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1 Introduction 

 

Biodiversity is declining across the globe (Butchart et al. 2010). The IUCN Red List, which 

is often used to measure species’ risk to go extinct, is showing alarming biodiversity 

declines both globally and within Finland (Butchart et al. 2010, Juslén et al. 2013). 

 

Establishment of protected areas is a commonly used but costly tool to prevent biodiversity 

loss (Ando 1998, Watson et al. 2014). However, very little is known about the performance 

of protected areas in species protection in large scale (Geldmann et al. 2013). There is an 

urgent need for tools to assess the performance of these conservation investments 

(Sutherland et al. 2004, Ferraro & Pattanayak 2006, Watson et al. 2016).   

 

In this thesis I studied whether the addition of either protected area or monetary 

investment on the Finnish protected area network has improved the conservation status of 

Finnish breeding birds.  

 

1.1 Conservation status measures the risk of a species to go extinct 

 

Extinction is a part of the natural life cycle of a species. It is the process of change from a 

viable species to an extinct one. Going extinct by definition means that there is no 

reasonable doubt that the last individual of the species has died (IUCN 2000). Based on 

fossil records of past extinctions, an average lifespan of a species has been estimated to 

be 1-10 million years. This is the average background extinction rate (May et al. 1995). In 

recent years, the aggregate rate of extinction for vertebrates has been estimated to be 

around 1000 times the background extinction rate, mostly as a consequence of the 

growing human population (Mills 2012: 8-12, Pimm et al. 2014). The extinction rate is 

projected to further increase due to climate change, land use change and multiple other 

human-induced drivers (Pereira et al. 2010, Pimm et al. 2014). 

 

Even on the current accelerated extinction rate, extinctions happen relatively infrequently. 

Therefore, the events of species extinction can only provide us knowledge of an extremely 

long-term change in biodiversity. To gain a better insight on how fast the extant species 
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are declining towards extinction at this moment, we need a system to measure the risk for 

a species to go extinct. 

 

The most widespread quantitative tool to measure the risk for a species to go extinct is the 

IUCN Red List Categories and Criteria, often referred to as the Red List (IUCN 2000, 

Lamoreux et al. 2003, De Grammont & Cuarón 2006, Rodrigues et al. 2006). The Red List 

uses the species’ population and range sizes as well as the recent changes in these two, 

along with other criteria, to assess the conservation status of a species. Comparing 

changes in conservation status assessments over time gives us a tool to estimate whether 

the extinction risk of a species, or a group of species, is increasing, decreasing or 

remaining the same. 

 

1.2 Protected areas are a common but costly method of biodiversity 

conservation 

 

One of the most fundamental questions in conservation science is what are the most 

useful and effective tools for achieving good conservation outcomes (Salafsky et al. 2002). 

Conservation science is lacking reliable empirical measures and evidence-based metrics 

to measure the success of conservation (Sutherland et al. 2004, Ferraro & Pattanayak 

2006, Watson et al. 2016).   

 

The most commonly used tool for species conservation is establishment of protected 

areas (Butchart et al. 2012, Watson et al. 2016). The World Conservation Union defines 

protected areas as ‘an area of land and/or sea especially dedicated to the protection and 

maintenance of biological diversity, and of natural and associated cultural resources, and 

managed through legal or other effective means’ (Dudley 2008). This is reflected in 

international and national policies, for example in the Finnish conservation policy, where 

the primary objective of the Finnish protected area network is to protect the diversity of 

species and habitat types (Ministry of Environment 2016). Historically protected areas 

have been established for a variety of reasons: to conserve ecosystems and their 

constituent species (Dudley 2008), protection of specific threatened species or an umbrella 

species (Liu et al. 2001, Caro 2003), ecosystems services (Campos & Nepstad 2006) or 

for cultural and social reasons (Porter-Bolland et al. 2012). Recently, the Conference of 
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Parties (COP) of the international treaty for biodiversity conservation (The Convention on 

Biological Diversity), has set, among others, the Aichi target 11. This target aims for 

expansion of the international protected area network to cover 17% of the terrestrial area 

of the world by 2020 (Convention on Biological Diversity 2010).  

 

The designation of protected areas entails costs in terms of both land-use and money 

(Kukkala 2017). This cost is most often covered by using public funds (Dixon & Sherman 

1991). In the world of finite public resources, it is important to know if the investment in 

species protection yields the wanted conservation results. 

 

Cost-efficient protection requires that the largest amount of desirable attributes is achieved 

in the smallest amount of money possible (Kukkala & Moilanen 2013). A recent study has 

shown, that in general, the increased conservation spending on the state level does 

increase the level of biodiversity conservation (Waldron et al. 2017). This analysis, 

however, did not include Finland due to lack of information on conservation investment. 

There has not been an evaluation of the Finnish protected area network in terms of cost-

efficiency, or on how increased investment affects the biodiversity. 

 

Conservation is suffering from serious underfunding (McCarthy et al. 2012). The amount of 

money used on conservation globally (including establishment and management of 

protected areas and all the other types on conservation measure) has been estimated to 

be around 21.5 billion USD per annum (James et al. 1999). If the international goal to halt 

biodiversity decline by 2020 (Convention on Biological Diversity 2010) is to be met, the 

amount should be around three times as much, 76 billion USD per annum globally 

(McCarthy et al. 2012).  

 

There are three types of costs that occur while establishing and managing protected 

areas: direct costs, indirect costs, and opportunity costs (Naidoo & Ricketts 2006). The 

direct costs refer to costs related to the establishment of the protected areas, such as 

money used for acquiring land, compensations for the people who might have to relocate 

from the protected area, and building the needed infrastructures (Dixon & Sherman 1991). 

The price of the land often heavily influences the choice of areas to protect (Ando et al. 

1998). Even though lower land prices might enable more land to be protected, the lower 
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cost per hectare could, however, yield lower conservation impact as the land might be less 

rich in biodiversity or it does not face the same conservation threats as more expensive 

land (Pfaff et al. 2009). Indirect costs include the ecosystem disservices caused by the 

protected area. These can include things such as the harm caused by the animal species 

living in the protected area who then roam outside of the area causing trouble to the 

residents of the neighboring areas. Opportunity costs are the costs due to allocating a 

piece of land for protection instead of using it for other purposes such as forestry, 

agriculture, industry or housing (Dixon & Sherman 1991). In this thesis, I will be focusing 

on the direct costs of acquiring the land for protection use and compensations for the 

landowners for establishment of protected areas on their lands. 

 

The amount of money used nationally in acquiring and managing protected areas varies 

greatly. From as little as <1 USD per protected area km2 in Angola in 1991, the annual 

spending can soar up to 1.5 million USD per km2 in St. Lucia in 1996 (James et al. 1999, 

Balmford et al. 2003). The yearly averages are highly influenced by through which ways 

the protected areas are established. The costs of establishing protected areas often fall 

into the hands of the national governments. In most countries in the Western world, most 

land is privately owned, so establishment of protected areas first requires the land to be 

purchased by the government. According to James et al. (1999) in Finland, where either 

the government before the protected area establishment buys the land or the landowners 

are granted a monetary compensation for establishing the protected area, the average 

investment has been 484 USD per km2 of protected area in 1994.  

 

1.3 How to measure the effectiveness of protected areas in improving 

species’ conservation status? 

 

To use protected areas as a key strategy for halting biodiversity loss as efficiently as 

possible, we must know how effective protected area are in reducing the biodiversity loss. 

Protected areas are found to help biodiversity conservation in general (Bruner 2001, Arico 

et al. 2005, Leverington et al. 2010, Laurance et al. 2012), but they are still deemed 

insufficient to meet the global conservation goals (World Resources Institute 2005). There 

is relatively little known about what protected areas can achieve on the species level 

(Craigie et al. 2010, Geldmann et al. 2013) and only limited evidence that links the 
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establishment of protected areas to an improved conservation status of species (Brooks et 

al. 2009, Hoffmann et al. 2010, Butchart et al. 2012). In some cases, despite habitat 

protection, species have declined even within the protected area boundaries (Ellermaa & 

Lindén 2011, Ahmad Zafir et al. 2011, Maisels et al. 2013, Riggio et al. 2013, Watson et al. 

2014). Therefore, previous research has shown that it is crucial to learn from the already 

existing protected areas to know what works and what does not (Ferraro & Pattanayak 

2006, Knight et al. 2008). To do this, we need methods of evaluation of the performance of 

current protected area network and its impact on the biodiversity. 

 

The process of protected area establishment can be viewed through a framework called 

the result chain framework for conservation management (fig. 1) (Margoluis et al. 2013). 

The result chain framework has its origins in the methods used in evaluation and result 

based management of development projects (OECD 2001) and has been converted to be 

used as a conservation planning framework by Margoluis et al. (2013) and Pressey et al. 

(2017). 

 

Figure 1: Result chain of conservation actions (Pressey et al. 2017, OECD 2010, Margoluis et al. 2013).  

 

The result chain for conservation management links impacts of conservation to three other 

variables: inputs, such as money, resources, and working hours put into the conservation 

efforts, which result in outputs, such as amount of area protected. Outputs then lead to 

outcomes, such as protected area representativeness, which shows how much of the 

biodiversity has been covered in terms of species ranges or habitat types (Abellán et al. 

2011, Kukkala & Moilanen 2013). Outcomes, in turn, result in impacts, which can be an 

improvement in the population, decline in the population or no visible effect on the 

population at all. It could also be a change in some other indicator, such as the change in 

species’ Red List status (Pressey et al. 2017).  

Input (Money)
Output 

(Conserved area) 
Outcome 

(Representation)

Impact (Change 
in conservation 

status)
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The effectiveness of establishment of protected areas can be measured in this framework 

in two ways (Gaston et al. 2006). Firstly, an inventory method can be used to study the 

representativeness of the protected area network on all types of species and biodiversity 

features. This would translate to measuring the outcomes in the results chain above. 

Secondly, a condition method can be used to review the persistence or the status of 

biodiversity features such as the viability of observed levels and dynamics of genetic 

diversity, population sizes or species occurrences or the condition of a habitat or 

vegetation type. This is measuring the impact of the conservation action. Efficiency of 

conservation is closely linked to effectiveness. Efficiency measures how well the inputs 

such as monetary investment lead into wanted conservation results (Kukkala & Moilanen 

2013). 

