
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/273723526

Spatio-temporal variation in nestling sex ratio among the Black Stork Ciconia

nigra populations across Europe

Article  in  Journal of Ornithology · January 2015

CITATIONS

3
READS

213

13 authors, including:

Some of the authors of this publication are also working on these related projects:

Migration ecology of spotted eagles View project

Knowledge-based conservation of the globally vulnerable Spotted Eagle in Belarus View project

Katrin Kaldma

Estonian University of Life Sciences

46 PUBLICATIONS   1,854 CITATIONS   

SEE PROFILE

Paul Brossault

UICN France

11 PUBLICATIONS   28 CITATIONS   

SEE PROFILE

Marina Dmitrenok

National Academy of Sciences of Belarus

20 PUBLICATIONS   48 CITATIONS   

SEE PROFILE

Urmas Sellis

Eagle Club

26 PUBLICATIONS   196 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Piotr Zielinski on 18 March 2015.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/273723526_Spatio-temporal_variation_in_nestling_sex_ratio_among_the_Black_Stork_Ciconia_nigra_populations_across_Europe?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/273723526_Spatio-temporal_variation_in_nestling_sex_ratio_among_the_Black_Stork_Ciconia_nigra_populations_across_Europe?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Migration-ecology-of-spotted-eagles?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Knowledge-based-conservation-of-the-globally-vulnerable-Spotted-Eagle-in-Belarus?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Katrin-Kaldma?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Katrin-Kaldma?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Estonian_University_of_Life_Sciences?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Katrin-Kaldma?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Paul-Brossault?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Paul-Brossault?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Paul-Brossault?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Marina-Dmitrenok?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Marina-Dmitrenok?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/National-Academy-of-Sciences-of-Belarus2?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Marina-Dmitrenok?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Urmas-Sellis-2?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Urmas-Sellis-2?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Urmas-Sellis-2?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Piotr-Zielinski-12?enrichId=rgreq-31700ab1a5c4109d7575447dad0665e5-XXX&enrichSource=Y292ZXJQYWdlOzI3MzcyMzUyNjtBUzoyMDg0MTY5NDIzNjY3MjVAMTQyNjcwMTg3OTY0Nw%3D%3D&el=1_x_10&_esc=publicationCoverPdf


ORIGINAL ARTICLE

Spatio-temporal variation in nestling sex ratio among the Black
Stork Ciconia nigra populations across Europe

Annika Konovalov • Katrin Kaldma • Andriy Bokotey • Paul Brossault • Frederic Chapalain •

Marina Dmitrenok • Natalie Dzyubenko • Urmas Sellis • Māris Strazds • Luc Strenna •
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Abstract Sex ratio is an indicator of population health as

unexpected biases may indicate potential threats. We

studied nestling sex ratio in Black Stork Ciconia nigra

populations in order to check potential biases and differ-

ences along east–west and north–south gradient across its

distribution range in Europe. We also studied variation

between years, and checked potential correlations with

weather variables. The overall sex ratio of nestlings in

Europe was nearly equal with a non-significant deficiency

(47.1 %) of males, the larger sex. Although yearly fluctu-

ations in sex ratio were detected, no significant effect of the

year alone was found, only simultaneously with population

and brood size. There was a tendency to have a higher

proportion of female nestlings in larger broods, but the

pattern was probably scattered by the effect of reduction of

largest broods. Compared to Western and Eastern Europe,

a significant deficiency of male nestlings was found in

Central Europe (Poland), whereas no differences were

found along the north–south gradient. We did not find any

effect of temperature, but rainfall during the incubation

period was negatively correlated with the proportion of

male nestlings in Central (Poland) and Western Europe

(France) whereas in North-Eastern Europe (Latvia) the

same effect of the precipitation in pre-breeding period was

found.

