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1 IEVADS

1.1. Biotopu izvéle

Kad dzivnieki mekl€ vairoSanas, ziemoSanas vai barosanas vietu, tie biezi izvélas konkrétu
biotopu, balstoties uz noteiktam, tam raksturigam pazimju kombinacijam. Tiek uzskatits, ka
Sads optimals biotops sp&j nodrosinat visus apkartejas vides apstaklus, kas dzivniekiem ir
nepiecieSami, lai izdzivotu vai uzlabotu savu pielagotibu (anglu val. fitness). Dazadas sugas un
populacijas ir sastopamas atskirigos biotopos, jo tam ir atSkirigas prasibas pret apkart€jo vidi.
Lidz ar to, biotopa jeédziens krasi atSkiras no citiem ekologijas pamatjédzieniem, kas raksturo
noteikta teritorija sastopamos vides apstaklus (Cody 1985; Krausman & Morrison 2016).
Biotopa termins atspogulo sugas prasibas pret noteiktiem abiotiskiem un biotiskiem vides
parametriem, un resursiem, kas ir sastopami konkréta teritorija. Zimigi, ka sugai pieméerots
biotops tiek uzskatits par sugas ekologisko hipertelpu (anglu val. Aypervolume), kas sevi ietver
sugas ekologiskas un fiziologiskas prasibas, un tieck definéts ka ekologiska nisa (Hutchinson
1957). Odum un Barrett (2004) ekologiskas nisas jédziena ieklava ari tadas biitiskas sastavdalas
ka morfologiskas, anatomiskas un fiziologiskas adaptacijas, un uzvedibas reakcijas, kas ir
nepiecieSamas, lai atrastu vai izvél€tos piemérotu, sugai raksturigu biotopu. Odum un Barrett
(2004) ierosinaja definét sugai piemé&rotu biotopu ka sugas “adresi”, savukart ekologisko nisu
vini nosauca par sugas Ipatnu “profesiju”.

Biotopa izvéle ir dinamisks un laikietilpigs process. Empiriskie dati liecina, ka dzivo
organismu izvéle balstas uz noteiktiem vides parametriem, kas lauj tiem izvertét gan pasreizgjo
biotopa kvalitati, gan ta potencialas izmainas nakotné (Demeyrier ef al. 2016). Biotopa izvélei
ir 1zSkiroSa loma, jo tikai pareiza izvéle var mazinat Saubas par biotopa kvalitati un uzlabot
dzivo organismu pielagotibu. Lai veiktu parliecinoSu biotopa izvéli, dzivniekiem ir jabut
sp&jigiem iegiit un apstradat informaciju par biotopam raksturigajam 1pasibam (Szymkowiak
2013). Tomer ir apSaubami, vai sezonali mainigas vides apstaklos un Tsos laika posmos ir
iespejams iegut un likt lietd visu informaciju, lai izdarit pareizos secinajumus par biotopa
kvalitati. Turklat, apkartgja vide un potencialie biotopi ir paklauti nepartrauktam izmainam,
padarot biotopu izvéles procesu loti atkarigu no dabiskas atlases, jo dzivajiem organismiem ir
nepartraukti jaizverté plésonibas, parazitisma, iekSsugas un starpsugu konkurences Iimeni, un
resursu pieejamibu. Tapéc biezi tiek uzskatits, ka uz apkart€jas vides pazimém balstita biotopu
izv€le var novest pie “avota-izlietnes” populaciju dinamikas (anglu val. source—sink dynamics)

(e.g., Hanski 1999).



1.2. Ekologiskie slazdi

Dzivnieki parasti dod priekSroku augstakas kvalitates biotopiem, salidzinajuma ar zemakas
kvalitates biotopiem. Tiek uzskatits, ka izv€le par labu zemakas kvalitates biotopam notiek
tikai tad, kad labakas kvalitates biotops tobrid nav pieejams vai vispar nepastav (Ekman 1989).
Tacu ekosisteémas, kas ir paklautas straujai antropogénas darbibas ietekmei (Hale & Swearer
2016; Robertson et al. 2013), dzivnieku izveéli noteicosas biotopu pazimes var zaudet saikni ar
realitati un neatspogulot biotopu patieso kvalitati. Tas var novest dzivniekus pie klidainiem
lémumiem biotopu izvele.

Straujas vides izmainas var ietekmét biotopu struktiiru un citus parametrus, kas kalpo
dzivniekiem ka noteicosas pazimes biotopa kvalitates novertésanai. Tadel zemakas kvalitates
biotopi var klut dzivniekiem tikpat pievilcigi vai vél pievilcigaki neka augstakas kvalitates
biotopi. Strauji mainigaja vidé dzivnieki ir paklauti riskam nonakt tados biotopos, kuros
mazinasies vinu izdzivoSanas un vairoSanas sekmes, ka arl reproduktiva un ieklaujosa
pielagotiba (anglu val. inclusive fitness). Sada veida biotopi tiek definéti ka “ekologiskie
slazdi” (anglu val. ecological traps) un dazreiz ka “evolucionarie slazdi” (anglu val.
evolutionary traps) (Hale et al. 2015; Robertson & Hutto 2006; Robertson et al. 2013;
Demeyrier et al. 2016). Avota-izlietnes demografijas dinamikas konteksta dazi izteiktakie
ckologiskie slazdi var parvérsties par populaciju izlietném (anglu val. population sinks)
(Hanski 1999). Teorija paredz, ka ckologiskie slazdi un populaciju izlietnes, kur biotopu
pievilciba neatspogulo to patieso kvalitati, parsvara ir sastopami cilvéku ietekmétaja vide (Hale
& Swearer 2016; Robertson ez al. 2013).

Dabiskajos apstaklos ekologiskie slazdi biezi vien rodas tad, ja kada atseviska biotopa
dala ir vairak pievilcigo noteicoSo pazimju, kas var€tu liecinat par dzivniekiem piemérotu
dzivoSanas vai vairoSanas vietu. Ir pienemts uzskatit, ka biotopa pievilcibas neatbilstiba ta
patiesajai kvalitatei notiek tados gadijumos, kad: (1) biotopu noteicoSo parametru intensitate,
izteiktiba un skaits palielinas, biotopa kvalitatei paliekot nemainigai; (2) biotopa kvalitate un
piemérotiba biitiski samazinas, nemainoties ta noteicoSo parametru intensitatei, izteiktibai un
skaitam (Robertson & Hutto 2006; Hale & Swearer 2016). Lai gan ekologiska slazda
raksturojums var skist viegls uzdevums, ir svarigi piebilst, ka ekologisko slazdu konstatésana
dabiskajos apstaklos ir komplic€ta. Pirmais no iemesliem ir tads, ka rodas problémas precizi
noteikt biotopa kvalitati noteicosas pazimes. Otrkart, pastav metodologiska rakstura gritibas,
kas rodas méginajumos manipulét ar biotopu noteico$ajam pazimém eksperimentalas izp&tes

noltikos (e.g., Robertson & Hutto 2006). Tapéc, neskatoties uz intensivo darbu $aja joma, lidz



§im ir bijis maz empirisko p&tijumu, kas spétu demonstrét ekologisko slazdu ietekmi uz
dzivnieku uzvedibu (e.g., Ménd et al. 2005; Robertson & Hutto 2006; Mégi et al. 2009; Hale
& Swearer 2016). Par spiti tam, biotopa kvalitates neatbilstiba un ta pievilciba var tikt noteikta
eksperimentala veida, it seviski tados neatbilstibas gadijumos, kad biotopa kvalitati noteicosas

pazimes, biotopa pievilciba un ta kvalitate ir viegli ietekmé&jamas vai nosakamas.

1.3. Antropogena ietekme, cilveka raditas noteico$as pazimes, dabiskie
meZu traucéjumi un ekologiskie slazdi

Misdienas cilvéku darbiba ir nopietnakais ekologiskais faktors, kas ietekmé meza ekosistémas
un to biologisku daudzveidibu. Arvien lielaks dzivnieku sugu skaits un to apdzivota vide izjut
urbanizacijas sekas. Zinatniskie p&tijumi ir pieradijusi, ka antropog€nas izmainas notiek strauji,
skar plaSas teritorijas uz sauszemes un tidenos, un tikai dazas sugas sp&j nekavéjoties adaptivi
reagét uz antropogénajiem faktoriem savos biotopos. ArT kukainu masveida savairo$anas jeb
uzliesmojumi, kas notiek dabiskajos apstaklos mezu ekosistémas, var radit nopietnus vides
traucgjumus (Barbosa et al. 2012; Moulinier et al. 2013), tadgjadi ietekm&jot meza dzivnieku
un augu sabiedribas, to blivumu un savstarpgjas ekologiskas mijiedarbibas (Vindstad et al.
2015). Antropogénas ainavas tiek uzskatitas par potencialiem ekologiskajiem slazdiem, seviski
tados gadijumos, kad cilvéku raditie maksligie apstakli maldigi lidzinas dabisko biotopu
kvalitates noteicosajam pazimém (Marzluff 2001; Robertson et al. 2013, Demeyrier et al.
2016). Piemeram, cilvéki biezi izvieto maksligos putnu (Aves) buriSus savas apdzivotajas
teritorijas, parkos, darzos un saimnieciskai darbibai paklautajos mezos. Tadi dobumperétaji
putni ka melnais muskerajs (Ficedula hypoleuca Pallas, 1764) un liela zilite (Parus major
Linnaeus, 1758) daudz labpratak apmetas tada mezaudz€ vai parka, kur ir nodros$inati putnu
burisi, neka tajas vietas, kur biirisSu nav. Dobumu esamiba ir viena no svarigakajam biotopu
kvalitati noteico$ajam pazimeém, balstoties uz ko notiek lielo ziliSu un melno muskéraju biotopu
izvéle (Hildén 1965). Pétijumi pierada, ka izvietojot putnu biiriSus ir iesp&jams palielinat
ligzdojoso putnu populaciju blivumu krietni virs dabiska biotopu apdzivotibas blivuma.
Mezkopiba un zemkopiba putni biezi tiek izmantoti biologiskas kontroles nolikiem, lai
regulétu kaite€klu kukainu uzliesmojumus (Duan ef al. 2015). Putnu biiriSu izvietoSana ar
noliiku piesaistit dobumperétajus putnus, kas barojas ar kukainiem, ir biologiskas kontroles
pan€miens, kuru plasi izmanto Eiropa (Gosler 1993; Tilgar ef al. 1999; Mols & Visser 2007,
Mind et al. 2005). ST ir vienkar$a metode kukaingdaju putnu populaciju palielinasanai meza

kaiteklu skartajas vietas (Jedlicka et al. 2011). Putni bieZi dod priekSroku biiriSiem nevis
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dabiskiem dobumiem, jo buiriSu konstrukcija lauj mazinat pl€sonibas risku un mitrumu,
nodroSina labaku ligzdas mikroklimatu un uzlabo gaismas apstaklus (Maziarz et al. 2016).
Putnu biiriSu nodrosinasana var viegli kompensét dabisko dobumu trikumu, kas ir putnu
ligzdoSanu svarigakais ierobezojosais faktors apsaimniekotajos mezos un cilvéku apdzivotajas
vietas. Petijumi ir apstiprinajusi, ka putnu buriSu ekstensiva izvietoSana var piesaistit lielas
zilites un melnos muskeérajus jebkuros biotopos, neatkarigi no tajos pieejamajiem putnu baribas
resursiem (Miénd et al. 2005; Kilgas et al. 2007).

Daudzi putni izdara izvéles par labu noteiktam biiriSu konstrukcijam, atkariba no to
formas vai izméra, kas var biit specifisks konkrétai putnu sugai, populacijai vai pat atseviskiem
ipatniem (e.g., Lambrechts et al. 2010). Piem&ram, lielas zilites dod prieksroku lielakiem
buriSiem (Maziarz et al. 2016; Moller et al. 2014). Turklat, putnu per§jumam ir tendence
palielinaties I1idz ar burisa izméru, pateicoties ligzdojoso putnu individualai plasticitatei, vai art
putnu atSkiriga vairoSanas potenciala nevienmérigajam sadalijjumam (Slagsvold 1987).
LigzdoSana lielaka dobuma var mazinat putnu mazulu parkarSanu, konkurenci par telpu un
plésonibas risku, tadgjadi sekméjot lielakus pergjumus (Slagsvold 1987). Sadi, ar burisu
palidzibu, dobumperétajus putnus var piesaistit ligzdot teritorijas ar tricigiem baribas
resursiem, tad&jadi radot potencialos ekologisko slazdu vai izlietnes biotopu (anglu val. sink
habitats) apstaklus, kuros samazinas putnu individuala pielagotiba un mirstiba parsniedz
dzimstibu (Gates & Gysel 1978; Kokko & Sutherland 2001; Schlaepfer et al. 2002). Turklat,
kukainu masveida savairoSanas var pasliktinat apkartgjas vides apstaklus kopuma, kokaugiem
zaud€jot lapas (skujas), traucgjot ziedeSanu, samazinot s€klu daudzumu, posmkaju
(Arthropoda) baribas resursus un to skaitu. P&€dgjais var izraisit badu un mirstibu ligzdas
esoSajiem kukain&daju putnu mazuliem, péc dobumperétaju putnu piesaistes ar buriSiem.
Tadgjadi, mezu un lauksaimniecibas zemju aizsardziba pret kaitekliem, piesaistot kukainedajus
putnus ar biiriSiem, var novest putnus ekologisko slazdu apstaklos. Svarigi atzimét, ka putnu
buriSu izvietoSana un kukainédaju putnu piesaistiSana mezos, lauku teritorijas un pilsétas
vienmer tika uzskatita par “zalo” un dabai draudzigo praksi, kas palidz uzlabot vides kvalitati,
aizsargat dabu un uzturét vairaku putnu sugu populacijas. Tas liecina par to, ka cilveki var radit
dzivniekiem ekologiskos slazdus pat veicot vides un dabas aizsardzibas aktivitates, kam ir

nepieciesama lielaka uzmaniba un izpéte.

11



1.4. Asins paraziti, idenstilpes un ekologiskie slazdi

Reljefa specifika un atseviski ekologiskie faktori biezi tiek nemti véra p&tijumos, kas izskaidro
malarijas izplatibas telpiskas patnibas cilvéku populacijas (Kibret et al. 2017, 2019a, b; Endo
& Eltahir 2018). Sie pétijumi paradija to, ka attalums lidz tuvakajam adenstilpém, kur vairojas
asins parazitu parnésataji jeb vektori, ievérojami ietekme malarijas saslimstibas risku (Beck et
al. 1994; Cano et al. 2006; Endo et al. 2015). Tika konstatéts, ka malarijas izplatiba jeb
prevalence Senegalas majsaimniecibas, kas atradas 160 m attaluma no tuvakas tidenstilpes, bija
74 %, savukart tajas majsaimniecibas, kas atradas 900 m attaluma no purva, prevalence bija
17% (Trape et al. 1992). Lidzigi rezultati tika iegtti ar1 citos cilvéku malarijas petijumos (Jobin
1999; Endo & Eltahir 2018; Kibret ef al. 2019a, b).

Dzivnieku populacijas parazitisms tiek uzskatits par vienu no galvenajiem faktoriem,
kas rada iespaidu uz saimniekorganismu sabiedribu struktiiru, ietekmgjot to trofiskas attiecibas,
baribas k&des, konkurences apstaklus un biologisko daudzveidibu (Svensson-Coelho &
Ricklefs 2011; Schmid-Hempel 2011).

Haemosporida kartas parazitiskie vienStni ir obligatie paraziti, kas inficeé plaSu
mugurkaulnieku spektru, izmantojot divsparnus (Diptera) ka vektorus (Valkitinas 2004). Putnu
saimniekorganismu infic€$anas ar Plasmodium, Haemoproteus un Leucocytozoon ginsu asins
parazitiem var radit negativu ietekmi uz putnu vairo$anas un izdzivoSanas sekmém (Valkitinas
1998; Merino et al. 2000; Valkitnas & Iezhova 2004; Valkitnas 2004; Palinauskas et al. 2009;
Martinez-de la Puente et al. 2010; Krams ef al. 2013; de Jong et al. 2014). Parazitu prevalence
un infekcijas intensitate (parazit®mija) biezi vien ir atkarigas no saimniekorganisma
iminsistémas darbibas efektivitates un ir parazita — saimniekorganisma koevoliicijas rezultats
(e.g., Krams et al. 2012a). Parazitu vektoru klatbiitnei un izplatibai var ar1 biit butiska ietekme
uz organismu inficéSanas risku (e.g., Allander & Bennett 1994; Zhou et al. 2012; Krams ef al.
2010, 2013; Martinez-De la Puente et al. 2010; Loiseau et al. 2012).

Petfjumos tika konstatets, ka putnu asins parazitu izplatiba nav vienmériga to
saimniekorganismu apdzivotajos biotopos un populacijas (Lacorte et al. 2013). Asins paraziti
ir reti sastopami jiras, salsezeru, tuksneSu vai augstkalnu putnu asinis, jo §is teritorijas nav
piemérotas slimibu parnésatajiem (Bennett er al. 1992; Rytkonen et al. 1996; Piersma 1997;
Figuerola 1999; Sol et al. 2000; Atkinson et al. 2005; Hellgren et al. 2008; Krams et al. 2012a;
Martinez-De la Puente et al. 2013). Kalnu apgabalos infic€Sanas ar asins parazitiem notiek
vasaras perioda (van Riper 1991; Atkinson et al. 1988), bet [idzenumos tas ir biezi saistits ar

lietus sezonu (Young ef al. 1993). Lidz ar to, infic€Sanas ar vektoru parn€satajiem parazitiem
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ir atkariga ne vien no saimniekorganismu imiinsist€mas darbibas, bet ar no vektoru vairoSanas
procesam nepiecieSamo biotopu pieejamibas (e.g., Arriero et al. 2008; Arriero 2009; Sehgal
2010).

SalidzinoSi maz ir zinams, kadus biotopus izv€las divsparnu vektori, kuri izplata putnu
asins parazitus. Ir skaidrs, ka dz€lgjodu (Culicidae) vairoSanas procesam ir nepiecieSams
stavoss tdens, kas palielina varbitibu inficéties ar Plasmodium ezeru un diku tuvuma (Kettle
1995; Ishtiaq et al. 2008; Njabo et al. 2009; Krams et al. 2010, 2012a, b), un pie 1€ni plastosam
upém (Wood et al. 2007). Migeles (Ceratopogonidae) ir sastopamas purvos, muklajos,
komposta, diinas un pie strautiem (Hendry 1989). Knisli (Simuliidae) ir sastopami praktiski
visos biotopos, kur ir vairak vai mazak pastavigi tekoSs tidens, kas kalpo ka vide kni$lu kapuru
un kininu attistibai. Tadgjadi, vairumam putnu asins parazitu vektoru ir nepiecieSamas
tdenstilpes, lai vairotos. Lai gan tas var palielinat asins parazitu prevalenci tiem putniem, kuri
dzivo ezeru, strautu un purvu tuvuma (e.g., Wood et al. 2007; Krams et al. 2010), saikne starp
asins parazitu prevalenci un parazitu saimniekorganismu biotopiem V€l nav labi izprasta.
Turklat, negativa saistiba starp attalumu lidz Gdenstilpeém un putnu asins parazitu infekcijas
intensitati un prevalenci norada uz ekologisko slazdu apstakliem, kuros var nonakt putni, kuri

mégina ligzdot Gdenstilpju tuvuma.

