TURUN YLIOPISTON JULKAISUJA
ANNALES UNIVERSITATIS TURKUENSIS

SARJA - SER. All OSA - TOM. 229
BIOLOGICA - GEOGRAPHICA - GEOLOGICA

ASSESSMENT OF COASTAL BIRD
POPULATIONS AND HABITATS ON THE
FINNISH COAST OF THE BALTIC SEA:
Implications for Monitoring and Management

by

Mia Ronka

TURUN YLIOPISTO
Turku 2008



From the Section of Ecology
Department of Biology
University of Turku
FI-20014 TURKU
FINLAND

Supervised by

Dr. Esa Lehikoinen
Section of Ecology
Department of Biology
University of Turku
F1-20014 TURKU
FINLAND

Dr. Mikael von Numers
Environmental and Marine Biology
Abo Akademi University

FI-20520 TURKU

FINLAND

Reviewed by

Dr. Mikael Kilpi

ARONIA Environment

Abo Akademi University & Sydvist Polytechnic
FI-10600 TAMMISAARI

FINLAND

Dr. Morten Frederiksen

Department of Arctic Environment
National Environmental Research Institute
University of Aarhus

DK-4000 ROSKILDE

DENMARK

Opponent

Research Prof. Hannu Poysé

Joensuu Game and Fisheries Research
Finnish Game and Fisheries Research Institute
FI-80100 JOENSUU

FINLAND

All photographs © Mia Ronké

ISBN 978-951-29-3732-5 (PRINT)
ISBN 978-951-29-3733-2 (PDF)

ISSN 0082-6979

Painosalama Oy — Turku, Finland 2008



List of original articles

This thesis is based on the following publications and manuscript, referred to in the text by
their Roman numerals.

II

III

v

Ronkéd, M., Tolvanen, H., Lehikoinen, E., von Numers, M. and Rautkari, M. 2008.
Breeding habitat preferences of 15 bird species on south-western Finnish archipelago
coast: Applicability of digital spatial data archives to habitat assessment. Biological
Conservation 141(2): 402-416.

Heindnen, S, Ronkd, M. and von Numers, M. 2008. Modelling the occurrence and
abundance of a colonial species, the arctic tern Sterna paradisaea in the archipelago
of SW Finland. Ecography 31(5): 601-611.

Ronkd, M., Saari, L., Lehikoinen, E., Suomela, J. and Hakkild, K. 2005.
Environmental changes and population trends of breeding waterfowl in northern
Baltic Sea. Annales Zoologici Fennici 42(6): 587-602.

Ronkd, M., Saari, L., Hario, M., Hianninen, J. and Lehikoinen, E. Breeding success
and population trends of waterfowl in the northern Baltic Sea — implications for
monitoring. Submitted manuscript.

Laihonen, P., Ronki, M., Tolvanen, H. and Kalliola, R. 2003. Geospatially structured
biodiversity information as a component of a regional biodiversity clearing house.
Biodiversity and Conservation 12(1): 103-120.

The articles are reprinted with kind permission from Elsevier (I), Wiley-Blackwell
Publishing (IT), the Finnish Zoological and Botanical Publishing Board (III), and Springer
Science and Business Media (V).



Contents

ABSTRACT 1
1. INTRODUCTION 2
1.1. Why study environmental effects on coastal birds and ecosystems?..............c........... 2
1.2. Habitat selection and population lHmMitation ...........cccceeeeeieenienieiie e 3
1.3. The northern Baltic archipelago as a breeding habitat of coastal birds ...................... 5
1.3.1. Characteristics of the Baltic Se€a...........ccovveiviviiiiiiiiiieceree e 5
1.3.2. Influence of human-induced environmental changes on coastal birds................. 6
1.3.3. Finnish coastal bird COMMUNITIES............ccoovuveeiiiiiieeeeeireeeeeeeeeeeeeireeeeeeareeeeeenees 9

1.4. Assessment of seabird and coastal bird habitats .............cccccveeieiiviiiiieciiieceeeeeeees 10
1.5. Management and conservation of the Baltic Sea.........ccccceeveviiieiiniiecieniiieeene. 11
1.6. Monitoring of coastal €COSYSIEIMS .......ccueruirieriirieiirieierieeeete ettt eeeseeeeeebeseeeneas 13
1.6.1. Environmental and biodiversity MONitoring..........ceeceeevereereerereeseeniesierieseeeens 13
1.6.2. Bird monitoring SCHEMES.........c.cccveriierierieiieeieete et eiee e ereesaeseae e 14

1.7. Dissemination of biodiversity data...........ccccceeiiieiieniiniieieeeeese e 16
1.8. AIMS OF the theSIS...ciiviiiceiii ittt eae e e et eenaes 17

2. SETTING OF THE STUDY 18
2.1, SEUAY AICAS ...eevieeieiieeieieeiteieete ettt ettt ettt ettt e te et e te e st et e st enbesse e st e beennenseeneensan 18
2.1.1. General ChATaCLEIISICS ....cuveiieveeeireeeeirieeeteeeeeteeeereeeetreeeeteeeereeeereeeetseeeeteeeereeens 18
2.1.2. Definition of StUAY Qreas .........c.cccveriierierieiieeieeieesee e ere e sieeseresereesseesseenens 19

2.2, STUAY SPECIES ..uveeurieiieiieeieeitesieete et eteeseteebeesteeseessaessbeanseeseesssesnseenseesseesssesnseenseen 20
2.3, StUAY PETIOA ...ttt ettt et et enbeese e b e sbeessesseessenseeneensan 21
3.DATA 22
T B 31 ¢« I - TS UORRUOPRRRR 22
3.1.1. Archipelago Dird CENSUSES ......c.vrieriiririeriieieiieeieteette ettt et steeeenseseeenees 22
3.1.2. WaterfOW] CENSUSES .....vviiiriiiiiieeeirie ettt et ettt e eereeeetveeeeteeeeaveeeetveeereeens 22
3.1.3. EICT COMSUSES. ...eeieuriieiieeetieeeieeeette e et e et e e et e eeteeeeteeeetveeeetaeeeraeeeaseeeesseeereeenns 22
3.1.4. BrOOA COUNTS.....ooiiiiiiiieeeeieie e eeeteee ettt eeette e e e et e e e e et e e e eeaaeeeeeenarreeeeenaneeeeeennes 23

3.2. EnvIronmental data .......c...oooeiiiiiiiiiiiiiiei ettt 23
3.2.1. ISland CharaCteriSTICS ......c..ccevieivureeerieeeree et eree et eetee e etee e ereeeeare e eteeeeveeeeenes 23
3.2.2. Water quality and Salinity.........cceccerieriiririenieriieere e 24
323 WERALNET ..ottt ettt et e 24

3.3. Biodiversity data and bibliographic information ............c.cceeeeevieniienieneenieeeeeans 24

4. METHODS OF ANALYSIS 25
4.1. Environmental factors influencing occurrence and abundance .............cccceecueenneennen. 25
4.2, POPUIation treNdS. .....coveiieeieieiiieieieeteie ettt 25
4.3. Environmental effects on population trends ............cccevereeoienenienenienieneeeeie e 26
4.4. Relationship between breeding success and population trends...........cccceeeeveenueennne. 26
4.5. Assessment of monitoring Method..........cc.eeveririeniinieneneeeceeee e 27
4.6. Bird censuses as part of a regional biodiversity clearing-house ...........ccccceeeueeueennen. 27

5. RESULTS AND DISCUSSION 28
5.1. Relationship between environmental factors and bird populations .............cccceeee.. 28
5.1.1. POPUIAtion treNdS .......ccuevuieieriieieieeteeteste ettt sttt st sae e 28

5.1.2. Local breeding site CharaCteriStiCs .........ccecveruereerierieeiereneeiesieeeeie e eee e 28



5.1.3. Regional environmental factors...........cccooieriiriieiienieeie e 31

5.2. Relationship between breeding success and population trends...........cccoceeeveriereeennn. 34
5.3. Bird censuses as part of biodiversity and environmental monitoring....................... 35
5.3.1. Regional and spatial properties of biodiversity information..............c..cceeneeee. 35
5.3.2. Monitoring for early Warnings .........cccceveeeerierieerienenienenieeeenie e e eee e sieenee 36

5.4. Special features related to environmental studies on archipelago birds.................... 37
5.5. Implications for management and CONSEIVALION .........c.ccceevveriereeriereerienieeeeriesieennns 40
5.6. Generality Of TESUILS ....c.evvieiiiriieieieeiete sttt sttt s seeeaeens 41
5.7, FULUTE POTSPECIIVES. ..cuvvieerieriieiiesiteeteeteesteesiaeereesseesseessseasseesseessaesssessseesseesseasseessseans 43
5.7.1. Coastal populations and habitats ..........c.ccecererieriniiieneneeeeeeeee e 43
5.7.2. Gathering and dissemination of data.............cceceriieniiniieniiieieee e 44

6. SUMMARY 46
LIST OF ABBREVIATIONS 48
ACKNOWLEDGEMENTS 49
REFERENCES 52
ORIGINAL PAPERS 69
L ettt b et et b ke bbbttt b bbbt be b e 71

L ettt bbbttt b e ettt be et 89
TIL ettt ettt ettt enes 103
Vet sttt et e b et s bt ettt bt et e s bt et ente s bt et 121






Abstract

ABSTRACT

Coastal birds are an integral part of coastal ecosystems, which nowadays are subject to severe
environmental pressures. Effective measures for the management and conservation of seabirds and
their habitats call for insight into their population processes and the factors affecting their
distribution and abundance. Central to national and international management and conservation
measures is the availability of accurate data and information on bird populations, as well as on
environmental trends and on measures taken to solve environmental problems.

In this thesis I address different aspects of the occurrence, abundance, population trends and
breeding success of waterbirds breeding on the Finnish coast of the Baltic Sea, and discuss the
implications of the results for seabird monitoring, management and conservation. In addition, I
assess the position and prospects of coastal bird monitoring data, in the processing and
dissemination of biodiversity data and information in accordance with the Convention on Biological
Diversity (CBD) and other national and international commitments.

I show that important factors for seabird habitat selection are island area and elevation, water
depth, shore openness, and the composition of island cover habitats. Habitat preferences are
species-specific, with certain similarities within species groups. The occurrence of the colonial
Arctic Tern (Sterna paradisaea) is partly affected by different habitat characteristics than its
abundance. Using long-term bird monitoring data, I show that eutrophication and winter severity
have reduced the populations of several Finnish seabird species.

A major demographic factor through which environmental changes influence bird
populations is breeding success. Breeding success can function as a more rapid indicator of
sublethal environmental impacts than population trends, particularly for long-lived and slow-
breeding species, and should therefore be included in coastal bird monitoring schemes. Among my
target species, local breeding success can be shown to affect the populations of the Mallard (4nas
platyrhynchos), the Eider (Somateria mollissima) and the Goosander (Mergus merganser) after a
time lag corresponding to their species-specific recruitment age. For some of the target species, the
number of individuals in late summer can be used as an easier and more cost-effective indicator of
breeding success than brood counts.

My results highlight that the interpretation and application of habitat and population studies
require solid background knowledge of the ecology of the target species. In addition, the special
characteristics of coastal birds, their habitats, and coastal bird monitoring data have to be considered
in the assessment of their distribution and population trends.

According to the results, the relationships between the occurrence, abundance and population
trends of coastal birds and environmental factors can be quantitatively assessed using multivariate
modelling and model selection. Spatial data sets widely available in Finland can be utilised in the
calculation of several variables that are relevant to the habitat selection of Finnish coastal species.
Concerning some habitat characteristics field work is still required, due to a lack of remotely sensed
data or the low resolution of readily available data in relation to the fine scale of the habitat patches
in the archipelago. While long-term data sets exist for water quality and weather, the lack of data
concerning for instance the food resources of birds hampers more detailed studies of environmental
effects on bird populations. Intensive studies of coastal bird species in different archipelago areas
should be encouraged.

The provision and free delivery of high-quality coastal data concerning bird populations and
their habitats would greatly increase the capability of ecological modelling, as well as the
management and conservation of coastal environments and communities. International initiatives
that promote open spatial data infrastructures and sharing are therefore highly regarded. To function
effectively, international information networks, such as the biodiversity Clearing House Mechanism
(CHM) under the CBD, need to be rooted at regional and local levels. Attention should also be paid
to the processing of data for higher levels of the information hierarchy, so that data are synthesized
and developed into high-quality knowledge applicable to management and conservation.



Introduction

1. INTRODUCTION
1.1. Why study environmental effects on coastal birds and ecosystems?

Seabirds and coastal birds are an integral part of marine and coastal ecosystems, usually as
predators at the top of the food chain. They link into ecosystems at a number of trophic
levels (Tasker and Reid 1997). For instance gulls, ducks and waders play an important role
in the mass and energy fluxes of food webs, as well as in food web control (Moreira 1997;
Eybert et al. 2003).

Birds are considered to be useful biological indicators because they are conspicuous,
their ecology is versatile and well-known, and census methods for them are highly
developed (Koskimies and Viisdnen 1991; Bibby et al. 2000; Burger and Gochfeld 2001;
Carignan and Villard 2002; Gregory et al. 2005; Sutherland 2006; O’Connell et al. 2007).
Various long-term bird monitoring data are available and are constantly augmented by
volunteers (Greenwood 2007). Seabirds have been regarded as good indicators of
contaminants (e.g. Becker 1989), but they may also be potential indicators of other aspects
of the marine environment (Furness and Camphuysen 1997; Article III). In addition,
seabirds and coastal birds may provide means to monitor changes at lower trophic levels.

Over the past fifty years humans have changed the Earth’s ecosystems extensively,
resulting in a rapid global species decline and a loss of ecosystem functioning (Millennium
Ecosystem Assessment 2005). The pursuit of economic growth has led to the use of
technology to expand the human niche, and has thus acted as a limiting factor for
wildlife conservation (Czech 2000, 2006; Huettmann and Czech 2006). Today,
environmental changes are threatening the populations, range and diversity of European
birds (Tucker and Heath 1994). Globally, 85 % of threatened bird species are at risk as a
result of habitat loss and degradation (BirdLife International 2000).

In accordance with general biodiversity loss, the populations of many seabirds have
recently declined (BirdLife International 2004a; BirdLife International 2008). Several
studies have reported crashes in their reproductive success (Croxall 2004; Wanless et al.
2005). Seabirds are becoming more threatened and have deteriorated in status faster than
many other species groups between 1988 and 2008 (BirdLife International 2008). There are
particularly high proportions of threatened species for instance among albatrosses (BirdLife
International 2008). In addition, 44 % of the waterbird populations for which data are
available have declined or become extinct, while 34 % have remained constant and 17 %
have increased (Wetlands International 2006). The populations of even many common
seabird and waterbird species are currently declining (BirdLife International 2008).

Coastal habitats are crucial for a wide diversity of nesting, migrating and wintering
birds because of their abundant nesting habitats and food resources (Burger 1991). Even
species that spend most of the year in open sea need coastal habitats for nesting. The
distribution of many bird species is either concentrated on or limited to the coasts, which
also harbour a wide variety of other fauna and flora.

Today coastal areas are exposed to a variety of environmental pressures due to high
population densities and rapid economic development. They are subject to several possibly
conflicting interests, including settlement, transportation, industry, natural resource
extraction and recreation, as well as the management and conservation of biodiversity and
ecosystem functions (McCabe 1994; Eglington et al. 1998). In addition, coastal ecosystems
are affected by climate change, alien species, and other environmental and community
changes.
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In recent years, growing attention has been paid to ecosystem functioning and the
dependence of human societies on the provision of ecosystem goods and services
(Millennium Ecosystem Assessment 2005). In Sweden, more than forty categories of goods
and services provided by coastal ecosystems have been identified (Ronnbéck et al. 2007).
Globally, research on the ecosystem services of coastal areas has to a great extent focused
on tropical ecosystems, and there is a need for more studies dealing with the functioning of
coastal ecosystems in temperate regions (Ronnbéck et al. 2007), as well as in Arctic and
Antarctic regions (McCabe 1994; Eglington et al. 1998).

As an integral part of coastal ecosystems, coastal birds are an important provider of
ecosystem goods and services, including provisioning services, such as food and fertilizers;
regulating services, such as direct and indirect pest control provided by raptors and
scavengers; supporting services, such as nutrient deposition and soil formation; and cultural
services, including aesthetic, recreational, educational and scientific values (Sekercioglu et
al. 2004; Millennium Ecosystem Assessment 2005; Sekercioglu 2006).

Acting as resource linkers by transporting minerals and nutrients between marine and
terrestrial ecosystems as well as between terrestrial and wetland ones (Post et al. 1998;
Lundberg and Moberg 2003; Croll et al. 2005; Sekercioglu 2006), seabirds and waterfowl
may have direct or cascading effects on plant and animal populations (Norton et al. 1997,
Stapp et al. 1999), may influence the life histories of species (Iason et al. 1986; Wolfe et al.
2004), and may sometimes shape entire ecosystems (Croll ez al. 2005).

While the concept and classification of ecosystem services are quite recent, the value
of seabirds and waterfowl was recognised already in the 18th century. In 1769, Gadd and
Gummerus published a study of the economic value of waterfowl in terms of meat, eggs,
skin and feathers, and stressed the management and conservation of these resources, as well
as the need for adequate knowledge as a basis of their utilisation (Gadd and Gummerus
1769).

Improved knowledge of coastal habitats is urgently needed, as the increasing use of
coastal landscapes is reducing the availability and degrading the quality of coastal habitats,
thus compromising ecosystem functioning and the maintenance of ecosystem goods and
services (Dayton et al. 2000; Ronnbéck et al. 2007). Seabirds and coastal birds may help to
fill part of the gap in our knowledge of marine and coastal ecosystems under stress, and
provide valuable early warnings for unforeseen environmental impacts.

1.2. Habitat selection and population limitation

The use an animal makes of its environment is central to ecology (Johnson 1980; Hirzel et
al. 2002; Manly et al. 2002). Birds select an environment that meets their ecological
requirements (von Haartman 1945; Hildén 1965; Cody 1985). The distribution of bird
species is in general influenced by resources, such as food, shelter, and sites for nesting,
courtship and perching, as well as by structural and functional species characteristics,
physiognomic environmental characteristics and land cover (Hildén 1965; Cody 1985; von
Numers 1995).

The presence of conspecifics and other species can further affect breeding site
selection in the form of sociality and conspecific attraction (Hildén 1965; von Numers
1995; Campomizzi et al. 2008), competition (Hildén 1965; Cody 1985), or predation
(Forsman et al. 2001; Nordstrom et al. 2003; Nordstrdm and Korpiméki 2004). Coloniality
(Allainé 1991; Berg 1996; Arroyo et al. 2001; Hernandez-Matias and Ruiz 2003) or
protective nesting associations (Durango 1954; Hildén 1964; Brearey and Hildén 1985;
Blanco and Tella 1997; Quinn et a/. 2003; Quinn and Ueta 2008) may provide shelter from
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predation. In addition, migrant birds may use residents as cues to good quality habitats
(Monkkdnen et al. 1999; Thomson et al. 2003).

