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To my family, the Finnish and the Spanish. No matter where you are, you are
always with me.

“Mantén siempre a itaca en tu mente.
Llegar alli es tu destino.

Mas no apresures nunca el viaje.

Mejor que dure muchos afios

y atracar, viejo ya, en la isla,

enriquecido de cuanto ganaste en el camino,
sin esperar que [taca te enriquezca.”

Kowveravrivog IT. Kapapnc, ftaca, 1911
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ABSTRACT

Climate change has become a major threat for
biodiversity in recent decades. Waterbirds, in
particular, are very responsive to climate change
compared to other avian species and have
already shown changes in phenology and
distribution. Such strong and rapid response of
some species to climate change has motivated
debate about the effectiveness of the site-
safeguard network, as climate change may
ultimately push species of conservation concern
out of the protected areas. One such network,
which aims to protect all European bird species,
is the Special Protection Area (SPA), designated
under the EU Birds Directive.

My thesis overviews the most important
environmental factors acting upon Nordic
waterbird populations now and in the future. In
addition, I studied (i) the spatial changes in
wintering abundances of 25 waterbird species in
Europe in relation to weather conditions, (ii) the
effectiveness of the SPA network delivering
climate change adaptation for a protected
waterbird species and (iii) the effects of weather
conditions and habitat type on the abundance of
17 waterbird species breeding in Finland.

Results show differential response of 25
waterbird species (classified into five guilds) to
inter-annual variation in weather conditions.
The centre of gravity in abundance of dabbling
ducks, diving ducks, swans and other waterbird
species (non-Anatidae) moved southwestwards
in cold winters. On the other hand, only the
centre of gravity in abundance of dabbling and
diving ducks moved northeastwards in warm,
and a priori Dbeneficial, winter weather
conditions. In this case, diving ducks responded
the fastest. There was no link between the
movement of the centre of gravity in abundance
of geese with winter weather conditions. These

differences in responses to weather conditions

are probably related to different food and
habitat requirements during winter as well as to
life-history traits.

Furthermore, while the centre of gravity in
abundance of diving ducks showed a steadily
long-term shift northeastwards over the past
three decades, that of other waterbird species
shifted southwestwards in recent years probably
due to several consecutive cold winters.
Dabbling ducks, swans and geese did not show
long-term shifts. A detailed study about the
wintering distribution of the smew Megellus
albellus supports the above-mentioned findings
and shows that the wintering numbers of this
protected diving duck in the northeastern part of
the wintering range increased from 6% of the
total wintering population in the early 1990s to

32% in the early 2010s.

In this context of climate-driven
redistribution of wintering waterbirds, the EU’s
SPA network facilitated the redistribution of
wintering smew towards the northeast: smew
wintering numbers increased twice as fast inside
SPAs.

pinpointed big gaps in the SPA network in north

than outside However, results also
European countries, as most of the individuals
winter outside the network in Sweden (79%)
and Finland (95%). This findings call for an
urgent assessment of the network in northern
Europe, where wintering numbers are rapidly
due to the high
flexibility in migration of this and other
according to weather
conditions, it is of paramount importance to

increasing. Furthermore,

waterbirds current
maintain a cohesive and coherent site-safeguard
network throughout the flyway, including cold
weather refuge sites.

Lastly, the abundance of waterbird species
breeding in Finland was higher after mild
winters in western and northern Europe likely
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due to improved survival. This beneficial effect
of mild weather conditions was more apparent
in eutrophic wetlands than in oligotrophic ones.
However, my analysis of population trends in
different habitat types revealed faster population
declines in wetlands surrounded by agricultural

and urban areas, possibly due to hyper-

eutrophication processes that renders such
wetlands unsuitable for waterbirds to breed.
These findings suggest that the impact
decreased habitat quality can overcome the
positive effects of milder winters and cause

populations to decline.



TIIVISTELMA

Ilmastonmuutoksesta on tullut merkittdva uhka
luonnon monimuotoisuudelle. Vesilinnuilla on
osoitettu ilmaston aiheuttamia muutoksia
fenologiassa ja levinneisyydessd, ja ne reagoivat
voimakkaammin muuttuvaan ilmastoon kuin
monet muut lintulajiryhmét. Nopeat muutokset
ovat kéynnistineet keskustelun
suojelualueverkoston toimivuudesta ilmaston ja
lajien levinneisyysalueiden muuttuessa, silld
ilmastonmuutos voi tyontdd suojeltavan lajin
levinneisyyden suojelualueiden ulkopuolelle.

Euroopan Unionin lintudirektiivin perusteella

rauhoitetut SPA-alueet (Special Protection
Areas) muodostavat merkittdvan
suojelualueverkoston.

Viitoskirjani koostuu neljastd osatyostd
ja nédiden yhteenvedosta. Ensimméinen osatydni
kasittelee tarkeimpia Pohjoismaiden
sorsakantothin ~ nyt ja  tulevaisuudessa
vaikuttavia tekijoitd. Loput kolme osatydtéini
tarkastelevat (i) vesilintujen talvipopulaatioiden

muutoksia Euroopassa 25 vesilintulajilla viime

vuosikymmenind, (i1) EU:n
suojelualueverkoston  tehokkuutta sopeutua
vesilintujen talviaikaisiin

levinneisyysmuutoksiin ja (iii) sditekijoiden
sekd elinympariston laadun yhteisvaikutusta 17
vesilintulajin pesimépopulaatioihin Suomessa.

Tulokset viiteen

vesilintukiltaan jaetut 25 vesilintulajia reagoivat

osoittavat,  ettd

eri tavalla talven sddolojen vaihteluun.
Puolisukeltaja- ja sukeltajasorsien ja joutsenten
talviset runsauden painopisteet siirtyivdt kohti
lounasta kylmind talvina, mutta keskiméérdista
kohti
koillista vain puolisukeltaja- ja sukeltajasorsilla.
Sukeltajasorsat olivat ainoa ryhmd, jolla

laimpimind talvina painopiste siirtyi

talvirunsauden painopiste on siirtynyt kohti

koillista  viimeisen 25 vuoden aikana.

Alueelliset muutokset lajien talvirunsauden
muutoksista ja niiden yhteys talven sddoloihin
riippunevat lajiryhmien
elinymparistovaatimuksista.

ravinto- ja

Erillinen tarkastelu EU:n lintudirektiivin
erityissuojellulla sukeltajasorsalajilla, uivelolla,
osoitti, ettd Pohjois-Euroopassa talvehtivien
lintujen osuus koko talvikannasta on kasvanut
6 %:sta 32:een vuosina 1990-2011. Tulokset
viittaavat, ettdi EU:n suojelualueverkosto tukee
lajin levittdytymistd kohti pohjoista, silld
Pohjois-Euroopassa talvikanta kasvoi ldhes
kaksi kertaa nopeammin EU:n SPA-alueilla.
Tutkimukseni kuitenkin paljasti, ettd osassa
Pohjois-Euroopan maissa lajin suojelutilanne on
heikko: SPA-alueiden ulkopuolella talvehtivien
lintujen osuus oli Ruotsissa 79 % ja Suomessa
perdti 95 %. Tulosten perusteella suojelualueen
kattavuutta tulisi pdivittad sdéinnollisesti etenkin
pohjoisilla alueilla, silld ilmastonmuutoksen
myotd lajien levinneisyysalueet ja runsaudet
muuttuvat. Koska kylmét talvet tyontévit
vesilintuja talvehtimaan eteldisille alueille,
eteldisten alueiden suojelu on edelleen tirkeda
suojelualueverkoston joustavuuden kannalta.

