection via the alternative path P4 would

also be possible. The A4 and Direnerstral3e would still have to be crossed and thus made
permeable through suitable crossing structures but wildcats could kelpger distance to

settlements along that routeUnfortunately, the plans for theehabilitation of the gravel pit
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could not be included in the scope of this work. However, a connection to Horrem1 would be
possible via thalreadyrehabilitatedareasaround the gravel plardnd the Erlenbusch. In the
area of theErlenbuschpossibilities for crossing the A4 should thas created A more de-
tailed action plan for this alternative pathnd onsite explorationsvere unfortunately not
possible within the scope of this studyhat should not be underestimatectbncerning the
connectionof Kerpenl and Horrem1l is that Horrensla species protection forest in which
manyconservatiormeasures have already been implemented and therefore represents a val-
uable habitat in thecentreof the study area. The migration of species into and out ofdbre
areashould therefore be made ®sible at all costs. The A4 represents an insurmountable
barrier for many species, cutting off this valuable habitat along its entire lendth &im from

the southern part of the study aredherefore, the possibility of implementing both connec-
tion variants from Horrem1 to Kerpenl in order to reduce the strong barrier effect of the A4

should be seriously considered.

For the reasons mentioned already, it is very important that Horrem1 is not fragmented any
further. The connection of the Aachenerstra3ettee A4 will do just that, unlessufficient
crossing structures are provided. Construction in the form of an egmam viaduct would ac-

tually be the only justifiable solution.

4.1.3.7 Kerpenl and Bergheiml
The Aachenerstral3e caused the fragmentation ofdbee areaserpenl and Bergheiml. The

road did not offer any suitable crossing structur@s. there was a wide grass strip on both
sides of the road already, it can only be suggested thaighsbe cutmore regularly in order

to maintain the desired effect of improved visibility of the raazhtinuously

4.1.3.8 Bergheiml1 and Bergheim?2
The Wacholderweg between Bergheiml and Bergheim?2 d maot offer usable crossing

structures.Due to the fact thait least half ofthe road is built into a slope, i.e. themeere

steep ascents on one side and steep descents on the other, the construction of overpasses or
underpassesvill probablyonly feasible in the northern half of the road sectidys the street

is airvy and visibility is consequently low, vegetation to both sides of the roads should be
replaces by a strip of shortly cut gradeng sections without a cycle pasimd the speed limit
should be reduced to 50 km/h.
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4.1.3.9 Berheim?2 andaffendorfl
lf2y3 GKS F Houw 1Y t2y3 aSOlAz2y 2F GKS .nrT

usable crossing structuregere identified. This could be considered a sufficient number, but
both crossing structures were located at the eastern enthefroad section. Since the B477
ass also themost frequentedroad (15.255 mv/d - apart from the motorways in the study
area at least one further crossing possibility should be installed further west in order to re-
duce the fragmentation effect. Due the high traffic density, a fence could also make sense
for the B477 giventhat sufficient crossing options are availab&nce the B47Wasat the
same level as the surrounding landscapieleastsome of the trees of the roadside greenery
should be renoved and replaced by a grass sti§i.4.2 was integrated very well in the land-
scape and the service roads lead directly to that crossing strucii4.1 lay in ainklike the
railway trackswildcats will probably only encounter this crossstguctureif they follow the

tracks.

4.1.3.10 Connection Paffendorfl and Frimmersdorfl
The crossing structures S.02 and SM@3e both usable without the introduction of further

measures. Furthermorehe railway tracks and the Erft lead wildcats to both structures. Of
three possible crossing stttures along the L1¥6213two were rated insufficient. The third
would probably only b permanently usable if Waswidened to create permanently walkable
anddryriparian stripsHence the L116213lacked usable crossing structures asnterseced
thecoreareas f 2y 3 | RA & éowgverShezhbicefof laratiny fdrossingstruc-
turesis limited, as the 3 km long border between Paffendorfl and Frimmersdorfl is inter-
rupted by an industrial area and a golf cousswl is otherwise already too close to the settle-
ments of Bedburg and Konigshovépart from the extension of the Milenerft subway, this

left only one location at the northernmost points of the twore areasin order to improve

the visibility of thetraffic, apart of roadside greenery could be replaced by a grass strip, at
least in Paffendorfl. Since the roadside greenery in Frimmersdorfl is very narrow already, this

measure would be rather impractical in many parts of the road.

4.1.3.11 Connection Paffendorfl aBdphienhthel
Paffendorfl and Sophienh6hel are connected via the accompanying gtesturesof the

Terra Nova Speedwaks describegreviously it could notbe clearly assessed to what extent
this corridorlike structure would be uselly wildcats Therdore, it is recommended in any

case to observe which species are present in the woody strucalready It is furthermore
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recommended that the Terra Nova Speedway's greenery is widened especially in places bor-
dering villages, so that wildlife usitigese structures can keep as much distance as possible
from the villageslf possible, the widening should also be carried out in other places to in-
crease the chances that the structussaccepted as a corridor. This does not have to be done
by expandingthe woody structures but also by plantirextensively managedavildflower
vergesalong the adjacent agricultural land. A widening of the usable area for dmuerd
species could also be achieved through the implementation of some steppangs in the
agricultural landscape, so that this can also be accessed by-bowerd specieso larger ex-
tents. However, one thing should be taken into account when expanding the shelter struc-
tures. The Terra Nova Speedway offers the great advantage that all roadsla®pgth are
equipped with suitable crossing possibilities. Widening the cover structures could therefore
guide wildcats to places without suitable crossing possibilities. In practiceptiraisationof

the Terra Nova Speedway should therefbeerealised in that way that it is widened in places
where it does not border roads, while the cover structunesrowtowards the roads, so that

in the bestcasewildcats are guided directly to the crossing possibilities of the Terra Nova
SpeedwayThe crossing stictures should definitely be broadened at the transition zone to
the opencast mine of Hambach, to enable a smoother migration from and to the Terra Nova
Speedway. Faxamplethe field parcel crossed by the least cost path could be converted into
an exensively used meadow to optimize the transition between the corrda structure

and the edge structures of the oparast mine.

4.2 Results that contributed to theéevelopmenif the habitat qualityac-
tion plan

4.2.1 Habitafjualityassessment
Figurel6 shows the habitat quality of the different core areas represented through the four

factors availability of breeding structures, availabilitiydaytime resting spots, food availabil-

ity and lowdisturbance areas. Depicted are the meating values(mrv) for the different
factors gained through the assessment by different experts. The exact mean values and the
number of experts that assessed the habitat quality for the different core areas are shown in

Tablell.

With total habitat quality factor ratingpf 11.93and 11.32 the factors food availability and

availability of daytime resting spots were the bested factorsacross altore areagTable X)
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Only in the white area, th@roportion of low-disturbance areas was rated better than the
availability of food and daytime resting spofdie third best rated factor was the availability
of breeding structures with #otal habitat quality factormean value of 7.59Considerably
worse was the aluation of the occurrence of lowisturbance areas in theore areaswith a

total habitat quality factoof 6.72(Tablell).

Tablell: Mean rating values, total habitat quality, total habitat quality factor rating and number of experts that rated the
four habitat quality factors for the different core areas.

The mean rating values of core areas corresponding to only one habitat area were counted twice for the calculation of the
total habitat quality factor.

Breeding Daytime rest- | Food availabil-| Low-disturb-
structures ing spots ity ance areas | Total
Corre- habi-
sponding | Mean Mean Mean Mean tat
Habitat core rating | N [Ex-| rating | N [Ex-| rating | N[Ex-| rating | N [Ex-| qual-
area areas value perts] | value perts] | value perts] | value perts] || ity
pink Villel + 2 1.00 2 1.00 2 1.00 2 0.90 2 3.90
blue Ville3 0.83 2 1.00 2 0.83 2 0.60 2 3.27
brown  Ville4 0.89 3 0.89 3 1.00 3 0.67 3 3.44
green Hurthl 0.53 5 0.47 5 0.50 4 0.40 5 1.90
white - 0.33 1 0.33 1 0.33 1 0.40 1 1.40
Ber-
renrathl
red + Kerpenl| 0.50 4 0.67 4 0.67 4 0.55 4 2.38
tur-
quoise - 0.67 2 0.67 2 0.83 2 0.80 2 2.97
purple Horrem1 1.00 1 1.00 1 1.00 1 0.60 1 3.60
Bergheim
yellow 1+2 0.67 5 0.73 5 0.80 5 0.60 5 2.80
Paffen-
dorfl +
Frimmes-
salmon dorfl 0.42 4 0.58 4 0.75 4 0.45 4 2.20
Sophien
orange hohel 0.75 4 1.00 4 1.00 4 0.75 4 3.50
Total habitat quality
factor rating 10.71 11.32 11.93 9.22

Thecore areasvillel and Ville2 showed the best total habitat quality (3.9) with the highest
possible rating in three out of fodrabitat quality factorsThesecondbestrated habitat was
Horrem1 with atotal habitat quality of 3.§Tablel1l). Still, this area was rated by only one
expert. The white area showed the lowest overall habitat quality and the lowest matamy

valuedfor all fourhabitat quality factorsThecoreareasH(uirthl, Frimersdorfl and Paffendorfl
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showed thesecond and thirdowest overall habitat qualityThe Sophienhdhel was assessed
with the highest possible rating with regard to daytime resting spots and food availability
(mrv=1)but showedfewerbreeding structures (0.75) and lessturbance areas (mrv = 0.75).

