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Ekologia rozrodu bociana bia�ego Ciconia ciconia w warunkach 

intensywnie u"ytkowanego krajobrazu rolniczego 

 

I. Streszczenie 
  



Wprowadzenie 

 Bocian bia³y Ciconia ciconia jest obiektem szczegó³owych badañ od ponad stu lat. 

Jest te¿ jednym z najd³u¿ej monitorowanych gatunków krêgowców na �wiecie (Bairlein 

1991). Wykorzystanie bociana bia³ego jako modelu w badaniach ekologicznych ma wiele 

zalet. Przede wszystkim jest on gatunkiem o wysokiej wykrywalno�ci. Ponad 90% gniazd 

bociana bia³ego zlokalizowanych jest w obrêbie osad ludzkich (Tobolka et al. 2013a). 

Pozwala to na bardzo dok³adne oszacowanie wielko�ci badanej populacji, nawet gdy prace 

terenowe s¹ wykonywane przez amatorów lub osoby z ma³ym do�wiadczeniem. Co wiêcej, 

w badaniach nad bocianem bia³ym stosuje siê ujednolicon¹ metodykê, co umo¿liwia 

porównywanie danych historycznych oraz z ró¿nych powierzchni badawczych 

(Mrugasiewicz 1971, Profus 2006, Tryjanowski et al. 2006). Poza tradycyjnymi metodami 

opartymi na badaniu sukcesu lêgowego i monitoringu populacji prowadzi siê obecnie wiele 

zaawansowanych badañ w oparciu o nowoczesne techniki, tj. telemetriê satelitarn¹ (np. 

Van den Bossche et al. 2002), techniki molekularne (np. Shephard et al. 2013), 

ekotoksykologiczne (np. Kamiñski et al. 2009, Mu!oz-Arnanz et al. 2011, Baos et al. 

2012) i inne (przegl¹d m.in. w Tobó³ka et al. 2013b). Jednak sta³y monitoring parametrów 

lêgowych jest konieczny w celu aktualizacji podstawowej wiedzy na temat populacji. Co 

wiêcej, bocian bia³y jest gatunkiem wska�nikowym. Jego wystêpowanie �wiadczy o 

wysokiej ró¿norodno�ci i naturalno�ci danego obszaru (Tobolka et al. 2012). Dlatego te¿ w 

wyniku intensyfikacji i drastycznych przekszta³ceñ w rolnictwie w latach 70-tych 

dwudziestego wieku wygin¹³ w niektórych krajach Europy Zachodniej, a w wielu 

gwa³townie zmniejszy³ swoj¹ liczebno�æ (Bairlein 1991, Donald et al. 2001). Jednak ze 

wzglêdu na du¿¹ sympatiê jak¹ darz¹ go ludzie zosta³ z sukcesem reintrodukowany i 

obecnie zwiêksza swoj¹ liczebno�æ na terenie wiêkszo�ci pañstw Europy Zachodniej. 

Niestety jest on ci¹gle uzale¿niony od aktywnej ochrony ze strony cz³owieka (Moritzi et 

al. 2001, Deinet et al 2013). Spadek liczebno�ci populacji bociana bia³ego i innych 

gatunków zwi¹zanych z krajobrazem rolniczym zaobserwowano równie¿ w Polsce, lecz z 

pewnym opó�nieniem w stosunku do krajów Europy Zachodniej (Chylarecki & Jawiñska 

2007, Chylarecki et al. 2008). Wskazuje to na zachodz¹ce istotne zmiany w �rodowisku. 

Dlatego dok³adne poznanie ekologii rozrodu gatunków wska�nikowych ma istotne 

znaczenie w ocenie wp³ywu zmieniaj¹cego siê �rodowiska na organizmy zwierzêce. 

 Bocian bia³y jest stosunkowo ma³o wra¿liwy na manipulacjê podczas sezonu 

lêgowego, co umo¿liwia dok³adne zbadanie przebiegu lêgów na wszystkich etapach bez 



wp³ywu na ich udatno�æ. Podczas badañ do niniejszej rozprawy nie zaobserwowa³em 

porzucenia lêgu w wyniku dzia³alno�ci badaczy lub czynników naturalnych. Co wiêcej, w 

przypadkach �mierci jednego z partnerów (np. w wyniku kolizji z elementami sieci 

elektroenergetycznej) obserwowano kontynuacjê wysiadywania jaj czy karmienia piskl¹t 

przez partnera, który prze¿y³. 

 
Rycina 1. Zalety (zielone ramki) i ograniczenia (czerwone ramki) wykorzystania bociana bia�ego 

Ciconia ciconia jako gatunku modelowego w badaniach ekologicznych. 

 

 Jednak prowadzenie badañ nad bocianem bia³ym ma pewne ograniczenia. Jednym z 

nich jest jego d³ugowieczno�æ. Ptak ten osi¹ga swoj¹ dojrza³o�æ w 3., 4. lub 5. roku ¿ycia 

(Schulz 1998), wiêc badania dotycz¹ce m.in. ekologii populacyjnej musz¹ trwaæ minimum 

4 lata (S"ther et al. 2005). Przy obecnym systemie finansowania nauki przetestowanie 

nawet podstawowych hipotez z u¿yciem bociana bia³ego jako modelu w ramach projektów 

finansowanych z bud¿etu pañstwa jest zatem praktycznie niemo¿liwe. D³ugowieczno�æ 

gatunku powoduje, ¿e zjawiska obserwowane w danym sezonie mog¹ byæ nie tylko 

wynikiem dzia³ania badanych czynników, ale równie¿ wieloletniego do�wiadczenia 

gromadzonego przez osobniki, nawet przez 20 lat. Obecnie wiêkszo�æ gniazd bociana 



bia³ego zlokalizowanych jest na s³upach sieci elektroenergetycznej (Guziak & Jakubiec 

2006, Tryjanowski et al. 2009), co stanowi du¿e techniczne ograniczenie przy badaniach 

biologii lêgowej. Generuje to równie¿ spore koszty w prowadzeniu badañ, a tak¿e 

zabezpieczenia miejsc gniazdowych (Tobó³ka et al. 2013b). Dodatkowym ograniczeniem 

jest równie¿ trudno�æ w chwytaniu i znakowaniu osobników doros³ych. Zmusza to do 

prowadzenia d³ugoterminowych badañ w oparciu o znakowanie piskl¹t, oczekiwanie na 

osi¹gniêcie przez nie dojrza³o�ci i pó�niejsze ich wykrywanie jako ptaków lêgowych w 

badanej populacji (Tobó³ka et al. 2013b). Porównanie zalet i ograniczeñ bociana bia³ego 

jako gatunku modelowego przedstawia Rycina 1. 

 Celem niniejszej rozprawy jest przedstawienie jak zmieniaj¹ce siê �rodowisko 

rolnicze zachodniej Polski wp³ywa na populacje d³ugo ¿yj¹cych gatunków ptaków takich 

jak bocian bia³y. Zaobserwowane drastyczne zmiany w zagospodarowaniu gruntów 

rolnych i zwi¹zany z nimi spadek liczebno�ci populacji ptaków zwi¹zanych z tym 

�rodowiskiem (Donald et al. 2001), jest równie¿ zauwa¿any w Polsce (Chylarecki & 

Jawiñska 2007, Chylarecki et al. 2008). Dlatego jednym z badanych aspektów jest 

zale¿no�æ miêdzy wystêpowaniem bociana bia³ego, jego sukcesem lêgowym a 

ró¿norodno�ci¹ biologiczn¹ ekosystemów rolniczych. Uwa¿ano, ¿e bocian bia³y mo¿e byæ 

dobrym wska�nikiem bioró¿norodno�ci (np. Creutz 1985, Dallinga & Schoenmakers 1987, 

Schulz 1998, Kosicki et al. 2007). Porówna³em ró¿norodno�æ gatunkow¹ ptaków na 

terenach gdzie gnie�dzi³y siê bociany oraz na terenach gdzie gniazda by³y opuszczone od 

d³u¿szego czasu. 

 Kierunkowe negatywne zmiany w zagospodarowaniu gruntów powoduj¹ce spadek 

liczebno�ci populacji mog¹ byæ modyfikowane przez sezonowe zmiany w ilo�ci opadów i 

zwi¹zane z tym zmiany w bazie pokarmowej i powierzchni dostêpnych ¿erowisk. W 

niniejszej rozprawie przedstawiam równie¿ jak populacja bociana mo¿e reagowaæ na tak 

nietypowe zmiany.  

