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Temporal shift in timing of breeding of European starling  
(Sturnus vulgaris Linnaeus) population 
 
Impacts of climate warming on wildlife 
are beginning to be seen across the 
Earth1. For example, numerous studies 
have reported that tree phenophases are 
being observed earlier in spring2 and, 
that temperature change leads to rapid 
development in insects3. In bird species, 
these impacts often manifest in earlier 
clutch initiation dates. Climate change 
can have impacts on bird species and 
bird populations in different ways. For 
example, geographical distribution4, dis-
rupted synchrony between predator and 
prey5, population dynamics6, demogra-
phy7, migration phenology8, breeding 
phenology9, morphology10, etc. The most 
common trait used in bird breeding 
phenology studies is the laying date of a 
species11. 
 The aim of the present study was to 
examine how the timing of breeding of 
the European starling (Sturnus vulgaris 
Linnaeus) is related to local spring air 
temperature during the long time-period. 
The European starling is a semi-colonial, 
hole-nesting, short-distance migrant and 
common bird species in northwestern 
Croatia (predominantly ground foraging 
species). According to Gill and Wright12, 
the studied bird species belongs to the 
family Sturnidae and order Passerifor-
mes. 
 A nest box-breeding population of the 
European starling was studied during 
1980–2016 in village Mokrice (46°00′N, 
15°87′E), northwestern Croatia. The alti-
tude of the study area is about 
140 m amsl. It consists of mixed farm-
ing, and natural small mixed deciduous 
forests dominated by common oak Quer-
cus robur and hornbeam Carpinus betu-
lus. The European starling is a short-
distance migratory bird species that 
builds nests in natural tree cavities or in 
the nest boxes. In this study, we have 
used wooden nest boxes for nesting  
(dimensions 16 cm × 16 cm × 25 cm, en-
trance hole varies from 4.5 to 5.0 cm in 
diameter). Monitoring of bird reproduc-
tion was enabled with the sliding top on 
the nest boxes. Generally, nest boxes are 
often used in ornithology for different 
studies13,14. All analysis of breeding 
dates was restricted to a first clutches 
(renests after failure of the first clutch 
and second clutch were not included). 

The birds studied generally lay one egg 
per day15. Dates were converted to  
numeric values, with 1 representing 1 
March. The mean day of the beginning of 
European starling breeding, i.e. laying 
date, is an average date of the first layed 
egg in the first ten nests, so that the im-
pact of possible fluctuation of individual 
pairs could be avoided. The studied spe-
cies is known for intraspecific parasit-
ism16. Parasitically laid eggs, mostly 
recognized by two eggs laid on the same 
day and by difference in colour, were ex-
cluded from the study. We compared the 
laying date to spring air temperature (°C) 
data for March and April (March/April). 
Numerous ornithologists/scientists world-
wide have studied the relationship  
between timing of breeding and local 
spring air temperatures17,18. According to 
Bleu et al.19, in order to estimate the  
advancement of the breeding season,  
female birds use temperature as a cue, 
before as well as during egg-laying. Data 
on the average March/April air tempera-
ture in Mokrice area for 1980 until 2016 
were obtained by the Meteorological  
Office in Zagreb (station Maksimir) situ-
ated ca. 20 km from the study area. Sta-
tistical analysis of a long-term trend in 
clutch initiation and average air tempera-
ture was performed by linear regression 
analysis and Pearson’s correlation using 
the SPSS 13.0 statistical package. P-
values < 0.05 were considered statisti-
cally significant.  
 The mean first clutch initiation date 
varied from March 23 to April 16 (mean 
is 9 April). Significant negative correla-
tion was found between the date of 
clutch initiation and year (Pearson’s co-
efficient, r = –0.454, P = 0.005, n = 37; 
y = 458.9 – 0.209x; Figure 1). The laying 
date of the European starling advanced 
up to approximately eight days in the 
study period from 1980 to 2016. Average 
spring air temperatures (March/April) 
varied in the range from 2.46°C to 
8.31°C (mean = 5.4°C) between 1980 
and 2016 in the Mokrice area. During 
this period, average spring temperature 
in the study area significantly increased 
by 0.07°C per year (r = 0.568, P < 0.001, 
n = 37; y = –133.1 + 0.072x; Figure 2). 
Correlation between the clutch initiation 
date and average spring temperature was 

also found to be significant (r = –0.651, 
P < 0.001, N = 37; y = 16.7 – 0.184x; 
Figure 3). These results indicate associa-
tion between a long-term spring tempera-
ture increase and timing of breeding 
onset of the European starling in north-
western Croatia. 
 

