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Abstrakt:

Zmény pocetnosti ptakll jsou vyznamné predikovany predevsim life-history charakteristikami
jednotlivych druhti, vlastnostmi ekologické niky, kterou jednotlivé druhy vyuZzivaji a také
¢innosti Clovéka. Lze je vyjadfit jako prosté zmény pocetnosti, zmény rozsifeni nebo zmény
trendli pocetnosti. Pfestoze tyto metriky vyjadiuji rizné aspekty populacnich zmén, nejsou
rozdily mezi nimi ¢asto brany v potaz. Pro zndzornéni téchto rozdilt jsem srovnal prediktory
riizné vyjadienych zmén poéetnosti ptaki v Ceské republice mezi lety 1970 a 2003.
Jednotliva vyjadieni zmén pocetnosti spolu pozitivné korelovala, avSak jejich prediktory byly
rozdilné.

V Evropé vykazuje dlouhodobé¢ nejvyznamnéjsi — negativni — zmény pocetnosti
vétsina druhti ptakt zemédelské krajiny, habitatovi a potravni specialisté, dalkovi migranti a
druhy se severoevropskym typem rozsifeni. Naopak pocetnost pozitivné méni pievazné
nékteré lesni a mokiadni druhy, habitatovi a potravni generalisté, stalé druhy, migranti na
kratkou vzdalenost, druhy s flexibilni migra¢ni strategii a druhy s jihoevropskym typem
rozsifeni. Na modelovém piikladu ptaki Ceské republiky jsem podrobnéji analyzoval
prediktory zmén rozsifeni ptak mezi lety 1985-1989 a 2001-2003. Rozsifeni pozitivné
zménily lesni a moktadni druhy, migranti na kratkou vzdalenost a druhy nechranéné
zakonem. Druhy s jihoevropskym typem rozsifeni také pozitivné zménily své rozsifeni, ale
tento vysledek byl nesignifikantni po zatfazeni Sesti druhlt vymizelych v letech 1989-2001

vazanych na ustupujici extenzivni zemedélské hospodaieni. Pfi¢inou celkové pozitivnich



zmén rozsifeni druht ptakd hnizdicich v Ceské republice bylo pravdépodobné zlepseni stavu
zivotniho prostiedi po politickych zménach v roce 1989.

Zejména v navaznosti na negativni zmény pocetnosti ptakti zacaly vznikat Cervené
seznamy ohrozenych druhti. Pro planovani u€innych opatieni na jejich ochranu je rozhodujici
znalost ekologickych vlastnosti pfedurcujicich miru ohrozeni. Analyzoval jsem proto efekt
habitatové specializace a life-history znakt jako prediktort stupné ohrozeni 87 druht pévcii v
Ceské republice. Habitatovi specialisté byli vice ohroZeni nez generalisté. Zaroven K-strategie
zvySovala riziko extinkce u habitatovych specialistii, toto riziko vSak snizovala u habitatovych
generalistl. Vysledky naznacuji, Ze degradace biotopti vyznamné ovlivituje miru ohrozeni
druhti, avSak schopnosti druhti reagovat na tyto zmény je zavisla na jejich life-history
strategii.

Ptestoze je ochrana ohroZenych druhi ptaki zakotvena v narodnich 1 mezinarodnich
legislativnich ptfedpisech na ochranu ptirody, komplexni hodnoceni Gi¢innosti legislativni
druhové ochrany ptakli v zemich stfedni a vychodni Evropy dosud chybi. Srovnal jsem zmény
pocetnosti chranénych a nechranénych druht ptakl v desiti sttedo- a vychodoevropskych
zemich v letech 1970-1990 (pied zavedenim novych seznamil zvlasté chranénych druhti) a
1990-2000 (po jejich zavedeni). Zohlednil jsem fylogenetickou ptibuznost druhi a life-
history a ekologické prediktory zmén pocetnosti. Chranéné druhy zménily v celém regionu
pocetnost v letech 1990-2000 po zafazeni na seznamy chranénych druhti pozitivnéji nez
druhy, na které se druhova legislativni ochrana v tomto obdobi nevztahovala. Tyto vysledky
mohou byt dale vyuzity pii vytvareni a dalsi optimalizaci narodni i mezindrodni legislativy na

druhovou ochranu zivocicha.
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Abstract:

Bird population changes are predicted especially by characteristics of species’ life histories
and ecological niches and by human activity. They can be described as simple change in
abundance of individuals, as change of distribution or change in magnitude of population
trend. Although these measures describe different aspects of population change, they are often
used interchangeably. I compared predictors of the three measures of population changes
using data collected in the Czech Republic between 1970 and 2003. Although individual
measures of population changes were positively correlated, their predictors were different.

In Europe, long term population declines have been observed in farmland bird species,
habitat and dietary specialists, long-distance migrants and species with north European
breeding range. In contrast, some forest and wetland species, habitat and dietary generalist,
residents, short-distance migrants, species having a less flexible migration strategy and
species with north European breeding range have changed their abundance positively. On a
model group of birds in the Czech Republic, I analysed predictors of changes in bird
distribution between 1985—-1989 and 2001-2003. Increasing distribution was observed in
species of forest and wetland habitats, in short-distance migrants and in non-protected species.
Species with south European breeding range also positively changed their occupancy, but this
pattern disappeared after the inclusion of six species dependent on extensively cultivated
farmland that went extinct in 1989-2001. The improvement of environmental conditions after
political changes in 1989 probably caused the stability of or increased the distribution of

common birds in the Czech Republic.



In response to adverse changes in bird populations, the first red lists of endangered
species have been established. For development of effective conservation measures, it is
crucial to know how the ecological traits relate to the risk of species’ extinction. I assessed the
relative importance of species’ habitat specialization and life history as predictors of species’
national threat level. Analysing threat level of 87 central European passerine bird species |
found that habitat specialists are always more threatened than the habitat generalists.
However, this relationship was affected by species’ life history. While the slow life history
increases the risk of extinction in habitat specialist species, it reduces such risk in habitat
generalists. These results suggest that the habitat deterioration is most likely a principle cause
of an elevated extinction risk, but abilities of species to cope with largely depend on their life
history.

Although the endangered species protection has been a part of the national as well as
international acts on nature conservation, large scale assessments of the effects of species
protection on bird populations are lacking in Central and Eastern Europe. I compared changes
in population trends of protected and non-protected bird species between 1970—-1990 and
1990-2000 (i.e. before and after establishing lists of protected species) in ten Eastern
European countries, controlling for effects of species’ phylogeny, life history and ecological
traits. Within the region, the protected species changed their population trends more positively
compared to the non-protected ones. This indicates that the national species protection
contributed to preventing population declines of the focal species at a regional scale. The
results may be used in establishing and optimizing both national and international legislation

on species animal protection.
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Frankfurtu nad Mohanem — jmenovité zejména Katrin Béhning-Gaese, Monice Schwager a
Matthiasi Schleuningovi. Dékuji také Petru Prochézkovi, ze mi poskytl prostor k dokonceni
této disertacni prace pii zamé&stnani.

Za spolec¢né inspirativni chvile na katedfe, v terénu ¢i u piva dékuji zejména Evicce
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Uvod

Ptaci spolecenstva jsou negativné ovliviitovana celou fadou faktora (Ebbinge 1991, Rolland et
al. 2010, Williams et al. 2012). Globalni ubytek druhového bohatstvi v§ak nemusi znamenat,
ze diverzita klesa i na lokélni urovni. Zde je vysledna zména diverzity urena poc¢tem druhd,
které danou lokalitu ¢i oblast kolonizuji, a tim, kolik druhli z ni vymizi. Lokélni kolonizace a
extinkce pravdépodobné souvisi s citlivosti jednotlivych druhii viic¢i soucasnym zménam
klimatu a prostiedi, které¢ druhy obyvaji (Donald et al. 2006, Lenzen et al. 2008). Je proto
dilezité znat vlastnosti jednotlivych druht, zda jsou spojeny s ubytkem ¢i poklesem lokalni
diverzity a zda na tento ubytek dokéze uc¢inné reagovat legislativni ochrana ptirody.

Zmény v druhové bohatosti a pocetnosti ptaki lze vyjadiit a hodnotit riiznymi zplisoby
(Magurran & McGill 2011). VétsSina studii se zabyva prostymi (i) zménami pocetnosti nebo
(i1) zmé&nami trendl pocetnosti (napi. Van Strien et al. 2001, Gregory et al. 2009). Zejména na
uzemich o vétsi rozloze Ize analyzovat také (ii1) zmény rozsiteni ptaka (napt. Bohning-Gaese
& Bauer 1996). Spoustécimi a doprovodnymi mechanismy téchto zmén byly piedev§im
intenzifikace zeméd¢lského hospodareni, Sifeni lesa, snizovani rozmanitosti krajiny,
urbanizace, znecisténi a eutrofizace (viz Reif et al. 2008a). Dtlezitou roli hraji rovnéz
globalni zmény klimatu (pfedevsim oteplovani) a degradace biotopti (Opdam & Wascher
2004, Moreno-Rueda & Pizarro 2008, Schaefer et al. 2008, Yamamura et al. 2008).

V navaznosti na pusobeni téchto faktorti zacaly vznikat prvni ¢ervené seznamy
ohroZenych druhii (Hambler 2004). Zejména na Grovni jednotlivych zemi slouzi jako dalezity
podklad pro utvareni a kategorizaci legislativy druhové ochrany zivocicht (Brito et al. 2010).
Jejim hlavnim cilem je stabilizace populaci ohrozenych druht, ale i ochrana druhii
hospodarsky nebo kulturné vyznamnych (Ong 1998, Moser 2000, Donald et al. 2007). I pies
rostouci zajem a aktivni zapojeni vefejnosti do této problematiky jsou efektivni opatieni
vedouci k podpote ohrozenych druhi ¢asto vyznamné limitovéana finan¢nimi zdroji a
ekonomickymi aktivitami, které ¢asto ucinnost pfijatych opatteni snizuji. Efektivita
legislativnich nastroja a na nich zaloZenych ptimych opatteni k druhové ochrané organismu
vSak zpravidla neni kompetentné¢ hodnocena a neni tudiz jasné, zda jsou omezené financni
prostredky vyuzivany efektivné (Williams et al. 2012).

Budeme-li vychazet z ptedpokladu, Ze dlouhodobé zmény pocetnosti legislativné
chranénych druht jsou ptiznivéjsi nez u druhii nechranénych, lze velkoskalova data
o zménach pocetnosti ptaki (viz BirdLife International/European Bird Census Council 2000,

BirdLife International 2004) s uspéchem vyuzit pii hodnoceni efektivity jejich ochrany.
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Vysledky studie Donalda a kol. (2007) ukazaly, ze druhy ptakt chranéné v zemich Evropské
unie prostiednictvim Smérnice o ptacich ¢. 79/409/EHS zvysily svou pocetnost vice nez
ostatni druhy. Pozitivni G€inek legislativni ochrany ptakt byl potvrzen také ve Spojenych
statech americkych (Male & Bean 2005) — podil zdkonem chranénych druhii se stabilnim
nebo rostoucim populacnim trendem zde rostl s Casem uplynulym od zatazeni druhtt mezi
zédkonem chranéné.

Ackoli byly populac¢ni trendy chranénych a nechranénych druhti ptakt v n¢kterych
zemich srovnavany (Jiguet et al. 2012), efekt zakonné ochrany na zmény pocetnosti ptakt
neni ve vétSing, zejména méné vyspélych zemi, znam. Dosud ojedin€la studie Voftiska a kol.
(2008) ukézala, Ze efekt druhové legislativni ochrany ptaki je v Ceské republice diskutabilni.
Naopak zvyseni pocetnosti n¢kterych druhti po zavedeni ochrany jejich biotopt spojené s
aktivnim ochranafskym managementem bylo prokézano v riznych evropskych statech (viz
napt. Donazar 1990, Ausden & Hirons 2002, Bradbury & Allen 2003, Wilson et al. 2007).
Mimo Evropskou unii nebyla dosud v Evropé ui¢innost narodni legislativy na druhovou
ochranu ptaki souhrnné hodnocena, pfestoZze ma fada regiont lezicich mimo Evropskou unii
pro zachovani evropské biodiverzity kliCovy vyznam. Tyka se to zejména zemi stiedni a
vychodni Evropy, kde po politickych zménach v roce 1989 zacala v souvislosti s ptipravou
zemi na vstup do Evropské unie implementace moderni legislativy ochrany ptirody. Do
Evropské unie tyto staty zacaly vstupovat teprve po roce 2000.

V Evropé existuje diky velkému poctu statli a riznym pristupiim k druhové ochrané
prirody jedine¢nd moznost studovat rozdily ve vlivu legislativnich opatieni na populacni
trendy ptaki. Tato disertacni prace pfedstavuje prvni hodnoceni vlivu ekologickych, life-
history pfi€in a narodni druhové legislativni ochrany na zmény pocetnosti a na stupen

ohroZeni ptakli v postkomunistickych statech stfedni a vychodni Evropy.

Motivace a cile diserta¢ni prace

V této disertacni praci se zabyvam vlivem ekologickych a life-history vlastnosti ptakl a jejich
druhové ochrany na zmény pocetnosti a ohrozeni ve stfedo- a vychodoevropskych zemich
zejména z téchto divodi:

- Rozdily mezi jednotlivymi vyjadifenimi zmén pocetnosti ptakl nejsou ¢asto v odborné
literatui'e brany v potaz. Srovnani jednotlivych metrik zmén pocetnosti ptaka vsak dosud

chybi.
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- Pro planovani u€innych opatieni na ochranu ptirody je nutné védét, zda a do jaké miry
maji druhy negativné ménici své roz§ifeni rozdilné ekologické naroky ve srovnani s druhy,
které se §ifi. Ve stfedni a vychodni Evropé vSak dosud byly studovany zmény rozsifeni
jednotlivych ekologickych skupin druhii ptakii pouze na lokalni trovni (napi. Tryjanowski
2000, Verhulst et al. 2004, Gotawski 2006, Ortowski and Lawniczak 2009) a generalizace a
srovnani téchto vysledki jsou tudiz problematické. Zaroven tak neni dostatecné znamo, zda
rozsifeni ptakl ovliviiuji podobné mechanismy jako v jinych regionech.

- Pro G¢innou ochranu ptaka je dulezitd dobra znalost faktort, které ptfedurcuji ohrozeni
jednotlivych druhti a riziko extinkce. Analyza vlastnosti ohrozenych druhti ptakt vSak dosud
chybi.

- Studii na téma efektivity legislativy na ochranu ptak je obecné nedostatek, analyzou
problematiky se v postkomunistickych zemich dosud nikdo systematicky nezabyval a ani
mezindrodni srovnani u¢innosti narodnich legislativnich ptfedpisti na druhovou ochranu ptakt
dosud nebylo nikde provedeno.

- Vysledky této prace pomohou vysvétlit mechanismy plisobeni legislativy druhové
ochrany ptirody na zmény pocetnosti ptakl. Zarovenn mohou byt pouzity pii optimalizaci
narodni 1 mezinarodni legislativy ochrany pfirody a mohou motivovat ornitology, aby se
témito tématy zabyvali intenzivnéji pfedevSim na urovni jednotlivych stati. Pouze dobra
znalost piisobeni lokalnich faktorti je pfedpokladem pro detailni objasnéni mechanismu
ovlivitujicich zmény pocetnosti ptaka a ti¢innost narodni i mezindrodni legislativy na jejich

druhovou ochranu.

Cile mé disertacni prace jsou tudiz nasledujici:

- Vytvoftit zékladni piehled problematiky a soucasného stavu znalosti.

- Na modelové skupiné ptaki Ceské republiky porovnat nejéastéji pouzivané zpiisoby
vyjadieni zmén pocetnosti ptakll a hodnotit, zda spolu jednotliva vyjadieni zmén pocetnosti
ptakt koreluji a zda maji podobné prediktory.

- Analyzovat, zda se dlouhodobé zmény rozsiteni ptakt v Ceské republice v letech
1985-2003 lisily mezi skupinami druht definovanymi na zéklad¢ typu rozsifeni, narokd na
prostiedi, podle migracni strategie a stupné zakonné ochrany; analyzovat vliv kolonizace a
extinkce.

- Analyzovat vliv habitatové specializace a zivotnich strategii na miru ohrozeni

sttedoevropskych pévci.
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- Hodnotit efekt narodni legislativy na druhovou ochranu ptaka na zmény pocetnosti
ptaki v jednotlivych stiedo- a vychodoevropskych zemich, v jejich skupinach i v celém

regionu.

Metodické postupy

Vysledky prezentované v ptispévcich zatazenych v této disertacni praci vychazeji z analyz
lokalnich (Ceska republika) i rozsahlych mezinarodnich datovych souborti s tidaji o zménach
pocetnosti a ohrozeni ptakt. Ve Prispévcich I, IT a I1I jsem analyzoval zévislost riznymi
zpusoby vyjadienych zmén pocetnosti ptakl na ekologickych narocich, life-history znacich a
legislativni druhové ochrané. V Prispévku IV jsem analyzoval vliv habitatové specializace
(vyjadrené indexem habitatové specializace) a Zivotni strategie na stupen ohrozeni 87 druhua
pévet v Ceské republice. Stupeii ohroZeni jsem pievzal z platného Cerveného seznamu ptaki
Ceské republiky (Stastny & Bejéek 2003). V Prispévku I jsem analyzoval rozdily mezi
zménami roz§ifeni 215 druht riznych ekologickych skupin a s riznym stupném legislativni
ochrany hnizdicich v Ceské republice. K vyjadieni zmén rozsifeni jsem pouzil vysledky
celostatnich atlasovych mapovani hnizdniho rozsiteni ptaka v Ceské republice v letech 1985—
1989 a 20012003 (Stastny et al. 1996, 2006). V P¥ispévku II jsem srovnaval jednotliva
vyjadfeni zmén pocetnosti (prostou zménu pocetnosti, zménu trendli pocetnosti a zménu
rozsifeni) a jejich prediktory u 178 druht ptaki hnizdicich v Ceské republice. K vyjadfeni
zmén pocetnosti v letech 1990-2000 a zmén trendti pocetnosti mezi lety 1970-1990 a 1990—
2000 jsem pouzil publikované trendy pocetnosti ptakii z databazi Birds in Europe v letech
1970-1990 (BirdLife International/European Bird Census Council 2000) a 1990-2000
(BirdLife International 2004). K vyjadifeni zmén rozsiteni jsem pouzil data o hnizdnim
rozsiteni ptakt v Ceské republice v letech 1985-1989 a 2001-2003 (St’astny et al. 1996,
2006). V Prispévku III jsem analyzoval zavislost populacnich trend 306 druht ptakt

z databaze Birds in Europe (BirdLife International/European Bird Census Council 2000,
BirdLife International 2004) v deseti zemich stfedni a vychodni Evropy v zavislosti na jejich
legislativni ochran€, ekologickych narocich a life-history znacich.

Pro vyjadreni prediktorii zmén pocetnosti (ohrozeni) jsem ve vSech ptispévcich pouzil
publikovana data popisujici ekologické a life-history vlastnosti a naroky druhii (Cepék et al.
2008, Cramp 1977-1994, Hudec 1983, 1994, Hudec & St’astny 2005). Typ rozsiteni druhu
Evropé (Prispévek I, IT) jsem vyjadtil z map evropského hnizdniho rozsiteni ptakt
(Hagemeijer & Blair 1997). Klimaticka nika druhu byla vyjadiena z map primérnych ro¢nich

teplot v hnizdnim obdobi jednotlivych druht (Hagemeijer & Blair 1997, Haylock et al. 2008).
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Informace o druhové ochrané ptakl jsem ziskal ze seznamt chranénych druht
platnych v zemich stfedni a vychodni Evropy. Abych zjistil efekt legislativni ochrany na
populaéni trendy ptaki v letech 1990-2000, pouzil jsem pro dalsi analyzy pouze seznamy
zvlasté chranénych druhti, které vstoupily v platnost mezi lety 1987—1995 v deseti zemich
(Bélorusko, Ceska republika, Estonsko, Chorvatsko, Mad’arsko, Moldavie, Polsko,
Slovensko, Slovinsko a Ukrajina). Blizsi informace o pouzitych analyzach jsou podrobné

rozvedeny v metodickych kapitolach jednotlivych ptispévki.

Life-history a ekologické prediktory zmén pocetnosti a ohroZeni ptaki

Ke stanoveni pocetnosti ptakti jsou nejcastéji pouzivany rizné metody scitani — tedy
zaznamenavani jedinctli v terénu bez nutnosti jejich odchytu (Rosenstock et al. 2002, Bibby et
al. 2007, Kolecek et al. 2010). Zmény pocetnosti ptaki v prostoru a ¢ase byvaji prezentovany
jako (i) prosta zména pocetnosti nebo denzity jedincii daného druhu. Ve vétsich uzemich,
nejcasteji v ramei jednotlivych statll, lze zmény pocetnosti druhtl vyjadiit také jako (ii) zménu
jejich rozsiteni (Bohning-Gaese & Bauer 1996, Lemoine et al. 2007a, Kerbiriou et al. 2009,
Piispévek I). Casova variabilita populaénich trendtl byvéa znazornéna jako (iii) zména trendu
pocetnosti (Van Strien et al. 2001, Gregory et al. 2009). Pfestoze tyto metriky vyjadiuji
rozdilné aspekty populacni dynamiky jednotlivych druht ptaki, nejsou rozdily mezi nimi
Casto brany v potaz. Pti srovnani vysledki rozdilnych studii tak neni jasné, zda jsou rozdily
biologického razu nebo se jedna pouze o metodicky artefakt pouzitého zptsobu vyjadieni
zmeén pocetnosti.