 

In previous research, it has been common to use outcomes rather than impacts as a 

measure to evaluate the effectiveness of protected areas. This includes approaches for 

measuring success in terms of how well the current networks manage to cover the species 

ranges (e.g. Montesino-Pouzols et al. 2014, Kukkala et al. 2016). However, the goal of 

conservation in the end is the impact, the possible improvement in the level of biodiversity. 

Therefore, in order to know if the conservation leads into the desired goal of biodiversity 

improvement, we should also study the inputs, that is investment, and outputs such as 

protected area in relation to the actual biodiversity development, such as the conservation 

status of the species (Pressey et al. 2017).  

 

Protected area establishment and its effects are often hard to study (Geldmann et al. 

2013). Different geography, climate conditions and varied ecological factors make all the 

protected areas unique and without precise points of reference (Joppa & Pfaff 2010). Also 

protected area can only be established once in time and cannot be repeated at the exact 

same manner. However, to overcome this, a counterfactual approach (e.g. Gordon et al. 

2011, Bull et al. 2015) has been developed. It aims to find good enough comparisons to 

assess the effects of the protected area establishment. Two common ways to use the 

counterfactual approach are either by matching or time-series analysis.  
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Research on the counterfactual approach has been focused on the matching approach. In 

matching, protected areas are compared to ecologically and socioeconomically similar 

unprotected areas (Pressey et al. 2017). With matching approach, protected areas have 

been found to be able to reduce habitat loss and to have generally higher species and 

assemblage abundances as well as higher species richness levels compared to 

unprotected areas (review by Geldmann et al. 2013). Species listed in the Red List 

generally have greater abundances within protected areas than outside of them (meta-

analysis by Coetzee et al. (2014), however for an opposing result, see Negrões et al. 

(2011)). However, the use of the matching approach is limited to a restricted amount of 

protected areas as it is challenging to find suitable ecological and socioeconomic matches. 

Protected areas tend to be established in a biased manner in areas with lower than 

average threats (Pfaff et al. 2009), lower land prices (Ando et al. 1998), higher elevations, 

steeper slopes (Joppa & Pfaff 2009), worse accessibility and lower suitability for 

agriculture (Andam et al. 2008, Joppa & Pfaff 2009). Also only few studies take into 

account the differences in both similar ecological characteristics and human pressure to 

areas while matching (e.g. Andam et al. 2008, Nolte et al. 2013, Eklund 2016). Especially 

for migratory species it is hard to find unprotected control populations to be matched with 

the protected ones (Geldmann et al. 2013). 

 

Time-series analysis works by comparing the protected area before and after protection. 

One way this can be done, is to compare species occurrence or population development 

within the protected area in different time periods (e.g. Ellermaa & Lindén 2011, Ahmad 

Zafir et al. 2011, Riggio et al. 2013, Maisels et al. 2013, Watson et al. 2014). There are 

also challenges to this approach due to limited amount of data available on the populations 

in the area before the protected area establishment (Gaston et al. 2006). Wide scale 

populations studies are also costly (Geldmann et al. 2013). Because of a great deficiency 

of available time-series data of sufficient quality, the work that has been done has focused 

on single protected areas, has been biased to charismatic species (Craigie et al. 2010) 

(Craigie et al. 2010)  and in general has lead to inconclusive results (review by Geldmann 

et al. 2013).  

 

The approach I used in this thesis is related to time series analysis. It follows the idea by  

Ferraro & Pattanayak (2006), who suggest weighing conservation inputs, such as money, 
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directly against ecological improvements in species populations and habitats. I compared 

the changes in the conservation status between different species from before to after an 

addition of protected area and protected area investment on their ranges.  

 

1.4 Goals of the thesis 

 

In this thesis, I studied the increased inputs in conservation (monetary investment in 

acquiring new protected area) and increased outcomes of conservation (amount of 

protected area) and their relation to the eventual impact of conservation (change in bird 

conservation status). By this, I aimed to discover if the protected area establishment has 

been ecologically impactful in national level bird protection. I have chosen birds, as they 

are one of the most well know taxa (Birdlife International 2018) as well as one species 

group that is facing one of the most dramatic biodiversity declines in Finland (Tiainen et al. 

2016). From earlier research we know that small scale conservation efforts, such as 

species-specific habitat protection and nest-site protection have been found to improve the 

conservation status of some birds, such as the white-backed woodpecker (Dendrocopos 

leucotos), the red-throated diver (Gavia stellata) and the Golden eagle (Aquila chrysaetos) 

(Tiainen et al. 2016). At the global level, there is some evidence that conservation could 

have reduced the decline in birds over the past 4 decades by 20% (Hoffmann et al. 2010). 

A few studies on the global level suggest that protected areas are decreasing extinction 

risk in birds (Hoffmann et al. 2010, Butchart et al. 2012). On the other hand, in some cases 

it seems that some bird species are declining even within protected area boundaries 

(Gilligan et al. 2005, Ellermaa & Lindén 2011). 

 

I first studied how the conservation status of Finnish breeding birds as a group has 

developed in recent years by calculating the Red List Index for the Red List assessment in 

2015, which has not been done previously. I then studied the effect of increased protected 

area on the species and compared it to the development of their Red List status. Lastly, I 

looked at the level of public investment in establishing these protected areas and saw if 

there is an association between the amount of money invested on protected areas on each 

species’ range and the change in their national Red List status.  
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Research questions 

1. What has been the recent development in the Red List Index of Finnish birds from 

2010 until 2015? 

2. Has the increased coverage by protected area of a bird species’ range in 1996-

2010 improved their conservation status? 

3. Has the increased investment in protected areas on the bird species range in 1996-

2010 improved their conservation status? 

 

Based on these research questions and literature I formed the following a priori 

hypotheses for this thesis: 

1. Following prior trend, the Red List Index for Finnish birds keeps declining (Juslén et 

al. 2013). 

2. Increased protected area coverage improves conservation status of a species 

(Hoffmann et al. 2010). 

3. Increased protected area investment improves conservation status of a species 

(Pfaff et al. 2009, Waldron et al. 2017). 
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2 Materials and methods 

 

In order to study the effect or protected areas on bird conservation status I compared the 

performance of different species that have gained different conservation inputs. I created 

and tested a method that could be implemented in further research to study the protected 

area network expansion and conservation status.  

 

In order to assess the effect of protected area I used a combination of different datasets, 

as seen in table 1. Below I introduce the different datasets and their background. I also 

present the data exploration and processing done in order to use them in the analyses. In 

the last section of this part, I look more in detail into the analysis methods used in this 

thesis. 

 

The timeframe for this work for protected area establishment and investment was 1996-

2010 and for conservation status change is 2010-2015. I chose these timeframes based 

on the data availability for investment (data available for 1996-2010) as well as the 

availability of the data on Red List assessments (comparable data available for 2000-

2015). The five year time gap between the last protected area establishment and the last 

assessment of conservation status in focus is in line with an assumption that conservation 

actions, as any other change in the habitat, takes some time to display itself in the nature 

(Brooks et al. 1999, Jackson & Sax 2009, Metzger et al. 2009). 
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Table 1. List of datasets used in this thesis 

 
  

Dataset Details Source 

Protected areas in Finland: Wilderness 
areas 

Spatial data, 1 : 20000 vector format (Esri 
shapefile) 

Metsähallitus, freely available at 
http://www.syke.fi/fi-
FI/Avoin_tieto/Paikkatietoaineistot 
Data used in this thesis was extracted 
October 18, 2017 

Protected areas in Finland: State owned Spatial data, 1 : 20000 vector format (Esri 
shapefile) 

Metsähallitus, freely available at 
http://www.syke.fi/fi-
FI/Avoin_tieto/Paikkatietoaineistot 
Data used in this thesis was extracted 
October 18, 2017 

Protected areas in Finland: Privately 
owned 

Spatial data, 1 : 20000 vector format (Esri 
shapefile) 

Metsähallitus, freely available at 
http://www.syke.fi/fi-
FI/Avoin_tieto/Paikkatietoaineistot 
Data used in this thesis was extracted 
October 18, 2017 

Government investment on protected 
areas in Finland 

Includes both regional investment and 
regional coverage of new protected areas 
in 1996 – 2010 

Provided by the Ministry of Environment 
to my supervisor Anni Arponen 

Species distribution, Finnish Bird Atlas 3 Spatial data, 10 km x 10 km resolution 
raster files for 249 species 

Finnish Bird Atlas, provided by The 
Helsinki Lab of Ornithology, The Finnish 
Museum of Natural History  

The Finnish Red List for birds 2015  Tiainen et al. (2016) 

The Finnish Red List 2010  Rassi et al.( 2010) 

The Finnish Red List 2000 Corrected after additional information 
after initial assessment (backcasted) 

Rassi (2001) 
Backcast provided by Aino Juslén, 
Finnish Museum of Natural History 
LUOMUS (personal communication 
14.7.2017) 

Species phylogeny Includes species names and order names 
for all the species used in this thesis 

IOC World Bird List v 8.2 by Gill & 
Donsker (2018) 

Species body mass and migration 
ecology 

 Extracted from Solonen (1994), provided 
by my supervisor Andrea Santangeli, 
Helsinki Lab of Ornithology, Finnish 
Museum of Natural History 

http://www.syke.fi/fi-FI/Avoin_tieto/Paikkatietoaineistot
http://www.syke.fi/fi-FI/Avoin_tieto/Paikkatietoaineistot
http://www.syke.fi/fi-FI/Avoin_tieto/Paikkatietoaineistot
http://www.syke.fi/fi-FI/Avoin_tieto/Paikkatietoaineistot
http://www.syke.fi/fi-FI/Avoin_tieto/Paikkatietoaineistot
http://www.syke.fi/fi-FI/Avoin_tieto/Paikkatietoaineistot
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Table 2. Datasets used for each research question in this thesis 

 

2.1 Finnish breeding birds 

 

To measure the impact of conservation, I used the change in conservation status of 

Finnish breeding birds in the national IUCN Red List assessments. I chose birds as the 

focus of this study because they are one of the most studied taxa in the world and 

therefore both nationally (Rassi et al. 2010) and globally well-known and monitored in their 

distributions and ecological traits (Birdlife International 2018). This is because they are 

easy to observe due to their large body size and audible communication (Troudet et al. 

