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Podékovani

Jako mala jsem rada poslouchala tatovo vypravéni o zvifatech. Stale jsem ho prosila, aby ty
samé¢ piibehy vypravél dokola, nez jsem je nakonec znala nazpamét. Vzpominam si, jak jsem
¢itavala romany o vyzkumnych vypravach a o neohrozenych badatelich a touzila byt jako oni.

V prabéhu doktorského studia jsem se pak opravdu dostala do houstin téch nejzapadlejsich
koncin svéta, abych tak okusila tvrdy chléb védecké prace. Davno pted svitanim jsem jen

s ¢elovkou vravorala po kluzkych pralesnich svazich ve snaze zachytit ranni zpév ptakda.
Vzpominam na svého kolegu Aliho, ktery se mnou vSechny strasti absolvoval s ismévem na
tvari. I kdyz cesky neumél, véfim, ze mému lamentovani perfektné rozumél.

Navzdory tomu, ze ma vlastni data stale zraji v Supliku pracovniho stolu a ¢ekaji na moment,
kdy opét spatii denni svétlo, jsem méla moznost zkusit tu redlnéjsi ¢ast védecke prace. Za
monitorem pocitace jsem zjiStovala, ze cesta k poznatkiim je dlouhd a plna ptekazek. A sam ji
zdola jen malokdo. J4 jsem méla to §tésti, ze mi pomahali ti nejlepsi. Se zaklady psani
veédecké prace me¢ uz od dob bakalaiského studia seznamoval skolitel Jirka Reif. Ve svém
usili nepolevil ani v pritbéhu mého doktorského studia, kdy mi obétavé poskytoval rady a
pomoc doslova Vv jakoukoliv denni dobu. Jeho trpélivosti a ochoty si velmi vazim.

Podékovani dluzim i svym kolegiim, protoze jejich nédpady a uspéchy jsou pro mne inspiraci a
vzdy mé motivuji k dal§imu usili a nikdy mi neodepfteli radu. Nemaly dik bych rada vénovala
1 Vojtovi Zeiskovi, ktery mi vzdy S ochotou vysvétloval i ty nejtrivialngjsi statistické principy
a jesté me utéSoval, kdyz jsem sama nad sebou lamala hiil; dale také kamaradce Irc¢e Tiché,
ktera paralelné se mnou proZivala obdobné zkuSenosti a byla mi oporou a celé fadé€ dalSich
kolegl a kamaradu, kteti mi prominou, Ze je vSechny jmenovité neuvadim.

Nejveétsi pod€kovani ale patfi mé roding, za velkou podporu a trpélivost, kterou se mnou méli.
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Uvod:

Ptaci populace jsou ovlivnény mnoha vnéj$imi faktory, které zptisobuji jejich zmény. Citlivost
jednotlivych druhli na ménici se podminky pak uréuje, zda urcity druh na daném misté
piibyva, ¢i ubyva (Donald et al. 2006). Pro odhaleni faktorti piisobicich na ptaky, které jsou
zéaroven relevantni z hlediska jejich ochrany, je nutné pouzit data zachycujici vyvoj ptacich
populaci a zajisté nejvhodnéjsi jsou ta dlouhodobd, jelikoz odfiltruji kratkodobé vykyvy a
piesnéji vymezi ty faktory, které pozitivné i negativné ptisobi na populacni trendy (Keith et al.
2015). Co nejptresnéjsi identifikace vliva, které pii dlouhodobém pilisobeni potencialné vedou
k lokalni extinkci, je zasadni pro stanoveni ochranatskych priorit a nasledné zacileni praktické

ochrany (Donald et al. 2007).

Pti bliz§im pohlednu na problematiku zjistime, ze nejcastéji jsou v kontextu populacnich
zmén zminovany dva faktory, a sice klima a habitat (Reif 2013). Dlkazy o tom, Ze ménici se
klima ovliviiuje ptactvo, se mnozi po celém svéte (Stephens et al. 2016). Klimatické zmény
zahrnuji komplexni procesy, jejichz dopady se 1i8i v riznych ¢astech svéta (Loarie et al.
2009). V n¢kterych regionech dochazi k nartistu primérnych teplot, ¢i naopak poklesu srazek
a globaln¢ byl zaznamenan i nartst klimatickych anomalii (IPCC 2013). V Evrop¢ se tyto
procesy projevuji zejména na posunu fenologie ptacich druhti zpisobené ¢asnéj$Sim nastupem
jara (Pautasso 2012). Nizka schopnost zareagovat na tento posun vede k poklestiim hnizdni
uspésnosti ¢i eventuelné k nardstu mortality dospélych jedinct (Julliard et al. 2003),
vysledkem ¢ehoZ je populacni pokles dot¢enych druhti, konkrétné dalkovych migranti, ktefi
nereaguji na ¢asné¢jsi nastup jara a vzniké u nich nesoulad se zahdjenim hnizdéni a vrcholem
potravni hojnosti v hnizdisti (Sanz et al. 2003, Both et al. 2006). Radikalni zmény jarniho
pocasi tedy znevyhodnuji dalkové migranty a mirnéj$i zimy jsou naopak prospésné pro
n¢které rezidentni druhy (Knudsen et al. 2011), kterym narist teplot mtize prospivat. Ne
vSechny mechanismy ale postihuji jen druhy s ur¢itou migracni strategii skrze potravni
fetézec, i fenologicky cyklus. Zmény klimatu mohou mit i pfimy vliv na ptadky. Neocekavané
klimatické anomalie, jako naptiklad viny horka, sucha, ¢i srazek bezprostfedné ovliviuji ptaci

populace a zptisobuji vy$si umrtnost (Van Franeker et al. 2001, Julliard et al. 2004).

Me¢énici se podminky vlivem klimatickych zmén nuti ptaky reagovat na novée vzniklé situace.
Ti se pak na nové podminky adaptuji, nebo se potencialné nevyhovujicim okolnostem snazi
vyhnout tak, ze doposud obyvanou oblast opusti a osidli jinou. Druhy se posouvaji ve snaze
nasledovat posuny své klimatické niky, v disledku ¢ehoz se ale méni i celé ekosystémy a
vazby mezi druhy (Devictor et al. 2008, 2012). Ditkazi o vlivu klimatickych zmén na ptaci
populace se naptic¢ Evropou objevuje velké mnozstvi, presto neni Gplné ziejmé, jak presné

tento mechanismus na ptaky ptsobi (Pearce-Higgins et al. 2015).



Reakce druhli na zménu prostiedi, ve kterém ziji, se da do urcité miry piedpovidat v zavislosti
na vlastnostech druhu, které poukazuji, jak dany druh interaguje s prosttedim (Webb et al.
2010). Analyzy populaénich trendi zalozené na zkoumani vlastnosti druhti jsou v celku
zajimavym piistupem, jak nahlédnout na to, do jaké miry klimatické zmény druhy zasahuji
(Reif 2013). Vlastnosti druhu ovliviiuji, jak bude dany druh na vzniklou zménu reagovat,
ovSem nejen na klimatickou, ale naptiklad 1 na zmény v krajin€ nebo ve vyuzivani pudy
(Garcia et al. 2014). Je ale zfejmé, ze druhy, které své arealy posouvaji podobnym zptisobem,

sdileji urcité vlastnosti (Goodenough and Hart 2013).

Habitat zasadné€ ovliviluje rozsifeni druhti, protoze druhy se nemohou dlouhodobé vyskytovat
Vv prostiedi, které pro né€ neni ptiznivé (Gaston and Blackburn 2000). S vyvojem lidské
spole¢nosti je neodmyslitelné spjaty 1 vyvoj zivotniho prostiedi, at’ uz jde o expanzi a rozvoj
mést, nebo dochdzi ke zménam ve vyuzivani krajiny (Sadlo et al. 2005). PficemzZ tento vyvoj
neprobiha ve vSech zemich ani stejnym zptisobem, ani stejnou rychlosti. V zapadni Evropé je
V souvislosti s pta¢imi populacemi nejcastéji zminovana intenzifikace zeméd¢lstvi (Donald et
al. 2001). Na jihu Evropy dochazi k opousténi pudy a sukcesi dfevin (Laiolo et al. 2004).
Podobna situace, ale ne tolik vyrazna se odehrava i na severu Evropy (Wretenberg et al. 2006)
a ve vychodni ¢asti kontinentu, v postkomunistickych zemich, doslo po vstupu do EU téz

k nartistu intenzity hospodateni (Sanderson et al. 2013). Mezi dalsi procesy patii napiiklad
fragmentace ptivodné celistvych prostiedi, nebo zalesiiovani (Sklenicka and Salek 2008).
PrestoZe jsou alespon n€ktefi ptaci na nove vzniklé zmény méné choulostivi a zvladaji se
ptizpusobit (cf. Moller et al. 2015), tak stadle nemame kompletni informace o tom, jak se jejich
populace v budoucnu realné budou vyvijet naptiklad v kontextu zmén v potravnim zastoupeni
(v nové vzniklych podminkach nemusi Zit ti sami bezobratli, rist stejné rostliny apod.),

Vv rozdilnych mezidruhovych vztazich, ptitomnosti rozdilnych patogent atd.

Diky své popularité zejména mezi amatérskymi pfirodovédci byla v mnoha evropskych
zemich nashromazdéna celkem robustni data o pocetnosti ptakii pokryvajici celé dekady
(Greenwood 2003). Zasobarna takovychto dat poskytla badatelim nahled, jak se populace
ptakti ménily v dlouhodobych horizontech (Jiguet et al. 2012). V piistupech, jak dany material
uchopit, ale chté nechté vznikla dal$i rozmanitost. Mnoho studii se snaZilo objasnit variabilitu
Vv populacnich trendech, k ¢emuz byly pouzity rizné metodické pfistupy, a i proto se vyznam
jednotlivych ekologickych proménnych mezi riznymi studiemi lisi (Rihova 2015). Rozdilné
zavéry lze najit ¢asto i v ramci regiontl (Rihova 2015). Je tak velice obtizné vyvodit obecné

zakonitosti aplikovatelné naptiklad na celé aredly rozsifeni.

Tato disertacni prace predstavuje vyhodnoceni dopadu dvou nejvice diskutovanych faktor na

ptaci spoleCenstva, a to sice klimatu a habitatu, v makroregionalnim a kontinentalnim méftitku.



Klima a jeho vliv na distribuci a pocetnost ptaku:

Zmény distribuce a posun areali rozsireni

Z globalniho pohledu na distribuci byl pozorovan celkovy posun arealu rozsifeni smérem do
chladnéjsich oblasti, a to nejen u ptakd, ale 1 u jinych organisma, jako naptiklad u motyla, ¢i
broukl (Bowler et al. 2015). Jelikoz jsou ptaci velmi mobilni a jsou schopni relativné rychle
reagovat na ménici se podminky, posouvaji své arealy rozsifeni z mist, ktera pro n¢ pfestanou
byt vhodna do oblasti, ve kterych pro né vznikaji prihodné klimatické podminky (Devictor et
al. 2008).

Posun ale neprobiha u vSech druht stejné. Jelikoz se jednotlivé druhy mezi sebou lisi

Vv klimatickych néarocich, a navic klimatickd zména neplisobi napfi¢ prostorem rovnomeérné,
vznika i variabilita v reakci na tyto podminky (Huntley et al. 2006, 2008, Piispévek II).
Jednotlivé druhy se tedy mezi sebou lisi v mife a sméru posunu. A praveé dana variabilita by
mohla najit uplatnéni v praktické ochrané. Naptiklad druhy, u kterych piredpokladame, Ze

Vv pribéhu 21. stoleti zmensi rozlohu arealu rozsifeni, v soucasné dobé vykazuji nejvetsi
populaéni pokles (Gregory et al. 2009). Pfedpokladané zmény v rozloze aredlu byly téz
spojovany s preferovanym habitatem (Angert et al. 2011) ¢i mirou endemismu (Goodenough
and Hart 2013).

Habitat je velmi dilezitym ekologickym faktorem, ktery ovliviiuje vyskyt a pocetnost (Reif
2008). Bylo zjisténo, Ze druhy s podobnymi habitatovymi naroky reaguji pfiblizné stejnym
zpusobem a podobné posouvaji své arealy (Goodenough and Hart 2013). Korelace mezi
vlivem habitatovych promé&nnych a klimatickou nikou neni u ptakd ni¢im piekvapujicim
(Barnagaud et al. 2012). Nékteré skupiny druhii podle toho, jaky habitat obyvaji, mohou mit
na klima shodnou reakci. Napftiklad druhy vazané na mokfadni habitaty posouvaji své arealy
nejvice, a to severovychodnim a severozapadnim smérem (PFispévek I1) v souvislosti

S narustajicimi srazkovymi tthrny v severni ¢asti kontinentu (IPCC 2013).

Nejvetsi posun k severu vykazuji lesni druhy a malé druhy obyvajici otevienou krajinu
(Prispévek II). Velky posun lesnich druhti by mohl byt vysvétlen vztahem k chladnéjsim
oblastem, zatimco druhy otevienych habitatt jsou teplomilné&jsi. Zjisténé rozdily v posunech
druht by mohly byt vysvétleny tim, Ze klimatickd zména probiha rychleji pravé na chladném
severu (IPCC 2013, Massimino et al. 2015). Mtizeme tedy fici, Ze lesni ptaci jsou proto
nachylnéjsi ke klimatickym zménam. Zaroven je zajimavé pozorovat, co se vlastné déje

s aredly lesnich druhtl, protoze druhy z jehli¢natych lesti vykazuji spiSe zmenSovani areélu,
kdezto druhy opadavych lesti zaznamenavaji expanzi (Reif et al. 2008a, Jongsomjit et al.
2013). Neda se tedy ani fici, ze vSichni lesni ptaci ubyvaji. U nékterych druhd byl dokonce



zaznamenan i piirustek (PFispévek IIl). V mnoha Evropskych zemich dochazi k rozsifovani
lesnich biotopti a je nepravdépodobné, ze by vSechny lesni druhy byly na ustupu (Gregory et
al. 2007, Reif 2013). Nejvétsi posun k severu vykazuji habitatovi specialisté, naproti tomu
nejmensi generalisté (PFispévek II). Generalisté se mnohem snaze vyrovnavaji s dopadem
klimatickych zmén nez specialisté (Jiguet et al. 2007, Pearce-Higgins et al. 2015), a proto jsou
pod vlivem klimatickych zmén ekologicky specializované druhy mnohem vice tlaceny

K posunu arealti na sever. Oproti tomu generalisté jsou klimatem ovlivnéni daleko méné a
mén¢ na n¢é téz reaguji (Prispévek I, Piispévek II).

V nasi studii (PFispévek I1) jsme zjistili, Ze pravé dalkovi migranti vykazuji nejvyssi miru
posunu arealu. Neptedpokladame, Ze dany jev vznikd vlivem jejich vétsi mobility, protoze ta
se v pouzitych datech nemohla projevit, ale kvili latitudinélni distribuci druhti s rozdilnou
migracni strategii. S rostouci latitudou pocty dalkovych migrantt klesaji. Dalkovi migranti se
tedy v Evropé soustiedi spiSe do nizsich a stfednich zemépisnych $itek (Lemoine and
Bohning-Gaese 2003) a maji tak prostor pro potencialni posun, neZ migranti na kratkou

vzdalenost, ¢i rezidentni druhy, ktefi naopak tvofii hlavni ¢ast severskych populaci (Lemoine
and Bohning-Gaese 2003).

Popula¢ni zmény souvisejici s posunem arealu

Ptedpovidany posun odraZi miru tlaku, jakym klima na ptaky pisobi. Lze predpokladat, ze

druhy posouvajici své arealy nejméné vykazuji urCitou odolnost vii¢i nastavajici klimatické
zméné, na druhou stranu ¢im vice druhy posouvaji své arealy, tim vice jsou na klima citlivé
(Renwick et al. 2012).

Nejveétsi posun je v Evropé predikovan pro druhy posouvajici areal roz§ifeni severnim
smérem (PFrispévek II) a zaroven druhy s aredlem rozsifeni pobliz severni hranice kontinentu
maji mensi potencial k posunu. Vzhledem k tlaku, kterym na n¢ klima pusobi, je otazkou, jak

se zmeény v distribuci podepiSou na jejich populacich.

Mnoho studii se z toho diivodu nasledné zaméfilo na prozkoumani vztahu mezi populacnimi
trendy a latitudindlni distribuci a zjistilo se, Ze chladnomilné druhy ubyvaji, kdezto u
teplomilnych druhii byl v Evrop€ zaznamenan narist populaci (Gregory et al. 2009, Jiguet et
al. 2010, Prispévek I). Takové zjisténi podporuje nazor, ze druhy, které posouvajici areal
vice, jsou spiSe citlivé na klima a nasledné jejich populace vykazuji vesmés negativni reakci.
Na evropském kontinentu pak praveé severni druhy vykazuji mnohem negativnéjsi trendy, nez

druhy z jizni ¢asti kontinentu (PFispévek III).



Heterogenita v mife posunu a rozdilné reakce populaci na klimatické zmény budou pak
zasadn¢€ ménit druhové slozeni ptacich spolecenstev v prostoru. Stfedoevropské druhy
nevykazuji tak vyrazny posun, jako druhy jizni a severni (Reif et al. 2010). V budoucnu
muzeme piedpokladat radikalni populacni pokles severskych druhti, kdezto jizni druhy budou
piibyvat (Lemoine et al. 2007, PFispévek I). Diky cemuz se zfejm¢ zméni druhové bohatstvi
ve stfedni Evropé. Ovsem jakym zplisobem se zméni, je v soucasné dobé obtizné predpovidat.
Vzhledem k soucasné podob¢ latitudinalniho gradientu druhové bohatosti ptak v Evropé
(Huntley et al. 2007), kdy ve stfednich Sitkach je druhti nejvice a v severnich i jiznich méné
(zfeymée v souvislosti mensi uzivnosti prostiedi smérem k severni i jizni hranici kontinentu),
1ze predpokladat, ze druhova bohatost na jihu pravdépodobné vlivem ,,odlivu* jiznich smérem
na sever a omezenému ,,piilivu‘ druhti ze severu Afriky poklesne, a naopak v severni ¢asti
kontinentu se v dusledku posunu druhové bohatych stfedoevropskych spoleéenstev zvysi
(Barbet-Massin et al. 2012). Empirické studie zamé&fujici se na souc¢asné projevy klimatickych
zmén ve zmeéng distribuce ptaci druhové bohatosti tyto predikce viceméné potvrzuji (napf.
Lindstrom et al. 2013).

Dalsi jev spojeny s nartistajicimi teplotami, ktery byl pozorovany nejen u ptaki, je posun
horskych druht smérem do vysSich nadmoiskych vysek (Popy et al. 2010). Ten se v drtivé
vetsing dosavadnich studii zamétenych na latitudindlni posuny areélu zanedbaval, ackoliv je
logicky muze ,,brzdit“, a proto v oblastech s riiznorod¢jsim reli¢fem muzeme ocekavat
omezenéjsi posunu nez na rovnych nizinnych plochéch. Nejnovéjsi studie zohlediujici
vyskovy posun skutecné zjist'uji jeho vyrazny dopad na miru latitudinalniho posunu (Auer

and King 2014), a proto by m¢l byt v budoucich projekcich bran také v tivahu.

Dopad zmén habitatu na ptaci populace:

Vliv zmén v krajiné na ptaky

Asi nejsnadnéji zhodnotitelnou situaci vidime u druht oteviené krajiny, u kterych je

pozorovan napfi¢ evropskym kontinentem pokles (PFispévek III, Pfispévek IV). V minulosti

vvvvvv

vV

zaznamenan v byvalych komunistickych zemich vychodni Evropy (Donald et al. 2001), kde
po zméné rezimu dokonce trendy zaznamenaly mirny nartst, nez opét klesly (Reif et al.
2008b). V soucasné dobé ale pokles uz neni na Zapadé tak prudky (Inger et al. 2015) a naopak
vychodni populace po vstupu do EU a zméné hospodaiské politiky zaznamenaly intenzivnéjsi

ubytek (Sanderson et al. 2013). Navzdory rozdiliim v mikrohabitatovych néarocich
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jednotlivych druhit, byl populacni ubytek ptaka zeméd¢€lské krajiny zaznamendn naptic celym
kontinentem, nejintenzivnéji v§ak u druhii vazanych na ornou pudu (Chamberlain and Fuller
2001). Obecn¢ je snizovani poctu ptisuzovano hospodaiské politice stati (Pe’er et al. 2014),
pricemz asi nejvétsi roli hraje intensifikace zemédélstvi (Donald et al. 2001), a to zejména
prechod z jarni na zimni setbu spojeny s absenci strnist” a aplikaci pesticidl, coz se projevuje
nedostatku potravy ke konci zimniho obdobi (Chamberlain et al. 2000). Negativni dopad ma
téz redukce marginalnich habitatii. Zasazeny tak jsou nejen druhy oteviené krajiny, ale i ty,

které se na polich pfizivuji (Reif et al. 2014).

