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Abstract

In the 21* century, human-induced global climate change has been highlighted as one
of the most serious threats to ecosystems worldwide. According to global climate
scenarios, the mean temperature in Finland is expected to increase by 1.8-4.0°C by
the end of the century. The regional and seasonal change in temperature has
predicted to be spatially and temporally asymmetric, where the High-Arctic and
Antarctic areas and winter and spring seasons have been projected to face the highest
temperature increase. To understand how species respond to the ongoing climate
change, we need to study how climate affects species in different phases of their life
cycle. The impact of climate on breeding and migration of eight large-sized bird
species was studied in this thesis, taking food availability into account. The findings
show that climatic variables have considerable impact on the life-history traits of
large-sized birds in northern Europe. The magnitude of climatic effects on migration
and breeding was comparable with that of food supply, conventionally regarded as
the main factor affecting these life-history traits. Based on the results of this thesis
and the current climate scenarios, the following not mutually exclusive responses are
possible in the near future. Firstly, asymmetric climate change may result in a
mistiming of breeding because mild winters and early spring may lead to earlier
breeding, whereas offspring are hatching into colder conditions which elevate
mortality. Secondly, climate induced responses can differ between species with
different breeding tactics (income vs. capital breeding), so that especially capital
breeders can gain advantage on global warming as they can sustain higher energy
resources. Thirdly, increasing precipitation has the potential to reduce the breeding
success of many species by exposing nestlings to more severe post-hatching
conditions and hampering the hunting conditions of parents. Fourthly, decreasing ice
cover and earlier ice-break in the Baltic Sea will allow earlier spring migration in
waterfowl. In eiders, this can potentially lead to more productive breeding. Fifthly,
warming temperatures can favour parents preparing for breeding and increase
nestling survival. Lastly, the climate-induced phenological changes in life history
events will likely continue. Furthermore, interactions between climate and food
resources can be complex and interact with each other. Eiders provide an illustrative
example of this complexity, being caught in the crossfire between more benign ice
conditions and lower salinity negatively affecting their prime food resource. The
general conclusion is that climate is controlling not only the phenology of the species
but also their reproductive output, thus affecting the entire population dynamics.
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Summary

SUMMARY
1. Introduction

In the 21°" century, human induced global
climate change has been highlighted as
one of the most serious threats not only
to wildlife, but also to mankind (Thomas
et al. 2004, CNAC 2007, IPCC 2007).
Based on different scenarios the
expected increase of the mean global
surface temperature will be 1.8-4.0°C by
the end of the century (IPCC 2007). It is
also fundamental to our understanding
that the regional and seasonal change in
temperature is asymmetric. Especially
the high Arctic areas and Antarctica have
been predicted to warm more rapidly
than other areas (e.g. IPCC 2007).

To understand how species are
able to cope with the ongoing warming,
we need to study how climate affects
species in different phases of their life
cycle. For example migratory species, like
most bird species, may have to face
climatic changes not only in the breeding
areas, but also during migration or at the
wintering grounds (e.g. Baele et al. 2006,
Newton 2008). Migratory bird
populations can be limited by the
amount of breeding habitat and survival
habitat, the latter of which can be
exploited by the species, but breeding is
not possible (sensu Alerstam & Hogstedt
1982). The survival of adults is mainly
affected during periods spent in survival
habitats, whereas annual breeding
success, including early mortality of
fledglings, is a function of time spent in
breeding habitats. Annual survival is
especially important for long-lived
species with a low annual reproductive
potential, although repeated breeding

failure will ultimately drive a species to
extinction no matter how high the adult
survival (Newton 1998, Begon et al.
2006).

This thesis is about how climate
affects life history events, especially
breeding, in birds. In northern latitudes,
arrival and breeding dates are often
strongly forced by climate. By forcing |
mean here e.g. that birds are forced to
breed late enough, since otherwise
parents would have difficulties to acquire
resources for breeding, and young would
be hatching into circumstances were cold
weather and lack of food could decrease
survival of offspring. Incubating during
cold periods is also energetically highly
demanding (e.g. Smyth & Boag 1984,
Piersma et al. 2003), even though some
species are capable of doing this. On the
other hand, birds are trying to arrive and
start breeding as early as possible, since
early birds get the best territories and
have higher breeding success than later-
arriving ones (e.g. Newton 2008).
Nevertheless, local climate often dictates
whether the species is able to breed at
all, the possible time frame for breeding,
and the realized breeding success
(Bohning-Gaese & Lemoine 2004, Dunn
2004).

Climate, defined as the average
weather conditions during a certain
period of time, is more stable than daily
variation in weather. However, climate
also varies between years, decades and
longer periods, depending on the time
scale that is used. When studying how
climate affects the breeding of birds, the
relevant time window is each breeding
attempt, e.g. the annual breeding period.
If annual climatic variables are explaining
breeding events, it can be projected how
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changing climate is changing the average

reproductive performance. Global
warming will likely affect not only
temperature, but also precipitation

levels, snow and ice conditions, which
are often crucial for many species (e.g.
Rodriguez & Bustamante 2003, Murphy
et al. 2007, 1, I, 1, IV), and increase
extreme weather conditions, that can be
more catastrophic than small changes in
mean weather (see e.g. Newton 1998). In
general, changing weather conditions
have been considered to complicate the
migration of birds, since optimal weather
circumstances occur only rarely
throughout the migration season
(Alerstam 1990). This is likely the case
also during breeding periods.

Species range margins have been
expected to shift polewards or
altitudinally upwards due to climate
change, and such shifts have already
been documented (Bohning-Gaese &
Lemoine 2004, Brommer 2004, Hickling
et al. 2006, Parmesan 2006). One
mechanism that can enhance range shifts
is that breeding success may increase at
the poleward side of the species
distribution and, correspondingly,
decrease at the equatorial side of the
range limit (Smith et al. 1999, Gaston et
al. 2005). However, there is fairly little
population-level evidence from the
Northern Hemisphere showing that the
breeding success of northern edge
populations would actually have
improved with the ongoing warming (but
see Gaston et al. 2005; 1V), and there is
an urgent need for large-scale studies
investigating how the reproductive
performance is affected by climate
throughout the species range (Dunn
2004).

1.1. Climate and avian breeding

Climate may affect birds in many ways,
and these effects may be especially
prominent at northern latitudes. On the
one hand, a warming climate has been
predicted to reduce ice cover and thus
directly advance arrival and breeding
dates of waterfowl (Meier 2002, Rainio
et al. 2006, I). On the other hand, climate
change may affect the magnitude and
timing of food peaks, which can have
consequences at the population level
(Hornfeldt et al. 2005, Both et al. 2006,
Ludwig et al. 2006). Nevertheless, the
relative importance of food abundance
and climatic conditions has rarely been
examined simultaneously in avian
studies.

