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Spatial patterns of coastal breeding birds in the Baltic
archipelago. Ecological factors, human impact and conservation

Abstract

Coastal areas are crucial to numerous breeding bird species, but have undergone major
changes because of anthropogenic development pressures such as altered land use and
increased recreational activities. An understanding of what shapes species distribution
patterns, and how human activities affect these patterns, is therefore necessary for
marine management. The aim of this thesis is to investigate possible causes of spatial
patterns of coastal breeding birds, and how human activities and environmental
legislation affect these species. Forty eight coastal breeding bird species were surveyed
in 4,646 squares of 1 x 1 km size, covering an archipelago in the Baltic Sea, on the east
coast of Sweden. We classified all bird species as either specialist species, i.e.
specialized coastal breeders, or as generalist species, i.e. species breeding also inland.
Specialist species were found further out to sea, while generalist species were found
closer to the mainland. The number of specialist and generalist species per square
increased as total shoreline length increased, likely because of availability of suitable
breeding habitat and feeding areas. Animal sanctuaries were significantly more
effective in capturing specialist species and red-listed species than were unprotected
areas, while nature reserves often were less effective compared to unprotected areas.
Further, specialist species richness decreased as human shoreline exploitation such as
buildings and jetties increased, while there was no significant effect on generalist
species richness. Likewise, there was a higher probability of applications for
exemptions from the general shore protection regulation to occur in squares with fewer
specialist species. It is possible that habitats for specialist species are not appropriate
for exploitation or that human disturbance make specialist species avoid exploited
areas. The proportion of granted exemptions was very high (96%), and the areas they
concerned were often close to previously exploited areas. Exploitation of shores is a
continuous but slow process known as the cumulative effects problem or the ‘tyranny
of small decisions made singly’, and this is difficult to tackle by environmental
legislation. To conserve the breeding habitat along the shorelines in the archipelago, it
is necessary to protect the shoreline against further exploitation, and appropriate
management of unprotected shorelines is essential.
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1 Introduction

1.1 Background

Habitat loss is an important cause of species declines and extinctions (Brook et
al., 2003; Fahrig, 2003), especially in coastal ecosystems (Airoldi & Beck,
2007). At the same time, the extent of most metropolitan areas is expanding
into adjacent rural landscapes (UN, 1997). This is also true in the Baltic
archipelago on the east coast of Sweden, which is subjected to increasing
shoreline exploitation (Sundblad & Bergstrom, 2014; Kindstrom & Aneer,
2007) as well as increasing recreational activities (Swedish Transport Agency,
2010). This is a cause for concern, as the archipelago is the home of a great
number of species (Jerling & Nordin, 2007), many of which are red-listed
(Sandstrém et al., 2015). Hence, the biodiversity in the archipelago may be at
risk due to habitat loss caused by exploitation.

Coastal breeding birds may be a particularly vulnerable group given that
approximately 24% of all waterbird species were categorized as Globally
Threatened in the IUCN Red List 2012 (Wetlands International, 2012; Croxall
et al., 2012; Butchart et al., 2010; Ottvall et al., 2009). The coastline and
archipelago of eastern Sweden is an area of great importance for breeding
coastal birds, both nationally and internationally. Indeed, several surveys and
local inventories have suggested that the bird fauna along the Swedish east
coast has gone through large changes recently (Pettersson, 2005). Thus,
knowledge about the spatial patterns of bird species diversity and the
ecological and human-mitigated factors that affect it are needed for an efficient
management of bird populations in the heavily exploited coastal zone.



Figure 1. Two typical islands in the middle of the Stockholm archipelago. The island in the top
figure is characteristically flat, a result of the ice sheets pressing the area down during glaciation.
Photos: P. Forslund

1.2 The archipelago

An archipelago can be defined as an area situated on old bedrock which has
been covered by ice and pressed down beneath sea level, from which it then
rises (Fig. 1) (Jerling & Nordin, 2007). Hence, the archipelago coastline
continuously shifts and moves towards the sea. This rather strict definition of
an archipelago means that only a few of the world’s island-rich areas can truly
be called archipelagoes. Large archipelagos are rare, except for the one in the
Baltic Sea, there are a few areas in north east North America, small areas
around Greenland, west of Scotland and southern Chile which are also true
archipelagos. The Stockholm archipelago, together with the archipelago off the
west coast of Finland (frequently called the Archipelago Sea, as a collective
name), constitutes one of the largest and most island-rich archipelago areas in
the world (Jerling & Nordin, 2007; As et al., 1997).

Evidence suggests that this area has been inhabited by humans since around
4,000 B.C. (Jerling & Nordin, 2007). Up to the beginning of the last century,
most large islands were subjected to intense agricultural activities, and
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inhabitants usually combined farming with fishing (As et al., 1997). However,
most farming has now been abandoned, and as a consequence, islands which
were previously kept open by grazing cattle are now being overgrown.

1.2.1 Main threats to coastal birds

Some of the main threats to biodiversity in the coastal zone include increased
nutrient loads and habitat loss (Airoldi & Beck, 2007; Bonsdorff et al., 1997).
Shoreline property development, i.e. exploitation, in the area has increased
tremendously (Sundblad & Bergstrom, 2014; Kindstrom & Aneer, 2007).
Increased exploitation (new houses, bridges, piers, quays etc.) close to the
shoreline has reduced the amount of suitable breeding habitats and good
foraging habitats for many birds. This is possibly linked to reduced quality of
fish reproduction habitats (Sundblad & Bergstrom, 2014; Sandstrom et al.,
2005) and reduced species richness of, e.g., fish (Eriksson et al., 2004). In
addition, boat tourism has increased in the last decades (Fig. 2) (Swedish
Transport Agency, 2010) which probably has increased the disturbance to birds
(e.g., Velando & Munilla, 2011; Bellefleur ez al., 2009).

Figure 2. During summer many tourists and holiday-makers use the archipelago for sailing. At
the end of the day this is a common sight when boat travellers have found a safe place to spend
the night in one of the many natural harbours in the archipelago. This poses a potential problem
for birds nesting and foraging along the shoreline, since birds may be disturbed by humans.
Photo: P. Forslund
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1.3 Biodiversity

There are many formal definitions of biodiversity (DeLong, 1996), one of the
more important being that of the Convention on Biological Diversity. This
treaty was signed at the United Nations Conference on Environment and
Development in Rio de Janeiro 1992. The Convention states that:

‘Biological diversity’ means the variability among living organisms from all
sources including, inter alia’, terrestrial, marine and other aquatic ecosystems
and the ecological complexes of which they are part; this includes diversity
within species, between species and of ecosystems. (Anon., 1992).

Biodiversity serves as a unifying concept since it includes all forms, levels and
combinations of natural variation (Magurran & McGill, 2011; Gaston &
Spicer, 2004). The definition itself is neutral, but the usage of the term
‘biodiversity’ is most often value laden (Gaston & Spicer, 2004).

The general building blocks of biodiversity can be divided into three
groups: (i) genetic diversity; (ii) organismal diversity; and (iii) ecological
diversity. Genetic diversity includes genetic components such as genes.
Organismal diversity includes the taxonomic hierarchy and its components,
such as species. Ecological diversity includes ecological differences between
populations, habitats, ecosystems, landscapes and onwards (Gaston & Spicer,
2004).

