Krkonose out of breath

- full of visitors and
fragmented habitats

TransParcNet Meeting 2025
Jelenia Gora - Sobieszow

RNDr. Dusan Romportl, Ph.D. (Charles University & SPECLab - Spatial Ecology
and Conservation Lab, Landscape Research Institute)

Mgr. Martin Erlebach, Ph.D. (Palacky University Olomouc)

TR e — — Faculty
pro krajinu, v. v. i. J Univerzita Karlova Palacky University
L Olomouc
RekreENVI




Why tourism monitoring & assessment in the Krkonose Mts.?

2. 5. 2025, Dom Slgski

 one of the most visited (and endangered) protected areas

high tourism intensity = high pressure on the environment; more offences; ...
* identification of main trends and peaks in tourism intensity

impact on habitat and protected species assessment (predictive modeling)



RekreENVI

Project RekreENVI scope & objectives

 The main aim of the project is to propose a
comprehensive monitoring and evaluation of tourism
impacts in the Krkonose area, as a model example of a
PA exposed to increasing recreational pressure

e Data based analyses on the forms and intensity of
tourism and the overall anthropic impact

* Assessment of the main spatial, environmental, socio-

economic and demographic impacts
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Contents and goals

1) Introduction of selected types of tourism data (M. Erlebach)
 todemonstrate actual trends in tourism intensity
e spatiotemporal distribution of visitors
 data combination and complementarity

2) Use of data on the spatiotemporal distribution of tourism (b. Romporti)
 models of habitat suitability for selected species
 environmental impact assessment (habitats fragmentation)
 |ocalised prioritisation in nature conservation

4 RekreENVI project Program ProstFedi pro Zivot A

PrOJeCt OUtpUtS RekreENVI

o Y of maps for nature conservation management
) Proposals for measures
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Spatiotemporal visitors data

Eco-Counters
* PYRO (pedestrian), ZELT (cars, bicycles) sensors

28 permanent + 3 movable counters (most protected
localities)

* monthly — weekly — daily — hourly data (long-term
continuous period)

 permanent methodology of collecting data
e comparability (spatial and temporal)

Selected limits

 climate (snow, freeze, ...

 underestimated and overestimated data
depending on the type of path
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Spatiotemporal visitors data

night time "overtourism" (Snézka)
- sunrise and sunset
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Spatiotemporal visitors data

Mobile phone location Data

Selected limits

mobile operators (T-Mobile)
year-round daily data (no climate limits)

12 selected localities (centres and
attractions)

origin — destination data

residents and international visitors
exact number of visitors throughout the
territory and in the locations

low spatial detail of the information
(mobile signal)

costs (€60,000 per year; 2025)

Interactions (%) between
selected centres and attractions

A B C

(((clrn)) ((uTn)) ((((T»)))

D E F

((((T»))) (((~T:))) (((ﬁ

Principle of SIM card
assign to the BTS unit

Pomezni

Zdroje: OpenStreetMap,




120 000 120 000

2017 2021

Mobile Phone Location Data (
3,564,966 individual

visitors (in 2022)
e 12,111,212 visited days (in ...

2022) o o

45

56

67

78

89
100
111
122
133
144
155
166
177
188
199
210
221
232
243
254
265
276
287
298
309
320
331
342
353
364

12

23

34

45

56

67

78

39
100
111
122
133
144
155
166
177
188
199
210
221
232
243
254
265
276
287
298
309
320
331
342
353
364

120000 120 000

« peaks identification 2018 2022
e changing (weekly)
rhythmicity of visitors

40000 40000

Changing the intensity of the rhythms 20000 20000

14 000 0 "
AN SN OO oM NS00 AN W00 oM
- N S N O D ™M N O E DO AN S DO 0 oM
meﬁ'mwhwa:‘tuﬂiﬂargaanam:gga%a%ggg%% AR PREEREE8DNRBINEREZIANIABREESRIRAYRI
B R e e O = o SV i N S B R T S

12 000

120 000 120 000

2019 2023

100 000 100 000
8000 " Mean
. 80000 80000
6000 i Median
» Standard  soow €560
4000 eviation
40000 40000
2000
20000 20000
0

2017 2018 2021 2022 2023 (Q1-3) MY 8RS S Y BINEE RSO NN ERR8 SRR AamTogseg C N NN INER ER NN eSS E Y]
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

10000

o




Spatiotemporal visitors data

Mobile sport tracker applications
(Crowdsourced data)

e STRAVA and STRAVA METRO

e type of user (sports type)

* intensity by path

e origin —destination data

e users demography

* yearly —hourly data

* high spatial detail

Selected limits
 only people who has app
* provision of data under a contract




STRAVA heatmap, eastern mountain ridge STRAVA METRO
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Intensity of visitors flows based
on STRAVA and Eco-Counters in 2023
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Model of the intensity of visitors' spatial interactions
= input for other spatial analyses




Assessment of the impact on

RekreENVI

habitats & species

 evaluation of habitat
transformation /
degradation &
fragmentation

* impacts on biodiversity,
esp. on the distribution of
conservation-relevant
species