1.5. Promocijas darba merki

Promocijas darba galvenais mérkis ir noskaidrot, vai ekologiskie slazdi putnu populacijas ir
vairak izplatiti, neka tika uzskatits iepriekS un vai Sie slazdi var rasties dabas aizsardzibas
aktivitaSu rezultata, un vai teritorijas ap meza udenstilpém, kur ir augsta biologiska
daudzveidiba, samazinas putnu pécnacgju izdzivotiba.

Putnu biiriSu izvietoSana tajos meza apgabalos, kurus skara kaiteklu kukainu masveida
savairoSanas, var piesaistit dobumperétajus putnus ekologisko slazdu apstaklos. Promocijas
darba pirmais merkis (I) bija noskaidrot vai lielajam =zilitém, kas ligzdo priezu audzu
tikllapsenes (Acantholyda posticalis Matsumura, 1912) masveida savairoSanas skartajos
parasto priezu (Pinus sylvestris Linnaeus 1753) mezos, ir pielagotibas trauc€jumi. Lai gan
dazadu kukainu kapuri veido lielo ziliSu mazulu baribas bazi (Rytkénen & Krams 2003), priezu
audzu tikllapsenes ir kaitekli, kas pateré skujas un veicina defoliaciju, tadgjadi masveida
savairo$anas periodos samazinot citu kukainu sugu skaitu un biomasu. Tapéc mes izvirzijam
pienémumu, ka (1) lielajam zilitem bus lidzigs olu skaits priezu audzu tikllapsenu degradétajos

un neskartajos meza nogabalos. M&s paredzgjam (2) mazaku no ligzdas izvesto putnu mazulu
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skaitu, zemaku jauno ziliSu kermena masu un 1saku izvesto mazulu stulma garumu
nepilnvertiga uztura dé] tikllapsenu uzliesmojuma skartajos meza nogabalos. Ta ka kopgja
kapuru biomasa (tikllapsenu un citu kukainu sugu kapuru biomasa) ir saistita ar priezu koku
skujotnes biomasu, més izmantojam kopé&jo koku vainaga apjomu (anglu val. total tree crown
volume) un kop€jo koku skujotnes segumu (anglu val. total tree canopy cover), ka netieSu
kapuru biomasas novértéSanas metodi (Briimelis ef al. 2020). Pirmaja pétijuma mes arl
paredzgjam zemaku kukainu kapuru biomasu priezu audzu tikllapsenu skartajas meza
teritorijas (I).

Ieprieks veiktie petijumi liecina par to, ka cilvéku un citu dzivnieku sugu asins parazitu
raditais slogs un kaitiga ietekme pieaug tidenstilpju tuvuma. Promocijas darba otrais mérkis
(IT) bija noskaidrot, vai pastav saikne starp attalumu Iidz meza @idenstilpem un ligzdojoSo
melno muskeraju asins parazitu prevalenci, un vai mezaudzes, kas atrodas talak no meza
ezeriem un strautiem, var uzskatit par asins parazitu neskartam teritorijam. Lai noskaidrotu
attaluma lidz Gdenstilpeém ietekmi, més veicam pétijumu, kura parbaudijam saistibu starp putnu
asins parazitu prevalenci, infekcijas intensitati, muskeraju vairoSanas sekmeém, putnu mazulu
kermena masu, stulma garumu un attalumu lidz tuvakajam meza tdenstilpem (II).

Lielaka dala pétijjumu par putnu asins parazitiem ir veikta putnu vairoSanas sezonas
laika, kad parazitu vektori ir visvairak izplatiti. Tacu, daZzu petijumu rezultati parada augstu
putnu asins parazitu prevalenci arT arpus vairoSanas sezonas un pat ziemas laika (Hauptmanova
etal. 2002; Dunn et al. 2013, 2014), kas norada uz to, ka putni var buit inficeti ar1 vasaras beigas
un rudens sakuma, kad parazitu vektori vél ir aktivi (e.g., Cheke et al. 1976; Rintaméki et al.
1999; Ishak ef al. 2010; Kimura et al. 2010). Neskatoties uz to, putnu asins parazitu infekcijas
ietekme uz saimniekorganismiem arpus vairoSanas sezonas Iidz §im nav pétita. Promocijas
darba treSais mérkis (IIT) bija noskaidrot, vai asins parazitu infekcijas prevalencei un infekcijas
intensitatei ir saistiba ar attalumu no meza ezeriem, strautiem un purviem, kur vairojas asins
parazitu vektori, [idz jaukto sugu ziliSu (Paridae) barinu teritorijam arpus putnu vairo$anas
sezonas. ZiliSu barinu p&tamas putnu sugas treSaja petijuma (III) bija peleka zilite (Poecile
montanus Conrad von Baldenstein, 1827) un cekulzilite (Lophophanes cristatus Linnaeus,
1758). Tresaja petijuma mes paredz€jam negativu korelaciju starp infekcijas prevalenci un
intensitati, un attalumu no putnu barinu teritorijam lidz tuvakajam tidenstilpém, ka tas ir cilvéka
malarijas gadijuma (Midega ef al. 2012) (III). Promocijas darba treSaja petijjuma mes arl
parbaudijam, vai putnu asins parazitu izraisita infekcija palielina varbutibu zilitem bt

paklautam apodzinu (Glaucidium passerinum Linnaeus, 1758) plésonibai (III). Apodzin$ ir
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zvirbulveidigo (Passeriformes) putnu galvenais plésgjs Ziemeleiropa (Kullberg 1995; Kullberg

& Ekman 2000).
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2. MATERIALI UN METODES

2.1. Peétijumu teritorijas un putnu sugas (I, IL, II)

Lielo zilisu vairosanas ekologijas pétijums tika veikts Latvijas dienvidaustrumu dala, pie
Daugavpils (55.55° N, 26.34° E), kur p&tijuma teritoriju kl3j parasto priezu mezi, kurus skara
priezu audzu tikllapsenes masveida savairosanas (I).

Promocijas darba otrais (II) un treSais (III) pétijums tika veikti Latvijas
dienvidaustrumu dala, Kraslavas tuvuma (56° N, 27° E), kur pétijumu teritorijas klaj skujkoku
(Pinopsida) un jauktie mezi, kuros domingé priezu audzes (Rytkonen & Krams 2003). Otra
petijuma (II) teritoriju ieskauj tris nelielu meza strautu sateces baseini, kas sastav no nelielu
ezeru kaskadém, dabiskiem dikiem, bebru dikiem un purviem. S daudzveidigdi meZa
tidenstilpju sistéma nodrosinaja vairosanas apstaklus visu veidu asins parazitu vektoriem (IIT).
Svarigi piebilst, ka p&tijuma teritorijas, kas atradas salidzinosi talu no meza tidenstilpeém (II),
bija izteikti vienveidigs skujkoku biotops, kur valdosa suga ir parasta priede, kamér tidenstilpju
tuvuma esoSajos mezos bija sastopama daudz lielaka koku sugu daudzveidiba, ko veidoja
parastas priedes, baltalksnis (Alnus incana Moench, 1794), melnalksnis (A/nus glutinosa
Gaertner, 1791), parasta egle (Picea abies Karsten, 1881), nokarenais bérzs (Betula pendula
Roth, 1788), parasta ieva (Prunus padus Linnaeus, 1753), parasta lazda (Corylus avellana
Karsten, 1881), parastais ozols (Quercus robur Linnaeus, 1753) un parastais kadikis (Juniperus
communis Linnaeus, 1753) (Rytkoénen & Krams 2003; Briimelis et al. 2020). Lielaka koku
sugu daudzveidiba tika noverota 40 - 60 m radiusa ap ezeriem, strautiem un bebru dikiem, kas
ir saistits ar augsnes auglibu un meza uzturéSanas, un apsaimniekosanas pasakumu (izcirSana
un retinasana) trikumu tdenstilpju tuvuma, akciju sabiedribas (AS) “Latvijas valsts mezi”
apsaimniekotajas teritorijas un privatos mezos. TreSais pétijums (III) tika veikts taja pasa
teritorija, kur otrais p&tijums (II), tacu tas aptvéra lielaku platibu (ap 10 km?), kur bija ne tikai
meza ezeri, purvi un strauti, bet arT viena upe ar vairakiem liciem, kas ir piem&rotas vairoSanas
vietas odiem. Lidzigi ka otraja petjuma (II), arT tresa petjjuma (III) teritorijas lielako dalu
klaja sauss priezu mezs uz smilSainas augsnes, gandriz bez zemsedzes, un $aja meza nav gravju
vai pagaidu tidenstilpju.

Pirmais (I) un otrais p&tijums (II) tika veikti lielo z1l18u un melno muskeraju vairosanas
sezonas laika. TreSais pétijums (III) tika veikts arpus pel€ko ziliSu un cekulziliSu vairosanas
sezonas.

Melnie muskeraji ir nelieli (10 — 18 g) zvirbulveidigie dobumperétaji putni, kas barojas

ar kukainiem (Lundberg & Alatalo 1992). Sis sugas Tpatni vairojas Eiropa, bet ziemu pavada
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Rietumafrika. Vasara melnais muskerajas ir viens no biezak sastopamajiem putniem Eiropa un
labprat ligzdo putnu biiriSos. Ar putnu biiriSu palidzibu Sos putnus var piesaistit gandriz jebkura
veida mezos, parkos un darzos.

Lielas zilites ir mazi zvirbulveidigie putni, kas pieder Paridae dzimtai. ST putnu suga ir
bieZi sastopama un plasi izplatita visa Eiropa, Vidusazija un Ziemelazija, Tuvajos Austrumos
un Ziemelafrika. Lielas zilites dzivo jebkura tipa meZos un parkos, ka arT ir bieZi sastopamas
apdzivotas vietas. Latvijas teritorija tas dzivo visa gada garuma, ligzdojot dabiskajos dobumos
un maksligajos putnu biiriSos. Vasara lielas zilites parsvara barojas ar kukainiem, bet arpus
vairo$anas sezonas un it Ipasi ziema tas pateré visu veidu baribu. Melno muskeraju un lielo
zilisu populacijas Kraslavas tuvuma tiek pétitas dobumperétaju putnu ekologijas ilgtermina
projekta ietvaros, kas tiek Tstenots kops 20. gadsimta 80. gadiem (Rytkonen & Krams 2003;
Ruuskanen et al. 2011; Samplonius ef al. 2018). Melnais muskerajs un liela zilite ir vienas no

vairak pétitajam putnu sugam pasaulg.

2.2. Priezu audzu tikllapsenes masveida savairoSanas (I)

Priezu audzu tikllapsenes masveida savairoSanas p&dgjo reizi tika noverota 2013. gada vasara.
Sim kaiteklim tas ir otrais uzliesmojums Latvija. Ieprickséja masveida savairoSanas tika
noverota laika no 1966. Iidz 1982. gadam, aptuveni 40 km uz austrumiem no pétijjuma
teritorijas. Priezu audzu tikllapseneém ir raksturigi ilgstosi uzliesmojumi. Kaiteklu masu
uzlidojumu gadi mijas ar ilgstoSiem diapauzes periodiem, kurus kukainu kapuri pavada augsné.
Lidz ar to, meza koku pilnigas defoliacijas gadiem seko laika posmi, kad koki dal&ji atjauno
savu lapotni (skujotni). Promocijas darba pirmais p&tijums tika veikts 2019. gada, kad kaiteklu
lidoSanas intensitate bija zema un tikllapsenu kapuri gandriz nebija pieejami ka baribas resurss
putniem pavasara — vasaras sezona.

Pieaugusas priezu audzu tikllapsenes paradas no augsnes un tikllapsenu matites péc
priezu skujas un barojas uz skuju substrata [idz augusta sakumam. Ceturtaja kapura attistibas
stadija tie parstaj baroties un ierokas augsné, kur pavada 2 - 5 gadus, kam seko neilga kiininas
stadija (8 — 10 dienas), pirms izlido tikllapsenu pieaugusie Ipatni (Ghimire et al. 2013). Priezu
audzu tikllapsenes kapuru mainigas attistibas stadijas padara to masveida savairoSanas
uzliesmojumus par neparedzamiem (Ghimire et al. 2013). Svarigi ir atzZimét, ka tikllapsenes
masveida savairoSanas skartos meza nogabalus var viegli atSkirt no neskartajam meza dalam,

jo degrad@€tajas meza platibas priedes ir loti stipri atskujotas (Brumelis et al. 2020).

17



2.3. Putnu buriSu izvietojums fitofagas priezu audzu tikllapsenes raditas
ietekmes pétijjumam (I)
Promocijas darba pirmaja petijuma més noteicam putnu vairoSanas sekmju parametrus, ligzdas
pametuso putnu mazulu skaitu, jauno (tuvu izveSanas stadijai) putnu kermena masu un stulma
garumu divu veidu meza nogabalos - priezu audzu tikllapsenes degrad@tajas un neskartajas
priezu meza platibas. P&tijuma gaita mes izvel€jamies seSus parauglaukumus no kaitekliem
cietusajas meza teritorijas un piecus parauglaukumus neskartajas meza teritorijas. Katra
parauglaukuma tika izvietoti 12 putnu biirisi (72 buirisi degrad€tajos meza nogabalos un 60
biirisi neskartajas meza dalas). Kopuma no 132 izvietotajiem putnu biiriSiem lielas zilites
apdzivoja 34 biiriSus priezu audzu tikllapsenes masveida savairo$anas ietekmétajas meza
platibas un 31 biiriti kaiteklu neskartajos meZa nogabalos (65 biiriSus kopa). Lielo zili8u mazuli
sekmigi pameta ligzdas 59 buriSos (30 biriSos degradétajas mezaudzes un 29 biiriSos
neskartajas meza dalas). Degradéto mezaudzu kopgja platiba bija aptuveni 120 ha. P&tfjuma
parauglaukumu ar putnu burisiem kopgja platiba bija aptuveni 3,8 ha. Attalums starp p&tijuma
parauglaukumiem (katra 12 putnu biirisi) bija vismaz 480 m. Lai izvairities no putnu
savstarpgjas konkurences, katra no 11 pétijuma parauglaukumiem biirisi tika izvietoti aptuveni
50 m attaluma viens no otra. Burisi ar lielo ziliSu ligzdam tika regulari apsekoti, lai noteiktu
galvenos putnu vairoSanas parametrus, tadus ka olu skaits un no ligzdam izvesto mazulu skaits,
kas ir putnu vairoSanas sekmju jeb pielagotibas raditaji. Lai noveértétu putnu p&cnacgju fizisko
stavokli, 15. diena péc mazulu izskilSanas m&s nosvéram tos ar “Pesola” atsperu svariniem
(precizitate Iidz 0,1 g) un noteicam putnu stulma garumu ar mehanisko bidméru (precizitate
Itdz 0,1 mm). P&tfjuma izmantoto putnu burisu izmérs no iekSpuses bija 0,13 x 0,13 x 0,25 m

un skrejas diametrs bija 0,036 m.

2.4. LigzdojoSo putnu baribas resursi (I)

Promocijas darba pirmaja petijuma més noveért§jam putniem pieejamo baribas resursu apjomu
pétijuma meza nogabalos, izmantojot kukainu kapuru fekaliju savaksanas metodi (anglu val.
frassfall method) (Rytkonen & Krams 2003). Kukainu kapuru fekalijas tika ievaktas izmantojot
plastmasas piltuves (diametrs 35 cm), ar katrai piltuvei piestiprinatu kafijas papira filtru (izmérs
1 x 4). Filtrs lauj lietus idenim izplust cauri, bet zaledaju kapuru fekalijas tiek aizturétas filtra.
Katra petijuma meza nogabala mes izmantojam tris piltuves (n=33). Piltuves tika piestiprinatas

pie nejausi izveéletu priezu stumbriem un attalums starp piltuvém bija aptuveni 60 m. Tiklidz
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pirmie putnu mazuli sasniedza septinu dienu vecumu, piltuves tika izvietotas meza uz 4
dienam. P&c tam filtri ar to saturu tika savakti no meza, nogadati laboratorija un uzglabati
sald&tava Iidz turpmakai analizei. Fekaliju daudzums tika noteikts katra filtra saskaitot fekaliju
dalinas, un fekaliju vidgjais diametrs tika noteikts ar okulara mikrometru, izmerot nejausi
atlasitas fekaliju dalinas katra filtra. Més aprékinajam kukainu kapuru biomasu péc fekaliju
sausas masas, izmantojot alometrisko sakaribu starp fekaliju diametru un fekaliju sauso masu
(Rytkonen & Orell 2001), un Tinbergen un Dietz vienadojumu (1994). Nemot véra to, ka més
nenoteicam kapuru fekalijas konkrétam kukainu sugam — rudens kodém (Epirrita autumnata
Borkhausen, 1794) un priezu audzu tikllapseném (Zandt 1994), §is pétijums lava novertét

kopgjo putnu baribas bazi visos petijuma meza nogabalos.

2.5. Koku vainagi priezu audzu tikllapsenes masveida savairoSanas
ietekmétajas un neskartajas mezaudzes (I)

Promocijas darba pirmaja pétfjuma meés noteicam ka meZza nogabalu stavoklis ietekme
ligzdojoso lielo ziliSu vairo$anas parametrus. M@ apzim&jam veselus (<25 % defoliacija),
bojatus (25-75 % defoliacija) un boja gajusus kokus (<25 % atlikust skujotne) (Briimelis ef al.
2020). Meértjumi tika veikti $adiem koku stavokla parametriem: (1) kopgjais priezu skujotnes
segums (%), (2) relativais skaits (%) boja gajuso un boja ejoso koku ar 75-100 % skujotnes
zudumu priezu audzu tikllapsenes nodarito bojajumu dél un (3) kopgjais koku vainaga apjoms
(m> ha™!). Boja gajuso koku relativais skaits (%) atspogulo kaiteklu nodarito postijumu pakapi.
Koku vainagu augsta defoliacijas pakape galu gala izraisija koku bojaeju. Kopgjais koku
vainagu apjoms noteikta meZza teritorija ir svarigs, jo tas atspogulo kop€jo substrata daudzumu,
kuru kukain€daji putni var izmantot, meklgjot baribu.

Visu koku stumbriem 1,3 m augstuma tika noteikts to diametrs kriisu augstuma (DBH;
anglu val. diameter at breast height) katra pétijuma parauglaukuma. Turklat, katra
parauglaukuma tika veikti papildus koku vainaga parametru mérijjumi (augstums Iidz dziva
koka vainaga virsotnei un pamatnei, un koka vainaga platums divos perpendikularos virzienos)
2 - 4 kokiem ar dazadu bojajumu lielumu un pakapi. Augstuma noteikSanai 1idz dziva koka
vainaga virsotnei un pamatnei (zemakais dzivais vainaga zars) tika izmantots Haglof VL5
augstummers. GRS blivummeérs tika izmantots, lai precizi noteiktu koku vainagu malas
vainagu platuma merjjumiem. Koku vainagu merijumi tika veikti 76 veselam un 16 bojatam
(vairak neka 25 % defoliacija) priedem. Koka vainaga apjoms tika noteikts ka elipsoids saskana

ar praktiskam rekomendacijam priezu vainagu apjoma noteikSanai (Rautiainen et al. 2008).
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Alometriska sakariba starp stumbra diametru un vainaga apjomu tiem kokiem, kuriem tika
veikti vainaga parametru merijumi, bija izmantota, lai noteiktu visu meza parauglaukumu koku
vainagu apjomu ar eksponencialas regresijas modeli, atseviski veseliem kokiem
[apjoms =10,529588 * EXP (0,068715 * DBH)] un bojatiem kokiem [apjoms = 3,85498 *EXP
(0,09189*DBH)]. Petijuma gaita tika konstatets, ka eksponencialais modelis vislabak izskaidro
saistibu starp DBH un koku vainaga apjomu (R?>=0,525 un R?=0,605; attiecigi veseliem un
bojatiem kokiem), salidzinajuma ar linearo modeli. Aprékinos tika ieklauti dati par 82 priedeém,
kuram tika veikti merfjumi petijjuma teritorija (Briimelis et al. 2020). P&c tam tika aprékinats

kopégjais koku vainagu apjoms uz 1 ha katra mezaudzg.