According to Hildén (1965), a bird selects its breeding site on the basis of a sum of
positive and negative stimuli that exceeds the threshold for the release of the reaction. The
relative importance of habitat characteristics depends on the ecology of each species,
adding to the value of comparisons within and between species groups.

Birds, including seabirds and coastal birds, have been widely used in habitat selection
studies. Up till now, however, there have been only few studies that have modelled the
breeding distribution and abundance of colonial seabirds. For colonial species, conspecific
attraction and prospective behaviour, i.e. searching for future breeding sites (Boulinier et al.
1996; Falk and Moller 1997), are central to breeding site selection. Only the first pair
occupying a site chooses the location independent of conspecifics; the next pairs prospect
the abundance and breeding success of conspecifics, and are attracted to existing colonies.
If breeding success is good, resources are sufficient and the colony is not disturbed, more
birds will join the colony; birds are more likely to attach themselves to existing colonies
than to establish new ones (Matthiopoulos et al. 2005; Szczys et al. 2005). In many respects
a colony can function as a unit and may e.g. move to another site if disturbed (Viisidnen
1973).

For many seabird species, site fidelity is also central to the habitat selection process.
Colony-site tenacity commonly reflects the stability of nesting habitats (Sanchez et al.
2004). However, site fidelity may result in the colony or the individual pair remaining in a
location even after conditions deteriorate and breeding success declines. Species that show
strong site fidelity are likely to occupy only part of the available habitat (Matthiopoulos et
al. 2005).

The process of habitat selection is closely tied to population limitation. Bird
populations are limited by external (environmental) factors that affect intrinsic
(demographic) features (Newton 1998). Environmental factors include both biotic and
abiotic resources, intraspecific and interspecific competition, predation, and disease, such
as parasites and other pathogens. Demographic features include fertility and mortality, as
well as immigration and emigration, the net effects of which mediate the impact of
environmental factors and determine local population trends. Environmental features can
thus be considered ultimate factors and demographic features proximate factors leading to
population change (Newton 1998).

Different species and populations may be limited by different factors, or more likely
by different combinations of factors. As populations may be limited by different factors at
different times and in different areas, population studies that have to be confined to specific
study areas and time periods may not allow of generalisations to other areas and periods. In
addition, the factors causing year-to-year fluctuations may not be the same as those that
cause long-term population trends (Newton 1998). In order to distinguish local effects from
large-scale environmental impacts, the importance of local environmental factors for the
occurrence and abundance of birds needs to be recognised.

Historically and especially in modern times, humans have affected bird populations
either directly by hunting and other human-induced mortality, or indirectly by modifying
natural environmental factors (BirdLife International 2004b; Sekercioglu et al. 2004).
Human activities have reduced the resources available to birds by habitat degeneration,
destruction and fragmentation, or they may have favoured the predators or competitors of a
given species (Gaston ef al. 2003; BirdLife International 2004b; Sekercioglu et al. 2004).

The direct and indirect effects of human activities have played a major role in the loss
of bird diversity (Newton 1998; Gaston et al. 2003) and are closely related to the extinction
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risks of numerous species (Kerr and Currie 1995). In total, 1.3 % of 9 916 historic bird
species (species that survived since before A.D. 1500) are now extinct (Sekercioglu et al.
2004), and the global number of individual birds has been estimated to have experienced a
20-25 % reduction since the 16th century (Gaston et al. 2003). According to Sekercioglu et
al. (2004), 19 % of current bird species are extinction-prone.

1.3. The northern Baltic archipelago as a breeding habitat of coastal birds
1.3.1. Characteristics of the Baltic Sea

The Baltic Sea is unique among the seas of the world. It is one of the world’s largest
brackish water bodies, consisting of saline ocean water and fresh river runoff. The mean
depth of the Baltic Sea is 55 meters, the maximum depth being 450 meters. The Baltic Sea
is relatively small: its area is 415 000 km? and its volume 21 700 km®> (BACC Author Team
2008). The sea is bordered by Denmark, Estonia, Finland, Germany, Latvia, Lithuania,
Poland, Russia and Sweden. The catchment area covers 1 700 000 km?, including parts of
14 states and a population of 90 million people. Most of the population lives close to the
coast.

The Baltic Sea is a young sea, with a history characterised by constant and drastic
changes (Eronen 2005). The shores of the Baltic Sea change along with the glacio-isostatic
land uplift. In the Bothnian Bay land uplift is now about 90 cm/100 years (Bjorck and
Svensson 1994), and it lowers increasingly to the south, being about zero on the Blekinge
coast (Frisén et al. 2005).

The Baltic Sea is strongly influenced by large-scale atmospheric circulation and
hydrological processes in the catchment area. The Baltic Sea has a positive water balance,
which is composed of inflows and outflows at the Danish straits, of river runoff and
precipitation, as well as to a minor extent of groundwater inflow, thermal expansion, salt
contraction, land uplift and ice export (BACC Author Team 2008). The water exchange is
very slow: the water residence time is about 33 years (BACC Author Team 2008).

The Baltic Sea is a large transition area between limnic and marine conditions. The
current salt balance is maintained by an outflow of low-salinity water in the surface layer
and a variable inflow of higher-salinity water at depth. This pattern leads to a stratification
of the water body of the central Baltic Sea, consisting of an upper layer of brackish water
with a salinity of about 6—8 %o and a deep layer with a salinity of about 10—-14 %o. The long
term mean salinity of the Baltic Sea is 7.7 %o (BACC Author Team 2008).

The Baltic Sea also differs from most other seas by having no real tides. Changes in
the water level from 1.7 m in the Archipelago Sea (Gran6 and Roto 1989) up to 3.2 m in
the Bothnian Bay (Frisén er al. 2005) are caused by wind conditions and changes in
atmospheric pressure. Sea ice is formed every year, with a long-term average maximum
coverage of about half of the surface area (BACC Author Team 2008).

The physical properties of the Baltic Sea affect the composition of its flora and fauna,
which are rather species-poor in comparison to oceans. In addition to the physical barrier
between the Baltic Sea and the ocean, there is also an ecological barrier consisting of low
water salinity and temperature, as well as strong seasonality (Leppdkoski et al. 2002). The
salinity is too low for most marine organisms, but too high for most fresh water organisms.
As the Baltic Sea is geologically young, only few species have been able to adapt to live
there. Especially the benthic fauna is species-poor. The biota is a mixture of marine,
brackish and freshwater indigenous and non-indigenous species. Practically all the current
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marine fauna and flora have settled in the area during the past 10 000 years, and it is
obvious that this immigration still continues (Leppéakoski 1991).

1.3.2. Influence of human-induced environmental changes on coastal birds

The history of the Baltic Sea is a history of change, both geological and — especially during
the past decades — human-induced. Due to its small water volume, relatively enclosed basin
and strong environmental pressures, the Baltic Sea is among the most polluted seas in the
world. The most important environmental pressures on the Baltic Sea include
eutrophication, climate change, invasive species, oil hazards, as well as organic and
inorganic pollutants.

Since the 1960s one of the main threats to the Baltic Sea has been eutrophication,
which is also recognised as one of the major threats to coastal marine ecosystems on a
global scale (Nixon 1990). Eutrophication has been defined as the effect of an increase in
the supply of organic matter to an ecosystem (Nixon 1990). In the Baltic Sea the increase in
organic matter is largely caused by an increase in nutrient input followed by an increase in
primary and secondary production (HELCOM 1993; Bonsdorff et al. 1997b). The nutrient
input originates from agriculture, forestry, industry, habitation, shipping, and aquaculture
(HELCOM 1993).

In Finland eutrophication is threatening especially the Archipelago Sea and the Gulf
of Finland, partly due to their hydrographic features (Kauppila et al. 2004). The Gulf of
Finland is regarded as one of the most polluted areas of the Baltic Sea (HELCOM 1990).
Due to the anticlockwise circulation of the water in the Gulf of Finland, the Finnish coast is
most exposed to nutrients transported from local sources around the entire Gulf (Ronnberg
and Bonsdorff 2004). In the Archipelago Sea eutrophication began in the coastal waters and
river estuaries, but has nowadays reached as far as the open sea (Bonsdorff et al. 1997b).
The agricultural runoff into the Archipelago Sea is among the hotspots of the Helsinki
Commission (HELCOM), i.e. the Baltic Marine Environment Protection Commission
(HELCOM 1993).

The eutrophication of Finnish coastal waters has continued since the beginning of the
1990s, despite a decline in the external nutrient load (Kauppila et al. 2004). Nitrogen
concentrations have slowly decreased, but concentrations of phosphorus increased during
the 1990s, especially in the Gulf of Finland and in the Archipelago Sea. This is due to
internal loading, that is the release of phosphorus from sediments as a result of reduced
conditions at the sediment-water interface (Kauppila et al. 2004).

The effects of eutrophication can be seen in the form of increases in phytoplankton
biomass, changes in community structure, increased cyanobacterial blooms, a decrease in
water transparency, and mass occurrences of filamentous algae in the littoral zone. In
addition, extensive areas of the coastal sea bottom have become devoid of macrofauna due
to oxygen depletion (Kauppila et al. 2004; BACC Author Team 2008).

Eutrophication affects birds mainly indirectly, by increasing primary production in
the sea (Beukema and Cadée 1991; Pitkdnen 1994; Bonsdorff et al. 1997a). If
eutrophication leads to an increase in birds’ food resources it may allow their populations to
increase, which can lead to their spread into new habitats (von Haartman 1982, 1984).
However, eutrophication may also change the species composition and function of aquatic
animal communities (Leppédkoski 1975; Viitasalo et al. 1990; Bonsdorff 1992; Rumohr ef
al. 1996) in a way detrimental to birds. The effects of eutrophication on vegetation structure
may be beneficial, for instance for birds nesting or feeding in reeds, but at least in lakes the
accumulation of organic matter, resulting in anaerobic conditions in the substrate, may also
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impede reed growth (Weisner 1991). Eutrophication also affects birds through toxic algal
blooms (Pitkdnen et al. 1990; Kauppi 1993). Thus eutrophication may diminish the
numbers (Article I1I) and distribution of birds and modify interactions between species.

Along with eutrophication, a major recent environmental change is climate change
(IPCC 2001; BACC Author Team 2008), which the United Nation’s Framework
Convention on Climate Change (UNFCCC) has defined as “a change of climate that is
attributed directly or indirectly to human activity that alters the composition of the global
atmosphere, and that is in addition to natural climate variability over comparable time
periods”.

During the period 1871-2004, there were significant positive trends in the mean air
temperatures for the northern and southern Baltic Sea Basin, being on the average 0.10
°C/decade north of 60° N and 0.07 °C/decade south of 60° N (BACC Author Team 2008).
With the increase in mean and extreme air temperatures the annual extent of sea ice cover
has diminished and the ice season has been shortened. Over the latter part of the 20th
century northern Europe has become on average more rainy, the largest increases in
precipitation occurring in winter and spring. At the same time, summers in the southern
parts of the Baltic Sea Basin have become drier. There are indications of an increasing
impact of extreme wind events, but storminess indices reveal no clear long-term trend.
There are also indications of a sea-level rise in the 20th century compared to the 19th.
There is no long-term trend in mean water salinity for the 20th century, but during the
1980s and 1990s mean salinity fell substantially (BACC Author Team 2008). Since the
mid-1970s the frequency and intensity of major inflows from the North Sea has decreased,
causing a long-lasting stagnation period in the 1980s and 1990s, which together with the
simultaneous increase in run-off caused the salinity decline (HELCOM 2007).

Knowledge of the ecological implications of ongoing and future climate change in the
Baltic Sea basin is still incomplete and uncertain, but increasing efforts are being put into
its assessment. BALTEX (Baltic Sea Experiment) aims at providing better understanding of
the mechanisms and processes determining the water and energy cycles between and within
the components of our climate system. It was launched in 1992 as a Continental-scale
Experiment (CSE) of the Global Energy and Water Cycle Experiment (GEWEX) within the
World Climate Research Program (WCRP). To assemble, integrate and assess available
knowledge of past, current, and expected future climate change and its impacts on
ecosystems in the Baltic Sea basin, BALTEX and HELCOM established the BALTEX
Assessment of Climate Change for the Baltic Sea Basin (BACC) Project (BACC Author
Team 2008).

The most important implications of climate change for marine ecosystems are its
effects on water salinity, temperatures and the eutrophication process (BACC Author Team
2008). The biodiversity of the Baltic Sea is probably particularly sensitive to changes in
salinity, the decrease in which may lead to a decrease in marine species and an increase in
freshwater species (Mollmann et al. 2005; Mackenzie et al. 2007). A change in salinity can
have a cascading effect on food webs and thus affect the whole pelagic ecosystem
(Hénninen et al. 2003). The marine ecosystem is also sensitive to temperature variations,
which affect both the planktic community and fish reproduction and survival.
Eutrophication may be promoted by climatic factors, such as runoff and precipitation, and
the resulting nutrient leakage.

In recent years there has been an increasing effort to study the effects of climate
change on seabirds (Aebischer et al. 1990; Montevecchi and Myers 1997; Thompson and
Ollason 2001; Croxall et al. 2002; Barbraud and Weimerskirch 2003). Climate change has
been shown to affect the populations of oceanic seabirds by diminishing their food
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resources (Montevecchi and Myers 1997; Barbraud and Weimerskirch 2003). Low energy
values of fish have been considered as the cause of major seabird breeding failure in the
North Sea (Wanless et al. 2005).

In the Baltic Sea area, climate change may affect the breeding performance of
seabirds by altering weather conditions during the breeding season or by affecting the
condition of the birds after the winter (Hildén 1964; Milne 1976; Lehikoinen et al. 2006).
Weather, especially temperature, rainfall and wind, is important for the breeding success of
the Eider (Somateria mollissima), the Velvet Scoter (Melanitta fusca), the Mute Swan
(Cygnus olor) and the Tufted Duck (Aythya fuligula) (Koskimies 1955, 1957; Hildén 1964;
Koskimies and Lahti 1964; Koskinen et al. 2003). Many Baltic waterfowl migrate only as
far as the western or southern Baltic Sea or the North Sea (Cramp and Simmons 1977; Pihl
et al. 1995; Gilissen et al. 2002). Thus winter severity in western Europe affects the non-
breeding survival of several waterfowl species (Nilsson 1984; Koskinen et al. 2003; Article
III). It may also affect the density-dependence of survival (Barbraud and Weimerskirch
2003).

Climate change affects the arrival and departure times of migrants (Forchhammer et
al. 2002; Jonzén et al. 2002; Hiippop and Hiippop 2003), the timing of breeding, and
breeding performance (Forchhammer et al. 1998; Both and Visser 2001; Mgller 2002; Sanz
2002). E.g. the Pied Flycatcher (Ficedula hypoleuca) may suffer from climate change, since
the timing of its migration can become disconnected from the climate at its breeding
grounds (Both and Visser 2001). There is also a potential for a mismatch between hatching
phenology and resource phenology in ducks (Oja and Poysd 2007). Furthermore, climate
change may bring about changes in migratory routes, stopover sites, and migratory
tendencies within species and populations (BACC Author Team 2008). As climate change
affects bird population sizes (Tryjanowski and Sparks 2001; Lemoine and Béhning-Gaese
2003) and distributions during breeding and non-breeding seasons (Bohning-Gaese and
Bauer 1996; Thomas and Lennon 1999), it alters the composition of bird communities
(Lemoine and Bohning-Gaese 2003).

Climate change and its effects on water salinity and temperature can also affect
species invasions, as it enables freshwater species to expand their distributions in the Baltic
Sea and exotics from warmer regions to be established (BACC Author Team 2008). The
Baltic Sea is subject to an intense invasion by non-indigenous species (Paavola et al. 2005;
Javidpour et al. 2006). During the last two centuries some 100 alien aquatic species (fish,
macrozoobenthos and zooplankton) have been recorded in the Baltic Sea, and some 60
species have established reproductive populations (Leppikoski et al. 2002). Invasive
species have induced major changes in near-shore ecosystems, also causing economic
damage to fisheries, shipping and industry (Leppdkoski et al. 2002).

In addition to the implications of shipping in terms of nitrogen emissions and the
spread of alien species, collisions and groundings of tankers carrying oil and liquid bulk
chemicals form a substantial risk for Baltic Sea ecosystems (Hénninen and Rytkonen
2006). There are also numerous illegal oil discharges. The accident risk is especially high in
the Baltic Sea, where shipping routes are mainly narrow and shallow. As traffic volumes
continue to rise, the risk of accidents increases. Oil and chemical spills are especially
deleterious in the Baltic Sea, particularly during the winter, as compounds decompose
slowly in the cold water. The annual ice cover further slows down the decomposition
process and may hamper salvage operations.

Substantial amounts of harmful substances are also introduced to the Baltic Sea by
run-offs from the catchment area and by air deposition. The effects of heavy metals and
organochlorines are nowadays widely known, but new threats are constantly emerging, the
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recent ones including organotin compounds, ftalates used to soften plastics, perfluorcarbons
occurring e.g. in teflon, and polybrominated diphenyl ethers used as flame retardants.

Pollution and other environmental factors usually have the severest effects on the
early stages in the development of eggs and chicks (Ohlendorf ez al. 1978). However, toxic
algal blooms, oil hazards and persistent chemical pollutants can cause mass mortalities of
adult seabirds (Grenquist 1956; Lemmetyinen 1966; Duinker and Koeman 1978; Kauppi
1993). Other important factors for non-breeding survival include environmental hazards at
wintering grounds and hunting along migration routes (Jensen and Hansen 1977; Jensen
1978).

1.3.3. Finnish coastal bird communities

Finnish coastal bird communities include species of coastal estuaries and mainland
wetlands, but no pelagic species. The brackish water and sheltered bays of the Finnish coast
also allow many inland species to nest there. Thus many Finnish coastal species may not be
considered seabirds outside the Baltic Sea. In this thesis, most of the target species of the
Articles I-V are called coastal birds, except for the more marine ducks, alcids and larids
that are considered as seabirds also outside the Baltic.

Finnish coastal bird populations have mainly increased in the period during which
they have been systematically monitored (Hildén and Hario 1993). The population trends of
species may, however, be different in different parts of the Finnish coast (Hario 1998). An
alarming recent trend is the population decline of some anatids, particularly the Eider
(Hario and Rintala 2008). Due to the decline of the Eider, the total pair number of Finnish
coastal bird populations has started to diminish for the first time since the 1940s (Hario and
Rintala 2008). A further example of decreasing species is the Caspian Tern (Sterna caspia)
that has decreased since the 1970s (Viisédnen et al. 1998).

