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Abstract: The population trend of the red-backed shrike, Lanius collurio, is declining in its range. We studied the breeding biology of
this species in the 2011 and 2012 breeding seasons in the north of Turkey. Our study site was an area of approximately 650 ha in the
Kizilirmak Delta. Population density was 2.4 breeding pairs (bp)/10 ha and 2.7 bp/10 ha in 2011 and 2012, respectively. Blackberry
bushes were used most frequently as nest sites (66%). The mean height of the nests from the ground was 125 + 39 cm. The mean height
of nest plants was 224 cm + 76 cm. Nest height and nest plant height were positively correlated. We present an inequality of breeding
parameters in the two successive breeding seasons. In 2011, the red-backed shrikes arrived at their breeding sites later, began to breed
later, laid smaller clutches, and were less productive than in 2012. The main factor of the nest failures was nest predation in the study
area. We detected normal second broods (six pairs) and it seems that this case was not exceptional. The Kizilirmak Delta is an important

breeding area of the red-backed shrike population and more comprehensive studies are required.
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1. Introduction

The red-backed shrike, Lanius collurio, is a medium-
sized, long-distance migratory passerine bird (Harris and
Franklin, 2000). It has a wide breeding range across the
Western Palearctic (Lefranc and Worfolk, 1997). Due to
the severe decline of some shrike species, it has attracted
significant attention from conservation biologists (Van
Nieuwenhuyse, 1999). Although the main reason for the
decline is controversial, habitat loss is the most common
explanation (Carlson, 1995). Land-use changes, intensive
agricultural activities, and monoculture have contributed
to the habitat loss of shrikes (Yosef, 1994).

The red-backed shrikes prefer to breed in bushy
pastures and woodlands and at forest edges (Moskat and
Fuisz, 2002). They are also regarded as farmland birds
(Part and Soderstrom, 1999; Tryjanowski et al., 2002;
Roos, 2006; Vorisek et al., 2010). They also breed in forest
clearcuttings, especially in northern Europe (Hollander
et al,, 2011; Séderstrom and Karlsson, 2011; Lislevand,
2012). The males arrive at their breeding grounds 3-10
days before the females, and pair bonding occurs on the
breeding ground (Carlson, 1989; Tryjanowski and Yosef,
2002). The male and the female build an open cup-shaped
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nest together, usually in the shrubs (Nikolov, 2000).
While the female incubates the eggs, the male feeds the
incubating female. Both parents look after the nestlings.
Red-backed shrikes are single-brooded, but when their
nesting attempt fails, they commonly build a new nest and
breed again (Horvath et al., 2000).

Although the red-backed shrike breeds almost
everywhere in Turkey (Kirwan et al., 1999; Perktas, 2004),
we only have limited information that was obtained from
a study on a small population in central Turkey (Sahin,
2007), as well as individual records in various parts of
Turkey about the breeding biology of this species (Kirwan
etal., 2008). We have no knowledge about the reproductive
success of this species in other parts of Turkey.

We aimed to contribute to the current literature by
investigating the breeding biology and nest site selection of
the red-backed shrike in the Kizilirmak Delta in northern
Turkey.

2. Materials and methods

2.1. Study area
The Kizilirmak Delta is on the coastland of the Black Sea
region in northern Turkey. It consists of different habitat
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types and hosts populations of a large number of bird
species (Hustings and Van Dijk, 1994). The Kizilirmak
Delta was identified by BirdLife International (2015) as
an Important Bird and Biodiversity Area (IBA). The study
area is located at the eastern part of the delta (41°39'N,
36°04'E).

The main study plot was a grassland area of
approximately 650 ha with bushes between Cernek
Lake and the shoreline. There were some small marshes
and water channels, which shrank or dried up in the
summer. Dominant perennial plants were blackberry
bushes (Rubus sanctus), common hawthorn bushes
(Crataegus monogyna), rushes (Juncus sp.), and common
sea-buckthorn (Hippophae rhamnoides). There were also
daphne (Laurus nobilis) and narrow-leafed ash (Fraxinus
angustifolia) trees in the study area (Sarsoy et al., 2007). In
this study plot, human activities were very limited. Field
studies were also carried out in a second study plot on a
10-km unpaved road that passed through villages, arable
fields, and grasslands. The vegetation was the same as in
the main study plot. Water buffalos had been released from
neighboring villages for grazing throughout the breeding
period of the red-backed shrikes in the study area. Our
study area is shown in Figure 1.

2.2. Method

The study was conducted during the 2011 and 2012
breeding seasons. We visited the study area once every 5
or 6 days, and we were in the field for a total of 26 days in
2011 and 24 days in 2012. We searched for the breeding

pairs and nests between the beginning of May and the end
of July. Population density was calculated as the number
of breeding pairs per 10 ha (bp/10 ha). The distribution
pattern of the breeding pairs in 2012 was determined with
nearest neighbor analysis (Clark and Evans, 1954) using
ArcGIS software.