2.6. Putnu buiriSu izvietojums pétijjumam par putnu asins parazitu
izplatibas saistibu ar attalumu Iidz meZa udenstilpem vairoSanas
sezonas laika (IT)

Promocijas darba otraja petijuma putnu burisi priekS melnajiem muskerajiem tika uzstaditi uz
priezu stumbriem 1,5 m augstuma. Meza izvietoto putnu biiriSu skrejas tika turétas ciet lidz
aprila beigam, kad ieradas pirmie migréjosie melnie muskeraji. Tadgjadi, tika noversta iespéja,
ka buriSus aiznem lielas zilites, kas konkuré ar muskerajiem par ligzdvietam. Burisi tika
izvietoti rindas, 95 — 105 m attaluma viens no otra. Kopuma tika izveidotas septinas rindas ar
10 putnu biiriSiem katrd no tam. Petljuma gaita muskeraji neiemitindjas visos izvietotajos
biirisos. Caurméra katra rinda putni apdzivoja astonus biiriSus un 50 maksligas ligzdvietas
kopuma. Katras rindas pirmais buritis atradas 20 — 30 m attaluma no meza ezera vai strauta
jauktaja priezu/eglu/bérzu meza ar biezu kriimu stavu jeb pamezu. Rindas talakais putnu biiritis
tika izlikts aptuveni 1 km attaluma no tuvakas tdenstilpes priezu meza ar retu pamezu. Burisi
tika regulari apsekoti, lai noveértétu galvenos putnu vairoSanas parametrus, tadus ka pergjuma
lielums (olu skaits), putnu mazulu skaits ligzda un no ligzdam izvesto peécnacéju skaits, kas
atspoguloja muskeéraju vairosanas sekmes. Meza caunas (Martes martes Linnaeus, 1758) vai
citi plés€ji neizpostija nevienu ligzdu, ka arT neviena ligzda nebija pamesta p&tijuma aktivitasu
del. Visi petijuma ligzdojoSie melnie muskeraji bija jaunie putni (pirma dzives gada putni),
iznemot divus putnus (otra dzives gada vai vecaki putni), tapec muskeraju vecums neietekméja
pétijuma rezultatus. Melno muskeéraju vecums tika noteikts, balstoties uz sparnu kontiirspalvu

jeb segspalvu formu un nodiluma pakapi (Ojanen 1987; Lundberg & Alatalo 1992).
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2.7. Asins parazitu sastopamibas izpéte jaukto sugu ziliSu barinos
atkariba no attaluma lidz meza tidenstilpém arpus vairosanas
sezonas (III)

Promocijas darba treSaja pétijjuma dati tika iegiiti no 20 jaukto sugu putnu bariniem, kas
sastaveja no 4 — 5 cekulzilitem (vidgjais Ipatnu skaits 4.30 = 0.44, vidgjais + standartnovirze
(SD); kopa 86 1patni) un 4 — 6 pelekajam ziliteém (vid&jais Tpatnu skaits 4.10 + 0.49, vidgjais +
SD; kopa 82 1patni) katra barina. Putni tika nokerti ar putnu keramajiem tikliem, kas bija
izvietoti pie pagaidu barotavam, piepilditam ar saulespuku seéklam. Visu putnu barinu ipatni
tika nokerti septembr1 un apgredzenoti ar individuali numurétiem aluminija gredzeniem un
krasainiem plastmasas gredzeniem. Nokertajam pelekajam ziliteém un cekulzilitém tika noteikts
dzimums un vecums (picaugusais vai jaunais putns), izmantojot putnu morfologiskas pazimes.
Vecuma noteikSanai cekulzilit€ém un pelékajam zilitém tika izmantota astes spalvu forma un
nodiluma pakape (Laaksonen & Lehikoinen 1976), ka arT acu varaviksnenes krasa cekulzilitem
(Bardin 1979; Lens & Dhondt 1992). Putnu dzimums tika noteikts péc sparna un stulma garuma
dzimuma dimorfisma (Koivula & Orell 1988). Katrs jaukto sugu barins tika novérots 18 — 24
h garuma, 5 — 6 dienu laika ar Magellan GPS uztvéréju (MiTAC Digital Corporation,
Santaklara, Kalifornija, ASV), lai noteiktu barinu teritoriju robeZas. Noverotajs ik péc 5
minitém registréja barina atraSanas vietas koordinatas, sekojot pieauguso peléko zilisu un
cekulziliSu parvietoSanai. M&s noteicam attalumu starp katra barina teritoriju un tuvako
fidenstilpi ka attalumu no purva malas (visus ezerus pétijuma teritorija ieskava purvi), strauta
vai upes krasta 11dz tuvakajai barina teritorijas dalai, kur bija noverota barina putnu klatbiitne.

Sie attalumi tika mériti digitalaja karté.

2.8. Putnu izdzivosana ziema atkariba no inficétibas (III)

Promocijas darba treSaja pétijuma februara sakuma meés noteicam putnu izdzivoSanu ziema.
Putni, kas pazuda no saviem bariniem, bet bija atkartoti noveroti ka blakus eso$o barinu locekli
vai ka ligzdotaji pavasari, tika ieklauti analiz€ ka izdzivojuSie. M&s novertgjam plésonibas
pakapi péc apodzina nomedito peleko ziliSu un cekulziliSu skaita, kas tika atrastas apodzina
baribas sléptuves, parbaudot putnu buriSus no oktobra Iidz janvarim. M&s pienémam, ka tie

putni, kas netika nokerti atkartoti, bija gajusi boja.
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2.9. Putnu asins parazitu noteikSana un identifikacija (I1, IIT)

Promocijas darba otraja un treSaja pétijjuma péc putnu apgredzenoSanas un morfologisko
mérfjumu veikSanas tika iegiiti putnu asins paraugi (150 pl) no putna kajas tarsalas vénas. Asins
parazitu un balto asins Siinu jeb leikocitu noteikSanai no tarsalas veénas tika panemts asins
piliens un uz mikroskopa priekSmetstikla uzvilkta asins uztriepe, kas tika izzavéta, fikséta
metanola (CH30H), parakstita uz priekSmetstikla rakstamlaukuma un laboratorija nokrasota
pec Raita — Gimzas krasoSanas metodes (Bennett 1970; Valkitinas 2004). No katra nokerta
putna tika nemta asins 2 - 3 sausajam asins uztriepeém. Uztriepes tika analiz&tas ar gaismas
mikroskopu, imersijas ella, 1000x palielinajuma Haemoproteus un Plasmodium noteikSanai,
un 500% palielinagjuma Leucocytozoon, Trypanosoma un Microfilaria asins parazitu ginSu
noteikSanai. Asins paraziti tika uzskaititi asins uztriepes zona, kur Stinas veido vienmérigu
monoslani. Parazitu uzskaite tika veikta 100 mikroskopa redzes laukos priek$ Leucocytozoon
noteikSanas un ka minimums 250 mikroskopa redzes laukos Haemoproteus un Plasmodium
gints noteikSanai. Ja sausaja asins uztriepé tika konstatéta vismaz viena asins parazitu gints,
tika uzskatits, ka putns, kuram nemts asins paraugs, ir inficets. Infekcijas intensitate tika

noteikta pec parazitu gametocitu skaita uz 10,000 eritrocitiem (Valkiiinas 2004).

2.10. Asins parazitu vektoru skaita noteikSana ligzdojoSo melno
muskeraju biiriSos (1)
Promocijas darba otraja petijuma, lai noteiktu saistibu starp asinssiicgju kukainu skaitu putnu
biiriSos un attalumu lidz tuvakajam tdenstilpém, més piestiprindjam kukainu lipigas lamatas
(Iimlapinas) jeb Iimslazdus pie buriSu griestiem. P&tjjuma bija 3 - 6 putnu burisi, kurus
apdzivoja melnie muskeraji un kas atradas 100, 250, 400, 550, 700, 850 un 1000 m attaluma
l1dz tuvakajai tdenstilpei. Kvadratveida Iimslazdi (14 x 14 cm) bija izgatavoti no bieza papira
un parklati ar netoksiskiem, un nesacietéjoSiem epoksida svekiem (Krams et al. 2013).
Limslazdi tika piestiprinati pie biiriSu griestiem ar kniepadatam. Lai noverstu pieauguso
muskeraju pielipSanu pie epoksida sveku lipigas virsmas, mes piestiprindjam stieplu sietu (acs
izmérs 1 x 1 cm) 1 cm attaluma virs katra Iimslazda, kas neierobezoja kukainu kustibu.
Petijuma gaita Itmslazdi buriSos tika mainiti katru dienu un slazdos notvertie asinssiicgji
kukaini tika noteikti un uzskaititi. M@s arT aprékinajam nokerto kukainu relativo daudzumu

dienas laika.
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3. REZULTATI

3.1. Kukainu kapuru biomasa prieZzu audzu tikllapsenes masveida
savairoSanas ietekmetajas un neskartajas mezaudzes (I)

Promocijas darba pirmaja pétjjuma més konstat€jam butisku negativu saistibu starp koku
vainagos mitoSo kukainu kapuru kop&jo biomasu un priezu audzu tikllapsenes nodarito
kait€jumu lielo ziliSu ligzdoSanas perioda. Kukainu kapuru biomasa koku vainagos bija lielaka
tikllapsenu neskartajas mezaudzes neka kaiteklu ietekmétajas meza teritorijas: kapuru biomasa
bija lielaka meZza nogabalos ar lielaku priezu vainagu apjomu (s = 0.882, P=0.001; 1.A attels),
kapuru biomasa piecauga mezaudzes ar lielaku koku skujotnes segumu (75 = 0.945, P < 0.001;
1.B att€ls) un kapuru biomasa samazinajas meza teritorijas ar lielaku boja gajuso koku skaitu

(rs=-0.934, P < 0.001; 1.C attels).
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1. attels. Saistiba starp kukainu kapuru biomasu un (A) kopgjo koku vainaga apjomu, (B)

kopgjo koku skujotnes segumu un (C) boja gajuSo koku 1patsvaru.

3.2. Putnu pielagotibas parametri: olu skaits, peréjumu skaits, no ligzdas
izvesto pécnaceju skaits, mazulu izmérs un kermena masa (I)

Promocijas darba pirmaja petijuma putnu olu skaits nebija atkarigs no kopgja priezu skujotnes
seguma (slipuma novertgjums: -0.000, 95 % ticamibas intervals: (-0.007, 0.007), P =1.00, 2.A
attels), boja gajuso koku proporcijas (novertgjums: -0.000, ticamibas intervals: (-0.002, 0.002),
P = 0.984, 2.B attels) un no kopgja koku vainagu apjoma (novért€§jums: -0.004, ticamibas
intervals: (-0.087, 0.078), P = 0.992, 2.C attels). Lielajam zilitém, kuras ligzdoja prieZu audzu
tikllapsenes skartajas mezaudzgs, netika konstatéts otrais pergjums, kamér 58.6% putnu (n =

17) bija noverots otrais pergjums kaiteklu neskartajos meza nogabalos.
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2. attels. Saistiba starp lielo ziliSu olu skaitu un (A) kopg&jo priezu skujotnes segumu, (B) boja

gajuso koku 1patsvaru un (C) kop€jo koku vainagu apjomu. Nepartrauktas Iinijas apzimé

modela novertétas tendencu Iinijas un pelekas zonas atspogulo 95 % ticamibas intervalus.

Ligzdas pametuSo putnu mazulu skaits pieauga Iidz ar kop&jo priezu skujotnes segumu

(novertgjums: 0.099, ticamibas intervals: (0.062, 0.135), P < 0.001, 3.A att€ls), samazinajas

l1dz ar boja gajuso koku skaitu (novertgjums: -0.033, ticamibas intervals: (-0.040, -0.027), P <

0.001, 3.B attels) un palielingjas lidz ar kop€jo koku vainagu apjomu (noveért€jums: 0.973,
ticamibas intervals: (0.371, 1.565), P =0.016, 3.C attels).

100{ (A) 100(B)

R R
@ 75 8 75
£ E
=) ©
T ©
& =
-oo- 50 ‘.6 50
[ — c
2 o
5 5
g 25 g 25
o o

0 0

10 20 30 40 0 20 40 60 80

Total pine canopy cover, %

Proportion of dead trees, %

100

75

50

25

Proportion of fledglings, %

0

(©)

12500 25000 37500 50000 62500

Total volume, m’ha”’!

3. attels. Saistiba starp izvesto mazulu skaitu un (A) kopgjo priezu skujotnes segumu, (B)

boja gajuso koku 1patsvaru un (C) kop€jo koku vainagu apjomu.

Priezu audzu tikllapsenes masveida savairo$anas negativi ietekmé&ja no ligzdas izvesto putnu

mazulu fiziskos parametrus. Putnu mazulu stulma garums palielinajas 1idz ar kop€jo priezu

skujotnes segumu (noveértgjums: 0.011, ticamibas intervals: (0.001, 0.020), P = 0.071, 4.A

attels), samazinajas Iidz ar boja gajuso koku skaita pieaugumu (novertéjums: -0.004, ticamibas
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intervals: (-0.007, -0.001), P = 0.061, 4.B attels) un palielinajas lidz ar kop&jo koku vainagu
apjomu (novertgjums: 0.110, ticamibas intervals: (0.000, 0.222), P =0.128, 4.C attgls).
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4. attels. Saistiba starp putnu mazulu stulma garumu un (A) kopgjo priezu skujotnes segumu,

(B) boja gajuso koku 1patsvaru un (C) kopg&jo koku vainagu apjomu.

Izvesto putnu mazulu kermena masa palielingjas lidz ar kop€jo priezu skujotnes segumu

(novertejums: 0.033, ticamibas intervals: (0.017, 0.048), P < 0.001, 5.A att€ls), samazinajas

lidz ar boja gajuso koku skaita pieaugumu (novértgjums: -0.012, ticamibas intervals: (-0.014,

-0.010), P <0.001, 5.B attels) un pieauga lidz ar kop€jo koku vainagu apjomu (novertéjums:
0.289, ticamibas intervals: (0.006, 0.567), P =0.084, 5.C attels).
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5. attéls. Saistiba starp no ligzdas izvesto putnu mazulu kermena masu un (A) kopgjo priezu

skujotnes segumu, (B) boja gajuso koku ipatsvaru un (C) kop&jo koku vainagu apjomu.
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3.3. LigzdojoSo melno muskéraju asins parazitu sastopamiba (prevalence,
infekcijas intensitate) atkariba no attaluma lidz meZa udenstilpém

(D

Haemoproteus

Promocijas darba otraja pétijuma netika konstatetas bitiskas atSkiribas Haemoproteus asins
parazitu gints prevalencé starp putnu dzimumiem un katra dzimuma ietvaros vairo$anas
sezonas sakuma, vairo$anas sezonas beigas un visas vairo$anas sezonas laika (6.A att€ls).
Bitiskas atskiribas Haemoproteus gints prevalencé tika konstatétas tikai starp putnu matitém
vairo$anas sezonas sakuma un t€viniem vairoSanas sezonas beigas (starpibas novertgjums: -
5.55, ticamibas intervals: (-11.71, -0.03); 6.A attels), kas norada uz Haemoproteus prevalences
pieaugumu teviniem vairoSanas sezonas gaita. Svarigi piebilst, ka vairoSanas sezonas beigas
Haemoproteus prevalence putniem biitiski samazinajas, pieaugot attalumam lidz tuvakajai
tidenstilpei (slipuma atSkiribas noveértgjums: -4.44, ticamibas intervals: (-9.34, -1.10); 6.B
attels). Attalumam lidz tuvakajai iidenstilpei nebija butiskas ietekmes uz putnu Haemoproteus
prevalenci vairoSanas sezonas sakuma (novertgjums: -3.23, ticamibas intervals: (-7.59, 0.15);
6.B attels). Attaluma un putnu dzimuma mijiedarbibai nebija butiskas ietekmes uz

Haemoproteus prevalenci (novert€jums: 3.33, ticamibas intervals: (-1.35, 8.45)).
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6. attéls. (A) Haemoproteus asins parazitu gints prevalence melno muskéraju matiteém un
teviniem vairo$anas sezonas sakuma un beigas. Kliidu joslas atspogulo 95 % ticamibas
intervalus. (B) Saistiba starp attalumu lidz tuvakajam tdenstilpém un Haemoproteus
prevalenci vairo$anas sezonas sakuma un beigas. Nepartrauktas linijas apzZimé modela

novertétas tendencu Iinijas un pelékas zonas atspogulo 95 % ticamibas intervalus.

Haemoproteus asins parazitu gints infekcijas intensitate neat$kiras starp putnu dzimumiem
(novertgjums: 0.53, ticamibas intervals: (-0.16, 1.25), 7.A attéls). Haemoproteus infekcijas
intensitate butiski palielinajas abiem putnu dzimumiem vairo$anas sezonas gaita (novertgjums
no -2.686 lidz -0.918; 7.A att€ls). Attalumam Iidz tuvakajai tidenstilpei bija biitiska negativa
ietekme uz Haemoproteus infekcijas intensitati; infekcijas intensitate atSkiras dazados
gadalaikos, biidama vairak atkariga no attaluma vairo$anas sezonas beigas (novértejums: -0.80,

ticamibas intervals: (-0.90, -0.69); 7.B attels).
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7. attéls. (A) Haemoproteus asins parazitu gints infekcijas intensitate melno muskeraju
matitém un téviniem vairoSanas sezonas sakuma un beigas. Klidu joslas atspogulo 95 %
ticamibas intervalus. (B) Saistiba starp attalumu Iidz tuvakajam tidenstilpém un
Haemoproteus infekcijas intensitati vairoSanas sezonas sakuma un beigas. Nepartrauktas
linijjas apzime modela novertétas tendencu Iinijas un pelékas zonas atspogulo 95 % ticamibas

intervalus.

Plasmodium

Plasmodium asins parazitu gints prevalence bitiski palielinajas vairoSanas sezonas gaita melno
muskeraju matitém (novertejums: -7.22, ticamibas intervals: (-12.38, -2.94); 8.A attéls) un
teviniem (novert&jums: -5.96, ticamibas intervals: (-13.08, -1.61); 8.A attéls). Attalumam lidz
tuvakajai tdenstilpei bija biitiska ietekme (novert€jums: -3.37, ticamibas intervals: (-7.29, -
0.49)) uz Plasmodium prevalenci vairoSanas sezonas beigas (8.B att€ls). Mijiedarbibai starp
attalumu un putnu dzimumu nebija biitiskas ietekmes uz Plasmodium prevalenci (novertejums:

1.14, ticamibas intervals: (-2.31, 4.76)).
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8. attéls. (A) Plasmodium asins parazitu gints prevalence melno muskeraju matit€m un
teviniem vairo$anas sezonas sakuma un beigas. Kliidu joslas atspogulo 95 % ticamibas
intervalus. (B) Saistiba starp attalumu Iidz tuvakajam tdenstilpém un Plasmodium prevalenci
vairo$anas sezonas sakuma un beigas. Nepartrauktas linijas apzimé modela novertétas

tendencu linijas un pelekas zonas atspogulo 95 % ticamibas intervalus.

