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1 Uvaod

Dravi ptaci stoji na vrcholu potravnich fetézcti a jsou proto velice dilezitym
bioindiké&orem stavu Zivotniho progtiedi. S velkym poklesem pocetnogti dravca v 70.
a 80. letech 20. goleti vlivem raznych faktord, se rozrostl zdjem o tuto skupinu ptaku
a dravci se stali jednou z nejzkoumangjSich skupin Zivocicha (napt. White et al. 2002).
Vlivem raznych vypoudtécich programi, zmeén v legislativé a dalSich faktora se Ubytek
nékterych populaci zastavil a stavy nékterych dokonce vzrostly (napi. Heinrich 2009;
Jones et a. 1994). Od té doby se na vyznam dravci - ukazatele stavu Zivotniho prostiedi -
pozapomnélo a v poslednich letech se dostali do pozadi za ptaky ohroZované stavajicimi
problémy 21. stoleti (napt. ptéky polni krajiny). A préavé jednim z nejvyznamngéjSich
problému dnedni doby jsou zmeény v piirozeném prostiedi dané fragmentaci, urbanizaci
a intensifikaci zemédélstvi. S urbanizaci prirodnich biotopi se kromé ptékia musi potykat
také ogatni druhy Zivocichi. Generalisté (druhy sSirokou valenci) se pomérné rychle
piizpasobili a proto neni piekvapenim zastihnout diive velice placha zviiata jako napriklad
liSky obecné (Vulpes vulpes) a srnce obecného (Capreolus capreolus) v parcich a zelenych
Céstech intravilana mést a obci. Vzhledem k velice rychlému celosvétovému rozvoji
urbannich biotopt a stim spojenych nasledkti pogtihujicich zvirata ve volné prirodé
(Palmer et a. 2004) je pomérné malo znamo o biologii a ekologii druha obyvajicich
urbanni prostiedi. Badatelé se tradicné soustiedi na ,, neposkvrnéné” biotopy (McDonnell
1997) atak z&kladni ekologické procesy v urbannim prostiedi zastavaji malo probéadané,
i kdyZ toto progtiedi je svym zpisobem velice zajimavé (napt. Lancaster et a. 1979;
Savard et a. 2000).

S rozvojem civilizace, intenzivnim narastem vystavby mést a novou infrastrukturou
se zvirata musi vypoiddavat s novym, stale se meénicim prostiedim. Mechanismus
invazivniho osidlovani mést a urbannich biotopi byl dosud pomeérné malo studovan. Prvni
studie byly provedeny teprve az, kdyz se jednotlivé populace Zivocicha usidlily v urgité
oblasti (napt. Bird et al. 1996; Andersen & Plumpton 2000). S vétsim mnozstvim druha
osidlujicich urbanni prostiedi vzrostl zagem védci o studium ,nového" prostiedi, kde



mohla byt demonstrovana ekologicka plasticita a mikroevolu¢ni procesy zvifecich

populaci, které byly pod antropogennim tlakem (Luniak 2004).

Fenomén osidlovani meéstského prostfedi  zviraty pfinesl novy termin
synurbanizace. Tento termin v podstaté znamena prizpusobeni se populace urCitym
specifickym podminkam urbanniho prostfedi. Synurbanizace se vztahuje ke dvéma
pojmum: synantropizace a urbanizace, které je dulezité rozlisit. Synantropizace obecné je
adaptace populace zivocichl k antropogenim podminkam a urbanizace znamena zmény

Vv prostiedi zptsobené urbannim rozvojem (Luniak 2004).

Spostupem casu se stale vice ptaku a savcl ,,pfizpusobuje™ méstskému prostredi,
za coZ hovoii vzrustajici mnozstvi druhu a jejich populaci vyskytujicich se ve méstech.
Zaroven ale proces synurbanizace zvifat vypusténych (introdukovanych) miize ohrozovat
populace vyskytujici se v plvodnim prostiedi. Znamym piikladem je uspésny
reintroduk¢ni projekt sokola stéhovavého (Falco peregrinus), ktery byl vypustén do mést
severni Ameriky a Evropy v druhé poloving 20. stoleti. Introdukce sokolii do mést
napomohla obnové celkové populace tohoto dravce a v nékterych mistech jsou pocty

sokolu dokonce vys$8i, nez tomu bylo pred vypousténim (Craig et al. 2004).

Podoba kazdého druhu se pomalymi evolu¢nimi procesy formuje po miliény let.
Naproti tomu urbanizace a jeji zména krajiny probiha pouze poslednich 100 az 200 let,
takze vétSina druhu se nestaci na nastalé zmény adaptovat. Rozvoj urbanniho prosttedi nici
ptirodni biotopy, ale zaroven vytvaii nové ekologické niky, které pfitahuji stale veétsi
mnozstvi druhti. Nékteré populace prekonaji ekologické bariéry urbanizace a uspésné se
adaptuji novym specifickym podminkam. Z evropské avifauny nejznaméjSim druhem,
ktery se piizpusobil expanzi mést je kos Cerny (Turdus merula) (Luniak et a. 1990).
Rychlost a rozsah expanze tohoto synurbického druhu je v poslednich letech porovnatelna
Sexpanzi dalSich druhu obratlovci — v Evropé to byly naptiklad hrdlicka zahradni
(Streptopelia decaocto) a ondatra pizmova (Ondatra zibethica), v severni Americepak

vrabec domaci (Passer domesticus) nebo $pacek obecny (Surnus vulgaris).

Na rozdil od populaci vyskytujicich se piirozené v ruralnich oblastech musely

synurbické populace projit zménami v chovani a ekologii. Nekolik studii evropské fauny



(Avilova et a. 1994; Babifiska-Werka et a. 1979; Engel et al. 1988) ukazuji na
charakteristicka pfizpusobeni. Tyto zmény jsou nasledujici (dle Luniak 2004):

Mt

predaci a prostorovou ohrani¢enosti zastavénymi plochami

- potlaceni tahového chovani spojené s pfezimovanim ve méstech, kde je

mirngjsi klima, nezamrzlé vodni plochy a bohatsi potravni zdroje
- prodlouZena hnizdni sezona vzhledem k mikroklimatickym podminkam

- delsi Zivot spojeny s lep§im pfezitim zimniho obdobi vzhledem k pfiznivym
potravnim a klimatickym podminkam, a redukce migrace, kterou

provazi vy§$i umrtnost
- zmény hnizdniho chovani — pouzivani antropogennich objektli a materiali
- zmény v potravni ekologii

- ztrata plachosti vuci lidem, coz je zakladni bariéra v procesu synurbanizace

Kromé¢ pfizplsobeni se urbannimu prostfedi chovanim a ekologii, nastaly i nékteré
zmény v morfologii, anatomii a fyziologické zmény mezi urbannimi a ruralnimi
populacemi. Tyto zmény byly nalezeny naptiklad u mySice temnopasé (Apodemus
agrarius) (Gliwicz et a. 1994). U populace sokola stéhovavého v severni Americe se
zjistilo, 7e 90% sokoli hnizdicich ve méstech pochazelo z méstskych hnizd a 83% sokoli
vyvedenych 7z hnizd ve volné pfirode hnizdi na utesech a skalach ve volné krajiné (Septon
et a. 1995). Ztoho by se dao usuzovat, ze imprinting (vti$téni) hraje dulezitou roli
V piizpusobovani a mize vést K postupnému odliSeni urbannich populaci od populaci ve

volné krajiné.

Zajem o urbanni ekologii v poslednich letech stoupa (Alberti et al. 2003) a to ze
dvou duavodu. Prvnim je to, ze studium urbannich ekosystému miize zlepSit zakladni
porozumeéni procesum Vv populaéni ekologii. Proces kolonizace mést poskytuje moznost

zkoumat invazni dynamiky na relativné malém tzemi a v relativné kratkém case



(Shigesada & Kawasaki 1997). Druhym davodem je pochopeni koloniza¢nich procesu
a prezivani v antropogennim prostfedi za ucelem praktické ochrany fauny a flory
(McKinney 2002). V nékterych ptipadech jsou Zivocichové piitahovani urbannim
prostiedim diky hojnosti zdrojii potravy nebo vhodnéj§im hnizdnim podminkam, ale
nasledné jsou postihovani vy$§i mortalitou napt. kolizemi s prekazkami (Sweeney et al.
1997) nebo neobvyklymi nemocemi (napfiiklad trichomonéza; Boal 1997). Z téchto
a dalSich diavodi mohou mésta predstavovat “ekologické pasti” pro nékteré druhy
(Boal 1997; Leston & Rodewald 2006). Faktory, které ovlivituyji zmény v populacich, jsou
Casto studované a to hlavné u ptakt. V porovnani sjedinci zijicimi v rurdlnim
.piirozeném™ ¢i ,puvodnim™ prostiedi jsou ptaci zijici v méstském prostiedi vystaveni
mnoha negativnim faktorim, jakymi jsou zvySena parazitace snusek (Chace et al. 2003),
ruSeni lidmi (Fernandez-Juricic et al. 2001), hluku (Slabbekoorn & Peet 2003), konkurence
introdukovanymi druhy (White et a. 2005), nemoce (Boa et a. 1998). Tyto

a jiné faktory mohou ovliviiovat zdravi a pfezivani populaci v méstském prostiedi.

Detailni vyzkum urcitych aspektii ekologie a biologie druhovych populaci je potieba
k tomu, abychom zjistili, zda jsou pta¢i populace vyskytujici se v piirozeném prostiedi

rozdilné od téch v mestském prostiedi.



2 Cile prace

Cilem disertacni prace je zhodnotit a porovnat vybrané aspekty ekologie krahujce
obecného v urbannim prostiedi a okolni krajiné. Duraz bude kladen na aspekty, které

nebyly dosud zkoumany v predeslych studiich.

(1) Piitomnost parazitického prvoka rodu Trichomonas u mlad’at krahujcu. Je rozdil

v nakazenosti mlad’at v urbannim prostiedi a okolni krajing?

(2) Je chovani hnizdici samice krahujce obecného stejné v méstském prostiedi

a okolni krajing?

(3) Mnozstvi DDT a jeho metaboliti ve vejcich krahujce obecného v Ceské republice.
Lisi se koncentrace DDT ve vejcich méstskych krahujcii a krahujct hnizdicich

v okolni krajing?

(4) Skvmitost vajec krahujce obecného. Je rozdil ve skvrnitosti krahujcti hnizdicich

v méstském prostiedi a okolni krajing?



3 Literarni reSerse

3.1 Charakteristika zajmového druhu krahujce obecného

Krahujec obecny je jednim z nejvice studovanych dravct a jeho populace byly od
pocatku minulého stoleti detailné zkoumany (Owen 1916; Owen 1931-32). Ve druhé
poloving 20. stoleti se stal oblibenym modelovym druhem (napt. Newton 1975; Newton
1976; Newton & Marquiss 1976; Newton et al. 1981). Vedle pomémé velkého mnozstvi
kratkodobych studii na rozdilnych mistech Evropy byl tento maly dravec i pfedmétem
jedné dlouhodobé studie. Britsky védec Newton (1986) shmul tyto dlouhodobé
1 kratkodobé studie provadéné ve Velké Britanii do celé knihy. Toto dilo, které obsahuje
rovnéZ jeho vlastni data z dlouhodobé studie krahujce obecného v jiznim Skotsku, detailné

pojednava o ekologii a biologii krahujce obecného.

Krahujec obecny je jednim z ngjmensich dravcu vyskytujicim se v Evropé. Samice
meéfi od hlavy po konec ocasu okolo 37 cm a ma rozpéti okolo 74 cm, samec ma délku téla
okolo 34 cm a rozpéti 62 cm. Velikosti a zbarvenim je tento dravec dokonale prizpusoben
pro zivot a lov v zalesnénych oblastech (Newton 1986). Dospéli jedinci jsou od mladat
rozliSitelni podle zbarveni a velikosti, ale u obou pohlavi jsou tyto charakteristiky velice
variabilni. Dospély samec je na zadech Sedy az modro-Sedy s oranzovym a7z krémove
bilym jemnym vinkovanim na hrudi. Mnozstvi oranzového zbarveni na hrudi je velice
variabilni. Dospéla samice je vice hnéda na zadech a vlnkovani na hrudni €asti je siln&jsi
a hnédsi. Jako mnoho dalSich druht dravci je i pro krahujce charakteristicky obraceny
pohlavni dimorfismus tj. samice je ve€tSi nez samec. Dokonce podle ziskanych rozmért
jsou to dravci s nejvétSim pohlavnim dimorfismem. Na jafe, tésné pfed zaCatkem hnizdni
sezony, muze samice vazit az dvakrat vice nez samec (Owen 1926 — 1927; Hudec et d.
2005).

Ptaci v prvnim roce Zivota jsou od dospélych jedinci rozeznatelni podle zbarveni,
ale jiz ne podle velikosti. Pfi bliz§im prozkoumani jsou vzletna mlad’ata vice hnéda nez
dospéli jedinci a jejich kryci pera a letky maji okraje narezavéle zbarveny. Na hrudi

a predni strané téla je zbarveni mlad’at charakterizovano hnédymi srdci nebo kapkami.



Kiidla mladych ptakt jsou kratsi a §irSi vzhledem ke kratSim prstnim letkam a delSim
rucnim letkam a jsou vice zakulacena neZ u dospélych jedincu (Cramp & Simmons 1980).
Ocas mladych ptaku je delsi nez ocas dospélych krahujcti. Pro ekologické studie je tedy

dulezité, 7e 1ze identifikovat pohlavi a do zna¢né miry 1 vék odchycenych ptak.

Krahujec obecny se vyskytuje v celé Palearktické oblasti od Irska az po Japonsko
a také v severni Africe. I pfes rozsadhly aredl se u krahujce neprojevuje geograficka
variabilita ve velikosti a zbarveni. Malé variace maji spi$e klinalni rdz a izolované ostrovni
populace tvoti zpravidla odli$né poddruhy (subspecie). V ¢asti Evropy s mirnymi zimami
je druhem stalym (Velka Britanie, ¢aste¢né Holandsko), jinde potulnym, ale vétSinou je
alespon cCast populace tazna. Smérem na sever podil taznych ptakd a délka tahu nardsta.
Krahujci obecni tdhnou jednotlivé. Nejbliz§im piibuznymi zapadni ¢asti Palearktidy je
veétsi jestiab lesni (Accipiter gentilis). V jihovychodni Evropé a Asii se vyskyt krahujce
obecného piekryva s piibuznymi druhy - krahujcem kratkoprstym (Accipiter brevipes)
a krahujcem Sikrou (Accipiter badius).

Krahujec obecny hnizdi na celém tizemi Ceské Republiky, od niZin aZ po nejvyssi
stromova pasma hor (1150 mn.m.) (Stastny et al. 2006). Stabilni populace v CR byla
odhadnuta na 3500 — 4 500 part v roce 2001 — 2003. Porovnani s monitoringem z let
1973-77, 1985-89 a 2001-03 ukazuje na zvyseni pocetnosti krahujct. Oficidlni statistika
Ministerstva zemédelstvi Mysl (MZe) 1 — 01 pak uvadi nasledujici pocty jedincu; 2011 —
20 194, 2013 — 20 088, 2014 — 20 519. Cetnost populace dle tohoto zdroje po roku 2010 do
souCasnoti je tedy stabilni piiblizné 20 000 jedincu. Pocatek vyskytu populace tohoto
dravce v hlavnim mésté Praze nebyl zaznamenan (neni zmifiovan v dilech Wahl 1944;
Baum 1955; Hanak 1983). Pryni zaznamy pochazeji az ze 70 let 20. stoleti (Stastny et al.

WV wew

1987). V soucasné dobé je druhym nejbéznéj§im dravcem hnizdicim na tizemi Prahy.

Krahujec nejcastéji hnizdi v jehli¢natych a smiSenych lesich, ale také v malych
ostruvcich stroml a Vv parcich uprostfed zastavby. Hnizdo je vystavéno z malych vétvi
a byva umisténo pod korunou hned u kmene stromu. U vétSiny studii je prokazatelna
preference hnizdéni na jehli¢natych stromech (Newton 1986). Hnizdéni krahujce
obecného, stejné jako u vétSiny dravcl, spada do obdobi nejvys§i potravni nabidky.
Mlad’ata pévcu, ktefi jsou jeho hlavni potravou, predstavuji snadnou kofist hlavné koncem

jara a zatatkem léta. Usp&inost hnizdéni zavisi na vybéru hnizdni lokality a kvalits



partnera. Krahuj¢i par obsazuje hnizdni teritorium jiz v bieznu a kazdy rok stavi nové
hnizdo, v ojedinélych pfipadech muze dochazet k dostavéni starého hnizda (vétS§inou
typicke pro jednoleté jedince). V prazske populaci byl mezi hnizdicimi pary zjistén vysoky
podil jednoletych ptaki — pramémeé 25,5 % (PeSke 1992). Krahujci obvykle hnizdi ve
druhém roce zivota. Newton et al. (1981) uvadi podil jednoletych ptaki v hnizdici populaci

17 % samcu a 16% samic.

Zahrani¢ni literatura uvadi pocatek hnizdéni v dubnu az kvétnu (Newton 1986),
v CR hnizdéni za&ina v dubnu az kvétnu (Hudec et al. 2005) pfi¢em na uzemi hlavniho
meésta Prahy hnizdi krahujci dfive nez v okolni krajiné (Peske unpub.). Velikost snisky se
pohybuje mezi 3 — 6 veci sprumémou vahou 22.5g na 1 vejce. Vejce jsou bila
Svariabilnim hnédym skvrnénim a samice je snasi kazdy druhy den, takze k dokonceni
celé snisky je potfeba nékolik dni. Samice zahfiva vejce neustale, otaci je a premist'uje,
aby vSechna dosahla konstantni teploty. Mlad’ata se lihnou asynchronné po 32-35 dnech
inkubace a dalSich 10 az 14 dni jsou samici zahfivana. Mlad’ata opousti hnizdo ve veku
okolo 4 tydnl. Samci zpravidla opoustéji hnizdo diive neZ samice. Disperze mladat
a jejich osamostatnéni bylo pozorovano tii az Ctyfi tydny po opusténi hnizda, v dob€, kdy
se mlad’ata uci lovit. Primérny pocet mlad’at ve snusce je v Praze vys$$i (3,78) (Peske in
Fuchs et a. 2002) nez pocet mladat zjisténych v jinych studiich (napt. Dansko - 3,52
(Opdam et al. 1987), oblast Erzgebirge, Némecko - 3,42 (Gedeon et al. 1986). Mnozstvi
uspésné vyvedenych mladat je zavislé na nékolika faktorech — predace, mnozstvi potravy,
nemoce, pocasi. V prazské populaci pocet neuspéSnych hnizdéni fluktuoval rok od roku

s maximem 31% netspesnych hnizdéni v roce 1991 (Peske in Fuchs et al. 2002).

Neékteré pary zistavaji na stejnych hnizdistich, jiné obsazuji nova teritoria. Zména
hnizdisté je nejCastéji spojena s neuspesnym hnizdénim a takeé je typicka pro mladé ptaky.
lisi mezi pohlavimi (75% samci a 60% samic zustava na stejném hnizdisti)
(Peske, unpubl.). Vzdalenost mezi zménénymi hnizdisti v Praze byla podobna jako
u populace ve Skotsku. Neuspesni samci se presunou do lokality vzdalené primémeé 1km,
samice o néco dale, cca 1,5km. Zmena lokality je ve vétSing piipadii provazena zménou

partnera.