We monitored the pairs that we located. We marked
9 males and 3 females and 5 males and 3 females with
colored or alphanumeric rings in 2011 and 2012,
respectively. We recorded nest plant species and the
orientation of the nests. We measured nest plant height
(NPH) and nest height (NH) above the ground with a
tape ruler (1 cm). The females lay an egg per day during
the laying period, and the incubation period begins with
the penultimate egg and lasts 14 days (Snow and Perrins,
1998). Initiation of the laying period and hatching time
for the nests located during the nestling period were
determined by counting backwards. We estimated the
age of the nestlings by using the photographs of Olsson
(1995), as well as the photographs of the nests that we had
monitored from the beginning. The clutches that initiated
after 10 June were considered late clutches, and these had
experienced replacement and delayed clutches (Kuzniak,
1991). We calculated the clutch size of the nests at the egg
stage by assuming that there was no individual egg loss in
the broods. Nests that contained eggs but were only seen
once, as well as nests where the female did not sit on the
eggs, were excluded from the calculation. Hatching success
was given as the percentage of eggs that hatched (Yosef,
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Figure 1. Study area (shaded part).
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2000). If a pair produced at least one fledgling in any of
its breeding attempts, it was regarded as ‘successful, and
breeding success was calculated as the ratio of successful
pairs (Diehl, 1995). We assumed that the nests where at
least one chick fledged were successful. When we calculated
nest success, namely the ratio of successful nests, we used
the nests that we had monitored since the building stage.
To make use of the data from the nests that had been found
at the incubation or nestling stage, we also calculated nest
success according to the Mayfield method. Daily survival
rates of the nests were calculated for the incubation and
the nestling period (Mayfield, 1961, 1975). It was assumed
that the incubation and nestling periods were 14 days each
(Snow and Perrins, 1998).

The causes of nest failure were grouped into 5
categories: predation (nests with broken eggs or missing
eggs/nestlings), unsuccessful incubation (the female
incubated the eggs, but hatching did not occur), desertion
(intact but cold eggs in the nest), human impact (nest
ruined by local people), and unknown.

According to the Turkish State Meteorological Service,
in April and May 2012 the study area was remarkably drier
and 3-4 °C warmer than in 2011.

2.3. Statistical analysis

All the quantitative results were presented as mean values
+ standard deviations. Statistical analyses were carried
out using Minitab 16. We tested the normality of the data
with the Anderson-Darling test. When the data were
normally distributed, we performed parametric tests;
otherwise we used nonparametric tests. To investigate
the relationship between NH and NPH, we used Pearson
correlation analysis and simple linear regression analysis.
In the regression analysis, we assumed that NH was the
dependent variable. The relationship between clutch
size and laying time was tested using Spearman rank
correlation analysis. We tested whether the clutch sizes
and laying times were different in the two study years by
using the Mann-Whitney U test. We used the Z test to
test whether the hatching success, nest success, breeding
success, and frequency of nest plant species were different
in the two study years. The relationship between nest plant
and nest success was tested using the chi-square test.

3. Results
The first individual was seen on 11 May 2011 and 2 May
2012 in each breeding season in the study area, respectively.
Population density was 2.4 bp/10 ha and 2.7 bp/10 ha
in 2011 and 2012, respectively. Breeding territories were
distributed in clusters (Z = -1.69, P = 0.09) in 2012.

In 2011, we monitored 38 breeding pairs and found 55
of their nests. In 2012, we monitored 46 breeding pairs and
found 53 of their nests.
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3.1. Nest site

The nests were built on 7 plant species (n = 108). These
supporting plants and their usage frequencies are shown
in Figure 2. Blackberry (Rubus sanctus) was the nest plant
that was used most often by the shrikes (66%). Most nests
were oriented toward the south (28%), southeast (25%),
and southwest (13%). A total of 19% of the nests were in
the center of the supporting plants, whereas the others
were orientated toward the east, west, or north (n = 53).
The distribution of the locations of the nests is shown in
Figure 3.

The average height of the nest plants was 224 + 76 cm
(range: 100-649 cm, n = 108). The average height of the
nests above the ground was 125 + 39 cm (range: 56-230 cm,
n = 108). There was a strong linear relationship between
NPH and NH (r: 0.818, P = 0.000). (Figure 4). According
to the regression model, 67% of the NH variation was
explained by NPH (F = 212.9, P = 0.000).

3.2. Breeding biology

3.2.1. Laying time

According to the data obtained from 33 nests, the first
egg of the 2011 breeding season was laid on 24 May. The
laying period started before 10 June in 76% of the nests.
According to data obtained from 40 nests, the first egg of
the 2012 breeding season was laid on 13 May. The laying
period started before 10 June in 73% of the nests. Laying
times of the red-backed shrikes are shown in Figure 5.
When we investigated only early clutches, laying time in
2011 (median = 28 May, n = 29) was significantly later than
in 2012 (median = 21 May, n = 25) (Mann-Whitney U test,
U =148.0, P = 0.000).

3.2.2. Clutch size

Clutch size was 4.41 + 1.3 (range: 1-6, n = 27) and 5.57 +
1.03 (range: 2-7,1n=28) in 2011 and 2012, respectively. The
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Figure 2. Nest plants of the red-backed shrikes (n = 108) in the
Kizilirmak Delta during 2011-2012.
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Figure 3. Distribution of the orientations of the red-backed
shrike nests in the supporting plants.

difference was statistically significant (Mann-Whitney U
test, U = 169.5, P = 0.000). The clutch size distributions in
the 2011 and 2012 breeding seasons are shown in Figure 6.

In the 2011 breeding season, clutch size was 4.8 + 1.17
(n = 18) in early clutches, whereas in late clutches, clutch
size was 4.0 + 0.93 (n = 8). Although the difference was not
statistically significant (Mann-Whitney U test, U = 38.5, P
=0.055), it was remarkable.