Climate may affect the breeding of
species directly or indirectly. By direct
effects, | mean here that a climatic factor
is a proxy signal or limiting variable
affecting the arrival or start of breeding.
For example, earlier ice-break can enable
earlier migration in waterfowl (I).
Furthermore, direct breeding
consequences may include increasing or
decreasing survival of offspring due to
changing stress caused by weather
conditions. Young birds are more
vulnerable to harsh weather conditions
than adults because it takes some time
for the thermoregulation of young birds
to build up to the level of full-grown birds
(e.g. Newton 1998). For example in

Northern Europe, increasing
temperatures and decreasing
precipitation during brooding can
enhance the survival of nestlings,

because nestlings are facing smaller risk
of hypothermia or improved parental
feeding conditions, leading to higher
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reproductive output (e.g. Newton 1986,
Kostrzewa & Kostrzewa 1990, 11, IV).

In contrast to direct consequences,
indirect climatic effects are mediated
through the habitat or the food chain
affecting the amount of prey or the
incidence of predators and parasites
(Newton 1998, Both et al. 2006, Pounds
et al. 2006). Warming may for example
prolong the growing season and increase
overall primary production, which may in
turn improve feeding conditions,
enabling the production of multiple
clutches per breeding season instead of
only one (Halupka et al. 2008). On the
other hand, increasing temperatures or
decreasing precipitation may, especially
in arid areas, lead to drying of wetlands
or a decrease in plant production, thus
hampering feeding conditions (Newton
1998, Acquarone et al. 2003, Chase et al.
2005). According to Martin (2007), most
effects of climate change will likely be
manifested through the food chain. As
both direct and indirect effects are
plausible, it is important to investigate
the relative importance of climatic
conditions per se (direct effect) and food
abundance (indirect effect) for breeding
success.

1.2. Effects of asymmetric climate
change: mismatches

Changes in the climate are not projected
to be symmetric. According to this
hypothesis of asymmetric climate
change, polar regions are predicted to
face higher temperature increase than
areas near the equator (IPCC 2007). The
changes are also occurring
asymmetrically within a year and e.g. in
North Europe winter and spring

temperatures have been predicted to
increase more rapidly than summer and
autumn temperatures (e.g. Jylha et al.
2004). Since the rate of global warming
shows seasonal variation and species’
phenology often depends on season-
specific temperature profiles,
asymmetric climate change may produce
mismatches between the timing of
highest food demand of a predator and
the availability of its prey (Visser et al.
2004, Visser & Both 2005, Moline et al.
2008, Post et al. 2008, Both et al. 2009).

Mismatches have been
documented in phytoplankton-
zooplankton interactions in aquatic
systems as well as in plant-herbivore and
insects-insectivore interactions (Visser &
Both 2005). Responses are usually
species- and population-specific. For
example, the phytoplankton bloom of
Asterionella sp. was advanced nearly by
one month during four decades in Lake
Washington. However, of the two
grazing zooplankton species, only one
showed an advance in its occurrence
(Keratella sp. 21 days), whereas the
other one (Daphnia sp.) did not shift its
phenology. This lead to poorer feeding
conditions (Winder & Schindler 2004). In
another invertebrate example, the
hatching of winter moth eggs has clearly
advanced in the Netherlands, but since
the bud burst date of oaks, the main diet
of caterpillars, has not shifted as much,
the caterpillars are hatching too early in
relation to available food resources
(Visser & Holleman 2001).

A well-known example of a
mismatch between avian predators and
their prey concerns western European
songbirds. Early spring warming has
advanced the occurrence of caterpillars,
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which are the main food for nestlings.
However, since pied flycatchers Ficedula
hypoleuca in the Netherlands have not
advanced their breeding as much as the
occurrence of caterpillars has advanced,
the brooding conditions have
deteriorated leading to the decline of
late-breeding populations (Both et al.

2006). Mismatches between the
breeding schedule and climatic
conditions are not solely restricted to
passerines, however. Finnish black

grouse Tetrao tetrix have advanced their
timing of breeding due to warmer April
temperatures. However, since early
summer temperatures have not
increased, the chicks are hatching in
colder conditions, where prey abundance
of chicks (insects) is reduced. Colder
post-hatching conditions increase the
mortality of grouse chicks, thus
contributing to the declining population
trend of the black grouse (Ludwig et al.
2006). Mismatches have traditionally
been considered to deal with predators
and the peak in their temporarily limited
food resource (Visser & Both 2005).

Arrival and breeding initiation (e.g.
Lehikoinen et al. 2004, Dunn et al. 2004;
I, 1, V) may advance faster than changes
in weather conditions during the latter
part of the breeding season (e.g. Ludvig
et al. 2006; Il; Table 1). Therefore,
asymmetric climate change may also
produce mismatches such as increased
hypothermia-induced offspring mortality
due to excessively advanced breeding
schedules (Fig. 1).

1.3. Future directions of climate change
research

Global warming has induced the invasion

Before

Hatching

Temperature

Egg laying

[ I

April May June

Fig. 1. Simplified illustration of how asymmetric
warming may affect egg laying dates and thereby
also post-hatching temperatures. The situation
before asymmetric warming is shown in black and
circumstances after the warming are shown in grey.

of lethal diseases, which has already
contributed to extinctions of tropical
amphibians (Pounds et al. 2006).
However, climate change is obviously not
the only factor which may cause species
declines. For example, habitat loss has
been considered for a long time as the
key reason for extinctions (Fahrig 1997,
2003, Baillie et al. 2004, BirdLife
International 2004, Hanski 2005). Also,
invasive species have been shown to
cause a large number of extinctions
especially on oceanic islands (Simberloff
1986, Caughley & Gunn 1996, Baillie et
al. 2004, BirdLife International 2004). A
combination of climate change, species
invasions, habitat loss and fragmentation
poses a particularly severe threat (Root
et al. 2003, Pounds & Puschendorf 2004,
Thomas et al. 2004). Thus, there is an
urgent need to make conservation
decisions quickly.

In order to direct conservation
measures to the most critical and
important cases, we need to recognize
which species or groups of species are
likely to be most vulnerable to climate

10
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change. As global warming has recently
become a popular topic, there is an
increasing risk that population declines
may be prejudged to be caused by
climate change without any evidence,
despite the fact that human activities
such as overharvesting or resource
competition may be the real reason for
the decline (Munilla et al. 2007). This
highlights the need of unbiased studies
of the real consequences of a changing
climate.

1.4. Outline of the thesis

The aim of this thesis is to investigate the
importance of climatic conditions for life
history events, particularly breeding
performance, of large-sized non-
passerine birds. Despite the growing
knowledge of the effects of climate
change, most of the avian studies have
dealt with small-sized passerines or
seabirds (Dunn 2004), but large-sized
species may have a poorer ability to
respond to changing environmental
circumstances than small-sized species
(Stevenson & Bryant 2000, Perry et al.
2005). The reason why large species are
generally more vulnerable to
environmental changes is their longevity
which is associated with low annual
reproductive rates (commonly classified
as K-strategists), which is why their
recovery from decline is slow (Newton
1998, Begon et al. 2006). They also have
long generation times, which make them
slower in adapting to changing living
conditions and to face higher magnitudes
of environmental stochasticity (Saether et
al. 2005). The range margins of larger
species also shift more slowly than those
of smaller species (Brommer 2008).