Jednotliva vyjadieni zmén pocetnosti spolu koreluji, avSak vliv kazdého z prediktort
muze byt prikazny pro zménu pocetnosti vyjadienou riznym zptisobem (Prispévek II).

V Ceské republice byla v letech 1970—2003 prostd zména pocetnosti pozitivni zejména u
lesnich druhi, pfi¢emz k pozitivnim zméndm rozsiteni doslo pfedevs§im u mokiadnich druhd,
u druhii hnizdicich vySe nad zemi a u severoevropskych druhti. Legislativné piisnéji chranéné
druhy a druhy s r-strategii pozitivn¢ zménily trend pocetnosti (Prispévek II).

Zmény pocetnosti ptakl jsou vedle ¢innosti cloveéka vyznamné predikovany life-
history charakteristikami jednotlivych druht a také charakteristikami ekologické niky, kterou
vyuzivaji (Gregory et al. 2007). Tato evoluc¢ni a ekologickd omezeni vyznamné ovliviuji
kratko- 1 dlouhodobé zmény pocetnosti jednotlivych druht (Bohning-Gaese & Oberrath 2003,
Jiguet et al. 2007, van Turnhout et al. 2010, Webb et al. 2010) a mohou limitovat také

uspésnost legislativy na druhovou ochranu ptaka (Prispévek I1I).
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Problematikou vlivu faktort prostiedi a life-history znaka na dlouhodobé zmény
pocetnosti ptakll se zejména v uplynulém desetileti zabyvala fada autord (viz dale). V ramci
raznych ekologickych skupin druhii maji zmény pocetnosti v jednotlivych evropskych zemich
a regionech rizny charakter (BirdLife International/European Bird Census Council 2000,
BirdLife International 2004), avSak v nékterych ptipadech je 1ze zobecnit. V Evropé¢ tak
vykazuje dlouhodobé¢ nejvice klesajici populacni trendy vétSina druht ptakt zemédélské
krajiny (Lenzen et al. 2008, Reif et al. 2008a). Krom¢ intenzifikace, mechanizace a chemizace
zeméedelské vyroby ohrozuje druhy ptaka oteviené krajiny expanze zemédélského
hospodateni do mist s vyssi druhovou bohatosti rostlin a zivo¢ichli a opousténi perifernich
oblasti se zpfirodnénymi habitaty pfiznivymi pro vyskyt n€kterych specializovanych druhi
(Scrieciu 2011). Mezi souvisejici pfi¢iny miiZzeme zatadit Gstup od extenzivniho
zeméedélského hospodareni spojeny s opousténim otevienych biotopti a jejich postupnym
zarustanim. Z téchto zmén v krajin€ naopak profituji lesni druhy a habitatovi a potravni
generalisté (Lenzen et al. 2008, Kerbiriou et al. 2009, Prispévek I), ackoli pfedev§im
v zépadni Evropé byl zaznamenan pokles pocetnosti také u lesnich druhti (Gregory et al.
2007).

Na zmény ve vyuzivani zeméd¢€lské krajiny méla dilezity vliv politicka situace.

V transformujicich se postkomunistickych zemich klesla intenzita zemédélské vyroby v letech
1990-1994 v priméru o 20 %, nasledné se opét zacala zvysovat (Scrieciu 2011). Naptiklad

v Polsku nedoslo v poloviné 20. stoleti ke kolektivizaci zemédé€lstvi, po roce 1989 tak

k zasadnim zménam ve struktufe zemedélské krajiny nedoslo. V jinych zemich ale vlivem
dekolektivizace a restituce doslo po roce 1989 k vyraznéjSim zménam, ptipadne opétovné
Castetné fragmentaci krajiny (Scrieciu 2011). V Ceské republice, na Slovensku a v Estonsku
ale naopak jednotlivé hospodatici subjekty i po roce 1990 nadale spravovaly velké bloky
zemedélské pidy (Banski & Bednarek 2008).

Na populac¢ni trendy vodnich a nékterych moktadnich druhti ptakti ma pozitivni vliv
vyuzivanych ptaky (Lemoine et al. 2007a, Ortowski & Lawniczak 2009, van Turnhout et al.
2010, Prispévek I, viz Ramsarskd timluva, soustava NATURA 2000). Naopak u moktadnich
druhti vazanych svym vyskytem pivodné zejména na vlhké louky (napt. bekasina otavni
[Gallinago gallinago], biehous ¢ernoocasy [Limosa limosa]) doslo k vyraznému poklesu
pocetnosti zejména vlivem intenzifikace zemeédélského hospodareni (viz Lemoine et al.

2007a).
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Také pocetnost synantropnich druhi ptaki je ovliviiovana fadou faktorti. Méstské
mikroklima a s nim spojené vyssi primérné ro¢ni teploty (Lowry 1998) prodluzuji obdobi
vhodné pro rust rostlin (White et al. 2002) a zvysuji tak dostupnost potravy (Fuller et al.
2008). Potravni nabidka i1 hnizdni pfilezitosti nékterych synantropnich druhi ptaki jsou vSak
¢innosti Clovéka zvySovany také pirimo (Jokiméaki & Suhonen 1998, Seather et al. 1999;
Boren & Hurd 2005, Robb et al. 2008). Méstské prostiedi je naopak zatizeno vEtsi mirou
zneCisténi (Sharp 2002) a Casto 1 vySsi pocetnosti predatorti (Haskell et al. 2001, Sorace 2002,
ale viz Anderies et al. 2007), coz mize mit negativni dopad na fitness synantropnich druhti
(Moller & Ibafiez-Alamo 2012). Podetnost ptakii mohou lokalné snizovat také kolize
s transparentnimi a reflexnimi plochami nebo s automobily (Klem 2009). Samotny proces
urbanizace vSak zplsobuje rozsahlé zmény vedouci k antropogennim disturbancim,

k fragmentaci a degradaci dalSich habitath (Hockin et al. 1992, Crooks et al. 2004, Sorace &
Gustin 2010). Nékteré z téchto zmén vSak mohou vést ke vzniku cennych nahradnich
stanovist’ a mit tak vyznam pro zvySeni lokalni diverzity a pro ochranu ptakt (Eyre et al.
2003, Angold et al. 2006, Strauss & Biedermann 2006, Langner & Endlicher 2007). Rizné
druhy tak v urbannim prosttedi dosahuji vyssi poCetnosti nez v primarnich habitatech
(Stastny et al. 2006). Ve stiedni Evropé jsem viak signifikantni zmény v rozsifeni
synantropnich druhti ptakti nezaznamenal (PFispévek I).

Velmi Casto diskutovanou ptic¢inou zmén pocetnosti a druhového bohatstvi ptakt jsou
zmény klimatu. Spolu s dlouhodobym nartistem primeérné ro¢ni teploty v Evropé maji obecné
negativni dopad spiSe na pocetnost a rozsifeni druhti se severoevropskym typem rozsifeni a na
dalkové migranty, naopak jihoevropské a stalé druhy ptakt jsou ovliviiovany pozitivné (Bauer
et al. 2008, Reif et al. 2008b, Schaefer et al. 2008). Zmény klimatu vSak samy o sob¢€ nejsou
dostateCnym impulsem pro Sifeni jihoevropskych druhti do stiedni a vychodni Evropy, jestlize
historicky doslo na izemi s potenciadlem pro jejich Sifeni k zaniku vhodnych biotopt (napf.
drop velky [Otis tarda], dytik Ghorni [ Burhinus oedicnemus], mandelik hajni [Coracias
garrulus] nebo tuhyk mensi [Lanius minor], Prispévek I). V pfipad€ migrantl je dalSim
negativnim faktorem degradace biotopii na tahovych zastavkach, shromazdistich a na
zimovistich (desertifikace Sttedomoii a Sahelu; Opdam & Wascher 2004, Moreno-Rueda &
Pizarro 2008, Schaefer et al. 2008, Yamamura et al. 2008). Zejména u hmyzozravych
migrantl mize byt pro reprodukéni GispéSnost kritické rovnéZz spravné nacasovani piiletu na
hnizdisté a zacatku hnizdéni. U populaci n€kterych druhi, které nedokézaly datum ptiletu
optimaln¢ ptizpisobit potravni nabidce vrcholici vlivem klimatickych zmén dfive, doslo

k dlouhodobému poklesu pocetnosti (Both et al. 2006). Naopak populace stalych druha ptaka
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maji pfi mirnych zimach vyss§i miru prezivani a v hnizdnim obdobi jsou tak kompeti¢né
zdatné&jsi, coz muze také vyustit v negativni zmény pocetnosti migrantli (Lemoine &
Bohning-Gaese 2003, Lemoine et al. 2007b). V Ceské republice viak negativni zména
pocetnosti migrantll nebyla zjisténa (Prispévek I, II). Jednim z divodi muze byt skute¢nost,
ze diky geografické poloze hnizdist’ ptaci vyuzivaji nékolik migracnich tras, zimuji na vice
lokalitach a mohou byt proto vii¢i nepfiznivym vliviim na tahovych zastavkach a zimovistich
1 vii€i neptiznivému nacasovani migrace odolnéjsi nez zdpadoevropské populace vazané
pouze na Cast téchto tras a zimovist’ (viz Cepak et al. 2008, Prispévek I).

V neposledni fadé¢ miize mit potencidlné negativni vliv na ptaci spoleCenstva
v nékterych regionech Sifeni exotickych druhil ptaki a patogent (Drake et al. 1989,
Williamson 1996, Duncan et al. 2003). Ve stfedni a vychodni Evropé¢ v8ak tento efekt na
zmény pocetnosti ptakl na trovni jednotlivych statii dosud nebyl potvrzen (viz Lemoine et al.
2007a).

Me¢nici se intenzita plisobeni environmentalnich faktord ma obecné nepiiznivy vliv na
habitatové specialisty a druhy s K-strategii, které nedovedou na ndhlé¢ zmény podminek
reagovat tak pruzn¢ jako generalisté a druhy s r-strategii (Henle et al. 2004, Prispévek IV).
K-stratégové vSak mohou byt odolnéjsi viici neptiznivym podminkdm zejména v omezenych
populacich (Jiguet et al. 2007). A¢koli mohou r-stratégové pocetnost obnovit rychleji, celi
vyssimu riziku extinkce z diivodu vyraznéjSich populacnich fluktuaci (Sol et al. 2012).
Naopak druhy, které dovedou vice investovat do reprodukce v budoucnu (K-stratégoveé),
mohou vyckat do dalSich let na podminky ptiznivéjsi pro rozmnozovani (Sol et al. 2012).

Plsobeni faktort ovlivitujicich zmény pocetnosti ptaki se vzajemné prolind, coz mize
bréanit objasnéni primarnich pfic¢in n€kterych jeva (PFispévek II). Platnost patrnosti ve
zménach pocetnosti ptakl vSak Casto zévisi na metodickych ¢i jinych okolnostech vyzkumu a
musi byt provéiena dal§imi studiemi (cf. Fox 2004, Wretenberg et al. 2006).

Podobné jako pocetnost, také stupein ohrozeni ptacich druhi ma ekologické a life-
history prediktory (P¥ispévek IV). Stupeti ohrozeni pévcti hnizdicich v Ceské republice silng
pozitivné koreloval s habitatovou specializaci druhti a s jejich pozici v r-K kontinuu.
Habitatovi specialisté patfi mezi vice ohrozené skupiny druhii pravdépodobné z diivodu vyssi
citlivosti ke ztraté a zménam habitat vyvolanym ptfedevsim lidskou ¢innosti (Owens &
Bennett 2000, Devictor et al. 2008). K poklesu pocetnosti specialistii vSak dochazi v celé
Evropé (Le Viol et al. 2012). Moznou pfi¢inou je vyuzivani omezeného zdroje vSemi
subpopulacemi druhu, kdy degradace habitatl ve vétsi oblasti mize bezprostfedné ohrozit

druh na tento habitat specializovany. Naopak populace habitatovych generalistii vyuzivaji
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Sirsi Skalu prostiedi, jejichz soucasna degradace je méné pravdépodobna (Hernandez et al.
2006). Habitatovi generalisté se zarovein 1épe dokazou ménicim se podminkam ptizptisobit a
Cast¢ji osidluji noveé vznikajici a urbanni habitaty (Devictor et al. 2007).

Zaroven nejohrozengj$imi habitatovymi specialisty jsou K-stratégové, zatimco
specialisté s r-strategii jsou méné ohrozeni (Prispévek IV). Jednim z moznych vysvétleni je
obecn¢ vyssi fekundita r-stratégli (Saether et al. 2005) spojena se schopnosti rychleji doplnit
ptipadny pokles poctu jedinct v populacich. Naopak u habitatovych generalisti mize mit
pozitivni vliv schopnost K-stratégli preckat nepiiznivé podminky a rozmnoZovat se teprve po
skoncenti jejich piisobeni (Sol et al. 2012). Tento mechanismus muze byt pri¢inou vyssi
odolnosti generalistl vii¢i degradaci habitatli. Navic velké druhy pévci-generalistil (zejména
2005), coz jim umoznuje lépe reagovat na neptiznivé piisobeni riznych faktort (Reif et al.

2011).

Vliv legislativni druhové ochrany na zmény pocetnosti ptaki
Zivotni prostiedi bylo na konci 80. let 20. stoleti v fadé zemi stiedni a vychodni Evropy
degradovéno intenzivni primyslovou vyrobou a zemédélskym hospodaienim (Moldan 1990,
Haugestad & Wulthorst 2004). Antropogenni vlivy s nejvice negativnim dopadem vsak byly
po roce 1989 v disledku ekonomické situace v téchto zemich docasné utlumeny (Yarnal
1995). Nasledoval proces zlepSovani stavu zivotniho prosttedi, ktery byl urychlen zejména v
zemich usilujicich o vstup do Evropské unie zavadénim standardl ptisnéjsi legislativy na
ochranu zivotniho prostfedi véetné¢ druhové ochrany ptirody (Haugestad & Wulthorst 2004).
V jednotlivych postkomunistickych statech jsou uplatiiovany dva zakladni ptistupy
k druhové ochrané ptaka. Piivodnéjsi piistup spoc¢iva v ochrané mensiho poctu vybranych,
nejcastéji vzacnych, ohrozenych nebo charismatickych, u vetrejnosti oblibenych druhii. Toto
pojeti druhové ochrany ptirody je dodnes uplatiiovano, nejcastéji v méné vyspélych zemich
(Prispévek III). V 80. a 90. letech 20. stoleti vSak zacalo stale vice, zejména ekonomicky
rozvinutéjSich zemi chranit plosné vétSinu druhti ptakt s vyjimkou tradi¢né lovnych druhii
(Prispévek III). V prvnim ptipadé mohou legislativni nastroje a finan¢ni prostfedky
alokované pouze na ochranu nejohrozenéjSich druht, témto druhiim G¢innéji pomoci. Pti
ochran¢ pouze omezeného poctu druhtt vS§ak mize dochdzet ke zhorSeni populacnich trendi
u nechranénych druhti (PFispévek III). U obou piistupii mohou byt v rdmci seznamt

chranénych druhti vymezeny podkategorie zvlastni druhové ochrany. Zejména v zemich
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chranicich vétSinu druhti umoznuje tato kategorizace snazsi alokovani finan¢nich prostredki a
zvySeného Usili statnich 1 nevladnich organizaci na ochranu pfirody na pfijimani opatieni
vedoucich k ochrané nejvice ohrozenych druht (Prispévek III).

Systematicka aktivni opatfeni na podporu populaci nejvice ohrozenych a nejptisnéji
chranénych druht (tzv. zachranné programy) patii k modernim nastrojim druhové ochrany
ptirody. Jejich naplni je zejména posileni populaci vypousténim jedincti z umélych odchovi,
reintrodukce, podpora potravnich a hnizdnich moznosti, aktivni ochranafsky management
prostiedi, které¢ druh obyva nebo osvétova Cinnost. Zachranné programy zpravidla realizuji
vladni nebo nevladni organizace a jednotlivci. Na rozdil od legislativy jako celku byva
ucinnost zachrannych programt hodnocena ¢astéji a dosavadni studie ukazaly, ze fada
piimych opatieni funguje tspésné¢ a mohou hrat v druhové ochrané ptakti velmi diilezitou roli
(viz Williams et al. 2012). Ackoli jsou zachranné programy v uplynulych letech realizovany
stale Cast&ji, v zemich stfedni a vychodni Evropy do roku 2000 vznikaly spiSe sporadicky a
bez legislativniho zazemi (vlastni nepublikovana data).

Systém druhové ochrany ptakl piijimané na tirovni jednotlivych zemi je rliznou mérou
ovlivnén zavazky plynoucimi z pfijimani mezinarodnich imluv, které se na ochranu
jednotlivych skupin druhii vztahuji. Mezi nejvyznamnéjsi mezinarodni umluvy s praktickym
dopadem na legislativu ochrany piirody v Evropé patii zejména Umluva o ochrané evropské
fauny, flory a p¥irodnich stanovist' (Bernska tmluva), Umluva o mokfadech (Ramsarska
timluva), Umluva o mezinarodnim obchodu s ohroZenymi druhy volné Zijicich Zivo¢icht a
plané rostoucich rostlin (CITES) a Umluva o ochrané stéhovavych druhtt volng Zijicich
zivoc¢icht (Bonnska umluva). Pro ochranu evropskych druhti ptaka je klicova Smérnice
o ptacich (Smérnice Rady ¢. 79/409/EHS o ochran¢ volné zijicich ptaka) platnd v zemich
Evropské unie. Pouze ucinnost této smérnice v ochrané ptaki byla v Evropé komplexné
hodnocena a v zemich, kde byla implementovana, byl jeji efekt pozitivni (Donald et al. 2007).
Informace o dopadu implementace vétSiny mezinarodnich dohod na efektivitu ochrany
ptirody vsak nejsou k dispozici.

Celkovy vliv legislativy druhové ochrany ptirody na zmény pocetnosti chranénych
druhti ptakt v zemich stfedni a vychodni Evropy byl v letech 1990-2000 pozitivni, ackoli
lokalnich podminek (PFispévek III). To je v souladu s vysledky ze zdpadni Evropy a severni
Ameriky (Male & Bean 2005, Donald et al. 2007). Pozitivni zmény populacnich trendt

legislativné chranénych druhti pravdépodobné souvisely s rychlou transformaci nékterych
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zemi po politickych zménach v roce 1989, zavadénim moderni legislativy na ochranu
zivotniho prostiedi a s rostoucim povédomim vetejnosti (ale viz Votisek et al. 2008).

V zemich chranicich mensi podil celkového poctu druhti doslo po pfijeti nové
legislativy na druhovou ochranu ptaki v letech 1990-2000 k vyraznému zlepSeni populacnich
trendd chranénych druhti ve srovnani s druhy nechranénymi. Naopak v zemich chranicich
vétsinu druhii se populaéni trendy chranénych druht zménily nevyznamné, ale populacni
trendy nechranénych druhti se zménily negativné (Prispévek III). Pficinou tbytku
nechranénych druht mize byt lov nebo ptfimé pronasledovani (Chiron & Julliard 2013). Zem¢
chranici pouze omezeny pocet druhti zaradily mezi chranéné zpravidla pouze druhy nejvice
ubyvajici a ohrozené. Naopak druhd skupina zemi poskytovala zakonnou ochranu také
béZznym a neubyvajicim druhlim. Oba pfistupy tedy hraji v druhové ochrané ptakl vyznamnou
roli. Lze predpokladat, ze pro ti¢innou legislativni ochranu ptakl je nejvhodnéjsi kombinace
obou piistupt (Prispévek III).

Pozitivni efekt druhové ochrany ptak mohl byt u nékterych druht maskovan jinymi
faktory, ackoli vliv potencidlné vyznamnych byl v analyzach odfiltrovan (Prispévek III).
Dtilezitou roli hralo vyrazné zlepSeni stavu zivotniho prostiedi po politickych zménach v roce
1989 alespon v nekterych statech (Gotawski 2006, Prispévek I). Naptiklad nékteré druhy
ptakti zeméd¢lske krajiny profitovaly z opousténi zemédelské pidy v tomto obdobi (Verhulst
et al. 2004, Kamp et al. 2011). SniZeni objemu emisi a mén¢ ¢asty vyskyt kyselych destd
vedly k zlepSeni stavu lesnich porosti a tudiz 1 nékterych lesnich druhii ptaka (Flousek 1989).
Zlepseni zivotniho prosttedi ve stfedni a vychodni Evropé vSak ptlisobilo na vSechny druhy
bez ohledu na to, zda byly legislativné chranény. Proto Ize fici, Ze druhova ochrana ptaka je
pro objasnéni rozdilii v populacnich trendech legislativné chranénych a nechranénych druht

klicova (Prispévek III).