 W ostatnim rozdziale opisujê �miertelno�æ m³odych po wylocie z gniazda oraz 

przyczyny ich �mierci. Mimo, ¿e �miertelno�æ w lêgach bociana bia³ego i jej przyczyny 

by³y ju¿ czê�ciowo opisywane (np. Jakubiec 1991, Zieliñski 2002, Kosicki 2011), a 

równie¿ badania populacyjne wskazuj¹, ¿e roczna �miertelno�æ tego gatunku jest do�æ 

dobrze poznania (Schaub et al. 2005), to wci¹¿ brak jest konkretnych danych na jakim 

etapie w cyklu rocznym ginie najwiêcej m³odych. Aspektem stosunkowo s³abo poznanym 

jest ich �miertelno�æ na lêgowiskach, krótko po wylocie z gniazda. Dlatego w celu 

wype³nienia luki w wiedzy na temat dynamiki populacji zbada³em �miertelno�æ m³odych w 



krótkim okresie od opuszczenia po raz pierwszy gniazda do ich odlotu z lêgowisk. Jest to 

okres krytyczny, gdy¿ m³ode, niedo�wiadczone ptaki s¹ nara¿one na kolizje, pora¿enia 

pr¹dem i drapie¿nictwo. 

 

Metodyka i zakres materia�u 

 Badania nad bocianem bia³ym prowadzi³em na terenie dawnego województwa 

leszczyñskiego (4 154 km2) w latach 2005 - 2012. Jest to teren intensywnie 

wykorzystywany rolniczo, gdzie grunty rolne stanowi¹ oko³o 70% powierzchni. Pola 

uprawne to 77% powierzchni rolnej, ³¹ki i pastwiska - 11%, sady - 2%, a pozosta³e 10% to 

inne grunty rolne, w tym nieu¿ytki. W analizach d³ugoterminowych wykorzysta³em dane o 

liczebno�ci i produktywno�ci populacji zawarte w pracach Ku�niaka (1994, 1995 i 

materia³y niepublikowane) oraz dane zebrane przeze mnie samodzielnie, opublikowane 

(Ku�niak & Tobó³ka 2010, Tobó³ka et al. 2011). Dane dotycz¹ce liczebno�ci populacji 

oraz liczby wyprowadzonych m³odych zebra³em wed³ug standardowej metodyki 

stosowanej w badaniach nad bocianem bia³ym notuj¹c liczbê piskl¹t stoj¹cych na 

gnie�dzie, zdolnych do jego opuszczenia (Mrugasiewicz 1971, Profus 2006, Tryjanowski 

et al. 2006). Poza tym zebra³em dane o datach przylotów bocianów na gniazda w oparciu o 

ankiety dostarczane osobom mieszkaj¹cym w pobli¿u gniazd (szczegó³y w Ptaszyk et al. 

2003). Na terenie powiatów gostyñskiego i ko�ciañskiego, w po³udniowo-zachodniej 

Wielkopolsce zebra³em te¿ dane o wystêpowaniu innych gatunków ptaków, podczas 

dwóch sezonów lêgowych w 2007 (43 terytoria) i 2008 (54 terytoria) roku. Terytoria 

podzieli³em na dwie grupy: zajête i opuszczone (wcze�niej zajmowane lecz opuszczone 

przez dwa lata trwania badañ lub d³u¿ej). W oparciu o dane liczeñ punktowych dla 

ka¿dego terytorium wyliczy³em wska�nik Shannona-Wienera w celu porównania 

ró¿norodno�ci gatunkowej w dwóch grupach badawczych, a wykorzystuj¹c bazê Corine 

Land Cover obliczony zosta³ udzia³ podstawowych typów pokrycia terenu dla 

poszczególnych terytoriów. 

 W 2010 w dostêpnych gniazdach przeprowadzi³em bezpo�rednie kontrole dla 

³¹cznie 66 lêgów. Ka¿de gniazdo by³o kontrolowane minimum 3 razy: na etapie jaj - w 

celu zanotowania wielko�ci zniesienia, bezpo�rednio po wykluciu piskl¹t - w celu ustalenia 

sukcesu klucia oraz pod koniec ¿ycia gniazdowego piskl¹t - w celu ustalenia 

prze¿ywalno�ci piskl¹t i ich znakowania obr¹czkami z indywidualnymi numerami. 



 W oparciu o ankietê i bezpo�rednie obserwacje zgromadzi³em dane o odlotach 

m³odych i doros³ych bocianów z lêgowisk (Matysiokova & Tobó³ka 2008). W okresie 

2005-2012 dla 556 par bociana bia³ego zgromadzi³em dane dotycz¹ce sukcesu lêgowego, 

liczby m³odych które prze¿y³y do czasu odlotu oraz 56 przypadków �mierci m³odych po 

wylocie z gniazda (56 osobników). Dla porównania, z bazy danych Centrali 

Obr¹czkowania Ptaków uzyska³em informacje o 55 przypadkach �mierci 

zaobr¹czkowanych m³odych po wylocie z gniazda dla ca³ej Polski w tym samym okresie. 

 

Wyniki i dyskusja 

Opis badanej populacji i dynamika jej liczebno$ci  

 Liczba par lêgowych (HPa) waha³a siê od 217 w 2009 do 363 w 1996 roku. �rednie 

zagêszczenie par lêgowych (StD) wynosi³o 6,6 par/100 km2 i waha³o siê od 5,2 do 8,7. 

Jako g³ówn¹ przyczynê spadku liczebno�ci upatruje siê utratê ¿erowisk. �redni sukces 

lêgowy statystycznej pary lêgowej (JZa) wynosi³ 2,16 (od 1,79 do 2,70) m³odego na parê 

lêgow¹ i mia³ umiarkowany trend wzrostowy. Obecnie 65% gniazd jest posadowionych na 

s³upach w wiêkszo�ci pod³¹czonych do sieci elektroenergetycznej, ok. 18% na wysokich 

kominach, 7% na drzewach i 6% na dachach budynków. 

 

Czy bocian bia�y odzwierciedla ró"norodno$& gatunkow% ptaków krajobrazu 

rolniczego? 

 Ró¿norodno�æ gatunkowa ptaków by³a istotnie wy¿sza w terytoriach zajêtych ni¿ w 

niezajêtych przez pary bocianów. Ró¿norodno�æ ta by³a równie¿ wy¿sza w terytoriach 

bociana charakteryzuj¹cych siê wy¿sz¹ produkcj¹ m³odych w okresie 2005-2008. Udzia³ 

³¹k i pastwisk by³ wyra�nie wy¿szy w terytoriach zajêtych ni¿ w niezajêtych. Potwierdza to 

hipotezê, ¿e bocian bia³y jest wska�nikiem bioró¿norodno�ci krajobrazu rolniczego. 

 

Nowe nie zawsze jest lepsze: niski sukces l#gowy i inny sposób zajmowania nowo 

budowanych gniazd d�ugo "yj%cego gatunku, bociana bia�ego. 

 W 2010 roku, po wielu latach sta³ego zmniejszania liczebno�ci populacji lêgowej 

nast¹pi³ niespodziewany wzrost. Powsta³o wiele nowych gniazd, czê�æ z nich w miejscach, 

w których wcze�niej nie notowano lêgów tego gatunku. Od 1974 nowo budowane gniazda 

stanowi³y 1,6% wszystkich zajêtych gniazd. Natomiast w 2010 stanowi³y a¿ 13,2%. 



Zosta³y umiejscowione znacznie dalej od zabudowañ, co nie jest zgodne z ogólnie 

znanymi tendencjami w przypadku bociana bia³ego. Ponadto posadowienie gniazd by³o 

do�æ nietypowe. Bociany zbudowa³y 5 z 28 nowych gniazd na ambonach my�liwskich oraz 

12 gniazd na drzewach. Tylko 6 gniazd zosta³o zbudowanych na s³upach energetycznych, 

co jest równie¿ w opozycji panuj¹cej tendencji osiedlania siê bocianów na s³upach. W 

nowych gniazdach zaobserwowano istotnie pó�niejszy termin przystêpowania do lêgów, 

mniejsze zniesienia i w efekcie ni¿szy sukces lêgowy. Gniazda te by³y te¿ rzadziej 

zajmowane w kolejnych sezonach. Nag³y wzrost liczebno�ci populacji móg³ byæ 

spowodowany zalaniem ¿erowisk w innych czê�ciach kraju podczas powodzi. St¹d 

pó�niejsze przyst¹pienie par w nowo powsta³ych gniazdach i ich ni¿szy sukces lêgowy. 

Zajê³y one miejsca z dala od zabudowañ, gdy¿ istniej¹ce wcze�niej gniazda w obrêbie 

miejscowo�ci by³y ju¿ zajête przez inne pary. Mog³y to byæ równie¿ m³ode, 

niedo�wiadczone pary, które w celu zdobycia do�wiadczenia w korzystnych warunkach 

¿erowiskowych próbowa³y wyprowadziæ lêgi. 

