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Abstrakt

Tato prace se zabyva analyzou dlouhodobych zmén pocetnosti 28 vybranych
druhii vodniho ptactva na 4 riznych typech moktadnich lokalit (ptehrady, rybniky,
pramyslové vody a tekouci vody — potoky a feky) sledovanych v ramci Mezinarodniho
s¢itani vodnich ptaka v letech 1966-2015. Cilem je zhodnotit preferenci jednotlivych
typti vod a zodpovédét otazku, zda se lisi trendy pocetnosti konkrétnich druhi
na jednotlivych typech vod a zda jsou konkrétni rozdily v souladu s pravdépodobnou
existenci hustotni zavislosti na zimovistich.

Z vypocti vyplynulo, ze preference zimovani vodniho ptactva se zvysSuje
na prumyslovych vodach (jezera vznikla po tézbé, odkalisteé) oproti lokalitdm
tekoucich vod. Primyslové vody jsou vyhledavany oproti rybozravym druhtim spise
druhy bylozravymi, vSezravymi a druhy Zzivicimi se vodnimi bezobratlymi, coz je
pravdépodobné zplsobeno niz8i koncentraci ryb na primyslovych vodach nez
na ostatnich typech vod. Druhy s celkové nizs§i pocetnosti a druhy severské
vyhledavaji spiSe ptehrady nez tekouci vody. Posun preference sméfoval k potvrzeni

hustotni zavislosti.

Kli¢ova slova: vodni ptaci, Mezinarodni s¢itani vodniho ptactva, moktadni lokality,

dlouhodoby monitoring, zména pocetnosti



Abstract

The aim of this study is an analysis of long-term changes in numbers
of 28 selected waterbird species wintering at 4 different types of wetland refuge sites
(reservoirs, fishponds, industrial waters and running waters —rivers and streams)
monitored within the International Waterbird Census between 1966 and 2015.
We aimed to evaluate the pattern in water type preference and determine if there
is a difference in number trends of particular species at different refuge sites types
and if there are any variations according to the presumable existence of density
dependance at wintering refuge sites.

Results showed an increasing preference in waterbirds wintering at industrial
waters (sandpit and gravel lakes, industrial settling ponds) over running waters. Rather
herbivorous, benthivorous and omnivorous species than pescivorous species prefer
industrial waters, which is probably caused by a lower concentration of fish
in industrial waters than in other water types. Waterbird species of lower count
numbers and northern species showed a higher preference for wintering at reservoirs
over running water sites. The preference change leads to the density dependence

of wintering sites confirmation.

Key words: waterbirds, International Waterbird Census, wetland habitats, long-term

monitoring, numbers difference
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1. Uvod

1.1 Mezinarodni s¢itani vodniho ptactva

Pied vice nez stoletim zapocali pionyrsti piirodovédci cestu vedouci
K uskute¢novani programt na ochranu vodniho ptactva a jeho habitatt (Kuijken,
2006). Jiz pted druhou svétovou valkou se néktefi z nich v Anglii zabyvali tezi
0 dlouhodobém ubytku vodniho ptactva, zejména pak lovnych druhi. Teprve vSak
po konci valky, v roce 1947, zalozil ve Slimbridge pfirodovédec a malif Peter Scott
spole¢nost ,,The Wildfowl Trust“. V ramci tohoto pocinu vzniklo a bylo organizacné
zajisténo vyzkumné centrum IWRB (International Waterfowl Research Bureau), které
se zaCalo zabyvat pravidelnym dlouhodobym sc¢itanim populaci vodnich ptaku
na mezinarodni arovni (Hudec, 2010, Wetlands International, 2015).

Kli¢ovym bodem pro vyvoj ochranaiskych strategii byla konference MAR,
zabyvajici se implementaci ochrany a managementu mokiadi mirného pasma. Byla
organizovana Mezinarodnim svazem ochrany ptirody (IUCN), ICBP (International
Council For Bird Preservation) a IWRB (International Waterfowl Research Bureau)
v roce 1962. Béhem 60. let 20. stoleti nasledovalo mnozstvi dalSich konferenci, které
2. unora 1971 vyustily v irdnském Ramsaru v pfijeti Ramsarské umluvy, ktera slouzi
k ochran¢ mokftadu, které jsou mezinarodné vyznamné pro ochranu ptactva (Kuijken,
2006). Dalsim milnikem tématu ochrany ptirody byla Konference OSN o Zivotnim
prostfedi a rozvoji v Riu de Janeiru roku 1992 (United Nations Conference
on Environment and Development, UNCED), na Summitu byly pfijaty tfi vyznamné
dokumenty: Deklarace z Rio de Janeira o0 zivotnim prostiedi a rozvoji, Zasady
obhospodarovani lestt a Agenda 21. Vzhledem K faktu, Ze monitoring je zakladnim
Z nastroji ochrany (nejen) vodniho ptactva, ziistdva v centru zidjmu Wetlands
International od 60. let 20. stoleti (Kuijken, 2006).

Na tzemi Ceské republiky byla situace v druhé poloving 20. stoleti komplikovana
povalecnym rozdelenim Evropy. Prvni s¢itdni vodniho ptactva probéhlo v zimnim
obdobi 1958/59 pod zastitou Ceské myslivecké jednoty. Vysledky byly zpracovany
organizatorem doc. ing. J. Necasem (1959), doplnény tehdejsSim piredsedou
Ceskoslovenské spolecnosti ornitologické doc. dr. W. Cernym a publikovany

v &asopisu Lesnictvi 1959, s. 521-528 (Divoka kachna — hlavni tazna zvéf v CSR).


https://cs.wikipedia.org/wiki/Mok%C5%99ad

Predseda IWRB Luc Hofmann se jal v roce 1961 s¢itani vice vénovat a snazil se hledat
kontakty i v zemich vychodni Evropy. V tehdejsim Ceskoslovensku se po dohodé
na 1. evropské konferenci o vodnim ptactvu v St. Andrews roku 1963 zacal
V zajistovani organizace s¢itani angaZovat tehdej$i Ustav pro vyzkum obratlovci
Ceskoslovenské akademie véd v Brné, v jehoZ ornitologickém oddéleni v roce 1959
zacal vyzkum vodniho ptactva (Hudec, 2010).

Pravidelné s¢itani vodniho ptactva probiha v Ceské republice jiz od roku 1965.
Prvni scCitaci akce prob¢hla 14. 2. 1965 na 36 stanovistich (Urbanek, 1966). Ornitolog
biologické stanice v Lednici dr. Bohuslav Urbanek rozsitoval pocty scitateld,
materialy ovSem po jeho odchodu do Prahy v roce 1970 zistaly nevyuzité. V zimnim
obdobi 1970/71 pievzal organizaci s¢itani ing. Vladimir Fiala z Ustavu pro vyzkum
obratlovci/USEB v Brné, jenz zpracovaval kazdoroéni podrobné zpravy a vypracoval
i n¢kolik ptivodnich publikaci o zménach pocetnosti jednotlivych druhti. V roce 1978
bylo zfizeno samostatné s¢itaci centrum pro Slovensko (Folk, Kozena, Kien, 1984).

V obdobi od zimy 1979/80 az do roku 2003 byly vysledky s¢itdni vodniho
publikovany jen strucné a souhrnné a s¢itani bylo omezeno pouze na lednovy termin.
V sezoné 1979/80 organizaci séitani pievzala dr. Ivana Kozend, od zimy 1982/83
potom ing. Cestmir Folk (Folk, KoZena, Kfen, 1984), ktery pokracoval s riznymi
spolupracovniky (dr. Josef Kren, dr. Jitka Pellantova). Dr. Pellantova piesla po roce
1990 na CUOP/AOPK CR v Brné&, kde pokracovala v organizovéani az do roku 2003
(Hudec, 2010). V letech 2003-2011 byla koordina¢nim pracovistém IWC katedra
zoologie Prirodovédecké fakulty UK a od roku 2012 Katedra ekologie Fakulty
zivotniho prostiedi CZU v Praze (koordinator Zuzana Musilova).