2017). There are both high-quality distribution datasets as well as conservation status 

assessments on them readily available, thanks to a keen group of well-trained volunteers 

and professionals recording bird observations. 

 

By 2015, a total of 474 bird species have been recorded in Finland (Tiainen et al. 2016). 

Many of these species are only occasional visitors and therefore not significantly affected 

Question 1 The effect of protected area 

on conservation status 

Question 2 The effect of investment on 

conservation status 

Question 3 The Red List Index 

Red List assessment 2015 Red List assessment 2015 Red List assessment 2015 

Red List assessments 2000 Red List assessment 2000 Red List assessment 2010 

Protected areas in Finland: state-owned Protected areas in Finland: state-owned  

Protected areas in Finland: privately-owned Protected areas in Finland: privately-

owned 

 

Protected areas in Finland: wilderness 

areas 

Protected areas in Finland: wilderness 

areas 

 

Finnish Bird Atlas 3 Finnish Bird Atlas 3  

 

Species phylogeny 

 

Government investment on protected 

areas in Finland 

 

Species body mass and migration ecology Species phylogeny  

 Species body mass and migration 

ecology 
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by any conservation measures taken in Finland. However, the species that frequently nest 

and breed in Finland are highly affected by changes in their breeding areas. In this thesis I 

followed the definition for breeding birds used in the Finnish Red List of birds 2015 

(Tiainen et al. 2016), where there are 249 taxa of breeding birds in Finland, of which 247 

are individual species and 2 are subspecies of one species, the dunlin Calidris alpina.  

 

2.2 Protected area coverage on species' range and the cost of 

protection 

 

For studying the effect of added protected area and the cost of protection on conservation 

status, I acquired the amount of protected area per species by counting the overlap of 

protected areas on the distributions of each bird species. I did all the spatial data 

conversion and analysis in this thesis using ArcMap (v10.3.1. Esri, Redlands, CA, USA, 

2015). 

 

2.2.1 Species distributions for Finnish breeding birds 

 

While counting how much protected area has been increased in each species' range I 

used the Finnish bird atlas 3 (Valkama et al. 2011) for the species ranges. It is a combined 

dataset of observed breeding events of each bird species covering the whole of Finland. 

Bird atlas is collected as a collaboration of the Ministry of Environment, the Finnish 

Museum of Natural History, researchers and active bird-watchers. The atlas survey 

method divides the country into 3859 10km x 10km squares on which the breeding 

occurrence is mapped. Each of the squares is surveyed for all the breeding bird species 

once during the atlas survey period and the breeding probability has been set on a scale 

from 0 = not found to 4= confirmed breeding. In this work, I used a binary modification of 

this data, which considers the classes from 0 to 1 to be absent and the classes from 2-4 to 

be present. The atlas data used in this thesis was collected in 2006-2010. The map type 

used for this thesis is a simple binary occurrence map of observed breeding events.  
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2.2.2 Finnish protected area network 

 

To measure the amount of new protected area on each of the bird species ranges, I used 

a spatial dataset of the protected areas in Finland in 1938-2010. Approximately 8.5% of 

Finnish territory was covered by protected areas in 2010 (Tilastokeskus 2014). Finland 

belongs to the Palearctic region and boreal forest zone or taiga covers most of the country 

(WWF 2018). Finnish protected areas vary in terms of vegetation while moving from south 

to north along the relatively long country: from the hemi boreal zone of the archipelago of 

south-western Finland to the southern boreal zone, middle boreal zone all the way up to 

the north boreal zone in Lapland (Kare et al. 1998).  

 

Forest and semi-natural areas cover a total of 74.2% of terrestrial Finland. Most of the 

forest is coniferous forest (36% of the all land coverage types) and mixed forest (16%). 

Agricultural land, which occupies approximately 7% of the country (Härmä et al. 2015), 

doesn't have any designated protected areas (Laurén 2017) but other types of measures 

of protection are in place in order to preserve the biodiversity in these regions (Heinonen 

2013). 

 

The Finnish protected area history is relatively long, starting with the first national and 

natural park being established in 1938 (Ahonen 2001). This has led to a protected area 

network that, historically, has had multiple different motives behind its periodical 

expansions. In 2013, the Finnish protected area network covered 3.5 million hectares. The 

network is still expanding, principally through the implementation of national protected area 

programs such as Forest Biodiversity Programme for Southern Finland, METSO 

(Valtioneuvosto 2014).  

 

Finnish protected areas are a mix of state-owned areas as well as privately owned areas. 

Most of the protected areas are permanently protected and remain protected even in the 

case of land-ownership change. Most of the private protected areas are established as 

part of national conservation programs and have mostly similar characteristics to the state-

owned protected areas (Heinonen & Juvonen 2013). However, the privately-owned 

protected areas tend to be smaller and more scattered than the state-owned protected  
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Figure 2. Protected area network of Finland, including both public and private protected areas as well 

as wilderness areas. (Data source: Metsähallitus) 
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areas. There is also state funding for private landowners that want to protect areas of 

ecological importance temporarily (Heinonen 2013). In this thesis, I focus on the 

permanently protected areas of both national and private ownership. 

 

As seen in fig. 2, the emphasis of the Finnish protected area network is in the northern 

parts of the country. Majority of this is made up of wilderness parks, a specific type of 

state-owned protected areas which make up to 42.6% of the total area of protected areas. 

In addition to this, in general, most of the protected areas that cover more than 1000 

hectares are in the northern parts of the country. Conversely, Southern Finland has a high 

number of small protected areas. 

 

Table 3. Protected area types based on IUCN categories in Finland and their land cover. * following 

(Heinonen & Juvonen 2013), ** following (Tilastokeskus 2014). IUCN protected area categories: Ia: 

Strict nature reserve, Ib: Wilderness area, II: National park, III: Natural monument or feature, IV: 

Habitat/species management area, V: Protected landscape/seascape, VI: Protected area with 

sustainable use of natural resources 

Finnish protected area 

type 

IUCN category >1000ha* IUCN category 

<1000ha* 

Area covered (ha) ** % of all PAs 

National parks II (Lemmenjoki Ib)  980697 28.1 

Strict nature reserves Ia IV 153492 4.4 

Mire reserves Ib IV 461989 13.2 

Herb-rich forest reserves  IV or Ia 1169 <0.1 

Old-growth forest 

reserves 

Ia  IV 9801 0.3 

Other protected areas Ia or Ib (areas in protection 

programmes), II or V 

(national outdoor parks), V 

(Inarin retkeilyalue),  

IV 67522 1.9 

Protected areas on 

private land 

mostly Ib, occasionally Ia mostly IV or 

occasionally V 

295342 8.5 

Protected areas on Åland   35500 1.0 

Total   2005512 57.4 

Wilderness areas Ib  1489113 42.6 

Total all   3494625 100.0 

 

The level of protection in the Finnish protected areas varies widely. Some parks, such as 

the wilderness parks (IUCN category Ib, see Appendix 4) allow relatively high level of 

human activity such as commercial reindeer herding by native people. Hunting is permitted 

in many national parks and private protected areas (categories Ib to IV). Hiking is 

permitted in national parks and national outdoor parks (categories II and V). However, 
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there are also strict nature reserves without any other human use except scientific 

research or education (category Ia) (Heinonen 2013). After joining the European Union in 

1995, a part of the Finnish protected area network has been a part of the European Union 

Natura 2000 network. Approximately 30% of the protected areas of Finland are considered 

as Natura 2000 areas, as it requires them to be primarily focused on biodiversity 

conservation (IUCN categories I-IV) (European Environment Agency 2012). 

 

The Ministry of Environment or the regional Centres for Economic Development, Transport 

and the Environment (ELY centres from here on) lead the establishment process of 

protected areas in Finland. The state-owned protected areas are managed by a state 

enterprise, Metsähallitus (Metsähallitus 2017). 

 

The spatial data on the protected areas I used in this thesis are a combination of three 

similar spatial datasets, one for protected areas on private land, one for protected areas on 

public land and one for wilderness areas, all provided by Metsähallitus. The datasets 

include all the permanent, established protected areas in Finland. The datasets include 

coordinates of all the protected areas as Esri shapefiles. The dataset also includes the 

dates of the decision of establishment and on which administrative region the protected 

area is located (fig. 3). The datasets are publicly available at Finnish Environment Institute 

(SYKE) open data service with Creative Commons BY 4.0 license (SYKE 2018). SYKE 

updates these datasets approximately twice a year. The datasets used in this thesis are 

published in September 26, 2017 and downloaded in October 18, 2017.  

 

To measure the investment on the protected areas per species, I used a dataset of direct 

costs of establishment of protected areas in Finland in 1996-2010. Majority of the costs in 

Finland for protected area establishment falls to the public sector, excluding some private 

costs for establishment of private protected areas outside of national conservation 

programs. Most of the costs of the establishment are either the money used for land 

purchase by the government or government compensation for private landowners for 

protecting their lands permanently. The Ministry of Environment, Metsähallitus and the 13 

regional ELY centres, have collected the dataset. The dataset has yearly public  
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Figure 3. Administrative regions of ELY centres in Finland. 
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investment (€) in the establishment of public and private protected areas in each ELY 

centre's administrative area. It also includes the yearly amounts of new protected area in 

hectares in the same areas. The administrative areas of ELY centres of Satakunta and 

Southwest Finland are combined in the dataset, as well as the ELY centres of 

Ostrobothnia and South Ostrobothnia. The autonomous region of Åland in the archipelago 

of southwest Finland is not included in the data. 

 

2.2.3 Creating the variables for protected area on species’ range and costs 

 

To measure the amount of new protected area on each of the bird species ranges, I first 

edited the protected area dataset. As the original protected area spatial data had very high 

detail, I reduced the number of vertices in polygons in all three protected area datasets 

(state-owned, privately-owned and wilderness parks) to process them further with ease. I 

did this with the minimum changes possible by using the Generalize tool in ArcMap with 

tolerance of 10m. After this, I merged the three datasets using Merge tool in ArcMap and 

combined all the overlapping protected areas that occurred between the datasets. I then 

excluded the protected areas that had no definitive establishment date or were established 

after 2010 from the dataset.  