Znaczenie $miertelno$ci osobników m�odocianych w populacjach ptaków: wczesna 

$miertelno$& podlotów i przyczyny $mierci u bocian bia�ego. 

 Wczesna postnatalna �miertelno�æ bocianów waha³a siê od 2 do 11% (�rednio 

4.3%) na rok. G³ówn¹ przyczyn¹ �mierci m³odych by³y kolizje z elementami sieci 

elektroenergetycznej oraz pora¿enia pr¹dem, które stanowi³y na badanej powierzchni 60% 

znanych przyczyn �mierci, a dla ptaków obr¹czkowanych na terenie ca³ej Polski - 78%. 

Pozosta³e antropogeniczne przyczyny �mierci stanowi³y 25% (dla Polski 13%), a naturalne 

15% (dla Polski 9%). �redni dystans miejsca �mierci od gniazda wynosi³ 183,3m, przy 

czym 73% m³odych by³o znalezionych bli¿ej ni¿ 100m od gniazda. 

 

Podsumowanie 

 W terytoriach zajêtych przez bociana wystêpuje wy¿sza ró¿norodno�æ gatunkowa 

ptaków. Mimo, ¿e populacja ma d³ugoterminowy trend spadkowy, w korzystnych 

warunkach �rodowiskowych mo¿e znacz¹co zwiêkszyæ swoj¹ liczebno�æ. Ponadto 

najbli¿sze otoczenie gniazda, a w szczególno�ci elementy antropogeniczne (elementy sieci 

elektroenergetycznej czy budynki, a w przysz³o�ci mo¿e i turbiny wiatrowe) maj¹ istotne 

znaczenie dla prze¿ycia m³odych opuszczaj¹cych gniazda. Sta³y monitoring populacji 

bociana bia³ego zarówno na poziomie liczebno�ci jak i produktywno�ci populacji oraz na 

poziomie siedliska, w tym zagospodarowania gruntów, ma istotne znaczenie w poznaniu 



efektów zmian �rodowiska i dynamiki liczebno�ci oraz bioró¿norodno�ci awifauny 

terenów rolniczych. 
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Breeding ecology of the White Stork Ciconia ciconia under 

conditions of intensively used agricultural landscape 

 

I. Summary 
 

  



Introduction 

 The White Stork Ciconia ciconia has been an object of interests for researchers for 

over one hundred years. It is also one of the longest studied vertebrate species in the world 

(Bairlein 1991). The use of the White Stork as a model species in ecological research has 

many advantages. First of all it is a species of very high detectability. Over 90% of White 

Stork nests are located within human settlements (Tobolka et al. 2013a). Hence, 

assessment of population size has a high accuracy, even if the fieldwork is conducted by 

amateurs or inexperienced observers. What is more, in White Stork studies a homogenous 

methodology has been used which allows comparison with historical data and also results 

from different study areas (Mrugasiewicz 1971, Profus 2006, Tryjanowski et al 2006). 

Besides the traditional methods of breeding success measurement and population 

monitoring, currently many advanced studies based on modern techniques are conducted, 

i.e. satellite telemetry (eg. Van den Bossche 2002), molecular techniques (eg. Shephard et 

al.2013) or eco-toxicological methods (eg. Kamiñski et al. 2009, Mu!oz-Arnanz et al. 

2011, Baos et al. 2012) and others (reviewed in Tobó³ka et al. 2013b). However permanent 

monitoring of breeding parameters is needed to actualize basic knowledge of the 

population state. What is more, the White Stork is an indicator species. Its occurrence 

indicates high diversity and high nature value of the ecosystem (Tobolka et al. 2012). 

Consequently, as an effect of rapid changes and agriculture intensification in the 1980s it 

has become extinct in some and drastically decreased in other Western-European countries 

(Bairlein 1991, Donald 2001). However, due to popular appeal and human effort it has 

been reintroduced and is currently  increasing in the majority of Western-European 

countries. Nevertheless it is still dependent on active conservation and food 

supplementation (Moritzi et al. 2001, Deinet et al. 2013). A decrease in White Stork 

population abundance and other bird species connected with agricultural landscape was 

also observed in Poland but with a certain delay to Western Europe (Chylarecki & 

Jawiñska 2007, Chylarecki et al. 2008). This indicates significant changes taking place in 

the environment.  Detailed knowledge of the breeding ecology of indicatory species 

therefore has important value in discovering the consequences of environment change on 

animals. 

The White Stork has very low sensitivity to manipulation during the breeding season 

which allows detailed study of all breeding parameters during all stages without influence 

on breeding success. During this study we did not observe brood abandonment provoked 



by researchers or even by natural factors. What is more when one partner from a pair died 

the surviving partner continued  incubation or nestling feeding. 

However there are several constraints in White Stork studies. One is longevity. Maturation 

age is in the 3rd, 4th or 5th year of life (Schulz 1998). Consequently, no projects focused on 

population ecology should be shorter than four years (S"ther et al. 2005). In the current 

system of funding science in Poland testing some hypotheses is practically impossible. 

Because of the longevity of the species observed phenomenon are not only the effect of 

current factors but also long-term experience gathered by individuals for up to 20 years. 

Currently most of White Stork nests are located on electricity posts (Guziak & Jakubiec 

2006, Tryjanowski et al. 2009), which constitute a big technical constraint in breeding 

biology studies. It also generates high costs of fieldwork and secure  breeding sites 

(Tobó³ka et al. 2013b). Additional constraints are difficulties in catching and marking 

adults. That makes us  conduct long-term studied based on marking nestlings, awaiting for 

their maturation and detecting them as adult birds in studied populations in following years 

(Tobó³ka et al. 2013b). 

 
Figure 1. Advantages (green frames) and constraints (red frames) in using the White Stork Ciconia 

 ciconia as a model of ecological research. 



 The aim of the present dissertation is to show how environmental changes, i.e. in 

the agricultural landscape of Western Poland, affects the populations of a long-lived bird 

species like the White Stork. Drastic changes in agricultural land use and the associated 

decline of bird populations linked to this environment (Donald et al. 2001) have also been 

observed in Poland (Chylarecki & Jawiñska 2007, Chylarecki et al. 2008). Therefore one 

of the studied aspects is the relationship between White Stork occurrence, its breeding 

success and the biological diversity of agricultural ecosystems. The White Stork is 

considered as an icon of  world nature protection and also as a one of the easiest bird 

species to monitor. It was suspected to be a good indicator of environment state (eg. Creutz 

1985, Dallinga & Schoenmakers 1987, Schulz 1998, Kosicki et al. 2007). Hence, I decided 

to compare the bird species diversity of occupied and abandoned White Stork territories. 

 Directional negative changes of land use causing population decline may be 

modified by seasonal changes in precipitation and the associated changes in food 

availability and preferred foraging grounds. In my dissertation I am presenting how White 

Stork population may react on such an atypical changes. 

 In the last chapter I describe juvenile mortality of White Storks after fledgling and 

causes of its death. Although mortality in White Stork broods and its causes have been 

partially described (e.g. Jakubiec 1991, Zieliñski 2002, Kosicki 2011), and population 

studies indicate that yearly mortality is well known (Schaub et al. 2005), there is still a lack 

of definitive data concerning in which stage of the annual cycle the majority of juveniles 

are dying. One of the relatively poorly studied aspects is mortality on the breeding 

grounds, immediately after fledgling. Therefore, in order to fill this gap in population 

dynamics, I decided to study juveniles mortality in the short period between first flight and 

departure from the breeding ground. It is a crucial period because young, inexperienced 

birds are vulnerable to collisions, electrocution and predation. 

 

Methodology and range of material 

 This work concerns the results of studies on the White Stork conducted in the 

former province of Leszno (4 154 km$) in 2005�2012. This is an area intensively used for 

agriculture, where 70% of the landscape is agricultural land. Arable land constitutes 77% 

of agricultural land, meadows and pastures - 11%, orchards - 2%, and lastly 10% are other 

agricultural categories, e.g. set-asides. In a long-term analyzes I incorporated abundance 

and productivity data included in papers published by Ku�niak (1994, 1995 and 



unpublished data) and data collected by myself, published (Ku�niak & Tobó³ka 2010, 

Tobó³ka et al. 2011). Abundance data and number of offspring I collected according to the 

standard methodology used in White Stork studies that record number of chicks standing 

on the nest and suspected to leave the nest (Mrugasiewicz 1971, Profus 2006, Tryjanowski 

et al. 2006). Moreover, I collected data of arrival dates on the nests using questionnaires 

delivered to people living near the nests (details in Ptaszyk et al. 2003). In the Gostyñ and 

Ko�cian Districs, in South-Western Wielkopolska I collected occurrence data for other bird 

species during two breeding seasons, 2007 and 2008, involving 43 and 54 territories, 

respectively. In each territory other birds were counted in 5 min. randomly distributed 

points. Counts were repeated three times in the breeding season. Based on these data the 

Shannon-Wiener index was calculated. Moreover, information on nest occupancy and 

breeding success of White Storks since 2005 was used as a measure of habitat quality. 

