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KAPITOLA 1
Uvod

Znalosti o geografickém rozsiteni Zivocisnych a rostlinnych druhd
jsou zdasadni pro zachovani a podporu biologické rozmanitosti (Krebs
1994). Pfesto neni pro vétsinu region( a taxonU v soucasnosti k dispozici
dostatek informaci o jejich rozsifeni i navzdory rychlému rozvoji
informacnich technologii (Elith & Leathwick 2009). Jeden z alternativnich
zpUsobU, jak tyto informace ziskat, nabizi modelovani druhové distribuce
(v anglické literatufe oznacované napf. jako ,Species distribution
modelling”; SDM), které se zabyva odhadem rozsiteni druhd v prostoru a
Case. Predikéni modely odvozuji ekologické poZadavky druhu z
kombinace udaji o jejich vyskytu a environmentalnich podminkach
prostredi, obvykle pomoci statistického algoritmu (Guisan &
Zimmermann 2000). Distribuce druhu je nasledné vyjadfena pomoci
predikénich map, ve kterych jsou pozadavky druh( na environmentalni
podminky splnény.

Modelovani druhové distribuce lze vyuzit napftiklad v mapovani
rozsifeni (nejen) ohrozenych druhl a druhové diverzity, predpovidani
Sitreni invaznich druhd nebo obecné ve snaze porozumét vztahlm mezi
druhy a jejich prostfedim a z nich plynoucim ekologickym zavérdm

(Franklin 2009; Peterson et al. 2011).
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| pfes intenzivni rozvoj této problematiky v poslednich letech, o cemz
sveédci i mnozstvi dosud publikovanych studii, se pfekvapivé malo studii
zabyvalo praktickym vyuZitim SDM v praktické ochrané druhd
(Zimmermann et al. 2010; Guisan et al. 2013). Navic v soucasnosti chybi
studie, které by predstavily tuto problematiku v podminkach Ceské
republiky.

Pfi volbé cilové skupiny Zivocich(, které by poslouzily uceldm této
prace, byly zdmérné vybrany pravé ptaci druhy. Ty jsou obecné
povazovany za dobré indikatory zmén v biologické rozmanitosti, diky
kterym lze odvodit informace i o vyskytu/biologii fady dalsich druhd

(Bibby et al. 1992).
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Cile prace

Disertacni prace si klade za cil seznamit jejiho ¢tenare s problematikou
modelovani druhové distribuce a jejimi hlavnimi aspekty. V praktické
Casti je cilem wvyuzit potencial tohoto pfistupu k predikci rozsifeni
vybranych druh ptdkd a soucasné zkoumat mozZnosti jeho vyuZiti

v jejich ochrané.

Dil&i cile prace:

A. Vyuzit modelovani druhové distribuce ptacich druh( v souboru studif
zamérenych na:
a. modelovani druhové distribuce ohroZenych druh@ ptaké v CR
b. vyuZiti SDM k odhadu rozsifeni tetfeva hlusce v Karpatech
vzhledem k probihajici asanacni tézbé lesnich porostu
c. zkoumani vlivu ¢asové ne/zdvislosti testovacich dat na vysledek
modelovani vodnich ptakd v CR
B. Formulovat na zadkladé vySe uvedenych studii potencidl SDM v

ochrané ptacich druhd véetné doporuceni k ovéreni jeho vysledk(.
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KAPITOLA 2

Stav habitatu jadrovej populacie hluchana hérneho
(Tetrao urogallus) v Zapadnych Karpatoch: Je este pre
hluchana na Slovensku miesto?