 

Next, I grouped the protected areas into four time categories as follows: 

 

1) 1938-1996 

2) 1996-2000 

3) 2001-2005 

4) 2006-2010 

 

The first set of protected areas that were established before 1996 was used in order to 

account for the fact that some of the species’ have already previously protected areas 

before the study period and this is likely to affect their conservation status as well. The 

amounts of protected areas on each bird species’ range before 1996 was then used as a 

fixed effect in the statistical models for testing the effect of new protected area on species’ 

range on conservation status and the effect of investment on conservation status. 
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For the study period 1996-2010 I grouped the protected areas into three time categories of 

five years. I did this both for easier computing as well as for another reason: protected 

area costs don’t always fall on the same year as the protected area establishment (Leena 

Lehtomaa, ELY centre of Southwest Finland, personal communication 20.11.2017). 

Grouping them into 5-year periods evens out this kind of uncertainty on the actual year of 

the investment. 

 

I binned the different protected area polygons in the data into four separate shapefiles 

according to the establishment dates of the protected areas. I did the binning by using 

Dissolve tool in ArcMap while using the time period as the other dissolving variable and 

the ELY centre as the other dissolving variable. 

 

The costs of land are highly variable around Finland (Maanmittauslaitos 2018) and 

therefore the average investment in protected areas across Finland also varies. To 

account for this, I split the areas protected in the study period (1996-2010) into groups 

according to their respective administrative districts as well. I used the Dissolve tool on 

ArcMap. In this stage I obtained 13 different shapefiles for each time period (39 shapefiles 

in total) and one for the protected areas established before 1996. 

 

To compute the amount of protected area added on each period for each species on each 

administrative region I overlapped these 40 different shapefiles with all the bird species’ 

ranges. To do this, I used Zonal statistics as table tool in ArcMap, where I used the 

shapefiles for protected areas as the feature datasets and Bird Atlas species distribution 

maps as the value raster. I obtained a numerical value for the coverage of the protected 

areas on each time period on each bird species distribution.  

 

Table 4. Different shapefiles used in the Zonal statistics. 

Time period Shapefile format 

-1996 One shapefile covers whole country 

1996 – 2000 Split into 13 regional shapefiles 

2000 – 2005 Split into 13 regional shapefiles 

2005 – 2010 Split into 13 regional shapefiles 
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For the analysis on the effect of protected area on species’ range on conservation status I 

summed up the values across the time periods 1996-2010 and ELY centres obtaining one 

value for each bird for the entire Finland. These values were skewed towards small values, 

which can be problematic for statistical analysis (Zuur et al. 2010). I fixed the skewedness 

by log-transforming the values. For the effect of investment on conservation status, I kept 

these values separate at this stage. For the protected area coverage on each bird species’ 

distribution before 1996, the values were also skewed towards smaller values, so I log-

transformed them. 

 

To denote the monetary investment in protection, I used a total cost-estimate for each 

species for 1996-2010, derived from the amount of new protected area on their range on 

this period and the average price for this protected area. The dataset I used for this 

included the regional and yearly costs of protected areas in Finland in 1996-2010 and the 

protected hectares dataset derived in the previous section. I summed up the yearly costs 

for each administrative region for years 1996-2000, 2001-2005, and 2005-2010. I then 

divided the costs by the total added area on each 5-year period to come up with an 

average cost per hectare on protected area establishment during each 5-year period on 

each administrative area. I multiplied the corresponding amounts of new protected area on 

each species’ range on each administrative region with the amount of 5-year cost average 

for the same timeframe and same region. These investment values were then summed up 

across the time periods and ELY centres in order to create a single cost-estimate value for 

each species for the whole time period 1996-2010 for the whole country. The distribution 

of these values was skewed towards small values I fixed this by log-transforming the 

values (Zuur et al. 2010). 

 

I did data exploration using the protocol defined by Zuur et al. (2010) and no further 

modifications were needed. I did the data exploration using R (R Core Team 2013) with R 

Studio extension (RStudio Team 2015).  

 

2.2.4 Red List assessments of birds 

 

To denote the conservation status of the bird species in Finland, I used the national IUCN 

Red List assessments (Tiainen et al. 2016). The assessment of conservation status is 
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done predominantly based on species population sizes, species range sizes and recent 

changes in these two, as well as on availability of relevant data (IUCN 2000) (The in-detail 

criteria for a species classification, see Appendix 1). The higher the risk for the species to 

go extinct is, the higher the category in the assessment. 

 

The IUCN Red List was first designed to be used on a global scale. However, the actual 

conservation decisions are often made at the country level. Therefore, IUCN has 

developed a modified set of regional guidelines for country level assessments 

(Mannerkoski & Ryttäri 2007, IUCN 2012). While most of the categories remain the same 

in the regional assessments, the use of categories extinct (EX) and extinct in the wild (EW) 

are replaced by regionally extinct (RE) category (Mannerkoski & Ryttäri 2007). All the 

categories are presented in fig. 4. 

 

The first systematic national evaluation of species’ conservation status in Finland was 

conducted in 1986. However, this assessment and the following one in 1992 are not 

comparable to the newer assessments due to changes in the assessments methods due 

to increased understanding of endangerment (Laurén 2017). The Finnish evaluation in 

2000 was one of the pilot evaluations in which the harmonized IUCN regional guidelines 

were used. Since 2000, the assessments in Finland have been done using the common 

IUCN guidelines and they are therefore comparable to each other (Rassi et al. 2010). 

 

I extracted the Red list assessment data used in this thesis from three different Red List 

assessments of birds, 2000 (Rassi 2001), 2010 (Rassi et al. 2010) and 2015 (Tiainen et al. 

2016). I used the assessments from 2015 to calculate the Red List Index 2015 (research 

question 1) and the assessments from 2000 and 2015 for studying the effect of protected 

area cover and investment on conservation status (research questions 2 and 3). Below in 

table 5 I summarized the number of species in each category and category changes 

between assessments. The species-specific changes can be viewed in the Appendix 2. 
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Figure 4. Categories used in Red List assessments. Based on (Mannerkoski & Ryttäri 2007, Rassi et al. 

2010). 

All Red List categories Evaluated

Adequate data

Extinct

EX

Extinct in the wild

EW

Regionally extinct

RE

Critically endangered

CR

Endangered

EN

Vulnerable

VU

Near Threatened

NT

Least Concern

LC

Data Deficient

DD

Not evaluated

Not applicable

NA

Not evaluated

NE
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Table 5. Summary of categories and category changes in Red List assessments for Finnish birds in 

2000-2015. *categories corrected with increased information after the initial assessment (backcasted) 

by Aino Juslén (personal communication, 5.7.2017), ** following (Tiainen et al. 2016) 

 2000* 2010** 2015** 

RE 2 0 0 

CR 10 11 13 

EN 7 12 36 

VU 24 36 38 

NT 27 30 23 

LC 167 152 135 

NA/NE/DD 1 8 4 

Change for better from 

previous assessment 

NA 25 14 

Change for worse from 

previous assessment 

NA 45 55 

Change in category due to 

increased information, 

changed interpretation or 

new-comer species 

NA NA 16 

Category remained the same 

as in previous assessment 

NA 179 164 

Number of assessed taxa 238 249 249 

 

Currently, 110 of the Finnish 249 bird species are on the Red List (threatened and near 

threatened species). The biggest cause of threat to Finnish birds is local change in 

habitats. This includes changes in forests (cause of threat to 11 species), successional 

closing of open habitats (11 species), changes in farmland habitats (5 species), drainage 

and peat excavation (5 species) and hydro construction (5 species). Human pressures are 

a major factor for birds suffering from harvest and hunting (22 species), disturbance (14 

species), chemical pollution (8 species) and collection (5 species). Not all threats are 

however acting within Finland: 31 species suffer from threats in the wintering areas and 

along the migratory routes and 6 species can be seen to be threatened by climate change. 

Other threats are random stochastic factors (22 species), influence of other species such 

as competition and diseases (10 species), other known causes (15 species) and for some 

species the threats are due to unknown causes (6 species) (Tiainen et al. 2016). 

 

The total number of bird species I used in the analysis is 234. From the original 249 

species that have received Red List Assessment in 2015, I excluded all the birds receiving 

assessment in categories Not applicable (NA) Not evaluated (NE) or Data deficient (DD) 
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as they are not suitable for comparison. I also excluded the species that had these 

assessment categories in 2000. I combined Calidris alpina subspecies as one species. I 

estimated this combined species to have a conservation status that is approximately same 

as the more common subspecies of the two. I did this because as the Atlas maps used for 

the distribution of the species only include the dunlin as one species and for the use of the 

phylogenic tree as mentioned in the previous chapter. For the extensive list of the bird 

species I used in this thesis, see the appendix 2. 

 

For counting the Red List Index (research question 1) as well as for assessing the effect of 

protected area and investment on conservation status (research questions 2 and 3) I 

transformed the Red List assessment categories into numerical values. The values vary 

from zero to five following the same principle as often used while calculating the Red List 

Index (e.g. Bubb et al. 2009) (Table 6). For calculating the Red List Index, I used the 

assessment from 2015. For analyses of the effect of the protected area cover on 

conservation status and effect of monetary investment on conservation status, I counted 

the change in assessments between the assessment in 2000 and 2015 by subtracting the 

first from the latter. To create a suitable variable to be used in the statistical analyses, I 

binned these values to a binary response variable. The variable consists of zeros for all 

the species that had an improvement or no changes in Red List status" (n=159) and ones 

for the species which have a degradation in Red their List status" (n=76). 

 

Table 6. Converting the Red List categories to numerical values 

Red List category Value 

1) Regionally Extinct (RE)  0 

2) Critically Endangered (CR) 1 

3) Endangered (EN)  2 

4) Vulnerable (VU)  3 

5) Near Threatened (NT)  4 

6) Least Concern (LC)  5 

7) Data Deficient (DD)  Not applicable for Red List index 

8) Not Evaluated (NE)  Not applicable for Red List index 

9) Not Applicable for Evaluation (NA)  Not applicable for Red List index 

 
2.2.5 Red List Index 

 

For assessing the general conservation status of Finnish breeding birds, I used the Red 

List Index. It is an aggregate measure of all conservation status of all species in a group 
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(Rodrigues et al. 2006). The Red List Index is a widely used tool to track the conservation 

status changes for a group of taxa. The index is calculated using the number of taxa in 

each Red List category (Butchart et al. 2004). Essentially, it uses weight scores based on 

the Red List status of each of the sample species. The weight scores are based on 

numerical representations of the IUCN Red List categories explained in table 6. Summing 

these scores across all species and relating them to the worst-case scenario, where all 

species are extinct, gives us an indication of the state of biodiversity. Comparing the Red 

List assessments over time, monitoring the number of species changing categories 

between assessments as a result of improvement or deterioration in threat status, will 

allow us to see whether the extinction risk of biodiversity is overall increasing, decreasing 

or staying the same. The index varies from 1 "all species are non-threatened" to 0 "all 

species are extinct" so a decline in the index means a decline in the overall status (Juslén 

et al. 2013). The lower the index, the closer the group of species is to extinction. I 

calculated the Red List Index (RLI) following Bubb et al. (2009), see also Butchart et al. 