Plasmodium asins parazitu gints infekcijas intensitate biitiski picauga abiem putnu dzimumiem
vairo$anas sezonas gaitd (novert€jums: -2.85, ticamibas intervals: (-4.14, -1.72); 9.A attels).
Plasmodium infekcijas intensitate nebija saistita ar attalumu Ilidz tuvakajai tdenstilpei
(novertejums: 1.51, ticamibas intervals: (-3.27, 0.07); 9.B attéls), ka arT ar attaluma un
gadalaika mijiedarbibu (novert§jums: -1.20, ticamibas intervals: (-2.50, 0.12)), un putnu

dzimumu (novért&jums: 0.85, ticamibas intervals: (-0.48, 2.33)).
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9. attéls. (A) Plasmodium asins parazitu gints infekcijas intensitate melno muskéraju matitém
un téviniem vairoSanas sezonas sakuma un beigas. Klidu joslas atspogulo 95 % ticamibas
intervalus. (B) Saistiba starp attalumu I1dz tuvakajam tidenstilpém un Plasmodium infekcijas
intensitati vairoSanas sezonas sakuma un beigas. Nepartrauktas linijas apzimé modela

novertetas tendencu linijas un pelekas zonas atspogulo 95 % ticamibas intervalus.

3.4. Asins parazitu vektoru daudzums (II)

Promocijas darba otraja pétijuma septinu dienu laika més nok&ram 1130 asinsstic€jus kukainus
(524 migeles, 575 odus un 31 knisli), kas bija notverti 32 putnu biirisos, kurus apdzivoja melnie
muskeraji. Mes konstatéjam butisku negativu saistibu starp asins parazitu vektoru skaitu un

attalumu [idz tuvakajai tidenstilpei (Spirmena » = -0.886, n = 32, P <0.0001, 10. attels).
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10. attels. Saistiba starp attalumu lidz tuvakajai meza fidenstilpei un asins parazitu vektoru

skaitu, kas nokerti melno muskeraju burisos.

3.5. Melno muskeraju pielagotibas parametri (II)

Promocijas darba otraja pétijuma attalums lidz tuvakajai tidenstilpei neietekméja olu skaitu
melno muskeraju ligzdas (novertgjums: 0.02, ticamibas intervals: (-0.09, 0.12), 11.A attls),
tacu attalumam bija pozitiva ietekme uz izvesto putnu mazulu skaitu (novertgjums: 0.13,
ticamibas intervals: (0.02, 0.25), 11.B attels). Attalumam lidz tuvakajai Gidenstilpei tika
konstateta nelineara ietekme uz izvesto mazulu kermena masu (novértgjums: 7.21, ticamibas
intervals: (3.76, 12.39), 11.C attels) un stulma garumu (novértgjums: 0.22, ticamibas intervals:
(0.07, 0.55), 11.D attels), tacu attalumam nebija butiskas ietekmes uz putnu fizisko stavokli,
par ko liecina putnu kermena masas regresijas analizes atlikuma vértibas attieciba pret putnu
stulma garumu (novertéjums: 0.11, ticamibas intervals: (-0.43, 0.88)). VairoSanas sezonas
sakuma attalums lidz tuvakajai tidenstilpei neietekmgja pieauguSo melno muskeraju kermena
masu (slipuma noveértgjums: 0.01, ticamibas intervals: (-0.04, 0.05)), tacu vairoSanas sezonas
beigas attalumam bija pozitiva saistiba ar picauguso putnu kermena masu (slipuma atSkiribas

novertgjums: 0.26 (0.21, 0.32)).
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11. attels. Saistiba starp attalumu [1dz tuvakajam meZza fidenstilpeém un melno muskeraju (A)
olu skaitu, (B) no ligzdas izvesto mazulu skaitu, (C) putnu mazulu kermena masu un (D)
putnu mazulu stulma garumu. Nepartrauktas linijas apzimé modela novertétas tendencu

linijas un pelekas zonas atspogulo 95 % ticamibas intervalus.

3.6. Asins parazitu prevalence un infekcijas intensitate pelekajam zilitém

un cekulzilitéem jaukto sugu putnu barinos arpus vairoSanas sezonas

(I1D)

Promocijas darba tresaja petijuma cekulzilites bija infic€tas tikai ar Haemoproteus majoris
(Laveran, 1902) asins parazitu sugu, bet pelekas zilites bija infic€tas ar Haemoproteus majoris
un Plasmodium circumflexum (Kikuth, 1931) sugam. Putniem netika konstatéta infic€Sanas ar
Leucocytozoon, Trypanosoma un Microfilaria asins parazitiem. CekulziliSu infekcijas
intensitate ar Haemoproteus (1.57 + 4.24 gametociti/10,000 eritrocitiem) un peleko ziliSu
infekcijas intensitate ar Haemoproteus (1.19 + 2.80 gametociti/10,000 eritrocitiem), un
Plasmodium (0.35 + 0.72 gametociti/10,000 eritrocitiem) tika novert€ta ka zema. Abam

pétijuma putnu sugam Haemoproteus infekcijas intensitate butiski neatSkiras (vienvirziena

32



dispersijas analize, F1,162 = 0.47, P = 0.50). Haemoproteus infekcijas intensitate cekulzilitem
nebija saistita ar attalumu Iidz tuvakajam tdenstilpém (vienvirziena dispersijas analize, F19,66
=0.88, P =0.61). Art pelekajam zilitem Haemoproteus infekcijas intensitate nebija saistita ar
attalumu Iidz tuvakajam tdenstilpém (vienvirziena dispersijas analize, F19,63 = 1.23, P = 0.27),
tacu peleko ziliSu Plasmodium infekcijas intensitatei bija butiska saistiba ar attalumu lidz
tuvakajam tidenstilpeém (vienvirziena dispersijas analize, F19.63 = 4.07, P <0.0001).

Haemoproteus asins parazitu infekcijas prevalence jaukto sugu putnu barinos
cekulzilitém svarstijas no 0 1idz 50 % (18.75 = 19.25 %) un pelekajam ziliteém no 0 1idz 100 %
(32.50 + 38.41 %). Haemoproteus infekcijas prevalence bitiski at$kiras starp cekulzilitem (15
infic€ti putni un 71 neinficéts individs, prevalence 17.44 %) un pelékajam ziliteém (26 inficeti
un 56 neinfic@ti putni, prevalence 31.71 %; FiSera precizais tests, P = 0.047). Ar Plasmodium
gints asins parazitiem infic€to putnu proporcija peléko zilisu barinos svarstijas starp 0 un 100
% (23.75 + 35.80 %). Plasmodium prevalence pelekajam zilitem (19 inficéti un 63 neinficéti
putni, prevalence 23.17 %) butiski atskiras no cekulziliSu infekcijas prevalences (visi 86 putni
neinficéti un 0 inficétu individu, prevalence 0 %), jo cekulzilittm netika konstatEta
Plasmodium asins parazitu infekcija (FiSera precizais tests, P = 0). Haemoproteus un
Plasmodium prevalence neatSkiras starp pieaugu$ajam (13 infic€ti un 27 neinficéti putni) un
jaunajam pelékajam zilitém (13 inficeti un 29 neinficéti putni; FiSera precizais tests, P =1). 15
pelekajam zilitem tika konstatéta kombin&ta Haemoproteus un Plasmodium infekcija.

Binaras logistiskas regresijas analize (Nagelkerke R? = 0.272, P = 0.001) atkldja, ka
cekulziliSsu Haemoproteus infekcijas prevalence pieaug tidenstilpju tuvuma (b = -0.005, P =
0.002, 12. attels). Cekulzilisu vecums (b = 0.27, P = 0.62), dzimums (b = -0.48, P = 0.39),
stulma garums (b = 0.07, P = 0.67), sparna garums (b = 0.052, P = 0.71) un kermena masa (b

=0.09, P = 0.49) neietekm&ja Haemoproteus prevalenci.
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12. attels. Saistiba starp attalumu lidz tuvakajam tidenstilpém un Haemoproteus asins

parazitu gints prevalenci cekulzilitem.

Binaras logistiskas regresijas analize (Nagelkerke R? = 0.543, P < 0.001) atklaja, ka peleko
zilisu Haemoproteus infekcijas prevalence ir apgriezti proporcionali saistita ar attalumu Iidz
tuvakajam tdenstilpeém (b =-0.009, P < 0.0001, 13. att€ls). Putnu vecums (b = 0.22, P =0.64),
dzimums (b = 0.30, P = 0.53), stulma garums (b = 0.01, P = 0.69), sparna garums (b = 0.093,

P =0.44) un kermena masa (b = 0.50, P = 0.35) neietekmgja inficétibu ar asins parazitiem.
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13. attéls. Saistiba starp attalumu lidz tuvakajam tdenstilpeém un Haemoproteus asins

parazitu gints prevalenci pelekajam zilitém.

Plasmodium infekcijas prevalence pelekajam zilit€m pieauga meza tdenstilpju tuvuma (b = -
0.01, P <0.0001, 14. attels). Peleko ziliSu vecums (b = 0.60, P = 0.26), dzimums (b =-0.44, P
= 0.40), stulma garums (b = 0.02, P = 0.59), sparna garums (b = -0.044, P = (0.74) un kermena
masa (b = 0.10, P = 0.52) neietekm&ja putnu Plasmodium infekcijas prevalenci (Nagelkerke
R?=10.589, P <0.001).
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14. attels. Saistiba starp attalumu lidz tuvakajam tidenstilpeém un Plasmodium asins parazitu

gints prevalenci pelékajam zilitem.

3.7. ZiemojoSo cekulziliSu un peléko ziliSu izdzivoSana atkariba no
attaluma Iidz tuvakajam udenstilpeém (I1I)

Promocijas darba treSaja petijuma tika konstatéts, ka izdzivoja 69 no 86 cekulziliteém (80.23
%) un 61 no 83 pelekajam zilitem (73.49 %), kas nenorada uz butisku atskiribu starp
izdzivoSanas raditajiem pelékajam zilit€ém (22 putni atrasti boja gajusi vai pazudusi) un
cekulzilitém (17 putni atrasti boja gajusi vai pazudusi; FiSera precizais tests, P = 0.37).

CekulziliSu proporcija, kas izdzivoja lidz nakamajai vairoSanas sezonai jaukto sugu
putnu barinos, bija butiski saistita ar attaluma Iidz tidenstilpem samazinasanos (» = 0.74, n =
20, P <0.0001, 15. attels). Mes atklajam, ka pieauguso cekulziliSu izdzivosanas sekmes (» =
0.62, n =20, P=0.004) un jauno cekulzilisu izdzivosanas raditaji (r = 0.75, n =20, P <0.0001)

pieauga tidenstilpju tuvuma.
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15. attels. Saistiba starp attalumu lidz tuvakajam tidenstilpeém un cekulziliSu izdzivoSanu

ziema.

Pelekajam zilitém ar1 bija labakas izdzivoSanas sekmes, atrodoties lielaka attaluma no ezeriem
un purviem (» = 0.79, n = 20, P < 0.0001, 16. attels). IzdzivoSanas raditaji pieauga gan
picaugusajam (r = 0.58, n = 20, P = 0.008), gan jaunajam pele€kajam zilitem (r = 0.83, n = 20,

P <0.0001) [idz ar attalumu no Gidenstilpem.
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16. attels. Saistiba starp attalumu lidz tuvakajam tdenstilpeém un peléko ziliSu izdzivosanu

ziema.
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3.8. Putnu izdzivoSanas saistiba ar inficétibu (I1I)

Promocijas darba tresaja p&tijuma tika konstatéts, ka neinfic€tajam cekulzilitém bija butiski
labakas izdzivosanas sekmes (69 putni izdzivojusi un 2 pazudusi) neka inficétajam cekulziliteém
(2 putni izdzivojusi un 13 pazudusi; FiSera precizais tests, P = 0.0001). Ar1 neinficétajam
pelekajam zilitém bija butiski labaki izdzivosanas raditaji (54 putni izdzivojusi un 2 pazudusi)
neka infic€tajam pelékajam ziliteém (6 putni izdzivojusi un 20 pazudusi; FisSera precizais tests,

P =0.0001).

3.9. Saikne starp putnu inficetibu un apodzina plésonibu (III)

Promocijas darba treSaja petfjuma meés atradam kopa 30 cekulziliSu un peleko ziliSu 1patnus
apodzina baribas sléptuves. 13 cekulzilites tika atrastas nomeditas un pasléptas putnu biiriSos
un visi §ie putni bija infic€ti ar asins parazitiem (FiSera precizais tests, P = 0.044). Apodzina
baribas sléptuves tika atrastas ar1 17 pelékas zilites (16 inficéti putni un 1 neinficéts; Fisera
precizais tests, P = 0.022), kas norada uz to, ka apodzini galvenokart nomedi inficétas pelekas

zilites un cekulzilites.
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4. DISKUSIJA
4.1. Rezultatu kopsavilkums (I, I1, IIT)

Promocijas darba pirma pétijuma rezultati parada to, ka ekologiskie slazdi var rasties ne tikai
antropogénas darbibas skartaja vide, bet arT kaiteklu kukainu ietekmé@tajos biotopos (I).
Promocijas darba otrais un treSais pétijums norada uz to, ka biotopi, kas atrodas netalu no
teritorijam ar augstu slimibu parnésataju (vektoru) koncentraciju, var radit ekologisko slazdu
apstaklus, jo vairoSanas udenstilpju tuvuma var ietekmé&t putnu fizisko stavokli (II),

izdzivosanu ziema (III), pl€sonibas spiedienu (IIT) un reproduktivo pielagotibu (II).

4.2. Kaiteklu kukainu masveida savairoSanas un putnu burisi ka cilveka
raditie ekologiskie slazdi dobumperétajiem putniem (I)

Promocijas darba pirmais pétijums parada to, ka savvalas organismu biotopu kvalitate var
pasliktinaties un putnu dzivotnes var parveérsties zemas kvalitates mezaudzes vai pat
ckologiskajos slazdos ne tikai antropogénas darbibas dé]. P&tijjuma tika paradits, ka putnu
biurisu izvietoSana kaiteklu kukainu degrad@tajas mezaudzeés var radit ekologiskos slazdus
dobumperétajiem putniem. Lai gan putnu biiriSu izvietoSana tiek uzskatita par vienkarSu un
tradicionalu metodi kukain&daju putnu piesaistei kaiteklu skartajos mezos (Jedlicka et al.
2011), ir janem véra tas, ka kait€klu kukainu kapuri patére lapas (skujas) un butiski samazina
kop€jo koku lapotni (skujotni) un pat izraisa koku bojaeju. Ta ka §1s darbibas samazina ne tikai
meza kait€klu, bet arm kopgo kukainu daudzumu, tas var bitiski ietekmét kopgjo
kukainédajiem putniem pieejamas baribas daudzumu un pazeminat putnu reproduktivo
pielagotibu, kuru parasti nosaka ka no ligzdam izvesto putnu mazulu skaitu. Tadejadi, putnu
piesaistiSana kukainu masveida savairoSanas skartajas mezaudzes noved pie neadaptiviem
iznakumiem.

Jaatzimé, ka dobumu pieejamiba ir viens no svarigakajiem raditajiem, péc kuriem
dobumperétaji putni izvélas biotopus (Hildén 1965). Iesp€jams, ka dobumi kalpo ka
superstimuls, kam putni nespgj pretoties, padarot degrad€tos biotopus par pievilcigiem un
paaugstinot ligzdojoso putnu blivumu krietni virs teritorijas dabiskas kapacitates. Tada veida
putnus var piesaistit neatkarigi no biotopa pieejama resursu daudzuma (Ménd et al. 2005;
Kilgas et al. 2007), izraisot baribas deficitu, badu un pat dobumperétaju putnu mazulu bojaeju.
Tapéc papildus putnu biiriSu nodrosinasana, lai piesaistit dobumperétajus putnus uz kukainu

masveida savairoSanas skartajam teritorijam, var radit ekologiskos slazdus vai izlietnes
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biotopus, kas ir tadas dzivotnes, kur individu pielagotiba nepalielinas vai kur mirstiba parsniedz
dzimstibu (Kokko & Sutherland 2001; Hale et al. 2015).

Pirma pétijuma rezultati norada uz to, ka dobumper&taju putnu piesaiste ir javeic ar
piesardzibu, jo tas var negativi ietekmé&t putniem pieejamas baribas uzturvértibu un putnu
reprodukfivo pielagotibu. Siem atklajumiem var biit bitiska ietekme uz dabas aizsardzibas un
apsaimniekoSanas praksi. Pirmkart, lai gan dobumperétajus putnus ir viegli piesaistit konkrétas
teritorijas un izmantot ka biologiskas kontroles lidzeklus cina ar lauksaimniecibas un meza
kaitekliem, ir svarigi apspriest to, cik &tiski ir ievilinat putnus ekologiskajos slazdos. Tikpat
svarigi ir izstradat ekologisko slazdu teoriju, jo mums ir ierobeZotas sp&jas paredzet ekologisko
slazdu veidosanos un identificet tos, kad tie jau pastav, un mazinat to ietekmi (Robertson &
Hutto 2006; Hale & Swearer 2016). Tomeér $aja pétijuma ir paradits, ka kaiteklu kukainu
masveida savairoSanas skartas mezaudzes ir viegli identific€jamas, kas var palidzét noverst
kukain&daju putnu piesaisti ekologisko slazdu teritorijam. Misu rezultati arT izvirza jautajumu
par to, vai citas cilvéka darbibas var parverst lielas meza platibas par ekologiskajiem slazdiem.
Piem&ram, ja tadi miisdienu mezsaimniecibas pasakumi ka regulara pameza koku un krimu
izcirSana skujkoku mezaudzes samazina kukainu biomasu, un, vienlaikus, izvietojot putnu
burisus kukain&dajiem putniem, palielina putnu blivumu virs daba sastopama limena, tas var
veidot ekologiskos slazdus populaciju, ekologisko niSu un ekosistému Itmeni (Lindenmayer et
al. 2008; Hale et al. 2015; Hale & Swearer 2016).

Pirma pétijjuma rezultati arT uzsver nepiecieSamibu lidzsvarot dabas aizsardzibas
pasakumus, balstoties uz pétijumiem par biotopu kvalitati un ekosistemu kapacitati. Pieméram,
ekologiskie slazdi var apdraudét sugu saglabaSanas pasakumus, ja biotopa ir parak daudz
konkurentu (piemé&ram, vietas ar augstu biologisko daudzveidibu) vai tiek apdraudéta biotopa
kvalitate nakotné. Ekologiskie slazdi ka, pieméram, zemas kvalitates mezaudzes, var arl
mazinat ainavu savienojamibu, pat tad, ja Sie slazdi nerada tilit€jas negativas pielagotibas
sekas (Sanchez-Mercado er al. 2014; Hale et al. 2015). Organismu zema genéctiska
neviendabiba $adas teritorijas var vél vairak samazinat to pielagotibu un mazinat dabas

aizsardzibas pasakumu efektivitati (Prunier ef al. 2017).
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4.3. Meza udenstilpes ka ekologisko slazdu izraisitaji vairo§anas sezonas
laika (IT)

Kopuma promocijas darba otra pé€tijuma rezultati liecina, ka mezi pie tdenstilpém veido
ekologisko slazdu apstaklus putniem, kas censas ligzdot floristiski daudzveidigas mezaudzes
ap ezeriem, strautiem un purviem. Putni var dot priekSroku Siem biotopiem putnu biirisu
pieejamibas, lielakas koku daudzveidibas un lielaka sauszemes gliemezu, un posmkaju skaita
del (Jokimiki et al. 1998), vienlaikus nespgjot novertet riskus, kas ir saistiti ar asins parazitu
vektoriem, kuri vairojas tuvuma esoSajas uidenstilpés. Lielaks asins parazitu vektoru skaits un
augstaks putnu infic€Sanas biezums var izraisit putnu mazulu nepietieckamu barosanos, zemaku
izdzivotibu un zemu putnu populacijas atrazoSanas limeni, kas liecina par asins parazitu un
stresa nozimi ligzdojoSo putnu biotopu kvalitates noteikSana (Illera et al. 2017; Muriel et al.
2021; Pigeault ef al. 2023).