1.3.1 Measuring biodiversity

For practical reasons, it can be useful to quantify biodiversity in one of various
ways. A biodiversity measure which describes how biodiversity varies from
one locality to another may be especially useful when evaluating the
conservation value of an area or when prioritizing between different areas
(Sarkar & Margules, 2002). So called biodiversity surrogates are often used as
quantitative measures to stand in for overall biodiversity, which is more
difficult to measure in its entirety. Traditionally, species richness (i.e. the
number of species) has been used as a surrogate for biodiversity. However,
using only a species richness metric does not capture differences in species
composition between areas, which is one of the key features of biodiversity
(Sarkar & Margules, 2002).

1. Inter alia, ‘among other things’.
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Figure 3. Biodiversity is often measured as species richness at three spatial scales: (i) a diversity,
species richness within a site; (ii) B diversity, difference in species composition between sites; and
(iii) y diversity, the species richness of the whole landscape. Symbols refer to different species.

Species diversity consists of two components, richness and evenness. Species
richness refers to the actual number of species within a site, and evenness
refers to the proportions of the species present (Tuomisto, 2012; Magurran &
McGill, 2011). A low evenness indicates that a site is dominated by few
species. Biodiversity can be measured at several spatial scales (Whittaker,
1960). Alpha diversity (a) is the richness and evenness of individuals within a
certain site, e.g., a habitat or an island. In Fig. 3, a diversity in site 1 is 5
species, for site 2 = 3 species and for site 3 = 4 species. Beta diversity () is the
difference in species composition between sites. In Fig. 3, the greatest f3
diversity is between site 1 and 3, since only two species are shared, whereas
five species are unique to the site where they occur. Gamma diversity (y) is the
species richness of a habitat or whole landscape (Magurran & McGill, 2011).
In Fig. 3, the y diversity is made up of eight species.

1.4 Conservation

Destruction, fragmentation and homogenization of habitats and natural
landscapes have dramatically decreased biodiversity worldwide, and finding
ways to mitigate this loss is a major concern (Butchart et al., 2010). Since
ancient times, humans have set aside areas in order to preserve different natural
values, and reserves have been established during the last decades to protect
biodiversity and to compensate for negative human impact (Margules &
Pressey, 2000). However, since reserves comprise only a fraction of the total
land area, land which is not protected has to be incorporated into conservation
strategies to secure biodiversity in the long term (Bengtsson et al., 2003). One
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example of such a strategy is the shore protection regulation in the Swedish
Environmental Code (SFS, 2009).

1.4.1 Coastal bird conservation in Sweden

Population trends of coastal breeding birds in Sweden are fairly well known.
Whereas some populations have increased, e.g., those of some gulls and terns,
others have decreased, especially those of waders and diving ducks (Amcoff,
2012; Ottvall et al., 2009). The reasons for these particular declines are not
known, but invasive alien predators, habitat degradation and disturbance
caused by humans are all factors known to negatively affect seabirds (Croxall
etal.,2012).

There are many bird sanctuaries in the Baltic Sea archipelago. Most of these
areas are rather small and include one or two small islands. Further, coastal
breeding birds are generally protected in the archipelago by the shore
protection regulation (SFS, 2009). As the archipelago is home to some bird
species which are found nowhere else in Sweden (Ottvall et al, 2009;
Svensson et al., 1999), it is necessary to protect the breeding sites of these
species if they are to be retained in the country.

Protected areas

Protecting areas represents an important strategy to reduce species extinction
risks (Pimm et al., 2014), with a global coverage of about 12% of the land area
(Watson et al., 2014).

There are a number of different types of protected areas in Sweden. They
are all regulated by the Environmental Code (1998:808). The purpose of these
protected areas is usually to protect valuable natural and cultural assets. In
special protection areas, the right of access may be restricted, e.g., in wildlife
sanctuaries (Fig. 4).

Animal and plant sanctuaries (Fig. 4) are established to protect animal or
plant species in a certain area. Along the Swedish coast, animal sanctuaries are
established for the purpose of protecting rare or disturbance-sensitive species.
Animal sanctuaries consist of bird sanctuaries, which are established with the
intention of protecting breeding birds, and seal sanctuaries, which are
established to ensure that seals have undisturbed resting areas. Establishment is
made by the County Administrative Boards and the municipalities based on
chapter 7, 4-6 § in the Swedish Environmental Code. The general public, and
sometimes even the land owner, is prohibited from visiting the specified area
during a certain time of the year. The regulations often also cover the water
surrounding the protected islands to varying degrees. The regulations can also
restrict hunting and fishing rights (Statistics Sweden, 2014).
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Figure 4. A sign showing that the
island and surrounding waters are
included in a bird sanctuary and that
access therefore is prohibited. Photo:
P. Forslund

Land or water areas may be designated as nature reserves by a County
Administrative Board or municipality if this is necessary in order to preserve
biological diversity, conserve valuable natural or cultural assets or to meet
recreational needs in the area. In order for a nature reserve to be established,
there must be a strong public interest in protecting the area. Nature reserves are
the most common type of protected area in Sweden with more than 500 areas
established in marine environments along the Swedish coastline. Their general
conservation aims are usually broader than animal sanctuaries. Nature reserves
are also formed by the County Administrative Boards and the municipalities
with the support of chapter 7, 4-6 § in the Swedish Environmental Code, in
order to protect biological diversity, protect or create valuable environments,
protect or create environments for certain species, or meet human recreational
needs. Each nature reserve has a management plan which regulates how the
area shall be managed. The regulations of the management plan are largely
determined by the aim of the reserve (Statistics Sweden, 2014).

15



The shore protection regulation

Swedish shorelines are a valuable natural asset with large biological diversity
and stunning sceneries. The shore protection regulation and the public right of
access to private land (Allemansrdtten) make Sweden unique in an
international perspective.

The Swedish shore protection regulation (SFS, 2009) was established in
1952 and prohibits new constructions within 100 m of the shoreline. The
background was a realisation that access to shores was dwindling as a
consequence of increasing shoreline exploitation, especially close to larger
cities. The original purpose was mainly to guarantee continued access to lakes,
sea and beautiful or unique unexploited nature for all citizens. Hence, the
objective was not to protect these beautiful natural areas per se but to conserve
them for the benefit of humans. In 1994, protection was also granted for plants
and animals occurring at shorelines (Anon., 2001).

Sea-shores, as well as the shores of all lakes and watercourses, are protected
from the shoreline and 100 m up on land and likewise 100 m out in the water.
The County Administrative Boards may expand shore protection to 300 m
(Anon., 2001). The shore protection regulation (SFS, 2009) has two purposes:
(i) to assure public access to private land in the shore area and (ii) to maintain
good living conditions for plant and animal species on land and in water. Thus,
any new constructions, e.g., buildings or jetties, that “substantially alter the
living conditions” for animals or plants are banned. Exemptions from shore
protection may be granted if the exemption is motivated by at least one of six
special circumstances (chapter 7, 18 ¢ § in the Environmental Code of
Sweden);

Already claimed areas

Physical isolation from the shore (e.g., by a road or railway)
Functional necessity of the object to be built

Need to expand some activity

Common interest

Some other prioritized interest.

Sk W=

Exemptions should normally not be granted in areas that are of particular
importance for conservation or recreation and must not be granted if there are
unacceptable impacts on biological assets (Anon., 2001). However, the
problem is to assess at what temporal and spatial scales there will be an impact.