In the 2012 breeding season, in early clutches, clutch
size was 5.8 + 0.81 (n = 22); in late clutches, clutch size was
4.7 + 1.86 (n = 6). Similar to 2011, the difference was not
statistically significant (Mann-Whitney U test, U = 37.0,
P =0.080).

In 2011, as the breeding season progressed, clutch size
became smaller (Spearman rank R = 0.601, P = 0.001).
However, when late clutches were excluded from the
analysis, there was no correlation between laying time and
clutch size (Spearman rank R = 0.405, P = 0.107).

In 2012, there was no relationship between laying time
and clutch size (Spearman rank R = 0.194, P = 0.342).

3.2.3. Hatching success
In the 2011 breeding season, at least one egg hatched in
70% of the nests (n = 37 nests) and hatching success was
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Figure 4. Scatter plot of nest height and nest plant height.
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Figure 5. Laying time of the red-backed shrikes.

36% (n = 74 eggs). In the 2012 breeding season, at least
one egg hatched in 89% of the nests (n = 44 nests) and
hatching success was 69% (n = 114 eggs). Hatching success
was higher in the 2012 breeding season than in the 2011
breeding season (Z = -4.70, P = 0.00).

3.2.4. Breeding success

Breeding success was 39% (n = 38 bp) and 69% (n = 46 bp)
in the 2011 and 2012 breeding seasons, respectively. The
difference between the years was statistically significant (Z
=-2.80, P = 0.005).

We detected 20 replacement clutches, which belonged
to 18 pairs in the two study years. Two pairs built their third
nests after two failures. Apart from these, we observed that
six breeding pairs (three breeding pairs per study year)
bred after a successful breeding attempt, and five of them
produced fledglings. In one case, the male of one of these
pairs was an individual that we had ringed before. We
found a second nest very close to his previous nest in his
territory. Although the rest of the pairs were not ringed,
there were strong signs that they had a second brood. All
of these pairs built the nests of their second broods very
close to their first nests (less than 20 m). For example, one
pair built their second nest in the same shrub where the
first nest had been built. In another two cases, we observed
that the males visited their nests immediately after feeding
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Figure 6. Clutch size distribution of the red-backed shrikes.
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fledglings from their first attempts, while the females were
sitting on the new eggs or nestlings in their territories.

3.2.5. Nest success

According to the Mayfield method, nest success was 32%
(n =33) and 76% (n = 40) in the 2011 and 2012 breeding
seasons, respectively. During the incubation period, the
daily mortality rate was significantly higher in 2011 than
in 2012 (Z = 2.3, P = 0.021). During the nestling period,
the daily mortality rate was also significantly higher in
2011 than in 2012 (Z = 2.13, P = 0.033).

In either study year, nest success in the incubation and
nestling periods was not significantly different (2011: Z =
-1.12, P =0.262; 2012: Z = -1.49, P = 0.137).

According to the classical method, nest success was
12% (n = 25) and 38% (n = 13) in the 2011 and 2012
breeding seasons, respectively. The difference between
the 2 years was not statistically significant (Z = -1.77, P
=0.077).

3.2.6. Nest failures

Nest predation was the most important factor causing
nest failures (55%). The causes of the failures are shown
in Table 1.

Despite the high predation rate, we did not witness any
predation events, but we did observe potential predators
in the study area. These were Felis silvestris, Rattus rattus,
Corvus corone cornix, Natrix tessellata, and Natrix natrix.

In the study area, 28% of nest failures could not be
explained. During the nest controls, we did not find any
eggs in 11 of 16 nests that we had monitored during the
nest building period.

The females produced undersized eggs in two cases.
A female incubated only one tiny egg in 2011. The other
incubated two tiny eggs in 2012. They sat on the eggs for a
time longer than the incubation period.

There was no significant difference between successful
and unsuccessful pairs in terms of NPH or NH from the
ground in the two study years (Table 2).

4. Discussion
The population density of the red-backed shrikes in
our study area was relatively higher than that of certain
other European populations (Lebedeva and Butiev, 1995;
Kuzniak and Tryjanowski, 2000; Morelli, 2011; Ceresa etal.,
2012). However, there are denser population records from
Hungary and Slovakia (Farkas et al., 1997; Balaz, 2007).
Breeding territories were distributed in clusters. Kuzniak
and Tryjanowski (2000) reported a population in which
breeding territories were nearly randomly distributed in
a farmland in Poland. This difference may be associated
with population size (Van Nieuwenhuyse, 2000).

The red-backed shrikes mostly used sheltering thorny
blackberry bushes as their nest plant in the Kizilirmak
Delta. This was expected, because this species was the most
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Table 1. Causes of nest failure in the red-backed shrike population
in the Kizilirmak Delta.

Causes of nest failures Rate
Nest predation 55%
Unsuccessful incubation 10%
Desertion 2%
Human impact 5%
Unknown 28%

common plant shrub in our study area, and using thorny
shrubs is advantageous for shrikes (Tryjanowski et al.,
2000). The red-backed shrikes breed in different types of
habitats, and nest plants vary with habitat types (Morelli,
2012). Average NH from the ground (125 + 39 cm) was
higher than that of certain other European populations
(Nikolov, 2000; Tryjanowski and Sparks, 2001), lower
than some (Tryjanowski et al., 2000), and similar to others
(Vili, 2005) in our study area. NH variability in different
populations may be due to habitat type differences in
breeding areas. The results indicated that there was a
positive correlation between NH and NPH. Our study
supports the results of Vili (2005) and Lislevand (2012)
about the relationship between NH and NPH. Birds build
their nests in safe and concealed places (Ferguson-Lees et
al., 2011). The safest nesting point in a plant may depend
on its height. In other words, the safety of nests built at
the same height from the ground but in plants of different
height may be different.