Obdobnym piikladem muize byt i opousténi orné pldy, diky kterému dochazi ke zhorSeni
kvality prostfedi. K upousténi od orby dochazi plosn¢ napti¢ Evropou, v riznych regionech
ma ale tento proces rozdilné piiény. V Ceské republice se v 90. letech rozmohl trend
roz§ifovani pastvin na tkor orné piidy (Hanzelka et al. 2015). V severni Evrop¢ se naopak
ustupuje od orby z diivodu zalestiovani, které nasledné vede k poklesu populaci polnich ptaki
(Wretenberg et al. 2006). Vzhledem k tomu, Ze populace obyvajici ¢asti arealt
obhospodafované intenzivnim zpisobem, maji dle zminénych poznatkl tendenci klesat, tak

Vv oblastech, kde dochazi ke zhorSeni podminek vlivem opousténi ptidy, vlastné vznika na
druhy dvoji tlak (Reif 2013). Oproti tomu ekologicti generalisté mohou z nové vznikl¢ situace
profitovat a opusténé plochy a nové zalesnéné oblasti kolonizovat, diky ¢emuz jejich pocty
stoupaji (Shultz et al. 2005).

Oproti strmému poklesu polnich druhtl si ptaci lesti stoji vSeobecné dobie (Reif 2013).
Navzdory tomu byl v nékterych regionech zaznamenany pokles, napfiklad u populaci
nékterych lesnich druht, a to z riznych mikrohabitatt v celé Evropé (Gregory et al. 2007).
Zejména u lesnich specialistil je pravdépodobné zapii¢inény nahrazovanim starSich a
puvodnich porostii mladymi jehli¢natymi monokulturami (Schulte et al. 2005, Reif et al.
2014, Fraixedas et al. 2015). Nejen habitatové zmény, ale i fragmentace lesnich ploch by
mohly vysvétlovat vztah mezi lesnimi druhy a habitatovymi proménnymi (Béhning-Gaese et
al. 1993). Fragmenty totiz ¢asto podléhaji vysSimu preda¢nimu tlaku a pravé preda¢nimu
tlaku je pfipisovan za vinu naptiklad pokles hmyzozravych pévct (Bohning-Gaese et al.
1993).

Trendy vodnich ptakil nejsou v Evropé v riznych regionech shodné, ve vétsiné oblasti jsou
ale spise pozitivni (PFispévek III, Prispévek IV, Musilova et al. 2015) a obzvlasté pak v jizni
a zapadni Evropé (Seoane and Carrascal 2008). VVzhledem k rostoucim thrniim srazek

Vv severni ¢asti kontinentu a poklesu na jihu (IPCC 2013), posouvaji vodni ptéaci své aredly
rozsifeni na sever. Zaroven tato skupina vykazuje nejvetsi posun severnim a severozapadnim

smérem ze vSech skupin ptakd a i v budoucnu mizeme tento trend ocekavat. (Prispévek I11).
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Mnoho vodnich ptaki v riiznych Castech kontinentu své arealy zvétsuje (Van Turnhout et al.
2007, Lemoine et al. 2007).

Zhorsovani kvality vodnich habitatli, konkrétné naptiklad pokles kvality vod a eutrofizace, se
V minulosti zna¢n¢ negativnim zptisobem podepsaly na populacich mokiadnich druhi (Van
Turhhout et al. 2010). Cistota vody, zejména mnoZstvi polutantii a pH se sice zlepsilo, mira
eutrofizace ale ne, pfi¢emz mnozstvi Zivin ve vodé zna¢nou mérou ovlivituje cely potravni
fetézec s dramatickymi dopady na ptaci populace (Lehikoinen et al. 2015). V krajnim piipadé
pak miizeme pozorovat ndrast populaci ryb, ktery sice svéd¢i rybozravym ptaktim (Musil and
Fuchs 1994), ale na druhou stranu zhorSuje prihlednost vod, coz je naopak ptekazkou pro

druhy orientujici se pod vodou vizudlné (Cepak and Musil 1996).

I presto v soucasné dobé vykazuji vodni druhy populacni ptirtistek. Nartist moktadnich druhd,
zejména téch ohroZenych miize byt vysvétlen zejména pozitivnim dopadem ochrany jak
druhové, tak i habitatové (Prispévek IV), ovSem nezanedbatelny vliv miize mit i zmiriovani

klimatu (Musilova et al. 2015).

vvvvvv

souvislost s trendem pocetnosti (Thaxter et al. 2010). Dalkovi migranti patii mezi skupiny
ptaki vSeobecné brané jako ubyvajici (Knudsen et al. 2011). Ptic¢emz pokles jejich populaci je
piisuzovan hlavné fenologickému nesouladu vznikajicim v dusledku klimatické zmény (Both
et al. 2006) v interakci se zhorSenim kvality habitatu na zimovisti (Mantyka-Pringle et al.
2012). Pokud se ale podivame na oblast Sahelu, kde v soucasnosti dochazi k poklesu
srazkovych thrnii a desertifikaci a tim padem 1 zhorSeni kvality prostiedi, ktera pfimo souvisi
i S rapidnim zvySovanim mistni lidské populace nasledné spojené se zvySenym tlakem na
pfirodni biotopy (Zwarts et al. 2009), je pak té¢Zké od sebe tyto dva faktory striktné oddélit.
Nové studie takeé ukazuji, Ze zachyceni vlivu faktoru ptisobiciho na zimovisti je metodicky
brzy délat zavéry ohledné toho, co rozhodujicim zptisobem zapiicinuje ubytek dalkovych

migrantd (Vickery et al. 2014).

Ménici se klimatické podminky a habitat

Debata o tom, jestli ptaci populace ovliviiuji vice klimatické nebo habitatové zmény, je stale
ziva (Reif 2013).

Réz krajiny se méni jak z divodu zmén v obhospodatovani, tak i kviili spontdnnim
transformacim, ke kterym v krajiné dochazi (Pokorny 2011). Ackoliv dopad zmén v krajiné
na lokalni populace Ize celkem snadno vyjadrit, ale v kontinentalnim métitku vyhodnocovani

jiz tak snadné neni, protoze neumime dostate¢né dobte uchopit, v jakych habitatech jednotlivé
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druhy ziji (Keil et al. 2012). Naopak zachyceni klimatické niky jednotlivych druhti je na
velkych $kalach pomérné jednoduché a i pies fadu zjednodusSeni se poklada za pickvapivé
presné (Araujo et al. 2009), coz mize vést k dojmu, ze klimatickd zména formuje vyvoj
ptacich populaci vice nez zmény habitat (Lemoine et al. 2007). Pravé proto jsme u béznych
druhti o¢ekavali uzsi vazbu na klimatické faktory a kromé toho jde obecné o druhy s $irsi
nikou a tedy vys$i toleranci, co se prostiedi tyce. Prekvapivé se vSak ukazalo, ze u nich je

hlavnim ovliviiujicim faktorem pravé habitat (P¥ispévku IV).

V praxi miiZze byt obtizné od sebe jednotlivé faktory rozpoznat a tieba pokles Siroce
roz§ifenych druhli nemusi byt jednoznaéné spjaty pouze s jednim faktorem (Prispévek I,
Gregory et al. 2005). Je také otazkou, zda dopad klimatickych zmén mize byt ovlivnén
zménami probihajicimi v krajing, které jsou vlastné nepiimo indukované pravé klimatem
(Davey et al. 2012).

Konkrétni ptiklad najdeme v Ceské republice, kde byla v poslednich desetiletich zhruba
petina jehlicnatého porostu nahrazena tradi¢nim listnatym lesem, a zaroveinl zde byl
zaznamenan pokles druhli vazanych na tento konkrétni typ prostfedi (Reif et al. 2008b).

V ptipadé, Ze severské druhy preferuji jehlicnaté lesy vice, nez ostatni ptaci, pak zmény

Vv krajiné zapficinéné cloveékem jen maskuji souvislost mezi klimatickou zménou a populaéni
dynamikou. Je mozné, Ze indikatory klimatické zmény generované na zaklad€ klimatické niky
souvisi s habitatovymi proménnymi. Tedy ze zmény, ke kterym v krajin€ dochazi, jsou zcela

indukované klimatickou zménou (Clavero et al. 2011).

(Ne)moznost odliSeni vlivu klimatické od habitatové zmény a jejich Casté interakce maji
vyznamné dopady pro praktickou ochranu ptirody. Na rozdil od moZnosti planovat
hospodafiské a ochranaiské aktivity, miZzeme klima cilené ovlivnit jen velice obtiZné a pro
ucely ochrany druht prakticky viibec ne. To vSak neznamena, ze se klimatickou zménou
nemd smysl z ochranatského hlediska zabyvat. Z hlediska jeho budouciho vyvoje méame

k dispozici modely, pomoci nichz mizeme tieba odhadnout, kam bude vhodné v budoucnu
nasmeérovat ochranaiské snahy, napf. zfidit chranéna uzemi, coZ by mohlo druhlim pomoci se
vyrovnat s disledky klimatické zmény. Identifikace vhodnych oblasti vSak zavisi na kvalité
predikce, kterou modely poskytuji. Klimatické modely predikujici posun totiZ asto
nezohlediuji vlivy jinych faktort, které by mohly eventuelni posun distribuce zkomplikovat,
nebo dokonce znemoznit. Takovym faktorem mize byt tieba zanik, ¢i zména habitatu, nebo
neschopnost disperze — napiiklad u druhti s lokalnim vyskytem, u kterych se potencialné
vhodny habitat nepiekryva se sou¢asnym vyskytem (Barbet-Massin 2012), nebo zde vstupuji
do hry biotické interakce (Suttle et al. 2007).

Proto Ize z hlediska ochrany pfirody doporucit, aby se (i) pokud mozno eliminoval vliv téch

faktort, které dale zesiluji negativni G€inky klimatickym zmén na ptaky (napf. ubytek
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Vvhodného prosttedi nebo zhorSena konektivita populaci). (i1) Je tieba Iépe porozumét vztahtim
mezi klimatickou a habitatovou nikou jednotlivych druhi, coz umozni piesnéji modelovat

budouci dopady klimatickych zmén na ptaci populace.
Tato prace se snazi k vySe popsané debaté¢ piispet nékolika konkrétnimi studiemi, které:

1) ukazuji, ze i v métitku poslednich dvou desitek let 1ze zaznamenat rozpoznatelny dopad
klimatické zmény na populace ¢eskych ptaku, ktery je v souladu s do budoucna
predikovanymi posuny arealt (PFispévek I),

2) podrobnéji zkoumaji druhové vlastnosti pojici se s rizn€ vyraznymi klimaticky
indukovanymi predikovanymi posuny aredli a novym zpiisobem vyjadiuji citlivost viici
klimatické zméné jako délku tohoto predikovaného posunu (Prispévek II),

3) testuji, zda takto vyjadiena citlivost vici klimatické zméné skute¢né signifikantné souvisi
s popula¢nimi dopady doted’ zjisténych klimatickych zmén (PFispévek I1I),

4) pokousi se na robustnim datovém materialu shromazdénym na evropské trovni rozfesit,
jestli v soucasné dobé ovliviiuje ptaci populace vice klimaticka nebo lidskou ¢innosti

zpusobena habitatova zména (Prispévek IV).
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Introduction

Abstract

Numerous studies have shown that climate changes associated with increasing
global temperature affect bird species. For instance, long-distance migrants are not
able to respond adequately to rapid advances in spring phenology, and thus their
populations decline due to lower breeding performance. Moreover, many species
in the Northern Hemisphere have shifted their northern breeding range boundaries
further north. However, studies focusing on bird populations at the scale of
individual countries, which are responsible for creating environmental policies, are
rather scarce. We hypothesized that bird species with different European latitu-
dinal breeding distributions would have different long-term population trends in
the Czech Republic, a small central European country, as a result of range
dynamics caused by increasing spring temperature. In accordance with this
prediction, the results of an analysis based on large-scale monitoring data (from
1982 to 2006) showed that species with more northern latitudinal distributions had
more negative population trends in the Czech Republic. However, the strength of
the relationship depended on the approach used for characterization of the species
latitudinal distributions. When a phylogenetic regression was applied, the only
significant explanatory variable was the latitudinal distribution expressed in
categories defined by species range areas in different latitudinal bands. A more
detailed analysis showed that southern and northern species groups have opposite
population trajectories: the former increased and the latter declined throughout
the study period. The effect of climate change remained significant when habitat
association and the migratory strategy of each species were taken into account.
However, it is difficult to determine whether climate change or habitat change is
the more important driver of long-term trends in bird populations as the effects of
both factors are dependent on interspecific variability in levels of species speciali-
zation.

longer at their breeding grounds (Thorup, Tottrup & Rah-
bek, 2007). At both the regional and global scales, it is

Climate change is recognized as one of the most important
forces affecting whole ecosystems and its magnitude is
predicted to increase in the coming decades (IPCC, 2007).
Many studies have demonstrated its pervasive effects on
bird populations at various spatial scales (Crick, 2004;
Lehikoinen, Sparks & Zalakevicius, 2004; Drent, 2006; La
Sorte & Thompson, 2007). For instance, climate change
adversely affects breeding performance locally due to mis-
matches between the timing of breeding and peaks of major
food resources (Visser et al., 1998; Both & Visser, 2001; Sanz
et al.,2003; Both et al., 2006) or the phenology of vegetation
growth (Martin, 2007). The arrival dates of many bird
species, especially short-distance migrants, advance (Ahola
et al.,2004; Gordo & Sanz, 2006; Jonzén et al., 2006; Jonzén,
Hedenstrom & Lundberg, 2007), and some species stay

predicted that changing climate will cause shifts in the
distribution of main habitats, resulting in the movement of
species’ ranges (Peterson er al., 2002; Bohning-Gaese &
Lemoine, 2004; Huntley et al., 2006, 2008; Jetz, Wilcove &
Dobson, 2007). Moreover, species can face the conse-
quences of unexpected anomaly events, such as the heat
wave in France in 2003 (Julliard, Jiguet & Couvet, 2004) or
the movement of ice cliffs in Antarctica in 1996, which
directly affect bird populations (Van Franeker et al., 2001).

Climate change involves complex processes having differ-
ent consequences in different regions across the globe
(IPCC, 2007). Average temperatures are rising in some areas
(most substantially in Arctic regions), the frequency and
magnitude of weather perturbations are increasing world-
wide, and at the same time, precipitation is decreasing in the
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arid subtropics (IPCC, 2007). In regions situated in centres
of huge land masses (e.g. central Asia), the impacts of
changing climate could be rather minor. However, there is
wide agreement among climatologists that global tempera-
ture as well as temperature in all major biogeographic
regions has been increasing for more than a century, and
that this increase will continue during the 21Ist century
despite differing in magnitude locally (IPCC, 2007). There-
fore, we focus on the impacts of increasing temperature on
breeding bird distributions and population trends, though
we acknowledge the simplicity of this approach.

Despite considerable progress in understanding the
effects of climate change on patterns of bird distribution at
the continental scale (Schwartz et al., 2006; Hitch & Leberg,
2007; Jetz et al., 2007), long-term population changes at the
level of individual countries has received much less attention
(Bohning-Gaese & Lemoine, 2004; Lemoine et al., 2007a).
This situation may be problematic from the conservation
perspective, because legislative tools creating conditions for
effective conservation actions are mostly passed by parlia-
ments of particular countries (Watzold & Schwerdtner,
2005). Even international legislation, for example EU direc-
tives, is largely under the influence of national governments.
Therefore, deeper understanding of the effects of climate
change on bird populations at the country level is urgently
needed. However, this scale of spatial resolution is too
coarse to detect local consequences such as poor breeding
performance on the one hand, and at the same time, too
small to detect marked distributional shifts (Peterson, 2003;
but see Thomas & Lennon, 1999; Brommer, 2004). More
direct driving forces inducing bird population changes
probably overwhelm the effects of climate change at this
spatial scale. For example, land-use change (e.g. agricultural
intensification) directly affects species” population sizes by
constraining the area of habitats available for breeding,
passage and wintering or by altering habitat qualities which
influence the carrying capacities of particular habitats
(Chamberlain et al., 2000; Fuller et al., 2005; Bolliger et al.,
2007). Despite this, a recent study (Lemoine et al., 2007a)
showed that climate change could have a significant effect
on bird populations in a central European landscape, even
when controlling for habitat-based factors. How can we
explain the influence of climate change at this level of spatial
resolution?

We suggest that the mechanisms operating at the central
European scale would be similar to those affecting conti-
nental-wide species’ distributional shifts, but that their
effects on bird populations are less conspicuous. Central
Europe shows a high diversity of vertebrate species (Hewitt,
2000), including birds (Storch e al., 2003). This results from
the overlap of breeding ranges for species with northern-
and southern-centred distributions (Storch & Sizling, 2002).
If climate change is associated with an increase of average
temperature, we would predict movement of species’ ranges
to the north, tracking shifts of their climatic optima (Hunt-
ley et al., 2007). Unfortunately, we cannot see such range
shifts within the area of central Europe, because it covers
only a small part of the geographic ranges of particular

Climate change and bird population trends

species. However, range movement is closely connected to
local population dynamics, due to dispersal of individuals
(Holt, Gaston & He, 2002; Gaston, 2003). Therefore, even if
the spatial scale is too small for range shifts to be observed,
one might be able to detect local population changes under-
lying broad-scale range dynamics. In the central European
landscape, such effects would have different population
consequences on species with different latitudinal distribu-
tions in Europe. Central European populations of species
with southern-centred distributions should increase, and on
the other hand, populations of birds with northern-centred
distributions should decline. Therefore, the central Eur-
opean region can be viewed as a window into species’
breeding range dynamics caused by climate change.

The Czech Republic, lying in the centre of Europe, is an
ideal such window. Its avifauna consists of a mixture of
species differing in their latitudinal distributions (Storch &
Sizling, 2002; St’astny, Bejéek & Hudec, 2006). Moreover,
there are high-quality data quantifying population changes
of more than a hundred species in the Czech Republic,
covering almost 25years of continuous monitoring (Reif
et al., 2006, 2007). If climate change has affected popula-
tions of Czech birds, we would expect the following evidence
in this monitoring data: (1) a negative correlation between
the latitudes of centres of species’ distributions in Europe
and their population trends in the Czech Republic. Species
with southern-centred distributions should have more posi-
tive population trends and species with northern-centred
distributions should have more negative population trends
in the Czech Republic. This pattern should hold true after
controlling for differences in the habitat requirements of
particular species and their migration strategies. (2) Annual
species’ population changes should be associated with an-
nual changes in average temperature. Specifically, popula-
tion indices of species with southern-centred distributions
should correlate positively with increasing temperature, and
the reverse should be true for species with northern-centred
distributions.

Material and methods

Bird abundance

We used data on bird abundances from the Breeding Bird
Monitoring Programme (BBMP) in the Czech Republic
(Janda & St’astny, 1984). The BBMP is a large-scale generic
monitoring scheme focused on long-term population
changes of common bird species. Its aims and methods are
similar to other projects (e.g. the Breeding Bird Survey in the
UK, Newson et al., 2005) connected in the Pan-European
Common Bird Monitoring network (Vorisek & Marchant,
2003). The BBMP is based on the work of skilled volunteers,
who have performed annual bird censuses using a standard
point-count method at 335 sites scattered throughout the
Czech Republic. These data cover a continuous time series
from 1982 to 2006. For a more detailed description of data
from the BBMP used in our analysis, see Reif ez al. (2007,
2008). We transformed the abundance of each species into
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annual indices using log-linear models in TRIM 3.51 (Pan-
nekoek & Van Strien, 2001). The value of the index was set
at 100% in 1982 as the first year. The trend is the slope of the
regression line through the logarithm of the indices across
sample sites in 2 consecutive years. The computation of this
slope takes into account the variances and covariances of
the indices. The overall trend is the average of annual trends
(mean relative population change) over the whole study
period (i.e. 1982-2006 in our case). See Supporting Informa-
tion Table S1 for detailed information on population trends
(with standard errors) of particular species.