Despite the general protection, there is a gradual exploitation process where
previously unspoiled shorelines are being exploited by a single jetty, only to
have permission for more jetties being granted later (Sundblad & Bergstrom,
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2014; Kindstrom & Aneer, 2007). As a results of this gradual process, termed
the cumulative effects problem or the ‘tyranny of small decisions made singly’
(Theobald et al., 1997), plants and animals are slowly being pushed back and
eventually risk losing their habitats.

1.5 Birds as indicators

I have used coastal breeding birds as model organisms for measuring
biodiversity. Although coastal birds are important to study in their own right,
they are also useful model organisms for measuring biodiversity and can be
used as indicators of the marine environment (Durant et al., 2009), e.g.,
monitors of fish stocks (Furness & Camphuysen, 1997). Their ecology is
comparatively well understood and they are both conspicuous and well-known
to the general public and to decision makers (Ottvall et al., 2009; Furness &
Camphuysen, 1997). Birds also feed at a wide range of trophic levels and in a
broad spectrum of coastal habitats — from the littoral to the open sea — thereby
connecting marine and terrestrial environments (Durant et al, 2009). A
generalist can switch its food preference to match the relative abundance of
prey items, whereas a specialist will be rapidly affected by any change in its
main prey. Also, since trophic chains tend to be short in northern seas, the
effects of changes in prey availability on birds are usually very rapid (Durant et
al., 2009). Hence, birds respond quickly to environmental changes. They are
particularly suitable as indicators of environmental change in the archipelago
since many bird species require specific shoreline habitats and access to sea.
Compared to many other vertebrates, birds are easily counted by skilled
observers and may also provide a means to explore responses to urban
environments (Chace & Walsh, 2006).

The breeding success of coastal birds may decrease because of disturbance
at nests or of small young (e.g., Finney et al., 2005; Leseberg et al., 2000).
Coastal birds are therefore likely to be sensitive to perturbations in the
environment caused by, e.g., habitat destruction or other changes in the
ecological context, such as landscape changes or increased predation pressure.
As many seabirds are predators, and consequently at high trophic level in
marine food webs, they may also be used as indicators of pollution (Furness &
Camphuysen, 1997).






2 Thesis aims

The general aim of this thesis is to investigate possible causes of spatial
patterns of coastal breeding birds, and to what extent human activities and use
of environmental legislation affect this diversity. Such knowledge is an
important step towards a balance between maintaining biodiversity and making
local human activities (e.g., settlements and recreation) possible. It is also
required knowledge when establishing efficient conservation measures. The
specific questions addressed in each paper were:

I  What are the spatial distribution patterns of species richness (i.e. number of
species within a 1 km® square) and compositional dissimilarity (i.e.
differences in species composition between sites) of coastal breeding birds?
How are these biodiversity measures related to large-scale environmental
gradients?

Il Are animal sanctuaries effective in capturing coastal breeding bird diversity
compared to nature reserves and unprotected areas? Are hotspots (i.e. 1 km®
squares with a high representation of uncommon species) overrepresented
in animal sanctuaries?

IIT Does species richness and abundance of coastal breeding birds decrease as
the degree of human shoreline exploitation (i.e. houses and jetties)
increases?

IV To what extent are plans of new exploitation and bird diversity over-
lapping? To what extent has biodiversity been considered when exemptions
to the shore protection regulation are granted?






3 Methods

3.1 Study area

The study area is situated in the Baltic Sea on the east coast of Sweden (Fig. 5).
Papers I, II cover data collected in the counties of Uppsala, Stockholm and
Sodermanland, ranging from 58°36’N, 16°48’E in the south to 60°39°N,
17°33’E in the north. Paper III covers data collected in Uppsala and
Stockholm, ranging from 58°44°N, 17°52’E in the south to 60°39°N, 17°33°E
in the north. For paper IV, we used a subset of the data collected in Varmdo
municipality, midpoint 59°17°N, 18°53’E, situated in the county of Stockholm.

The study area consists of a vast archipelago together with the adjacent
mainland coast, and it includes more than 30,000 islands ranging from small
and sparsely vegetated islets (<0.5 ha) to large and densely forested islands (up
to 21,000 ha; As et al., 1997). The archipelago belongs to the hemiboreal zone
(Ahti et al., 1968). The Baltic Sea is relatively young and has undergone
several successional stages since the last glaciation. The water is brackish, with
salinity varying between around 3.5%o in the Bothnian Bay in the north to
7.0%0 in Skagerrak in the southwest. There are no tides, and the small
fluctuations in water level are caused only by changes in atmospheric water
pressure and winds. The archipelago in the northern Baltic Sea is one of the
most island-rich archipelagos in the world, made up of tens of thousands of
islands, and is a highly productive system (Ojaveer et al., 2010; Heindnen et
al., 2008).
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Figure 5. Map of Scandinavia and the study area with all 1 x 1 km squares (4,646 squares in
total) in which coastal breeding birds were inventoried.
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The post-glacial land uplift in the archipelago region is approximately 5
mm/year, which has resulted in environmental gradients both above (As et al.,
1997) and below (Bonsdorff & Blomqvist, 1993) the sea surface. This has
contributed to the characteristic mosaic of different biotopes found in the
archipelago. The land uplift has created a gradient where larger islands are
found closer to the mainland and smaller islands (skerries) are found further
out. Thus, there is a zonation of the archipelago, where the inner zone consists
of larger islands which are generally less exposed to waves and winds. These
larger islands are partially covered with forest, often contain settlements and
have been greatly affected by agricultural activities. Typical tree species
include pine Pinus sylvestris, spruce Picea abies, birch Betula pubescens and
alder Alnus glutinosa. The middle and outer zones are characterized by small
islands that are more exposed to waves and winds and often completely barren
or sparsely vegetated. The smaller islands in the outer areas are typically
vegetated by crowberry Empetrum nigrum, heather Calluna vulgaris, bushes
(e.g., junipers Juniperus communis) and a few stunted trees (As et al., 1997). It
is widest in the central part and narrows at its northern and southern limits (Fig.
5).

The bird species breeding in this area are mainly those of coastal estuaries
and mainland wetlands, and there are no true pelagic species. The area is
characterised by strong seasonality, and most birds migrate south for the
winter.

3.2 Bird inventory

The bird data used in this thesis were collected by the County Administrative
Boards of Uppsala, Stockholm and S6dermanland. The extensive inventories of
coastal breeding birds in the study area were performed between the years of
2000 and 2004.

The 48 species included in the survey belong to ducks, waders, gulls, auks
and one passerine (Rock Pipit, Anthus petrosus), which are species that to
some extent are dependent on shoreline habitat for breeding (Table 1). The
inventories were restricted to land within 100 m of the shoreline, and species
records were summarised in squares of 1 x 1 km within the study area (Fig. 5).
Squares were only included in the inventories if they comprised both land and
water and had a minimum shoreline length of 25 m. In total, 4,646 squares
were inventoried throughout the study area. Bird records from squares with a
shoreline shorter than 25 m were assigned to the nearest square where breeding
was possible, fulfilling the criteria of a shoreline longer than 25 m (N=126).
Small islands may in some cases belong to two or more squares, and if it
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therefore proved difficult to separate the bird pairs to the respective square, all
pairs were assigned to the square in which the largest part of the island was
situated.

