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Climate change can affect rainfall and temperature worldwide, and the ability of birds to react to these changes
can be mirrored by studying population phenology and their breeding success. Some European species have
advanced arrival and breeding dates in response to local spring advancement, but conditions experienced during
winter seasons may also affect arrival dates and subsequent breeding success. We utilized data collected from
1983 to 2020 in four colonies of Common Swift (Apus apus) in Northern Italy (5486 breeding attempts) to
examine the variations of laying date and breeding success in relation to non-breeding conditions (previous
winter in Africa) and local conditions in breeding period (spring). Climatic conditions were monitored using the
North Atlantic Oscillation (NAO) and El Nino Southern Oscillation (ENSO) indices to describe conditions
experienced in winter quarters and the local temperature and rainfall conditions of the breeding area. Common
Swifts laid their eggs earlier in warmer springs, and this in turn had a positive effect on breeding success. We did
not find evidence for any effects of African winter conditions on laying date nor on breeding success. However,
because studies made in the same area have demonstrated a relationship of winter conditions (NAO) on indi-
vidual survival, our data highlight the importance of considering environmental variables across the annual life
cycle to understand variation in Common Swift populations.

1. Introduction reproduction is vital, especially when suitable conditions for reproduc-

tion occur only for a short period during the year. At higher latitudes, the

Climate influences the phenology, reproductive success, population
abundance, and geographical distribution of both animal and plant
species (Lemoine et al., 2007; Walther, 2010). Due to their high
mobility, birds are particularly quick to adapt their phenology, repro-
duction, and migration strategies in response to climatic changes, such
as precipitation and temperature (Romano et al., 2023). The ultimate
goal of any such change is to maximize individual reproductive success,
a characteristic that shapes the evolutionary process (Alerstam et al.,
2003). In boreal areas, Hallfors et al. (2020) found a general advance of
avian breeding time, but this pattern was found mainly in resident and
short-distance migrating species (Hallfors et al., 2020). For
long-distance migratory birds, the optimal timing of the onset of
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suitable period shortens, leading to greater synchronization of the
annual cycle with local conditions among individuals within the same
population (Meier et al., 2020).

Usually, production of offspring is timed to coincide with optimal
food availability at the time of chick rearing (Lack, 1968). Individuals
cannot depend on the arrival of seasonal food availability to begin
breeding, but over evolutionary time they have evolved mechanisms to
monitor and respond to day length (photoperiod) in order to anticipate
seasonal changes in the environment (Walker et al., 2019). Breeding
timed to match optimal resource abundance is vital for the successful
reproduction of species (Cresswell and McCleery, 2003; Verhulst and
Nilsson, 2008), and breeding should therefore be sensitive to
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environmental cues and should shift in an optimal manner in order to
comply with a changing climate (Hallfors et al., 2020). However, ad-
aptations to the photoperiod may be insufficiently plastic to allow a shift
in the seasonal timing of bird breeding (Devictor et al., 2008; Walker
et al., 2019).

Detailed long-term studies are required to inform of any change of
birds’ breeding season. Advancement of the breeding season has been
found in several northern hemisphere species (Crick and Sparks, 1999;
Cotton, 2003; Potti, 2008, 2009; Hauber et al., 2021). However, this
advancement may only be present in some populations of the same
species, as demonstrated in an examination of 11 populations of Blue Tit
(Cyanistes caeruleus) (Visser et al., 2003; Potti, 2009).

Mgller et al. (2006) indicated two hypotheses related to how climate
change affects population size: 1) tub-hypothesis, which assumes a
strong interference in the non-reproductive period that results in a
change in survival in the winter period; 2) tap-hypothesis, which sup-
poses an interference during the reproductive phase which results in a
conditioning of the recruitment of new individuals in the following year
(Mgller et al., 2006). Specifically for the effects of climate, in the
tub-hypothesis the variation in population size is associated with the
meteorological variation in the non-reproductive season, while in the
tap-hypothesis, fluctuations in population size are related to climatic
conditions during the reproductive period (Salewski et al., 2013).