The turquoise area and Bergheiml and Berheim2 got intermediate assessments for all four

habitat quality factors (Figurg6, Tablell).

Habitat quality of the different core areas

Breeding structures

Low-disturbance areas Daytime resting spots

Food avalibility

e il 21 + 2 s V] €3 — illed

e H {irth 1 white == Berrenrathl + Kerpen 1
turquoise = = = Horreml Bergheiml +2
Paffendorfl + Frimmersdorfl == w= «= Sophienhohel

Figurel6: Meanrating values of the habitat quality assessments for the different core areas.

¢CKS KFEoAGEG FNBF&a GédzNJjdz2AaSe | yR 4 g K NisieS andeRtheir haitatiaresd 2 NNS a L2
names. Some core areas corresponded to the same habitat adghemrefore got identical ratings. The results of the habi-

tat quality of these areas are depicted together.

4.2.2 Effectivity and practicability fofrest managementelatedwildcat conser-

vation measures
Figurel7 summarisegshe mean effectivity and mean practicability valudsddferent forest

managementrelated wildcat @nservation measures assessed by different expand as-

signed to different conservation purpose®r the differentcore areasTheresults offeed
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that all introduced measures showed at least a mean rating value (mmedfumin their

effectivity and practicability.

Effectivity and practicability of forest management-related wildcat
conservation measures
1.00 1.80 2.60 3.40 4.20 5.0|
“ . Remaining biotope trees and deadwood in the stand 4.00 5.00
W T R
8 8 Remaining special structures like root plates, tree stumps, small 475
— S = = % 3 -
Q m waterbodies, forest clearings and landslides in the stand. 4.67
a0 A
c =
§ Stockpiling of crown wood 3323%
=
@ Support natural forest rejuvenation, prioritising natural 5.00
§ b =] rejuvenation before other rejuvenation strategies 4.00
= o
= . .
g 8 Establish richly structured and leveled forest edges :%
A
A
Remaining meadows through extensive management 4"5%7
Renunciation on thinning in forests stands younger than 5 years 375
& between April and July 3.50
) Designate areas suitable for breeding and if possible, postpone 4.00
£ intensive management measures between Sep. and Feb. 3.33
S
-g. Renunciation of manual harvesting with chainsaws of small 350
S windthrow areas especially in deciduous wood. 433
=
‘% Renunciation of rodenticides 400
v 433
§ Controlling wood stacks before removal 275 4.00
n
Controlling root plates before folding them back 4'45%7
I Remaining the largest possible part of windthrow areas untreated 338 467
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Figurel?7: Mean rating values of assessed effectivity and practicabilifprett managementelated wildcat conservation

measures resulting from ratification by different expefitee number of experts rating the practicability was 4 for all intro-

duced measures. The number of experts rating the effectivity assessment was 3 for all introduced measures Kaceptvi S 11

ydzy OAlF GA2Yy 2y (GKAYYAy3a Ay F2NBada adlyRa e2dz/3ISNI GKFy p &8
LINA2NRGAAAY T yIFGdz2NF £ NBE2dz@Syl iGA2y 0SF2NBE 20KSNJ NSIISYSNI GAz2
oured bars on the left indicate to which conservation purposes the measures were assigned to. The short forms are translated

Fa F2tt2¢ayY af 5Aa0§dNDIyOSe I' awSRdzOSR 'y iKNRLI2ZISYAO RAad
hidngd  0S&¢ ' 4t NP@AaAz2y 2F RI@8GAYS KARAYy3 LI+ OS&¢T ab . NBSR
' a{dz00SaaTadabg dxLIO KEY YEYVAAARBE awSYlIAyAy3a GKS t I NBSadG LRaairoft.
all purposes xcept for increasing availability of breeding structures.

)

o Uy

hT (0KS UGKNBS YSIadNBa GKFIdG TAYSR (2 LINRPOYARS
wooRé g1 & fSIFHalG STFFSOGAODBS O6YNW T Theodtentwo | YR
measures were ra&d asvery practicablavith a negligible difference in the mean rating values.

(mrv = 5; 4.75)But cRemaining special structures like root plates, tree sturspsall water-

bodies, forest clearings and landslides in the standg | & NJ (eBeRtivel (rarv 2¥426 RS

i K I Rémaining biotope trees and deadwood in the stand 6 Y NJithdugh thé kigher
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effectiveness of the first measure would argue for prioritising measurevhen it comes to
proposing measures tmcrea® the amountof breeding structures, both measureare pro-

posed along with each othém the connectivity concept when it comes to the supplpeed-

ing sites. The habitat qualityassessmenshowed that the availability of breeding structures
wasthe most critical factor in tb study areaSince both measures were rated\ssy practi-
cablethe introduction of both measures might not decrease the practicability of the concept
but significantlyincrease the chances of successful introduction of breeding structures. Addi-
tionally, dRemaining biotope trees and deadwood in the staimbne of the measures that
supports most other species besides the wildcat including bats, owls, woodpecker and insect
(Hermann, 2005; Thi@ender, 2020; Trinzen, Manfred & Behrmann, 2Girs) hence should

be promoted as effective measurememitowever, deadwood and biotope trees only occur in
older stands. In young stands, the same effect can be achieved by artificially introducing these
structures. Therefore, this measure is proposed indatkon plan in relation to younger stands
asalternah @S (12 GNBYIFAYyAyYyTé (iKpprdpriate.(i NHzOG dzZNBa Ay

lf2y3 GKS YSIadza2NBa F2NI Iy AYyONBIF&aASR IRé2dzy (i 2
maining special structures like root plates, tree stumgsall waterbodies, forest clearings

and landlides in the stangl | $uRportinatural forest rejuvenation, prioritising natural re-
juvenation before other rejuenation strategies ¢ SNBE 020K NI SR gAdK
practicability(mrv = 5) and aseffectved YN I n 0 ® & w Shirdughyiteyisiie YSI R 2
managemerd 61 & NI} GSR & Y2NB STFSOUGADES AN ' nd
everyforest area contains meadows, this measure is very-@épendent and can therefore

only be implemented aappropriate sitesHence the first two measures arm generalpre-

ferred in terms ofincreasingdaytime resting places. For the reasons mentioned ahbwe S 1t

maining bidopetreesanddead 2 2 R A Yy Wwdé&so gatdd ay measure bfst priority

in thiscontext andis proposed along with the first two measurésthe action planThe third

best measure to increase the availability of daytimeingLJt | OSa ¢l a a9aidl of A a
0 dzNBa T2 NEB ainrv HReff&iviy andl Hprackcability of 4he least appropriate
YSIF&dzZNE gl & F3FAYy a{ a2 0\ LlAntefkegtidty ahd praCtindbilityy ¢ 2 2 F

were only rated asnedium(Figure X).
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Three of theforest managementelatedmeasures result in an increased food availabikiy-

cusing solely on the assessment of practicability and effectiveness and their relatioRghip "

maining meadows through extensive managemémtould certainlybe the preferred meas-

ure to propose in theconnectivity conceptFor the reasons mentioned above theeasure

dSupport natural forest rejuvenation, prioritising natural rejuvenation before other exjav

tion strategies is still preferred for the action plan except foore areaghat contain mead-

ows.a9 a0l ofAaK NAROKTE & was placHd®i ldaNdsitionfiretheBanking SR3 S 4
should be noted, however, that the lower rating of the effectiveness of this measure may have

been caused by inaccurate questing during the interview. In the inteiew, Dr. Thiel

Bender, who rated the measure with medium effectiveness, emphasised that this measure is

good for promoting prey, buto just introduce richly structured forest edgesnist sufficient

for promoting wildcatgInterview ThielBender, 202} If the question had been more clearly

related to the food supply, theating of the effectiveness would probably have been better.

In addition, Manfred Trinzen emphasised that this measure is especially important to shape

the transition fromshelterto open land(Interview Trinzen, 2021 However, the sitedepend-

ency of the measures increasing the food supply shalddnot be disregarded-or example,

narrow woodland strips do not contain e@adows,but they often border agricultural land.