(2004), Szabo et al. (2012), Juslén et al. (2013): 

 

∑ 𝑋𝑖
𝑛
𝑖=0

𝑛
 

 

where 

 

Xi = Red List category value for taxon i in the assessment of 2015 

n = number of taxa in the group 

 

2.3 Statistical modelling 

 

2.3.1 Life history traits of birds and relatedness of birds 

 

Several life history traits can influence the extinction risk of the species. This could lead to 

variation in the species' conservation statuses regardless of their protected area gain. To 

control for this variation in the models, I included some of the most commonly suspected 

traits, such as species body size (Bennet & Owens 1997, Välimäki et al. 2016) and 

migration ecology (Thomas et al. 2006). The data I used for controlling the body mass and 

migration ecology in the analysis were extracted from Solonen (1994). This dataset has 
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also been previously used in research of Finnish birds (e.g. Brommer 2008, Välimäki et al. 

2016). The average body mass of species in the data was with a skewed and small-value-

heavy distribution. This is because there are more bird species with smaller body mass 

than species with larger body mass. As highly skewed distributions are problematic while 

using different statistical tools (Zuur et al. 2010), I log-transformed the values with the 

natural logarithm to result in a distribution that was more evenly distributed. The original 

dataset divides all the bird species into several migration ecology categories. Scattered 

data with small categories is not ideal while using statistical methods (Zuur et al. 2010) so I 

binned the birds into three categories: long distance migrants (n=75), short distance 

migrants (n=98) and resident birds (n=61) (based on personal communication with my 

supervisor Andrea Santangeli).  

 

Closely related species tend to have similar patterns and risks of extinction (Bennett & 

Owens 1997, Owens & Bennett 2000). To control for the similar risk for extinction on 

related birds, I created a simple phylogenetic tree to be used as a covariance structure in 

the models. It consists of three levels: the species level, the family level and the order 

level. The length of the step between the levels was set constant for all species and all 

levels. As there were two subspecies level taxa in the data (Calidris alpina alpina and 

Calidris alpina schinzii), these subspecies I treated as a single joint species for a 

simplification of taxonomic levels. The species names and taxonomy was based on the 

taxonomic relatedness and name data of the International Ornithologist Union (2018). The 

phylogenetic tree, as well as a heatmap of the species relatedness can be found in 

Appendix 3. I created the phylogenetic tree with as.phylo-tool from the ape package in R 

(Paradis & Schliep 2018).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

 

2.3.2 New protected area and conservation status 

 

I tested the effect of protected area coverage on conservation status by using a 

generalized least squares model with a correlation structure. I first constructed a full model 

with all variables (fig. 5). The response variable in this model was the change in 

conservation status, which is a binary of zero for no change or improvement in the species’ 

conservation status and one for degradation in species’ conservation status. The main 

explanatory variable was the new protected area cover on each species range in hectares 
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in 1996-2010. The full model also included the fixed effects of body mass of the species, 

migration ecology, and protected area on the species range before 1996, as well as the 

phylogenic relatedness of the species as a covariance structure. I fitted the model using 

the gls function in the nmle package and included the correlation structure with the ape 

package in R (Paradis et al. 2004). 

 

 

 

Figure 5. The full model used for the effect of protected area coverage on conservation status. Red = 

response variable, green = main explanatory variable, grey = fixed covariates, orange = correlation 

structure. 

 

I then tested the collinearity of the variables in the model using variance inflation factor 

(VIF) in car package (Fox et al. 2018) in R. VIF showed for all the variables (VIF < 3) (Zuur 

et al. 2010) so they could be all included in the model. I verified the model assumptions by 

plotting standardized residuals versus fitted values as well as sample quantiles versus 

theoretical quantiles. For all the modelling, I used R (R Core Team 2013) with R Studio 

extension (R Studio Team 2015).  
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2.3.3 Protected area investment and conservation status 

 

For the effect of investment on conservation status I fitted a full generalized least squares 

model (fig. 6) with a correlation structure. It included the binary change in conservation 

status as the response variable and the protected area investment for the species from 

1996 to 2010 as the main explanatory variable of interest. The other variables in the full 

model were body mass, migration ecology, area protected before 1996 and phylogeny as 

correlation structure. 

 

 

  

Figure 6. The full model used for the effect of investment on conservation status. Red = response 

variable, green = main explanatory variable, grey = fixed covariates, orange = correlation structure. 

 

I then tested the collinearity with variance inflation factor (VIF) in car package (Fox et al. 

2018) in R. VIF showed low collinearity for all the variables (VIF < 3) (Zuur et al. 2010) so 

they could all be included in the model. I verified the model assumptions by plotting 

standardized residuals versus fitted values as well as sample quantiles versus theoretical 

quantiles. For the modelling, I used R (R Core Team 2013) with R Studio extension (R 

Studio Team 2015).  
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3 Results 

 

3.1 Red List Index 

 

Red List Index for Finnish breeding birds for year 2015 was 0.779. The number of species 

included in the Red List Index was 249 bird species. 

 

 

Figure 7. Red List Index of Finnish birds 2000-2015. Values for 2000 and 2010 (0.873 and 0.854, 

respectively) from Juslén et al. (2012). 

 

As seen in fig. 7, the Red List Index for birds has declined from the previous assessments 

in 2010 and 2000 (Juslén et al. 2012). The decline rate from the assessment in 2010 was 

9.2% which is ca. five times the rate between the previous assessments.  
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3.2 Protected area coverage for species and the conservation status 

 

 

 

Figure 8. New protected area addition in Finland during study period. 

 

The protected area network expansion in Finland was highest during the years 2001-2005 

(fig. 8) with more than 200 000 hectares of protected area being established. Regionally 

the protected area expansion was the highest in the Lapland region, but considerable 

amounts of new protected area were also established in South Ostrobothnia and North 

Ostrobothnia regions (fig. 9). The lowest amount of new protected area was established in 

the Kainuu region. All the regions had some new protected area established during the 

study period. 
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Figure 9. New protected area during the study period in different regions. 

 

The highest amount of new protected area was established on the range of Merlin (Falco 

columbarius), Smew (Mergus albellus) and Pintail (Anas acuta) all having more than 400 

new protected hectares on their range. The amount of new protected area did not increase 

on the study period for two species, Shore Lark (Eremophila alpestris) and Purple 

Sandpiper (Calidris maritima). One highly rare species, the Spotted Eagle (Aquila clanga) 

did not have any protected coverage prior to 1996 and but gained 0.44 hectares of 

protected area on its breeding range after 1996. The higher relative increase in coverage 

from 1996 was for Eider (Somateria mollissima) with 2.3% increase and the lowest for the 

Snowy Owl (Bubo Scandiaca) with 0.03% increase. 
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Figure 10. Old protected area versus new protected area on each species’ range. Each dot presents a 

bird species. 

 

The species that had more protected area on their range before 1996 also gained more 

protected area on their range after 1996, as seen in fig. 10.  

 

The increase in the protected area on the bird species' range did not significantly affect the 

conservation status change (p=0.7562) nor did the amount of protected area that was 

covering the species' range before 1996 (p=0.4088). The body mass nor the migration 

ecology of the species did not affect the conservation status change.  

 

Table 7. Estimated regression parameters, standard errors, t-values and P-values for the GLS model 

presented in fig.5. 

Variable Estimate value Std. Error t-value p-value  

Intercept -0.16709829 0.5374919 -0.3108852 0.7562  

Increased protected area 0.00196055 0.0398601 0.3108852 0.7562  

Previously protected area 0.03389341 0.0409591 0.8274938 0.4088  

Body mass -0.01468313 0.0267073 -0.5497805 0.5830  

Migration ecology resident 

Migration ecology short distance 

-0.13714266 

0.12548633 

0.0918203 

0.0790954 

-1.4935987 

-1.5865191 

0.1367 

0.1140 

 

 

3.3 Protected area investment and the conservation status 
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The total yearly investment in protected areas has decreased steadily in Finland after 1999 

(fig. 11). The average of the yearly investment during the study period was approximately 

35 million euros. 

 

 

Figure 11. Total yearly investment in protected areas in Finland on the focus period. 

 

 

Figure 12. Total regional investment on protected areas during the study period 
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The total regional investment in protected areas (in 5-year periods) varied greatly, with 

North Ostrobothnia with highest investment in 1996-2000 and the lowest being 

Southeastern Finland in 2006-2010 (fig.12). The situation changes, when the total amount 

is corrected with the number of hectares protected with that sum (fig. 13). The priciest 

protected hectares are found in Häme and Middle Finland regions. 

 

 

Figure 13. Average yearly investment per hectare on protected area, split by ELY centre region. 

 

The highest total protected area cost-estimate was on the ranges of Smew (Mergus 

albellus), followed by Merlin (Falco columbiarius) and Hawk Owl (Surnia ulula). The 

highest average of the cost-estimate (“priciest hectares”) were for Little Bunting (Emberiza 

pusilla), Bluethroat (Luscinia vecica) and Temminck’s Stint (Calidris temminckii). 

 

The level of protected area investment on the species did not affect the conservation 

status change (p=0.7117). The previously protected area did not affect the conservation 

status change (p=0.5013,) either. The body mass nor the migration ecology of the species 

did not significantly affect the conservation status change.  
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Table 8. Estimated regression parameters, standard errors, t-values and P-values for the GLS model 

presented in fig.6. 

