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Analysis of the timing of the spring passage of Sparrowhawks Accipiter nisus on the Cour-
ish Spit on the Baltic Sea across 54 years (1958—2011) showed that the timing of migra-
tion significantly advanced in 1958—1984, but showed no trend in 1985—-2011. Similar results
were shown by the analysis of the timing of first captures of first-year birds in Rybachy-type
traps during their juvenile dispersal. The timing of autumn passage significantly advanced in
1958-1984 but was significantly shifted towards later calendar dates in 1985-2011. We found
a significant negative relationship between the timing of spring passage and mean April tem-
perature in the study area and with the January—March NAO index. Timing of spring passage
and timing of juvenile dispersal were positively correlated. Time of onset of dispersal and the
median date of autumn passage of first-year Sparrowhawks were significantly negatively re-
lated to spring air temperature of their breeding area, but not to summer or autumn tempera-
tures. These phenological dates were also negatively related to the NAO, .. Spring trapping
figures in stationary traps on the Courish Spit grew significantly in 1971-1990 but signifi-
cantly decreased in 1991-2010. Similar trends in numbers were recorded for first-year birds
captured during the postfledging period and on autumn passage. Numbers of both males and
females on spring passage were positively related to the NAO,, . Numbers of juveniles dur-
ing the postfledging period were also positively related to the NAO ., and air temperature in
April. Trapping figures on autumn passage on the Courish Spit and in Sweden were positively
related to NAO index values and to spring, but not summer or autumn, air temperatures. Au-
tumn trapping figures on the Courish Spit, in Sweden and Latvia were correlated. In all three
areas autumn trapping figures of Sparrowhawks were strongly related to the numbers of 13
out of 15 tested common passerine species migrating through the Courish Spit. We conclude
that milder winters and warmer springs not only facilitate early spring arrival and breeding of
the Sparrowhawk in the Baltic region, but cause an increase in its numbers, mainly due to the
increased productivity associated with increasing numbers of its prey species.
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1. Introduction

Many recent publications have dealt with the impact of current climate change
on various aspects of the life of birds. They mainly concern passerines, but the num-
ber of such publications about other birds, including raptors, is gradually increasing
(Kostrezewa & Kostrezewa 1990; Lehikoinen & Viahaatalo 2000; Lehikoinen et al.
2004, 2009, 2010; Nielsen & Meller 2006; Filippi-Codacciuoni et al. 2010). Most
papers are devoted to the impact of climate change on the timing of spring migration
and breeding (Moritz 1993; Mason 1995; Forchhammer et al. 1998, 2002; Sokolov
et al. 1998; Sokolov & Payevsky 1998; Crick & Sparks 1999; Dunn & Winkler 1999;
Sparks 1999; Sokolov 2000, 2006, 2010; Bairlein & Winkel 2001; Barrett 2002; Try-
janowski et al. 2002; Cotton 2003; Fiedler 2003; Hiippop & Hiippop 2003; Sokolov &
Kosarev 2003; Sparks et al. 2003, 2005; Ahola et al. 2004; Hubalek 2004; Lehikoinen
et al. 2004; Sinelschikovav& Sokolov 2004; Marra et al. 2005; Mills 2005; Jonzen et
al. 2006; Parmesan 2006; Zalakevicius et al. 2006; Both & te Marvelde 2007; Gordo
2007; MacMynowski & Root 2007; Rubolini et al. 2007; Miller-Rushing et al. 2008;
Ananin & Sokolov 2009a; Balbontin et al. 2009; Swanson & Palmer 2009; Visser et
al. 2009; Moller et al. 2010; Newton 2010; Saino et al. 2011; Tottrup et al. 2010; Veg-
ari et al. 2010; Dolenec & Dolenec 2011a, b; Robson & Barriocanal 2011; Studds &
Marra 2011; Altwegg et al. 2012; Hurlbert & Liang 2012; Johansson & Jonzén 2012).
Most authors agree that the current climate warming has caused a significant shift
in the timing of spring migration and breeding towards earlier calendar dates in most
short- and long-distance migrants. In regions where no significant increase in spring
ambient temperatures occurs, the timing of migratory arrival of birds is usually not
changed (Sparks & Braslavska 2001; Butler 2003; Askeyev et al. 2008; Sokolov &
Gordienko 2008).

Studies of long-term trends in postfledging movements and autumn migration
are much less numerous. Moreover, different authors do not agree on how climate
change influences these parts of the avian annual cycle (Pulido et al. 2001; Kosicki
et al. 2004; Mills 2005; Gordo & Sanz 2006; Adamik & Pietruszkova 2008; Newton
2008; Van Buskirk et al. 2009; Lehikoinen & Jaatinen 2012). Some authors suggest
that the timing of autumn migratory departure mainly depends on the timing of
breeding and thus on spring ambient temperature: early spring temperatures have
a cascade effect, causing early breeding and early migratory departure in autumn
(Boddy 1983; Haila et al. 1986; Ellegren 1990; Sokolov et al. 1999, 2004; Jenni &
Kery 2003; Tattrup et al. 2006; Thorup et al. 2007; Mezquida et al. 2007; Filippi-
Codacciuoni et al. 2010). This effect is suggested to occur not only in long-, but also
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in short-distance migrants. Other authors claim that the current climate warming,
conversely, delays migratory departure from the breeding areas not only in short-,
but also in some long-distance migrants (Moritz 1993; Vogel & Moritz 1995; Bairlein
& Winkel 2001; Sparks & Mason 2001; Gilyazov & Sparks 2002; Marchant 2002;
Lehikoinen et al. 2004 etc.).