In the Archipelago Sea the breeding bird communities have changed considerably
during the past few decades (von Haartman 1984; Hildén and Hario 1993; von Numers
1995; Vdisdnen et al. 1998; Lehikoinen, Gustafsson et al. 2003; Article III). Some coastal
birds have declined, some have increased and new species have invaded the area (Tenovuo
1976; von Haartman 1984; von Numers 1999). Many species that are now regarded as
among the most characteristic species of the archipelago may have been close to
disappearing from the area a few decades ago, or may only have inhabited it for a few
decades.

In the 1990s, many bird species in the Archipelago Sea sustained larger populations
than at any time since the Second World War (von Numers 1995). For instance, the
Greylag Goose (Anser anser) populations were at their lowest in the 1940s due to excessive
hunting and disturbance, after which they increased (Viisdnen et al. 1998). The first
colonies of the Herring Gull (Larus argentatus) appeared in the Archipelago Sea in the
1960s (Viisdnen et al. 1998), and the population increased until the year 1997 (Hario and
Rintala 2008). The current decline of the Herring Gull is probably mediated by the recent
culling campaigns on refuse tips (Nummelin et al. 1997; Hario and Rintala 2008).

The most recent settlers in the Archipelago Sea include the Mute Swan, the Canada
Goose (Branta canadensis), the Barnacle Goose (Branta leucopsis), and the Cormorant
(Phalacrocorax carbo sinensis) (Hildén and Hario 1993; Viisdnen et al. 1998; Lehikoinen,
Gustafsson et al. 2003). The Mute Swan started to breed in the Archipelago Sea in 1958,
the Canada Goose in the 1970s, and the Barnacle Goose, originally an Arctic breeder, in
1984 (Lehikoinen, Gustafsson et al. 2003). The Cormorant settled on the Finnish coast in
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1996 (Ympdiristoministerio 2005). In the Archipelago Sea empty Cormorant nests were
found in 1997, and nesting was verified in 1998 (Lehikoinen, Gustafsson et al. 2003).

The Finnish populations of the Canada Goose originated from introduced birds
(Lehikoinen, Gustafsson et al. 2003). The Barnacle Goose populations in the Baltic Sea
probably originated mainly from individuals that started to breed in their spring migration
staging areas, but also from birds released from zoos in Sweden and Finland (Larsson et al.
1988; Forslund and Larsson 1991). The first Barnacle Geese that settled in the Archipelago
Sea area originated from the Skansen park in Sweden (Laine 1996; Lehikoinen, Gustafsson
et al. 2003). The early history of the Mute Swan in the Baltic Sea is still unclear, but it has
been kept in parks and gardens in Europe for centuries (Lehikoinen, Gustafsson et al.
2003).

The Cormorant spread to the Archipelago Sea unaided, as part of its recent general
population increase in Central Europe and Southern Baltic leading to northward dispersal.
Cormorants bred in the Baltic Sea already during prehistoric times, and were hunted for
instance in Finland, Sweden and Estonia (Mannermaa and Lougas 2005). A comparison of
skeletal measurements of present-day and prehistoric Cormorants indicates that these
individuals belonged to the nominate Phalacrocorax carbo carbo (Ericson and Carrasquilla
1997). The subspecies sinensis probably immigrated into the Baltic between 1500 and 1800
AD (Ericson and Carrasquilla 1997; Ericson and Tyrberg 2004). According to the
ornithological literature, the Cormorant bred in the Aland islands and the Archipelago Sea
in the 18th century, and the species may therefore merely be returning to its former
breeding grounds, where it was probably eradicated by humans (Lehikoinen, Gustafsson et
al. 2003).

1.4. Assessment of seabird and coastal bird habitats

Following earlier descriptive studies of the breeding site preferences of seabirds and coastal
birds (e.g. Hildén 1964), several studies have addressed large-scale habitat associations in
terrestrial and marine environments, based either on field observations (Gunnarsson et al.
20006) or on ex situ techniques (Huettmann and Diamond 2001; Zharikov et al. 2005, 2006).
Few studies, except for von Numers (1995) and Articles I and II, have quantitatively
analysed the relationship between a range of breeding site characteristics and bird
distribution on the Baltic Sea coasts.

A comprehensive overview of coastal bird habitats, as well as many ecological
applications, require data on a range of environmental variables and covering large areas
that are beyond field-based capabilities (Kerr and Ostrovsky 2003). Geographical
information systems (GISs) offer powerful and cost-effective tools for the quantitative
analysis and visualisation of a wide range of environmental variables over large areas.

GIS and digital maps have been used to assess the ranges and habitat preferences of
landbirds (Fuller et al. 2005; Hawkins et al. 2005). Studies of seabird and shorebird
habitats have largely focused on their foraging distribution (Jones et al. 2002; Davoren et
al. 2003; Yen et al. 2004; Pinaud et al. 2005; Vlietstra 2005) and stop-over or wintering
habitats (Vaitkus and Bubinas 2001; Durell et al. 2006; McKinney et al. 2006; Yasué
2006). As to the breeding habitats of seabirds and shorebirds, earlier studies have assessed
the effect of food resources on breeding habitat selection (Robertson et al. 2001), habitat
use by long-ranging pelagic species (Pinaud et al. 2005) and habitat selection by colonial
birds (Kokko et al. 2004; Serrano et al. 2005).

Together with existing environmental data archives that include spatially explicit
information with uniform spatial coverage, detail and accuracy, GISs also provide new
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possibilities to quantify the physical characteristics of the breeding habitats of birds on
fragmented archipelago coasts (Articles 1 and II). Environmental databases containing
shoreline, bathymetry and elevation data can be used to calculate various parameters for
islands and their surroundings.

Once environmental factors have been characterised in a GIS, their importance for
bird abundance can be analysed inferentially using multivariate statistical models. A widely
used method for distribution modelling are generalised additive models (GAMs) (Suarez-
Seoane et al. 2002; Virkkala et al. 2005; Wintle et al. 2005; Whittaker et al. 2007).
Multifaceted habitat requirements are likely to yield several competing hypotheses and
models (Article I). Model selection approaches provide a way to draw inferences from a set
of multiple hypotheses (Burnham and Anderson 1998; Manly et al. 2002; Burnham and
Anderson 2004; Johnson and Omland 2004).

Species occurrence data have been widely used for species distribution models and
habitat selection studies (Keating and Cherry 2004; Barry and Elith 2006; Elith et al. 2006;
Leathwick et al. 2006; Articles I and II). In recent years, species-distribution modelling has
become increasingly important for habitat selection and biodiversity research, as well as for
conservation biology. Distribution modelling is used in several fields of ecology, and a
number of studies have compared different predictive methods and their performance
(Guisan and Zimmermann 2000; Segurado and Araujo 2004; Hirzel et al. 2006). In spite of
the wealth of research on the distribution of different bird species, there have been only few
studies addressing the distribution and abundance of colonial birds, except for Article II.

Where coastal birds have been monitored over a longer period, population trends can
be used to assess changes in their habitats (Article III). If bird population trends and
demographic processes reflect environmental changes, bird monitoring can be used as a
biological early-warning system for complex and unexpected environmental changes.

Knowledge of habitat preferences and the relevance of the local environment may
also help to conduct ecological studies. According to Mpller and Jennions (2002), a
hypothesised relationship (e.g. the main effect of a fixed treatment) generally explains little
of the variation in the factor of interest in ecological studies, even experimental ones, and
the amounts of variance explained by the predictor (r*) is usually relatively small. This is to
a great extent due to the randomness and noise caused by environmental properties.

1.5. Management and conservation of the Baltic Sea

The management and conservation of the Baltic Sea and its biota and habitats, including the
coastal areas of Finland, are based on international treaties, legislation and other processes,
and on their implementation at the national level.

The most important international convention concerning the protection of the Baltic
Sea is the 1992 Helsinki Convention (Convention on the Protection of the Marine
Environment of the Baltic Sea Area, 1992) with the later amendments to its Annexes
(HELCOM 2004). The 1992 Convention followed the first Helsinki Convention signed in
1974. The United Nations Convention on the Law of the Sea, adopted in 1982, lays down a
regime of law for the world’s seas, establishing rules governing all uses of oceans. Other
conventions related to the Baltic Sea and its bird communities are the Convention on
Biological Diversity (CBD), the Convention on the Conservation of European Wildlife and
Natural Habitats (the Berne Convention), the Convention on the Conservation of Migratory
Species of Wild Animals (CMS or the Bonn Convention), and the Ramsar Convention on
Wetlands.
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Within the European Union (EU), the requirements of the CBD and other most
important international biodiversity conventions are implemented mainly through the
Habitats Directive (Council Directive 92/43/EEC of 21 May 1992 on the conservation of
natural habitats and of wild fauna and flora) and the Birds Directive (Council Directive of 2
April 1979 on the conservation of wild birds (79/409/EEC)). The main objective of
conservation efforts within the EU is the maintenance or achievement of favourable
conservation status of both species and habitats of the Community interest. This objective is
partially fulfilled by the establishment of the Natura 2000 conservation area network
(Mehtdld and Vuorisalo 2007). The Natura 2000 network of nature protection areas, which
is regarded as the centrepiece of EU nature and biodiversity policy, is based on the Habitats
Directive. The purpose of the network is to assure the favourable conservation status of
Europe's most valuable and threatened species and habitats. It comprises Special Areas of
Conservation (SACs), designated by Member States under the Habitats Directive, and also
incorporates Special Protection Areas (SPAs) designated under the Birds Directive.

A central directive for the management of water bodies is the EU Water Framework
Directive (Directive 2000/60/EC of the European Parliament and of the Council of 23
October 2000 establishing a framework for Community action in the field of water policy).
With regard to surface waters, the general aim set forth in the directive is to reach a “good”
ecological and chemical status by the year 2015. Due to ecological variability, no absolute
standards for biological quality can be set which would apply across the Community.
Control conditions are therefore specified that allow only a slight departure from the
biological community that would be expected in case of minimal anthropogenic impact.
Fundamental to the EU Water Framework Directive is the river-basin approach,
implemented through river-basin management plans. The goal is for that all relevant parties
to be involved in the preparation of these management plans.

Consistent with the EU Water Framework Directive is the Marine Strategy
Framework Directive (Directive 2008/56/EC of the European Parliament and of the
Council of 17 June 2008 establishing a framework for community action in the field of
marine environmental policy). Its aim is to achieve a “good” environmental status of the
EU’s marine waters by 2021 and to protect the resource base upon which marine-related
economic and social activities depend. The Marine Strategy Framework Directive will
establish European Marine Regions on the basis of geographical and environmental criteria.
The member states will be required to develop Marine Strategies for their marine waters.

Directives applicable to the protection of the marine environment also include the
Urban Waste Water Directive (Council Directive 91/271/EEC of 21 May 1991 concerning
urban waste-water treatment) and the Nitrates Directive (Council Directive of 12 December
1991 concerning the protection of waters agains pollution caused by nitrates from
agricultural sources (91/676/EEC)). Furthermore, the European Parliament and Council
have adopted a recommendation concerning the implementation of Integrated Coastal Zone
Management (ICZM) (Recommendation of the European Parliament and of the Council of
30 May 2002 concerning the implementation of Integrated Coastal Zone Management in
Europe (2002/413/EC)).

Several international organizations have been formed and processes launched for the
management and conservation of the Baltic Sea. HELCOM works to protect the marine
environment of the Baltic Sea from all sources of pollution through bilateral and
multilateral intergovernmental co-operation between the European Community, Denmark,
Estonia, Finland, Germany, Latvia, Lithuania, Poland, Russia and Sweden. HELCOM
administers the Helsinki Convention. One of the duties of the Helsinki Commission is to
recommend measures addressing certain pollution sources or areas of concern. These
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Recommendations are to be implemented by the Contracting Parties through their national
legislation. HELCOM has also outlined the HELCOM Baltic Sea Action Plan (BSAP),
which aims at restoring the good ecological status of the Baltic marine environment by
2021.

The International Maritime Organization (IMO) aims at developing and maintaining a
comprehensive regulatory framework for shipping. In 2005, it designated the Baltic Sea
(without Russian waters) as a Particularly Sensitive Sea Area (PSSA). When an area is
officially defined as a particularly sensitive sea area, specific measures can be used to
control maritime activities in that area, such as routing measures and strict discharge and
equipment requirements for ships.

Baltic 21 is a regional multi-stakeholder process for sustainable development,
initiated in 1996 by the Prime Ministers from the eleven member states of the Council of
the Baltic Sea States (CBSS). Baltic 21 provides a regional network to implement the
activities of the globally agreed Agenda 21 and the World Summit on Sustainable
Development. Baltic 21 members include the CBSS member states, the European
Commission, intergovernmental organizations and international financial institutions, as
well as international urban and business community networks.

There are also a number of international and national non-governmental organizations
involved in the protection of the Baltic Sea or bird communities. The WWF International
has adopted a Baltic Marine Rescue Programme, supported in Finland by the ‘Operaatio
Merenneito’ (Operation Mermaid) campaign. Further organizations promoting the
protection of the Baltic Sea environment include the Coalition Clean Baltic (CCB) and
Greenpeace. For the identification and protection of valuable sites for birds, BirdLife
International is coordinating a worldwide Important Bird Areas (IBA) project. As a Finnish
national extension to the IBA project, the Finnish Environmental Institute and BirdLife
Finland have identified 411 Finnish Important Bird Areas (FINIBA), among which
wetlands, islands and open sea areas are well represented (Leivo et al. 2002). The Finnish
Association for Nature Conservation also emphasizes Baltic Sea protection.

Finnish national legislation impacting on coastal birds and their habitats includes the
Nature Conservation Act, the Land Use and Building Act, and the Hunting Act. In addition,
in 2002 the Finnish Government made a decision-in-principle on steps to be taken to
protect the Baltic, i.e. Finland’s programme for the protection of the Baltic Sea (Ministry of
the Environment 2002). In order to achieve a good ecological state in the Baltic Sea, steps
will be taken in six main areas: combating eutrophication, reducing the risks of hazardous
substances, curbing the risks caused by various uses of the Baltic Sea, preserving and
increasing biodiversity and increasing environmental awareness, and supporting and
carrying out research and follow-up.

1.6. Monitoring of coastal ecosystems
1.6.1. Environmental and biodiversity monitoring

The importance of monitoring the environment and investigating the causes of population
changes are recognised in most monitoring schemes (e.g. Koskimies and Viisdnen 1991;
Anker-Nilssen et al. 2006; Mavor et al. 2008). Hydrological, meteorological and
phenological monitoring, and faunistic censuses have a long tradition in Finland. Regular
hydrological monitoring of lakes and coastal areas was started in Finland in the 1960s
(Niemi 2006).
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Environmental monitoring in Finland is partly based on international treaties and
other obligations, such as EU directives (Niemi 2006). Biodiversity monitoring can also be
regarded as part of environmental monitoring (see e.g. Niemi 2006). With regard to the
monitoring of water bodies an important international guideline is the EU Water
Framework Directive. Furthermore, the Marine Strategies required by the Marine Strategy
Framework Directive will include an assessment of the state of the environment and a
definition of ‘good’ environmental status at the regional level, and will establish
environmental targets. According to the Marine Strategy Framework Directive, EU member
states shall establish coordinated monitoring programmes for the assessment of the
environmental status of their marine waters, including the population dynamics, range and
status of seabirds. Finland also participates in the monitoring of the Baltic Sea through the
work of HELCOM.

Further international obligations to biodiversity monitoring are set by the Birds
Directive and the Habitats Directive. In addition, the CBD requires the contracting parties
to monitor the components of biological diversity, including genes and genomes, species
and communities, as well as ecosystems and habitats (Glowka et al. 1994). The Convention
stresses the importance of monitoring components characterised by distinctiveness, richness
and representativeness, as well as by economic and cultural importance or potential. The
list of examples of such components includes indicator species and the habitats of
migratory species. Special attention is to be paid to components requiring urgent
conservation measures and those which offer the greatest potential for sustainable use. All
these criteria apply remarkably well to coastal habitats and birds.

Biodiversity monitoring is often closely intertwined with the monitoring of threats to
biodiversity. The CBD requires the contracting parties to monitor processes and activities
which may have significant adverse impacts on the conservation and sustainable use of
biological diversity (Glowka et al. 1994). In addition, the Birds Directive obliges EU
member states to determine the role of certain species as indicators of pollution and to
study the adverse effect of chemical pollution on bird populations.

In addition to the CBD and the EU directives, there are other national and
international obligations involving the monitoring of biological diversity, e.g. the Berne
Convention, the Bonn Convention, and the Ramsar Convention on Wetlands (Research,
Monitoring and Data Systems Expert Group 2001). Finnish national legislation related to
biodiversity monitoring includes the Nature Conservation Act (20.12.1996/1096), the Land
Use and Building Act (5.2.1999/132), and the Hunting Act (28.6.1993/615).

In the Archipelago Sea, biodiversity data have been collected in connection with both
floristic and faunistic censuses (Eklund 1958; Hinneri 1972; von Haartman 1984; von
Numers 1995) as well as in studies testing major ecological hypotheses (Saccheri et al.
1998) since the 1910s (von Numers 1995; Article V). Most of the inventory and monitoring
data are spatially and temporally extensive but fragmentary; they also include unpublished
data. In addition, substantial amounts of data are being collected in the area by various
other stakeholders, such as industrial enterprises, consultants, educational establishments,
municipalities and amateurs, for instance ornithologists. These information sources are
varyingly available (Article V).

1.6.2. Bird monitoring schemes
Even though the need for biodiversity monitoring and bird monitoring is widely recognised

and stressed, treaties and legislative statutes usually contain neither precise instructions on
the methods to be used nor criteria for the quantity and quality of the data to be collected.
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The focus is rather on the uses of monitoring, including maintaining the conservation status
of bird species and the management and sustainable use of populations.

In order to detect bird population changes, understand their causes and predict future
changes, a coherent monitoring system is needed. The measurement of regional population
dynamics should be as thorough as possible, and the aim should be to identify the
population processes that are affected by environmental changes. An ideal monitoring
system would thus address population size, reproductive success and mortality (Jarvinen
1983; Kilpi 1985; O’Connor 1985; Tiainen 1985; Elmberg et al. 2006; Sutherland 2006).
The methods applied should be as simple as possible, but reliable and efficient (Koskimies
and Poysé 1989).