In order to relate avian phenology to climatic conditions in different
areas of the Earth, suitable climatic variables describing conditions have
to be utilized (Remisiewicz and Underhill, 2022). The use of compre-
hensive climatic indices is spreading because they have the advantage of
synthesizing weather conditions into a single variable (Gordo, 2007a).
For European swifts, climatic conditions over large parts of the winter
quarters have been found to be best described by two climatic indices,
the North Atlantic Oscillation (NAO) and the EI Nino Southern Oscilla-
tion (ENSO) (Akesson et al., 2020; Boano et al., 2020).

The NAO plays an essential role in the migration of birds throughout
the Mediterranean basin, and it is probably a reason for the observed
advance of arrival dates during the spring in Europe (Hurrell and Deser,
2009; Gordo et al., 2011). In the breeding period, an influence of NAO
has been observed in marine birds, as the availability of food sources
such as herring, shellfish, zooplankton, often causes changes in
favourable growth and productivity (Abraham and Sydeman, 2004;
Bennett et al., 2017). In terrestrial birds, variation in reproduction and
breeding related to climate change along the western Palearctic was
found in most of the Blue Tit populations, with an advancement of the
laying date relative to the winter NAO, although it was more relevant in
northern than southern locations (Potti, 2009).

The ENSO represents one of the most significant climatic phenomena
of our planet, which strongly influences the regime of winds, tempera-
tures, hydrological state, and the location of high- and low-pressure
centers on a planetary level. Two important oceanic components are
distinguished: El Nino, associated with warming, and La Nina, associ-
ated with cooling (Trenberth, 1997). Duursma et al. (2018) showed a
longer laying period during La Nina events, but in other studies no re-
lationships with ENSO (MacMynowski and Root, 2007; Connare and
Islam, 2022) or complex relationships including ENSO plus other cli-
matic indices were found (Remisiewicz and Underhill, 2020).

The direct effect of weather conditions during the breeding period
(tap-hypothesis) has been reported in several studies (Lack, 1968;
Sather et al., 2004; Barras et al., 2021; Jenouvrier et al., 2022), and
appears to be particularly important in aerial feeding birds such as
swifts, swallows, and martins (Mgller, 1994; Cox et al., 2020; Shipley
et al., 2020; Imlay et al., 2022). In the House Martin (Delichon urbica) in
Scotland, variables such as temperature, daytime rainfall, and wind in-
tensity described 50% of the daily variation of the flying insects fed to
chicks by this aerial feeding bird (Bryant, 1975). In the Common Swift
(Apus apus), Lack (1956) showed a strong effect of local poor weather on
chick survival. Concerning other swifts’ European species, in the Pallid
Swift (Apus pallidus) the frequency of feeding of the chicks was little
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influenced by the abundance of aerial food because the parents
compensated at their own expense in cases of food shortage (Cucco and
Malacarne, 1996a, 1996b), while in the Alpine Swift (Tachymarptis
melba) the chick’s growth was negatively influenced by adverse weather
conditions throughout the development of offspring (Masoero et al.,
2024).

No detailed long-term studies are available on the influence of
weather conditions on the reproduction of the Common Swift. In this
study, we examined the reproduction in four colonies of the Common
Swift in Northern Italy, with a long-term perspective using a data set
collected up to 38 years. Aim of the research was to examine: i) if there
was a long-term trend to vary the laying date along the study period; ii)
if the laying date in each year was related to local weather conditions in
the breeding period, or to weather conditions experienced in the winter
quarters; iii) if the annual breeding success was related to local weather
conditions or to climatic conditions experienced in winter quarters.