The question how climate influences the long-term dynamics of avian numbers
is even more debatable. Many concepts of natural regulation of animal numbers have
been proposed (Lack 1954, 1966; Andrewartha & Birch 1954; Kluijver 1966; von
Haartman 1971; Ricklefs 1976; Hanski 1990; Murdoch 1994; Sokolov 1999, 2010;
White 2001; Seether et al. 2004, 2006; Newton 2004; Payevsky 2006). A heated
discussion on this topic took place in the early 20th century, largely stimulated by
the work of Charles Elton (1924) who related the peaks of animal numbers to solar
activity. Two main current concepts try to explain the natural variation of animal
numbers. One of them suggests that long-term variation in numbers of animals, birds
included, is mainly due to the fluctuation of extrinsic factors, mainly climate vari-
ation (Ricklefs 1976; Williamson 1976; Berthold et al. 1998; Sokolov 1999; Sillett
et al. 2000; Sokolov et al. 2000, 2001, 2002, 2003; White 2001; Markovets & So-
kolov 2002; Payevsky et al. 2003; Szther et al. 2004; Both et al. 2006; Sanderson
et al. 2006; Visser et al. 2006; Ananin & Sokolov 2009b; Knape et al. 2009; Jones &
Cresswell 2010; Saino et al. 2011; Jiguet et al. 2010; Pasinelli et al. 2011; Schaub et
al. 2011; Wilson et al. 2011; Virkkala & Rajasirkka 2011). The proponents of this
concept believe that climate change may directly influence annual survival rate of
birds and their productivity, thus governing population numbers. The alternative
concept explains variation in animal numbers by causes intrinsic to the population.
The most popular among these concepts is the idea of density-dependent regulation
of population numbers (Lack 1966; Royama 1977; Both 1998; Turchin 1999; Newton
1998, 2003, 2004; Sillett & Holmes 2005; Pasinelli et al. 2011).

The proponents of these competing concepts engage in heated discussions from
time to time (Murray 1999; Turchin 1999; White 2001). Some authors have even
suggested that there is no point whatsoever to discuss the mechanisms of regulation
of animal numbers, because the very existence of such regulation cannot be proven
and is thus beyond the scope of scientific research (Wolda 1995). However, most
researchers accept that animal numbers depend on both extrinsic physical (abiotic)
and on biotic density-dependent factors. Density-dependent factors include preda-
tors, parasites, diseases, food shortage, competitive interactions etc. However, Rick-
lefs (1976) suggests that density-dependence is typical not only of biotic factors. Cli-
mate and other physical factors may also have an indirect density-dependent impact,
because they govern food availability.

The aims of this study were: (1) to identify the long-term trends in the tim-
ing of spring and autumn migration, and of juvenile dispersal, in the Sparrowhawk
Accipiter nisus in the Baltic region; (2) to test whether the timing of migration and
dispersal is related to temperature in different seasons; (3) to identify the long-term
trends in numbers of Sparrowhawks during spring and autumn passage and in the
postfledging period in the Baltic region; (4) to identify the extrinsic factors that
mainly govern the dynamics of Sparrowhawk numbers.
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2. Material and methods

To study the trends in the timing of spring passage, postfledging movements and
autumn passage of the Sparrowhawk, we used capture data on hatching-year birds
and adults in 1958-2011 in large stationary Rybachy-type traps at the “Fringilla”
field site of the Biological Station “Rybachy”, Russia on the Courish Spit on the
Baltic Sea (55°08°N, 20°42°E). In spring, two or three traps were in operation, with
the opening towards the south-west (1-2 traps) and the north-east (one trap). In
summer, two traps were usually open to the opposite directions. In autumn, captures
were performed in 2—3 traps open towards the north-east (1-2 traps) and the south-
west (one trap).

We used the first capture and median capture dates of all birds between 25
March—15 May in all traps as indicators of the timing of spring passage. The whole
study period was divided into two subperiods of equal length, 27 years each (1958—
1984 and 1985-2011). This was done taking into account that trends of spring ambi-
ent temperatures could considerably differ within the study period. Onset of juvenile
dispersal of Sparrowhawks on the Courish Spit was estimated from the first capture
in any of the traps. As shown elsewhere, this parameter is a good proxy of breeding
time in the study area (Sokolov & Payevsky 1998). Timing of autumn passage was
estimated from the median capture date in stationary traps of hatching-year birds in
the period 15 August—31 October.

Annual numbers of Sparrowhawks on spring and autumn passage, and in the
postfledging period, were estimated from the trapping figures in two traps open to
different directions in the respective season. The sexes were analysed separately and
pooled. A total of 6186 trapped and ringed individuals (1958—2011) were analysed:
1380 second-year and adult birds in spring (1087 males and 293 females), 867 hatch-
ing-year individuals in the postfledging period (335 males and 532 females), and
3939 first-autumn individuals (2582 hatching-year males and 1347 hatching-year
females). Apart from these, captures of 1436 Sparrowhawks trapped on autumn pas-
sage in Ottenby [Oland, Sweden, 56°12°N, 16°24°E, 1947—-1996, Heligoland trap,
Pettersson (1997)] and of 3420 individuals from Pape (Latvia, 56°11°N, 21°03’E,
Rybachy-type trap 1967—1992 and Heligoland trap 1993—2000) were also analysed.
When comparing the numbers of Sparrowhawks in different countries the trapping
figures were log-transformed.

Moreover, we analysed the long-term dynamics of autumn trapping figures on
the Courish Spit in 15 passerines that are the most common potential prey species of
the Sparrowhawk. The overall number of captures in 1958—2011 varied between 706
in the Whitethroat Sylvia communis and 176796 in the Chaffinch Fringilla coelebs.
To identify patterns in the numbers of Sparrowhawks captured in different seasons,
we tested for trends in three roughly equal 19—20-year time intervals (1958—-1976,
1971-1990 and 1991-2010), because during these periods different trends in num-
bers were recorded.