V porovnani s ostatnimi dravci jsou krahujci pomémé kratkovéci (Newton 1986).
Pouze malé mnozstvi jedinci dosdhne maximalniho fyziologického stari. Nejstar§im
ptakem zaznamenanym v Praze byla samice ve stafi 15 let a 9 mésicu (PeSke unpubl.).
Krahujci starsi 10 let pfedstavuji pouze 1% prazskeé populace. Mortalita je obecné nejvyssi
V prvnim roce Zivota. Ze skotskych studii byla mortalita v prvnim roce Zivota odhadnuta na
69% pro samce a 51% pro samice (Newton et al. 1981). Mezi hlavni pfi¢iny umrtnosti
krahujcu patii predace, hladovéni, nemoci, kolize s pfekazkami a pifimé pronasledovani
Clovekem (zastfely, otravy, odchyty). Hlavnim predatorem krahujce obecného ve volné
ptirodé je jestiab lesni (Accipiter gentilis), kuna lesni (Martes martes) a kuna skalni
(Martes foina).

Krahujec obecny je specialista v lovu mensich ptaki. Metody lovu jsou osvojovany
mladymi ptaky béhem prvnich mésicti zivota. Lovecké zkuSenosti neovliviiuji pouze
preziti jedince, ale nasledné 1 uspeSnost hnizdéni. Krahujci jsou znami svou schopnosti
ulovit kofist vétsi, nez jsou sami. Zaznamy zminuji samice, které ulovily holuba hiivnace
(Columba palumbus) o vaze vyssi nez 500g. Potravni nabidka se odviji od oblasti vyskytu
arocniho obdobi. U krahujcii obecnych Zijicich v Evropé bylo v potravé zaznamenano pies
120 druhu ptaku. Mezi nejvice zastoupené patii vrabec domaci (Passer domesticus),
pénkava obecna (Fringilla coelebs), drozd zpévny (Turdus philomelos) a strnad obecny

(Emberiza citrinella). Samci lovi kofist do velikosti 120g a samice do velikosti 500g.

Jak jiz bylo zminéno, krahujec obecny je jednim znejvice studovanych dravci
v Evropé. Snad nejvice pozornosti bylo vénovano hnizdni biologii krahujce v pfirozeném
prostiedi. V Cechach nebyla tomuto druhu vénovana takova pozornost jako tieba ve Velké
Britanii (Owen 1916; Owen 1926-27; Owen 1931-32; Newton 1986). Krahujci obecnému
v CR se v&dci vénovali pouze sporadicky; za zminku stoji prace Heinricha (1965),
zabyvajici se hnizdni bionomii, prace DiviSe (1981) sledujici populacni dynamiku, ¢i
ucelend prace Ortlieba (1987), popisujici krahujce z celkového pohledu. Zato méstska
populace krahujce obecného v Praze byla nepfetrzité monitorovana mezi lety 1985 a 2004,
a proto je o ,prazské® populaci nashromazdéno pomémeé velké mnozstvi udaju

(napt. Peske 1992).



3.2 Trichomonoéza

Prvoci rodu Trichomonas zpusobuji u ptakd protozoarni nemoc zvanou
trichomonéza. U ptaku je to zejména prvok Trichomonas gallinae. Tato nemoc nejvice
postihuje mékkozobé (Columbiformes) a dravce (Falconiformes). Ale byla jiz nalezena
i u hrabavych (Galliformes), vrubozobych (Anseriformes), pe€vci (Passeriformes),
papousku (Psittacine) a dalSich druhu ptaka (Stabler 1951; Baker 1986; Cole 1999).
Infek¢nim rezervoarem ve volné ptirodé se zdaji byt holubi (Columba livia f. domestica)
a dal§i me€kkozobi. Rozsah a vaznost ndkazy u jedincu se lisi v zavislosti na kmenu
T. gallinae a zaroven na obranyschopnosti imunitniho systému nakazeného jedince (Cole
1999). U ptaku byly prokazany ruzné kmeny T. gallinae o rozdilné patogenité.
Nepatogenni kmeny nezpusobuji klinicky prokazatelnou nemoc, ale zvySuji imunitu na
patogenni kmeny u postizeného jedince (Stabler 1954; Cooper & Petty 1988; Cole 1999).
Patogenni kmeny zpusobuji nekrotické 1éze v oralni duting, voleti a vrchni ¢asti traviciho
traktu. Tyto nekrotické léze ve vétSiné pfipadii zabratuji nakazenému jedinci pfijimat
potravu. Jedinec nasledné uhyne na vyhladovéni ¢i sekundarni bakteridlni infekce
(Stabler 1954; Mesaet al. 1961; Hofle et al. 2000; Real et al. 2000).

Mekkozobi vykazuji velkou variabilitu v nakazenosti a nachylnosti k riiznym
virulentnim kmentim (Stabler & Braun 1975; Harmon et al. 1987). Vypuknuti nakazy
trichomonézy u dal§ich druhti mékkozobich, které zminuji napiiklad Greiner & Baxter
(1974) a Pepler & Oettle (1993), bylo pravdépodobné zpusobeno introdukovanym
patogennim kmenem. Hanson (1969) dokonce spekuluje o vlivu ndkazy trichomono6zy na
vyhynuti holuba stéhovavého (Ectopistes migratorius) po té, co byly na americky

kontinent pfivezeni holubi z Evropy.

A pravé mékkozobi jsou Casto kofisti dravcl. Neni tedy piekvapenim, Ze mnoho
druht dravcu (a sov) bylo prokazatelné nakazeno trichomondzou (Work & Hae 1996;
Boal et al. 1998; Erwin et al. 2000; Krone et a. 2005). Vzhledem k tomu, Ze tento parazit
byl jiz prokazan u mnoha druhi ptaku, je dilezité ho nepfehliZzet pii ochrané ohrozenych
druhti ( Bunbury et al. 2007; Hegemann et al. 2007). Tento fakt je zvlasté dualezity
v ptipadé dravct, kdy vzhledem k tbytku jejich piirozeného prostiedi jsou nuceni

osidlovat urbanni prostiedi a lovit jinou kofist. Touto kofisti ve zmifiovaném méstském
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prostredi jsou ¢asto méststi holubi a dal§i m&kkozobi. Vyrazny rozdil v rozSiteni nakazy
byl zjistén u jestiaba Cooperova (Accipiter cooperii) v Arizoné. Zatimco rozsifeni nakazy
u mladat jestrabi Cooperovych hnizdicich mimo mésto bylo 9%, rozSifeni nakazy
u mlad’at méstskych jestfabu bylo 85%. Dle autorii, hlavnim divodem byla veétsi
konzumace mé&kkozobych v urbannim prostiedi (Boal et al. 1998). Tento fakt byl pozdéji
podpofen zjiSténim, 7e 57% potravy méstskych jestfabu je tvofeno meékkozobymi, kdezto
u jestiabi mimo mésto tvori mekkozobi pouze 4% potravy (Estes & Mannan 2003).
Podobné vysledky byly zjistény u mlad’at jestiaba lesniho (Accipiter gentilis) na hnizdech
blizko mést v Evropé. Napiiklad v Polsku byl vyskyt trichomonad u mladat 100%
(Wieliczko et al. 2003) a v Némecku bylo nakazeno 65% mlad’at (Krone et al. 2005).
U dal$iho ohrozeného druhu dravce — orla jestiabiho (Hieraaetus fasciatus), ktery ve velké
mife preduje holuby byla také zjisténa pfitomnost T. gallinae. V jiznim Portugalsku bylo
50% mlad’at diagnostikovanych pozitivné na piitomnost T. gallinae (Hofle et a. 2000).
V severnim Spandlsku nasli Real et al. (2000) 36% nakaZenych mlad’at orlt a pri&itaji 3%

umrtnosti mlad’at prave této nakaze.

Jak doklada pomémeé mnoho studii, kmeny jednotlivych paraziti se lisi ve virulenci
(specificka vlastnost patogenu). Ale pouze nékolik studii se zabyvalo genetickou
charakteristikou studovanych kmentu. Taxonomické urCeni jednotlivych druhii v ramci
Celedi Trichomonadidae je moZzné pomoci pouziti genu 5.8S rRNA a regioni ITS (internal
transcribed spacer) (Felleisen 1997; Hayes et a. 2003; Waker et al. 2003; Kleina et a.
2004; Gerhold et al. 2008). Gaspar da Silve et al. (2007) pouzili tuto sekvenci k uréeni
kmene T. gallinae nalezenou u divoce Zijicich holubu z Mauriciusu. Dale tito autofi zjistili,
7e kazdy izolovany kmen patii genotypu sekvenovaném autory ¢lanku Kleina et al (2004).
Pozdgji ti sami autofi pomoci techniky ndhodného zesileni polymorfni DNA, popsali sedm
skupin kmenu li§icich se druhové (species-specific) a geograficky (geographic-specific).
Pouze velice malo studii se v8ak zabyvalo genetickou charakteristikou T. gallinae
u dravci. Gerhold et al. (2008) studovali sekvence ziskané z jestiaba Cooperova a kané
Sirokokiidlé (Buteo platypterus). Jedna z poslednich studii analyzovala T. gallinae u $esti
druhti dravcu. Fylogeneticky strom T. gallinae se déli na dvé vétve; genotyp A, ktery
obsahuje sekvence popsané autory Felleisen (1997) a Gerhold et a. (2007); a genotyp B,
kde byly sekvence popsané v pracech Kleina et al. (2004), Gaspar da Silva et a. (2007)
a Gerhold et al. (2008). Obé skupiny se li§i od ostatnich druhtu Trichomonas sp.
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odebranych z dutiny zobaku (Gerhold et al. 2008) a také od blizce ptibuznych druhi —
Trichomonas vaginalis a Trichomonas tenax. Dle studie Sansaro- Maester et a. (2009),

prevazoval genotyp B v odebranych vzorcich dravci.

Vzhledem K pouziti pomémé novéjSich technik pro ziskavani poznatku z fiSe
parazitu bylo zatim opublikovano relativné malo praci. Zejména téch, zabyvajicich se
parazity rodu Trichomonas u dravci. S novéjs$imi metodami (pouziti sekvence DNA)
se naskytne piilezitost detailn&ji studovat parazity ohroZzenych druht nejen ptakt a snad se

1 diky tomu podaii zlepsit jejich ochranu.

Jednim z cilii této disertacni prace bylo porovnani vyskytu trichomon6zy u mladat
krahujce obecného v urbannim prostiedi a okolni krajiné. Urbanni populace mohou byt
mnohem vice nakazeny (napt. Boal et a. 1998) a v piipadé silné ohrozenych druht maze

silné vypuknuti ndkazy predstavovat zna¢né riziko pro celou populaci.

3.3 Obranné chovani béhem hnizdéni

Zivo&ichové reaguji na piitomnost &lovéka riznymi zpusoby. Samotna reakce
jednotlivého zvitete je pak kombinaci zkuSenosti ziskanych uenim a ¢aste¢né genetickou
dispozici. ZkuSenosti ziskané ucCenim jsou pak ovlivnény poctem setkani s Clovekem
a hlavné vysledkem takovych setkani (Knight & Temple 1986). Samoziejmé se
zvySovanim poctu lidi se méni 1 pfirodni prostfedi a tak se mnozi ZzivoCichové musi
ptizpusobovat témto zménam. Nékteré druhy ptaku se prizpusobili zvétSujici se hustoté lidi
a doslova se “urbanizovali” (Cooke 1980). Velka mésta poskytuji vhodné biotopy pro
mnoho druhii Zivocichi, ktefi jsou ochotni piekonat ekologické bariéry urbanizace
a adaptovat se novym podminkdm (Luniak 2004). Mnozstvi studii, které popisuji chovani
ptaki v urbannim prostfedi je velké a stale roste (Marzluff e al. 2001). Mezi
nejznaméj§imi priklady ptaCich druhu, které mezi prvnimi zacali okupovat urbanni
prostiedi, patii bezesporu kos ¢ermy (Turdus merula), hrdli¢cka zahradni (Streptopelia
decaocto), holub hiivna¢ (Columba palumbus), straka obecna (Pica pica) a dalsi
(Luniak et al. 1997). Diky pfizpisobovani se urbannim podminkam, néktera mésta maji

relativné vysokou druhovou biodiversitu (Wilby & Perry 2006). Zejména pro nékteré
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dravce je urbanni prostiedi vhodnym prostfedim pro hnizdéni. Mésta poskytuji velké
mnozstvi potravy, kvalitni podminky pro hnizdéni (budovy) a hlavné absenci
pronasledovani (Chace & Walsch 2006). Mimo mésta byli a nékteré druhy stale jsou,
legalné pronasledovani. V misté, kde je dany druh pronasledovan, by bylo nevyhodné se
ptizpusobovat pfitomnosti clovéka a bylo by lepsi se ¢lovéku vyhybat (Knight 1984,
Knight et al. 1989). Pronasledované druhy ptakt se tak chovaji rozdilné v urbannim
prostfedi a okolni krajiné (Kenney & Knight 1992). Jako nasledek pronasledovani
(napfiklad vystfelovani hnizd) a reakce odlétnuti pfed Clovékem (s navratem na zniCené
hnizdo) mizou néktefi ptaci reagovat na prichoziho ¢lovéka agresivné. Predace hnizda je
dalezitym faktorem v UspéSnosti hnizdéni a mnoho druh(l ptaku tak muze vidét Clovéka
jako vetfelce (Fisher et al. 2004). Proto obrana hnizda miize vyrazné snizit ztratu snisky
nebo mladat (Grim 2008). VétSina studii zabyvajici se obranym chovanim ptaka b&hem
hnizdéni popisuje vzristajici miru obrany s pokro€ilym stupném hnizdéni (Merritt 1984,
Shields 1984, Sergio & Bogliani, 2001). Toto chovani potvrzuje hypotézu o rodi¢ovské
investici, kdy rodice investuji vice do svych potomki s postupem casu (Trivers 1972,
Barash 1975). Jinak feCeno, ¢im vice rodiCe investovali do rozmnoZovani, tim vice se
vyplati branit své potomky. Knight & Temple (1986) v§ak tuto hypotézu vyvraceji a tvrdi,
7e studie, které dané chovani popisovaly, byly metodicky Spatné a pozorovani ptaci si jen

zvykali na ¢lovéka béhem navstév.

Studii, které se zabyvaly reakci hnizdicich dravci na ¢lovéka, neni mnoho.
Obzvlasteé tech, které porovnavaly dravce hnizdici v urbannim prostiedi a téch hnizdicich
v okolni — pfirozené krajiné. Pokud se jedna o druh, ktery byl v minulosti pronasledovan,

je mozné, 7e dané chovani bude ovlivnéno negativni zkuSenosti s clovekem.

Prvni zminky hnizdéni krahujce obecného v Praze se datuji do 70. let 20. stoleti
(Peske in Fuchs 2002). Krahujci, v Praze nachazeji dostatek potravy, vhodna mista pro
hnizdéni, méné predatori nez v jejich pfirozeném prostifedi. V minulosti byl krahujec
obecny na tzemi Ceské republiky cilend pronasledovan. Jestd v 80. letech byl tento druh
legalné stiilen a zaznamy ukazuji, Ze v letech 1991 az 1993 byly jesté desitky krahujct
odloveny (Myslivecka statistika MZe CR, 2014).

13



Reakce krahujct na clovéka v mestském prostiedi, kde nikdy nebyl pronasledovan,
by se mohla lisit od reakce krahujcti hnizdicich v okolni krajiné, kde byl je§té v nedavné

dobé stfilen cilené.

3.4 DDT v ptacich vejcich

DDT - dichlorodiphenyltrichloroethan byl poprvé syntetizovan v roce 1874, ale
jeho pouziti zacalo az po roce 1939. Ve druhé svétové valce byl tento bezbarvy
organochlorid pouzivan na kontrolu malarie a tyfu. Po valce bylo DDT volné pouzivano
v zemédélstvi jako insekticid a jeho produkce rapidné vzrustala. Az v 60. a 70. letech se
zjistil jeho negativni vliv na Zivotni prostfedi. Carson (1962) ve své knize tvrdi, Ze
ptitomnost DDT v zivo€iSnych tkanich a potravnich fetézcich byla zjisténa i1 v lokalitach
vzdalenych od mista pouziti. Zaroven uvedla, ze se u DDT projevuje tvz. bioakumulace —
hromadéni v tkanich Zivoc¢icht. Nejvice postizenou skupinou Zzivoc€ichu byli ptaci, zejména
dravci, ktefi stoji na vrcholu potravniho fetézce. Prvni zminky o tenceni skofapek vajec
vlivem DDT a jeho metabolita (napt. DDE) byly zjistény u sokola stéhovavého a kondora
kalifornského (Peakall et al. 1976, Kiff et al. 1979). Ale i populace dalSich druht ptaku,
nejen v USA de i v Evropé, byly negativné timto pesticidem ovlivnény (napt.: Ratcliffe
1967). Jakmile byl efekt téchto chemikalii na ZivocCichy zjistén, bylo v mnoha zemich
pouzivani DDT zastaveno. V USA to bylo v roce 1972, ve Velké Britanii v roce 1986
av Ceské republice v roce 1974. Jeho pouzivani viak bylo zaznamenano je$ts v 80. letech
20. stoleti. Ackoliv je dnes v US a Evropé pouzivani zakazano, v nékterych Castech Afriky

se DDT stale pouziva (Maharaj et al. 2005, Bouwman et al. 2008).

DDT je tézko odbouratelna halogensloucenina, dobfe rozpustna v tucich. Tento
organochlorid se dobfe kumuluje v télech Zivocichu a vlivem hromadéni v tkanich nejvice
postihuje predatory. Ruzné druhy organochloridi maji rozdilny typ postizeni Zivocichi
(Newton 1986). Chemikalie typu DDT nepiimo plsobi na daného jedince, ale od urcitého
mnozstvi ovliviiuyje rozmnozovaci cyklus. Vyssi hladiny DDT a jeho metaboliti totiz
zplsobuji tenceni skofapky vajec, coZz vede krozmackani vajec a snizeni hnizdni

uspésnosti (Ratcliffe 1970, Cooke 1973, 1979, Newton 1979). Hlavni ovliviyjici sloZzkou
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je DDE (metabolit DDT). Pokud je Gspe€snost hnizdéni natolik sniZena, 7e je produkovano
malo mladat, ktera by kompenzovala mortality dospélcii, populace se zane snizovat
(Newton 1979, 1986, Henny & Wight 1969).

I krahujec obecny, vzhledem k tomu, 7e je vrcholovym predatorem muze byt
negativné ovlivnén DDT. VétSinu jeho potravy piedstavuji ptaci (Owen 1916, Newton
1986), kteti se zivi semeny (na které je bud’ pfimo pesticid aplikovan), nebo se Zivi
mensimi zivoCichy, hmyzem, ve kterém se Skodlivé latky ukladaji z Zivotniho prostiedi.
U rozdilnych populaci krahujce obecného v Evropé byly zjistény koncentrace DDT ve
vejcich ale 1 v tkanich (Bogan & Newton 1977). Populace krahujce ve Velké Britanii byla
zdecimovana a a7 po zakazu pouzivani DDT se tato populace zacala zvySovat
(Newton & Haas 1984). DDT ve vejcich krahujcu bylo objeveno i v Némecku
(Farkaschovsky 1980, Conrad 1981, Denker et al. 2001), Nizozemi (Opdam et al. 1986)
a Italii (Provini & Galassi 1999). V ramci téchto studii byly hodnoty naméfené z vajec
krahujcu pfiblizné stejné. Jen Jagannath et al. (2008) naSel ve vejcich z Velké Britanie

extrémné vysoké koncentrace DDE.