Therefore, large-sized species may be
especially well suited for studying climate
change forcing on avian life histories.

| compared the relative
importance of climatic conditions and
food abundance for regulating the
breeding parameters of several species
of birds of prey. The effects of food
abundance and weather conditions have
rarely been assessed simultaneously,
even though it is well known that both
factors can affect population numbers
(Newton 1998). Especially in Finland,
with a strong research tradition in
investigating vole and grouse cyclicity,
the breeding of several birds of prey has
conventionally been considered to be
affected mainly by prey abundance (e.g.
Sulkava 1964, Lindén & Wikman 1983,
Korpimédki & Hakkarainen 1991,
Pietidinen & Kolunen 1993), and
therefore weather conditions and their
interactions with food availability have
seldom been considered in the earlier
studies.

To improve the reliability of the
results, | analyzed all study species in a
larger spatial setting based on long-term
data. This necessitated the use of large
nation-wide data sets, such as the Finnish
ringing database of broods of birds of
prey and Danish hunting statistics on
waterfowl. This study is based on existing
data, which covers a large geographic
area. Therefore, it can be easier to
generalize the observed effects of large-
scale phenomena compared to a single-
locality study, the results of which may
be more strongly affected by local
conditions.

11
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2. Material and Methods
2.1. Study systems

| used the eider Somateria mollissima,
the most abundant seabird breeding in
the Baltic, as an example species of
waterfowl. Data on the breeding biology
of eiders stem from a population in the

Fig. 2. Map of Finland showing vole trapping sites
(black dots), weather stations (open dots) and as an
illustrative example the brood ringing sites of Ural
owls (grey dots) (lll). The Hanko peninsula, where
the Hanko Bird Observatory and the Tvarminne
archipelago are situated, is indicated as a black
cross (I).

Tvarminne archipelago, Hanko,
southwestern Finland (59° 50" N, 23° 15'
E), studied during 1991-2004 (study site
described in detail by Ost & Kilpi 2000
and Kilpi et al. 2001; Fig. 2). Based on
Danish hunting statistics, | also studied
the breeding success of eiders of the
entire Baltic Sea (I).

Furthermore, | studied how climate
affects the life history events of seven
species of birds of prey, namely, the
common buzzard Buteo buteo (n = 8522
broods; 1973-2004), the northern
goshawk Accipiter gentilis (n 4203,;
1989-2004), the sparrowhawk A. nisus
(n = 5722; 1973-2004), the pygmy owl
Glaucidium passerinum (n = 3738; 1973-
2004), the Tengmalm’s owl Aegolius
funereus (n = 13267; 1973-2004), the
tawny owl Strix aluco (n = 9125; 1973-
2004) and the Ural owl S. uralensis
(n = 12396; 1973-2004; Fig. 2), using
nationwide ringing data (Il, lll, 1V, V). The
breeding numbers of these birds of prey
are often reflecting the dynamics,
abundance, availability and quality of
their prey and hence the “health” of their
ecosystem (e.g. Mikkola 1983, Newton
1986, Reif et al. 2004, Tornberg et al.
2005, Honkala & Saurola 2008). | selected
brood records south of 67° N, since the
main distribution of all of these species in
Finland is situated in the southern and
central parts of the country, and broods
are only occasionally ringed further
north.

2.2. Data on phenology and breeding
parameters

The eider, the common buzzard and the
sparrowhawk are mainly migratory
species in Finland, whereas the goshawk

12
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and the owls are mainly resident (pygmy
owls and Tengmalm’s owl females show
tendencies for nomadic behaviour;
Mikkola 1983, Korpimé&ki et al. 1987).
Migration data of eiders and
sparrowhawks were collected at the
Hanko Bird Observatory, southwestern
Finland (59° 49" N, 22° 54" E) from 1979
to 2007 (Lehikoinen & Vahatalo 2000,
Vahatalo et al. 2004, Lehikoinen et al.
2008). Based on daily totals of migrating
individuals, the beginning, median and
end of the migration season were
defined as the Julian dates when the
season’s cumulative bird sum reached
5%, 50% and 95%, respectively
(Lehikoinen & Vahatalo 2000, Vahéatalo
et al. 2004; 1,V). Both spring and autumn
seasons were included in the analysis for
sparrowhawks (V), whereas for eiders,
only spring data were used since the
autumn migration of this species is much
more difficult to determine (Lehikoinen
& Véhatalo 2000; 1).

| studied the breeding phenology
and breeding success of all eight study
species. In eiders, the timing of breeding
was expressed as the laying date (Kilpi &
Lindstrém 1997; 1), whereas in birds of
prey, the hatching date was used as a
phenology variable (for a goshawk
example, see Byholm 2003). If offspring
wing length was measured (32-72% of

cases depending on the species),
hatching date was estimated by
backdating age from wing length

(Jokinen 1975, Bijlsma 1993, Pihlaja
1999, www.nic.fi/~mattisj/); otherwise |
used the mean ringing age to estimate
the hatching dates (llI, IV).

In eiders, reproductive success was
measured as fledging success (Ost 1999;
), and in birds of prey, brood size at

ringing was used as a measure of
breeding success (Byholm 2003). This
latter measure is a good indicator of
fledging success in birds of prey, since
mortality of older nestlings is generally
low, with most of the mortality occurring

fairly soon after hatching (e.g.,
Kostrzewa & Kostrzewa 1990, Byholm
2005; 11, 1, IV, V).

In eiders, | also analyzed annual
variation in mean clutch size and body
condition of females at the hatching of
the clutch based on data from Tvarminne
(Kilpi & Lindstrom 1997, Ost 1999). To
assess whether climate affects the
breeding success of eiders on a larger
scale, | used data on the Danish hunting
bag statistics in the wintering areas
during the winters 1986-2005. The
annual proportion of juvenile birds was
measured based on wings of shot eiders
collected by hunters. The annual
proportion of young of all bagged eiders
in the wintering area reflects the
breeding success in the previous summer
over the entire Baltic area (Noer et al.
1995). Wing data were obtained from
Noer et al. (1995) and yearly reports
published by Danmarks
Miljgundersggelser (www.dmu.dk; I).