Using the Corine Land Cover grid database the share of basic land cover types was 

calculated for each territories. 

 In 2010 for accessible nests I conducted direct visits. In total I monitored 66 broods. 

Each nest was visited at least three times: at the incubation stage to record clutch size, 

directly after hatching to record the hatching success and near the end of nestling period to 

record survival rate of nestlings and to band them with individually numbered 

ornithological rings. 

 Based on questionnaires and via direct observations in the field I collected data on 

departure dates of adults and juveniles from the breeding grounds (Matysiokova & 

Tobó³ka 2008). In Leszno, Gostyñ and Ko�cian Districs, for the period 2005'2012 for 556 

breeding pairs I collected data on breeding success, number of juveniles who survived until 

departure and cases of juvenile death (56). For comparison data concerning 55 cases of 

death from recoveries data deposited in the Polish Bird Ringing Centre for all Poland were 

incorporated. 

 

Results and discussion 

 

Description of the studied population and its dynamics. 

 Number of breeding pairs (HPa) varied from 217 in 2009 to 363 in 1996. Mean 

density (StD) was 6.6 pairs/100km2 and varied from 5.2 to 8.7. Habitat loss is considered a 

main factor driving the decreasing trend in population. Mean breeding success (JZa) was 



2.16 (from 1.79 to 2.7) and revealed a moderate increasing trend. Currently 65 % are 

located on posts (mostly connected with the electricity network), ca. 18% on high 

chimneys, 7 % on trees and 6 % on roofs of buildings. 

 

Does the White Stork reflect farmland bird diversity? 

 Breeding birds diversity was significantly higher in occupied rather than in 

unoccupied White Stork territories. Bird diversity was also higher in territories with higher 

White Stork chick productivity in the period 2005-2008. The proportion of pastures and 

meadows was higher in territories occupied by Storks than in unoccupied territories. This 

supports the hypothesis that the White Stork is an indicator of biodiversity in agricultural 

landscapes. 

 

New is not always better: low breeding success and different occupancy patterns in 

newly built nests of a long-lived species, the White Stork. 

 In 2010, after many years of decline, the White Stork population in former Leszno 

district increased. Many new nests were built, some of them where the White Stork has 

never bred before. Since 1974, the proportion of newly built nests was ca. 1.6%; in 2010 

this was 13.2%. We compared new nest construction in 2010 with a long-term data set on 

White Storks in Western Poland from 1974 to 2009. Pairs in new nests bred later than pairs 

in old ones, and had smaller clutches and lower breeding success. New nests were located 

further from human settlements and tended to be built on different structures. Five of 

twenty eight were built on hunting towers and twelve on trees. Only six nests were built on 

electricity posts. This is in opposition to a long-term trend of nesting on posts. A 

significantly lower proportion of new nests were re-occupied in subsequent years. Such a 

rapid increase of population might be caused by more severe flooding in other areas, 

Hence, significantly later occupation time in newly built nests and lower breeding success. 

Pairs may build new nests to gain experience in nest building, cooperation and foraging for 

subsequent seasons or because of competitive pressure when the environment is close to 

carrying capacity. Breeding success can be initially very low but in good foraging 

conditions pairs may raise offspring. 

 



Importance of juvenile mortality in bird populations: early post-fledging mortality 

and causes of death in White Stork. 

 Early post-fledgling mortality rate varied from 2 to 11% (mean 4.3%) of all 

fledglings per year. The main causes of death were collision with power lines and 

electrocution which in Western Poland constituted 60% and in entire Poland ' 78% of 

death cases with known causes. Other anthropogenic causes constituted respectively 25 

and 13% and natural causes ' 15 and 9%. Mean distance where dead storks were found 

was 183.3m from natal nests, while 73% were found closer than 100 m from their nests. 

 

Summary 

 In occupied territories of Storks higher bird species diversity occurred. Although 

the population reveals long-term decreasing trend, it can grow up under favorable 

environmental conditions Moreover, this species is vulnerable to climatic changes. What is 

more, the proximity to the nest of man-made elements (e.g. electricity infrastructure or 

buildings), has a high importance for juvenile survival rate immediately after fledgling. 

Permanent monitoring on the level of abundance, productivity and also on habitat level, 

including land-use, has an significant value in understanding the influence of climate 

change and population dynamic and finally the agricultural areas biodiversity. 
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 IV.II. 

 Czy bocian bia�y odzwierciedla różnorodność gatunkową

ptaków krajobrazu rolniczego? 

Does the White Stork Ciconia ciconia reflect farmland birds 

diversity?
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Fig. 1. Box plots of Shannon-Wiener index (left panel) and number of bird species (right panel) in unoccu-
pied and occupied territories of the White Stork in 2007 and in 2008. The box represents the interquartile
range with the median indicated by a horizontal line, whiskers extend vertically to maximum and minimum
values, unless an outlier (represented by an asterisk) is present.
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Fig. 2. The relationship between the number of bird species in 2008 and (a) the total number of White Stork
chicks produced over the four years and (b) the number of years a territory was occupied by the White
Stork during 2005–2008; and between the Shannon-Wiener index of bird diversity in 2008 and (c) chick
production of the White Stork and (d) territory occupancy (n = 35 territories).
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New is not always better: low breeding success and
different occupancy patterns in newly built nests of a
long-lived species, the white stork Ciconia ciconia

MARCIN TOBOLKA*, STANISŁAW KUŹNIAK, KATARZYNA M. ZOLNIEROWICZ, TIM H. SPARKS and
PIOTR TRYJANOWSKI

Institute of Zoology, Poznan University of Life Sciences, Wojska Polskiego 71C, 60–625, Poznań, Poland

Capsule An increase in new nest building in a white stork population revealed that they were built further

from human settlement and on non-typical structures; such nests had lower breeding success resulting from

later breeding.

Aim To determine why some birds build new nests rather than occupy older ones, and how new nests affect

breeding performance compared to old nests, in a long-lived bird, the white stork.

Methods We compared new nest construction in 2010 with a long-term data set on white stork in Western

Poland from 1974 to 2009. For data from 2010, we analysed nest location and breeding biology in detail.

Results Since 1974, the proportion of new build nests was ca. 1.6%; in 2010 this was 13.2%. Pairs in new

nests bred later than pairs in old, and had smaller clutches and lower breeding success. New nests were

located further from settlements and tended to be built on different structures. A significantly lower

proportion of new nests were re-occupied in subsequent years.

Conclusions Pairs may build new nests to gain experience in nest building, cooperation and foraging for

subsequent seasons or because of competitive pressure when the environment is close to carrying capacity.

Breeding success can be initially very low.

Nest construction is a potential cause of life history
trade-offs in birds (Collias & Collias 1984). There is
evidence that the nest building requires considerable
energetic costs in some species (Withers 1977, Lens
et al. 1994, but see Slagsvold & Lifjeld 1990) and time
allocation (Nores & Nores 1994). The cost of nest
construction may be related to physiological costs
(Moreno et al. 2008), and nest maintenance may have
an influence on adult body condition (Fargallo et al.

2001). In addition, there are costs associated with
attracting predators (Martin et al. 2000).
If the nest building is costly in terms of time, energy

and predation, only individuals in good physiological
condition or capable of defending the nest should be
able to build large nests (Zahavi 1987, Moreno 2012).
Although this explanation is widely accepted, it does
not fit very well to species with perennial nests, simply
because the majority of studies have been focused on
small passerines (Álvarez & Barba 2008), which only
occasionally re-use nests (Goodenough et al. 2009).

Studies from larger species such as raptors, corvids or
storks have shown the importance of nest re-use. Birds
may save energy and time at the beginning of the
breeding season by using nests built in previous years
(Newton & Marquiss 1982, Kochert & Steenhof 2012,
but see also Antonov & Atanasova 2003).
The white stork Ciconia ciconia is an example of a bird

which builds large, conspicuous, perennial nests mainly
on electricity posts, roofs, chimneys and trees and
which are re-used (Schulz 1998). Although evidence is
hard to obtain, it is widely considered that stork pairs
re-use the same nest year after year and that the new
nest building is largely the preserve of young pairs.
However, older storks will build new nests if the
existing nest is destroyed or damaged, or the brood is
predated (Schulz 1998). Nest re-use may play an
important role in breeding success. Vergara et al.