Birds are usually monitored by counting pair numbers and densities of breeding
populations (O’Connor 1985). However, data on population sizes and densities do not
reveal the causes of population trends, neither help to predict future population changes
(Elmberg et al. 2006). Furthermore, the effect of environmental changes on a breeding
population may not be immediate (Article III). This applies in particular to those seabirds
that are long-lived, do not easily change their breeding sites (Grenquist 1965; Minton 1968)
or may have delayed recruitment. Breeding success is a more rapid and direct indicator of
environmental impact than pair numbers. Changes in breeding success may also provide
clues to the factors affecting bird populations. Breeding success should therefore be
included in seabird and coastal bird monitoring schemes and used in the assessment of
environmental changes. For instance the intensive monitoring programme of the Eider in
the Soderskir area in the Gulf of Finland (Paavolainen 1950; Grenquist 1965; Hario et al.
1986) has been an excellent example of an approach covering several population
parameters.

Breeding success is already covered by some monitoring programmes. Several
seabird species are being monitored by a Norwegian monitoring programme in the Lofoten
and Barents Sea (Anker-Nilssen et al. 2006). In the United Kingdom, the Joint Nature
Conservation Committee hosts an annual monitoring programme of 26 seabird species, and
the Integrated Waterbird Monitoring programme of the Wildfowl and Wetlands Trust
covers for instance geese and swans. The Wing Survey conducted by the National
Environmental Research Institute in Denmark provides estimates of the breeding success of
certain game birds; the yearly age distributions of the game species are estimated on the
basis of wings received from hunters.

There are a few other examples of the monitoring of factors related to the breeding
success of birds, such as wildlife triangle censuses that combine monitoring of adults and
breeding success (Lindén et al. 1996), and the Constant Effort Sites (CES) ringing
programme for passerines (Peach et al. 1996). The CES programme that was started in
Great Britain in 1981 has been adopted to several European countries, including Finland,
where the SSP (Sisdmaan SeurantaPyynti) programme was launched in 1986 (Haapala et
al. 2008). In North America, a parallel to the CES programme is the Monitoring Avian
Productivity and Survivorship (MAPS) programme, established in 1989 (DeSante et al.
1995).

In Finland breeding success has been ignored in most census schemes for waterfowl
and coastal birds. The breeding success of waterfowl, however, has been monitored on
Finnish lakes by brood counts since 1989 (see Oja and Pdysd 2007). The comprehensive
archipelago bird census scheme that was launched in Finland in 1984 covers only breeding
pair numbers (Hildén 1987; Koskimies and Viisédnen 1991). There is an urgent need for
reliable data on for instance the recruitment and mortality of migratory European ducks,
which are important quarry species in several countries (Elmberg et al. 2006).
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There are several methods for the measurement of the breeding success of waterfowl,
based on nest records and estimation of the adult-juvenile ratio after the breeding season,
that could be developed for coastal birds and included in existing monitoring schemes.
Traditional methods of monitoring fledgling production are laborious and time-consuming,
and are most suitable for short-term studies or studies conducted at key sites. Because of
the laboriousness of the monitoring and the expertise required, the monitoring has to be
conducted by personnel trained for and assigned to the task. Considerably more spatially
comprehensive long-term data could be attained if the methods allowed the estimation of
breeding success in a simple and cost-effective way applicable to birdwatchers’ activities
(Greenwood 2007). For voluntary birdwatchers, rapid single-visit census methods are more
suitable than time-consuming multi-visit ones (Koskimies and Poysa 1989).

1.7. Dissemination of biodiversity data

Actions concerning global environmental changes and the management and conservation of
migratory species and species with wide geographical ranges require international
cooperation. What is central to common action is that information has to be available on the
national environmental situation and on measures taken to solve environmental problems
(Glowka et al. 1994). In addition, joint collection and sharing of data and information is
needed in order to gain a complete view of bird populations, as well as of their habitats both
at their breeding and wintering grounds and along their migratory flyways.

A provision on data and information exchange has become a standard addition to
international environmental and conservation agreements (Glowka et al. 1994). The
Ramsar Convention on Wetlands requires its contracting parties to encourage research and
the exchange of data and publications regarding wetlands and their flora and fauna, while
the Convention on Migratory Species requires the exchange of information on the
migratory species concerned, with particular regard to the exchange of the results of
research and of relevant statistics.

In the CBD, information exchange is a major focus. The Convention obligates its
parties to facilitate the exchange of information relevant to the conservation and sustainable
use of biological diversity. The CBD also stipulates the establishment of a Clearing House
Mechanism (CHM) to promote and facilitate technical and scientific cooperation. The
CHMs aim at establishing a worldwide biodiversity information system, based on local
databases connected to a global network through national focal points. As of October 2008,
CHM web sites have been established by 87 parties to the CBD according to the CBD web
site (http://www.cbd.int/chm/network/). Another major component of the CBD is the
improvement of decision-makers’ access to biodiversity information (Juma 1997). Thus
there is an increasing demand for methods of information processing and sharing.

Efficient biodiversity information sharing implies consideration of all geographical
dimensions, from global to local. Worldwide attempts, such as the Global Biodiversity
Information Facility (GBIF), are being made to construct information systems integrating
national efforts at information production (Edwards et al. 2000). To support this, an
efficient CHM for sharing deeply-processed high-quality biodiversity information needs
roots at the regional level to ensure the inclusion of regionally-focused data as well as better
processing and sharing of spatial information (Carling and Harrison 1996; Bisby 2000).

In addition to the CHM and GFIB processes, there are thematic information
infrastructure initiatives including e.g. the Global Monitoring for Environment and Security
(GMES) (EC 2005), the Global Ocean Observing System (GOOS) (IOC 2005) and the
Global Terrestrial Observing System (GTOS) (ENRS 2005). The Biological Collection
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Access Service for Europe (BioCASE) enables access to European collection and
observational databases using open-source, system-independent software and open data
standards and protocols (Berendsohn 2002).

The framework closest to Finnish data policy is the INSPIRE directive of the
European Union (Directive 2007/2/EC of the European Parliament and of the Council of 14
March 2007 establishing an Infrastructure for Spatial Information in the European
Community (INSPIRE)), while the global spatial data infrastructure (GSDI) acts as an
umbrella organization that provides guidelines for spatial data infrastructure
implementation (Nebert 2004). The Finnish national geographic information strategy
(Finnish National Council for Geographic Information 2004) mandates free access to
geographic metadata, but allows public sector data producers to charge for spatial data sets.

There have been several in-depth descriptions of the preconditions and actions for
establishing biodiversity information systems (Olivieri et al. 1995; Busby 1997; Stein 1997;
Bisby 2000; Edwards et al. 2000). However, there has been little discussion of the practical
issues related to initiating biodiversity information networks (Xu et al. 2000), or of the
implications of the new resources for biodiversity information production offered by
modern information technology (Article V).

1.8. Aims of the thesis

This thesis addresses the relationships between environmental factors and coastal bird
distribution and population trends. In addition to increasing our knowledge of habitat
selection by coastal birds and the effect of environmental factors on their population
changes, the aim was to identify and test the applicability of different methods for the
assessment of coastal bird habitats and population changes, as well as for coastal bird
monitoring. The importance of breeding success as a component of bird population trends
is also addressed. One prominent focus is on the monitoring, management and conservation
of coastal birds and their environment, as well as on the processing and dissemination of
data and information.
The following questions are addressed (Roman numerals refer to the original articles
presented as annexes):
1. What are the factors that affect habitat selection by Finnish coastal birds? (I, II)
2. Are the occurrence and abundance of a colonial species affected by different factors?
D
3. Are Finnish coastal bird populations affected by eutrophication and climatic factors?
(III)
4. How do habitat selection and responses to environmental changes differ between
species and species groups (I-111)
. What is the relationship between breeding success and population trends? (IV)
. What methods can be used in the assessment of coastal bird habitats? (I-1V)
. What methods are available for the monitoring of breeding success? (IV)
. What is the applicability and interoperability of bird monitoring data? (IV, V)
. How can bird monitoring data and other local biodiversity data be processed to higher
levels of the information hierarchy and made available to target audiences? (V)

O 00 3 N D
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2. SETTING OF THE STUDY
2.1. Study areas
2.1.1. General characteristics

The target areas of this thesis are situated in the Archipelago Sea and the Soderskér island
group in the Gulf of Finland, on the Finnish coast of the northern Baltic Sea (Fig. 1). The
areas belong to the hemi-boreal vegetation zone (Ahti et al. 1968), and are characterised by
strong seasonality; most birds leave them for the winter (Haila 1983; Hildén and Hario
1993; von Numers 1995). In the Archipelago Sea, the annual ice cover lasts for 60 to 120
days (Seind and Peltola 1991; Kauppila et al. 2004), although the average annual ice cover
period has shortened during the past decades (Haapala and Leppéaranta 1997). In the Gulf of
Finland, the annual ice cover lasts for 30 to 120 days (Kauppila et al. 2004).

The average water depth in the Gulf of Finland is 38 m (Perttild ez al. 1995) and that
in the Archipelago Sea 23 m. Littoral shallow areas are very important for ecosystem
functioning (Bonsdorff and Blomqvist 1993), and are particularly vulnerable (Cederwall
and Elmgren 1990). The salinity of the Gulf of Finland is approximately 5.5 %o (Perttilé et
al. 1995). In the Archipelago Sea, salinity varies between 3.5 and 7.0 %o (Viitasalo et al.
1990).

The Archipelago Sea provides excellent opportunities to study the breeding habitats
of Finnish coastal birds. It is one of the world’s most island-rich archipelagoes, consisting
of over 22 000 islands (Grand et al. 1999). It is characterised by a fragmented mosaic of
different biotopes and a network of environmental gradients (von Numers 1995). The
islands range from small skerries, consisting almost entirely of bare rock, to large forested
islands.

The Archipelago Sea can be divided into different zones, and different criteria have
been applied to characterise the gradual transition from mainland to open sea (Hayrén 1900;
Bergman 1939; Andersson and Staav 1980; Grand 1981; von Numers 1995; Korvenpéi et
al. 2003; Tolvanen and Suominen 2004). The inner archipelago zone is dominated by land,
in the middle zone approximately half of the area is covered by the sea, and the outer zone
is dominated by the sea. The flora and fauna of the Archipelago Sea are changing gradually
as a result of post-glacial land upheaval, 3-5 mma™ (Kakkuri 1987), as a consequence of
which the zones are constantly shifting outwards.

In the Archipelago Sea and the Soderskér island group, the coastal birds mainly breed
on small treeless islets. The Archipelago Sea is a suitable breeding area for most of the
Finnish coastal species. It forms the breeding grounds of many gulls, terns, ducks and
waders. It is one of the most important breeding areas in Finland for the Eider, the Velvet
Scoter and the Caspian Tern (Leivo ef al. 2002). It is also one of the few breeding grounds
of some of the rarest coastal birds in Finland, such as the Common Shelduck (7adorna
tadorna), the Dunlin (Calidris alpina schinzii) and the Little Tern (Sterna albifrons) (Leivo
et al. 2002). Several breeding bird species are red-listed. The Soderskér area harbours a
large Eider population as well as many other duck species and gulls, including Herring
Gulls, Lesser Black-backed Gulls (Larus fuscus), Mew Gulls (Larus canus), and Great
Black-backed Gulls (Larus marinus).

Both study areas are popular for leisure boating, and some of the islands have
summer houses or other buildings. Part of the Archipelago Sea is designated as a Biosphere
Reserve, the core of which is the Archipelago Sea National Park. On the basis of the
Habitats Directive and Birds Directive, 60 000 ha of the Archipelago Sea have been
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assigned as Natura 2000 SPA. The area includes four IBAs (Heath ef al. 2000) and nine
FINIBAs (Leivo et al. 2002). Some of the islands are protected by landing prohibition. The
Archipelago Sea is also important for the implementation of the CMS and the Agreement
on the Conservation of African-Eurasian Migratory Waterbirds. The island group of
Soderskir is part of the Soderskédr and Langoéren Archipelago, which is a Ramsar site, a
Natura 2000 SPA, a Baltic Sea Protected Area, and a Protected Area for the Grey Seal
(Halichoerus grypus). Landing on the islands is prohibited from May 1 to August 15.

2.1.2. Definition of study areas

Within the Archipelago Sea and Soderskar island group, altogether five study areas were
defined: Seksmiilari (A), Trollo-Gullkrona (B), Northern Archipelago Sea (C), Aasla (D)
and Soderskér (E) (Fig. 1). The data used in Article I dealt with areas A and B, in Article II
area C, in Article III area D, and in Article IV areas D and E. In Article V, the case study
dealt with areas A and D.

The study areas of Seksmiilari, Trollo-Gullkrona, the Northern Archipelago Sea and
Soéderskar consist of island groups. In Articles I and V different island sets were used
within the Seksmiilari area, with data on 18 islands being used in Article I and 52 in Article
V. The Troll6-Gullkrona area comprises 53 islands, the Northern Archipelago Sea 625
islands and Soderskér 27 islands. The study islands mainly have bedrock shores and thin
soil cover. Most of the islands are small and treeless; only a few have forest cover, and very
few are inhabited. The study area of Aasla consists of a single larger island, Aasla
(60°18°N, 21°57°E), and its surrounding sea areas. Seksmiilari and Soderskir belong to the
outer archipelago zone, Trolld-Gullkrona and the Northern Archipelago Sea to the middle
and outer zones, and Aasla to the inner and middle zone.
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Fig. 1. Map of the study areas: Seksmiilari (A), Trollo-Gullkrona (B), Northern Archipelago Sea
(C), Aasla (D) and Soderskir (E).
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Many of the study islands belong to long-term bird monitoring areas. Breeding bird
populations have been monitored in Seksmiilari during 1963—1992 and 2001-2006, in
Troll6 during 1957-2006 (with some gaps), in Gullkrona from 1967 to the present, in Aasla
from 1975 to the present, and in Soderskdr from 1949 to the present (Paavolainen 1950;
Grenquist 1965; Hario et al. 1986; Articles I and III-V). The Northern Archipelago Sea
area at its widest has been censused once (Article II), but parts of it belong to long-term
census areas.

2.2. Study species

The target species are characteristic of the southern coast of Finland. They include ducks,
gulls, terns and waders, as well as a grebe, a rallid and an alcid (Table 1). The study species
groups differ in the different articles, ranging from one species (Article II) to fifteen
(Article I). Article V has a wider focus on biodiversity data, but presents two species as a
case study. Altogether, twenty species are represented.

The target species represent a wide range of breeding and feeding ecologies. Many
aspects of their ecology are well-known, and they are sufficiently abundant in the study
areas. The gulls and the Arctic Tern are important to several other species, especially ducks
and waders, as they provide protection from predators (Hildén 1965; Brearey and Hildén
1985; von Numers 1995; Valle and Scarton 1999; Nguyen et al. 2006).

Table 1. Species covered by the thesis and the target species of each article.

Species Article

Common name Latin name 1 nm || |v
Great Crested Grebe Podiceps cristatus X X
Mute Swan Cygnus olor X X

Greylag Goose Anser anser X

Mallard Anas platyrhynchos X X X
Tufted Duck Aythya fuligula X X

Eider Somateria mollissima X X X
Velvet Scoter Melanitta fusca X X X
Goldeneye Bucephala clangula X X
Goosander Mergus merganser X X X
Red-breasted Merganser Mergus serrator X

Coot Fulica atra X X
Oystercatcher Haematopus ostralegus X

Ringed Plover Charadrius hiaticula X

Turnstone Arenaria interpres X

Redshank Tringa totanus X

Herring Gull Larus argentatus X

Lesser Black-backed Gull Larus fuscus X

Great Black-backed Gull Larus marinus X

Arctic Tern Sterna paradisaea X X

Black Guillemot Cepphus grylle X

Species number 15 |1 10 |7
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The Lesser Black-backed Gull and the Black Guillemot are red-listed (Rassi ef al.
2001). The Lesser Black-backed Gull (the nominate subspecies Larus fuscus fuscus),
Tufted Duck, Eider, Velvet Scoter, Goldeneye, Goosander, Red-breasted Merganser,
Turnstone, and Black Guillemot (the Baltic population) are listed as responsibility species
of Finland, as the country holds over 15 % of their European populations (Rassi et al.
2001).

In the FINIBA assessment, the Great Crested Grebe, Mute Swan, Greylag Goose,
Tufted Duck, Goldeneye, Coot, Oystercatcher, Ringed Plover, Redshank, Turnstone,
Herring Gull, Great Black-backed Gull, and Arctic Tern have been used as criteria species
for congregation sites. The Eider, Velvet Scoter, Goosander, Red-breasted Merganser,
Lesser Black-backed Gull, and Black Guillemot have been regarded as criteria species for
both breeding and congregation sites (Leivo et al. 2002).

The Tufted Duck, Redshank, Turnstone, Herring Gull, Great Black-backed Gull,
Lesser Black-backed Gull, Arctic Tern, and Black Guillemot have been used in the
description of the habitat type of “Boreal Baltic islets and islands in outer archipelago and
open sea zones” in the Natura 2000 habitat type description (Karttunen and Airaksinen
1998). In addition, the Redshank is included in the description of the habitat type of
“Boreal Baltic coastal meadows”, and the Great Crested Grebe, Mute Swan, and Mallard in
the description of the habitat type of “Boreal Baltic narrow inlets” (Karttunen and
Airaksinen 1998).

2.3. Study period

As a whole, this thesis focuses on the forty-year period from the 1960s till the present. The
time periods covered by the articles are 2001-2005 in Article I and 1987-1994 in Article II;
in Article III, the times covered are 1984-2001 in the statistical analysis and 1975-2003 in
the population trend analysis. In Article IV, the data from Aasla cover the years 1975-2007
and the data from Soéderskér the years 1967-2007. Different aspects of Article V cover
various periods from the 1920s to 2001, but the two bird data sets used as a case study
cover the years 1963—-1992 (Seksmiilari) and 1975-2000 (Aasla).
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3. DATA
3.1. Bird data
3.1.1. Archipelago bird censuses

Archipelago bird counts (as described by Koskimies and Viisdnen 1991) were used in
Articles I, II and V. In Articles I and II they were used in the analyses of bird habitat
selection and in Article V as examples of bird monitoring data and biodiversity data.

In the areas of Seksmiilari and Troll-Gullkrona (Article I), the bird censuses were
conducted by M. Ronké, M. Rautkari and H. Tolvanen, as well as several assistants, and in
the area of the Northern Archipelago Sea (Article IT) by M. von Numers. The longer time
series of archipelago bird counts in the Seksmiilari area (Article V) was collected by R.
Tenovuo.

The censuses were conducted using the standard methods of the Finnish archipelago
census scheme (Kilpi 1985; Hildén 1987; Koskimies and Véisidnen 1991). We used data on
breeding birds. Pair numbers were based on observed individuals or nests (Koskimies and
Viiséinen 1991). In Article I and in part of the analyses in Article II the pair numbers were
transformed into binary data, since the aim was to study habitat selection and occurrence of
the target species.