2.3. Data on prey abundance

Since prey abundance commonly affects
the breeding density and success of birds
of prey (Pietidinen 1989, Korpimaki &
Hakkarainen 1991, Korpimaki & Norrdahl
1991, Pietiaginen & Kolunen 1993,
Byholm et al. 2007), it was essential to
include data on prey density in the
studies dealing with birds of prey. The
sparrowhawk is a generalized predator
feeding mainly on passerines and other

13
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small-sized bird species (Newton 1986),
whereas grouse species are considered
as the main food of goshawks (Sulkava
1964, Lindén & Wikman 1983). Common
buzzards and owls are specialized on
small rodents (Mikkola 1983, Reif et al.
2001), the abundance of which fluctuates
in a 3-4 year cycle in the study area
(Hanski et al. 1991, Sundell et al. 2004).
For the common buzzard and the owils, |
used indices of vole abundances as a
prey variable (Mikkola 1983, Reif et al.
2001; 11, ). 1 used long-term data on
fluctuations of autumn and spring vole
(Microtus and Myodes spp.) numbers in
eight study sites (Fig. 2); the vole
trapping methods are described
elsewhere (Brommer et al. 2002,
Korpimaki et al. 2005). The vole trapping
indices (voles/100 trapping days) were
log-transformed prior to analysis.
Common buzzard and owl broods
situated within a 50 kilometre radius
from the vole-trapping sites were used in
the analyses, and the data from each site
were annually pooled. | used only those
vole-trapping sites where at least five
broods had been ringed annually within
the 50 km radius from the trapping site.
The spatial scale of the synchrony of vole
dynamics exceeds the spatial scale we
used (Sundell et al. 2004; Huitu et al.
2008). In case of resident owls, both
autumn and spring abundances of voles
were included in modelling (ll), but in
models of migratory common buzzards
only spring vole abundance (II) was
included. Common buzzards seldom
winter in Finland (Cramp & Simmons
1980) and thus their breeding is unlikely
affected by autumn vole abundance.

In the case of goshawks, | used the
density of forest grouse as an index of

prey abundance pooled in 50 x 50 km
squares. The grouse data originate from
a nationwide monitoring program, which
is organized by the Finnish Game and
Fisheries Research Institute and run by
volunteer hunters. Grouse were counted
along permanent, randomly located
triangle transect lines in August during
1989-2004, covering a length of 12
kilometres (Lindén et al. 1996). 12711
triangle counts were included in the
study. | used the combined log-
transformed densities (individuals/km?)
of black (Tetrao tetrix), hazel (Bonasa
bonasia) and willow grouse (Lagopus
lagopus) as an index of grouse density,
since these three species are the most
abundant grouse species in the study
area and thus constitute the main prey of
goshawks (Lindén & Wikman 1983,
Tornberg 1997, Sulkava et al. 2006; V).

2.4. Weather and climate data

All data on birds of prey were
supplemented with data on localized
weather variables collected on a monthly
basis (Table 1). Data from the weather
station (n = 70) closest to each focal
brood were used to score which of the
available localized weather variables
were most important for describing the
hatching date and size of the focal brood.
The weather variables were mean
monthly temperature, cumulative
monthly precipitation and in owls, snow
depth on 15 March. Weather variables
were chosen species-specifically to cover
the most relevant periods (prelaying,
laying, brood rearing), and relevant
variables were selected based on species’
ecology (e.g. Solonen 1985, Newton
1986). To explain variation in hatching
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dates, we used two to three monthly
weather variables before or at the peak
laying date (February to April), since this
period covers arrival (in migratory
species), laying and early incubation. For
the corresponding analysis of brood size,
we used two to three species-specific
weather variables from March to June
covering the periods around laying
(determining the clutch size) and brood
rearing (survival of offspring) (see Table
2; 11,101, 1V, V).

Monthly weather data from Hanko
(Tvarminne Zoological Station, 59° 50" N,
23° 15" E) were used to investigate
whether local weather conditions
affected the migration of sparrowhawks
at Hanko Bird Observatory (V). The
weather data were provided by the
Finnish  Meteorological Institute
(Venéalainen et al. 2005; II, 11, IV, V). The
winter North Atlantic Oscillation, NAO
index, which describes the general
winter and early spring weather
conditions from the Atlantic to Western

Siberia (Hurrell 1995), was uploaded at
www.cgd.ucar.edu/cas/jhurrell/
indices.html (I, V). In addition, the Julian
date of ice break-up at Jussard, western
Gulf of Finland, and maximum ice-cover
of the Baltic Sea, were used as local
indices of ice conditions in the breeding
area of eiders; these variables may be
directly linked to the onset of breeding in
waterfowl (Kalliosaari 1982, Kalliosaari &
Seind 1987, Seind & Kalliosaari 1991,
Seina et al. 1996, 2001, 2006; I). The
summary statistics for all climatic data
are shown in Table 1.

2.5. Modelling of phenology and
breeding parameters

In the eider, | examined whether
migration and breeding parameters were
more affected by ice conditions or the
general severity of the winter as
indicated by the NAO index (I). For
analysis | wused partial correlation
because both climatic variables are

Table 1. Climate statistics used in the analyses, including mean values, standard deviations, minimum and
maximum values and potential temporal trends. Weather statistics are based on data from 70 weather
stations in 1973—-2007 (snow cover 1973-2004). Ice data and the North Atlantic Oscillation (NAO) index in
1979-2004 are from the publications of Finnish Institute of Marine Research and www.cgd.ucar.edu/cas/
jhurrell/indices.html, respectively. The shown variables were used to model responses on phenology and

breeding success of the study species.

W eather variable Mean + sd Min Max  Annual trend, r P
Temperature, February -71.9+4.7°C -24.9 2.6 None, 0.16 0.38
Temperature, March -35+26°C -8.7 1.2 None, 0.04 0.84
Temperature, April 20+x15°C -0.4 45 Positive, 0.39 0.02
Temperature, May 87+x15°C 6.2 12.1 None, -0.04 0.80
Temperature, June 13.8+1.6 °C 10.3 17.1 None, 0.10 0.56
Precipitation, April 30+ 15 mm 8 70 None, -0.09 0.61
Precipitation, June 58 + 20 mm 0 243 None, 0.15 0.37
Snow cover, March 41 + 24 cm 0 118 None, -0.03 0.89
Ice-break at Jussard 16 March = 41 Noice 30 April  Negative, -0.44 0.02
Maximum ice cover of Baltic 177 000 * 75 000 km? 52 000 405000 Negative, -0.36 0.08
NAO index 1.12+2.08 -3.78 +5.08 _ None, -0.07 0.75

15



Summary

correlated. In birds of prey, two to three
species-specific localized weather
variables were selected to model the
timing of breeding and brood size by
using multiple linear regressions. | built
15 candidate models using nest
coordinates, year, vole density and two
to three monthly weather variables as
initially considered variables. Candidate
models were ranked according to the
Akaike Information Criterion, AIC
(Burnham & Anderson 2002, Johnson &
Omland 2004). | did the analysis by using
normalized (mean 0O, standard deviation
1) values of the variables in order to be
able to directly compare the relative
importance of different variables, such as
food abundance and weather conditions,
on the timing of breeding and brood size
(I, 11 1V, V).

3. Main results and Discussion
3.1. Spring phenology

In the eider, earlier ice-break at the
breeding grounds significantly advanced
the timing of spring migration (I; Fig. 3).
Both the eider and the sparrowhawk
have advanced their spring migration

Date

29 AP M Eap (5 %)
o MID (50 %)
19 Apr 4 |—Linear (FAD (5 %)) R
Linear (MID (50 %)) N 5
9 Apr ° - R
-

30 Mar

20 Mar

10 Mar +
1Jan 20Jan 9 Feb

1 Mar
Timing of ice break up

20 Mar 9 Apr 29 Apr

Fig. 3. Annual arrival dates (FAD = first 5 % of the
annual sum of migrants, MID = median migration
date) of eiders at the Hanko Bird Observatory in
relation to ice break-up at Jussard, Gulf of Finland.
Linear trend lines illustrate significant correlations
between the timing of migration and ice break-up

Furthermore, in both species, the earliest
migrants have advanced their migration
schedule relatively more than later
migrants (I, V; Fig. 4A).