In order for the inventory of breeding pairs to be as accurate as possible, the
inventory had to coincide with the start of the nesting period or, for some
species, when chicks had hatched. Hence, inventories were carried out on three
occasions, in April, May and June, so that birds with different breeding
phenology could be observed. Thus, different species were recorded during the
three different occasions. Ducks were inventoried before and during the
species’ normal egg laying period in the area, which is the period when the
breeding pair or the male usually is resting off the breeding island. Species
breeding in early spring were inventoried during the first occasion, in April,
and species breeding in late spring were inventoried during the second
occasion, in May. During the second occasion, Great Crested Grebe Podiceps
cristatus and Eurasian Coot Fulica atra were inventoried through nest
observations at the time of their nesting. Waders, gulls, auks and the Rock Pipit
were inventoried in June, the third period, during the time of their nesting or
shortly after their young had hatched (e.g., Great Cormorant Phalacrocorax
carbo sinensis) (Fig. 6). The inventories were done by teams of two to three
people on calm days without fog or rain. Each inventory team decided at what
time of day they would perform the inventory. However, the instructions stated
that the early morning hours (04—12 am) should be preferred.

Birds were recorded as breeding in a square based on a combination of
observations of parental behaviour, birds seen on nearby water (April and
May) and nests found on land (June). A requirement for assumed breeding was
that presence of the species was recorded in the relevant time period for the
species. On the first two occasions (April and May), the surveys were carried
out entirely from open boats by cruising at low speeds around islands, so that
shores were easily surveyed. Time spent inventorying was determined by the
number of birds, the observers ability to overview all sections of the shoreline
and so forth, but was approximately 20-40 min/km” during the first period
(April) and usually 10-20 min/km® during the second period (May). Speed of
the boat and distance to the shore was adjusted so that birds were not disturbed
(minimum distance to the shore approximately 25 m). This was to avoid
scaring birds and to keep them from taking flight, thus making them more
difficult to count. On the third occasion (June) nest counts were conducted on
land (Olsson, 2000).

Problems with detectability and systematic differences between sets of
observations due to different teams of surveyors are both factors that may
cause individuals or species to be overlooked (Rosenstock et al., 2002). The
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design of the inventory did not allow for accounting for these possible sources
of error in the analyses. However, all field workers were skilled bird watchers,
using the same detailed inventory protocol in order to minimize systematic
errors.

Figure 6. Great Cormorants Phalacrocorax carbo sinensis were inventoried during the third
inventory period in June. A total of 6,945 breeding pairs were counted in the archipelago during
the inventories. Photo: M. Nord.

3.2.1 Species groups and red-listed species

Based on the distribution maps from Svensson et al. (1999), all coastal
breeding birds were classified into two species groups: specialist species and
generalist species (Table 1). Specialist species (N=19) are species which breed
exclusively in the coastal landscape, although a few have a disjunct distribution
with occurrences also in restricted parts of the inland of northern Sweden (e.g.,
Velvet Scoter Melanitta fusca). Generalist species (N=29) are species breeding
on the coast but also in inland wetlands, e.g., lakes or ponds (e.g., Mallard
Anas platyrhynchos). As specialist species are confined to breeding in the
archipelago, conservation actions in the area should preferably focus on them.
Therefore, all papers included in this thesis have primarily focused on
specialist species, but generalist species have also been considered.

Another group potentially requiring specific attention was that of red-listed
coastal breeders (Sandstrom et al., 2015). Paper I used the red-list of 2010
(Gérdenfors, 2010), while paper II used the red-list of 2015 (Sandstrom et al.,
2015). According to the 2010 red-list, there were seven red-listed species in
each of the two groups. Four specialists and five generalists were classified as
Near Threatened (NT), while three specialists and two generalists were
classified as Vulnerable (VU). However, according to the 2015 red-list there
were eight red-listed specialists (five NT and three VU). The Arctic Jaeger
Stercorarius parasiticus was new on the red-list compared to 2010 (classified
as NT). Common Sandpiper Actitis hypoleucus and Horned Grebe Podiceps
auritus were no longer included on the red-list in 2015 compared to 2010,
hence only five generalists were red-listed in 2015 (one NT and four VU).
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Table 1. List of names for the 48 coastal breeding bird species included in the inventory. Common
names in English are given for each species as well as Latin and Swedish names. Each bird
species was classified as either a specialist (i.e. species breeding exclusively in the archipelago
area, N=19) or a generalist (i.e. species breeding in the archipelago but also in inland wetlands,
N=29) based on distribution maps from Svensson et al. (1999).

Common name Latin name Swedish name Classification
Arctic Jaeger Stercorarius parasiticus Labb Specialist
Arctic Tern Sterna paradisaea Silvertdrna Specialist
Barnacle Goose Branta leucopsis Vitkindad gés Specialist
Black Guillemot Cepphus grylle Tobisgrissla Specialist
Black-headed Gull Larus ridibundus Skrattmas Generalist
Black-throated Diver Gavia arctica Storlom Generalist
Canada Goose Branta canadensis Kanadagas Generalist
Caspian Tern Hydroprogne caspia Skréntirna Specialist
Common Eider Somateria mollissima  Ejder Specialist
Common Goldeneye Bucephala clangula Knipa Generalist
Common Gull Larus canus Fiskmés Generalist
Common Murre Uria aalge Sillgrissla Specialist
Common Pochard Aythya ferina Brunand Generalist
Common Redshank Tringa totanus Rodbena Generalist
Common Ringed Plover Charadrius hiaticula Storre strandpipare  Specialist
Common Sandpiper Actitis hypoleucus Drillsndppa Generalist
Common Shelduck Tadorna tadorna Gravand Specialist
Common Teal Anas crecca Kricka Generalist
Common Tern Sterna hirundo Fisktérna Generalist
Eurasian Coot Fulica atra Sothona Generalist
Eurasian Curlew Numenius arquata Storspov Generalist
Eurasian Oystercatcher Haematopus ostralegus Strandskata Specialist
Eurasian Widgeon Anas penelope Blédsand Generalist
Gadwall Anas strepera Snatterand Generalist
Garganey Anas querquedula Arta Generalist
Goosander Mergus merganser Storskrake Generalist
Great Black-backed Gull Larus marinus Havstrut Specialist
Great Cormorant Phalacrocorax carbo  Storskarv Specialist
sinensis
Great Crested Grebe Podiceps cristatus Skéggdopping Generalist
Greater Scaup Aythya marila Bergand Specialist
Grey Heron Ardea cinerea Hager Generalist
Greylag Goose Anser anser Gréagas Generalist
Herring Gull Larus argentatus Grétrut Generalist
Horned Grebe Podiceps auritus Svarthakedopping Generalist
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Common name Latin name Swedish name Classification
Lesser Black-backed Gull Larus fuscus Silltrut Specialist
Little Ringed Plover Charadrius dubius Mindre strandpipare  Generalist
Mallard Anas platyrhynchos Grésand Generalist
Mute Swan Cygnus olor Knélsvan Generalist
Northern Lapwing Vanellus vanellus Tofsvipa Generalist
Northern Pintail Anas acuta Stjartand Generalist
Northern Shoveler Anas clypeata Skedand Generalist
Razorbill Alca torda Tordmule Specialist
Red-breasted Merganser Mergus serrator Smaskrake Specialist
Red-necked Grebe Podiceps grisegena Gréhakedopping Generalist
Rock Pipit Anthus petrosus Skarpiplarka Specialist
Ruddy Turnstone Arenaria interpres Roskarl Specialist
Tufted Duck Aythya fuligula Vigg Generalist
Velvet Scoter Melanitta fusca Svirta Specialist

3.3 Remote sensing data

3.3.1 Environmental characteristics

We investigated the effect of four environmental variables, all describing
mainland and island physiognomic characteristics, on species richness and
composition in paper I and controlled for these environmental variables in
papers II-IV: distance to open sea, archipelago width, shoreline length and
total land area within the square. Physiognomic characteristics such as these
have previously been shown to be of importance for the occurrence of coastal
breeding birds in archipelagos (von Numers, 1995). To get estimates of the
different environmental variables for each square, GIS layers were used. These
were obtained from the Topographical and General map, available through the
Swedish Mapping, Cadastral and Land Registration Authority, and analysed
using ArcMap 9.2 software (ArcGIS, ESRI, Redland, CA, USA).