Koncentrace, které mohou poskodit jednotlivé druhy se ruzni. Napiiklad u sokola
stehovavého byla odhadovana koncentrace DDT ve vejcich, kterd muize byt kriticka pro
populaci 15 — 20 ppm (wet weight basis) (Peakall et al. 1975). Newton (1979) uvadi, 7e
hodnoty 4 — 5 ppm DDE (fresh weight) ve dravéim vejci, snizuji vahu skofapky vejce
0 15%.

3.5 Skvrnitost vajec

Ptaci vejce jsou unikatni ve svém rozmanitém zabarveni a skvrnéni. Rozmanitost
tohoto skvmeéni je nejvétsi u péveil (Passeriformes), ale 1 ostatni druhy maji skvrnita vejce.
Piiblizné 60 % druht pévcu vyskytujicich se v holarktické oblasti ma skvrnita vejce
(Sibley & Monroe 1990). Ptaci hnizdici v dutinach zpravidla snasi vejce bez skvrnéni na
rozdil od druhu hnizdicich v otevienych hnizdech (Lack 1968). Skvrnitost vaec se
vyskytuje u desitek druhu patiicich do 27 tada ptakt. Zejména Casta je u dravcu,

kratkokfidlych, hrabavych, stepokuri a jiz zminénych pévcu (Kilner 2006).
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Zabarveni vejce je zpUsobeno pigmenty, které se ukladaji pfiblizné 4 hodiny pfed
snesenim vejce a jsou proto nejvice obsazeny ve vrchnich vrstvach skofapky
(Burley & Vadehra 1989). Barevné skvrny jsou pievazné tvotfeny protoporfyrinem
(Kennedy & Vevers 1976), ktery ptaci produkuji jako nadbytek béhem biosyntézy
krevniho barviva (Burley & Vadhera 1989). Protoporfyrinovy pigment se uklada ve vSech
vrstvach skotapky a zabarvuje skotapku od Zluté pies Cervenou az po tmaveé hnédou. Vedle
toho, Ze se v hojné mife vyskytuje v krvi a jeho pH je neutralni, ma jesté dvé duilezité
vlastnosti.  Jeho struktura piipomina pevny lubrikant, ktery se pouziva ve stavebnictvi,
aproto se muzeme domnivat, 7e miize mit absorpéni schopnost (proti otfesiim) ve skofapce
(Solomon 1987; Solomon 1997). Druhou dulezitou vlastnosti je, Zze protoporfyrin odrazi
infra-Cervené zafeni (Bakken et al. 1978), ¢imz vznikaji chladné&j$i mista na vejci a také
redukuje ztratu vody. Druhym dualezitym pigmentem je biliverdin a jeho chelaty zinku.
Tento pigment produkuje barvy od modré po zelenou (Kennedy & Vevers 1976;
Burley & Vadehra 1989). Piesné mnozstvi pigmentu, ktery je ukladan do skotapky, je
kontrolovano hormony — estradiolem a progesteronem (Soh & Koga 1997). Pigmenty ve
skofapce jsou dulezitou strukturalni slozkou, pfidavajici na sile a pruznosti skofapky
(Goder et a. 2005). A jak se posledné zminiovani autofi domnivaji, mize to byt jejich
jedind funkce. U nékterych menSich druht ptaka je vSak pigment dualezity, protoze
zpeviiuje skotapku. A to v pfipadé, Ze si ptaci nemohou ze svého malého téla (kostry —
zasoby vapniku) vzit dostatek na tvorbu skofapky. Alternativni moznosti se nabizi
v podobé vice funkci ukladaného pigmentu, jako napiiklad funkce signalni nebo

termoregulacni.

I ptes velky zdjem, ktery byl vénovan skvrnitosti vajec, neni u vétSiny druhu ptaku
znam jasny duvod zbarveni. Domnénky vysveétluji pouze nékteré puvodce zbarveni vajec,
ale nedokaZou vysvétlit veSkerou variaci ve zbarveni vajec. Evidence u nékterych druha
ukazuje, 7e vyznam zbarveni vajec ma sva opodstatnéni napf. maskovani pfed predatory
(Bakken et al. 1978; Sanchez et a. 2004) a mimikry — ochrana pfed parazity snusek
(Davies & Brooke 1988). Dle Wallace (1889) byla vejce predku ptaku bila a veSkeré formy
zbarveni a skvrnéni jsou adaptace na specifické mikro-prostfedi daného hnizda, slouzici
Kk ukryti vajec. Ptaci hnizdici v dutindch snasi vejce Cisté bild, zatimco ptaci, jejichz hnizda
Jsou exponovanad, snasi vejce Cervené nebo hnédé skvrnita, coz Wallace vysvétluje jako

adaptaci pro ukryti. Experimenty v$ak jeho teorii ne vzdy potvrzuji (Underwood & Seay
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2002). Z vétsiny studii je jasné, ze zabarveni vajec zvySuje krypsi, ale je to az druhotné za
maskovanim hnizda pted predatory. To potvrzuji nékteré studie, které tvrdi, ze nejvice
kryptickych vajec snasi ptaci, ktefi nestavi hnizdo (Gotmark 1992; Gotmark 1993;
Underwood & Sealy 2002).

Zabarveni vajec muze také ovliviiovat samotnou teplotu vejce a zarodku. Starsi
studie prokazaly, Ze nabarvena bila vejce maji vy$$i vnitini teplotu (Montevecchi 1976).
Pro nékteré druhy jako napftiklad pstros, by exponované tmavé vejce na slunci dosahlo
vy$si teploty nez bilé vejce, coz by bylo smrtelné pro embryo (Bertram & Burger 1981).
Tudiz ptaci, kteti snaseji vejce do otevienych hnizd, musi zvolit kompromis mezi vétsi
moznosti predace €i niz§i teplotou vejce, respektive embrya. Na druhou stranu, nékteré
druhy, které pouzivaji k zabarveni vajec protoporfyrin a biliverdin vyuzivaji jgjich efektu
odrazu slune¢niho svétla (v infraerveném spektru). Bakken et al. (1978) zjistily, Ze vejce
zabarvend pravé témito dvéma pigmenty odrazeji az 90 % infraCerveného zafeni a tudiz

snizuji ohfev vejce.

Mnozstvi pigmentu — biliverdinu muze u nékterych druhu signalizovat kondici
samice (Moreno et al. 2004). Pomémé nedavné studie vsak zjistily, 7e zabarveni vajec
nemusi mit nutné funkci zavislou od zbarveni samotného, ale Ze mnoZstvi
protoporfyrinovych skvrn je korelované s tlouStkou skofapky v zavislosti na dostupnosti
vapniku (Gosler et a. 2005). Tudiz skvrnitost ptacich vajec muze odhalit mnoho o stavu
zivotniho prostiedi (skrze piisun potravy a zivin). Jagannath et a. (2008) zjistili, ze
protoporfyrinové skvrny jsou silné korelovany Smnozstvim DDE (metabolit znamého
insekticidu DDT) a tloustkou skofapky u krahujce obecného. Proto, takovéto studie maji
velky potencial nejen z hlediska evolucnich studii, ale 1 pro monitorovani stavu Zivotniho

prostredi.

17



4 Pouzita literatura

Alberti, M., Marzluff, J. M., Shulenberger, E. 2003. Integrating humans into ecology:
opportunities and challenges for studying urban ecosystems. Bioscience 53: 1169 — 1179.

Andersen, D. E. & Plumpton, D. L. 2000. Urban landscapes and raptors. a review of
factors affecting population ecology. Raptors at Risk: Proceedings of the 5th World
Conference on Birds of Prey and Owls (eds R.D. Chancelor & B.-U. Meyburg),
pp. 435 — 445. World Working Group on Birds of Prey and Owls, Berlin.

Andrzejewski, R., Babifiska-Werka, J., Gliwicz, J., Goszczyfiski, J. 1978. Synurbization
processes in an urban population of Apodemus agrarius.l. Characteristics of population in
urbanization gradient. Actatheriol. 23: 341 — 358.

Avilova, I. V., Korbut, B. B, Fokin, S. 1994. Urbanized population of waterfowl (Anas
platyrhynchos) of the Moscow city. 1zd. Mosk. Univ., Moskva.

Babifiska-Werka, J., Gliwicz, J. and Goszczyfiski, J. 1979. Synurbization processes in an
urban population of Apodemus agrarius. Il. Habitats of the Striped Field Mouse in town.
Actatheriol. 26: 405 — 415.

Baker, J. R. 1986. Trichomoniasis, a major cause of vomiting in budgerigars.
Vet Rec. 118: 447 — 449,

Bakken, G. S., Vanderbilt, V. C., Buttemer, W. A., Dawson, W. R. 1978. Avian eggs.
thermoregulatory value of very high near-infrared reflectance. Science. 200: 321 — 323.

Baum, J. 1955. Ptactvo Velké Prahy. Orbis, Praha.

Bertram, B. C. R. & Burger, A. E. 1981. Are ostrich Srruthio camelus eggs the wrong
colour? Ibis. 123: 207 — 210.

Bird, D. M., Verand, D. E. and Negro, J. J. 1996. Raptors in Human Landscapes.
Academic Press/Raptor Research Foundation, London.

Boal, C. W., Mannan, R. W., Hudelson, K. S. 1998. Trichomoniasis in Cooper’s hawks
from Arizona. Journd of Wildlife Diseases. 34: 590 — 593.

18



Boal, C. W. 1997. The urban environment as an ecological trap for Cooper’s Hawks. PhD
Thesis, University of Arizona, Tucson, AZ, USA.

Bunbury, N., Jones, C. G., Greenwood, A. G., Bell, D. J. 2007. Trichomonas gallinae in
Mauritian columbids: implications for endangered endemic. Journal of Wildlife
Diseases 43: 399 — 407.

Burley, R. W. & Vadehra, D. V. 1989. The Avian Egg : Chemistry and Biology. John
Wiley & Sons, New York.

Cole, R. A. 1999. Trichomoniasis. In: Friend M, Franson JC (eds). Field manual of wildlife
diseases. US Department of Interior. Nationa Geologica Survey. Madison, WI, pp 201 —
206

Cooper, J. E., & Petty, S. J. 1988. Trichomoniasis in free-living goshawks (Accipiter
gentilis) from Great Britain. JWildl Dis. 24:80 — 87.

Craig, G. R., White, G. C., Enderson, J. 2004. Surviva, Recruitment, and Rate of
Population Change of the Peregrine Falcon Population in Colorado. Journal of Wildlife
Management. 68(4): 1032 — 1038.

Cramp, S. & Simmons, K. E. L. (1980) Handbook of the birds of Europe, the Middle East
and North Africa. University Press. Oxford.

Darwin, C. 1871. The Descent of man and Selection in Relation to Sex. Murry. London

Davies, N. B. & Brooke, M. DE L. 1988. Cuckoos versus reed warblers : adaptations and
counteradaptations. Animal Behaviour. 36: 262 — 284.

Divi§, T. 1981. Hustota a popula¢ni dynamika krahujce obecného. Ziva 29: 73 — 74.

Emlen, S. T., Emlen, J. M., Levin, S. A. 1986. Sex ratio selection in species with helpers-
at-the-nest. Am. Nat. 127: 1 - 8.

Engel, J.,, Keller, M., Leszkiewicz, J., Zawadzki, J. 1988. Synurbization of the mallard
Anas platyrhynchosin Warsaw. Actaorn. 24: 9 — 28.

19



Erwin, K. G., Kloss, C., Lyles, J., Felderhoff, J., Fedynich, A. M., Henke, S. E., Roberson,
J. A. 2000. Survival of Trichomonas gallinae in white winged doves carcasses. Journal of
Wildlife Diseases 36: 551 — 554.

Estes, W. A. & Mannan, R. W. 2003. Feeding behavior of Cooper’s hawks at urban and
rural nestsin southeastern Arizona. The Condor 105: 107 — 116.

Felleisen, R. S. J. 1997. Comparative sequences analysis of 5.8S rRNA genes and internal
transcribed spacer (ITS) regions of Trichomonadid protozoa. Parasitology 115: 111 — 119.

Fernandez-Juricic, E., Jimenez, M. D., Lucas, E. 2001. Bird tolerance to human
disturbance in urban parks of Madrid (Spain), Management Implications. In: Marzluff, J.
M. et a. (eds.) Avian Ecology and Conservation in Urbanizing World. Kluwer Academic
Publishers.

Fisher, R. A. 1930. The Genetica Theory of Natura Selection. Clarendon Press. Oxford.

Fuchs, R., §kopek, J., Formanek, J. and Exnerova, A. 2002. Atlas hnizdniho roz$ifeni
ptakt Prahy, Praha.

Gaspar da Silva, D., Barton, E., Bunbury, N., Lunness, P., Bell, D. J., Tyler, K. M. 2007.
Molecular identity and heterogeneity of trichomonad parasites in a closed avian
population. Infection Genetics and Evolution 7: 433 — 440.

Gedeon, K. and Meyer, H. 1986. Breeding ecology and reproduction of the Eurasian

Sparrowhawk, Accipiter nisus, in the Erz Mountains. Hercynia 23:385 — 408.

Gerhold, R. W., Yabdey, M. J.,, Smith, A. J.,, Ostergaard, E., Mannan, W., Cann, J. D.,
Fischer, J. R. 2008. Molecular characterization of the Trichomonas gallinae morphologic
complex in the United States. The Journal of Parasitology 94: 1335 — 1341.

Gliwicz, J., Goszczyfiski, J. and Luniak, M. 1994. Characteristic features of animal
populations under synurbization - the case of the Blackbird and of the Striped Field Mouse.
Memorabilia zool. 49: 237 — 244.

Gotmark, F. 1992. Blue eggs do not reduce nest predation in the song thrush Turdus
philomelos. Behavioral Ecology and Sociobiology. 30: 245 — 252.

20



Gotmark, F. 1993. Conspicuous nests may select for non-cryptic eggs : a comparative

analysis of avian families. Ornis Fennica 70: 102 — 105.

Gosler, A. G., Higham, J. P. and Reynolds, S. J. 2005. Why are birds’ eggs speckled?
Ecology Letters8: 1105 - 1113.

Greiner, E. C. & Baxter, W. L. 1974. A locaized epizootic of trichomoniasis in mourning
doves. Journa of Wildlife Diseases 10: 104 — 106.

Hanak, V. 1983. K vyskytu a ekologie obratlovcu v Praze. Natura Pragensia2: 1 — 75.

Hanson, R. P. 1969. The possible role of infectious agents in the extinction of species. In:
Hickey, J. J. (ed) Peregrine falcon populations. University of Wisconsin Press, Madison,
pp 439 — 444.

Hardy, 1. C. W. 1997. Possible factors influencing vertebrate sex ratio: an introductory
overview. Appl. Anim. Behav. Science 51: 217 — 241.

Harmon, W. H., Clark, W. A., Hawbecker, A. C., Stafford, M. 1987. Trichomonas gallinae
in columbiform birds from Galapagos islands. Journal of Wildlife Diseases 23: 492 - 494.

Hayes, D. C., Anderson, R. R. and Walker, R. L. 2003. Identification of trichomonadid
protozoa from the bovine preputial cavity by polymerase chain reaction and restriction
fragment length polymorphism typing. Journa of Veterinary Diagnostic Investigation 15:
390 - 394.

Hegemann, A., Hegemann, E. D., Krone, O. 2007. Trichomonosis in a free-living Stock
Dove (Columba oneas). European Journal of Wildlife Research 53: 235 — 237.

Heinrich K. 1965: Z hnizdni bionomie krahujce. Ziva 13: 35-37.

Heinrich, W. 2009. Peregrine Facon recovery in the continental United States 1974 —
1999, with notes on related programs of The Peregrine Fund. In Sielicki, J. & Mizera, T.
(Eds), Peregrine Falcon — status and perspectives in the 21% century. University of Life
Sciences Press, Warsaw — Poznan.pp 431 — 444,

21



Hofle, U., Blanco, J. M., Pama, L., Mdo, P. 2000. Trichomoniasis in Bonelli’s eagle
nestlings in south-west Portugd. In: P.T. Redig, J.E. Cooper, T.D. Remple & D.B. Hunter
(Eds.), Raptor Biomedicine Il (pp. 45_51). Minneapolis: University of Minnesota Press.

Hoogland, J. L. 1981. Sex ratio and loca resource competition. Am. Nat. 117: 796 — 797.
Hudec K., §t’astn§'/ K. akol. 2005. Fauna CR, Ptaci 2/I, Akademia Praha.

Chace, J. F.,, Wash, J. J.,, Cruz, A., Prather, J. and Swanson, H. E. 2003. Spatial and
temporal activity patterns of the brod parasitic brown-headed cowbird and an
urban/wildland interface. Landsc. Urban Plan. 64: 179 — 190.

Jagannath, A., Shore, R. F., Walker, L. A., Ferns, P. N., Goder, A. G. 2008. Eggshell
pigmentation indicates  pesticide  contamination. Journal of Applied
Ecology. 45: 133 — 140.

Jones, C. G., Heck, W., Lewis, R. E., Mungroo, Y., Slade, G., Cade, T. 1994. The
restoration of the Mauritius Kestrel Falco punctatus population. The International Journal
of Avian Science 137(1): 173 — 180.

Jones, C. G., Lawton, J. H., Shachak, M. 1994. Organisms as ecosystem engineers. Oikos
689: 373 — 386.

Kennedy, G. Y. & Vevers, H. G. 1976. A survey of eggshell pigments. Comparative
Biochemistry and Physiology 55: 117 — 123.

Kilner, R. 2006. The evolution of egg colour and patterning in birds. Biological
Reviews 81: 383 - 406.

Kleina, P., Bettim-Bandi€lli, J., Bonatto, S. L., Benchimol, M., Bogo, M. R. 2004.
Molecular phylogeny of Trichomonadidae family inferred from ITS-1, 5.8S rRNA and
ITS 2 sequences. Internationa Journd for Parasitology 34: 963 — 970

Krone, O., Altenkamp, R., Kenntner, N. 2005. Prevaence of Trichomonas gallinae in
Northern Goshawk from Berlin Area of Northeastern Germany. Journa of Wildlife
Diseases 41: 304 — 309.

Lack, D. 1968. Ecological Adaptations for Breeding in Birds. Methuen, London.

22



Lancaster, R. K., Rees, W. E. 1979. Birds communities and the structure of urban habitats.
Canadian Journal of Zool. 57: 2358 — 2368.

Leston, L. F. V. & Rodewald, A. D. 2006. Are urban forests ecologica traps for
understorey birds? An examination using Northern cardinals. Biological Conservation
131(4): 566 — 574.

Luniak M. 2004. Synurbization — adaptation of animal wildlife to urban development. In:
Shaw W. W., Harris L. K., Vandruff L. (eds). Proc. 4th Int. Symposium Urban Wildlife
Conservation. Tucson, pp. 50 — 55.

Luniak, M., Mulsow, R., Waasz, K. 1990. Urbanization of the European Blackbird
expansion and adaptations of urban population. In: Luniak M. (ed.), Urban ecologica
studiesin Central and Eastern Europe. Ossolineum, Wroclaw, pp. 87 — 199.

McDonndl, M. J. 1997. A paradigma shift. Urban Ecosystems 1: 85 — 86.

McKinney, M. L. 2002. Urbanization, biodiverzity, and conservation.
Bioscience 52: 883 — 890.

Mesa, C. P., Stabler, R. M., Berthrong, M. 1961. Histopathological changes in the
domestic pigeon infected with Trichomonas gadlinae (Jones-Barn  strain).
Avian Dis. 5: 48 — 60.

Montevecchi, W. A. 1976. Field experiments on the adaptive significance of avian eggshell
pigmentation. Behaviour 58: 26 — 39.