Important differences existed between the two study
years in terms of breeding phenology and reproduction
success of the red-backed shrike in the Kizilirmak Delta. In
2012, they arrived and laid earlier than in 2011. According
to the data obtained from the Cernek ringing station, the
first individuals were caught between 25 April and 11 May
in 2002-2012. The red-backed shrikes were late (11 May)
in 2011 in comparison to the other years. Although the
Kizilirmak Delta could be a stopover area for some of the
individuals that were caught at the ringing station, our
observation records coincided with the records of the
ringing station.

Similar to some other farmland species, the first arrival
dates of the red-backed shrike have shown a trend towards
earliness in recent years (Tryjanowski et al., 2002; Cotton,
2003; Jonzén et al; 2006). Therefore, the delayed arrival
in 2011 was interesting. Delayed arrival could be caused
by negative conditions in the wintering sites (Marra, 1998)
or on the migration route of the migratory birds. Tettrup
et al. (2012) claimed that the 2011 drought in the Horn
of Africa, an important stopover area for the red-backed
shrikes, was the cause of the delay.
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Table 2. The comparison of nest height and nest plant height of the successful and unsuccessful nests using Mann-Whitney U test.

Year n NHmean o, U P n NPHmean | o U P
(cm) (cm)
Successful 16 134 39.66 16 236 70.6
nests
2011 264.5 0.384 250.5 0.258
Unsuccessful 39 122 3825 39 216 62.4
nests
Successful 33 128 40.09 33 222 67.3
nests
2012 278 |0.506 3135 | 1.000
Unsuccessful 19 119 39.54 19 232 115.8
nests

Breeding time depends on arrival time (Nikolov, 2000;
Smith and Moore, 2004; Soderstrom and Karlsson, 2011),
and the red-backed shrikes have shifted their timing of
breeding toward earlier dates (Matyjasiak, 1995; Husek
and Adamik, 2008). Time seems to be a restricting factor
for migratory songbird populations. Early breeding is very
important for increasing the breeding success of the birds
(Newton, 2004; Antczak et al., 2009).

Although the clutch size of the red-backed shrike was
similar to that of other European populations (Kuzniak,
1991; Horvith et al., 2000; Nikolov, 2004; Tryjanowski et
al., 2006; Balaz, 2007), there was a significant difference
between the two study years. In 2011, clutch size was
significantly smaller than in 2012. Various factors affect
clutch size (Perrins, 1965; Haymes and Blokpoel, 1980;
Erikstad et al., 1993, Soler and Soler, 1996; Badyaev and
Ghalambor, 2001). Ambient temperature is one such
factor (Haywood, 1993). The average ambient temperature
in April-June was significantly higher in 2012 than in
2011. We speculated that spring and summer temperature
and other associated factors, such as food abundance,
could explain at least part of the clutch size difference in
our study area.

Clutch size declines throughout the season in red-
backed shrikes (Kuzniak, 1991; Olsson, 1995; Antczak
et al., 2009). The shrike population showed this trend in
the first study year, but not in the second. This may be
because of the high clutch replacement rate in 2011. It is
known that birds lay smaller clutches in their second nests
(Rooneem and Robertson, 1997; Amat et al., 1999; Antczak
et al,, 2009). Although the size difference between the
early and late clutches was not significant, it was notable,
particularly in the 2011 breeding season. In addition,
when late clutches were excluded from the analyses, there
was no relationship between laying time and clutch size in
the 2011 breeding season.

Similar to the annual clutch size difference, there was a
significant hatching success difference in terms of the ratio
of the hatched eggs.

According to the classical method, nest success was
higher in 2012 than in 2011; however, the result of the
statistical test was not significant. This case probably
resulted from being able to watch only a limited number
of nests from the beginning, and so we had a small sample
size in these calculations.

Mortality rates in the incubation and nestling periods
were significantly higher in 2011 than in 2012. This means
that, according to the Mayfield method, the second study
year was better than the first year in terms of reproductive
success of red-backed shrikes.

Although the mortality rate in the incubation period
was similar to that of populations in Hungary, Bulgaria,
and Poland, mortality in the nestling period was higher in
the Kizilirmak Delta in the 2011 breeding season. As for
2012, the successful year, although the mortality rate in the
incubation period was lower than in those populations,
mortality in the nestling period was not lower (Matyjasiak,
1995; Horvéth et al., 2000; Nikolov, 2004). Annual nest
success differences are common in red-backed shrikes
(Schaub et al., 2011). Nevertheless, our results could be
a sign of threats to the nestlings. Especially in the 2012
breeding season, nest success was higher in the Kizilirmak
Delta than in some other populations (Horvath et al.,
2000; Bal4z, 2007).

