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ABSTRACT

The study was carried out in 2021 using nestboxes. I examined the
egg-laying pattern of the socially monogamous free-living Eurasian
Blue Tit Cyanistes caeruleus that breeds only once a year in the north-
western Croatia. Nestboxes were visited daily to record the laying date
of the first and subsequent eggs. A total of 132 eggs from 12 clutches
with 11 eggs in each nest (11-egg clutch is the dominant clutch size in
the study area) was measured. The mean egg volume was 1.19 cm? (+
0.12), and the mean egg volume of all final eggs was 1.22 cm? (+ 0.09). In
this study, the %D-value was 2.46. According to this value, the Eurasian
Blue Tit population in north-western Croatia adopt a “brood survival
strategy”, where females allocate greater resources in the final eggs.

Keywords: Eurasian Blue Tit, Cyanistes caeruleus, breeding strategy,
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INTRODUCTION

Egg size has proven to vary widely among populations of the same species
and among species. The egg volume (or/and mass) in birds is among the most ex-
tensively investigated life-history parameters. Egg size is an important index of
egg quality and is positively connected with hatching weight and chick survival

e-mail: zdravko.dolenec@biol.pmf.hr




Z. Dolenec: Adaptive final (last-laid) eggs in the Eurasian Blue Tit Cyanistes caeruleus

in numerous bird species (e.g. Krist 2011). Egg size is correlated to many factors,
such as female age (e.g. VERHOEVEN ef al. 2020), maternal body mass (LISLEVAND et
al. 2005), population density (PERRINS & McCLEERY 1994), laying sequence (SOoNG
et al. 2016), habitat differences (e.g. BAXNBURA ef al. 2010), year-to-year differences
(e.g. Apamou et al. 2018), climate change (Skwarska et al. 2015), and elevation
gradient (Jounson et al. 2006). SLagsvoLp et al. (1984) and some other authors
have searched for patterns of variation within clutches among bird species, in an
attempt to uncover adaptive, ultimate adjustments in egg-size allocation patterns
(hypothesized that female birds might adaptively vary egg size). The aim of this
work was to exhibit the variation of eggs in the Eurasian Blue Tit population,
with special regard to the relationship between the volume of final egg and the
mean volume of all eggs in clutch (%D-value, according to SLaGsvoLp et al. 1984).

MATERIAL AND METHODS

a) The study species

The Eurasian Blue Tit is a small, socially monogamous and single-brooded
passerine, common in mixed and deciduous forests throughout the Western Pa-
learctic (Cramp 1998). Single-brooded species lay only a single clutch in a short
breeding season (replacement clutches can occur after brood failure). Females lay
one egg per day until the clutch is complete (7-15 eggs in north-western Croatia,
unpublished data). According to DoLeNEC (2018), the population of the Eurasian
Blue Tit in the study area was able to respond to spring warming changes during
a 37-year period (the breeding date has advanced by 11 days). In north-western
Croatia, the Eurasian Blue Tit is a bird of forest areas, parks, villages and small
isolated forests. It also inhabits large gardens, especially where nestboxes are
provided.

b) Study area, material and methods

The study was conducted in the 2021 breeding season in the Mokrice and
Krusljevo Selo areas (45°58°-46°00°N, 15°51’-15°55’E, altitude approximately 140
m, mixed deciduous forests, dominate Pediculate Oak Quercus robur and Com-
mon Hornbeam Carpinus betulus), north-western Croatia. I studied the Eurasian
Blue Tit breeding in nestboxes that had internal dimensions of approximately 120
mm x 120 mm x 220 mm, the diameter of the entrance hole being 26 and 32 mm,
and the walls 25 mm thick. Numerous different ornithological works around the
world (also in Croatia) have been based on the use of nestboxes by birds (e.g.
Hoover et al. 2020, DoLexEc 2021). In some hole-nesting bird species, nestbox
orientation influences nestbox occupation and breeding success, however not in
the Eurasian Blue Tit (GoopenoucH et al. 2008). Therefore, nestbox orientation
was not controlled. In several bird species, the use of nestboxes results in higher-
quality breeding than with natural holes (e.g. Norris et al. 2018). In this study, all
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observations were recorded by author. All nestboxes had a sliding top in order
to monitor the nest. Nestboxes were visited daily to record the laying date of
the first and subsequent eggs. All eggs in the clutch were numbered with indel-
ible ink. The maximum length (L) and the maximum breadth (B) of egg were
measured with calliper to the nearest 0.01 mm. Egg volume (V) was calculated
according to Hoyt’s (1979): V = 0.51 (constant) x L x B?; for example, this method
was used by Gorski et al. 2015, DoLeNEc 2020, etc. Relative size of the final egg
was calculated as percent deviation from mean volume of all eggs in the clutch:
%D-value = (VF — VM)100 / VM, in which VF = volume of the final egg and VM
= mean egg volume of the clutch (SLacsvoLp et al. 1984). Statistical analyses were
conducted using SPSS software Version 17.0.