(2010) have shown that white storks from the western
migratory population breeding in colonies
preferentially occupy larger, older nests before smaller,
newer nests used just once previously. Furthermore,
breeding success in older nests was shown to be higher*Correspondence author. Email: marcin_tobolka@o2.pl
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than in newly built ones. However, this might vary
depending on conditions such as weather or
demography or behaviour of the population
(Tryjanowski et al. 2005, 2009a). For instance, white
storks in Poland in recent decades have changed their
nesting locations. They originally built nests in river
valleys, mainly on trees, but have gradually relocated
into human settlements. In Western Poland, nest
location has changed from trees to thatched roofs to
electricity posts and from river valleys to centres of
villages. In our study population currently ca. 65% of
nests are located on electricity posts, 20% on chimneys
and the remainder on roofs and trees (Tryjanowski
et al. 2009b, Kuźniak & Tobółka 2010).
In 2010, our study population of white stork in

Western Poland experienced an unprecedented
increase in new nest building, and in locations and on
structures atypical of the existing population. The
opportunity was taken to monitor these new nests in
terms of breeding performance. The aim of the study
was (1) to assess the level of new build in 2010
compared to long-term records from the same
population; (2) to compare phenology, breeding
success, nest location, distance to human settlements,
and re-occupation rates between new and old nests;
and finally (3) to discuss the potential adaptive value
of building new nests.

METHODS

We conducted our study in the agricultural landscape of
Western Poland near Leszno (51°51′N, 16°35′E). This is
a rural area of arable fields interspersed with meadows,
pasture, human settlements and forests. White storks
here are solitary nesters, but sometimes they form
small colonies of up to five pairs, mainly in small
river valleys (Kuźniak & Tobółka 2010). As noted
above, nests are located mainly on electricity posts,
chimneys and the roofs of buildings (Tryjanowski et al.
2009b).
For the long-term analysis, we included data collected

in 23 years between 1974 and 2009 as published by, for
example, Kuźniak & Tobółka (2010). For these years,
only summary data were still available and it was not
possible to recalculate all desired nest parameters since,
for example, the number of new nests occupied by
breeding pairs no longer existed. New nests, built in
2010, were found at the beginning of the breeding
season (April–May, occasionally June). These nests
were identified as new structures of sticks and branches
that included fresh nesting material inside, such as

straw or hay. Of 392 monitored nests in 2010 (363 old
nests, 29 new nests), 279 were occupied by breeding
pairs (260 old nests, 19 new nests) and we directly
inspected 66 nests (59 old nests, 7 new nests) using a
16-m high ladder, cherry picker or climbing equipment.
Wherever possible, information on laying date, clutch

size, hatching date and hatching number were recorded
for the 66 nests. For old nests only, we obtained arrival
date (defined as the day of the year when the bird first
occurred on the nest; day 1 = 1st of January) of the
first and second bird from each pair. Phenological data
were collected by a special questionnaire completed by
farmers living near nests (for details, see Ptaszyk et al.

2003). Date of egg laying was defined as the day of the
year when the first egg was laid in the nest. This was
estimated on the basis of direct inspection of nests. We
visited nests in the second half of the incubation
period to avoid the risk of brood abandonment. Each
pair was also observed by farmers living near the nest
and all causes of egg rejection were recorded
(for details, see Kosicki 2010, Kosicki & Indykiewicz
2011). We defined clutch size as the number of eggs in
the nest during the first inspection after the clutch was
complete and considering the arrival date of pairs. The
age of individual nestlings and the hatching date were
established during the first inspection after hatching
using bill length measurements (Kania 1988,
Tryjanowski et al. 2004). To assess breeding success,
we visited all nests during the first half of July
recording the number of chicks standing on the nest,
as per the international standard method (Profus 2006,
Tryjanowski et al. 2006). The structures on which
nests were built were also recorded. Monitoring of the
study area in 2011 and 2012 allowed us to check
re-occupation of 2010 nests in subsequent years. The
location of each nest relative to human settlements
was also recorded using a GPS; those in settlements
were classed as 0 m distant and distances of other nests
were estimated using QUANTUMGIS software with wms
label (geoportal.gov.pl). In practice, because of the
large number of zeros, this scale was mostly used as a
binary variable, either in or outside the settlement.
We undertook statistical analyses using SPSS for

Windows. Regression analysis was used to assess long-
term trends in the annual number of breeding pairs and
the percentage of new nests. Binary logistic regressions
were used to assess whether new nests differed from old
nests in terms of location (in or outside human
settlements), and the structures on which they were
built. Generalized Linear Models (GLMs) based on a
Normal distribution and an identity link function were
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used to test for differences between new and old nests in
terms of nesting variables after controlling for other
effects. Significance was assessed using Wald chi-
squared statistics. To compare the re-occupation of old
and new nests in the following (2011 and 2012)
breeding seasons we used Fisher exact tests. Means are
expressed ±1 standard deviation; other statistical
estimates, such as regression coefficients, ± 1 standard
error, unless otherwise specified.

RESULTS

Regression analysis revealed that the study population size
declined significantly from 368 breeding pairs in 1974 to
218 pairs in 2009 (b =−1.99 ± 0.80 pairs/year, R2 = 48%,
P = 0.021, n = 23). However, there was a surprisingly
sharp increase in 2010 to 279 breeding pairs, i.e. a 27%
increase on 2009. In the studied years until 2009, the
number of new nests built each year ranged from 0% to
3.4% of the number of breeding pairs, with no
directional trend (b = 0.005 ± 0.021%/year, R

2 = 0.2%,
P = 0.83, n = 23). However, in 2010, 29 new nests were
built, equivalent to 13.2% of all occupied nests, of
which 19 were occupied by breeding pairs (indicated by
the presence of eggs or occupied for at least four weeks).
Mean breeding success (number of fledged chicks) for

breeding pairs in all nests (including new nests) in the
period 1974–2009 was 2.06 ± 0.43 (n = 23 years), while
new nests on their own averaged 0.79 ± 0.77 (n = 22
years). A paired t-test confirms success in new nests
was significantly lower than the overall mean (t21 =
8.2, P < 0.001). In 2010, the mean breeding success
was similar to these long-term values (2.01 ± 1.46 for
all nests and 0.90 ± 1.35 for new built nests).
Binary logistic regressions revealed that new nests in

2010 were significantly further (χ2 = 23.5, P < 0.001)

from settlements, i.e. closer to the feeding grounds,
and were more often built in trees (χ2 = 28.4, P <
0.001) and less often on electricity posts (χ2 = 23.8, P
< 0.001) than older nests. Some 38% of new nests
were away from human settlements (mean distance
292 m) compared to only 5% (mean distance 8 m) for
older nests. New nests were built on the following
structures (old nests in parentheses): trees 41% (5%),
electricity poles 21% (67%), chimneys 14% (19%),
roofs 3% (8%), hunting towers 17% (0%), other 3%
(1%); percentages based on 29 new nests and 363 old
nests recorded in 2010.
After controlling for distance from settlements and

nest structure, eggs in new nests were laid significantly
later (on average 17 days) than in old nests (Table 1).
Apparent differences in clutch size between new and
old nests could be attributed to differences in laying
date. Differences in hatching date followed laying date,
but were not significant once laying date was
controlled for. In the entire sample, breeding success
was significantly lower in pairs which built new nests
but not in the smaller subset monitored for egg
hatching, etc. once the effects of hatching number and
other factors were accounted for, probably because of
reduced statistical power (Table 1).
Of the 19 new nests occupied by breeding pairs in

2010, only 9 were re-occupied in the 2011 breeding
season and 8 in 2012. The re-occupation rates in both
2011 and 2012 were statistically significantly lower in
new nests built in 2010 than in older nests (Fisher
exact test: both P < 0.0001).

DISCUSSION

In this paper, we show that, under specific environmental
conditions, in a population undergoing a declining trend,

Table 1. GLM analyses to identify key traits associated with new vs. old nests, controlling for potential confounding variables.