3.1.2. Waterfowl censuses

In Aasla, (Articles III-V) the waterfowl censuses were conducted by L. Saari. The
census method was a combination of point and round counts (Koskimies and Viisénen
1991). The sea areas were censused by walking standard routes along the shore around the
island and stopping at standard sites. The census route was chosen so that all breeding birds
in the area could be counted.

We used data on breeding birds. The pair numbers were based on counted pairs (or
equivalents; see Koskimies and Viisdnen 1991), since searching for nests was impractical
for most of the species due to the habitat structure. The numbers of individuals were
converted into pair numbers according to the recommendations by Linkola (1959) either by
dividing the individual number by two or by using the number of males or females as the
pair number.

3.1.3. Eider censuses

The Eider censuses in Soderskér were conducted by M. Hario, R. Komu, J.T. Lehtonen, P.
Muuronen, H. Selin and K. Selin (Hario and Selin 1986; Hario et al. 1986) in 1967-2007.
The data cover 27 islands or islets.

We used female numbers obtained in nest counts at the end of the brooding period in
May and June. Female Eiders and ducklings were ringed and females controlled at the nest,
which provided data on the rate of recruitment (proportion of first-breeders out of the
breeding population), the age distribution of first-breeders, and mortality (Hario and Selin
1987, 2002).
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3.1.4. Brood counts

Breeding success at Aasla was assessed by brood counts in July. We used data on the
Mallard, Goldeneye, Mute Swan, Coot, Goosander, Great Crested Grebe and Eider. The
age class of the chicks was estimated according to Pirkola and Hogmander (1974). We used
age classes Ila—III (small half-grown — almost fully-grown). Duckling mortality is largely
concentrated during their first weeks (Hildén 1964; Hario and Selin 1991; Paasivaara and
Poysd 2007); the ducklings in age classes Ila—IIl have passed the most critical phases of
development as to cold sensitivity and gull predation (Koskimies and Lahti 1964; Hario and
Selin 1989; Mikola et al. 1994). For the Mute Swan we used yearly fledgling counts from
September, as the fledgling counts in July were too early to quantify the final fledgling
production of this species.

In addition to chick numbers, we collected data on the number of individuals in July
(autumn population size). The data were collected as described for pair numbers, and
covered all observed adults and juveniles. The autumn population size reflects breeding
success but also breeding population size, and is affected by reproductive success, natal
dispersal of potential recruits, and the number of adults staying in the breeding area after
breeding (for many duck species mainly females). We chose to use the autumn population
size from July because later the birds are less likely to belong to the local population due to
the species-specific patterns of post-breeding movements of females, males and young.

The brood counts in Séderskédr were carried out by censusing the feeding areas by
boat in the early morning every second or third week (Hario and Selin 1989). The fledgling
number obtained in the brood count carried out 70 days after the median hatching date of
the population was regarded as the total fledgling number. The yearly timing of breeding
was taken into account in the timing of the brood counts. We imputed four annual missing
fledgling number values by calculating the average of two neighbouring values before and
after the missing ones.

3.2. Environmental data
3.2.1. Island characteristics

Data on island characteristics were used in Articles I and II to study habitat selection by the
target species, as well as differences in habitat selection mechanisms affecting the
occurrence and abundance of a colonial species (Article II).

For Article I the data were derived mainly from digital data archives, and were
supplemented by field observations only when the digital data did not provide sufficient
information. This was the case with regard to a few small and low skerries, for which the
digital elevation model (DEM) did not provide enough data. For Article II the data were
collected in the field or measured from a topographical map or digital elevation model.

Article T covered physical island characteristics. We used shoreline data, elevation
model and bathymetric data to calculate five variables for each island: land area (ha),
maximum elevation (m), total land area of adjacent islands within 200 m (ha), average
water depth within 200 m (m), and mean fetch, i.e. shoreline openness (km).

In Article IT we used fourteen abiotic and biotic variables, in three groups: 1) shore
habitat, 2) cover habitat and 3) physiognomic characteristics. Shore habitat variables
included the proportions (%) of rock, boulder, sand, meadow and reed shore out of the total
shore length of the island. Cover habitat variables included the proportions (%) of shrub,
meadow or heath, boulder or gravel, rock, and forest cover out of the land area of the
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island. Physiognomic characteristics described the morphology of the islands, including
island area (ha), maximum elevation (m), proportion of land area with a slope less than 5°
(%) and exposure (degree).

3.2.2. Water quality and salinity

Water quality data were used in Article III. The data were collected and analysed by the
Southwest Finland Regional Environment Centre and the Water Protection Association of
Southwest Finland (Kirkkala et al. 1998; Suomela 2001). We chose ten monitoring stations
within a radius of 15 km from the target area, Aasla. As measures of water quality we used
surface water concentrations of total phosphorus (ng l'l) and chlorophyll a (ng 1'1), as well
as water transparency (Secchi depth, m) (Kirkkala et al. 1998). We calculated means for the
water quality measures for each station and each summer, and combined the variables into a
single variable using the principal component analysis (PCA) software in the SAS
statistical package (McCune and Grace 2002). We identified the principal component as a
variable indicating eutrophication.

Water salinity data were collected by the Finnish Institute of Marine Research at the
Péiviluoto monitoring station (60°15°N, 21°58°E) in Nauvo, ca. 2 kilometres south of the
study area. The samples were taken at a depth of 20 metres at intervals of ten days.

3.2.3. Weather

Weather data were used in Article III. As an indicator of winter severity we used the yearly
maximum sea ice coverage (km?) of the Baltic Sea, available at the Finnish Institute of
Marine Research (Seind and Peltola 1991). Maximum ice coverage is strongly correlated
with regional November—February temperatures and the North Atlantic Oscillation (NAO)
index, but has the benefit of being directly and functionally connected with the wintering
habits of several of our target species; it was thus selected as the winter severity variable.
We calculated the yearly mean temperature for the five first weeks of the breeding
season for each species. In order to estimate the start of breeding for each species in each
year we used the yearly mean arrival time of each species, as recorded at the Jurmo
ornithological station (59°50°N, 21°37°E), ca. 50 kilometres south of the study area.

3.3. Biodiversity data and bibliographic information

The categories of original data considered for the regional CHM in Article V were
descriptive biodiversity data, synthetic information and metadata. Data sources included
public bibliographical databases and primary databases maintained by biologists. We used
geocoded biodiversity information, i.e. biodiversity information that is linked to a
geographical location with a spatial label, either directly by map coordinates or indirectly
by place and area names.

Holders of georeferenced data in Southwest Finland were reviewed and a spatial
information index of Southwest Finland was introduced, comprising a total of 144
databases from 12 fields. Biologists known as database custodians were contacted and their
biodiversity databases reviewed. We also reviewed the published biodiversity literature
concerning the target area using the major national and international bibliographical
databases, including ASFA, BIOSIS PREVIEWS and the HELCOM bibliography.

To examine the challenges arising from joint exploitation of multiple sources of
descriptive data, bird censuses in Seksmiilari and Aasla were used as a test case.
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4. METHODS OF ANALYSIS
4.1. Environmental factors influencing occurrence and abundance

In Article I we analysed the occurrence (in terms of presence or absence) of 15 bird species
on each island in Seksmiilari and Troll6-Gullkrona, in relation to the island characteristics,
by means of a generalised linear model (GLM) using the GENMOD procedure of the SAS
statistical package, version 8.2 (SAS Institute Inc. 2001). The dependent variable indicated
whether a species had accepted an island as its breeding site in at least one year during our
study period 2001-2005.

We used model comparison to identify models with good fit, according to Burnham
and Anderson (1998, 2004) and Johnson and Omland (2004). For each species we created
31 models, covering all the combinations of independent variables. We compared the
models with the second-order Akaike Information Criterion (AICc) (Burnham and
Anderson 1998, 2004; Johnson and Omland 2004), which is a parsimonious approach that
covers both model fit and number of parameters. The smallest AICc value identified the
model that best fit the data. In our final set of models we also included models whose AICc
value differed from that of the best model by two units or less, and had thus substantial
support (Burnham and Anderson 1998, p. 48).

We used the sets of models in two ways. First, we used the frequencies of the
independent variables in the models for each species as an estimate of the importance of the
independent variables for the species. Secondly, we chose for each species one model that
best fitted the data according to the AICc value, the estimate values, and the principles of
parsimony.

In Article II we created predictive distribution models for the Arctic Tern, using 14
environmental variables calculated for 525 islands in the Northern Archipelago Sea.
Occurrence was modelled using GAMs and abundance using hurdle models fitted with
GAM (Hastie and Tibshirani 1990; Potts and Elith 2006). These models were chosen using
stepwise backward selection on the basis of the Akaike Information Criterion (AIC)
(Burnham and Anderson 1998; Johnson and Omland 2004). We tested for spatial
autocorrelation in model residuals and evaluated the models on independent data for 100
islands. The analyses were conducted using the R language and environment (Venables et
al. 2007). All models were fitted using the R package “gam” and tested for spatial
autocorrelation using the package “spdep”.

4.2. Population trends

The long-term bird census data used in Articles I1I-V allow the assessment of population
trends of the target species; the habitat selection studies presented in Articles I and II, in
contrast, do not include a temporal aspect.

In Article III we studied the breeding population trends of the Mallard, Tufted Duck,
Goldeneye, Mute Swan, Coot, Red-breasted Merganser, Great Crested Grebe, Eider, Velvet
Scoter and Goosander in Aasla during 1975-2003. On the basis of the data used in Article
IV, a comparison can be drawn between the population trends of the Eider in Aasla during
1975-2007 and in Soderskiar during 1967-2007. Article V adds a third study area,
Seksmiilari, to the comparison regarding the Fider and the Velvet Scoter during 1963—
1992.

In order to assess between-year changes in the population sizes of the species in
Article 11, we used the program TRIM (Trends & Indices for Monitoring Data) (Pannekoek
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and van Strien 2003). TRIM, which is based on log-linear models, can be used to analyse
time series and to estimate indices and trends (Hario 1998; Tiainen et al. 2001; Pannekoek
and van Strien 2003). For each species we chose the census areas where the species had
been observed in at least one year. TRIM used the data from the different areas to calculate
the overall population trend for each species. We used corrections for overdispersion and
serial correlation, which are taken into account in TRIM using a Generalised Estimating
Equations (GEE) approach (Liang and Zeger 1986).

4.3. Environmental effects on population trends

In Article IIT we analysed the relationship between bird population sizes and environmental
variables using the GENMOD procedure in the SAS statistical package, version 8.2 (SAS
Institute Inc. 2001). The GENMOD procedure fits generalised linear models to correlated
responses using the GEE method (SAS Institute Inc. 2001).

We modelled the impact of eutrophication, winter severity, temperature of the early
breeding period and water salinity on the breeding populations of ten waterfowl species in
Aasla. As the dependent variable we used the yearly pair numbers of each species. Since
some environmental factors may affect bird populations with a lag, or a lag may result from
delayed recruitment, we also used the independent variables with a time lag. We formed the
lagged variables by calculating for each year the average of the values of the two preceding
years. We used the variable as an indicator of the circumstances in the past years in order to
reduce the number of variables and to avoid overparameterisation (using too many
independent variables in the model in relation to the numbers of replicates in the data). For
the same reason, we built parallel models for effects with and without the time lag. We used
year as a repeated subject to control for correlation in the variables between subsequent
years.

As we were mainly interested in linear relationships between the dependent and
independent variables and wanted to avoid overparameterisation, we did not include non-
linear relationships into the models. This approach was further validated by the fact that the
squares of the eutrophication values did not show any statistically significant effect on the
breeding populations of any of the species.

4.4. Relationship between breeding success and population trends

In Article IV we studied the relationship for seven waterfowl species in Aasla between
breeding population trends and breeding success, measured either as chick numbers or
individual numbers in the late summer. We also analysed the relationship between numbers
of chicks or recruits and breeding population size of the Eider in Soderskér in order to
compare the applicability to breeding success monitoring of two types of data: the census
data in Aasla and the data collected in the intensive study in Soderskér, where the broods
were closely monitored.

As time series on bird populations and breeding success have an autocorrelated
structure, regression analyses may result in ineffectual or incorrect models (Box and
Newbold 1971). We therefore used transfer functions (TF), which merge the basic concepts
of the general regression model with those of the autoregressive integrated moving average
(ARIMA) models (Box and Jenkins 1976; Yaffee and McGee 2000; Liu 2006). TFs are
able to connect a given time series not only with its own past values but also with past and
present values of other time series. Time lags between the modelled time series and the
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originator time series can also be included in the models (Hanninen et al. 2000; Hénninen
et al. 2003; Vuorinen et al. 2003).

As the response variable we used the breeding pair numbers of our target species and
as input variables either chick numbers or individual numbers in late summer. For the Eider
in Soderskir, we also built a model including the breeding pair number as the response
variable and the number of recruits as the input variable. We evaluated the models on the
basis of their coefficients of determination (r*), residual standard errors, and parsimony.
The analyses were conducted using the SCA Statistical System, version 8.0 (Liu 2006).

4.5. Assessment of monitoring method

In Article IV we developed and assessed an extension of traditional methods of monitoring
breeding success: a combination of point and round counts of broods and full-grown birds
in late summer. The census method was developed by L. Saari in accordance with the
instructions given in Koskimies and Viisénen (1991), and Linkola (1959).

To assess the strength of the relationship between chick numbers and autumn
population sizes for the target species, we calculated the correlations between these
variables using the residuals derived from the ARIMA models for both variables. The
ARIMA modelling was done using the SCA Statistical System, version 8.0 (Liu 2006), and
the correlations were calculated using the procedure CORR of the SAS statistical package,
version 9.1 (SAS Institute Inc. 2004).

4.6. Bird censuses as part of a regional biodiversity clearing-house

In the assessment of geospatially structured biodiversity data and information in Article V,
the main methods were the testing of the usability of coastal bird census data as an example
of descriptive biodiversity data, and the creation of a regional CHM on the basis of
bibliographical information and descriptive data. The aim was to address the pathway in the
biodiversity information hierarchy from real world observations to information, knowledge
and wisdom (Article V; Tolvanen 2006).

In the assessment of the applicability of descriptive bird data, we used the coastal bird
censuses conducted in Seksmiilari and Aasla, with the Eider and the Velvet Scoter as target
species. We addressed the temporal coverage, structure and geocodability of the data,
together with the census methods used, and recorded the data to a digital database. In
addition, we produced a metadata description of the database, including e.g. a report of the
interpretation principles used for the field data, and a list of records excluded from the
database.

As the first step towards the construction of the regional CHM, we created a new
database in order to systematise the management of bibliographical data. Redundant
records and non-relevant articles were removed, and the filtered records were classified,
labelled according to thematic criteria, and geocoded. The second step included the
building of the CHM with a freeware server and database software. The CHM used
conventional database tools and applied structured query language (SQL) for information
retrieval. The information system was later included in a regional spatial data portal called
Lounaispaikka, which is part of the GI (geographical information) cooperation in
Southwest Finland coordinated by the GI Centre of Southwest Finland.

27



Results and Discussion

5. RESULTS AND DISCUSSION
5.1. Relationship between environmental factors and bird populations
5.1.1. Population trends

The Mallard, Tufted Duck, Eider, Goldeneye and Red-breasted Merganser populations in
Aasla had been declining since the beginning or middle of the 1990s (Article III). For the
Great Crested Grebe and the Coot the population decline had levelled off in the mid-1980s,
and populations were more or less stable but smaller than during 1975-1984. The Mute
Swan was the only species that was maintaining a larger population at the end of the study
period than at the beginning. The pair numbers of the Goosander indicate that the
population had been declining since 1994, when it was at its largest. The Velvet Scoter
population had crashed from 41 pairs in 1975 to 0—4 pairs from 1993 onward. The Eider
population started to decline in Soderskédr in 1986—-1987, but in Aasla in the mid-1990s
(Hario et al. 2005; Hario and Rintala 2006; Article IV). In Seksmiilari the Eider and the
Velvet Scoter showed a decreasing trend during 1963—1992 (Article V).

The population trends of our target species in Aasla were similar to the general
population trends in the SW Finnish archipelago with regard to the Mute Swan, Eider
(Viisénen et al. 1998; Hario and Rintala 2004) and Goosander (Tiainen et al. 2001). For
the Eider in Soderskér the trend was similar to the general trend in the Gulf of Finland
(Viisénen et al. 1998; Hario and Rintala 2004). In Seksmiilari the decline of the Eider
seems to have begun earlier than in the SW Finnish archipelago in general.

The population trends of the Velvet Scoter in Aasla and Seksmiilari corresponded to
the trend for the SW Finnish archipelago (Tiainen et al. 2001). The Velvet Scoter
population in Aasla, however, does not show the same recovery after the extreme
population low of 1993—1994 that was evident in the general population trend in the SW
Finnish archipelago.

The decline of the Great Crested Grebe in Aasla corresponds to its general decrease in
the 1990s in Finland (Véisénen et al. 1998). Species that showed a decline in Aasla but not
generally in the SW Finnish archipelago (Tiainen et al. 2001) or in Finland as a whole
(Viisédnen et al. 1998) were the Mallard, Tufted Duck, Goldeneye, Red-breasted Merganser
and Coot.

5.1.2. Local breeding site characteristics

Breeding site selection by birds in coastal archipelagoes is affected by features of island
topography and cover habitats, as well as the landscape (Hildén 1964; von Numers 1995;
Articles I and II) and seabed (Article I) around the islands. Different combinations of island
area, water depth, mean fetch and island elevation affected the occurrence of the Mute
Swan, Greylag Goose, Mallard, Velvet Scoter, Goosander, Oystercatcher, Ringed Plover,
Redshank, Turnstone, Lesser Black-backed Gull, Herring Gull, Great Black-backed Gull,
Arctic Tern and Black Guillemot (Article I).

There are differences in habitat preferences between and within species groups
(Article I). The most uniform group in this study were the gulls, which preferred large
islands and deep waters. The Arctic Tern differed from the other larids in that it preferred
large and low islands. Among waders, three species out of four preferred large islands and
shallow waters. In contrast, the most important factor for the Turnstone was shoreline
openness. The ducks preferred large islands, but in addition, Greylag Goose preferred low
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islands. The Mallard differed from the other ducks in that it preferred high islands and
shallow waters. The Black Guillemot had a combination of preferences distinct from all
other species: deep water and open shoreline.

When the analysis was extended to island cover habitats, the probability of the
presence of the Arctic Tern increased with increasing proportion of boulder or gravel,
decreasing proportion of forest, decreasing island height and increasing island area (Article
I1). With regard to island area and height, the results are in accordance with Article I. Arctic
Tern abundance increased with increasing proportion of boulder or gravel, increasing
exposure, increasing proportion of bare rock and increasing area.