Moreno, J., Osorno, J. L., Morales, J., Merino, S., Tomas, G. 2004. Egg colouration and
mde parental effort in the pied flycatcher Ficedula hypoleuca. Journa of Avian
Biology 35: 300 — 304.

Newton, I. 1986. The Sparrowhawk, T & A. D. Poyser. Caton.

Newton, |. 1975, Movements and mortality of British Sparrowhawks.
Bird Study 22: 35 - 43.

Newton, I. 1976. Breeding of Sparrowhawks (Accipiter nisus) in different environments. J.
Anim. Ecol. 45: 831 — 849.

23



Newton, 1., Marquiss, M., Moss, D. 1981 Age and breeding in Sparrowhawks. J. Anim.
Ecol. 50: 839 — 853.

Newton, I., & Marquiss, M. 1976. Occupancy and success of nesting territories in the

European Sparrowhawk. Raptor Research 10: 65 — 71.

Opdam, P., Burgers, J., Muskens, G. 1987. Population trend, reproduction and pesticides in
Dutch Sparrowhawks following the ban on DDT. Ardea 75: 205 — 212.

Ortlieb, R. 1987. Die Sperber. Dritte tiberarbeitete Auflage. Die neue Brehm-Biicherei.
Owen, J. H. 1916. Some breeding habits of the Sparrowhawk.British Birds 10: 2 — 77.
Owen, J. H. 1926-1927. The eggs of the Sparrowhawk. British Birds 20: 114 — 120.

Owen, J. H. 1931-1932. The feeding habits of the Sparrowhawk.
British Birds 25: 151 — 155.

Palmer, M., Bernhardt, E., Chornesky, E. et a. 2004. Ecology for a crowded planet.
Science 304: 1251 — 1252.

Pepler, D. & Oetfle, D. E. E. 1993. Trichomonas gallinae in wild raptors on the Cape
Peninsula. South Africa Journa of Wildlife Research 22: 87 — 88.

Peske, L. 1992. Studium hnizdni populace krahujce obecného (Accipiter nisus) na tzemi

Velké Prahy. Zpravy Ceské spolenosti ornitologické 34: 15 — 16.

Redl, J,, Manosa, S., Munoz, E. 2000. Trichomoniasis in a Bonelli’s Eagle Population in
Spain. Journal of Wildlife Diseases 36: 64 — 70.

Sanchez, J. M., Corbacho, C., Munoz, E., Del Vigo, A. and Pargo, D. 2004. Colony-site
tenacity and egg color crypsisin the Gullbilled Tern. Waterbirds 27: 21 — 30.

Savard, J. L., Clergeau, P., Mennechez, G. 2000. Biodiversity concepts and urban
ecosystems. Landscpae and Urban Planning 48: 131 — 142.

Septon, G., J.,, Marks, B., Ellestad, T. 1995. A preliminary assessment of Peregrine Falcon
Falco peregrinus recovery in Midwestern North America. Actaorn. 30: 65 — 68.

24



Shigesada, N. and Kawasaki, K. 1997. Biological Invasions. Theory and Practice. Oxford
University Press, Oxford, UK.

Sibley, C. G. and Monroe, B. L. Jr. 1990. Distribution and Taxonomy of the Birds of the
World. New Haven, CT: Yae University Press.

Slabbekoorn, H. & Peet, M. 2003. Birds sing at a higher pitch in urban noise.
Nature 424: 424.

Soh, T. & Koga, O. 1997. The effect of progesterone and estradiol-17 beta on the pigment
accumulation of the shell gland in Japanese quail pretreated with aminoglutethimide.
Journal of the Faculty of Agriculture, Kyushu University 42: 147 — 150.

Solomon, S. E. 1997. Egg and eggshell quality. 2nd ed. Manson Publishing Ltd. London.
UK

Solomon, S. E. 1987. Egg shell pigmentation. In Egg Quality — Current Problems and
Recent Advances R.G. Wels & C.G. Bedyarin(eds.). Butterworths, London.
pp. 147 — 157.

Stabler, R. M .1954. Trichomonas gallinae: areview. Exp Parasitol. 3: 368 — 402

Stabler, R. M. 1951. A survey of Colorado bandtailed pigeons, mourning doves and wild

common pigeons for Trichomonas gallinae. The Journal of Parasitology 37: 471 — 472.

Stabler, R. M., Braun, C. E. 1975. Effect of virulent Trichomonas gallinae on the band-
tailed pigeon. J. Wildl. Dis. 11: 482 — 483.

Sweeney, S. J, Redig, P. T., Tordoff, H. B. 1997. Morbidity, survival and productivity of
rehabilitated Peregrine Falcons in upper midwestern U.S. Journal of Raptor
Research 31: 347 — 352.

Stastny, K., Bej¢ek, V., Hudec, K. 2006. Atlas hnizdniho rozsifeni ptakt v Ceské
republice. Aventinum s.r.o. Praha, 463 s.

§t’astn}'/, K., Randik, A., Hudec, K. 1987. Atlas hnizdniho roz§ifeni ptaka v CSSR 1973/77.
Academia, Praha.

25



Underwood, T. J. & Sealy, S. G. 2002. Adaptive significance of egg colouration. In Avian
Incubation : Behaviour, Environment and Evolution (ed. D. C. Deeming), pp. 280 — 289.
Oxford University Press, Oxford.

Wahl, V. 1944. Prazské ptactvo. 2. vydani, Ceska graficka unie, Praha.

Wadker, R. L., Hayes, D. C., Sawyer, R. W., Nordhausen, R. W., Van Hoosear, K. A.,
BonDurant, R. H. 2003. Comparison of the 5.8S rRNA gene and internal transcribed
spacer regions of trichomonadid protozoa recovered from the bovine preputia cavity.
Journa of Veterinary Diagnostic Investigation 15: 14 — 20.

Walace, A. R. 1889. Darwinism : An exposition of the theory of natural selection with

some its applications. Macmillan, London.

White, C., Clum, N., Cade, T., Hunt, W. 2002. Peregrine Falcon (Falco peregrinus). In:
The Birds of North America, No. 660, A. Poole and F. Gill (eds.) The Birds of North
America, Inc. Philadelphia, Pennsylvania. Accessed online on September 15, 2013 at
http://bna.birds.cornell.edu/BNA/

White, J. G., Antos, M. J,, Fitzsimons, J. A., Pamer, G. C. 2005. Non-uniform bird
assemblages in urban environments:. the influence of streetscape vegetation. Landsc. Urban
Plan. 71: 123 - 135.

Widiczko, A., Piasecki, T., Dorrestein, G. M., Adamski, A., Mazurkiewcz, M. 2003.
Evaluation of the Health Status of Goshawk (Accipiter gentilis) Nestlings in Wroclaw
Vicinity. Bulletin of the Veterinary Institute in Poznan 47: 247 — 257.

Work, T. M. & Hale, J. 1996. Causes of owl mortality in Hawaii, 1992 1994. Journal of
Wildlife Diseases 32: 266 — 273.

26


http://bna.birds.cornell.edu/BNA/

5 Vysledky disertacni prace

Kunca T., Smejkalova P., Cepi¢ka L, 2015: Trichomoniasis in European
sparrowhawks in the Czech Republic. Folia Parasitologica 62: 035.
doi: 10.14411/fp.2015.035

Kunca T., Yosef R., 2016: Differential nest-defense to perceived danger in
urban and rural areas by female Eurasian sparrowhawk (Accipiter nisus).
PeerJ 4:€2070 https://doi.ora/10.7717/peerj.2070

Kunca T., submitted: DDE in eggs of Eurasian Sparrowhawk, Accipiter nisus,
in the Czech Republic. Sylvia

27


https://doi.org/10.7717/peerj.2070

51 Clanek]I.

KuncaT., Smejkalova P., Cepickal., 2015.

Trichomoniasisin European sparrowhawksin the Czech Republic.

Folia parasitologica 62: 035.

28



© Institute of Parasitology, Biology Centre CAS
Folia Parasitologica 2015, 62: 035
doi: 10.14411/fp.2015.035

Folia Parasitologica

http://folia.paru.cas.cz

Research Article OPEN 3 ACCESS

Trichomonosis in Eurasian sparrowhawks in the Czech
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Abstract: Pigeon, doves and songbirds are hosts of the parasite Trichomonas gallinae (Rivolta, 1878), which causes avian trichomo-
nosis. Raptors are infected when they digest infected prey. A high percentage of the diet of Eurasian sparrowhawk Accipiter nisus
(Linnaeus) is comprised of birds. During the breeding season 2012 and 2013, we clinically tested 298 nestling Eurasian sparrowhawks
from urban and rural areas of the Czech Republic for the presence of trichomonads. Sparrowhawk nestlings in the urban area were more
infected (32.9%) than in the rural area (12.2%) in 2012 ()*>= 6.184, P = 0.045). The number of infected nestlings dropped in the urban
area (5.4%) and remained similar in the rural area (16.6%) in 2013. Sequences of ITS region and SSU rDNA confirmed that the isolates

from infected sparrowhawk nestlings belonged to Trichomonas gallinae.

Keywords: Accipiter nisus, avian trichomonosis, ITS region, Trichomonas gallinae, SSU rDNA

The Eurasian sparrowhawk Accipiter nisus (Linnaeus)
is a common raptor that preferably breeds in woods and
forests where it can find an abundance of prey (Newton
1986). Large cities also provide sufficient amounts of
prey and sparrowhawks have been found to be breeding
in various towns and cities across Europe (Fraissinet and
Fulgione, 2008). Prague city has been colonised by spar-
rowhawks since the early 1980’s and the population varies
between 45-55 breeding pairs (Peske in Fuchs et al. 2002).
The specificity of the urban environment brings some haz-
ards such as a higher risk of collision and an increased con-
centration of diseases (Chase and Walsh 2006).

Urban pigeons and doves are frequently reported to
be infected by various diseases including trichomonosis
caused by Trichomonas gallinae (Rivolta, 1878) (Phan et
al. 2013). Trichomonosis was also found in songbirds such
as the European greenfinch, Carduelis chloris (Linnaeus),
common chaffinch, Fringilla coelebs Linnaeus, hawfinch,
Coccothraustes coccotraustes (Linnaeus), and Eurasian
blue tit, Cyanistes caeruleus (Linnaeus) in western and
northern Europe (Robinson et al. 2010). Since small and
medium-sized birds comprise 97% of the sparrowhawk’s
diet during the breeding season (Newton 1986), the spar-
rowhawks have a high probability of encountering the par-
asite through ingestion of infected prey.

Modern molecular techniques allow genetic charac-
terisation of the strains found in infected birds. By using
the ITS region (ITS1-5.8S rDNA-ITS2) and SSU rDNA
(small subunit ribosomal RNA gene), the diversity of the

Trichomonadidae has been examined in various studies
(Kleina et al. 2004). However, only a few studies charac-
terised 7. gallinae from birds of prey using molecular data
(Krone et al. 2005, Sansano-Maestre et al. 2009, Chi et al.
2013).

The main aim of the present study was to determine the
prevalence of trichomonads in Eurasian sparrowhawks in
the urban population of Prague and the rural population in
northern Bohemia. A higher infection rate in urban spar-
rowhawks was suggested because of the high concentra-
tion of birds, especially pigeons (Fuchs et al. 2002). Ad-
ditionally, we determined the genotype of trichomonads
from sparrowhawks.

MATERIALS AND METHODS

The study was conducted in two areas. The first was an urban
area of Prague, Czech Republic (~240 km? — a circle in the cen-
tral Prague with a radius of 8.7 km), where sparrowhawks breed
in parks, gardens, cemeteries and urban greenery. The second
study area was situated in the ‘rural’ Liberec region of north Bo-
hemia, where sparrowhawks are found in large blocks of forest.
The distance between the two areas is approximately 100 km,
which is large enough to eliminate any contact between the two
populations during the breeding season (Fig. 1). The maximum
home range size was found to be 12.3 km? for females in Nor-
way (Selas and Rafos 1999). In both areas the data collection was
conducted during the breeding season from May to July 2012 and
2013. Sparrowhawks’ nestlings (at the age of 20-24 days) were
clinically tested for the presence of trichomonads using InPouch
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Fig. 1. Map of study areas in the Czech Republic.

TF Tritrichomonas foetus (Riedmiiller, 1928) test kits (Biomed
Diagnostics, San Jose, California, USA), suitable for diagnosis
of Trichomonas gallinae (see Cover et al. 1994). Swab samples
were collected from the oral cavity, transferred into the InPouch
medium, cultured in 37°C for 6 days and examined microscopi-
cally (100x magnification) for the presence of motile protists. Se-
lected cultures from 2013 positive for the presence of trichomon-
ads were subsequently transferred into TYM medium (Diamond
1957). The cultures were maintained at 37°C and subcultured
every 3—4 days. A genomic DNA Mini Kit (Blood/Cultured Cell)
(Geneaid, New Taipei City, Taiwan) was used to isolate DNA
from the cultures and lysate of smear from the oral cavity of one
dead nestling (isolate from this dead nestling was marked ‘CB”).
Primers 16SI (TACTTGGTTGATCCTGCC; Tachezy et al. 2002)
and ITSF (TTCAGTTCAGCGGGTCTTCC; Cepitka et al. 2005)
were used to amplify SSU rDNA and ITS region together. The
QIAquick PCR Purification Kit (Qiagen, Hilden, Germany) was
used to purify the PCR products. Subsequently they were bidirec-
tionally sequenced on the ABI Prism 3100-Avant Genetic Ana-
lyzer (Applied Biosystems, Waltham, USA) using primer 1055
F (GGTGGTGCATGGCCG) in order to determine the sequence
of the ITS region. Since all isolates had an identical sequence of
the ITS region, SSU rDNA sequence was determined from only
a single one (CB) using primers 16Sl, 514F (GTGCCAGCM-
GCCGCGQ), 1385R (GATCCTAACATTGTAGC), 1055R (CG-
GCCATGCACCACC), 665R (ATACWCTAAGCGTCCTG), and
295R (AGTCCGACGGTAACCGC). Sequence data reported in
this paper are available in GenBank under accession numbers
KMO095107 and KM095108.

We used R 2.12.0 (R Core Team 2010) for statistical analy-
sis of the infection (binomial response — positive versus negative
test). A series of models was created in order to shed light on
the effect of individual variables. Three factors were taken into
consideration: the sex of the nestling, the locality and the number
of nestlings in the nest. Finally, the nested model with the effect
of year was used. The data were tested for overdispersion (< 1)
before the statistical analysis was performed. Comparisons of the
models using ANOVA function followed after removal of each
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Table 1. Number of nests and nestlings related to the presence
of trichomonads in urban and rural areas of the Czech Republic
during 2012-2013.

2012 2013
Locality infected nests infected chicks infected nests infected chicks
n % n % n % n %
Urban 8 35 31 33 2 11 4 5
Rural 3 18 9 12 3 21 9 17

Urban — Prague; rural — rural Liberec region.

term and their interactions and only the factors of which removal
indicated statistically significant change (P < 0.05) were retained
in the resulting model.

RESULTS

The presence of trichomonads was tested in 168 nest-
lings from 23 urban nests (94 nestlings) and 17 rural nests
(74 nestlings) in 2012 and in 130 nestlings from 19 ur-
ban nests (76 nestlings) and 14 rural nests (54 nestlings)
in 2013. The presence of trichomonads was detected in 31
and 4 nestlings in Prague and 9 and 9 nestlings in Liberec
region in 2012 and 2013, respectively (Table 1). In spite
of the high percentage of parasitised birds in 2012, only
a few birds with macroscopic lesions in the oral cavity
were found. In contrast, all positively tested birds in 2013
showed necrotic lesions in the oral cavity. Statistical analy-
sis revealed that triple interactions (year : sex : pull) were
not significant (3= 10.232, df = 6, P = 0.115) and were
consequently removed from following analyse. Male and
female chicks were both infected without statistical signifi-
cance (y*= 3.203, df =2, P =10.201). The prevalence of in-
fection caused by trichomonads in sparrowhawk nestlings
was different between the two areas (y*>= 6.184, df = 2,
P = 0.045). The number of nestlings in the nest was also
found to have a highly significant result (y*= 28.19, df=2,
P < 0.001), i.e. it affects the prevalence of trichomonads
among the sparrowhawk nestlings. The infection risk in
the urban area of Prague in 2012 was higher with more
nestlings in the nest. However, the infection risk declined
with more nestlings on the nest in the rural area of Liberec
region in 2012. The results from 2013 show similar pattern
for both the urban and rural environments (Fig. 2).

Sequences of the ITS region of all nine isolates were
identical and showed 98—100% homology with sequenc-
es of Trichomonas gallinae in GenBank. Phylogenetic
analysis indicated that our isolates belong to the 7. gall-
inae genotype B as defined by Sansano-Maestre et al.
(2009), and sequence group A as defined by Gerhold
et al. (2008) (not shown). More specifically, they were
identical with 15 GenBank sequences that represented
93 isolates obtained from birds of prey, songbirds, co-
lumbids and parrots in Europe, North America and Aus-
tralasia (Table 2). The SSU rDNA sequence of the isolate
CB was identical with the GenBank sequence HG008106
of T gallinae obtained from various European finches
(Ganas et al. 2014), confirming species identity of our
isolates.
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Fig. 2. Infection rate of Trichomonas gallinae (Rivolta, 1878) in Eurasian sparrowhawk, Accipiter nisus (Linnaeus), versus brood size

in urban and rural areas 2012-2013.

Table 2. List of hosts infected by Trichomonas gallinae (Rivolta, 1878) with identical ITS region, their GenBank accession numbers

and additional information.

Host GenBank sequence Isolate(s) Origin Reference
Birds of prey
Accipiter cooperi (Bonaparte) EU215369 Cooper’s hawk 4 USA Gerhold et al. (2008)
Accipiter nisus (Linnaeus) KMO085108 CB (+ 8 others) Czech Republic Present study
Aquila fasciata (Vieillot) EU881915 R1905 Spain Sansano-Maestre et al. (2009)
Falco tinnunculus Linnaeus EU881916 R2015 Spain Sansano-Maestre et al. (2009)
Tyto alba (Scopoli) EU881913 R506 Spain Sansano-Maestre et al. (2009)
Songbirds
Carduelis chloris (Linnaeus) HG008050 8800-3-C1 (+ 60 others) Austria Ganas et al. (2014)
HG008050 TGAL-A, TGAL-B Slovenia Ganas et al. (2014)
Carpodacus mexicanus (Statius Miiller) EU290649 n.a. USA not published
Coccothraustes coccothraustes (Linnaeus) HG008050 000091 Austria Ganas et al. (2014)
Emberiza citrinella Linnaeus HG008050 1914-2 Austria Ganas et al. (2014)
Fringilla coelebs Linnaeus HG008050 TGAL-SCIN Slovenia Ganas et al. (2014)
Fringilla montifringilla Linnaeus HG008050 TGAL-PIN Slovenia Ganas et al. (2014)
Haemorhous mexicanus (Statius Miiller) EU215369 House finch 1 USA Gerhold et al. (2008)
Columbids
‘Australasian columbid’ JQ755279 BBK (+ 4 others) ‘Australasia’ not published
‘Australasian columbid’ JQ755282 CLV1 ‘Australasia’ not published
‘Australasian columbid’ JQ755281 BGH ‘Australasia’ not published
‘Australasian columbid’ JQ755280 SPT ‘Australasia’ not published
‘Australasian columbid’ JQ755279 BBK ‘Australasia’ not published
Columba livia Gmelin EU215369 Rock pigeon 8 (+ 6 others) USA Gerhold et al. (2008)
HG008050 021337 Austria Ganas et al. (2014)
Columba sp. AY349182 G7 n.a. Kleina et al. (2004)
Patagioenas fasciata (Say) EU215369 Band-tailed pigeon 1 USA Gerhold et al. (2008)
KC215387 CA005882, CA015554 USA Girard et al. (2014)
Streptopelia decaocto (Frivaldszky) JX089398 St. Kitts 21 St. Kitts and Nevis Ecco et al. (2012)
Zenaida macroura (Linnaeus) EU215369 ATCC 30095 (+ 6 others) USA Gerhold et al. (2008)
Parrots
Melopsittacus undulatus (Shaw) JN007005 Vienna 5895-C1/06 Austria Reinmann et al. (2012)

n.a. — not available.