V lednu 2015 se v Ceské republice konal jiz 50. ro¢nik séitdni vodniho ptactva.
Tento program spada odroku 1967 pod globalni monitorovaci program
Mezinarodniho s¢itani vodniho ptactva (International Waterbird Census, IWC), které
organizuje Wetlands International (dfive IWRB). Cilem IWC je shromazd’ovani dat
0 pocetnosti vodnich ptakil a jejich zmén, identifikace jednotlivych druht a jejich
habitatil, respektive zimovist’ a hnizdist’ na lokalni i mezindrodni urovni. Dnes s¢itani
zahrnuje vice nez 25 000 vodnich a mokiadnich lokalit ve vice nez 100 zemich svéta
(Wetlands International, 2015). V zapadni Palearktidé a jihozapadni Asii je kazdym
rokem monitorovano piiblizné 20 000 stanovist’, a to prevazné 11 000 dobrovolniky,
pfiemz je seCteno cca 20 milionti jedinct 175 druhl vodnich ptaki. Mezinarodni

s¢itani vodniho ptactva predstavuje nejstarSi a patrné nejrozsahlejsi zoologicky
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monitorovaci projekt v celosvétovém métitku (Gilissen et al., 2002). Jak bylo zminéno
vyse, v Ceské republice koordinuje projekt Mezinarodniho séitani katedra ekologie
Fakulty Zivotniho prostfedi Ceské zemé&délské univerzity v Praze. P¥i organizaci
s¢itani ovem spolupracuji i pobodky a kluby Ceské spole¢nosti ornitologické, nékteré

zékladni organizace CSOP a skautské oddily.
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1.2 Dlouhodobé zmény pocetnosti a distribuce zimujicich vodnich ptaki
vV Evropé

Ekologické zmény tykajici se rozmisténi druhli v zévislosti na zménach klimatu
se objevuji v rozsiteni flory i fauny, a to v motskych, sladkovodnich i suchozemskych
ekosystémech, pticemz koreluji s o¢ekavanymi posuny podle ptredpovézeného vlivu
klimatickych zmén. Vytvareji se evolucni adaptace na teplejsi klima a druhy postupné
roz8ifuji ¢i posunuji své ekologické niky (Parmesan, 2006). La Sorte & Thompson
(2007) prokézali posun druhti k severu, a to na zaklad¢ studia center vyskytu
pro 254 druhti severoamerické zimni avifauny mezi lety 1975-2004. Okraj severni
hranice tizemi jednotlivych druhti se pohyboval v jednotkdch kilometrii za rok.
Konkrétnim ptikladem klimatickou zménou vedeného posunu je populace bahnaka,
jichz se v jihozapadni Britanii objevovalo méné béhem teplejSich zim (Austin
& Rehfisch, 2005). Také se predpoklada, ze oteplovani klimatu ovlivnilo vzristajici
zpozdéni jizn€ smeérované podzimni migrace vodniho ptactva rozmnozujiciho se
v severni Evropé a na Sibifi (Lehikoinen & Jaatinen, 2012). Z mnoha studii vyplyva,
Ze vodni ptactvo je vuéi klimatickym zménam vysoce citlivé (Rainio et al., 2006).

U ptacich druhti jsou posuny, zejména severovychodnim smérem, nazorné
prokazatelné. Kazdou zimu tekouci a stojaté vody stfedni Evropy pfildkaji kolem
200 000 jedinci druhti vodniho ptactva (Gilissen et al., 2002, Keller, 2011).
Lehikoinen et al. (2013) uvadi, ze béhem poslednich tii desetileti se v Evropé pocet
zimujicich kachen (polédka chocholacky, hohola severniho a morcaka velkého) zvysil
na severovychodnim okraji roz$iteni druht, a zaroven sniZil v jithozapadni oblasti,
vizobr. 1. Tyto zmény koreluji se vzestupem teploty o 3,8 °C v pocatcich zimy
v severovychodnich oblastech ptacich zimovist. V téchto mistech se pocetnost jedincii
vodniho ptactva exponencidlné zvysila. Pavon-Jordan (2015) zmifnuje Ceskou
republiku v letech 1990-2011 jako oblast, kde dochazi k nardstu pocti zimujicich
morcéakt bilych (Mergellus albellus), soucasné ale uvadi dalsi stfedoevropské staty
(Némecko, Svycarsko) jako oblasti poklesu poétu jedincti tohoto druhu.

Stiedni Evropa se v poslednich desetiletich stdva vyznamnou oblasti zimovani
vodniho ptactva (Fox et al., 2010, Musil et al., 2011), pfestoze nejvyznamngjsi
zimovisté se stale nachazi v oblasti Mediteranu, Baltského mote a v piibfeznich
regionech severozapadni Evropy (Gilissen et al., 2002, Kershaw & Cranswick 2003,
Skov et al., 2011, Van Roomen et al., 2012, Lehikoinen et al., 2013). Stfedoevropské

klima poskytuje adekvatni potravni dostupnost béhem celého obdobi zimovéni,
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zejména v pripadé, ze pobiezi Baltského mote v tuhych zimach zamrzne (Svazas et al.

2001, Nilsson, 2008), nebo v piipadg, Ze soucasna zimoviste jsou kapacitné vycerpana.

(a) Tufted duck (b) Goldeneye (c) Goosander
FIN
24797 % 4320% 128 %
SWEN
190 % 269 % 124%
DK swes
GB 27 b, 36% 68 % -41 % -21.°
0%y (8% (13%)
3 l'ASm:I'G;:{!:() §5% 30% 70, 66%.9 o)
F . CH (3%) 35

Fig. 1 Winter percentage change in abundance of (a) tufted duck, (b) goldeneye and (c) goosander in nine north and west European
countries in 1980-2010 (slightly shorter periods in some countries; Supplementary Table 1). Significant population changes are bolded
in black (increase) and dark grey (decrease), values in brackes represents no signiﬁcant change. Relatively few north European goosan-
ders winter as far south and west as France, Great Britain and Ireland (Scott & Rose, 1996), and Swiss birds partly belong to the
Central/West European flyway population, so the Netherlands was defined as the south-western edge of the flyway for this
population. Estimated population changes in numbers of individuals are shown in Table 4.

Obr. ¢. 1: Procentualni posun v pocetnosti 3 druhti kachen v Evropé mezi lety 1980-2010,
Lehikoinen et al., 2013

V Ceské republice byl béhem let 1966-2008 pozorovan dlouhodoby narist trendt
pocetnosti. Z 25 nejhojnéjsich druhti vodnich ptaki jich 17 (naptiklad kormoran velky,
volavka bild, volavka popelava, labut' velkd, husa béloceld a dalsi) vykazovalo
pfibyvajici poCty, pouze u 4 druhli byl zjistén statisticky prikazny pokles (potapka
mald, potapka roha¢, ¢irka obecnd, lyska Cernd). Na tekoucich vodach byl pocet
pribyvajicich druhi (18) vyssi nez na vodach stojatych (10). Na stojatych vodach byly
vyraznéji zastoupeny druhy bez priikkaznych zmén pocetnosti (Musil & Musilova,
2010). Musil et al. (2011) za totéz obdobi uvadi nartst pocetnosti u 18 z 26
sledovanych druhti, a zarovent 5 druh@ ubyvajicich. U 16 ze sledovanych druhii byl
prokazan nartst podilu obsazenych lokalit (distribuce), pokles pouze u dvou druhi,
viz obr. 2. Bylo zjisténo, ze narust distribuce je rychlejsi nez nardst po¢tu zimujicich
ptakd, objevuje se tedy tendence obsazovat stale nové lokality. Srovnani zmén
jednotlivych druhti prokézalo vyssi nartist pocetnosti u vzacnéjsich druht, ptficemz
ve vétSiné piipadi zmény pocetnosti 1 distribuce odrazeji celoevropské trendy.
Bergmann (1998) uvadi, ze druhy vodniho ptactva reaguji na klimatické
a hydrologické zmény velice specificky. VétSina druhil zimujicich na Vlitavé v Praze
I nize po sméru toku (naptiklad labut velkda, kachna divoka, polak chocholacka,
kormoran velky, polak velky, potapka roha¢ a castecné lyska Cernd) reaguje na silné

poklesy teplot v zimni sezoné nartistem pocetnosti, zejména pokud k ochlazeni dojde
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jiz v prvni poloving zimy. Naopak zvySeni atmosférické teploty u téchto druhti vede
K Gstupu ze zimovisté. Mensi ¢ast sledovanych druhta (slipka zelenonoha, potapka
mald, racek chechtavy aracek bouini) reaguje na prudké ochlazeni opacné, tedy

snizenim pocetnosti zimujicich jedinct.