Zavér

Ptestoze spolu jednotliva vyjadieni zmén pocetnosti ptakia pozitivné koreluji, jejich
prediktory jsou rozdilné a tyto rozdily je nutné brat v potaz pti interpretaci vysledki studii
zmén pocetnosti ptakll. Prosté zmény pocetnosti, zmény rozsifeni a zmény trendii pocetnosti
ptakt nelze zaménovat a pouze jejich spole¢na analyza mize objasnit mechanismy majici vliv
na populacni charakteristiky ptakl na ur¢itém tuzemi a v urcitém case. Zaroven je vSak nutné
brat v potaz omezeni dat — naptiklad data o zménach rozsifeni ptaka pochazeji ¢asto

z atlasovych mapovani a nemohou zachytit zmény, k nimz doslo mezi mapovanimi. Naopak
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data vyjadfujici dlouhodobé zmény pocetnosti ptakl zpravidla nedovedou zachytit zmény
rozSiteni.

Podobné jako v jinych ¢astech Evropy, kde jiz byly zmény rozsiteni ptaka
analyzovany (napi. Gregory et al. 2007, Kerbiriou et al. 2009), vysledky naznacuji, Ze hlavni
pri¢inou zmén rozsifeni jednotlivych ekologickych skupin druhti ptakt ve sttedni Evropé je
zejména intenzifikace zemédélstvi, Sifeni lesa, globalni zmény klimatu a homogenizace
biotopt. Budouci studie by se mély podrobnéji zaméfit na jednotlivé mechanismy ovliviujici
zmény rozsifeni v dalSich zemich stiedni a vychodni Evropy. Velmi zddouci je metaanalyza
publikovanych vysledka a podrobnéjsi rozbor kontraintuitivnich zmén pocetnosti. Ty mohou
interpretaci vysledkti by mél byt bran v potaz vybér modelové skupiny druhtl, pouzitd metrika
zmén pocetnosti a zpiisob vyjadieni prediktori zmén pocetnosti.

Habitatovi specialisté byli ve stfedni Evropé¢ vice ohrozeni nez generalisté. Zaroven K-
strategie zvySovala riziko extinkce u habitatovych specialisti, toto riziko vSak snizovala
u habitatovych generalisti. Vy$$i mira ohroZeni habitatovych specialistii ve stiedni Evropé
naznacuje, ze dulezitym faktorem predikujicim ohrozeni jednotlivych druhti je degradace
jejich prostiedi. Schopnost druhli vyrovnat se s piisobenim téchto zmén uzce zavisi na jejich
zivotni strategii. Habitatovi specialisté s K-strategii tak v praktické ochrané ptirody vyzaduji
jina opatfeni nez r-stratégové-specialisté.

Celkovy vliv druhové ochrany na zmény pocetnosti ptakii ve stiedni a vychodni
Evropé byl pozitivni a narodni legislativa na ochranu ptaku tak hraje dtlezitou roli i na
pravdépodobné v disledku specifickych podminek pisobicich v jednotlivych zemich. Ve
statech chranicich mensi podil ptacich druhii doslo po piijeti nové legislativy k vyraznému
zlepSeni populacnich trendii u chranénych druhti ve srovnéani s druhy nechranénymi. Naopak
v zemich chranicich velkou vétSinu druht ptakt se populacni trendy chranénych druhii
zménily pouze nevyznamné, ackoli nechranéné druhy zménily svou pocetnost negativné. Pro
ucinnou legislativni ochranu ptaki je tedy pravdépodobné nejvhodnéjsi kombinace obou
pristupti.

Vysledky prace mohou byt dale vyuzity pfi vytvareni a dalsi optimalizaci narodni 1
mezinarodni legislativy na druhovou ochranu ptakt a pii analyzach jeji uc¢innosti. Autofi
budoucich studii by se méli ve spolupraci se znalci lokalnich podminek intenzivnéji zabyvat
implementaci a dodrzovanim legislativy, efektivitou pfimych opatfeni na ochranu

jednotlivych druhti, podrobnéjsi analyzou Gc¢innosti jednotlivych legislativnich nastrojt a
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dalSimi, zejména lokalnimi faktory, které mohou mit na efekt legislativni ochrany ptaka vliv.
Néamétem pro budouci studie je také efekt implementace Smérnice o ptacich do narodni
legislativy zemi, které vstoupily do Evropské unie po roce 2000. Data o zménach pocetnosti
z obdobi 2000-2010 (Birds in Europe III) ze vSech zemi stiedni a vychodni Evropy vSak

budou ucelené€ zpracovana a publikovéana nejdiive po roce 2014.
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Abstract European birds have been significantly affected
by dramatic environmental changes during the last decades.
The effects of these changes on species richness and dis-
tribution in particular countries are still poorly understood
because of a lack of high-quality, large-scale data stan-
dardized over time. This is especially true in Central and
Eastern Europe. On a model group of birds in the Czech
Republic (countrywide atlas mapping data), we examined
whether long-term changes of species richness and distri-
bution between 1985-1989 and 2001-2003 differed among
groups of species defined by their habitat requirements,
type of distribution in Europe, migratory strategy and the
degree of national legal protection. Further, we investi-
gated the effects of colonizers and local extinctions on
these changes. Whereas the number of species in the whole
country remained the same in both periods (208 species),
species composition had changed. Increasing occupancy
(i.e., number of occupied mapping squares) was observed
in species of forest and wetland habitats, in short-distance
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migrants and in non-protected species. Southern species
also positively changed their occupancy, but this pattern
disappeared after the inclusion of six species dependent on
extensively cultivated farmland that went extinct between
mappings. The overall occupancy of all species together
showed positive changes after excluding colonizers and
extinct species. We suggest that the improvement of
environmental conditions after 1990 caused the stability of
or increased the distribution of common birds in the Czech
Republic, and it was the disappearance of specific farmland
practices that might have caused the loss of several species.

Keywords Bird community - Species richness -
Distribution - Central Europe - Global change - Land use

Introduction

Biodiversity conservation is one of the fundamental
objectives of current initiatives for nature protection (Pri-
mack 2006). Although most attention is paid to the ongoing
decline of global species richness (Swanson 1998), we
should bear in mind that management measures are most
frequently implemented at local or regional levels, usually
within individual states (Lenzen et al. 2008; Yamamura
et al. 2008; Ortowski and Lawniczak 2009). Local change
in species richness is determined by the number of species
that colonize the area and the number of species that dis-
appear. Local colonization and extinction rates are related
to the sensitivity of particular species to current changes in
the landscape (Donald et al. 2007; Lenzen et al. 2008). For
effective conservation management, it is therefore impor-
tant to see whether species undergoing range retraction
have different ecological traits from species with expand-
ing ranges. For this purpose, we can examine the mean
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change in regional distribution of groups of species with
defined ecological characteristics (Gregory et al. 2005;
Jiguet et al. 2007; Van Turnhout et al. 2010).

Such an “ecological-group” approach has been used
successfully for the examination of temporal changes in
regional breeding bird distribution in several Western
European countries (Gregory et al. 2004; Julliard et al.
2004; Lemoine et al. 2007; Van Turnhout et al. 2007;
Bauer et al. 2008). These studies have found prominent
effects of various environmental changes on European
birds such as the intensification of farming practices,
urbanization and global climate change or habitat degra-
dation on stop-over and wintering sites in the Mediterra-
nean region and Sahel zone (Feranec et al. 2000; Jongman
2002; Opdam and Wascher 2004; Moreno-Rueda and
Pizarro 2008; Schaefer et al. 2008).

Despite this large body of evidence, our information
about factors affecting changes in bird distribution is
incomplete due to an apparent regional bias in these stud-
ies. Findings from former communist Central and Eastern
European countries are based only on a few local scale
results (e.g., Tryjanowski 2000; Verhulst et al. 2004;
Gotawski 2006; Ortowski and Lawniczak 2009), and their
generalization is thus problematic. At the same time, fac-
tors affecting bird distribution might differ between Wes-
tern and Eastern European countries: agriculture was less
intensive in the East (Donald et al. 2001), implementation
of conservation legislation was delayed (Donald et al.
2007), and many migratory species use different flyways
and wintering grounds (Busse 2001; Cepak et al. 2008).
The examination of whether the patterns found in Western
parts of the European continent also hold true in former
communist Central and Eastern European countries is thus
of high importance for conservation. In this respect, birds
of the Czech Republic represent an ideal opportunity to fill
this knowledge gap. Their breeding distribution was map-
ped using a standardized technique in two mapping
sessions during the last decades: in 1985-1989 and
2001-2003. Moreover, their ecological requirements are
well known and documented (Hudec 1983, 1994; Hudec
and Stastny 2005; Cepdk et al. 2008), enabling the sorting
of particular species into various ecological groups.

Based on the results of studies of European bird com-
munities, we can formulate the following predictions about
recent changes in distribution of particular ecological
groups of Czech birds. First, landscape changes, such as the
loss of extensively cultivated farmland because of agri-
cultural intensification or land abandonment followed by
forest spread, should reduce the distribution of farmland
birds and increase the distribution of forest species (Lenzen
et al. 2008; Reif et al. 2008a; Ortowski and Lawniczak
2009). Second, the increase in the average annual tem-
perature should have a positive effect on the distribution of
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south European species and a negative impact on the north
European ones (Bauer et al. 2008; Reif et al. 2008b). Third,
global warming, along with the degradation of wintering
habitats, should lead to an increase in the distribution of
resident species and to a decrease of migrants (Schaefer
et al. 2008). Fourth, legal protection should have a positive
impact on protected species compared to unprotected ones
(Donald et al. 2007).

The aim of the study was to examine these predictions
comparing particular ecological groups of Czech birds
between the two mapping periods. For each species group,
we have focused on changes in breeding distribution. We
have paid special attention to the species that colonized the
country or went extinct between the mappings and how
these species influenced the observed patterns.

Methods
Bird distribution data

We used data from the two atlases of breeding bird
distribution (hereafter Atlases) in the Czech Republic
covering the period 1985-1989 (éfastny et al. 1996) and
2001-2003 (§fastn}’/ et al. 2006). Data were collected in a
unified network of 628 squares of 10’ longitude and 6
latitude (roughly 12 x 11.1 km) evenly covering the entire
territory of the country. The method of fieldwork was based
on the contributions of a large number of volunteers (750
and 532 in the first and second mapping periods, respec-
tively) and was the same in both Atlases. Each volunteer
was requested to survey all habitats in a selected square. It
was recommended that they start with the most frequent
habitats (fields, meadows, forests, towns, villages, etc.) and
then move on to rarer ones (water bodies, wetlands,
streams, etc.). Finally, a targeted search was carried out for
individual species in appropriate environments or at
appropriate times—e.g., at dusk in case of the owls, crakes,
nightingales, etc. Field observations of each bird species in
the particular mapping squares were recorded using 17
numerical breeding codes with respect to the probability of
its breeding occurence, according to the standards used in
Europe (Hagemeijer and Blair 1997).

The distribution of each species (hereafter occupancy) was
expressed as the number of occupied squares with categories
of “probable” or “confirmed breeding” (breeding codes 3—16
in Hagemeijer and Blair 1997) in respective mapping periods.
There were 215 species conforming to these criteria.

Definition of explanatory variables

We have recognized the following species groups
(Appendix) differing in (1) habitat requirements, i.e., forest
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species (78 species in the first and 80 in the second map-
ping), wetland species (61/65), farmland species (50/44)
and urban species (19/19), (2) migration strategy, i.e.,
resident species (45/44), partial migrants (22/23), short-
distance migrants (71/74) and long-distance migrants (70/
67), (3) breeding distribution in Europe, i.e., northern
species (68/69), southern species (53/51), central species
(22/22) and widespread species (65/66), and (4) legal
protection in the Czech Republic, i.e., critically endangered
(30/28), highly endangered (56/55), endangered (28/28)
and species without any special legal protection (94/97).
The terms like “endangered” do not describe the real level
of threat, but they are the title of the official categories of
legal protection listed in Czech conservation law (Anony-
mus 2008). Therefore, a “critically endangered” species is
under the highest conservation concern according to Czech
conservation law, but in reality it may not be more threa-
tened than other species. The real levels of threat to a
particular bird species in the Czech Republic are currently
unknown as no one has performed any formal analysis
(Vorisek et al. 2008).

Most of the species used for further analyses were
already sorted into these categories in Reif et al. (20006,
2008b) and Vorisek et al. (2008). For the categorization of
the remaining species, we used the following literature
sources: Hudec (1983, 1994) and Hudec and gfastn}’/ (2005)
for the habitat requirements, anonymus (2008) for legal
protection status and Hagemeijer and Blair (1997) for the
breeding distribution in Europe.

Determination of particular groups defined by different
breeding distributions in Europe followed the two-step
assessment procedure described in Reif et al. (2008b).
First, we divided Europe into three large regions with
respect to the location of the Czech Republic: the northern
region had its southern boundary five geographical degrees
north of the latitudinal midpoint of the Czech Republic, the
southern region had its northern boundary five degrees
south of the midpoint of the Czech Republic, and the
central region laid between the northern and southern
regions. These regions broadly correspond to the biogeo-
graphical divisions of Europe. The Mediterranean region is
in the south, the boreal region is in the north, and the
continental region is in the central part (European Envi-
ronmental Agency 2006). In the second 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 the focal species. Based on these proportions,
we defined four species groups differing in the latitudinal
distributions of their breeding ranges in Europe. As nearly
all species occurring in the Czech Republic have relatively
large European breeding ranges distributed in all three
regions, we could not use strict criteria such as “northern
species are those confined solely to the northern region.”

Instead, we used criteria 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 regions (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 spe-
cies sorting is arbitrary to some extent, and indeed 30% has
no biological meaning, we trust that it mirrors the real
latitudinal preferences of a particular species.

Migratory strategy of each particular species was
excerpted from the new Czech and Slovak bird migration
atlas (Cepak et al. 2008), which is based on all known
ringing recoveries of Czech birds up to 2002.

Statistical analysis

We calculated the change in occupancy (C) of each par-
ticular species between the two mapping periods using the
formula introduced by Lemoine et al. (2007):

C = (N, —Ny)/((N2+Ny)/2)

N, is the occupancy of a given species in the first and
second mapping period, respectively. Positive values of C
indicate increasing occupancy, negative values decreasing
occupancy and where C = 0O there is an indication of no
change (Lemoine et al. 2007).

To test whether mean occupancy of particular species
groups increased or declined, we performed the one-sample
t-tests. Each test tested the null hypothesis that the mean
change in occupancy of a given group is zero. Performance
of 16 repeated tests using the same dataset would result in
an elevated risk of a type I error (Zar 1996). To account for
this factor, we have applied the Bonferroni correction,
adjusting the 0.05 level of significance (o) to 0.0031.

To test whether mean changes in occupancy differ
among the focal species groups, we have applied analysis
of variance (ANOVA). First, we have performed one-way
ANOVAs for each factor (i.e., habitat, European distribu-
tion, migratory strategy and protection status) separately.
Tukey’s HSD post hoc test was used to compare means
where significant differences were found with the ANOVA.
Second, we have examined the effects of each factor,
controlling the influence of the others, using main effects
ANOVA.

Finally, we were interested in the influence of coloni-
zation/extinction processes on changes in the distribution
of birds in the Czech Republic. For this purpose, we
excluded all species (n = 14) present only in one of the
mapping periods and then repeated all the tests described

@ Springer



926

J Ornithol (2010) 151:923-932

above. Comparison of the outcome of the tests with and
without such species revealed their possible influence.

Results

The number of species in the Czech Republic remained the
same in both periods—208 species. Seven species went
extinct in the Czech Republic during the time between the
mappings (Falco vespertinus, Otis tarda, Burhinus oedi-
cnemus, Charadrius hiaticula, Coracias garrulus, Lanius
minor and L. senator), and, at the same time, seven species
colonized the country (Egretta alba, Anas penelope,
Tadorna tadorna, Pandion haliaetus, Aquila heliaca,
Chlidonias hybridus and Otus scops). The prevailing char-
acteristics of the species that were not registered in the
second mapping period were: farmland habitat (six species),
long-distance migratory strategy (six species), southern
distribution (five species) and critically endangered

protection status (four species). The colonizers were char-
acterized by wetland habitat (five species), long-distance
(three species) or short-distance migratory strategy (three
species), southern distribution (three species) and no legal
protection (four species).

The overall mean change in occupancy between both
mappings was not significantly different from zero
(Table 1a). Regarding particular species groups, we found
a positive change in occupancy in forest and wetland spe-
cies, short-distance migrants and non-protected species. After
application of the Bonferroni correction, the result remained
significant in the wetland species only (Table 1a). No group
showed a significantly negative change in mean occupancy,
although the result in farmland birds approached the 0.05
significance level (Table 1a).

We applied analysis of variance to test whether some
ecological characteristics would predict differences among
the species groups in their mean changes in occupancy.
We have found that habitat requirements were the only

Table 1 Changes in species richness (total number of species in the country) and occupancy (number of occupied mapping squares) of birds in
the Czech Republic between 1985-1989 and 2001-2003 as revealed by the country-wide breeding distribution altas mapping

Species richness (a) Change in N t P (b) Change in N t P
[935-1989 20012003 occupancy (+SE) occupancy (+SE)
Habitat requirements
Farmland 50 44 —0.21 (£0.11) 50 —1.92 0.0614 0.04 (£0.06) 44 0.58 0.5626
Forest 78 80 0.14 (£0.05) 80 2.74 0.0076  0.09 (£0.04) 78 233 0.0220
Urban 19 19 —0.09 (£0.06) 19 —142 0.1742 —0.09 (£0.06) 19 —141 0.1742
Wetland 61 65 0.28 (+0.96) 66  3.10 0.0029  0.19 (£0.07) 60  2.63 0.0107
Migratory strategy
Resident 45 44 0.02 (£0.08) 45 0.24 0.8127  0.06 (£0.06) 44 1.03 0.3096
Partial migrants 22 23 0.14 (£0.10) 23 1.34 0.1934  0.05 (£0.06) 22 0.87 0.3934
Short-distance migrants 71 74 0.19 (£0.07) 74 2.64 0.0102 0.11 (£0.06) 71 1.90 0.0619
Long-distance migrants 70 67 0.01 (£0.10) 73 0.08 0.9328 0.10 (£0.05) 64  1.94 0.0571
European distribution
Central 22 22 0.02 (£0.17) 23 0.09 0.9271 0.02 (£0.13) 21 0.13 0.8947
Northern 68 69 0.13 (£0.08) 70  1.70 0.0930 0.11 (£0.06) 67 1.70 0.0882
Southern 53 51 0.10 (£0.12) 56  0.86 0.3951  0.20 (+0.06) 48  3.14 0.0029
Widespread 65 66 0.05 (£0.04) 66 1.23 0.2239  0.02 (£0.03) 65 0.73 0.4708
Protection status
Non-protected 94 97 0.12 (£0.05) 98 243 0.0168 0.06 (£0.02) 93 329 0.0014
Endangered 28 28 0.03 (£0.06) 28 043 0.6692  0.03 (£0.06) 28 043 0.6692
Highly endangered 56 55 0.10 (£0.09) 57 1.02 0.3137  0.14 (£0.07) 54 186 0.0679
Critically endangered 30 28 0.03 (£0.20) 32 0.16 0.8769  0.19 (£0.16) 26 1.21 0.2344
Total 208 208 0.09 (£0.05) 215 191 0.0576  0.09 (£0.03) 201 3.00 0.0030

Species were sorted into groups defined by their habitat requirements, migratory strategy, European distribution and legal protection status in the
Czech Republic. Statistics refer to single sample ¢ tests that tested the significance of change in occupancy of each group between the mapping
periods. Significant differences (P < 0.05) are in bold type, and those significant after the Bonferroni correction (P < 0.0031) are underlined.
Tests were performed with (a) and without (b) 14 species that colonized the country or went extinct between the mapping periods. See
“Methods” section for a detailed description of the calculation of change in occupancy and for more details on the sorting of species into the
ecological groups
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Table 2 The effects of ecological characteristics of bird species
expressed as four factors on changes in their mean occupancy
between 1985-1989 and 2001-2003 tested by one-way ANOVAs
(seperate tests for each factor) with (a) and without (c) 14 species

present in only one of the mappings, and by main effects ANOVAs
(all factors included into one model) with (b) and without (d) 14
species present in only one of the mappings

Factor (a) (b)

(©) (d)

F3,211 P F3,202

P F3,197 P F3,188 P

6.6040
1.1359
0.2533
0.2152

0.0003
0.3355
0.8589
0.8858

5.7691
0.2256
0.3632
0.3402

Habitat requirements
Migratory strategy
European distribution
Protection status

0.0008
0.8785
0.7796
0.7963

2.4741
1.1795
1.8702
1.0695

0.0628
0.9102
0.1471
0.3631

2.1731
0.1149
1.6522
0.2533

0.0926
0.9512
0.1789
0.8589

See Table 1 for identification of the levels of each factor

Significant differences (P < 0.05) are in bold type

significant predictor of these changes, as shown by both
one-way and main effects ANOVAs (Table 2a, b, Fig. 1).
Post hoc comparisons using Tukey’s HSD tests showed
that both forest (P = 0.0138) and wetland (P = 0.0001)
species extended their distribution more than farmland
species.