Trait Other model terms

Predicted values ±se (n)
New vs. old

New nests Old nests Wald χ
2 P

First egg laying date (day of year) Distance, structure 127±4 (7) 110± 2 (59) 13.5 P<0.001

Clutch size (no. of eggs) Distance, structure, lay date 4.5± 0.4 (5) 4.4± 0.2 (53) 0.2 P=0.67
Hatching date (day of year) Distance, structure, lay date 143±1 (7) 142± 1 (59) 0.8 P=0.38

Number of hatched chicks Distance, structure, n eggs 4.2± 0.3 (5) 3.9± 0.2 (53) 0.7 P=0.41
Breeding successa (no. of fledged chicks) Distance, structure 0.83± 0.30 (29) 2.15± 0.18 (273) 16.6 P<0.001
Breeding success (no. of fledged chicks) Distance, structure, n hatch 2.06± 0.48 (5) 3.01± 0.29 (53) 2.5 P=0.11

Notes: Key to other model terms: distance, indicator variable of nest at human settlement (0) or not (1); structure, indicating whether nest was in a
tree, on electricity post, or other; lay date, first egg laying date (day of year); n eggs, clutch size; n hatch, number of hatchlings.
aindicates all occupied nests, not just the initial 66 nests monitored from the egg stage.
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a rapid population increase may also result in a change in
nest location preferences. This then allowed an
examination of nesting performance and location of
new nests compared to existing nests, demonstrating
that the use of older nests, which may have been
occupied for many years, is beneficial for storks. This
may be due to the difference in costs of building a new
nest compared to repairing an older nest such that
larger older nests in colonies were occupied earlier in
the breeding season and had a greater breeding success
(Vergara et al. 2010). When birds which arrived later
(and probably were in poorer condition (Tryjanowski &
Sparks 2008)) tried to breed, most of the old nests were
already occupied. Later arriving storks then have to
make a decision to either challenge pairs which already
occupy old nests or build a new one.
It is clear that storks which built new nests had a much

lower breeding success. This is partially due to a later
arrival date (Tryjanowski et al. 2004) and probably also
the cost of building a new nest (Vergara et al. 2010).
Pairs in new nests were also probably young
inexperienced birds, which usually raise less offspring
than older experienced pairs (Creutz 1985, Barbraud
et al. 1999, Vergara & Aguirre 2006). Young and
inexperienced storks often start building nests a year
before their first breeding attempt (Vergara et al. 2010).
However, it is not possible to age adult white storks
unless information via ringing is available. Most
differences in performance between new and old nests
could be attributed to later laying date. Final breeding
success of pairs in old nests was also higher despite new
nests being located further away from human
settlements and hence closer to foraging grounds. But
with the current data set, it was not possible to separate
the effects of delayed nesting due to new nests being
built and hence higher energetic expenditure, from
reduced nesting performance due to later breeding or
from reduced nesting performance due to inexperience.
We did not record any cases of nest predation which is,
in any case, rare for the white stork (Jakubiec 1991).
If we consider the current location of white stork

nests, most new nests would be expected on electricity
posts rather than on chimneys and roofs with just a
few on trees. It might also be expected that most new
nests would be located in the centre of villages
(Tryjanowski et al. 2009b). However, a recent study
showed that pairs which built new nests arrived later
than pairs which occupied old nests. Therefore,
competition probably forced new pairs (incomers) to
build nests in new locations, outside of the village or
centres of colonies (Vergara & Aguirre 2006).

Building a new nest is very costly (Vergara et al. 2010),
therefore, only in exceptional conditions will a new nest
be built. When most old nests were occupied by breeding
pairs and competition between pairs was strong, the
solution was apparently to build a new nest far from
existing nests in the middle of the foraging grounds on
accessible structures such as trees or hunting towers.
However, in our study, the breeding success of pairs
which built these new nests away from human
settlements closer to the foraging grounds was very
low. Why then do pairs choose to build new nests? For
young birds, it is an opportunity to gain experience.
An early breeding attempt may be a better solution
than staying in nonbreeding flocks on the breeding
grounds or on summering grounds in Africa or in the
Middle East (Van den Bossche et al. 2002, Antczak &
Dolata 2006). Young birds can then become familiar
with the breeding grounds and improve their foraging
abilities. Although the costs of building new nests by
white storks is not known, it may be possible that new
or artificial nests could, therefore, be important for
species conservation and for reintroduced populations
(Olsson & Rogers 2009). Providing artificial nests
might reduce the energetic costs associated with the
nest building and potentially improve nesting success
in young or inexperienced birds. However, this
phenomenon, particularly in the white stork, merits
further study.
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Chrońmy Przyr. Ojcz. 66: 97–106, (in Polish).

Lens, L., Wauters, L.A. & Dhondt, A.A. 1994. Nest-building by crested

tit Parus cristatusmales: An analysis of costs and benefits. Behav. Ecol.

Sociobiol. 35: 431–436.
Martin, T.E., Scott, J. & Mengre, C. 2000. Nest predation increases

with parental activity: Separating nest site and parental activity

effects. Proc. R. Lond. Soc. B 267: 2287–2293.
Moreno, J. 2012. Avian nests and nest-building as signals. Avian Biol.

Res. 5: 238–251.
Moreno, J., Lobato, E., González-Braojos, S. & Ruiz-De

Castañeda, R. 2008. Nest construction costs affect nestling

growth: A field experiment in a cavity-nesting passerine. Acta

Ornithol. 45: 139–145.
Newton, I. & Marquiss, M. 1982. Fidelity to breeding area and mate in

Sparrowhawks Accipiter nisus. J. Anim. Ecol. 51: 327–341.
Nores, A.I. & Nores, M. 1994. Nest-building and nestling behavior of

the brown cacholote. Wilson Bull. 106: 106–120.
Olsson, O. & Rogers, D.J. 2009. Predicting the distribution of a suitable

habitat for the white stork in Southern Sweden: Identifying priority areas

for reintroduction and habitat restoration. Anim. Cons. 12: 62–70.
Profus, P. 2006. Population changes and breeding ecology of the white stork

Ciconia ciconia L. in Poland against a background of the European

population. Synthesis. Studia Nat. 50: 1–155, Kraków (in Polish).

Ptaszyk, J., Kosicki, J.Z., Sparks, T.H. & Tryjanowski, P. 2003.
Changes in the timing and pattern of arrival of the white

stork (Ciconia ciconia) in Western Poland. J. Ornithol. 144:
323–329.

Schulz, H. 1998. Ciconia ciconia white stork. BWP Update 2: 69–105.
Slagsvold, T. & Lifjeld, J.T. 1990. Return rates of male pied flycatchers:

An experimental study by manipulating breeding success. In Blondel,

J., Gosler, A., Lebreton, J.D., McCleery, R. (eds). Population Biology of

Passerine Birds. NATO ASI Series G “Ecological Sciences”, 24:

441–452. Springer Verlag, New York.

Tryjanowski, P. & Sparks, T.H. 2008. The relationships between

phenological traits and brood size of the white stork Ciconia ciconia

in Western Poland. Acta Oecol. 33: 203–206.
Tryjanowski, P., Sparks, T.H., Ptaszyk, J. & Kosicki, J. 2004. Do

white storks Ciconia ciconia always profit from an early return to

their breeding grounds? Bird Study 51: 222–227.
Tryjanowski, P., Jerzak, L. & Radkiewicz, J. 2005. Effect of water

level and livestock on the productivity and numbers of breeding

white storks. Waterbirds 28: 378–382.
Tryjanowski, P., Sparks, T.H. & Jerzak, L. (eds) 2006. Introduction.

White stork Ciconia ciconia research in Poland: Where we are and

where we are going? In The White Stork in Poland: Studies in

Biology, Ecology and Conservation: 7–14. Bogucki Wydawnictwo

Naukowe, Poznań.
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IMPORTANCE OF JUVENING"OQTVCNKV["KP"DKTFUÓ"
POPULATION: EARLY POST-FLEDGING MORTALITY AND 

CAUSES OF DEATH IN WHITE STORK CICONIA CICONIA

ABSTRACT: Early post-fledging mortality of 
White Stork during the period from the first flight 
to their autumn departure from natal area was 
described. Data from eight breeding seasons 
(2005&2012) about 56 cases of death of juvenile 
White Storks from a study area in Western Poland 
were collected. For a comparison the data of 55 
cases of death from recoveries data deposited in 
Polish Bird Ringing Centre from entire Poland 
were included in analysis. Early post-fledgling 
mortality rate varied from 2 to 11% (mean 4.3%) of
all fledglings per year. The main causes of death 
were collision with power lines and electrocution 
which in Western Poland constituted 60% and in 
entire Poland & 78% of death cases with known 
causes. Other anthropogenic causes constituted 
responsibly 25 and 13% and natural causes & 15 
and 9%. Mean distance where dead storks were 
found was 183.3m from natal nests, while 73% 
were found closer than 100 m from their nests.

KEY WORDS: White Stork, mortality, 
elec-trocution, collision with power lines

1. INTRODUCTION

Mortality plays an important role in the 
dynamic of bird populations. It may have a 
high variance and in extreme cases may off-
set nearly total yearly production of popu-
lation (Newton 1998, Barbraud et al.