Distance to open sea was calculated by delimiting a buffer line 150 m out
from the outermost islands (i.e. the islands closest to the open sea), and then
the Euclidean distance from the midpoint of each square to that buffer line was
measured. Archipelago width was estimated for each square by adding the
Euclidean distance from the square’s midpoint to the nearest mainland and to
the distance to open sea. Shoreline length was calculated as the sum of all
shorelines within each square, including both islands and mainland. The total
amount of land area in each square was calculated by subtracting the water
surface area in each square from the total area of the square (1 km®). The
remaining area was thus the above-water surface land area.
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3.3.2 Protected areas

In paper II, two types of formally protected areas were studied: animal
sanctuaries and nature reserves. The inventoried 1 x 1 km squares were
classified into one of three categories based on the types of shorelines within
each square:

» Unprotected squares (no length of shoreline belonging to a protected
area, N=3,554)

» Nature reserve squares (>5 m shoreline belonging to a nature reserve,
N=877)

» Animal sanctuary squares (>5 m shoreline belonging to an animal
sanctuary, N=215)

Nature reserves and animal sanctuaries sometimes overlapped. Such squares,
with shorelines belonging to both nature reserves and animal sanctuaries, were
classified as animal sanctuaries (N=84), since animal sanctuaries is a stronger
type of protection for birds.

3.3.3 Shoreline exploitation and exemptions

The index for human exploitation along shores, used in papers III and IV,
focuses on the density of structures relating to anthropogenic physical
modification within a buffer of 100 meters from the shoreline inwards land. It
was based on two GIS layers developed by the County Administrative Boards
in the region (Stockholm County Board, 2004), one layer for buildings and one
for jetties (including quays, piers, marinas and boat houses extending into the
water). These two layers were analysed using ArcMap 10.1 software (ArcGIS,
ESRI, Redland, CA, USA).

The GIS layer displaying buildings was based on centroid points for
individual buildings taken from the Swedish Property Map (Lantmiteriet,
2014). The GIS layer displaying jetties as point objects was made by the use of
visual aerial photo interpretation, complemented with field controls
(Stockholm County Board, 2004). In addition, densely populated areas
(representing buildings) and small boat harbours larger than 0.25 ha
(representing jetties) were included in the two layers, respectively, as polygons
from the Property Map.

From the layers with point objects of buildings and jetties, maps with
density of buildings or jetties were created by calculating the number of points
within circles of 100 meter radius for each pixel (size 20 x 20 m) in a raster
GIS. Based on this density (in brackets below), pixels were attributed to one of
five exploitation classes:
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Class 1: No exploitation (number of points/pixel in the layer of jetties: 0;
number of points/pixel in the layer of buildings: 0)

Class 2: Weak exploitation (jetties: 1-2; buildings: 1-2)

Class 3: Marked exploitation (jetties: 3—4; buildings: 3-5)

Class 4: Strong exploitation (jetties: 5—7; buildings: 6—13)

Class 5: Very strong exploitation (jetties: >7; buildings: >13)

Polygons of densely populated areas and small boat harbours from the Property
Map, within the buffer of 100 m from the shoreline, were then added to the
layers and attributed to class 5 (‘Very strong exploitation’).

For each square, a weighted average was calculated based on the percentage
area occupied by each exploitation class (classes 1-5 of ‘exploitation’) in each
square. Because the correlation between the exploitation index for buildings
and jetties was very high (0.92), they were combined into a single variable,
called ‘exploitation’, by giving each square the highest of the weighted
averages for either buildings or jetties. This was done to cover the full degree
of human exploitation of shorelines within each square.

For paper IV, we reviewed public documents regarding applications for
exemption from the shore protection regulation within the administrative area
of Varmdo municipality. The documents covered the period of 1 January 2011
to 31 May 2012; dates refer to when cases were first started. In total, 403
applications were retrieved. From the documents, information was compiled
about geographical location (to enable connection to the bird inventory data)
and decision made (whether the exemption was granted or not granted).
Specialist administrative officers at the municipality office dealt with and
decided about 362 of the applications. However, when the recommendation
was to reject the application, the cases (N=41) were referred to the Building,
Environment and Health Committee for decision, which has members from the
political parties. For a more detailed analysis, more information was acquired
for a subset (N=42) of the cases dealt with by administrative officers and
nearly all cases (39 out of 41 cases; detailed information was missing for 2
cases) dealt with by the political committee. For all these 81 (=42+39) cases,
information was compiled about whether the application concerned a planned
construction or was made in retrospect, whether assessments had been made on
the consequences for biodiversity and public access to shores, the areal extent
of the shore protection at the site in question (i.e. 100 or 300 m), and whether
‘already claimed for exploitation’ was given as a special circumstance for
granting the application.
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3.4 Beta diversity

In paper I, we wanted to explore species composition, in the form of
diversity. Based on Anderson ef al. (2011) we chose to use a turnover type of 8
diversity (Fig. 7). The idea with a turnover B is to measure the change in
community composition from one square to another along, e.g., an
environmental gradient such as distance to open sea.

Generalist Specialist
species species

Main land —— Open sea

Distance to open sea

Figure 7. This figure illustrates the essential idea with a turnover B diversity, as it measures the
change in community composition, e.g., change in the identity and/or cover of individual species,
from one square to another along the environmental gradient of distance to open sea. Green
squares are sampled squares and the red arrow illustrates where along the gradient of distance to
open sea the square is situated. The orange and blue arrows represent how individual species
within the groups of generalist and specialist species may replace each other, i.e. the turnover of
species composition along the gradient. There may be a similar number of species found in every
square along the gradient but the species composition will be different as the species identities
change when moving from main land to open sea.