After exclusion of the 14 species present only in one of
the two mappings, we found that the overall mean change
in occupancy between the mappings was positive
(Table 1b). Further, the results showed increasing occu-
pancy in southern species (Table 1b). Excluding colonizers
and extinct species did not qualitatively change the results
for forest, wetland and non-protected species (Table 1b). In
contrast, change in short-distance migrants was no longer
significant (Table 1b). After the Bonferroni correction, the
overall average change in occupancy and change in
southern and non-protected species remained significant
(Table 1b).

Exclusion of the 14 species, present only in one of both
mappings, did not reveal any significant results in both one-
way and main effects ANOVAs (Table 2c, d).

Discussion

Our results based on the analysis of the large-scale map-
ping data showed four striking patterns of changes in
breeding bird distribution in the Czech Republic between
1985-1989 and 2001-2003: (1) dominant effect of habitat
over all other factors, (2) weaker but significant effects of
European distribution, migratory strategy and protection
status in some tests, (3) influence of rare species on most
of the observed patterns and (4) prevalence of positive
changes in bird distribution over the negative ones. The
effects of habitat and European distribution were in con-
gruence with our initial predictions, but the legal protection
status showed the opposite pattern to what we had expec-
ted. The effect of migratory strategy did not support our

05

03

0.1

01 L

Mean change in occupancy

03

-05

Forest Wetland Farmland Urban

Habitat requirements

Fig. 1 Mean changes in the occupancy of Czech birds between
1985-1989 and 2001-2003 according to their habitat requirements.
The vertical bars denote 0.95 confidence intervals. In one-way
ANOVA, F351; = 6.6040 and P = 0.0003. Pairwise comparisons of
means by the Tukey test gave the following results: Forest different
from Farmland (P = 0.0138) and Wetland different from Farmland
(P = 0.0001)

prediction of decline in long-distance migrants and
increase of residents.

The effect of habitat was caused by expansion of forest
and wetland species in contrast to farmland birds. Since
this contrast was not significant after excluding species
detected in one mapping only, the marked difference
between these habitat-defined species groups is probably
caused by the extinction of six farmland species between
the mapping periods: Falco vespertinus, Otis tarda,
Burhinus oedicnemus, Coracias garrulus, Lanius minor
and L. senator. Their disappearance from the Czech
Republic indicates a possible adverse impact of the recent
land use practices on these species. This result is somewhat
surprising as the decrease in agricultural intensity after the
fall of communism probably reduced the rate of population
decline of common farmland birds in the Czech Republic
(Reif et al. 2008a), Poland (Gotawski 2006) and Hungary
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(Verhulst et al. 2004). This land use change obviously did
not prevent more sensitive farmland species from extinc-
tion. The exact causes of the loss of these species remains
unexplored. We can only speculate about the switch from
an extensively cultivated agricultural landscape providing a
heterogenous mosaic of habitats to either highly intensive
agriculture or the complete abandonment of arable land in
the key areas for populations of these species (Konvicka
et al. 2006, 2008; Ludwig et al. 2009; see also gfastn}’/ et al.
1996). The disappearance of these highly specialized spe-
cies is consistent with Kerbiriou’s et al. (2009) findings on
the spread of tolerant species with a broad ecological niche
leading to biotic homogenization of bird communities in
France (Devictor et al. 2008) and the Netherlands (Van
Turnhout et al. 2007).

The increasing occupancy of forest and wetland birds
was found even if the species detected in only one mapping
were excluded (although with lower significance). There-
fore, we suggest that these patterns were caused mainly by
extending distribution of common species already breeding
in the Czech Republic, and the colonization of the country
by new species has only strenghtened this effect. In the
case of forest birds, this result is in accordance with studies
based on annual monitoring of populations of common
species in the Czech Republic (Reif et al. 2007) and other
parts of Europe (Gregory et al. 2007; Van Turnhout et al.
2007). It might be attributed to forest expansion, the
alteration of forest age class composition towards older
classes and/or by the impact of forest recovery after the
reduction of imissions in the 1990s (Reif et al. 2007,
2008c). The increase of wetland birds was also confirmed
in local bird communities in central and western Europe
(Lemoine et al. 2007; Van Turnhout et al. 2010; Ortowski
and Lawniczak 2009) and was probably caused by lower
hunting pressure and the fact that many newly established
nature reserves in the country protected wetland habitats
(Malkova and Lacina 2002).

Southern species that bred in the Czech Republic in both
mapping periods extended their occupancy, corresponding
with findings of an earlier study focused on annual changes
in abundance of common birds in the Czech Republic (Reif
et al. 2008b). This result is consistent with the observations
of climate change impact on bird species (Julliard et al.
2004; Jiguet et al. 2007; Bauer et al. 2008). It also cor-
roborates predictions of future breeding bird distribution
patterns modeled under various scenarios of climatic
warming (Huntley et al. 2007). Increasing occupancy of
southern species, however, vanished after the inclusion of
the species which became extinct between the mappings. A
more detailed focus on particular species uncovered the
fact that the decrease was caused by the extinction of the
farmland species that were probably more affected by
unfavorable land use practices than by the climate. This
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result implies that global warming itself is not a sufficient
impetus for range expansion of the southern species if their
habitat is destroyed.

Regarding changes of distribution of birds with different
migratory strategies, we have found two unexpected
results: increased occupancy in short-distance migrants and
no change in occupancy in long-distance migrants. The first
pattern was driven by the expansion of several colonizers
of wetland birds (Egretta alba, Anas penelope and Tadorna
tadorna), and it was probably caused by habitat effects.
The second pattern contrasts with observations of popula-
tion decline of long-distance migrants in several western
European countries (e.g., Lemoine et al. 2007; Heldbjerg
and Fox 2008) and might be attributable to the use of
different migratory routes and/or wintering sites by the
Czech populations (Busse 2001; Cepék et al. 2008).

Increasing occupancy was found in non-protected spe-
cies, and the same result was found in all species grouped
together after the exclusion of species detected in one
mapping only. These results imply that common birds
probably benefited from changes in the Czech landscape
after 1990. In fact, components of the environment,
including water, air, forests and farmland, were heavily
affected by human activity within all of Europe in the late
1980s (Moldan 1990). During the 1990s, the water quality
and air pollution greatly improved, and there was also a
sharp decrease in agricultural intensity. These positive
changes were also documented in Poland (Gotawski 2006)
and Hungary (Verhulst et al. 2004). Moreover, forests,
defoliated in extensive areas because of air pollution,
started to recover (Anonymus 1996; Reif et al. 2007,
2008a). At the same time, we have failed to find any sig-
nificant positive effect of legal protection on the occupancy
of species. The reason may lie in the low effectiveness of
direct conservation actions (Kumstatova et al. 2005).
Czech nature conservation is probably not able to take care
of problematic bird species (Vorisek et al. 2008). Further
studies are needed to ensure that existing protected areas
create suitable conditions for endangered birds’ existence
(e.g., Kollar and Wurm 1996).

To our knowledge, our study is the first attempt to
examine the patterns of changes in breeding bird distribu-
tion on a country-wide level within the former Eastern
block. Compared to the previous studies based on popu-
lation trends from annual monitoring schemes (e.g.,
Gregory et al. 2007; Reif et al. 2008a, b, c), our breeding
distribution mapping data involve information about
uncommon species (Van Turnhout et al. 2007). They are,
therefore, less biased, and the observed patterns are more
general. Our results imply that the major drivers of changes
(agricultural intensification, forest expansion, global cli-
mate change, biotic homogenization) are probably similar
across European regions, although local specificities of
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several aspects emerged (e.g., poor performance of legal
protection). Future studies should focus in more detail on
the investigation of particular drivers.

Zusammnefassung

Veridnderungen in der Vogelverbreitung in einem
mitteleuropéischen Land zwischen 1985-1989 und
2001-2003

Europiische Vogel sind in den letzten Jahrzehnten signifi-
kant von dramatischen Umweltverinderungen betroffen
worden. Die Effekte dieser Veridnderungen auf den
Artenreichtum und die Verbreitung in bestimmten Lindern
sind nach wie vor schlecht verstanden, da hochwertige,
groflrdumige Daten fehlen, die iiber die Zeit standardisiert
sind. Dies trifft besonders auf Mittel- und Osteuropa zu.
Anhand einer Modellgruppe von Vogeln in Tschechien
(landesweite Atlaskartierungsdaten) haben wir untersucht,
ob sich Langzeitverinderungen in Artenreichtum und
Verbreitung zwischen 1985-1989 und 2001-2003 zwischen
Artengruppen unterschieden, die anhand ihrer Habitat-
anspriiche, ihrem Verbreitungstyp in FEuropa, ihrer
Zugstrategie und ihrem nationalen Schutzstatus voneinan-
der abgegrenzt sind. AuBlerdem haben wir die Effekte von
Erstbesiedlungen und lokalen Ausrottungen auf diese
Veridnderungen untersucht. Wihrend die Artenzahl im
gesamten Land in beiden Zeitrdumen gleich blieb (208
Arten), hat sich die Artenzusammensetzung verdndert.
Zunehmende Besiedlung (d.h. Zahl besetzter Kartenqua-
drate) wurde fiir in Wald- und Feuchtlandhabitaten vor-
kommende Arten, Kurzstreckenzieher und nicht geschiitzte
Arten beobachtet. Im Siiden vorkommende Arten verin-
derten ihre Besiedlung ebenfalls zum Positiven, doch dieses
Muster verschwand nach der Einbeziehung von sechs
Arten, die auf extensiv bewirtschaftetes Ackerland ange-
wiesen sind und zwischen den Kartierungen ausstarben. Die
gesamte Besiedlung aller Arten zusammengenommen
zeigte positive Verdnderungen, nachdem Erstbesiedler und
ausgestorbene Arten ausgeschlossen worden waren. Wir
schlagen vor, dass die Verbesserung der Umweltbedin-
gungen nach 1990 die Verbreitung von héaufigen Vogeln in
Tschechien stabilisierte oder ansteigen lief3, und der Verlust
mehrerer Arten konnte durch das Verschwinden spezifi-
scher Ackerbautechniken verursacht worden sein.
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Appendix

See Table 3.

Table 3 List of species and their habitat requirements, migratory
strategy, European distribution and legal protection status in the
Czech Republic

Species Habitat Migration Distribution Protection

=

Accipiter gentilis
Accipiter nisus
Acrocephalus arundinaceus
Acrocephalus palustris
Acrocephalus scirpaceus
Acrocephalus schoenobaenus
Actitis hypoleucos
Aegithalos caudatus
Aegolius funereus
Alauda arvensis
Alcedo atthis

Anas acuta

Anas clypeata

Anas crecca

Anas penelope

Anas platyrhynchos
Anas querquedula
Anas strepera

Anser anser

Anthus campestris
Anthus pratensis
Anthus spinoletta
Anthus trivialis

Apus apus

Aquila heliaca

Aquila pomarina
Ardea cinerea

Ardea purpurea

Asio flammeus

Asio otus

Athene noctua

Aythya ferina

Aythya fuligula
Aythya nyroca

Bonasa bonasia
Botaurus stellaris
Bubo bubo

Bucephala clangula
Burhinus oedicnemus

Buteo buteo
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Table 3 continued

Table 3 continued

Species

Habitat Migration Distribution Protection

Species

Habitat

Migration Distribution Protection

Carduelis cannabina
Carduelis carduelis
Carduelis flammea
Carduelis chloris
Carduelis spinus
Carpodacus erythrinus
Certhia brachydactyla
Certhia familiaris
Ciconia ciconia
Ciconia nigra

Cinclus cinclus
Circus aeruginosus
Circus cyaneus

Circus pygargus

Coccothraustes coccothraustes

Columba livia f. domestica

Columba oenas
Columba palumbus
Coracias garrulus
Corvus corax
Corvus cornix
Corvus corone
Corvus frugilegus
Corvus monedula
Coturnix coturnix
Crex crex

Cuculus canorus
Cygnus olor
Delichon urbica
Dendrocopos leucotos
Dendrocopos major
Dendrocopos medius
Dendrocopos minor
Dendrocopos syriacus
Dryocopus martius
Egretta alba

Egretta garzetta
Emberiza citrinella
Emberiza hortulana
Emberiza schoeniclus
Erithacus rubecula
Falco cherrug
Falco peregrinus
Falco subbuteo
Falco tinnunculus
Falco vespertinus
Ficedula albicollis
Ficedula hypoleuca
Ficedula parva
Fringilla coelebs
Fulica atra
Galerida cristata

Gallinago gallinago
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Gallinula chloropus
Garrulus glandarius
Glaucidium passerinum
Grus grus

Haliaeetus albicilla
Himantopus himantopus
Hippolais icterina
Hirundo rustica
Charadrius dubius
Charadrius hiaticula
Charadrius morinellus
Chlidonias hybridus
Chlidonias niger
Ixobrychus minutus
Jynx torquilla

Lanius collurio
Lanius excubitor
Lanius minor

Lanius senator

Larus cachinnans
Larus canus

Larus melanocephalus
Larus ridibundus
Limosa limosa
Locustella fluviatilis
Locustella luscinioides
Locustella naevia
Loxia curvirostra
Lullula arborea
Luscinia luscinia

Luscinia megarhynchos

Luscinia svecica cyanecula

Luscinia svecica svecica
Mergus merganser
Merops apiaster
Miliaria calandra
Milvus migrans

Milvus milvus

Motacilla alba
Motacilla cinerea
Motacilla flava
Muscicapa striata

Netta rufina

Nucifraga caryocatactes
Numenius arquata
Nycticorax nycticorax
Oenanthe oenanthe
Oriolus oriolus

Otis tarda

Otus scops

Pandion haliaetus
Panurus biarmicus

Parus ater
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Table 3 continued

Species

Habitat Migration Distribution Protection

Parus caeruleus
Parus cristatus
Parus major

Parus montanus
Parus palustris
Passer domesticus
Passer montanus
Perdix perdix
Pernis apivorus
Phalacrocorax carbo
Phasianus colchicus

Phoenicurus ochruros

Phoenicurus phoenicurus

Phylloscopus collybita
Phylloscopus sibilatrix

Phylloscopus trochiloides

Phylloscopus trochilus
Pica pica

Picoides tridactylus
Picus canus

Picus viridis
Platalea leucorodia
Podiceps cristatus
Podiceps grisegena
Podiceps nigricollis
Porzana parva
Porzana porzana
Prunella collaris
Prunella modularis
Pyrrhula pyrrhula
Rallus aquaticus
Recurvirostra avosetta
Regulus ignicapillus
Regulus regulus
Remiz pendulinus
Riparia riparia
Saxicola rubetra
Saxicola torquata
Scolopax rusticola
Serinus serinus
Sitta europaea
Sterna hirundo
Streptopelia decaocto
Streptopelia turtur
Strix aluco

Strix uralensis
Sturnus vulgaris
Sylvia atricapilla
Sylvia borin

Sylvia communis
Sylvia curruca

Sylvia nisoria
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Table 3 continued
Species Habitat Migration Distribution Protection
Tadorna tadorna w S N N
Tachybaptus ruficollis w S E
Tetrao tetrix A R N H
Tetrao urogallus F R N C
Tringa ochropus F S N H
Tringa totanus W S N C
Troglodytes troglodytes F S w N
Turdus iliacus F S N H
Turdus merula F P w N
Turdus philomelos F S w N
Turdus pilaris F S N N
Turdus torquatus F S N H
Turdus viscivorus F S W N
Tyto alba U R S H
Upupa epops A L S H
Vanellus vanellus A S N N

habitat requirements (habitat): A—farmland, F—forest, U—urban, W—wet-
land; migratory strategy (migration): R—resident, P—partial migrants,
S—short-distance migrants, L—long-distance migrants; European distribution
(distribution): C—central, N—northern, S—southern, W—widespread; legal
protection status (protection): N—non-protected, E—endangered, H—highly
endangered, C—critically endangered
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Abstract. Changes in bird populations can be described as simple changes in abundance or density of individuals or, in
larger areas, as changes of distribution or population indices. Although these measures describe different aspects of
population change, they are often used interchangeably when discussing the relationships between various predictors
of bird population changes found in different studies. This hampers a meaningful comparison of results, because it is
unclear which differences between studies are biologically relevant and which are just methodological artifacts, caused
by the different nature of measures used to quantify population changes. We compared predictors of the three meas-
ures of population changes: (i) change in abundance, (ii) change in magnitude of population trend and (iii) change in
distribution, using data collected in a single region, the Czech Republic, and over similar time periods. We also aimed
to identify significant drivers of population changes of Czech birds, using a large set of predictor variables and virtual-
ly all species regularly breeding in the region. No significant predictors were common across the three measures of pop-
ulation change tested. Abundance increased mostly in forest birds, while the change in magnitude of population trend
was positive in species with a higher level of legal protection and in r-selected species. Species extending their distribu-
tion include wetland birds, above-ground nesters and north European species. Although individual measures of pop-
ulation changes are positively correlated, their predictors are different. This limits possibilities of simple comparisons,

but also offers a better insight into forces shaping bird population changes in time and space.

Key words: abundance, distribution, population trend, population changes, land-use change
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INTRODUCTION

Biodiversity dynamics could be evaluated based
on a wide array of measures (Magurran & McGill
2011), pertaining to species assemblages, individ-
ual species or genes. On the level of individual
species, the majority of studies addressing
dynamics of species in space and time, focus on
analyses of long-term population changes. Such
temporal changes in bird populations are best
described as simple changes in abundance or den-
sity of individuals, but these are often quite diffi-
cult to quantify over larger areas. Therefore, other
measures are frequently used as proxies for the
population change, including changes in species
distribution (or occupancy) or changes in various
population indices (Bohning-Gaese & Bauer 1996,
Lemoine et al. 2007, Kerbiriou et al. 2009, Kolecek

et al. 2010). One can also look at indices measuring
the amount of population change over time to
quantify the rate of population change (trend)
and its temporal variation, i.e. dynamics of popu-
lation change (Van Strien et al. 2001, Gregory et al.
2009). In summary, for a given time period, bird
population changes are being characterized as
change in (i) abundance, (ii) magnitude of popula-
tion trend or (iii) distribution. These measures
have been frequently used in the studies aiming
to found the trait-based predictors of bird popula-
tion changes (e.g. Donald et al. 2001, 2007,
Sanderson et al. 2006, Lemoine et al. 2007, Bauer et
al. 2008, Reif et al. 2008a, Kerbiriou et al. 2009, Van
Turnhout et al. 2010).

Although they describe different aspects of
population change, these measures are often
used interchangeably when discussing various



144 J. Kolecek & J. Reif

predictors of bird population changes revealed in
diverse studies. This makes comparison of the
results among the different studies difficult,
because it is unclear what are the biologically rel-
evant differences among the studies and what are
the methodological artifacts caused simply by the
different nature of the measures used. At the same
time, however, such a comparison may contribute
to a better understanding of forces driving popu-
lation changes. To explore this subject further, we
examined similarities and differences among the
predictors of these three different measures of
population changes, calculated for the same set of
species, in the same region and over the similar
time period. We expected here a positive correla-
tion between change in distribution and change in
abundance, given the general validity of the
abundance-range size relationship (Gaston et al.
1997, Zuckerberg et al. 2009). On the other hand,
the distribution of individual species should be
more affected by a possible range shift, driven by
climatic changes (Reif et al. 2008b), while abun-
dance tends to be more influenced by habitat
changes (Henle et al. 2004, Borregaard & Rahbek
2010) and thus their predictors might well differ
accordingly. As the change in magnitude of popu-
lation trend (as defined here; see “Methods”) is
based on the change in abundance in different
periods, we also hypothesize that the two meas-
ures will show a positive correlation and similar
predictors, which, in turn, would differ from the
predictors of change in distribution.