2. Materials and methods

The Common Swift winters below the Equator in Africa (Akesson
et al, 2012). The use of geolocators accurately traced the
non-reproductive movements of adults from one of our study colonies,
Modena Roccamalatina. The swifts remained in Southeast Africa, and
moved between different locations, where they stayed for several days
during the winter period (Akesson et al., 2020; Boano et al., 2020).
During the breeding season, the Common Swift is found in a wide area
from the Iberian Peninsula to Scandinavia, in countries around the
Mediterranean Sea, from North Africa to the Middle East, and in parts of
Asia, as far east as China and Siberia. Breeding individuals commonly
cluster in colonies, with nests rarely found in natural environments, in
cavities in trees or rock cliffs, and much more commonly in the cavities
of man-made buildings. Each cavity contains only one nest, because
swifts are extremely territorial and defend their cavity from intruders
(Cramp, 1985).

Long-term breeding data were collected at four sites in Northern
Italy: a) Roccamalatina: the study colony is located in the “Rondonara
del Castellaro” tower (Guiglia: 44°23'19" N, 10°57'02" E; Ferri et al.,
2014; Minelli et al., 2014), the data include 1371 nests and encompass
29 years in the period 1991-2021, with no sampling in 1997 and 1998;
b) Boltiere: the study colony is located in the “Rondonaia” tower (Bol-
tiere: 45°36'03" N, 9°34'51" E), the data include 1005 nests and
encompass 15 years in the period from 2006 to 2020; c) Brembate, the
study colony is located in the “Berengario” tower (45°36'11" N, 9°33'23"
E), the data include 477 nests and encompass 15 years in the period from
2006 to 2020; d) Portico di Romagna, the study colony is located in the
“Levante” tower (44°01'32" N, 11°46'54" E; Ciani, 1992), the data
include 2633 nests and encompass 38 years in the period from 1983 to
2020. The two breeding colonies in Brembate and Boltiere are 2 km
apart, and are located 171 km NW of Roccamalatina, while the colony in
Portico is located 78 km SE of Roccamalatina.

The nest cavities were checked from the interior of the buildings with
different frequencies in different colonies and years. In most cases, in-
spections took place several times during the breeding season, from late
May to early July. Since the number of eggs or nestlings could vary
during the season, each year all four colonies were visited starting
during the same week from the beginning of the breeding season until
the end. During each inspection all chicks were ringed, and breeding
adults were captured and ringed when present. The laying date (Julian
date, i.e., days elapsed from January 1st) for each nest was estimated by
backdating based on nest content, considering 20 days for egg incuba-
tion (Cramp, 1985) and adding the estimated age of the chicks based on
growth curves (Tigges, 2008; Sicurella et al., 2015). When the in-
spections were too far apart to allow backdating of the laying date, we
only estimated the fortnight (15-day period) during which laying
occurred. Laying fortnights were scheduled as: 0 = 16-30 April; 1 =
1-15 May; 2 = 16-31 May; 3 = 1-15 June; 4 = 16-30 June.
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The success of each nest was estimated by counting the number of
chicks that were present within each nest at the time of chick ringing.
We did not ring very young chicks (naked or with feathers still concealed
under the skin). In this case, we returned a few days later, when nestlings
were suitable for ringing after their 10th day of life. As mortality of older
chicks is usually very low (Dolnik and Kinzhewskaja, 1980; Martins and
Wright, 1993a) the estimate of breeding success should be only slightly
overestimated.

2.1. Climatic variables

To estimate the effect of climatic conditions on the laying date and
the number of chicks reared, we utilized two environmental indices
related to the conditions found in the wintering areas, NAO and ENSO,
and two environmental indices related to the conditions found in the
breeding area, the air temperature and the number of rainy days.

The NAO is a large-scale oscillation in atmospheric masses between
the subtropical high and the polar low; the NAO index is based on the
difference in winter pressure between a station in Iceland and one in the
Azores: positive (negative) values indicate that pressure is higher
(lower) than normal over the Azores and lower (higher) than normal
over Iceland, representing an increase (decrease) in the North Atlantic
Ocean pressure gradient and zonal wind speed. This index is useful as a
measure of the general climatic conditions in large parts of Europe
(Hurrell et al., 2003). The NAO is considered to also show an influence
on rainfall variability (McHugh and Rogers, 2001) and therefore on the
crop productivity (Stige et al., 2006) of diverse African regions as a
result of atmospheric teleconnections, with positive anomalies associ-
ated to drier conditions in north-western and south-eastern Africa,
whereas negative anomalies are associated with rainfall surpluses in the
same areas. Values of NAO index for the four months from December to
March (DJFM) were obtained from https://climatedataguide.ucar.edu/
sites/default/files/2023-04/nao_pc_djfm.txt.