The most important cause of nest failure was nest
predation (55%). When we took into account unexplained
nest failures (28% of all cases), we thought that predation
pressure could be underestimated. The nest predation rate
seemed to be high at the early stage of the breeding cycle
(egg-laying period), for which we did not use the Mayfield
method calculations because of the small sample size.
Moreover, the relatively low nesting success values that
we calculated using the classical method are also likely
associated with high nest predation in the early stage of the
breeding cycle. The high predation rate might be related to
high breeding density in the area (Roos, 2002).
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Although we observed several potential predators and
nest defense behavior against them by the shrikes, we
did not observe any predation events directly. The high
breeding density and closeness of some nests (e.g., less
than 20 m) made us consider the possibility of intraspecies
predation (Miiller et al., 2005).

We detected three undersized eggs in two nests in the
study area. Ash (1970) reported an egg that was 2/3 the
size of a normal-sized egg, yet nevertheless experienced
hatching. We did not come across any records in other
publications of undersized eggs for red-backed shrikes.
If long-lasting incubation on infertile eggs (such as tiny
eggs) is more common than we observed, its influence on
nest success should be examined in future studies.

Breeding success, i.e. the ratio of successful pairs, was
higher in the 2012 breeding season than in 2011. If the
first breeding attempt failed, a replacement clutch was
done. It is known that the red-backed shrike is a single-
brooded passerine (Horvéth et al., 2000; Gotawski, 2006).
Double brooding is a rare case in this species (Lefranc and
Worfolk, 1997; Miiller et al., 2005; Hollander et al., 2011).
We recorded normal second broods in the study area in
both years. It seems that the normal second brood is not
an exceptional case. There is a clear need for marking the
shrikes individually to define the exact second brood rate.

In 2011, the year in which delayed arrival and delayed
laying occurred, the clutch size, hatching success, nest
success, and breeding success were lower than in 2012.
The relationship between laying time and reproductive

References

Amat JA, Fraga RM, Arroyo GM (1999). Replacement clutches by
Kentish plovers. Condor 101: 746-751.

Antczak M, Golawski A, Kuzniak S, Tryjanowski P (2009). Costly
replacement: how do different stages of nest failure affect clutch
replacement in the red-backed shrikes Lanius collurio? Ethol
Ecol Evol 21: 127-136.

Ash JS (1970). Observations on a decreasing population of red-
backed shrikes. Brit Birds 63: 225-239.

Badyaev AV, Ghalambor CK (2001). Evolution of life histories along
elevational gradients: trade-off between parental care and

fecundity. Ecology 82: 2948-2960.

Baldz M (2007). On the breeding biology of the red-backed shrike
(Lanius collurio) in the newbreaks of SW Slovakia. Acta Zool
Univ Comenianae 47: 35-39.

BirdLife International (2015). Important Bird and Biodiversity Area
Factsheet: Kizilirmak Delta. Cambridge, UK: BirdLife.

Carlson A (1989). Courtship feeding and clutch size in red-backed
shrikes (Lanius collurio). Am Nat 133: 454-457.

Carlson A (1995). Persistence of a red-backed shrike (Lanius collurio)
population in a patchy landscape. Proc West Found Vertebr
Zool 6: 64-66.

486

success was emphasized in some publications (Husek
and Adamik, 2008; Verhulst et al., 1995). These annual
disparities could be connected to the climatic difference
between the study years (Schaub et al., 2011; Segaard
Jorgensen et al., 2013).

The Kizilirmak Delta is an important breeding area
for red-backed shrikes. Unlike some other red-backed
shrike populations, the size of all the nestlings in the nests
was similar and they had a healthy appearance (Miiller
et al., 2005; Sahin, 2007). Moreover, an increasing food
source results in a rise in the second brood rate (Nagy
and Holmes, 2005). It seems that the delta provides prey
with rich foraging habitats and suitable nest sites for
the breeding shrikes. Foraging water buffalos could be
supporting the shrike population through preventing
the grass from growing longer in our study area. Thus,
hunting efficiency of the birds could increase (Yosef and
Grubb, 1993). In addition, this area is attractive in the
context of the high population density and occurrence of
the normal second broods of the red-backed shrikes.

In conclusion, there is a clear need for future research
of the red-backed shrikes in this area. These studies would
make a significant contribution to the knowledge of
population dynamics and life history traits of this species.

Acknowledgments

This research was supported by Hacettepe University. We
would like to thank Sancar Baris, director of the Cernek
ringing station, and the station’s team.

Ceresa F, Bogliani G, Pedrini P, Brambilla M (2012). The importance
of key marginal habitat features for birds in farmland: an
assessment of habitat preferences of red-backed shrikes Lanius
collurio in the Italian Alps. Bird Study 59: 327-334.

Clark PJ, Evans FC (1954). Distance to nearest neighbour as a
measure of spatial relationships in populations. Ecology 35:
445-453.

Cotton PA (2003). Avian migration phenology and global climate
change. P Natl Acad Sci USA 100: 12219-12222.

Diehl B (1995). A long-term population study of Lanius collurio in a
heterogeneous and changing habitat. Proc West Found Vertebr
Zool 6: 157-162.

Erikstad KE, Bustnes JO, Moum T (1993). Clutch-size determination

in precocial birds: a study of the common eider. Auk 110: 623-
628.

Farkas R, Horvéth R, Pasztor L (1997). Nesting success of red backed
shrike (Lanius collurio) in a cultivated area. Ornis Hungarica
7:27-37.