Viimeisessd osatyOssdni  selvitin, ettd
vesilintulajilla pesimédkannat kasvoivat leutojen
talvien jélkeen todenndkoisesti parantuneen
hengissésdilyvyyden takia. Tdmi leutojen
talvien suotuisa vaikutus oli voimakkaampaa
rehevilld kosteikoilla kuin karuilla vesilla.
Elinympdristdkohtainen tarkasteluni kuitenkin
paljasti, ettd vesilinnut taantuivat kaikkein
voimakkaimmin  maatalousympéristdjen  ja
taajamien ldheisilld kosteikoilla, todenndkdisesti
liiallisen  rehevoitymisen  takia.  Tulokset
osoittavat, ettd heikentynyt elinympariston laatu
voi kumota leudontuneen ilmaston positiiviset
vaikutukset.
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Introduction

The environment in which species develop their
life cycle is naturally dynamic in time and
space. Individual species, thus, have to cope
with variable levels of unpredictability with
respect to their surroundings (Begon et al.
1994). Besides the natural fluctuations in
environmental conditions, organisms have to
cope with rapid changes in climatic conditions
derived from human activities (IPCC 2012,
2013, EEA 2012). Effective evidence-based
conservation can only be accomplished when
the drivers of population change at local,
country and global scales have been
disentangled (Stroud et al 2004, Sutherland et
al. 2004, Courchamp et al. 2015, Johnston et al.
2015, Fox et al. 2016a). Traditionally,
continuous, profound and rapid human
alteration of the original characteristics of most
of Earth’s habitats has been considered the most
important cause of biodiversity loss at a
planetary scale (Pimm et al. 2006). However,
accumulating  that
anthropogenic climate change has become a

new  evidence is
major threat for biodiversity in the past decades
(Parmesan & Yohe 2003, Thomas &
Williamson 2012). While some organisms may
be unable to survive such changes, others have
shown clear responses to changes in climatic
conditions (Parmesan 2006, Mawdsley et al.
2009, Mawdsley 2011), for example by either

altering the timing of some of their phenological
events, such as flowering (Menzel et al. 2006,
Frei et al. 2014, Amano et al. 2016) and
migration time (Meller et al. 2008, Knudsen et
al. 2011, Kelly et al. 2016) or by changing their
distribution (Chen et al. 2011, Thomas et al.
2012, Amano et al. 2016, Santangeli &
Lehikoinen 2017).

To quantify the impact of changes in
environmental conditions on wildlife, one needs
good quality, long-term monitoring data of
species. Birds are unquestionably the taxon that
has been most extensively monitored, over the
longest time period, owing to tens of thousands
of volunteer birdwatchers that participate in
different monitoring schemes around the world.
With these data, researchers have been able to
show that some avian species have responded in
different ways to climate change in the past
decades (Moller et al. 2010, Pearce-Higgins et
al. 2015). Some studies have shown evidence of
the positive relationship between such responses
and population trends: for instance, species that
did not advance their spring migration declined
in the 1990s, whereas those able to track
climatic changes showed stable or increasing
population trends (Moller et al. 2008).
However, the direct benefits of advancing
migration time is not always evident and
changes in other environmental factors may
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have stronger impact on population trends
(Ockendon et al. 2012 and references therein).
The type, speed and strength of such responses
to climate change are, therefore, highly species-
specific. In particular, waterbirds have shown to
be very responsive to climate change compared
to other avian species (Brommer 2008, Bussicre
et al. 2015) and have shown changes in
phenology (Lehikoinen et al 2006, Guillemain
et al. 2013, Donnelly et al. 2015, Szostek et a.
2015) and distribution (Zipkin et al. 2010,
Godet et al. 2011, Gunnarsson et al. 2012,
Lehikoinen et al. 2013).

Waterbirds are defined as a group of bird
species strictly reliant on aquatic environments,
at least in some stage of their life cycle. Within
waterbirds, one can find several groups of avian
species. For example, the term waterfow!
includes all species of the Orders Gaviiformes,
Podicipediformes and Anseriformes as well as
the Coot Fulica atra (del Hoyo et al. 1994). The
term waders (or shorebirds in North America)
refers to species belonging to the Order
Charadriiformes (del Hoyo et al. 1994).

Many waterbirds are considered keystone
species and have not only a crucial ecological
role in the functioning of ecosystems (Green &
Elmberg 2014, Arzel et al. 2015, Kleyheeg et al.
2017), but also a high economic and societal
importance, specially relevant in the case of
duck species (Green & Elmberg 2014).
Waterfowl, in particular, are harvested as
sources of eggs and down, comprising the main
source of income  sustaining  certain
communities in Norway and Iceland (e.g. Green
& Elmberg 2014). In addition, ducks and
waders are important game species (more than
7.6 million waterfowl and 4.2 waders are shot
annually in Europe; Green & Elmberg 2014).
Hunting is an old tradition and part of the
culture of many countries in Europe and North
America, as well as being a very profitable

business worldwide (Black & Owen 1990,

Glaeson et al. 2011, Green & Elmberg et al.
2014, Lindstrom et al. 2015). Moreover,
waterbirds provide other ecosystem services
that are beneficial and enhance people’s welfare
and day-to-day life, such as bird-watching, eco-
tourism or enhancement of recreational areas
(Glaeson et al. 2011, Green & Elmberg 2014,
Arzel et al. 2015).

Waterbirds are usually considered indicators
of wetland health and biodiversity (Guillemain
et al. 2013, Green & Elmberg 2014, Arzel et al.
2014, but see Guareschi et al. 2015) and their
abundance and diversity are often used as
criteria to identify and qualify wetlands as
internationally important and to designate as
protected areas (Stroud et al. 2004, Glaeson et
al. 2011, Wetlands International 2017). Hence,
specific monitoring programmes targeting this
group of birds have been running for many
decades (Wetlands International 2017). Such
schemes have revealed important population
declines of many species in recent years in
Europe (Holt et al. 2012, Waldeck & Larsson
2013, Wetlands International 2017) due to rapid
habitat loss and exacerbated by ongoing climate
change (Clausen et al. 2013, Guillemain et al.
2013, Marquez-Ferrando et al. 2014). For these
and other reasons, most waterbird species and
their key habitats are protected under
international legislation and are included in
conservation programs such as the RAMSAR
African-Eurasian waterbird
agreement (AEWA), the Convention on
Migratory Species (CMS) and the Natura 2000
network, which combines the EU Birds
Directive and the EU Habitats Directive
(Wetlands International 2017).

Convention,

Climate change & waterbird
distributions

Although the future -characteristics of the
climate on Earth are difficult to anticipate,



changes to date are beyond the expected natural
variability (IPCC 2012, 2013). One of the main
features of climate change is the increase in
temperature (IPCC 2012). In this sense, the
arctic and boreal zones are anticipated to
experience the fastest changes (Jylhd et al.
2004, IPCC 2012). These two regions in
particular, are used by many waterbird species
as main breeding grounds (del Hoyo et al. 1994,
Holopainen 2015, Lehikoinen et al. 2016a,
Wetlands International 2017). Moreover, within
the annual cycle, autumn, winter and spring
temperatures have substantially increased in
northern Europe and the Arctic region causing
reductions in the Baltic Sea ice cover during the
last decade and contributing to a 15-20%
decrease in the circumpolar arctic ice cover over
the past three decades (European Environmental
Agency 2012, see also Tulp & Schekkermann
2008, Iverson et al. 2014, Prop et al. 2015). On
the other hand, summer temperature increased
only moderately compared to the other seasons
in the past decade in Europe and this asymmetry
is anticipated to increase in the future (Jylha et
al. 2004, European Environmental Agency
2012).