However, estimates of f diversity can be affected by changes in the number of
species or the a diversity (Anderson et al., 2013; Chase et al., 2011; Vellend et
al., 2007). Hence, large B diversity estimates may be caused by ecological
differences between squares which generate different community composition,
but it may also be a result of differences in a diversity between those sites. In
order to draw relevant conclusions from f diversity analysis it is therefore
necessary to account for this a-driven component (Anderson et al., 2011;
Chase ef al., 2011; Kraft et al., 2011). Thus, we not only analysed B diversity
using the classical Serensen’s dissimilarity index, but also by using the
probabilistic Raup-Crick measure (Raup & Crick, 1979).
For each pair of squares, Serensen’s dissimilarity index was calculated as:

2w

S )

where a and b are the numbers of species in each plot of two samples, and w is
the number of shared species (Magurran & McGill, 2011). We calculated the
Raup-Crick estimate (Brc) (Anderson et al., 2011; Chase et al., 2011; Raup &
Crick, 1979) by following the protocol of Chase et al. (2011).
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3.5 Hotspots

In paper II we wanted to investigate the overlap between so called hotspots of
specialist species and protected areas. A scoring method called the rarity
weighted richness index (RWRI) was used to identify hotspot squares
(Williams et al., 1996). This index has previously been shown to perform well,
even compared to more complex methods (Albuquerque & Beier, 2015; Csuti
et al., 1997). Within each 1 x 1 km square, each specialist species was assigned
a weight based on the inverse of the number of squares the species occupied,
following Williams et al. (1996), thus putting more emphasize on rare species
(Greenwald & Bradley, 2008; Williams et al., 1996). The RWRI-score was
calculated as:

RWRI = z (1/c)
i:c; #0,
1<isn

where ¢; is the number of squares occupied by species i. As a sensitivity test,
four RWRI-score cut-off values were compared; 100%, 75%, 50% and 20%.
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4 Results and Discussion

Common Eider Somateria mollissima was by far the most common bird
species found, both in terms of squares with occurrence (3,163 squares, out of
a total of 4,646) and to number of breeding pairs (111,007 breeding pairs).
Other dominant species were Goosander Mergus merganser, which was found
in 2,642 squares, Common Gull Larus canus found in 2,453 squares, Mallard
Anas platyrhynchos found in 2,085 squares, and Mute Swan Cygnus olor found
in 1,964 squares. Greater Scaup Aythya marila, Little Ringed Plover
Charadrius dubius, and Red-necked Grebe Podiceps grisegena were all rare
species which only occurred in 2 squares with just 2 breeding pairs present in
the entire study area.

Some colony-nesting bird species had large numbers of breeding pairs
recorded but had aggregated occurrences. Such species included Herring Gull
Larus argentatus with 9,291 breeding pairs in 721 squares, Arctic Tern Sterna
paradisaea with 8,432 breeding pairs in 1,156 squares, and Razorbill Alca
torda with 7,835 breeding pairs in 96 squares.

The number of coastal specialists found per square throughout the entire
study area ranged between 0 and 13 (median=2; quartiles=1 and 3), and the
number of coastal generalists found ranged between 0 and 15 (median=3;
quartiles=2 and 6). Specialist species tended to be more abundant in squares
closer to open sea, whereas generalists had a more uniform distribution with a
tendency to be more abundant in squares closer to mainland, i.e. further from
open sea (Paper I, Fig. 8).
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Figure 8. Patterns of observed species richness per square for (A) coastal specialist species
(N=19), and (B) generalist species (N=29). In total 4,646 squares was inventoried throughout the
counties of Uppsala, Stockholm and S6dermanland.

4.1 Environmental variables

4.1.1 Alpha diversity

The effect of the environmental variables on bird species richness, i.e. distance
to open sea, land area, shoreline length and archipelago width, was the main
focus of paper I, but these environmental variables were also included in
papers II-1V, since we wanted to control for them in those studies.

Distance to open sea had opposite effect on specialists and generalists
(Papers -1V, Figs. 8 & 9). The number of specialist species per square, i.e. o
diversity, decreased with increasing distance to open sea, while the number of
generalist species increased with increasing distance to open sea, i.e. closer to
mainland. Specialist species were also found breeding in narrow parts of the
archipelago, close to the mainland. Hence, the preference for breeding sites
close to open sea was irrespective of archipelago width (Fig. 8A). This is in
agreement with previous work in the Baltic Sea region, which has shown that
many species which we classified as specialists prefer islands with little or no
vegetation (Heindnen & von Numers, 2009; Heindnen et al., 2008; Ronké et
al., 2008; von Numers, 1995), which are especially common in localities close
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to open sea exposed to wind and waves (As et al., 1997). Furthermore, these
areas probably offer high-quality foraging areas in the near vicinity, and
specialised feeders may be dependent on breeding close to these foraging areas
(Ronké et al., 2008; Hildén, 1965). High predation risks, e.g., due to the
presence of mustelids and corvids, closer to the mainland could be another
reason for specialist species to prefer breeding sites close to open sea (Ahlén &
Andersson, 1970). However, if predation was a major factor affecting the
distribution of specialist species, these species should be absent in narrow parts
of the archipelago, but this was not the case (Fig. 8A). The observed preference
of generalist species to breed closer to mainland is similar to findings from the
Finnish archipelago (von Numers, 1995), and also agrees with the general
freshwater ecology of generalist species. Islands close to mainland tend to be
large with tall vegetation, and the water is more brackish there than further out
in the archipelago. Thus, the characteristics of the inner archipelago are more
similar to mainland freshwater lakes (As et al., 1997).
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Figure 9. Parameter estimates and 95% confidence intervals for specialist coastal breeders, blue
circles, and generalist coastal breeders, green circles. The generalized linear mixed models
(GLMM) used data on environmental gradients to investigate the effect on the number of species
per square. For generalist species, the interaction between land area and archipelago width was
removed due to convergence problems. Land area = land area within each square; dist sea =
distance to open sea; shoreline = total shoreline length in each square; width = archipelago width.
Interactions between variables are indicated by *:’.

As most coastal species breed close to water, the number of species of both

specialists and generalists increased with increasing shoreline length, probably
as a result of species-habitat area relationships. However, the interactions
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showed that the effect of shoreline length was dependent on land area in the
square (Paper I, Fig. 9). Hence, there were fewer specialist species in squares
with large land areas, even with long shorelines (Paper I), suggesting that
shoreline habitat was less suitable for specialist species in squares with larger
land area than in squares with smaller land area. Islands with a small land area
may, in comparison to larger islands, be flatter, more open and have lower
vegetation. Such features have been found to be attractive to coastal specialist
species in the nearby Finnish archipelago (Ronké et al., 2008), and are highly
likely to be similar in our study area as well. However, for generalist species
the shoreline effect was only slightly influenced by land area (Paper I). The
main effect of land area was negative for both species groups in paper II-1V,
i.e. the number of species decreased as land area increased, but there was no
significant effect on generalists in paper I (Fig. 9). Archipelago width affected
specialist and generalist species differently: the number of specialist species
increased with increasing archipelago width, while generalist species showed
the opposite pattern (Paper I-III, Fig. 8). However, in paper IV archipelago
width was positively associated to the number of both specialist and generalist
species. This may be due to that the archipelago width was not very variable in
the Varmdo study area (Paper IV).

The breeding bird fauna of archipelagos differs from that of other coastal
areas in being highly dependent on island qualities, with differences in shore
environments as a main driver (Heindnen & von Numers, 2009). This was also
apparent since we found that the number of species strongly increased as total
shoreline length increased in all papers. The number of specialist species
increased with distance from mainland, which is likely explained by good
access to suitable breeding habitats (mostly low, flat rocky shores) and the
comparatively limited degree of exploitation in this outer region (Paper III and
IV). Overall, the environmental variables had larger parameter estimates in
models explaining species richness than had protection category (Paper II) or
shoreline exploitation (Paper III). This point to archipelago landscape
characteristics being the main drivers of bird richness.