The ENSO is a large-scale air-sea variability in the equatorial Pacific.
As an index of the El Nino-Southern Oscillation cycle, we used the
Oceanic Nino Index (ONI) for the months December, January, and
February. ONI is based on sea surface temperature anomalies and is
defined as the three-month (in our case Dec-Jan-Feb) running-mean SST
(sea surface temperature) departures in the Nino 3.4 region, based on
the NOAA Extended Reconstructed Sea Surface Temperature (ERSST)
data. El Nino is characterized by ONI > 0.5 °C, while La Nina is based on
ONI < —0.5 °C. An El Nino or La Nina episode is defined when the above
thresholds are exceeded for a period of at least five consecutive over-
lapping three-month seasons. ENSO is confirmed as having a dominant
role in spatial and seasonal rainfall distribution in north-eastern,
eastern, and southern Africa (Camberlin et al., 2001). In particular,
positive anomalies of ENSO (El Nino conditions) are associated with
drier conditions and scarcity of food productions in many parts of Africa
from North to South and wetter conditions in eastern Africa, while
negative anomalies (La Nina conditions) often brings exceptional rains
and exaggerated flooding in Southeast Africa (Stige et al., 2006; Boano
et al., 2020). We used ONI data downloaded from https://origin.cpc.
ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php.

The climate in the plains of northern part of Italy is temperate,
rainfall reaches a maximum in spring and again in autumn. From June to
September the weather is generally favourable, with high temperatures
and few rainy days (Beck et al., 2018). Local temperature and rainfall
were measured along the spring season in Bologna Borgo Panigale
Airport (44°31'48" N, 11°17'36" E), near the two study colonies of
Roccamalatina and Portico di Romagna (respectively 18 and 68 km
distance) and in Bergamo airport (45°40'11" N, 9°42'5" E) near the two
study colonies of Boltiere and Brembate (12 and 13 km distance). The
mean daily temperature (°C) and the number of rainy days were counted
for each nest depending on the precision of the laying date. In the
Roccamalatina colony, we utilized the values relative to the precise
laying date (N = 1273 cases), while in the other colonies we utilized the
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values pertaining to the decades when laying occurred (N = 1123 cases).
We did not analyze the laying date in relation to weather conditions
from the Portico di Romagna colony because the inspection schedule did
not all allow a precise estimation of the laying date.

2.2. Statistics

First, we examined the relationship between the dependent variables
(laying date and breeding success) and the climatic variables during the
preceding winter period (ENSO and NAO) or the local weather variables
by means of single-variable regressions. As performing many statistical
tests increases the probability of obtaining false positives (type I error),
we applied Bonferroni correction (Rice, 1989) to the P-values. Secondly,
we utilized general linear models to examine the effect of temperature,
rainfall, ENSO and NAO indices on laying date and breeding success.
Initially, we entered all climatic variables simultaneously. However,
temperature or rainfall values in different fortnights can be highly
correlated. Hence, we used a stepwise backward procedure of selection
of independent variables by eliminating, at each step, the variables that
had the smallest predictive power. The stepwise backward procedure led
to a final model containing only the variables reaching the 0.05 level of
significance. Statistics were calculated in the R software environment (R
Core Team, 2023) with the Ime4 package (Bates et al., 2015).

To test for significant difference between colonies in the number of
females laying in different periods, we utilized the chi-square statistic.

Differences of annual mean number of chicks in the different colonies
were tested with ANOVA, and multiple comparisons of means between
colonies were conducted by Tukey contrasts in the R software package
multcomp (Hothorn et al., 2008).