Keywords Black Stork � Brood size � Geographical

variation � Precipitation � Sex ratio � Weather
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Eagle Club, Hauka, Valgjärve vald, 63406 Põlvamaa, Estonia
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Zusammenfassung Räumliche und zeitliche Variation

im Geschlechterverhältnis von Nestlingen der euro-

päischen Populationen des Schwarzstorches Ciconia

nigra

Das Geschlechterverhältnis gibt Aufschluss über die

Gesundheit einer Population, da unerwartete Schwank-

ungen auf mögliche Gefahren hindeuten können. Wir

untersuchten das Geschlechterverhältnis von Nestlingen

in Schwarzstorch Ciconia nigra Populationen, um

mögliche Ungleichverteilungen und Unterschiede im Ost-

West oder Nord-Süd-Gradienten über seinem gesamten

Verbreitungsgebiet in Europa zu entdecken. Wir bet-

rachteten ebenfalls die Variation zwischen den Jahren und

untersuchten mögliche Korrelationen mit Wetterbeding-

ungen. Insgesamt war das Geschlechterverhältnis in

Europa fast ausgeglichen, mit nicht signifikant geringe-

rem Anteil von Männchen (47,1 %), dem größeren

Geschlecht. Obwohl es jährliche Schwankungen gab, war

der Jahreseffekt alleine nicht signifikant, sondern nur

gemeinsam mit Population und Brutgröße. Tendenziell

waren in größeren Bruten auch mehr Weibchen, doch der

Zusammenhang war vermutlich verwischt durch Brutre-

duktion in den größten Bruten. Im Vergleich zu West- und

Ost-Europa fiel ein signifikant geringerer Anteil männli-

cher Nestlinge in Zentraleuropa (Polen) auf. Auf dem

Nord-Süd-Gradienten wurde keine Ungleichverteilung

festgestellt. Temperatur hatte keinen Effekt, aber Nied-

erschlag während der Inkubation korrelierte negativ mit

dem Anteil männlicher Nestlinge in Zentraleuropa (Po-

len) und Westeuropa (Frankreich). In Nordosteuropa

(Lettland) hatte Niederschlag vor der Brutperiode

denselben Effekt auf das Geschlechterverhältnis.

Introduction

In large monogamous birds, nestling sex ratio is expected

to be approximately equal assuming that both sexes are

equally costly to produce for parents; if one sex is more

expensive to produce than the other, sex ratio should be

biased towards the less costly sex to maximize the fitness

gain in the future (Fisher 1930; Charnov 1982). However,

as environmental conditions are not constant, the sex

allocation varies along the changes in resource availability

(Charnov 1982), which, probably as most often expected, is

demonstrated by the effect of interannual differences in

weather and food conditions. In dimorphic species, the

larger sex is assumed to be more ‘costly’ because of its

higher food requirements (Slagsvold et al. 1986; Teather

and Weatherhead 1988; Riedstra et al. 1998) and, conse-

quently, more nestlings of the smaller sex are produced

when food is scarce (Wiebe and Bortolotti 1992; Kor-

pimäki et al. 2000; Väli 2004). Similarly, the more

‘expensive’ sex is produced more often in mild weather

conditions (Sasvári and Nishiumi 2005; Väli 2012).

Obviously, the impact of weather may be mediated by the

abundance and availability of prey (Bradley et al. 1997;

Steenhof et al. 1999). Finally, as the energy per capita

depends on the number of nestlings requiring food, clutch

and brood size are also correlated with offspring sex ratio

resulting from the trade-off between the cost of the rearing

of a nestling and size of the brood (Dijkstra et al. 1998;

Øigarden and Lifjeld 2013).

The environmental quality also varies in space, and,

thus, the factors responsible for the offspring sex ratio

might also have different influence across larger geo-

graphical scales (Byholm et al. 2002). This may often be

related to the latitude, as in the north food and weather

conditions are harsher, but other tendencies, such as large-

scale land use or pollution patterns, may act as well

(Newton 1998). Indeed, a biased ratio may also refer to

ecological stress in conservation terms, as in declining

populations with low reproductive success the excess of

‘cheaper’ nestlings is to be expected (Myers 1978; Wegge

1980; Fernandes et al. 2006; Tryjanowski et al. 2011). An

unbalanced nestling sex ratio may be a basis for the skewed

adult sex ratio, which in turn could decrease their effective

population size and therefore increase the risk of extinction

(Donald 2007). Hence, sex ratio should be studied and

monitored in threatened species in all age groups and, as

biases in sex ratio affect small populations particularly

strongly, it should be taken into account when elaborating

conservation measures (Clout et al. 2002).