1999, Schaub et al. 2005). In general mor-
tality is higher for young age cohorts than for 
adults (Newton 1998) both for passerine and 
for larger and long lived soaring birds such as 
White-tailed Eagle Haliaeetus albi-cilla 
(Helander 1985), vultures Aegypiinae 
(Monadjem et al. 2012), Raven Corvus corax 
(Ratcliffe 1997), pelicans Pelecani-dae 
(Hendricks and Johnson 2002) and White 
Stork Ciconia ciconia (Riegel and Winkel 
1971, Bairlein and Zink 1979, Barbraud et al. 
1999, Schaub et al. 2005). While a general 
mortality pattern is well de-scribed in many 
species (Newton 1998), the temporal and 
spatial patterns still need more attention. There 
are only few studies describ-ing in details 
when and where the mortal-ity occurs in 
migratory birds. Conditions on wintering 
grounds can play an important role in 
mortality rate (Schaub et al. 2005). How-ever, 
higher mortality was recorded during pre- and 
post-breeding migration. It indicates that 
migratory seasons and conditions during this 
period constitute more important bottle-necks 
for migratory bird populations than processes 
ongoing during breeding and win-tering 
*Icttkfq"cpf"Hgtpƒpfg¦"- Cruz 2003, Salewski 
et al. 2013, Klaassen et al. 2014). Also the 
knowledge of bird biology
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when fledglings are leaving their nests and 
disperse is limited but it is important to un-
derstand population dynamic (Newton 
1998).

White stork is a large-bodied species 
which is a flagship of conservation of birds in 
Europe (Schulz 1999, Tr yjanowski et al. 
2006). Factors affecting its mortality and es-
timates of survival rates are well studied and 
presented in several works (e.g., Riegel and 
Winkel 1971, Bairlein and Zink 1979, Kania 
1994, Bairlein and Henneberg 2000, Garrido 
cpf" Hgtpƒpfg¦" - Cruz 2003, Schaub et al. 
4227."McŽwic"et al. 2011, Galarza and Garcia 
2012, Shobrak 2012) but the main issue was 
mortality dur-ing autumn migration (Kania 
3;;6."McŽwic"et al. 2011, Shobrak 2012) or on 
wintering grounds in Africa (Bairlein and 
Henne-berg 2000, Schaub et al. 2005). 
According to ringing recovery reports from 
Western migratory population of White Stork 
Riegel and Winkel (1971) showed that death 
cases occur more frequent during the initial 
phase of migration and mortality rate is much 
high-er for birds in first calendar year. 
However, it is still not known how frequent is 
the mor-tality from fledging until autumn 
departure from breeding grounds which is 
defined here as early post-fledgling mortality.

Fledglings of White Stork as well as the 
others large bird species have to learn how to 
fly before leaving the nest. They perform short 
unskillful flights around the nest and train 
wing muscles with frequent fluttering and 
jumping on the nest. Therefore, they are prone 
to fall out of the nest on the ground, frac-ture 
bones (Jakubiec 1991) or collide with human 
made structures such as power-lines especially 
in favorable weather conditions (Riegel and 
Winkel 1971, Jakubiec 1991, Kania 1994, 
Galarza and Garcia 2012, Shobrak 2012), be 
gngevtqewvgf" *McŽwic"et al. 2011, Galarza and 
Garcia 2012, Sho-brak 2012) or be killed by 
raptors (Jakubiec and Peterson 2005). White 
Stork is highly vulnerable to collision with 
power lines be-cause of the narrow visual field 
(Martin and Shaw 2010) and large body size 
(Bevanger 1998, Tinto et al. 2010). This 
species builds nests on building roofs and trees 
but there is a recent trend of building nests on 
electricity pylons (Tr yjanowski et al. 2009). 
Nowa-

days, in Poland (where ca 20% of European 
White Storks breed) more than 60% of nests 
are located on poles mostly equipped with 
special platforms (Tr yjanowski et al. 2009). 
Most of poles are connected to electricity 
net-work which can generate high risk of 
collision with power lines and electrocution 
(Schaub and Pradel 2004, Kustusch et al. 
2013). Offspring after first flights stay from 
several days to two weeks on the breeding 
site, for-aging nearby and roosting on nests 
where they were hatched or, in some cases, 
qp"qvjgt" pguvu" *Dcktngkp" 3;9;."Ocv{ukqmqxƒ"
cpf" Vqd„Žmc" 422:+0" Vjku" etgcvgu" cp"
opportunity to record many cases of 
lwxgpknguÓ"fgcvj"cpf"vjgkt"ecwugu0

The aim of this study is to describe in 
details the early post-fledglings mortality of 
large soaring bird, the White Storks. There-
fore I constructed following hypotheses: 1) 
Early post-fledging mortality rate differs 
sig-nificantly between breeding seasons due 
to weather conditions and it constitute 
signifi-cant share of year round mortality. 2) 
Elec-trocution and collision with power 
lines are the main causes of death and 
fledglings from nests on electricity post die 
more frequent than others. 3) Distance 
where young Storks were found dead has no 
normal distribution, i.e. fledglings die in the 
nearest vicinity of na-tal nests.

2. STUDY AREA

The study was conducted during eight 
breeding seasons (2005&2012) in western 
Poland near the town of Leszno (51 ̇51ガN, 
16̇35ガE). This is an agricultural area of ar-able 
fields interspersed with meadows, pas-tures, 
human settlements and small forests. White 
Storks here nest solitarily in a mean density of 
6.6 pairs per 100 km2, occasionally they form 
small aggregations of up to 5 pairs, mainly in 
uocnn" tkxgt" xcnng{u" *Mwapkcm" cpf" Vqd„Žmc"
2010). Nests are located mainly on electricity 
posts, chimneys and roofs of build-ings (Tr 
yjanowski et al. 2009).

3. MATERIAL AND METHODS

To record the number of all fledglings the 
breeding success of 556 pairs (468 with 
offspring, yearly Î 30&105) was measured di-
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rectly in the field using standard methodology 
counting offspring standing on the nest which 
are able to fly in the middle of July (Profus 
2006, Tr yjanowski et al. 2006). During vis-its 
in the field a special questionnaire was de-
livered to farmers living near the nests. Each 
studied nest was observed by farmers and date 
of first flight, juveniles and adults departures 
were recorded (Kosicki et al. 2004, Matys-
kqmqxƒ" cpf" Vqd„Žmc" 422:+0" Tgvwtp" tcvg" qh"
questionnaires varied from 89 to 95% (Ma - 
v{ukqmqxƒ" cpf Vqd„Žmc" 422:+0" Lwxgpkngu"ygtg"
observed by farmers daily and by author at 
least two times after first flight when they 
were roosting on the nest or in its vicinity un-
til their departure from natal area which con-
stitute one - three weeks. When case of dead
was signalized by farmer more detailed inves-
tigation in filed was provided. During years 
2005&2008 data based on direct observations 
of non marked juveniles were used. In the 
years 2009 and 2010 some juveniles as chicks 
in the nests were marked by numbered rings. 
In 2011 and 2012 all chicks from observed 
nests were ringed. For unmarked fledglings 
only direct observation (with high confidence 
that particular individuals were from particu-
lar nest e.g., juvenile was observed since fly 
out from nest until death) were taken into the 
analysis. For found dead juveniles the cause of 
death was identified by external visual inspec-
tion of damages of the body and location as 
well as extensive interviews with farmers. To 
record coordinates of places where dead birds 
were found GPS receiver and geoportal.gov.pl

website were used. To compare data with 
en-tire Poland recoveries from Polish Bird 
Ring-ing Centre (PBRC) of ringed White 
Storks in the period 2005&2012 found dead 
up to 5 weeks after ringing (which is a time 
spent in the natal area) and up to 20 km from 
their nests (home range) were used.

To analyze the results of mortality in 
comparison to nest location Chi2 test with 
contingency table available on website using 
free software was used.

4. RESULTS

During the study 56 cases of White Stork 
post-fledgling mortality (from 4 to 19 juve-
niles per year) were recorded. Between 2 and 
11% (mean 4.3%) of all young White Storks 
fledged in particular year died in the period of 
time between the first flight and depar-ture 
from breeding site (Tab. 1). Ten percent of 
observed pairs (yearly 5&23%) lost at least one 
juvenile during this period. However I did not 
find significant relationship between mortality 
rate and the weather component like a sum of 
precipitation and mean temper-ature in this 
period (resp. r = -0.128, P = 0.763 and r = -
0.152, P = 0.719).