Druh Pocet zimujicich ex. Zména rozsSireni Zména pocetnosti
Species Wintering numbers  Change in distribution Change in numbers
Tachybaptus ruficollis 330-900 pokles mirny pokles

Podiceps cristatus 40-320 neprikazné mirny pokles
Phalacrocorax carbo 9 00014 200 narust silny narast
Egretta alba 100-500 narast silny nardst
Ardea cinerea 1 9002 900 narust mirny narist
Cygnus olor 2 0003 800 narast mirny narast
Anser fabalis 400-6 000 narust nejisty trend
Anser albifrons 1 500-13 800 narist silny narast
Anser anser 800-2 400 narust silny narist
Anas penelope 70-170 narast mirny narast
Anas strepera 50-300 narust nejisty trend
Anas crecca 4501 200 pokles mirny pokles

Anas platyrhynchos 140 000—180 000 narust mirny narist
Aythya ferina 8001 400 neprikazne mirny narast
Aythya fuligula 3 600-5 100 narost silny narast
Bucephala clangula 5001 200 neprikazné mirny narist
Mergellus albelus 40-110 neprikazné mirny narast
Mergus merganser 1 500-3 300 narust mirny narast
Haliaeetus albicilla 70-100 narost silny narast
Gallinula chioropus 300-700 neprikazné mirny pokles

Fulica atra 8 500-11 000 neprukazné mirny pokles

Larus ridibundus 4 000—10 000 neprikazné stabilni

Larus canus 1 000—4 000 narast mirny narast
Larus spp. 960-2 200 narast silny nardst
Alcedo atthis 150-350 narust mirny narst
Cinclus cinclus 330-500 neprikazné mirny narist

v

Obr. ¢. 2: Pocet, zména pocetnosti a zména distribuce nejhojnéjsich druhti vodnich ptaka

v CR, Musil et al., 2011
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1.3 Potravni podminky v zavislosti na typu vod

Co se potravy tyCe, vodni ptactvo miizeme pro tuto praci rozdélit na nékolik
skupin: ptaci vSezravi, ptaci rybozravi, ptaci zivici se vodnimi bezobratlymi
a bylozravi ptaci. Kazda vodni plocha nabizi trochu odlisné potravni podminky
a jednotlivé druhy reaguji na pfitomnost toho kterého typu potravy. V mnoha
ptipadech je mira dostatku potravy v ptimé uméfe s mirou eutrofizace. Troficky index
(Gzivnost) je determinovan mnozstvim dusiku, fosforu, kysliku a dalSich biologicky
uziteénych nutrient ve vod¢ (Carlson, 1977).

Jiz na poc¢atku druhé poloviny 20. stoleti se tym doc. Hrbacka vénoval vztahu mezi
velikosti rybi populace a mnozstvim zooplanktonu V rybni¢nich ekosystémech.
Hrbacek et al. (1961), pozorovali, Ze snizi-1i se rybi populace, zvysi se vyskyt vétsiho
zooplanktonu (Daphnia sp.) a pruhlednost vody, a zaroven se snizi populace fas.
Brooks & Dodson (1965) objasnili divod tohoto jevu: vétsi druhy zooplanktonu jsou
méné¢ odolné naporu ryb zivicich se planktonem, coz pii vysSich hustotich rybi
populace usti v dominanci menSich druhtt zooplanktonu. Dominance vétsiho
zooplanktonu pii menS$im mnozstvi ryb je zplsobena vykonnym spéasanim, druhy
se dokazi zivit §ir§im rozsahem fas a maji niz§i metabolické pozadavky.

Na pocatku 80. let 20. stoleti byla na zdkladé¢ Hrbackova vyzkumu pfijata teorie
postupnych trofickych interakci (Cascading Trophic Interactions, Carpenter et al.,
1985). Teorie vysvétluje nepiimé vztahy v potravnich fetézcich, kdy predator
druhu Améa nepfimy pozitivni vliv na Zivotni podminky ¢i existenci rostliny
druhu C, a to redukeci vlivu bylozravce druhu B. Piikladem budiz nartst vlivu rybiho
predatora, ktery zplisobi sniZeni hustoty ryb Zivicich se planktonem a umozni nartst
vlivu bezobratlych predatorti, napt. rodu Chaoborus, vysledkem je posun k dominanci
druhti vétSiho zooplanktonu, napt. rodu Daphnia. Vétsi druhy zooplanktonu se zivi
Sir§Sim spektrem populace fas, a zaroveil maji nizsi vylucovani Zivin. Snizena exkrece
nutrientl zptisobuje redukci mnozstvi fytoplanktonu. Snizeni poc¢tu rybich predatori
bude mit i¢inek opacny — vzrist planktivornich populaci ryb, dominanci druhti malého
zooplanktonu a nartst fytoplanktonni biomasy. Teorie vodnich trofickych interakei
byla testovana v mnoha méfitcich na velkém poctu experimentalnich vodnich ploch
(Carpenter & Kitchell, 1993). Vyznamny vztah je také viditelny mezi pfitomnosti
fosforu a nariistem spolecenstev fas (Vollenweider, 1968). Experimentalni ptidavky
fosforu do vodnich téles prokazaly zvyseni vyskytu druhi fas (Schindler, 1974).
Vysoké piijmy zivin vedou k nartistu Skodlivych druhti fas, které byvaji Casto ptili§
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velké pro potravni moznosti stanovistnich bylozravel. Nizky pfijem zivin vedouci
Kk oligotrofii umoznuje dominanci mensich, 1épe stravitelnych druhti fas (Terborgh
& Estes, 2009).

Vodni ptactvo vyuziva ke krmeni velké mnozstvi habitatii a rozlicnych druht
potravy. Vodni ptaci jsou vysoce specializovani k optimalizaci svého uspéchu
Vv ziskavani zivin. Prikladem muze byt velikost, tvar a sila jejich zobaki, které jsou
uzpusobeny k vyhledani a ziskéni konkrétniho druhu potravy. Nékteré zobaky jsou
schopné trhat maso, jiné rozbijet tvrda semena, chytat hmyz, shromazd’ovat vodni
rostliny nebo filtrovat plankton ¢i bentos z bahna. Dokonce i délka zobaku ma vyznam

z hlediska vybéru typu potravy, viz obr. 3 (Calver et al., 2009).

Yellow-billad spoonbill

Sacred ibis

Bufi-banded
rail

Black swan  White-laced FRed-necked
hanon avocat

S

F'IELHE 21.4 One wetland will F:-rr:-er1= E |1'||||I||:|||4 ||:,- af habitat I':,-|:|r"\. Muimenous specied af walerbirds

may be foraging in a single area, utilising different food resources, A close look at their beak types

shows they are carefully adapted to obtain different food resources that cccur in different habitats
'-,\H['Sr}urrr.' B. Cale)

Obr. ¢. 3: Piiklad typl zobaku vhodnych pro rtizné druhy potravnich zdroju,
Calver et al., 2009

Pro posuzovani distribuce druhti vodniho ptactva je také tfeba brat v tivahu velikost
jednotlivych vodnich ploch. Druhy generalisté se vétSinou krmi bliZze biehu, maji tedy
dostatek dostupnych zdroju i na menSich vodnich plochach a mokiadech. Druhy

specializujici se si naopak obvykle pro krmeni vybiraji centralni zony, tedy oteviené;si

16



vody, z toho divodu jsou jejich potravni zdroje proporéné omezené. Vysledkem je
pfima iméra mezi pocetnosti specializujicich se druhti (naptiklad ohrozena kachnice
bélohlava, Oxyura leucocephala) a velikosti daného stanovisté (Paracuellos, 2006).
Pro ochranu moktad je diskuze SLOSS (,,single large or several small“, jedna velka ¢i
nékolik malych) stejné aktualni jako pro jiné zv1asté chranéné oblasti (Shafer, 1990).

Mnoho druhti vodniho ptactva hraje ve vodnich ekosystémech roli predatord.
Naptiklad potapivé kachny se typicky zivi vétsimi bentickymi bezobratlymi (Snow
& Perrins, 1998), vyznamnou slozkou jezernich potapivych kachen jsou larvy
Chironomidae (Bengtson, 1971, Winfield & Winfield, 1994). Zmény pocetnosti
arozmisténi bentickych bezobratlych se mohou odrazit ve zménach fyzikalné-
chemickych podminek nebo v produkénim systému daného vodniho ekosystému,
z toho duvodu ovlivnit i zivotni podminky vodniho ptactva (Carter et al., 2006).
Tomankova et al. (2013a) zminuje vliv poklesu mnozstvi zoobentosu a fytoplanktonu
Vv britském jezefe Lough Neagh na snizeni pocetnosti zimujicich potapivych kachen,
konkrétné polaka velkého (Aythya ferina), polaka chocholacky (Aythya fuligula)
a hohola severniho (Bucephala clangula), od zimni sezony 2000/2001. Mezi sezonami
2000/2001 a 2008/2009 se celkova populace potapivych kachen v této oblasti snizila
0 63 % (Tomankova et al., 2013b).