Large islands generally provide a more diverse environment than small islets, and are
thus better able to meet the birds’ habitat requirements regarding nest sites, food and shelter
against predators and adverse weather (Hildén 1965; Lack 1969, 1976). In island
biogeography studies it has been widely discussed whether island area is important as such,
or whether big islands harbour more species than small islands only because of their greater
habitat diversity (Begon et al. 1996). Furthermore, it has been found that habitat diversity is
important along with lake area to the species richness of waterfowl (Elmberg et al. 1994).
Island size probably also correlates with biotic factors, such as vegetation and the presence
of other species. Cover habitats function as nesting substrates, providing shelter from
predators and weather, or harbour possible predators (Hildén 1964, 1965; Lemmetyinen et
al. 1974; von Numers 1995). Large islands are often covered by trees and bushes; thus they
favour crows and minks, which are important nest predators in the archipelago
(Lemmetyinen 1971). In particular larids and their associates avoid islets with trees (Hildén
1964; von Numers 1995; Article II).

The mechanism through which island area affects habitat choice is species-specific.
In general, islands have to be large or high enough to protect nests from the waves but
small or low enough to lack bushes and trees that favour predators. In the Archipelago Sea
the positive aspects of large islands still seem to outweigh negative ones (Articles I and II).
Most of the islands in the study areas are indeed rather small and open and may thus be
below the optimum size for birds (see e.g. von Numers 1995). The smallest islets are mere
rocks, on which few birds nest, and even many of the larger islands lack trees. Accordingly,
the number of species that bred on the islands increased with island area (Article I). As
most of the target species of this thesis mainly breed on small treeless islets, the whole
range of island areas in the Archipelago Sea is not covered by our data. The range that we
used sufficed, however, to reveal the effect of island area on the habitat selection of several
of our target species on the relatively small open islets in the study areas.

Island topography is connected with nest site preferences and locomotory capabilities
(Hildén 1964, 1965). The preference of the Greylag Goose, Ringed Plover, and Arctic Tern
for low islands may indicate that a low profile correlates with a favourable vegetation and
shore structure (Article I). In turn, it is easier for ducks and waders to feed in shallow
waters, and our depth variable probably also reflects conditions on the shore (Article I). On
lakes it has been shown that breeding Mallards prefer lakes with relatively rich, wide and
high zones of emergent vegetation and shallow shores (Nummi and P&ysd 1993; Poyséd
2001).

Shoreline openness affects the potential wave exposure of the littoral zone, which is a
major physical stress (Coops et al. 1991; von Numers 1995; Kiirikki 1996; Ruuskanen et
al. 1999) affecting the ecological and geomorphological processes in the littoral zone
(Tolvanen and Suominen 2005). The preference of the Turnstone and the Black Guillemot
for open waters reflects their maritime character (Article I). The Lesser Black-backed Gull
has earlier been shown to select less exposed islands than the Herring Gull (von Numers
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1995), and its preference for open shorelines found in Article I may indicate that the earlier
state is being reversed due for instance to competition or a change in food resources.

When interpreting the habitat preferences of coastal birds, the differences in the sizes
of the home ranges or feeding ranges between species have to be taken into account.
Whereas gulls and terns utilise feeding areas further away from the nests and transport food
to their chicks, waders choose nest sites in the vicinity of which their precocial young can
find food. The broods of many duck species also depend on food resources close to the nest
site at least in the first days after leaving the nest. For instance Eider females with broods
often stay close to their nesting islands (Ost and Kilpi 2000), even though older broods
sometimes move longer distances (Cramp and Simmons 1977; Hario and Selin 1989). The
Goosander may also lead its brood long distances to rearing areas (Cramp and Simmons
1977). The importance of food resources may therefore be visible on an island-specific or
local scale for waders and ducks, but on a wider scale for gulls and terns.

Concerning adults in the early breeding season, the location of feeding areas within a
suitable range from the nest site is more important for income breeders than for capital
breeders. Income breeders, such as many smaller migratory ducks, acquire the energy
needed for reproduction locally in the breeding environment, whereas capital breeders, such
as some larger-bodied ducks and many geese, rely on body reserves stored before breeding
(Drent and Daan 1980; Jonsson 1997; Arzel et al. 2006; Guillemain et al. 2007). Capital
and income breeding are, however, two extremes of a continuum of strategies rather than
mutually exclusive alternatives (Meijer and Drent 1999). Guillemain et al. (2007) found
that late winter body condition relates to the breeding success of the Common Teal (4nas
crecca), an income breeder, and some capital breeders have been found to complement
their endogenous reserves with food acquired in the breeding area (Arzel et al. 2006). In
addition, there can be individual and seasonal variation in the strategy even within species
(Gaulthier et al. 2003; Klaassen et al. 2006).

The differences in the feeding and breeding ecology of coastal birds are likely to
affect their priorities concerning nest site characteristics. A lower risk of nest predation may
take a higher priority in the nest site selection of gulls and terns than that of waders and
ducks, for which food resources may be relatively more important. Furthermore, if gulls
and terns first select an area with good food resources and then search for a nest site within
that area, the size of their home range probably allows a choice between several potential
nest sites. Gulls and terns may therefore have an option for a more careful selection of
island properties, while waders may have to compromise on the quality of less important
island features in favour of good food resources. For secondary cavity-nesting coastal bird
species, such as the Goldeneye, the shortage of nest sites may be a limiting factor (Poysa
and Poysé 2002).

In addition to the species-specific priorities, there are differences in habitat
requirements during different phases of breeding within species (Nummi and Pdysd 1993).
Nesting birds may be able to forecast the suitability of the habitat to a subsequent phase of
breeding (Poysé et al. 2000). Food limitation at the brood stage has been found to affect the
habitat selection of nesting Mallards, which indicates that they anticipate the quality of
habitats for brood-rearing (P6ysa et al. 2000).

As many coastal bird species are colonial, the habitat selection process of the first
pair on a site may differ from that of subsequent pairs. The abundance of the colonial Arctic
Tern seems to be driven to some extent by a different process than its occurrence, with
regard not only to intraspecific relationships but also to abiotic and biotic factors (Article
I1). It seems probable that large colonies are found on the most suitable islands, as colony
size depends among other things on reproductive success, which can be regarded as a
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measure of habitat quality (Serrano et al. 2001). Small colonies and solitary pairs may
merely attempt to breed on a site, for instance in their first breeding season.

Colony size is also affected by other factors than those assessed in Article II, such as
food resources and behavioural characteristics related to prospecting behaviour (Chastel et
al. 1993; Boulinier et al. 1996; Dittmann et al. 2005), site tenacity (Chastel et al. 1993;
Sanchez et al. 2004; Matthiopoulos et al. 2005; Szczys et al. 2005), and kinship. In
addition, nest defence behaviour may be less costly for colony breeders, as for instance
terns nesting solitarily have been shown to be more aggressive towards nest predators than
those nesting in colonies (Bergman 1939; Lind 1963; Lemmetyinen 1971). In larger
colonies individuals may be able to lower their own investment in nest defence (Allainé
1991) and still maintain a higher total of nest defence than smaller colonies or individual
pairs, gaining better shelter from predators (Allainé 1991; Berg 1996; Arroyo et al. 2001;
Hernandez-Matias and Ruiz 2003).

On the other hand, Lemmetyinen (1971) showed that solitary Arctic Tern and
Common Tern (Sterna hirundo) pairs were able to defend their nests from nest predators as
efficiently as pairs nesting in colonies. In some cases colonial pairs have been shown to be
subject to on the average heavier nest losses than solitary pairs (Lemmetyinen 1971), and
predation rate has increased with colony size (Weidinger 1998), which may be due to some
predators being more attracted to large colonies than to small colonies or solitary nests.

5.1.3. Regional environmental factors

In addition to local island-specific factors, there are also regional and global environmental
factors which influence the habitats and population processes of birds. In the Baltic Sea
area, important environmental impacts are eutrophication and climate change.

According to our results, the population sizes of the Goldeneye, Coot and Velvet
Scoter decreased with the increase in eutrophication in Aasla (Article III). For the Coot and
Velvet Scoter the effects were also evident in time lag models. This may indicate that
eutrophication not only increases emigration but also reduces breeding success and/or the
winter survival of juveniles.

As primary production increases along with eutrophication, the food resources of
birds feeding on fish or benthos may likewise increase (Cederwall and Elmgren 1990;
Hario and Selin 1986; Laurila and Hario 1988; Elmgren 1989; Bonsdorff et al. 1997a).
Eutrophication may also affect the abundance of some species of plants (Tenovuo 1975;
Bonsdorff et al. 1997a; Salovius ef al. 2005; von Numers and Korvenpad 2007) and insects
(von Haartman 1982). By increasing the food resources, eutrophication has been assumed
to benefit the Eider, Mute Swan, Great Crested Grebe and Coot. Furthermore, the Great
Crested Grebe and Coot may profit from changes in shore vegetation (von Numers 1995).
Eutrophication is supposed to affect bird distribution, in that inland species may start to
nest in the archipelago (von Haartman 1984) or inner archipelago species in the outer
archipelago (Tenovuo 1976).

In the long run, eutrophication may hamper birds by modifying the structure of the
food web (Bonsdorff 1992; Rumohr ef al. 1996). Enrichment leads to increasing oxygen-
consuming drift-algal mats (Salovius et al. 2005), which cause anoxy at the sea bottom
(Bonsdorff et al. 1997a). Oxygen depletion and anoxy at the sea bottom reduce the
diversity of benthic fauna (Rumohr et al. 1996; Norkko 1997) and may lead to a change in
fish communities and a decrease in fish stocks (Rajasilta ef al. 1989; Hansson and Rudstam
1990). Benthic animals may also be damaged by algal blooms and overgrowth (Bonsdorff
1992).
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As the eutrophication process continues the response of the benthic fauna changes
from a structural response in terms of increased abundance to a functional response in terms
of reduced complexity (Leppédkoski 1975; Pearson and Rosenberg 1978; Bonsdorft et al.
1991; O’Brien et al. 2003). Eutrophication contributes to a shift in the benthic fauna from
suspension feeders to deposit feeders (Bonsdorff et al. 1997b; O’Brien et al. 2003), and
changes the functions and processes at the sea bottom (Sandberg 1994).

Little is still known about the effects of light regime changes on coastal communities
(Okey et al. 2004). A decrease in water transparency (Sandén and Hékansson 1996)
through shading by phytoplankton may harm benthic fauna and fish (Okey et al. 2004).
Light limitation by phytoplankton, epiphytes and filamentous macroalgae may also lead to
a decline of marine macrophytes (Hauxwell et al. 2003). In addition to affecting the food
resources of birds, decreasing water transparency makes it more difficult to catch fish and
find other prey.

The abundance of waterbirds has been found to correlate with water transparency at
lakes (Boshoff et al. 1991). Water transparency may be more important for “pursuit
divers”, e.g. divers and mergansers, that search for food while swimming with their eyes
below the water surface and then dive after the prey, than for “surface plungers”, such as
terns, that search for prey while flying and only exploit the volume of water closest to the
surface (Eriksson 1985).

It must be noted, however, that the effects of water transparency may be difficult to
distinguish from those of other hydrological features. For instance, Garthe (1997) showed
that in the North Sea, the summer distribution of the Northern Fulmars (Fulmarus glacialis)
and Guillemots (Uria aalge) correlated with highly saline, thermally stratified water with
high water clarity, which should exhibit high concentrations of their prey. In contrast,
several gull and tern species frequented turbid waters of low salinity, which was not as easy
to interpret on the basis of their feeding ecology.

Of the study species in Article III, particularly the Goosander, Red-breasted
Merganser and Great Crested Grebe feed on fish (Cramp and Simmons 1977). Even if
increasing eutrophication increases their food resources, it may make feeding more
difficult. It may be due to these mutually contradictory effects that we did not find any
statistically significant impact of eutrophication on these species.

It is interesting that eutrophication had a statistically significant effect on the
Goldeneye, Velvet Scoter and Coot, which seem to be ecologically quite different species.
However, there are also similarities in the habitat requirements, diet and feeding habits of
these species. All the three species obtain at least a part of their food by diving and feed on
Molluscs, although the Coot and the Goldeneye also utilise other feeding methods and food
items (Cramp and Simmons 1977, 1980). It is also possible that increasing eutrophication
changes the habitats of these species in some other way, to which the species respond in a
similar manner.

Our results suggest that the effects of eutrophication on birds are probably more
complex than has been assumed. Furthermore, the effects of eutrophication may only
become visible after a time lag because many coastal bird species are long-lived and do not
readily change their breeding grounds but can relatively easily switch feeding areas (Hildén
1964; Grenquist 1965).

Each bird species responds to increasing eutrophication on the basis of its feeding and
breeding ecology. Some species may initially benefit from eutrophication, but at a species-
specific stage the effect turns negative. Non-linear relationships between eutrophication and
the population sizes of our target species could have implied that there had been a phase of
eutrophication optimal to the species during our study period. As eutrophication increased
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during the study period whereas most of the target species decreased, it is possible that in
the inner archipelago eutrophication had already passed the phases optimal for these
species.

Indeed, the water quality in the Archipelago Sea declined during the 1980s and 1990s
(Jumppanen and Mattila 1994; Suomela 2001). Increasing areas were subjected to hypoxia
in near-bottom water (Jumppanen and Mattila 1994). Furthermore, the biomasses of benthic
animals in the Aasla area declined during 1980-1993 (R6nké et al., unpubl.). During 1997-
2001 there was also a decline in the numbers of the benthic amphipod Monoporeia affinis,
which is regarded as an indicator of a healthy sea bottom (Réisénen 2003).

The concept of ecological thresholds, which is nowadays a matter for growing
concern (Lyytimaki et al. 2008), may also apply to eutrophication (Richardson et al. 2007,
Wazniak et al. 2007). According to the concept of ecological thresholds, abrupt non-linear
shifts to dramatically different regimes can be triggered by even small differences in
gradually changing conditions if a threshold value is exceeded (Muradian 2001; Scheffer
and Carpenter 2003; Burkett ez al. 2005). Once the regime shift has incurred and the system
has flipped from one stable state to another, the shift may be difficult to reverse (Scheffer
and Carpenter 2003). Further study is required to find out if the relationship that was found
in Article III between eutrophication and bird population trends indicates that the
eutrophication process has passed an ecological threshold. In order to verify the existence
of an ecological threshold, non-linear ecological phenomena have to be distinguished from
changes that vary stochastically around a mean, which requires a consideration of temporal
and spatial scales (Muradian 2001; Burkett et al. 2005).

In addition to eutrophication, winter severity reduced our study populations (Article
III). After severe winters the breeding populations of the Mute Swan, Mallard, Eider,
Goldeneye and Coot declined, and the Red-breasted Merganser and Goosander populations
expressed the same tendency. This was to be expected because of the wintering distribution
of these species. The severity of the previous two winters seemed to diminish the breeding
populations of the Tufted Duck, Coot and Eider, and the same trend was seen in the Red-
breasted Merganser and Goosander populations. This indicates that the effects of prolonged
periods of cold winters may be additive, and it may take time for these species to recover
from hard winters.

Most of the study species overwinter primarily in the Southern Baltic Sea, the Danish
Sound or Kattegat (Cramp and Simmons 1977; Pihl et al. 1995; Gilissen et al. 2002); a
small part of the Finnish population of some waterfowl winters in Finland (Gilissen et al.
2002). Thus winter severity and ice conditions in the Baltic Sea are crucial for most Finnish
waterfowl. In addition to mortality due to starvation and cold, severe winters may force
birds to migrate further than normal, which carries extra costs. Furthermore, if the Baltic
Sea is largely covered by ice birds have to feed in small areas, which leads to increased
competition for food and possibly elevated risk of disease (Grenquist 1965; but see Hario et
al. 1995). Winter severity in the Baltic Sea also reflects winter severity in the North Sea
and further off the coast of Western Europe, as well as in Central Europe (Hurrell 1995).

Severe winters have been suggested to influence the populations of the Great Crested
Grebe and Coot (von Haartman 1945), Tufted Duck (Hildén 1966) and Mute Swan (Minton
1968; Koskinen et al. 2003). The crash of many Finnish coastal bird populations in the
1940s was largely due to a sequence of extremely hard winters, during which the Baltic Sea
was entirely covered by ice. During the Second World War coastal bird populations also
suffered from illegal hunting and egg collecting, as well as from oil discharges from
shipwrecks, but high winter mortality has been assumed to be the main reason behind the
decline of for instance the Razorbill (4lca torda), Greater Scaup (Aythya marila) and
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Tufted Duck (Hildén and Hario 1993). The difficulties of the Mute Swans during the hard
winter of 1838 were illustratively described by Nilsson (1858).

Weather, especially temperature, rainfall and wind, is important for the breeding
success of the Eider, the Velvet Scoter and the Mute Swan (Koskimies 1955; Koskimies
and Lahti 1964; Koskinen et al. 2003). Its effects on population sizes, however, are not self-
evident: the survival of adult birds is rarely affected by poor weather, and even a severe
crash in fledgling production may not be carried over to the size of the future local breeding
population. In Aasla, high temperatures during the breeding season seemed to have on
average a slight negative impact on the breeding population sizes (Article III). The negative
effects, however, may be an artefact due to the easier detectability of birds during cold
springs, as they gather or remain longer in larger flocks during the prebreeding and early
breeding period. The importance of weather may also be better reflected for instance in the
relationship between windiness and breeding success.

Along with weather, an important implication of climate change is its possible effect
on water salinity (HELCOM 2007; BACC Author Team 2008). In the Baltic Sea a change
in water salinity can profoundly affect marine food webs and pelagic ecosystems (Hanninen
et al. 2003). However, we did not find any relationship between water salinity and bird
populations in Aasla (Article III); this may indicate either that the resolution of our data is
insufficient for the detection of such an effect, or that the effects can only be seen after a
longer time period.

In addition to the environmental factors analysed in Articles I-III, there are several
other factors that may affect the distribution and population trends of coastal birds. More
attention should be paid for instance to food resources, disturbance (Rassi et al. 1985;
Laurila 1989; Ahlund and Gétmark 1989; Mikola et al. 1994), predation (Grenquist 1959;
Hildén 1964; Nordstrom et al. 2002) and the availability of nesting sites. The effects of
many environmental factors, however, are difficult to analyse because of the lack of
quantitative data. It should also be noted that the effects of some of the factors driving
population changes are felt in wintering areas or along migration routes.

5.2. Relationship between breeding success and population trends

The relationship between reproductive success and breeding population trends depends on
juvenile mortality, species-specific natal dispersal and recruitment age. The local autumn
population size may differ significantly from that of the early breeding period, depending
on the movements of the birds into feeding, moulting and flocking areas (Cramp and
Simmons 1977; Hario and Selin 1989; Koskimies and Viisdnen 1991; Haig et al. 1998;
Fransson and Pettersson 2001).