This variation in temperature change can
have a profound impact on birds in general
(Moller et al. 2010, Pearce-Higgins & Green
2014), and waterbirds in particular, because
most of them are migratory species
therefore more vulnerable to the asynchrony of
these changes (Guillemain et al. 2013, Donnelly
et al. 2015, I). For example, some individuals
may reduce their migration distance and spend
the winter in newly available wintering grounds
closer to the breeding sites. This is known as a
short-stopping (see Elmberg et al. 2014) and is a
direct consequence of the increase in
temperature during winter in northern Europe,
which creates new ice-free wetlands further

and

north. The availability of new wintering sites
may ultimately cause a shift northwards of the
wintering range of some species (Lehikoinen et

13

al. 2013, Fox et al. 2016b, I, II, IIT). Moreover,
conditions in traditional wintering grounds are
changing and, due to climate change previously
unfavourable wintering sites may have become
favourable for exploitation, causing a
displacement of wintering sites (Austin et al.
2005, Maclean et al. 2008, see also Ockendon et
al. 2012). Waterbirds, however, are also able to
adjust their migration to current weather
conditions and move further southwest along
the flyway during harsh winters or unexpected
cold-spells (Ridgill & Fox 1990, 11, III). This
phenomenon has recently given rise to concerns
about the effectiveness of the current network of
protected areas. Protected areas are static
entities and may fail to protect those species of
conservation concern as they change their
distribution as a response to climate change
(Araujo et al. 2011, Mawdsley 2011, Thomas et
al. 2012, 2013, III).
Furthermore, changes in weather conditions
during the non-breeding season can affect the
abundance of waterbirds the following breeding
season and ultimately the population dynamics
of these species (POysd & Védnidnen 2014, 1V,
see also Guillemain et al. 2005).

Johnston et al.

Climate change & wetland degradation

Aquatic ecosystems are especially threatened by
climate change (Moss et al. 2011, Bellisario et
al. 2014, Steen et al. 2016, Guareschi et al.
2015) which may accelerate the speed at which
wetland dependent species such as waterbirds,
lose their optimal habitat (Stoate et al. 2009,
Gordo et al. 2011, Steen et al. 2014, 2016).
Climate-driven  alterations of  wetland
availability and quality have a sizable impact on
waterbird distribution and abundance (Bellisario
et al. 2014, Steen et al. 2014, 2016). In extreme
cases, increased temperature and/or reduced
rainfall may cause severe continuous droughts
and loss of wetlands impacting the availability
and distribution of both breeding and wintering
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habitats (Zwarts et al. 2009, EEA 2012, Steen et
al. 2014, 2016).

Changes in climate may also alter the
quality of wetlands. For example, increased
temperature may unleash phytoplankton
blooms, cause loss of food resources (i.e.
vegetation) and refugia from
predators, increase turbidity
outbreaks of diseases such as botulism; all
symptoms of hyper-eutrophication (Moss et al.
2011, Guillemain et al. 2013, I). Traditionally,
eutrophic provided better
breeding and wintering habitat for waterbirds
than oligotrophic wetlands (Nilsson & Nilsson
1978, Kauppinen & Viisédnen 1993). However,

underwater

water and

wetlands have

declines in waterbird populations have been
associated with habitat degradation due to
hyper-eutrophication of
northern Europe (Fox et al. 2016a, Lehikoinen
et al. 2016b, I, IV). Hyper-eutrophication of
wetlands is a worrying problem at a planetary
scale due to the high load of nutrients leaking
from cultivated fields (Moss et al. 2011).
Climate change, through the alteration of
precipitation patterns, increased frequency of

such wetlands in

storms, increased soil temperature and
favouring the melting of glaciers, will increase
the damage caused by the runoff of nutrients
from the catchment areas into wetlands (Moss et
al. 2011). However, wetland management has
been effective in restoring these habitats for
waterbirds in several countries (Giles 1994,
Holm & Clausen 2006, Ma et al. 2010, Gleason
et al. 2011, Clausen et al. 2013, Bregnballe et

al. 2014).

Aims & outline of the thesis

This project was born with the main goal of
exploring the impacts of climate change on
European waterbird populations, contributing to
fill some gaps in our understanding of this

complex process (Guillemain et al. 2013). In
addition, it assesses the effectiveness of the EU
conservation policy in the context of climate
change. Because of the ecological and societal
relevance of waterbirds, specific schemes have
been running for decades to monitor their
populations, especially outside the breeding
season. Two of these schemes are, for example,
the International Waterbird Census (IWC)
which is coordinated worldwide since late
1960s (Delany 2005) and the Finnish breeding
waterbird survey since 1986 (Koskimies &
Viisdnen 1991; see Methods below). These
impressive datasets allow me to study processes
occurring at large scales (e.g. flyway level; see
Box 1 for useful definitions), which may
provide valuable evidence for policy makers to
propose efficient conservation measures. In
conclusion, the availability of such long-term
(several decades) and large-scale (whole of
Europe) datasets on waterbird abundance
coupled with the need of a better understanding
of the of change
populations at flyway scale motivated the start
of this project.

drivers in waterbird

This thesis could be divided
thematic blocks:

in three

The first block presents an overview of
environmental and anthropogenic factors that
currently impact Nordic waterbird populations
as well as future threats that these may face in
the near future (I). The main aim here was to
put waterbirds in an environmental and climate
change context to stimulate debate and to
further These
ultimately enhance our likelihood to succeed in

motivate research. would
maintaining and restoring waterbird populations
through efficient conservations policies, now

and in the future.

The second block describes responses of
waterbirds during the wintering season to
changes in weather conditions (North Atlantic
Oscillation index, NAO), in general (II) and



Box 1. Short definition of
flyway and other relevant
terms in this thesis.

Flyway

“The entire range of a migratory bird
species (or groups of related species or
distinct populations of a single species)
through which it moves on an annual
basis from the breeding grounds to non-
breeding areas, including intermediate
resting and feeding places as well as the
area within which the birds migrate”
(Boere & Stroud 2006). In addition,
flyways may be described for several
species (multi-species flyways, Fig. la,
Boere & Stroud 2006, BirdLife
International 2010) or as species-
specific flyways, also called ‘population
flyway’ or ‘migration systems’ (e.g. Fig.
1b, Boere & Stroud 2006, Wetlands
International 2017).There is a third type,
called ‘political flyway’, which includes
all migration systems of all waterbird
species that occur within the boundaries
of international conservation
agreements,
Eurasian Agreement on the conservation

such as the African —
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Figure 1. a) Multi-species flyways (Boere & Stroud 2006,
BirdLife International 2010). b) Three population flyways (or
migration systems) defined for smew (Mergellus albellus) in
Eurasia (Wetlands International 2017). Breeding range (in
yellow) and wintering sites (in blue) are shown (map from
csntool.wingsoverwetlands.org).

of migratory waterbirds (AEWA, Boere & Stroud 2006, Wetlands International 2017).

Flyway population

Refers to all individuals of a species that breed, migrate and winter within the same Population

flyway (or migration system, See e.g. Fig. 1b). It can be used as a synonym of ‘biogeographical

population’ (Wetlands International 2017). Most species have several population flyways or
migration systems (see Fig. 1b for an example; Boere & Stroud 2006). Some of the population
flyways might coincide neatly with a multi-species flyways (Fig. 1a), but this is rarely the case.
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Regional population

In this thesis, regional population of a given species relates to the ‘population’ in the 21 European
countries included in the analyses in Chapter II. Although the 21 countries cover the entire western
and central Europe, from Spain and Portugal in the south to Norway and Finland in the north (see
Fig. 2), ‘regional population’ differs from ‘flyway population’ (see above): important numbers of
certain species wintering in Africa might be missed and in some other cases this ‘regional
population’ might include birds that in reality should be classified as part of another ‘flyway
population’ (different population flyways overlap, e.g. Fig. 1b).

EU Birds Directive

The European Union’s Birds Directive (2009/147/EC) aims to protect all bird species naturally
occurring at any stage of the annual cycle in any EU Member State.