Climate change in the winter quarters, on migratory routes and in the breeding
areas of the Sparrowhawk were estimated from the long-term dynamics of the Jan-
uary-March North Atlantic Oscillation (NAO) index (NAO, ) and regional mean
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monthly air temperatures. NAO,;,,, was used as an estimate of the general meteoro-
logical situation in Europe in winter and early spring. NAO index is calculated as
the difference between the normalized sea-level pressure at the Azores and Iceland
(Hurrell et al. 2001). Positive NAO values during winter and early spring indicate
weather in Europe when warm air masses from the Atlantic are moving towards the
east, causing higher temperature and precipitation in northwest Europe (Hurrell
1995). Conversely, negative NAO index values indicate weaker westerlies and thus
lower temperature and precipitation in this part of Europe. Monthly NAO indices
are archived at the National Oceanic and Atmospheric Administration’s Climate
Prediction Centre website (http://www.cpc.ncep.noaa.gov/data,/teledoc/teleind-
calc.html). The regional mean monthly air temperatures were taken from the follow-
ing website, updated monthly: http://www.tutiempo.net/en/

Significance of all trends (meteorological, phenological, numbers) was tested by
the linear regression coefficient. Relationships between meteorological parameters,
phenological data and numbers of birds were tested by Spearman’s rank correlation
as implemented in STATISTICA 7.0 package.

3. Results

3.1. Long-term trends in temperatures in the winter quarters,
on migratory routes and in the breeding area of the Sparrowhawk

Ringing recoveries suggest that Sparrowhawks migrating through the Cour-
ish Spit on the Baltic Sea winter predominantly in France, Belgium and Germany,
and breed in southern Finland (Payevsky 1973; Bolshakov et al. 2001, 2002). Mean
air temperatures of winter and spring months (January—March) in these areas are
strongly correlated (Table 1). We selected Belgium as an area representative of the
core wintering quarters of the Sparrowhawk. Strong correlation between mean
monthly temperatures is typical not only of different wintering regions, but of en
route and breeding areas as well (Table 2). The Kaliningrad Region where the Cour-
ish Spit is located was treated as an en route area visited by Sparrowhawks in spring
and in autumn.

NAO;,, showed a highly significant positive trend in 1958-2011, even though
this was not necessarily true during all the subperiods within this time interval (Ta-
ble 3). NAO,;,, was at a low in the late 1950s, and peaked in 1988-2003 (Fig. 1).
After that, it started to decline and reached negative values in the recent two years,
hinting at cooling of winters in Europe in the most recent years.

Long-term dynamics of NAO . were strongly related to winter and spring am-
bient temperatures (T °Cjpy) in Belgium (wintering area; 1958-2011, r,=0.608, n =
54, P<0.001). In 1946-2011, the highest temperatures in January—March in the
winter quarters of the Sparrowhawk were recorded in 1988—2008 (Fig. 1). Across
the recent 54 years, the temperatures of January, February and March in this area
increased by 1.8-2.4 °C (Table 3).
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Table 1. Relationships between mean monthly temperatures in different wintering areas of the
Sparrowhawk, 1970-2011.

Spearman’s rank correlation coefficient (r,)

Mean T °C

Belgium T °C France T °C France T °C Germany
(Brussels) (Toulouse) (Boulogne) (Oldenburg)
T p T p T p
T °C January 0.527 <0.001 0.931 <0.001 0.944 <0.001

T °C February 0.745 <0.001 0.968 <0.001 0.928 <0.001

T °C March 0.739 <0.001 0.952 <0.001 0.879 <0.001

Note: Significant values of Spearman’s rank correlation are shown bold.

Table 2. Relationships between mean monthly air temperatures in the winter quarters, en
route and breeding areas of the Sparrowhawk, 1951-2011.

Spearman’s rank correlation coefficient (r,)

Mean
T‘f‘g‘i{ﬂgia T °C Finland T °C Russia T °C Latvia T °C Belgium
(Kalinin- (Helsinki) (St. Petersburg) (Riga) (Brussels)
grad) T p T P T p T P

S S S S

January 0.856 <0.001 0.847 <0.001 0.871 <0.001 0.685 <0.001
February  0.885 <0.001 0.862 <0.001 0.880 <0.001 0.671 <0.001

March 0.862 <0.001 0.778 <0.001 0.935 <0.001 0.684 <0.001

April 0.774 <0.001 0.700 <0.001 0.996 <0.001 - -
May 0.717 <0.001 0.626 <0.001 0.875 <0.001 - -
June 0.656 <0.001 0.662 <0.001 0.741 <0.001 - -
July 0.806 <0.001 0.650 <0.001 0.895 <0.001 - -

August 0.834 <0.001 0.810 <0.001 0.939 <0.001 - -
September 0.799 <0.001  0.795 <0.001 0.905 <0.001 - -
October 0.725 <0.001 0.641 <0.001 0.908 <0.001 - -

Note: Significant values of Spearman’s rank correlation are shown bold.
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Figure 1. Long-term dynamics and trends of NAO index and mean monthly air temperatures
in the winter quarters (1, 2), on spring passage (3), in the breeding area (4—7) and on autumn
passage (8, 9) of the Sparrowhawk. 1 — winter and spring NAO index; 2 — mean air tempera-
ture in January — March (Belgium, Brussels); 3 — mean air temperature in April (Russia, Ka-
liningrad); 4—7 — mean monthly air temperatures (Finland, Helsinki); 8 — mean air tempera-
ture in September (Latvia, Riga); 9 — mean air temperature in October (Russia, Kaliningrad).
NAO index and temperature trends are shown by the thin line (third degree polynomial). R?
shows the explained variance.
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Continued.
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The highest April temperatures in the Baltic region were recorded in 1946—
1953, 1959-1963 and 1983-2011, and the lowest values in 1954—1958 and 1969—
1982 (Fig. 1). Across 1958—2011, April ambient temperature showed a significant
increase (Table 3).

As the main breeding area of the Sparrowhawks that migrate in spring through
the Courish Spit is mainly located in southern Finland, we analysed the long-term
dynamics of temperatures in this region. In Helsinki the mean temperature of May
showed a highly significant upward trend in 1958-2011 (Fig. 1, Table 3). The mean
temperature of June showed no significant trend across this time interval, in spite
of strong annual variation (Fig. 1, Table 3). The temperatures of July and August
showed a pronounced positive trend, especially evident since the mid 1980es (Fig. 1,
Table 3).

