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Breeding success in birds is seriously affected by predation, although behaviourist extent
can be modified by the weather, its mechanisms are not well understood. Analysis of the
breeding success of Red-backed Shrikes (Lanius collurio) in eastern Poland, which has a
temperate transitional climate, showed that predation did indeed increase significantly
during periods of prolonged rainfall, but that air temperature and wind speed did not
affect predation significantly. As insects become less active during rainy weather, preda-
tors like Magpies (Pica pica) and Jays (Garrulus glandarius), which frequently consume such
prey, then have to switch to birds” eggs and nestlings as sources of food. In recent years,
less rain has been falling in this part of Poland in the summer, so one can anticipate a high-
er level of breeding success in the Red-backed Shrike, if the numbers of potential predators
do not increase equally quickly.
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INTRODUCTION

As nesting success is one of the most important demographic parameters
influencing population viability, it has probably been documented more ex-
tensively than any other facet of avian breeding ecology (MarTIN 1995, DoNo-
vAN & Trompson 2001). Numerous studies have focused on the importance of
single and multiple ecological or social factors for reproductive performance
(NEwTON 1998), e.g. weather conditions, which can severely impact reproduc-
tive performance (RobpriGUEZ & BustamanTe 2003). Even when a whole range
of factors is analysed, weather conditions are usually interpreted as having
directly affected the breeding success (MULLER et al. 2005); this is because the
weather can strongly influence foraging conditions and lead to the chilling or
starvation of young birds (NEwToN 1998). Sometimes, extreme climatic events
(e.g., hurricanes and droughts) can result in complete reproductive failure of
birds (MorenoO & MoLLER 2011).

Weather affects not only the foraging conditions and metabolic rate of
birds; it can also have indirect effects on bird behaviour (Crick 2004). Preda-
tors and weather interact to influence nesting success, but the mechanisms are
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not well understood (MorrisoN & BorGer 2002, SHERRY ef al. 2015); indeed,
they are barely mentioned in the literature. Recent papers have not revealed
any clear dependence between rates of nest predation and air temperature
(Cox et al. 2013, SHERRY et al. 2015); the effects of other meteorological factors
like rainfall and wind are even less well known (CorLisTER & WiLson 2007,
Bionpa & Bramsirra 2012).

The present work analyses the effect of weather factors (temperature,
rainfall, wind speed) on the level of predation on clutches/broods of the Red-
backed Shrike (Lanius collurio Linnaeus, 1758). We focused only on the direct
influence of weather on the level of predation. Therefore, we do not consider
the influence of weather on vegetation growth, which may mask the nests, and
(HowtreTrT & StUuTCHBURY 1996) showed that better hidden nests had higher
breeding success. Understanding how weather influences predation pressure
is crucial if we are to accurately forecast how continued climate change will
affect the viability of bird populations. Predation is the most frequent cause
of nest loss in Red-backed Shrike across its distribution (HArRrIS & FRANKLIN
2000), as well as other songbirds (RickLEFs 1969, MARTIN 1995).

MATERIAL AND METHODS

Study species

The Red-backed Shrike is a small passerine bird species widely distributed in Europe
and Western Asia with population estimates ranging from 24 to 48 million breeding pairs
(BrroLirE INTERNATIONAL 2019). It is a long distance migrant, which arrives its breeding
grounds from Africa in early May (Harr1s & FrankLin 2000). In eastern Poland, the majority
of the population inhabits agricultural landscapes, breeding on the edge of woods, in tree
clusters, orchards and in the vicinity of villages (GoLawsk1 & MEeissNEr 2008). The nest is an
open cup, 100-190 mm in diameter and 50-110 mm tall, made mainly from grass and usually
placed at heights of ca. 1.3 m in various parts of bushes or trees (Harr1s & Frankrin 2000).
The breeding season usually starts in the middle of May and goes through to August. Four
to seven eggs are laid and incubated for 14 days. The nestlings remain in the nest for the next
14 days (Harr1s & Frankrin 2000). This species is normally single-brooded, but in the case
of first brood failure, replacement clutches are laid regularly (Antczax et al. 2009). The Red-
backed Shrike is a mainly insectivorous species (Tryjanowski et al. 2003, GoLawskr 20064).