Irrespective of the actual measure of popula-
tion change, one of the most important questions
is, what actually are the major drivers of changes
observed recently in avian populations. Several
studies have addressed this issue recently, by
relating population changes to characteristics of
species’ ecological niches (i.e. species-habitat asso-
ciations; e.g. Gregory et al. 2007). Farmland birds
have long been recognized as the group suffering
a widespread, and perhaps the most severe
decline across the Europe. A continuing loss of
extensively cultivated farmland due to agricultur-
al intensification or land abandonment, connected
with forest spread, has led to population declines
in birds of open habitats, as well as diet and habi-
tat specialists. The same process has promoted
population increases among forest birds and
species being diet and habitat generalists (Lenzen
et al. 2008, Kerbiriou et al. 2009, Kolec¢ek et al.
2010). However, various factors related to bird
population changes, including habitat preferences
and life-history traits, are in fact interlinked,

hampering our identification of primary drivers of
observed changes. For example, species building
open nests, situated on the ground are more fre-
quent among birds inhabiting extensively culti-
vated open habitats, now in decline. Therefore,
also birds having open nests show generally more
negative population changes, compared to species
breeding in habitats with a higher vegetation den-
sity and to birds nesting in tree cavities (Thaxter et
al. 2010). Furthermore, changing environmental
conditions have more adverse impact on popula-
tions of ‘K-selected’ species, which are not able to
track habitat changes as fast as ‘r-selected’ ones
(Henle et al. 2004). On the other hand, lowering
hunting pressure, together with the legislation
enabling to establish many new wetland nature
reserves and improve the conditions on wintering
grounds, have a positive impact on populations of
wetland species (Lemoine et al. 2007, Orfowski &
Lawniczak 2009, Van Turnhout et al. 2010). The
increase in average annual temperature has more
negative effects on species with north European
breeding range and on migrants, than for the
south European breeders and residents (Bauer et
al. 2008, Reif et al. 2008b, Schaefer et al. 2008).
Finally, population changes in protected species
are more positive in recent decades, compared to
unprotected ones (Donald et al. 2007, Vorisek et al.
2008). However, the generality of these findings is
yet to be supported, and importance of some
widely recognized drivers is clearly context-
dependent (cf. Fox 2004, Wretenberg et al. 2006).
We therefore wanted to test the importance of var-
ious environmental and life-history variables for
recent bird population changes in the Czech
Republic, via species-specific trends.

Our goals in this paper were thus twofold: (1)
to test, if different measures of population change
correlate with the same predictors, and (2) to iden-
tify the important predictors of population
change for Czech breeding birds.

METHODS

Measures of population changes and bird popu-
lation data

We focused on population changes of 178 species
breeding in the Czech Republic in the last four
decades for which data are available (see
Supporting Information — available via web page
of the journal as well as on request from authors
— for details). We expressed population changes
of the focal bird species within the country in
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three different ways: as (i) the change in abun-
dance, (ii) change in the magnitude of population
trend (or rate of change in abundance), (iii)
change in distribution (occupancy) of the species.

The relevant data were extracted from two
comprehensive data sources. Firstly, the Birds in
Europe database, which provides estimates of the
population trends of individual species in the
Czech Republic in 1970-1990 and 1990-2000
(BirdLife International/European Bird Census
Council 2000, BirdLife International 2004).
Estimates of population sizes and trends were
derived here from a combination of published and
unpublished survey data, as well as expert opin-
ion. This combined approach improved data qual-
ity, which is consistent across the species.
Moreover, the reliability of Czech bird population
changes data is generally high in the species we
selected for this study due to a long tradition of
various types of bird monitoring in this country
(Hora & Kanuch 1992, Klvanhova & Vorisek 2007,
Reif et al. 2009). Prior to further analyses, we stan-
dardized categories of change in abundance in the
period of 1990-2000 to the same categories used in
the period of 1970-1990, using a simple coding
introduced by Donald et al. (2007) and obtaining
values from -2 to +2 (0 = < 20% change, 1 =
20-49% change, 2 = > 50% change). Although the
codes for the change in magnitude of population
trend are discrete values, in line with other stud-
ies (Mgller et al. 2008) we have used them as con-
tinuous variables in the linear models, because
they show unimodal distribution and are closely
correlated with more detailed measures of popu-
lation trend based on annual monitoring data. We
excluded all species with unknown or fluctuating
trend at least in one of the respective periods. The
second source of data were two atlases of breed-
ing bird distribution (hereafter Atlases) in the
Czech Republic, covering the periods 1985-1989
(St'astny et al. 1996) and 2001-2003 (St’astny et al.
2006). The method of fieldwork was based on the
contributions of a large number of volunteers and
was the same in both Atlases. The distribution of
each species was expressed as the number of occu-
pied grid squares (roughly 12.0x11.1 km) with
categories of “probable” or “confirmed breeding”
(breeding codes 3-16 in Hagemeijer & Blair 1997)
in individual mapping periods. For further details
see Vofisek et al. (2008) or Kolecek et al. (2010).

As a measure of the change in abundance we
used standardized values of population trends
(see above) reflecting change in overall popula-
tion size between 1990 and 2000, extracted from

BirdLife International (2004). We did not use the
difference in raw abundance estimates between
1970-1990 and 1990-2000 to express the change in
abundance, because these estimates of the overall
population size often change due to improved
accuracy in evaluating many species. This
methodological artifact may mask the genuine
changes in species’ abundance potentially caused
by the environmental drivers we are interested in.

We obtained the change in the magnitude of
population trend between 1970-1990 and
1990-2000 from the Birds in Europe database
using the following formula:

T = BiE2-BiE1

where T is the magnitude of population trend
change index, BiE is the standardized category of
change in abundance (see above) in the period of
1970-1990 (BiE1) and 1990-2000 (BiE2), respective-
ly. Positive values of T indicate positive change in
magnitude of population trend and vice versa.

Furthermore, we calculated the change in dis-
tribution (D) of each particular species between
the two mapping periods, using the formula
introduced by Lemoine et al. (2007):

D = (N;-N)/((N,+N,)/2)

where N, and N, are numbers of occupied
atlas grid squares for a given species in the first
and second mapping period, respectively. Positive/
negative values of D indicate increasing/decreas-
ing distribution and where D = 0 there is an indi-
cation of no change (Lemoine et al. 2007). These
data have already been used in Kolecek et al.
(2010) and Reif et al. (2010a). Particular measures
of population changes were used as dependent
variables in further analyses.

Definition of explanatory variables

To predict the interspecific variability in popula-
tion changes, we selected an assortment of predic-
tors, which have been successfully used in recent
studies (e.g. Bohning-Gaese & Oberrath 2003, Reif
et al. 2011). Accordingly, we first defined 10
species’ traits, characterizing habitat niche,
dietary niche, latitudinal distribution as a surro-
gate for species’ climatic niche (for these measures
we used data from the breeding season), nest type
and location and migratory strategy (see
Supporting Information for the complete list of
individual species and the respective traits). For
habitat and dietary niche, we distinguished
between niche position (i.e. mean value of the
respective variable) and niche breadth (i.e. range
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of the respective variable). Habitat niche position
was based on a classification of species’ habitat
requirements along a gradient of decreasing com-
plexity of vegetation structure and density (see
Bohning-Gaese & Oberrath 2003): closed forest
(1), open forest (2), forest edge (3), savannah,
orchard, garden (4), scrubland or human settle-
ment (5), open country with solitary trees or
shrubs (6) and open country without solitary trees
or shrubs (7). Species were given up to three dif-
ferent values and habitat niche position was cal-
culated as the mean of these values. Habitat niche
breadth was determined as the difference
between extreme values. Another expression of
habitat requirements we used was along a gradi-
ent of increasing habitat humidity: non-humid
(1), wetland (2) and water (3) habitats. Dietary
niche position was based on a classification of
species into four different trophic levels as either
herbivorous (1), herbivorous and insectivorous, or
omnivorous (2), insectivorous (3) or carnivorous
(4). Dietary niche breadth was based on a classifi-
cation of species into obligatory herbivorous or
obligatory insectivorous/carnivorous (1), herbivo-
rous and insectivorous/carnivorous (2), or omniv-
orous (3), both (dietary niche and position) using
data from Bohning-Gaese et al. (2000), Hudec
(1983, 1994) and Hudec & Stastny (2005).
Latitudinal distribution was calculated from maps
of European breeding bird distribution (Hage-
meijer & Blair 1997) as a latitudinal midpoint of
individual species’ breeding range. Nest type was
scored along the gradient of the increasing nest
hiddenness: open cup nests outside cavities (e.g.
Sylvia sp.) (1), semi-closed nests either outside
cavities (e.g. Phylloscopus sp.) or open nests in
semi-cavities (e.g. Phoenicurus sp.) (2) and cavity
nests (e.g. Parus sp.) (3). Nest location described
the height of the nest above the ground: on the
ground or close to the ground (1), middle high —
i.e. shrubs and lower trees (2) and high (3).
Migration distance was defined as the distance to
the wintering grounds distinguishing between
residents (1), short-distance migrants (2), and
long-distance migrants (3). Moreover, we defined
migratory flexibility as the variation in migratory
behavior within a species. We thus recognized
obligatory migrants and obligatory residents (0),
and facultative migrants (1) using data from
Cepék et al. (2008).

Furthermore, we chose six species’ 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 expressed as mean values
from published data (Hudec 1983, 1994, Hudec &
St’astny 2005, for several species with a lack of
data Cramp 1977-1994).

In addition to the ecological traits, we also
investigated the effect of legal protection in the
Czech Republic. The respective legislative act has
recognized four levels of increasing protection:
species without any special legal protection (0),
endangered (i.e. least protected; 1), highly endan-
gered (2) and critically endangered species (i.e.
most protected; 3). This legislation has been in
force since 1992 (Anonymous 1992). These terms
do not describe the actual level of threat, but they
reflect labeling of official categories of legal pro-
tection used in the Czech conservation law
(Anonymous 1992). Therefore, the species classi-
fied merely as “endangered” is under the lowest
conservation concern according to Czech conser-
vation law, although it may in fact be more threat-
ened than some other species. The real levels of
threat to a particular bird species in the Czech Re-
public are currently unknown (Vofisek et al. 2008).

Most of the explanatory variables were coded
as discrete values along a specific gradient, except
for habitat niche position, latitudinal distribution
and species’ life-history traits, which have contin-
uous distributions.

Data analysis

As the six life-history traits mentioned above are
closely correlated (e.g. Seether 1988, Stearns 1992),
we used principal component analysis (PCA) to
reduce many correlated variables into a smaller
number of independent axes (see Reif et al.
2010b). Each species revealed its position (score;
see Supporting Information) along two most
important ordination axes, and these scores were
used for further analyses. PCA identified two clear
patterns in life-history traits within the assem-
blage of analyzed species (Fig. 1). The first ordina-
tion axis (PC 1, explaining 47.1% of the variability
among species) expressed a gradient from ‘r-
selected” species (i.e. those having small eggs,
small body mass, multiple broods and large clutch
sizes) to ‘K-selected’” species (hereafter the ‘first
life-history axis’). The second axis (PC 2, explain-
ing 17.5% of variability) depicted an independent
gradient from late breeding species with single
brood and bigger clutch sizes to earlier breeding
species with multiple broods and smaller clutch
sizes. The PCA performed on the life-history traits
reduced the total number of explanatory variables
used in the analyses from 17 to 13.
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Fig. 1. The two most important ordination axes (PC 1 and PC
2), revealed by a principal component analysis, explaining the
largest proportion of variability among six life-history traits
(i.e. body mass, egg mass, number of broods per year, laying
date, clutch size and length of incubation) in 178 bird species
breeding in the Czech Republic.

To find out which predictors have a significant
effect on particular dependent variables (i.e.
change in abundance, magnitude of population
trend and distribution), we used linear models
(every response variable has been involved in just
one model). We fitted two types of the linear mod-
els: (i) models including all explanatory variables
entered together (i.e., full models), and (ii) mini-
mum adequate models, identified applying the
backward stepwise selection using the R function
“step”, which uses AIC values as the elimination
criterion (Crawley 2007). Finally, to elucidate rela-
tionships between individual dependent vari-
ables, we calculated the correlations between each
pair of these variables.

RESULTS

Comparison of individual measures of popula-
tion change

All the measures of population changes showed
positive correlations among each other. Change
in abundance strongly correlated with change
in distribution (r = 0.66, n = 178, p < 0.001),
and also (less markedly but still highly significant-
ly) with change in magnitude of population
trend (r = 0.56, n = 178, p < 0.001). However,
correlation of change in magnitude of population
trend and change in distribution was rather
weak, but still significant (r = 0.17, n = 178,
p = 0.020).

No significant predictors were common for
individual types of measures (Table 1, 2). While
the sole significant predictor of change in abun-
dance was the habitat niche position of the
species, the life-history traits (expressed as scores
along the PC 1) and the legal protection were the
most significant predictors of change in popula-
tion trend. Change in distribution was significant-
ly affected by habitat humidity, latitudinal distri-
bution and nest location.

We did not find any significant effect of dietary
niche and migratory strategy on any measure of
population change (Table 2).

Significance and gradient direction of individual
predictors

The most significant predictors of population
changes of Czech birds were position of species in
the r—K continuum (PC 1) and legal protection,
which explained almost 16% of variation in the
magnitude of population trend. Species protected
under domestic law showed more positive
changes in their population trends than the non-
protected ones. Similarly, the r-selected species
tended to improve their situation more than the
K-selected species (Table 2). Changes in distribu-
tion were more positive in water birds (scoring

Table 1. Summary statistics for the models analyzing effects of life-history traits, ecological traits and legal protection on the
individual measures of population changes for 178 species breeding in Czech Republic. Statistics provided for full models and
minimum adequate models (after backward stepwise selection, in all cases with 3 predictors retained) include coefficient of mul-
tiple determination R? and F-statistics. See “Methods” section for further details.

Measure of population change Full model Minimum adequate model
R%, 13,164 p R%, Fa7a p
Change in abundance 0.104 1.463 0.137 0.091 5.790 0.001
Change in magnitude of population trend 0.176 2.703 0.002 0.156 10.720 < 0.001
Change in distribution 0.155 2.320 0.008 0.122 8.061 < 0.001
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higher along the gradient of habitat humidity),
the above-ground nesters (nest location) and
species with more northern distribution in Europe
(latitudinal distribution) than in the case of the
terrestrial birds, the birds building their nests on
the ground and the birds with south European
distribution (Table 2). The least important (but still
significant) predictor of population changes iden-
tified in our data set was species’ position along
the gradient of habitat use (habitat niche position)
ranging from forest interior to open steppe: birds
associated with open, farmland habitats tended to
decline in abundance, while the forest species
increased. This result was significant only in the
model identified using backward stepwise proce-
dure (Table 2).

DISCUSSION

Differences in predictors among three measures
of population change

All the measures of population change were posi-
tively correlated, but their predictors selected
from the same set of candidate variables were not
the same. In fact, ecological and life history vari-
ables explaining the variation found in three
measures of population changes differ remark-
ably among these measures. Abundance increases
were largest for forest birds, while the change in
the magnitude of population trend was most pos-
itive in protected and r-selected species.
Distribution expanded most for wetland birds,
species nesting above-ground and north
European birds.

A positive relationship between changes in dis-
tribution and changes in abundance is in accor-
dance with a general macroecological rule
describing a positive correlation of local abun-
dance and regional distribution (Brown 1984,
Gaston et al. 1997). However, in our data set, no
predictor affects changes in abundance and distri-
bution in the same way. Whereas a change in
abundance was influenced mostly by species’
association with the forest-farmland habitat gradi-
ent, a change in distribution depended on species’
affinity to wetland habitats and latitude of species’
breeding range in Europe. This may be caused by
the fact that abundance is more sensitive to major
land use changes — e.g. open habitat degradation
decreases immediately local population abun-
dance, although the species is still present on a
site (Borregaard & Rahbek 2010). On the contrary,
species’ range position within Europe, which is

assumed to reflect the climatic tolerance of
species, could affect the regional distribution
more considerably, because climate change
enables species to colonize new areas (Huntley et
al. 2007, Reif et al. 2010a).

A positive relationship was also found
between changes in the magnitude of population
trend and changes in abundance. This pattern
shows that a change from a negative to a positive
population trend is related mainly to species
increasing their abundance in the latter time peri-
od. In this context, it is noticeable that additional-
ly analyzed relationship between change in abun-
dance in 1970-1990 and change in magnitude of
population trend was negative (r = -0.56, n = 178,
p < 0.001). Consequently, populations initially
decreasing their abundance, faster improve their
trends and vice versa. This limitation of popula-
tion growth for species showing a rapid initial
increase may be explained by a negative density
dependence, related to population sizes
approaching the environmental carrying capacity.
However, species could also simply respond
to fluctuating changes in the environment and
climate (e.g. land abandonment followed by
intensification, patterns of winter weather) and
these factors can produce alternating change
points in temporal trends of bird populations. The
state of bird populations in the Czech Republic
has been improving, because the positive change
in magnitude of population trend has been affect-
ed by increasing species’ abundance and not
slowing the rate of population decline. This is in
accordance with an overall positive change in the
distribution of Czech birds reported by Kolecek et
al. (2010).

Despite a strong correlation with change in
abundance, change in distribution is only weakly
related to change in the magnitude of population
trend. The above-discussed differences in the fac-
tors affecting the abundance and distribution are
probably responsible for this relationship.

Explanations of the effects of particular
predictors

A positive change in abundance was found in for-
est birds, confirming a long-term forest spread
in the Czech Republic and the other parts of
southern and eastern Europe (Gregory et al. 2007,
Reif et al. 2007, Gil-Tena et al. 2009). A possible
positive effect of legal protection should date back
to 1992, when the new Czech national act on
nature conservation passed. A positive effect of
protection status may be driven primarily by the
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spread of very rare species, which are generally
protected (Kolecek et al. 2010). However, it is diffi-
cult to say whether this is effect of effective
national legislation and conservation manage-
ment or rather reflects improvement of environ-
mental conditions in central Europe after 1989
(Verhulst et al. 2004, Gotawski 2006). Many pro-
tected species decreased continuously before and
also between 1990 and 2000. Effectiveness of
national conservation legislation is thus ambigu-
ous (Vorisek et al. 2008) and pattern found in our
study requires further analysis. Nevertheless,
implementation of European legislation has been
related to a positive change in the magnitude of
population trends in several European countries
as well (Donald et al. 2007).

The positive change in magnitude of popula-
tion trends in r-selected species is contrary to
results obtained in the analysis of 68 Czech passer-
ines, which showed an opposite pattern (Reif et al.
2010b). This incongruence could be explained by a
clear taxonomic bias in that study, which included
only passerines, representing only a limited spec-
trum of r-K selection gradient, and lacking the
true K-selected species (Reif et al. 2010b). These
species were found to be at a higher risk of extinc-
tion at the global scale (Henle et al. 2004) and our
results confirm this finding also for the national
level. Limited ability to track rapidly changing
environmental conditions, coupled with in-
creased mortality are probably the crucial reasons
of negative population changes in ‘K-selected’
species. It means that many Czech K-selected
species (mostly non-passerines — e.g. Botaurus
stellaris and Otis tarda) are highly endangered and
decreasing because they cannot react fast enough
e.g. to increasing nest predation or to growing mor-
tality due to traffic collisions (Vofisek et al. 2009).

Change in distribution of Czech birds was
affected significantly by three predictors — habi-
tat humidity, nest location and European distribu-
tion. Concerning the first pattern, represented by
the increase of wetland birds, the same finding
has been confirmed also in local bird communities
in other parts of central and western Europe
(Lemoine et al. 2007, Ortowski & Lawniczak 2009,
Van Turnhout et al. 2010) and was probably
caused by a lower hunting pressure or better con-
ditions on wintering grounds (more rainfall). An
important role in the increase of waterfowl popu-
lations could play decreasing concentrations of
chemical pollutants in water bodies coupled with
widespread euthrophication of waters (due to
farming intensification), which should result in

improving food conditions (Van Turnhout et al.
2010). Moreover, wetland birds could particularly
benefit from establishing many new wetland
nature reserves in the country (Malkova & Lacina
2002). The effect of nest location was caused by a
negative change in distribution of the ground
nesters. Similar pattern was found in many stud-
ies of North American bird communities (e.g.
Bohning-Gaese et al. 1993) and could be caused by
the recent spread of mammalian mesopredators
(Schmidt 2003) such as American Mink Neovison
vison or Raccoon Dog Nyctereutes procyonoides.
These two species became invasive in the Czech
Republic in recent years (Pysek & Hulme 2011).
An interesting pattern was found along the gradi-
ent of European distribution, where south
European species decreased and north European
increased their distribution within Czech
Republic. The negative trend found among south
European birds may be related to the regional
extinction of several species using extensively cul-
tivated farmland habitats such as Otis tarda,
Burhinus oedicnemus, Falco vespertinus, Lanius minor
and Lanius senator (Kolecek et al. 2010). Since we
were unable to include this habitat x distribution
interaction among our predictors, this effect could
be captured by the effect of latitudinal distribution
in statistical analysis. A positive change in distri-
bution of north European species is somewhat
contra-intuitive, given the frequently reported
effect of climate warming on European birds
(Lemoine et al. 2007, Bauer et al. 2008, Reif et al.
2008b) which should cause decline of these
species in the Czech Republic. However, several
northern species have isolated populations in cen-
tral Europe (e.g. Mergus merganser, Bucephala clan-
gula, Glaucidium passerinum or Luscinia svecica) and
these populations recently expand to north
(gt’astny et al. 2006), which is consistent with the
predicted climate change effects. This process can
thus produce the increase in the distribution of
the northern species in the Czech Republic, with-
out contradicting simple predictions of climate
change at the same time. However, we do not
have any strong evidence supporting these expla-
nations which are, therefore, rather speculative.
Another explanation for this pattern may relate to
the fact that distribution in our study was defined
as the occupancy, registered using rather small
grid size (slightly larger than 10x10 km). Given
this and relatively small area of the Czech
Republic, we expect that the discovered changes
in distribution may be caused rather by changes in
occupancy within the stable area defined as extent
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of occurrence, than by the range shifts. The inten-
sity of the mappings in both atlas periods was
comparable (St'astny et al. 1996, 2006). Therefore
the registered changes in distribution should rep-
resent rather genuine changes than methodologi-
cal artifacts.