Bird distribution

We used the EBCC Atlas of European Breeding Birds
(Hagemeijer & Blair, 1997) to assess the attributes of
European breeding ranges of particular species. We calcu-
lated the latitudinal midpoint of each range (see Lemoine
et al., 2007a), that is the difference between the latitudes of
the northernmost and southernmost points of the range
divided by two and subtracted from the northernmost point.
In addition, we recognized four groups of species according
to their European distribution (specifically, northern, south-
ern, central and widespread species) by the following assess-
ment procedure. We first defined three European latitudinal
regions with respect to the midpoint of the latitudinal range
of the Czech Republic: the northern region has its southern
boundary five geographical degrees north of the latitudinal
midpoint of the Czech Republic, the southern region has its
northern boundary five degrees south of the midpoint of the
Czech Republic and the central regional lies in the central
part of the continent between the northern and southern
regions. In fact, these regions broadly correspond to the
biogeographical division of Europe, that is to the Mediter-
ranean region in the south, the boreal region in the north
and the continental region in the central part of Europe
(European Environmental Agency, 2006). In the next step,
we measured the area of the breeding range of each species
in each region, and calculated the proportion of a region
covered by the range of a focal species. We omitted from
these calculations territories for which no data were avail-
able (i.e. grid cells depicted as grey symbols on the EBCC
Atlas maps). Based on these proportions, we defined four
species groups differing in the latitudinal distributions of
their breeding ranges in Europe. As nearly all species have
large breeding ranges distributed in all three latitudinal
regions, we could not use strict criteria such as ‘northern
species are those confined solely to northern region’. Instead
we used a criterion focused on the avoidance of a region in
which a species has the lowest proportion of its range. We
thus recognized: (1) northern species whose ranges cover
<30% of the southern region (e.g. Turdus pilaris); (2)
southern species whose ranges cover <30% of the northern
region (e.g. Luscinia megarhynchos); (3) central species
whose ranges cover <30% of southern and northern re-
gions (e.g. Parus palustris); (4) widespread species whose
ranges cover more than 30% of the area of each region (e.g.
Passer domesticus). Although such species sorting is arbi-
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trary to some extent, and indeed 30% has no biological
meaning, we argue that it mirrors the real latitudinal
preferences of particular species.

Climatic data

The Czech Hydrometeorological Institute provided data on
annual changes of mean spring temperature (April-June)
from 1982 to 2006 in the Czech Republic (Fig. 1). Previous
studies have found that spring temperature has the most
important impact on breeding bird populations, which can
be attributed to the effects of the climate change (Visser
et al., 1998; Winkler, Dunn & McCulloch, 2002; Moller &
Szép, 2005; Laaksonen et al., 2006). Spring temperature has
significantly increased in the Czech Republic during this
period (r,=0.47, n=25, P =0.018).

Data analysis

From 152 species counted in the BBMP, we excluded 43
species with uncertain trends. To identify these uncertain
trends, we followed criteria introduced by Gregory et al.
(2007), who recognized six categories of population trends
based on their 95% confidence limits: a strong increase
(lower limit of confidence interval >1.05); a moderate
increase (1.00 <lower limit of confidence interval <1.05);
stable (confidence interval encloses 1.00 but lower limit
>0.95 and upper limit < 1.05); a moderate decline (0.95
< upper limit of confidence interval < 1.00); a strong decline
(upper limit of confidence interval < 0.95); and an uncer-
tain trend (confidence interval encloses 1.00 but lower limit
<0.95 or upper limit >1.05). We further excluded six
species which were detected at <30 sites, as their trends
and indices could be markedly affected by local fluctuations
(Fox, 2004). In total, we used 103 species with high-quality
population change data for the analysis. Throughout the
text, we refer to those trends with values less than one as
‘negative trends’ and those trends with values greater than
one as ‘positive trends’. There were no trends of value
exactly one in our data.
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Figure 1 Changes in the average spring temperature (April-June)
from 1982 to 2006 in the Czech Republic.
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We related species’ population trends to the latitudinal
midpoints of their distributions using linear regression, and
compared population trends between range-defined species’
groups using one-way ANOVA. A number of studies have
shown that both habitat association and migratory strategy
affect bird population trends (Sanderson et al., 2006;
Lemoine, Schaefer & Bohning-Gaese, 2007h; Valiela &
Martinetto, 2007). Therefore, we repeated the previous
analyses using analysis of covariance, taking into account
these potential confounding factors. Habitat requirements
were extracted from Reif er al. (2006) sorting species into
four groups (forest, farmland, urban and wetland species).
Information about species’ migratory strategy (long-
distance migrant, short-distance migrant, resident) was
provided by J. Cepak (in litt.) from the forthcoming Czech
and Slovak Bird Migration Atlas. See Supporting Informa-
tion Table SI for data on the habitat association and
migratory strategy of particular species. Finally, we
calculated the geometric mean of indices for each range-
defined species’ group (Gregory et al., 2005). These multi-
species indices were correlated with mean annual spring
temperatures.

Bird species are evolutionarily related through a phyloge-
netic scheme, and therefore they should not be treated as
independent sample units (Harvey & Purvis, 1991). To
overcome this problem, we applied the phylogenetic regres-
sion developed by Grafen (1989). This method is based on
generalized least squares and adjusts the statistical analysis
for non-independence among species. This method is very
flexible and enables the fitting of standard statistical models
including both categorical and continuous predictors. We
used the Phyreg macro for SAS written by Grafen (2006),
and applied the phylogenetic regression in all analyses
testing the interspecific differences in population trends.
However, some authors claim that controlling for phylo-
geny is not appropriate for analyses focused on recent bird
population changes, having no relationship to the evolu-
tionary history of particular species (Seoane & Carrascal,
2008). Therefore, we provide the results of both phylogen-
etically unconstrained analyses and analyses controlled for
phylogeny (these statistics are marked with *).

We assembled a working phylogeny of the focal species
based on Sibley & Ahlquist (1990), Leisler et al. (1997),
Voelker (2002), Gill, Slikas & Sheldon (2005), Olsson et al.
(2005), Alstrom et al. (2006), Benz, Robbins & Peterson
(2006), Ekman & Ericson (2006), Arnaiz-Villena et al.
(2007) and Péckert et al. (2007). Because the phylogeny was
assembled from many sources, and therefore we had no
consistent estimates of branch lengths, we adopted uniform
branch lengths, which are reasonable for use in phylogenetic
regressions (Remes, 2006).

Results

The latitudinal midpoint explained a small proportion of the
variability in species population trends (linear regression:
R*=0.061, F, 10 = 6.61, P=0.011, F* = 2.15, P* = 0.146).
As predicted, the relationship was negative illustrating that

Climate change and bird population trends

1.20

1.10 ®
1.05
1.00

0.95

Population trend 1982—-2006

0.90

0.85 i " "
44 46 48 50 52 54 56 58

Latitudinal midpoint (°N)

Figure 2 Relationship between the midpoint of European latitudinal
breeding distribution and the population trend from 1982 to 2006 of
103 bird species in the Czech Republic.

Table 1 The effects of European latitudinal breeding distribution
(expressed by the latitudinal midpoint), habitat association and migra-
tory strategy on population trends of 103 bird species from 1982 to
2006 in the Czech Republic tested by analysis of covariance

d.f. F 24 F* p*
Latitudinal midpoint 1 6.76 0.011 235 0.128
Habitat 3 1.45 0.234 2.34 0.078
Migratory strategy 2 1.45 0.239 1.00 0.370
Residuals 96

Columns marked with * show results of phylogenetic regression
applied in the same design as the previous analysis. See ‘Materials
and methods' for a more detailed description of particular variables.

Czech populations of more southerly distributed species
increased on average, whereas populations of more north-
erly distributed species showed a general decline (Fig. 2).
After controlling for the effects of habitat use and migratory
strategy, the latitudinal midpoint was the sole significant
predictor of population trend (Table 1). However, the effect
of latitudinal midpoint on bird population trends was not
significant when the phylogenetical relatedness of species
was taken into account (Table 1).

Annual changes in geometric means of species’ indices
differed between particular species’ groups defined by their
European distributions (Fig. 3). Whereas northern species
revealed a marked decline (f=-1.68, r,=—0.94, n=25,
P<0.001), the population increase of southern species was
of lower magnitude (f = 1.26, r; = 0.60, n = 25, P =0.002).
The population changes of central species were similar to
those of southern species, while the population changes of
widespread species resembled those of northern species
(central: f=2.12, ry=0.81, n =25, P<0.001; widespread:
p==0.51, ry==0.58, n=25, P=0.002). A comparison
of population trends between the breeding range-defined
species” groups showed significant differences between
groups, both when phylogeny was and was not taken into
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account (ANOVA: F;49=3.30, P=0.024, F*=2.76,
P* =0.046). Trends of northern species were more negative
than trends of southern species (Tukey’s test: P = 0.050;
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Figure 3 Changes of the geometric mean of species’ population
indices in four species’ groups defined by their European latitudinal
breeding distributions. Population indices express annual population
changes in abundance of 103 bird species from 1982 to 2006 in the
Czech Republic.
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Figure 4 Differences in population trends (+95% confidence inter-
vals) between groups of 103 bird species with different latitudinal
breeding distributions in Europe. The population trend expresses the
average annual population change of a species from 1982 to 2006 in
the Czech Republic.
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Fig. 4). The effect of European distribution remained signifi-
cant after including species’ habitat use and migratory strategy
into the model and explained the largest part of the variability
in data compared with the other variables (Table 2).

Breeding range-defined species’ groups differed in the
relationships between their population indices and annual
changes in spring temperature. These relationships were
insignificant in southern species (r,=0.27, n=25,
P =0.183), central species (rs=0.33, n=25, P=0.111)
and widespread species (r,=-0.25, n=25, P=0.226).
Northern species showed a significant negative correlation
(ry=—0.53, n =25, P =0.007).

Discussion

Population trends describing changes in the abundance of
103 bird species from 1982 to 2006 in the Czech Republic
were negatively related to latitudinal midpoints of the
European breeding distributions of these species. Moreover,
population trends differed between species’ groups defined
by their European distribution, with northern species having
more negative population trends than southern species.
These results confirm our first prediction stating that popu-
lations of species with different latitudinal ranges in Europe
could significantly respond to changing climate even in the
limited area of a small central European country. Similarly,
Lemoine et al. (2007a) showed that species with more
northern latitudinal midpoints have declined in southern
Germany, supporting our view of central Europe as a
window through which range dynamics are visible via
species’ population processes. Moreover, our results show
that the projections of species’ distributions in Europe under
various scenarios of future climatic changes (Huntley e al.,
2006, 2007) have a reasonable basis in the current popula-
tion trends of central European birds.

After controlling for the effect of phylogeny, the relation-
ship between the European latitudinal distribution and
population trend disappeared when we used the latitudinal
midpoint as an explanatory variable. When we expressed
latitudinal distribution as categories defined by the areas of
species’ ranges in different latitudinal bands, the relation-
ship remained significant. We realize that latitudinal mid-
point is a rather crude measure of a species’ latitudinal
distribution and therefore its biological meaning is limited.
On the other hand, areas covered by a species’ range in
different latitudinal bands probably provide a better surro-
gate for the examination of the effects of climate on changes

Table 2 The effects of European latitudinal breeding distribution (expressed by the range-defined latitudinal category), habitat association and
migratory strategy on population trends of 103 bird species from 1982 to 2006 in the Czech Republic tested by factorial analysis of variance

df. F P F* P*
European distribution 3 4.14 0.008 2.66 0.052
Habitat 3 1.21 0.309 2.26 0.087
Migratory strategy 2 1.79 0.172 0.88 0.419
Residuals 94

Columns marked with * show results of phylogenetic regression applied in the same design as the previous analysis. See ‘Materials and methods'’

for a more detailed description of particular variables.

416 Animal Conservation 11 (2008) 412-421 © 2008 The Authors. Journal compilation © 2008 The Zoological Society of London



J. Reif et al.

in species” abundance. Distributional limits of many species
are determined by the occurrence of remote isolated popula-
tions, even though the bulk of the range of a species may be
distributed in latitudes far apart from one of the limits (e.g.
see the map of Carduelis spinus in Hagemeijer & Blair, 1997).
Therefore, a latitudinal midpoint which is based on differ-
ences between the distributional limits may only weakly
mirror the latitude where most of the species’ range occurs
and thus other measures (e.g. the centroid of the distribu-
tion) should be used (Huntley et al., 2007, 2008).

Why does the European breeding distribution of a species
predict its population trend in the Czech Republic? We
suggest that the dispersal of juveniles plays a principal role.
Although such dispersal is undirected (Greenwood & Har-
vey, 1982), we suppose that changing climatic conditions
have caused lower survival or breeding performance of
individuals of northern species that disperse towards lower
latitudes. As a result, the populations breeding in lower
latitudes decline and, at the same time, populations breeding
in higher latitudes increase. A species’ range thus moves
north on a longer time scale. Because the territory of the
Czech Republic, situated in the centre of the continent,
samples southern populations of species with relatively
northern European distributions and, at same time, north-
ern populations of species with southern European distribu-
tions (Hagemeijer & Blair, 1997), these two groups of species
differ in their average population trends in this country.
Nevertheless, this pattern could also result from other
factors, such as the direct effect of hot weather on the
survival of adult individuals (Julliard et al., 2004). Species
widely distributed in southern latitudes would be more
tolerant to such heat waves than species distributed in higher
latitudes (Jiguet et al., 2006). Moreover, migratory species
could continue their migration further north in years with
warmer springs, although Czech ringing data do not support
this possibility (J. Cepak, in litt.).

The magnitude of population changes differed between
groups defined by their European breeding ranges. North-
ern species showed the steepest population decline, but
southern species revealed rather a slow population increase.
This pattern could be caused by latitudes of the Czech
Republic being closer in proximity to the range margins
of northern species compared with that of southern species
(J. Reif et al., unpubl. data). The above-mentioned mechan-
isms could have impacts that are stronger near range edges
and lower in core areas of species’ ranges. Interestingly,
central and widespread species also showed different popu-
lation trajectories, the former resembling those of the south-
ern species and the latter those of the northern species.
Therefore, the same mechanisms of population change
could apply to these species groups as in the case of southern
and northern species, respectively, but with lower intensity.
However, we propose that the decline of widespread species,
as well as the increase of central species, need not be related
to climate. There are only a few species in the central group
and thus each species has a large influence on the average
group performance (Gregory et al., 2005). The highly
positive trends of Circus aeruginosus or Anas strepera,
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attributable to changes in fishpond management (Musil
et al., 2001), probably caused the overall increase of the
central species group. On the other hand, the decline in
widespread species, the group with the highest species
richness in our sample, could have more complex causes
connected to their continental-wide population decline
(Gregory et al., 2005).

Northern species had the most negative population trends
and, at the same time, they were the only group with a
significant (and negative) correlation with spring tempera-
ture. Although this result should be treated with caution, as
time-series correlations could have no relationship to the
real processes behind them (Sokal & Rohlf, 1994), we can
speculate that northern species in the central European
region are indeed those that are the most susceptible to the
climatic change. However, the revealed pattern could be also
connected to habitat changes in the Czech Republic. About
20% of coniferous forests have been replaced by deciduous
broad-leaved forests during last decades (Anonymous,
2005) and many species associated with coniferous forest
declined between 1982 and 2003 (Reif ez al., 2007). If north-
ern species would favour coniferous forests more than other
species’ groups, human-caused landscape changes could
mask their climate-related population trends.

Several studies have found poor breeding performance as
a result of climate change in some bird species, especially
long-distance migrants (e.g. Both & Visser, 2001; Sanz et al.,
2003; Martin, 2007). The most important factor was a
mismatch between the times of rearing nestlings and peaks
in prey abundance (Visser et al., 1998; Laaksonen et al.,
2006). Birds did not sufficiently adjust their start of breeding
to respond to the faster development of insects caused by
warmer temperatures (Visser, Both & Lambrechts, 2004).
This factor should have a particularly adverse effect on
populations of long-distance migrants with genetically de-
termined migration timing (Both et al., 2006; Lemoine et al.,
2007h). Moreover, migratory species could suffer also from
the deterioration of environmental conditions on their
wintering grounds (Saether et al., 2006). However, we have
not found population declines of long-distance migrants in
the Czech Republic (Reif et al., 2006, 2007, 2008; this study).
A local study performed in the southern part of the country
showed that the long-distance migrant Ficedula albicollis
was able to shift its egg-laying date proportionally to shifts
in the leaf bud bursting of most tree species (Bauer,
2006a,b). However, it is impossible to generalize results
from one local study to the whole-country level. Detailed
examination of long-term data on the breeding performance
of various bird species (using, e.g. a nest record scheme or
constant-effort site trapping) would bring deeper insights
into factors responsible for a relationship between tempera-
ture and population changes. Unfortunately, such data are
not yet available in sufficient quality and quantity in the
Czech Republic (Remes, 2003; Jelinek, 2006).

Our analysis taking into account the habitat use of
particular species corroborates the findings of Lemoine
et al. (2007a). Their results showed that climate change was
a more important factor than land-use change in shaping
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differences in the abundance of bird populations between
two census periods near Lake Constance in southern
Germany. Our results show a similar pattern based on
long-term monitoring data. However, in line with our
above-mentioned interpretations, we argue that landscape
change could markedly affect the observed patterns in at
least some species (e.g. the population increase in wetland
species). In addition, the effect of habitat approached the
0.05 significance level in all phylogenetic regressions. There-
fore, one should be cautious regarding the interpretation of
such results (Seoane & Carrascal, 2008). Jiguet et al. (2007)
showed that the relationships between bird population
trends and climate change are strongly affected by habitat
specialization of particular species. Generalist species are
more capable of tracking the effects of changing climate
than specialist species (Jiguet et al., 2007), which are
strongly affected by habitat alteration (Archaux, 2007).
Indeed, our previous work on Czech forest and farmland
birds (Reif et al., 2007, 2008) showed that population trends
of specialists (either forest or farmland) were tightly linked
to changes in their habitat. At the same time, population
changes of generalist species revealed a weak association
with habitat change. Therefore, to test directly whether
climate change or landscape change is the more important
determinant of bird population changes, it would be neces-
sary to express the habitat specialization of each species
quantitatively, and include this variable into the model.
Although our BBMP data do not provide such detailed
information, one could try to compile such data from
published local studies or an atlas of breeding distribution
(St'astny et al., 2006). Such further analysis would reveal
with higher certainty whether climate change or land-use
change is the more important threat to central European
bird populations.
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their European latitudinal distribution in °N (Latitude),
zones of their European latitudinal distribution centre
(Zone: N - northern, S - southern, C - central, W - wide-
spread; see Methods for further explanation), migratory
strategy (Migration: L - long-distance migrant, S - short-
distance migrant, R - resident) and habitat association
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Abstract: Climatically induced shifts of species” geographic ranges can provide important information about the potential
future assembly of ecological communities. Surprisingly. interspecific variability in the magnitude and direction of these range
shifts in birds has been the subject of few scientific studies, and a more detailed examination of species’ ecological traits related
to this variability is needed. Using maps in the Climatic Atlas of European Breeding Birds (Huntley et al. 2007) we calculated
the potential shifts of European breeding ranges in 298 bird species. and explored their relationships with breeding habitat, di-
etary niche, migration strategy, life history and geographic position of the current breeding range. Breeding habitat type showed
the strongest relationship with the potential range shifts. with forest and wetland species showing the largest magnitude of shift.
At the same time, ecological specialists showed a larger magnitude of shifts than generalists. In addition, we found that spe-
cies with current ranges situated near continental borders and species with lower migratory capacity are more limited in their
potential to shift due to climate change. Our analyses thus indicate which ecological groups of birds will be most likely forced
to move their ranges under predicted climate change. This knowledge can help to adopt proper conservation actions. These ac-
tions will be particularly important in the case of specialist species. which have been shown to be the most sensitive to climate

change impacts.

Introduction

Some recent studies have shown that climate plays a key
role in the population changes of many bird species (Crick
2004. La Sorte and Thompson 2007, Jiguet et al. 2010).
Climate influences bird populations both directly, for in-
stance, an increase of precipitation in spring may cause high-
er mortality of nestlings (Fairhurst and Bechard 2005). and
indirectly, through particular components of the trophic chain
(Sanz et al. 2003, Both et al. 2006, 2010).