The results add to the growing
number of studies showing that the
spring phenology of numerous species
representing a wide array of taxa is
forced by climate and that phenology has
advanced (Walther et al. 2002,
Lehikoinen et al. 2004, Parmesan 2006,
Cleland et al. 2007, Berlin 2008). Results
also show that the phenology of the
earliest migrants has, in relative terms,

since the 1970s (I, V; Fig. 4A). advanced more than that of later
Jun1 A o 5 Jun 22 4 B Novi 7 C o o
] O, o oo oA o
a a o
May 15 DDD DDDD Sr o Jun 20 A Oct 15 Looo o o0 oo
@ o 7% Junis Oct1 .
o Mayl
= o Jun 16 Sep 15 \
8 [
Apr 15 = = N [}
u » = Jun 141 Sep1 L s "
L L) "] - = L] [] ]
Apr 1 = an Jun 12 1 Aug 15 - " . "
®5% =50% 095% °,
Mar 15 Jun 10 + T T Aug 1 . . -
1975 1985 1995 2005 1980 1990 2000 1975 1985 1995 2005
Year Year Year

Fig. 4. The timing of spring (A) and autumn (C) migration of sparrowhawks at the Hanko Bird Observatory in
1979-2007 and mean annual hatching dates (B) based on Finnish brood ringing data in 1979-2007. The
migration is divided into early (first 5 % of the annual sum of migrants), median and late (95 %) migrants.
Solid regression lines indicate significant advancement (V).
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migrants (Lehikoinen et al. 2004, Rainio
2008; 1, V; Fig. 4A).

Early spring migrants, which mainly
belong to the breeding cohort, more
closely track the changes in climate than
late migrants (Véhatalo et al. 2004,
Rainio et al. 2006). This hierarchy in
arrival dates is supported by the fact that
breeding dates of sparrowhawks have
clearly advanced since the 1970s
concurrent with the advancing trend in
arrival dates of early migrants (V; Figs.
4A-B). Late migrants are typically young,
inexperienced, non-breeding or of poor
quality (Vahatalo et al. 2004, Rainio et al.
2006), and since earlier breeding birds
have higher breeding success (Klomp
1970, Daan & Tinbergen 1997), the
contribution of late migrants to the
reproductive output of the population is
likely lower than that of early migrants.
Thus their representation in the currently
used breeding data is also likely to be
small, particularly so as the data
originate from successful breeding
attempts (Newton 1986; V). One must

arrival site are not necessary the proxy
explaining the arrival dates. However,
temperatures can be strongly
autocorrelated over large areas and thus
changes in weather at the arrival site can
reflect the conditions at the departure
areas (see Ahola et al. 2004).

In eiders, earlier break-up of the
ice-cover at the breeding grounds
allowed earlier migration and ice-
conditions had a stronger impact on
migration dates than the general severity
of the preceding winter (I; indicated as
the NAO index). Previously the timing of
eider migration has been shown to be
strongly correlated with the winter NAO
index (Rainio et al. 2006). However, the
earlier study by Rainio et al. (2006) did
not directly compare the relative
contribution of ice conditions and NAO
on the timing of spring migration, and my
results (I) therefore provide the first
concrete evidence for the hypothesis
that in waterfowl the migration patterns
in northern Europe may be controlled by
ice conditions (Rainio et al. 2006). The

also note, that local temperatures at the  timing of ice-break has advanced
20 Jun A 20Jun 1 B

g 15Jun | * & .0,. . 15 Jun - *

© 10Jun - 10 Jun -

-_g 5Jun A 5Jun 7

g 31 May - 31 May -
26 May 1 26 May 7
21 May ‘ w w T ' 21 May ; \ !

-4 -2 0 2 4 6 8 1975 1985 1995 2005
April temperature Year

Fig. 5. Hatching dates of Finnish common buzzards in relation to (A) mean April temperature and (B) year.
Panel A is based on pooled data near vole trapping sites (see Material and Methods), while panel B is based
on the data from the whole country. The inclusion of a solid regression line indicates a significant relationship
between variables. The timing of breeding has advanced approximately 0.44 days per year and the total
advancement during 1979-2004 is 11 days (ll).
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Fig. 6. Hatching dates of Ural owls in relation to (A) March temperature and (B) vole abundance in Finland in
1973-2004 (l11). The inclusion of a solid regression line indicates a significant relationship between variables.

significantly since the 1970s; in response,
the timing of spring migration in eiders as
well as in other waterfowl has become
earlier (Kilpi 1992, Rainio et al. 2006; I;
Table 1, Fig. 3).

The breeding dates of all species

except for the eider, pygmy and
Tengmalm’s owl, were affected by
climatic conditions: increasing

temperatures before or around laying
advanced the timing of breeding (I, II, 1ll,
IV, V; Table 2, Figs. 5A, 6A). However,
only the sparrowhawk and the common
buzzard, in which the timing of breeding
was affected by April temperatures, have
shown advancing laying dates since the
1970s (Il, V; Table 2, Figs. 4B, 5A-B).
There are two likely reasons for the lack
of temporal response in the other
species. Firstly, climatic factors do not
necessary have significant impact on
timing of breeding, but other factors,
such as resource availability, determine
when to breed (eider, pygmy owl,
Tengmalm’s owl; see Korpimdki &
Hakkarainen 1991). Secondly, due to
asymmetric warming April is the only

spring month when temperatures have
increased significantly since the 1970s
(Ahola et al. 2004; Il; Table 1). Thus,
study species in which breeding
commences already in February or
March (tawny owl, Ural owl, northern
goshawk) did not show advancing laying
dates.

Laying in eiders typically occurs in
late April (1), but there was no correlation
between the laying date and the timing
of ice-break or the NAO index. It may be
possible that our study period was too
short to detect this interaction or,
alternatively, other factors may control
the onset of breeding, such as long-term
carry-over effects which are determined
at the wintering areas, local feeding
conditions which have gradually
deteriorated in the past decades (e.g.
Westerbom 2006), predation pressure on
the breeding grounds or moistness of
nesting sites. In line with these
suggestions, the time interval between
the mean laying date at Tvarminne and
peak spring arrival at the Hanko Bird
Observatory, i.e. the time during which
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Table 2. Normalized coefficients (mean 0 and standard deviation 1, also including 95 % confidence intervals)
of (a) hatching date and (b) brood size models in pygmy owl (PO), Tengmalm’s owl (TeO), tawny owl (TaO),
Ural owl (UO), common buzzard (CB), sparrowhawk (SH) and goshawk (GH) based on model averaging.

Coefficients that significantly differ from zero are bolded.

(a) Species PO TeO TaO Uo CB SH GH
Voles, autumn  -0.06+0.30 -0.46+0.22 -0.30+0.22 -0.40+0.16 .