Special Protection areas (SPAs)

The Birds Directive recognizes habitat loss and degradation as the major threat for European wild
bird species. Special Protection Areas (SPAs) are designated under this Directive to protect the most
valuable habitats of endangered and migratory bird species. SPAs are also included in the Natura
2000 ecological network, set up under the Habitats Directive (92/43/EEC). All Member States are
committed to designate as SPAs any site (e.g. wetland) that meets the classifying criteria described
in the Directive (see also Stroud et al. 2004).

Annex I (EU Birds Directive)

There are 194 species and sub-species included in the Annex I of the Birds Directive, which are
categorized as particularly threatened. Member States must designate Special Protection Areas
(SPAs) for their survival. Species studied in this thesis such as smew Mergellus albellus, whooper
swan Cygnus cygnus, Bewick’s swan Cygnus columbianus, black-throated diver Gavia arctica and
the Slavonian grebe Podiceps auritus are included in the Annex I.

North Atlantic Oscillation index (NAO)

The winter North Atlantic Oscillation index (NAO) can be used as a proxy of general climatic
conditions during winter across Europe. The NAO is calculated as the difference between the
normalized sea level pressures in Iceland and Portugal since 1864 (Hurrell et al. 2016). Positive
values of NAO are associated with higher winter temperature and precipitation than average in
western and northern Europe as well as to drier than average winters in southern Europe. Hence,
one could assume winters with positive NAO values to be ‘beneficial’ for waterbirds, especially
those wintering in the western and northern Europe but potentially harmful for individuals wintering
in the Mediterranean region due to drought (II, IV). Consequently, negative values of NAO
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describe cold winter conditions, and the more negative the value, the harsher the winter. Therefore,
negative NAO could represent, in general, ‘detrimental” winter weather conditions for waterbirds.

Climate change adaptation strategies

Climate change adaptation strategies are practical approaches in climate change science and policy
aiming to reduce or ameliorate the anticipated adverse impacts of climate change (Mawdsley et al.
2009).

Northeasterness

We defined Northeasterness as the distance moved by the centre of gravity in wintering abundance
towards the northeast in two consecutive years. Therefore, northeasterness will be positive if the
centre of gravity in year ¢ has move predominantly towards the northeast respective to the
coordinates in year ¢t — I, and negative if the movement has been predominantly towards the

southwest.

temperature, in particular (III). Specifically,
this block aims to shed new light on the role of
weather conditions driving changes in waterbird
abundances within their wintering range in
Europe. National case studies have shown that
species may respond differently to changes in
climate (e.g. Vialimdki et al. 2016). However,
this has rarely been examined at continental
scale and has never been tested explicitly for
waterbird populations.

In Chapter II, I study the regional
population (see Box 1) of 25 waterbird species
to investigate potential differences in the (a)
annual responses (changes in local abundance)
of five different feeding guilds of waterbirds to
changes in winter weather conditions (NAO)
and (b)
distributions over 24 years. Waterbirds are

long-term changes in wintering

highly responsive to changes in weather
conditions, which cause their local abundances
to change rapidly. Such responses might render
conservation efforts ineffective as species of
conservation concern might move out of those

protected areas specifically designated to

protect them. In Chapter III, I present a case
study of a species listed in the Annex I under
the European Union’s Birds Directive (species
of conservation concern) where, in addition to
study the effects of changes in early winter
temperature in northern Europe on the winter
abundance across its entire north-west and
central European flyway, [ also assess the
effectiveness of the Special Protection Area
(SPA) network (designated under the EU’s
Birds Directive) delivering climate change
adaptation at flyway scale by comparing
population trends inside and outside SPAs in
different parts of the wintering range (i.e.

southwest, centre and northeast).

Lastly, the third block provides new insight
into the relationship between waterbird breeding
abundance, climatic factors during breeding and
non-breeding season and the type of breeding
habitat (IV). The likely synergistic effect that
weather conditions (NAO) and habitat
characteristics may have on the breeding
abundance of waterbirds has rarely been

modelled. Specifically, we first investigate
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differences in the impact that changes in
weather conditions during breeding and non-
breeding season may have on the abundance of
17 waterbird species breeding in Finland over
three decades. Second, we explore potential
differences in the impact of such changes in
weather conditions on waterbirds breeding in
different habitat type (see Methods below) and
assess potential differences in long-term
population trends across these habitat types.

Methods

Data for the review

Nordic  waterbird
collected the
relevant data from scientific articles found in
Google Scholar and the Web of Knowledge
(and the references listed in those articles) as
well as from national and international reports.

with other
and

I, together

researchers colleagues,

Waterbird abundance data

In this thesis, I used two different dataset on
waterbird abundance. The first dataset (I, III)
of wintering waterbirds from
censuses organized within the IWC. The second
dataset are counts of breeding pairs of
waterbirds in Finland (IV).

are counts

International Waterbird Census (IWC) -
Wetlands International

The main objective of the IWC is to monitor the
status and distribution of waterbird populations
and to help to identify internationally important
wintering areas for these species (Delany 2005).

Thus, the information derived from the IWC
is highly relevant for policy-making statutory
agencies (van Roomen et al. 2012). In the last
years, 143 countries have taken part in the IWC

around the world. The IWC is carried out by
tens of thousands of experienced volunteer
birdwatchers in a standardized way. Censuses
are done in January in all European countries,
with a single visit to each wetland which,
ideally, should be repeated every year. The IWC
constitutes one of the largest citizen science
programmes in the world and it is coordinated
by Wetlands International. Although the TWC
started in late 1960s, many countries joined the
programme later. As a trade-off between spatial
coverage and length of the time series, I used
only data from 1990 until 2013 (II) and until
2011 (IID).

In Chapter II, I included data on 25
waterbird species classified into five feeding
guilds: dabbling ducks (northern pintail Anas
acuta, northern shoveler Anas clypeata,
Eurasian teal Anas crecca, Eurasian wigeon
Anas penelope, mallard Anas platyrhynchos,
shelduck Tadorna
tadorna), diving ducks (common pochard
Aythya ferina, tufted duck Aythya fuligula, red-

crested pochard Netta common

gadwall Anas strepera,

rufina,

goldeneye Bucephala clangula, goosander

Mergus merganser, red-breasted merganser
Mergus serrator, smew), geese (greater white-
fronted goose Anser albifrons, greylag goose
Anser anser, brent goose Branta bernicla,
barnacle goose Branta leucopsis), swans
(Bewick’s swan, whooper swan, mute swan
Cygnus olor) and other waterbirds (grey heron
Ardea Fulica

cormorant Phalacrocorax carbo, great crested

cinerea, coot atra, great

grebe Podiceps cristatus).

Data came from 21 countries: Finland,
Sweden, Norway, Estonia, Latvia, Lithuania,
Denmark, Germany, Poland, Slovakia, Austria,
Czech Republic, Netherlands, Belgium, UK,
Ireland, France, Switzerland, Italy, Spain and
Portugal. Overall, more than 10 000 sites were
surveyed every year and more than 213 million
waterbirds counted over the study period (Fig.
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Figure 2. Monitoring sites of the IWC data used in the Chapter Il. Data (in green) show the distribution of
sites that had mallard at least once during the study period to illustrate the spatial coverage in the chapter.

2). While analysing entire biogeographical or
flyway populations (see Box 1) would be ideal
for a complete understanding of global drivers
of population change, delimiting such
population boundaries is not a trivial task
(Boere & Stroud 2006, BirdLife International
2010, Wetlands International 2017). The dataset
used in this chapter covers the regional
population of the 25 species in the 21 countries
(Fig. 2, Box 1). Nevertheless, the spatial and
temporal coverage of the dataset on waterbird
abundance analysed in this chapter allow me to
assess the impacts of climate change on
wintering populations and its consequences at
large scales.