Therefore, @pending on the location, thintroduction of richly structured forest edgesuld

be preferredover extensive management of meadoinghe connectivityconcept, despitets

better rating

aSlkadz2NBa G2 NBRdzOS I vy i KRéwiadcd grittioningRik toréstgND |y O ¢
stands younger than 5 years between April and&Julyd Y NIJ  LINB. T imkv @ffectivitgy A & T

=0 @ p Ddsignaté areas suitable for breeding and if posgildstponeintensive manage-

ment measures between Sep. and Feb. 6 YNII LINJ} OG A OF 0Af AGeRel nonT
nunciation of manualharvesting with chainsaws of small windthrow areas especiatigaid-

uouswoodé O YNII LINI OG A Ol o A £4:38) All tHree mabguiies weneBateEats TS O (i
practicableand did not differ much in their rating for practicabilififwus,in this case the ef-

fectivity wasthe decisive factor. Consequently, the prioritized method to reduce anthropo-

genic disturbancevasoRenurtiation of manual harvesting with chainsaws of small windthrow

areas especially in deciduous wéod C 2 f fReruiBtiordod thidning in forests stands

younger than 5 years between April and duly I PeRignate areas suitable for breeding and
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if possble, postpone intensive management measures between Sep. ard Bebarding the
latter measure, it must be added that lower scores were given mainly because it is difficult to
really predict in which areas the wildcat will actually use to rear its yQumgrview Pechthey-

den, 2021)However, if the location is known, this measwasconsiderednuch moreeffec-

tive. In this case, the prevention of disturbance is in any case prescribed by the protection
status of the wildcat in thé-FH d@ective (92/43/EWG1992) Although he abovementioned
measures can help to reduce disturbance, they do not solve the main problem ofcoeny
areasthat causel disturbancein the first place The interviews on habitat quality revealed
that the main factor causing disturbae in thecore areaswvere locak and touristsseeking
recreation our using the area for outdoor activities (in the following referred to as touimsts)
combination with extensively develop path networks fdhose tourists. All introduced
measures relate talisturbance caused biprest work. Hence #hough thesemeasures can
alsocontributeto the calming of the area® some degreein manycore areaghat areprone

to anthropogeniadisturbance thesaneasureswill have to be supplementedith measures

to reduceanthropogenidisturbancecausedoy tourists.

The best measure taupport a successful upbringingafbsg & G/ 2y GNRBEff Ay 3 NP
F2NE T2t RAYy3I GKSY o6F01 6YNW STFSOGA@AGE T no
aiAz2zy 2F NRRSY(UAOARSAa¢ o0YNU S T8 ithén@ilowed I n dc
by the measures to reducanthropogenicdisturbancein the order mentioned aboveAlt-

K2dz2K N} GSR a4 STFSOGAGS O0YND I nwasameasOz2y (i NP
ure thatwasjust not applicable iforest practice (mrv = 2.75) abe removal of the wood

piles is carried out by external compani@sterview ThielBender; 2@1, Interview Jussen,

2021; Interview Stoffels, 202And therefore the exact time of collection is usually unclear.
Neverthelessforestworkers should of course be informed about this measure so that it can

be applied if the arrangement withnaexternalcompany works out. But theggrobablywill

beindividualcases.

GwSYlFAYyAy3d GKS fFNBSad LkaaAiroftsS LINI 2F GAYR
tion purposes at once and was ratesvasy effectivdmrv = 4.67)Unfortunately, the measure
receivedthe third lowest rating in terms of practicabiliypnrv = 3.38)This is mainly because

the feasibility of this measure depends on many different factors and the situatiptace

For example, whether the area is to be replanted or whetiner windthrow isdeciduous or
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coniferouswood. It is certainly less feasiblerfforestoperations that are dependent on profit
than for those that are nofinterview Stoffels2021; Interview Roland, 2021nterview Jissen,
2021). However, since the preservation of windthrow areas brings so many berrefitsin-
ingthe greatest pogble part of windthrow areas is generally recommended allcore areas
The flexible formulation of the measure also leaves enough room fofdtest workers, so

that the measure can perhaps be better implemented.

Tablel2: Ranking oforestmanagemenirelated conservation measures resulting from the assessment of practicability and
effectivity by experts.

Conservation
purpose Measure # Ranking
2 o g Remaining special structures like root plates, tsagmps, small wa-
:% g g terbodies, forest clearings and landslides in the stand. 1
§ g = Remaining biotope trees and deadwood in the stand 1
a— ? Stockpiling of crown wood 2
g Remaining special structures like root plates, tsagmps, small wa-
) terbodies, forest clearings and landslides in the stand. 1
é %) Support natural forest rejuvenation, prioritising natural rejuvenati
T3 before other rejuvenation strategies 1
"'2 Ué Remaining biotope trees and deadwood in the stand 1
o Remaining meadows through extensive management 2
'% Establish richly structured and levelled forest edges 3
a Stockpiling of crown wood 4
E’: % Support natural forest rejuvenation, prioritising natural rejuvenati
gz2 before other rejuvenation strategies 1
% Z e Remaining meadows through extensive management 2
£e Establish richly structured and levelled forest edges 3
o4 Renunciation of manual harvesting with chainsaws of small wind|
% % w throw areasespecially in deciduous wood. 1
g E @ Renunciation on thinning in forests stands younger than 5 years
§ € S tween April and July 2
T2 Designate areas suitable for breeding and if possible, postpone i
x o tensive management measures between Sep. and Feb. 3
2 Controlling root plates before folding them back 1
8 Renunciation of rodenticides 2
g Renunciation of manual harvesting with chainsaws of small wind;
£ | throw areas especially in deciduous wood. 3
§. Renunciation on thinning in forests stands younger than 5 years
S tween April and July 4
ﬁ Designate areas suitable for breeding and if possible, postpone i
3 | tensive management measures between Sep. and Feb. 5
@ Controlling wood stacks before removal 6
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4.2.3 Habitat quality action plan
For the elaborabn of theaction plan, deficits in the habitat quality factors of tbere areas

were examinedDuring the elaboron of the action plan, particular attention was also paid

to the additionalexplanations provided by the experts during thebitat quality assessment,

as these contained importamtetailson the ecological equipment of theore areasThecore
areasare all addressed one aftanother in the following.In the framework of the habitat
quality action plarhe measures were only allocated at teealeof the core areasand not
assessed tanore precise locations within theore areasFor a fetre-precisé location of
measures, exact local knowledge is required. Since pedfiexactknowledge, such as local
foresters, areulimatelyresponsible for implementing the measures, it makes more sense to
leave the selection of precise implementation pointshem. Measures to support a success-
ful upbringing ofcubsare only proposed irtore areasvhere the wildcat is already proven

(Villelg Ville4)

4.2.3.1 Villel and Ville2
The core areas Villel and Ville2 did not show any deficit. Hence no me&simeseag hab-

itat qualityneed to be taken herddowever, sincavildcats have already been proven in these
areas, some measures should be implemented here that contribute to the successful rearing
of cubs In any case, root plates should bentrolled before foldnhg back and the use ob-
denticidesis tobe avoidedln addition, themanual harvesting with chainsaws of small wind-
throw areas especially in deciduous wastibuld be avoided, as this also has a positive effect
on other speciefike badger, deer, roe deer, butterflies and grasshoppéri€tBender, 2021
unpublished)If the exact breeding sites of wildsdre known, they should of course be pro-

tected accorihg to the FFH guidelines.

4.2.3.2 Ville3
The proportion of lowdisturbance areas in M&i3 wasmprovable Thereforemanual harvest-

ing with chainsaws of small windthrow areas especially in deciduous slumdd bewaivered
here, as this alsgupportsother speciesSincethe occurrence ofvildcats has already been
proven in Vile 3 topit is also advisable not thin forest standghat are younger than 5 years,
as this also has a positive effect on the rearing of the yokoghermeasures that support
the successfulipbringingof cubsshould be implemented as described for Vilkeid Ville2
Since the anthropogenic disturbanceeanainly caused btourists, the network of paths

should be cleared back at suitable points to create larger, contigloowsglisturbance areas
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4.2.3.3 Villed4
Ville4 showed the same ratings as Ville3 and wildeegise also proven here. Hence, theo-

posed measures are the same as for Vilke@proximately two thirds of the area is allocated

to the state forest, one third belongs to RWE. The areas of the state forest are highly fre-
guented bytourists, especially in thareaaroundthe lakes, whildouristsdo not have access

to the RWE areas (with the exception of some huntdfshere are opportunities to dismantle
parts of thevisitor pathnetwork in the state forest, these should be seizédrthermore the

undisturbed areasesulting not fortouristsdeveloped RWE arease to be preserved.