During autumn passage, September temperatures in Riga (Latvia) significantly
increased in 1985-2011, whereas October temperatures in Kaliningrad showed no
clear trend across the study period (Fig. 1, Table 3).

3.2. Long-term dynamics of the timing of passage
and dispersal in the Sparrowhawk

Timing of spring passage of the Sparrowhawk through the Courish Spit has sig-
nificantly advanced in the recent 54 years (1958—2011; Fig. 2, Table 4). The most
pronounced advancement occurred in 1958-1984, when the first capture date be-
came 17 days earlier, and the median capture date 10 days earlier (Table 4).

Timing of juvenile dispersal of the Sparrowhawk on the Courish Spit, as shown
by the first captures of juveniles, has advanced even more strongly than the spring
passage season (Fig. 2, Table 4). This was especially evident in 1958—1984, when the
advancement was 3 days (Table 4). In the subsequent period (1985-2011) a weak
and nonsignificant trend towards later juvenile dispersal occurred (Table 4, Fig. 2).

The timing of autumn passage showed no significant trend throughout the
54-year study period (1958—2011). However, in the first half of this period (1958—
1984) a tendency towards earlier passage of hatching-year birds was recorded. In
the second half (1985-2011), conversely, a significant trend towards later passage
occurred (Fig. 2, Table 4).

3.3. Relationship between the timing of passage and dispersal
and the temperature in the en route and breeding areas

We analysed the relationship between the timing of spring passage of Sparrow-
hawks and mean monthly temperatures of winter and spring in the study area and
with NAO,,,. Significant negative relationships were found for April temperature
and NAO,,: the higher these parameters were, the earlier Sparrowhawks passed
through the Courish Spit (Table 5).

The timing of postfledging movements on the Courish Spit was also related only
to the April temperature and NAO , : the higher were these parameters, the earlier
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Figure 2. Long-term dynamics and trends of the timing of spring passage (1, 2), postfledging
movements (3) and autumn passage (4) of Sparrowhawks on the Courish Spit on the Baltic
Sea. Temporal trends are shown by the thin line (third degree polynomial). R? shows the ex-
plained variance.
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Table 6. Relationships between the timing of postfledging movements and autumn passage
of juvenile Sparrowhawks on the Courish Spit and monthly air temperatures in Kaliningrad
Region and NAO index, 1958—2011.

Spearman’s rank correlation coefficient (1)

Monthly T °C,

NAOL First dispersal date Median passage date
rg p I p
February -0.186 0.196 -0.137 0.334
March -0.239 0.095 -0.285 0.041
April -0.434 0.002 -0.045 0.750
May -0.191 0.182 0.009 0.951
June 0.107 0.461 0.042 0.770
July -0.017 0.904 -0.037 0.795
August - - 0.117 0.408
September - - 0.201 0.152
October - - -0.034 0.808
NAO January—March -0.551 <0.001 -0.305 0.026

Note: Significant values of Spearman’s rank correlation are shown bold.

Table 7. Relationships between the timing of spring migration, the timing of postfledging
movements and autumn passage of juvenile Sparrowhawks on the Courish Spit, 1958—2011.

Spearman’s rank correlation coefficient (r,)

Date First arrival date Median passage date

T p T p
First capture date on dispersal 0.531 <0.001 0.244 0.087
Median capture date in autumn -0.031 0.835 0.201 0.150

Note: Significant values of Spearman’s rank correlation are shown bold.

dispersal of juveniles started (Table 6). No such relationship was found with summer
temperatures (June, July).

The timing of autumn passage appeared to be significantly negatively related to
the temperature of March in their presumed breeding area (southern Finland) and
NAOy;,,: the higher were these parameters, the earlier hatching-year Sparrowhawks
passed in autumn through the Courish Spit (Table 6).

We found a significant positive relationship between the timing of spring pas-
sage and the onset of postfledging movements (Table 7). No relationship was found
between the timing of passage in spring and in autumn, or between the timing of

postfledging movements and autumn passage of juveniles (Table 7).
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3.3. Long-term trends in Sparrowhawk numbers

Numbers of both sexes on spring passage showed a negative trend in 1958—1977,
after which they increased and remained at a high level in 1978—1996, and finally
started a downward trend which continued until 2011 (Fig. 3, Table 8). The most
pronounced positive trend was apparent in 1971-1990 when the trapping figures
increased by 42 individuals overall (Table 8).

Similar long-term dynamics of numbers occurred in juvenile Sparrowhawks
captured during their postfledging movements (Fig. 3, Table 8). The greatest growth
took place in 1971-1990 when the numbers of captures increased by 52 individuals
(Table 8). Dynamics of numbers on autumn passage on the Courish Spit followed the
same pattern (Fig. 3, Table 8). In 1958—1971 the numbers declined (trend margin-
ally nonsignificant), and in 1971-1990 a positive trend was recorded when the an-
nual number of autumn captures grew by 192 individuals (Table 8). In 1991-2010,
autumn trapping figures declined again.

Autumn trapping figures from the Courish Spit was strongly positively corre-
lated to spring and summer figures from our study site and to autumn numbers in the
neighbouring Baltic countries, Latvia and Sweden (Fig. 3, Table 9).

Numbers of Sparrowhawks on autumn passage on the Courish Spit, in Sweden
and in Latvia were significantly correlated to the timing of spring migration and ju-
venile dispersal on the Courish Spit: in the years when spring arrival and postfledg-
ing movements in the latter area started early, autumn trapping figures in all three
regions were higher (Table 10).

3.4. Relationship between Sparrowhawk numbers and temperature

We looked for relationships between Sparrowhawk numbers on spring passage
on the Courish Spit and temperatures in its wintering areas (represented by Bel-
gium) and NAO,,,,,. Winter temperatures and the mean temperature of March did
not help explain the variation in numbers; however, NAO . appeared to be signifi-
cantly positively related to numbers of both sexes (Table 11).