In Chapter III, I focused on the smew,
which is listed in the Annex I of the EU Birds
Directive and thus has high conservation status
within EU (see Box 1). The data came from 16
countries: Finland, Sweden, Norway, Estonia,
Latvia, Lithuania, Denmark, Germany, Poland,

Czech Republic, Netherlands, Belgium, UK,
France, Switzerland and Italy. In this study,
more than 6 833 sites were monitored and over
291 000 (average annual count = 13 258 + 3
840 SD) wintering smew counted over the study
period (1990-2011) across the entire north-west
and central European flyway (Fig. 1b). The data
were classified in three categories based on the
conservation status of the wetland it came from:
SPA with smew as classifying species, other
SPA or non-SPA (see Box 1).

Breeding waterbirds surveys (LUOMUS and
LUKE)

Finland is one of the few countries in Europe
where breeding waterbirds are
monitored at large scale. This active monitoring
scheme has been running since 1986 and

regularly

coordinated by the Finnish Museum of Natural
History (LUOMUS) and the Finnish Game and
Fisheries Research Institute (currently renamed
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as Natural Resources Institute Finland; Finnish
acronym LUKE). In this thesis, however, I only
analysed data from LUOMUS’ database (IV).

L
2

f/
)

Figure. 3. Location of the 1280 wetlands surveyed
during breeding season in 1986-2015.

This census is carried out by experienced
volunteer birdwatchers, who survey the chosen
wetlands twice a year; the first visit is in early
May and second in late May. I personally
participate in the data collection in one census
site in the Helsinki area. Although all species
are recorded in both visits, the aim of these two
visits to the same site each year is not to have
repeated counts (two counts per year for each
species) but rather to account for differential
timing of breeding in different species. Thus,
during the first visit, the focus is on species that
breed early in the season such as mallard,
common pochard or common goldeneye. In the
second visit the main objective is to record late
breeding species such as Eurasian wigeon,

tufted duck or red-breasted merganser. In other
words, when reporting the final abundance of
early breeding species, only counts in the first
visit will be considered. Consequently, the total
abundance of late breeding species will be the
sum of the counts only in the second visit. Both
visits are carried out well before the fully-grown
reed beds reduce the visibility, thus maximising
detection (the detailed census method is
described in Koskimies & Vdisdnen [1991]).

In Chapter 1V, I analysed data containing
110 077 records of breeding pairs of 17 species
in 1280 sites distributed across Finland (Fig. 3)
during 1986-2015. The species included in this
analysis are regular breeders in Finland:
northern pintail, northern shoveler, Eurasian
teal, Eurasian wigeon, mallard, garganey Anas
querquedula, common pochard, tufted duck,
common goldeneye, goosander, red-breasted
merganser, whooper swan, coot, black-throated
diver, great crested grebe, Slavonian grebe and

red-necked grebe Podiceps grisegena.

Habitat type data

Another feature of the Finnish breeding
waterbird census is that birdwatchers are asked
to record the habitat type of the surveyed
wetlands they are surveying. Wetlands can be
classified in eight categories based on their
nutrient status and location (inland or coastal):
(1) barren oligotrophic lake or pond without
vegetation, (2) deep partly eutrophic lake with
wide reed beds in bays, (3) shallow eutrophic
lake with forest or peatland shores, typically
horsetail vegetation, (4)
relatively shallow eutrophic lake with extensive
reed beds in agricultural or urban area, (5)
barren oligotrophic sea coast (equivalent to (1)
in inland lakes), (6) relatively eutrophic sea
coast, with some reed beds, (7) eutrophic sea
bay with large reed bed vegetation, (8) other
(e.g. artificial pond, river) (see Koskimies and
Viisdnen 1991, Lehikoinen et al. 2016b). For

Equisetum  spp.



the sake of simplicity, to analyse the
phenomena we were interested in and to
increase the interpretability of the results, in
Chapter IV, we merged these categories into
classes: (a)
relatively low

three clearly defined habitat
oligotrophic with
amount of vegetation, (b) naturally eutrophic

wetlands

wetlands surrounded mainly by forests and
peatlands or reed beds and (c) eutrophic
wetlands with extensive reed beds surrounded
by agricultural land or urban areas where the
eutrophication process has been at least partly
caused by human actions.

Weather data

In this thesis, I used data on winter North
Atlantic Oscillation (NAO) (II, IV), mean early
winter temperature in northern Europe (III) and
summer temperature in Finland (IV).

North Atlantic Oscillation index (NAO)

The winter North Atlantic Oscillation index
(NAO) was used as a proxy of general weather
conditions in the main wintering areas used by
the waterbird species considered in Chapter 11
and Chapter IV throughout Europe (see Box
1). Monthly NAO data related to Western
Europe from

were downloaded

http://www.cpc.ncep.noaa.gov/products/precip/

CWIlink/pna/nao.shtml. In order to obtain a

single value for the “general winter climate
conditions in the main wintering sites in
Europe”, we averaged the NAO values of
December and January (before and during the
IWC; II), and December, January and February
(IV) each winter during 1990-2013 and 1986—
2014, respectively.

Winter temperature

In Chapter III, I used the mean temperature
during early winter (first half of the winter, 16"
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November to 15" January) in southern Finland
as a proxy of the general winter conditions in
northern Europe. These data were calculated by
the Finnish Meteorological Institute (FMI), by
interpolating data from ca. 100 weather stations
to a 10 x 10 kilometres grid of virtual weather
stations (Vendldinen et al. 2005). Then I
calculated the mean winter temperature for
southern Finland during early winter for each
year (1990-2011). Winter temperature in
southern Finland correlates with a large area in
northern Europe (Lehikoinen et al. 2013) and
therefore can be used as a proxy of the general
winter conditions in the north-eastern part of the
smew’s wintering range.

Summer temperature

The summer temperature was downloaded from
www.cru.uea.ac.uk. This database consists of

temperature data in 5° x 5° grids. In Chapter
IV, I used data from the two grids that cover
most of Finland and averaged the June
temperature for each year (1986-2014). I then
used this annual average as a proxy of weather
conditions during the fledgling phase of most
species of waterbirds in Finland.

Statistical analyses

In this thesis, I carried out a variety of statistical
analyses with the goal of obtaining the most
realistic and robust results as well as reducing
the potential biases in these. The modelling
approaches used in the different chapters were
selected based on the characteristics of the data
to be analysed and the hypothesis to be tested. I
mainly followed the recommendations and
protocol described in Zuur et al. (2009, 2010,
2014), Zuur & Ieno (2016a, b), Bolker (2008)
and Bolker et al. (2008). Date were analysed in
R 3.2.2 (R Core Team 2015) using specific
packages (II, III, IV) and the TRIM software
(Pannekoek & van Strien 2004; available at
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www.ebcc.info; III). I also used the super
computers at the CSC — IT Centre for Science
(www.csc.fi) when high computing power was
needed (I, 1IV).

Chapter 11

The two main objectives in this chapter required
two different statistical approaches. First, I
modelled the inter-annual variation of the centre
of gravity in abundance of 25 waterbird species
as a response to changes in winter weather
conditions during 1990-2013 and if these
responses differed between five feeding guilds
of waterbirds. I calculated the annual centre of
gravity in abundance for each species (eqn. 1 &
2 in Chapter II) and then calculated how much
this centre of gravity predominantly moved
towards the northeast in two consecutive years.
We called this movement Northeasterness (see
also Box 1). Then, I built a Generalized
Additive Mixed Model (GAMM) to model the
non-linear relationship between Northeasterness
and the interaction between NAO and feeding
guild (Zuur et al. 2014), using species as a
random term (see eqn. 3 in Chapter II for the
full model description).

Second, I assessed the existence of a long-
term trend in the movement of the centre of
gravity in abundance towards the northeast and
whether this trend differed between the five
feeding guilds. To achieve this goal, I merged
the data and constructed eight periods of three
years in order to minimise the ‘noise’ from the
large  inter-annual  variation in  the
Northeasterness, which could mask the long-
term trend (period 1 = 1990-1992, period 2 =
1993-1995, ..., period 8 = 2011-2013).