CONCLUSION

Although individual measures of population
changes are positively correlated, their predictors
are different and it is necessary to be aware of this
when interpreting results of bird population stud-
ies. Moreover, different population change meas-
ures are not exchangeable and only their joint use
may reveal the real mechanisms driving bird pop-
ulation changes in the given area and time inter-
val. Furthermore, it is necessary to take into
account the data limitation — e.g. atlas distribu-
tion data usually only cover specific time periods
and it is easy to neglect the population changes
which happen in the meantime. In contrast, long-
term population trend data provide continual in-
formation on population changes, but are often
inappropriate for evaluation of spatial patterns.
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Additional Supporting Information may be found in the online
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species, their population and distribution data, ecological traits
and life-history scores obtained from the PCA used in analysis.

STRESZCZENIE

[Od czego zaleza zmiany wielkosci populacji
ptakéw? Zréznicowanie predyktoré6w zmian
liczebnosci, trendu i zasiegu]

Zmiany wielkosci populacji ptakéw moga byc
mierzone jako zmiany liczebnosci lub zageszczen
osobnikéw, a w przypadku wiekszych obszaréw —
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jako zmiany zasiegu wystepowania lub
wskaznikéw liczebnosci. Chociaz wymienione
miary odnosza sie do réznych aspektéw zmian
wielkosci populacji, to jednak czesto sa one uzy-
wane zamiennie w dyskusjach na temat mozli-
wych czynnikéw odpowiedzialnych za zacho-
dzace zmiany. Taka sytuacja utrudnia wiarygodne
poréwnania wynikéw uzyskiwanych w réznych
badaniach. Nie wiadomo bowiem, jaka czes¢
obserwowanych réznic odzwierciedla realne
zjawiska biologiczne, a jaka jest artefaktem
metodycznym, wynikajacym z réznic w charak-
terystykach miar wykorzystywanych do opisu
zmian wielkodci populacji. W publikacji wery-
fikowano teze, ze takie same zmienne moga by¢
dobrymi predyktorami trzech réznych miar
zmian wielkosci populagji: (i) zmian liczebnosci,
(ii) zmian trendu liczebnosci, (iii) zmian zasiegu.
Analizowane dane odnosza si¢ do awifauny lego-
wej Republiki Czeskiej (178 gatunkéw) i oceniane
byly w zblizonych przedziatach czasu w ostatnich
czterech dekadach (1970-2003). Celem publikacji
jest rowniez identyfikacja czynnikéw znaczaco
wplywajacych na wymienione wyzej trzy miary
zmian wielkoéci populacji. Wsréd parametrow
analizowanych jako potencjalne predyktory
zmian w trzech miarach wielkosci populacji znaj-
dowaly sie zmienne opisujace m. in. wymogi
siedliskowe gatunku, jego nisze pokarmowa,
strategie migracji, umiejscowienie gniazda, czy

rozmieszczenie w Europie. Ponadto, wsrdéd poten-
cjalnych predyktoréw uwzgledniono réwniez
zmienne opisujace strategie zyciowa gatunku:
mase ciala, liczbe legéw w roku, termin przys-
tepowania do legow, wielkos¢ zniesienia, wielkos¢
jaj, dtugos¢ inkubacji, podsumowane za pomoca
dwoéch sktadowych gtéwnych, Fig. 1).

Trzy analizowane w pracy miary zmian
wielkosci populacji byly ze soba dodatnio sko-
relowane, ale ich istotne predyktory byly rézne
(Tab. 1, 2) . Zmiany ogolnej liczebnosci populacji
byly ksztaltowane przede wszystkim przez
wzrosty liczebnoéci ptakéw lesnych. Natomiast
zmiany trendu liczebnosci byly pochodna pozyty-
wnych zmian wsréd gatunkéw objetych wyz-
szym rezimem ochronnym oraz gatunkéw podle-
gajacych selekgji typu r. Poszerzanie zasiegu doty-
czylo gtéwnie gatunkéw mokradtowych i wod-
nych, ptakéw gniazdujacych nad ziemia oraz
gatunkéw, ktérych europejski zasieg byt obej-
mowatl gléwnie péinoc kontynentu.

Powyzsze wyniki wskazuja, ze mozliwosci
bezposrednich poréwnan zmian wielkosci popu-
lacji mierzonych z uzyciem réznych zmiennych
(liczebnos¢, trendy, zasieg) sa ograniczone. Z dru-
giej strony, znajomos$¢ czynnikéw ksztattujacych
dynamike réznych miar wielkosci populacji
pozwala lepiej zrozumie¢ mechanizmy zmian
wielkosci populacji ptakéw w czasie i przestrzeni.
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Abstract

Establishing lists of protected species is a major legal conservation tool, which is widely used
over the globe. However, large scale assessments of the effects of species protection on
animal populations are rare. While legal protection was shown to deliver benefits to birds in
the Western European countries and in the United States, such evaluation has never been
performed in Eastern Europe, where modern environmental legislation was just established in
early 1990s after political changes. To test the effect of species protection on species’ long-
term population trends, we compared population trends of protected and non-protected bird
species between 1970—-1990 and 1990-2000 in ten Eastern European countries, controlling for
effects of phylogeny and species traits. Within Eastern Europe, population trends of protected
species were more positive than those of non-protected species. This suggests that species
protection at the national scale contributed to prevent the population declines of the focal
species. The positive effect of protection status was mostly driven by a great improvement of
population trends of protected species in countries that protected smaller actual proportions of
species. Population trends of the protected species remained nearly unchanged in countries
where a large majority of local bird fauna is listed as protected, but the unprotected species
had more declining population trends here. Our results show that the two conservation
strategies applied in Eastern European countries affected bird population trends differently.
We conclude that combining both approaches would be most efficient in preventing further
population declines of the majority of species and in improving population trends of the most

threatened species.

Keywords: Abundance, Birds, Conservation effectiveness, Eastern Europe, Environmental

changes, Legal protection, Political changes, Traits



1. Introduction

Many animal species underwent dramatic population declines or even local extirpations in the
last century (Bonebrake et al., 2010) caused by exploitation, land-use change, climate change
and biological invasions (Ebbinge, 1991; Rolland et al., 2010; Williams et al., 2012). In
response to these adverse changes, policy makers established lists of protected species
supported by legislation, to limit their exploitation and direct habitat destruction (e.g.
Anonymous, 1973; Anonymous, 1981). Since applying legal protection has financial
consequences, it is important to learn whether the protection of the listed species performs
effectively or whether one must consider alternative management options (Williams et al.,
2012). Although the benefit of various management applications have been assessed on many
species (e.g. Donazar, 1990; Ausden and Hirons, 2002; Bradbury and Allen, 2003; Wilson et
al., 2007), general assessments of environmental legislation at national or international level
are far less common (VofiSek et al., 2008). This can be done by a comparison of long-term
population trends between protected and non-protected species. For this purpose, birds are a
useful model group because we have good knowledge about long-term changes in their
distribution and abundance (e.g. BirdLife International/European Bird Census Council, 2000;
BirdLife International, 2004).

Effective legal protection should prevent population declines of protected species or
result in more positive population trends in protected species in comparison to non-protected
ones. For instance, a gradual improvement of the population status of bird species protected
under the Endangered Species Act was found in the United States (Male and Bean, 2005). In
Europe, populations of bird species that have received special protection under the Annex I of
EU Birds Directive since 1981 have increased more than other species in the Western
European EU-15 Member States (Donald et al., 2007). These results indicate that
sophisticated systems of conservation policies applied over large regions for sufficiently long
time appear to perform effectively.

Whether and how this legislation has positive effects also in Eastern European
countries has never been investigated, although this region is of high importance for
biodiversity conservation in Europe. Lower intensity of land use resulted here in richer
biodiversity than in Western European countries (Galewski et al., 2011). It is thus of eminent
importance to evaluate whether or not species protection affects population trends also in this
region (Pullin et al., 2009; Stoate et al., 2009). In addition, Eastern European countries offer
an interesting context to test the effectiveness of species protection, because modern
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environmental legislation was just established after political changes in the early 1990s.
Eastern European countries express two basic models of conservation policies protecting (i)
only the rare, most endangered and/or charismatic species or (ii) most of the species including
unthreatened or common species leaving only a few (mostly game) species unprotected. The
first approach will be probably more successful in terms of facilitating population growth of
target species if the appropriate species have been selected for listing as protected. In contrast,
the second approach can hardly provide targeted protection for all species listed but secures a
basic level of protection for all species and thus is likely to prevent severe population declines
and extirpation.

Besides the species legal protection, many environmental and life history factors affect
bird population growth rates (e.g. Gregory et al., 2007). They are related to species’
susceptibility to adverse conditions and therefore affect the effectiveness of species protection
(B6hning-Gaese and Oberrath, 2003; Jiguet et al., 2007; Van Turnhout et al., 2010; Webb et
al., 2010). Accordingly, together with the species’ legal protection status, we also tested the
effects of species’ ecological traits and life histories on avian population trends and accounted
for these effects in analyses of the effectiveness of legal species protection.

Here, we perform an assessment of the effects of legal species protection on
population trends of birds in Eastern Europe, controlling for the effects of species traits. If
species protection is efficient, we predict that (i) population trends of protected species will
improve over time in countries protecting only small proportion of species, and (ii) population
trends of non-protected species will deteriorate in countries protecting most of their bird
fauna.

We report the effects of species protection for two different levels: (i) for the regional
level across all countries and (ii) for two groups of countries defined by their model of
conservation policy, i.e., distinguishing between countries protecting only the most

endangered species or protecting most of the species including common species.

2. Methods

2.1. Protected species lists

To obtain protected bird species lists as specified by national acts on nature conservation in
Eastern European countries, we requested information from experts involved in bird species

protection in a given country, working both for governmental and non-governmental



organizations. We received feedback from 14 countries (among the 15 countries contacted)
and species lists suitable for our study were supplied for the following ten countries: Belarus,
Croatia, Czech Republic, Estonia, Hungary, Latvia, Moldova, Poland, Slovakia and Ukraine
(Table A1). We considered the legislation which came into effect between 1990 and 1995, i.e.
shortly after fall of communism and corresponding to the time period for which the
population change data have been available (see below). The only exception was Latvia
where the protected species lists used in this study dated back to 1987. We recognized two
groups of countries according to the proportion of species listed for legal bird protection
relative to the total number of bird species breeding in a given country (Table Al). The
proportion of protected species was not evenly distributed among countries: some countries
are protecting a targeted subset of species, while others are protecting most bird species. It is
likely that this difference reflects different protection intensities for the listed species and one
can expect more targeted protection of few species to result in more positive effects on
population trends of protected species than a conservation strategy including the majority of
species. The first group included five countries which listed less than 55% of bird species as
protected: Belarus, Czech Republic, Latvia, Moldova and Ukraine. The second group
included five countries with more than 80% protected bird species: Croatia, Estonia, Hungary,
Poland and Slovakia. We used a simple two-level coding of bird protection: protected species

were coded as 1, species non-protected at least in certain periods of the year were coded as 0.

2.2. Population trends

We used population trends for 1970-1990 (BiE1) provided by BirdLife
International/European Bird Census Council (2000) and population trends for 1990-2000
(BiE2) by BirdLife International (2004). For the purposes of our analysis, trends in the first
time period described population status of species prior to being listed as protected in a given
country, whereas trends in the second time period described population status after listing.
BiE1 and BiE2 are the best long-term data available for comparisons of bird population trends
among European countries in different time periods and have been widely used (e.g. Donald
et al., 2001; 2007; Sanderson et al., 2006; Jones and Cresswell, 2010). They are the only
sources covering all breeding species in the focal countries. However, BiE1 and BiE2 slightly
differ in the scales used to express the population trends. Therefore, we standardized the
population trends in the period 1990-2000 to the same values as used in 1970-1990. As a
result, we obtained three trend categories: —1 = species’ populations showed >20% decrease
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or species went extinct, 0 = species’ populations were stable with a change of 0-20% in any
direction, 1 = species’ population showed >20% increase. For further analyses we did not
consider species with the trends specified as “unknown” or “fluctuating” in BiE1 or BiE2. In
addition, we excluded new breeders that colonized a given country during the period of 1990—
2000 and species which went extinct in a given country during 1970-1990, because the trends
of such species could not be affected by their protection status. As a result, we used data on

306 bird species with population trends in 1970-1990 and 1990-2000 (Table A2).

2.3. Species traits

We defined 16 species’ traits which have been demonstrated to influence population trends in
previous studies (e.g. Gregory et al., 2007; Jiguet et al., 2007; Van Turnhout et al., 2010) and
included them as explanatory variables in statistical analyses. These traits characterized
species’ breeding habitat and dietary niche, nest type and location, migration strategy, life
history (for all these traits we used data from Cramp, 1977-1994; Bohning-Gaese et al., 2000;
Bohning-Gaese and Oberrath, 2003 and Kolecek and Reif, 2011) and climatic niche
(calculated using data from Hagemeijer and Blair, 1997 and Haylock et al., 2008).

For habitat, dietary and climatic niche, we distinguished between niche position (i.e.
mean value of the respective variable) and niche breadth (i.e. range of the respective variable).
Habitat niche was based on a classification of species’ habitat requirements along a gradient
of decreasing complexity of vegetation structure and density from (1) closed forest to (7) open
country without solitary trees or shrubs. Species were given up to three different values and
habitat niche position was calculated as the mean of these values. Habitat niche breadth was
determined as the difference between the extreme values. In addition, we used another
expression of habitat requirements along a gradient of increasing habitat humidity from (1)
non-humid and (2) wetland to (3) aquatic habitats. Dietary niche position was based on a
classification of species into four different trophic levels as either (1) herbivorous, (2)
herbivorous and insectivorous, or omnivorous, (3) insectivorous or (4) carnivorous. Dietary
niche breadth was based on a classification of species into (1) obligatory herbivorous (i.e.
plant sources only, e.g. Loxia curvirostra) or obligatory insectivorous/carnivorous (i.e. animal
sources only, e.g. Buteo buteo or Apus apus), (2) herbivorous and insectivorous/carnivorous
(i.e. plant and animal sources, e.g. Parus major), or (3) omnivorous (i.e. plant, animal and
other sources, e.g. Corvus corax). Nest type was scored along the gradient of the three levels
of increasing nest concealment. Nest location described the height of the nest above the
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ground: from (1) the ground or close to the ground and (2) middle high — i.e. shrubs and lower
trees to (3) high trees. Migration distance was defined as the distance to the wintering grounds
distinguishing between (1) residents, (2) short-distance migrants (the major part of the
population wintering north of the Sahara Desert), and (3) long-distance migrants (the major
part of the population wintering south of the Sahara Desert). Moreover, we defined migration
flexibility as the variation in migration behaviour within a species. Thus, we recognized (0)
obligatory migrants and obligatory residents, and (1) facultative migrants. Climatic niche was
calculated from maps of mean temperatures in the main three-month species-specific breeding
season (mostly April, May and June) for the period 1961-1990 based on temperature data
obtained from Haylock et al. (2008) following Jiguet et al. (2007). Climatic niche position
was defined as the mean breeding season temperature over the European breeding range of a
species within Europe (taken from Hagemeijer and Blair, 1997). Climatic niche range was
classified as the difference between maximum and minimum temperature across the European
breeding range.

Furthermore, we chose five life history traits, i.e., body mass, egg mass, incubation
length, clutch size and number of broods per season as mean values from published data
(Cramp, 1977-1994). As these traits are correlated, we reduced their number by principal
component analysis (PCA) into two independent gradients (see also Reif et al., 2010). Each
species was positioned along the two most important ordination axes, and these scores were
used for further analyses (Fig. Al). The first ordination axis (PC1, explaining 55.6% of the
variability among species, eigenvalue = 2.78) expressed a gradient from ‘fast strategy’ (r-
selected) species (i.e. those having small eggs, small body mass, multiple broods and large
clutch sizes) to ‘slow strategy’ (K-selected) species (hereafter the ‘first life history axis’). The
second axis (PC2, explaining 19.5% of variability, eigenvalue = 0.98) depicted an
independent gradient from species allocating most of their energy to just one breeding attempt
per season — i.e. having a single brood and larger clutch sizes — to species spreading their
investments to multiple breeding attempts per season — i.e. having multiple broods and

smaller clutch sizes (Fig. Al).

2.4. Data analysis

We tested the effect of species protection by comparing population trends between protected
and non-protected species with linear mixed effect models (library nlme, R Development
Core Team, 2005). The response variable was population trend, the explanatory variables with
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fixed effects were: time period (i.e. 1970-1990 and 1990-2000), protection status (i.e.
protected and non-protected), species’ traits (defined in section 2.3.) and country. The
interaction of a given explanatory variable with the time period quantified the effect of this
variable on the change in population trends between the two time periods across species and
countries. In the case of protection status, we included a three-way interaction between time
period, protection status and country to test country-specific effects of species protection on
species trends. However, we did not estimate country-specific effects for trait variables since
models would be too complex and since we did not expect interactions between species traits,
time period and country. To control for a potential impact of common evolutionary history on
the observed relationships, we accounted for phylogenetic relatedness among species,
expressed as species nested in genus nested in family as random effects in all models (see
Lockwood et al., 2002; Jiguet et al., 2010). We also fitted the linear models without the
random effects of bird taxonomy and compared model fit between the two models with a
likelihood ratio test.

In order to select the best subset among the trait variables, we performed model
simplification using the information theoretic approach (Burnham and Anderson, 2002) in a
two-step procedure. In step one, we selected the variables with the highest explanatory power
within each of six groups consisting of related traits: (i) habitat niche, (ii) dietary niche, (iii)
climatic niche, (iv) migration strategy, (v) nest type and location and (vi) life history axes,
respectively (Table 2). Within each group, all trait variables and their twofold interactions
were assessed. We performed model averaging across all candidate models within each group
obtaining model averaged coefficients with their confidence intervals (Johnson and Omland,
2004). The terms whose confidence limits did not include zero were taken for the next step
(see below). In step two, we combined selected terms from the different groups of species
traits into a full model, which was further reduced by the same assessment procedure. Once
again, we dropped the variables whose confidence limits included zero and thus obtained a
final set of the trait variables. This final model thus contained the remaining set of species
traits, as well as the variables time period, protection status and country. Significance of fixed
effects in the final model was assessed with a type-II analysis of deviance using Wald chi*-
tests that is independent of the sequence of factors in the final model.

For visualizing effects predicted by the final model, we calculated predicted values of
population trends estimated by the final model to quantify country- and period-specific effects
of species’ conservation status. We thus calculated predicted population trends for each
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species in each country and calculated means and standard errors across species' population
trends for protected and non-protected species, respectively. We plotted these values (i) across
all countries, (ii) for the two groups of countries defined by protection strategy, and (iii) for

every individual country.

3. Results
The final model showed large differences in population trends between the time periods
1970-1990 and 1990-2000, between countries, as well as between species differing in their

protection status and in species traits (Table 1).

3.1. Effects of species protection

Species protection showed a significant effect on changes in species population trends in
Eastern Europe between the two time periods, as indicated by the significance of the
interaction between protection status and time period (Table 1). At the regional level in 1970—
1990, protected species had more negative population trends than non-protected species, but
mean trends of both groups became similar in 1990-2000. That is, population trends of
protected species improved in the second time period, while this was not the case for non-
protected species (Table 1, Fig. 1). Nevertheless, mean population trends remained negative
irrespective of species’ protection status in 1990-2000 (Fig. 1).

The positive effect of protection status on changes in population trends was driven
mainly by countries where less than 55% of the bird species were protected (Fig. 2). In these
countries, population trends of protected species improved markedly after protection was
legally enforced in the 1990s. The population trends of non-protected species were more
positive than those of protected species between 1970 and 1990, but trends of non-protected
species improved only slightly during 1990-2000 (Fig. 2a). In the group of five countries with
more than 80% protected bird species, population trends of protected species were the same in
both periods. At the same time, population trends of non-protected species deteriorated in
these countries. Positive population trends from 1970—-1990 turned to negative trends from
1990-2000 (Fig. 2b).

At the country level, the effect of species protection status was generally positive
corresponding to the regional-scale pattern, but it varied considerably among individual

countries (Fig. A2; 3-way interaction term in Table 1).



3.2. Effects of species traits

Population trends were significantly affected by four trait variables and three of these
relationships changed between the two time periods. Testing the effect of migration flexibility
showed that facultative migrants had more positive population trends than obligatory migrants
or residents in 1970—1990, but this relationship disappeared in 1990-2000 (Table 2). An
interesting pattern was observed in the case of nest location. In addition, ground nesting
species had more negative population trends than the above ground nesting species in 1970—
1990, but this difference in population trends was significantly weaker in 1990-2000 (Table
2). The effect of the first life history axis (PC1) did not differ between the two time periods; r-
selected species showed more negative population trends in both periods than K-selected
species (Table 2). An effect was also detectable for the second life history axis (PC2). Species
allocating energy into fewer breeding attempts had more negative population trends than
species spreading their investments into multiple breeding attempts (Table 2). This

relationship was observed in 1970—-1990, but was not detectable in 1990-2000 (Table 2).