Otrais pétijums parada saikni starp atseviSku putnu infic€Sanas statusu un fizisko
stavokli (kermena masu) vairoSanas sezonas beigas, un putnu reproduktivas pielagotibas
parametriem, kurus izsaka ligzdas pametuSo pecnacéju skaits, mazulu kermena masa un stulma
garums. Lai gan putnu infic€Sanas statuss vairoSanas sezonas sakuma un attalums lidz
tidenstilpeém neietekméja melno muskeraju pergjuma lielumu (Dale et al. 1996), tika konstatéts,
ka putnu pielagotiba ir ievérojami zemaka meza iudenstilpju, pieméram, ezeru un purvu
tuvuma. Meza tdenstilpju tuvuma ligzdojoSiem muskerajiem bija mazaks no ligzdas izvesto
pecnacéju skaits un mazuli bija mazaka izméra. Svarigi ir tas, ka putnu kermena masa un
kermena izméri ir ticami raditaji, lai paredzetu ligzdas pametuso mazulu izdzivoSanas iespg&jas
nakotng, jo §1s fiziskas 1pasibas ir svarigas, izvairoties no plés€jiem (Magrath 1991; Marzal et
al. 2005). Ir zinams, ka Haemoproteus un Plasmodium asins paraziti rada nelabveligu ietekmi
uz saimniekorganismu fiziologiskajiem un augsanas procesiem (Marzal et al. 2005; Ishtiaq et
al. 2008). Savvalas dzivniekiem tiek noveéroti slimibai raksturigi uzvedibas trauc&umi, kas
paklauj tos lielakam plésonibas riskam, un hemosporidiju infekcijas akiito stadiju laika Sie
dzivnieki ir mazak efektivi baribas mekl&jumos (Krams et al. 2013; Gutiérrez-Lopez et al.
2015). Otra pétijuma rezultati liecina, ka putnu matiSu un tévinu inficéSanas statuss, un vinu
sp&jas nodroSinat vecaku apripi ir bitiski saistitas, par ko liecina no ligzdam izvesto putnu
mazulu skaits un to fiziskie parametri.

Mgs atklajam to, ka meza Gidenstilpju tuvums biitiski paaugstinaja tikai Haemoproteus
asins parazitu gints parazit€miju, savukart Plasmodium infekcijas intensitatei nebija batiskas

saistibas ar attalumu lidz tuvakajam tidenstilpeém. P&tijumi liecina, ka odu vid&jais izplatiSanas
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attalums parsniedz 3 km un to lidojuma diapazons ir liclaks neka migelém (Elbers et al. 2015),
kas varétu izskaidrot promocijas darba otra pétijjuma rezultatus. Tacu ir arT zinams, ka
asinssticgju kukainu lidojuma attalumi ir loti mainigi un ir atkarigi no v&ja virziena un atruma,
dienas un nakts temperatiiras, viet€jas topografijas, apgaismojuma, mitruma, gadalaika un visu
So faktoru mijiedarbibas (Carter et al. 2000; Thomas et al. 2013; Elbers et al. 2015; Kluiters et
al. 2015; Brand et al. 2017), kas liecina par to, ka ir nepiecieSams veikt vairak pétijumu, lai
noskaidrotu galvenos vides faktorus, kas nosaka asins parazitu vektoru lidojumus un vietgjo
izplatibu.

Lai gan ir zinams, ka dazi muskeraji tika inficeti vél pirms ierasanas savas vairoSanas
vietas (Wiersch et al. 2007; Dubiec et al. 2018; Jones et al. 2018), promocijas darba otrais
pétijums paradija, ka Haemoproteus prevalence, Haemoproteus parazit€mija, Plasmodium
prevalence un Plasmodium parazitémija biitiski pieauga putnu vairo$anas sezonas gaita. Tas
liecina par to, ka Haemoproteus un Plasmodium asins paraziti infic€ja ligzdojoSos melnos
muskerajus pasreizgjas vairoSanas sezonas laika.

Otraja p&tijuma mes neizvertgjam putniem pieejamo baribas resursu daudzumu. Tacu
misu iepriekS§€jo petijumu rezultati paradija, ka koku daudzveidiba ietekmé zvirbulveidigo
putnu baribas resursu pieejamibu (Krams et al. 2001; Rytkénen & Krams 2003). Visos meza
parauglaukumos pie tidenstilpém tika registréts koku vainaga stavs, otrais stavs zem vainaga,
jauno koku stavs un kriimu stavs, savukart no tdenstilpém attalas ligzdoSanas teritorijas
putniem bija pieejams tikai koku vainaga stavs un minimals pamezs. Papildus lielakai koku
daudzveidibai, teritorijas ap meZa ezeriem un strautiem parasti ir lielaka gliemezu un
kailgliemezu daudzveidiba, kas ir nozimigs kalcija avots putniem olu peréSanas laika (Ménd et
al. 2000; Dhondt et al. 2001). Tadgjadi, neraugoties uz iesp&jami augstakas kvalitates biotopu
izveli, melnajiem muskerajiem bija augstaka asins parazitu prevalence, visaugstaka infekcijas
intensitate un viszemaka pieauguSo putnu kermena masa vairoSanas sezonas beigas.
Vismazakais no ligzdam izvesto pecnacgju skaits un mazuli ar vissliktakajiem fiziskajiem
parametriem, putniem ligzdojot Gdenstilpju tuvuma, liecina par ekologiskajiem slazdiem

mezaudzes pie tdenstilpem.
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4.4. Asins parazitu infekcija un teritorialo ziliSu izdzivoSana ziema (III)

Dazos ieprieksgjos petijumos jau ir pieradita negativa saistiba starp attalumu lidz meza ezeriem
un strautiem, un asins parazitu prevalenci zvirbulveidigajiem putniem vairo$anas sezonas gaita
(Wood et al. 2007; Krams et al. 2010, 2012b). Promocijas darba treSais petijums par
cekulzilitém un pelekajam zilitém, kas ziemo teritorialajos jaukto sugu barinos ar ieksgjo
socialo struktiiru, sniedz pirmas liecibas par lidzigam likumsakaribam arpus putnu vairo$anas
sezonas. Svarigi, ka tre$a pétijuma rezultati norada uz Iidz §im neapzinatu problému, kas
ietekm@ mérenas klimata joslas zvirbulveidigo putnu mirstibu ziema. Isuma, $is p&ttjums ir par
saistibu starp atsevisku putnu infic€Sanas statusu un So putnu izdzivoSanu ziema. Petijuma ir
paradits, ka jaukto sugu ziliSu barinu putnu izdzivoSanas sekmes ziema ir biitiski zemakas meza
tdenstilpju apkartn€, pieméram, ezeru un purvu tuvuma.

Tresa petijuma rezultati parada, ka putnu ziemoSanas teritorijas, kas atrodas talu no
tdenstilpeém, var radit putniem drosaku vidi attieciba uz patogénu risku, it seviski pelekajam
ziliteém. Asins parazitu infic€Sanas risks abam pétijuma ziliSu sugam vasaras beigas un rudens
sakuma bija daudz zemaks no meza ezeriem un purviem attalas teritorijas, salidzinajuma ar
meZaudzem, kas atrodas tGidenstilpju tuvuma. Jaatzime, ka Plasmodium infekcijas intensitate
pelekajam zilit€ém samazinajas, pieaugot attalumam lidz Gidenstilpeém. Lai gan mé&s neatklajam
nekadus tieSus putnu pielagotibas traucgjumus, kas butu saistiti ar slimibas izplatibu ka tadu,
tomer tresa pétijuma rezultati liecina, ka inficétie saimniekorganismi bija paklauti daudz
augstakai mirstibai plésonibas dél. Promocijas darba treSaja petijuma tika paradita pozitiva
saistiba starp infekciju un mirstibu, atklajot, ka inficétas pelekas zilites un cekulzilites veido
bitisku dalu no apodzinu baribas bazes ziema. Dazi petfjumi liecina par to, ka slimus
dzivniekus ir vieglak nomedit neka veselus individus, un ka ples€ji biezi vien partiek no
inficétiem upuriem (Packer ef al. 2003; Johnson et al. 2006; Duffy & Sivars-Becker 2007).
Iesp&jams, tas notiek tapéc, ka inficetie individi ir mazak modri, jo tiem var biit paaugstinats
energijas patérin$ zemas apkartgjas vides temperatiiras apstaklos.

[zdzivoSanas raditaji ziema neatSkiras starp pieaugusajiem un jaunajiem putniem, ka ar1
netika konstat€tas atSkiribas izdzivotiba starp dzimumiem gan cekulzilitém, gan pelékajam
zilittm. Tadu més konstat€jam ieveérojami zemaku Haemoproteus infekcijas prevalenci
cekulzilitém, salidzinot ar pelékajam ziliteém. Veljovairak, cekulzilitéem netika konstateta
Plasmodium asins parazitu infekcija. Iespgjamais izskaidrojums tam varétu but efektivaka
cekulzilisu imiinsistémas reakcija pret Plasmodium gints parazitiem, jo daudzam putnu sugam

var biit efektiva imiinsisteémas reakcija pret asins parazitiem (e.g., Krams et al. 2013).
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Vel viens izskaidrojums Haemoproteus zemajai prevalencei un Plasmodium izraisitas
infekcijas trikumam cekulzilitém varétu biit atskirigs putnu izvietojums dazadas koku vainaga
dalas, kas ir saistits ar at$kirigu putnu socialo rangu zili8u barinu sastava. Meza dzivojoso zilisu
jaukto sugu barinos pastav lineara tipa domin&Sanas hierarhija, kur cekulzilites dominé par
pelékajam Zilit€ém un tévini, ar daziem izneémumiem, domin€ par matitém, bet pieaugusie putni
doming par jaunajiem ipatniem (Ekman 1979; Hogstad 1987). Tadgjadi, putnu vecums var
kalpot ka aptuvens ziemojoSo meza ziliSu sociala ranga ekvivalents (Ekman 1989). Jaatzimé,
ka dominanto cekulziliSu klatbiitne ziemojoSo putnu barinos liela méra nosaka peleko ziliSu
zemadas tauku uzkrasanas stratégijas (Krams 1998), kas ir izSkiro$s faktors ne tikai
ziemojoSiem, bet arT migréjosiem putniem. Dominantas cekulzilites dod priekSroku uzturéties
koku vainagu augsgjas dalas, savukart subdominantas pelékas zilites ir spiestas mekl&t baribu
koku vainagu apaksgjas dalas, kas var biit vieglak sasniedzamas asins parazitu vektoriem. Lai
gan promocijas darba treSaja petijuma netika noteikts kukainu-vektoru daudzums/klatbitne,
citi petjjumi pierada, ka daudzas odu sugas galvenokart apdzivo koku vainagu apaksgjas dalas
(e.g., Anderson et al. 2004; Savage et al. 2008). So vertikalo stratifikaciju ietekmé arf mitruma,
temperatiiras un gaismas svarstibas (Clements 1992), kas var padarit cekulzilites, kuras barojas
un uzturas koku vainagu augsgjas dalas, vairak pasargatas pret odu uzbrukumiem neka pelekas
zilites, kuras uzturas koku vainagu vidgjas vai apaksgjas dalas (Cerny et al. 2011). Turklat ir
pieradits, ka migeles ir parsvara satopamas lidz 3 m augstumam virs zemes (Mitchell 1982),
kas padara Sos asins parazitu vektorus par mazsvarigiem prieks dominantajiem putniem augstu
koka vainaga.

Rezumegjot, §1 pétijuma rezultati liecina par to, ka jaukto sugu ziliSu barinu loceklu
izdzivoSana ziema ir atkariga ne tikai no baribas pieejamibas, plés€ju klatbiitnes un socialas
hierarhijas ranga (Krams 1998; Krams et al. 2001), bet arT no parazitu infekcijam un attaluma
11dz teritorijam, kur vairojas parazitu parnésataji. Tresaja petijuma mes atklajam zemaku asins
parazitu prevalenci jaukto sugu ziliSu barinu dominantajiem putniem, kuri barojas koku
vainagu augs€jas dalas (Krams 2001). Tas norada uz to, ka atseviskas meza un koku vainagu
dalas var but griitak sasniedzamas parazitu parn€satajiem un, lidz ar to, ir vairak labveligas
putniem (Ekman 1987; Krama et al. 2008), savukart meza ezeru un citu tdenstilpju tuvuma
eso8as teritorijas var klat par ekologiskajiem slazdiem ligzdojoSiem un ziemojo$iem putniem.
Mgs ierosinam, ka putnu baroSanas un, iesp&jams, ligzdoSana un dziedaSana augstakas koku
vainagu dalas varétu but izdeviga, zemaka parazitisma Iimena un augstaku izdzivoSanas
sekmju zina, jo tur varétu biit mazaks asins parazitu vektoru blivums. Kopuma promocijas

darba treSais pétijums parada saimniekorganismu telpiskas izplatibas un dzives ciklu p&tijumu
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nozimi saistiba ar saimniekorganismu asins parazitu vektoru izplatibas izpéti (Valkitinas 2011;
Oakgrove et al. 2014). Visbeidzot, lidz $im plesonibas ietekme uz parazitu izplatibu un
virulences evoliiciju bija apliikota tikai dazos pétijumos. Choo et al. (2003) un Morozov un
Adamson (2011) ierosinaja, ka plés€u iesaistiSanas saimniekorganismu-patogénu
mijiedarbibas sist€émas var izraisit parazitu evolucionaro pasnavibu. Tresa pétijuma rezultati
apstiprina So teorétisko ideju. Ka izskaidrojumu recidivu sastopamibas retumam hroniski
infictajiem individiem nakamas vairoSanas sezonas laika, més pielaujam, ka lielaka dala
inficéto saimniekorganismu aiziet boja plésonibas dé| arpus vairo$anas sezonas. Tapéc ir
nepiecieSami turpmakie korelativie un eksperimentalie pétijumi, lai detalizéti atklatu

plésonibas ietekmi uz virulences evoliicijas iznakumu un tas epidemiologiskajam sekam.
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KOPSAVILKUMS UN SECINAJUMI

Putnu biriSu izmantoSana, lai piesaistitu dobumperetajus putnus kukainu masveida
savairoSanas skartajas teritorijas, ir tradicionals meZza ekosist€tmu aizsardzibas pan€miens.
Tacu kaitekli kukaini Sos mezus var noplicinat 1idz tadai pakapei, ka piesaistitajiem putniem
trikst baribas resursu, lai pabarotu savus pécnacgjus. Promocijas darba pirmaja pétijuma (I)
més secinam, (1) ka eckologiskie slazdi var rasties mezaudzes, kur cilveki piesaista
kukainedajus putnus, kas ligzdo dobumos, ar mérki apkarot kait€klu kukainu masveida
savairoSanos. Uzstadot putnu biiriSus, var viegli palielinat ligzdojoSo putnu populaciju blivumu
virs daba sastopama blivuma, tad&jadi parsniedzot putnu vairoSanas biotopu kapacitati. Pirma
petijuma rezultati (I) liecina, ka dobumper@taju putnu izmantoSanu kaiteklu kukainu
biologiskas kontroles nolukos ir javeic piesardzigi, jo ta var negativi ietekm&t putnu
reproduktivo pielagotibu teritorijas ar neparedz&tiem ekologiskajiem slazdiem.

Promocijas darba otrais pétijums (II) sniedz liecibas par lidz §Tm neapzinatu problému,
kas iespaido meza zvirbulveidigo putnu vairoSanas sekmes, paradot, ka asins paraziti ietekme
to saimniekorganismu pielagotibu un parveérs lielas meza platibas ap udenstilpém par
ekologiskajiem slazdiem. (2) S ekosistémas Tpatniba ir janem véra, planojot dabas aizsardzibas
pasakumus sugam, kuras ir neaizsargatas pret asins parazitu infekcijam, jo parazitu spéciga
ietekme var traucét dabas aizsardzibas aktivitatém, radot neparedz&tus ekologiskos slazdus ap
meza tdenstilpém.

Promocijas darba tresa petijuma (III) rezultati liecina, ka ziemojoSo jaukto sugu ziliSu
barinu locekliem, kas uzturas talak no meza tidenstilpeém un vairak laika pavada baribas
mekl&jumos koku vainagu augs€jas dalas, ir lielakas izredzes izdzivot lidz nakamajai
vairoSanas sezonai. (3) Tas norada uz to, ka dazadas mezaudz€s un koku vainagu dalas var biit
atSkirigs asins parazitu sastopamibas risks un ar to saistita mirstiba. Nosléguma tika
noskaidrots, ka ziliSu inficéSanas ar asins parazitiem palielina varbiitibu putniem bt
paklautiem apodzinu pl&sonibai. (4) M&s secinam, ka attalums no @idenstilpem un baroSanas
vieta koka vainaga var ietekmét ziemojoSo ziliSu asins parazitu infekcijas intensitati ar

pielagotibas sekam.
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1. INTRODUCTION
1.1. Habitat selection

When an animal selects an area to reproduce, overwinter or migrate, it often chooses a specific
habitat based on a particular combination of features available in that type of area. A habitat is
supposed to meet all the environmental requirements an organism needs to survive or increase
its fitness. Habitats differ between species and populations as their requirements may differ.
Therefore, the concept of habitat sharply differs from other fundamental ecological concepts
such as environment or just a set of specific environmental conditions found in a particular area
(Cody 1985; Krausman & Morrison 2016). The term habitat reflects the species requirements
consisting of various abiotic and biotic factors and resources occurring in the area. Notably,
the habitat of a species has been considered the hypervolume of'its ecological and physiological
requirements, called ecological niche (Hutchinson 1957). Odum and Barrett (2004) included
in the term ecological niche also such essential components as morphological, anatomical and
physiological adaptations and behavioural responses required to find or choose proper species-
specific habitat. Odum and Barrett (2004) suggested defining the organism’s habitat as its
“address”, while they called the ecological niche the “profession” of the organisms or species.

Habitat selection is a dynamic decision-making process, and evidence suggests that
animals base their decisions on a number of environmental cues to evaluate the present
condition of habitat quality and its possible changes in time (Demeyrier ef al. 2016). Habitat
choice is of crucial importance because only the correct choices decrease uncertainty about
habitat quality and improve the fitness of organisms. To decrease uncertainty and improve
habitat choice, organisms must acquire and process information about habitat properties
(Szymkowiak 2013). However, it is doubtful if organisms can acquire and use all available
information over short periods of time, especially in seasonal environments, to make proper
decisions on habitat quality. Moreover, environment and potential habitats constantly change,
making habitat selection process heavily dependent on natural selection as individuals should
consider ever occurring changes in predation, parasitism, intraspecific and interspecific
competition levels, and resource availability. Therefore, it is often considered that
environmental cues-based habitat selection should lead to source-sink population dynamics

(e.g., Hanski 1999).
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1.2. Ecological traps

Animals normally prefer habitats of the highest quality over poor habitats. They are supposed
to choose poor habitats only if better options are not temporarily available or do not exist at all
(Ekman 1989). However, in rapidly changing ecosystems, especially affected by anthropogenic
pressure (Hale & Swearer 2016; Robertson et al. 2013), the cues used to select proper habitats
can be decoupled from the true quality of the habitat. This can lead to mistakes in habitat
choice.