Variable Estimate value Std. Error t-value p-value  

Intercept -0.21412783 0.5508526 -0.3887208 0.6978  

Increased protected area 0.01053447 0.0284725 0.3699879 0.7117  

Previously protected area 0. 02554034 0. 0379164 0. 6735966 0. 5013  

Body mass -0.01528276 0.0267381 -0.5715720 0.5682  

Migration ecology resident 

Migration ecology short distance 

-0.13606482 

-0.12470556 

0.0917784 

0.0791029 

-1.4825359 

1.5764975 

0.1396 

0.1163 
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4 Discussion 

 

In this thesis, I confirmed that the bird species conservation status is rapidly declining in 

Finland and produced a measurable and comparable number to the decline in the form of 

Red List Index 2015. I found out that in Finland, the increase of protected area coverage 

on bird species' range did not show any measurable impact on their conservation status 

development. A higher monetary investment in establishing protected areas on the 

species’ range did not improve the conservation status of birds, either. In the following, I 

look more closely on how to interpret the results, what other factors might be affecting 

them, how to improve the method and how this all ties into future protected area planning.  

 

4.1 Red List Index has continued its decline 

The Red List Index for Finnish birds showed a continued decline in 2015, as was expected 

based on my original hypothesis. The Red List Index for birds for 2015 (0.779) is 

considerably lower than for 2010 (0.853) (Juslén et al. 2013) and showed a decrease at an 

accelerating rate. The rate of decline from 2010 to 2015 was as high as 9.6% in just five 

years as the decline between the previous assessments in 2000 to 2010 was 2.2% in ten 

years (Juslén et al. 2013). The accelerated rate was not unexpected regarding the high 

number of species that gained lower conservation status in the latest Red List (Tiainen et 

al. 2016). Even though there weren’t any new local extinctions in Finland in the last Red 

List of Finnish Birds, the Red List Index in this thesis showed that the biodiversity in birds 

is yet on a steeper decline than before. Even though the decline was in line with the global 

trend (Hoffmann et al. 2010), alarmingly, the Finnish Red List Index was significantly lower 

at 0.779 than the global estimate for birds of 0.92 (Butchart 2008) or palearctic estimate of 

0.95 (Bubb et al. 2009). 

 

However, national Red List Index has some limitations when it comes to interpreting the 

situation of the bird community at large. As a national Red List Index uses the national 

conservation status, some species appear to be more endangered than their actual, cross-

border populations are. In fact, some of the species on the Finnish Red List 2015, that are 

classified as threatened by the criterion D (small population size), are not on the list 

because of declining populations, but rather due to them being new-comer species in the 

Finnish territory (Tiainen et al. 2016). Interesting new tools are, however, under 



38 

 

development to account for this while counting the Red List Index (Dias 2017) and could 

be used in the future to create more accurate estimates of the national situations. 

 

4.2 Protected area coverage for birds has increased but this has not 

resulted in better bird conservation status development 

 

While the amount of protected areas on almost all of the birds’ species ranges increased 

during the study period, I did not find a relationship between the additions of protected 

area on a species' range and the change in the species' Red List category. This is against 

my original hypothesis which was based on earlier findings in global studies that the bird 

conservation status development would be linked to the increased amount of protected 

area (Hoffmann et al. 2010).  

 

One of the reasons why there might not be an obvious relationship is the connection 

between the previously protected area on the species’ range and the new protected area 

gained during the study period. What I found in this thesis is that the more of the bird 

species’ range has been protected before 1996, the more new protected areas it also has 

gained after 1996. This is most likely because the most common bird species are found 

throughout Finland and in a variety of different habitats. Therefore, for these species, 

almost any kind of protected area falls on their range. Large amounts of the Finnish 

protected area network constitute of wilderness parks, national parks or protected areas 

established under protection programs for different habitat types and are therefore not 

intended to target birds per se. These more general protected areas tend to cover the 

most common bird species’ ranges on top of their original conservation goal. More habitat-

specialized, for example wetland or old growth forest species only benefit from the 

protected areas that happen to fall on these specific types of habitats, which also tend to 

be rare in Finland in their natural state. Therefore, most of the old and new protected areas 

do not suit them and they end up with less protected area coverage than the more 

common and widely spread species. This creates a skew in the data that could be maybe 

be solved using the total population sizes, degree of specialization or similar variable as a 

correction for the “commonness” in the modelling. When it comes to protecting species, 

species with small ranges should be in focus. The small range has been found to be highly 

related to the level of endangerment of the species (Lee & Jetz 2010, Vale et al. 2018). In 
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addition, changes in the matrix habitats can amplify the negative effect of small range 

(Ward et al. 2018). Therefore, the coverage of protected areas should be allocated to 

cover these kinds of species. 

 

The protected areas are not able to protect the species from all types of risks. Some 

species from the duck family (Anas), such as the Northern pintail (Anas acuta) are rapidly 

declining in Finland, despite high amounts of protected area on their range as found in my 

study. For these species, many are permitted to be hunted and this is sometimes possible 

even within protected areas with varying restrictions, especially in the northern wetland 

protection areas (Ministry of Environment 2006). In addition, invasive species can make 

their way into protected areas. In the southern parts of Finland, the high presence of the 

raccoon dog (Nyctereutes procyonoides), a highly effective nest predator, is suspected to 

affect decline of the ground nesting species such as the ducks (Anas) (Kauhala 2004). 

 

Even though the results in this thesis did not show a relationship between the migration 

ecology of the species and the conservation status development, previous research has 

found this connection (Thomas et al. 2006, Laaksonen & Lehikoinen 2013). Despite my 

results, what happens on the international flyway and the wintering areas probably plays 

an important role for a number of Finnish birds (Tiainen et al. 2016). The risks the birds are 

facing include e.g. the hunting pressure, as for the Ortolan bunting in southern Europe 

(Birdlife International 2017) and ever-diminishing wetland cover in Europe that especially 

affects waders and other wetland birds (Silva et al. 2008). Thankfully, international treaties 

have been made in order to promote conservation across borders, such as the European 

Union Birds Directive (European Commission 2010) that has been already found to have 

positive effects on birds at the European scale (Donald et al. 2007, Sanderson et al. 2016).  

 

The number of species of breeding birds in Finland used in this thesis is relatively small 

(249 species) and this limits the visibility of minor differences in the response of different 

species while using statistical methods. This kind of work could benefit from a larger scale 

approach e.g. focusing on all the breeding birds in all European countries. This would also 

diminish some of the problem with cross-border bird populations, especially when it comes 

to short-distance migrants. However, the European regional Red List assessment for birds 
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has only been done once so far (IUCN Redlist & Birdlife International 2015), so 

comparison studies like this one are only possible in the future.  

 

Some rapidly declining species such as merlin (Falco columbarius) and ruff (Calidris 

pugnax) already had a lot of protected area on their range in 1996 and gained a lot of new 

protected area during the study period. Some of these birds have large ranges, but for 

some species which do not, such as the ruff, this could indicate that main problems lie 

outside of the protected areas. Protected areas are not the sole provider of suitable 

habitats for birds (Hayes & Ostrom 2005). The matrix of non-protected habitats around the 

protected areas might contain suitable alternative habitats for birds in addition to the 

primary areas protected by protected areas. The type and quality of these habitats might 

drive the trends of many bird species (Ward et al. 2018), rather than their protected area 

coverage. Therefore, any kind of major change in the matrix could overrun the positive 

influence of the protected area network. In Finland, most of this matrix is made up of forest 

cover (Metsäntutkimuslaitos 2013) that is in relatively intensive forestry use. Forests 

management has been found to have direct implications to the species abundance and 

richness of birds (Czeszczewik et al. 2015) and is probably playing an enormous part in 

the way Finnish birds populations decline.  

 

4.3 Higher protected area investment does not necessarily lead to 

higher conservation success 

 

Against my original hypothesis, I did not find proof that increased protected area 

investment would influence Red List status change of birds. This in not in line with earlier 

assumptions that increase spending would yield better conservation results (Joppa & Pfaff 

2009).  

 

One of the reasons why this is the case, could be that using more money on a protected 

area does not necessarily mean a better-quality protected area. This is because the land 

price is generally driven by different economic, not ecological factors (e.g. Thünen & Hall 

1966). Therefore, very ecologically suitable protected areas might even be economically 

affordable and vice versa. Often though, protected areas tend to be chosen rather due to 

economical affordability (Ando et al. 1998) than ecological values, because of pressure 
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from other land uses. In Finland, where the economic pressure on land price is highest in 

the south (Maanmittauslaitos 2018), southern areas tend to be neglected in terms of 

protected area establishment, as can be seen from the dataset used in this thesis. It is 

also difficult to create large, uniform protected areas in the south due to the scattered, 

private ownership of the land. Slightly surprisingly, and against the earlier assumptions, 

the protected area hectares with the highest average cost-estimate in this thesis seem to 

land on many of the northern species. Despite their northern ranges, species such as 

bluethroat (Luscinia scevica), Temmink’s Stint (Calidris temminckii), Siberian tit (Poecile 

cinctus), pine grosbeak (Pinicola enucleator) and red-necked phalarope (Phalaropus 

lobatus) all landed in the top ten of the species that gained the most expensive protected 

hectares. This could be because the amounts of new protected area on these species’ 

range are relatively small and it is usually more expensive per hectare to protect small 

areas than it is to protect large areas. Also, it could be a mere coincidence brought up by a 

single, expensive protected area that covers most of these species’ ranges. The species 

that had most expensive average price-estimate for a hectare of new protected area on 

their range included several species that continued to decline during the study period, 

such as crested tit (Lophophanes cristatus) and Temmink’s stint. This could indicate that 

the protected areas investments were allocated to these declining species despite the high 

costs, but based on this thesis, we cannot be certain of this. Also, as there was no 

connection between high cost-estimate and conservation status trend, this thesis would 

support the earlier findings that the price itself is not a major component in the success of 

species protection via protected areas (Ando et al. 1998), at least at the levels of protected 

area coverage as studied in this thesis. 