4.1.2 Beta diversity

The different effects which we found of distance to open sea, land area and
archipelago width on specialists and generalists suggest a turnover of species
when moving along these environmental gradients (i.e. from close to mainland
towards open sea).

Differences in community composition (measured as both Bs and Prc)
between squares within the specialist and generalist species groups were
primarily driven by differences in land area and distance to open sea (Paper I,
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Fig. 10). Species turnover is usually stronger the steeper the environmental
gradient (Kessler et al., 2009), and it is often related to habitat heterogeneity
(Veech & Crist, 2007). Further, differences in community composition are
often a consequence of spatial variation in habitat, especially for birds (Reif et
al., 2008; Veech & Crist, 2007; Mac Nally et al., 2004; Brown et al., 1995).
However, land area and distance to open sea were unlikely drivers of
community composition, per se, but rather proxies for other factors that
determine the presence of different species. For example, a large land area in a
particular square is often due to the presence of large islands, which tend to be
more covered by vegetation compared to small islands (Ronka et al., 2008).
Hence, such habitat heterogeneity likely promotes and maintains spatial 3
diversity patterns in the archipelago (Suurkuukka ez al., 2012; Freestone &
Inouye, 2006; Loreau, 2000).
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Figure 10. Magnitude of the correlation coefficients between differences in coastal breeding bird
communities and differences in environmental variables. Bars represent » values, estimated by
partial Mantel test, which are the correlations of A) Serensen’s dissimilarity index (Bs) or B) the
probabilistic Raup-Crick measure (Brc) with the distance matrices for the explanatory variables.

4.2 Effectiveness of protected areas

4.2.1 Species richness and abundance

In paper II, we show that animal sanctuaries (N=215) were significantly more
effective in capturing species richness, while nature reserves (N=877) were less
effective, than unprotected squares (N=3,554) regarding specialist species as
well as red-listed specialist species (Table 2).

Further, more than half of the species had a significantly higher average
number of breeding pairs in animal sanctuaries than in unprotected squares
(N=26). Also, rare specialist species were more concentrated to animal
sanctuaries than common specialist species were.
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Table 2. Number of breeding specialist, generalist and red-listed specialist bird species per
square in relation to protection category and environmental variables. Unprotected squares form
the baseline which the other categories are compared to. Protection categories are shown in
bold.

Specialists Generalists Red-listed specialists™*

Estimate P-value Estimate P-value Estimate P-value
Intercept 2.6439 <0.001 1.3039 <0.001 -0.1812 <0.001
Animal 0.0711 <0.001 0.1432 0.0035 0.2299 <0.001
sanctuary
Nature -0.0317 <0.001 -0.0407 0.1784 -0.1466 <0.001
reserve
?eftance to 02515 <0.001 0.1070 <0001 -0.3062 <0.001
Land area -0.0969 <0.001 -0.0862 <0.001 -0.5239 <0.001
Shoreline 0.0423 <0.001 03227 <0.001 0.1480 <0.001
length
Archipelago
ith 0.1139 <0.001 -0.1130 <0.001 0.2040 <0.001

*Spatial autocorrelation has not been taken into account in the model for red-listed specialist species, because
of convergence problems.

Gaston et al. (2008) argue that increased protected area effectiveness can be
achieved by protection in places of high species richness or high abundance of
certain species. For example, Common Murre Uria aalge and Razorbill have
breeding populations highly aggregated to certain islands. Hence, many such
islands have since long been protected in order to secure the long-term survival
of these species. The fact that animal sanctuaries still manage to capture
species of conservation concern, even though some areas were established
some 30 years prior to the bird inventory, indicate limited spatial dynamics for
some species. Protected areas can also be effective because the protected areas,
although originally maybe not having higher species richness than unprotected
areas, have had lower levels of threats (Gaston et al., 2008). The County
Administrative Boards have, e.g., imposed regulations that prohibit humans
from entering some animal sanctuaries during the breeding season. This may
have contributed to increased species richness and abundance of species that
prefer to nest in undisturbed areas, perhaps due to a redistribution of birds from
other areas into undisturbed areas.

4.2.2 Identifying bird diversity hotspots

A rarity-weighted diversity index showed that animal sanctuaries were better in
capturing hotspots of bird diversity, compared to nature reserves and
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unprotected areas. Hotspots, both protected and unprotected, were scattered
throughout the entire archipelago (Fig. 11).

The RWRI index showed that hotspots had a mosaic distribution throughout
the whole archipelago and that many of them still lacked protection (Fig. 11).
Therefore, the rarity-index may be useful to identify potential gaps in the
protected area network. Conversely, since hotspots also were situated in
unprotected areas, this may suggest that birds breed in suitable areas regardless
of protection status. If this is the case, further protection may not be needed. If
no new animal sanctuaries are established, the future management of
unprotected shorelines will be very important for future bird conservation.
Nevertheless, most animal sanctuaries were small and scattered throughout the
archipelago. Therefore, any potential future animal sanctuaries may be rather
small and still function as sanctuaries for many species.
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Figure 11. Classification of squares based on the rarity weighted richness index (RWRI), i.e. the
hotspot analysis. At higher cut-off values, i.e. 20% (red) and 50% (orange), rare species are more
important since they have a higher weight assign to them.
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4.3 Shoreline exploitation

4.3.1 Exploitation index and exemptions

The degree of exploitation was found to increase with increasing distance to
open sea (Paper III). Likewise, applications for exemptions from the general
shore protection regulation in the Varmdd municipality were also more likely
to be granted close to previously exploited areas (Paper IV, Fig. 12). Degree of
exploitation and the likelihood for applications for exemptions to occur both
increased significantly with increasing shoreline length (Paper III and IV).
These results are in line with those of Sundblad and Bergstrom (2014), who
found a large relative increase in development rate for shorelines which already
were exploited to some degree.
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Figure 12. The combined weighted index of buildings and jetties (to the left) shows that the zone
closest to open sea is comparatively unexploited (blue), while inner parts are more exploited
(orange and red). The area outlined and shown to the left is the municipality of Varmdo, where
applications for exemptions from the shore protection regulation are shown as red stars.

Applications for exemptions were common, and an overwhelming amount of
the applications for exemptions were granted (96%, N=403), despite a lack of
site-specific data on biodiversity. A common statement in the reasons given for
granting exemptions was that the planned exploitation will not impair the
living conditions for animals and plants. However, according to the public
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documents, only a minority of the cases presented information on site-specific
knowledge. The information referred to was a habitat model of fish recruitment
(Bergstrom ef al., 2007) and terrestrial inventories showing high conservation
values. Interestingly, in most cases where site-specific knowledge was present
the applications were rejected, meaning that most granted cases used no site-
specific information. Indicating most applications are granted without specific
knowledge of the animals and plants present at a particular site, which is a
problem that is not unique to Sweden (Reed et al., 2014; Rissman et al., 2007).