In Aasla, the breeding populations of the Mallard, Goosander and Eider followed
their chick numbers with a time lag that corresponds closely to their recruitment ages
(Article 1V). For the Mallard and Eider the relationship between autumn and breeding
population sizes was similar to the relationship between chick number and breeding
population size, with time lags that corresponded to their recruitment ages. The breeding
population size of the Goldeneye followed its autumn population size with a lag of three
years.

Our results imply that Mallard, Goosander and Eider chicks in Aasla are recruited to
the local population to an extent sufficient to influence the local population trend. These
species show natal site fidelity (Cramp and Simmons 1977; Fransson and Pettersson 2001;
Hario and Rintala 2006). Especially among anatids, females return to their birth areas and
former nesting sites to breed, and males follow the females from the wintering areas
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(Mathiasson 1987; Clarke et al. 1997; Fransson and Pettersson 2001). Thus the site choice
of females may affect local population trends more than that of males.

In Séderskar the pair number of the Eider followed the recruit number with a lag of 0
to 3 years. The effect of the recruit number on the pair numbers of the same and the
following year probably reflects the importance of recruits for breeding population size in
the year of recruitment, lasting to the following year. The effects with lags of two and three
years, corresponding to the recruitment age of the species, probably reflect the effect of
new recruitment on breeding population size. We did not find an interpretable relationship
either between fledgling and recruit numbers or between fledgling and pair numbers.

The Eider population in Soderskdr seems to be highly dependent on yearly
recruitment to the breeding population (Hario et al. 2005; Hario and Rintala 2006; Article
IV). The fact that Eider fledgling numbers were coupled with breeding population sizes in
Aasla but not Soderskér is consistent with the results of earlier studies, according to which
reproductive success in Soderskir is not sufficient to sustain the population (Hario and
Selin 1991). The Eider population started to decline in Soderskér in 1986—-1987 (Hario et
al. 2005; Hario and Rintala 2006), but in Aasla only in the mid-1990s (Article III). It may
therefore be that the populations are in different phases of decline, the population of
Soéderskir being more dependent on immigration than that of Aasla. A comprehensive
analysis of the annual recruitment of Eiders to the Soderskédr population would require
capture-mark-recapture modelling, but this was outside the scope of our study.

5.3. Bird censuses as part of biodiversity and environmental monitoring
5.3.1. Regional and spatial properties of biodiversity information

The concept of biodiversity is tied to a certain area by definition. Biodiversity data and
information lacking geographical dimensions often have little value for end-users. The
experimental work on a regional CHM in Article V demonstrates that the geocodability of
many biodiversity reports was poor, indicating an urgent need to reconsider the
geographical properties of the biodiversity information being produced.

To geocode data and information accurately and to use them efficiently in GISs,
special attention should be paid to exploiting the geospatial properties of biodiversity data
and information. Geographical descriptions in publications should be improved, and tools
should be developed to facilitate geocoding. Geocoding will in turn enhance information
retrieval based on geographic position.

Transparency facilitates the interpretation of data and the estimation of its
applicability. It is therefore recommended that all data sets used in the CHM be available in
the same format and that the same kind of metadata be provided about them (Kalliola 2000;
Article V). Furthermore, metadata should be created simultaneously with the data itself, or
as soon as possible thereafter, since in many cases it cannot be done later without
consulting the collector of the data. Once the metadata and data to be included in the
information system have been selected and labelled, procedures for storing, updating and
sharing it need to be developed.

In constructing a CHM, co-ordinated information is produced from different sources.
In particular the filtering, classifying and labelling of metadata and data, and the assessment
of the compatibility and interoperability of the material, need to be done by experts (Article
V). In order to function effectively and include the necessary regional human expertise, a
CHM needs to be rooted at the regional and local level. The process can be facilitated by
encouraging the stakeholders of regional data and information to form networks linked to
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national biodiversity focal points (see also Olivieri et al. 1995). Facilities for producing
precise data are good at the regional level, because the network is established and
maintained through persons with a good local orientation. The persons and organisations
maintaining the network are highly motivated, ensuring its continuity. Furthermore, the use
of geospatial data and metadata with GIS tools is effective, since being familiar with the
geography of the area users can easily orientate to map-based data retrieval.

At present, information technology has been used particularly at the bottom levels of
the information hierarchy to process data and mediate information for end-users. However,
promoting biodiversity conservation through increasing biodiversity knowledge and
‘wisdom’ — i.e. producing insight and understanding out of information — would require
more (Article V). The ‘human dimension’ of the process, which is challenging to replace by
information technology, increases towards the top of the information pyramid. Information
is transformed into knowledge through a cognitive process in the human brain, where units
of information are connected into larger entities. In addition, one essential factor separating
knowledge from information is the inclusion of wider connections, such as theory. New
building blocks of information can improve existing knowledge or create entirely new
knowledge items (Stein 1997). To produce wisdom out of knowledge, accumulated
experience at the individual or community level is also needed.

Against this background, the regional and spatial properties of information as the
main components of biodiversity information networks become crucial (Article V). A
regional approach, combined with the exploitation of georeferenced information through
modern information technology, can offer opportunities lacking at the coarse-grained
national level CHMs (Xu et al. 2000; Article V). In the further development of mechanisms
for biodiversity information sharing, such approaches should be seen as a resource
enhancing our knowledge and wisdom with regard to biodiversity at the national and global
level.

5.3.2. Monitoring for early warnings

Early warning of potential environmental hazards is the prerequisite for the most cost-
effective and realistic measures (Jarvinen 1983). Bird population trends and demographic
processes that reflect environmental changes can be used as a biological indicator system
with regard to complex and unexpected environmental changes (Articles III and IV). In
order to obtain valuable early warnings of potentially adverse changes, bird monitoring
should include the demographic parameters that react most rapidly to changes. As
monitoring schemes are resource-limited, the most cost-efficient monitoring methods
should be identified and adopted.

In Article IV we develop and assess an extension to the traditional methods of
monitoring breeding success: a combination of point and round counts of broods and adults
in July. The resulting autumn population indices correlated with chick numbers for all our
target species. This indicates that breeding success is carried over to the autumn population
size to an extent that allows the assessment of breeding success on the basis on autumn
population size. This monitoring method is cost-effective and systematic, but also simple
and rapid, making it applicable to bird-watchers’ activities. In addition, no extensive
experience is needed other than good species identification skills. The method is thus a
good alternative to more laborious and time-consuming brood counts.

The applicability of bird monitoring data depends on their quantity and quality
(Tiainen et al. 2001). To ensure the spatial representativeness of the data, there should be
several monitoring areas. With multiple monitoring areas, annual differences between the
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areas can be taken into account and used to identify factors that influence population status
and breeding performance (Sutherland et al. 2004). In addition, as for any single-visit
census, annual differences in phenology have to be carefully accounted for (Sutherland
2006). The reliability and accuracy of the monitoring method presented here in different
surroundings and with different species, requires further study.

The information on breeding success provided by the monitoring of autumn
population sizes allows a better understanding of bird population trends and the relationship
between breeding success and breeding populations. In order to interpret the monitoring
results and infer causalities between environmental factors and bird populations, however,
further species-specific population studies are needed on the mortality of waterfowl and
seabirds, as well as on their movements during and after the breeding season (see e.g. Haig
et al. 1998). Furthermore, to improve our knowledge of bird population trends, integrated
approaches can be created that combine different long-term data sets (Wernham et al. 2002)
or extract common signals from a number of intercorrelated time series (Frederiksen et al.
2007).

In environmental and population monitoring, continuous long-term data sets are of
the utmost importance. Frequent monitoring and long enough time series are needed to
detect potential ecological thresholds (Lyytiméki et al. 2008) and to capture stochastic
extreme environmental events. For time series analyses, yearly data should cover 30 and
preferably 50—60 years (Yaffee and McGee 2000), and missing values should be imputed
(Yaffee and McGee 2000; Article IV). Particularly when sampling errors are involved, the
power of statistical tests performed with the data increases along with the length of the time
series (Hatfield er al. 1996). A lack of suitable environmental data may hamper
comprehensive analysis of the factors driving bird population changes or distribution. There
are for instance no spatially comprehensive data available on the food resources of coastal
birds in Finland.

In addition to the methodological issues involved in the collection of data on breeding
success, there are also challenges in interpreting the data. Breeding success varies
considerably due for instance to weather (Hildén ez al. 1982). Furthermore, in order to use
data on breeding success in bird monitoring and environmental research, the correlation
between breeding success and population trends has to be known. It must also be taken into
account that breeding success may merely reflect local and transient conditions.

A prerequisite of timely and effective management and conservation measures is
efficient and accurate processing of the data into entities applicable to decision-making and
their dissemination through functional information networks (Article V). Public alert
systems for trends in population size and breeding success have already been developed for
instance by the British Trust for Ornithology (Baillie et al. 2007). Attention should also be
paid to the applicability and interoperability of descriptive biodiversity data, since
differences in monitoring methods, time scales and data properties may restrict the
comparison and interpretation of different data sets (Article V).

5.4. Special features related to environmental studies on archipelago birds

In studying the population dynamics of archipelago birds and environmental impacts on
their occurrence and abundance, there are several factors relating to the characteristics of
the target systems, the data sets and the mechanisms of the effects that have to be
considered.

A fragmented archipelago coast provides excellent opportunities for the study of sea
bird breeding habitats. Islands can be regarded as naturally restricted study plots, for which
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it is easy to define environmental variables. The fine scale of the coastline and habitat
features, on the other hand, makes it challenging to use environmental data gained by
remote sensing, as a given islet or habitat patch may be represented by only a couple of
pixels. In addition, there may be spatial autocorrelation between the features of adjacent
islands, which can inflate the statistical significance of the analyses (Segurado et al. 2006).
Spatial autocorrelation in model residuals may be tested for using the Monte Carlo
simulation of Moran’s I (Article II).

In a spatially fragmented and dynamic environment, such as a land upheaval
archipelago, the spatial and temporal scales of environmental factors and population
dynamics also have to be considered. The issue of scale has to be considered with regard to
both the scale of the environmental data in relation to that of the bird monitoring data
(Article III) and the scales of environmental properties and changes, since different
phenomena can have an impact on a local, regional or global scale. In the context of a
Baltic archipelago, scales can be specified by assigning phenomena for instance to certain
islands or archipelago zones or to the Baltic Sea as a whole.

In addition to the features of the archipelago environment, the ecology of seabirds has
to be taken into account in the study of their population trends and habitat preferences.
Many seabird species show site fidelity and are thus likely to occupy only part of the
available breeding habitats (Matthiopoulos et al. 2005). Site fidelity may also result in a
colony remaining in a location even when conditions deteriorate. The study and
interpretation of the habitat requirements of coastal birds and seabirds is also affected by
the fact that the home range size differs considerably between species, some of which are
particularly long-ranging.

Furthermore, the abundance of a colonial species may be affected by different factors
than its occurrence (Article II). On the one hand, individuals are more likely to join existing
colonies than establish new ones (Matthiopoulos et al. 2005; Szczys et al. 2005), and the
effects of habitat characteristics may thus be overridden. On the other hand, prospecting
birds searching for future nesting sites (Boulinier et al. 1996; Falk and Meller 1997) may
merely attempt to breed on sites that they abandon later if unsuccessful. The effects of
sociality can be excluded by using occurrence instead of abundance (Article I).
Comparisons between occurrence and abundance can be made using hurdle models that
allow choosing different variables for the occurrence and abundance parts of the model
(Potts and Elith 2006; Article II). More accurate models may be obtained by excluding
islands with only a few breeding pairs from the data (Article II).

Further issues affecting the use and intepretation of bird monitoring data are detection
probabilities and count errors concerning censuses (Elphick 2008). When studying bird
distribution, it has to be taken into account that detection probabilities may be affected by
some of the same ecological factors that influence habitat selection. Therefore, a species
can appear to avoid a habitat only because it is difficult to detect there. Similarly,
observation errors and sampling variability in time series may complicate statistical
inference for stochastic population models (Lele 2006) by for instance increasing the noise
in the population growth rates (Dennis et al. 2006).

Methods have been developed and tested for the analyses of data affected by
detection probabilities and count errors (Hatfield ez al. 1996; Dennis et al. 2006; Lele
2006). A need may also rise to validate and further develop census methods that in their
current format are prone to detection probability aspects (Alldredge et al. 2008).
Concerning line transect counts, the proportion of main belt observations (Jarvinen 1978)
can be used in estimating if the detection probabilities are equivalent to the average ones.
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The habitat modelling results presented in Articles I and II in this thesis are probably
not biased by detection probability issues, as the counts of many species are based on nests,
which at least for larids do not go undetected. Furthermore, the habitats of each species do
not vary between islands to an extent that would make it easier to detect the species on one
island than another. Concerning the waterfowl counts in Aasla, used in Articles III and 1V,
the detection probability is probably under 1 but varies in a random manner within species.
As the population trends are not compared between species, the results are not biased by the
possibility of the detection probabilities not being equal.

Analyses of bird population trends and environmental changes are complicated by
autocorrelations within the time series (Articles III and IV). In GLMs the problem can be
partly overcome using GEE analysis (Liang and Zeger 1986) (Article III). Autocorrelated
time series and the relationships between them can also be analysed using TFs (Article IV).
TF analysis may be hampered by feedback from output to input series (Liu and Hudak
1992), e.g. in the case of density-dependence in breeding success (see e.g. Poysi and Poysé
2002; Nummi and Saari 2003). However, in many cases where the assumption of a
unidirectional relationship between the input and output variables is not strictly true, TF
models can still be used effectively (Liu and Hudak 1992).

In addition to correlations within time series, there are often correlations between
environmental variables (Article III) or habitat characteristics (Articles I and II), preventing
their use in the same model. The problem can be overcome either by choosing among the
variables a set within which the correlations remain below a chosen threshold value
(Articles I-III) or by combining the intercorrelated variables using PCA (Article III). By
summarising the data on the independent variables, it is also possible to avoid
overparameterisation.

When the occurrence and abundance of coastal birds are modelled in relation to
habitat characteristics, their multifaceted habitat requirements are likely to yield several
competing models and hypotheses (Articles I and II). Model selection approaches using for
instance the AIC provide a way to summarise and draw inferences from a set of multiple
hypotheses and simultaneous models (Burnham and Anderson 1998; Manly et al. 2002;
Burnham and Anderson 2004; Johnson and Omland 2004). Comparing all possible models
(Article I) can be impractical or irrelevant to the study hypotheses, if the number of models
is high or the models are not ecologically interpretable. When the relationships are
unknown, automatic selection can be useful (Hosmer and Lemeshow 2000; Article II).
Earlier automatic selection methods, however, have been criticised because they can result
in models with no logical interpretation (James and McCulloch 1990). Whether or not
automatic selection methods are used, it is certainly important to also consider the
ecological interpretations of the resulting models (Articles I and II).

When using correlative data, such as data on bird numbers and environmental
variables, it is important to cover as many factors as possible. This will facilitate
assessment of the relationships between different factors. Direct causality, however, is
difficult to prove. Correlations between independent and dependent variables may also be
due to unknown factors related to the independent variables. Furthermore, environmental
changes in breeding grounds and changes in breeding success may not immediately affect
population sizes, since many seabird species are long-lived (Holmes et a/. 2001) and do not
easily change their breeding sites (Grenquist 1965; Minton 1968; Blums et al. 2002).
Environmental changes may also affect birds indirectly, via their predators, competitors or
food resources (e.g. Morrison 1986).
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5.5. Implications for management and conservation

Efficient management and conservation of coastal birds and their habitats call for insight
into the population processes of the target species, as well as the factors affecting their
distribution, abundance and population trends. A crucial population component affecting
population trends is breeding success (Hario ef al. 2005; Hario and Rintala 2006; Article
IV). Special attention should therefore be paid to the management of the breeding
environment of coastal birds, as well as to mapping and protecting their brood-rearing
areas.

The relationships between the local environment and bird distribution, as well as the
effects of local, regional and global environmental changes on bird populations, have
important implications for species and habitat management and environmental assessment.
Knowledge of the role played by island characteristics in breeding site selection by coastal
birds (Articles I and II) is a prerequisite for understanding their breeding time habitat
ecology, mapping and protecting their habitats, and predicting their distribution.
Information on resource selection by birds helps to understand how they meet their
requirements for survival, thus enhancing the preservation of endangered species and the
management of exploited populations (Johnson 1980; Manly et al. 2002; Braun 2005).
Furthermore, seabirds may have potential as indicators of other aspects of the marine
environment (Furness and Camphuysen 1997), such as eutrophication (Article III).

Management and conservation efforts are practically always tied to certain locations.
Multivariate, spatially explicit models are nowadays essential tools for conservation
ecology (Hirzel et al. 2002). Whether working with sampling point data or modelling
environment-ecology relationships, GISs provide versatile means for spatial data
management and analysis. If implemented correctly, habitat modelling is a repeatable and
transparent technique for describing and mapping environmental and biodiversity values
(Wintle et al. 2005). At their simplest, ecological models can use a small range of high-
quality spatial data to produce diverse habitat information.

GISs and environmental data archives enable quantitative modelling of the physical
characteristics of coastal bird habitats without field data (Article I). This assessment is
spatially explicit and uniform as well as cost-effective, and provides reliable predictions of
the structure of bird communities. The models can be further developed by including field-
based data on habitat structure and vegetation composition (Article II).

In the target areas of this thesis in the Archipelago Sea, relatively large islands are
important for coastal birds (Articles I and II). These islands provide an environment diverse
enough to harbour many species but still consist of relatively open habitats. However, they
are also subject to changes caused by natural factors, such as land uplift, or by land use
changes. In these areas attention should be paid especially to the preservation of large and
low islands with open habitats and to the restoration of open habitats. It must be noted,
though, that even the largest islands in the study areas are relatively small.

The results of habitat modelling can be applied to the assessment of habitat
availability and conservation area suitability (Hirzel and Guisan 2002; Hirzel et al. 2006).
Generalised habitat maps may also be utilised to extrapolate local or sample-based bird
observations, or to plan bird monitoring or management measures. Basic GIS suites provide
sufficient tools for most spatial modelling tasks. In some cases, more advanced software
packages are needed. In addition, advanced spatial modelling methods often require high
levels of expertise in statistics and spatial techniques, lack of which can be a serious
handicap in conservation and management initiatives.
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Monitoring bird populations is a cost-effective way to take the pulse of the marine
ecosystem. In addition, reliable data on population changes and demographic parameters
are needed for the sustainable management of coastal birds and waterfowl, not least of
quarry species. The need for more wide-scaled, standardised long-term monitoring schemes
has been recognised concerning for instance migratory European ducks (Elmberg et al.
2006), and the same need is evident regarding many other waterfowl and coastal bird
species groups.