Then, I calculated the centre of gravity in
abundance in these eight periods and assess the
long-term trend by also fitting a GAMM to the
data (Zuur et al. 2009), using species as a

random effect (see eqn. 4 in Chapter II for the
full description of the model).

Chapter 111

In Chapter III, I carried out three different
analyses: First, I used the software TRIM,
designed to calculate abundance indices from
count data, to assess the population growth rate
over the study period (1990-2011) in different
countries, regions of the wintering range of the
smew (southwestern, central and northeastern)
and at the entire flyway level. TRIM uses a
generalized  estimating  equation  (GEE)
algorithm to estimate the abundance indices
(Pannekoek & van Strien 2004).

Second, I built two Generalized Liner Model
(GLM) to assess the effect of changes in early
winter temperature in northern Europe on the
annual abundances at the southwestern, central
and northeastern part of the smew’s wintering
range (see formulae (1) & (2) in Chapter III
for the model details).

Lastly, I compared population trends inside
and outside Special Protection Areas (SPAs) in
these three regions and at the entire flyway level
using a Wald’s Test (implemented in the TRIM
software).

Chapter IV

The main goal in this chapter was to assess the
effect of winter NAO, summer temperature,
habitat type and the interaction between them
on 17 waterbird species breeding abundance in
Finland. To achieve this goal, I fitted a GLMM
to the breeding counts, with ‘Year’ as a random
effect and ‘Species’ nested within ‘Site’ (see
eqn. 1 in Chapter IV for the detailed model
specification).



Results & discussion

Threats and drivers of waterbird
population change

Together with other researchers, 1 identified
anthropogenic  and
factors that are currently affecting waterbird
populations and pinpointed the consequences of
the major changes that will most likely occur in
their ecosystems during the next 50 years (I).

several environmental

This assessment, however, did not cover all
possible acting  upon
populations, nor was it the intention.

drivers waterbird

Nevertheless, reviews like Chapter 1 are
very valuable and are needed in order to raise
awareness of what drives population dynamics
of different species, likely
scenarios that species may face in the future, to
stimulate debate and research and, ultimately to
provide policy makers with enough essential

what are the

knowledge to propose efficient management
and conservation measures (see also Sutherland
& Woodroof 2009, Sutherland et al. 2012a, b).

In the context of climate change, dynamic
management and conservation efforts should
have as one of the main goals the provision and
maintenance of a coherent network of key
habitats to support current and future levels of
waterbird populations. However, to succeed, the
extent and ‘philosophy’ of the current protected
area network, especially in northern Europe,
needs to be improved to be able to cope with
current and anticipated changes in waterbird
abundances Therefore,
monitoring programmes are an essential tool for

and  distributions.

evaluating and assessing the impact of
management and conservation policies on
waterbird populations at different spatial scales
(from level). Different

monitoring programmes continuously provide

local to flyway

data that increase our understanding of the
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drivers of population change and allow us to
generate and test new hypotheses in which to
develop new recommendations to improve
management policies. However, the creation of
internationally coordinated monitoring
programs that provide, for example, basic
demographic data during the breeding season
would allow to increase our understanding of

new

drivers of population change at a flyway level.

Effect of winter weather conditions on
waterbird winter abundance and
distribution

There is ample evidence that some species
respond to changes in weather conditions by
moving to new regions that have become
suitable (e.g. Chen et al. 2011). In this thesis, I
show that this is also the case for several
waterbird species which main wintering areas
are located across Europe (II, III). However,
the strength of such responses are not universal
within waterbirds and differ between feeding
guilds (II). Furthermore, I show that there are
two different processes acting upon waterbirds
that may have different
implications (II, ITT).

conservation

Inter-annual variation in waterbird abundance
during the non-breeding season

Some waterbirds responded rapidly to the
annual variation in winter weather conditions, in
general (II), and temperature, in particular (I1I),
over the past three decades in Europe causing
fluctuations in local winter abundances between
years (IL, III).

In Chapter II, I analysed the regional
populations (see Box 1) of 25 waterbird species
classified in five feeding guilds and showed
how the centre of gravity in abundance of these
guilds moved between consecutive years in
in winter weather

response to changes
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Figure 4. Inter-annual variation in northeasterness (II). From left to right, smoothed annual changes in the
centre of gravity in abundance of dabbling ducks, diving ducks, geese, other waterbirds and swans, as a

function of winter weather conditions (NAO).

conditions (NAO) during 1990-2013. In
general, waterbirds were more responsive to
colder weather conditions (i.e. negative NAO)
than to mild weather conditions (i.e. positive
NAO) and such responses were non-linear (Fig.
4). Hence, the centre of gravity in abundance
shifted
preceding year) in cold winters in western and
northern Europe (depicted by negative NAO,
see Box 1). This pattern, however, was not

southwestwards (respective to the

apparent for geese, which Northeasterness was
not associated with the NAO index (Fig. 4, II).
Moreover, the strength of the responses to cold
weather conditions also differed between
feeding guilds: the centre of gravity in
abundance of dabbling ducks and other
waterbird species (see Methods, section 3.2.1.)
moved towards the southwest sooner (higher
NAO values; Fig. 4) than that of other guilds

(II).

This result mirrors that of Chapter III
showing that the abundance of smew (a diving
duck) in the southwestern part of the wintering
range was higher in winters with low early
winter temperature in northern Europe.
Furthermore, there were interesting between-
guild differences also in the response to mild

weather conditions (II). Dabbling and diving
ducks were the only guilds that responded to
mild winter weather conditions (positive NAO;
Fig. 4, IT). However, their response also varied
between guilds: while diving ducks responded
fast to increasing winter mildness (the centre of
gravity in abundance already shifted
northeastwards at NAO values around 0; Fig. 4,
II), dabbling ducks only moved northeastwards
in very mild winters (Fig. 4, IT).

Harsh winter weather conditions (negative
NAO values) force many waterbirds to migrate
larger distances and settle further to the
southwest along the flyway (Ridgill & Fox
1990). for the
differential responses to cold weather conditions
between guilds may be that dabbling ducks and
other waterbird species may tolerate less well

A possible explanation

cold weather conditions due to their feeding and
habitat requirements (e.g. Ridgill & Fox 1990),
causing their centre of gravity in abundance to
shift southwestwards earlier than those of
diving ducks and swans (II). On the other hand,
the centre of gravity in abundance of dabbling
and diving ducks shifted towards the northeast
with increasing NAO, but diving ducks
responded faster than dabbling ducks, which
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Figure 5. Results of the long-term trend in northeasterness (II). Smoothed long-term trend in northeasterness
(Y-axis) during the eight 3-year periods from 1990 to 2013. Period (X-axis) is standardized (e.g. period 1 = -
1.5,..., period 8 = 1.5; see Methods). Panels from left to right show the different long-term trends of dabbling
ducks, diving ducks, geese, other waterbirds and swans.

may be also related to their food and habitat
requirements. In this sense, only under
extremely mild winter weather conditions do
dabbling ducks attempt to winter closer to the
breeding grounds (Fig. 4, II) perhaps to avoid
shortage of food during unexpected cold spells

(II).

Detecting positive response to ‘beneficial’
winter weather conditions in northern Europe
(positive NAO), however, may be challenging,
not only because of waterbirds’ site-fidelity to
the wintering sites (e.g. Owen & Black 1990),
but also because northeastern movements may
be driven by young individuals exploring newly
available wintering sites or males attempting to
winter closer to the breeding grounds (Nilsson
1970). This may be specially true for geese and
swans, which family ties (Owen & Black 1990)
may slow down the shift northeastwards.

Long-term shifts in waterbird winter
abundance

In addition to the impact of inter-annual
variation in winter weather conditions that may
cause immediate response from waterbirds

regarding their choice of wintering sites, the
second process acting upon these species is the
long-term effect of climate change.