Abstrakt
Uzemie Nizkych Tatier a Velkej Fatry predstavuje jadrovi populdciu hlucharia
hérneho (Tetrao urogallus) v Zadpadnych Karpatoch. Po veternej smrsti v roku
2004 tu doslo k vyznamnym zdsahom do jeho habitatu. Pre zachranu tohto
vtacieho druhu su klticové ucelené informacie o kvalite a rozlohe habitatu, ktoré
sme spracovali v tejto studii, pomocou dvoch metodickych pristupov. V rokoch
2011-2012 sme v uvedenych pohoriach vykonali hodnotenie prostredia a
vyskytu tetrova hluchana na 666 bodovych transektoch umiestnenych na linii o
dlzke 132 km. Na postidenie vhodnosti habitatov na trovni porastu sme pouzili
index vhodnosti habitatu (HSI). Na vytvorenie modelu vhodného habitatu na
arovni krajiny sme vyuzili komplexny model MaxEnt. HSI na plochach suchého
lesa bolo Statisticky vyznamne vyssie v porovnani s asanovanou plochou. HSI bol
modelu MaxEnt vyplynulo, Ze na Urovni krajiny najlepsie vysvetlovali pritomnost
hluchafa premenné: priemerna ro¢na teplota, priemerné julové zrazky,
krajinna pokryvka, nadmorska vyska (m n. m.), druhové zloZenie porastu a
zakmenenie porastu. Potencidlne vhodné Uzemie pre vyskyt hluchana malo
rozlohu 180 km2 (16 % lesnych porastov modelového Uzemia). Tato rozloha je
pre minimalnu Zivotaschopnu populaciu hluchana nedostato¢nd. Dochadza k
fragmentacii habitatu vykonanymi lesohospodarskymi zdsahmi. Ohrozenie
zdrojovej populacie hluchana predstavuje ohrozenie celoslovenskej populdcie.
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Je potrebné zabranit dalSej strate vhodnych porastov a zmenit spdsob
manazmentu.

Klicova slova
Ohrozené druhy, manazment lesa, hodnotenie biotopu, strata biotopu,
minimalna Zivotaschopnd populdcia

Citace
Mikola$ M., Kalafusova I., Tejkal M., Cernajova ., Michalova Z., Hlasny T., Barka
I, Zrnikova K., Bace R. & Svoboda M. (2013). Stav habitatu jadrovej populdcie
hluchdna hérneho (Tetrao urogallus) v Zapadnych Karpatoch: Je eSte pre
hluchana na Slovensku miesto? Sylvia 49: 79-98.
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KAPITOLA 3

Fragmentace prostfedi a jeji vliv na populaci tetfeva
hlu$ce na Sumavé a v Bavorském lese.

Abstrakt

Sumavskda populace tetfeva hluice (Tetrao urogallus) je v soucasnosti jedinou
#ivotaschopnou populaci tohoto druhu v Ceské republice. Jeji pocetnost se
pohybuje na kritické hranici, kdy je mozna jeji dlouhodobd existence. Pro
Uspésnou ochranu tohoto destnikového druhu je nezbytné stanovit velikost a
prostorové rozmisténi vhodného habitatu a miru jeho fragmentace. Uvedené
aspekty jsou v této studii reSeny za pomoci metody maximalni entropie, teorie
grafl a simulace potencialniho pohybu tetfeva. Dle vysledk( této studie lze
nalézt nejvhodnéjsi habitatové podminky pro tetfeva v centralni (“jadrové”)
¢asti Sumavy a nékolika omezené propojenych lokalitadch. Celkova rozloha
potencialné vhodného habitatu tetfeva ¢ini 503 km2, z nichZ 95 km2 nepodléha
cilené ochrané. Omezené propojeni lze nalézt predevsim mezi populaci tetfeva
v jadrové ¢asti Sumavy a populaci obyvajici Trojmezenskou hornatinu, navic
silné zavislé na pritomnosti vhodnych biotopl na bavorské strané Sumavy.
Podobné bylo nalezeno velmi slabé propojeni vhodnych biotop(i v okoli Zelezné
Rudy a biotopl nachazejicich se v okoli Velkého Javoru, Jezerni hory a MUstku.
Fragmentace vhodnych Uzemi je v soucasnosti silné ovlivnéna dopravnimi
komunikacemi a frekventovanymi turistickymi stezkami. Pro zachovani stavajici
populace tetfeva je Zadouci udrzovat rozsahla tzemi vhodnych biotopUl a jejich
vzdjemné propojeni, zabezpecujici Uspésnou vnitrodruhovou komunikaci.
Soucasné je tfeba vénovat vice pozornosti okrajovym a izolovanym popula¢nim
jednotkam (zejména pokud nepodléhaji cilené ochrané), jejichZ zanik by mohl
vést k oslabeni celé populace.
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Klicova slova
Bavorsky les, Conefor, fragmentace biotopu, Maxent, Sumava, Tetrao

urogallus

Citace

Tejkal M., Mikolas M. & Volf O. (2015). Fragmentace prostredi a jeji vliv na
populaci tetfeva hluice na Sumavé a v Bavorském lese. (Accepted in Sylvia)
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KAPITOLA 4

Evaluating forest management intensity on an
umbrella species: capercaillie persistence in central
Europe.