Voles, spring -0.24+0.43 -0.13+0.28 -0.23+0.37 -0.02+0.30 -0.01+0.07 .
Grouse . . . . . . -0.10+0.07
Feb. temp. . 0.02+0.15 -0.0940.30 -0.25+0.22 . . -0.17+0.09
Mar. temp. -0.06+0.28 -0.12+0.28 -0.46+0.32 -0.13+0.25 -0.05+0.13 -0.01+0.03 -0.02+0.08
Apr. temp. 0.01+0.16 -0.37+0.14 -0.30+0.04 -0.29+0.08
Apr. precip. . . . . 0.13+0.04

Mar. snow -0.03+0.20  0.20+0.27 0.11+0.26  0.27+0.18

(b) Species PO TeO TaOo Uo CB SH GH
Voles, autumn  -0.13+0.30  0.04+0.21  0.15+0.27  0.30+0.20 .

Voles, spring 0.49+0.43 0.33+0.29 0.46+0.30 0.36+0.23  0.28+0.15 .
Grouse . . . . 0.07+0.08
Mar. temp. . 0.15+0.26 0.02+0.17 0.13+0.25 . .
Apr. temp. 0.01+0.15 . . . 0.00+0.03  0.25+0.08
May temp. . 0.00+0.10 0.00+0.14 -0.02+0.13 . . .
Jun. temp. -0.21+0.38 0.34+0.16  0.01+0.02  0.16+0.07
Apr. precip. -0.05+0.03 .
Jun. precip. . . . -0.17+0.19 . -0.15+0.06
Mar. snow 0.10+0.31  0.39+0.22  0.04+0.21 -0.05+0.18

female eiders replenish body reserves,
increased with earlier spring arrival dates
(A. Lehikoinen, unpubl. data). These
results support the findings of Ahola et
al. (2004), suggesting that earlier arrival
does not necessarily lead to earlier
breeding, but may actually increase the
time lag between arrival and laying.

In all birds of prey except for the
common buzzard and pygmy owl
(sparrowhawk not analyzed), increasing
prey abundance prior to laying advanced
breeding dates (Il Ill, 1V; Table 2, Fig. 6B).
This was an expected finding in the light
of previous research (Pietidinen 1989,
Korpimédki & Hakkarainen 1991,
Pietidinen & Kolunen 1993). However,
this study shows that temperature can
strongly affect laying dates even in highly

specialized predators. The common
buzzard, sparrowhawk, goshawk, tawny
owl and Ural owl all advanced their
breeding by about 0.5 to 2 days for every
one degree increase in temperature
around laying or in the month before
laying (II, Ill, IV, V; Figs 5A, 6A). When
comparing the magnitude of coefficients
of temperature and prey abundance,
temperature showed at least as high an
importance as food abundance in
explaining the timing of breeding in
common buzzards, goshawks, tawny owls
and Ural owls (Il, Ill, IV; Table 2, Fig. 6). In
general, breeding dates were delayed
towards the north and the east (ll, IV, V).
This result reflects the climatic gradient
between the milder southern and
western Finland and the northern and
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eastern Finland, characterized by lower
winter and early spring temperatures
(Maanmittaushallitus & Suomen
maantieteellinen seura 1987).

In the Ural owl, increasing snow
depths in March were found to delay the
timing of breeding (lll; Table 2). This
supports the hypothesis that thick snow
cover reduces success of finding prey,
which  may negatively affect the
condition of breeding birds, and thus
delay breeding (Pietidinen & Kolunen
1993). Mild late winters and early springs
result in earlier snow melt, enhancing the
hunting success of owls (Korpimaki
1986).

Somewhat surprisingly and in
contrast to the larger tawny and Ural
owls, the laying dates of pygmy and
Tengmalm’s owls were not affected by
winter or spring temperature (lll; Table
2). This contradicts earlier findings which
suggest that as a response to increasing
temperature, small species should
advance their breeding schedule more
than larger species (Stevenson & Bryant
2000). This discrepancy may be caused
by general differences in breeding
strategies. Based on the existing
literature (Hirons et al. 1984, Hornfeldt &
Eklund 1990, Korpimaki & Hakkarainen
1991, Pietidginen & Kolunen 1993), large
owl species are to a higher extent capital
breeders (sensu Drent & Daan 1980),
where the resources needed for egg
laying and incubation are acquired from
stored reserves. Smaller species, which
are to a higher degree income breeders,
continuously acquire resources for laying
and incubation during the course of the
breeding season (Drent & Daan 1980,
Jonsson 1997, Meijer & Drent 1999,
Klaassen 2003). The breeding conditions

of capital breeders may be enhanced if
the winter has been mild, thus allowing
earlier breeding.

The capital breeding tactic is
beneficial compared to income breeding
in unpredictable and resource-limited
circumstances (Jonsson 1997). Large-
sized species are unable to increase their
body condition as swiftly as smaller
species in preparation for breeding,
whereas small species can not carry as
high body reserves as large species,
which may explain why large species are
generally more often capital breeders
than small ones (Meijer & Drent 1999,
Klaassen 2003). My results confirm the
hypothesis that replenishing and
sustaining energy reserves are easier in
mild than in harsh winters (I; see also
Nilsson 1979, Birkhead et al. 1983, Fox et
al. 1992, Kenward 2006). This conclusion
is also supported by the fact that in
tawny owls, ovarian growth starts about
three months prior to the breeding
season and it is positively associated with
body mass (Hirons et al. 1984). This
strongly suggests that the physiological
preparation for breeding begins well in
advance of egg laying, and hence it can
be extensively affected both by weather
conditions and food abundance over a
longer time period.

3.2. Reproductive success

The breeding success of eiders, common
buzzards, sparrowhawks, goshawks and
Tengmalm’s owls was affected by
climatic variables (I, Il, lll, IV, V; Figs. 7,
8A-B). On the other hand, also higher
prey abundance improved reproductive
output (I, Hl; Fig. 8C). In common
buzzards and goshawks, the influence of
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Fig. 7. Average clutch size (A-B), length-weight standardized body condition of females at hatching of their
clutch (C-D) and fledging success (E-F) of eiders breeding at Tvarminne in relation to the NAO index and the
timing of ice break-up at Jussard. Linear trend lines illustrate significant correlations between variables (1).