RESULTS AND DISCUSION

I examined the egg-laying pattern of the Eurasian Blue Tit in north-western
Croatia. A total of 132 eggs was included in the analysis from 12 clutches with 11
eggsinnest (11-egg clutch is the dominant clutch size in the study area). The mean
volume of all eggs was 1.19 cm? (+ 0.12), and the mean egg volume of final eggs
was 1.22 cm? (= 0.09). In this study, the %D-value was 2.46. SLaGgsvoLp et al. (1984)
identified two strategies (based on the hypothesis that female birds might adap-
tively vary egg size): birds laying relatively larger final eggs adopt the “brood
survival strategy” (the last nesting is capable of rivalry with its older siblings),
whereas birds laying relatively small final eggs adjust to the “brood reduction
strategy” (the last nestling will be sacrificed in the event of food shortage). Ac-
cording to Graves et al. (1984), the final egg may serve as “insurance” against loss
of an earlier-laid egg or an older sibling species, in which the entire brood rarely
fledges or survives to breed. Following the arguments of SLagsvoLp et al. (1984),
the Eurasian Blue Tit population in north-western Croatia would therefore adopt
a “brood survival strategy”, where females allocate greater resources in the final
eggs of the clutch which have a high reproductive value. “Brood survival strat-
egy” in passerine was documented for numerous bird species. For example, in
the Black Redstart Phoenicuros ochruros (DoLENEC 2006, SoNG et al. 2016), the Grey-
backed Shrike Lanius tephronotus (Fan et al. 2021), the Blackcap Sylvia atricapilla
(DoreNEC 2004), the Goldcrest Regulus requlus (Harrorn 1986), the Barn Swallow
Hirundo rustica (DoLENEC 2002), etc. Contrary thereto, the female Saxaul Sparrow
Passer ammodendri (Bao et al. 2020) adopts a “brood reduction strategy” for both
the first (negative %D-value) and the second clutches (also negative %D-value).
According to DoLENEC et al. (2011), the multi-brooded Tree Sparrow Passer mon-
tanus uses both these strategies within one season. According to the %D-value,
the Tree Sparrow females choose the “brood reduction strategy” for the first and
third clutches (negative %D-value), whereas for the second clutch they follow the
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“brood survival strategy” (positive %D-value). Furthermore, the impacts of cli-
mate change on worldwide are beginning to be seen across the Earth. Many stud-
ies have demonstrated that particular species of birds are arriving and breeding
earlier than in the past. For example, the Eurasian Golden Oriole (Oriolus oriolus)
arrival dates in Croatia (DoLENEC 2022) have become six days earlier during the
study period (1991-2016). The relationship between spring temperatures and
year, and spring temperatures and timing of arrival was significant. This result
suggests that the Eurasian Golden Oriole respond to spring temperatures by ear-
lier arrival at breeding grounds. Furthermore (DoLexEc 2019), the laying date of
the Common Starling Sturnus vulgaris advanced up approximately eight days in
the study period from 1980 to 2016. The clutch initiation date was significantly
negatively correlated with the spring temperature over the study period. This re-
sult suggests that the laying date of the Common Starling is influenced by warm
springs. Therefore, the impact of climate change ought to be even more strongly
involved in the investigation of biological performance in birds.

In conclusion, the Eurasian Blue Tit population in north-western Croatia has
adopted a “brood survival strategy”, where females allocate greater resources in
the final eggs. This is consistent with the view put forward by Howe (1976), stat-
ing that larger egg size (volume or mass) represents parental effort to increase the
survival chances of the late hatched young. Future research should concentrate
on following the fledgling and recruitment success of chicks in relation to their
position in the laying sequence.
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SAZETAK

Na Sumskom podrudju Mokrica i Krusljevog Sela (45°58’— 46°00°N, 15°51°-15°55’E;
sjeverozapadna Hrvatska) na drvece su postavljane Skrinjice za gnijezdenje sjenica kako
bi se prikupili podaci za analizu strategije gnijezdenja plavetne sjenice Cyanistes caeruleus.
Jaja su svakodnevno oznacavana vodootpornom tintom kao bi se znalo koje je posljednje
sneseno jaje u gnijezdu. Prvih dana inkubacije sva su jaja izmjerena kako bi se izra¢unao
njihov volumen. %D-vrijednosti (postotak volumena posljednje snesenih jaja u odnosu
na volumen svih jaja u gnijezdu) izracunat iznosio je 2,46. Ptice pozitivne %D-vrijedno-
sti primjenjuju , strategiju prezivljavanja potomstva” sto znaci da Zenke plavetnih sjenica
usmjeravaju najvise resursa u posljednja jaja kako bi potomci iz tih jaja bili konkurenti
ostalim mladuncima u gnijezdu.
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