Since population processes are closely linked to range
dynamics. climatically induced population changes might re-
sult in the geographic range shifts of bird species (Araujo and
New 2006, Pautasso 2012). There is an increasing body of evi-
dence that these already occur in nature, as many species have
moved their range boundaries poleward (e.g. Thomas and
Lennon 1999. Hitch and Leberg 2007, Brommer 2008). That
climate can play a key role in driving species’ range dynamics
has been confirmed by a study showing a close correspond-
ence between past bird ranges modelled using bioclimatic
variables capturing conditions of the Last Glacial Maximum
and locations of sites with fossil record of the same bird spe-
cies (Smith et al. 2013). as well as by bioclimatic modelling
of current distributions of bird species (Jiménez-Valverde et
al. 2011, Rapacciulo et al. 2012). Several recent studies have

found that species’ ecological traits explain a significant pro-
portion of the interspecific variability of these climatically
induced range shifts observed over the last decades (Poyry et
al. 2009, Angert et al. 2011, Chessman 2012, Kharouba et al.
2013). Those specific traits associated with the largest range
shifts observed in birds are a small geographic range size and
broad ecological niche (Angert et al. 2011).

As climate change is expected to proceed with accel-
erating rate in the 21st century (IPCC 2007), it is expected
that range shifts will be much larger in the future (Huntley
et al. 2008, Barbet-Massin et al. 2012). Future range shifts
under conditions of ongoing climate change have been esti-
mated using climate envelope models (Araujo et al. 2009).
Climate envelope is defined by the climatic conditions in the
geographic range of a given species and can be expressed by
using various measures such as thermal range, thermal opti-
mum. mean precipitation or latitudinal midpoint (Jiguet et al.
2007). The climate envelope models are thus based on the re-
lationships between current species distribution and climatic
conditions in species geographic ranges (Huntley et al. 2007).
Using these relationships and projected climatic scenarios for
a focal time period in the future, we can model potential spe-
cies ranges expected under given climatic conditions. The
difference in geographic position between the current and
modelled future species ranges is called the potential range
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shift. Because climatic envelopes markedly differ among
species (Chessman 2012) and, moreover, patterns of climate
change vary across space, potential shifts show strong vari-
ability among species (Huntley et al. 2006, 2008). This vari-
ability can have important biological and conservation impli-
cations. For instance. Gregory et al. (2009) have shown that
European bird species whose ranges are predicted to contract
the most during the 21st century currently show the steep-
est population declines. A similar exercise was performed by
Goodenough and Hart (2013) using the same dataset. but re-
lating the changes in range size. range margins and overlap
to a larger set of species’ traits. Similarly to studies focusing
on the changes in bird distribution observed over the past few
decades (Angert et al. 2011), they found that the predicted
changes in range size were related to species” habitat use, cur-
rent range size and endemism (Goodenough and Hart 2013).

The aim of this study is to further explore the variabil-
ity in climatically induced potential range shifts of European
birds from a perspective of species’ ecological characteristics.
We do not focus on changes in range size. range margins or
overlap. since this work has already been performed in some
recent studies (Gregory et al. 2009, Goodenough and Hart
2013). Instead. we focus on the magnitude and direction of
potential shifts of range centres. These variables provide in-
formation on distance by which the range of a given species
has moved as a whole. There is thus a straightforward link
to the intensity of the potential pressure of future climate
change on a given species (Huntley et al. 2007). At the same
time, the magnitude and direction of potential shifts has to
date remained unexplored from the perspective of interspe-
cific variability. Specifically, we ask which traits are typical
for species shifting their ranges further, in contrast to species
with smaller range shifts. Even though we may be unable to
resist the impacts of climate change. if we reveal which eco-
logical groups of species are predicted to be under the highest
pressure (here expressed as the potential range shift). we can
better focus on means of effective mitigation (Pearce-Higgins
etal. 2011). For example, water birds seem to be significantly
shifting their ranges as a result of climate change, therefore
clear focus should be on the protection of wetlands in order
to avoid a double threat — climate change accompanied by the
disappearance of breeding habitats. The interaction between
climatic processes and land use change has been recently rec-
ognized as one of the most important threats for biodiversity
(Butchart et al. 2010). Several studies showed that land use
change is a dominant driver in trends of species’ abundance
and distribution even under the conditions of recent climat-
ic changes (Reif et al. 2010, Eglington and Pearce-Higgins
2012, Beale et al. 2013). However. the climate change can se-
riously increase the risk species” extinction when the habitats
are deteriorated by human exploitation (Matyka-Pringle et al.
2012). For example. in Sahel hunting pressure in wetlands is
highest and has the most negative impact on water bird popu-
lations in years with the lowest rainfall (Zwarts et al. 2010).

Here we focus on traits that have been found in previ-
ous studies to be importantly related to changes in European
bird distributions and abundances (Lemoine et al. 2007,
Jiguet et al. 2010, Kolecek and Reif 2011): breeding habitat
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preference, dietary niche, migration strategy and life history.
Since current changes in bird distribution and abundance are
linked to species’ potential range shifts (Gregory et al. 2009),
we expect that these traits could also be significantly relat-
ed to variability in the magnitude of potential range shifts.
Specifically, we formulate the following predictions. First,
species breeding in forest habitats will show larger shifts than
open habitat species because forests are confined to colder ar-
cas that are undergoing a higher rate of warming (Barnagaud
etal. 2012). Second. species breeding near humans will show
smaller shifts than other species because their distribution is
less limited by climate (Moller et al. 2012). Third. species
with narrow ecological niches (either habitat or dietary) will
show larger shifts. as their distributions are more determined
by climatic factors than the distribution of ecological gen-
eralists (Hernandez et al. 2006). Together with ecological
traits, we test for the limiting effects of the current latitudinal
and longitudinal geographic range position on potential range
shifts in the future. In association with this, we predict that spe-
cies breeding closer to continental borders will show a smaller
magnitude of shifts than other species (La Sorte and Jetz 2010).

Material and methods

Potential range shifis

We assessed potential shifts in the breeding ranges
of European birds by using maps in A Climatic Atlas of
European Breeding Birds (Huntley et al. 2007). These maps
were constructed using bioclimatic modelling of current
breeding bird distribution in Europe (Hagemeijer and Blair
1997). The species” breeding ranges were expressed as pres-
ences and absences in a 50-km square Universal Transverse
Mercator (UTM) grid over the continent. excluding most of
Russia. Huntley et al. (2007) first modelled the present cli-
matic ranges of every species as a function of observed breed-
ing distributions in Europe and the values of three bioclimatic
variables in the UTM squares by a locally weighted regres-
sion. They applied the following bioclimatic variables: cold-
est-month mean temperature, annual temperature sum above
5°C and the annual ratio of actual to potential evapotranspira-
tion; all expressed as means for the time period 1961-1990. In
the next step. Huntley et al. (2007) predicted future climatic
ranges of bird species given the relationships revealed in the
first step and climatic projections for the period 2070 — 2099.
The climatic projections were based on the HadCM3 model
(Hadley Centre Coupled Model. version 3) from the IPCC
(2001). See Huntley et al. (2007) for more details on the gen-
eration of species’ breeding climate range maps.

We digitalized the maps of current climatic breeding
ranges and predicted future climatic breeding ranges of 298
bird species recorded as breeding in Europe from Huntley et
al. (2007) into ArcGIS 9.2 (Esri 2006). Huntley et al. (2007)
provide data on 363 species but we excluded 65 marine and/
or extremely rare species whose potential range shifts were
not estimated reliably according to Huntley et al. (2007). We
calculated the mean centre of the respective climatic ranges
for every species (i.e. mean latitude and mean longitude). We
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then calculated the potential range shift as the distance be-
tween the mean centres of the current and predicted future
climatic breeding range in each species (Appendix). These
distances were taken as the response variable for further
analyses. We also estimated the direction of the shift as an
azimuth expressed in degrees.

We sorted the species into three distinct groups accord-
ing to the direction of the potential shift: (i) species shifting
their range northward with a degree range from 337.5 to 22.5,
where 0 degrees is north (157 species), (ii) species shifting
their range north-eastward with a degree range from 22.5 to
90. where east is 90 degrees (52 species), and (iii) species
shifting their range north-westward with a degree range from
270 to 337.5. where 270 degrees is west (89 species). see
Appendix. These groups were used in further analysis.

Defining explanatory variables

We defined the following seven trait variables to explain
the interspecific variability in potential range shifts. All trait
variables were extracted from Cramp (2006). an extensive
database assembling trait information for the entire European
avifauna. Here we briefly describe their calculation [see
Kolecek and Reif (2011) for more details]. Habitat niche was
based on the classification of each species into one or more
habitat classes according to Bohning-Gasese and Oberrath
(2003): closed forest (1), open forest (2). forest edge (3).
woodland. orchard. garden (4), scrubland (5). open country
with solitary trees or shrubs (6). and open country without
solitary trees or shrubs (7). For each species the mean value
of its habitat classes defines its (i) habitat niche position.
while the difference between the largest and smallest values
defines its (ii) habitat niche breadth. (iii) Species position
along the humidity gradient was based on the classification
of each species into categories according to Béhning-Gasese
and Oberrath (2003): non-humid (1). wetland (2) or water (3).
(iv) Dietary niche breadth was based on the classification of
species by Bohning-Gaese et al. (2000) as obligatory herbivo-
rous or obligatory insectivorous/carnivorous (1). herbivorous
and insectivorous/carnivorous (2). or omnivorous (3). (V)
Relation to built-up areas was assessed using information
on the habitat use of particular species, sorting bird species
as either non-urban (0) or urban (1). (vi) Migration strategy
classified species as residents (1), short-distance migrants
(2). or long-distance migrants (3). (vii) Life history ordinated
species along a slow-fast life history axis. This axis was cal-
culated using principal component analysis on a correlation
matrix of six species’ life-history traits: body mass, egg mass.
number of broods per year. laying date (Julian date of the be-
ginning of laying in the first breeding). clutch size and length
of incubation, expressed as mean values from published data
(Cramp 1977-1994). and represents the first principal com-
ponent accounting for 55.6 % of the variability in life history
traits across bird species (Hordk et al. unpublished data).

Moreover, we used two explanatory variables quantify-
ing the geographic position of species’ ranges because this
position can limit the potential range shift. For this purpose.
we used the (i) latitude and (ii) longitude of the mean centres
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of current species’ climatic ranges based on maps in Huntley
etal. (2007).

Statistical analysis

First, we explored possible differences in the magnitude
of potential range shift among groups of species defined by
the shift direction using analysis of variance (ANOVA) and
the Tukey HSD post hoc test.

Then, we focused on predictors of the potential range
shift. We first related the explanatory variables to the poten-
tial range shifts for all species together to find a general pat-
tern. In the next step. we performed the analysis for each of
the three groups defined by the shift direction separately. By
these separate analyses we wanted to take the differences be-
tween latitudinal and longitudinal climatic gradients into ac-
count. The latitudinal gradient is characterized by decreasing
temperature from south to north. while degree of continental-
ity in climate increases from west to east (Hoffman 1983).
Therefore. we suggest that a potential range shift of the mag-
nitude of 1000 km in northern direction has to some extent
different biological interpretation from. for example, the east-
ward shift of the same magnitude. At the same time, the shift
directions also differed in possible effects of limitation by
continental borders: the limitation should be more evident in
northward and westward direction than in eastward direction.

We ran linear models to test whether the magnitude of
potential shift (response variable) is related to the above men-
tioned ecological characteristics and the latitudinal and lon-
gitudinal position of each species’ range (explanatory varia-
bles). The variable longitudinal position was not included into
the models for those species with northward directional shifts
because we do not expect longitudinal limitation in these spe-
cies. We first defined a full model which included all explana-
tory variables, and this model was subsequently simplified
by using the “step” function in R 2.12.0 (R Development
Core Team 2010). This function performs automatic back-
ward elimination of variables from a model based on Akaike
Information Criterion (AIC). The elimination stopped when
dropping a variable would decrease the model fit as indicated
by AIC. These models we call “final models™. The accuracy
of the estimates of predicted future climatic ranges modelled
by Huntley et al. (2007) differed among species. Therefore.
we used species-specific squared areas under curve (AUC)
from Huntley et al. (2007) as model weights in our analyses
to give more importance to species with more accurate esti-
mates of potential range shifts.

Finally. closely related species can show similar cli-
matically-induced range shifts (Buckley and Kingsolver
2012). Therefore. we tested the potential impact of a com-
mon evolutionary history in the examined species on the ob-
served relations by quantifying the degree of phylogenetic
autocorrelation at the species. genus. family and order levels,
respectively. in the residuals of the respective final models
using Moran’s I in the R package “ape™ (Paradis 2009). Non-
significant autocorrelation would indicate no influence of
species taxonomy on the observed relationships.
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Table 1. The effects of habitat niche position (on a gradient from closed forest to open landscape), habitat niche breadth, habitat humid-
ity, dietary niche breadth, relation to built-up areas, migration strategy, life history (gradient from slow to fast life histories) and latitudi-
nal and longitudinal range position on predicted shifts of European breeding ranges for (a) all 298 bird species. (b) 157 species shifting
their range northward, (c) 52 species shifting their range north-eastward and (d) for 89 species shifting their range north-westward,

tested by linear models. Significant results are printed in bold.

a) All species

variable estimate standard error t p-value
Habitat niche position -27.61 7.30 -3.55 <0.001
Habitat niche breadth -15.73 7.98 -1.97 0.049
Habitat humidity 64.05 17.69 3.62 <0.001
Relation to built-up arcas -74.14 47.32 -1.57 0.118
Migration strategy 31.50 15.22 2.07 0.039
Latitudinal range position -1.57 0.78 -2.01 0.045
b) Northward shifting specics

variable estimate standard error t p-value
Habitat niche position -27.79 10.02 -2.77 0.006
Habitat niche breadth -27.87 10.55 -2.64 0.009
Habitat humidity 46.06 24.44 1.88 0.061
Dietary niche breadth -64.79 29.51 -2.20 0.030
Relation to built-up areas -93.88 65.14 -1.44 0.152
Migration strategy 31.10 20.76 1.54 0.125
Latitudinal range position -1.08 0.78 -1.40 0.165
¢) North-castward shifting species

variable estimate standard error t p-value
Habitat niche position -24.20 13.75 -1.76 0.085
Habitat humidity 80.93 31.74 2.55 0.014
d) North-westward shifting species

variable estimate standard error t p-value
Habitat humidity 39.41 20.64 1.91 0.060
Relation to built-up areas -95.32 58.91 -1.62 0.109
Latitudinal range position -7.40 2.01 -3.67 <0.001
Longitudinal range position 5.69 3.12 1.83 0.071

Results

The groups defined by their potential range shift direction
significantly differed in the mean magnitudes of their shifts
(ANOVA: F =581, p<0.001: Tukey HSD test: p <0.001 for
all pairwise comparisons). The largest mean shift was found
for the group shifting northward (491.5 km = SD 195.3 km).
then for the group shifting north-eastward (383.5 km + 174.7
km), and the smallest shift was found for the group shifting
north-westward (246.3 km £ 167.0 km).

For all species together. habitat niche position, habitat
niche breadth, habitat humidity gradient. migration strat-
egy and latitudinal range position explained significant part

of variability in potential range shifts according to the final
model (Table la). Species breeding in more forested habi-
tats showed larger magnitude of shifts than species breeding
in more open habitats (Table la). Habitat specialists showed
larger magnitude of shifts than habitat specialists (Table 1a).
Larger magnitude of shifts was also expressed by wetland
species and species migrating on longer distances (Table 1a).
Finally, species with more northern latitudinal range position
showed smaller magnitude of shifts than the species with
ranges in lower latitudes (Table 1a).

In northward shifting species the final model resulted in
three variables with significant effects on the magnitude of
potential range shifts: habitat niche position. habitat niche
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Table 2. The amount of phylogenetic autocorrelation at the species, genus, family and order levels, respectively, quantified by Moran’s

I in residuals of the final models shown in Table 1.

All species Norlhwarq shifting North-castwgrd shifting North-wcstwgrd shifting
| — species species species
level Moran’s I p-value Moran’s I p-value Moran’s I p-value Moran’s I p-value
Species 0.09 0.667 0.01 0.970 0.06 0.767 0.15 0.779
Genus 0.10 0.156 0.02 0.828 0.07 0.807 0.01 0.900
Family -0.06 0.149 -0.07 0.292 0.19 0.246 -0.05 0.691
Order 0.03 0.233 0.00 0.855 0.10 0.252 -0.01 0.988

breadth and dietary niche breadth (Table 1b). The effects
of these variables show that forest species express a larger
magnitude of potential range shifts than open habitat species.
and both habitat and dietary generalists showed smaller shifts
than specialists (Table 1b).

For north-eastward shifting species. the final model found
that an association with humid habitats was the only trait ex-
plaining a significant proportion of the variability in potential
range shifts. Specifically. species with tighter associations
with this habitat showed larger potential shifts (Table Ic).

In north-westward shifting species. the magnitude of their
potential range shift was related to habitat humidity. with the
species breeding in wetter habitats shifting more than species
of drier habitats, and to latitudinal range position, where more
northerly distributed species showed smaller shifts (Table 1d).
However, whereas the effect of latitude was significant, the ef-
fect of habitat humidity was marginally insignificant (p = 0.06).

Residuals of all final models did not reveal any signifi-
cant phylogenetic autocorrelation at any taxonomic level
(Table 2).

Discussion

Our examination of climatically induced potential shifts
in the breeding ranges of 298 bird species breeding in Europe
revealed several important patterns. First, species shifting
their potential ranges north-westward showed smaller shifts
than species shifting their ranges north or north-castward.
Second. species’ habitat requirements were strong predictors
of the interspecific variability in the magnitude of potential
range shifts within the groups of species defined by shift di-
rection. Third, species with narrow habitat or dietary niches
showed larger magnitudes of potential range shifts than eco-
logical generalists. Fourth, the current latitudinal range posi-
tion acts as a strong limiting factor in the species’ potential
range shifts.

The first and last patterns stress the importance of conti-
nental borders on a species” ability to track changing climate.
Clearly, species breeding in northern latitudes and western
longitudes have less space to shift their ranges than species
breeding in southern and eastern regions. These limitations
are important from a conservation perspective, because the
lack of space available for shifts will result in a contraction
of a species’ range and thus a higher extinction risk (Gregory
et al. 2009). Although this threat is more serious in the case

of the altitudinal ranges of montane species that can simply
lose their habitat due to a warming climate (La Sorte and Jetz
2010). a similar effect can affect species breeding in the high-
est latitudes. Moreover, climate change is predicted to pro-
ceed at the highest rate in the northernmost latitudes (Jetz et
al. 2007), and this factor can further strengthen the limitation
effect of continental borders.

The effect of space limitation could also produce a poten-
tial bias in our results since species with ranges in the western
part of the continent have less land mass available for poten-
tial range shift than the species breeding in the eastern part.
As a consequence, the bioclimatic models can estimate small-
er potential range shifts for the former species just due to the
lack of sites with suitable climatic conditions. However, we
do not think this bias is substantial because vast majority of
species used for the analysis occupy wide range of longitudi-
nal bands and is thus not confined to the western part of the
continent (note that we excluded the species with extremely
small ranges from data prior to the analysis because of high
uncertainty in the potential range shift estimates. see Huntley
et al. 2007). Moreover, taking longitudinal position into ac-
count did not show its significant effect on potential range
shift in our model. Despite of a strong limiting effect of lati-
tudinal range position and significantly smaller magnitude of
range shift in westward shifting species (see above). we do
not suggest that the longitudinal position of species’ range
per se hampers the revealed relationships between ecological
traits and potential range shifts described below.

Our results indicate that the magnitude of potential range
shifts is strongly related to species’ habitat niche. This con-
curs with the findings of Goodenough and Hart (2013). who
also analysed maps of climatic ranges of European birds in
Huntley et al. (2007) but focused on changes in range size,
range margins and overlap. and not on shifts of range centres.
The dominance of habitat-related ecological traits among
the significant explanatory variables is not surprising given
the recently described correlation between habitat and the
climatic niches of European birds (Barnagaud et al. 2012).
For species shifting their ranges north-eastward or north-
westward, we found the largest shifts in species dependent
on humid habitats. This pattern can be explained by the pre-
dicted increase in rainfall due to climate change in northern
parts of the continent in contrast to a decrease in rainfall in
southern parts (IPCC 2007). As a result, the ranges of species
associated with humid habitats are predicted to move further
north and, at the same time, the future distribution of those
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species might be affected by a shortage of humid habitats in
southern parts of the continent. The predicted relationship be-
tween shift magnitude and humid habitat specialization may
be. however. obscured by human impacts. As has recently
been reported. many water and wetland birds observed in
various European countries are undergoing a range expansion
(Van Turnhout et al. 2007, Lemoine et al. 2007, Kolecek et
al. 2010). These species have possibly wider climatic ranges
than they currently occupy because their distribution may
have been strongly limited in recent history by human pres-
sures such as hunting (Van Turnhout et al. 2007). After the
recent establishment of legal protections in Europe. these spe-
cies have started to colonize additional suitable sites (Donald
et al. 2007). Climatic models do not reflect human activities
(such as hunting pressure, habitat modification etc.). and
therefore future predictions inform us rather about changes in
geographical ranges under conditions which favour the wider
distribution of birds living in wet habitats.