Gregusova (2015) uvadi spolecenstva vodnich bezobratlych jako hlavni
ekologicky gradient jihomoravskych rybni¢nich ekosystémi, pfi¢emZ hustota
pocetnosti vodniho ptactva rostla pfedev§sim s abundancemi bentickych Zzivocichd,
diverzita potom s abundancemi fytofilnich bezobratlych. Statisticky vyznamna
vzhledem Kk pocetnostem ptakt v této studii byla predevsim pocetnost plostic
(Heteroptera) a jepic (Ephemeroptera). Byla potvrzena také dulezitost litoralnich
porostil jako center sekundarni produkce rybnika. V ptipad¢ diverzity ptacich druhi
se jedinym signifikantnim faktorem prokdzala abundance fytofilnich litoralnich
bezobratlych. Jednotlivé druhy maji rizné mikrohabitatové preference, naptiklad
plovavé kachny oproti potapivym druhiim vyzaduji hojné zarostlé litoralni pasmo,
pfi¢emz nelovi potapénim, ale tzv. panaCkovanim, kdy ponofi hlavu, krk a hrud’ (Batt
etal., 1992).

V soucasné dobé€ nejsou znamy konkrétni studie zabyvajici se distribuci vodniho
ptactva v souvislosti s mirou eutrofizace jednotlivych typt sladkovodnich vod.
VétSina znalosti vlivil eutrofizace na vodni ptaky se tyka sladkovodnich habitat

soustiedénych na bylozravce (Yallop et al., 2004). N¢kolik praci se vénovalo naopak
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zvySovani eutrofizace jezernich ekosystémi vlivem osidleni vodnim ptactvem
(naptiklad Linnman, 1983). ZvySuji mnozstvi nutrientli nejen svymi vykaly, ale
| pfinosem dalSiho organického materialu (peti a chmyii). Druhy jako labuté a kachny
také naruSuji béznou sedimentaci organického materialu na dno poslapem
a potapénim. Skov etal. (2011) nicméné¢ uvadi udaje o trofii Baltského mofe.
V brakickych vodach Botnického zalivu byly béhem 70. a 80. let 20. stoleti
vykazovany nartusty jak koncentraci fosforu a dusiku, tak koncentrace jejich
rozpusténych anorganickych sloucenin, a to jak na otevieném mofi, tak v pobfeznich
vodach. V nésledujicich letech koncentrace jevily stabilitu ¢i lehky pokles.
V pobieznich vodach koncentrace korelovaly s naméfenymi daty z pevniny, mnozstvi
dusiku je témé&f dvakrat tak vysoké jako na otevieném moti. Koncentrace fosforu
postupné stoupaly od 70. do 90. let 20. stoleti, nasledné rapidné klesly na téméf
polovi¢ni hodnoty. Pro ucely zimovani vodniho ptactva jsou hodnotné lednové udaje
o anorganickych nutrientech, nebot’ jsou pfimo imérné potencialu kapacity vyskytu
bentosu. Vzhledem ktomu, ze vice nez 80 % druhli vodnich ptak zimujicich
Vv regionu Baltského mofte se potravné specializuje na mlze (Durinck et al., 1994), jichz
Vv eutrofizovaném prostfedi na nékterych mistech ptibyva (Lundberg, 2005), je
pravdépodobné, ze vliv eutrofizace (bez dalsich kumulativnich vlivil) ma na pocetnost
vodniho ptactva obecné pozitivni efekt.

Skov et al. (2011) zmifuje u byloZzravych druhti vodnich ptaka (kachna divoka,
labut’ velka a lyska ¢ernd) na pobfezi baltského mote pozitivni korelace s teplotou
vody. Byla ale zjisténa negativni korelace s koncentraci nutrientd pro kachnu divokou
v Estonsku a labut’ velkou v oblasti prulivii Skagerrak a Kategat. Mezi druhy Zivicimi
se vodnimi bezobratlymi byla evidovana pozitivni korelace s teplotou vody pro kachny
rodu Aythya a Bucephala. Zavislost na mnozstvi zivin se jevila obecné mala.
U rybozravych ptakt byla dokumentovana negativni korelace s mnozstvim nutrientt,

konkrétn¢ u druhti potapka rudokrka a potapka rohac.

Industrialni, antropogenni vody, pod néZ v ramci této prace zahrnujeme odkalisté
a jezera vznikla po t87bé, se v Ceské republice obecnd lisi v morfometrickych
podminkach (rozloha, hloubka, morfologie dna) i ve vlastnostech vody, coz jsou
nejcastéji barva a prihlednost, obsah specifickych mineréali, pH a z nich plynouci
biologickéd aktivita, nejcastéji spojovand s mirou trofie (Hrdinka, 2004). Jedna se

0 vodni plochy vyskytujici se v povrchovych dolech vSech druhi, na ptfidruzenych
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vysypkach ¢i v poklesovych kotlinach. Jezera existuji v riznych rozmérech a vznikly
bud’ samovoln& nebo jako disledek cilené, tzv. hydrické rekultivace (Stys, 1981).
Dtlezitym faktorem miry eutrofizace je doba, ktera uplynula od ukonceni tézby
(i n&kolik set let), eutrofizace je ve vétsing piipadd velmi pozvolna a nékdy i zcela
chybi (Hrdinka, 2004).

Prvni, nejvyznamnéjsi skupinu antropogennich jezer tvoii jezera vznikla tézbou
Stérkopiskil, piskovny a Stérkovny. Spolecné s rybniky a fluvidlnimi jezery tvofi
nejroziitendji typ stojatych vodnich ploch v Ceské republice. U tohoto typu jezer se
jedné nejcastéji o podzemni vodu (souvisi pfedevsim s vysoko polozenou hladinou
podzemni vody podél vodnich toki, s niz casto hladina vody v jezerech komunikuje),
¢1 0 vodu fiéniho plivodu filtrovanou ptes Stérkopiskové naplavy. Kvalita vody je Casto
velmi dobrd a proptjcuje témto jezeriim modrozelené zabarveni vody pfi prithlednosti
az nckolik metrd (Hrdinka, 2004). Mira eutrofizace se u tohoto typu jezer lisi
predevsim v zavislosti na vyuziti vodni plochy (Hrdinka, 2004). Voda nékterych jezer
je kvalitativné v takovém stavu, Ze je jezero vyuzivdno jako zdroj pitné vody,
napt. piskovna Oplatil-stied. Toto jezero bylo ovSem pro budouci ucely urceno
pro rekreaci, stejné jako Oplatil-Hradek, doneddvna také vyuzivané k odbéru pitné
vody (Dlaskova, 2009). Vétsina jezer vzniklych po tézbé Stérkopiskii je ovSem
vyuzivana rekreacné, vétSinou do té doby, neZ mira eutrofizace, hojné¢ podpofena
masovym ndporem koupajicich se lidi, pfekroc¢i ¢lovékem piijatelnou mez. Dalsi
skupinou jsou jezera vznikla po t€zb¢ kaolinu, jez se vzhledem k nadmérnému obsahu
mineralu kaolinitu vét§inou vyznacuji oligotrofni vodou, a tudiZ neslouzi zadnému
ucelu, ktery by se tykal ochrany pfirody (Hrdinka, 2004). Dalsi skupinou
antropogennich jezer s oligotrofni vodou jsou vodni plochy vzniklé po tézbé vapence,
bridlic a drob. Vyskytuje se zde vétsinou jen nc¢kolik mensich druhl ryb a korysa.
Naopak jezera vznikla t€Zbou Zuly, dioritu a ¢edice se obvykle vyznacuji vySsi mirou
eutrofizace. Lomy se totiz Casto nachazeji v lesnich komplexech, coz prispiva
ke zvyseni eutrofizace jezernich vod. VétSinou se jedna o jezera mensich rozmeéru,
Casto obklopena ptikrymi lomovymi sténami, na velkou ¢éast vodni hladiny z toho
divodu nedopadd mnoho pfimého slune¢niho zafeni a Casto tvori pfihodnd utociste,
zejména pro mnohé druhy obojZivelnikii. Dalsi skupinou s casto vyS$i mirou
eutrofizace jsou jezera vyskytujici se v povrchovych dolech po tézbé¢ cihlarské hliny
a zaruvzdornych jili. Dosahuji podstatné mensich rozméri nez jim nejvice podobna

jezera po tézb¢ piskid a také jsou pomérné meélka, coz vede k intenzivnéjSimu
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prohfivani a nésledné eutrofizaci dulnich vod. Barva vody se nejcastéji pohybuje
V odstinech Zlutozelené az zluté, velmi omezena je prihlednost (Hrdinka, 2004).