3. Results
3.1. Laying date

Common Swifts laid their eggs mainly in May (Table 1). We found a
significant difference in laying date between colonies (Chi-square test =
170.8, d.f. = 8, P < 0.001), with most females of Roccamalatina laying
earlier that those in Boltiere and Brembate.

We found significant differences in laying date (fortnights) among
years (Fig. 1; Roccamalatina: Fa7 1203 = 9.22, P < 0.001; Boltiere: F4,834
= 31.02, P < 0.001; Brembate: F1,171 = 2.88, P < 0.0017). A significant
interannual difference in laying dates (Julian days) was also found
considering the more detailed data collected in Roccamalatina (Fig. 2;
Fy71105 = 11.56, P < 0.001). The mean laying date in Roccamalatina
was the 134th Julian day, i.e., May 15, with a significant tendency to
advance 0.12599 + 0.02892 day/year (Fy 1131 = 4.36, P < 0.001), with a
total estimated advancement of 3.906 days over the 31-year study
period.

The climatic conditions experienced during winter in the African
continent did not significantly influence the mean laying date (Julian
day) of the Common Swift in Roccamalatina (Fig. 3). This was observed
both for the NAO and the ENSO indices (Table 2).

The temperatures of the third decade of May and the first decade of
June did not significantly affect the mean annual laying date (Table 2).
On the contrary, the temperatures of late April and early May, right in
the full laying period, were negatively related with the mean laying date

Table 1

Laying periods in the four colonies.
Colony April May May June June Total

16-30 1-15 16-31 1-15 16-30 nests

Castellaro 37 687 545 50 2 1321
Boltiere 0 275 560 9 0 844
Brembate 0 52 125 6 0 183
Percent 1.6% 43.2% 52.4% 2.8% 0.1% 100.0 %
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Fig. 1. Laying period (fortnights, 15-day periods) in different years spanning
from 1991 to 2021. Code of the 15-days periods: 0: 15-30 April; 1: 1-15 May; 2:
16-31 May; 3: 1-15 June. Numbers over the dots indicate the number of
sampled nests, bars represent the 95% confidence limits.

(Fig. 3). In years in which the recorded temperatures were low, the dates
had higher values, i.e., they occurred later, with an average delay of
1.41-1.57 days for every one degree decrease in temperature (Table 2).

Local rainfall was not significantly related with the mean annual
laying date, with the exception of the second decade of May (single
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Fig. 2. Laying date (Julian date = days elapsed after January 1) in different
years in the period 1991-2021 at Roccamalatina colony.

variable model), during which high rainfall values were related to later
laying dates (Table 2). In the multivariate model, constructed by
including all winter climate variables (NAO and ENSO) and breeding
period weather variables (temperature and rainfall), the stepwise pro-
cedure only retains the temperature of the first and second decade of
May with statistically significant values (Table 2).

3.2. Breeding success

The mean number of chicks per nest was 2.474 + 0.194 in Rocca-
malatina, 2.239 + 0.325 in Boltiere, 2.306 + 0.330 in Brembate, and
2.275 + 0.218 in Portico di Romagna (Fig. 4). The four colonies differ in
the number of chicks/nest both when comparing all the years available
in the different colonies (F390 = 4.385, P = 0.0063) and when
comparing the 14 years that were sampled concurrently in all four col-
onies (F3s52 = 2.994, P = 0.039). A multiple comparison of means
showed that a significant difference was found between Roccamalatina
and Portico (Tukey contrasts: estimate —0.199 + 0.063, t = —3.174,P =
0.011) and between Roccamalatina and Boltiere (Tukey contrasts: esti-
mate —0.235 + 0.080, t = —2.937, P = 0.02), while all other contrasts
between colonies showed intermediate values and did not differ signif-
icantly (Tukey contrasts: all P > 0.05 n.s.).

In the Roccamalatina colony, there was a negative correlation be-
tween mean laying date and reproductive success (F;,25 = 5.088, P =
0.033) with smaller brood sizes when a delay of laying occurred (Fig. 5).