Bird data

The study was carried out between 19992003 and 2012-2018 in eastern Poland, near
Siedlce (52°12'N, 22°17’E), which has a temperate transitional climate (DEGIRMENDZIC et
al. 2004). The 300 ha study area covered a landscape of extensive agriculture, with habi-
tats such as pastures, meadows, cultivated and uncultivated fields, small forest patches,
scrub and small urban areas (Gorawskr & MeissNer 2008). Red-backed Shrike nests were
searched for and subsequently inspected between mid-May and early August. Its breeding
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success in this part of the country is ca. 50%, and the main predators of its clutches/broods
are corvids, especially Magpies (Pica pica Linnaeus, 1758) and Jays (Garrulus glandarius
Linnaeus, 1758) (GoLawsk1 & Mitrus 2014). This analysis included only those clutches that
were found during the egg-laying period or the few first days of incubation. A total of 393
nests were found, but only 237 of them are analysed here. Clutches lost as a result of fac-
tors other than predation (e.g. nests destroyed by agricultural activities, desertion) were
ignored. Nests were considered successful if at least one nestling had fledged. Because
Red-backed Shrikes are sensitive to nest disturbance (Tryjanowskr & Kuzniak 1999), the
nest control lasted a few seconds and was carried out very carefully. All nests were con-
trolled with the same intensity in every five days.

The Red-backed Shrike’s breeding period was divided into 5-day periods because
it was at such time intervals that the nests were usually monitored. Such division has a
significant advantage because it is possible to assign a fairly precise period of breeding
loss to the weather conditions prevailing during this period. For each period, the number
of active nests and the number of clutches/broods lost were calculated; in the subsequent
analysis, the percentage of active nests in relation to all nests was used. The meteorologi-
cal data were measured for these same 5-day periods (mean, maximum and minimum
temperatures, wind speed, total rainfall, number of days with rain). Air temperatures and
wind speeds are given as average values, while in the case of rainfall, the total amount of
rain and the number of days with rain are given for each 5-day period. The weather data
were obtained from the website: http://www.tutiempo.net for the nearest meteorological
station in Siedlce, the nearest town 10 km south of the study area. Table 1 shows weather
characteristics for five days periods of nesting.

Statistical analysis

A general linear mixed model (GLMM) was used with Gamma error distribution
and log link function to test the effects of parameters describing weather factors on the
percentage survival of clutches in 5-day periods in the red-backed shrike. The presence of
multicollinearity was checked for among the six variables by using the variance inflation
factor (VIF), where VIF greater than 10 indicates “severe” collinearity (QuinN & KeoucH
2002, KuTNER et al. 2004). Three factors were excluded from the analysis (maximum and
minimum temperatures and total rainfall), because these variables had VIF > 10, suggest-
ing multicollinearity. In consequence, the GLMM analysis covered the following param-
eters modelled as fixed continuous variables: (1) mean temperature, (2) number of days

Table 1. Characteristics of weather factors based on 5-day periods during the breeding
season of the Red-backed Shrike in eastern Poland; N = 183 5-day periods, 12 years.

Variable Mean SE Min Max
Mean temperature (°C) 17.9 0.21 11.2 24.5
Maximum temperature (°C) 23.7 0.25 15.6 30.8
Minimum temperature (°C) 11.5 0.22 24 17.8
Total rainfall (mm) 11.6 1.01 0.0 89.7
Number of days with rain 2.3 0.11 0 5

Wind speed (km/h) 8.9 0.14 4.8 15.5
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with rain, (3) wind speed. The GLMM was used as a full model because it contained only
three fixed factors. The interaction between factors in GLMM was introduced in the ini-
tial parameterization, but was removed from the model because it was non-significant.
Since the air temperature rose distinctly (R = 0.53, P < 0.001, N = 183) as the season pro-
gressed (May—August), a variable describing the progress of the season (5-day periods)
was added as a random factor in the GLMM analyses. “Year” was another random factor
included. The response variable was the percentage of clutches/broods that survived a
given 5-day period compared with all the clutches/broods in the same 5-day period. Since
all the clutches/broods were monitored from the end of egg laying or the first three days of
incubation, Mayfield’s method for estimating nest survival when nests are found at differ-
ent stages of clutch advancement was not used. Only results with a probability of a < 0.05
were assumed to be statistically significant. Statistics were performed in SPSS version 21.0.
for Windows (SPSS Inc. 2012).

RESULTS

Red-backed Shrikes achieved an overall breeding success of 47% (N = 237
clutches); 64 clutches were lost during incubation and 61 at the nestling stage.
The percentage of clutches/broods surviving a 5-day period varied from 25 to
100% (N = 183 5-day periods during the 12-year study). This percentage was
significantly dependent on the number of days with rain during this period
(GLMM,, ng = 9.12, P = 0.003): the more days with rain, the more clutches/
broods fell victim to predators (Table 2, Fig. 1A). On the other hand, the percent-
age of lost clutches/broods did not depend on the mean air temperature (GLMM,
F1,179 =2.20, P =0.140, Fig. 1B) or on the average wind speed in the various 5-day
periods (GLMM, F1,179 =0.31, P =0.578). In the case of the latter factors, a trend
was discernible whereby the percentage of clutches/broods lost increased with
increasing wind speed (Fig. 1C), but it was not significant (Table 2).