 

At national level, conservation investment should be balanced against the human 

development pressure (Waldron et al. 2017). If this was done, and the protected areas 

were allocated to cover the most endangered species despite their costs, as suggested by 

McCarthy et al. (2008), these species would be the ones receiving the highest 

conservation investment and the increased investment in these species would show up as 

better conservation status development on such species. However, as this was not the 

case in this thesis, it might indicate that this has not been done in Finland. This would 

probably be partially due to the lack of funds and partially due to the high level of private 

land ownership which directs the possibilities of placement of protected areas. However, 
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as stated above, there are plenty of other factors that might affect the conservation status 

of species than the mere investment or protected area establishment. For instance, the 

high forestry use of the matrix habitats and therefore the higher the pressure to use the 

land for economic purposes, might further lower the impact of the investment in the 

protected areas. 

 

4.4 Using a time series approach in assessing the impact of protected 

area network 

 

The approach I presented in this thesis in assessing the effect of protected area cover on 

conservation status and the effect of investment on conservation status could provide a 

basis on which to build on in further research. It had a novel, a whole national policy wide 

scope, unlike previous research that has focused on single protected areas or global 

trends (e.g. Butchart et al. 2006, Hoffmann et al. 2010, Ellermaa & Lindén 2011). 

 

Usefulness of this approach is, as for most data based analysis, based on the quality and 

availability of the relevant data. In this thesis I used a very simple and a straightforward 

method, which helps when dealing with large datasets and computational limitations of the 

software used. However, for further use, I would suggest some refinements to the method.  

 

Firstly, Atlas square is a relatively coarse unit (10 km by 10 km) of measuring a species 

range. A more precise estimate of the bird range could be used, for example such that 

considers the different habitats that the Atlas square consists of. This kind of habitat filter 

based on laser scanning data on the land cover type (CORINE 2000) and the birds' 

preferred habitat type was originally meant to be used in this thesis as the estimate of the 

actual range of the species. Unfortunately, this could not be used due to technical 

difficulties and time-limitations of the availability of this kind of dataset in the scope of this 

thesis.  

 

Secondly, a network element of protected areas could be considered more robustly. More 

closely situated protected areas tend to protect similar ecological communities (Soininen et 

al. 2007). Taking this into account by including a spatial autocorrelation between the 



43 

 

protected areas could consider the similarities and synergies between the protected areas 

in the same region.  

 

Lastly, the choice of time period and starting point also matters (Gordon et al. 2011). In 

this thesis, as often in research, I chose the start point based on the availability of the data. 

Red List assessments are only completely comparable since 2000 and the availability of 

protected area investment data was limited to start from 1996. Luckily, I was able to use 

these datasets that were in line time-wise. The timeframe was also good as it took into 

account the lag between the conservation action and the visible results in nature (Brooks 

et al. 1999, Metzger et al. 2009). This is not always possible and limits the questions that 

can be studied using chronological methods. However, the increasing availability of data, 

both due to the increasing use of digital technologies in ecological research as well as 

increasing public data availability due to the INSPIRE directive in the European Union 

(2007/2/EC) can create great opportunities to use this kind of methods in the future. 

 

Despite some of the short-comings of the method, the method could be used, if in a more 

refined setting, to achieve a new type of time series counterfactual, that have been difficult 

to achieve so far (Geldmann et al. 2013). 

 

4.5 Moving forward 

 

In this thesis, I created a novel method of assessing the impact of conservation based on 

framework of the results chain of conservation action. What I hoped to find, would have 

been a straight-forward way to see that the increase in conservation inputs, that is 

investment and increase in conservation outcomes, that is the protected area, would lead 

to better conservation impact for the bird species in Finland. However, my results did not 

show that higher monetary investment on conservation would yield better development in 

the conservation status. Neither did the protected area increase. Why is this so? More 

money we use to protected area establishment also most probably leads to more 

protected area establishment. Larger amounts of protected area are highly likely to cause 

better representativeness. This can be studied using a coverage analysis of the protected 

area on species ranges (e.g. Kukkala et al. 2016) and in a relatively crude way, it has also 

been done in this thesis by counting the overlap of the bird ranges with the protected 
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areas. I found that at least to some degree the representativeness was good and improved 

during the study period, as almost all the birds did gain more protected area and even the 

one that was a gap species before, gained some protected area on its range. This is 

similar to earlier findings by Laurén (2017).  So, therefore the issue lies in detecting the 

cause and effect between the outcome and the impact.  

 

Some of the reasons why increased protected area representativeness did not yield better 

conservation status development were discussed earlier in the previous section, but there 

are still other questions than remained to be answered. We don’t know if it’s the actual 

amount of areas that is still insufficient to counteract the factors that drive birds towards 

extinction. Finland is still far away from the level of international commitments (17% of the 

territory), so it could be highly probable that the protected area network is still inadequate 

to meet the needed threshold to prevent extinction for the bird species and does not 

therefore show impact in their status conservation status. The problem could also lie in the 

geographical positioning of the protected areas: it might be that despite being on birds’ 

ranges, the protected areas are not on the right habitats to protect birds sufficiently. This 

might be because of considerable historical legacy that remains in the characteristics of 

protected area network in Finland and therefore the current protected areas are not always 

in the most ecologically optimized location. This seems to be changing, though. The 

amount of protected area that is covering the species’ ranges in suitable habitats has been 

increasing in past years (Laurén 2017).  Also most of the current expansion of the Finnish 

protected area network is done through the implementation of The Forest Biodiversity 

Programme for Southern Finland METSO (Valtioneuvosto 2014). This program is already 

using tools that help to choose the best suitable and rarest habitats, such as spatial 

conservation planning tool Zonation for the METSO programme (Mikkonen et al. 2018). 

Also, as discussed earlier, the changes in the matrix habitats probably play an enormous 

role in the conservation status trend of birds. 

 

Even though my results did not show any straightforward relation between conservation 

investment, protected area increase, and the bird conservation status change, it is not 

enough proof to claim that the protected areas don’t work at all. We don’t know what would 

have been the conservation situation for Finnish breeding birds if there was no protected 

area establishment during this period at all. However, what we can see from earlier studies 
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and what was emphasized in this thesis is that the current impact of protected areas on 

the bird species' conservation is not enough. At the current level, the Finnish protected 

area network fails to deliver its mission to sustain biodiversity (Valtioneuvosto 2012) when 

it comes to bird conservation, as can be seen from the development of the Red List Index 

in this thesis.  

 

Hidden within the big picture there are some smaller, yet significant victories. Some of the 

species, namely the white-backed woodpecker and the dunlin subspecies Calidris alpina 

shinzchii have received specified conservation measures, including establishment of 

nesting sites as protected areas. These have been successful interventions and the 

species have improved their conservation status (Tiainen et al. 2016). Although this small-

scale, species-specific conservation can come with relatively high costs for relatively small 

gains, maybe there is something that could be learned from the successes and be 

converted into the larger programs and other protection measures outside the protected 

area network. Also there are some areas, such as Catalonia in Spain, that have managed 

to stop the decline of bird species (Herrando & Anton 2013). Looking into the drivers that 

have enabled this improvement in other areas might also give answers to what to do in 

Finland.   

 

Sufficient funding is often proposed to be one of the keys to effective protected areas (Le 

Saout et al. 2013). Even though underfunding is more prevalent in the developing 

countries (Watson et al. 2014), we can see in this thesis that the amount of money used 

for protected area establishment decreased in Finland as well. Previous research shows 

that this is not the right trend for the investment in order to improve the state of the bird 

biodiversity. In order to improve the current Red List conservation status by one level for 

all the globally threatened bird species during the next decade, the estimated yearly cost 

would be 875-1230 million USD (McCarthy et al. 2012). This would enable reaching the 

Aichi target 12 for improving and sustaining conservation status. Of this, only 12% is 

currently funded.  

 

However, as this thesis also underlines, it is not only about the amount of money used. 

How, when and where we use these monetary inputs dictates the ultimate value of the 

conservation efforts (Pressey et al. 2017). As there was no straightforward link between 
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the investment and better conservation status in this work, continuing conservation 

programs such as METSO, where the decision of establishment of protected areas are 

based on ecological, rather than economical drivers, is highly recommendable.  

 

In the face of climate change it is more important than ever to be able to rank different 

protective measures against each other and use the most effective ones. The climate 

change creates new pressures as it moves bird ranges north- and eastwards (e.g. Virkkala 

& Lehikoinen 2014, Pavón-Jordán et al. 2015, Lehikoinen & Virkkala 2016). This will lead 

to some species moving northward within Finland and some new-comer species from 

other parts of Europe taking refuge in the southern parts of Finland. Protected areas can 

both buffer this change and be crucial first habitats for these range-shifting birds 

(Gillingham et al. 2015, Lehikoinen et al. 2018). This creates an urgency to consistently 

plan protected areas so that they are also suitable in the future of changing climate.  

 

This thesis has helped to gain more understanding on the protected area network in 

Finland and its implications to conservation status of Finnish birds. What is has also 

shown, is that proving the impact of protected areas on species on national level is not a 

straight-forward task. Although there is still room for improvement in the method used in 

this work, the results give some indication that there is no prominent connection between 

the protected area establishment and bird conservation status. As inconclusive as these 

results are, what can be seen is that, at least as they are, protected areas alone are not a 

sufficient solution to combat the biodiversity crisis.  
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7 Supplementary material 

 

Appendix 1: Simplified criteria for Red List Categories used in Finnish evaluations 

Table A1. Simplified criteria for Red List Categories used in Finnish evaluations. Following Butchart et 

al. (2004), Mannerkoski & Ryttäri (2007) and IUCN (2012). 

Criterion Critically Endangered Endangered Vulnerable Qualifiers and notes 

A1: Reduction in 

population size  

≥90% ≥70% ≥50% Over 10 years or 3 generations in the 

past, where causes are reversible, 

understood and have ceased 

A2-A4: Reduction in 

population size 

≥ 80% ≥ 50% ≥ 30% Over 10 years or 3 generations in past, 

future or combination 

B1: Small geographic 

range (extent of 

occurrence) 

< 100km2 < 5000km2 < 

20000km2 

Plus, two of the following: (a) severe 

fragmentation/few localities (1, ≤5, 

≤10), (b) continuing decline, (c) extreme 

fluctuation 

B2: Small geographic 

range (area of 

occupancy)  

< 10km2 < 500km2 < 2000km2 Plus, two of the following: (a) severe 

fragmentation/few localities (1, ≤5, 

≤10), (b) continuing decline, (c) extreme 

fluctuation 

C: Small and declining 

population 

< 250 < 2500 < 10000 Mature individuals. Continuing decline 

either (1) over specific rates and time 

periods or (2) with (a) specified 

population structure or (b) extreme 

fluctuation 

D1: Very small 

population 

< 50 < 250 < 1000 Mature individuals. 