The breeding success in the four study colonies was unrelated to
climatic conditions experienced during the winter period in Africa
(Appendix Table S1). Weather conditions experienced in spring during
the breeding period (from late April to June) show a positive relation-
ship between breeding success and temperature in the first decade of
June at Portico di Romagna colony (Appendix Table S1). In the multi-
variate model, constructed by including all the winter climate variables
(NAO and ENSO) and the weather variables of the breeding period
(temperature and rainfall), the stepwise procedure only retains the
temperature of the first decade of June with statistically significant
values in the colony of Portico di Romagna (Appendix Table S1), while
there was no relationship between weather variables and breeding
success in the other colonies.

4. Discussion

Our study shows that climatic conditions experienced by Common
Swifts during the non-breeding period in Africa did not influence the
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Fig. 3. Relationship between mean laying date in different years at Roccamalatina and climatic indices during the winter (NAO and ENSO) and temperature and

rainfall during the reproductive period.

Table 2

Relationship between mean annual laying date (Julian day) in Roccamalatina
and NAO or ENSO indices in the winter period, and local temperature or local
rainfall during selected decades.

Temperature or rainfall period Coefficient S.E. t P

Single independent variables: NAO and ENSO

NAO 0.778 0.941 0.827 0.42
ENSO 0.971 0.902 1.077 0.29
Single independent variable: temperature

Temp 21-30 April —1.412 0.437 —3.228 <0.003**
Temp 1-10 May —-1.574 0.458 —3.438 <0.002%*
Temp 11-20 May —1.444 0.363 -3.972 <0.001%**
Temp 11-31 May —0.585 0.514 -1.139 0.27
Temp 1-10 June —0.159 0.462 —0.344 0.73
Single independent variable: rainfall

Rain 21-30 April 0.919 0.503 1.828 0.08
Rain 1-10 May 0.055 0.468 0.117 0.91
Rain 11-20 May 0.832 0.349 2.384 <0.025*
Rain 11-31 May 0.357 0.478 0.747 0.46
Rain 1-10 June 0.005 0.384 0.013 0.99
Multivariate model: stepwise retained variables

Temp 1-10 May —0.997 0.456 —2.188 0.038*
Temp 11-20 May —1.069 0.380 —2.811 0.009**

subsequent breeding season, in terms of laying date nor as the number of
chicks reared. Low temperature conditions experienced during the
spring breeding period could postpone the laying date, with negative
effects on the breeding success.

The lack of relationship between wintering climate and reproductive
parameters could suggest that our data is in line with the tap-hypothesis

(Mgller et al., 2006), which predicts that the variation in population size
is associated with the meteorological variation in the reproductive
season, while in the tup-hypothesis, fluctuations are related to climatic
conditions during the non-reproductive period (Salewski et al., 2013).
However, when modelling population dynamics, the whole life cycle
must be considered, and the conditions that influence breeding success
must be flanked with those influencing the survival of individuals
(McGraw and Caswell, 1996; Knudsen et al., 2011). In our study species,
swift survival varies between years and is strongly affected by climatic
drivers (ENSO) associated with its wintering area (Boano et al., 2020).
Therefore, when considering the total annual cycle, the climatic condi-
tions in the non-breeding season seem to act with a large influence on
the Common Swift life history.

The relationship between climatic conditions in the wintering
grounds and laying date can vary noticeably among species, ranging
from a lack of correlation to cases where large-scale climatic indices,
such as the NAO, could reflect the ecological drivers for phenological
changes (Mgller and Merild, 2004; Vahatalo et al., 2004; Gordo, 2007b;
Palm et al., 2009; Remisiewicz and Underhill, 2020, 2022).