Numbers of juvenile Sparrowhawks captured in stationary traps on the Cour-
ish Spit in the postfledging period were significantly positively related to the mean
temperature of April in the study area and to NAO,,, (Table 12, Fig. 4). Numbers of
juveniles were higher in the years with warmer spring, but not with warmer summer.

Autumn trapping figures of hatching-year Sparrowhawks on the Courish Spit
were also significantly positively related to spring, but not to summer or autumn
temperatures in the study area (Table 13, Fig. 4). A similar relationship was found
with NAO, .. Numbers of Sparrowhawks recorded on autumn passage in Ottenby
(Oland, Sweden) were also significantly related to spring, but not summer or au-
tumn, temperatures in their presumed breeding area (southern Finland; Table 13,
Fig. 4). The same was true of NAO,;, .. The warmer was the spring in the breeding
area, the more Sparrowhawks were recorded on passage next autumn.

Long-term dynamics of numbers of other birds on autumn passage on the Cour-
ish Spit, mainly of songbirds that are typical prey of the Sparrowhawk in our region,
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Figure 3. Long-term dynamics and trends of numbers of birds during the migratory and breed-
ing periods in different parts of the Baltic: 1 — log-transformed numbers of Sparrowhawks on
spring passage on the Courish Spit; 2 — log-transformed numbers of Sparrowhawks during
postfledging movements on the Courish Spit; 3 — log-transformed numbers of Sparrowhawks
on autumn passage in different regions; 4 — log-transformed numbers of Song Thrushes on
autumn passage in different regions; 5 — log-transformed numbers of Chaffinches on autumn
passage. Trends are shown by the curve line (third degree polynomial) only for Courish Spit
data. R? shows the explained variance.
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Table 10. Relationships between autumn numbers of the Sparrowhawk at different Baltic sites
and the timing of spring passage and postfledging movements on the Courish Spit.

Spearman’s rank correlation coefficient (r)

Number First arrival date Median passage date First dispersal date

T P T P T P
Courish Spit -0.390 0.006 -0.125 0.374 -0.576 <0.001
Sweden -0.418 0.013 -0.210 0.205 -0.713 <0.001
Latvia -0.223 0.235 -0.173 0.328 -0.427 0.012

Note: Significant values of Spearman’s rank correlation are shown bold.

Table 11. Relationships between spring trapping figures of the Sparrowhawk on the Courish
Spit and air temperatures in the winter quarters and NAO index, 1958—2011.

Spearman’s rank correlation coefficient (r,)

MOH}E}E\%? G, Sexes pooled Males Females
rg p I p I P
January 0.074 0.593 0.055 0.694 0.053 0.705
February -0.148 0.284 -0.178 0.196 -0.138 0.318
March 0.130 0.347 0.114 0.413 0.051 0.713
January-March 0.040 0.776 0.007 0.958 -0.005 0.971
NAO January 0.379 0.005 0.368 0.006 0.302 0.026
NAO February 0.159 0.251 0.163 0.240 0.054 0.696
NAO March 0.309 0.023 0.284 0.038 0.389 0.004
NAO January—March  0.419 0.002 0.406 0.002 0.368 0.006

Note: Significant values of Spearman’s rank correlation are shown bold.

showed variation similar to the pattern shown by the predator (Fig. 3). For instance,
numbers of the Song Thrush Turdus philomelos and the Chaffinch peaked and de-
clined in the same years as the numbers of the Sparrowhawk. A significant positive
relationship between numbers of the Sparrowhawk and of its potential prey species
on autumn passage was revealed in 13 of the 15 most common passerine species cap-
tured in Rybachy-type traps (Tables 14, 15). The numbers of Siskins (Carduelis spi-
nus) showed a significant negative relationship.



Avian Ecol
18 L.V. Sokolov et al. Impact of climate on phenology and numbers of Sparrowhawk a;éageh;?,i?)i};

Table 12. Relationships between Sparrowhawk trapping figures in the postfledging period
on the Courish Spit and mean monthly temperatures in the Baltic region and NAO index,
1960-2011.

Spearman’s rank correlation coefficient (r,)

Monlzli%if C Sexes pooled Males Females
I P I P I p
February -0.025 0.860 0.091 0.533  -0.095 0.517
March 0.014 0.925 0.119 0.416  -0.036 0.804
April 0.282 0.050 0.389 0.005 0.183 0.208
May 0.087 0.552 0.213 0.142 0.032 0.827
June -0.119 0.414 -0.127 0.386  -0.094 0.521
July -0.086 0.555 -0.138 0.344  -0.016 0.916
August -0.067 0.647 -0.025 0.867  -0.080 0.582

NAO January—March  0.335 0.015 0.451 <0.001 0.248 0.076

Note: Significant values of Spearman’s rank correlation are shown bold.

Table 13. Relationships of Sparrowhawk numbers on autumn passage and mean monthly air
temperatures in the breeding area and NAO index (50-year data).

Spearman’s rank correlation coefficient (r.)

Monthly T °C,

NAOI Sweden (1947-1996) Courish Spit (1958—-2007)
I P I P
February 0.094 0.516 0.113 0.443
March 0.301 0.033 0.123 0.405
April 0.212 0.138 0.300 0.045
March—April 0.331 0.019 0.211 0.149
May 0.131 0.364 0.225 0.124
April-May 0.271 0.057 0.324 0.025
March—May 0.349 0.013 0.330 0.022
June -0.255 0.073 -0.134 0.366
July -0.020 0.888 0.071 0.631
August -0.046 0.749 -0.126 0.392
September -0.083 0.562 -0.169 0.252
October 0.239 0.095 0.266 0.278
NAO January—March 0.479 0.001 0.403 0.004

Note: Significant values of Spearman’s rank correlation are shown bold.
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Figure 4. Relationship between Sparrowhawk numbers in the Baltic region with winter and
spring NAO index values (A) and spring air temperatures in their wintering and breeding
areas (B). 1 — numbers of both sexes on spring passage on the Courish Spit; 2 — numbers of
males in the postfledging period on the Courish Spit; 3 — numbers of both sexes on autumn
passage on the Courish Spit; 4 — numbers of both sexes on autumn passage on Oland, Sweden.
R? shows the explained variance.
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Table 14. Autumn numbers of the Sparrowhawk and of potential Sparrowhawk prey species
at the different Baltic sites.