The Black Stork Ciconia nigra is a large long-lived

migratory bird species with males slightly larger, and thus

more expensive to raise than females (Cramp and Simmons

1977). The species has an unfavourable conservation status

in Europe and is listed in the EU Birds Directive. In Eur-

ope, recent trends are geographically distinct—range

expansion and adaptation to human activity has been

noticed in the western part of the continent and, in contrast,

a decline in population and continual avoidance of humans

in the eastern part (Jannsen et al. 2004). Various ecological

and socio-economic factors may be causing such different

trends in the breeding grounds, but distinct migration

routes and wintering sites may also impact the population

(Strazds et al. 1996; Jannsen et al. 2004). However, most

European Black Storks still live in Eastern Europe, from

where the distribution has probably expanded later towards

western and southern European countries (Strazds et al.

1996). In Eastern European countries with declining stork

numbers, such as Estonia and Latvia, biased adult sex ratio

has been suspected with a lower proportion of females and

a higher number of nest sites occupied by single males
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(Konovalov et al. 2011; Strazds et al., in preparation). This

raises the question whether biased sex ratio is a result of

different mortality among juveniles and/or adults, or is the

sex ratio already biased in the nestling stage.

There is no noticeable sexual dimorphism in nestlings

and perhaps because of this only one study on nestling sex

ratio in the Black Stork has been performed to date: in

Portugal (an isolated population in the southwestern corner

of the range), an excess of females among nestlings was

found in the course of a 3-year survey (Fernandes et al.

2006). However, the main range has remained completely

unstudied.

In the current study, we used a molecular sexing tech-

nique to analyse nestling sex ratio in various European

populations and check whether there exist any differences

across the range, bearing in mind that the east–west gra-

dient reflects opposite numbers and trends in populations

(less numerous but increasing in western and more abun-

dant but declining in eastern Europe) and the north–south

gradient represents different climatic conditions affecting

foraging and breeding. We also investigate whether there is

a variation in the sex ratio between study years and whether

such changes may be attributed to weather conditions,

temperature, and precipitation, which strongly affect prey

abundance and availability. Finally, we raise a question

whether the sex ratio is correlated with the brood size

potentially resulting from the optimization of resource

allocation at the individual level.

Methods

During nest checking, we collected samples of 815 Black

Stork nestlings in 2008–2012 from seven European coun-

tries and regions: Estonia, Latvia, Lithuania, western Uk-

raine, southern Belarus, central Poland, and north-eastern

France (Fig. 1). Nestlings were sampled by plucking a

feather or, in few cases, by taking a blood sample from the

brachial vein into a vacutainer containing EDTA. DNA

was extracted from feathers using the PureLink 96 Geno-

mic DNA Kit (Invitrogen) with DTT in order to improve

lysis, and from blood samples by the standard phenol–

cloroform method. A portion of the chromo-helicase-DNA-

binding protein (CHD) gene was amplified with primers

2,550F and 2,718R (Fridolfsson and Ellegren 1999) by the

following PCR profile: 15 min of initial denaturation at

95 �C, followed by 40 cycles of 30 s of denaturation at

95 �C, 30 s of annealing at 52 �C, 40 s of extension at

72 �C, and a final extension for 5 min at 72 �C. PCR

products were separated by electrophoresis in 2 % agarose

gels and visualized by ethidium bromide staining.

To check the effect of weather, we used monthly

weather data from March to July—the period when Black

Storks are known to be on their breeding grounds. We

analysed two variables, which are widely used to describe

weather conditions—daily mean temperature (averaged for

each month) and monthly precipitation, which impact egg-

laying and nestling-growing conditions, as well as

Fig. 1 The distribution range of

the Black Stork Ciconia nigra in

Europe (shaded) and countries,

where samples were collected

(with average proportion of

male nestlings in parentheses;

see details in Table 1)
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abundance and availability of main prey in shallow water

bodies and wetlands. Weather data for each country was

obtained from the open-access databases E-OBS (http://

eca.knmi.nl/) and, if needed, complemented with data from

other databases (e.g. http://www.tutiempo.net/en/Climate/).