In this study, we observed a long-term trend toward advancing
laying date across years. This result is in line with several studies
showing that birds tend to lay eggs earlier (Crick et al., 1997; Cotton,
2003; Gordo, 2007a). Rapid climate change has been implicated as a
cause of modifications in bird population schedules. Some long-term
studies, spanning over several decades on a single species, have shown
that populations are able to track a rapidly changing environment very
closely (Crick et al., 1997; Both et al., 2004; Dunn, 2004; Gordo, 2007b;
Charmantier et al., 2009).
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In comparison to laying dates, many more studies analysed the
temporal trend in arrival date (Mgller et al., 2008). This is a parameter
easier to collect in the field with respect to laying date, because one can
benefit from data gathered through simple observations of bird first
annual presence without searching for nests and inspecting their content
to assess egg occurrence. Migratory phenology shifted during the last
decades (Sparks, 1999) in response to the increase of spring tempera-
ture, the advancement of food availability, and the plant phenology in
the breeding grounds (Menzel and Fabian, 1999). An early arrival can
benefit individuals in terms of territory and mate acquisition (Mgller,
1994; Kokko, 1999). However, an early arrival may not translate

directly into early laying date. The production of offspring must be
timed to coincide with optimal food availability, and physiological
mechanisms should evolve in order to anticipate seasonal changes in the
environment, e.g., responding to reliable indices of season advance-
ment, such as day length (Walker et al., 2019). Indeed, over evolu-
tionary time, there has been precise fine-tuning of critical photoperiod
and onset/offset of seasonal adaptations.

As regards the European Apodidae, the data recorded from the 1970s
onwards for the Pallid Swift in NW Italy has verified a continuous
advancement of the first arrivals, moving from the first ten days of April
to the last ten days of March, with an advancement of about four days
per decade (Boano and Perosino, 2014). The arrival of the Common
Swift from the African wintering territories appears to be staggered
according to latitude. In Southern Italy, the migratory arrival is around
the second part of March, while in Northern Italy, it occurs in the month
of April (Boano and Cucco, 1989; Brichetti and Caffi, 1994), with arrival
advancing by about three days per decade in the period 1986-2006
(Rubolini et al., 2007). In Spain the advancement of dates, in many
cases, has shown a strong negative correlation with local temperature, as
well as with the rainfall in the Sahel during the previous season (Gordo
and Sanz, 2006). However, other long-term observations in several
European cities had not recorded a change in the arrival dates, but
instead periodic shifts in terms of anticipation and postponement every
15-20 years (Gordo, 2007b). In the Alpine Swift, arrival and length of
stay at the breeding sites was negatively correlated with latitude and
differed by more than a month between populations (Meier et al., 2020).

A consequence of phenological anticipation in arrivals for repro-
duction has been a common trend towards an advance of autumn de-
partures for African wintering areas (Jenni and Kéry, 2003). The
advancement leads to early reproduction and consequently to an early
departure to make the most of the favourable environmental conditions
in Africa (Jenni and Kéry, 2003; Gordo and Sanz, 2006).

After the arrival from the winter quarters, local weather can influ-
ence the start of egg laying (Lack, 1968; Visser and Both, 2005). In
several species, the general advancement of season was accompanied by
an advancement of breeding date, but several cases of temporally
decoupled weather metrics and bird reproductive onsets (Hauber et al.,
2021) or lack of advancement were reported (Gordo, 2007b).

In our study, the temperatures of late April and early May, right in
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the full reproduction period, were significantly related with the laying
date of Common Swifts. In years in which the recorded temperatures
were low, the egg laying occurred later, and vice versa. Local rainfall
was not found to be significantly related with the laying date, probably
because rainwater has a double contrasting effect on environmental
conditions for swifts at our study site latitude, reducing the flying in-
vertebrates that are food for these aerial feeders during the rainfall
hours, but increasing the growth of vegetation and the number of insects
which consume vegetal substances after rainfall events (Cocu et al.,
2005; Bourhis et al., 2021).