 
 
Figure 1. Trends in laying date of the Euro-
pean starling (Sturnus vulgaris) in northwest-
ern Croatia, 1980–2016 (where 1 represents 1 
March). 
 

 
 
Figure 2. Correlation between average 
spring air temperature (March/April) and year 
in northwestern Croatia, 1980–2016. 
 

 
 
Figure 3. Correlation between the European 
starling laying date and average spring air 
temperature (March/April) in northwestern 
Croatia, 1980–2016 (where 1 represents 1 
March). 
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 Many bird species show advancing 
breeding phenology in the Northern 
Hemisphere and this can be linked with 
climate change. For example, Dunn and 
Winkler20 demonstrated that tree swallow 
(Tachycineta bicolor) shifted signifi-
cantly average breeding date nine days 
earlier than normal in North America. In 
Europe, McCleery and Perrins21 found 
that clutch initiation date in the great tit 
(Parus major) advanced as a response to 
spring warming in the United Kingdom. 
The present study is based on the results 
of 37-year monitoring of the European 
starling breeding population in north-
western Croatia. Results indicate that the 
studied bird species began to lay eggs 
approximately eight days earlier in the 
researched area, in the period between 
1980 and 2016. Conversely, according to 
Flux22, the European starling population 
tended to breed successively later, and 
Dolenec23 reported not-significant trend. 
Svensson24 found low significant ten-
dency towards earlier laying date of the 
European starling at five locations while 
at the other eight locations studied, no 
significant differences in laying date 
were detected. Nevertheless, different 
populations of the European starling 
show various responses to climate 
change. Difference in breeding phenol-
logy response has also been documented 
in other bird species25. The European 
starling population in northwestern Croa-
tia is possibly following the food peak, 
as demonstrated by Visser et al.26 for the 
great tit. According to these authors, tim-
ing of breeding shows corresponding 
year-to-year fluctuation, caused by phe-
notypic plasticity. According to Pautas-
so27, further climate change could have a 
major impact on birds in many different 

ways; for instance, body size change or 
mismatches with their resources. Thus, 
future studies should consider possible 
interactions among these levels in order 
to devise effective conservation strate-
gies. 
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Simple estimates for optimization of potassium nutrition in vineyards 
 
Nutrient management, amount and appli-
cation, is one of the most important  
aspects in agriculture, more so in horti-
cultural crops which are usually heavy 
nutrient feeders. Nutrients affect quality 
and quantity of produce, but their injudi-
cious use in the form of fertilizers results 
in soil and water pollution, thus damag-
ing natural ecosystems which thrive 
therein1–4. Grape is one of the oldest cul-
tivated crops of the world5 and its adop-

tion in India dates back to 1356–1220 BC 
(ref. 6). Cultivated grapevine area in  
India is currently at 122,000 ha with 
grape production touching 3.2 million 
tonnes (Mt). Grape is grown as a sub-
tropical crop in Maharashtra, Andhra 
Pradesh, Karnataka, Tamil Nadu and 
western part of Madhya Pradesh. Grape 
plantations fetch higher yield and more 
income than most other field and fruit 
crops7. Good yield and better quality, to-

gether, are key drivers for optimum crop 
nutrition plans for vineyards. Optimiza-
tion of nutrient application in vineyards, 
especially for potassium, is needed most 
as it accounts for a major portion of input 
costs.  
 Potassium not only plays a significant 
role in growth of vines but also the quality 
of grapes and grape juice, and therefore 
K nutrition draws significant attention  
of farmers. Potassium is involved in  
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