Concerning those species with northward shifts, a larger
magnitude of potential shifts was found in habitat specialists
and forest species than in habitat generalists and open-habitat
species, respectively. These patterns confirm our initial expec-
tations. Forest species breed in colder areas than open habitat
species (Barnagaud et al. 2012), and these areas will shift fur-
ther according to climatic projections due to a higher magni-
tude of warming in northern latitudes (IPCC 2007, Buckley
and Kingsolver 2012). It is possible that forest species would
be generally more sensitive to future climatic changes than
species breeding in open habitats. because similar patterns
to those in our results have also been observed in birds of
California (Jongsomyjit et al. 2013). There, the largest chang-
es in breeding distribution caused by climatic factors were
predicted for forest species. while climate contributed only
slightly to the distribution changes of grassland and desert
species (Jongsomjit et al. 2013). It is interesting that species
of coniferous forests were predicted to contract their ranges,
whereas species of broad-leaved woodland were predicted to
enlarge their ranges (Jongsomyjit et al. 2013). Unfortunately,
we did not classify the habitat use of forest species in such
detail, but it would be interesting to perform such an analysis
for European birds as well.

The effect of habitat specialization observed in our results
suggests that ecologically specialized species will be under
higher pressure to move northward under the conditions of
future climate change. In contrast, the geographical ranges
of ecological generalists will be less affected. This result is
alarming, as specialized species seem to be sensitive to both
human-induced habitat alteration and range shifts due to pre-
dicted climate change (Jiguet et al. 2007). Consequently, their
populations might be under substantial threat in the future.

We found a correlation between potential range shifts and
species’ migration strategy: species migrating on longer dis-
tances showed larger magnitude of shifts. This pattern cannot
be explained by better dispersal ability of long-distance mi-
grants (Barbet-Massin et al. 2012) because this trait was not
considered in the models estimating the potential range shifts
(Huntley et al. 2007). Instead. we suggest that the larger shift
of long-distance migrants can be connected with latitudinal
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distribution of bird species with different migration strategies
across Europe. With increasing latitude. both number and
proportion of long-distance migratory species in bird com-
munities decrease. i.e. these species are mostly confined to
lower or mid-latitudes (Lemoine and Bohning-Gaese 2003)
and have thus more space to shift their range in response to
climate change than the short-distance migrants and resi-
dents, which form majority in bird species in northern regions
(Lemoine and Bohning-Gaese 2003). However, the signifi-
cant effect of migration strategy was found only in the model
analysing all species together and the separate analyses for
the species groups defined by shift direction did not maintain
this effect. This suggests that the relationship of migration
strategy to species’ climatic niche is probably weaker than
the effect of habitat niche variables which were significant in
both kinds of models.

The predictions of future ranges modelled by Huntley et
al. (2007) solely using climatic scenarios and assuming no
effects of dispersal limitation, biotic interactions or land use.
have recently been challenged by studies pointing out the im-
portance of these factors constraining the species’ geograph-
ic ranges (Rapacciulo et al. 2012, Pigot and Tobias 2013).
Although there have been attempts to incorporate these fac-
tors into predictions of species’ future geographic ranges
(Barbet-Massin et al. 2012). we used the maps from Huntley
et al. (2007) because these were appropriate for purposes of
our study. Our aim was not to predict the exact locations of
species’ ranges in the future for purposes of. for instance, as-
sessment of their coverage by current protected areas (Hole
et al. 2009. Virkkala et al. 2010). Instead. we aimed to link
the intensity of the pressure posed by climate change, as ex-
pressed by the potential range shift of a given species, to spe-
cies’ ecological traits. For this purpose, the range shifis based
solely on climatic models were sufficient.

Our study provides more detailed insights into the obser-
vations of Huntley et al. (2006, 2008). whose predictive mod-
els suggest radical spatial reorganization of European bird
communities in the second half of the 2 1st century as a conse-
quence of global warming. We have shown that the variability
in potential shifts of European climatic breeding ranges of
bird species are closely linked with species” ecology. most no-
tably their habitat preferences and ecological niche breadth.
The importance of this link has been confirmed by other
studies focusing on patterns in the future changes of species
ranges (Goodenough and Hart 2013, Jongsomyjit et al. 2013).
and indicates which ecological groups of birds will be forced
to most move their ranges under predicted climate change.
As different ecological groups of birds definitely have dif-
ferent abilities to cope with predicted changes. this knowl-
edge is important for adopting proper conservation strategies
(Buckley and Kingsolver 2012). It is important to note that
these inferences do not deal with other potential changes not
linked to climate, e.g. habitat alteration caused by changes in
human land use. These non-climatic factors can effectively
inhibit the species from tracking their climatic optima (Reif
et al. 2010, Devictor et al. 2012), resulting in an interaction
between the habitat and climate change effects (Mantyka-
Pringle et al. 2012). Therefore, we suggest that those species
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whose ecological characteristics correlate with the largest
magnitude of potential range shifts caused by climate. i.e.
forest species. wetland species and ecological specialists,
should be the central focus of ecologists and conservationists.
The conservation strategies should include securing popula-
tion in their current ranges by. for example. enforcement of
existing protected areas. thus providing enough individuals
to disperse (Thomas et al. 2012, Beale et al. 2013). At the
same time, it is worth to start the process of establishment of
new protected areas to conserve the habitats (e.g. wetlands) in
regions where such species can possibly move their range and
along the dispersal routes (Hole et al. 2009).
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Appendix
Data used for the analysis of the relationships between poten-

tial range shifts and ecological traits of European birds. The
file may be downloaded from www.akademiai.com
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Abstract. Breeding ranges of European bird species will probably shift as a result of the climate change in forthcoming
decades. Although it is unclear whether these shifts will come true, one perceives the magnitude of these shifts as a
measure of the intensity of the pressure of climate change on particular species. From this perspective, it is interesting
to ask how these shifts relate to current species” population trends. For this purpose, we related the data on potential
northward shifts of European breeding ranges based on projections of climate change to the long-term population
trends for the period 1982-2011 of birds breeding in the Czech Republic. We predicted that the relationship between
the magnitude of range shift and the population trend will vary according to the geographic position of species’ distri-
bution in relation to the position of the Czech Republic. The results indicated support for this prediction. After account-
ing for the effects of various ecological traits like habitat association, migration and life history strategy, populations of
the species with the largest shift declined, if the centre of their distribution was in the northern Europe, but increased
if their distribution centre was on the south of the continent. These results suggest that the climate change is among the
main factors causing recent changes in bird populations but its effects strongly depend not only on species sensitivity

to these changes but also on geographic context.
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INTRODUCTION

Long-term population trends are directional
changes in species population sizes and reflect
their responses to the most important environ-
mental pressures (Greenwood 2003). From a con-
servation perspective, data on population trends
give us the information about potential threats to
population of common species: if a negative trend
lasts over sufficiently long time period, an origi-
nally common species becomes rare and vulnera-
ble (Reif 2013). Therefore, determining factors sig-
nificantly associated with long-term population
declines or increases helps us to set priorities
in practical conservation of the focal species
(Gregory et al. 2005, 2007). Although human-
caused habitat alteration is the key factor causing
the decrease or increase of bird populations
(Reif 2013, Vickery et al. 2014), the increasing
importance of the climate change (Pautasso 2012)
and the interactions between these two factors
(Mantyka-Pringle et al. 2012) have recently been
recognized.

The impact of recent changes in climate on
birds is still hotly debated (Jetz et al. 2007,
Sekercioglu et al. 2008). Species show a variety of
responses to warming climate including physio-
logical adaptations, phenological changes and
changes in distribution (Bellard et al. 2012). It is
thus difficult to express their sensitivity to the cli-
mate change using one metric comparable over a
wide range of species. In this respect, one possibil-
ity offers the climatic envelope modelling. Under
this framework, the current distribution of a
species is related to the climatic conditions in its
breeding range, which provides a possibility to
obtain a statistical description of its climatic niche
(Araujo et al. 2009). This can be used for the pre-
diction of its future climatic breeding range based
on projections of future climate (Huntley et al.
2007). In the next step, one can calculate differ-
ences in locations between this predicted future
climatic range and the current climatic range of
that species (Huntley et al. 2007). This difference
informs us about the magnitude of potential
range shift of a given species (Goodenough &
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Hart 2013, Koschova et al. 2014). We must be
aware that this potential does not need to be real-
ized due to the influence of other factors such as
habitat destruction and dispersal potential
(Barbet-Massin et al. 2012). However, this poten-
tial range shift also quantifies the strength of the
pressure of the climate change on a given species.
Species showing short range shifts can be viewed
as those with high resilience to the climate
change, while species with large magnitude of
shift should be those under the highest climatic
impact (Renwick et al. 2012). For instance, the
endemic species with an absence of overlap be-
tween the current and predicted future geograph-
ic range will be presumably under the highest risk
of extinction (Huntley et al. 2008, Goodenough &
Hart 2013).

A study by Gregory et al. (2009) focused on the
relation between the area of predicted future
ranges of European birds, calculated by Huntley
et al. (2007), and their current population trajecto-
ry observed over last decades. The species whose
ranges will reduce due to climatic warming dur-
ing the 21st century show the most negative pop-
ulation development at the same time (Gregory et
al. 2009). This study suggests that the climatically
induced potential range shifts modulate even the
present abundance of birds. However, this study
did not focus on the effect of the magnitude of the
potential range shifts. We suggest that this meas-
ure can be also significantly related to recent bird
population changes because it quantifies the
intensity of the climatic pressure upon species
ranges. For this purpose, we use data on common
bird population trends in the Czech Republic,
whose central-European location makes this
country particularly suitable to test this idea.

Several studies have found that the climate
change probably affects central European popula-
tions of birds when southern species are increas-
ing significantly more than the northern species
(Lemoine et al. 2007, Reif et al. 2008a). It is possible
that this is caused by species’ tracking their climat-
ic optima in space (Devictor et al. 2012). From the
perspective of potential range shifts, we assume
that within the southern species, the Czech popu-
lations of those with larger magnitude of shift will
experience higher colonization rate from the
southern source than the Czech populations of
species with shorter shifts. Therefore, we predict
that the southern species with larger potential
range shifts will increase more than the southern
species with shorter shifts. The opposite should be
true for northern species, when the larger magni-

tude of potential range shift would refer to the
higher rate of withdrawal from the Czech
Republic. Of course, these predictions apply for
central Europe with a latitudinal gradient of
decreasing temperature.

The aim of this study is to test these predic-
tions of climate change effects on population
trends of birds in the Czech Republic. Specifically,
we compare the trends of species with different
latitudinal positions of European breeding ranges
and different magnitudes of potential range shifts
using multipredictor statistical models. There are
numerous other factors besides the climate
change driving bird population trends such as
breeding habitat loss or changes in wintering
quarters (Reif 2013). To control for their effects, we
include relevant species’ ecological traits such as
habitat association, migration and life history
strategy into the models.

MATERIALS AND METHODS

Bird population trends

To detect long-term trends in abundance of breed-
ing bird populations in the Czech Republic, we
used data from the Breeding Bird Monitoring
Programme in the Czech Republic (BBMP) for the
period 1982-2011. BBMP is based on fieldwork
performed by skilled volunteers who count birds
using standardized methodology. Each volunteer
visited usually two times per breeding season
(from mid-April to mid-June) a transect contain-
ing 20 points in 300-500 m intervals. During one
visit, all birds were recorded for 5 min both visu-
ally and acoustically on a given point. Although
both transects and points were selected by free
choice of volunteers, the large number of tran-
sects, their regular distribution throughout the
country (Reif et al. 2013) and their habitat cover-
age corresponding to country-wide proportions
of the main land cover types (Reif et al. 2008a)
suggest that the BBMP provides reliable sample of
population trends for common bird species breed-
ing in the Czech Republic (see e.g. Janda &
St'astny 1984, Reif et al. 2006).

For each species recorded in the BBMP we esti-
mated its population trend by using log-linear
models in the program TRIM 3.51 (Pannekoek &
Van Strien 2005) taking both site and year effects
into account and correcting for serial correlation
over time (Van Strien et al. 2001). Because some
sites deviated from the prescribed two-visits
rule being visited once or three times per breeding
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season, we used the mean count across all visits at
a given site in a given year as the input values for
the models. The log-linear models provided an
estimate of the population trend on a logarithmic
scale for each species together with standard error.
The trends were classified according to their val-
ues and confidence intervals (revealed from the
standard errors) using the framework of Gregory
etal. (2007). A trend value higher than 1.00 with its
confidence interval not including 1.00 is consid-
ered as a population increase, a trend value
between 0.00 and 1.00 with its confidence interval
not including 1.00 is considered as population
decline. When the confidence interval encloses
1.00 but its upper limit is lower than 1.05 and its
lower limit is above 0.95 (i.e. the interval is nar-
row), the population of a given species is consid-
ered as stable. Finally, species’ trends whose confi-
dence intervals contained 1.00 and overlapped
0.95 or 1.05 at the same time (i.e. the interval is
wide) were considered as “uncertain”. From fur-
ther analyses we excluded the species for which
BBMP did not sample their populations reliably
(e.g. aerial feeder, raptors, owls) or provided
uncertain trends. In total, we used the trends of
106 species for further analyses.

For statistical analyses, it is recommended by
the authors of TRIM to back-transform the trends
of particular species from the logarithmic to arith-
metic scale (Pannekoek & Van Strien 2005).
Therefore, the values of the trends used in our
analysis are less than zero for negative population
change, more than zero for positive change and
zero in the case of the absence of change (see
Appendix 1).

Potential range shifts

We calculated the potential shift of the geograph-
ic range of every species from maps of “A Climatic
Atlas of European Breeding Birds” (Huntley et al.
2007). These maps were constructed using biocli-
matic modelling on current breeding bird distri-
bution in Europe (Hagemeijer & Blair 1997). The
breeding ranges expressed the presence or
absence of species in a 50-km square UTM grid
except most of Russia. Huntley et al. (2007) first
modelled the present climatic range of every
species breeding in Europe for the time period
1961-1990 using three bioclimatic variables: cold-
est-month mean temperature, annual tempera-
ture sum above 5 °C and annual ratio of actual to
potential evapotranspiration. The model was
computed with the locally weighted regression in
the UTM squares. The revealed relationship

between species distribution and climatic vari-
ables was applied in the next step to predict the
future climatic ranges of bird species under the cli-
matic projection for the period 2070-2099. For this
purpose, Huntley et al. (2007) used the projection
of the climatic model HadCM3 published in the
IPCC (2001). These data were already used in
numerous studies focused on the effects of climate
change on birds (e.g. Huntley et al. 2008, Gregory
et al. 2009, Jiguet et al. 2010, Goodenough & Hart
2013) and are considered as reliable estimates of
the intensity of climate change pressure on bird
populations (Araujo et al. 2009).

We converted the maps from Huntley et al.
(2007) into a digital form in program ArcGIS 9.2
(ESRI 2006) and calculated the mean centre (mean
longitude and mean latitude), for both the current
and the predicted climatic range. The potential
range shift is the difference between these mean
centres in kilometres (Koschova et al. 2014). These
potential range shifts, together with the latitudi-
nal position of the centre of the current breeding
range, were taken as explanatory variables for fur-
ther analyses (see Appendix 1). Although some
variability in direction of shifts is present when
one considers all European species in Huntley et
al. (2007), the species in our dataset, i.e. the com-
mon birds breeding in the Czech Republic,
showed shifts solely in the northern direction.

Species’ traits

Bird populations are affected by a suite of envi-
ronmental factors that mirror the relationships
between population trends and species’ ecological
traits (Reif 2013). These effects can confound the
contribution of the focal explanatory variables and
thus need to be taken into account in a statistical
analysis. For this purpose, we expressed the fol-
lowing ecological traits whose influence on bird
population trends were described in previous
studies (e.g. Jiguet et al. 2010, Kolecek & Reif
2011): habitat niche position, habitat niche
breadth, species position along the humidity gra-
dient, dietary niche, migration strategy and life
history (see Appendix 1). Values of these traits for
each species were extracted from Kolecek & Reif
(2011) who excerpted the local literature on these
traits for Czech birds. Here we briefly summarize
the core information about each trait, see Kolecek
& Reif (2011) for more details.

Habitat niche position was expressed as a
mean position along a gradient of habitats from
forest interior (position of 1) to open treeless land-
scape (position of 7) by expert classification.
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Habitat niche breadth was expressed as a differ-
ence between the values of extremes in a range of
habitats occupied along the gradient described
above. Classification of species” position along the
humidity gradient discriminated species of non-
humid (1), wetland (2) and water habitats (3).
Dietary niche was defined according to Bohning-
Gaese et al. (2000) into obligatory herbivorous or
obligatory insectivorous/carnivorous (1), herbivo-
rous and insectivorous/carnivorous (2) and
omnivorous (3). Migration strategy classified
species as residents (1), short-distance migrants (2)
and long-distance migrant (3). Life history
described species along a fast-slow life history
axis. This axis was calculated by Kolecek & Reif
(2011) using a principal component analysis on
correlation matrix of six species life-history traits:
body mass, egg mass, number of broods per year,
laying date, clutch size and length of incubation.
As result, the species are ordinated along the axis
from the species with slow life histories (some-
times also called as “K-selected” species) to species
with fast life histories (“r-selected” species).
Species with slow life histories have large bodies,
large eggs and long incubation time, species with
fast life histories are small, have small eggs and
short incubation time (Kolecek & Reif 2011).

Statistical analysis

We related the predictor variables (i.e. potential
range shift, current latitudinal position and partic-
ular species’ traits) to bird population trends using
linear models. In the line with our prediction, we
included the interaction between the predicted
range shift and the current range position, inter-
actions among other variables were not included
due to a limited sample of 106 species and high
number of explanatory variables. We applied an
information theoretic approach to assess the rela-

tive importance of respective predictors. Using
the R-package MuMIn (Barton 2013), we comput-
ed Akaike Information Criterion corrected for
small sample sizes (AIC ) for models containing all
possible combinations among predictor variables
(Burnham & Anderson 2002). Model averaging of
the parameter estimates and their standard errors
across all candidate models using the Akaike
weights provided the model-averaged estimates
with confidence intervals (Johnson & Omland
2004).

Since the species may not be fully independent
statistical units due to their common evolutionary
history (Harvey & Purvis 1991), we have checked
for the presence of phylogenetic autocorrelation
in model residuals. Specifically, we have calculat-
ed the degree of autocorrelation at the species,
genus, family and order level, respectively, for the
full model containing all explanatory variables, as
well as for the model composed from the terms
found as important using the information-theo-
retic approach. Non-significance of the autocorre-
lation would suggest that the results are not
affected by common evolutionary history of the
species. These calculations were performed using
R-package “ape' (Paradis et al. 2009).

RESULTS

From 106 species used for our study, populations
of 57 increased, whereas 49 species had declining
populations within the study period. The mean
potential range shift across species was 375 km
(£ SD = 177 km).

Three best performing models (delta AIC_ < 2)
accounted for 19-23 % of variability in bird popu-
lation trends in Czech Republic (Table 1). All
these models contained variables: habitat niche

Table 1. Explanatory variables included into the best performing linear models (according to the Akaike Information Criterion cor-
rected for small sample sizes, AIC) relating population trends from 1982 to 2011 to the traits of 106 bird species in the Czech

Republic (top) and characteristics of these models (bottom).

model explanatory variables
1 habitat niche position + position along a humidity gradient + migration strategy + life history + potential range shift +
latitudinal position of the centre of the current breeding range + potential range shift x latitudinal position of the centre
of the current breeding range
2 habitat niche position + migration strategy + life history + potential range shift + latitudinal position of the centre of the
current breeding range + potential range shift x latitudinal position of the centre of the current breeding range
3 habitat niche position + position along a humidity gradient + migration strategy + life history
model AIC, No. of params AAIC, AIC, weight Adjusted R?
1 -306.6 9 0 0.14 0.23
2 -304.9 8 1.692 0.06 0.21
3 -304.6 6 1.964 0.05 0.19
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Table 2. Effects of species’ traits on population trends from 1982 to 2011 for 106 bird species in the Czech Republic obtained by
model averaging based on information theory. The traits with confidence limits (CL) not overlapping zero are printed in bold.
Importance of particular variables was calculated as a sum of Akaike weights of the models containing a given variable.

trait variable coefficient lower 95% CL upper 95% CL importance
dietary niche position -0.0004 -0.0136 0.0128 0.236
position along a humidity gradient 0.0197 0.0007 0.0387 0.714
habitat niche position -0.0117 -0.0197 -0.0038 0.924
habitat niche breadth 0.0017 -0.0071 0.0106 0.256
latitude of mean centre 0.0098 -0.0005 0.0201 0.630
migratory strategy 0.0147 -0.0009 0.0303 0.619
life history 0.0285 0.0135 0.0435 0.985
range shift 0.0014 0.0001 0.0028 0.632
latitude of mean centre x range shift -0.00003 -0.00005 -0.00001 0.501

position, migration strategy and life history. Two
of these models also contained the variable posi-
tion along a humidity gradient. Our focal climatic
variables, i.e. potential range shift, latitudinal
position of the centre of the current breeding
range and their interaction, were included in the
two best performing models, but not in the third
model. When considering a full model with all
explanatory variables, excluding the interaction
from this model resulted in marked increase in
AIC_ from to -301.7 to -296.3 suggesting impor-
tance of this interaction effect.