Because of rapid environmental changes affecting habitat structure, less preferred
habitats may become equally or more attractive than the best habitats. In rapidly changing
environments, animals may end up in the habitats that reduce their survival, reproduction,
individual and inclusive fitness. These types of habitats have been referred to as ecological
traps and sometimes also defined as evolutionary traps (Hale ef al. 2015; Robertson & Hutto
2006; Robertson et al. 2013; Demeyrier et al. 2016). In terms of source-sink demographic
dynamics, some most extreme ecological traps may transform into population sinks (Hanski
1999). Theory predicts that ecological traps and population sinks, where habitat quality is
decoupled from the habitat’s attractiveness, mostly occur in the environments affected by
humans (Hale & Swearer 2016; Robertson et al. 2013).

In natural conditions, ecological traps often arise if one part of a habitat contains high
numbers of more attractive cues suggesting a suitable place to live in or reproduce. It is
suggested that decoupling habitat quality from its attractiveness happens under the following
scenarios: (1) the intensity, expression and number of cues increase in a habitat which quality
remains the same; (2) habitat quality and suitability significantly declines whereas the cues of
habitat attractiveness remain the same in their expression and numbers (Robertson & Hutto
2006; Hale & Swearer 2016). Although characterization of ecological traps may look like an
easy task, it is important to note that demonstrating an ecological trap in the wild is difficult.
The first reason for this is that the cues involved in the preference and selection of the habitat
must be identified with precision. Second, these cues are extremely difficult to manipulate
experimentally following robust experimental designs (e.g., Robertson & Hutto 2006).
Experimental demonstration of an ecological trap in the wild is therefore limited despite the
extensive efforts of empirical research to assess behavioural effects of traps (e.g., Ménd et al.
2005; Robertson & Hutto 2006; Mégi et al. 2009; Hale & Swearer 2016). However, the

decoupling habitat quality and its attractiveness can be experimentally done, especially in the
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decoupling scenarios where the cues of quality, the habitat attractiveness and its quality are

easy to manipulate or detect.

1.3. Anthropogenic impact, human created cues, naturally occurring
forest disturbances and ecological traps

Nowadays humans are the most important factor affecting forest ecosystems and biological
diversity. Urbanization changes the environment of a growing number of animal species. It has
been shown that anthropogenic changes are rapid, they involve larger aquatic and terrestrial
areas worldwide, and only a few organisms can immediately follow changes caused by
anthropogenic factors in their habitats. However, naturally occurring outbreaks of insects may
also represent a major cause of habitat disturbances in the forest ecosystems (Barbosa et al.
2012; Moulinier et al. 2013), affecting communities of forest animals and plants and
influencing their densities and organismal interactions (Vindstad et al. 2015). Anthropogenic
landscapes are considered to be potential ecological traps for organisms, especially when
artificial human-constructed cues match to ones that reflect true habitat quality in natural
environments, being attractive but misleading signals in anthropogenic environment (Marzluff
2001; Robertson ef al. 2013, Demeyrier et al. 2016). Humans often provide birds (Aves) with
artificial nest boxes in populated areas, parklands, gardens and managed forests. For cavity
nesting birds, such as the European pied flycatcher (Ficedula hypoleuca Pallas, 1764) and the
great tit (Parus major Linnaeus, 1758), artificial nest boxes make every woodlot or parkland
more attractive to settle than areas without artificial nest boxes. The presence of cavities and
holes are among the most important cues for habitat selection in great tits and pied flycatchers
(Hildén 1965). It has been shown that the density of nesting birds can be raised well above
naturally occurring densities.

Birds are often used as a means of biological control to regulate pest outbreaks in
forestry and agriculture practice (Duan et al. 2015). Biological control by provisioning nest
boxes for insectivorous birds is a commonly used approach to attract hole-nesting birds,
especially in Europe (Gosler 1993; Tilgar et al. 1999; Mols & Visser 2007; Mand et al. 2005).
Putting up nest boxes is a simple method to encourage avian populations at the sites of insect
outbreaks (Jedlicka et al. 2011). Birds often prefer artificial nest boxes over natural holes,
because artificial nest boxes are constructed to minimize nest predation, humid microclimate,
nest soaking and improve nest illumination (Maziarz et al. 2016). Provisioning of nest boxes

makes it easy to compensate for naturally low availability of cavities, which is a limiting factor
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in managed forests and populated areas. Importantly, some studies showed that great tits and
pied flycatchers can be attracted to an area independent of the actual number of resources
available in the habitat (Mand et al. 2005; Kilgas et al. 2007).

Preference for a certain box design as reflected in its shape or size is species-specific
and perhaps population-specific, or even a matter of individual choice (e.g., Lambrechts et al.
2010). For instance, previous studies in secondary-cavity nesting great tits have shown that
females prefer to breed in large nest boxes (Maziarz et al. 2016; Moller et al. 2014). In addition,
clutch size has been shown to increase with the size of the nesting cavity, either through
individual plastic adjustment or non-random distribution of individuals varying in reproductive
capacity (Slagsvold 1987). Breeding in a large cavity might limit hyperthermia risks, reduce
nestling competition for space or decrease predation risks inside the cavity, therefore not
penalizing larger broods (Slagsvold 1987). This makes it possible to lure cavity-nesting birds
to the areas with low levels of food available, thus, potentially causing ecological traps or sink
habitats where individual fitness will decrease and mortality exceeds the birth rate (Gates &
Gysel 1978; Kokko & Sutherland 2001; Schlaepfer et al. 2002). Moreover, insect outbreaks
can deteriorate the environment themselves by defoliating local plants, reducing flowering and
seed production, and diminishing the availability of arthropod (Arthropoda) food. The latter
may cause hunger and death of nestlings in the nests of many insectivorous birds attracted by
putting up artificial nest boxes. Thus, the activities to protect forests and agricultural land
against pest insects by installing nest boxes to attract insectivorous birds may cause ecological
traps for the birds lured to the area. It is important to note that the use of nest boxes and
attraction of insectivorous birds to the forests, rural areas and cities has always been considered
a “green” activity that improves environmental quality, protects nature and maintains
populations of several bird species. This suggests that humans may possibly create ecological
traps even during their environmental and nature protection activities, which needs more

attention and research.

1.4. Blood parasites, water bodies and ecological traps

Landscape variables and ecological factors have often been used to understand and explain the
spatial variation of the malaria disease in human populations (Kibret et al. 2017, 2019a, b;
Endo & Eltahir 2018). These studies showed that the proximity to nearest water bodies, where
parasite vectors reproduce, significantly affect the incidence of malaria risk across landscapes

(Beck et al. 1994; Cano et al. 2006; Endo ef al. 2015). It was found that malaria prevalence in
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households within 160 m from nearest water body in Senegal was 74 %, while the prevalence
at 900 m from the marsh was around 17 % (Trape ef al. 1992). Similar results were obtained
also in other human studies (Jobin 1999; Endo & Eltahir 2018; Kibret et al. 2019a, b).

In non-human animals, parasitism is considered to be one of the strongest forces
shaping the community structure of host species through the effects on trophic interactions,
food webs, competitive interactions and biodiversity (Svensson-Coelho & Ricklefs 2011;
Schmid-Hempel 2011).

Haemosporidians (Haemosporida) are obligate parasites that infect a wide range of
vertebrates and use dipteran insects as vectors (Valkitinas 2004). Infections of avian hosts with
blood parasites belonging to the genera Plasmodium, Haemoproteus and Leucocytozoon may
have detrimental effects on host reproductive success and survival probability (Valkiiinas 1998;
Merino et al. 2000; Valkitnas & Iezhova 2004; Valkitnas 2004; Palinauskas et al. 2009;
Martinez-de la Puente ef al. 2010; Krams et al. 2013; de Jong et al. 2014). Parasite prevalence
and infection intensity (parasitemia) often depend on the host immune system and the outcome
of an arms race between host immunity and the ability of parasites to invade their hosts (e.g.,
Krams et al. 2012a). However, vector prevalence and distribution may also have significant
effects on an individual’s risk of infection (e.g., Allander & Bennett 1994; Zhou et al. 2012;
Krams et al. 2010, 2013; Martinez-De la Puente ef al. 2010; Loiseau et al. 2012).

It has been found that avian haemosporidian parasites are not homogeneously
distributed across their hosts’ habitats and populations (Lacorte et al. 2013). Blood parasites
are often absent in the blood of birds in marine, saline, arid or alpine/high altitude
environments, which can be explained by the absence or scarcity of parasite vectors (Bennett
et al. 1992; Rytkonen et al. 1996; Piersma 1997; Figuerola 1999; Sol et al. 2000; Atkinson et
al. 2005; Hellgren et al. 2008; Krams et al. 2012a; Martinez-De la Puente et al. 2013). At high
latitudes, the period of active transmission of blood parasites occurs during the summer season
(van Riper 1991; Atkinson ef al. 1988), while at low latitudes, it is associated with the rainy
season (Young et al. 1993). Thus, proliferation of vector-borne parasitic diseases is linked not
only to the immunity of hosts, but also to various aspects of their ecology, such as the
availability of suitable habitats for the vectors (e.g., Arriero et al. 2008; Arriero 2009; Sehgal
2010).

However, relatively little is known about the habitat preferences of the dipteran vectors
that transmit avian blood parasites. It is certain that mosquitoes (Culicidae) require standing
water to reproduce, which increases the probability of Plasmodium infections in the vicinity of

lakes and ponds (Kettle 1995; Ishtiaq et al. 2008; Njabo et al. 2009; Krams et al. 2010, 2012a,
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b), and slow rivers (Wood et al. 2007). Biting midges (Ceratopogonidae) are found in fens,
bogs, marshes, compost, mud and stream margins (Hendry 1989). Blackflies (Simuliidae) are
found wherever there is permanent or semi-permanent running water, which is required for
development during larval and pupal stages. Thus, the majority of vectors of bird blood
parasites require wetlands to reproduce. Although this may increase the prevalence of blood
parasites in some birds living near lakes, streams and bogs (e.g., Wood et al. 2007; Krams et
al. 2010), the associations between parasite prevalence and habitat type of their hosts are not
yet well understood. Moreover, a negative relationship between the distance from water bodies
and the intensity and prevalence of avian haemosporidian infections might suggest ecological

traps for the birds that attempt to breed in the vicinity of water bodies.

1.5. Aims of the thesis

The main aim of the thesis is to test whether ecological traps of bird populations are more
widespread than previously considered and whether these traps can arise, because of nature
protection-related activities by humans, and whether the areas around forest lakes and streams,
beautiful land with a high biodiversity level, can decrease offspring survival of breeding birds.

Putting up nest boxes in the forest patches affected by insect outbreaks may attract
cavity-nesting birds to ecological traps. The first goal of this thesis (I) was to test whether great
tits breeding in Scots pine (Pinus sylvestris Linnaeus 1753) forests heavily damaged by
outbreaking of the great web-spinning pine-sawfly (Acantholyda posticalis Matsumura, 1912)
suffer fitness costs. Although insect larvae are the preferred food for great tit nestlings and
fledglings (Rytkonen & Krams 2003), the sawfly is a defoliator pest, which during its outbreaks
decreases the number and biomass of other insects. Therefore, we predicted (1) similar clutch
sizes between the patches damaged by web-spinning sawflies and healthy patches. We
expected (2) smaller fledgling numbers, lower fledgling body mass and shorter tarsus lengths
due to malnutrition in the nest boxes located in the patches damaged by sawflies. Since total
larval biomass (sawfly and other insect larval biomass) can be expected to be related to the
amount of available foliage, we used estimates of live tree crown volume and canopy cover as
indirect measures of larval biomass (Brumelis ez al. 2020). We expected lower larval biomass
in the areas affected by great web-spinning sawflies (I).

Some previous studies done on humans and other animals showed that blood parasite
burden and their detrimental effect may increase near water bodies. The second goal of this

thesis (II) was to test whether there is a positive association between proximity to the nearest
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wetlands and parasite prevalence in the breeding pied flycatcher, and whether forest stands
located further away from forest lakes and streams can be considered parasite-free areas. To
find out the effects caused by the proximity of forest water bodies, we performed a study to
test for associations between blood parasite prevalence, infection intensities, reproductive
success, fledgling body mass, tarsus length and the distance to the nearest forest wetland (II).

Most studies of bird blood parasites have been conducted during the reproductive
season of birds, when parasite vectors are predicted to be most abundant. However, some
studies have also demonstrated high parasite prevalence outside the breeding season and even
during the winter (Hauptmanova et al. 2002; Dunn et al. 2013, 2014), showing that birds may
be at risk of infection in late summer and early autumn, while parasite vectors remain active
(e.g., Cheke et al. 1976; Rintamiki et al. 1999; Ishak et al. 2010; Kimura et al. 2010). The
effects of blood parasite infections on their hosts outside the breeding season, however, have
not yet been tested. The third goal of this thesis (III) was to investigate whether prevalence and
infection intensity of blood parasites are related to the distance of territories of wintering
mixed-species tit (Paridae) groups, consisting of willow tits (Poecile montanus Conrad von
Baldenstein, 1827) and crested tits (Lophophanes cristatus Linnaeus, 1758), from forest lakes,
streams and bogs where parasite vectors reproduce. We predicted a negative correlation
between prevalence and intensity of infection and the distance of bird territories from water
bodies, as it is reported in human malaria (Midega et al. 2012) (IIT). We also checked whether
haemosporidian infections of parids increase their probability of being predated upon by the
pygmy owl (Glaucidium passerinum Linnaeus, 1758), the principal predator of passerine

(Passeriformes) birds in northern Europe (Kullberg 1995; Kullberg & Ekman 2000) (III).
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2. MATERIALS AND METHODS
2.1. Study sites and bird species (I, 11, IIT)

The breeding ecology of great tits was investigated near Daugavpils, south-eastern Latvia
(55.55° N, 26.34° E), where the study area covers young Scots pine stands affected by an on-
going mass outbreak of the great web-spinning pine-sawfly (I).

The second (II) and third (III) study was conducted in the vicinity of Kraslava in south-
eastern Latvia (56° N, 27° E). The study area covers coniferous (Pinopsida) and mixed forest
plantations dominated by Scots pines (Rytkonen & Krams 2003). The second study (II) area
was surrounded by drainage basins of three small forest streams that consisted of cascades of
small lakes, naturally occurring ponds, beaver-constructed ponds and bogs. The diverse system
of forest water bodies provided suitable habitats for reproduction of all kinds of blood parasite
vectors (III). Notably, the major part of the study area located away from forest water bodies
(IT) was covered by a markedly homogeneous coniferous habitat dominated by Scots pine,
while forests near water bodies contained much higher tree species biodiversity consisting of
Scots pine, grey alder (4/nus incana Moench, 1794), black alder (4/nus glutinosa Gaertner,
1791), Norway spruce (Picea abies Karsten, 1881), silver birch (Betula pendula Roth, 1788),
bird cherry (Prunus padus Linnaeus, 1753), European hazel (Corylus avellana Karsten, 1881),
English oak (Quercus robur Linnaeus, 1753) and common juniper (Juniperus communis
Linnaeus, 1753) (Rytkonen & Krams 2003; Brimelis ef al. 2020). The higher tree diversity
within 40-60 m zones around forest lakes, streams and beaver-constructed ponds is generally
caused by mesic soil conditions and lack of forestry measures, such as clear-cuts and less
regular forest thinning, around the majority of water bodies in the Joint Stock Company (JSC)
“Latvia’s State Forests” managed pine stands and private forests. The third study (IIT) was
done at the same area, but it covered a larger territory (c. 10 km?) containing forest lakes, bogs,
small streams and one large river with a number of bays suitable for mosquito reproduction.
As in study II, the majority of the area was dry pine forest on sandy soil with nearly no
understory and did not contain any ditches or temporary water pools.

The studies I and II were carried out during the reproductive season of great tits and
pied flycatchers, while the study IIT was performed outside the breeding season of willow tits
and crested tits.

Pied flycatchers are small (10-18 g) insectivorous cavity-nesting passerine birds
(Lundberg & Alatalo 1992). This species reproduces in Europe and spends the winter season

in western Africa. Pied flycatchers are among the most common bird species in Europe during
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the summer season, which prefers to nest in artificial nest boxes. By installing nest boxes, this
bird can be attracted to almost any type of woods, parks, gardens.

Great tits are small passerine birds that belong to the family Paridae. These birds are
common and widespread throughout Europe, Central and Northern Asia, the Middle East and
North Africa. They live in any kind of woodland, parkland and are common in populated areas.
Great tits live in Latvia throughout the year. This species occupies natural cavities and artificial
nest boxes. Great tits are mostly insectivorous in summer, while they can eat any kind of food
outside the breeding season and especially in winter. The population of pied flycatchers and
great tits at Kraslava has been studied as part of a long-term project of the ecology of cavity-
nesting birds carried out since the mid-1980s (Rytkonen & Krams 2003; Ruuskanen e al. 2011;
Samplonius et al. 2018). The pied flycatcher and the great tit are one of the most intensely

studied bird species in the world.

2.2.  Outbreak of the great web-spinning pine-sawfly (I)

The outbreak of the great web-spinning pine-sawfly was last observed in summer 2013. This
is the second observed outbreak of this pest in Latvia. The previous outbreak was observed
some 40 km eastwards during 1966—1982. Prolonged outbreaks are typical for great web-
spinning sawflies. Years of intensive flight are followed by years when the majority of larvae
fall in diapause. Consequently, years with heavy tree defoliation are followed by years when
trees are able to partly recover their foliage. This study was conducted in 2019 when flight
activity was low and the larvae of great web-spinning sawflies were hardly available as a food
resource for birds in the spring—summer period.

Great web-spinning sawfly adults emerge from the soil and females lay eggs on needles
of Scots pine in June (Voolma et al. 2016). Sawfly larvae consume the needles of pines and
feed on the needle substrate until the beginning of August. At the fourth larval instar stage the
larvae move to the soil where they stay for two to five years before they emerge after a short
(8 — 10 days) pupation (Ghimire ef al. 2013). The highly variable larval stage makes outbreaks
of great web-spinning sawflies unpredictable (Ghimire et al. 2013). Importantly, patches
damaged by a web-spinning sawfly outbreak are easy to distinguish from healthy patches,

because in the damaged areas pines are strikingly defoliated (Briimelis ef al. 2020).
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2.3. Nest box arrangement to study effects caused by phytophagous great
web-spinning pine-sawfly (I)
Breeding success, fledgling number, fledgling body mass and tarsus length of great tit nestlings
were recorded in two contrasting types of forest patches - the pine forest damaged by web-
spinning sawflies and a nearby healthy pine forest. We chose six areas in the affected pine
forest and five areas in the nearby healthy forest. We put up 12 nest boxes in each of these
patches (72 nest boxes in the affected forest and 60 nest boxes in the healthy forest). Out of
132 nest boxes, great tits occupied 34 nest boxes in the damaged forest and 31 nest boxes in
the healthy forest (65 nest boxes in total). Great tit offspring successfully fledged in 59 nest
boxes (30 nest boxes in the damaged areas and 29 nest boxes in the healthy areas). The total
area of the damaged forest was c. 120 ha. The total size of studied patches with nest boxes was
c. 3.8 ha. The distance between study patches (each containing 12 nest boxes) was at least 480
m. To avoid competition, the distance between neighbouring boxes was c. 50 m in each of the
11 study patches. The nest boxes were checked regularly to record basic breeding parameters,
such as the number of eggs and the number of fledglings, which is an indication of breeding
success. To assess offspring quality, all nestlings were weighed with a Pesola spring balance
to a precision of 0.1 g and their tarsi were measured with sliding callipers to the nearest 0.1
mm on day 15 post hatch. The internal size of the nest boxes was 0.13 X 0.13 x 0.25 m and the

diameter of the entrance was 0.036 m.