Zvlastnim typem industrialnich vodnich ploch odkalisté rtiznych primyslovych
podnikt (chemie) a plavist¢ popilki tepelnych elektraren. Tyto vodni plochy
se vyznacuji pfitomnosti jemného mazlavého sedimentu tmavé barvy, ktery je
rovnomérng rozprostien po celém dnu jezera. Jezera na vysypkach ¢i v poklesovych
kotlinach (po ukonceni jejich piivodniho vyuziti) jsou vétSinou mélka a dobte se daji
vyuzit napt. k chovu nékterych druht ryb, druhotné zde také dochazi k riistu moktadni
vegetace (Hrdinka, 2004).

Udolni nadrZe jsou vodni plochy vyskytujici se v Gidolich vétsich & mensich ek,
které byly ptehrazeny piehradou. Tyto typy vodnich ploch maji az na vyjimky Siroké
patii zasobovani obyvatelstva (Svihov) a primyslu (Hnévkovice) vodou, vyrovnavani
anadlepSovani prutoktli véetné ochrany pted povodnémi, vyroba vodni energie (Orlik),
zachytavani povodni (Sance), vytvateni zasob vody pro zavlahy (Rozko$) a dalsi
(Ktiz, 1996). Dale jsou ptehrady Casto vyuzivany k chovu ryb, pro lodni dopravu
aVvneposledni fad¢ i k rekreaci a sportovnimu vyziti. Posledni, avSak neméné
dalezitou funkci je samotna retence vody v krajiné. Mira eutrofizace tdolnich nadrzi
souvisi zejména s jejich morfometrickymi charakteristikami a vyuzitim. Né&které
z vyznamnych ceskych prehrad (napt. Novomlynské nadrze ¢i Brnénska piehrada)
vzhledem ke své nevelké hloubce v 1ét€¢ vysoce eutrofizuji, zatimco hlubsi
¢i geograficky vyse polozené pichrady (napt. Lipno) si i Vv letnich mésicich udrzuji
vodu oligotrofni.

Rybniky se z hlediska pivodu vody rozliSuji na rybniky nebeské, rybniky
pramenist’ a rybniky Fi¢ni a potoéni (Stérbova, 1987). Nejvyznamngjsi skupinu tvoii
typ nejvice obvykly, rybniky fi¢ni a poto¢ni, kdy se do rybnika dostava ptisun chladné
a dobte okyslicené tekouci vody, kterd je pro maximalni vynosy nezbytna. Rybniky
maji i nezastupitelnou roli ekologickou, nebot’ €asto slouZzi k ochrané bohaté moktadni
vegetace s vyskytem mnoha druhii obojzivelnikli a velkého mnozstvi vodnich ptaki
(NPR Velky a Maly Tisy, NPR Novozamecky rybnik). Jejich obhospodafovani,
zvlasté ma-1i intenzivni charakter (zvySovani rybich obsadek, pfihnojovani a nasledny
pokles prihlednosti vody), vSak s sebou nese disledky ve form¢ ubytku poc¢ti vodniho
ptactva na rybni¢nich ekosystémech. Béhem 20. stoleti zménila vétSina rybnika sviyj

chemismus od oligotrofie ¢i mezotrofie k eutrofii aZ hypertrofii, a to nasledkem
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hnojeni i splachu zivin z okolni zemé&délské pudy (Musil & Cepak, 2004). V ramci
pfimého obhospodafovani dochéazelo k vyraznému zvétSeni rybich obsadek, coz ma
negativni vliv na hnizdni populace vodniho ptactva (Musil et al., 2001). Pro druhy
vodnich ptadkl to znamena piimé omezeni, az ptipadnou likvidaci potravnich zdroji
(zejména zoobenthosu), cilenou mechanickou likvidaci makrofyt submerzni i litoralni
vegetace a pokles prihlednosti vody (predaci zooplanktonu a nartistem
fytoplanktonu). V dusledku likvidace litoralnich porosti doslo k zaniku Zivotniho
prostiedi mnohych druhii ptaki, vazanych v dobé hnizdéni i v mimohnizdni dobé
na litoralni, zejména rakosové a ostficové porosty. Zejména druhy potapivych kachen
(polék velky, polak chocholacka, hohol severni) davaji pifednost vodam s vysokou
prithlednosti (a tedy 1 niz8i mirou eutrofizace), zatimco pocetnost naptiklad kachny
divoké ¢i koptivky obecné je vice zavisla na lokalnich charakteristikdch, naptiklad
rozloze vodni plochy (Musil et al., 1997). Rybniky jsou pro svou bohatou nabidku
potravnich zdroji — ryb — vyhledavany rybozravymi druhy, naptiklad kormoranem
velkym (Seiche et al., 2012).

Pod tekouci vody jsou v této praci zahrnuty zvIasté oddélené casti fek a potokd,
ohrani¢ené vétSinou mosty, jezy ¢i pirehradami. Prestoze jezera a tidolni nadrze jsou
na nasledky eutrofizace citlivejsi, v poslednich desetiletich se tento problém vzhledem
ke zvySené antropogenni aktivité¢ tyka i motskych ekosystéml a tekoucich vod.
Naptiklad vody polskych fek se jiz n€kolik let pohybuji na hranici eutrofie (Neverova-
Dziopak, 2013). Posuzovani aurCovani trofického indexu tekoucich vod je
komplikovangj$i nez u stojatych vod, protoze jednotlivé znaky se 1i$i podle typu feky
¢i potoku (Dodds et al., 1998). Empirické vysledky predkladaji jako nejdilezité;si
nutrienty ovlivitujici trofii tekoucich vod fosfor a dusik, pficemz bentické populace tas

jsou piimo imérné ristu primarni produkce biomasy v potocich (Dodds, 2006).
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1.4 Cile prace

V ramci této prace byly stanoveny nésledujici cile:

priblizit historii Mezinarodniho s¢itani vodniho ptactva

pomoci reserSe popsat dlouhodobé zmény pocetnosti a distribuce vodniho
ptactva v Evropé a v Ceské republice

pomoci reserSe piiblizit potravni podminky na jednotlivych typech vodnich
ploch

vramci manuskriptu  zodpovédét stanovené hypotézy tykajici se
pravdépodobné existence hustotni zavislosti na zimovistich pomoci analyzy
dlouhodobych zmén pocetnosti 28 vybranych druhi vodniho ptactva
na 4 riznych typech moktadnich lokalit (piehrady, rybniky, primyslové vody
a tekouci vody — potoky a feky) sledovanych v rdmci Mezindrodniho s¢itani
vodnich ptaka v letech 19662015

vV ramci manuskriptu zhodnotit pomoci druhové-specifickych charakteristik

preferenci jednotlivych typi vod
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Abstract

Recent range shifts in wintering waterbirds likely shape the importance of traditional
wintering grounds and could result in newly-emerged sites. Here, we analyse
the long-term changes in water type preference of 28 selected waterbird species
wintering at four different types of wetland refuge sites (reservoirs, fishponds,
industrial waters and running waters) monitored within the International Waterbird
Census between 1966 and 2015. We aimed to evaluate the pattern in water type
preference and determine if there is a difference in trends in numbers of individual
species at different water types. Log-linear Poisson analysis was used to estimate
missing data using TRIM software. The effect of year and seven species-specific
variables was estimated using multinomial logistic regression.

The numbers of most waterbird species in the Czech Republic have been incresing
over a long period and our results showed a long-term increasing preference

in industrial waters over running waters. Omnivores, bentophagous species
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and herbivores showed higher preference of industial waters than fish-eating birds, this
finding indicates lower fish-stock density in industrial waters. Simultaneously,
the preference of industrial waters in non-fish-eating birds decline over the study
period. Low-conservative species annualy inhabiting different sites prefer industrial
waters and reservoirs, that could serve as newly-emerged wintering grounds

in the future.
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Introduction

As waterbirds are considered important indicators of wetland ecosystem diversity
and richness (Palmgren, 1936, Bibby et al., 1992, Boere et al., 2006), it is crucial to pay
attention to their population distribution, especially in the face of recent climate-driven
changes (Maclean et al.,, 2008, Thomas et al.,, 2012, Lehikoinen et al., 2013,
Pavon-Jordan et al., 2015). Even though the most important wintering requirements
of food resources and safety from predation is well known (Ridgill & Fox, 1990,
Schummer et al., 2010), the detailed studies revealing the species preferences remain
scarce.