4.2.3.4Hurthl
The core areddirthl showed deficits in the presence of breeding sitegdfavailablity and

low-disturbance areas. For the presence of daytime resting spots, the mrv was just above the
threshold for a deficitHence measures to improve the status of all habitat quality factors
need to be implementedTo increase the availability of dayte hiding and breeding struc-
tures, special structures likeoot plates, tree stumps, small waterbodies, forest clearings and
landslidesare to be left untreated in the stand. Furthermore, biotope trees and deadwood
should remain in the stand. As the forest stands are rather youngatgral supply of dead-
wood and biotope trees is probabhpor. Thus, those structures could be implementedhe

stand artificially.Natural rejuvenation should be applied as rejuvenation strategy adrthis
creasegdaytime hiding places and food availabili§atellitepictures indicate that the area
south of the OtteMaiglerlakecontains some forest meadowi$ this is the case these should

be preserved.f there are no meadows within the stand, the food supply could be increased
by a good connection to the adjacesgricultural land Implementing hedge structures on the
outer edges of the forest creates goodnditions for mice and at the same time improves the
transition to theagricultural langd which wildcats caalsoserveas hunting groundBy imple-
menting a few steppingstone structures across the adjacent agricultural land, these areas
could be made a&ssible for sheltebound speciesWith regard to anthropogenic disturb-
ances, HurthXould bedivided into two partsthe northern area around OttMaigler-lake

and the southern area, which extends southwards fiaiinther-Wald-lake The southern area
wasnot accessible toourists andwastherefore protected from anthropogenic disturbance.
The northern area, on the other handas described alseavily frequentedy tourists, espe-

cially the public beachat the Otto-Maiglerlake (Interview EfRer, 2021; Interview Schmaus,
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2021; Interview Pechtheyden, 2021; Interview Jissen, 2021; Interview Walther). 2021-

der toavoid further disturbances in this area, tferestworkers should refrain from the motor
manual processing of windthrows. Since windthrow areas bring so many benefits, they should
remain untreated in Hurthl anywaitigating the flow oftourists aroundthe public beach

will probably not be possible. However, if there are opportunities to reduce the network of
paths in other areaaround the OtteMaiglerlake these should definitely be seizethe un-

disturbed southern parts of Hurth1 should be preserved.

4.2.3.5 White
The white area could only be assessedhg expert whose local knowledge was limited to

the part southwest of the railway line. The surroundings of the Gotteshpitied therefore
remain unknownAll habitat quality factors were classified aeficient The main reason for
thiswasthe youth of the standginterview Jussen, 2021Therefore, all measures to increase
the food supply, increase the number of breeding and daytiesting sites and reduce an-
thropogenic disturbance that werplaced as numbet or 2 in the ranking should be imple-
mented. As there are no meadows in the whiteea, the establishment of structurally rich
forest edges is recommended to increase the food suplsly towards the visitor paths. This
could perhaps also mitigate the disturbance caused by the paths in the narrow/dine@nd-
throw areas should remaicompletely unmanaged due to the unfavourable general condition
of the area.Artificial introduction of deadwood and biotope trees could also increase the

structural richness until théorest standitself has reachedn appropriate age.

4.2.3.6 BerrenrathlandKerpenl
Berrenrathl and Kerpenl showeddaficit in the availability of breeding structures and an

improvablestatusregardingthe other three habitat quality factorg hecore areasvere char-
acterisedby their longborders to agricultual land.Through the implementation of hedge
structuresin the transition areasa better connection betweethese two habitatscould be
createdand the food supplgouldbe improvedfurther. Even hough the agricultural areas of
Berrenrathl was framed by wooded structures that enable the migration through Berrenrathl
for the wildcats, further wood structures of at least 0.5 ha to 1 ha should be implanted in the
agricultural areaThis would make agnultural area of Berrenrathl also usable for the wildcat
with the consequence thatore areaBerrenrathlwould extend to include the entire agricul-

tural area andwvould not belimited to the narrowwood structures.In Kerpenl, some large
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agricultural areagould also bestructurally enrichedwith two or three stepping stonesbut

the ratiobetween agricultural land and sheltering structurese is much more balanced than

in Berrenrathl An exemplary ratio between agricultural land d@odestareas which prbably

suits best for the needs of the wildcat is demonstrated in Bergheiml1l and Bergheim2 where
the agricultural area was framed by sheltering structures in that way that distances across
open land are never bigger than 1 km and service roads betweennie dields are addi-

tionally equipped with single rows of sheltering wood structures.

As the standsvere still young, deadwood and biotope treggere only present in the form of

a few dysingpoplarstrees (Interview Jussen, 202Which should be left iplace. To improve

the supply of breeding and daytime hiding places, other special structures should also be re-
tained. Such special structures could be integrated in the asegtiicially. Anthropogenic dis-
turbanceswere mainly caused byourists. Especidy in the narrow forested areasourists
causeal considerable disturbance. In these areas, the path network should therefore be re-
duced if possible. On the part of tHerest operations, the implementation of the first and
second measuresf the rankingcould contribute to a reduction of disturbancdsurther dis-
turbanceswere caused by the adjacent agricultural areas. However, as a catalogue of
measuredor agricultural areagind an evaluation ofhese measuresdoes not exist yetno

recommendations cabe made here

4.2.3.7 Turquoise
The turquoise areahowedsufficient statuses of lowdisturbance areas and food availability

while the availability of daytime hidingand breeding structures wasnprovable Conse-
quently, all measures thahcrease the availability of these structures and were ranked as

number 1 should be implemented in this area.

4.2.3.8 Horrem1
This core area wadsa just assessed by one expert. This expert rated the availability of food,

daytime hiding places and breedjrstructures with the highest possible value. Only the pro-
portion of lowdisturbance areas was rated amprovable As the areavasdesignated for
species conservation, several pawere completely excluded from economforest (Inter-
view Jussen, 2031Thusthe proposition oforest managementelatedmeasures to decrease

anthropogenic disturbances is pointless hefereduction in anthropogenic disturbances can
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therefore only be achiead by reducing the visitor path networK he effects of the construc-

tion of the access road to the A4 have already been describécBif.6

4.3.2.8Bergheiml and Bergheim2
These two core areas showed deficitandwere everrated assufficientin their food supply.

Nevertheless, the three remaining habitat quality factors could be improwéth regard to

the presence of breeding sites, the area of #imigsdorfer forest ilBergheimi must be con-
sidered separately from the other areas. THimigsdorfer forestvasan olcer forest, which is

why suitable structures for breeding sites can be fotimere (Interview Walther, 2021, Inter-

view Rose, 2021, Interview Jussen, 202Zhe other areas, on the other handere young
stands that originatd from rehabilitation Special structures such as root plates, tree stumps,
small waterbodies, forest clearings and landslides should be preserved here. Due to the young
age, therewasnot much deadvood or biotopetreesthat could be left in the stanglet. How-

ever, many hedgesvere found in therehabilitation areas, whichwere suitable as daytime
hiding spotsBoth the number of daytime hiding places and breeding structures dueiid-

creasedby the artificial introduction ofleadwood and biotope trees.

4.2.3.9 Paffendorfl and Frimmersdorfl
Both core areaswere characterised by young forests stands resulting freghabilitation

Thesewere mainly narrow strips of woodland F mn n  &@roundedibyadfidultural

land, so that overallthese areas would rather be described as structurally aghicultural

land. Deficitswere found interms d breedingstructuresand undisturbed areas. Traipply

of daytime hiding places and foaslasimprovable Thus special structures like root plates
tree stumps, small waterbodies, forest clearings and landsktesild remain untreatedn

the stand Botope trees and deadwood should be brought artificially in the stands to increase
daytime hiding and breeding structures. To support the availability of dayticiegplaces

and food, natural rejuvenation should be supportedithough the measure was noated

quite as highly due to its practicability, structurally rich forest edges should be established in
order to better shape the transition between these two landscapes and at the same time in-
crease the food supplgs well aghe number of daytime hidig placesForestworkers can
contribute to decrease disturbancly refraining from the manual processing of windthrows.
However, as the main cause of disturbaneere tourists and disturbance from agricultat

processesmeasures must focus on reducing geWithin the narrowforestareas, the paths
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should therefore be reduced, as they have a particularly high disturbance impact in a small
space.With regard to agricultural activities, no recommendations can be mgaateAs for
Berrenrathl, the adjacent agricultural areas of Paffendorfl and Frimmersdorfl could also be
made usable for wildcatby the implementation of sheltering structures in the agricultural

landscapédhus expending their potential habitat area.