Number of birds per year
Species Courish Spit Sweden Latvia

mean Lim mean Lim mean Lim
Accipiter nisus 73 6—-209 29 2-85 101 4-268
Erithacus rubecula 589 87-2188 2031  602-4546 669 114-2122
Turdus philomelos 194 11-967 225 40-540 128 7-750
Turdus merula 62 3-214 64 2-214 73 12-260
Sylvia curruca 38 2-179 - - 12 1-47
Sylvia communis 14 1-39 124 42-235 3 1-12
Sylvia borin 42 2-154 109 24-250 85 10-306
Sylvia atricapilla 23 2-84 54 18-122 32 4-111
Ficedula hypoleuca 40 4-153 133 32-285 54 2-384
Phylloscopus trochilus 1489 98-6850 749  120-1513 228 29-762
Regulus regulus 5146 24-28509 1500 0-4696 6495 308-25512
Parus major 2098 194-10032 180 20-1785 6755  304—19943
Parus caeruleus 952 8-4789 218 10-966 1948  217-13945
Fringilla coelebs 3274 579-9329 94 33-275 2224 46-20251
Carduelis spinus 1643 68-10248 54 3-320 1110 19-8279
Carduelis chloris 43 1-210 130 5-325 8 0-49

Table 15. Relationships between autumn trapping figures of potential Sparrowhawk prey spe-
cies on the Courish Spit and autumn Sparrowhawk numbers at different Baltic sites.

Spearman’s rank correlation coefficient (r)

Species Courish Spit Sweden Latvia
I P I P I P
Erithacus rubecula 0.509  <0.001 0.565  <0.001 0.284 0.104
Turdus philomelos 0.320 0.047 0.116 0.483 0.350 0.050
Turdus merula 0.511 <0.001 0.599 <0.001 0.174 0.325
Sylvia curruca 0.588  <0.001 0.613  <0.001 0.557  <0.001
Sylvia communis 0.700  <0.001 0.743  <0.001 0.581  <0.001
Sylvia borin 0.562  <0.001 0.552  <0.001 0.500 0.003
Sylvia atricapilla 0.651  <0.001 0.668  <0.001 0.574  <0.001
Ficedula hypoleuca 0.541  <0.001 0.558  <0.001 0.593  <0.001
Phylloscopus trochilus ~ 0.700  <0.001 0.778  <0.001 0.686  <0.001
Regulus regulus 0.615  <0.001 0.777  <0.001 0.476 0.004
Parus major 0.683  <0.001 0.658  <0.001 0.491 0.006
Parus caeruleus 0.394 0.005 0.600  <0.001 0.176 0.320
Fringilla coelebs 0.454  <0.001 0.339 0.035 0.406 0.017
Carduelis spinus -0.369 0.009 -0.585  <0.001 -0.442 0.008
Carduelis chloris 0.266 0.070 0.224 0.176 0.165 0.351

Note: Significant values of Spearman’s rank correlation are shown bold.
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4. Discussion

4.1. Climate fluctuations in the winter quarters
and breeding areas of the Sparrowhawk

During the recent 66 years, the weather in Europe has changed substantially
(Fig. 1). In the countries where Baltic Sparrowhawks mainly winter (France, Bel-
gium, Germany and some others), mean temperatures of January, February and es-
pecially March increased significantly in 1958—2011 (Table 3). Long-term dynamics
of NAO ., suggests that the coldest winters and early springs occurred in Europe be-
tween the mid 1950s and mid 1960s, and the warmest ones since the mid 1980s until
2000 (Fig. 1). After that, an apparent trend towards cooler winters was recorded in
many European countries.

During the spring passage of Sparrowhawks (which mainly takes place in April)
the coldest period in the Baltic region was in the 1970s (Fig. 1). The warmest Aprils
occurred in 1946—1953 (with a peak in 1948) and in 1983-2011 (with a peak in
2000). The mean May temperature showed a significant increasing trend across the
period of study (1958—2011) with the most apparent peaks in 1975—-1993 and 2002—
2011 (Fig. 1, Table 3).

The mean temperature of June in the Sparrowhawk’s breeding area showed no
obvious trend across the study period (Fig. 1, Table 3). However, the mean tempera-
tures of July and August had a strong upward trend with the highest values between
the mid 1980s and 2011.

During the autumn passage the temperature in the Baltic area showed a signifi-
cant change only in September — a significant upward trend was recorded in 1985—
2011 (Fig. 1, Table 3). The mean temperature of October did not show any trend.

Thus, the mean temperatures in Europe during the wintering, breeding and mi-
gratory periods of the Sparrowhawk changed significantly during the study period
which influenced not just the timing of annual events in this species, but its numbers
as well.