Model averaged coefficients and confidence
intervals indicated the direction and significance
of the effects mentioned above (Table 2). Specifi-
cally, species breeding in more humid habitats

0.6
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Fig. 1. Relationships between bird population trends and their
potential range shifts in the interaction with the latitude of the
species’ mean range centre. The relationships were calculated
by model averaging based on information theory (see Table 2).
Shown are three different regression lines of population trend
on the potential range shift (Range shift) for different latitudes
of the mean range centre (Latitude). Population trends were
estimated for 106 species counted in the Czech Republic from
1982 to 2011 using log-linear models in TRIM software.
Negative values of trends indicate declining populations, pos-
itive values indicate increasing populations.

had more positive trends than species breeding in
dry habitats; species breeding in more forested
habitats had more positive trends than species
breeding in more open habitats; species with slow
life history had more positive trends than species
with fast life history. These variables had also the
highest importance according to Akaike weights
of the models containing these traits (Table 2). Our
focal climatic variables were related to the bird
population trends in the way we predicted. The
species with the potential shifts of larger magni-
tude increased in the Czech Republic, if their range
centres were situated in lower latitudes, but the
trends were less positive and even declined for spe-
cies breeding in higher latitudes in Europe (Fig. 1).
The importance of these climatic variables (mea-
sured by Akaike weights of models they appeared
in) was lower than in the case of the most impor-
tant habitat and life history traits, but higher than
the importance of the remaining trait variables
whose confidence intervals overlapped zero (Table 2).

The phylogenetic analysis confirmed that the
residuals of the full model (containing all explana-
tory variables), as well as the residuals of the
model composed from terms whose confidence
intervals do not overlap zero after model averag-
ing, do not show any significant autocorrelation at
particular taxonomic levels (Table 3). These results
justify no need to account for phylogeny in the
analyses presented above.

DISCUSSION

Our results were in accord with the prediction
that the relationship between population trends
of birds in the Czech Republic and the potential
shifts of their breeding ranges estimated by biocli-
matic models depends on the location of the
range centres in Europe. Specifically, species with
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Table 3. The degree of phylogenetic autocorrelation calculated at particular taxonomic levels for the model containing all explana-
tory variables (full model) and for the model containing term whose confidence intervals do not overlap zero according to model
averaging (reduced model), respectively. Non-significant autocorrelation indicates no effect of phylogeny on the results of statis-

tical modelling.

species genus family order
Moran's | p Moran's | p Moran's | p Moran's | p
full model -0.09 0.848 0.13 0.381 -0.07 0.473 0.02 0.363
reduced model -0.08 0.865 0.20 0.161 -0.07 0.466 0.03 0.384

large magnitude of shift have more increasing
Czech populations, if the centre of their breeding
distribution is located in southern Europe than
species with range centres in northern Europe.
We also found increasing populations of forest
birds, water birds and species with slow life histo-
ries.

We assume that the potential range shift is con-
nected with the climate change effects and quan-
tifies the sensitivity of species to the climate
change (Huntley et al. 2008). Specifically, the
species for which bioclimatic models estimate
larger magnitude of range shifts are probably
under higher pressure to move northwards due to
warmer climate. It is interesting that this pressure
translates into a species’ population trend accord-
ing to the latitudinal position of its current breed-
ing range. We suggest this relationship is shaped
by the position of the Czech Republic within
Europe. Specifically, it is possible that the climate
change facilitates colonization of the Czech
Republic by southern species, when the species
most affected by climatic change show the highest
rate of increase of Czech populations. By contrast,
the same mechanism could affect population
trends of the northern species but in opposite
direction. It means that the climate change causes
withdrawal of individuals of the northern species
from the territory of the Czech Republic and its
rate is higher for species more sensitive to the cli-
mate change effects. These results are in accord
with some previous observations of differences in
population trends between the northern and
southern species observed in Europe (Lemoine et
al. 2007, Jiguet et al. 2010, Devictor et al. 2012)
including the Czech Republic (Reif et al. 2008b),
but provide deeper insights into these patterns.

Our results develop an earlier study of
Gregory et al. (2009) who described a relationship
between the predicted change of breeding
distribution in Europe and current population
trend. The species whose ranges are predicted to
contract had more negative European long-term
population trends than the species whose ranges
are predicted to expand. We suggest this pattern is

caused by the limitation effect of northern conti-
nental border. Species breeding currently close to
continental border have less space to shift their
ranges to the North and, as a consequence, their
range is predicted to contract. Results of our study
indicate that the limiting effect of northern conti-
nental border does probably not influence popu-
lations of birds in the Czech Republic strongly: it
would result in more negative trends in northern
species with smaller predicted range shifts, but
the opposite was true according to our data. We
suggest that this difference between European
and Czech population trends is caused by the cen-
tral-European location of the Czech Republic. The
limiting effect of the northern continental border
is thus not detectable in Czech populations breed-
ing 2000 km from the northern range edge.
Therefore, although the whole European popula-
tion of such species may decline, central European
subpopulation may not (see also Diaz et al. 2014).

We used the predicted shifts calculated by
Huntley et al. (2007) who considered only climat-
ic drivers but did not include the habitat change
effects or species’ dispersal ability into the models.
Several studies have shown these factors can seri-
ously modify outcomes of climatic influence on
species’ ranges, reducing the realized range shifts
compared to the climatically driven projections
(Tyre et al. 2001, Reif et al. 2010, Barbet-Massin et
al. 2012). However, in our study, we use the mag-
nitude of the range shifts estimated by bioclimatic
models as a surrogate for intensity of the influ-
ence of the climatic change on bird species, and
thus we were not interested in testing whether
the predicted shifts will really happen with the
magnitude estimated by the bioclimatic models
(see also Koschova et al. 2014). Moreover, a recent
study comparing breeding bird distribution dur-
ing the Last Glacial Maximum inferred by biocli-
matic models with the fossil record found marked
congruence between the results of both methods
of the past range reconstruction suggesting
that the climate is the principal driver of breed-
ing bird distribution in long-term (Smith et al.
2013).
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The effects of other trait variables were in
accord with the findings already described in
other studies. Species’ position along forest-
open country and humidity gradients, respective-
ly, confirm important influence of the habitat
changes on populations of European birds
(Bohning-Gaese & Bauer 1996, Lemoine et al.
2007, Desrochers et al. 2010). These habitat
changes include forest expansion on abandoned
agricultural land resulting in increase of forest
bird species, agricultural intensification resulting
in population decline of farmland birds, and
more strict legal protection of some previously
hunted large water birds resulting in increase of
wetland species (Reif 2013). Of course, exceptions
from such general patterns can be observed at
the species level. For example, Tryjanowski et al.
(2005) showed that White Stork Ciconia ciconia
benefited from the loss of arable land in the
Tatra Mountains. Moreover, population in-
crease was not observed in many rare wetland
species not covered by the BBMP data (St’astny
et al. 2006). Moreover, our results suggest that
species’ life history has the significant effect on
bird population trends when species with
slow life histories have more positive trends
than the species with the fast life histories.
Although this pattern seems rather counter-
intuitive, we suggest that under the conditions
of human-caused environmental perturbations,
the slow life history can be indeed an advantage
(see also Kolecek et al. 2014). The slow life history
species are long lived and they have thus higher
probability to meet optimal conditions for
reproduction during their life time than the short-
er lived species with fast life histories (Sol et al.
2012).

In conclusion, our study provides further
insights into previously described climate
change effects on long-term trends in bird popu-
lations. Indirectly estimated sensitivity of species
to the climatic changes shows an important effect
in an interaction with latitudinal position of
species’ European breeding range. Future studies
could search for relationships between the climat-
ically driven predicted shifts of species’ breeding
ranges, observations of the current climate change
impacts on the recent geographic range shifts and
then link these relationships to the population
trends. We suggest these links can uncover the
mechanisms how the climate change causes the
population changes, which is crucial for setting
conservation strategies for the most adversely
affected species.

ACKNOWLEDGEMENTS

We wish to thank all volunteers participating in
the Breeding Bird Monitoring Programme.
Zdenék Vermouzek from the Czech Society for
Ornithology kindly provided us with the bird
population trend data. Frantisek Kuda helped us
with calculation of potential range shifts. Jaroslav
Kolecek extracted the trait data from his database.
We are indebted to all of them.

REFERENCES

Araujo M. B., Thuiller W., Yoccoz N. G. 2009. Reopening the cli-
mate envelope reveals macroscale associations with climate
in European birds. Proc. Natl. Acad. Sci. USA 106: E45-E46.

Barbet-Massin M., Thuiller W, Jiguet E 2012. The fate of
European breeding birds under climate, land-use and dis-
persal scenarios. Glob. Change Biol. 18: 881-890.

Barton K. 2013. MuMIn: multi-model inference. R package.
Available at: http:/r-forge.r-project.org/projects/mumin/

Bellard C., Bertelsmeier C., Leadley P, Thuillier W., Courchamp
E 2012. Impacts of climate change on future of biodiversi-
ty. Ecol. Lett. 15: 365-377.

Bohning-Gaese K., Bauer H. G. 1996. Changes in species abun-
dance, distribution, and diversity in a central European
bird community. Conserv. Biol. 10: 175-187.

Bohning-Gaese K., Halbe B., Lemoine N., Oberrath R. 2000.
Factors influencing the clutch size, number of broods and
annual fecundity of North American and European land
birds. Evol. Ecol. Res. 2: 823-839.

Burnham K. P, Anderson D. R. 2002. Model selection and mul-
timodel inference. 2nd ed. Springer, Berlin.

Desrochers A., Renaud C., Hochachka W. M., Cadman M. 2010.
Area-sensitivity by forest songbirds: theoretical and practi-
cal implications of scale-dependency. Ecography 33: 921- 931.

Devictor V,, van Swaay C., Brereton T., Brotons L., et al. 2012.
Differences in the climatic debts of birds and butterflies at
a continental scale. Nature Clim. Change 2: 121-124.

Diaz M., Cuervo J. J., Grim T, Flensted-Jensen E., et al. 2014.
Interactive effects of feafullness and geographic location
on bird population trends. Behav. Ecol. in press.

ESRI 2006. ArcGIS 9.2. Esri, Praha, Czech Republic.

Goodenough A. E., Hart A. G. 2013. Correlates of vulnerability
to climate-induced distribution changes in European avi-
fauna: habitat, migration and endemism. Clim. Change
118: 659-669.

Greenwood ]J. J. D. 2003. The monitoring of British breeding
birds: a success story for conservation science? Sci. Total
Environ. 310: 221-230.

Gregory R. D., van Strien A., Voiisek P, Meyling A. W. G, et al.
2005. Developing indicators for European birds. Phil.
Trans. R. Soc. Lond. B 360: 269-288.

Gregory R. D., VofiSek P, Van Strien A., Gmelig Meyling A. W,,
et al. 2007. Population trends of widespread woodland
birds in Europe. Ibis 149: 578-597.

Gregory R. D., Willis S. G,, Jiguet E, Vorfisek P, et al. 2009. An
indicator of the impact of climatic change on European
bird populations. PLoS ONE 4: e4678.

Hagemeijer W. J. M., Blair M. J. 1997. The EBCC atlas of
European breeding birds. T & AD Poyser, London.

Harvey P H., Purvis A. 1991. Comparative methods for
explaining adaptations. Nature 351: 619-624.



190 M. Koschova & J. Reif

Huntley B., Collingham Y. C., Willis S. G., Green R. E. 2008.
Potential impacts of climate change on European breeding
birds. PLoS ONE 3: e1439.

Huntley B., Green R. E., Collingham Y. C., Willis S. G. 2007. A
Climatic atlas of European breeding birds. Lynx Editions.

IPCC 2001. Climate Change 2001: The Scientific Basis.
Cambridge University Press, Cambridge, UK.

Janda J., Stastny K. 1984. [Breeding bird monitoring
programme in the Czech Republic]. Zpravy CSO 26: 25-33.

Jetz W., Wilcove D. S., Dobson A. P 2007. Projected impacts of
climate and land-use change on the global diversity of
birds. PLoS Biol. 5: 1211-1219.

Jiguet E, Gregory R. D., Devictor V,, Green R. E., Vofisek B, Van
Strien A., Couvet D. 2010. Population trends of European
birds are correlated with characteristics of their climatic
niche. Glob. Change Biol. 16: 497-505.

Johnson J. B.,, Omland S. O. 2004. Model selection in ecology
and evolution. Trends Ecol. Evol. 19: 101-108.

Kolecek J., Albrecht T., Reif J. 2014. Predictors of extinction risk
of passerine birds in a Central European country. Anim.
Conserv. 17: 498-506.

Kolecek J., Reif J. 2011. Differences between the predictors
of abundance, trend and distribution as three measures
of avian population change. Acta Ornithol. 46: 143-153.

Koschova M., Kuda E, Hordk D., Reif J. 2014. Species” ecologi-
cal traits correlate with predicted climatically-induced
shifts of European breeding ranges in birds. Community
Ecol. 15: 139-146.

Lemoine N., Bauer H. G., Peintinger M., Bohning-Gaese K.
2007. Effects of climate and land-use change on species
abundance in a central European bird community.
Conserv. Biol. 21: 495-503.

Mantyka-Pringle C. S., Martin T G., Rhodes J. R. 2012.
Interactions between climate and habitat loss effects on
biodiversity: a systematic review and meta-analysis. Glob.
Change Biol. 18: 1239-1252.

Pannekoek J., van Strien A. J. 2005. TRIM 3 Manual. Statistics
Netherlands, Vootburg.

Paradis E., Bolker B., Claude J., Cuong H. S., et al. 2009.
Package ‘ape’. Analyses of Phylogenetics and Evolution,
v. 2.4-1. R Foundation for Statistical Computing, Vienna.

Pautasso M. 2012. Observed impacts of climate change on ter-
restrial birds in Europe: an overview. Italian J. Zool. 79:
1-19.

Reif J. 2013. Long-term trends in bird populations: a review of
patterns and potential drivers in North America and
Europe. Acta Ornithol. 48: 1-16.

Reif ]., Prylova K., Sizling A., Vermouzek Z., §t’astny K., Bejcek
V. 2013. Changes in bird community composition in the
Czech Republic from 1982 to 2004: increasing biotic
homogenization, impacts of warming climate, but no
trend in species richness. J. Ornithol. 154: 359-370.

Reif ], ét’astn)’l K., Bej¢ek V. 2010. Contrasting effects of climat-
ic and habitat changes on birds with northern range limits
in central Europe as revealed by an analysis of breeding
distribution in the Czech Republic. Acta Ornithol. 45:
83-90.

Reif J., Voiisek P, gt’astny K., Bejc¢ek V. 2006. Population trends
of birds in the Czech Republic during 1982-2005. Sylvia 42:
22-37.

Reif J., Voiisek P, ét’astn)’/ K., Bejcek V., Petr J. 2008a.
Agricultural intensification and farmland birds: new
insights from a central European country. Ibis 150:
569-605.

Reif J., Vorisek P, ét'astny K., Koschova M., Bejc¢ek V. 2008b. The
impact of climate change on long-term population trends
of birds in a central European country. Anim. Conserv. 11:
412-421.

Renwick A. R., Massimino D., Newson S. E., Chamberlain D.
E., Pearce-Higgins ]J. W, Johnston A. 2012. Modelling
changes in species’ abundance in response to projected cli-
mate change. Divers. Distrib. 18: 121-132.

Sekercioglu C. H., Schneider S. H., Fay ]. P, Loarie S. R. 2008.
Climate change, elevational range shifts, and bird extinc-
tions. Conserv. Biol. 22: 140-150.

Smith S. E., Gregory R. D., Anderson B. J., Thomas C. D. 2013:
The past, present and potential future distributions of
cold-adapted bird species. Divers. Distrib. 19: 352-362.

Sol D., Maspons ., Vall-llosera M., Bartomeus I., Garcia-Pefia G.
E., Pinol J., Freckleton R. P. 2012. Unraveling the life histo-
ry of successful invaders. Science 337: 580-583.

Stastny K., Bejéek V., Hudec K. 2006. [Atlas of breeding bird
distribution in the Czech Republic 2001-2003]. Academia,
Prague.

Tryjanowski P, Sparks T., Profus P. 2005. Uphill shifts in the dis-
tribution of the white stork Ciconia ciconia in southern
Poland: the importance of nest quality. Divers. Distrib. 11:
219-223.

Tyre A. ], Possingham H. P, Lindenmayer D. B. 2001. Inferring
process from pattern: Can territory occupancy provide
information about life history parameters? Ecol. Appl. 11:
1722-1737.

Van Strien A. J., Pannekoek J., Gibbons D. W. 2001. Indexing
European bird population trends using results of national
monitoring schemes: a trial of a new method. Bird Study
48: 200-213.

Vickery J. A, Ewing S. R., Smith K. W, Pain D. J., et al. 2014. The
decline of Afro-Palaearctic migrants and an assessment of
potential causes. Ibis 156: 1-22.

STRESZCZENIE

[Potencjalne zmiany zasiegu legowisk progno-
zuja dlugoterminowe trendy populacyjne
pospolitych gatunkéw ptakéw w Czechach]
Przewiduje si¢, ze w wyniku zmian klimatycz-
nych moga ulec zmianie zasiegi legowisk ptakéw.
W pracy powigzano prognozowane zmiany
zasiegu legowisk w kierunku pétnocnym z dtugo-
terminowymi trendami populacji 106 pospolitych
gatunkéw legowych Czech. Zakladano, ze bada-
ny zwiazek moze zaleze¢ od polozenia centrum
zasiegu danego gatunku. W analizach uwzgle-
dniono takze takie czynniki jak: srodowisko zycia,
wilgotnos¢ siedliska, nisza pokarmowa, strategia
migracji i historia zyciowa (apendyks 1).

Stwierdzono, ze oprécz zmiennych zwiaza-
nych z ekologia gatunkéw takze potencjalna
zmiana zasiegu oraz obecnego polozenia centrum
zasiegu byly powiazane z trendami populacyjnymi
badanych gatunkéw (Tab. 1, 2). Gatunki o naj-
wiekszych potencjalnych zmianach zasiegu
legowisk wzrastaja liczebnie, gdy ich centrum
zasiegu potozone jest na potludniu, za$ znacznie
mniejszy wzrost lub nawet spadek liczebnosci
obserwowany jest, gdy ich centrum zasiegu
znajduje sie bardziej na péinoc (Fig. 1).
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Appendix 1. Data used for relating population trends from 1982 to 2011 to the traits of 106 bird species in the Czech Republic.
Legend: Habitat niche position — mean position along a gradient of habitats from forest interior (1) to open treeless landscape
(7); Habitat niche breadth — difference between the values of extremes in a range of habitats occupied along the gradient
described above; Habitat humidity — position along a humidity gradient with species of non-humid (1), wetland (2) and water
habitats (3); Diet — dietary niche classifying species as obligatory herbivorous or obligatory insectivorous/carnivorous (1), herbiv-
orous and insectivorous/carnivorous (2) and omnivorous (3); Migration — migration strategy classifying species as residents (1),
short-distance migrants (2) and long-distance migrant (3); Life history — position along a fast-slow life history axis (see Methods
section for details); Range shift — difference (km) between centres of current climatic European breeding range and climatic
European breeding range predicted by bioclimatic models for the second half of 21st century (see Methods section for more
details); Latitude — latitude of the centre of the species’ current climatic breeding range in Europe.