Abstrakt
Deforestation and fragmentation of forests worldwide are negatively impacting
biodiversity. The capercaillie (Tetrao urogallus) is an endangered umbrella
species of montane forests in central Europe. Despite its status, it has largely
been overlooked in forest management planning in the Carpathian Mountains,
a biodiversity hotspot within the European Union. Previous investigations of
timber management effects on capercaillie have shown contradictory results
within Europe; habitat loss and fragmentation due to intensive forest
management have been implicated in population declines, while other studies
have suggested neutral or positive effects. In Romania, recent changes in forest
management have shifted from extensive, selective logging to intensive
clearcutting; this change provides the opportunity to assess the effects of
harvesting on capercaillie numbers across a full range of forest management
intensities, thereby addressing discrepancies in the literature. Across the
Southern and Eastern Carpathian mountains from 2009-2011, we used spring
counts of capercaillie males at leks to evaluate the impact of forest
management, other human activities, and habitat at two spatial scales — stand
(~2 ha) and landscape (~300 ha). At the landscape level, the proportion of
forest clearcuts and intensity of tourism had significant negative effects on the
number of capercaillie males in the lek. In contrast, low intensity selective
logging had a positive effect at the local stand (lek) level. Large scale (landscape
level) forest clear-cutting had a negative effect on the capercaillie population —

12
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areas comprised of clearcuts of 30% reduced male lek counts by 76%. The
protection of intact mature and old-growth forests, and forest management
practices that emulate natural disturbance processes are recommended to
support habitat of this critical umbrella species and associated biodiversity.

Kli¢ova slova
Capercaillie, Habitat requirements, Anthropogenic threat, Umbrella species,
Ecological forestry, Forest management

Citace
Mikold$ M., Svitok M., Tejkal M., Leitdo P. J., Morrissey R. C., Svoboda M.,
Seedre M. & Fontaine J. B. (2015). Evaluating forest management intensity on
an umbrella species: capercaillie persistence in central Europe. Forest Ecology
and Management 354: 26-34.
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KAPITOLA 5

Logging impacts on capercaillie (Tetrao urogallus)
habitat distribution and connectivity in the
Carpathians

Abstrakt
Habitat destruction and fragmentation are major drivers of local and global
extinctions and information about the distribution and connectivity of suitable
habitat for species of conservation concern is therefore important. Capercaillie
(Tetrao urogallus), Europe’s largest grouse species are increasingly threatened
as the species is highly sensitive to habitat fragmentation. The Carpathian
Mountains are one of the last strongholds of capercaillie in Europe, yet drastic
changes in forest management and harvesting levels since the 1990s may have
affected capercaillie negatively. To assess these impacts, we modelled
capercaillie habitat across the Carpathians, using a species distribution
modelling approach. We then use this model to quantify the impact of clear-
cutting, mapped from Landsat satellite images, on habitat distribution and
functional connectivity between 1985 and 2010. Capercaillie presence was best
explained at the landscape scale by variables relating to climate, topography,
forest composition and configuration, and the distance to roads and
settlements. The total area of suitable habitat was 7,510 km2 in 1985, but 1,109
km?2 of this habitat was lost until 2010 due to large-scale logging. Surprisingly,
the loss of suitable habitats was higher inside protected areas (574 km2) than
outside (535 km2). Functional connectivity, measured by the Equivalent
Connected Area (ECA) index, declined by approximately 33% since 1985.
Together, this suggests that suitable capercaillie habitat in the Carpathians is
increasingly fragmented, with many patches likely not sufficiently large to
14
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sustain viable populations. Larger areas with a high habitat suitability were also
often far apart from each other, suggesting connectivity is critical for ensuring
capercaillie persistence across the Carpathians. To protect capercaillie, forest
management in important capercaillie areas should be adapted and include
conservation goals, for example by refraining from large-scale clear-cutting,
including salvage logging following insect outbreaks. Our study suggests
capercaillie in the Carpathian Mountains are increasingly threatened by
intensive forest management and highlight how habitat modelling and
connectivity analyses can inform landscape-scale conservation planning to
mitigate these threats.

Klicova slova
Capercaillie, Umbrella species, Habitat fragmentation, Forest disturbances,
Species distribution modelling

Citace
Tejkal M., Mikolas M., Kuemmerle T., Griffiths P., Svoboda M., Leitdo P. J,,
Hlasny T. & Morrisey R. C. (2015). Forest management impacts on capercaillie
(Tetrao urogallus) habitat distribution and connectivity in the Carpathians.
(Submitted in Biological Conservation).
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KAPITOLA 6

Effects of temporally dependent and independent
evaluation on the performance of species distribution
models.