4.2. Impact of climate on the timing of migration, breeding,
and postfledging movements of the Sparrowhawk

Timing of spring passage of the Sparrowhawk on the Courish Spit on the Baltic
Sea, as shown by the first and median capture dates in the stationary traps, most
significantly advanced in 1958—1984 (Fig. 2). Over the 27 years the first capture
date advanced by ca. 17 days, and the median passage date by 10 days (Table 4).
In south-western Finland, as shown by the data from the Hanko Bird Observatory
(59°49°N, 22°54°E), only the first arrivals (5th percentile) significantly advanced
in 1979-2007. The median date and the 95th percentile of captures did not change
significantly (Lehikoinen et al. 2010). During 29 years, the arrival date of Sparrow-
hawks to southern Finland advanced by approximately 11 days. In our study area
the advancement rate was in spring 0.62 days/year, in Finland 0.40 days/year.
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Timing of spring passage through the Courish Spit was significantly related
to the mean temperature of April in the study area and to NAO,,: Sparrowhawks
arrived earlier in warm springs (Table 5). We have shown elsewhere that in many
songbird species the timing of spring passage on the Courish Spit was earlier in warm
springs (Sokolov et al. 1998; Sokolov 2006). However, our Finnish colleagues have
found no significant correlation between the arrival of Sparrowhawks and the tem-
perature of spring in their study area (Lehikoinen et al. 2010). Those authors suggest
that the timing of arrival is likely to be better explained by weather conditions on a
larger scale, including those at the departure areas and weather en route (Ahola et
al. 2004).

Timing of breeding of the Sparrowhawk in the Baltic region significantly ad-
vanced by 0.18 days/year in 1973—2007 (Lehikoinen et al. 2010). The Finnish au-
thors found a clear geographical trend in hatch date, increasing towards the north-
east. The difference in hatch dates between the extreme south-western area, and
the corresponding extreme in the northeast, was, according to the model averaged
prediction, approximately 15 days (11 June in the far southwest and 26 June in the
far northeast). Early breeding was also strongly connected to higher than average
temperatures in April, and to some extent, lower precipitation during April.

We have no direct data on the timing of breeding of the Sparrowhawk on the
Courish Spit, but we have long-term standardized data on the onset of postfledging
movements in juveniles. We have shown in a number of passerine species that tim-
ing of breeding is strongly correlated with the onset of juvenile dispersal (Sokolov
& Payevsky 1998). The strongest advancement of the timing of dispersal in juvenile
Sparrowhawks in our study area occurred in 1958—1984 (Fig. 2). Over the 27 years
the first capture date of a juvenile Sparrowhawk advanced by approximately one
month, which is a very rapid advancement of 1.23 days/year (Table 4). This does
not necessarily mean that the timing of breeding advanced at the same rate, but it
strongly suggests a pronounced trend towards earlier breeding. Timing of juvenile
dispersal of the Sparrowhawk was strongly dependent on the mean temperature of
April (but not on the temperature of summer months) and NAO : in the years with
warm springs Sparrowhawks apparently bred earlier and postfledging movements
of juveniles started earlier. Thus, our data agree with the conclusion of the Finnish
researchers who reported a relationship between the timing of breeding and spring
temperature. This is supported by Newton (1986) who reported that dry and warm
conditions in Britain during April advance the timing of breeding in the Sparrow-
hawk. It should be however mentioned that Nielsen & Moller (2006) and Both et
al. (2009) reported that Sparrowhawks in Central Europe had not advanced their
breeding, despite a rapid advance in the timing of breeding of many important prey
species. We found a significant relationship between the timing of spring passage
and juvenile dispersal of Sparrowhawks: in the years when Sparrowhawks arrived
early, they probably started breeding early and thus postfledging movements started
earlier (Table 7). Finnish authors similarly concluded that earlier arrival in the Spar-
rowhawk leads to earlier breeding (Lehikoinen et al. 2010).

Timing of passage of first-autumn Sparrowhawks through the Courish Spit
have also varied considerably across the 54 years 1958—2011. In the early period
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(1958-1984) autumn passage significantly advanced, and in 1985-2011 a trend
towards later passage was apparent (Fig. 2, Table 4). The median date of passage
of first-autumn Sparrowhawks on the Courish Spit was significantly related to the
mean March temperature in their presumed breeding area (southern Finland) and
to NAO, . : the higher the values of these parameters, the earlier juvenile Sparrow-
hawks passed through the Courish Spit in autumn (Table 6). We found no significant
relationship between the timing of autumn passage and summer or autumn tempera-
tures in the breeding areas or en route. A similar relationship with spring, but not
summer or autumn temperatures was found earlier in a number of songbird species
(Sokolov et al. 1999).

Finnish authors reported that in 1973—-2007, the onset and median date of au-
tumn passage of Sparrowhawks in Finland shifted towards earlier dates by 0.38 and
0.31 days/year, respectively, early autumn migrants being exclusively juveniles (Le-
hikoinen et al. 2010). However, the late phase of departure did not change during
the study period, and the overall autumn migration period length did not increase
significantly (0.23 days/year). Earlier breeding produces earlier autumn migration
explicitly in young Sparrowhawks, late migrating adult birds did not advance their
migration dates as much. Our Finnish colleagues also concluded that autumn tem-
peratures did not affect departure dates. After having corrected for the temporal
trend, they did not find clear evidence for ambient temperatures, NAO index or tim-
ing of breeding affecting the timing of migration. The total time during which at
least a part of the adult Finnish population is present on the breeding grounds has
not changed significantly (0.25 days/year).

The Finnish authors also reported that the distance of autumn migration did
not change much in their Sparrowhawks over the recent 47 years. Based on ringing
recoveries, the log-transformed migration distance has not changed since the 1960s,
either for juvenile or for adult Sparrowhawks (Lehikoinen et al. 2010). Lehikoinen
(2011) studied how advanced autumn migration of the Sparrowhawk has increased
the predation risk on long-distance migrants in Finland. This author analysed the
median departure dates of 41 passerine species and concluded that early migrating
passerines tend to advance, and late migrating species delay their departure, but
none of the species have advanced their departure times as much as the Sparrow-
hawk. This has lead to a situation of increased predation risk on early migrating
long-distance migrants and decreased the overlap of migration with later departing
short-distance migrants.