Species Trend Habitat ~ Habitat Habitat Diet Migration Life Range  Latitude
niche niche  humidity history  shift (degrees)
position  breadth (km)
Accipiter gentilis -0.0351 233 3 1 1 1 1.35 420 53.176
Accipiter nisus -0.0234 2.67 3 1 1 2 0.66 319 51.372
Acrocephalus scirpaceus 0.0054 7 0 3 2 3 -1.06 401 48.849
A. arundinaceus 0.0301 7 0 3 1 3 -0.75 509 47.813
A. schoenobaenus -0.0071 5.5 1 2 1 3 -1.10 395 51.571
Aegithalos caudatus -0.0136 3 2 1 1 1 -1.53 455 49.724
Alauda arvensis -0.0119 7 0 1 2 2 -0.93 277 57.801
Alcedo atthis 0.0805 7 0 3 1 2 -0.60 278 47.575
Anas platyrhynchos 0.0438 7 0 3 2 2 0.64 280 52.042
Anas strepera 0.1188 7 0 3 1 2 0.60 690 51.029
Anser anser 0.0686 5 5 3 1 2 1.34 529 53.683
Anthus pratensis -0.0950 7 0 2 2 2 -1.08 525 56.111
Anthus trivialis -0.0328 45 3 1 1 3 -1.02 311 53.443
Ardea cinerea 0.1222 4.5 3 3 1 2 1.24 458 50.677
Aythya ferina 0.0384 7 0 3 2 2 0.72 662 51.930
Aythya fuligula 0.0144 7 0 3 2 2 0.64 579 57.040
Buteo buteo 0.0129 4 4 1 1 2 1.29 362 49.765
Carduelis cannabina -0.0131 5 2 1 2 2 -1.27 254 48.749
Carduelis carduelis -0.0021 4.33 3 1 2 2 -1.18 301 47.953
Carduelis flammea 0.0133 3.67 3 1 2 1 -1.39 67 60.391
Carduelis chloris -0.0071 4.33 3 1 2 2 -1.00 198 50.455
Carduelis spinus -0.0364 3 2 1 2 2 -1.24 446 55.728
Certhia brachydactyla -0.0072 2 2 1 2 1 -1.26 637 45.347
Certhia familiaris -0.0001 2 2 1 2 1 -1.31 301 54.431
Ciconia nigra 0.0716 3.5 5 2 1 3 1.70 674 50.227
Circus aeruginosus 0.0635 7 0 3 1 3 0.98 372 61.736
C. coccothraustes -0.0182 2.5 3 1 2 2 -0.70 542 49.417
Columba oenas 0.0222 1 0 1 1 2 -1.41 771 50.921
Columba palumbus 0.0315 2.5 3 1 1 2 0.36 138 51.274
Corvus corax 0.1169 2 2 1 3 1 0.58 117 52.287
Coturnix coturnix 0.1496 7 0 1 2 3 -0.43 334 47.591
Cuculus canorus -0.0168 4 4 1 1 3 -0.82 127 51.006
Delichon urbica 0.0133 6 0 1 1 3 -1.01 133 50.723
Dendrocopos major 0.0126 25 3 1 2 1 -0.68 314 51.578
Dendrocopos minor 0.0181 3 2 1 1 1 -1.11 419 53.808
Dryocopus martius 0.0223 1 0 1 1 1 -0.09 370 53.755
Emberiza citrinella -0.0105 4.67 3 1 2 1 -0.93 251 52.835
Emberiza schoeniculus 0.0048 6 0 3 2 2 -1.06 169 54.371
Erithacus rubecula 0.0050 25 3 1 2 2 -1.11 329 51.740
Falco tinnunculus 0.0071 5 2 1 1 2 0.42 114 50.679
Ficedula albicollis 0.0205 25 3 1 1 3 -1.08 618 49.169
Ficedula hypoleuca -0.0153 2 0 1 1 3 -1.07 758 56.345
Fringilla coelebs -0.0094 3.67 5 1 2 2 -1.06 129 50.395
Fulica atra 0.0303 7 0 3 2 2 0.42 394 50.075
Galerida cristata -0.3316 7 0 1 2 1 -0.80 219 45.988

Continued on the next page
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Gallinago gallinago
Gallinula chloropus
Garrulus glandarius
Hippolais icterina
Hirundo rustica
Charadrius dubius
Jynx torquilla

Lanius collurio
Lanius excubitor
Locustella fluviatilis
Locustella luscinioides
Locustella naevia
Loxia curvirostra
Luscinia megarhynchos
Milvus milvus
Motacilla alba
Motacilla cinerea
Motacilla flava
Muscicapa striata
Oenanthe oenanthe
Oriolus oriolus

Parus ater

Parus caeruleus
Parus cristatus

Parus major

Parus montanus
Parus palustris
Passer domesticus
Passer montanus
Perdix perdix
Phasianus colchicus
Phoenicurus ochruros
P. phoenicurus
Phylloscopus collybita
Phylloscopus sibilatrix
Phylloscopus trochilus
Picus viridis

Pica pica

Picus canus
Podiceps cristatus
Prunella modularis
Pyrrhula pyrrhula
Regulus ignicapillus
Regulus regulus
Remiz pendulinus
Saxicola ubetra
Serinus serinus

Sitta europaea
Streptopelia decaocto
Streptopelia turtur
Sturnus vulgaris
Sylvia atricapilla
Sylvia borin

Sylvia communis
Sylvia curruca
Tachybaptus ruficollis
Turdus merula
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Turdus pilaris

Turdus viscivorus
Vanellus vanellus
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0.0263
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0.14
-0.01
-0.22
-1.02
-0.92
-0.07
-1.14
-0.70
-0.54
-0.92
-1.06
-1.24
-0.80
-0.85
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Abstract: Birds are among the most important organisms for indicating
state of environmental health. It is thus important to learn what are the
factors driving changes in bird population sizes. Although various
possible drivers were determined to date, climate change and habitat
change were identified as the most important. However, their relative
importance remains unknown because few studies investigated their effects
at the continental level and were limited to smaller sets of species,
namely the common ones. For this purpose, we related population trends of
268 European breeding birds to their traits reflecting the climate and
habitat changes using linear mixed-effects models accounting for their
dietary niche, life history and migration strategies and phylogeny. Our
results showed that the habitat related variables were more important
than the variables that mirror climate change effects. Specifically,
habitat niche breadth and species position along habitat humidity
gradient were significant across all species indicating that recent
environmental changes, such as agricultural intensification, were
detrimental for habitat specialists, especially within the common
species. On the other hand, we suggest that successful conservation
effort may underpin population increase of species of humid habitats,
especially the rare ones. We do not rule out the effect climate change
completely because it can be included manifested in the significant
decline of long-distance migrants when species migrating over long
distances are constrained by their innate schedule and thus sensitive to
the adverse effects of warming temperatures, but also to habitat
degradation at wintering grounds. Taken together, our results highlight
the need to focus on problems originating from human land use in the
first step to secure populations of European bird species.
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1. Introduction

Due to their large body size and popularity for citizens (Jiguet et al., 2012), birds are among
the most important organisms for indicating state of environmental health (Gregory et al.,
2005, Butchart et al., 2010). As indicators, populations of bird species mirror influences of
factors acting at larger spatial scales (Gregory and Van Strien, 2010) and it is thus important

to learn what are the factors driving changes in bird population sizes.

Population size is one of the key determinants of the probability of species’ extinction (Lande,
1993) and the rate of its change, often expressed as population trend over a given time period,
is important for assessment of species’ conservation status (Mace et al., 2008). Finding
patterns in long-term population trends is thus essential first step for defining targets of

further detailed analysis of causes underlying the population changes (Greenwood, 2003).

Interspecific variability in population trends is determined by various factors (see Reif, 2013,
for review), but two of them seem to be the most important according to recent studies:
climate change and habitat change (e.g. Devictor et al., 2012; Mgller, 2014; Jgrgensen et al.,
2015). Their influence on bird populations was reported at the local, national, as well as
regional levels and examples include amelioration of spring temperatures resulting in
population declines of species breeding in colder areas (Julliard et al., 2004; Jiguet et al.,
2010), shifts in arrival dates with increases in species arriving earlier and declines in species
with delayed arrivals (Mgller et al., 2008; Salido et al., 2012), agricultural intensification
causing declines in farmland birds (Fuller et al., 1995; Laaksonen and Lehikoinen, 2013;
Hallmann et al., 2014), forest expansion and maturation underlying woodland birds increases
(Sirami et al., 2008;Wilson et al., 2012) or deterioration of wetlands with negative

consequences for waterbirds (van Turnhout et al., 2010).

However, only a handful of studies investigated simultaneously the effects of climate and
habitat changes at the pan-European level (but see Mgller et al., 2008; Jiguet et al., 2010;
Jorgensen et al., 2015) and these studies focused solely on selected species, usually the
common ones, due to the lack of data on long-term population trends for the rare species. This
bias to the use of common species can provide incomplete and perhaps flawed inferences
about the relative importance of particular drivers. To fill this knowledge gap, we used data
from BirdLife International (2004) providing population trends of almost all bird species

breeding in Europe including both common and rare ones.
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Relating population trends to their possible drivers and testing their relative importance can be
performed by using species’ traits. The traits mirror the influence of various environmental
filters thereby a group of species sharing a given trait should exhibit similar population trends
(Webb et al., 2010). For example, in the case of the effects of habitat changes species can be
sorted into the groups defined by their habitat use with the assumption that species breeding in
different habitats will differ in population trends if areas and/or quality of these habitats
showed divergent temporal trajectories (Jarosik, 2005). In this study, we used two traits
describing species’ climatic niche and four describing habitat niche. We can assume that if
climate change is more important driver of changes in long-term bird populations, then the
traits describing climatic niche will be important to explain the variability in population trends

and vice versa.

To test the climate change effects, most researchers focus on species’ climatic niche which
can be describe by geographic position of centre of species’ range (e.g. Julliard et al., 2004;
Lemoine et al., 2007; Mgller et al., 2008). In northern temperate zone, species breeding in
northern latitudes are associated with colder climate, while the species breeding in southern
latitudes with warmer climate (Huntley et al., 2007). As climate proceeds across the continent,
environment becomes less suitable for northern species resulting in decline of their
populations. In southern species, the same process should result in population increase.
However, we suggest that the relationship between the climate change and the trends is not so
straightforward indeed because the position of species’ range centre does not fully reflect the
intensity of climate change pressure on species — clearly, tolerance to the climate change
effects can vary across species irrespective to their range position. For this reason, we
expressed the intensity of pressure of the climate change upon species using the potential
shifts of species’ climatic ranges (Huntley et al., 2007). These shifts were calculated as a
difference between mean centres of current and projected climatic ranges (Koschova et al.,
2014). We can expect that the longer the potential range shift, the higher the pressure of
climate change on a given species (Koschové and Reif, 2014). As a result, population
consequences of climate change should depend on the interaction between latitudinal range
position and potential range shift: the species with long potential shifts should have more
positive trends when breeding southern latitudes than the species with long shifts breeding in
northern latitudes. This expectation was confirmed for the trends of common birds breeding in
central Europe but remains untested at the whole-European level and for a larger set of

species (Koschova and Reif, 2014).
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The first aim of this study is to test relative importance of climate and habitat changes as
drivers of bird population trends, controlling for other potential factors, using the Pan-
European-level data unbiased to a specific species group. The second aim is to compare the
results between common and rare species. Common species are habitat generalists (Godet et
al., 2015; Reif et al., 2015) and, at the same time, climate largely accounts for spatial patterns
in their abundance (Howard et al., 2015). Therefore, we can assume that common species
should be tolerant to habitat changes, whereas climate change may be the principal driver of
their population trends. By contrast, rare species are typically highly specialized in terms of
habitat use (Godet et al., 2015; Reif et al., 2015) and it was already shown that the climate
change effects cannot override the adverse impacts of serious habitat deterioration in such
species (Reif et al., 2010). Therefore, we expect that habitat change will dominate over

climate change effects in the case rare species.

2. Materials and Methods

2.1 Population trends

We focused on 268 bird species breeding in Europe that were previously analyzed for
potential range shifts by Koschovai et al. (2014). We excerpted their population trends from
BirdLife International (2004). These trends were expressed for the time period 1990-2000
using categories large decline (n = 13 species), moderate decline (n = 55), small decline (n =
40), stable or fluctuating (n = 134), small increase (n = 23), moderate increase (n = 13) and
large increase (n = 7) (BirdLife International, 2004). We transformed these categories into
numbers following Mgller et al. (2008) from -3 (large decline) to +3 (large increase).
Although these values were derived from discrete categories, Mgller et al. (2008) showed they
are closely correlated to quantitative values of trends from 1980 to 2004 estimated from
annual monitoring data by Pan-European Common Bird Monitoring Scheme (PECBMS,
2006) in 58 common species. Therefore, we treated the numerical expression of the trend
categories as quantitative in further analysis, as did also Donald et al. (2007) and Kolecek et

al. (2014).

2.2 Species’ traits

For each species, we collected information about following traits.
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Habitat use was expressed using four variables taken from Koschova et al. (2014). Each
species was assigned to one of more habitats along a gradient from forest interior (position of
1) to open treeless landscape (position of 7) assessed in Bohning-Gaese and Oberrath (2003).
From this assignment (i) habitat niche position was calculated a mean value of across habitats
used by a given species (Reif et al., 2011). As a complement to the habitat niche position, (ii)
habitat niche breadth was expressed as a difference between the values of habitats used by a
given species at the extremes of the gradient mentioned above (Reif et al., 2011).
Classification of species’ position along the (iii) humidity gradient discriminated species of
non-humid (1), wetland (2) and water habitats (3) assessed in Bohning-Gaese and Oberrath
(2003). Finally, we assessed (iv) species’ relation to built-up areas discriminating species
breeding in such areas (1) and species not breeding in these areas (0) using information in

Cramp (1977-1994).

The effects of climate change were expressed using two variables taken from Koschovd et al.
(2014) based on characteristics of European breeding ranges of particular species: (i) latitude
of the mean range centre and (ii) magnitude of potential range shift. Koschovai et al. (2014)
used maps from Huntley et al. (2007) for their inference. These maps were constructed using
bioclimatic modelling of the breeding bird distribution in Europe using the information from
Hagemeijer and Blair (1997) on current breeding ranges of particular species. Huntley et al.
(2007) first modelled the present climatic range of every species and the revealed relationship
between species’ breeding distribution and climatic variables was applied in the next step to
predict the future climatic ranges of bird species under the climatic projection for the period
2070 — 2099 (IPCC 2001). Using these data from Huntley et al. (2007), Koschova et al.
(2014) calculated the mean centre (mean longitude and mean latitude), for both the current
and the predicted future climatic range of every species. The potential range shift of a given

species was the difference between these mean centres in kilometres (Koschova et al., 2014).

Besides the variables describing the effects of habitat and climatic changes we took values of
several more ecological traits from Koschovd et al. (2014) because their influence on bird
population trends were described in previous studies (e.g. Jiguet et al., 2010; Kolecek and
Reif, 2011): (i) dietary niche breadth was based on a classification of species into three groups
obligatory herbivorous or obligatory insectivorous/carnivorous (1), herbivorous and
insectivorous/carnivorous (2) and omnivorous (3), (ii) migration strategy distinguished
between residents (1), short-distance migrants (2), and long-distance migrants (3) and (iii) life

history strategy. Life history strategy was expressed as a position of each species along a
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slow-fast life history axis revealed by principal component analysis of six life-history traits:
body mass, egg mass, number of broods per year, laying date (julian date of the beginning of

laying in the first breeding), clutch size and length of incubation .

2.3 Data analysis

We related the predictor variables to bird population trends using linear mixed-effects models
containing the main effects of particular species’ traits and the interaction between the
potential range shift and the latitude of the mean range centre as fixed effects. If predictor
variables included into a statistical model are not independent, an issue of multicollinearity
may arise. For this reason, we calculated pairwise correlations between all species’ traits. All
correlation coefficients were less than 0.7 which is treated a value above that the
multicollinearity affects statistical relationships (Dormann et al., 2013). Therefore, we can

conclude that multicollinearity among explanatory variables was not an issue in our analysis.

We performed model selection based on information-theoretic approach to infer relative
importance of particular predictor variables (Burnham & Anderson, 2002). Using Akaike
Information Criterion corrected for small sample sizes (AIC.) we assessed relative
performance of every combination of predictor variables within the R-package MuMIn
(Barton, 2015) and selected the models with A AIC, less than two as the best performing
models (Burnham & Anderson, 2002). Parameters of these models were averaged using AIC,
weights obtaining model-averaged estimates of each predictor variables with 95% confidence
intervals (Johnson & Omland, 2004). Those variables with confidence interval not

overlapping zero were treated as important predictors of bird population trends.

To compare the predictors of trends for groups of species differing in abundance we followed
the approach recently applied by Inger et al. (2015). The species were sorted into four
quartiles according to the estimates of their European population sizes in BirdLife
International (2004). For each of the four species groups we run a separate analysis in the

same way as described above.

As closely related species can share many ecological traits (Buckley and Kingsolver, 2012),
we accounted for potential effect of the common evolutionary history of the focal species on
the observed relations by including genus, family and order of each species as respective

random effects in each model.
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3. Results

For all species together, ten models had AAIC. lower than 2 implying their superior
performance over models containing other combinations of fixed effects (Table 1a). All these
models contained following three predictor variables: habitat humidity gradient, habitat niche
breadth and migration strategy (Table 1a). In majority of selected models were represented
also habitat niche position and latitudinal range shift (Table 1a). Variables dietary niche and
relation to built-up areas were included in only three of the ten best performing models (Table
la). Only the variables included in all ten models were significantly related to bird population
trends according to their confidence intervals (Table 1b). Specifically, bird species breeding
in more humid habitats had more positive trends than species breeding in drier habitats and
birds with broader habitat niches had more positive trends than birds with narrower niches
(Table 1b). Finally, species’ population trends became more negative with increasing
migration distance (Table 1b). These results thus indicate that the variables describing
species’ habitat use were more important predictors of trends than the variables that mirror the

climate change effects.

Higher importance of habitat-related variables was maintained also in the separate analyses
for particular species groups defined by the abundance quartiles (Tables 2-5). These analyses
thus partly uncovered which species were mostly responsible for the overall patterns
described above. The significant effects of habitat humidity gradient and migration strategy
were maintained only in the quartile of the least abundant species (Table 2). The least
abundant species had also more positive trends when associated to built-up areas and being of
more specialized dietary niche (Table 2). In contrast, in the quartile of the most abundant
species the trends were significantly related to the habitat niche breadth and habitat niche
position with more negative trends of habitat specialists and species breeding in more open
habitats, respectively (Table 5). Finally, in the case of second and third abundance quartiles
the model averaged estimates of all predictor variables had confidence intervals overlapping

zero (Tables 3 and 4).

4. Discussion
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Population trends of bird species breeding in Europe showed closer relationships to species’
traits related to habitat changes than to the traits that mirror the effects of climate change.
While the habitat-related variables, i.e. habitat niche position, habitat niche breadth, humidity
gradient, and relation to built-up areas, occurred in all models well-supported by data and
their confidence intervals often indicated their significance. Confidence intervals of the
variables reflecting climate change effects, namely latitudinal range position and latitudinal
range shift, always overlapped zero indicating they do not explain significant part of

variability in bird population trends.

Based on these results, we suggest that the habitat change was more important driver of bird
populations than the climate change at least in 1990-2000 when the population trends were
collected (BirdLife International, 2004). These results contrast with findings of some previous
studies reporting important or even dominant effects of climate change on bird populations.
However, these differences can be attributed to the limited number of species used in these
studies (Mgller et al., 2008; Gregory et al., 2009; Jiguet et al., 2010; Devictor et al., 2012),
limited spatial scope (Lemoine et al., 2007; Reif et al., 2008; Salido et al., 2012, Koschova
and Reif, 2014; Virkkala et al., 2014) or space-for-time substitution (Howard et al., 2015).
Moreover, several of these studies did not focus on both habitat and climatic niche of the focal
species simultaneously resulting in possible confusion of these drivers (see also Clavero et al.,
2011). On the other hand, our results broadly correspond to recent conclusions that the habitat
change is key driver of breeding bird population changes (e.g. Kolecek et al., 2014; Mgller et
al., 2014), which also result from findings of vast majority of studies reviewed by Reif (2013).
Although the climate change proceeded quickly over the time period when data on bird
population trends were collected (Devictor et al., 2012), deep habitat changes, including
agricultural intensification in Western Europe (Donald et al., 2006) or socioeconomic changes
with great implications for land use in Eastern Europe (Reif et al., 2011), took place at same
time. Therefore, although the dominance of habitat-related predictors over the climate-related
predictors observed in our data is somewhat surprising in the recent era of climate change,

closer examination of the environmental context of our study supports these findings.