2.4. Food resources of breeding birds (I)

We estimated the amount of food resources available in each forest patch by using the frassfall
method (Rytkoénen & Krams 2003). Frass production by larvae was measured using plastic
funnels (diameter 35 cm) with a paper coffee filter (size 1 x 4) attached to each funnel. The
filter lets rainwater go through, but frass produced by herbivory larvae is retained inside the
filter. We used three funnels in each study patch (n = 33). The funnels were attached to trunks
of randomly chosen pines, and the distance between the funnels was ¢. 60 m. As soon as the
first nestlings in the patch reached the age of 7 days, the funnels were placed for a period of 4
days. The filters with the frass were preserved in a freezer. The frass production was determined
by counting the frass items in each filter, and the average diameter of the frass items was
determined by measuring randomly sampled frass items in each filter with an ocular
micrometre. We estimated larval biomass from frass dry mass by using an allometric

relationship between frass diameter and frass dry mass (Rytkonen & Orell 2001), and the
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equation by Tinbergen and Dietz (1994). As we could not discriminate between frass produced
by larvae of other insects - autumnal moths (Epirrita autumnata Borkhausen, 1794) and
sawflies (Zandt 1994), this research provided an estimation of the total food resources available

in each forest patch.

2.5. Tree canopy in the patches of sawfly outbreak and in the unaffected
patches (I)

We studied how the condition of forest patches affects breeding parameters of great tits. We
distinguished between healthy (<25 % foliage loss), damaged (2575 % foliage loss) and dead
trees (< 25 % foliage remaining) (Briimelis et al. 2020). We measured the following three
condition parameters: (1) total canopy cover of pines (%), (2) the relative number of dead and
dying trees with 75—-100 % loss of needles due to web-spinning sawfly damage (%) and (3) the
total tree crown volume (m® ha™!). The relative number (%) of dead trees reflects the rate of
damage done by a pest. High amounts of leaf (needle) damage eventually led to the death of a
tree. The total volume of tree crowns in the patch is important, because it reflects the total
amount of substrate that insectivorous birds can use to collect their food.

In each plot, diameter (DBH - diameter at breast height) of all trees at a height of 1.3 m
was measured. In addition, measurement of tree crown parameters (height to top and base of
the live tree crown, and width of the tree crown in two perpendicular directions) were made in
each plot for 2 — 4 trees with different size and extent of damage. A Haglof VLS5 vertex was
used to measure height to top and base (lowest living branch) of the live tree crown. The GRS
densitometer was used to precisely locate the edge of the crown for width measurements. Tree
crown measurements were made for 76 healthy and 16 damaged (more than 25 % of needles
lost) pine trees. Tree crown volume was estimated as an ellipsoid, as suggested for practical
purposes for Scots pine (Rautiainen et al. 2008). The allometric relationship between stem
diameter and crown volume for sampled trees for crown parameters was used to estimate
volume for all trees in plots using an exponential regression model, separately for healthy
[volume =10.529588 * EXP (0.068715 * DBH)] and damaged [volume =3.85498*EXP
(0.09189*DBH)] trees. The exponential model was found to best explain the relationship
between DBH and crown volume (R?=0.525 and R?=0.605 for healthy and damaged trees,
respectively), and was superior or similar to a linear and power relationship, respectively. For
the calculations, we also included data from 82 pine trees measured in this study area (Briimelis

et al. 2020). The total tree crown volume per hectare in the stands was then estimated.
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2.6. Nest box arrangement to study bird blood parasite abundance in
relation to the distance to forest water bodies in the breeding season (II)

Pied flycatcher nest boxes were mounted on pine trunks at a height of 1.5 m. We kept the
entrance of all nest boxes closed until the end of April when the first migrating pied flycatchers
arrived. This prevented the nest boxes from being occupied by great tits, a competing cavity-
nesting species. The nest boxes were arranged in lines, with adjacent nest boxes being set 95—
105 m apart. We had seven lines of nest boxes, each consisting of 10 nests. However, not all
nest boxes in all lines had been occupied by pied flycatchers. On average, birds occupied 8 nest
boxes in each line. In total, the flycatchers occupied 50 nest boxes. The first nest box in a line
was placed within a 20-30 m distance from a forest lake or small stream in a mixed
pine/spruce/birch forest with a tall shrub layer. The most distant nest box of the line was located
approximately 1 km away from the nearest water body in a pine-dominated forest with a sparse
shrub layer. Nest boxes were checked to record basic breeding parameters such as clutch size,
brood size and the number of fledglings, which reflected reproductive success. No nests were
depredated by the European pine marten (Martes martes Linnaeus, 1758) or other predators,
and none were deserted due to our study activities. All but two adult pied flycatchers were
young (the first calendar-year vs. the second calendar-year and older) individuals and,
therefore, the age did not affect the results. The age of pied flycatchers was determined based
on the shape and cover of the outer wing covert feathers (Ojanen 1987; Lundberg & Alatalo
1992).

2.7. Investigation of blood parasites in the blood of members of mixed-
species tit groups in relation to the distance to nearest forest water
bodies during wintering season (III)

The data were obtained from 20 mixed-species flocks containing 4—5 crested tits (mean number
of individuals 4.30 + 0.44, mean + standard deviation (SD); 86 individuals in total) and 4-6
willow tits (mean number of individuals 4.10 + 0.49, mean + SD; 82 individuals in total). The
birds were trapped by mist nets at temporary feeders baited with sunflower seeds. All flock
members were captured in September. Willow tits and crested tits were sexed and aged (as
adult or juvenile). The shape of the rectrices of willow and crested tits (Laaksonen &
Lehikoinen 1976), and the colour of the iris of crested tits (Bardin 1979; Lens & Dhondt 1992)

were used to determine age. Sexual dimorphism in wing and tarsus length were used to sex
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individuals (Koivula & Orell 1988). Each bird was banded with metal and individual plastic
bands. Each mixed-species flock was followed for 18-24 h within 5-6 days to detect its
boundaries using a Magellan GPS receiver (MiTAC Digital Corporation, Santa Clara, CA,
USA). An observer recorded the flock’s coordinates every five minutes, while following adult
willow and crested tits. We determined the distance between the flock and the nearest water-
body as the distance between the edge of the bog (all of the lakes were surrounded by bogs),
stream or river, and the closest point of the territory to the water-body visited by flock members.

The distances were measured on a digital map.

2.8. Bird survival in winter in relation to their infection status (I1I)

We estimated the winter survival of birds in the beginning of February. The birds that
disappeared from the flocks, but were found again as members of adjacent flocks or as breeding
birds in spring, were included in the analysis as survivors. We estimated the predation rate of
willow tits and crested tits by counting the number of individuals in food caches of pygmy
owls, while checking nest boxes between October and January. We assume that all other birds

not found were dead.

2.9. Blood parasite detection and identification (I1, III)

At capture, blood samples (150 pL) were taken from the tarsal vein. For identification of blood
parasites and leucocytes, a drop of blood was smeared on two to three individually marked
microscope slides, air-dried, fixed in absolute methanol (CH30OH) and stained with Giemsa
stain (Bennett 1970; Valkitinas 2004). Smears were screened with a light microscope under oil
immersion at 1,000x magnification for Haemoproteus and Plasmodium, and at 500x
magnification for Leucocytozoon, Trypanosoma and Microfilaria detection. Parasites were
enumerated from 100 fields by moving the slide to areas where blood cells formed a monolayer
for Leucocytozoon, and from more than 250 fields for Haemoproteus and Plasmodium.
Individuals were classified as infected when smears were positive for at least one
haemoparasite taxon. The intensity of infection was estimated as the number of parasite

gametocytes per 10,000 erythrocytes (Valkitinas 2004).
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2.10. Estimation of blood parasite vector numbers in the nest boxes of pied
flycatchers (II)

To check for relationships between the number of blood-sucking insects within nest boxes and
the distance to the nearest water body, we attached sticky traps to the nest boxes’ ceilings. We
had between three and six nest boxes occupied by pied flycatchers at distances of 100, 250,
400, 550, 700, 850 and 1000 m away from the nearest water body. Each trap was constructed
as a square (14 x 14 cm) of thick paper covered by a layer of non-hardening epoxide resin
(Krams et al. 2013). The trap was attached to the ceiling of the nest box using pins. We
prevented adult flycatchers from sticking themselves to the sticky surface of epoxide resin by
attaching a wire mesh (mesh size 1 x 1 cm) 1 cm above the trap, which did not constrain insects’
movements. We removed all of the bloodsucking insects trapped daily, identified and counted

them, and estimated the relative number of trapped bloodsucking insects per day.
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3. RESULTS
3.1. Larval biomass in damaged and healthy forest patches (I)

The overall biomass of canopy-dwelling insect larvae during the nestling period of great tits
was significantly negatively associated with sawfly damage. Larval biomass in the canopy
increased from the damaged forest patches to the healthy forest patches: the biomass was higher
in patches with greater canopy volume (rs = 0.882, P = 0.001; Fig. 1A), it increased in patches
with greater total pine canopy cover (s = 0.945, P < 0.001; Fig. 1B), while the biomass
decreased in patches with a high number of dead trees (»s =-0.934, P <0.001; Fig. 1C).
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Figure 1. Correlations between larval biomass and total canopy volume (A), total pine

canopy cover (B), and rate of dead trees (C).

3.2. Fitness parameters: clutch size, number of clutches, fledgling
number, fledgling size and body mass (I)

Clutch size did not depend on the total pine canopy cover (slope estimate: -0.0001, 95 %
credibility interval (CI): (-0.007, 0.007), P = 1.00, Fig. 2A), the proportion of dead trees
(estimate: -0.000, CI: (-0.002, 0.002), P = 0.984, Fig. 2B), nor on total canopy volume
(estimate: -0.004, CI: (-0.087, 0.078), P =0.992, Fig. 2C). We did not observe second clutches
of great tits in the forest damaged by the outbreak of great web-spinning sawflies, while 58.6
% (n = 17) of the great tits had second clutches in the forest unaffected by the pest.
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Figure 2. Associations between the clutch size of great tits and total pine canopy cover (A),

rate of dead trees (B), total canopy volume (C). Solid lines show the estimated trend lines by

the model and grey-shaded areas represent 95 % credibility intervals.

The number of fledglings increased with the total pine canopy cover (estimate: 0.099, CI:
(0.062, 0.135), P <0.001, Fig. 3A), decreased with the number of dead trees (estimate: -0.033,
CI: (-0.040, -0.027), P < 0.001, Fig. 3B) and increased with total canopy volume (estimate:

0.973, CI: (0.371, 1.565), P = 0.016, Fig. 3C).
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Figure 3. Associations between the proportion of fledglings per clutch and total pine canopy

cover (A), rate of dead trees (B) and total canopy volume (C).

Great web-spinning sawfly outbreak negatively affected the size of fledglings. Tarsus length
of fledglings increased with the total pine canopy cover (estimate: 0.011, CI: (0.001, 0.020), P
=0.071, Fig. 4A), declined with increased number of dead trees (estimate: -0.004, CI: (-0.007,
-0.001), P = 0.061, Fig. 4B) and increased with total canopy volume (estimate: 0.110, CI:
(0.000, 0.222), P =0.128, Fig. 4C).
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Figure 4. Associations between fledgling tarsus length and total pine canopy cover (A), rate

of dead trees (B) and total canopy volume (C).

Body mass of fledglings increased with the total pine canopy cover (estimate: 0.033, CI: (0.017,

0.048), P < 0.001, Fig. 5A), declined with increasing number of dead trees (estimate: -0.012,

CI: (-0.014, -0.010), P < 0.001, Fig. 5B) and non-significantly increased with the total canopy
volume (estimate: 0.289, CI: (0.006, 0.567), P = 0.084, Fig. 5C).
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dead trees (B) and total canopy volume (C).
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3.3. Parasite abundance (prevalence, parasitemia) in relation to the
distance to forest water bodies in breeding pied flycatchers (II)

Haemoproteus

Significant differences in Haemoproteus prevalence between sexes and within each sex at the
beginning of the breeding season, the end of the season or across the season were not found
(Fig. 6A). Haemoproteus prevalence significantly differed only between females at the
beginning of the season and males at the end of the season (difference estimate: -5.55, CI: (-
11.71, -0.03); Fig. 6A), suggesting a rise in Haemoproteus prevalence in males from the
beginning to the end of the breeding season. Importantly, Haemoproteus prevalence
significantly decreased as distance from the nearest water body increased at the end of the
breeding season (slope difference estimate: -4.44, CI: (-9.34, -1.10); Fig. 6B), but had no
significant effect at the beginning of the season (estimate: -3.23, CI: (-7.59, 0.15); Fig. 6B).
Distance and sex interaction had no significant effect on Haemoproteus prevalence (estimate:

3.33, CI: (-1.35, 8.45)).
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Figure 6. (A) Haemoproteus prevalence in the blood of male and female pied flycatchers at
the beginning and the end of the breeding season. Error bars represent 95 % credibility
intervals. (B) The association between the distance from the nearest water bodies and
Haemoproteus prevalence at the beginning and end of the breeding season. Solid lines show
the estimated trend lines by the model and grey-shaded areas represent 95 % credibility

intervals.
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Haemoproteus parasitemia did not differ between the sexes (estimate: 0.53, CI: (-0.16, 1.25),
Fig. 7A). Haemoproteus parasitemia significantly increased during the breeding season in both
sexes (estimates from -2.686 to -0.918; Fig. 7A). The distance to the nearest water body had a
significant negative effect on Haemoproteus parasitemia; it differed between seasons, being
more distance-dependent at the end of the breeding season (estimate: -0.80, CI: (-0.90, -0.69);
Fig. 7B).
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Figure 7. Haemoproteus parasitemia in male and female pied flycatchers at the beginning
and the end of the breeding season. Error bars represent 95 % credibility intervals. (B) The
relationship between the Haemoproteus parasitemia and the distance to the nearest water
bodies at the beginning and the end of the breeding season. Solid lines show the estimated

trend lines by the model and grey-shaded areas represent 95 % credibility intervals.

Plasmodium

Plasmodium infection prevalence significantly increased from the beginning of the breeding
season until its end in female (estimate: -7.22, CI: (-12.38, -2.94); Fig. 8 A) and male flycatchers
(estimate: -5.96, CI: (-13.08, -1.61); Fig. 8A). The distance to the nearest water body had a
significant effect (estimate: -3.37, CI: (-7.29, -0.49)) on Plasmodium prevalence at the end of
the breeding season (Fig. 8B). Interaction between the distance to the nearest water body and

sex had no significant effect on Plasmodium prevalence (estimate: 1.14, CI: (-2.31, 4.76)).
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Figure 8. (A) Plasmodium prevalence in the blood of male and female pied flycatchers at the
beginning and the end of the breeding season. Error bars represent 95 % credibility intervals.
(B) The relationship between the distance from the nearest water bodies and Plasmodium
prevalence at the beginning and end of the breeding season. Solid lines show the estimated

trend lines by the model and grey-shaded areas represent 95 % credibility intervals.

Plasmodium parasitemia significantly increased from the beginning to the end of the breeding
season in female and male pied flycatchers (estimate: -2.85, CI: (-4.14, -1.72); Fig. 9A).
Plasmodium parasitemia was not related to the distance to the nearest water body (estimate:
1.51, CI: (-3.27, 0.07); Fig. 9B), nor to the interaction between the distance and the season
(estimate: -1.20, CI: (-2.50, 0.12)), or sex (estimate: 0.85, CI: (-0.48, 2.33)).
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Figure 9. (A) Plasmodium parasitemia in male and female pied flycatchers at the beginning
and end of the breeding season. Error bars represent 95 % credibility intervals. (B) The
relationship between Plasmodium parasitemia and the distance to the nearest water bodies at
the beginning and end of the breeding season. Solid lines show the estimated trend lines by

the model and grey-shaded areas represent 95 % credibility intervals.

3.4. Parasite vector abundance (II)

In total, during 7 days, we trapped 1130 blood-sucking insects (524 biting midges, 575
mosquitoes and 31 blackflies) that entered 32 nest boxes inhabited by pied flycatchers. We
found a significant negative correlation between the number of parasite vectors and the distance

to the nearest water body (Spearman’s » = -0.886, n = 32, P < 0.0001, Fig. 10).
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Figure 10. The relationship between the distance to the nearest forest water body and the

number of parasite vectors trapped in nest boxes of pied flycatchers.

3.5. Fitness parameters of pied flycatchers (II)

The distance to the nearest water body did not affect clutch size (estimate: 0.02, CI: (-0.09,
0.12), Fig. 11A), while the distance had a positive effect on the fledgling number (estimate:
0.13, CI: (0.02, 0.25), Fig. 11B). Non-linear effects were observed for the distance to the
nearest water body on fledgling body mass (estimate: 7.21, CI: (3.76, 12.39), Fig. 11C) and
fledgling tarsus length (estimate: 0.22, CI: (0.07, 0.55), Fig. 11D), but non-significant effect
on body condition estimated as residuals from the linear regression of body mass on tarsus
length (estimate: 0.11, CI: (-0.43, 0.88)). The distance to the nearest water body was not related
to adult bird body mass at the beginning of the breeding season (slope estimate: 0.01, CI: (-
0.04, 0.05)). At the end of the breeding season the distance had a positive effect on adult body
mass (slope difference estimate: 0.26 (0.21, 0.32)).
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Figure 11. The relationships between the distance to the nearest forest water bodies and
clutch size (A), fledgling number (B), fledgling body mass (C) and fledgling tarsus length of
pied flycatchers (D). Solid lines show the estimated trend lines by the model and grey-shaded

areas represent 95 % credibility intervals.

3.6. Parasite prevalence and parasitemia in members of wintering mixed-
species groups of willow tits and crested tits (I1I)

Crested tits were infected only by Haemoproteus majoris (Laveran, 1902), while willow tits
were infected with Haemoproteus majoris and Plasmodium circumflexum (Kikuth, 1931).
Leucocytozoon, Trypanosoma and Microfilaria parasites were not found. The parasitemias of
crested tits infected by Haemoproteus (1.57 + 4.24 gametocytes/10,000 erythrocytes) and
willow tits infected by Haemoproteus (1.19 + 2.80 gametocytes/10,000 erythrocytes), and
Plasmodium (0.35 = 0.72 gametocytes/10,000 erythrocytes) were identified as being low. Both
bird species did not differ statistically in Haemoproteus parasitemias (one-way ANOVA, F1,162
= 0.47, P = 0.50). In crested tits, Haemoproteus parasitemia did not vary significantly with
distance from water bodies (one-way ANOVA, Fi9,66 = 0.88, P =0.61). In willow tits, we also

77



did not find any significant variation of Haemoproteus parasitemia (one-way ANOVA, F19,63
=1.23, P =0.27), while we found a significant variation in Plasmodium parasitemia (one-way
ANOVA, F19,63=4.07, P <0.0001) with distance from water bodies.