Central Europe become an increasingly important waterbirds wintering region
in recent decades (Fox etal., 2010, Musil et al., 2011), although most of the significant
European wintering refuge sites for the majority of waterbird species remain
in the Mediterranean, the Baltic Sea region and in the coastal areas of northwest

Europe (Gilissen et al., 2002, Kershaw & Cranswick, 2003, Skov et al., 2011,
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Van Roomen et al., 2012, Lehikoinen et al., 2013). Running waters and various water
reservoirs of central Europe attract around 200 000 waterbirds every winter (Gilissen
etal., 2002, Keller, 2011).

The noticable changes in the entire European climatic conditions notwithstanding,
it is believed that increased numbers are caused by the favourable transitional mild
climate, which alleviates extremely cold winter temperatures and results from
the interaction of both maritime and continental air masses (Brazdil et al., 2010).
The central European climate provides adequate feeding opportunities throughout
the wintering period, a viable alternative if the Baltic coast becomes frozen in severe
winters (Svazas et al., 2001, Nilsson, 2008) or present refuge sites reach full utilization.
Therefore, re-evaluation of the present wintering sites and guarding and monitoring
of newly-emerged wintering areas is needed. Range shifts in wintering waterbirds may
lead to hunting pressure in new wintering areas, which can jeopardize waterbirds
population numbers (Lehikoinen et al., 2013).

The patchiness of wetlands affects distribution patterns in different ways, depending
on the species (Brown & Dinsmore, 1986, Knutson et al., 1999, Naugle et al., 1999,
Rey Benayas et al., 1999, Wettstein & Schmid, 1999). The size of the wetland needs
to be taken into consideration when examining the waterbirds distribution. The more
generalist birds feed closer to the shore and therefore have enough available resources
in smaller wetlands. Specialists usually select central zones for feeding, causing
a proportionally limited resource availability. As a result, the specialists
and area-dependant species (such as the endangered White-headed Duck, Oxyura
leucocephala) fade away from wetlands alongside the diminishing size of the wetland

(Paracuellos, 2006, Adam et al., 2015). The SLOSS debate (,,single large or several
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small®) is pertinent to wetlands protection as well as for other protected areas
(Shafer, 1990).

Within the Central European region, the monitored area lies very close to the average
January zero degree isotherm (Tolasz et al., 2007), therefore the temperature could
be a limiting factor affecting waterbird distribution (Ridgill & Fox, 1990, Maclean
et al., 2008, Adam et al., 2015). Moreover, suffiecient ice-free open water is required
for wintering waterbirds, both for food resources and as a safety element
from predation (Ridgill & Fox, 1990, Schummer et al., 2010) which could also act
as a limiting factor (Newton, 1998). Therefore we assume there are long-term changes
in water type preference due to increasing waterbird numbers and climate change,
as during the last decades, many fishponds and other limnic waters provide an ice-free
water level (Brazdil et al., 2010). We expect the waterbird distribution be effected
by food specialisation due to the different trophic conditions of the four water types
(high importance of feeding conditions for wintering waterbirds — Dalby et al., 2013).
We should also consider density-dependent competition shaping water type preference
in the line of density-dependent regulation of total waterbird numbers on the site-level

(Musilova et al. 2015).

Methods

Data

We used the International Waterbird Census (IWC) data from waterbird numbers
recorded in mid-January waterbirds countings from 1966 to 2015. The mid-January
counts are conducted on predetermined dates and sites each year, aiming to maximize
synchrony (Gilissen et al., 2002). In total, the most common wintering waterbird

species annually exceeding 50 individuals were selected for this study (see Table 1).
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For the purposes of this study, 1039 monitored sites were classified according to four
selected water types: 61 reservoirs, 368 fishponds, 93 industrial waters
and 517 running waters. Sites monitored on standing waters include reservoirs,
fishponds and industrial waters (including gravel lakes, sandpit lakes and industrial
settling ponds), sites monitored on running waters include rivers and streams. Running
water sites were defined as river sections with well-defined boundaries, such
as bridges, weirs or dams (see Chytil et al., 1999 for the list of wetland habitats
in the Czech Republic). You can see the map of monitored sites in Fig. 1.

Trends in numbers covering individual water type was calculated by using Log-linear
Poisson regression analysis estimating missing IWC site data from long-term IWC
data series (1966-2015). Trends and Indices for Monitoring data (TRIM) software was
used (Statistics Netherlands version 3.52, Pannekoek & Van Strien, 2005). Due
to a limited availability of volunteers in some seasons, incomplete coverage
of monitored sites resulted in missing data. We took into consideration serial
correlations between annual numbers and over-dispersion in the data. The models used
included change points to allow for changes in the slope parameters at some points

in the time series (Pannekoek & Van Strien, 2005, Fouque et al., 2009).

Species-specific variables

All 28 investigated waterbird species were described by the following eight species
specific-variables, which could explain the pattern in the water type occupancy. Czech
trends in numbers and the estimation of Czech population size was calculated
by Trends and Indices for Monitoring data (TRIM) software (Statistics Netherlands
version 3.52, Pannekoek & Van Strien, 2005). ‘Time Totals’ values (hereafter used

as Time Totals) of IWC data (i.e. the actual count values plus the numbers of birds
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estimated by the TRIM software) for all 1039 sites included in the analysis were used
to generate total estimates of the range of numbers of the waterbird species wintering
in the Czech Republic. These Time Totals were then rounded according
to the guidelines used in Waterfowl Population Estimates (Wetlands International
2006, 2015). We use the range (min—max) of population estimates due to the effect
of between-year variation in numbers because of variable climatic conditions (Musil
et al., 2008). The mean of the southernmost and northernmost latitudes of a species’
breeding range (Snow & Perrins, 1998) was used as the geographical distribution
of individual species (classified according to the latitudinal midpoint - Lemoine et al.,
2007). All species were divided into four groups according to food specialisation:
fish-eating birds, bentophagous, omnivores and herbivores.

For each species, we calculated a measure of persistence in selection of sites
in consecutive years (called similarity hereafter). If sites occupied by a species
in year t tend to be the same as those occupied in year t — 1, the value of similarity
for the species is comparably large, and vice versa.

The actual value, ranging from —0.19 to 0.65, was obtained for a particular species
as follows. We prepared a panel data set containing a 0/1 indicator of presence
of the species at a given site in a given year. In other words, for each site we had a time
series of Os and 1s indicating whether the site was visited by the species under
consideration. Next, we studied how the probability that the species visits
site s in year t depends on a visit to s in year t — 1. For this end, we ran Wooldridge’s
(2005) dynamic probit regression with site-specific random effects. A species’
similarity value is the coefficient on the lagged dependent variable (indicator of a visit

to sin time t — 1) from this regression. A positive value implies the species exhibits
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a recurring pattern in its selection of sites, i.e. sites that were visited last year are more
likely to be visited again and vice versa.

The values of species-specific variables are listed in Table 1.

Statistical analysis

In our analysis, an individuals selection of water type is regarded as a discrete choice
among four alternatives: fishponds, industrial waters, reservoirs or running waters.
Species preferences are modelled as multinomial probabilities; e.g., a preference
for fishponds is expressed in the form of a probability that a randomly chosen
individual appears on a fishpond. Covariate effects on these probabilities were
estimated using multinomial logistic regression. As all individuals of the same species
share the same values of species-specific variables, we used a cluster-robust estimator

of the standard errors in statistical inference, clustered at the level of species.

Results

Long-term trends in numbers covering water types

Based on 50-years data, we found the possitive correlations between the trend
in numbers of waterbirds (observing both increases and decreases) of 28 selected
species and the mutual comparison to the water types (see Table 2). At reservoirs,
stable numbers (3 species) or a moderate increase (12 species) were monitored, while
13 species trends resulted as uncertain. The trend allocation was more uniform
for fishponds, where 5 species showed a strong increase in numbers, 5 species
a moderate increase, 5 species remained at a stable level, 4 species showed a moderate
decline and 7 species trends were uncertain. Within industrial waters, there was

astrong increase in 4 species, a moderate increase in 6 species, stable level
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in 4 species, a moderate decline in 2 species and an uncertain trend in 12 species.
For running waters, trends similar to fishponds were observed, i.e. more or less
increasing numbers. A strong increase was shown for 6 species, 12 species showed
a moderate increase, 4 species a stable level, 5 species a moderate decline and only
1 species trend was uncertain.