Ferguson-Lees J, Castell R, Leech D (2011). A Field Guide to
Monitoring Nests. 1st ed. Norfolk, UK: British Trust for
Ornithology.


http://dx.doi.org/10.2307/1370061
http://dx.doi.org/10.2307/1370061
http://dx.doi.org/10.1080/08927014.2009.9522501
http://dx.doi.org/10.1080/08927014.2009.9522501
http://dx.doi.org/10.1080/08927014.2009.9522501
http://dx.doi.org/10.1080/08927014.2009.9522501
http://dx.doi.org/10.1890/0012-9658(2001)082[2948:EOLHAE]2.0.CO;2
http://dx.doi.org/10.1890/0012-9658(2001)082[2948:EOLHAE]2.0.CO;2
http://dx.doi.org/10.1890/0012-9658(2001)082[2948:EOLHAE]2.0.CO;2
http://dx.doi.org/10.1086/284928
http://dx.doi.org/10.1086/284928
http://dx.doi.org/10.1080/00063657.2012.676623
http://dx.doi.org/10.1080/00063657.2012.676623
http://dx.doi.org/10.1080/00063657.2012.676623
http://dx.doi.org/10.1080/00063657.2012.676623
http://dx.doi.org/10.2307/1931034
http://dx.doi.org/10.2307/1931034
http://dx.doi.org/10.2307/1931034
http://dx.doi.org/10.1073/pnas.1930548100
http://dx.doi.org/10.1073/pnas.1930548100
http://dx.doi.org/10.2307/4088426
http://dx.doi.org/10.2307/4088426
http://dx.doi.org/10.2307/4088426

SAHIN ARSLAN et al. / Turk ] Zool

Gotawski A (2006). Impact of weather on partial loss of nestlings in
the red-backed shrike Lanius collurio in eastern Poland. Acta
Ornithol 41: 15-20.

Harris T, Franklin K (2000). Shrikes and Bush-Shrikes. 1st ed.
London, UK: Christopher Helm.

Haymes GT, Blokpoel H (1980). The influence of age on the breeding
biology of ring-billed gulls. Wilson Bull 6: 221-228.

Haywood S (1993). Role of extrinsic factors in the control of clutch-
size in the blue tit Parus caeruleus. Ibis 135: 79-84.

Hollander FA, Van Dyck H, San Martin G, Titeux N (2011).
Maladaptive habitat selection of a migratory passerine bird in a
human-modified landscape. PLoS One 6: €25703.

Horvath R, Farkas R, Yosef R (2000). Nesting ecology of the red-
backed shrike (Lanius collurio) in Northeastern Hungaria.
Ring 22:127-132.

Husek J, Adamik P (2008). Long-term trends in the timing of breeding
and brood size in the red-backed shrike Lanius collurio in the
Czech Republic, 1964-2004. ] Ornithol 149: 97-103.

Hustings F, Van Dijk K (1994). Bird Census in Kizilirmak Delta,
Turkey, in Spring 1992. Nijmegen, the Netherlands: WIWO.

Jonzén N, Lindén A, Ergon T, Knudsen E, Vik JO, Rubolini D,
Piacentini D, Brinch C, Spina E, Karlsson L et al. (2006). Rapid
advance of spring arrival dates in long-distance migratory
birds. Science 312: 1959-1961.

Kirwan G, Demirci B, Welch H, Boyla K, Ozen M, Castell P, Marlow
T (2008). The Birds of Turkey. 1st ed. London, UK: Christopher
Helm.

Kirwan GM, Martins RP, Eken G, Davidson P (1999). A checklist of
the birds of Turkey. Sandgrouse 20: 1-32.

Kuzniak S (1991). Breeding ecology of the red-backed shrike Lanius
collurio in the Wielkopolska region (western Poland). Acta
Ornithol 26: 67-84.

Kuzniak S, Tryjanowski P (2000). Distribution and breeding habitat
of the red-backed shrike (Lanius collurio) in an intensively
used farmland. Ring 22: 89-93.

Lebedeva EA, Butiev VT (1995). Shrikes in southern Daghestan
(western coast of Caspian Sea). Proc West Found Vertebr Zool
6: 88-92.

Lefranc N, Worfolk T (1997). Shrikes: A Guide to the Shrikes of the
World. 1st ed. New Haven, CT, USA: Yale University Press.

Lislevand T (2012). Habitat and nest placement of red-backed shrikes
Lanius collurio breeding in clear-cuts in southern Norway.
Ornis Norv 35: 28-36.

Marra PP (1998). Linking winter and summer events in a migratory
bird by using stable-carbon isotopes. Science 282: 1884-1886.

Matyjasiak P (1995). Breeding ecology of the red-backed shrike
(Lanius collurio) in Poland. Proc West Found Vertebr Zool 6:
228-234.

Mayfield HF (1961). Nesting success calculated from exposure.
Wilson Bull 73: 255-261.

Mayfield HF (1975). Suggestions for calculating nest success. Wilson
Bull 87: 456-466.

Morelli F (2011). Importance of road proximity for the nest site
selection of the red-backed shrike (Lanius collurio) in an
agricultural environment in central Italy. ] Mediterr Ecol 11:
21-29.

Morelli F (2012). Plasticity of habitat selection by red-backed shrikes
(Lanius collurio) breeding in different landscapes. Wilson ]
Ornithol 124: 51-56.