DISCUSSION

The origin of Trichomonas gallinae in sparrowhawks is
unknown but feeding on infected prey such as pigeons and
songbirds is considered the most likely source (Krone et al.
2005). For a better understanding of the prevalence of the
disease in sparrowhawk chicks, long-term study would be
necessary. Nevertheless, results show a certain similarity
in the prevalence of trichomonosis in sparrowhawk chicks
from the rural area. Contrary to the rural area the urban
area shows a year-on-year difference. Based on the results,
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it is possible that the natural prevalence of trichomonosis
in sparrowhawk chicks is somewhere between 5% and
15%. This is similar to other accipiter hawks in rural ar-
eas such as the northern goshawk (Accipiter gentilis) (Lin-
naeus) (Cooper and Petty 1988) and Cooper’s hawk — Ac-
cipiter cooperii (Bonaparte) (Boal et al. 1998). There was
a considerably higher infection rate in sparrowhawk chicks
in the urban area in 2012. Such a situation could be caused
by the pandemic outbreak of trichomonosis in songbirds in
the central part of the Czech Republic reported by the State
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Veterinary Administration and Czech Birdlife (Duben and
Vermouzek 2012). Brood size obviously has a significant
effect on the prevalence of trichomonads among the nest-
lings. In the event that the pandemic outbreak in the central
Czech Republic had a detrimental effect on songbird popu-
lations and reduced numbers of some passerine species like
in other countries (Robinson et al. 2010), sparrowhawks
could respond to such changes by alteration of diet.

The urban population could transfer to feeding on co-
lumbids and thereby increase their chance of getting the in-
fection. However, because the prevalence of trichomonosis
in Prague’s columbids is not known, this could be only one
of many explanations. Another factor, responsible for the
higher prevalence in larger broods in urban sparrowhawks,
could be stress. In case of a decline in small-sized birds,
due to a pandemic outbreak in the central area of the Czech
Republic, larger broods of sparrowhawks could suffer from
shortage of food. Subsequently, the stressed chicks would
a have higher chance of developing the disease through
reduced immunity. In addition, coping with other factors
specific to urban environment, which affect physiological
stress, can be important disease spread among nestlings
(Koolhaas et al. 1999).

Little is known about the differences in diet between the
urban and rural sparrowhawk populations in the Czech Re-
public. Although the female sparrowhawk is able to predate
on fully grown woodpigeons (Newton 1986), it is doubtful
that pigeons are in a sparrowhawk’s diet on a regular basis.
In Prague where the concentration of pigeons is high, there
is a higher chance of encountering weak and diseased pi-
geons that could be easily predated by sparrowhawks. Prey
remains of columbids were found near the urban nests by
the authors during the study. Urban pigeons were found to
be highly infected by trichomonosis in several cities. Borg-
wardt (1996) detected T. gallinae in 89.6% of free-living
feral pigeons from Halle/Saale in Germany.

If the prevalence in sparrowhawk chicks in the urban
area in 2013 showed a similar pattern to 2012, we could
assume that the high concentration of pigeons may play
a role in the incidence of trichomonosis in sparrowhawks
in this urban area. Although pigeons provide a large
amount of food for the brood, it is small and medium-sized
birds that dominate the diet (Newton 1986, Bujoczeck and
Ciach 2009). Explanation for such difference in prevalence
of trichomonosis in sparrowhawk chicks in urban area in
2012 and 2013 is unfeasible due to many factors but the
pandemic outbreak is the most likely the explanation.

The pathogenesis of trichomonosis in birds could be af-
fected by several factors such as prevailing environmental
conditions, physiology of the host and parasite, viability
and quality of food, sibling competition and stress (Greiner
and Ritchie 1994). The immunity of the individual also af-
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ABSTRACT

The reaction of wildlife to humans is known to differ with surroundings. In urban
environments that provide suitable habitats for breeding birds, animals adapt to
humans and their response is accordingly altered. This study examined the nest defense
behavior of female Eurasian sparrowhawks (Accipiter nisus) during the breeding season
in urban and rural areas of Prague. The females showed four different types of reaction
to humans that approached the nest and differed significantly between the two study
areas. Contrary to expectations, urban nesting females were more aggressive than rural
conspecifics. The intensity of response increased as the season progressed, and females
defended their broods to a much greater degree than their clutches in both urban and
rural habitats, suggesting a differential effort as a function of their relative investment
in the breeding attempt conforming with the parental investment hypothesis.

Subjects Animal Behavior, Ecology, Zoology, Coupled Natural and Human Systems
Keywords Female, Nest defense, Perceived danger, Accipiter nisus, Urban environment, Rural,
Eurasian sparrowhawk

INTRODUCTION

Wildlife are known react to perceived danger, including human presence, which affects
their normal behavior and responses in a wide range of species-specific ways (Dukas,
2001; Wojciechowski ¢ Yosef, 2011). The animals reaction to perceived danger is known
to influence its fitness and life history, and to affect other behaviors such as inter- and
intra-specific interactions and foraging considerations (e.g., Grubb ¢ Greenwald, 1982;
Morse, 1986; Nonacs ¢ Dill, 1990; Watts, 1990; Stamps & Bowers, 1991; Slotow, 1996).
Whittaker ¢ Knight (1998) considered the reaction of an individual as the combination of
learning and genetics.

Expanding human populations in almost every habitat on the globe has resulted in
wildlife having to contend with greater disturbances in their natural environments or
outright destruction of existing habitats. The outcome of ever-increasing human-animal
encounters influences the learning components of animals (Knight ¢& Temple, 1986). With
the growing human population natural environments have become increasingly modified
by humans and some species have reacted to such changes by habituation. Urban areas,
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in the form of cities, provide habitats for many animal species that willingly overcome
ecological barriers of urbanization and adapt to the human-dictated conditions (Luniak,
2004). Interest in urbanization of birds is not novel (Erz, 1966) and the number of studies
that describe avian responses to urbanization is immense and growing (Marzluff, Bowman
& Donelly, 2001). In particular, some raptor species find urban habitats very suitable as
they provide large amounts of food in the form of human commensals (e.g., Feral Pigeons,
Columba livia; Sparrows, Passer spp.; Brown Rats, Rattus norvegicus), quality nesting places
and are free from some ecological pressures, such as persecution (Chace & Walsh, 2006).
However, in the presence of persecution, or high levels of disturbance resulting in stress or
unsuccessful breeding, it would be maladaptive to habituate to human predominant envi-
ronments and birds can be expected to display avoidance behavior or increased aggression
towards the instigator of the disturbance (Shannon et al., 2014). Persecuted avian species
are known to behave differently in rural and urban environments (Kenney ¢ Knight, 1992).
As a result of direct persecution/disturbance and subsequent evasion, breeding birds react
to perceived danger with stereotypic antipredator behavior. Nest predation is an important
factor limiting breeding success and various birds view humans as potential predators
(Fisher et al., 2004). Thus, defending the nest can reduce the parents’ wasted energetic
investment caused by the loss of a clutch or brood (Grin, 2008). Studies of avian nest
defense show an increase in the intensity of the parents’ defense as the breeding period
progresses, i.e., the more advanced the breeding stage, the greater the parents’ energetic
investment in the reproductive attempt, resulting in an increased effort to defend their
young (e.g., Merritt, 1984; Shields, 1984; Sergio & Bogliani, 2001). The aforementioned
studies conform to the parental investment hypothesis (Trivers, 1972; Barash, 1975).
However, Knight ¢ Temple (1986) discovered that nest defense behavior was gradually
modified by repeated visits to the nests, consequently resulting in the parents’ loss of fear.

The Eurasian sparrowhawk (Accipiter nisus) is a common raptor that prefers to breed in
woods and forests where it can find an abundance of prey (Newton, 1986). Sparrowhawks
started to breed in Prague in the early 1980’s (St’astny, Randik ¢ Hudec, 1987), between
1985-2004 the numbers of breeding pairs varied greatly (42-91 pairs), and eventually
stabilized at 45-55 breeding pairs. However, because not all the individuals in the urban
and surrounding rural areas are ringed for individual identification, we remain ignorant
about the origins of the breeding population (sensu latu—the pioneer pairs; Rutz, 2008),
the turnover within the urban population, or if the urban population is a source or a sink.
At present, ringing of the city-bred young show that they comprise a substantial proportion
of the individuals that are recruited into the breeding urban population (Peske in Fuchs et
al., 2002). In rural areas, sparrowhawks have been persecuted by gamekeepers for centuries
and whilst it was largely stopped in the 1980’s, sparrowhawks were still hunted in the Czech
Republic in the 1990’s (Myslivecka statistika Ministerstvo Zemédélstvi, 2014).

In order to understand the influence of human activities on rural and urban sparrowhawk
breeding pairs, we compared the reactions of breeding females to perceived danger. We
hypothesized that we would find a greater degree of disparity between the behaviors of
the urban and rural breeding females. We tested our hypothesis only on females due
to the fact that, in sparrowhawks in the immediate vicinity of the nest, it is the female
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sparrowhawks who usually repel intruders or react to perceived danger (Newron, 1986).
Hence, in order to check our hypotheses, we observed the nest defense of adult female
sparrowhawks during the breeding season in an urban area with high human density where
we assumed sparrowhawks to be habituated to human beings, and in a rural area in which
sparrowhawks live in the wild and have minimal contact with humans.

MATERIAL AND METHODS

Study area

The urban study was conducted in the center of Prague, Czech Republic (~240 km?,
radius of 8.7 km around the epicenter of the city, N50° 4.53497’, E14°26.05478’). The area
encompassed by the breeding sparrowhawks, included neighborhoods with residential
housing, business districts and industrial areas. Sparrowhawks bred in parks, gardens and
cemeteries. The rural study area was situated in the Liberec region of north Bohemia
(N50°49.57548', E14°35.28330") where sparrowhawks are found in large tracks of natural
forest. The distance between the two areas is ~100 km. In both study areas, data were
compiled simultaneously during the breeding season which extended from early May to
June 2013. In our analysis, we included only those nests which were located during the
building stage and prior to egg laying. In addition, two nests that failed to fledge young
were not included in our analysis. The nest sites were only visited twice during the breeding
cycle in order to avoid habituation of birds to human approach since multiple visits are
known to influence the female’s reaction (Knight ¢ Temple, 1986). At each of these visits,
we conducted this experiment and also verified the breeding reproductive stage.

Eurasian sparrowhawk is characterized by a strong sexual dimorphism. The females are
almost twice the size of the males and their undersides have grayish-brown striations, while
those of the male are rusty in color. Another important fact is that the males very rarely
incubate the eggs and do so only when the female is feeding, furthermore they never brood
the young (Newron, 1986). The higher pitch call of the male also helps distinguish between
the two sexes. These differences allowed us to be confident in knowing which bird we were
observing during our visits.

Data collection
We recorded the response of each incubating female twice during the breeding season.
Based on our data from previous years and on the different related behavior, we were able to
estimate the different stages of the reproductive cycle. The first trial was conducted during
the second half of incubation and the second trial during the first week of the nestling
stage. We approached the nest from the nearest path most frequented by humans, in a
very obvious manner, and once at the base of the nest tree, recorded the female’s reactions
for five minutes. To minimize any influence of inclement weather, nest visits were made
during windless days with no precipitation. We categorized the female reactions into four
behavioral responses. None of the observed females had reactions that spanned multiple
behavioral responses:
(1) skittish: leaves the nest at our approach, remains silent throughout the visit and does
not visit the nest the 5 min period during which we stand at the base of the tree;
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(2) alert: alert to our approach but leaves the nest only when we are at the base of the nest
tree, utters warning calls, irregularly spotted passing the nest tree during the 5 min
period;

(3) angry: alert to our approach and does not leave the nest while we stand at the base of
the nest tree, leaves the nest only after gentle shaking of the nest tree, utters repeated
warning calls, remains in eye-contact with the nest from adjacent trees;

(4) intense: alert to our approach, does not leave the nest while we stand at base of the nest
tree, refuses to leave the nest even when the tree is shaken, responds by aggressive wing
beating against nest edge, aggressive posturing/mantling on the nest.

We used a Nikon Forestry PRO (Nikon Vision, Tokyo, Japan) to measure nest height
and distance to the path. We categorized the habitat, where the nest was located, into four
types according to the number of trees and basal area within a radius of 100 m around the
nest tree:

(1) Very dense stand comprised of either young spruce (Picea spp.) or pine (Pinus spp.)
with >15 cm diameter at breast height (DBH);

(2) Dense stand comprised of either one tree species or mixed coniferous (spruce, pine
and larch, Larix spp.) with diameter >30 cm DBH;

(3) full-grown mixed forest with diameter <30 cm DBH;

(4) Solitary, fully-grown trees in city parks, and cemeteries.

Data analyses

Generalized linear models (GLM) with binomial distribution of errors of response variables
(i.e., presence or absence of certain type of reaction) were employed to analyse possible ef-
fects of explanatory variables (locality—urban/rural; breeding stage—incubation/brooding;
habitat; distance to path; individuality) using R (R Development Core Team, 2011). Data on
nest height and its distance from the path were logarithmically transformed to approach
normality. The nest height (continuous variable) and habitat (categorical variable) were
not independent (F = 34.182, Df =3, P < 0.001) and therefore only the habitat was used
in the analysis. Although this variable is more complex, it is more relevant to the object of
our study. Individuality of the female was factored with a random effect. Individuality was
used because each female’s response was included in the model twice (incubation/brood).
By use of the individuality index we avoided pseudoreplication given that two observations
were conducted at each nest. We ran a model for each female’s reaction resulting in four
separate models. Full models, containing all explanatory variables, were then simplified,
i.e., all non-significant explanatory variables (P > 0.05) were excluded step-by-step, using
the backward selection procedure (Crawley, 2007). Because of the nature of the statistical
analysis, the significance level for the final results was tightened (P < 0.01) to reduce
type I error. Before we used the final model we tested its parsimony and compared the
null model with the full model. The full model did not improve the significance and the
AIC value was low (null model AIC: 73.811, full model AIC: 62.907, used model AIC:
62.666). By running four different models, we were able to see the separate effect of the
factors on each of the female’s responses (cf. Slamova, Klecka ¢ Konvicka, 2011).
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Table 1 Comparative response occurrence of females Eurasian sparrowhawk (Accipiter nisus) when incubating eggs and brooding nestling in
the Czech Republic in 2013.

Incubation Brooding

Locality/response Skittish Alert Angry Intense Locality/response Skittish Alert Angry Intense
Urban 27% 0% 21% 53% Urban 21% 0% 16% 63%
Rural 47% 18% 29% 6% Rural 18% 35% 29% 18%

Table2 Data analyses of the responses of females Eurasian sparrowhawk (Accipiter nisus) to the human approach in the Czech Republic in
2013—effect of variables on the female’s response (response 1, skittish; response 2, alert; response 3, angry; response 4, intense).

Reaction 1 Reaction 2 Reaction 3 Reaction 4
x P Est. SE X P Est. SE x P Est. SE X P Est. SE
Locality: stage 2.79 0.09 0.24 0.15 3.85 0.04 0.24 0.15 0.09 0.75 —0.52 0.17 0.01 0.90 —0.01 0.11
Stage 4.80 0.02 —0.29 0.11 3.13 0.07 —0.29 0.11 0.11 0.73 0.00 0.12 4.24 0.03 0.12 0.08
Locality 0.01 0.90 —0.11 0.15 6.07 0.01 —0.11 0.15 0.79 0.37 —0.08 0.02 6.32 0.01 0.35 0.15
Path 0.42 0.51 0.04 0.06 0.76 0.38 0.04 0.06 0.22 0.63 0.03 0.06 2.90 0.08 —0.11 0.06
Habitat 3.30 0.06 —0.17 0.1 0.16 0.68 —0.17 0.35 0.32 0.57 0.05 0.09 0.96 0.32 0.09 0.10

Frequency of each reaction type during incubation and brooding was proportionally
expressed as a result of presence of the reaction from the total of observations.

RESULTS

The responses of females were observed at 17 rural nest sites and 19 urban nest sites. All
four types of nest defense were observed in both rural and urban environments. The most
frequent behaviors observed were the extreme reactions, i.e., either the first (skittish) or
the fourth (intense) types, whilst the second (alert) type of behavior was relatively scarce
(Table 1).

The average distance from the nest to the nearest trail was 65.0 m (£59.94 SD) in the
rural area and 33.6 m (£29.95 SD) in the urban area. The distance from the path to the nest
and the habitat type did not affect the females’ response to human approach. The locality
played a significant role in the “alert” (x> =6.07, Df =1, P =0.01) and the “intense”
(x?=6.32, Df =1, P =0.01) responses, with “alert” being most commonly observed at
rural sites, while the “intense” response was most common at urban nests. Reluctance to
leave the nest and aggressive behavior towards the human, classified as “intense,” were
more frequent at urban sites (84.6%) than at rural sites (15.4%). Although not statistically
significant, a trend was found in the effect of stage of breeding on the female’s behavior in
the “skittish” (x? =4.80, Df =1, P=0.02) and “intense” (x> =4.24, Df =1, P =0.03;
Table 2.) responses. The first type response; females left the nest more willingly while
incubating eggs (65.0%) than while brooding young (35.0%). The fourth type response;
females refused to leave the nestlings more than when incubating (57.7% vs. 42.3% resp.).
The third type of behavior was not affected by any of the explanatory variables.
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Figure 1 The relation of nest height (log transformed) on vegetal density in close vicinity of the nest
tree—habitat type 1 is dense and that impedes access, habitat 2 and 3 are intermediate in density to 1
and 4 and habitat type 4 is sparse, Czech Republic, 2013.

We found that the height at which the nest is built is dependent on the density of the
vegetation surrounding, the nest tree (F = 34.182, Df =3, P < 0.001). The sparrowhawks
placed their nests lower in trees with denser vegetation (Fig. 1).

DISCUSSION

Habituation of wildlife to human settlements has been noted since humans first created
collective communities. However, the sensitivities and the degree to which each species
responds are not yet understood and probably changes on an annual or generational
basis. Many domesticated animals, especially dogs (Canis familiaris), are known to follow
the human gaze and understand what is required of them, or aim to please their human
companion, (Horowitz, 2010). In addition, the study of animal behavior is also known
to greatly contribute to conservation of the studied species in the wild (Clemens &
Buchholz, 1997). Hence, we examined nest defense behavior of female sparrowhawks
during the incubation and the brooding stages of the reproductive cycle, as a function
of distance from the human-frequented trail to the nest and rural/urban habitats. Our
hypothesis was repudiated because habituation to humans had a negative influence on the
sparrowhawks and their reactions were significantly more aggressive in the urban area.
Even though sparrowhawks in Prague are exposed to nonthreatening humans more often
than are sparrowhawks in rural areas, and have greater opportunities to learn from their
interactions, their responses were more aggressive. Such aggressiveness in urban breeding
birds was observed also in other species (Knight, Grout ¢ Temple, 1987). This does not
support our hypotheses wherein we thought that the continuous exposure and contact with
humans would allow the sparrowhawks to habituate to the constant disturbance. On the
contrary, we discovered that the females in urban areas appeared to have much higher stress
levels than those in the rural areas. In rural areas, breeding sparrowhawks avoided humans
in spite of minimal or no prior contact. In Japan, Abe et al. (2007) demonstrated that in
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spite of the absence of persecution, sparrowhawks chose to nest in relatively undisturbed
portions of habitat, in comparison to places of increased human activity.