3.3. Effects of phylogenetic relatedness

The model containing taxonomic information as additional random effects explained a
significantly larger proportion of the variability in bird population trends than the linear model
without this random effect (Likelihood ratio = 438.4, P < 0.001). This suggests that
phylogenetic relatedness played a significant role and justifies our effort to control for its
effects. However, variance partitioning among random effects showed that the residual
variance was by far the most important component of overall variance (accounting for 76.9%
of variability, variance = 0.32). Family explained 4.7% (variance = 0.02) and genus explained
less than 0.1% of variability in population trends (variance < 0.01). Species had the most

notable effect explaining 18.4% of variability (variance = 0.07).

4. Discussion

Our results clearly show that the species protection guaranteed by national legislation was
positively related to changes in bird populations in Eastern Europe. After controlling for the
effects of species’ ecology, life history and phylogenetic relatedness, population trends of
protected bird species showed greater improvement from 1970-1990 to 1990-2000 than the

trends of non-protected species.
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This pattern suggests that the modern conservation legislation adopted in early 1990s
in Eastern European countries was generally effective in protecting bird species listed in
national laws. This agrees with the positive influence of species protection already found in
Western Europe (Donald et al., 2007) and North America (Male and Bean, 2005). On the
other hand, improvement of population trends found in the present study was not as strong as
the positive effect of listing the species into Annex I of the Birds Directive found by Donald
et al. (2007) using population trend data obtained in the same time intervals. This difference
can be caused either by a higher effectiveness of the species protection under Birds Directive
which applied the protection conditions at the international level or by longer time elapsed
since it came into effect in individual countries. In the future, it would be interesting to test
whether the implementation of the Birds Directive into the national legislation provided
benefits for Annex I species in some Eastern European countries after accession to the EU in
2004, and whether the generally good performance of national species protection continued.

Although generally positive, the effect of species protection showed a great variability
across Eastern European countries. This fact was probably caused by various country-specific
factors which are difficult to uncover without expert knowledge of local conditions.

It is interesting that the results confirmed both predictions about the efficiency of
protection in countries differing in the proportion of species being listed as protected. Thus in
countries that listed only a small proportion of species, the targeted protection resulted in a
better improvement of the protected species’ trends. This pattern was indeed evident in the
respective countries suggesting a selection of appropriate species for protection efforts and an
effective enforcement of legal protection. At the same time, in the countries listing more than
80% of species as protected (including common species such as Sylvia atricapilla or Parus
major — see Table A2) the effective protection prevented further population decline of the
protected species while the trends of non-protected species markedly deteriorated here: from
the positive trends in 1970-1990 to negative trends in 1990-2000. It is thus possible that these
species were subject to exploitation and disturbance such as hunting and habitat destruction in
these countries in 1990s (Chiron and Julliard, 2013). Therefore, both approaches to species
protection can deliver positive outcomes for conservation practice. As a perspective, we
suggest that a combination of the two conservation models can achieve the best outcomes for
species protection: a basic level of protection for most (or even all) species will successfully

prevent population declines, whereas a selected subset of threatened species shall be protected
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under more stringent conditions, including active support if feasible (Garnett et al., 2003),
facilitating positive effects on population trends.

We must take into account that the effect of population improvements by establishing
new legislation could be masked by temporal coincidence with other factors. Among them, an
improvement of the environmental conditions after 1990, that was observed at least in some
post-communist countries (Gotawski, 2006; Kolecek et al., 2010), is an obvious candidate.
For example, several studies provide evidence that land abandonment after collapse of
communism improved population trends of many farmland bird species (Stoate et al., 2009;
Kamp et al., 2011). A similar population increase was found in forest birds due to lower
impacts of acid emissions on forest stands (Flousek, 1989) achieved by improvement of air
cleaning technologies in coal power stations (Hlnova et al., 2004). However, such factors
should affect the species irrespective of their protection status and they thus cannot explain
the observed difference in improvement of population trends between the protected and non-
protected species. Therefore, we suggest that, in addition to these factors, the species
protection status might have played a significant role.

Consistent with earlier studies (Bohning-Gaese and Oberrath, 2003; Jiguet et al., 2007,
Van Turnhout et al., 2010; Webb et al., 2010), species’ traits also influenced bird population
trends in Eastern Europe. Declines of obligatory long-distance migrants in 1970-1990 and, in
turn, the same trends of species of all migration strategies in 1990-2000, correspond with
pan-European analysis of Sanderson et al. (2006) who observed a significant decline of trans-
Saharan migrants in 1970-1990, but not in 1990-2000. Negative population trends of ground
nesting species are most likely driven by the decline of farmland birds frequently reported in
European countries (Donald et al., 2001; 2006). The reduction of the rate of their decline
observed in our study may be related to reduced agricultural intensity in Eastern Europe after
the fall of communism (Donald et al., 2001; Stoate et al., 2009), which resulted in temporal
farmland bird recovery in some countries (Reif et al., 2008 but see Baldi and Batary, 2011).
For non-farmland birds, breeding in semi-natural terrestrial habitats, encroachment by
nitrophilic grasses and shrubs might be a cause for the decline of ground-nesters (Van
Turnhout et al., 2010). A decline in nitrogen and phosphate emissions might have ameliorated
the situation for these species. In addition, we found that K-selected species, as well as
species spreading their breeding investment into multiple breeding attempts, had more
positive population trends than r-selected species and species allocating their energy to just
one breeding attempt, respectively. Similar relationships were observed in France (Jiguet et
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al., 2007) and in the Czech Republic (Reif et al., 2010). The traits identified above are also
found in invasive bird species (Sol et al., 2012). Sol et al. (2012) suggest that successful
invaders are species that are able to wait longer until environmental conditions are suitable for
reproduction (i.e. K-selected species) and, more importantly, those having multiple breeding
attempts. It seems possible that the life histories identified above could be generally
advantageous for survival under adverse environmental conditions, at least for birds.

In conclusion, we found positive effects of species protection delivered by national
legislation in Eastern Europe. National legal protection plays an important role in preventing
population declines at a regional scale. At the same time, direction and magnitude of its
effects showed considerable variation among the countries. In future studies, it would be
interesting to explain this variation by a more detailed analysis focused on the level of
implementation and enforcement of the bird conservation legislation, as well as on other local
factors like the history and tradition of nature conservation or socio-economic factors. Such
an assessment can supply important lessons for further development of the national and
international bird protection policies formulating widely applicable rules to achieve the

highest effectiveness. Our study is a first step on this research avenue.
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Table 1. Analysis of deviance of the final linear mixed effects model including effects of
species’ traits and legal protection status on population trends of 306 bird species in two time
periods (first: 1970-1990, second: 1990-2000). Mixed effects models accounted for avian
phylogenetic relatedness by including family, genus and species as nested random effects.
Significance of effects was assessed with a Type II analysis that is independent of the
sequence of factors in the model using a Wald chi*-test. The residuals of the final model

traced normal distribution.

Explanatory variable Df Chi*® P

Protection status 1 6.18  0.013
Country 9 144.61 <0.001
Time period 1 7.67 0.006
PC1 1 592 0.015
PC2 1 279 0.095
Nest location 1 974  0.002
Migration flexibility 1 3.07 0.080
Protection % country 9 3194 <0.001
Protection x time period 1 32.06 <0.001
Country x time period 9 73.90 <0.001
PC2 x time period 1 10.73  0.001
Nest location % time period 1 6.97  0.008
Migration flexibility x time period 1 11.82  0.001
Protection % country x time period 9 18.52  0.030
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Table 2. Effects of species’ traits on population trends of 306 bird species in two time periods
(first: 1970-1990, second: 1990-2000) in 10 Eastern European countries as revealed by the
final linear mixed effects model. The main effect refers to the relationship between a given
trait and the population trend in the first time period, the interaction term refers to the change

in trends between the first and second time period.

Trait variable Estimate SE df t P

Migration flexibility 0.15 0.05 139 296 0.004
Migration flexibility x time period -0.14 0.04 3366 -3.42 0.001
Nest location 0.11 0.03 139 3.84 <0.001
Nest location % time period -0.05 0.02 3366 -2.62 0.009
PCl1 -0.04 0.02 139 -242 0.017
PC2 0.07 0.03 139 2.70 0.008
PC2 x time period —0.06 0.02 3366 -3.25 0.001
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Figure 1. Predicted values of population trends (+SE) of 306 protected and non-protected
species in 10 Eastern European countries in 1970-1990 (white bars) and 1990-2000 (grey
bars) as estimated by the final model (see Table 1). Population trends range between —1 and 1.

See section 2. for more details.
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Figure 2. Predicted values of population trends (+SE) of 306 protected and non-protected
species in Eastern European countries protecting (a) less than 55% species (five countries)
and (b) more than 80% species (five countries) in 1970—-1990 (white bars) and 1990-2000
(grey bars) as estimated by the final model (see Table 1). Population trends range between —1

and 1. See section 2.4. for more details.
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Table A1l. Temporal validity, national legislation regarding protected species, and the

proportion of protected species (%) using the full national lists of protected species in 10

Eastern European countries.

Country Valid

Country code Legislation tool since % protected

Belarus BY Act no. 201 1993 27
Croatia HR Act no. 30/94 and 72/94 1995 92
Czech Rep. CZ Actno. 114/92 and 395/92 1992 52
Estonia EST Act no. RT Part I 1994, No. 46. Art. 773 1994 81
Hungary H Statute no. 12/1993 1993 91
Latvia LV Actno. 107 1987 25
Moldova MD Act no. 439 1995 32
Poland PL Actno. Dz.U.91.114.492 and Dz.U.95.13.61 1995 92
Slovakia SK Act no. 287/94 and 192/93 1993 81
Ukraine UA Act no. 1264-XI1 1994 21
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Table A2. List of the 306 bird species and their protection status in 10 Eastern European
countries in 1990-2000 used in the analyses. Dashes (—) denote where the species does not
occur in that country, 0 — game / non-protected bird species, 1 — legally protected species. See

sections 2.1. and 2.2. for more details. See the Table A1 for the country codes.

Species BY CZ EST R LV MD PL SK UA

Accipiter brevipes — 1
Accipiter gentilis 0
Accipiter nisus 0
Acrocephalus arundinaceus 0
Acrocephalus dumetorum - -
Acrocephalus melanopogon — — —
Acrocephalus paludicola - - -
Acrocephalus palustris 0
Acrocephalus

schoenobaenus 0

Acrocephalus scirpaceus —
Actitis hypoleucos 0
Aegithalos caudatus —
Aegolius funereus —
Aegypius monachus —
Alauda arvensis 0
Alca torda —
Alcedo atthis 1
Alectoris graeca —
Anas acuta

Anas clypeata
Anas crecca

Anas penelope
Anas platyrhynchos
Anas querquedula
Anas strepera
Anser anser

Anthus campestris
Anthus pratensis
Anthus spinoletta
Anthus trivialis
Apus apus

Apus melba - - - =
Apus pallidus - - - —
Aquila chrysaetos 1 - 1 —
Aquila clanga - - - - - - =
Aquila heliaca - - = 11 - - -1
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Aquila pomarina
Ardea cinerea

Ardea purpurea
Ardeola ralloides
Arenaria interpres
Asio flammeus

Asio otus

Athene noctua

Aythya ferina

Aythya fuligula

Aythya marila

Aythya nyroca

Bonasa bonasia
Botaurus stellaris
Branta leucopsis

Bubo bubo

Bucephala clangula
Burhinus oedicnemus
Buteo buteo

Buteo rufinus
Calandrella brachydactyla
Calandrella rufescens
Calidris alpina
Calonectris diomedea
Caprimulgus europaeus
Carduelis cannabina
Carduelis carduelis
Carduelis chloris
Carduelis flammea
Carduelis spinus
Carpodacus erythrinus
Cepphus grylle
Certhia brachydactyla
Certhia familiaris
Cettia cetti
Charadrius alexandrinus
Charadrius dubius
Charadrius hiaticula
Chlidonias hybridus
Chlidonias leucopterus
Chlidonias niger
Ciconia ciconia
Ciconia nigra

Cinclus cinclus
Circaetus gallicus
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Circus aeruginosus
Circus cyaneus
Circus macrourus
Circus pygargus
Cisticola junicidis
Clamator glandarius
Coccoth. coccothraustes
Columba livia f.domestica
Columba oenas
Columba palumbus
Coracias garrulus
Corvus corax

Corvus corone
Corvus frugilegus
Corvus monedula
Coturnix coturnix
Crex crex

Cuculus canorus
Cygnus cygnus
Cygnus olor

Delichon urbica
Dendrocopos leucotos
Dendrocopos major
Dendrocopos medius
Dendrocopos minor
Dendrocopos syriacus
Dryocopus martius
Egretta alba

Egretta garzetta
Emberiza cia
Emberiza cirlus
Emberiza citrinella
Emberiza hortulana
Emberiza melanocephala
Emberiza schoeniclus
Eremophila alpestris
Erithacus rubecula
Falco biarmicus
Falco cherrug

Falco columbarius
Falco elenorae

Falco naumanni
Falco peregrinus
Falco subbuteo

Falco tinnunculus
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Falco vespertinus
Ficedula albicollis
Ficedula hypoleuca
Ficedula parva
Fringilla coelebs
Fringilla montifringilla
Fulica atra

Galerida cristata
Gallinago gallinago
Gallinago media
Gallinula chloropus
Garrulus glandarius
Gavia arctica
Geochelidon nilotica
Glareola nordmanni
Glaucidium passerinum
Grus grus

Gyps fulvus
Haematopus ostralegus
Haliaeetus albicilla
Hieraaetus fasciatus
Hieraaetus pennatus
Himantopus himantopus
Hippolais icterina
Hippolais olivetorum
Hippolais pallida
Hippolais polyglotta
Hirundo daurica
Hirundo rupestris
Hirundo rustica
Ixobrychus minutus
Jynx torquilla
Lagopus lagopus
Lanius collurio
Lanius excubitor
Lanius minor

Lanius senator

Larus argentatus
Larus cachinnans
Larus canus

Larus fuscus

Larus marinus

Larus melanocephalus
Larus minutus

Larus ridibundus
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Limosa limosa
Locustella fluviatilis
Locustella luscinioides
Locustella naevia
Loxia curvirostra
Lullula arborea
Luscinia luscinia
Luscinia megarhynchos
Luscinia svecica
Lymnocryptes minimus
Melanitta fusca
Melanocorypha calandra
Mergus merganser
Mergus serrator
Merops apiaster
Miliaria calandra
Milvus migrans
Milvus milvus
Monticola saxatilis
Monticola solitarius
Motacilla alba
Motacilla cinerea
Motacilla citreola
Motacilla flava
Muscicapa striata
Neophron percnopterus
Netta rufina

Nucifraga caryocatactes
Numenius arquata
Numenius phaeopus
Nycticorax nycticorax
Oenanthe hispanica
Oenanthe isabellina
Oenanthe oenanthe
Oenanthe pleshanka
Oriolus oriolus

Otis tarda

Otus scops

Pandion haliaetus
Panurus biarmicus
Parus ater

Parus caeruleus
Parus cristatus

Parus lugubris

Parus major
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Parus montanus 0
Parus palustris
Passer domesticus —
Passer hispaniolensis
Passer montanus
Perdix perdix —
Pernis apivorus
Phalacrocorax aristotelis
Phalacrocorax carbo —
Phalacrocorax pygmaeus —
Phasianus colchicus —
Philomachus pugnax
Phoenicurus ochruros
Phoenicurus phoenicurus
Phylloscopus collybita
Phylloscopus sibilatrix
Phylloscopus trochiloides
Phylloscopus trochilus
Pica pica

Picoides tridactylus
Picus canus

Picus viridis

Platalea leucorodia —
Plegadis falcinellus —
Pluvialis apricaria 1
Podiceps auritus —
Podiceps cristatus 0
Podiceps grisegena 1
Podiceps nigricollis —
Porzana parva -
Porzana porzana 0
Porzana pusilla —
Prunella collaris —
Prunella modularis 0
Puffinus yelkouan - - - =
Pyrrhocorax graculus
Pyrrhula pyrrhula
Rallus aquaticus
Recurvirostra avosetta
Regulus ignicapillus —
Regulus regulus
Remiz pendulinus
Riparia riparia
Saxicola rubetra
Saxicola torquata —
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Scolopax rusticola
Serinus serinus

Sitta europaea

Sitta neumayer
Somateria mollissima
Sterna albifrons
Sterna caspia

Sterna hirundo
Sterna paradisaea
Sterna sandvicensis
Streptopelia decaocto
Streptopelia turtur
Strix aluco

Strix uralensis
Sturnus vulgaris
Sylvia atricapilla
Sylvia borin

Sylvia cantillans
Sylvia communis
Sylvia curruca

Sylvia hortensis
Sylvia melanocephala
Sylvia nisoria
Tachybaptus ruficollis
Tadorna ferruginea
Tadorna tadorna
Tetrao tetrix

Tetrao urogallus
Tetrax tetrax
Tichodroma muraria
Tringa glareola
Tringa nebularia
Tringa ochropus
Tringa totanus

Troglodytes troglodytes

Turdus iliacus
Turdus merula
Turdus philomelos
Turdus pilaris
Turdus torquatus
Turdus viscivorus
Tyto alba

Upupa epops
Vanellus vanellus
Xenus cinereus
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Table A3. The fixed effects of species’ traits on population trends of 306 bird species in 10
Eastern European countries in two time periods (first: 1970-1990, second: 1990-2000) as
revealed by averaging of linear mixed effects models providing estimates and their 95%
confidence limits (CI) controlling for the fixed effect of species’ legal protection (see Table 1)
and random effects of phylogenetic relatedness (see section 3.3. and Appendix A). In the Step
1, we run the model averaging within the groups of related variables; in the Step 2, we
combined the best performing terms into one model (see section 2.4. for details). The main
effect refers to the relationship between a given trait and the population trend in the first time
period, the interaction term refers to the change in trends between the first and second period.

The terms whose confidence limits did not include zero are in bold.

Trait variable Estimate Lower CI Upper CI
Step 1

Climatic niche

Climatic niche position —0.001 —0.016 0.013
Climatic niche range 0.001 —0.007 0.009
Climatic niche position x time period <0.001 —0.008 0.008
Climatic niche range % time period —0.002 —0.010 0.006
Dietary niche

Dietary niche breadth 0.059 —0.045 0.162
Dietary niche position —0.025 —0.096 0.045
Dietary niche breadth % time period —0.093 —0.187 0.001
Dietary niche position % time period 0.011 —0.033 0.055
Habitat niche

Habitat niche breadth 0.011 —0.019 0.041
Habitat niche position —0.011 —0.041 0.020
Habitat humidity 0.029 —0.047 0.104
Habitat niche breadth x time period —0.004 —0.024 0.015
Habitat niche position x time period 0.001 —0.008 0.010
Habitat humidity x time period —0.003 —0.026 0.021

Migration strategy

Migration distance —0.090 —0.169 -0.011
Migration flexibility 0.108 —0.012 0.227
Migration distance x time period 0.028 —0.030 0.086
Migration flexibility % time period —0.105 —0.208 —0.001
Nest type and location
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Nest location

Nest type

Nest location % time period
Nest type x time period

Life—history axes
PC1

PC2

PC1 x time period
PC2 x time period

Step 2

Migration distance

Migration flexibility

Migration flexibility % time period
Nest location

Nest location % time period

PC1

PC2

PC1 x time period

PC2 x time period

0.122
—0.010
—0.063

0.002

—0.059
0.082
0.035

—0.067

—0.047
0.119
—0.119
0.099
—0.050
—0.052
0.075
0.027
—0.064

0.061
—0.062
—0.107
—0.019

—0.097
0.022
0.004

—0.107

—0.116
0.014
—0.199
0.041
—0.091
—0.087
0.020
—0.001
—0.103

0.183
0.041
—0.018
0.023

—0.022
0.141
0.064

—0.027

0.021
0.223
—0.039
0.157
—0.009
—0.017
0.130
0.054
—0.026
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Fig. Al. The two most important ordination axes revealed by a principal component analysis,
explaining the largest proportion of variability among five life history traits (i.e. body mass,
egg mass, number of broods per year, clutch size and length of incubation) in 306 bird species

breeding in 10 Eastern European countries.
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Fig. A2. Predicted values of population trends (=SE) of 306 protected (not shadowed) and

non-protected (shadowed) species in Eastern European countries protecting (a) less than 55%
species and (b) more than 80% species in 1970—-1990 (white bars) and 1990-2000 (grey bars)
as estimated by the final model (see Table 1). The population trends range between —1 and 1.

See section 2.4. for more details.

33



Appendix A. Results of the two-step selection process of trait variables

We applied information-theoretic approach based on averaging of all candidate models to
identify relevant traits that could be included into the final model. In the first step, we
assessed all combinations of respective trait variables within groups of related traits. In the
second step, we combined the best performing terms (i.e. those whose confidence limits did
not include zero) from the previous step into one model and repeated the model averaging to
obtain the final set of trait variables.