Moskat C, Fuisz TT (2002). Habitat segregation among the woodchat
shrike, Lanius senator, the red-backed shrike, Lanius collurio,
and the masked shrike, Lanius nubicus, in NE Greece. Folia
Zool 51: 103-111.

Miiller M, Pasinelli G, Schiegg K, Spaar R, Jenni L (2005). Ecological
and social effects on reproduction and local recruitment in the
red-backed shrike. Oecologia 143: 37-50.

Nagy LR, Holmes RT (2005). Food limits annual fecundity of a
migratory songbird: an experimental study. Ecology 86: 675-
681.

Newton I (2004). Population limitation in migrants. Ibis 146: 197-
226.

Nikolov B (2000). An investigation of nest building and nests of the
red-backed shrike (Lanius collurio) in Bulgaria. Ring 22: 133-
146.

Nikolov B (2004). Reproductive rates of the red-backed shrike
(Lanius collurio) (Aves: Laniidae) in the Sofia Region, Western
Bulgaria. Acta Zool Bulg 56: 75-82.

Olsson V (1995). The red-backed shrike Lanius collurio in southern
Sweden: breeding biology. Ornis Svecica 5: 101-110.

Part T, Soderstrom B (1999). The effects of management regimes and
location in landscape on the conservation of farmland birds
breeding in semi-natural pastures. Biol Conserv 90: 113-123.

Perktas U (2004). Breeding shrike populations in Turkey: status in
1998-2003. Biol Lett 41: 71-75.

Perrins CM (1965). Population fluctuations and clutch-size in the
great tit, Parus major L. ] Anim Ecol 34: 601-647.

Rooneem TM, Robertson R] (1997). The potential to lay replacement
clutches by tree swallows. Condor 99: 228-231.

Roos S (2002). Functional response, seasonal decline and landscape
differences in nest predation risk. Oecologia 133: 608-615.

Roos S (2006). Habitat selection and reproduction of red-backed
shrikes (Lanius collurio) in relation to abundance of potential
avian nest predators. Osnabriicker 32: 167-173.

Sahin N (2007). Studies on bio-ecology of the red-backed shrike
(Laniidae, Lanius collurio Linnaeus, 1758). MSc, Hacettepe
University, Ankara, Turkey.

Sarisoy HD, Yeniyurt C, Tektas A, Eken G, Balkiz O (2007).
Kizilirmak Deltas1 Sulak Alan Yonetim Plani Alt Projesi 1.
Ankara, Turkey: Doga Dernegi (in Turkish).

Schaub M, Jakober H, Stauber W (2011). Demographic response
to environmental variation in breeding, stopover and non-
breeding areas in a migratory passerine. Oecologia 167: 445-
459.

487


http://dx.doi.org/10.3161/068.041.0107
http://dx.doi.org/10.3161/068.041.0107
http://dx.doi.org/10.3161/068.041.0107
http://dx.doi.org/10.1111/j.1474-919X.1993.tb02812.x
http://dx.doi.org/10.1111/j.1474-919X.1993.tb02812.x
http://dx.doi.org/10.1371/journal.pone.0025703
http://dx.doi.org/10.1371/journal.pone.0025703
http://dx.doi.org/10.1371/journal.pone.0025703
http://dx.doi.org/10.1007/s10336-007-0222-5
http://dx.doi.org/10.1007/s10336-007-0222-5
http://dx.doi.org/10.1007/s10336-007-0222-5
http://dx.doi.org/10.1126/science.1126119
http://dx.doi.org/10.1126/science.1126119
http://dx.doi.org/10.1126/science.1126119
http://dx.doi.org/10.1126/science.1126119
http://dx.doi.org/10.15845/on.v35i0.242
http://dx.doi.org/10.15845/on.v35i0.242
http://dx.doi.org/10.15845/on.v35i0.242
http://dx.doi.org/10.1126/science.282.5395.1884
http://dx.doi.org/10.1126/science.282.5395.1884
http://dx.doi.org/10.1676/11-103.1
http://dx.doi.org/10.1676/11-103.1
http://dx.doi.org/10.1676/11-103.1
http://dx.doi.org/10.1007/s00442-004-1770-5
http://dx.doi.org/10.1007/s00442-004-1770-5
http://dx.doi.org/10.1007/s00442-004-1770-5
http://dx.doi.org/10.1890/04-0155
http://dx.doi.org/10.1890/04-0155
http://dx.doi.org/10.1890/04-0155
http://dx.doi.org/10.1111/j.1474-919X.2004.00293.x
http://dx.doi.org/10.1111/j.1474-919X.2004.00293.x
http://dx.doi.org/10.1016/S0006-3207(99)00022-1
http://dx.doi.org/10.1016/S0006-3207(99)00022-1
http://dx.doi.org/10.1016/S0006-3207(99)00022-1
http://dx.doi.org/10.2307/2453
http://dx.doi.org/10.2307/2453
http://dx.doi.org/10.2307/1370246
http://dx.doi.org/10.2307/1370246
http://dx.doi.org/10.1007/s00442-002-1056-8
http://dx.doi.org/10.1007/s00442-002-1056-8
http://dx.doi.org/10.1007/s00442-011-1999-8
http://dx.doi.org/10.1007/s00442-011-1999-8
http://dx.doi.org/10.1007/s00442-011-1999-8
http://dx.doi.org/10.1007/s00442-011-1999-8

SAHIN ARSLAN et al. / Turk ] Zool

Smith R], Moore FR (2004). Arrival timing and seasonal reproductive
performance in a long-distance migratory landbird. Behav
Ecol Sociobiol 57: 231-239.