4.2.3.10 Sophienhdhel
Conditions in Sophienhthel weralgimprovablewith regard to the availability of breeding

structures and lowdisturbance areasAs the stands in Sophienhéhegere also still young,
there wasa lack of naturally occurring deadwood and biotope trees here too. However, this
wasalready being helped by a deadwood concept and the artificial introduction of biotope
trees. Special structures suchragadows, root plates and small scale water struesithese

are also left untreatedinterview ER3er, 2021; Interview Roland, 2021; Interview Stoffels, 2021,
Interview Walther, 202)L The only remaining measuveéth regard to breeding structuresas

the stacking of crown wood. However, as this is moremfeanergency measurginterview
ThielBender, 202)and less practicable, it is rather recommended to continuously apply the
practices already carried out and thus increase the opportunities for breeding structures a
little more. Anthropogenic disturbanceould be reduced further by avoiding thinning in
stands that are younger than five years andnual harvesting with chainsaws of small wind-
throw areas especially in deciduous wobteverthelessdisturbancesvere mainly caused by
tourists. Therefore, whenever possibl&urists paths should be cut back and the develop-

ment of newpathsfor touristsshould be prevented.
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p5AaOdzaarzy
5.1 Summary of most important targets of the connectivity conservation

concept for the Rhenidignite mining area
Althoughthe mitigation of the fragmentation effect @fll theidentified obstaclessa prereq-

uisitefor a functioning biotope network between threhabilitatedforestareas irRLMA some
points of the action plan must be emphasisesthey are to be prioritised in their implemen-
tation. Due to their critical conservation status, the effective conservation of wildcats and the
promotion of its further distribution in the RLMA are main targets of the conservation con-
cept. Hence, prioritysithe sufficient connection and ecological equipmentarke areasvhere
wildcatsare already present together with those directly adjacent to thesee areasn order

to prepare a further distribution of wildcat€onsequentlythe mitigation of the fragmenta-

tion effect of the B265 between Ville2 and Ville3 is a priority, as it prevents the exchange of
two of the qualitatively most valuableore areasn the study areaAdditionally,the northern

areas of Ville4 should be secured for nature conservation. They represent the northern end of
the older and largest contiguotisrestrehabilitationareas, so that species can spread further
northwards from here, such as the wiklticlf these areas are dedicated to other development
purposes, a connection between the Ville Forest and the northern rehabilitated areas is hardly

feasible.

It could be argued thain generalall measuresshould beimplemented gradually from south
to north, following the distribution patterrof the wildcatto the north. Although the wildcat

is the target species of this concept, tbennectivity conservation conceptso serves other
speciesThe absence of the wildcat in the northern areas is therefoogustification for not
implementing the measures theré&he largest barrier in the study area is the A4, which should

be made permeable for wildlife without faak soon as possible

All'in all, he absoluteminimum requirement for the implementation of measures depends on
the current distribution status of the wildcat and should always include the current distribu-
tion areas as well as theore areasadjacent to them. If these areas are connected and the
habtat quality is sufficienfurther prioritisation could be based on the traffic density of the
roads (roadswith highest traffic densityiirst) and the status quo of habitat quality (severe

deficits first)within the RLMA regardless of their location inatédn to wildcat distribution.
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Themost severaleficits in the rehabilitatedorest habitats were the availability of low dis-
turbance areas and breeding structure. Thussitor paths within these areas should be re-
duced whenever possible. RVifzalready ding exemplary work in some areas, such as the
Sophienhdhe, in terms of measures to increase structui@iness of theforest areas This
should be extended to the otherore areas In addition, it should be ensured that such
measures are alsoontinued by subsequent owners, as thehabilitation efforts made by
RWEwill be in vain if they are not continued. This was also pointed oulntlyoden and
Moczek(2015)

Asthere is still too little data on the use of nemildlife specific crossingtructures as many

of the identified suitable crossing structures as possible should be equipped with wildlife cam-
eras in order to improve the data situation. For the same reason, a possible spread of the
wildcat should be accompanied laysufficientmonitoringwhich could be realised using the

lure stick methodseeHupe & Simon, 2007There, the masures can serve other speciés.

last, the closer investigation of species using the sheltering structures of the Terra Nova Speed-
way could provide valuable data for the usage of corridor structures. A sufficient monitoring

should also be considered here

5.2 Discussion of methods
For thedevelopmentof the action plansyariousmethodswere combinedwithin this study.

For the application of these methods, established modeswell agpartly newly defined

thresholds andvariousgeadata were usedCritical steps of the analysase discussed below.

5.2.1 Least Cost Path Analysis

5.2.1.1 Target species for the connectivity concept
The wildcat was selected as target species forghesent study Within the framework of

NABU'sconnectivityconcept for Germanysonnectivitypaths were developed for three fur-

ther species which, due to their large spatdjuirements are also suitable as target species

for the connectionof forest and structurallyich open landhabitats lynx (Lynx lynxKerr

1792, wolf (Canis lupusLinnaeus 1758and red deer(Cervus elaphggHermann,2007a)
However, these three species were not as suitable as target species for a connectivity concept
in the study areaWolvesrarely colonize areas with a road density higher than 0.45 kri/km

(Mladenoff et al., 1999)With a road density of about 2 km/kinthe study area is too much
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characterisedby anthropogenic infrastructure to be suitable as a habitat for the wolf. Alt-
houghthe lynxis already present in the northern Eifet,hasnot immigratedinto the study
areayet, just like the wolf Although a migration from the Eifel inthe study area could be
discussedthe large spatial requirements 6f M T3 2INY FSY | f S &2 fotmyales F Hc N
(Schadtet al., 2002)nakethe study areaas unsuitable for the lynx as for the wdRed deer,

on the other hand, occur in the study aralready Dueto their body size, they make even
greater demands on crossisgyucturesthan wildcats and would therefore perhaps be partic-
ularly suitable as a target species in the study area. However, red deer are not endangered
and are one of the managed species in NRI&rmann et al., 20@&). In NRW, there are ten
zones in which red deer are protected. Outside these zonestatbe hunted.A connectivity
network for red deer that allows migration between these zones makes s@dsemann et

al., 2003), but none of these zones are locatede study area of this work. With red deer

as thetarget species, a connectivity concept would be created for a species that is not sup-
posed to spread in the study area. The wildcat therefappears to behe best choice as

target species for theonnectvity conceptin the study area.

5.2.1.2 Missing geodata
Many different geodata were used for the R.GJnfortunately, geodata from biosphere re-

serves were not available. These data would probably not have had much influence on the
results of the LCP, as masire areasveredirectly adjacent to each other and ordgparated

by roads Therefore the positive effect of using protected areas as connectivity axis did not
have a major influence on the outcome of the LIS@vertheless, the occurrence of biosphere
reserves, like the other protected area categories, should be included in such analyses when-
ever posible. Furthermore, data on compensation areas of dirict Diren were missing.

The existence of this data would probalalgonot have influenced the result of the LCP any
further, since with the exception of Sophienhdhell core areasvere located m the Rhine
Erft-District. The TerraNova Speedway, whictreatedthe connection to Sophienhéliewas

also located in the RhirErft-District. Even if a connection to Sophienhdhead been made

via the northernmost areas of Frimmersdorfl, most of this @xtimg route would still have
beenlocatedin the RhineErft-District, so that even for such a varianata oncompensation

areas would have beeawvailable formost of the connectingath.
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5.2.1.3 Implementation probability values
For the LCAmplementation probability valuesere defined for the different categories of

landowners and protection status. Due to the fact that the Erftverband is composed of six
interest groupgErftverbandn.d.), the probability of implementing measures andowned

by the Erftverband was estimated to be low. In retrospect, however, thet that the
Erftverband is @ody ofpubliclaw committed to the commornand the environmetal welk
beingseems to be more decisive in determining thglementation probability valudf the
studywasrepeated, the areas of the Erftverband would therefore bettelassessed with the
same probabilityvalueas the public area®As most of the property areas of the Erftverband
are directly associated with the river Edécausethey are located in its fledplain or serve

flood protection purposes, theses areas could everabsigned to higher probability values
than public areas. However, the probability of the implementation is not as high as on RWE
bat areas as interests of the Erftverband might abtaysbe compatible with wildcat conser-
GFraGA2y YSI &adz2NBad 6KAES YSFadaNBa T2N K& . SOK.

thus implementable within the same areas.