Humans are known to impact wildlife with almost every activity in which we indulge
(Glasson, Godfrey ¢ Goodey, 1995; Knight & Gutzweiller, 1995; Rein ¢ Scharpf, 1997). The
distance from the path to the nest was shorter in Prague where parks are regularly used by
humans for recreational purposes. Our findings concur with Smith, Bosakowski ¢ Devine
(1999) who also found a similar pattern in other avian species nesting in both rural and
urban environments. The recreational path represents an open space for flying birds and
adults often take advantage of them especially when bringing food to the nest (Kenward,
2006). Besides the fact that it is easily assumed that nesting birds in urban areas should be
habituated to human presence, the aggressive reaction was greatest in these surroundings.
This leads us to consider the point that we assume that urban wildlife undergo a habituation
process and hence are able to live in urban areas. In a high disturbance environment
habituation to the disturbing stimulus is assumed to be adaptive, and in urban settings this
is likely to take the form of noise or humans passing close to the nest. These will be largely
harmless, so in this situation, habituation would surely be of benefit to the birds, as they
will spend more time at the nest and also draw less attention to the location of the nest
site. However, the extreme behaviors displayed by the female sparrowhawks in the defense
of their nests actually suggest this widespread assumption to be incorrect and that wildlife,
regardless of the amount of human presence, does not really adjust to our activities. In fact,
wildlife remains apprehensive of our presence and the high levels of disturbance appear to
result in increased levels of aggression towards those that disturb the nest-tree, irrespective
of the “habituation.”

Our findings suggest that the distance from the path to the nest is not as important
for choosing the nest site as the structure of the surrounding woods and the specific
tree chosen in which to build the nest. These findings are similar to those of Newton
(1986). Furthermore, it appears that although the sparrowhawks have adapted to living
in urban areas they have not adapted to human disturbance, nor lost their defensive
mechanisms. Our results suggest that the urban breeding pairs are constantly at greater
stress levels than conspecifics breeding in rural areas. In consideration of the significant
fact that raptors breed in urban environments (e.g., Bird, Varland & Negro, 1996; Berry,
Bock & Haire , 1998), it is important to elucidate the physiological differences between the
two populations in future studies, by evaluating the different stress levels using diverse
techniques such as corticosterone levels (e.g., Bortolotti et al., 2008; Bortolotti et al., 2009)
or ptilochronology (e.g., Gombobaatar, Yosef & Odkhuu, 2009).

One of the main predictors of the female sparrowhawks’ response to human approach
was the stage of the breeding cycle. In both, the urban and rural sparrowhawks, the
females defended their broods more tenaciously than when incubating their eggs. The
later the provocation was in the breeding cycle, the more aggressive the reaction of the
birds was to humans, and/or the more reluctant the female sparrowhawks were to leave
the nest. Similar results were attained in other avian species that were also approached by
humans (Andersen, 1990; Sproat & Ritchinson, 1993; Sergio & Bogliani, 2001) supporting
the parental investment theory (T7ivers, 1972).
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Two other factors that were not evaluated in our study but could potentially have an
impact on a females’ behavior are the age and breeding experience of the female and clutch
size. If the suggestions of Knight ¢ Temple (1986) are correct then it is possible that older
females, with increasing experience, will react differentially to humans as compared to
younger, inexperienced females. Also, in order to further verify the parental investment
theory (Trivers, 1972) we consider it probable that females will defend larger clutches more
vigorously as compared to smaller ones, despite the study of Osiejuk ¢ Kuczynski (2007)
who found the effect of clutch size on flushing distance was small and did not support the
parental investment theory. In general, the sparrowhawk’s behavior could also be altered
by human persecution. This study does not reveal whether the reduced nest defense in
rural sparrowhawks is a change in gene frequency due to persecution of more aggressive
and less cautious individuals or whether increased aggressiveness in urban sparrowhawks
is learned as a result of the greater frequency of disturbance.

Another important point that resulted from this study is the fact that sparrowhawks
display the ability to choose the height at which to place their nest as a function of the density
of the vegetation surrounding the nest tree (Fig. 1). We assume that this may not really
be the case and that sparrowhawks are unable to discern or evaluate vegetation density,
but recognize niches that will hinder the approach of a potential predator. We think that
because flight is the most expensive behavior (cf. Norberg, 1995), especially when carrying
extra weightin the form of prey to the nest; it would be advantageous for the breeding pair to
nest low and to save the energy invested in flying to the higher parts of the tree. This concurs
with Newton (1986), who also found that nest height was dictated by vegetal density and age.

CONCLUSIONS

We found that female sparrowhawks breeding in the urban environment of the city of
Prague displayed a greater degree of aggression and agitation than their conspecifics that
breed in rural areas. Furthermore, we found that parental investment in the form of nest
defense increases with the breeding cycle and that parents with nestlings showed greater
levels of defense behavior compared to when they were incubating eggs. In addition, in
order to better defend their nests from predators, and yet to enable easier access to them,
it appears that in dense vegetation, nests were placed comparatively lower than those in
more open vegetation.
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DDE ve vejcich krahujce obecného, Accipiter nisus, v Ceské republice

Tomas KUNCA

Faculty of Environmental Sciences, Czech University of Life Sciences Prague, Kamycka 129,
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Abstract

Organochlorine residues were found in 37 Sparrowhawk eggs from the Czech Republic in
2011. DDE (range = 0.01-98.3 ppm lipid weight) was found in all eggs from the urban area
of Prague, rural area of the Liberec region and hawks in captivity. The eggs from captivity
had significantly lower levels of DDE than eggs from wild sites (W = 322, P < 0.01).
Superficial eggshell pigmentation of 132 eggs was not different between urban and rural
area. Such findings confirm that the residues of DDE respectively DDT, are still present in

the environment although its use has been banned.

Abstrakt

Rezidua organochlorovych pesticidd byla nalezena v 37 vejcich krahujce obecného v Ceské
republice v roce 2011. Urcitd mnoZstvi metabolitu DDE (0,01 — 98,3 ppm) se vyskytovala
ve vsech zkoumanych vejcich pochazejicich z urbanni oblasti Prahy, Libereckého kraje,
a chovu v zajeti. Vejce z chovu méla vyznamné niZsi mnoZstvi DDE neZ vejce pochazejici
zvolné pfirody (W = 322, P < 0,01). Mnoistvi skvrnitosti skofapek 132 vajec se vyrazné
nelisSila mezi urbannim prostfedim a okolni krajiné. Vysledky potvrzuji pretrvavajici
pfitomnost rezidui DDT a jeho metabolitd v Zivotnim prostiedi i pfes zakaz pouZivani

téchto pesticida.
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Introduction

DDT is an organochlorine pesticide that was widely used in agriculture all over the world.
It was introduced in 1948 against the insect pests of a wide range of crops. It was only
after

a few years of usage that the negative effects of this chemical became known. DDT is
highly soluble in fat and it can readily accumulate in animal tissues and pass from prey to
predator. DDT and its metabolite DDE have proved mildly toxic to birds, but their main
effect is the egg-shell thinning, which causes egg breakage and reduces breeding success
(Radcliffe 1970, Cooke 1973, Cooke 1979, Newton 1979). Predators were especially
affected by pesticides and populations of various birds of prey declined thorough the
world (Newton 1986, Nisbet 1989, Wegner et al. 2005). For example, mean residues of
15-20 ppm DDE wet weight in eggs were associated with eggshell thinning, sufficient to
cause the peregrine falcon population to decline (Peakall and Kiff 1988). After discovery
of the negative effects of DDT on wildlife, its use was banned in North America and
Europe but this organochlorine is still in use in some African countries and it affects local
wildlife (Daaboub et al. 2008).

The Eurasian Sparrowhawk (Accipiter nisus) is a small bird of prey that breeds in woods
and forests across the Palearctic region. The Sparrowhawk’s diet consist almost entirely
(97%) of birds (Newton 1986). Different Sparrowhawk populations suffered from the use
of DDT in Europe (Wallin 1984, Opdam et al. 1987, Newton and Willie 1992).
Sparrowhawks lay pigmented eggs and recent studies suggest that the eggshell colour is
affected by DDT and DDE respectively. Protoporphyrin spots in eggshell showed a strong
correlation between DDE levels and shell thickness (Jagannanth et al. 2008). Thus females
probably deposit more pigment to eggs with thin shells caused by DDE. The use of DDT in
the Czech Republic was banned in 1974, but its residues could still be found in the

environment and wildlife (Lana et al. 2010, Marsalek et al. 2013).
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The main aim of the present study was to examine the level of DDE in Sparrowhawks’
eggs after 30 years of ban in the Czech Republic. Its other aim was to determine the
difference in superficial eggshell pigmentation of Sparrowhawks’ eggs from two different

populations in order to use this method for detection of DDE contamination of eggs.

Study area

Nest searches and surveys were based on Forsman et al. (1984) and Newton (1986) and
were conducted from April to the end of May 2011. The first (rural) area was the Liberec
region, north Bohemia (N 50949.57548’, E 14935.28330’) where the nests are situated in
young coniferous plantations within agricultural land. The second (urban) area was the
central part of Prague (~240 km?, radius of 8.7 km around the epicenter of the city,
N 5024.53497’, E 14926.05478’), comprised of residential housing business districts where
Sparrowhawks breed in parks, cemeteries and gardens. The distance between the two

areas is £ 100km.

Material and Methods

High-resolution pictures of the two opposite sides of 132 eggs from 28 different clutches
of urban and rural sparrowhawks were taken by digital camera (Canon PS-SX 120) on
a unified background with colour and grey charts (Danes-Picta BST 13). The spottiness for
each side of the egg was calculated using Adobe Photoshop CS4 (Adobe System
Incorporated, 2011).

Addled eggs both from wild and captive hawks were analysed for DDT (and its metabolite
DDE) contents. The egg content was homogenized with anhydrous sodium sulphate and
extracted in for 8 h. The extract was rotary evaporated at 40 °C and the residues were
weighed for lipid determination. An aliquot of isolated fat was dissolved in 10 ml of an

internal standard (triphenyl phosphate) solution. Sample extracts were then purified on
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a Bio Beads S-X3 column and a fraction corresponding to an elution volume of 14-30 ml
was collected. For gas chromatography /mass spectrometry (GC/MS) analysis of the
target pesticide residues an Agilent 6890 gas chromatograph coupled to a mass
spectrometer 5975 XLD Inert (Agilent Technologies, USA) operated in a negative chemical
ionization (NCI) was used. For the separation of target analytes HP-5MS Ul (15 mx250 um
i.d.x0.25 pm film thickness) capillary column was used.

The data were statistically analysed using R 2.12.0 (R Development Core Team, 2010).
Both values of spottiness for each egg (expressed as percentage of the surface area
projected on to a flat plane) were found to be strongly correlated (r = 0.79, P < 0.05) and
therefore the mean value of both values was used in further analysis. Mean values did
not fit the normal distribution and were square-root transformed. Consecutive analysis
was done using the transformed data which were not biased from normality (Shapiro-
Wilk test: W =0.99, P =0.25).

Variability of the egg pigmentation within clutches was tested using one way ANOVA.
Effects of the three independent variables (nest, clutch size and study area) and their
first-order interactions on egg pigmentation were tested together using the general linear
model (GLM). The infertile and addled eggs from captivity come from two breeders and
were produced by first generation female Sparrowhawks bred in captivity and fed on

farmed produced hawk food such as quail, day old chicks and mice.

Results

DDE levels were measured in 18 eggs from 14 nests in the urban area, 5 eggs from 5 nests
in the rural area and 14 eggs from 5 nests in captivity. The DDE values for Sparrowhawk
eggs ranged from 18.7 to 98.3 ppm (lipid weight) in the urban area, from 16.5 to 93.9
ppm in the rural area and from 0.01 to 4.7 ppm in captivity. Although there was no
difference of concentrations between the urban and rural areas (Wilcoxon test: Z = 40,
P = 0.7453), there was a significant difference in DDE levels from eggs from the wild and

those laid in captivity (Wilcoxon test: Z =322, P < 0.01) (Fig. 1).
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Although the eggs from urban and rural areas varied markedly in appearance and
quantity of superficial pigmentation at first sight, the results show the opposite. The
clutch size did not differ between the urban and rural areas (ANOVA, df = 1, ¢ = 0.0067,
P > 0.94). Neither the effect of clutch size nor the effect of the study area and all
interactions influenced the eggshell pigmentation of Sparrowhawk eggs (df = 1, ¢ < 0.05,
P > 0.9). The effect of within-clutch (nest) variability was the only significant factor (df = 1,
c*=4.48, P = 0.034).

Discussion

The values of DDE concentration found in Sparrowhawks’ eggs are expressed on lipid
weight basis. The Sparrowhawk egg contains about 6 % of lipid (Newton 1986) or 6.8%
respectively (Van den Burg 2002). When transformed to wet weight the values are similar
to other studies conducted in other European countries (Table 1.). Only Jagannath et al.
(2008) found extremely high concentration values of DDE in Sparrowhawk eggs in Britain.
Neither the DDE levels nor the amount of the superficial pigmentation differed between
urban and rural population despite the dissimilarity of the two environments. Prague’s
Sparrowhawk population is resident and the local birds spend most of their life in the
built-up part of Prague (Peske, unpublished). It means that those birds are permanently
affected by the urban environment and probably not burdened by agricultural practices
although the transportation and cycles of substances in nature is complex. Pigmentation
could be affected by environmental conditions (Gosler et al. 2005), so therefore the
colouration of Sparrowhawk eggs could reflect the state of the specific Prague’s urban
environment and does not have to be only affected by DDT. Pesticides could be found in
agricultural soils and, with regard to their high solubility in body fat, they become part of
the food chain. The Sparrowhawk, as a specialized predator, is at the top of the food
chain and it accumulates toxic substances. Almost 45 % of the Liberecky region’s
landscape is covered by agricultural land, the rest is montane landscape covered by
forests. Shegunova et al. (2007) found higher soil concentration of organochlorinated

pesticides in mountains in the Czech Republic than those in agricultural areas. They
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suggest the occurrence in soils due to the atmospheric redistribution rather than from
agricultural use in the past. Evidently, birds could be affected by various ways whether it
is the historical use of direct application in agriculture or the complex cycles of the
substances.

Jagannanth (2008) found that the quantity of protoporphyrin spots is correlated with the
DDE level only in the internalized shell wall, not the superficial protoporphyrin patterning.
Basically the visible pigmentation on the surface of the egg does not reflect the
distribution of the internalized protoporphyrin spots and this casts doubt upon using this
method for even tentative measuring the contamination of the local environment.
Despite the high repeatability of egg maculation in superficial protoporphyrin within
females, the eggshell pigmentation does not vary between the two study areas.
Unfortunately, the eggs from captivity could not be assessed for the superficial
pigmentation due to the damage of the shells prior to the spottiness calculation. That
could bring an interesting result to the use of external pigmentation as a measurement of
environmental pollution because the eggs from captivity contained significantly lower
amount of DDE.

Apart from food source there is no difference between wild and captive Sparrowhawks,
to which the contamination of eggs could be attributed. Food is probably the main route
of pesticide contamination in Sparrowhawks. Captive birds are fed on farmed quail, day
old chicks and the occasional pigeon and mice, so the food is therefore relatively free of
organochlorine residues although traces of DDE were found in captive Sparrowhawk eggs.
Wild Sparrowhawks prey mainly on small birds (Newton 1973, Opdam 1979, Cramp and
Simmons 1980, Jedrzejewska and Jedrzejewski 1998). Prey choices differ between
individual pairs and populations (Schnurre 1956, Schnurre1957, Eldegard et al. 2003).
Hence, individual differences in diet could account for some of the marked individual
differences in contamination levels in hawks’ eggs. A notable proportion of prey consists
of migratory birds such as Hirundinidae, Sylviidae and Turdidae (Opdam 1979, Looft and
Busche 1981, Bujoczek and Ciach 2009). These species could be affected by pesticides in
their wintering grounds and therefore this could affect their predators in their breeding

grounds. The African migrants could be at higher risk of exposure as the DDT is still used
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in some African countries, mainly for disease vector control (Shalaby 2009, Barhoumi et
al. 2014). Althought DDT was banned in the Czech Republic in 1974, the residues are
found in soil and water (Hradkova et al. 2012). Through this way the other prey bird
species, both insectivores and seed eaters, can be affected through such channels. With
4 — 5 ppm DDE in the fresh eggs, raptors show around 15% reduction in shell weight
(Newton 1979) but the sensitivity to DDT (DDE) varies between species.

