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IMPACT OF LOCAL AIR TEMPERATURES ON THE BROOD SIZE
IN STARLING (STURNUS VULGARIS L.)

ABSTRACT: Many papers over recent years
have demonstrated long-term temporal trends in
biological parameters that can only be explained
by global warming. I examined the long-term
trends in the brood size of Starling (Sturnus vul-
garis) in Mokrice area (north-western Croatia).
I collected data from 1977 to 2007. To investigate
the effect of spring temperatures on the brood
size, local air temperature was used. The signifi-
cant correlation (P <0.01) between mean brood
size and the year (y = - 31.403 + 0.018x) indicates
that brood size (mean number of nestlings per
nest) increased by 0.018 nestling per year, or 0.54
nestling over the period of the study. Correlation
between brood size (mean number of nestlings
per nest) and mean spring temperature was also
significant (P <0.05) and regression equation (y =
4.162 + 0.07x) indicates that brood size increased
by 0.07 nestling per 1°C. The correlation between
mean spring air temperature and research year
was significant (P <0.01). This data show that the
mean May temperature has been increasing in
the study area. We can conclude that Starlings in
north-western Croatia are increasing their brood
size and that the most likely cause is a long-term
increase in spring temperatures.

With the recent climate change (e.g
Houghton et al. 2001), and the correlated
effects on many organisms (e.g. Walther
et al. 2002, Parmesan and Yohe 2003),

temperature has been shown to play a cru-
cial role (Crick 2004). Climate change has
been located over the continents between
from 40° and 70°N (Wallace et al. 1996).
The ready response of many species to recent
climate change indicates that most species
have the phenotypic plasticity to cope with
such change (Crick 2004). Many bird spe-
cies have earlier arrival dates (e.g. Dunn and
Winkler 1999, Kralj and Dolenec 2008).
Some have moved their former northern-
most limit for nesting (e.g. Thomas and
Lennon 1999) and a number of bird species
have earlier timing of breeding (e.g. Sergio
2003, Dolenec et al. 2009). Most studies
look at migratory behaviour and egg-laying
performance. However, few studies have ana-
lysed long-term reproductive success. Some
papers have indicated increase in brood size
(e.g. HuSek and Adamik 2008), with au-
thors attributed to change in local tempera-
tures. According to Sokolov (2006), natural
selection over hundreds of thousands of years
should have provided for the genetic struc-
ture of populations that allows their timely
restructuring and adaptation to continu-
ously changing environmental factors such
as climates. Predicting reproductive success
responses to scenarios of global change is
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challenging. Many studies have been con-
ducted at northern latitudes. Evidence of an
avian response to climate change from more
southerly latitudes has so far been lacking. I
examined how a hole-nesting (Dolenec et
al. 2008) and short-distance migrant (Dole-
nec 1994) the Starling Sturnus vulgaris has
responded to recent global warming, using
data from long-term study in north-western
Croatia.

A nestbox-breeding populations of
Starling was studied during 1977-2007 in
the village of Mokrice (45°00'N, 15°55°E;
north-western Croatia). The altitude of the
study area is about 140 m above sea level.
Oak (Quercus robur) and hornbeam (Carpi-
nus betulus) were the dominant tree species
of small isolated forest. The shrub cover is
formed by common eder (Sambucus nigra)
and black-thorn (Prunus spinosa). All records
used in this study were from nestboxes. All
ca 100 nestboxes were put up in trees, 2.5 to
5.0 m above the ground in an area with mixed
farming and small isolated forests. The inter-
nal dimensions of the nestboxes were 160 x
160 x 250 mm, and the front section had a 45
to 50 mm diameter hole. All nestboxes had

a sliding top to enable observers to moni-
tor nesting. In this study, I showed how data
from ringing records of Starling nestlings are
usable for the long-term monitoring of breed-
ing changes. This method was previously
used by HuSek and Adamik (2008). I used
aluminium rings from the Ornithology Insti-
tute of the Academy of Sciences and Arts in
Zagreb. In this population, Starlings usually
produce two regular broods per year (Dole-
nec 1997). Only the first broods from the
pairs that bred in nestboxes were analysed.
I considered only nests with birds ringed
prior to June for subsequent analyses. The
mean number of nestlings in nest was used as
the brood size parameter. To investigate the
effect of spring temperatures on the brood
size, I made an use of local air temperature
calculated as a mean for May. Mean monthly
air temperatures for May (1977-2007) for
Mokrice area (measured in town Maksimir
- 20 km from village of Mokrice) were pro-
vided by the Meteorological Office in Zagreb
(mean = 16.0°C, SD = 1.82; range = 12.1 to
19.3°C). General statistical procedures fol-
lowed the standard methods (Sokal and
Rohlf 1981) and P-values higher than 0.05
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Fig. 1. Relationship between year and brood size (mean number of nestlings per nest) in Starling,

1977-2007.
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Fig. 2. Relationship between May temperatures and brood size (mean number of nestlings per nest) in

Starling, 1977-2007.

were considered non-significant. Statistical
analysis were performed using the SPSS 12.0
statistical package.

From 1977 to 2007, 7495 young birds
in the nest were ringed (mean = 241.8 per
year and mean = 5.3 per nest). I calculated
Pearson's correlation coefficient between
brood size and year, and brood size and mean
air temperature. There was a significant cor-
relation between mean brood size and the
year (1977-2007) (r = 0.54, P = 0.002, n = 31;
Fig. 1). The relation between brood size and
year (y = — 31.403 + 0.018x) indicates that
brood size increased by 0.018 nestling per
year, or 0.54 nestling over the period of the
study. Correlation between brood size and
mean spring temperature (mean of May val-
ues) was also significant (r = 0.41, P = 0.02,
n = 31, Fig. 2). The regression equation was
y = 4.162 + 0.07x, indicating that brood size
increased by 0.07 nestling per 1°C. The corre-
lation between mean air temperature (mean
May) and research year was significant (r =
0.57, P=0.001, n = 31). These data show that
mean May temperature has increased in the

study area. The results suggest that brood size
of the Starling is influenced by spring tem-
peratures.

Whether these birds can cope with glo-
bal warming depends, to large extent, on
whether they can track the advancement of
their main food supplies (Both et al. 2004).
Hence, the starlings seem to be able to re-
spond adequately to the temporal variation
in food. According to Dunn (2004), one of
the biggest challenges in the future will be
to predict how climate change will affect the
reproductive performance of different spe-
cies throughout their ranges. For example,
Moller (2002) found that warmer spring
were correlated with larger clutches and more
competing young in the first brood, which
subsequently led more recruits from first
broods in the population the next year. On
the other hand, Wilson and Acrese (2003)
demonstrated that Song Sparrows (Melospisa
melodia) in warmer years had more fledg-
lings, but greater reproductive success was
not associated with subsequent growth of the
population. Studies of birds contributed sig-
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nificantly to understanding the response of
animals to climate change, and they will be
important in the future for monitoring and
understanding the mechanistic basis for phe-
nological change (Dunn 2004).
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