There were marked differences in the long-
term responses to changes in weather conditions
between the five feeding guilds (IT). While most
guilds showed no significant long-term trends in
the movement of their centre of gravity in
abundance towards the northeast
(Northeasterness) over the study period, diving
ducks steadily moved towards the northeast
since 1990 (Fig. 5).

Matching this result, wintering numbers of
smew increased in the northeastern part of the
wintering range in the early 2010s, compared to
the early 1990s (Fig. 6), suggesting a long-term
redistribution of individuals towards the
northeast (III). In the early 1990s, only 6% of
the flyway population of smew wintered in the
northeastern part of the range whereas in the
early 2010s, 32% of the entire flyway wintering
population settled their wintering grounds in
this region (III). Interestingly, and contrary to
expectations, the centre of gravity in abundance
of  other species

waterbird moved
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southwestwards in the last part of the study
period (Fig. 5).

Milder winters allow individuals to stay
closer to the breeding grounds through reduced
thermoregulation costs (Ridgill & Fox 1990,
Dalby et al. 2013) but also by providing ice-free
wintering sites that were completely frozen and
thus unavailable for waterbirds some decades
ago (Lehikoinen et al. 2013, I, II, IIT). Open
water is one of the main habitat requirements
for waterbirds to settle and increasingly milder
winters in northern Europe in the past three
decades have provided waterbirds with new
habitat to exploit during the non-breeding
season closer to the breeding grounds. The guild
of diving ducks has responded the fastest to
recent changes in weather conditions and have
undergone a long-term shift in their abundance
towards the northeastern part of their wintering

1990 - 2011

493% **

range since the 1980s (Lehikoinen et al. 2013)
and the 1990s (11, III), despite the occurrence
of cold winters in recent years (II). These recent
cold winters, however, may be one of the causes
of the shift southwestwards observed in other
non-Anatidae waterbird species (Fig. 5, II).
Some life-history traits of diving ducks may
allow them to exploit changes in the
environment faster than other guilds (II). For
instance, while other waterbird species use
coastal and inland waters or farmland for
grazing, diving ducks are able to exploit off-
deeper waterbodies, which
generally freeze later or may remain opened

during mild winters.

shore and/or

All these changes in winter abundances,
either shifts  or
fluctuations in local abundances have important
ecological consequences as they may potentially

long-term inter-annual
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Figure 6. Total change (%) of smew’s wintering abundance between 1990 and 2011 in all 16 countries
covering its entire north-west and central European flyway (III).
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alter intra- and inter-specific interactions and
the dynamics in some wetlands (and farmland
areas, e.g. Ramo et al. 2015, Podhrazsky et al.
2016). Furthermore, it also has conservation
implications because the differential response to
climate change showed by the different guilds
suggests that ‘less flexible’ guilds (e.g. geese,
II) may be more threatened than others (e.g.
diving ducks, II, III) which should be taking
into account when planning conservation and
management actions. In any case, these changes
in abundances and distributions of several
species may affect the effectiveness of the
current network of protected areas safeguarding
important wetlands and species of conservation
needs.

Effectiveness of the Special Protection
Area (SPA) network delivering climate
change adaptation

There is increasing debate about the
effectiveness of the network of
protected areas providing climate change
adaptation to species of conservation concern
(Donald et al. 2007, Araujo et al. 2011, Thomas
et al. 2012). The EU Special Protection Area
(SPA, see Box 1) network that were designated
using smew (listed in the Annex I) as a

current
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qualifying species, provided climate change
adaptation by accommodating part of the
rapidly increasing wintering numbers of this
species in the northeastern part of the north-
west and central European flyway (Fig 1b, Fig.
7a, III). In addition, wintering numbers in the
northeastern part of the wintering range
increased almost twice as fast inside SPAs than
outside SPAs (Fig. 7, III).

Smew also benefited from the existence of
other SPAs across the flyway (Fig. 7b), even if
these were not specifically designated for it
(III). This suggests that the overall network of
protected areas may have beneficial effects for
other species to those which they classified for,
which is important in the context of climate-
driven changes in species distributions and
abundances. Importantly, there are considerable
gaps in the SPA network in north European
countries, such as Finland, Sweden and Latvia
(II). This is worrying because it is in the
northeastern part of the wintering range where
numbers are increasing and even though the rate
of increase in numbers is higher inside SPAs
than outside them, in absolute numbers, large
proportion of the wintering populations winters
outside the entire SPA network, for example, in
Finland (95%) and Sweden (79%). This finding,
therefore, calls for an urgent re-assessment of
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Figure 7. Annual winter abundance indices of smew Mergellus albellus (and 95% confidence intervals) in the
northeastern part of the north-west and central European flyway during 1990-2011. Population trends inside
(black line and filled circles) and outside (grey line and open circles) of (a) smew-specific SPA (sSPA) and (b)

the overall SPA (0SPA) network.
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the current SPA network, particularly at
northern latitudes.

Given the ‘1% criterion’ that classifies
wetlands as internationally important under the
Birds Directive (2009/147/EC) and the Ramsar
Convention (e.g. Stroud et al. 2004), climate-
driven changes in abundances and distributions
of species may jeopardize the conservation
status of some protected areas if the abundance
of classifying species declines below such
threshold. The large fluctuations in wintering
abundances showed by some waterbirds in
relation to the weather conditions experienced
each winter (IL, III) highlights the necessity of
maintaining a coherent network of protected
areas throughout the entire flyway of the
species, including ‘cold weather refuge sites’
that may have lost required numbers in recent
years (see Koffijberg et al. 2013). On the other
hand,
‘ecological value’ if increasing abundance of
such species start to winter regularly in them.
This may be the case of new wintering sites
adopted by waterbirds in the
archipelago of the Baltic Sea that were often
frozen in the 1980s and the 1990s, when the
network was created, but have become available
as increasing winter temperatures keep them
ice-free during the winter.

some wetlands may increase their

northern

These new wintering sites, which may
already be or become internationally important
in the near future due to the fast changes in
abundances of some species (II, III), are highly
vulnerable to direct human disturbance and
land-use change. This highlights the importance
of carrying out regular assessments of sites
through internationally coordinated monitoring
programs to identify such areas on time.

Effects of winter and summer weather
conditions on the breeding abundance of
waterbirds in Finland

Changes in weather conditions do not only
affect distributions of species, but also impact
their breeding performance and population
dynamics (Moller et al. 2010, Pearce-Higgins &
Green 2014, I). Chapter IV shows that weather
conditions was one of the drivers of changes of
breeding numbers of the 17 most common
waterbird species in Finland in the past three
decades (1986-2015). In particular, mild
weather conditions in winter (positive values of
NAO) acting in the wintering grounds across
their flyway had a positive effect on the
abundance of waterbirds the following breeding
season in Finland during the study period.
Possibly, mild winters enhance waterbirds’
survival by (i) reducing
thermoregulatory costs (Guillemain et al. 2010,
Gunnarsson 2012, Dalby et al. 2013), (ii)
making available new wintering sites that allow
individuals to short-stop during migration
(Elmberg et al. 2014) and (iii) improving
feeding opportunities in the wintering areas
situated in western Europe that
individuals to get better body conditions
(Guillemain et al. 2010, see also Fox & Walsh
2012).

over-winter

allow

Summer temperature, on the other hand, did
not have statistically significant effect on
breeding numbers the following breeding
season in Finland (IV). It seems, therefore, that
changes in winter weather conditions across
species’ wintering ranges may have larger
impact on species’ population dynamics than
summer weather conditions at the breeding
sites, which should be taken into consideration
for an effective international and coordinated
conservation plan.