Abstrakt

Various evaluation approaches have been used to assess performance of
species distribution models. Partitioning the original data of species
occurrences to develop evaluation datasets is currently the most widespread
approach. Unfortunately, such test data is not temporally independent. Some
recent studies, however, have claimed that this approach provides overly
optimistic model assessments compared to the generally recommended
independent evaluation, wherein species occurrence data, for example, comes
from different years or field surveys. To verify these claims, we used presence—
absence data for 24 wintering waterbird species which was gathered in the
Czech Republic during mid-January as part of the worldwide International
Waterbird Census. To

ensure the robustness of our analysis, we tested differences between
temporally dependent and independent evaluation using six common
modelling techniques (two regression-based, three machine-learning, and one
consensus) by means of four evaluation metrics (true skill statistic, kappa
statistic, overall accuracy, and area under the receiver operating characteristic
curve). Surprisingly, we found that performance of these two evaluation
approaches varied substantially among all modelling techniques and evaluation
metrics used. Our results indicate that overestimation of a model's
performance may be strongly affected by the selected technigque and
evaluation metric. Therefore, assessment of species distribution models needs

16
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to be carefully evaluated using several modelling techniques as well as accuracy
metrics and should consider the effect of their selection on model
performances. If there are no appropriate temporally independent data,
evaluation using unbiased data coming from an adequate and correctly divided
original dataset may also be used to create effective model selection tools.

Klicova slova

Ecological niche modelling, Model performance, Overfitting, independent
evaluation, International Waterbird Census

Citace
Tejkal M., Musil P. & Musilova Z. (2015). Effects of temporally dependent and
independent evaluation on the performance of species distribution models.
(Submitted in Ecological Informatics).
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KAPITOLA 7

English summary

The present dissertation focuses on the issue of species distribution
modelling (SDM) and its application in practical protection of selected
bird species. This chapter briefly summarises the most important results
and conclusions of the studies presented in full in chapter four of the
original paper.

The first study (chapter 4.1) determined the geographical extent of
the potentially suitable habitat for the capercaillie in Slovakia,
representing the current minimum area for preserving its viable
population. In this study, we also confirmed the validity of the HSI
method (Storch, 2002), which helped us identify the capercaillie’s higher
preference for dry forest compared to areas with salvage logging. In the
second study (chapter 4.2), we analysed the capercaillie’s biotope
preferences and the degree of fragmentation of its potential biotope in
the Sumava and the Bavarian Forest. Based on the results, the best
conditions for the capercaillie can be found in the central (“core”) part
of the Sumava and several partially connected sites. In spite of their
relatively good interconnection, there is a justified concern about further

increase in their fragmentation. This is caused primarily by inappropriate
18




CESKA ZEMEDELSKA UNIVERZITA V PRAZE

forest management (logging) and development of tourism resorts, ski
slopes and routes. Additional important findings are made in the third
study (chapter 4.3), dealing with the effect of forest management on the
fragmentation of the capercaillie’s habitat in the Carpathians in the post-
communist era. Besides findings concerning response to important
environmental conditions at the landscape level, the study brings
surprising results relating to the long-term loss of capercaillie suitable
habitat (since 1985) and thus, their functional connectivity. The situation
has been caused primarily by application of intensive forest
management. The causes and impacts of this problem are examined in
the penultimate study (chapter 4.4). There, the results of the regressive
model confirmed the crucial importance of anthropogenic factors in
explaining the capercaillie distribution. Specifically, they comprised the
proportion of forest clearcuts, tourism intensity and selecting logging.
One solution leading to improvement in the existing situation is a return
to the original (extensive and “capercaillie-friendly”) forest
management. The results of the last, purely methodological study
(chapter 4.5) present a comparison of two methods for evaluation of
predictive models. Surprisingly, the results of this study show a
noticeably inconsistent performance of prediction across time-
(in)dependent evaluation methods, and are in contradiction of some of

the present opinions.
19
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The studies congruently demonstrate the various methods of
application of species distribution modelling in practical protection of
bird species. In this respect, SDM seems to be a promising tool for
examining the relationship between a species and its environment, with
alarge potential in the conservation practice. At the same time, however,
it must be noted that it is by far not the only (let alone absolutely
objective) method of defining the extent of a selected species, for
example. As a matter of principle, even the best model cannot describe
the complex relationships between a species and its environment, and it
will always be only a better or worse generalisation of reality.

Dissertation thesis consists of five studies, three of them are
currently published (or are accepted for publishing) in journals Sylvia and
Forest Ecology and Management. The results of two other studies are
currently subject to a review procedure in journals Ecological Informatics

and Biological Conservation.
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