From the particular species point of view, we can state that an increase in number
at all water types was demonstrated for the Great Cormorant (Phalacrocorax carbo),
Goosander (Mergus merganser), Tufted Duck (Aythya fuligula), Common Kingfisher
(Alcedo atthis), large gulls — Caspian Gull and European Herring Gull (Larus
cachinnans and Larus argentatus) and White-tailed Eagle (Haliaeetus albicilla).

A moderate increase at all water types except for reservoirs (stable level) was
monitored for Grey Heron (Ardea cinerea), Mallard (Anas platyrhynchos) had
a moderate increase at all water types but industrial waters (stable level), Common
Goldeneye (Bucephala clangula) showed a moderate increase at all water types except
for fishponds (stable level) and Mute Swan (Cygnus olor) showed stable numbers
everywhere but at reservoirs (moderate increase). Little Grebe (Tachybaptus
ruficollis) moderately decreased in numbers at all water types except for reservoirs
(stable level).

There were few differences in trend in numbers covering different water types, Great
Crested Grebe (Podiceps cristatus) decreased in numbers at running waters in favour
of reservoirs and industrial waters (moderate increase), Common Coot (Fulica atra)
showed a moderate decline at running waters and fishponds in favour of industrial

waters (strong increase).
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The strongest decrease in general was shown in numbers of the Little Grebe, while
the strongest increase was monitored in large gulls species. You can see the correlation

charts in Fig. 2.

Water type preference

Analyses also compared the probability of wintering at fishponds, reservoirs
or industrial waters to that of wintering at running waters (see Table 3). An increased
preference for wintering at industrial waters was demonstrated in the long-term scale.
In general, herbivorous, omnivorous and benthivorous species exhibited a higher
preference for industrial waters than fish-eating species. Waterbirds exhibiting lower
annual similarity to wetland sites prefered industrial waters and reservoires more than
running waters. Waterbird species of lower count numbers showed a higher
preference for wintering at reservoirs over running water sites. A preference
for reservoirs was exhibited by Northern species when utilising the latitude specific
variable. Regarding the mutual food specialization variable a gradual annual decrease
in preference was displayed by herbivorous, omnivorous and benthivorous species,
much greater than the change displayed by pescivores. Regarding the Czech trends

specific variable, no significant effects were observed.

Discussion

Our study demonstrated significat relationship between trends in numbers over all
water types, nevertheless, indicated changes in water types preference and different
trend in numbers covering water types on the individual species level. The observed
north-easterly directional shift in wintering waterbird populations (Gilissen et al.,

2002, Keller, 2011, Lehikoinen et al., 2013) is likely due to the increasing winter
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temperatures across Europe (Klein Tank et al., 2002, Pavon-Jordan et al., 2015). The
Czech Republic is located close to the average zero degree isotherm in January (Tolasz
et al., 2007) as such, the availability of ice-free water may differ year by year within
the monitored area (Musilova etal., 2009). No significant trends were observed
in changes in air temperature in the Czech Republic (Klein Tank et al., 2002, Musilova
etal., 2009, Adam et al., 2015). In contrast, the impact of climate change was reflected
by a 1.15 °C increase in stream temperatures within the Czech Republic over 28 years
(Hrdinka et al., 2015). Novicky et al. (2009) expect an increase in water temperature
in the range of 1.5-3 °C for the majority of Czech streams by the year 2050
in comparison to reference temperatures recorded in 1975. It was assumed that there
would be a resulting increase in ice-free water surfaces over past decades and this
is supported by the long-term increased preference for wintering at industrial waters
compared to running waters (e.g. Common Coot, Great Crested Grebe). No such
significant trend was observed for fishponds and reservoirs. The increasing industrial
water sites preference corresponds with Musilova et al. (2015), who investigated
the long-term trends of waterbird species at the site level. Their research showed, that
both the annual mean of species richness per site and the annual mean of total
waterbirds number per site showed a long term increase over the 1966-2013 period.
However, the total numbers on individual wetlands in the Czech Republic increased
until the 1990s, but have not increased since. Species richness also increased in many
monitored sites — 119 of 532, while no significant changes occured in 405 sites
and species richness decreased in only 8 sites of 532. Total numbers of wintering
waterbirds increased at 91 investigated sites and decreased at 42 sites, while
no significant changes in total numbers were found in 399 of 532 wetlands. Their

research also found, that the wetland type and mean January day temperature were
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the most important factors affecting total numbers, species richness and the trend
in total numbers. In regards to the distribution of individuals and species of wintering
waterbirds, standing water sites hosted fewer individuals an species than running water
sites, and an increasing trend in total numbers was common for running water areas.
Within our results, there likely occured a saturation of existing wintering sites
and waterbird populations were forced to move to less favourable wetlands.
The wintering waterbird numbers distribution appears to have a density dependence
regulation.

The different water types vary on several levels. For the purposes of this study,
the major difference is regarding the options for food resources. In general, there
is a direct proportion between the water trophy and the amount of food resources,
up to the limit of hypertrophy (Musil et al., 2001). Water's trophic state index goes
from oligotrophic waters (a low nutrient content), through mesotrophic and eutrophic
waters to hypereutrophic waters with an extremely high nutrient content (Carlson,
1977). Among the 4 monitored water types, running waters show the lowest numbers
of nutrients, with fishponds being mostly eutrophic, sometimes hypereutrophic.
The reservoirs vary in the trophic state index due to their climatic location. While their
increased water depth should help to keep the trophic index lower, some of the largest
Czech water reservoirs (e.g. Novomlynské nadrze, Brnénska ptehrada) tend not
to be very deep (Hrdinka, 2004). This results in their trophic index increasing rapidly,
especially during summer months, which causes increased vegetation growth,
producing enough biomass for winter months. Littoral vegetation can not only provide
food for the Common Coot (Fulica atra) or Common Moorhen (Gallinula chloropus),
they can also benefit from the possibility of finding a winter shelter in the remaining

on-shore and off-shore emergent. Hypertrophic conditions result in elimination
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of zoobenthos, which makes a difficulty especially for diving duck species that are
typically benthophagous (Snow & Perrins, 1998).

Generally, there is not a uniform opinion on wetland type preference for waterfowl.
Bolduc & Afton (2004) state that water depth and oxygen penetration are the variables
that best segregated habitat characteristics resulting in maximum densities of common
waterbird species. Environmental changes such as eutrophication or wetland habitat
genesis may affect the abundance of birds regionally rather than across entire flyways
(Ma et al., 2010). Lehikoinen (2013) reviews other studies stating that breeding
waterbird populations specifically occupying wetlands subject to excessive
eutrophication have recently shown adramatic decline inbreeding numbers
in Finland, which cannot be explained by other factors. Our results showed
herbivorous, omnivorous and benthivorous species prefering industrial waters, which
may be caused by less eutrophic hydrological conditions over fishponds or more
peaceful environment (sandpit lakes often surrounded by trees and bushes)
over running waters. There was not observed industrial waters preference
for pescivores, which can be explained by a lower density of fish in reservoirs,
industrial waters and running waters in comparison to fishponds.