Black Grouse as a flag species of the Krkonose Mts. $

= Living on the Edge o
* jconic species of mountain grasslands & open forests
/ formerly highland meadows
* habitat specialist & sensitive species to human
disturbance
* steady decline of the populations — fragmentation &
loss of connectivity — (local) extinctions

Pocetnost tetfivka obecného v Krkonosich &

(sc¢itané stavy kohoutku)
2001 2005 2008 2015 2017 2040

20m 2014

(Flousek 2020)




STANICE

E Cesky rozhias ZPRAVY PROGRAM

Black Grouse as a flag species of the Krkonose Mts. = _
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Methods

1. Habitat Suitability Modelling
e MAXENT model
* definition of core areas & stepping stones
of suitable habitats

Maxent is now open source!

2. Evaluation of the human impact
 assessment of recreation activities in space

in time \/_(
 collection & evaluation of data on the
intensity of tourism (summer X winter) — ~

expert synthesis 1

Konektivita habitatu tetfivka obecného
Jizerské hory a Krkonose

3. Fragmentation & connectivity analysis
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Methods

1. Habitat Suitability Modelling RekreENVI
« complex analysis of the relationship of the species occurence and the environmental conditions

Ecological Niche

environmental
conditions

| S species
< distribution




Data inputs @

1. Occurence data RekreENVI
 data from regular spring monitoring 2010 — 2020 (J. Flousek — KRNAP)

Konektivita habitati tetfivka obecného
Jizerské hory a Krkonose
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Rijkswaterstaal. GSA, Geoland. FEMA. Intekmap and the GIS user community

odatastyrelsen,



Data inputs
2. Abiotic factors

RekreENVI
 topography & climate — basic gradients

Konektivita habitati tetfivka obecného
Jizerské hory a Krkonose
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Data inputs

2. Abiotic factors
 topography & climate — basic gradients

| B9) |

RekreENVI

Konektivita habitatu tetfivka obecného
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Data inputs

2. Abiotic factors RekreENVI
 topography & climate — basic gradients
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Data inputs

Habitat factors
biotopes according to NATURA 2000 habitat mapping & KVES & Sentinel satellite images

3.

Habitaty
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Data inputs @

4. Anthropogenic factors RekreENVI

Konektivita habitati tetfivka obecného
Jizerské hory a Krkonose

Vzdalenost k zastavbé [m]
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Data inputs @

4. Anthropogenic factors
distances to anthropogenic structures / cummulative impact assessment

) T

RekreENVI
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Konektivita habitatu tetfivka obecného
Jizerské hory a Krkonose
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Data inputs

4. Anthropogenic factors

RekreENVI

distances to anthropogenic structures / cummulative impact assessment
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Data inputs @

4. Anthropogenic factors RekreENVI
« distances to anthropogenic structures / cummulatlve impact assessment

Konektivita habitati tetfivka obecného
Jizerské hory a Krkonose
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Outputs

1. Habitat suitability model

RekreENVI

showing continuous potential species distribution with the focus area (gradient 0 — 100 %)

Konektivita habitati tetfivka obecného
Jizerské hory a Krkonose
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Pravdépodobnost viskytu

Outputs

1. Habitat suitability model
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Outputs @

1. Habitat suitability model RekroENVI
» definition of core areas of suitable habitats or stepping stones (binary model)

Konektivita habitati tetfivka obecného
Jizerské hory a Krkonose

di a uzemi vhodného habi
I veimi vhodny habitat - — - _ = = S 7
= Jadrova Gzemi vjmdnostl Pocet ploSek Celkova plocha (km?)
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0 10 km
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_Rikswaterstaal. GSA, Gevland. FEMA. Intakmap and the GIS user community



Outputs

1. Habitat suitability model

Konektivita habitati tetfivka obecného
Jizerské hory a Krkonose

Antropogenni rudeni
I veimi vhodn habitat
rusivy efekt
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silnice a pési trasy
— statni hranice
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vodni tok

0 10 km
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» definition of core areas of suitable habitats or stepping stones (binary model)

RekreENVI
Jadrova Gzemi vhodnosti Pocet ploSek Celkova plocha (km?)
Bez antropogenniho rusSeni 163 122,19
S antropogennim rusenim 193 22,54

Sources’ Esn Alrbus DS, USGS, NGA,

NASA, CGIAR N Robinson, NCEAS, NLS. OS. NWIA,
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Outputs

1. Habitat suitability model RekroENVI
 adding information about dispersal possibilities

Habitatovy model pro tetfivka obecného
pro tuzemi Krkono$ a Jizerskych hor
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Outputs

2. Model of population connectivity
 connectivity modeling based on ,resistance surface” (inverted habitat suitability)

RekreENVI

Konektivita habitati tetfivka obecného
Jizerské hory a Krkonose
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Outputs

2. Model of population connectivity RekreENVI
 connectivity modeling based on ,resistance surface” (inverted habitat suitability)

Konektivita habitati tetfivka obecného
Jizerské hory a Krkonose

Porovnani celkové plochy jadrovych uzemi - realny a potencialni stav
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Summary $