DISCUSSION

The Red-backed Shrike avoids areas with high levels of rainfall, such as
sea coasts in the western part of Europe, probably because of the limited ac-

Table 2. Results of the general linear mixed model showing factors affecting the survival
of clutches in the Red-backed Shrike. Years and progress of season were used as random
effects. The number of observations was 183.

Effects Estimate SE t-value P-value
Intercept 1.094 0.082 13.352 <0.001
Mean temperature -0.005 0.003 -1.484 0.140
Number of days with rain -0.018 0.006 -3.021 0.003
Wind speed —-0.003 0.005 —0.557 0.578
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Fig. 1. Predicted probability of weather factors in-
fluencing the breeding success of the Red-backed
Shrike. The solid lines indicate the predicted prob-
ability, the dashed lines correspond to the 95%
confidence interval, and the open circles indicate
the observed value (1 - breeding success, 0 — failure)

cess to appropriate food (Har-
rRiS & Frankrin 2000). In east-
ern Poland, where the climate
is continental-like, inclement
weather had just a slight effect
on this species’ reproduction;
only rainfall had an evidently
adverse effect (Gorawskr 20065,
2008, Gorawsk1 & Mitrus 2018).
Generally speaking, only epi-
sodes of extremely poor weath-
er, occurring once every few
years, led to greater mortality
of shrike clutches/broods (Taxk-
Act 2001). This study showed
that predators destroyed rela-
tively more clutches/broods
during prolonged periods of
rain (measured as the number
of days with rainfall) than in
periods when rain fell intermit-
tently. This dependence should
be explained by the behaviour
of potential predators of Red-
backed Shrike nests, i.e. cor-
vids, in response to rainfall.
Both Magpies and Jays are om-
nivores, typically consuming
large numbers of invertebrates
(e.g. orthopterans, coleopter-
ans, hymenopterans) (JErRzak
2001). The lower tempera-
tures and strong winds during
rainy weather cause insects to
become less active (Vicens &
Boscu 2000, Yoser & PinsHow
2005) and fewer are on the wing
at such times. Under such cir-
cumstances, corvids shift their
attention to birds’ eggs and
nestlings (ScumipT & WHELAN
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1999, SHERRY et al. 2015). The research area was a mosaic of habitats, and crow
nests were scattered throughout this area. We found no effect of the distance
of shrike nests from corvid nests on clutch predation in shrikes (GoLawsk1 &
Mirtrus 2014). Furthermore, shrikes relatively poorly hide their nests, and in
the described area, it was not found that hiding the nest influenced the breed-
ing success of the species (GoLawskr & Mitrus 2008). Shrikes are aggressive
birds, quite capable of defending their nests from predators (TrRyjaNowsk1 &
Gorawskr 2004), but inclement weather affects their foraging, too: fewer prey
items (mainly insects) are then available to them, so that the parent birds have
to spend more time foraging and less time defending the nest (CoLLIsTER &
WirsoN 2007). Such extending the foraging time by parents is particularly
worth emphasizing because it allows an easy destruction of nests by preda-
tors, not only by corvids, but also by mammals like martens or domestic cats
(Felis catus Linnaeus, 1758) (Kuzniak & Tryjanowskr 2003). Rainfall can thus
limit the breeding success of Red-backed Shrikes and contribute to an increase
in partial losses as a result of a food deficit during such weather (TRyJaNOWSKI
et al. 2003, Gorawskr 2006b, JoRGENSEN ef al. 2013).

CONCLUSIONS

In the light of climate changes, one can speculate on the future of the
Red-backed Shrike population nesting in eastern Poland. Summer rainfall
in Poland has decreased slightly in recent years (DEGIRMENDzIC et al. 2004),
which ought to be beneficial for this shrike’s breeding success, and thus for
the continued survival of the breeding population. Moreover, the lack of rain-
fall facilitates the acquisition of food, which is, of course, favorable for shrikes
and many other bird species (Takacr 2001, Tryjanowski et al. 2003). Poland
lies in the centre of this species” range of distribution. Red-backed Shrike
number is gradually rising: at present, there are about 1 million breeding
pairs in the country — this is ca 8.5% of the European population (KuczyNski &
Cayrarecki 2012, CHopkiewicz et al. 2015). Nevertheless, this does not allow
one to predict a strong increase in the numbers of these shrikes, because the
numbers of Magpies and Jays (the most important predators of Red-backed
Shrike nests) are also rising gradually (KuczyNXskr & CHyLARECK 2012).
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