Gregusova (2015) demonstrated a positive correlation of waterbird numbers
and abundance of zoobenthos which supports Musil et al. (2001) stating hypetrophic
water conditions eliminating benthic populations. Littoral vegetation is often
mechanically removed from fishponds (Musil et al., 2001) creating less beneficial
environment for some herbivorous or shelter-seeking species (e.g. Common Coot,
Common Moorhen), which corresponds with Common Coot showing a moderate
decline at running waters and fishponds in favour of industrial waters (strong

increase). Our northern species” reservoirs preference results correspond with Bily
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et al. (2006), who observed that deep and large reservoirs with rugged banks hosted
northern diving species (Goosander, Common Goldeneye Bucephala clangula, Velvet
Scoter Melanitta fusca, black-throated diver Gavia arctica), a moderate increase at all
water types except for fishponds was shown for Common Goldeneye in our study.
While fishponds were characterized by Mallard and the largest fishponds also by Bean
Goose (Anser fabalis) and white-fronted goose (Anser albifrons), see Bily et al. (2006),
we could not observe any provable trend for Geese species. That may be caused
by the fact that suitable Geese species feeding areas can be situated also out
of the monitored area, i.e. 1-km buffer zone surrounding study sites, where birds can
fly to forage, which was demonstrated for Mallard and Common Teal (Anas crecca)
by Guillemain et al. (2002). Therefore the bird numbers on individual sites may not
always reflect their food preferences. Increasing numbers of Mallard at all water types
in comparison to stable numbers at fishponds were not explained. There
is an increasing trend in preference at reservoirs and industrial waters for species that
are less conservative regarding wintering sites (e.g. Greater Scaup Aythya marila,
Black-headed Gull Chroicocephalus ridibundus, Bean Goose, White-fronted Goose,
White-tailed Eagle, Great Cormorant). New water reservoirs and especially industrial

water habitats were built over the last fifty years, which influences our results.
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Table 1: List of investigated species

Czech trend

Czech

Common name Latin name Diet Similarity population Latitude
(1966-2015) )
estimates
Mute Swan Cygnus olor vegetation 0,366 0,0030 3250 50,5
Bean Goose Anser fabalis vegetation 0,009 0,0233 7500 67,3
White-fronted Goose Anser albifrons vegetation 0,113 0,1807 31350 70,5
Greylag Goose Anser anser vegetation 0,475 0,1210 3250 54,0
Eurasian Wigeon Anas penelope vegetation 0,344 0,0645 245 61,5
Gadwall Anas strepera vegetation 0,252 0,1091 160 49,5
Common Teal Anas crecca omnivorous 0,531 -0,0275 725 54,5
Mallard Anas platyrhynchos  omnivorous 0,203 0,0092 110700 53,5
Common Pochard Aythya ferina omnivorous 0,266 0,0051 1350 49,0
Tufted Duck Aythya fuligula omnivorous 0,422 0,0611 5050 58,0
Greater Scaup Aythya marila omnivorous -0,191 0,0492 93 65,0
Velvet Scoter Mellanitta fusca invertebrate 0,649 0,0601 68 63,5
Common Goldeneye  Bucephala clangula invertebrate 0,389 0,0178 1340 58,5
Smew Mergus albellus fish 0,372 0,0446 90 63,0
Goosander Mergus merganser fish 0,301 0,0235 3450 60,0
Little Grebe Tachybaptus ruficollis invertebrate 0,465 -0,0190 590 43,3
Great Crested Grebe Podiceps cristatus fish 0,240 0,0087 290 48,0
Great Cormorant Phalacrocorax carbo fish 0,195 0,0929 11300 50,0
Great White Egret Egretta alba fish 0,278 0,1666 845 45,0
Grey Heron Ardea cinerea fish 0,204 0,0318 2400 54,0
Common Moorhen Fulica atra omnivorous 0,254 -0,0122 10750 50,5
Common Coot Gallinula chloropus  omnivorous 0,222 -0,0053 560 445
Black-headed Gull Larus canus invertebrate -0,109 0,0399 2750 60,5
Common Gull Larus ridibundus invertebrate 0,469 -0,0051 12150 54,0
large gulls Laru? .
cachinans/argentatus fish 0,271 0,1526 3900 53,5
White-tailed Eagle Haliaeetus albicilla fish 0,119 0,0696 150 56,5
Common Kingfisher Alcedo atthis fish 0,414 0,0316 240 48,5
White-throated Dipper Cinclus cinclus invertebrate 0,500 0,0192 650 53,5
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Table 2: Correlation matrix results of additive range of change at reservoirs, fishponds,

industrial waters, running waters and all investigated wetlands

Industrial Running
Reservoirs Fishponds waters waters
Fishponds 0.706*
Industrial waters |0.641* 0,626*
Running waters | 0.674* 0.826* 0.579*
All wetlands 0.830* 0.808* 0.523* 0.882*
*p<0.05
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Table 3: Multinomial logistic regression results of water type preference.

Fishponds Industrial Reservoirs Running
waters waters
Constant -5.209 -189.1* —45.81* ref.
(42.76) (78.52) (22.53)
year 0.00269 0.0930* 0.0208 ref.
(0.0206) (0.0394) (0.0110)
fish-eating ref.
bentophagous 13.15 240.6** 47.89 ref.
(39.73) (81.58) (36.33)
herbivores —20.28 183.7** 20.63 ref.
(38.40) (66.76) (22.16)
omnivores —49.56 184.6*** 35.29 ref.
(51.57) (51.82) (33.95)
similarity —3.348 —4.087*** —4.087*** ref.
(2.158) (0.780) (0.949)
trend —-702.0 1178.6 237.0 ref.
(625.3) (1122.9) (230.3)
population estimate —-0.00322 0.124 -0.156* ref.
(0.157) (0.0652) (0.0743)
latitude -0.0228 0.0118 0.0923** ref.
(0.0538) (0.0383) (0.0315)
fish-eating x year ref.
bentophagous X —-0.00657 -0.119** -0.0239 ref.
year (0.0198) (0.0407) (0.0182)
herbivores x year 0.0104 —0.0916** —-0.0102 ref.
(0.0193) (0.0333) (0.0110)
omnivores x year 0.0253 —0.0925*** -0.0173 ref.
(0.0258) (0.0260) (0.0169)
year x trend 0.350 —-0.588 -0.119 ref.
(0.311) (0.561) (0.114)
p(food x year) <0.0001
Observations 11,033,894

Notes: (i) Robust standard errors in parentheses (clustered at the level of individual species). (ii) * p <

0.05, ** p < 0.01, *** p < 0.00.

Trend - trend in numbers in the Czech Republic (1966-2015), Latitude — Mean breeding latitude (Snow

and Perrins 1998),
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Figure 1: Distribution of International Water Census monitoring sites in the Czech Republic
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484  Figure 2: Relationship between changes in numbers of individual species (additive rate
485  of change) at reservoirs, fishponds, industrial waters and running waters and overall changes
486  in numbers at all wetlands.
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SHRNUTI

Cilem této prace bylo zodpovédéet stanovené hypotézy. Bylo predpokladano,
ze existuji  dlouhodobé zmény v pocetnosti a distribuci vodniho ptactva
na jednotlivych typech vodnich ploch, vznikajici v souvislosti s oteplenim evropského
klimatu a vzhledem k nasyceni n€kterych stanovist’ vhodnych k zimovani. Také bylo
ptedpokladédno, Ze rozmisténi jedincti a druhii bude ovlivnéno potravni specializaci
a odliSnymi stupni miry eutrofizace na jednotlivych typech vod, jez jsou pro nekteré
druhy vysoce dilezitym prvkem.

Pomoci softwaru TRIM 3.54 byla provedena analyza trendi pocetnosti.
V souladu s literaturou byl prokazan rostouci trend v pocetnosti zimujicich vodnich
ptakd v Ceské republice. Distribuce byla vyhodnocena nasledovné: U piehradnich
nadrzi nebyl zaznamenan jiny prikazny trend nez stabilita (3 druhy) ¢i mirny narast
(12 druht), 13 druhtt vykazovalo trend nejisty (neprokazatelny). V rybni¢nich
ekosystémech bylo rozdéleni trendti rovnomérnéjsi, 5 druht vykazovalo silny nartst
pocetnosti, 5 druhl mirny narust, 5 druht stabilitu, 4 druhy mirny pokles a 7 druha
vykazovalo trend nejisty. Na pramyslovych vodach jsme zaznamenali silny narust
U 4 druhti, mirny nértst u 6 druht, stabilni stav u 4 druhli, mirny pokles u 2 druht
anejisty trend u 12 druhti. Na tekoucich vodach jsme, stejné jako na rybnicich,
pozorovali spiSe nartist pocetnosti. 6 druhll vykazovalo silny nartst, 12 druhti mirny
narist, 4 druhy stabilni stav, 5 druhli mirny pokles a pouze 1 druh mél vysledek
neprokazatelny.

V ramci preference typtu vod Dbylo zjisténo, ze prumyslové vody jsou
vyhledavany oproti rybozravym druhiim spise druhy byloZzravymi, v§eZravymi a druhy
Zivicimi se vodnimi bezobratlymi. Druhy s celkové nizsi pocetnosti a druhy severské
vyhledavaji spise prehrady nez tekouci vody. Nartst preference primyslovych vod

smétoval k potvrzeni hustotni zavislosti.
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