Snow D, Perrins CM (1998). The Birds of the Western Palearctic.
Oxford, UK: Oxford University Press.

Soderstrom B, Karlsson H (2011). Increased reproductive
performance of red-backed shrikes Lanius collurio in forest
clear-cuts. ] Ornithol 152: 313-318.

Segaard Jergensen P, Tottrup AP, Rahbek C, Geertsma M (2013).
Effects of summer weather on reproductive success of the red-
backed shrike (Lanius collurio). Bird Study 60: 1-10.

Soler M, Soler JJ (1996). Effects of experimental food provisioning on
reproduction in the jackdaw Corvus monedula, a semi-colonial
species. Ibis 138: 377-383.

Tottrup AP, Klaassen RH, Kristensen MW, Strandberg R, Vardanis
Y, Lindstrom A, Rahbek C, Alerstam T, Thorup K (2012).
Drought in Africa caused delayed arrival of European
songbirds. Science 338: 1307.

Tryjanowski P, Kuzniak S, Diehl B (2000). Does breeding
performance of red-backed shrike Lanius collurio depend on
nest site selection? Ornis Fenn 77: 137-141.

Tryjanowski P, Kuzniak S, Sparks T (2002). Earlier arrival of some
farmland migrants in western Poland. Ibis 144: 62-68.

Tryjanowski P, Sparks TH (2001). Is the detection of the first arrival
date of migrating birds influenced by population size? A case
study of the red-backed shrike Lanius collurio. Int ] Biometeorol
45:217-219.

Tryjanowski P, Sparks TH, Crick HQP (2006). Red-backed shrike
(Lanius collurio) nest performance in a declining British
population: a comparison with a stable population in Poland.
Ornis Fenn 83: 181-186.

488

Tryjanowski P, Yosef R (2002). Differences between the spring and
autumn migration of the red-backed shrike Lanius collurio:
record from the Eilat Stopover (Israel). Acta Ornithol 37: 85-
90.

Vili U (2005). Habitat use of the red-backed shrike in Estonia.
Hirundo 18: 10-17.

Van Nieuwenhuyse D (2000). Dispersal patterns of the red-backed
shrike (Lanius collurio) in Gaume, Belgium. Ring 22: 65-78.

Van Nieuwenhuyse D (1999). Global shrike conservation: problems,
methods and opportunities. Aves 36: 193-204.

Verhulst S, Van Balen JH, Tinbergen JM (1995). Seasonal decline
in reproductive success of the great tit: variation in time or
quality? Ecology 76: 2392-2403.

Votisek P, Jiguet F, Van Strien A, Skorpilové J, Klvaiiova A, Gregory
RD (2010). Trends in abundance and biomass of widespread
European farmland birds: how much have we lost. In: BOU
Proceedings-Lowland Farmland Birds III.

Yosef R (1994). Conservation commentary: evaluation of the global
decline in the true shrikes (Family Laniidae). Auk 111: 228-
233.

Yosef R (2000). The Mayfield method for standarisation of shrike
breeding studies: the case of the loggerhead shrike (Lanius
ludovicianus) in southcentral Florida. Ring 22: 111-121.

Yosef R, Grubb TC (1993). Effect of vegetation height on hunting
behavior and diet of Loggerhead Shrikes. Condor 95: 127-131.


http://dx.doi.org/10.1007/s00265-004-0855-9
http://dx.doi.org/10.1007/s00265-004-0855-9
http://dx.doi.org/10.1007/s00265-004-0855-9
http://dx.doi.org/10.1007/s10336-010-0587-8
http://dx.doi.org/10.1007/s10336-010-0587-8
http://dx.doi.org/10.1007/s10336-010-0587-8
http://dx.doi.org/10.1080/00063657.2012.724051
http://dx.doi.org/10.1080/00063657.2012.724051
http://dx.doi.org/10.1080/00063657.2012.724051
http://dx.doi.org/10.1111/j.1474-919X.1996.tb08054.x
http://dx.doi.org/10.1111/j.1474-919X.1996.tb08054.x
http://dx.doi.org/10.1111/j.1474-919X.1996.tb08054.x
http://dx.doi.org/10.1046/j.0019-1019.2001.00022.x
http://dx.doi.org/10.1046/j.0019-1019.2001.00022.x
http://dx.doi.org/10.1007/s00484-001-0112-0
http://dx.doi.org/10.1007/s00484-001-0112-0
http://dx.doi.org/10.1007/s00484-001-0112-0
http://dx.doi.org/10.1007/s00484-001-0112-0
http://dx.doi.org/10.3161/068.037.0204
http://dx.doi.org/10.3161/068.037.0204
http://dx.doi.org/10.3161/068.037.0204
http://dx.doi.org/10.3161/068.037.0204
http://dx.doi.org/10.2307/2265815
http://dx.doi.org/10.2307/2265815
http://dx.doi.org/10.2307/2265815
http://dx.doi.org/10.2307/4088532
http://dx.doi.org/10.2307/4088532
http://dx.doi.org/10.2307/4088532
http://dx.doi.org/10.2307/1369393
http://dx.doi.org/10.2307/1369393