The interpretation and application of habitat analyses and population trends requires
solid background knowledge of the ecology of the target species. Breeding site preferences
are species-specific (Article I), and the occurrence and abundance of colonial species may
be affected by different factors (Article II). The habitat preferences of some waterfowl and
seabird species may be to some extent overridden by site fidelity and coloniality. For these
species, the protection of existing nest sites and colonies is especially important
(Matthiopoulos et al. 2005; Szczys et al. 2005). A further challenge facing the management
and conservation of coastal birds and habitats is the variation in the home range sizes
among coastal bird species. For long-ranging species, distant feeding areas are crucial along
with local nest site characteristics. For species with small home ranges, in turn, all the
resources needed have to be available in the close vicinity of the nest site.

Like the habitat selection process, the effects of environmental changes are also
species-specific. However, all the detectable effects of eutrophication on the bird
populations of Aasla were negative (Article III). This implies that at least in the inner
archipelago the eutrophication process may have passed the stage at which its effects
become negative for some bird species. With regard to the mitigation of the consequences
of eutrophication, it is also worth noting that the predation by certain coastal bird species,
such as the Cormorant, on roach and other cyprinids, which have increased due to
eutrophication, may help to alleviate its effects (Gere and Andrikovics 1992).

For the assessment and mitigation of the effects of climate change on coastal bird
populations, further studies are needed. While some bird species wintering in the Baltic Sea
seem to benefit from the milder winters (Article III), the changes in wintering conditions
are only one aspect of the multiple and profound ecosystem effects that are likely to be
imposed by climate change (BACC Author Team 2008).

In biodiversity management and conservation, special emphasis must be placed on
those biodiversity components that require urgent conservation measures and that offer the
greatest potential for sustainable use (Glowka et al. 1994). In the case of environmental
changes that may cause irreversible effects, such as eutrophication and climate change, the
potential for sustainable use is compromised if management and conservation measures are
delayed. A recent international survey shows a wide concern among experts and
stakeholders that current management structures do not suffice to prevent the passing of
many ecological thresholds, particularly concerning climate change, but also regarding
eutrophication (Lyytiméki et al. 2008). There is indeed a need for a proactive approach and
for the monitoring of phenomena with potentially adverse effects (Glowka et al. 1994).

5.6. Generality of results

Enclosed seas such as the Baltic have specific environmental characteristics and distinctive
bird communities. The environmental problems of the Baltic Sea, however, are also widely
faced by other seas, and many of the target species of this study also inhabit other sea areas.

As a breeding environment for birds, the archipelagoes of the Finnish coast can be
compared with other fragmented archipelagoes for instance on the North Pacific coast of
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North America (Cook ef al. 2006; Article I). The Chesapeake Bay, a large brackish body of
water on the mid-Atlantic coast of the United States, offers an interesting counterpart to the
Baltic Sea, with similarities in the bird communities and population trends of the two areas
(Costanzo and Hindman 2007). Chesapeake Bay also faces similar environmental problems
as the Baltic Sea, including eutrophication (Paerl 1993; Diaz and Rosenberg 1995; Boynton
et al. 1996), climate change (Najjar et al. 2000), pollutants (Rattner et al. 2007), invasive
species (Phelps 1994), and overfishing (Jackson et al. 2001), leading to changes in
communities and trophic interactions (Viverette et al. 2007). The Baltic Sea and
Chesapeake Bay also show corresponding advances in environmental status (Rattner and
McGowan 2007), as well as management and conservation initiatives (Weber 2004).
Chesapeake Bay and the Baltic Sea have been compared in many studies dealing for
instance with eutrophication (Paerl 1993; Diaz and Rosenberg 1995; Boynton et al. 1996;
Cloern 2001) and ecosystem ecology (Baird et al. 1991), and new comparative approaches
have been encouraged (Ulanowicz 2004).

While the Baltic Sea and its Finnish coast share a number of characteristics with other
locations, the large, geologically young, fragmented, seasonal, brackish, non-tidal land
upheaval archipelago of SW Finland in particular can be considered unique (Tolvanen
2006). In many other seas, tides are an important coastal process affecting bird habitats. In
Chesapeake Bay, for instance, tidal marshes form an important habitat for birds (Wilson et
al. 2007), and coastal erosion and sea level rise pose a significant threat to the habitats
(Erwin et al. 1993; Najjar et al. 2000).

In considering seabird habitats in fragmented and dynamic coastal areas, especially in
land upheaval archipelagoes, special attention should be paid to the scale of the data and the
results. The smallest islets in the study areas of this thesis form relatively uniform patches
surrounded by water. In areas with larger islands, on the other hand, habitats such as
boulder and gravel beaches, rocky spits or vegetation spots may form patches among other
land habitats and water.

Furthermore, in land upheaval archipelagoes temporal aspects have to be considered
along with spatial ones. The habitats of coastal birds change with land upheaval, which may
be reflected in their distribution. As the islands in the inner archipelago become less
favourable for species preferring open habitats, new bare islets rise from the sea in the outer
archipelago. Sounds and bays in turn develop into flad bays and glo lakes (Numminen
1999).

In spite of differences in habitat characteristics and bird communities, many aspects
of the habitat selection processes, demographic factors and environmental effects presented
in this thesis, as well as their monitoring and management implications, apply to other
marine and coastal environments. The methods used in this study for the assessment of
coastal bird habitats and environmental effects also apply to any other location, as long as
suitable data and software are available.

The development of international biodiversity information systems is by definition a
global issue. Regardless of local and regional differences in the particular ecosystems
monitored, the volume and characteristics of the data, the technical capacity for information
production and delivery, or the culture affecting data processing and sharing, the objectives
set forth in international agreements and legislation are common to a number of states. The
principle of the hierarchy of biodiversity information discussed in this thesis is similarly
universal, as is the method for the review process of biodiversity information for the
regional CHM.
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5.7. Future perspectives
5.7.1. Coastal populations and habitats

At present, considerable effort is being put into the assessment and management of Baltic
ecosystems. However, there still are many uncertainties concerning the effects of the large-
scale environmental changes, such as eutrophication and climate change, affecting the
Baltic Sea (HELCOM 2007; BACC Author Team 2008).

Environmental changes, including eutrophication and climate change, affect
ecological patterns and processes (Bjernstad and Grenfell 2001; Stenseth et al. 2002) and
may induce profound ecosystem changes. Effects on the breeding and feeding ecology of
different seabird species may first be visible near the limits of their ranges (Barrett and
Krasnov 1996; Montevecchi and Myers 1997), and may therefore also emerge relatively
early in Baltic ecosystems, which can be considered marginal because of the distinctive
features of the Baltic Sea in comparison to other seas.

According to projections for future climate, the mean annual temperature in the Baltic
Sea Basin will rise by 3—5 °C by the end of the 21st century. Most of this warming is likely
to occur in the northern areas during the winters and in the southern areas during the
summers. Mean annual sea surface temperatures could increase by 2—4 °C. Increased winter
precipitation may emerge over the entire catchment area, while in the southern part
summers may become drier. The average salinity of the Baltic Sea is projected to decline
by 8-50 %. An increase in windiness is more likely than a decrease (BACC Author Team
2008). The various aspects of climate change can be expected to influence biological
processes and the biota in the Baltic Sea (HELCOM 2007; BACC Author Team 2008).

With regard to eutrophication, drastic measures are needed to reduce nutrient levels in
the Baltic Sea. However, the effects of internal loading (Kauppila et al. 2004) and climate
change (BACC Author Team 2008) may at least in the short run obscure or offset the
effects of reductions in external loading. The effects of nutrient load reductions are unlikely
to appear immediately, and sustainable impacts may be seen first after several decades
(Bonsdorff et al. 1997b; Stigebrandt and Gustafsson 2007). This, however, cannot be an
excuse for inaction. In recent years there has also arisen a discussion on ecological
engineering methods that could potentially speed up the recovery of the Baltic Sea
(Stigebrandt and Gustafsson 2007). The applicability of these methods and the possible
ecological and economical consequences of their implementation require yet rigorous
investigation.

The current actions for Baltic Sea management have been regarded as insufficient and
poorly integrated (WWF Baltic Ecoregion Programme 2008). For efficient management
and conservation of Baltic coastal birds and habitats, an important step would be the
compilation of an integrated sea use management plan. The EU encourages a more
integrated approach to the management of seas in its Integrated Maritime Policy (European
Commission 2007), which is supported by the Marine Strategy Directive. Integrated sea use
management is also supported by the Water Framework Directive, and the BSAP by
HELCOM. Furthermore, the European Commission is preparing an EU Strategy for the
Baltic Sea Region on the request of the European Council. The strategy will be presented to
the European Council in June 2009.

What is crucial to the maintenance of current bird communities is how fast and to
which extent environmental pressures can be abated and whether birds will be able to adapt
to changes in their habitats, by for instance utilising prey species that increase with recent
environmental changes. In spite of the accumulation of studies of environmental impacts on
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coastal bird communities, there still are gaps in our knowledge of even some basic
ecological aspects of coastal bird species. For instance, it would be interesting to assess the
effects of decreasing water transparency on the food resources and feeding habits of coastal
birds.

Identifying the areas that will remain suitable for each species during a given period
of time is an extremely challenging task. Changes in air temperatures and precipitation may
cause a shift in breeding habitats, altering the distribution and thus the populations of
European birds (Huntley et al. 2007). On Baltic coasts, an inevitable force forming coastal
habitats is land uplift, which will probably continue for several thousands of years,
although gradually slowing down (Ekman and Mikinen 1996). In the Quark area between
Sweden and Finland the sea bottom will be dry within 3500 years with the present pace of
shoreline displacement, which includes the effects of land uplift and sea level rise
(Norrman 1992).

The effects of land upheaval on coastal bird habitats may be offset by the rise in sea
level caused by climate change (HELCOM 2007). Different scenarios for climate change
yield different projections for sea level rise. According to the Intergovernmental Panel on
Climate Change (IPCC), the sea level in the oceans can be projected to rise 18-59 cm
relative to the period 1980—-1999 by the year 2100 (IPCC 2007), whereas Rahmstorf (2007)
projects a rise of 50-140 cm above the 1990 level by the year 2100. Whichever scenario
will be realised, it is obvious that many Baltic Sea regions currently experiencing a relative
fall in sea level can instead face a relative rise (HELCOM 2007). In Finland there can be a
relative sea level rise in the southern parts of the coast, whereas in northern Finland the land
uplift may still outweigh sea level rise (Myrberg et al. 2006).

5.7.2. Gathering and dissemination of data

In order to fully understand changes in seabird populations and their habitats, we need to
know more about the dynamics of marine ecosystems and about interactions between birds,
their food resources and the environment. Therefore, high-quality data need to be collected
both through long-term monitoring schemes and through intensive studies. Access to high-
quality spatial data sets is in most cases limited, and sometimes the desired data do not
exist. In general, data availability has been a major constraint on successful spatial
modelling (Gottschalk et al. 2005).

Concerning coastal birds, the monitoring of populations should be secured by a
spatially and temporally comprehensive scheme that is also representative of different
coastal zones and habitats (see e.g. Hurlbert 1984). In addition, there is a need for spatially
comprehensive long-term data on for instance the vital rates and food resources of different
species, as well as for remotely sensed habitat data with a resolution sufficient for
fragmented archipelago surroundings.

The provision and free delivery of high quality coastal habitat data would greatly
increase the capability of ecological modelling and conservation. Especially in the face of
climate change and rising sea levels, it would be vital to further increase the availability of
coastal data, in particular data on underwater habitats, for example by providing them freely
online. Initiatives that promote open spatial data infrastructures and sharing are thus highly
regarded (Tolvanen and Kalliola 2008).

Efficient sharing of biodiversity information implies consideration of all scales, from
local to global. With the development of new communication technologies, the demand for
accurate site-specific data and information will increase and new opportunities will also
open up for CHMs. In addition, advanced biodiversity CHMs will probably start to use new
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powerful map production methods that will facilitate the production of new cartographic
presentations by combining data from different sources. Developing automatic or
semiautomatic software for data processing would also be highly useful for future CHMs.
Special attention should be paid to the synthesising of data and information, and their
dissemination to decision-makers and other end-users.
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6. SUMMARY

In this thesis, I address the occurrence, abundance, population trends and reproductive
success of seabirds breeding on the Finnish coast of the northern Baltic Sea. The
distribution and population trends of the target species are analysed in relation to
environmental factors ranging from island-specific habitat characteristics to wide-scale
environmental changes. I also assess the position and prospects of coastal bird monitoring
data as part of biodiversity data and information.

My results highlight the following aspects:

1. Important factors for the habitat selection of coastal birds are island area and
elevation, water depth, shore openness and the composition of island cover habitats (Article
I). The occurrence of the colonial Arctic Tern is partly affected by different habitat
characteristics than its abundance (Article II). The habitat selection process of coastal birds
is affected by their species-specific breeding and feeding ecology. Through habitat
selection, a number of abiotic and biotic factors influence the distribution of coastal birds.

2. Eutrophication and winter severity have reduced the populations of several Finnish
coastal bird species (Article III). Among the most important environmental pressures
affecting coastal and marine ecosystems worldwide are climate change and eutrophication,
which influence water quality and weather conditions in the Baltic Sea as well. Winters are
projected to become milder in the Baltic Sea with climate change. It is impossible to
predict, however, what the impact will be of the other profound changes which can be
expected to occur in the Baltic ecosystems and communities.

3. A major demographic factor through which environmental changes influence bird
populations is breeding success. This affects the populations of the Mallard, Eider and
Goosander after a time lag that corresponds to their species-specific recruitment ages
(Article IV). To effectively assess the status of bird populations and possible environmental
impacts, breeding success should be included in bird monitoring schemes. For some of the
target species of this thesis, the number of individuals in the late summer can be used as an
easier and more cost-effective indicator of breeding success than brood counts (Article IV).

4. The current development of GISs, digital data archives and open access
information infrastructures provide new tools applicable to the assessment and management
of coastal bird habitats (Articles I and II), as well as the dissemination of data and information
(Article V). Spatial data sets widely available in Finland can be utilised in the calculation of
several variables that are relevant to the habitat seclection of coastal birds. However, the
interpretation and application of GIS analyses require solid background knowledge of the
ecology of the target species. Attention should also be paid to the processing of data into
higher levels of the information hierarchy, so that data are synthesised and developed into
high-quality knowledge applicable to management and conservation (Article V).

5. The relationships between bird populations and their environment can be
quantitatively assessed using multivariate ecological modelling and model selection
procedures (Articles [-IV). In analysing seabird populations and the environmental
characteristics of a fragmented archipelago, the implications of features of the target areas
and species must be taken into account, as well as for instance spatial autocorrelation and
trends in the data.

6. The study of environmental impacts on birds, as well as the capturing of stochastic
extreme environmental events and the detection of ecological thresholds, requires intensive
long-term monitoring of bird populations and environmental factors; at present many data
sets are too short or sparse for this purpose. Spatio-temporally comprehensive monitoring
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of coastal birds and their environment, and the production of applicable and interoperable
data, should thus be secured in the future.

The results can be applied to the monitoring, management and conservation of coastal
birds and their habitats, as well as to the processing and dissemination of data and
information related to biodiversity and environmental factors.

The Baltic Sea is a suitable and relevant target area for studies of environmental
changes. In the geologically young Baltic Sea in particular, the history of coastal
ecosystems and bird communities is a history of change. The coastal landscape has been
formed by land uplift and other coastal processes, climate and water salinity have varied,
and species communities have changed. Humans have been present on the Finnish coast of
the Baltic Sea since the first skerries rose from the sea: first as hunters, then as year-round
settlement, and nowadays increasingly as recreational users. In addition to the concrete
presence of people, the coastal areas are nowadays affected by human-induced
environmental changes. The scale of the environmental effects of human activities has
widened from local to regional and global.

In the future of the Baltic Sea, too, the only certainty seems to be constant change.
The coasts of the Baltic Sea include dynamic ecosystems that in many areas have been
affected by humans ever since the first islands rose from the sea. It is therefore often
challenging to define an ‘optimal’ state of the environment and biotic communities. During
the history of the Baltic Sea, much that once was has been lost, and the same applies on a
briefer time scale to the succession of every island that rises from the sea. Still, something
new has and always will come instead. But with regard to anoxic sea bottoms caused by
eutrophication, or toxic substances accumulating in the food-webs, it is clear that unless
these processes are abated, there will be nothing to gain. The future of the Baltic Sea, as
well as the coexistence of seabirds and humans on its coasts, will depend on the ability to
mitigate or adapt to current and coming environmental changes.
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List of abbreviations

LIST OF ABBREVIATIONS

AlIC Akaike Information Criterion

AlCc Second-order Akaike Information Criterion

ARIMA Autoregressive Integrated Moving Average

BACC BALTEX Assessment of Climate change for the Baltic Sea Basin

BALTEX Baltic Sea Experiment

BioCASE Biological Collection Access Service for Europe

BSAP Baltic Sea Action Plan

CBD Convention on Biological Diversity

CBSS Council of the Baltic Sea States

CCB Coalition Clean Baltic

CES Constant Effort Sites

CHM Clearing House Mechanism

CMS Convention on the Conservation of Migratory Species of Wild Animals, i.e.
Bonn Convention

CSE Continental-scale Experiment

DEM Digital Elevation Model

EC European Commission

EEC European Economic Community

EU European Union

FINIBA Finnish Important Bird Area

GAM Generalized Additive Model

GBIF Global Biodiversity Information Facility

GEE Generalized Estimating Equation

GEWEX Global Energy and Water Cycle Experiment

GI Geographical Information

GIS Geographical Information System

GLM Generalized Linear Model

GMES Global Monitoring for Environment and Security

GOOS Global Ocean Observing System

GSDI Global Spatial Data Infrastructure

GTOS Global Terrestrial Observing System

HELCOM Helsinki Commission, i.e. Baltic Marine Environment Protection
Commission

IBA Important Bird Area

ICZM Integrated Coastal Zone Management

IMO International Maritime Organization

IPCC Intergovernmental Panel on Climate Change

MAPS Monitoring Avian Productivity and Survivorship

NAO North Atlantic Oscillation

PCA Principal Component Analysis

PSSA Particularly Sensitive Sea Area

SAC Special Area of Conservation

SPA Special Protection Area

SQL Structured Query Language

SSpP Sisdmaan SeurantaPyynti

TF Transfer Function

TRIM Trends & Indices for Monitoring Data

UNFCCC United Nation’s Framework Convention on Climate Change

WCRP World Climate Research Program

WWF World Wildlife Fund
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