weather conditions was at least as high
impact on breeding success as did the
abundance of the main prey, whereas in
owls vole abundance was the main
forcing factor (ll, 1ll, IV; Table 2). Taken
together, these results support the
consensus view that climate and food
availability are the key factors affecting
breeding success (e.g. Newton 1998).
After mild winters, eider females

laid larger clutches, they were in better
body condition at the time their clutches
hatched and they reared larger broods (l;
Fig. 7). Similar results have earlier been
documented in whooper swans Cygnus
cygnus and mute swans C. olor (Nilsson
1979, Birkhead et al. 1983), species
having a similar overwintering strategy
and life-history characteristics. Eiders
may pool their broods and form female
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brood-rearing coalitions, where different
strategies are state-dependent and
linked to the female’s ability to protect
the brood against predation (Ost et al.
2003a, b, Ost et al. 2007a, b). During
brooding disease epidemics and the
choice of parental care strategy are key
factors affecting fledging success (Ost et
al. 2008; 1). The eider is regarded as an
extreme example of a capital breeding
species, in which resources for laying,
incubation and post-hatching parental
care largely come from energy stored
during the pre-breeding phase (Meijer &
Drent 1999, Hario & Ost 2002, Waldeck
et al. 2004). My findings suggest that
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energy resources allocated for
reproduction may be less during cold
winters, e.g. due to increased energetic
demands of temperature regulation or
hampered feeding conditions due to
more severe ice conditions. In eiders,
energy resources available to breeding
females are not only affecting laying and
incubation, but also determining how
much the female can invest in post-
hatching parental care (Ost et al. 2003a,
b, 2007b). Good-quality females with
high body condition may be better able
to protect their young against predation
(Ost et al. 2003a), and these females also
produce larger clutches (Ost et al. 2008).
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Fig. 8. Brood size of Finnish common buzzards in relation to (A) June temperature, (B) June precipitation, (C)
vole density and (D) year in Finland in 1973-2004. Panels A-C are based on pooled data near vole trapping
sites (see Material and Methods), while panel D is based on the data from the whole country. The inclusion of
a solid regression line in the panels indicates a significant relationship between variables. Note the 3 to 4-

year cycle in brood size related to vole abundance (lI).
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The survival of offspring in several
precocial waterfowl species is enhanced
in larger broods (Lepage et al. 1998,
Loonen et al. 1999, Smith et al. 2005, Ost
et al. 2008). Another non-exclusive
explanation is that the survival of young
of good-condition parents may be
enhanced through maternally induced
immune defence, since good-condition
females may have a better capacity to
produce antioxidants in eggs, thus
reducing the risk of disease once the
offspring have hatched (Blount et al.
2003; 1).

The brood size of goshawks was
larger in years characterized by high
temperatures around the time of laying
(IV). Sparrowhawks showed a higher
breeding success when the period
around laying was dry (V; Table 2). In
accordance with these results, Newton
(1986) found that increasing
temperature and decreasing
precipitation during spring improved the
breeding success of sparrowhawks. He
explained this pattern by the earlier
arrival of migrating passerines in warm
and dry years, improving the hunting
conditions of breeding resident birds,
thus leading to earlier breeding and
larger clutches. This could be the case in
the Finnish resident goshawks and
migratory sparrowhawks too, even
though the pattern is not as clear as in
the resident sparrowhawks in Britain.
Many migratory bird species have been
shown to arrive in Finland earlier after
mild winters (Vahatalo et al. 2004, Rainio
et al. 2006), and arrival dates have
become earlier with time (Sparks et al.
2005, Jonzén et al. 2006). In addition,
since higher temperatures already as
early as in February advanced the

breeding of goshawks, higher pre-laying
temperatures may positively affect the
body condition of females, since
temperature regulation is energetically
less demanding than during colder years
(see 1). Following this chain of logic,
higher temperatures can lead to
improved body condition, which allows
females to lay larger clutches, resulting in
larger broods later in spring (1V).

In  common buzzards and
goshawks, increased temperature during
brood rearing positively affected brood
size, whereas increased precipitation had
a negative impact (ll, IV; Figs. 8A-B).
These results are in line with several
studies showing that in birds in general
(e.g. Walsberg 1985, Huey 1991), and in
birds of prey in particular (Mearns &
Newton 1988, Kostrezewa & Kostrezewa
1990, Selas 2001, Rodriguez &
Bustamante 2003, Kriiger 2004), nestling
mortality is higher in cold or wet
circumstances. Under such conditions,
offspring may face increasing heat loss
(e.g. Walsberg 1985, Huey 1991) that
may expose them to hypothermia and
starvation. Rainy weather may also have
indirect effects by decreasing the hunting
efficiency of parents, thus leading to
brood reduction.

In Tengmalm’s owl, breeding
success improved with the thickness of
the snow cover in March (lll; Table 2).
Thinner snow cover and earlier snow
melt may increase predation on voles
(Hansson & Henttonen 1985, Korpimaki
1986, Halonen et al. 2007) and
alternating thaw and freezing cycles
(frost seesaw) can be harmful for
wintering voles (Aars & Ims 2002,
Solonen 2006). Reduction of the snow
layer could lead to a paradoxical pattern
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where hunting conditions before and
around laying are improved due to
thinner snow cover (lll; see Ural owl in
Table 2) and breeding could be started
earlier due to better body condition.
However, increased predation during late
winter and early spring may cause
decreased vole densities at the time
when owl parents should start to feed
their offspring. Compared to the other
studied owl species, Tengmalm’s owl is
more of a vole specialist, whereas the
other species to some extent also use
birds in their diet during breeding (e.g.
Mikkola 1983, Kullberg 1995). This may
be a reason why only the breeding
success of Tengmalm’s owls showed a
relationship with snow cover.

3.3. Autumn migration

Sparrowhawks have also advanced their
autumn migration (V; Fig. 4C) as a
response to an earlier breeding schedule
(V). Young sparrowhawks start their
autumn migration soon after parents
have given up food provisioning (Newton
1986). Therefore it is hardly surprising
that the species’ departure times have
also advanced in parallel with the
advancing arrival times, so that the
timing of the entire life cycle of
sparrowhawks has shifted towards
earlier migration and breeding (V; Fig. 4).
However, in contrast to the early-
migrating young that have advanced
their autumn migration, late-phase
migrants, mainly representing adults,
have not advanced their autumn
migration. Adults migrate later than
juveniles, since they need to moult their
flight feathers before departure (Cramp
& Simmons 1980, Saurola 1981, Kjellén

1992).

Two hypotheses have been
proposed regarding the effects of climate
change on the autumn phenology of
migratory birds. Jenni and Kery (2003)
suggested that single-brooded short-
distance migrants, such as sparrowhawks
(Cramp & Simmons 1980), should show
delayed rather than advanced autumn
phenology despite advancing spring
arrival. In a warming climate, they would
not need to migrate so far any more, and
wintering as close to breeding areas as
possible would be beneficial with respect
to earlier arrival and territory
establishment (Jenni & Kery 2003,
Newton 2008). On the other hand,
Toettrup et al. (2006) have documented
advancing autumn migration times in
many North European short- and long-
distance migrating passerines. These
authors have hypothesized that the time
interval that the species are spending in
their breeding areas (BART: breeding
area residence time) is constant, and
thus earlier spring arrival and breeding
would lead to a correspondingly earlier
autumn migration of both adult and
young birds (Thorup et al. 2007). Earlier
arrival to wintering areas may enable the
acquisition of better wintering territories
and thus result in better body condition
in preparation for spring migration
(Alerstam 1990, Newton 2008).