Our expectation about differences in relative importance of climate vs. habitat change
between rare and common species was not supported. Indeed, population trends of both
common and rare species showed closer relationships to habitat than to climate change
effects, although we expected dominance of climate change in the case of common species

based on their presumed higher tolerance to habitat changes due to their wider habitat niches
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(Godet et al., 2015; Reif et al., 2015). However, it seems possible that the habitat changes
were so extensive that they limit populations even in the common species. Indeed, the effect
of habitat niche breadth on population trends was significantly positive across all species
together and strongest in the fourth quartile, i.e. in the most abundant species. Therefore,
although the common species with broad habitat niches are probably resilient to
environmental changes, common specialists are not and their populations decline. This pattern
corresponds well to widespread declines of common specialists reported across Europe (e.g.
Julliard et al., 2004; Jiguet et al., 2007; Davey et al., 2012; Le Viol et al., 2012; Reif et al.,
2013). By contrast, our results do not show significantly negative effects of habitat
specialization in rare species. We can speculate that this result may indicate success of the
effort to conserve rare habitat specialists. It was already found that the that conservation
measures are effective, if specifically designed and targeted to reverse negative population
trajectories of specialized rare and threatened species (Brooke et al., 2008) such as Emberiza
cirlus in the United Kingdom (Peach et al., 2001) or species protected by national legislation
(Kolecek et al., 2014), but they are largely insufficient to benefit common birds, as is the case
of broad and shallow agri-environmental schemes (Kleijn and Sutherland, 2003; Davey et al.,

2010; but see Pellissier et al., 2013).

Habitat humidity gradient showed significant relationship to trends across all species, as well
as within the species of the first abundance quartile (i.e. the least abundant ones), with more
positive trends observed in species preferring more humid water habitats. Similar pattern of
water bird increase was observed over last 50 years in Finland (Fraixedas et al., 2015). We
suggest that the increase of water birds within the rare species can be explained both, by the
habitat protection and species protection. Conservation effort including prosecution of hunting
in many European countries lead to recovery of many predator species such as eagles, herons
and cormorants (Donald et al., 2007; Kolecek et al., 2014; Sanderson et al., 2015) together

with better management of wetlands (Kleijn et al., 2014).

Our results showing more negative trends of species breeding in more open habitats within
the most abundant species (fourth quartile) confirmed declines of farmland birds already
reported by many previous studies on common species (Donald et al., 2001; 2006; Gregory et
al., 2005; Reif, 2013). These declines can be generally attributed to agricultural intensification
(Fuller et al., 1995; Chamberlain et al., 2000), although the exact causes vary regionally and
include also abandonment of arable land in some areas (Reif, 2013). Since a recent study

discovered further declines of farmland birds coinciding with the spread of neonicotinoid
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pesticide use in Netherlands (Hallmann et al., 2014), we can conclude that management of
farmland bird populations towards recovery remains one of the crucial challenges for current

bird conservation.

An interesting result is dominance of positive population trends within rare species breeding
in built-up areas. We are not aware of any previous studies reporting such a pattern, although
it is not unexpected given long-term expansion of human settlements in European landscape
(Fuchs et al., 2015). Moreover, more positive trends should be observed in species recently
colonizing European cities because positive population trend is among factors contributing to
species’ urbanization success (Evans et al., 2010). At the same time, human settlements
became less suitable for some abundant species which colonized cities very long time ago
such as Passer domesticus, Delichon urbicum or Apus apus (e.g. Hole et al., 2002).
Population decline of such common urban dwellers may be an explanation why the positive

trends of species breeding in built-up areas were largely confined to rare species.

An analysis confined to the least abundant species also uncovered an important negative
effect of dietary niche breadth indicating more positive trends towards more specialized
species. This somewhat contra intuitive result, when one would expect broader diet niche
being a buffer against adverse environmental changes as observed in the case of habitat niche
breadth, was driven by serious declines of many wetland bird species, especially ducks (e.g.
Anas acuta, Aythya nyroca), feeding both on animals and plants. Because the overall positive
trends of wetland dwelling species were factored out, it seems that the increase of this species
group is mostly driven by species feeding in fish such as Ardea cinerea or Pandion haliaetus,
while the species filtrating water such as ducks decline. This pattern may reflect an adverse
impact of eutrophication on food supply in wetland habitats (van Turnthout et al. 2010) which

impacts by trophic cascades on filtrating species (Mgller and Laursen, 2015).

Migration strategy was significant across all species as well as within the least abundant
species, but it was indeed included among the best performing models in all but one species
group. This suggests a great importance of the effects of this trait on bird population trends.
Many studies have already proved declines in long-distant migrants (Sanz et al., 2003;
Sanderson et al., 2006; Both et al., 2010; Vickery et al., 2014), but it remains unclear what is
the principal driver because both climatic and habitat changes may have similar population
consequences. According to the phenological mismatch hypothesis (Both and Visser, 2001),
long-distance migrants suffer from climatically-induced shift in timing of the food supply

peak because they are not able to adjust their breeding accordingly due to their innate
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migration schedule (Visser et al., 1998; Both et al., 2006). However, a recent study suggesting
tuning of departure dates from southern African wintering grounds in respect to climatic
conditions in Europe (Bussiere et al., 2015) questions this line of argumentation.
Alternatively, long-distance migrants may suffer from habitat deterioration in African
wintering grounds and/or at stopover sites, which are important during their migration (Zwarts
et al., 2009; Morrison et al., 2013; Cresswell, 2014). Such deterioration often results from a
high level of human disturbance (Stevens et al., 2010; Miehe et al., 2010) which can be

strengthened by adverse climatic conditions such as drought (Mantyka-Pringle et al., 2012).

In conclusion, our study shows that besides some previously well documented patterns such
as population declines of farmland birds or long-distance migrants there are also surprising
increases in some species groups suggesting conservation success, such as in species
associated with wetlands. Interestingly, our results do not support strong climate change
impacts on populations of European birds suggesting that the habitat changes, mirrored by
significant effects of traits related to species’ habitat niche, were more important. Even within
the most abundant species where we expected higher resilience to habitat change due to their
generally broader habitat niches we observed declines related to species’ both habitat niche
position and breadth. These results suggest that while there is some evidence for successful
conservation in rare bird species in Europe, delivering conservation benefits to common birds

remains challenging.
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Table 1: (a) Linear mixed-effects models relating ecological traits to population trends of 268
species of European breeding birds from 1990 to 2000 selected according to Akaike
information criterion (AIC,) as the best fitting to data (A AIC. < 2). (b) Abbreviations,
coefficients and confidence limits (CL) of ecological traits included in the models from (a) as
revealed by model averaging (for details see the Section 2.3). Variables with confidence
intervals not overlapping zero are printed in bold.

(a)

No. pseudo
model AlCc Parametres AAICc  weight R2
Hab_hum + Hab_niche_breadth + Mig_strat +Shift 899.5 4 0.00 0.047 0.057
Hab_hum + Hab_niche_breadth + Hab_niche_position + Mig_strat +Shift 900.2 D 0.76 0.032 0.067
Hab_hum + Hab_niche_breadth + Hab_niche_position + Mig_strat 900.4 4 0.98 0.029 0.064
Hab_hum + Hab_niche_breadth + Mig_strat + Relat_built.up + Shift 900.5 5 1.1 0.028 0.063
Dietary_n + Hab_hum + Hab_niche_breadth + Mig_strat + Shift 900.5 5 1.8 0.027 0.058
Hab_hum + Hab_niche_breadth + Hab_niche_position + Mig_strat + Relat_built.up
+ Shift 900.7 6 1.24 0.025 0.076
Hab_hum + Hab_niche_breadth + Mig_strat 900.8 3 1.31 0.024 0.052
Hab_hum + Hab_niche_breadth + Hab_niche_position + Mig_strat + Relat_built.up 901.2 5 1.76 0.019 0.072
Dietary_n + Hab_hum + Hab_niche_breadth + Hab_niche_position + Mig_strat +
Shift 901.4 6 1.90 0.018 0.067
Dietary_n + Hab_hum + Hab_niche_breadth + Hab_niche_position + Mig_strat 901.4 5 1.97 0.017  0.064

(b)

trait variable coefficient lower CL  upper CL
position along a humidity gradient (Hab_hum) 0.3096 0.0429 0.5763
habitat niche breadth (Hab_niche_breadth) 0.1359 0.0316 0.2402
migratory strategy (Mig_strat) -0.2855 -0.5006 -0.0704
range shift (Shift) 0.0004 -0.0001 0.0014
habitat niche position (Hab_niche_position) -0.0396 -0.1825 0.032
relation to built-up areas (Relat_built.up) 0.0976 -0.2504 0.9685
dietary niche position (Dietary_n) -0.1860 -0.5414 0.1694
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Table 2: (a) Linear mixed-effects models relating ecological traits to population trends of the
European breeding birds (first abundance quartile of 268 species used in this study) from
1990 to 2000 selected according to Akaike information criterion (AIC,) as the best fitting to
data (A AIC. < 2). (b) Abbreviations, coefficients and confidence limits (CL) of ecological
traits included in the models from (a) as revealed by model averaging (for details see the
Section 2.3). Variables with confidence intervals not overlapping zero are printed in bold.

(a)
No.
model AICc  Parametres AAICc weight pseudo R?
Dietary_n + Hab_hum + Hab_niche_breadth + Mig_strat + Relat_built.up 266.8 4 0.00 0.055 0.230
Dietary_n + Hab_hum + Mig_strat + Relat_built.up 268.1 5 1.25 0.029 0.202
(b)
trait variable coefficient lower CL  upper CL
dietary niche position (Dietary_n) -1.4443 -2.7485 -0.1401
position along a humidity gradient (Hab_hum) 0.5290 0.0484 1.0095
migratory strategy (Mig_strat) -0.5808 -1.1367 -0.0249
relation to built-up areas (Relat_built.up) 2.5757 0.0279 5.1236
habitat niche breadth (Hab_niche_breadth) 0.0488 -0.1179 0.3981
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Table 3: (a) Linear mixed-effects models relating ecological traits to population trends of the
least abundant European breeding birds (second abundance quartile of 268 species used in this
study) from 1990 to 2000 selected according to Akaike information criterion (AIC,) as the
best fitting to data (A AIC, < 2). (b) Abbreviations, coefficients and confidence limits (CL) of
ecological traits included in the models from (a) as revealed by model averaging (for details

see the Section 2.3).

(a)
No.
Model AICc  Parametres AAICc  weight pseudo R?
Hab_hum + Hab_niche_position + Latitude +Life_hist 229.7 4 0.00 0.028 0.163
Life_hist 229.7 1 0.02 0.028 0.056
Hab_niche_breadth + Life_hist 230.3 2 0.63 0.021 0.065
Hab_hum + Hab_niche_position + Life_hist 230.3 3 0.66 0.020 0.105
Hab_niche_position + Life_hist 230.6 2 0.97 0.017 0.088
Latitude + Life_hist 231.0 2 1.32 0.015 0.084
Hab_hum + Hab_niche_breadth + Hab_niche_position + Latitude +Life_hist 231.1 D 1.46 0.014 0.165
Hab_hum + Hab_niche_position 231.3 2 1.61 0.013 0.070
Hab_niche_breadth + Latitude +Life_hist 231.4 3 1.67 0.012 0.099
Hab_niche_position + Latitude +Life_hist 231.4 3 1.67 0.012 0.125
Dietary_n + Life_hist 231.4 2 1.75 0.012 0.057
Life_hist + Mig_strat 231.5 2 1.77 0.012 0.079
Hab_hum + Hab_niche_breadth + Life_hist 231.5 3 1.83 0.011 0.065
(b)

trait variable coefficient lower CL  upper CL

position along a humidity gradient (Hab_hum) 0.2024 -0.0805 1.0899

habitat niche position (Hab_niche_position) -0.1002 -0.4686 0.0566

latitude of mean centre (Latitude) -0.0139 -0.0928 0.0194

life history (Life_hist) -0.2541 -0.5411 0.0011

habitat niche breadth (Hab_niche_breadth) 0.0341 -0.0681 0.3208

dietary niche position (Dietary_n) -0.0175 -1.0925 0.4517

migratory strategy (Mig_strat) -0.0110 -0.6878 0.2830




Table 4: (a) Linear mixed-effects models relating ecological traits to population trends of the
least abundant European breeding birds (third abundance quartile of 268 species used in this
study) from 1990 to 2000 selected according to Akaike information criterion (AIC,) as the
best fitting to data (A AIC. < 2). (b) Abbreviations, coefficients and confidence limits (CL) of
ecological traits included in the models from (a) as revealed by model averaging (for details
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see the Section 2.3).

(a)
No.
model AlCc Parametres AAICc weight pseudo R?
Hab_niche_position 216.7 1 0.00 0.035 0.188
Hab_hum 217.1 1 0.39 0.029 0.036
Mig_strat 217.4 1 0.71 0.025 0.006
Latitude 217.6 1 0.90 0.022 0.009
Hab_niche_breadth 217.8 | 1.6 0.021 0.011
Dietary_n 2179 1 1.23 0.019 0.010
Life_hist 218.3 1 1.61 0.016 0.074
Hab_niche_position + Latitude 218.3 2 1.62 0.016 0.043
Relat_built.up 218.3 1 1.65 0.015 0.0003
Shift 2184 1 1.67 0.015 0.002
Hab_niche_position + Mig_strat 218.5 2 77 0.014 0.038
Hab_hum + Hab_niche_position 218.6 2 1.93 0.013 0.049
Dietary_n + Hab_niche_position 218.6 2 1.95 0.013 0.048
Hab_hum + Latitude 218.6 D 1.95 0.013 0.046
(b)
trait variable coefficient lower CL  upper CL
habitat niche position (Hab_niche_position) -0.0296 -0.2457 0.0734
position along a humidity gradient (Hab_hum) -0.0469 -0.7057 0.2540
migratory strategy (Mig_strat) -0.0225 -0.4953 0.1882
latitude of mean centre (Latitude) -0.0008 -0.0143 0.0061
habitat niche breadth (Hab_niche_breadth) 0.0054 -0.1183 0.2572
dietary niche position (Dietary_n) 0.0206 -0.4103 0.7521
life history (Life_hist) 0.0043 -0.2475 0.3936
relation to built-up areas (Relat_built.up) -0.0069 -1.7657 1.5248
range shift (Shift) <0.0001 -0.0015 0.0016
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Table 5: (a) Linear mixed-effects models relating ecological traits to population trends of the
least abundant European breeding birds (fourth abundance quartile of 268 species used in this
study) from 1990 to 2000 selected according to Akaike information criterion (AIC,) as the
best fitting to data (A AIC. < 2). (b) Abbreviations, coefficients and confidence limits (CL) of
ecological traits included in the models from (a) as revealed by model averaging (for details
see the Section 2.3). Variables with confidence intervals not overlapping zero are printed in

bold.
(@)
No.
model AlICc Parametres  AAICc weight  pseudo R?
Hab_hum + Hab_niche_breadth + Hab_niche_position 176.4 3 0.00 0.093 0.521
Hab_niche_breadth + Hab_niche_position 177.8 2 1.42 0.046 0.229
Dietary_n + Hab_hum + Hab_niche_breadth + Hab_niche_position 177.8 4 1.44 0.045 0.290
Hab_hum + Hab_niche_breadth + Hab_niche_position + Latitude 177.9 4 1.52 0.043 0.281
(b)
trait variable coefficient lower CL  upper CL
position along a humidity gradient (Hab_hum) 0.3736 -0.0154 0.9503
habitat niche breadth (Hab_niche_breadth) 0.2560 0.0896 0.4224
habitat niche position (Hab_niche_position) -0.1692 -0.3117 -0.0267
dietary niche position (Dietary_n) 0.0464 -0.2189 0.6840
latitude of mean centre (Latitude) -0.0053 -0.084 0.0282




Zavér:

Préce se zabyva vyhodnocovanim dopadu zmén klimatu a habitatu jakozto faktord, které maji

na distribuci a rozsiteni ptacich druht v Evrop¢ nejvétsi vliv.

Populaéni trendy ¢eskych ptakd zkoumané mezi lety 1982 a 2006 v kontextu s klimatickou
zménou odhalily, ze populace druhti s jiznim typem rozsifeni v priméru narostly, zatimco
populace druhti se severnim typem rozsifeni zaznamenaly pokles. Jde zjevné o reakci na
ménici se klima, coZ se v podminkach Ceské republiky projevuje zejména vzestupem teplot
V jarnim obdobi, tj. v dobé&, kdy zde ptaci hnizdi. Vyssi teplota v hnizdi dobé je potom dosud
ne zcela objasnénym mechanismem, ktery bude ziejmé souviset s mnozstvim a nacasovanim
potravni nabidky pro ptaky, ma vliv na hnizdni produktivitu a potazmo na pocetnost u nas
hnizdicich ptakut. Je zajimavé, Ze opac¢né populaéni trajektorie druht s rozdilnym typem
rozsifeni reaguji na ménici se klima i v pom&mé malé oblasti, jakou je Ceska republika, a

Vv ¢asovém horizontu nékolika dekad.

V budoucnu se ma klimatickd zména podepsat na dosti radikalni reorganizaci evropské
avifauny, pficemz podle klimatickych modell rozsifeni se maji aredly vétSiny druhii posunout
do jinych oblasti, neZ se nachazi ted’. Bez ohledu na to, do jaké miry se tato predikce jednou
ukdze realnd, 1ze ony predikované posuny pouzit jako proménnou kvantifikujici citlivost
jednotlivych ptacich druhd vici klimatické zméné. Lze jednoduse postulovat, Ze vice se
posunujici druhy jsou citlivéjsi. My jsme zjistili, jaké vlastnosti druhti vysvétluji variabilitu
zjisténou v mife posunu areald (tedy citlivosti k nasledkim klimatické zmény). Ukazalo se, ze
predikovany posun je nejlépe vysvétlovan typem hnizdniho habitatu a Ze nejvétSi miru posunu
vykazuji druhy lesni a vodni. M¢la by se jim proto vénovat zvySena pozornost ze strany
ochrany pfirody.

Mira posunu je tedy povazovana jako meétitko intenzity tlaku klimatu na konkrétni druhy.
Jelikoz ale nenti jisté, zda k posunu arealu v budoucnu skutecné dojde, je zajimavé védét, jak
takto vyjadfena citlivost souvisi se soucasnymi popula¢nimi trendy. Pfi zjiStovani vztahu
mezi posunem arealu a dlouhodobymi populacnimi trendy ¢eskych ptaka jsme zjistili, Ze se
tento vztah li$i v z&vislosti na typu rozsifeni, a sice ze druhy s nejvétsi mirou posunu klesaji,
pokud maji seversky typ rozsifeni, a na druhou stranu pfibyvaji, pokud jde o druhy s jiZznim
typem rozSifeni. Klimatickd zména patii tedy mezi hlavni faktory plisobici na prave
probihajici populacni zmény. Toto zjisténi je diilezité proto, Ze daleko razantnéjsi proména

klimatu, neZ jakou zazivame dnes, cely svét v prub&hu 21. stoleti jesté ceka.

Na druhou stranu fada studii ukazuje, ze klimatickd zména sice na ptaky plisobi velmi silné,
ale nejde o ten Uplné primarni faktor fidici zmény ptacich populaci. Lze si napt. predstavit, Ze

1 kdyZ bude druh ménicim se klimatem ,,tlaCen* ze svého ptivodniho areédlu jinam, posun
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arealu neprob¢hne, paklize tam nebude k dispozici ptiznivé prostiedi, do n¢hoz by se dany
druh mohl sifit. Habitat tedy zasadné limituje rozsifeni ptakt v prostoru a vyrazné ovliviiuje i
dlouhodobé zmény jejich pocetnosti. Proto jsme chtéli otestovat na robustnim datovém
materidlu zahrnujicim udaje o popula¢nich trendech na celém evropském kontinentu pro
vétsinu v Evropé hnizdicich druhd, jestli variabilita v téchto trendech je vysvétlena spise
zménou klimatu, anebo habitatu. Potvrdilo se, Ze na celoevropském méfitku je pravdépodobné
vyznamnéjsi vliv zmén habitatu podminény lidskou ¢innosti, nezli u¢inek klimatu. Zda se, ze
zmény v krajin€ pasobi jako hlavni iniciator zmén pocetnosti a distribuce a klimatickd zména
uz pak jen zesiluje, nebo naopak zmirnuje tlak vyvolavany lidmi zptisobenou zménou

prostiedi.
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