Filippi-Codacciuoni et al. (2010) analysed the timing of autumn passage in 14
species of birds of prey during the past 30 years at one of the most important conver-
gent points of western European migration routes in France, the Organbidexka pass,
in the Western Pyrenees. Eight species, the Sparrowhawk included, showed signifi-
cant phenological shifts during 1981-2008. Long-distance migrants displayed stron-
ger phenological responses than short-distance migrants, and advanced their mean
passage dates significantly. Only some short-distance migrants (Hen Harrier Circus
cyaneus, Buzzard Buteo buteo, Kestrel Falco tinnunculus) were found to delay their
autumn migration (Filippi-Codacciuoni et al. 2010). However, such short-distance
migrant as the Sparrowhawk showed the strongest advance in their mean passage
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dates (9—10 days during the last 28 years), together with the long-distance migrant,
the Marsh Harrier Circus aeruginosus. The authors concluded that the Sparrowhawk
data support the hypothesis that the time spent by the species on their breeding ar-
eas is constant, and thus earlier spring arrival and breeding would lead to an earlier
autumn migration of both adult and young birds (Thorup et al. 2007). It may be
mentioned that a direct relationship between the timing of breeding and the timing
of autumn migration has been already reported in the late 20th century (Ellegren
1990, Sokolov et al. 1999).

4.3. Impact of climate on Sparrowhawk numbers

Capture data on the Sparrowhawk in stationary traps during spring passage on
the Courish Spit suggest that the numbers of this species declined in 1958—1977,
then they significantly increased and remained high until 1996 when a new decline
started that has continued throughout 2011. Similar long-term dynamics of numbers
were found for juveniles captured during the postfledging period and on autumn pas-
sage (Fig. 3, Table 8). What governed these long-term fluctuations of Sparrowhawk
numbers?

We related spring, summer and autumn numbers of the Sparrowhawk to the
long-term changes in the temperature in the winter quarters and en route and in
the breeding areas. Season-specific Sparrowhawk numbers were positively related
to NAOy;,, and to spring temperatures in the breeding area (Tables 11-13, Fig. 4).
For instance, autumn trapping figures on the Courish Spit and at other Baltic sites
(Sweden, Latvia) were the highest in the years with warm spring, but not summer or
autumn (Table 13, Fig. 4). These results agree with the data of Newton (1986) who
showed that dry and warm conditions during April advance the timing of breeding
and increase breeding success in British Sparrowhawks probably by affecting the
hunting conditions and thus resources used for egg laying. Other authors suggest
that weather conditions during the post-hatching period are also important because
of their effect on the survival of small raptor nestlings (Kostrzewa and Kostrzewa
1990, Lehikoinen et al. 2009). Finnish authors found that the mean brood size of the
Sparrowhawks showed a clear increasing trend through the 1970s up to the mid-
80s after which the mean brood size has stayed unchanged (Lehikoinen et al. 2009).
However, brood size showed no clear relationship to weather variables. Consequent-
ly, the observed increase in brood size over the years is probably primarily not caused
by concurrent climate change. These authors propose that more likely reasons are
the decreasing concentrations of DDT, DDE, HEOD and mercury, which have im-
proved the breeding conditions for birds of prey since the late 1970s (e.g. Newton
1998). On the other hand, they agree that since early breeders are known to have
higher breeding success (Newton 1986), the possibility that the advanced onset
of breeding may have increased the breeding success cannot be excluded (also see
Nielsen and Moller 2006). Dolnik & Payevsky (1984) and Payevsky (1985) analysed
the long-term variation of Sparrowhawk numbers on the Courish Spit and conclud-
ed that DDT and other pesticides could probably enhance or prolong a depression
of numbers in the birds of prey, but the depression itself has a natural cyclic cause.



2012 L.V. Sokolov et al. Impact of climate on phenology and numbers of Sparrowhawk 25

We found a significant direct relationship between the numbers of Sparrow-
hawks and their potential prey species on autumn passage. This relationship was
found in 13 out of 15 most common passerine species that migrate through the
Courish Spit (Table 15). Numbers of migrating Sparrowhawks, mainly first-autumn
individuals, was highest in years with high numbers of passerines. This is under-
standable, considering that in the Sparrowhawk, like in many other birds of prey,
the numbers are mainly regulated not by the mortality rate of juveniles and adults,
but by the variation of their breeding productivity, including fecundity and nestling
mortality (Payevsky 1985). In years with high numbers of passerines, birds of prey
apparently show higher breeding productivity and the numbers of their populations
increase due to greater recruitment of juveniles. We have shown elsewhere that sum-
mer and autumn numbers of many songbirds (which are potential prey items of Spar-
rowhawks) peaked in the years with early and warm spring (Sokolov et al. 2000,
2001). Numbers of Sparrowhawks on autumn passage, on the Courish Spit and at
other Baltic sites (in Sweden and Latvia) also appeared to be related to the timing
of spring migration and postfledging movements: the earlier spring passage and juve-
nile dispersal started on the Courish Spit, the more Sparrowhawks were captured in
autumn (Table 10). Other authors also report the possible link between phenological
shifts and population trends in birds of prey (Filippi-Codaccioni et al. 2010). They
assume that those species which have advanced their autumn migration would be
expected to have better population trends.

It should be emphasized that in the case of the Sparrowhawk in our study area we
managed to identify the main factors that govern the long-term trends in the numbers
of this bird of prey. Such attempts are not always successful (Newson et al. 2010).

Our analysis of the long-term trapping data of Sparrowhawks on the Courish
Spit and at some other Baltic sites allowed us to conclude that the timing of spring
and autumn passage and of postfledging movements is mainly governed by such ex-
trinsic factors as the temperature in late winter and spring: the higher the tempera-
ture, the earlier birds migrate and perform dispersal movements. The numbers of
Sparrowhawks in the breeding area and on autumn passage are also significantly
related to spring temperatures: the warmer it is in the breeding area, the higher are
the numbers. We suggest that early and warm springs enable population growth in
passerines, which in its turn increases the productivity of the predator population
that forages on songbirds and feeds them to their offspring. We claim that current
climate change has influenced not only the phenology of annual events, but also the
long-term dynamics of numbers of the Sparrowhawk.
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