Population dynamics in different
breeding habitat

Breeding waterbird abundance is generally
higher in eutrophic than in oligotrophic boreal
lakes (Nilsson & Nilsson 1978, Kauppinen &
Viisdnen 1993). Chapter IV corroborates that
this is true for Finnish wetlands across the entire
country, where eutrophic lakes hosted, on
average, larger number of pairs of the 17 most
common breeding waterbird species in the past
three decades (see Table 1 in Chapter 1IV).

Interestingly, the increase in breeding
numbers in Finland associated with mild winter
weather conditions in western and northern
Europe (see above) was more evident in
eutrophic wetlands compared to oligotrophic
ones (IV). However, the eutrophication process
in boreal lakes in Finland has increased in the
past decades, mainly due to agricultural
intensification (Ekholm & Mitikka 2006, Niemi
& Raateland 2007). Therefore, despite the
apparent beneficial environmental conditions
for waterbirds breeding in Finland (milder
winter weather conditions and nutrient-rich
wetlands), waterbird populations have declined
in Finland in the past decades (Lehikoinen et al.
2016b), and especially so during the last years
(IV). The observed pattern may be driven by
hyper-eutrophication of boreal lakes, which
renders such breeding sites unsuitable for many
waterbird species. Indeed, the fraction of the
population breeding in wetlands surrounded by
agricultural and urban landscapes, which are
supposed to have the highest eutrophication
level, showed more negative trends than

populations breeding in oligotrophic or
‘naturally’ eutrophic wetlands (Table 1 in IV).
This suggests that the quality of Finnish
wetlands may be deteriorating, and some may
be reaching levels of hyper-eutrophication. This
is particularly alarming given that such
wetlands support the largest breeding numbers

in Finland. These findings highlight the need for

29

effective management actions that restore the
quality of wetlands for breeding waterbirds (see
Lehikoinen et al. 2017), taking into account not
only the lake itself but also the management of
the entire catchment area.

Conclusions

My thesis provides new evidence on the
importance of weather conditions as a key
driver of waterbird population change at large
scale (II, IIT) as well as on the interactive effect
that ~ weather  conditions and  habitat
characteristics, including protection status, have
on the population dynamics of waterbirds (III,
IV). Furthermore, it gives a case study to
illustrate the impact of climate change on a
protected species and the effectiveness of the
European Union conservation policy in such
context (III). At the same time, it provides an
overview of other anthropogenic and
environmental factors that are also likely to
currently have an impact on waterbird
populations and the most likely changes in their
environment that this guild will have to face in

the near future (I).

The review (I), therefore, describes major
drivers of changes in waterbird population
dynamics that are likely to be important by the
second half of this century. As highlighted in
the review, the creation and management of a
coherent site safeguard network that provides
sufficient high quality habitat for waterbirds is
essential for their conservation, regardless of the
future
ecosystem. However, one such network, the

characteristics of the surrounding
Special Protection Area (SPA) network, needs
improvement in the coverage and scope to be
able to deliver the expected results in the
context of climate-driven changes in waterbird
distributions, especially in northern Europe (I,
III). Some waterbirds have proved to respond
fast to changes in weather conditions, causing
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large fluctuations in annual winter abundances
as well as long-term movements towards
northeastern Europe (II, III). However, not all
guilds are equally flexible (II) and conservation
management should also account for these
differences. Hence, conservation effort and
resources should be targeted to those species
already with poorest conservation status (see
e.g. Fox et al. 2016a). However, adaptive
management should take also into account that,
on one hand, some species are less responsive to
changes in climate (e.g. geese and swans; III)
and are, thus, more bounded to traditional areas
which must be maintained in optimal
conditions. On the other hand, the relatively
high flexibility showed by some species in
terms of migration and wintering sites (e.g.
diving ducks; IT) compared to others may help
them to adapt to changes in climate. However,
this should be also taken into consideration
when planning conservation measures, as large
numbers may rapidly move outside the site
safeguard network. This highlights the need for
regular assessments of sites through extensive
monitoring. In addition, due to this high
flexibility shown by some waterbirds, the
maintenance of a cohesive and comprehensive
network of high quality habitat throughout the
species’ flyway (including ‘cold weather
refuges’) is of paramount importance (I, I1, I1I).

Winter weather conditions in western
Europe not only drive annual changes in
waterbirds’ distribution during the non-breeding
season, but also have considerable impact on
the waterbird abundance at the breeding
grounds in Finland (IV). Waterbird breeding
numbers are higher after mild and wet winters
in their main wintering areas in western and
northern Europe (depicted by high values of
NAO). However, long-term population trends
are driven by habitat characteristics. The quality
of the breeding habitat has decreased in Finland
due to hyper-eutrophication of boreal wetlands

in recent times. This seems to be the main cause

of the observed declines in waterbird breeding
populations (Poysa et al. 2012, Lehikoinen et al.
2016, IV). Indeed, in many waterbird species,
the fraction of the population breeding in
wetlands surrounded by agricultural fields and
urban areas, which are thought to be the ones
with higher risk of hyper-eutrophication, has
declined the fastest in the past 30 years.
Restoration of such wetlands and new
management regulations on the entire catchment
area are needed to revert this situation. Due to
the large proportion of the entire flyway
population of several species breeding in
Finland, the poor conservation status of
waterbird species breeding in Finland have
conservation implications at national and
international level. Therefore, changes in the
population dynamics of waterbirds breeding in
Finland may have far-reaching consequences,
affecting the dynamics of the species at the
flyway level (see e.g. Fox et al. 2016a, b, IV).
Although my thesis is based on well-monitored
waterbird species the main conclusions may
apply also to other migratory populations.
Understanding  the of change in

populations at local, national and flyway level

drivers

throughout the annual cycle is essential to
maintain healthy waterbird populations. In this
sense, my thesis provides a clear example of
how spatio-temporal studies at large scale can
make a difference in the context of climate
change.
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far, the best team in Helsinki. Such a great
group of people. You cheered me up when I
was a bit down with your positivism and
happiness. Thank you Arsene, Daniele, Daniel,
Erlis, Gabri, Javi, Jayson, Joonas P., Joonas G.,
Masi,
Themba, Timmy and Ville.

Marko aka Signmark, Olsi, Santo,

Last, but not least, I would like to thank my
family. In 2010, I left behind my parents and
sister when I decided to fledge and migrate
northeastwards to breed (and study) in Finland.
However, I would have never reached this stage
in my life without their constant support from
the South. I just want to say that everything I
am today is thanks to you. I could never express
in words (or characters in this case) the love I
feel for you. In the breeding grounds, Finland, I
found the best mate I could dream of. I would

like, first, to express my gratitude to my ‘in
laws’, Colin and Heidi, the kids Dylan, Sky and
Zoe, and grandma Sirpa. 1 always enjoy so
much our family gatherings around a table full
of food and drinks. Thanks a lot for making me
really feel part of this great family! Second,
Nina, mi amor, you have been my boatswain
during this odyssey, helping and supporting me
from day 1 (thanks for leaving the key to the
apartment and a sack of porridge in the locker at
the airport for my late arrival). We have an
amazing family, with two awesome boys, Emil
and Aleksi. I love you and I love our boys! You
have been always there during those moments
of mental instability. I really appreciate that you
are there when I really need you. We have
fought together many battles in stormy waters. I
really hope you can keep watching my back in
the ones to come and continue sailing together
towards new ventures. This metaphor reminds
me the words in the poem [thaka (Kavafy
1911),

“Keep Ithaka always in your mind.

Arriving there is what you're destined for.
But don't hurry the journey at all.

Better if it lasts for years,

so you're old by the time you reach the island,
wealthy with all you've gained on the way,
not expecting Ithaka to make you rich.

Ithaka gave you the marvellous journey.
Without her you wouldn't have set out.

She has nothing left to give you now.

And if you find her poor, Ithaka won't have fooled
you.

Wise as you will have become, so full of experience,

you'll have understood by then what these Ithakas

2

mean.

You all made of this journey the greatest
experience in my life. Love.
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