5.2.1.4 Roads as obstacles
In the presented:onnectivityconcept, roads with a traffic density of 2500 mv/d were assessed

as obstacles and therefore measures to mitigate their fragmentation effect were proposed.
Due to thehigh numberof identified problematic roadsthe threshold of 2500 mv/d might
seem too gtict, especially since traffic density on federal, state and county roads usually de-
creases at nightmaking crossing events less risky for wildkerthermore, mne of the roads
identified as obstacles appears as a conflict point indbenectivity coreept for Germany
presented bythe NABU(national wildcat concept NABWHermann et al., 206G or in the
national wildcat connectity conservation concepgpublished bythe BUND(national wildcat
concept BUNOYogel et al., 2009)This is becausthese conceptswere developedon much
larger scales and only conflict points for corridors with significance at European and national
level were considered. However, batbbnnectivityconceptsemphasisehat the problems of
smallerroads have to be addressadlalocal leve(Hermannet al., 2003; Vogel et al., 2009)
Therefore, the inclusion of these obstacles was an important step in ¢lveldpment of a
localconnectivity conservatioconcept.Roads with 3000 mv/d weralsoincluded as obsta-

cles in the conflict analysis in the wildannectivityconcept for the state of North Rhine
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Westphaliaof the BUNOwildcat concept NRWKlar, 2009h)Nevertheless, the wildcat con-
cept NRW does not identify the same conflict points as irettteon planpresented here. This

Is due to the fact that a conflict analysis in the wildcat concept NRW was only carried out for
the Eifel region. Furthermore, in the wildcat concept NRW no corridor leads through the study
area, although more than half of treore areasdefined herewvere also identified as suitable
wildcat habitat on the larger scale of thdldcat conceptNRW All inall, the high humber of
identified roadrelated obstaclesn the study area does nanhdicate atoo strict valuation of
obstacles but highlights the high degree of fragmentation in the study area. The fragmenting
effect of roads with a traffic density of more than 2500 mv/d is profi€lar et al., 2009nd

thus measures need to be taken at all presented roads to sustainably reach connectivity in the

study area.

5.2.1.5Delineation of core areas
Wildcats also cross distances of 50Qunshelteredland (Hermannet al., 200B). Hence, in

future studiescore areasand shelter structures could be expanded by a 500 m buffer zone
that includes adjacent agricultural area® represent the actual movement area of wildcats
This method was demonstrated anconnectivityconceptto counteract fragmentatioNRW
(LANUV, 2012)t allows a betteridentification of areas where steppirgjones and corridors

need to be implementednd which areas are already accessible to wildcats

5.2.2 On site explorations
For the onsite explorations and theubsequent classification of useful crossing structures it

would havebeenadvisable to set clearer characteristics for the classification of usable and
non-usable crossing structures as demonstratedditz and Jerosct2010) who subdivided
underpasses into four categorie$suitabilityby using six differentatingcriteria. Everthough

the assessments of the potential crosssigucturesare still considered factually correct, the
appliation of these six characteristics would have increased the comparability between the
crossingstructureswithin this study ando those of others. In addition, the information gath-
ered during the inspections would have been more targeted, sogbtgntial differences be-
tween the crossing options might have been noticed. If some of these structures were to be
equipped with cameras in order to investigdteeir use bywildlife in more detail, the data
needed to classify these structurédlowing the examm of G6tz and JerosqR010)should

be collected in any case
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5.2.2 Expert Interviews

5.2.2.1 Habitat quality assessmentltheationof habitat areas
Instead of using the dimensions of there areasseparatehabitat areaswere delineatedfor

the habitat quality assessmerithat way areas that were not identified esre areaslue to

their size but mightntersect with the least cost path coulilso be included into the habitat
quality assessmengurthermore it was assumed ahe begiming of the studythat every
interviewed expert would knoveverycorearea. In this case, each expert would have had to
go through the assessment of t8reareasin the interview, i.e. 52 assessmentkié tofour
different habitat quality factors). In order to reduce the interview effort for the experts, an
attempt was made taunify larger ecologically similar areas by establistiagitat areas so

that the experts had tasses$ewer individual areaddowever within the first two interviews

it became clear thathe experts knew much less areas well enough to assess them than ex-
pected Most of the experts knew three to four areas well enoughate them. Tobe clear,

this does not mean that the chosen experts were not well versed in the field, but simply that
no experts exist who know all the study are@ke original plan was to have the subdivision

of the habitat areageviewed by the first expert that was interviewed. As it showed this expert
was not able to validate the subdivision of all habitat areas since his detailed knowledge was
limited to the southern parts of the study areahs a resultthe subdivision of tle habitat
areaswas reviewed by the first angecondexpert whereas both experts felt not too sure
about some areafNevertheless, the subdivision could not have been changed after the sec-
ond interview as the assessment areas of the experts started oygngphere.Comments in

the interviews showed that some areas could have been subdivided in even smaller parcels
due to some characteristics. The northern part of Hurthl for example was much more prone
to anthropogenic disturbances due to tipeiblic beacHocated there than the southern part

of Hurth1l which was not accessible fourists. Another example was the areas of state forest
located inBergheiml where the foest stand was much older compared to thehabilitated
stands in thenabitat area. Hence the lack of daytime hidingnd kreeding structures was not

as big in the patch of state forest as in the resBeirgheiml. However, the ratings for the
habitat areaswere applicablefor the developmentof the habitat quality action plargs the
experts pointed out such differences within thebitat areasduring the interviewsso that
thesewere consideredn the habitat quality action plarstill, n the best case, the revision of

the habitat areaswould have taken place with perhaps three or four experts at the same time
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in order to discuss a sensible divisi@mce the experts' exact knowledge was limited to three
or four of the subdivided areas anywdlge concern that the interviews with sucimall, sub-
divided areas would take too long was unfoundé&tereforethe dimensions of theore areas
could simply have been uséar the habitat quality assessmeahd supplemented by two or

three further important areas, instead of deriving nénabitat areas

5.2.3.2 Habitat quality assessment: expanses of rated habitat areas
Although adjacent agricultural areas were included inlabitat areasin contrast to thecore

areas the experts were asked to rate the habitat quality factors only with regard to the shel-
tered structures within thénabitat areas As explained before, the movement area of wildcats
does not end at the border of shelter structures. Hence, for the assassaoighe habitat
quality, including a 500 m buffer zone into unsheltered land would have also made $éaise.
would probably not have had a significant effecttbie habitat qualityfactors availability of
daytime hiding places, availability of breedisiguctures and availability of lodisturbance

areas but in somehabitat areasthe foodavailabilitywould probably have beerated higher

5.2.3.3 Habitat qualityassessmennumber of experts
Most interviewed experts were able to assess three to foabitat areassince a redy de-

tailed knowledge about the areas was need@&tie fact that no person could have that de-
tailed knowledge for the entire study area made the search for enough experts to have every
habitat area rated three times impossiblas a consequence, twaabitat areaswere only
assessed by one expert and thitegbitat areas were assessed by only two expérte search

for more experts would probably have resultedrterviews withexperts who coulanly as-
sess onehabitat area The resulting effort would have been disproportiondte a master
thesis It is adually questionable whether theravould have beermore experts who could
have been interviewed for some areas, as sdrabitat areasn the study areavere privately
owned and the foresters who manadjghem have already been interviewed as expeHew-
ever, data describinghabitat areasthat were assessed by only one or two expdsite,
turquoise,Villel, Ville2 and Ville&re not agobustas such that were rated by three or more
experts.Neverthekss,as the experts have always provided additional explanations for their
assessments, for example why the food supphs not sufficient the data obtained still
seemed as the best possible optionoild suggesibns formeasures to improve habitafual-

ity on.
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5.2.34 Habitat quality assessment: rating scale
Threeof four habitat quality factorswvere assessed by the experts@threepoint rating scale

The threepoint rating scale was chosen because an abundance of one structure per hectare
was alreadyestimateda lot (personal communication Thiel Bender, 208a)hat the subdivi-
sion of three categories made the experts deal with units of 0.5 strastper hectare. There-
fore, a fivepoint scale did not seem applicable at althé single steps on the scale should
correspond to a quantifiable numerical valudowever during theinterview, it turned out

that it was even har@noughfor the expertso apply the numerical values of the thrgmint
scale to the matter so that in the end tlessessment of the threleabitat quality factors re-
ferred more to the descriptivétles of the stegs on the scale (rare, mediurigh)than to the
numerical valuesDuring the interviews it also became clear that the experts fotihérd to
realistically represent the conditions in place with only three ranking options. Two more in-
termediate options would have allowed better mirror the conditionswithin somehabitat
areasin relation to the other areasl'herefore, abandoning the reference to numerical values,
(which was also only partially given on the thilegel scaleanyway$ in favourof a fivepoint
descriptive scale would hawnabled the experts to make more precise assessméntthe
future, five ranking options with clear descriptiooswhat each rankmplies should be devel-

oped.