4.3.2 Effects on coastal bird richness

In paper 111, we found that the number of specialist and generalist species were
differently affected by the degree of shoreline exploitation (Fig. 13). Species
richness of specialist species decreased as human shoreline exploitation
increased. However, no distinct effect of shoreline exploitation on generalist
species richness was found. Similarly, in paper IV, we found that the
probability of applications for exemptions from the general shore protection
regulation to occur was higher in squares with fewer specialist species.
Negative relationships (mainly for coastal specialist species, Fig. 13) may be
due to specialist species and humans having different habitat preferences, or
that human disturbance causes specialist species to avoid exploited areas.
Positive correlations between human exploitation and coastal birds may be
caused by humans and birds (mainly generalist species) sharing original habitat
preferences. Possible mechanisms explaining the relationships that we found in
paper III and IV are discussed below.
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Figure 13. Number of species found, with 95% confidence intervals, for specialist coastal
breeders, blue circles, and generalist coastal breeders, green circles. N1=2,528; N>=990; N3=512;
N4=188 and Ns=175.
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Habitat preferences

Similar or dissimilar original habitat preferences of humans and birds will
cause either positive or negative relationships between human shoreline
exploitation and bird diversity. For example, many coastal specialist species
have a strong preference for exposed shorelines close to open sea (Fig. 8A)
(Heindnen et al., 2012; Heindnen et al., 2008), whereas humans generally
choose shorelines which are less exposed and thus located closer to the
mainland (Fig. 12). Hence, the negative effect of human exploitation on
specialist species richness could be explained by large scale geographic
distribution of humans and coastal birds. The results in paper III indicated that
the most likely explanation was either that many coastal species avoided
humans or that in the mid and outer archipelago birds mainly prefer exposed
shorelines, while humans mainly prefer sheltered ones.

Changes in food availability

Shoreline exploitation may also affect the birds directly, via food availability
for many species through food addition, changes in vegetation types and
structures of the habitat, or indirectly, if the predation risk increases due to
disturbance and predators. The most obvious examples of food addition are
gulls eating human waste and leftovers from fishing (e.g., Pap et al., 2013;
Meager et al., 2012; Campbell, 2008) and grazing birds (geese and ducks) that
use the good grazing grounds of lawns (Campbell, 2008; Traut & Hostetler,
2004). Sundblad and Bergstrom (2014), showed that shoreline exploitation of
jetties in the Stockholm archipelago degraded the spawning grounds for fish,
causing reductions in the production of fish recruits, thus the habitat for fish-
eating bird species may also be degraded. However, we found no support for
any of these scenarios in our analyses.

Changed predation

Further, predation risks have been suggested to be either higher (Sorace, 2002;
Leseberg et al., 2000) and lower (Brzezinski et al., 2012) in exploited areas.
Predation by mink is often mentioned, since mink has been documented to
dramatically change the distribution of coastal breeding birds in this and other
archipelagos in the Baltic (Roos & Amcoff, 2011; Nordstrdm et al., 2004).
However, mink are often observed on islands regardless of degree of human
exploitation (Roos & Amcoff, 2011), likely because they are good swimmers
and widespread in the archipelago. None of our results suggests either
increased or reduced predation risk.
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Human disturbance

Human disturbance in areas with abundant food or close to nests may reduce
foraging success and food provisioning rates to young birds (Sabine et al.,
2008; Leseberg et al., 2000). Similarly, human disturbance at nesting sites
during the period when birds take care of the brood, may increase the risk of
predation of eggs or nestlings, since adult birds temporarily leave their nests or
young unattended (Tjorve & Underhill, 2008; Bolduc & Guillemette, 2003).
Previous studies suggest that there is interspecific variation in how species
tolerate humans (Laursen et al., 2005) and that habituation to the presence of
humans may reduce the effects of human disturbance (Pap et al, 2013;
Severcan & Yamag, 2011). Interestingly, several generalist species have been
reported to be less sensitive to human exploitation (e.g., Common Gull,
Mallard and Black-headed Gull Larus ridibundus) (Pap et al., 2013). This may
possibly be a contributing factor for the lack of any strong negative
relationships between richness of generalist species and the degree of human
exploitation.

An explanation to the negative relationship between probability of
application and the number of specialist species in paper IV may be that
previous exploitation has caused specialist species to disappear due to
disturbance. However, this is also where new exploitation is most likely to
occur (Paper IV). This may mean that as the degree of exploitation increases
(see also Sundblad & Bergstrom, 2014), so will the negative effects of
exploitation on birds. Such a continuous but slow process is difficult to
investigate, and cannot be revealed by short-term snap-shot data (e.g., Paper
II; Wood et al., 2015). This is generally known as the cumulative effects
problem or the ‘tyranny of small decisions made singly’ (Theobald et al.,
1997).
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5 Conclusions and implications for
conservation

The aim of this thesis was to explain spatial patterns of coastal breeding birds
using ecological factors, human shoreline exploitation and conservation actions
in the form of protected areas. Based on the results in this thesis, it is clear that
spatial patterns of coastal breeding birds, especially specialist species, are
highly affected by these factors.

Some important conclusions and summarized answers to the questions in
thesis aims are:

> Long shorelines are of great importance for species richness

Shorelines were found to be positively associated with species richness in
all four papers, i.e., species richness of both specialist and generalist species
increased as shoreline length increased. However, long shorelines in
combination with large land areas had a negative effect on species richness
of specialists. Distance to open sea had opposing effects on specialists and
generalists. Further, there were complex interactions. These results are
directly applicable when establishing new bird sanctuaries (i.e. deciding
which environmental variables to prioritize) and in evaluating exemptions
from the shore protection regulation (i.e. since presence of species of
conservation concern are linked to environmental variables). Small land
areas with long shorelines are highly valuable both for species richness in
general and for red-listed species in particular, and such areas should
therefore be prioritized in conservation planning.

> Animal sanctuaries were significantly more effective in capturing

specialist species richness than unprotected areas, while nature
reserves were less effective than unprotected areas

45



Animal sanctuaries captured both abundance and species richness of coastal
breeding birds of conservation concern (i.e. specialist species as well as red-
listed species). Animal sanctuaries were also better in capturing hotspots of
bird diversity compared to both nature reserves and unprotected areas.
However, many specialist species have large proportions of their
populations in areas that are currently unprotected. Therefore, relevant
management of unprotected shorelines is essential. Further, since reserve
selection needs to be based on a systematic approach with well-defined
targets, the results suggest that a rarity-index may be a valuable and useful
tool for identifying candidate sites.

» Specialist species richness decreased as human shoreline exploitation
increased
Shoreline exploitation had different effects on the number of specialist
species and generalist species. Specialist species decreased with increasing
exploitation, while there was no significant effect of increases in shoreline
exploitation on species richness of generalist species. The negative
relationships found may be caused by differences in original habitat
preferences and an avoidance of human disturbance. The results further
emphasize the need to protect the shoreline against further exploitation and
to provide guidance for authorities in their work with handling applications
for new building sites.

» The proportion of granted exemptions from the shore protection
regulation was 96%
Granted applications for exemptions most often occurred close to already
exploited areas, and the occurrence of applications was negatively related to
the number of specialist species. The effect on biodiversity was often
assessed, but references to specific information on biodiversity were rare.
However, when specific information was available, the application was
usually rejected. This implies that if more specific information was
available, perhaps more applications would be rejected since the impact on
biodiversity could be more fully assessed. Furthermore, this emphasizes
that there is a clear need for repeated inventories of both changes in the
degree of exploitation and in bird diversity in order to identify and consider
exploitation effects on birds and other organisms for future implementation
of shore protection by authorities.

A future development of this work would be to collect and analyse time-series
data on birds and shoreline exploitation, for example to compare bird
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communities before and after protection or exploitation. Also, mapping more
fine scale habitat characteristics, e.g., different shore types and water depth,
may provide more accurate knowledge about mechanisms that determine
species diversity.
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