Of the 56 recorded mortality cases, 16 
eqwnfpÓv" dg" kfgpvkhkgf" hqt" kvu" ecwug0" Qh" vjg" tg-
maining 40 cases with known causes of death, 24 
(60%) died by collision with power lines and 
electrocution, 10 (25%) by other anthro-pogenic 
causes such as collision with building (4 
individuals), inability to fly because of oil on

Fig. 1. Causes of early post-fledging mortality of White Storks Ciconia ciconia until autumnal 
departure. Comparison of data collected during the study in Western Poland (W Poland, n = 40) and 
data from Polish Bird Ringing Centre from entire Poland (PBRC, n = 46) including only individuals 
with known causes of death.
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Table. 1. Early post-fledging mortality of White Stork Ciconia ciconia until autumn departure (n = 
1248 all observed fledglings).
Variable 2005 2006 2007 2008 2009 2010 2011 2012 total OgcpłUF
No of observed
pair with fledglings 30 38 58 56 49 53 105 79 468 7:.7ł45.9
(HPm)
No of observed

74 96 182 172 134 144 273 203 1278 37;.9ł84.;fledglings (JZG)
No of pairs who
lost at least one 7 4 4 6 5 3 14 4 47 7.;ł3,5
fledgling
% of pairs with

23.3 10.5 6.9 10.7 10.2 5.7 13.3 5.1 32.2ł7.:'loses
No of deaths 8 4 4 6 5 4 20 5 56 9ł7.6
% of deaths 10.8 4.2 2.2 3.5 3.7 2.8 7.3 2.5 6.6ł5.2'

Fig. 2. Distance from nest where dead White Storks were found (n = 22).

feathers delivered by parents feeding juveniles 
with wastes from a restaurant (4), poisoning 
(1), fall into a big chimney of factory (1) and 6 
(15%) by natural causes such as fall out of the 
nest during first flight (2 individuals), nest fall 
during storm (2), predation (probably by 
White-tailed Eagle) (1) and wing deformation 
which was cause of infection and finally death
(1). Of the over 12,000 ringed fledglings dur-
ing the same period in whole Poland 55 re-
coveries (less than 0.5%) of dead individuals 
were collected in PBRC data base. Of the 46
with known cause of death, 23 (50%) died by 
electrocution, 6 (13%) by collision with power 
lines and 7 (15%) by collision or electrocution 
which all together constituted 78%, 6 (13%) 
by other anthropogenic causes such as colli-
sion with building (4 individuals), car crash
(2) and 4 (9%) by natural causes such as pre-

dation (2 individuals), fall out of the nest dur-
ing first flight (1) and nest fall during storm
(1). Proportions between data from W Poland 
and from PBRC did not differ significantly 
(Chi2 = 2.572, P = 0.1088) (Fig. 1).

No statistically significant differences 
were found in mortality rate between fledg-
lings from nests located on electricity poles 
and other nests (Chi2 = 0.03, P = 0.8625).

In 22 cases of juveniles White Storks 
deaths the accurate coordinates were mea-
sured. Distance from their natal nests varied 
from 0 to 2000m and had no normal distri-
bution (Kolmogorow-Smirnow test, F= 0.34, 
P <0.0001, mean 183.3m, median 0m) while 
73% of dead juveniles were found closer 
than 100m from the nest (Fig. 2). It was not 
pos-sible to analyze data from PBRC 
because of low accuracy.
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5. DISCUSSION

In this paper is reported that early post-
fledging mortality rate can constitute 4.3% 
(range: 2&11%) of fledged juveniles which is 
proportional or slightly higher than expected 
while mean annual mortality rate of Polish 
White Stork juveniles *htqo"cnn"rjcugu"qh" kvuÓ"
biology) is 58.5% (Schaub et al. 2005). Stud-
ies on raptors where radio-telemetry methods 
were used (Klaassen et al. 2014) and Span-ish 
White Stork population monitoring (Gar-rido 
cpf" Hgtpƒpfg¦-Cruz 2003) showed that 
mortality on breeding grounds was rela-tively 
low while the highest was observed dur-ing 
pre- and post-breeding migration out of the 
breeding grounds. In reintroduced Storks 
population in Baskia the annual mortality rate 
of released birds was minimum 36.8% during 
the first year. Most of storks (71%) died in the 
first week after releasing (Galarza and Garcia 
2012). Therefore initial period of life cycle 
(the natal area penetration) is cru-cial but the 
beginning of migration seems to be much 
more dangerous for juveniles. While mean 
early post-fledging mortality rate re-corded 
during eight breeding seasons of pres-ent 
study was 4.3%, ringing and recovery data 
form Polish Bird Ringing Centre did not show 
such high mortality rate (less than 0.5%). It is 
presumably effect of lower detectability of 
death cases of ringed birds found occasionally 
than in more detailed studies.

Main causes of death were electrocution 
and collision with power lines. White Stork as 
well as others large bird species is dispropor-
tionally highly vulnerable to collision with 
power lines than we can expect basing on its 
abundance and population size (Bevanger 
1998). Jakubiec (1991) showed that the col-
lisions with overhead cables or electrocutions 
could be more frequent than observed in this 
study and it could constitute 77% of all cases 
of death of juvenile White Storks. Recover-ies 
data from Western Germany also showed that 
77% of death was caused by collision with 
power lines and electrocution (Riegel and 
Winkel 1971). Also for released reintro-duced 
Storks electrocution and collision with power 
lines were the main causes of mortality (50% 
of dead individuals), affecting 18.4% of the 
reintroduced individuals (Galarza and Garcia 
2012). Electrocution and collision

with poorly designed power lines (compare to 
McŽwic" et al. 2011) are the main or very 
significant causes of death of several oth-ers 
bird species such as cranes (Fanke et al. 2011), 
vultures (Angelov et al. 2012), rap-tors 
(Lehman et al. 2007) and even some 
passerines (Shobrak 2012). In this study the 
anthropogenic causes of death of juvenile 
White Storks constituted all together 85% of 
all known causes of death. This kind of mor-
tality may grow up in parallel to develop-ment 
of human infrastructure like roads or power 
lines which are intensively being built in 
agricultural landscape in Central East Eu-rope. 
New elements in agricultural landscape are 
ykpf" hctou" *Cemgtocpp" cpf" U…fgt" 4224+0"
However, there is an evidence from Western 
Europe they did not directly influ-ence on 
Yjkvg" Uvqtmu" *J…vmgt" et al. 2005) in contrast 
to other predictions (Martin and Shaw 2010, 
Tinto et al. 2010). On the other hand, bird 
populations related to farmland ecosystems 
differ between Western and Cen-tral Eastern 
Europe and some processes can extend in 
different directions (Tr yjanows-ki et al. 
2011). Therefore, this phenomenon needs 
more detailed studies.

Of all known cases of juveniles post-
fledging mortality only 15% were caused by 
natural factors. One case of predation was re-
corded during present study and two in entire 
Poland based on recovery data. Adult and im-
mature White Storks do not have natural en-
emies except eagles or mammalian predators 
like wolfs or foxes. Predation by raptors, espe-
cially by White tailed Eagle is still a marginal 
phenomenon (Jakubiec and Peterson 2005) but 
having regard to current increase of its 
abundance in Poland (Mizera and 
Szymkiewicz 1991) it could be important in 
near future. The impact of White-tailed Eagle 
on population of White Stork needs further 
research (Jakubiec and Peterson 2005, 
Vqd„Žmc"et al. 2013).

Most juveniles died in the nearest vicin-ity 
of the nest but nest location did not have 
important influence on mortality. For the 
Spanish White Storks, where ca 1% of present 
breeding population died on power lines dur-
ing post-breeding migration, more than 70% 
collisions occurred in <1 km far away of the 
nearest foraging ground, in this case - rubbish 
fworu"*Icttkfq"cpf"Hgtpƒpfg¦"- Cruz
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2003). For Spanish released reintroduced 
White Storks, 92.8% of causes of death was 
recorded less than 2.5 km from the releasing 
point (Galarza and Garcia 2012). Thus 
dangerous elements near the nest and forag-
ing grounds as electricity pylons, conductors, 
overhead power lines or transformers (Bev-
anger 1994) are probably the most important 
factors influencing mortality of young Storks 
which flying abilities are not well developed.

In summary, this study revealed that the 
short period during which birds learn to fly may 
be critical but not the most dangerous part of 
their life in human-altered environment. An-
thropogenic causes of death constituted the ma-
jority of records. Most of dead juvenile White 
Storks were found in the nearest vicinity of their 
nests. More detailed studies equipping more so-
phisticated methods like telemetry are needed to 
fulfill the knowledge about temporal and spa-tial 
pattern of population mortality rate.
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