5.2.3.5 Assignment of measures to conservation purposes
After the interviews theforest- and roadrelated wildcat conservation measures were as-

signed to the different conservatigourposes Assigninghe measures to theespectivepur-
poses before the interviews and alsbowing these purposes to the expemighthavemade

the aim of the individual measures cleardthis might not have had a big influence on the
practicability or implementability rating but might hawegfectedthe rating of the effective-
ness of measuregd.he way the measures were presented some expamtgipated the con-
servation purposeby themselvesand rated the measures with regard to this exact purpose
while others ratel the effectivity of themeasure with regard tas contribution tothe overall
habitat quality.Consequentlythe later might have tended to rate measures less effective than
the experts that referred to the specific conservation aim of a single meaBorea uniform
understanding to what purpose a measure referred, a prevemsgmentto the conserva-
tion purposesshared with the expertsould have been usefuRegardinghe forest manage-

ment-relatedmeasuresa previous assignment of the measures to the conservation purposes
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would have allowed a more targeted selection of measuResticularlywithin the category
of measures to reduce anthropogenic disturbance, it was notice #iude there was a lack of
measureghat would have contributed to the reduction of disturbances causeddoyists.

Such measures should be included itufe projects.

5.2.3.6Road constructiomand agriculture experts
The implementability of the roadelated measures was assessed by wildcat experts. Although

all these experts have had experiences with the implementation of these measures, an addi-
tional asessment of the implementability by experts in the field of road construationld

have increased the validity of the results amduld have added one more important point of
view to thedevelopmentof the action plansEspecially the additional backgralimformation

on what exactly makes the implementation difficult or in which context such measures are
easier to implement would have been a valuable insi§cewildcats can also usechly
structuredagriculturalareas andincerehabilitationin the RLMAis an interplay of agricultural
andforest rehabilitation, the inclusion of agriculturaklated wildcat conservatiomeasures

in the catalogue of measures and thssessmenof their practicability by farmers would cer-
tainly hae increased the quality of thaction plans.Therefore these two groups of experts

shouldbetaken into account for future projects.

5.2.1.7 Selection dbrestry experts
All forestry expertshighlighted during the interviewshat the practicability of measures is

closelyinterlinkedto the economic pressure on the owner of tfarest patch.Forinstitutions

such aghe state, the federal statesr companies such as3NE which are not depend# on
income fromforest, many measures can be implemented even though they involve economic
losses. Private forest owners, on the other hand, are often dependent on incomddrest

and therefore cannot afford to implement measures that reduce pro8tace only one of the

four interviewedforestry expertsalso managed privatéorest areas, theopinion of private
forest owners was underrepresented in the assessment of the practicability of the measures.
If a higher proportion of private forest owners thdeen interviewed, many measures would
probably have been assessed as less practic8biee the study area mainly compuissreas

of the state forest and RWE, the results collectezte applicable to the study area. However,

when transferring the resudtto other study areas, it should be taken into accotimat other
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ownership structures magswell lead to different results when assessing the practicability of

measures.

5.3 Comparison t@ther connectivity concepts

5.3.1 Comparison to theoncept of the LANUV

¢KS [!'b!+ LINRPOARSR | &a&uistanBifgh ¥ISI2 RI I yPesidl G Ky R N
importance&g T fanNtlortalbiotope that also addressed the expanses of the RIMWNUV,

2021) Unfortunately, these proposals could not be included in the LCP, as no further infor-
mation was available on the extent to which efforts had been made toséciN& & 2 F & & LIS
A Y LJ2 NJfdr ya@i® éonservation. Therefore, no probability values cobéze been de-

rived on the base of this datdNevertheless, the identified least cost pathtbfs studyonly

leads throughand parcelghat were also proposetbr the creation of a biotope networky

the LANUVThus, both concepts show great common sense.

5.3.2Comparison to the delineated paths of Dr. FBiehder
In 2020, DrThielBender was commissioned by RWE to conduct a feasibility study on the bi-

otopenetwork in the RLMA. The target species here was alswildeat. The aim was to work

out possible connectivitpathsfor the wildcat from the Ville and the Hirtgenwalowards

the Sophienhdhe. Based on the results of this feasibility study, thettag&velopa detailed
connectivity plarin the RLMA arosevhich wagacked in thepresentstudy (connectivity con-
cept RLMA)Since the paths delineated by Dr. THsgInder were the basis for the connectivity
conept RLMAthe results of both connectivity concepts will be briefly compared in the fol-
lowing. Dr. ThielBender presented four potential connectivity paths within her feasibility
study (Figurel8) whichwere methodologicallybased onon-site explorations on foot antly

car. Detailed plannindor all pathswould not have been possible in the scope of the presented
study. The focus of the investigations was placed on the eastern connecting path of the Ville
with the Sophienhéheas this wasleclared the most feasible en(personal communication
ThielBender, 202Q)Since the path developed in the course of this work défiesignificantly

from the original path of Dr. Thidender, the reason for this will be briefly explained. The
differenceswere due to the fact that he aims ofthe two concepts were differenifThe aim of

Dr. ThielBender's study was to design a connecting path from the Ville to the Sophienhdhe,

which shouldinclude the bat protection areas created by RWE. Therefore, this\pasori-
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ented in the direction of Kerpeand reacheal the Sophienhdhe from the south, déise Erb-
walder south of the opeitast mine Hambach were connected within the conservation efforts
for the Bechstei Bat. The task for theonnectivityconcept RLMA hchanged in thatvay

that the focuswasno longer primarily on the connection of the Sophienhéhe with the Ville,
but on the connection of aforest rehabilitationareas. Thecore areasorth of the Adthat
were essential parts of the connectivity concept Rluwbke not included in DrThielBender's
study areaThe further distribution of wildcats towards the Erbwalder is also possible in the
connectivity concept RLMA (although not desged in the maps) as they are connected to the
Sophienhdhe over wooded structures along the still active path of the -@pstmine Ham-
bach.The result of both connectivity concepts is in the end the same: the Ville is connected
to the SophienhdéheBut the advantage ofthe connectivity concept RLMIA that it leads
through less densely populated areas and thus connects several suitable habitatteltats

on the way from the Villéo the Sophienhdhginstead of only creating a connecting path be-

tweenthesesuitable wildcat habitats.

Comparison to
connectivity paths
deliniated by Dr.
Thiel-Bender

Legend

A Location dead
wildcat

! : Genetic proof
_ - Cologne % wildcat
Connectivity paths
Dr. Thiel Bender
Study area Dr.
Thiel-Bender
Connectivity
concept RLMA
Study area
[ connectivity concept
RLMA

-

Hirtgenwald

6°30'E

Figurel8: Comparison of the connectivity pattislineatedby Dr. ThieBenderto the connectivity concept for the RLMA-
velopedin this study.Basemap: Land NRW, LVermGeo RLP, Esri, BERER, METI/NASA, USGS, Land NRW, Earthstar
Graphics
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6.1 Transboundary connectivity
The issue of biodiversity loss histunately gained attentionduringthe last decade and pro-

jects on biodiversity and connectiviepnservatiorhave been launched. In ordéy establish

a functional biotope network in NRWf throughout Germany, such concepts must be coordi-
natedwith respect to one anotheso thata sensible networlof complementing pathss cre-

ated. Duringthe working process of this study ANUV and BUND provided geodata of their
connectivityconcepts with thewildcat as targetspecies(connectivity concept LANUV, con-
nectivity concept BUNDJigurel9 showsexcerptsof both connectivity concepts as well as
the connectivity path of the conceii the presented worKconnectivity concept RLMAand

what the transboundary linkage® other connectivity paths could look lik&or this reason,

the data fran the LANUV and the BUND were not processed further, but simply included in
the map forvisualisationpurposes(therefore, the LANUV and BUND network concepts are
shown as polygons and tleennectivitypaths developed within the framework of this project
are shown as lines). Farbetter overview the core areasf the connectivity concept RLMA
were not included inthe map.Instead the connectivitypath for the RLMAvasdisplayedas a
continuous lineln order toextend the biotope networkf the RLMAo atransboundaryscale

two connectivity pathsvould have to bedeveloped First, a connection to the Eifstgion has

to be implemented by connecting the Sophienhéhe with the Hirtgenw&ldh a connection
could be achieved using tleeas around the openast mine Inden and thi#goodplain of the

river Inde(ThietBender, 202@inpublished. The biggest obstacles here ammbably thewide
areas ofunshelteredland between the Hiurtgenwald and the Inden opeast mine. The dis-
covery ofa dead wildcat near the Julich researcéntre (Figurel9) showshowever,that a
migration through that landscape is alregplyssible forsingleindividuals. It is therefore even
more important to remove obstacleslongthis path so thatwildlife can migrate freely be-
tween the Hurtgenwaldand the SophienhéheSecond a connection from the Ville to the
Kottenforst and the Flameheimer forest should be planned. The path from the Ville to the
Kottenforst seems rather permeable for wildlife already, as a nearly continuous band of forest
connects them. Nevertheless, a conflict analysis with regard to highly frequented streets
shouldbe conducted here to eliminate the risk factors for migrating wildlife. A connection to
the Flamersheimer forestvould beimportant as a dense network of connectivity patbf

other connectivity conceptemerges hereAt first glance, the biggest obstaslen this path
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are the A61 and large agricultueas without shelter structuresKlar (2009) also identified
the connection between the Ville and Kottenforest to the Flamersheifosgst as an im-
portant part to increase connectivity for wildcats in NRW. Sheddsaribed the A61 as critical
point along with two other road&lar, 2009h)in order toincrease the exchange between the
RLMA and other regionspnnectvity conceptsfor the path shown in Figurel9 should be

planned in detail and implemented locally.