Core areas of suitable habitat rekreEt
* reduction of area, degradation & fragmentation — increasing isolation
* intensity of the recreation - the most important factor

Population connectivity

* very low probability of dispersal of individuals / sub-populations

 |ow quality of corridors & long distances, many migration barriers, loss of ,,stepping stones”
* unlikely interconnection between Krkonose & Jizerské hory

Black Grouse’ Future in the Giant & Jizerské Mts.
 steady decline in abundance

 gradual disappearance of individual sub-populations
* inevitable (?) extinction of the entire population

Possible solution -
* much more strict restrictions of the visitors & regulation of traffic S
 habitat supporting measures




Summary $

RekreENVI

Pocetnost tetfivka obecného v Krkonosich

(sc¢itané stavy kohoutku)
2001 2005 2008 20m 2014 2015 2040

2017



Environmental impacts of overturism

Multispecies approach -
Development of stacked habitat
suitability models (sSDM)

e preparation and
standardization of available
occurence data

« development of predictive
habitat models (using
MIAmaxent method) for 23

species of animals
(molluscs,amphibians, repitiles, birds and
mammals)

&

RekreENVI

Druh Ceské jméno skupina funkini skupina
Cochloding dubiosa corcontica vietenovka krkonoiska mEkkyEi Lesni druh
Semilimax kotulae slimacnik horsky mé&kkyEi Lesni druh

Iichthyosaura alpestris

Colek horsky

obojZivelnici

lesni mokfady & tdné

Solomandra salomandra mlok skvrnity obojfivelnici | lesni mokfady & tdné
Vipera berus zmije obecna plazi lesni

Zootoca vivipara jestérka Zivoroda plazi lesni

Aegolius funereus SYC rousny ptaci horsky (lesni)
Anthus spinoletta lindugka horska ptaci horsky

Bubo bubo wyr velky ptaci lesni

Crex crex chrastal polni ptaci lucni

Ficedula parva lejsek maly ptaci lesni
Glaucidium passerinum kulizek nejmensi ptaci lesni

Luscinio svecica svecica slavik modracek tundrovy ptaci horsky

Picoides tridactylus datlik tfiprsty ptaci horsky (lesni)
Picus canus Zluna ieda ptaci lesni

Frunella collaris pévuika podhorni ptaci horsky
Scolopax rusticolo sluka lesni ptaci lezni (mokradni)
Turdus torguatus kos horsky ptaci horsky (lesni)
Canis lupus vik obecny SAVCI lesni

Dryomys nitedula plch lesni savci lesni

Glis glis plch velky SaVCi lesni

Lynx lynx rys ostrovid SAVCI lesni

Sorex alpinus rejsek horsky savci lesni
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Environmental impacts of overturism

Development of habitat suitability models (SDM)

Habitatova vhodnost Habitatova vhodnost

tetfivek obecny intenzita vyuzivani turistickycl
HSI (%) (data StravaMetro)

kos horsky intenzita vyuzivani turistickych tras
HSI (%) (data StravaMetro)
—_— 100

velmi nizkd ~ velmi nizkd

) N~ nizka

RekreENVI RekreENVI



RekreENVI

Environmental impacts of overturism

Development of habitat suitability models (SDM)

Habitatové vhodnost

datlik tFiprsty intenzita vyusivani turistickych ti

HSI (%)

-

-100

(data StravaMetro)
~ velmi nizkd
= nizka
AN stiedni
#p \ysokd
afgpms velmi vysoka

RekreENVI

RekreENVI

Habitatova vhodnost

zmije obecna intenzita vyugivani turistickych tr.
HSI (%) (data StravaMetro)

-. A " velmi nizka

b, A nizks

e stiedni
#pme vysokad
#fgme velmi vysoka



Environmental impacts of overturism

Development of habitat suitability models (SDM)

Habitatova vhodnost Habitatova vhodnost
chfastal polni intenzita vyuzivani turistickych t rejsek horsky intenzita vyugivani turistickych tras
HSI (%) (data StravaMetro) HSI (%) (data StravaMetro)
-. Lo ~ velmi nizka -_ 9 velmi nizka
) A nizka =, A nizka
AN stiedni AN stiedni
oM yysoka N yysokd

@fgms yelmi vysoka oM velmi vysoka

RekreENVI RekreENVI



Environmental impacts of overturism

Habitat model synthesis & prioritization (ZONATION)

RekreENVI

R velmi vysokd

Habitatova vhodnost
suma habitat. vhodnosti i ita vyuZivani turistickych ti
HSI (%) (data StravaMetro)
-_ e 7 velmi nizka
— min == nizka
AN stiedni
apme yysoka

RekreENVI

RekreENVI

Prioritizace OP

prioritizace OP intenzita vyuzivani turistickych tras
P WOk (4ata stravaMetro)
fe— nizka <7 velmi nizkéd
N nizka
A stiedni
o yysokd
Mg velmi vysoka



Program Prostredi pro zivot

Thank you for your attention

romportl@vukoz.cz
martin.erlebach@upol.cz
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RekreENVI
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