The migration data of
sparrowhawks (V) provide support for
both hypotheses. The migration patterns
of juvenile sparrowhawks agree with the
constant BART hypothesis. However,
because both spring and breeding dates
have advanced, whereas autumn
migration dates of late-phase migrating
adults have not, the BART of adults has
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increased, which better agrees with the
hypothesis proposed by Jenni and Kery
(2003). This highlights that different age
groups of the same species following the
same flyway may respond differently to
climate change. The main autumn
migration period of different passerine
species in Finland covers the entire
migration period of sparrowhawks from
late July (long-distant tropical migrants,
warblers) to late October (short-distance
migrants, finches) (Lehikoinen &
Vahatalo 2000), which enables
sparrowhawks to migrate at the same
time as their prey.

3.4. Implications and future prospects

The results of this study suggest that
climate directly affects many aspects of
the breeding cycle of large-sized bird
species in Northern Europe, the general
trend being that increasing temperatures
tend to improve breeding conditions and
advance breeding dates. The findings
suggest that short-distance migrants or
resident species (eider, goshawk and
large owls), which all show characters of
a capital breeding strategy, are the ones
that might be expected to benefit from
the ongoing warming, everything else
being equal (but see Guillemain et al.
2008). However, before further
generalizations are possible, the effect of
increasing temperatures on capital and
income breeders should be evaluated in
other study systems, also including other
taxa than birds.

Regardless of food availability,
asymmetric warming may cause
mismatches between the timing of
breeding and the optimal weather
conditions during brood rearing.

Increasing early spring temperatures
have advanced the breeding of black
grouse and common buzzards, but
temperature during brooding has not
risen and nestlings are facing colder post-
hatching conditions (Ludwig et al. 2006;
II; see also Fig. 1). Similar mismatches
could be also found in other systems
than birds. For example, advanced plant
blooming (Abu-Asab et al. 2001) may
expose flowers to higher risk of frost
damage and lack of critical pollinators,
which can cause crop failure (Inouye
2008). It would be important to
investigate how general these types of
mismatches are in Northern Europe, and
how much they potentially explain
current population trends of species. The
population decline of a particular species
may have indirect effects affecting
various levels of the food web. For
example, the decline of the black grouse,
which at least partly can be ascribed to
asymmetric climate change (Ludwig et al.
2006), may directly suppress the
breeding success of birds of prey using
grouse as their prey, but indirectly it may
also affect the population dynamics of

important alternative prey species
(Lindén & Wikman 1983, Reif et al. 2001,
2004).

Indirect effects are often difficult
to predict, since the mechanisms by
which climate affects prey abundance
are seldom known in sufficient detail.
The relationship between snow cover
and vole abundance provides an
illustrative example. It is well known that
the cyclic population dynamics of voles in
Fennoscandia occurs only in areas where
the ground is snow-covered during
normal winters (Hansson & Henttonen
1985, Hanski et al. 1991). Even though
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numbers  of
publications suggesting that snow
conditions may affect over-winter
survival of small rodents so that a
thinner, harder and more humid snow
cover may reduce survival rate of small
mammals (Lindstrém & Hornfeldt 1994,
Aars & Ims 2002, Boonstra & Krebs 2006,
Korslund & Steen 2006, Kausrud et al.
2008), it is not comprehensively
understood how warming temperatures
will affect vole numbers and thus the
staple food of many birds of prey (see
also Solonen 2006). The consequences of
warming for the abundance of voles may
appear indirectly through the community
structure of prey and predators, where
increase in the amount of generalist
predators could stabilize vole dynamics
(see Hanski et al. 1991).

It is also important to notice that
the effects forced by climate change may
not necessarily act in the same direction.
For example, my results have shown that
decreasing ice cover due to warming
temperature will likely increase the
breeding success of eiders (I). However,
climatic models suggest that especially
due to increasing winter precipitation

there are growing

(Jylhd et al. 2004), the salinity of the
Baltic Sea will likely continue to decrease
(Meier et al. 2006; Mackenzie et al.
2007), which will negatively affect the
distribution of the salinity-demanding
blue mussel Mytilus edulis, the main food
of eiders (Westerbom 2006). Increasing
sea temperature has also shown to
decrease the growth of mussels
(Honkoop & Beukema 1997). The net
outcome of these opposite climatic
effects, where climate change may
increase the body condition of breeding
eiders but simultaneously reduce the
guality and range of suitable breeding
areas of eiders in the Baltic, is extremely
difficult to predict. Judged by the current
declining population trend of Baltic
eiders (Hario & Rintala 2008, see also
Westerbom 2006), it seems that the
negative effects of climate change may
actually outweigh the positive effects in
this particular case. Correspondingly, the
population sizes of the main prey of
goshawks, forest grouse, have suffered
from asymmetric climate change (Ludwig
et al. 2006), although the warming by
itself should improve the breeding
success of goshawks (1V).
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4. Conclusions

The general conclusion of this thesis is
that climatic variables have considerable
impact on the life history traits of large-
sized birds in northern Europe.
Previously, the common opinion has
been that density dependence and prey
abundance mainly influence life history,
and hence weather conditions have
seldom been taken into account in
previous studies. My findings show that
climate is controlling not only the
phenology of the species but also their
reproductive output, thus affecting the
entire population dynamics.
Furthermore, interactions between
climate and food resources can be
complex and potentially need to be
tackled at the population level.
According to global climate
scenarios, the mean temperature in
Finland is expected to increase by 2-5°C
within the next 40 years, higher
temperature increases during the winter
months during the summer months.
Correspondingly, the overall precipitation
is predicted to increase whereas days
with snow and ice cover are likely to
decrease in the future (Jylha et al. 2004,
2008). Based on my thesis and the
current climate scenarios, the following
not mutually exclusive responses are
possible in the near future. Firstly,
asymmetric climate change may result in
a mistiming of breeding because mild
winters and early spring may lead to
earlier breeding, whereas offspring are
hatching into colder conditions which
elevated mortality (Ludwig et al. 2006; II;

Fig. 1). Secondly, climate induced
responses can differ between species
with different breeding tactics (income
vs. capital breeder), so that especially
capital breeders can gain advantage on
global warming as they can sustain
higher energy resources. Thirdly,
increasing precipitation has the potential
to reduce the breeding success of many
species by exposing nestlings to more
severe post-hatching conditions and
hampering the hunting conditions of
parents (Il, I1l, IV, V). Fourthly, decreasing
ice cover and earlier ice-break in the
Baltic Sea (Meier 2002; 1) will allow
earlier migration in waterfowl. In eiders,
this can potentially lead to more
productive breeding (l). Fifthly, warming
temperatures can favour parents
preparing for breeding and increase
nestling survival (I, V). Lastly, the
climate-induced phenological changes in
life history events will likely continue (I,
i, H, v, V). However, it is vitally
important to emphasize that to be able
to definitely address the question how
climate change will affect the breeding
success of species, indirect effects
mediated by the food chain should be
taken into account, e.g., how climate
affects food abundance (Martin 2007). As
exemplified by the eiders caught in the
crossfire between more benign ice
conditions and lower salinity negatively
affecting their prime food resource,
climatic effects on avian life history and
population dynamics are often complex
and interact with other factors in often
unforeseen ways.
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