The breeding success in our study area was similar to those reported
in other portions of the breeding range (Lack, 1956; Weitnauer, 1980;
Cramp, 1985; Meyer, 2019; Knaus et al., 2022), with small differences
between colonies. In our long-term study, we did not notice a decline in
the breeding success, similarly to a long-term study in Scotland
(Thomson et al., 1996), while in Bohemia, a decline of productivity was
found (Rajchard et al., 2006). The reproductive success was significantly
influenced by the laying date, with the number of chicks per nest
decreasing when a delay occurred. Higher temperatures in the laying
period were related to a double positive effect, due to a predisposition to
advance laying, and this in turn was matched with an increase in fitness.
Rainfall was not negatively related to breeding success, contrary to that
reported in northern areas (Koskimies, 1950; Lack and Lack, 1951; Lack,
1956; O’Connor, 1979) and in Bohemia (Rajchard et al., 2006). This is
probably because rain can be beneficial to vegetal biomass and pro-
duction of invertebrate aerial plankton in regions where climate during
the breeding season is typically hot and characterized by low rainfall
(Sicurella et al., 2015), while long periods of bad weather conditions
that can lend to starvation (Gory, 1987; Thomson et al., 1996) are less
likely to occur.

Our result is similar to that recorded in the Pallid Swift in the same
geographical area, where laying dates were influenced by the weather in
terms of unfavourable temperatures recorded in May, causing a delay of
laying until June, as well as by the presence of rainfall, with an optimum
number of 8-10 rainy days in the period of chick rearing, while years
with scarce or excessive rainfall lend to a lower breeding success (Cucco
et al., 1992).

We did not find any influence of climatic conditions during the
winter stay in Africa on successive breeding success. This contrasts with
findings on some passerines (Ockendon et al., 2014) but highlights the
necessity to include several drivers both in Africa and in Europe to un-
derstand the populational variation of birds (Millon et al., 2019; Howard
et al., 2020).

A complete analysis of the influence of climatic conditions on the
fitness of Common Swifts should consider other life-history traits, such
as survival, in addition to annual breeding success. Martins and Wright
(1993b) showed that, in poor weather, the food was limited and that
parents allocated food to their brood and sacrificed their own
self-feeding. The percentage of swifts in the diet of predatory birds can
increase by more than 10-fold at the end of breeding seasons or after
harsh weather (Kuhk, 1948; Klass, 1953). In Scotland, a simulation
integrating the effects of conditions around the study site, breeding
success and annual survival, suggests that lifetime reproductive success
is influenced more by variations in lifespan than by annual breeding
success (Thomson et al., 1996).

Survival of the Common Swift is also negatively influenced by con-
ditions in the winter quarters, as summarized by ENSO index (Boano
et al., 2020). Furthermore, winter survival is strongly dependent on
particularly extreme conditions, such as heavy rainfall in the African
regions where the species is present during this period (Boano et al.,
2020).

The importance of climatic conditions in the precise areas crossed by
each species is highlighted by the findings on the Pallid Swift, in which
African wintering areas differ from the Common Swift and whose annual
survival is linked to other summarizing indices (the precipitation of the
Sahel and the NAO: Boano et al., 2020).
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Recently, a possible influence of conditions during the migratory
itinerary has been highlighted on birds (Taylor et al., 2016). However,
no studies have examined the effects of weather during migration on the
swifts, even if the remarkably fast crossing of desert and other unfav-
ourable areas suggests a less pronounced effect (Akesson and Bianco,
2021; Finlayson et al., 2021).

5. Conclusions

The laying date of our study species was influenced by the long-term
increase of temperatures in the breeding area, showing a tendency to-
wards anticipation of about four days along the study period. Repro-
ductive success was significantly influenced by the laying date, which in
turn was annually influenced by local temperatures. Recently, Hadfield
and Reed (2022) point out that a mismatch between when individuals
breed and when they should breed can be a problem in evolutionary
ecology. Directional selection can move the optimum across years
(Moiron et al., 2024), but when there is large annual variation in cli-
matic conditions then phenological plasticity can evolve to cope with
fluctuations in the optimum (de Villemereuil et al., 2020). A genetic
selection to advance the laying date with a warming spring may get
breeding parents to face a greater risk of chick mortality later (Shipley
et al., 2020), but this apparently will not apply to the case of Common
Swift in North Italy, because current projections of future climate in this
part of Europe predict an intensification of drought periods (Baronetti
et al., 2022), with negative effects on individuals which will not advance
their breeding season.
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