In addition to the direct effect of weather conditions, we

checked whether brood size—number of nestlings in the

brood—is correlated with nestling sex. Brood size as an

objective measure (easiest to compare between popula-

tions) of breeding success, is a single uniting proxy of

breeding conditions, but it may also act as a determinant of

nestling sex, e.g. a larger brood is expected to contain more

nestlings of the ‘cheaper’ sex (Øigarden and Lifjeld 2013).

The Chi square statistic was first used to test general

differences in the number of males and females from par-

ity. Thereafter, generalised linear mixed models (GLMM)

were applied (function glmer in the package lme4 in the

statistical environment R v.2.15.2 (R Development Core

Team 2013). To study the effect of various predictors, the

Chi square test was used to verify differences between

models with and without the studied variables. We used the

logit model (Agresti 1996) to analyse separately, as well as

simultaneously, the effect of population and year (cate-

gorical predictors) on nestling sex (binary response vari-

able) across studied populations. The categorical variable,

which was not used in the model as a predictor, as well as a

particular nest site (a factor nested within population), were

included as random factors. In the current study, the nest

site may be taken as synonymous with a pair, although we

admit that we did not check whether individuals had

exchanged. In addition to analysing differences between

countries as populations, we also compared larger regions

along the west–east gradient (Western Europe–France;

Central Europe–Poland; Eastern Europe–remaining coun-

tries) and the north–south gradient where countries at

approximately the same latitude, such as Belarus and

Poland or France and Ukraine, were grouped together. The

impact of weather on nestling sex was analysed separately

with monthly average temperature and precipitation as

continuous predictors in a global sample using GLMM, as

described above, and separately in populations with suffi-

cient numbers of samples and study years using GLM

(function glm) with the stepwise exclusion of less signifi-

cant variables (according to the Akaike Information Cri-

terion, AIC).

Results

The global sample contained 425 females and 390 males,

resulting in a slight, though non-significant, deficiency of

males (47.9 %, v2
1 = 0.4, P = 0.48). Although yearly

fluctuations existed (Table 1), neither significant effect of

the year was found in the global sample (GLMM with

population and nest site as random factors: v2
4 = 6.5,

P = 0.17) nor in well-studied Latvian (GLMM with nest

site as a random factor: v2
3 = 4.3, P = 0.23), Polish

(v2
4 = 3.8, P = 0.44), and French populations (year 2008

excluded; v2
3 = 5.4, P = 0.15). The mean proportion of

males across populations was 46.3 % and even 44.7 %

when only populations with [1 study years were included

(Belarus and Ukraine, which were studied only in 2011

when the male proportion was highest in most countries,

were excluded). Moreover, over the years, female excess

was found in four countries while only in Latvia was the

ratio equal and an excess of males was found in Belarus

and Ukraine (due to the year 2011).

No significant differences between populations were

found (GLMM with year as a random factor: v2
6 = 7.1,

P = 0.31). The lowest P value (P = 0.09) was obtained

for Poland where the proportion of male nestlings was

lowest and the excess of females was registered every year

of the study; in the remaining populations, P values ranged

from 0.27 to 0.43. If Eastern European countries were

grouped together, the effect of the group was nearly sig-

nificant (GLMM: v2
2 = 5.5, P = 0.06) with Central Europe

(i.e. Poland) showing a significant deficiency of males

(z = 2.0, P = 0.045). Nearly identical results were

obtained with GLMM (territory as a random factor) but

only for the best studied year of 2011. Comparison of

models having various number of variables also identified

the importance of the regional population group, which was

the only model having a lower AIC value than the null

model (Table 2). The models also including brood size and

year were nearly equally good, although these variables on

their own in the model remained non-significant (Table 2).