Prevalence of infected individuals with Haemoproteus within each bird group in crested
tits varied from 0 to 50 % (18.75 = 19.25 %) and from 0 to 100 % in willow tits (32.50 + 38.41
%). The prevalence of Haemoproteus significantly differed between crested tits (15 infected
and 71 non-infected, prevalence 17.44 %) and willow tits (26 infected and 56 non-infected,
prevalence 31.71 %; Fisher’s exact test, P=0.047). The proportion of individuals infected with
Plasmodium varied between 0 and 100 % (23.75 £+ 35.80 %) in willow tit flocks. Plasmodium
prevalence of willow tits (19 infected and 63 non-infected, prevalence 23.17 %) and crested
tits (all 86 non-infected and 0 infected, prevalence 0 %) differed significantly as no
Plasmodium infection was detected in crested tits (Fisher’s exact test, P = 0). Haemoproteus
and Plasmodium prevalence did not differ between adult (13 infected and 27 non-infected) and
young willow tits (13 infected and 29 noninfected; Fisher’s exact test, P = 1). Fifteen willow
tits had mixed infections of Haemoproteus and Plasmodium.

Binary logistic regression (Nagelkerke’s R?2=0.272, P=0.001) revealed that proximity
to water bodies increased the prevalence of Haemoproteus in crested tits (b =-0.005, P =0.002,
Fig. 12), while age (b =0.27, P =0.62), sex (b =-0.48, P = 0.39), tarsus length (b =0.07, P =
0.67), wing length (b = 0.052, P = 0.71) and body mass (b = 0.09, P = 0.49) did not affect the

prevalence of Haemoproteus.
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Figure 12. Relationship between distance to the nearest water bodies and prevalence of

Haemoproteus in crested tits.

Binary logistic regression analysis (Nagelkerke’s R? = 0.543, P < 0.001) showed that distance

to water bodies was inversely related to Haemoproteus prevalence in flocks of willow tits (b =
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-0.009, P < 0.0001, Fig. 13), while age (b = 0.22, P = 0.64), sex (b = 0.30, P = 0.53), tarsus
length (b = 0.01, P = 0.69), wing length (b = 0.093, P = 0.44) and body mass (b = 0.50, P =
0.35) did not affect parasite infection.
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Figure 13. Relationship between distance to the nearest water bodies and prevalence of

Haemoproteus in willow tits.

Proximity to forest lakes increased the risk of Plasmodium infection in willow tits (b = -0.01,
P <0.0001, Fig. 14). The age of willow tits (b = 0.60, P = 0.26), sex (b = -0.44, P = 0.40),
tarsus length (b =0.02, P = 0.59), wing length (b =-0.044, P = 0.74) and body mass (b =0.10,
P =0.52) did not contribute to Plasmodium infection (Nagelkerke’s R? = 0.589, P < 0.001).
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Figure 14. Relationship between distance to the nearest water bodies and prevalence of

Plasmodium in willow tits.
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3.7. Survival of wintering crested tits and willow tits in relation to
distance to nearest water bodies (I1I)

A total of 69 out of 86 (80.23 %) crested tits and 61 out of 83 (73.49 %) willow tits survived,
which did not reveal any significant differences in survival rates between willow (22 found
dead or disappeared) and crested tits (17 found dead or disappeared; Fisher’s exact test, P =
0.37).

The proportion of crested tits in flocks that survived until the next breeding season
significantly correlated with the distance from the water bodies (» = 0.74, n = 20, P < 0.0001,
Fig. 15). We found that survival of both adult crested tits (» = 0.62, n = 20, P = 0.004) and

young individuals (= 0.75, n = 20, P < 0.0001) increased away from water bodies.
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Figure 15. Correlation between distance to the nearest water bodies and overwinter survival

of crested tits.

Willow tits also survived significantly better further from the lakes and bogs (» = 0.79, n = 20,
P <0.0001, Fig. 16). Both adult willow tits (» = 0.58, n = 20, P = 0.008) and young willow tits
(r=0.83, n =20, P <0.0001) survived significantly better away from the water bodies.
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Figure 16. Correlation between distance to the nearest water bodies and overwinter survival

of willow tits.

3.8. Survival association with infection status (III)

Un-infected crested tits survived (69 survived and 2 disappeared) significantly better than
infected individuals (2 survived and 13 disappeared; Fisher’s exact test, P = 0.0001). Non-
infected willow tits also survived significantly better (54 survived and 2 disappeared) than

willow tits infected (6 survived and 20 disappeared; Fisher’s exact test, P = 0.0001).

3.9. Links between infection status and the predation by pygmy owls (III)

Thirty individual crested tits and willow tits were found in caches of pygmy owls. Thirteen
crested tits were found cached by pygmy owls in nest boxes and all of them were infected
individuals (Fisher’s exact test, P = 0.044). Seventeen willow tits were found in caches of

pygmy owls (16 infected vs. 1 un-infected; Fisher’s exact test, P = 0.022), showing that pygmy

owls mostly depredated infected willow and crested tits.

81



4. DISCUSSION
4.1. The synopsis of the results (I, IL, I1I)

The results of this thesis show that ecological traps may occur not only in anthropogenically
altered environments, but also in the areas affected by pest insects (I). The research done in
this thesis also shows that habitats located near areas of high concentration of disease vectors
can represent ecological traps, because breeding near water bodies may affect birds’ condition

(IT), winter survival (III), predation pressure (III) and reproductive fitness (II).

4.2. Pestinsect outbreaks and nest boxes as human-created ecological

traps for cavity-nesting birds (I)
Study I shows that habitat quality of wild organisms can be impaired and habitats can be
transformed in low-quality patches or even ecological traps caused not only by humans alone.
It is shown that forests damaged by pest insects are transformed into ecological traps in such
cases when artificial nest boxes are provided for the hole-nesting birds. While installing nest
boxes is considered a simple and traditional way of attracting insectivorous birds to the areas
of pest outbreaks (Jedlicka ef al. 2011), leaf eating larvae of pest insects significantly reduce
both, the total leaf area and even kill the trees. Since these activities reduce the total number of
insects other than forest pests, this may significantly affect the total amount of food available
for insectivorous birds and lower their reproductive fitness measured as fledgling numbers.
Thus, the attraction of birds to forest patches occupied by outbreaking insects leads to
maladaptive outcomes.

Notably, cavities are among the most important cues for habitat selection of cavity-
nesting birds (Hildén 1965). Cavities and holes probably represent a super stimulus the birds
cannot resist, making the impaired area attractive and raising the density of nesting birds well
above the capacity the area can sustain. In this way, birds can be attracted independent of the
actual number of resources available in the habitat (Ménd et al. 2005; Kilgas et al. 2007)
causing malnutrition, starvation and even the death of nestlings of cavity-nesting birds.
Therefore, providing surplus nest boxes to attract cavity-nesting birds to the areas of insect
outbreaks can create ecological traps or sink habitats that are preferred habitats where
individual fitness does not increase, or where mortality exceeds the birth rate (Kokko &
Sutherland 2001; Hale et al. 2015).

The results of this study indicate that attracting cavity-nesting birds should be done with

caution, because it may negatively impact birds’ nutritional status and reproductive fitness.
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These findings may have important conservation and management implications. First, although
cavity-nesting birds are easy to attract to particular areas where they can be used as biological
control agents to fight agricultural and forestry pests, it is important to discuss the extent to
which it is ethical to lure birds to ecological traps. It is equally important to develop the theory
of ecological traps, because of our limited ability to predict the formation of ecological traps,
identify them when they do exist and to mitigate their impact (Robertson & Hutto 2006; Hale
& Swearer 2016). However, we show that forest patches deteriorated by pest insects are easy
to identify, which may help to prevent the attraction of insectivorous birds to the area of the
ecological trap. Our results also raise the question of whether other human activities have the
potential to turn large forest areas into ecological traps. For example, if modern forestry
measures such as regular removal of understory trees and bushes from the plantations of
coniferous forests reduces biomass of insects, and simultaneously erecting nest boxes for
insectivorous birds increases the density of birds above naturally occurring levels, it might form
ecological traps at the level of populations, environmental niches and ecosystems
(Lindenmayer et al. 2008; Hale et al. 2015; Hale & Swearer 2016).

The results of this study also highlight the need to balance conservation efforts with
research on habitat quality and the carrying capacity of ecosystems. For example, ecological
traps may ruin an investment in the conservation of a species if the area contains too many
competitors (e.g., in high biodiversity spots) or its future quality is compromised. Ecological
traps, such as low-quality forests may also decrease landscape connectivity even if these traps
result in minor immediate fitness consequences (Sanchez-Mercado et al. 2014; Hale et al.
2015). Low genetic heterogeneity of organisms in these areas can further decrease their fitness

and reduce the success of conservation measures (Prunier et al. 2017).

4.3. Forest water bodies as causes of ecological traps during the breeding
season (II)

Overall, our results show that the forests near water bodies constitute an ecological trap for the
birds that attempt to breed in the floristically diverse tree stands around lakes, streams and
bogs. The birds may prefer these habitats, because of nest box availability, the higher diversity
of trees and the higher numbers of land snails and arthropods (Jokiméki ez al. 1998), while not
being able to estimate the risks associated with blood parasite vectors that reproduce in the
nearby water bodies. The higher numbers of parasite vectors and higher incidence of infections

can lead to fledgling malnutrition, lower survival and low recruitment rate, suggesting the role
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of haemosporidian parasites and stress in determining the habitat quality of breeding birds
(Illera et al. 2017; Muriel et al. 2021; Pigeault et al. 2023).

This study shows associations between the infection status of individual birds, their
condition (body mass) at the end of the breeding season and their fitness parameters estimated
with fledgling number, fledgling body mass and tarsus length. Although infection status at the
beginning of the reproductive season and distance from water bodies did not affect clutch size
in pied flycatchers (Dale ef al. 1996), the fitness of the birds was found to be significantly lower
close to forest water bodies such as lakes and bogs. Pied flycatchers breeding in the vicinity of
forest water bodies had fewer and smaller fledglings. Importantly, body mass and body size
are reliable predictors of fledgling postnatal survival, because these physical traits are
beneficial when escaping predators (Magrath 1991; Marzal et al. 2005). It has been known that
Haemoproteus and Plasmodium parasites cause various adverse physiological and growth
effects on their hosts (Marzal et al. 2005; Ishtiaq et al. 2008). Wild animals show sickness
behaviours, which make them more exposed to predation risk, and they are less efficient in
finding food during acute stages of haemosporidian infection (Krams ez al. 2013; Gutiérrez-
Lopez et al. 2015). The results of this study suggest that the infection status of females and
males, and their abilities to provide parental care are significantly associated, as shown by the
number of fledglings and fledgling physical traits.

Importantly, we found that proximity to forest water bodies significantly increased only
Haemoproteus parasitemia, whereas the intensity of Plasmodium infection was not
significantly linked with the distance to the nearest water body. Evidence suggests that average
dispersal distances of mosquitos exceed three km, and their flight range is larger than that of
biting midges (Elbers et al. 2015), which may explain the results of this study. However, flight
distances of blood-sucking insects exhibit large variation and depend on wind direction, wind
strength, day and night temperatures, local topography, illumination, humidity, season and their
interactions (Carter et al. 2000; Thomas et al. 2013; Elbers et al. 2015; Kluiters et al. 2015;
Brand et al. 2017), suggesting that more research is needed to elucidate key environmental
determinants of vector flights and local distribution.

Although some flycatchers were infected already before their arrival to their breeding
grounds (Wiersch et al. 2007; Dubiec et al. 2018; Jones et al. 2018), this study showed that
Haemoproteus prevalence, Haemoproteus parasitemia, Plasmodium prevalence and
Plasmodium parasitemia significantly increased during the breeding season. This shows that
Haemoproteus and Plasmodium parasites mostly infected the breeding pied flycatchers during

the current reproductive season.
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We did not estimate the amount of food resources available to the birds in this study.
However, our previous studies showed that tree diversity affects food resource availability to
small passerines (Krams et al. 2001; Rytkonen & Krams 2003). Canopy, subcanopy, sapling
and shrub strata were recorded in all forest plots near water bodies, whereas only canopy and
sparse shrub strata were available to the birds in the remote breeding areas. Besides having the
highest tree diversity, areas near forest lakes and streams are usually more diverse in snails and
slugs, which are important calcium sources during egg production for birds (Méand et al. 2000;
Dhondt et al. 2001). Thus, despite choosing the highest quality habitats possible, pied
flycatchers had higher haemosporidian prevalence, the most intense parasitemia and the lowest
adult body mass at the end of the breeding season, the lowest number of fledglings and the
worst-condition fledglings, when breeding near forest water bodies, suggesting ecological traps

around forest water bodies.

4.4. Haemosporidian parasite infections and survival of wintering
territorial parids (IIT)

Some previous studies have already demonstrated a negative relationship between the distance
from forest lakes and streams, and the prevalence of haemosporidian parasites during the
reproductive season of passerine birds (Wood et al. 2007; Krams et al. 2010, 2012b). This
study on crested tits and willow tits, wintering in territorial winter groups with the closed social
system, represents the first evidence showing a similar relationship outside the reproductive
season of birds. Importantly, the results suggest an overlooked issue affecting winter mortality
in temperate passerines. In brief, this study links the infection status of individual birds and
their overwinter survival by showing that overwinter survival of members of mixed-species tit
groups is significantly lower in vicinities close to forest water bodies such as lakes and bogs.
The results of this study show that wintering territories located far from the water bodies
may represent a safer environment in terms of pathogen risk, especially in willow tits. The
probability of acquiring of a haemosporidian infection in both parid species in late summer and
early autumn was much lower in areas distant from the forest lakes and bogs than in territories
close to the water bodies. Noteworthy, the intensity of Plasmodium infection decreased further
from water bodies in willow tits. Although we did not find any direct cost linked with disease
incidence per se, the results of this study show that infected hosts incur severe mortality costs
via predation. We demonstrate a positive association between infection and mortality by

showing that infected willow and crested tits constitute a substantial part of the diet of wintering
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pygmy owls. Some studies have shown that diseased prey is easier to catch than healthy
individuals and that predators will often consume infected prey (Packer et al. 2003; Johnson et
al. 2006; Duffy & Sivars-Becker 2007). This is probably, because the infected individuals are
less vigilant due to their seemingly elevated energy requirements under low ambient
temperature.

Overwinter survival did not differ between adults and young individuals, and between
sexes of crested and willow tits. However, we found a significantly lower prevalence of
Haemoproteus infection in crested tits than in willow tits. Moreover, we did not find any
Plasmodium infection in crested tits. A possible explanation would be a better immune
response of crested tits against Plasmodium parasites, as many bird species may have efficient
immune responses against blood parasites (e.g., Krams et al. 2013).

Another explanation for the low prevalence of Haemoproteus and the lack of
Plasmodium might be a dominance rank-related distribution of members of tit groups within
the tree canopy. Within mixed-species flocks of forest parids, a linear dominance hierarchy
exists in which crested tits dominate willow tits, while males, with a few exceptions, dominate
females and adults dominate juveniles (Ekman 1979; Hogstad 1987). Thus, age is a rough
equivalent of social rank in wintering parids (Ekman 1989). It is noteworthy that the presence
of dominant crested tits in wintering flocks is important in determining the fattening strategies
of willow tits (Krams 1998), a crucial factor not only for wintering birds, but also migrating
birds. In the tree canopy, dominant crested tits prefer the upper parts, while subordinate willow
tits are forced to forage in the lower canopy, a part of the tree that may be more exposed to
attacks of parasite vectors. Although the abundance/presence of insect vectors was not
quantified in this study, it was shown that numerous species of mosquitoes are recognized to
preferentially inhabit lower parts of tree canopies (e.g., Anderson et al. 2004; Savage et al.
2008). Vertical stratification is also influenced by humidity, temperature and light (Clements
1992), which may make crested tits foraging in the upper canopy less vulnerable to mosquito
attacks than willow tits in the middle or lower canopy (Cerny et al. 2011). Moreover, it has
been shown that midges prefer to bite near the ground and are uncommon at heights more than
about 3 m from the ground (Mitchell 1982), making these parasite vectors less important to
dominant individuals high in the canopy.

To sum up, the results of this field study show that overwinter survival of members of
mixed-species flocks of parids depend not only on the availability of food, the presence of
predators and dominance rank (Krams 1998; Krams ef al. 2001), but also on parasite infections

and proximity to areas where parasite vectors reproduce. We show a lower prevalence of blood
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parasites in dominant members of mixed-species tit flocks foraging in the upper parts of the
canopy (Krams 2001). It indicates that some forest and canopy parts may be less accessible to
parasite vectors and more preferable to birds (Ekman 1987; Krama et al. 2008), while areas
close to the forest lakes and other water bodies might become ecological traps for breeding and
wintering birds. We suggest that foraging and perhaps nesting, and singing in higher parts of
the canopy might be beneficial in terms of lower parasitism and higher survival, because of
supposedly lower densities of blood parasite vectors there. Overall, our study shows the
importance of linking the research on spatial distribution and life history of hosts, and the
distribution of vectors of their haemosporidian parasites (Valkitinas 2011; Oakgrove et al.
2014). Finally, the effect of predation on the distribution of parasites and virulence evolution
is addressed in a few studies. Choo et al. (2003) and Morozov and Adamson (2011) suggested
that adding predators into host—parasite systems can result in evolutionary suicide in the
parasite. The results of this study support this theoretical idea. As an explanation for the rarity
of relapses in chronically infected individuals during the next breeding season, we suggest that
most infected hosts are depredated during the wintering season. Future correlational and
experimental studies are required to reveal the impact of predation on the resulting outcome of

virulence evolution and its epidemiological consequences in detail.
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SUMMARY AND CONCLUSIONS

The use of nest boxes to attract cavity-nesting birds to areas of insect outbreaks is a traditional
measure to protect forest ecosystems. However, these forests can become deteriorated by pest
insects so that the attracted birds lack sufficient resources to feed their offspring. In the first
study (I), we conclude that (1) ecological traps can arise in forest areas where humans attract
insectivorous cavity-nesting birds to fight outbreaking insects. By installing nest boxes, the
density of birds can be easily raised above naturally occurring densities, thus exceeding the
carrying capacity of bird habitats. Our results (I) suggest that the use of cavity-nesting birds in
the biological control of insect pests should be done with caution, because it may negatively
impact birds’ reproductive fitness in areas of unintended ecological traps.

The second study (II) provides evidence on an overlooked issue affecting reproductive
success in forest passerine birds by showing that haemosporidian parasites affect their hosts’
fitness and turn large forest areas around water bodies into ecological traps. (2) This ecosystem
property must be considered when planning investments in the conservation of a species
vulnerable to infections of haemosporidian parasites, as these powerful parasites may ruin
conservation attempts by creating unintended ecological traps around forest water bodies.

The results of the third study (IIT) show that members of mixed species winter groups
of parids staying further from the forest water bodies and spending more time foraging in the
upper parts of the canopy have higher chances of survival into the next breeding season. (3)
This suggests that different forest and canopy areas may differ in terms of parasite risk and
associated mortality. Finally, we found that the infection status of parids increases the
probability of predation by the pygmy owl. (4) We conclude that distance from water bodies
and foraging location in the forest canopy may affect the intensity of parasite infection with

fitness consequences in wintering parids.
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