In conclusion, the presence of DDE residues in Sparrowhawk eggs from the Czech
Republic was detected. Although the found concentrations are low, they could lead to
shell thinning and consequently reduce the breeding rate. Population of Eurasian
Sparrowhawk in the Czech Republic is stable and shell thinning due to higher
concentrations of DDE in eggs does not represent a threat to the population. Still, the
situation of other bird species needs to be monitored and pollution by various substances
must be taken into consideration when assessing the populations’ threats. The superficial
protoporphyrin patterning of eggs is not a reliable tool for measuring the environmental
pollution. Author realises that the sample size is small but it is clear enough to stretch the
point of the pesticide contamination of wild birds’eggs. Further monitoring and research
is needed to find out the DDT contamination of other bird species and the environment
and its potential negative effect on populations of endangered species.
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Fig. 1. DDE concentrations in sparrowhawk eggs from the urban area, rural area and

captive hawks.
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Table 1. DDE values in sparrowhawk eggs in ppm (mg/kg) in different studies

(ww = wet weight, dw = dry weight, lw = lipid weight)

Source Country DDE

Farkaschovsky (1980) Germany 15.7-183.4 ppm/dw
Conrad (1981) Germany mean 65.9 ppm/dw
Opdam et al. (1987) Netherlands 7.8-10.2 ppm/ww

Newton and Wyllie (1992) Britain
Newton el al. (1993) Britain

Provini and Galassi (1999) Italy

Denker et al. (2001) Germany
Jagannath et al. (2008) Britain
Current study (2011) Czech Republic

3.8-14.2 ppm/ww
1.77-5.08 ppm/ww
0.39-1.09 ppm/Iw
1.15-21.51 ppm/ww
10-300 ppm/Iw
0.00068-6.684 ppm/ww
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6 Komentar k vysledkum disertacni prace

Ptizplsobovani populaci nékterych druhi zvifat ur€itym novym prostiedim, naptiklad
urbanimu prostiedi velkych mést, je v souladu sobecnou existenci zivocicha Vv jgjich
Zivotnim prostiedi. Synantropizace, vztazena k adaptaci zivoCichll na podminky vytvofené
Clovékem a urbanizace jako zmény v krajiné vzniklé urbannim rozvojem charakterizuji
pojem synurbanizace — ptizpusobovani se zménam a podminkam urbanizace (Luniak
2004). Rozvoj meést a vétsina lidskych ¢innosti ma negativni vliv a ni¢ivé dusledky na
ptirodni biotopy. Na druhou stranu vSak vznikaji jiné specifické biotopy, které poskytuji
volné ekologické niky. Tyto oblasti lakaji stale vice a vice Zzivocichd, a pokud jsou tyto
druhy schopné piekonat urcité etologické bariéry, nachazeji €asto vhodné prostiedi.
Nékteré studie jasné poukazuji na nartst pocetnosti nékterych druhti Zivocichu pravé
Vv urbanizovaném prostfedi (Emlen 1974, Beissinger & Osborne 1982, Mills et a. 1989).
Mozna pravé s velice rychlou adaptaci kosa ¢erného (Turdus merula) méstskému prostiedi
(Luniak et al. 1990) a dalSich druhii menSich druhu ptaki se ochotnégji pfizpliisobovalo
krahujci obecnému (Accipiter nisus) zivotu v urbannim prostfedi Prahy. Nebyla to jen
potrava, ale dalsi faktory, které svym zpusobem ovlivnily expanzi krahujce do Prahy.
Kromé zminovanych druha ptaku, kteti jsou soucasti krahuj¢i potravy, nasel v 70. letech
20. stoleti i vhodna mista pro hnizdéni (Peske, unpublish.). VétSina vhodnych krahuj¢ich
hnizdist’ méla podobu tiicetiletych mladych smiSenych ¢i jehlicnatych porosti, které byly
ve vétsiné piipadu vysazeny v obdobi po 2. svétové valce. Tyto porosty znamenaly jak
vhodna hnizdisté, tak refugia pro ,adaptujici se” novy druh. Spostupem casu, zejména
Vv poslednim desetileti se s navySujicim poctem lidi navs§tévujicich parky, zaroven zménila
struktura parku a zelenych casti Prahy a ,,prazsti krahujci se museli dale pfizpusobovat
Castéj§imu kontaktu s ¢lovékem. Vhodné podminky sdostatkem potravy, absence
predatorti, minimalni pronasledovani ¢lovékem a napfiklad i1 vysoky pocet juvenilnich
jedincu zapojujicich se do reprodukce mély za nasledek pomémé rychly rozvoj populace,
ktera dosahla nejvyssiho vrcholu v roce 1989 s maximalnim poctem zjisténych part 91
(Fuchs et al. 2002). V nasledujicim obdobi doslo k ur¢itému poklesu pocetnosti a velikost
populace se postupné ustalila s mirnym kolisanim okolo pfiblizné 40-50 paru (PeSke in
verb). Pro pochopeni poklesu populace je dilezité poznat zakladni limitujici faktory

vramci biotoopu, ktery dana populace obyva. Je dilezité rozliSit mezi externimi
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(environmentalnimi) faktory a internimi (demografickymi) faktory. Mezi externi faktory
patti napfiklad zdroj potravy, predatofi a nemoci. Ty pravé mohou zpusobovat pokles
populace. VétSinou se jednd o souhm faktoru, které piisobi na populaci v daném miste
a Case, ale velmi Casto je to pravé jeden faktor, ktery vystupuje a pfevySuje vyznamnost
ostatnich a silné ovliviiuje vyvoj populace (Newton 1998). V pfiipadé populace krahujce
obecného v Praze to mize byt soubor faktoru, ktery ovliviiuje populaci, a proto je dulezité
zjisti jednotlivé faktory a zjistit jejich vliv na dany druh. Nétkeré tyto ohrozujici faktory
(napf. nemoci) mizou mit totiz vyznamny vliv i na dal§i druhy a v ramci ochrany druht ¢i

managementu prostfedi je potfeba védét o limitujicich faktorech.

Jak je jiz vySe zminéno jednim z faktort ovliviiujicich jedince ¢i populace mohou byt
parazité ¢i patogeny. Predatofi zabijeji a konzumuji kofist Casto celou a parazité
a patogeny vétSinou 7iji jako populace v nebo na télech jejich hostitelti. Stejné jako
u predace jsou rozdilné nazory na efekt parazitismu. Obecné vSak lze tvrdit, 7e parazité
(nebo patogeny) maji snahu se vyvijet tak, aby byli méné zhoubni pro svého hostitele,
protoze maji vétsi Sanci na dlouhodobéjsi preziti pokud neznici své prostiedi (s vyjimkou
druhti, kde ptenos je zavisly na smrti hostitele). Podobné i hostitelé se snazi si vyvinout
urcitou rezistenci na parazity a toxiny, které mohou dani parazité produkovat. Naopak
parazité mohou byt chapani tak, 7e se neustale snazi poskodit jejich hostitele a v nékterych
ptipadech je zabit. Nemoci zpiisobené parazity nebo patogeny se mohou stat dulezitymi

faktory na trovni populaci, kdyz zpusobi dostatetné omezeni reprodukéniho ristu

(mortality) k redukovani poctu hostitele, jejichZ stavy by mohly dramaticky nartst.

Nemoci zpusobené parazity jsou vétSinou infek¢ni, piedavané horizontalné
Zjednotlivce na jiného (bud pfimym kontaktem nebo pies pienasSeCe) nebo vertikalné
Z rodi¢e na potomka. U krahujce jako vrcholového predatora to mize byt obéma sméry, jak
Z potravy tak pozdéji nakazeny rodi¢ miize nakazit své potomky pfi krmeni. Vzhledem
k tomu, Ze jsou parazité Casto velmi uspé&$né pienaSeni v populacich hostitelt s velkou
hustotou, mohou hrat roli jako hustotn€ zavislé (density-dependent) mechanizmy, ¢asto i se
zpozdénim (delayed density dependent). Proto mohou velice vyznamné ovlivnit populaci,
atoi pres skutecnost, 7e zplsobi thyn malé Casti populace. Na trovni populaci mohou
parazité vykazovat podobné spojeni s hostitelem jako predatofi s kofisti zpusobujici:

a) zadny efekt na pocCty hnizdicich jedincu, b) stalé snizovani poctu pod uroven, ktera by
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ptirozené nastala, ¢) pravidelné fluktuace v poctech, d) nepravidelné fluktuace pocetnich
stavll, spojené s periodicky se obejevujicimi epidemiemi, nebo e) snizeni stavi az
k vymieni. Okolnosti, které mohou vést k uritym vzorum, byly provéfeny za pouziti
matematického modelovani a byly testovany vterénu (Anderson & May 1978,
May & Anderson 1978, Hassell & Anderson 1989).

Obecné specifikace urbanniho prostiedi, naptiklad Prahy, kde se populace krahujce
obecného vyskytuje, murze predstavovat zvySena rizika v podobé kolizi a zvySené
koncentrace nemoci (Chase & Walsh 2006). U méstskych holubu a obecné mékkozobych
je Casto uvadén vyskyt raznych nemoci, vcetné trichomonédzy, ktera je zpusobena
protozoalnim parazitem Trichomonas gallinae (Phan et al. 2013). Trichoméza byla také
nalezena u pévcu; zvonka zeleného (Carduelis chloris), pénkavy obecné (Fringilla
coelebs), dlaska tlustozobého (Coccothraustes coccothraustes) a sykory modfinky
(Cyanistes caeruleus) v zapadni a severni Evropé (Robinson et a. 2010). Vzhledem
k tomu, ze mensi a stiedné velké druhy ptaka predstavuji 97% potravy krahujce obecného
béhem hnizdni sezény (Newton 1986), krahujci maji velkou pravdépodobnost se dostat do

kontaktu s nemoci skrz pozieni infikované kofisti.

Vyskyt trichomondzy byl potvrzen u mnoha druht dravcu v riznych Castech svéta
(Stabler 1969, Keymer 1972, Beecham & Kochert 1975, Rettig 1978, Stone & Nye 1981,
Peper & Oettlé 1992, Samour et al. 1995, Boal et al. 1998), ale o jejim rozSiteni u volné
Zijicich populaci se vi relativné malo (Cooper & Petty 1988, Kietzman 1988, Boal et al.
1998). U nékterych druhu se zvySuje obava, ze by roz§ifeni této nemoci mohlo omezit

nebo snizit rust populace (Cooper & Petty 1988, Bod et a. 1998).

Jak vyplyva z vysledkt (€lanek 1.), pfitomnost trichomonad byla testovana u celkem
283 mlad’at krahujce obecného v letech 2012 a 2013 Mladata pochazela ze dvou
sledovanych oblasti a toz Prahy, kde se ofekavala vétsi nakazenost krahujct vzhledem
k velkému mnoZstvi holubu a koncentrovanosti potravy a Libereckého krge, kde krahujci
hnizdi v pro né typickém prostfedi mladych porosti. Nakazenost mlad’at se liSila jak mezi
lokalitami, tak mezi roky, kdy byla studie provadéna. Boa et a. (2008), napiiklad
v podobné studii zaméfené na pfitomnost trichomondézy u jestfaba Cooperova,
nezaznamenali rozdil nakaZenosti mezi dvéma roky. NaSe studie prokazala, ze pohlavi

mladéte nebylo vyznamné pro ptitomnost nakazy, poCet mlad’at na hnizdé vSak ano.
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Samotny puvod T. gallinae u krahujct je neznamy, ale konzumace infikované potravy se
zda byt jako nejpravdépodobnéjsi zdroj (Krone et al. 2005). Stejné jako u vétSiny studii
1 zde pro lepSi pochopeni vyskytu nemoci by bylo zapotiebi sledovat nakazenost po delsi
Casové obdobi. Ackoliv dva roky vykazuji rozdilnost v nakazenosti mlad’at, neni zcela
jasné, zda rok 2012, kdy bylo nakaZeno mnohem vice mladat, byl ovlivnén pandemii
trichomonézy $ifici se ze zapadni ptes severni Evropu (Ganas et al. 2014) nebo zda za
touto vysSi nakazenosti stoji jiny faktor. NakaZenost mlad’at z ruralniho prostiedi
Libereckého kraje byla mezi roky podobna, na druhou stranu urbanni populace vykazovala
velky rozdil. Na zakladé vysledku by se dalo soudit, Ze pfirozena pfitomnost trichomonézy
u mlad’at krahujce v piirodé je pfiblizné nékde mezi 5 — 15 %. Tento stav byl podobné
zjistén u dalSich krahujcovitych dravcu — jestfaba lesniho (Cooper & Petty 1988) a jiz
zmifiovaného jestiaba Cooperova (Boal et al. 1998). V roce 2012 byl ve stfednich Cechach
potvrzen pandemicky vyskyt trichomonozy u pévcll, zejména zvonkl zelenych. Pokud by
doslo ke snizeni stavii hlavnich druhii pévci, které piedstavuji pfirozenou potravu pro
krahujce, mohli by se krahujci zaméfit na lov jinych druha — napt. holubu, coz by mohlo
predstavovat zvySeny risk kontaktu s nemoci. V nékterych velkych evropskych méstech
byla prokazana vysoka nakazenost méstskych holubu trichomonézou (Borgwardt 1996).
Bohuzel v Praze 7zadné takové studie nebyly provedeny a vys$si nakaZzenost krahuj¢ich
mlad’at vlivem velkého mnozstvi méstskych holubu je jen jednou z domnének. Dal$im
faktorem, ktery muze mit vliv na vyssi nakazenost mlad’at v prazském prostiedi je stres.
V piipadé poklesu stavii pé€vca vlivem nemoci ¢i jinych mortalitnich faktorti maji rodice
problém uzivit vétsi poCty mlad’at. Populace v Praze ma vétsi hnizdni UspéSnost nez
populace mimo Prahu (Peske 1992). Na hnizdech s vét§im poctem mlad'at se muze projevit
fyziologicky stres z nedostaku potravy a to se muize projevit vysSi nachylnosti jedinci

k onemocnéni a zaroven jednodu$s$im pifenosem nakazy.

Patogenita trichomondzy u ptaki muize byt ovlivnéna mnoha faktory, naptiklad
podminkami prostiedi, fyziologii hostitele a parazita, dostupnost a mnozstvi potravy,
sourozeneckou kompetici a stresem (Greiner & Ritchie 2004). Samoziegjmé imunita
jednotlivce muze sehrat velky vyznam ve vyvoji nakazy infekce (Samour et al. 1995).
Béhem studie se nezjistovalo rozsifeni nakazy u dospélych rodiCovskych part, ale podle L.
Peskeho (pers. com.) se v populaci vyskytuji i nakazeni dospély jedinci, ackoliv jsou starsi

ptaci  vlivem rozdilného pH v dutiné zobaku méné nachylni Kk infekci
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(Urban & Mannan 2014). Real et al. 2000 u orlu jestiabich (Hieraatus fasciatus) ve
Span&lsku zjistili, Ze piitomnost parazita u mladat na jednom hnizd® neni zavisla na
mnozstvi mékkozobych (zejména holubl)) v jejich potravé, ale vyvoj nemoci
u nakazenych jedinct je Castéj§i u mlad’at, kterd konzumuji vice holubt a kde jsou rodice
mladi - nezkuSeni. To opét murze CasteCné potvrzovat fakt, 7e v Praze, kde je vétsi
koncentrace holubu a krahujci zde s velkou pravdépodobnosti preduji holuby, ato ve vétsi
mife nez ve volné krajiné, jsou mladata vice vystavena nebezpeCi nakazeni se
trichomonézou. Zarovenn se nemoc miZe hlavné rozvinout u mladat, ktera jsou
odchovavna mlad$imi rodi¢i. V Praze bylo zjisténo zapojeni velkého mnoZzstvi mladych
jedincti do hnizdéni (PeSke 1992), coz opét muze pfispivat k rozSifeni nakazy mezi
mlad’aty. Pro zjisténi detailngjSich vysledkt, moznych pfi¢in a davodu pro vySe zminéné
vysledky a domnénky se nabizi vice sledovat a zkoumat jednotlivé faktory ovliviujici
vyskyt trichomonézy u krahujci. At uz je to dlouhodobé&j$i monitoring vyskytu tohoto
parazita u mlad’at, ale i dospélcl, vyskyt u jednotlivych druht ptakd, ktefi jsou soucasti
potravy krahujcti, zejména holubii v Praze ¢i roz§ifeni u dospélych jedinct. Moznym
velkym pfinosem by byla zakladni studie potravy prazskych krahujcu a krahujci

hnizdicich mimo Prahu.

Dal$im zajimavym poznatkem zjiS§ténym b&hem sbirani vzorka ve sledovanych letech
byly rozdilné vizualni pfiznaky nakazy mezi mlad’aty. Nékolik mlad’at v prvnim roce
studie méla viditelné Zluté narusty v dutind zobaku. Zadné z mladat, ani prokazatelnd
nakaZené, neprojevilo tyto nektrotické 1éze v druhém roce studie. Kaseozni nekrotické 1éze
sdifteroidnimi povlaky v dutiné zobaku zabranuji piijmu potravy a nakazeny jedinec tak
pozdéji umird hlady. Samotny vyvoj téchto pfiznakli onemocnéni je ovlivnén fadou
faktorii, jako jsou podminky prostiedi, obdobi, kdy se jedinec nakazi, a samoziejme
zdravotni stav jedince (Honigberg 1979). Narust nekrotickych lezi miize byt také ovlivnén
ptitomnosti vice infeckci jako napiiklad Pseudomonas aeruginosa (Samour 2000).

Pritomnost jinych infekci a pathogenti v§ak nebyla v ramci studie zkouména.
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Obr. 1. Poc¢atecni stupeni vyvoje nekrotickych lezi v dutiné zobaku mladéte

krahujce obecného v Praze 2012. Foto: T. Kunca

Obr. 2. Pokrocily stupeni granulomu u mladéte krahujce obecného v Praze 2012.

Foto: T. Kunca

V posledni dobé se s rozvojem modemich metod rozviji zajem o identifikaci kment
patogenti nalezenych u riznych ZivoCichii. Genetickd charakterizace napomaha pfi
ur¢ovani druhu patogenu a za pomoci ITS regioni a ¢asti rDNA se da porovnat
rozmanitost zastupcu Celedi Trichomonadidae vyskytujicih se u ptakt. Pouze nékolik malo
studii se vSak =zabyvalo genetickym urCovanim T. gallinae u dravca
(Krone et a 2005, Chi et al. 2013).
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V ramci studie rozsifeni T. gallinae u krahujce obecného v Praze a Libereckém kraji
v letech 2012 a 2013 (€lanek 1.) se za pomoci deviti izolatu, které méli shodnou homologii
se sekvencemi T.gallinae ulozenou v GenBank zjistilo, 7e ziskané izolaty patii do
genotypové skupiny B, ktera byla popsana ve studii Sansano-Maestre et al. (2009)
a skupiny A popsané Gerhold et al. (2008). Ziskané vzorky byly shodné se vzorky
zdalsich druhu dravcd, péveu, meékkozobych a papousku jak z Evropy, tak Ameriky.
Pfenos parazita mezi populacemi mékkozobych a pévci je pravdépodobneé skrze vyuzivani
stejnych zdroji vody a potravy. VEtsi vyskyt trichomondzy u prazskych krahujct v roce
2012 muze souviset se Sifenim této nemoci z Velké Britanie pfes Skandinavii do stfedni

Evropy dosahujici do Rakouska a Slovinska (Ganas et al. 2014).

Jak jiz bylo zminéno v Gvodu této kapitoly, krahujci v Praze spolu s dal§imi druhy
museli v ramci osidlovani tohoto prostiedi pfizpusobit své chovani, zejména toleranci
pritomnosti lidi. Ve volné krajiné byli v dobé pocatku osidlovani Prahy krahujci obecni
pronasledovannym druhem, zejména ze strany myslivcu a tudiZ setkani s clovékem méla
spiSe negativni charakter. Reakce Zivocichu na vnimané nebezpeci ovliviiyje celkovy Zivot
jedince a jeho piezivani. Samotna reakce na cloveékaje pak kombinaci ziskané zkuSenosti
z predchozich setkani slidmi a vrozenou informaci (Whittaker & Knight 1998). U dravcu,
kteti byli historicky Casto pronasledovani, ovliviiuje stres ze setkani s ¢lovékem hnizdni
uspésnost, proto by bylo maladaptivni pfizptisobovat se méstskému prostiedi, pokud by
tam pronasledovani pfetrvavalo. Nékteti jedinci se cilené vyhybaji lidem a néktefi dokonce
mohou projevovat agresivni chovani k podnétu disturbance (Shannon et al. 2014). Takze
kromé uniku mohou hnizdici ptaci projevit antipredac¢ni chovani a to v pfipadech, kdy
vyhodnoti ¢lovéka jako potencidlniho predatora jejich vajec ¢i mlad’at. Agresivni obrana
hnizda mize potom ve vysledku snizit investovanou energii do hnizdéni rodici, kteti by

bez agresivni reakce pfisli o snasku ¢i mlad’ata (Grim 2008).