Still, the proportion of female nestlings increased with

brood size, broods of four nestlings being the exception

(Fig. 2). No significant north–south gradient in sex ratio

was detected (GLMM: v2
4 = 4.2, P = 0.38).

When analysing the global sample, we did not find any

significant effect of temperature or precipitation on the

nestling sex ratio (GLMM with populations grouped along

the north–south gradient as a random factor). However, in

the well-studied populations, we found that precipitation

during the incubation period was positively correlated with

the proportion of females: in the French population, ‘Pre-

cipitation in April’ remained as a significant variable in the

final model (GLM after stepwise backward elimination

procedure; P = 0.05), while in the Polish population,

‘Precipitation in May’ remained in the best model, though

as non-significant (P = 0.11); in the Latvian population,

the same was concluded for the ‘Precipitation in March’

(P = 0.07).
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Discussion

In the current study, we detected fluctuations in the sex

ratio of Black Stork nestlings over the years and across

populations, but altogether the ratio was nearly equal, as

Fisher’s theory predicts. Still, there was a slight deficiency

of males in the global sample and a tendency to a biased

sex ratio was even more visible in countries studied for

several years.

We did not find any gradual differences in nestling sex

ratio across the range and the most pronounced deficiency

of males was found in Poland, Central Europe. This was

surprising as it did not support the hypotheses of sex ratio

gradient in the north–south or west–east axes across Eur-

ope. For instance, a strong bias was also found in the

Portuguese population (south-west Europe) where females

formed 60 % of the offspring (Fernandes et al. 2006).

Fernandes et al. (2006) suspected that this might be due to

environmental conditions in Portugal: smaller females are

less expensive to produce than males, thus, at the very edge

of the distribution range, in fact in an isolated distribution

patch, the conditions may be harsher for the Black Stork

than in the main distribution range. At first sight, this

explanation does not fit with our results as we found the

strongest excess of females in the very centre of the

European range. However, it is known that, in central

Poland, where our samples were collected (see Zieliński

2006), breeding conditions for Black Storks are rather poor

(P. Zieliński, unpublished data). It might also be a subop-

timal area regarding feeding conditions, thus leading to the

lowered production of ‘more costly’ males. Another pos-

sible explanation is that this suboptimal area is occupied by

lower quality individuals that produce more females. It is

interesting that males dominated in the Polish White Stork

Ciconia ciconia population (Tryjanowski et al. 2011).

Although one could expect a similar pattern in a closely

related species, the breeding and foraging strategies of the

two European storks are very different. Nests of the Black

Stork are located in the forest and it forages mainly upon

small fish and other small aquatic animals, which are col-

lected in shallow water bodies and wetlands (Zawadzka

et al. 1990; Lõhmus and Sellis 2001; Hampl et al. 2005;

Strazds 2011). Comparatively, the White Stork nests are

located in open places and it also forages in open land-

scapes, preferably in wet meadows, quite close to the nest

(Cramp and Simmons 1977).

Table 2 GLMM models (with territory as a random factor) predict-

ing the sex of the nestlings sorted by the Akaike Information Criterion

(AIC)

Predictors AIC v2 df P

Region 1,102.0 5.54 2 0.063

Brood size ? Region - Year 1,103.6 12.02 6 0.061

1,103.6

1,105.3 6.29 4 0.179

Brood size ? Region ? Year 1,105.8 17.81 10 0.058

Brood size 1,105.9 5.72 4 0.220

Brood size ? Year 1,108.4 11.22 8 0.189

Region ? Year 1,109.1 14.46 10 0.153

v2, df and P describe differences from the model without predictors (–)

Fig. 2 Nestling sex ratio in relation to the brood size. White bars

represent females and black bars males. Sample sizes (no. of

nestlings) are indicated above the bars

Table 1 Proportion of male nestling Black Storks Ciconia nigra (M %) and annually studied sample sizes (n) in studied populations

Year Estonia Latvia Lithuania Belarus Ukraine Poland France Sum of all individuals Mean of populationsa