Connection to other connectivity concepts

Legend

= NRW Connectivity concept RLMA == Connection between concepts
A | ocation dead wildcat Connectivity concept BUND
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Figurel9: Overview over possible connections to other connectivity concepts. Data of locations of dead wildcats and genetic
proof of wildcats were retrieved from Dr. THeg#nder.Data of the connectivity concepf the LANUMvere retrieved on

request fromLANUYV &chbereich 22 Planungsbeitrage zu Naturschutz und Landschaftspflege, Biotopverbund; LeibnizstralRe

10 45659 Recklinghausebata of the connectivity concept tife BUNDwere retrieved on request froikaiserinrAugusta

Allee 5 10553 BerliBasemapLand NRV, LVermGeo RLP, Esri, HERE, Garmin, METI/NASA, USGS, Land NRW, Earthstar
Graphics
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6.2 Complementatiorof the connectivity concept for the Rhenish lignite
mining area
The proposed connectivity concept for the RLMA could be supplemented by including target

ALISOASE 6KAOKQa KFoAdl G NII dzioNdprove yabitat qiaNBS v 2
ity in the entire RLMAThe target species selected by the RRC for the agricultural, forest and
aquatic habitatof the RRC could be used as a glisg ERer et al., 2021)

The RLMA isharacterisedy agricultural andorestrehabilitation.As the wildcat also expands

its habitat into richly structures agriculturally dominated landsca@esosch et al., 2018) is
suitable as a target species for linking tleabilitated agricliural andforest areas of the
RLMA In future, the rehabilitated agricultural areas could therefore be examined more closely
with regard to their suitability as habitat favildcats.The wildcat could thus become the tar-
get species of the entire rehabdited landscape in the study areaHere t is important to
identify measures that do not have a negative impactopen-habitat species. A new cata-
logue of measures would have to be drawn up, wiichldthen beassessedgain by wildcat

and agricultural experts terms of practicability and effectivitA measure potentially useful

for wildcats andpen-habitat speciesnight bewildflower verges
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Connectivity conservation is a key tool to counteract biodiversity loss. Hprajects on bio-
diversity conservation and connectivitpnservatiorhave been launchedt larger scaleAlt-
hough these concepts are an important step towards a functioning biotope network, concepts
on a much smaller scand therefore higher resolutioare necessary for the actual imple-
mentation of measuresThe presented connectivity concept for the RLEI precisely this

gap byproposingdetailed measureson a local scal¢éhat can be implemented directlylhe
interdisciplinary approacthat regards ecological and practical aspects in the LCihavitich
expertsof different disciplinesvere consuled for the assessments of measureas resulted

in a concept that is both effective and practical. The basis for the concept was an LCP in which
implementationaspects such as landownership and protected areas were included in addition
to the ecology of the vidcat. The inclusion of these aspects as described here increases the
likelihood that measures can actually be implemented along the calculated patithe fu-

ture, this approach auld betransferred to other areas dbcalscalefor the developmentof
connectivity conceptsfFor a better exchange of informatipthe presented concept could be

transferred into geodata, where the core areas are attributed with the proposed measures.

The connectivity concedbr the RLMA clearly shows that roads are the bigdestlerance
fora LISOA Sa Q Y AREMATHeAirgpieémehtgtionioKaSunctional biotope network in
the RLMA is therefore associated with great efforts. Consequeihily absolutely necessary

to further investigate the possibilities of reducing the fragmentation effeat roads.Here,

the main focus should be on measurist can be implementeat existing roads.Although

it is a step forward that measures teduce the fragmentation effect have to be impiented

at newly constructedroads, this does not change the level of fragmentation in our landscape
that we are facing alreadylhe subsequent installation of subways, overpasses and famces
existing roads therefore definitely requires greater attentidhe greatest barrier in the study
area was the A4. As that highway cuts off a valuable habitat in the center of the study area
from the southernrehabilitated forest areas(Figure 10) measures to compensate its frag-
mentation effect are of high priorityln the connectivity action plan of this study various
measures arelescribedto provisionally mitigate the fragmentation effect of the mamads

with a traffic density of more than 2500 mv/d. However, these measures do not replace the

installation of undepasses, overpasses and fences which are needed to increase connectivity
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in the study areaFurthermore areas inn the RLMAnust be permanently secured for nature
conservation. Permeable roads are no longer of any use if they are blocked by settlements or
industrial areas. An example of areas that need to be secured would be those in the northern
Ville, as these make the concteon between the highguality olderrehabilitationof the Ville

and the youngerehabilitationareas possible in the first place.

The results of the habitat quality assessments revealed thah#imstat quality offorestareas

is closely related to themge. Therefore, an important instrument in nature conservation are
measures that protect typical characteristics of-gldwnforests or introduce them artificially

into younger stands tareate habitats which are usually only found in-gldwth forest wuntil they

have reached the appropriate agéhe preservation of biotope trees and deadwood is a very
effective and at the same time very practicable measure and should therefore be applied in

all forestareas in the RLMA.

It is not possible teredict whetherwildcats will really spread along the entirehabilitation

areas up tothe Sophihodhe. Manycore areasre very close to settlements or are disturbed

by tourists. It therefore remains to be seen whetharildcats will show a higher tolerae to

these disturbances. Therefore, monitoring tdestribution of the wildcat in the RLMA is of
great interest for nature conservation. Great attention should also be paid to the use of cross-
ing structures, as more data is needed to improve the permeglof roads. In particular, the
effectiveness of guiding structures such as hedges towards crossing structures should be fur-
ther investigated, as thsein combination with existing crossing structuresuld be a good

tool to decrease mortality rateof wildlife at roads Thepromotingof the distribution of wild-

cats through appropriate measurascreaseshe connectivity and habitat quality dbrest
areas in the RLMAnNd thus contributes to the conservation of biodiversity sasbociated

functioningecosystem servicda the rehabilitatedlands.
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Appendix Detailed workflow of LCP in ArcGIS Pro

Detailed workflow of the applied functions in ArcGIS Pro for the performance of the LCP. The
six steps refer to the six steps described in the chapter 4.2 whereas some steps were subdi-

vided further for a better overview.

Least Cost Path Analysis: 1.Ecological Probability Raster
1.1: Preparation of raw Data

! ta edit Iy in ArcGIS Pi
i Study Area Data edited manually in ArcGIS Pro

2 0 H
ing Streets i | Data from Open Data sources

_________

| Dataretrieved onrequest

> River j
I:\ Data generated during the Analysis

i Lake ‘ Functions applied in ArcGIS Pro

Additionalexplanation for applied

Selection

T Do Inputdata
Clip i l'

L — —— Outputdata
Select by Attribute: CLC18 = 321

Merge

|
| without Mining

Make Layer from | sie02 without
Selection | Mining

Select by Attribute: OBJART_TXT = select all except for:
TagebauGrubeSteinbruch

Figure20: Detailed workflow of LCP conduction in ArcGIS Pro. Step 1.1.
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Least Cost Path Analysis: 1. Ecological Probability Raster
1.2 Create Shelterlayer

Make Layerfrom L -
Selectlon

Woodland05

Data manually edited in ArcGIS Pro

Data retrieved onrequest

:I Data generated during the Analysis

——» Inputdata

Woodland Dussolve }» Woodland DB Erasa } Woodland wT Make Layer from
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i o |

Data from Open Data Sources

Functions applied in ArcGIS Pro

Additionalexplanation forapplied
functions

Outputdata

Figure2l: Detailed workflow of LCP conduction in ArcGIS Pro. Step 1.2.

Least Cost Path Analysis: 1. Ecological Probability Raster

1.3 Calculate Ecological Probability Raster
—
| Raster !

Distance Meadow Calculator r

T

_ Raster
Logit (P) Calculator
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T
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Additionalexplanation forapplied
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Figure22: Detailed workflow of LCP conduction in ArcGIS Pno.1S3e
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Figure23: Detailed workflow of LCP conduction in ArcGIS Pro. Step 2.1.

Figure24: Detailed workflow of LCP conduction in ArcGIS Pro. Step 2.2.
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