V ramci zjis§tovani chovani krahujct v hnizdni dobé (€lanek I1.) se studovalo chovani
samic ve dvou etapach hnizdéni. Prvni pozorovani chovani samice probihalo v dobé&
inkubace vajec a druhé v dobé prvni poloviny vyvoje mlad’at na hnizdé, tudiz jesté v dobé,
kdy samice Castecné mlad’ata zahtiva. Chovani samce nebylo studovano, protoze se velice
zfidka vyskytuje vokoli hnizda, vétSinu Casu shani potravu pro samici

a mladata, aCkoliv se piilezitostné, v piipadé hroziciho nebezpeci, zapoji do obrany
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hnizda. Rozlieni samce od samice u krahujce obecného je pomémeé jednoduché vzhledem
K vyraznému opacnému pohlavnimu dimorfismu, kdy samec je nekdy az
o polovinu menS$i nez samice. Zaroven se li§i ve vySce volani, kdy samec ma mnohem vyse
polozeny hlas nez samice. Pti vyhodnocovani chovani zivocichu je t€7ké nastavit hranice,
které by vymezovali pozorované jedince do urCitych kategorii. U kazdého jedince se
projevuje urCitd charakteristickd individualni reakce, kterda je ovlivnéna veékem
a zkuSenostmi z piedchozich udalosti. A proto bylo spodivem, Ze studovani krahujci, jak
v Praze, tak ve volné krajiné Libereckého kraje projevovali takové chovani, které se
pomémé lehce dalo rozdélit do malého mnozstvi uritych kategorii, aniz by chovani
neékteré samice vyrazné vyboCovalo. Nakonec bylo chovani samic rozdéleno do Ctyf
kategorii podle intenzity projevené reakce — od t&ch, které neprojevovali zadnu agresivitu
a tiSe se vzdalili az po samice, které agresivné byly kiidly o okraj hnizda, a neopustili
hnizdo ani pfi opakovaném lehkém pohybovani se stromem, na kterém bylo hnizdo.
Béhem 5 minut dlouhého sledovani se také sledovala mira varovani, ktera dotvarela urcité
charakteristické chovani samic b&hem reakce na pfitomnost Clovéka. VSechny Ctyfi
kategorie reakci byly zaznamenané jak v urannim prosttedi Prahy, tak volné
krajin€ Libereckého kraje. Nejcastéji se samice projevovaly extrémnimi typy chovani —
bud’ uplnym tichym vzdalenim od hnizda ¢i naopak agresivnim branénim hnizda. Druhy
typ reakce, kdy se samice vzdalila od hnizda, ale aktivné varovala a obcCas proletéla, byl
nejmené zastoupeny. Ze sledovanych proménych neméla vzdalenost hnizdniho stromu od
vefejné vyuzivané cesty ani typ biotopu (husty porost, fidky porost) vyznamny vliv na
reakce samic. Proti tomu lokalita (urbanni, ruralni) méla vyznamny vliv na pravé ty dva
etrémni typy chovani. Pfi¢emZ v ruralni oblasti se Castéji vyskytovala reakce typu tichého
vzdaleni a naopak v urbanni oblasti se Cast&ji vyskytovala reakce agresivniho chovani.
Neochota opustit hnizdo spolu s agresivnim chovanim vuci ¢lovéku byla Castéj$i v urbanni
oblasti (84,6%) nez v rurdlni oblasti (15,4%). Vysledky studie zavrhly naSe hypotézy
o ptizpusobovani se clovéku krahujcem obecnym. Samotné upraveni chovani k pritomnosti
cloveéka v urbannim prostfedi Prahy mélo spiSe negativni efekt, kdy se projevovala agrese
vaci Clovéku  misto  toho, aby byla jeho  pfitomnost  piehlizena
a tolerovana. A to i pfes to, ze v méstském prostiedi nebyl krahujec od pocastku osidleni
Prahy nikterak pronasledovan. Takovato agrese vici Clovéku vSak byla pozorovana

i u jinych druha zivoCichu (Knight et al. 1987). Jak jiz bylo zmingno, vysledky

68



Ekologie krahujce obecného (Accipiter nisus) v urbannim prostiedi a okolni krajiné

nepodporuji nasi hypotézu, kdy jsme predpokladali, 7e neustaly kontakt s ¢lovékem
povede k piizplsobeni se konstantnimu rusivému podnétu, jakému si otupéni a tolerance

cloveka v pfitomnosti krahujcu.

Ackoliv stadium hnizdéni nemélo statisticky vyznamny vliv na reakci samice, byl zde
ur¢ity trend vlivu stadia hnizdéni na jgjich reakci. Prvni typ chovani tzv. tiché vzdaleni bez
obrany hnizda se Casté&ji objevoval v obdobi vajec (65,5%) nez v obdobi mlad’at (35,0%).
Podobné, i kdyz ne tolik vyrazné to bylo wu Ctvrtého typu chovani
tzv. agresivniho typu, kdy samice projevovali vétsi agresivitu v obdobi mlad’at (57,7%) nez
pii inkubaci vajec (42,3%). Takze jak v urbanni oblasti, tak ruralni oblasti, samice vice
branily mlad’ata nez snusky a ¢im byla mlad’ata starsi, tim urputnéji byla matkou branéna
(autor, pers. com.). Stejnych vysledku se ziskalo 1 pii studiu chovani dalSich druha ptaku,
napf. kané rudoocasé¢ (Buteo jamaicensis) (Andersen 1990), vyrecka amerického
(Megascops asio) (Sproat &  Ritchinson  1993) a  ostfize  lesniho
(Sergio & Bogliani 2001). Tyto poznatky a tento druh chovani je obecné v souladu s teorii
Triverse (1972) .parental investment theory™, ktera puvodné vychazi zteorie Ronalda
Fishera (1930). Triversova teorie fika, Ze investici rodici se mysli jakakoliv investice do
jednoho potomka, ktera zvysi Sanci potomka na pieziti (a nasledné reproduk¢ni uspéch) za
cenu schopnosti rodi¢e investovat do dalSiho potomka. Tudiz krahuj¢i samice riskuje sviyj
vlastni zivot pii obrané hnizda, pokud vykazuje agresivni chovani vii¢i podnétu (napt.
predatorovi), misto méné narocného a méné nebezpecného tniku. V pokrocilej§im stadiu
hnizdéni, kdy se zvajec vylihnou mlad’ata citi samice ve€tsi potfebu obrany hnizda
v zavislosti na jiz investovaném usili do hnizdéni. Mlad’ata mohou byt také vétSim
stimulem neZ nehybna vejce. Na reakci samice na bezprostfedni ohroZeni jejiho hnizda, at’
uz s vejci nebo potomky, bude mit bezpochyby vliv i ptedchozi zkuSenost s lovekem,
takze vek samice muze ovlivnit reakci samice. Star§i samice mohou reagovat jinak nez
samice mladsi bez pfedchozich zkuSenosti. Autor sdm, se behem vyzkumu setkal s tim, ze
velmi staré samice hnizdici v Praze nechaji osobu, ktera leze na strom za ucCelem
krouzkovani mlad’at, v klidu mlad’ata na hnizdé okrouZkovat, zatimco samice stoji na
okraji hnizda a pfihlizi. Obgas se samice pokusila napadnout ruku krouzkovatele. Zadny
takovyto pfipad za poslednich nékolik let vyzkumu nebyl pozorovan na hnizdech v ruralni
oblasti Liberecka. Kromé véku muiize mit na reakci samice vliv i velikost sniisky respektive

pocet mlad’at na hnizd€. S vét§im mnozstvim mlad’at na hnizdé miize byt reakce samice
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intenzivnéj$i. Bohuzel tyto teorie nemohou byt potvrzeny nebo vyvraceny vysledky studie,

protoze se nezjistoval vék ajeho vliv ani vliv po¢tu mlad’at na reakci samice.

Zajimavou informaci poskytlo zjisténi zavislosti vySky hnizda na hustoté biotopu, kde
se hnizdo nachazelo. At uz v urbannim prostiedi ¢i ruralni krajiné si v hust¢i vegetaci stavi
krahujci hnizda niZze nez v otevienéjSich porostech starSiho lesa, ¢i parcich. Je tézké
posoudit, zda krahujci dokazi umyslné posoudit hustotu vegetace v bezprostfednim okoli
hnizda a na zaklad€ toho si vybrat porost, kde hnizdo umisti. Mohou vSak posoudit
vjakém typu vegetace a biotopu bude pfistup pro predatora a detekce hnizda snazsi.
Hlavnim parametrem pro umisténi hnizda vSak asi bude pfiletovd moznost, zejména
stézkou potravou. Let je energeticky naro¢ny, zvlasté se zatizenim pfi pfinasSeni potravy na
hnizdo mlad’atim, proto je pro rodiCovsky par vyhodnéjsi umistit hnizdo do niz§ich poloh
vegetace, zvlasté v hustém porostu. Tudiz do vysky, kde spodni vétve jsou odumielé a ve
vy$8ich Castech stromu je koruna hustéi. Timto zpusobem by se snizily energetické naroky.
Samotné umisténi hnizda vSak bude ovlivnéno souborem vice faktort, jejichZ vzajemna

propojenost neni znama.

Obr. 3. Samice krahujce obecného (v pozadi) pii odebirani vzorku z dutiny zobaku

mlad’at. Foto: T. Junek
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Obr. 4. Samice krahujce obecného v Praze pii fotografovani jeji snisky.

Foto: T. Kunca

Umisténi hnizda bude do urCité miry souviset s ukrytim pfed predatory, jak pied
pozemnimi (napf. kuna), tak pfed ptaky (napt. sojka). Vejce krahujci jsou Casto velmi
skvrmita, coz miz mit také souvislost s ur¢itym druhem maskovani snusky pfed predatory.
Dasim aspektem ekologie krahujce obecného, ktery byl v ramci této disertani prace
studovan, byla skvrnitost vgec, zejména jak se li§i zabarveni vajec krahujct v Praze od
vajec krahujcu z Libereckého kraje Vedle zbarveni vajec se také zjistovaly hodnoty
nékterych organochlorovanych pesticidi ve vejcich, u kterych byl zji§tén vliv na
zminovanou skvmitost (¢lamek IIL.). Ptaci vejce jsou unikatni ve svém rozmanitém
skvmeéni. Kromé velké rozmanitosti skvrnitosti a zbarveni vajec u pévcu (Passeriformes),
i ostatni skupiny ptaku (néktefi dravci ¢i bahnaci) maji skvrnita vejce. Velké mnozstvi
studii vysvétluje pouze nekteré pliivodce zbarveni vajec. Kromé maskovani pred predatory
nebo ochranou pfed parazity snuSek, muze zbarveni znacit stav samice, jeji kondici
(Moreno et a. 2004). SouCasné muze byt skvrnitost ovlivnéna rozdilnou dostupnosti
vapniku z geologického podloZi, ktera se projevi na tloust’ce skofapky. Samice na zaklade
toho ovlivni zabarveni vajec, protoze pigment zpeviiuje skofapku vejce
(Goder et a. 2005). Jagannath et a. (2008) zjistili u krahujce obecného, Ze

protoporfyrinové skvmy jsou silné korelovany mmnoZstvim DDE (metabolit DDT)
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a tloustkou skotapky. Tudiz jak z pfedchozich informaci vyplyva, skvritost vajec muze
prozradit zajimavé informace o stavu Zzivotniho prostiedi. Proto se 1 v ramci vyzkumu
krahujce obecného v urbannim prostiedi a rurdlni krajiné pfistoupilo na zjisStovani
rozdilnosti zbarveni krahujCich vajec. Méstské prostfedi Prahy s vétSi koncentraci lidi,
vétsim poltem aut a celkoveé vétSim zatizenim Zzivotniho prostfedi ma bezpochyby vliv
1 na zivocCichy, ktefi se v Praze vyskytuji. Tento vliv by se mohl projevit na uritych
biologickych funkcich a tudiz i tfeba na skvrnitosti vajec. Naopak Praha by neméla byt
ptimo zatizena chemickymi prostiedky, které se pouzivaji v zemedélstvi, at’ uz hnojivy,
pesticidy ¢i jinymi agrochemikaliemi. Znec€isténi by mohlo byt pouze lokalniho charakteru
Vv bezprostiedni blizkosti skladovacich prostor apod. Na druhou stranu ruralni krajina
Libereckého kraje, kde je polovina uzemi zemédé€lsky obhospodafovana byla s nejvétsi
pravdépodobnosti v minulosti zatizena zminénymi chemikaliemi a v pfipadé pesticidi typu
DDT, které je t€7ko odbouratelné, se muzou stale vyskytovat negativni vlivy DDT ajeho
metabolitli na urcité druhy zivocichi a rostlin. Pouzivani DDT bylo v roce 1974 zakazano,
proto bylo zajimavé zjistovat, zda se v ptirodé CR stile vyskytuje. V piipad® krahujce
obecného v CR neni pfimych dikazi, e by populace byla postizena vlivem DDT.
Dlouhodob¢ je populace stabilni a v poslednich desetiletich se mimé zvysuje (Hudec et al.
2005). V pripad€, ze by hodnoty rezidui ve vejcich krahujce obecného dosahovaly hodnot
vysSich nez 15 ppm DDE (wet weight) mohlo by stejn€ jako u sokola stéhovavého
dochazet k tenCeni skotfapek a ke snizovani populace vlivem nizké uspésnosti hnizdéni.
Samotné hodnoty mnozstvi rezidui ve vejcich, pfi kterych by se populace danného druhu
méla snizovat, se budou liSit druh od druhu v zavislosti na vnimavosti druhu na ur€ité

latky.

V ramci studie byla hladina DDE meéfena celkem v 37 krahuj¢ich vejcich, piicemz
18 pochazelo ze 14 hnizd v urbanni oblasti Prahy, 5 vgec z péti hnizd v ruralni oblasti
Libereckého kraje a 14 vajec z péti hnizd v umélych chovech v zajeti. Hodnoty rezidui
DDE byly naméteny v rozsahu 0,01 — 98,3 ppm (lipid weight — v tucich). Ve ce z urbanni
oblasti mély hodnoty 18,7 — 98,3 ppm, vejce z ruralni oblasti 16,5 — 93,9 ppm a vejce
zchovu 0,01 — 4,7 ppm. Hodnoty vajec z urbanni a ruralni oblasti se od sebe vyrazné
nelisili, na rozdil od hodnot vajec zchovu, které méli vyrazné niz§i hodnoty oproti
urbannim 1 ruralnim vejcim. Hodnoty DDE nalezené ve vejcich krahujcu v ramci této

studie byly zjistovany z lipidové ¢asti vajec. Studie zabyvajici se mnozstvim Skodlivych
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latek ve vejcich vyjadiuji hodnoty bud’ v pfepoctu na lipidovou vahu — lipid weight™,
,suchou vahu — dry weight” nebo ,,mokrou vahu — wet weight™. VSe zaleZi na analyzacni
metodé a kvalité vzorku pro dannou studii. Krahuj¢i vejce obecné obsahuji piiblizné
6 — 6,8 % tuku (lipidové casti) (Newton 1986, Van den Burg 2002). Pti ptepocteni
zjisténych hodnot k porovnani s ostatnimi studiemi, provadénymi na krahujcich v jinych
Evropskych zemich (Farschovsky 1980, Conrad 1981, Opdam et al. 1987,
Newton & Wyllie 1992, Newton et a. 1993, Provini & Galasi 1999, Denker et d. 2001), je
viddt, 7e hodnoty krahujc naméfené v CR jsou podobné. Extrémng vysoké hodnoty byly
zjistény v krahujCich vejcich z Britanie (Jagannath et al. 2008). Vejce pouzité pro
zjistovani DDE v CR byla vejce, ktera nebyla oplozena nebo jejichz zarodek v prabshu
vyvoje odumiel. Tato vejce byla sbirana v dob& krouzkovani mladat (stafi 20-24 dni).
Jedno vejce z celé snusky je reprezentativni pro posouzeni mnozstvi DDE v ramci snuasky
(Strazds et a. 2015). Jak je vySe vidét, hodnoty DDE zvaec zurbanni
i ruralni oblasti jsou relativné vysoké a podle méfitek napt. sokola st€hovavého by mély
mit vyznamny dopad na rozmnozovani jedincu. Pivod DDT a jeho metaboliti ve vejcich
krahujcu neni znam, ale pfisun skrz pfijem potravy se zda byt nejpravdépodobnéjsim
zdrojem. Pesticidy mohou byt nalezeny v zeméd€lskych pudach a vzhledem ke své vysoké
rozpustnosti v tucich obsazenych v tkanich, se mohou snadno stat soucasti potravniho
fetézce. Proto krahujec jako vrcholovy predator tyto substance akumuluje. Zdroj potravy je
proto velmi dulezity, coz potvrzuje 1  rozdilnost naméfenych  hodnot
u vajec krahujcu z pfirody a zajeti. Pravé pouze v tomto se studovani krahujci lisili.
Krahujci v zajeti, jejichz rodi¢e byli pivodem z volné piirody, jsou kazdodenné krmeni
potravou pochazejici z umélého chovu — kiepelky, mysi, jednodenni kutata a holubi. Tento
zdroj potravy je relativné bez pesticicti (ur€ité mnozstvi se muze vyskytnout v potraveé
predkladané chovanym zivocichtim). Ackoliv bylo DDT jiz pted 40 lety zakazano, stale se
objevuje ve vejcich krahujcl, coz znamena, Ze jeho =zdroj potravy
a niz§i stupné potravniho fetezce jSou stale zasazeny pesticidy. Krahujci preduji malé
a stiedné velké ptaky, ktefi tvoii 97% potravy. Velka ¢ast téchto druha ptaku je tazna,
a pravé to maze byt davodem vyskytu DDT a DDE ve vejcich krahujci v CR. V nékterych
Africkych statech se totiz DDT stale pouziva, hlavné pro regulaci hmyzu, ktery je hlavnim
vektorem riznych nemoci (Shalaby 2009, Barhoumi et al. 2014).
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Ackoliv se na prvni pohled zda, 7e vejce zurbanni a ruralni oblasti jsou velmi
rozmanita ve skvrnosti, vysledky nepotvrdily rozdilnost ve skvrnitosti mezi oblastmi.
V ramci vypoctu se zjistilo, 7e velikosti sniiSek se mezi oblastmi nelisi, ackoliv bylo
v minulosti zjisténo, e praz§ti krahujci maji vy$§i GspéSnost hnizdéni (Peske 1992).
A pravé vliv velikosti snusky a vliv oblasti (Praha, Liberecko) se na skvrnitosti vgec
nepotvrdil. Jedinym faktorem, ktery ovliviiuje skvrnitost vajec je individualita samice,
tudiz je jasny rozdil ve variabilité vajec mezi sniSkami. Jagannath et al. (2008) zjistili, Ze
pouze internalized™ pigmentace je silné korelovana s DDE. Povrchova pigmentace vajec
zpusobend protoporfyrinem nereflektuje rozmisténi mezivrstvé pigementace a proto je
nemozné pouzit tento ukazatel pro ohodnoceni zneCiSténi prostiedi. Bohuzel vejce
pochazejici z umélého chovu v zajeti se nemohla pouzit pro méfeni povrchové pigmentace.
Vzhledem k tomu, Ze se vyrazné liSila v mnozstvi DDE oproti vejcim z volné piirody,
pfineslo by to zajimavé informace o potencialnim rozdilu ve skvmosti. Obsash DDT a DDE
ve vejcich krahujct a zejména vysoké hodnoty téchto pesticida, které maji negativni dopad
na hnizdni Gspesnost, jsou znepokojivymi vysledky. Vzhledem k tomu, Ze se velmi Casto
stava, ze nékteré vejce u krahujcti neni oplodnéné ¢i odumfe pii vyvoji, rozhdoné by stalo
za to, celoplo$né zjistit zatizeni krahuj¢i populace témito pesticidy. Pii rozsahlejsim
a dlouhodobégjsim sledovani by se mohlo zjistit, Ze tento v historii ,tichy zabijak®, stale
predstavuje hrozbu pro nékteré druhy ptaku a ostatnich Zivocichi. Dle zjisténych vysledki

by se mohlo pfistupovat pfi aktivni ochrané zvlasté chranénych druh.
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Obr. 5. Vybrané ukazky skvrnitosti vajec ¢ty rozdilnych snisek krahujce obecného.

Foto: T. Kunca

Ackoliv je krahujec obecny jednim znejvice studovanych druhi ptaku v Evropé
a tato prace poodkryva dalsi stéipky tajemstvi ekologie tohoto druhu, 1 pfesto je stale velké
mnozstvi nezndmych a neobjasnénych informaci zjeho zivota, které bez dukladného

vyzkumu zlstanou skryty.
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