M % n M % n M % n M % n M % n M % n M % n M % n M % n

2008 52 31 48 81 39 13 0 2 47 127 46 3

2009 50 10 46 80 0 4 47 15 25 12 43 121 42 4

2010 25 4 45 78 41 22 11 9 52 29 43 142 38 4

2011 38 8 59 80 51 70 64 14 51 49 38 40 60 59 53 320 51 7

2012 50 8 41 34 47 49 48 91 46 3

Meana 48 4 50 4 46 2 64 1 51 1 35 5 46 4 47 5 45 7

a Populations with yearly n \ 5 excluded from calculations
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Recent studies have shown that, in the early phases of

life history, offspring sex ratio at conception (or egg-lay-

ing; i.e. primary sex ratio) and hatching (secondary sex

ratio) is approximately equal in many birds and, if there are

any sex biases, they are likely to emerge after hatching

(Benito and Gonzalez-Solis 2007; Liker et al. 2013). As

described above, feeding conditions impact strongly on the

offspring sex ratio and another crucial factor is the weather.

We found a positive correlation between the proportion of

female nestlings and precipitation during incubation time;

this relationship was found both in Poland and France if the

differences in timing of breeding were taken into account.

In other birds (several passerines), overrepresentation of

male embryos among unhatched eggs has been found

(Whittingham and Dunn 2001; Cichoń et al. 2005), but the

mechanism behind this effect remains unclear. In Latvia,

we noticed the effect of precipitation in March, i.e. prior to

egg laying. Here, the mechanism could be different and

most probably connected with female condition, which is

known to affect nestling sex ratio (Trivers and Willard

1973, Whittingham et al. 2005): females may be able to act

predictively and match their offspring sex to the expected

quality of the rearing environment (Appleby et al. 1997;

Pryke and Rollins 2012).

The Black Stork reduces its brood size by eliminating

the weakest nestling (Zieliński 2002), thus the sex ratio of

nestlings may also be directionally influenced by such a

mechanism of infanticide. This may also explain the rela-

tively high proportion of males in 4-chick broods, which

would have already been reduced as we sampled rather

large nestlings. The brood of the Black Stork usually

contains 2–5 (only exceptionally 6) eggs (Cramp and

Simmons 1977; our unpublished data). Losses occur

mostly in the largest broods (M. Strazds, unpublished data)

and probably it is the individuals of the smaller and weaker

sex which are the subjects of brood reduction, resulting to

the change of 5-chick broods into 4-chick broods. Smaller

broods are probably reduced less often. Why we did not see

more males in 5-chick broods is unclear. This is not a local

peculiarity as 5-chick broods with a similar sex ratio pat-

tern were found in three populations (France, Latvia, Uk-

raine). One explanation is that in such large broods the

primary or secondary sex ratio is still optimized (they

contain fewer males), but, due to good foraging conditions,

they have not been reduced later. Obviously, we cannot

exclude the effect of small sample size among the largest

broods.

In threatened species, adult sex ratios (i.e. tertiary sex

ratios) have a tendency to be more biased than in non-

threatened species (Donald 2007). The Black Stork is

declining in several parts of its range, for example in the

Baltic countries, where, indeed, an excess of adult males

has been suspected (Konovalov et al. 2011; Strazds et al.,

in preparation). As we did not find any strongly male-

biased sex ratios in Black Stork nestlings in those coun-

tries, we may conclude that, if this is the case, skewed

adult sex ratios occur due to sex-specific differences in

dispersal or mortality after fledging. Moreover, it has also

been found that, according to ringing data, the mortality

of females seems to be higher than in males (M. Strazds,

unpublished data). This agrees with several previous

studies, which have shown that females, as usually the

rarer sex, often have lower survival rates compared to

males (Liker and Székely 2005). Further studies are

needed to reveal whether a skewed adult sex ratio is

characteristic of the declining Baltic Black Stork popu-

lation or is typical for the species. Also, it requires further

investigations to find out whether the lack of females

could lead to the higher profitability, and thus to the

higher production of female nestlings (cf. Trivers and

Willard 1973) as suggested by the tendency found in our

study.
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