In the step one, we found following effects on population trends in the focal time
periods (1970-1990 and 1990-2000; Table A3): the main effect of migration distance
showing more negative population trends of long-distance migrants than the trends of short-
distance migrants or residents irrespective to time period; the interaction effect of migration
flexibility showing change in difference in the trends between the facultative migrants and
obligatory migrants or residents between the time periods; both main and interaction effects of
nest location showing more negative population trends of ground nesting species than the
trends of above ground nesting species in 1970-1990, but improvement of the trends in the
former species in 1990-2000; both main and interaction effects of first (PC1) and second
(PC2) life history axis showing more negative population trends of r-selected species than the
trends of K-selected species, as well as more negative population trends of species allocating
energy into less breeding attempts than the trends of species spreading their investments into
multiple breeding attempts; these two relationships applied in 1970—-1990 but got weaker in
1990-2000. In contrast, the trait variables describing the effects of habitat, dietary and
climatic niche were dropped in the step one.

In the step two, the main effect of migration distance and the time period x PC1
interaction were dropped. At the same time, the main effect of migration flexibility turned to
significance showing that the facultative migrants had more positive population trends than
short-distance migrants or residents in 1970—1990, but this difference in trends nearly
disappeared in 1990-2000. The other relationships described in the step one held for the step

two.
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Abstract

For development of effective conservation measures, it is crucial to know how the ecological
traits relate to the risk of species’ extinction. This study aims to assess the relative importance
of species’ habitat specialization and life history as predictors of species’ national threat level.
Analysing threat level of 87 central European passerine bird species we found that habitat
specialists are always more threatened than the habitat generalists. However, this relationship
was affected by species’ life history. While the slow life history increases the risk of
extinction in habitat specialist species, it reduces such risk in habitat generalists. These results
suggest that the habitat deterioration is most likely a principle cause of elevated extinction
risk, but abilities of species to cope with largely depend on their life histories. It should be
taken into account during guiding conservation management targeted on improving

population status of the threatened species.

Keywords: birds, red lists, slow-fast continuum, specialization, threatened species



Introduction
Red lists of threatened species express species’ extinction risk and thus belong to the
fundamental tools in nature conservation (Hambler 2004). At the national level, red lists help
to form and update the lists of protected species and to target the conservation effort on the
most threatened ones (Brito et al. 2010). Species listing follows a formal assessment of their
population status using specified scientific criteria focusing mainly on population
development (Mace ef al. 2008). National red lists may also reflect cultural importance,
conservation value and priorities, international responsibility for protection, or a combination
of several of these factors (Miller ef al. 2007). Yet, to apply the red lists into conservation
practice more effectively, it is important to have good knowledge of the ecological
characteristics of the species being listed in contrast to those being not recognized as
threatened.

Birds show huge diversity of life histories and ecological roles (Bennett and Owens
2002) and current knowledge of their ecology enables to formulate predictions concerning
traits correlating with the level of their threat. Thus, (i) habitat specialists should show higher
levels of threat because they are more susceptible to the recent global changes such as climate
and land use change due to their limited ability to switch among different environments
(Jiguet et al. 2007; Shultz et al. 2005). Moreover, habitat specialists often live in more natural
habitats that are being destroyed at increasing rate (Owens and Bennett 2000). (i1) Extinction
risk could be determined by a position of species’ life history along the slow-fast continuum.
Species at the slower end of the life history continuum (‘K-selected’ species) are
characterized by smaller clutches, larger eggs, lower fecundity and longer parental care
(Stearns 1992). These traits had been shown to limit species’ population growth rates (Saether
et al. 2005). Under the conditions of recent environmental perturbations, the K-selected
species should be more threatened than the species with faster life histories (‘r-selected’
species). (iii) Recent climatic changes negatively impact on reproduction of species breeding
later in breeding season and having smaller number of breeding attempts per year (Salido et
al. 2012). These species are probably more affected by phenological mismatch between
timing of breeding and the amount of food supply than the species starting their breeding
earlier and investing energy into more attempts (Both et al. 2010). Therefore, we predict the
threat level will be higher for the former species and lower for the latter species.

In this study, we test the proposed predictions using data based on 87 passerine bird

species breeding in a central European country, the Czech Republic.



Materials and methods

We focused on 87 passerine species breeding in the Czech Republic for which the data on all
focal traits were available. Values for threat level were extracted from the current version of
the national Red List (Stastny and Bejéek 2003; Table S1) classifying species into the
respective standard [IUCN categories using the framework outlined by Géardenfors ef al.
(2001) for development of [IUCN Red List at the national level: least concern (0), near
threatened (1), vulnerable (2), endangered (3) and critically endangered (4). Threat level was
used as a response variable in further analysis.

The degree of habitat specialization was quantified using the habitat species
specialization index (SSI) introduced by Julliard et al. (2006). The indices of particular
species (Table S1) were calculated by Reif et al. (2013) using data from a large scale breeding
bird monitoring scheme in the Czech Republic. This monitoring scheme is based on
standardized point counts conducted by skilled volunteers along hundreds of census transects.
These transects are scattered throughout the country and habitat composition in the areas
where transects are presented corresponds well to the habitat composition of the whole Czech
Republic (Reif ef al. 2008). We further improved representativeness of bird census data by
random selection of transects within higher administrative units (these being of approximately
same size) and thus achieved relatively even coverage of all parts of the country. See Reif et
al. (2013) for more details on data collection.

The index was calculated as a coefficient of variation of species’ density over five
habitats, assuming that the density is more variable in the specialist species, which are
confined to just a few habitats, than in the generalist species, which are distributed more
evenly over habitats (Devictor et al. 2008). SSI of breeding bird species in the Czech
Republic corresponded well to breadth of species’ habitat niche calculated by other measures,
as well as to the expert-based classification (Reif ez al. 2010).

Species’ life-history was expressed using six 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 expressed as mean values from published data (Stastny
and Hudec 2011). As these traits were closely correlated (e.g. Sather 1988; Stearns 1992), we
used principal component analysis (PCA) to reduce many correlated variables into a smaller
number of independent axes (see Kolecek and Reif 2011). PCA identified two clear patterns
within the assemblage of analyzed species (Fig. 1). The first ordination axis (PC 1, explaining
41.8% of the variability among species) expressed a gradient from ‘r-selected’ species with

fast life histories (i.e. those having small eggs, small body mass, multiple broods and large



clutch sizes) to ‘K-selected’ species with slow life histories. The second axis (PC 2,
explaining 23.0% of variability) depicted an independent gradient from species allocating
most of their energy to just one breeding attempt per season — i.e. late breeding species with
single broods and smaller clutch sizes to species spreading their investments to multiple
breeding attempts per season — i.e. earlier breeding species with multiple broods and larger
clutch sizes.

We related the threat level to the focal explanatory variables, i.e. SSI, PC1 and PC2,
using linear mixed effect models (library nlme, R Development Core Team 2005). The
models included all possible combinations of particular variables and their twofold
interactions as fixed effects. Model performance was assessed using Akaike Information
Criterion corrected for small sample sizes (AIC.; Burnham and Anderson 2002). Across all
component models, we applied model averaging to reveal the parameter estimates for the
explanatory variables with their 95% confidence intervals (Barton 2009). We centered the
predictors at the mean which is necessary for correct interpretation of interaction effects
between continuous explanatory variables (Schielzeth 2010). Moreover, such centering
enables comparison of explained variability among variables using their regression
coefficients (Schielzeth 2010).

To control for a potential impact of common evolutionary history on the observed
relationships, we included bird phylogenetic relatedness expressed as genus nested in family

as random effects in all models (see Lockwood et al. 2002).

Results

According to the AIC.-based assessment of all possible combinations of the explanatory
variables, species’ threat level was related to both species’ habitat specialization and position
along r-K continuum (as expressed by PC1; Table 1, Table 2). The species’ position along the
gradient of energy allocation into breeding attempts (PC2) was not present in the best model
(Table 1) and its model averaged confidence interval overlapped zero (Table 2). Increasing
habitat specialization and slower life history were associated with higher threat levels of
passerine bird species (Table 2). The values of the model averaged coefficients of these
variables indicate that the habitat specialization is a stronger predictor than life history.
Interestingly, these variables also show a negative interaction effect with confidence limits
not overlapping zero (Table 2). The model containing this interaction was ranked highest
among all candidate models with a weight of 0.48 and AIC, being by 2.80 smaller than the

best ranking model without this interaction. This interaction signifies that the threat level is



higher in the habitat specialists with slow life histories than in the specialists with fast life
histories, but the reverse is true for habitat generalists. In other words, while the slow life
history increases the risk of extinction in habitat specialist species, it reduces such risk in
habitat generalists.

According to the random part of the linear mixed effect models, phylogenetic
relatedness did not play a significant role. Family and genus level comprised each only less
than 0.01% of variability (overall variance less than 0.01). Residual variance accounted for

more than > 99.9% of variability in random effects (variance = 0.72).

Discussion
Species’ national threat level is strongly positively related to increasing habitat specialization
and species position along slow-fast continuum, whereas the timing of breeding and the
number of breeding attempts do not affect the level of threat. Thus, the results met our first
two expectations. Interestingly, the significant interaction suggests that the effect of species’
habitat specialization differs with respect to life history. While the slow life history increases
the risk of extinction in habitat specialist species, it reduces such risk in habitat generalists.
The habitat specialization makes the species at higher risk of regional extinction,
probably due to their sensitivity to human-induced environmental perturbations which are
more frequent in recent years (Devictor ef al. 2008). Our results from Central Europe also
correspond with the study of Owens and Bennett (2000) showing that the habitat specialists
are at the highest risk of extinction due to habitat loss at the global scale. We have confirmed
that this effect probably matters at smaller spatial scales too. This is in accordance with
widely reported population declines of specialist species across Europe (Le Viol et al. 2012).
Despite a clear pattern of higher threat for specialist species (but see Dapporto and Dennis
2013), it is less clear which mechanisms make the specialists at a higher extinction risk than
the habitat generalists. For specialists, we can speculate that if all local populations of a given
species utilize the same resources, then simultaneous resource depletion over a larger region
should result in immediate extinction risk of the whole species. By contrast, populations of
habitat generalists are often composed of several subpopulations living in different habitats
(Hernandez et al. 2006) and these habitats rarely would be depleted together. Moreover,
individuals of the generalist species can be more flexible in terms of habitat use than the
individuals of the habitat specialists and this individual ability could buffer deterioration of

certain habitats. Finally, habitat generalists often occupy new environments like urban or



exotic habitats (Devictor et al. 2007) that spread over the globe, while habitat specialists are
more associated with more natural habitats (Ricklefs 2011) undergoing destruction.

The interaction effect of species’ life history shed a new light on the relationship
between habitat specialization and threat level. The most threatened habitat specialists are
those with slow life histories, whereas the specialists with faster life histories are under lower
extinction risk. Species with fast life histories typically express high fecundity (Sather et al.
2005) and we can thus speculate that higher recruitment in their populations can compensate
the influence of factors connected to high habitat specialization to some degree. Alternatively,
the fast life history species have a small body size, which is negatively correlated with total
population size (Nee et al. 1991). Therefore, the specialist species with fast life histories can
have a higher regional abundance than the specialists with slow life histories and this can
result in a lower threat level for the former and higher for the latter ones.

An opposite pattern we found in habitat generalists. This is in accord with the finding
of Sol et al. (2012), who observed a higher success of slow-strategy species in avian
invasions. These species are able to allocate more energy to the future reproduction, can wait
for optimal environmental conditions and then enjoy their positive effects leading to more
favorable population status in the long-term (Sol ef al. 2012). We suggest this mechanism is
possible for habitat generalists that are not so heavily affected by habitat destruction as habitat
specialists. Alternatively, advantages of slow life histories for habitat generalists can be also
connected with body size. Because generalist species often dwell in urbanized landscapes
with a high abundance of potential nest predators such as domestic cats (Beckerman ef al.
2007), a large body size will be advantageous during nest defence (Gétmark and Post 1996)
and can thus lower nest predation resulting in lower extinction risk in species with slower life
histories than in the species with faster life histories. Moreover, large passerine species such
as corvids also have relatively larger brains than small passerines showing better cognitive
ability and higher behavioural plasticity (Sol et al. 2005). These characteristics widen an array
of opportunities available for bird species in disturbed landscapes and under conditions of
environmental changes (Reif ez al. 2011).

From a conservation perspective, our results indicate that the negative impact of
habitat deterioration is a dominant factor for elevating the species’ extinction risk, as
suggested by a strong effect of species’ habitat specialization. However, abilities of species to
cope with these adverse environmental changes largely depend on their life history strategy, at
least for central European passerine birds. We suggest this finding should be taken into

account during guiding conservation planning and management targeted on improving



population status of the threatened species. Clearly, specialist species with fast life histories

will need different approaches than the specialists with slower life strategies.
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Table 1. Characteristics of multipredictor linear mixed effect models assessing the
relationships between the threat level and habitat specialization (SSI) and life history traits
(expressed as two independent principal component axes, PC1, PC2) in 87 passerine species
breeding in the Czech Republic. The models are ordered according to their explanatory power

as revealed by Akaike information criterion (AICc).

Model No. of params AICc AAICc AICc weight
PC1 +PC2 +PCl1 x SSI 4 23371  0.00 0.48
PC1 +PC2 + SSI+ PC1 x SSI 5 236.00 2.29 0.15
PC1 + SSI 3 236.51 2.80 0.12
SSI 2 23696 325 0.09
PC1 +PC2 + SSI+ PC1 x SSI+ PC2 x SSI 6 238.28 4.57 0.05
PC1 +PC2 + SSI 4 238.49 478 0.04
PC2 + SSI 3 238.89 5.18 0.04
PC1 + PC2 + SSI + PC2 x SSI 5 24092 7.21 0.01
PC2 + SSI+PC2 x SSI 4 24125 7.54 0.01
Null 1 27991 46.20 <0.01
PC2 2 281.19 47.48 <0.01
PC1 2 281.34 47.63 <0.01
PC1 + PC2 3 282.67 48.96 <0.01

11



Table 2. The model averaged coefficients based on the Akaike Information Criteria (AIC,) of
all multipredictor linear mixed effect models assessing the relationships between the threat
level and habitat specialization and life history traits in 87 passerine species breeding in the
Czech Republic. The species-specific explanatory variables (centered at mean) are: habitat
specialization index (SSI) and two life-history axes as revealed by PCA (PC1, PC2). See the
Materials and methods section for definition of particular variables. The terms whose 95%

confidence intervals (CI) did not overlap zero are printed in bold.

Trait variable Estimate Lower CI Upper CI

PC1 —0.15 —0.29 —0.01
PC2 —0.04 —0.21 0.13
SSI 2.21 1.63 2.78
PC1 x SSI —0.59 —-1.12 —0.05
PC2 x SSI 0.08 —0.48 0.64
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Figure 1. The two most important ordination axes, revealed by a principal component

analysis, explaining the largest proportion of variability among six life history traits (i.e. body

mass, egg mass, number of broods per year, clutch size, laying date and length of incubation)

in 87 passerine bird species breeding in the Czech Republic.
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Table S1. The traits of 87 bird species used in the analyses: threat level according to the
national [IUCN Red List (threat; Stastny and Bejéek 2003), habitat specialization index (SSI)
and two most important life history axes as revealed by PCA (PC1, PC2). See the Materials

and methods section for definition of particular variables.

Species Threat SSI PC1  PC2
Acrocephalus arundinaceus 1.75 -0.21 -1.56
Acrocephalus palustris 1.39 0.88 -1.83
Acrocephalus schoenobaenus 1.62 0.95 -1.24
Acrocephalus scirpaceus 1.49 1.15 -2.29
Aegithalos caudatus 0.99 091 0.62
Alauda arvensis 1.76 0.65 0.98
Anthus pratensis 1.94 0.73  0.52
Anthus spinoletta 2.45 0.18 0.05
Anthus trivialis 1.05 0.71 -0.15
Carduelis cannabina 1.21 1.60 0.24
Carduelis carduelis 1.07 1.04 —0.02
Carduelis chloris 0.97 0.44 0.46
Carduelis flammea 0.96 1.78  0.25
Carduelis spinus 1.25 1.07  0.27
Carpodacus erythrinus 1.03 1.05 -2.51
Certhia brachydactyla 1.06 025 1.4l
Certhia familiaris 1.10 0.69 0.99
Cinclus cinclus 0.76 -1.96 0.22
Coccothraustes coccothraustes 1.01 —0.45 -0.79
Corvus monedula 1.02 —6.63 —0.04
Cyanistes caeruleus 0.89 0.66 1.19
Emberiza citrinella 1.26 0.56 0.77
Emberiza hortulana 1.75 0.67 -0.52
Emberiza schoeniclus 1.69 0.68 0.55
Erithacus rubecula 0.99 0.54 0.60

Ficedula albicollis 1.57 0.27 -0.83
Ficedula hypoleuca 0.99 0.20 -1.17
Ficedula parva 1.64 0.39 -1.78
Fringilla coelebs 0.89 0.66 0.66

1.54 -0.05 0.85
094 480 -0.17
0.97 0.58 —1.80
1.19 0.01 -0.78
146  -0.51 -1.52
1.52  -2.03 0.02
1.82  -1.75 -1.21
1.25 0.63 -2.30
1.92 0.77 -0.79

Galerida cristata
Garrulus glandarius
Hippolais icterina
Hirundo rustica
Lanius collurio

Lanius excubitor
Lanius minor
Locustella fluviatilis
Locustella luscinioides
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Locustella naevia
Lophophanes cristatus
Loxia curvirostra
Lullula arborea
Luscinia megarhynchos

Luscinia svecica cyanecula

Miliaria calandra
Motacilla alba
Motacilla cinerea
Motacilla flava
Muscicapa striata
Nucifraga caryocatactes
Oenanthe oenanthe
Oriolus oriolus
Panurus biarmicus
Parus major

Passer domesticus
Passer montanus
Periparus ater
Phoenicurus ochruros
Phoenicurus phoenicurus
Phylloscopus collybita
Phylloscopus sibilatrix
Phylloscopus trochiloides
Phylloscopus trochilus
Pica pica

Poecile montanus
Poecile palustris
Prunella modularis
Pyrrhula pyrrhula
Regulus ignicapilla
Regulus regulus

Remiz pendulinus
Saxicola rubetra
Saxicola torquata
Serinus serinus

Sitta europaea

Sturnus vulgaris

Sylvia atricapilla
Sylvia borin

Sylvia communis

Sylvia curruca

Sylvia nisoria
Troglodytes troglodytes
Turdus merula

Turdus philomelos

S OOV O OO D OO IOTNNO P OO O OO OO P OO0 OO WODWNDIODNDODONWOoO WooOo

1.43
1.46
1.47
1.44
1.50
1.53
1.59
1.14
0.75
1.25
0.99
1.32
2.10
1.17
2.19
0.85
1.35
1.15
1.30
1.17
0.79
0.91
1.14
1.22
0.96
1.28
0.98
0.93
0.94
1.05
1.33
1.44
1.69
1.80
1.47
0.93
1.00
1.11
0.93
0.97
1.30
1.01
1.90
0.98
0.82
0.88

15

1.22
—0.18
—0.70

0.13

0.24

0.27
—0.02

0.80

1.09

0.69

0.26
-5.33

0.31
—2.27

1.35

0.70

0.89

1.03

0.37

0.32

0.35

1.00

0.88

1.34

0.75
=5.77

0.11

0.69

0.98

0.06

0.67

0.52

0.65

0.57

0.75

1.16
—0.66
—-1.69

1.11

1.18

0.93

1.37
—0.05
—0.07
-1.91
—0.68

—0.42
0.86
3.61
1.59

-1.52
0.79
0.02
0.85
1.09
0.19

-1.51

—0.12
0.93

-1.86
1.70
1.12
2.55
1.25
0.60

—0.04
0.81
0.54

-1.09

-2.29

—0.39
0.27
0.26
0.79
0.72

—0.41
0.92
1.79
0.13

-1.34
1.61

—0.12
0.02
0.06

—0.68

—0.94

—0.92

—0.82

-1.49
1.34
1.55
1.23



Turdus pilaris 0 1.29 -2.12 040
Turdus torquatus 3 142 255 -1.38
Turdus viscivorus 0 1.09 -3.08 041
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Recenzni ¢innost
- Sylvia (1x), Panurus (1x), Zpravy MOS (1x), Acrocephalus

- oponentské posudky na bakalaiské (3%) a diplomové prace (1x%)

Dalsi odborna cinnost

- vedeni a konzultace stfedoskolskych odbornych (3x), bakaléaiskych (3x) a diplomovych
praci (1%)

- piedseda Moravského ornitologického spolku — sttedomoravské pobocky CSO

- ¢len redakéni rady ¢asopisu Krouzkovatel

- sprava webovych stranek casopisu Sylvia

- projektova Cinnost, potadani prirodovédnych prednasek a exkurzi

- medidlni prezentace
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