D2: Very small range NA NA < 20km2  

or 

≤ 5 

locations 

Capable of becoming CR or EX in a 

very short time 

E: Quantitative analysis 

showing the probability 

of extinction in the wild  

≥ 50% in 10 years or 3 

generations (whichever 

is longer) 

≥ 20% in 20 years or 5 

generations (whichever 

is longer) 

≥ 10% in 

100 years 

(whichever 

is longer) 

Estimated extinction risk using 

quantitative models, e.g., 

population viability analyses 

 

  



 

 

 

Appendix 2: A list of the Finnish breeding birds used in this thesis and changes in their Red 

list status.  

Table A2. *Due to the scoring system used (0=LC and 5=EXT)), negative change means improvement, positive change mean 

degradation in conservation status 

Scientific name English name Finnish name Red 

List 

2000 

Red 

List 

2010 

Red 

List 

2015 

Change 

2000-2015* 

Cygnus olor Mute Swan  Kyhmyjoutsen LC LC LC 0 

Cygnus cygnus Whooper Swan  Laulujoutsen LC LC LC 0 

Anser fabalis Bean Goose  Metsähanhi NT NT VU 1 

Anser anser Greylag Goose  Merihanhi LC LC LC 0 

Branta leucopsis Barnacle Goose  Valkoposkihanhi VU LC LC -2 

Tadorna tadorna Shelduck  Ristisorsa NT VU VU 1 

Anas penelope Wigeon  Haapana LC LC VU 2 

Anas strepera Gadwall  Harmaasorsa LC LC LC 0 

Anas crecca Teal  Tavi LC LC LC 0 

Anas platyrhynchos Mallard  Sinisorsa LC LC LC 0 

Anas acuta Pintail  Jouhisorsa LC VU EN 3 

Anas querquedula Garganey  Heinätavi LC VU EN 3 

Anas clypeata Shoveler  Lapasorsa LC LC LC 0 

Aythya ferina Pochard  Punasotka LC VU EN 3 

Aythya fuligula Tufted Duck  Tukkasotka LC VU EN 3 

Aythya marila Scaup  Lapasotka VU EN EN 1 

Somateria mollissima Eider  Haahka LC NT VU 2 

Clangula hyemalis Long-tailed Duck  Alli LC LC NT 1 

Melanitta nigra Common Scoter  Mustalintu LC LC LC 0 

Melanitta fusca Velvet Scoter  Pilkkasiipi LC NT EN 3 

Bucephala clangula Goldeneye  Telkkä LC LC LC 0 

Mergellus albellus Smew  Uivelo LC LC LC 0 

Mergus serrator Red-breasted Merganser  Tukkakoskelo LC NT EN 3 

Mergus merganser Goosander  Isokoskelo LC NT VU 2 

Bonasa bonasia Hazel Grouse  Pyy LC LC LC 0 

Lagopus lagopus Willow Grouse  Riekko LC NT VU 2 

Lagopus muta Ptarmigan  Kiiruna LC LC NT 1 

Tetrao tetrix Black Grouse  Teeri LC NT LC 0 

Tetrao urogallus Capercaillie  Metso LC NT LC 0 

Perdix perdix Partridge  Peltopyy NT LC LC -1 

Coturnix coturnix Quail  Viiriäinen RE EN VU -3 

Gavia stellata Red-throated Diver  Kaakkuri NT NT LC -1 

Gavia arctica Black-throated Diver  Kuikka LC LC LC 0 

Tachybaptus ruficollis Little Grebe  Pikku-uikku VU VU EN 1 

Podiceps cristatus Great Crested Grebe  Silkkiuikku LC LC NT 1 

Podiceps grisegena Red-necked Grebe  Härkälintu LC LC LC 0 

Podiceps auritus Slavonian Grebe  Mustakurkku-uikku LC VU EN 3 

Phalacrocorax carbo Great Cormorant  Merimetso VU LC LC -2 

Botaurus stellaris Bittern  Kaulushaikara NT LC LC -1 



 

 

Ardea cinerea Grey Heron  Harmaahaikara LC LC LC 0 

Pernis apivorus Honey Buzzard  Mehiläishaukka NT VU EN 2 

Milvus migrans Black Kite  Haarahaukka CR CR CR 0 

Haliaeetus albicilla White-tailed Eagle  Merikotka VU VU VU 0 

Circus aeruginosus Marsh Harrier  Ruskosuohaukka NT LC LC -1 

Circus cyaneus Hen Harrier  Sinisuohaukka NT VU VU 1 

Accipiter gentilis Goshawk  Kanahaukka LC LC NT 1 

Accipiter nisus Sparrowhawk  Varpushaukka LC LC LC 0 

Buteo buteo Buzzard  Hiirihaukka LC VU VU 2 

Buteo lagopus Rough-legged Buzzard  Piekana LC LC EN 3 

Aquila clanga Spotted Eagle  Kiljukotka RE CR CR -1 

Aquila chrysaetos Golden Eagle  Maakotka VU VU VU 0 

Pandion haliaetus Osprey  Sääksi NT NT LC -1 

Falco tinnunculus Kestrel  Tuulihaukka NT LC LC -1 

Falco columbarius Merlin  Ampuhaukka LC LC LC 0 

Falco subbuteo Hobby  Nuolihaukka LC LC LC 0 

Falco rusticolus Gyrfalcon  Tunturihaukka EN EN CR 1 

Falco peregrinus Peregrine  Muuttohaukka EN VU VU -1 

Rallus aquaticus Water Rail  Luhtakana LC LC LC 0 

Porzana porzana Spotted Crake  Luhtahuitti LC NT LC 0 

Porzana parva Little Crake  Pikkuhuitti VU VU EN 1 

Crex crex Corncrake  Ruisrääkkä NT LC LC -1 

Gallinula chloropus Moorhen  Liejukana VU VU VU 0 

Fulica atra Coot  Nokikana LC LC EN 3 

Grus grus Crane  Kurki LC LC LC 0 

Haematopus ostralegus Oystercatcher  Meriharakka LC LC LC 0 

Charadrius dubius Little Ringed Plover  Pikkutylli LC LC NT 1 

Charadrius hiaticula Ringed Plover  Tylli LC NT NT 1 

Eudromias morinellus Dotterel  Keräkurmitsa NT NT VU 1 

Pluvialis apricaria Golden Plover  Kapustarinta LC LC LC 0 

Vanellus vanellus Lapwing  Töyhtöhyyppä LC LC LC 0 

Calidris temminckii Temminck's Stint  Lapinsirri VU VU EN 1 

Calidris maritima Purple Sandpiper  Merisirri CR VU EN -1 

Calidris alpina Dunlin  Suosirri LC LC NT 1 

Limicola falcinellus Broad-billed Sandpiper  Jänkäsirriäinen LC LC NT 1 

Calidris pugnax Ruff  Suokukko NT EN CR 3 

Lymnocryptes minimus Jack Snipe  Jänkäkurppa LC LC LC 0 

Gallinago gallinago Snipe  Taivaanvuohi LC LC VU 2 

Gallinago media Great Snipe  Heinäkurppa CR CR CR 0 

Scolopax rusticola Woodcock  Lehtokurppa LC LC LC 0 

Limosa limosa Black-tailed Godwit  Mustapyrstökuiri EN EN EN 0 

Limosa lapponica Bar-tailed Godwit  Punakuiri LC LC LC 0 

Numenius phaeopus Whimbrel  Pikkukuovi LC LC LC 0 

Numenius arquata Curlew  Kuovi LC LC NT 1 

Tringa erythropus Spotted Redshank  Mustaviklo LC LC NT 1 

Tringa totanus Redshank  Punajalkaviklo LC NT VU 2 

Tringa nebularia Greenshank  Valkoviklo LC LC LC 0 



 

 

Tringa ochropus Green Sandpiper  Metsäviklo LC LC LC 0 

Tringa glareola Wood Sandpiper  Liro LC LC NT 1 

Xenus cinereus Terek Sandpiper  Rantakurvi CR CR CR 0 

Actitis hypoleucos Common Sandpiper  Rantasipi LC NT LC 0 

Arenaria interpres Turnstone  Karikukko LC VU EN 3 

Phalaropus lobatus Red-necked Phalarope  Vesipääsky LC VU VU 2 

Stercorarius parasiticus Arctic Skua  Merikihu LC LC LC 0 

Stercorarius longicaudus Long-tailed Skua  Tunturikihu LC LC NT 1 

Larus minutus Little Gull  Pikkulokki LC LC LC 0 

Larus ridibundus Black-headed Gull  Naurulokki VU NT VU 0 

Larus canus Common Gull  Kalalokki LC LC LC 0 

Larus fuscus Lesser Black-backed Gull  Selkälokki VU VU EN 1 

Larus argentatus Herring Gull  Harmaalokki LC LC LC 0 

Larus marinus Great Black-backed Gull  Merilokki LC LC NT 1 

Sterna caspia Caspian Tern  Räyskä VU NT LC -2 

Sterna hirundo Common Tern  Kalatiira LC LC LC 0 

Sterna paradisaea Arctic Tern  Lapintiira LC LC LC 0 

Sterna albifrons Little Tern  Pikkutiira EN EN EN 0 

Chlidonias niger Black Tern  Mustatiira EN EN CR 1 

Uria aalge Guillemot  Etelänkiisla EN EN EN 0 

Alca torda Razorbill  Ruokki LC LC LC 0 

Cepphus grylle Black Guillemot  Riskilä LC LC EN 3 

Columba livia Rock Dove  Kesykyyhky LC LC LC 0 

Columba oenas Stock Dove  Uuttukyyhky LC LC LC 0 

Columba palumbus Wood Pigeon  Sepelkyyhky LC LC LC 0 

Streptopelia decaocto Collared Dove  Turkinkyyhky VU VU EN 1 

Streptopelia turtur Turtle Dove  Turturikyyhky VU CR CR 2 

Cuculus canorus Cuckoo  Käki NT LC LC -1 

Bubo bubo Eagle Owl  Huuhkaja LC NT EN 3 

Bubo scandiaca Snowy Owl  Tunturipöllö CR CR CR 0 

Surnia ulula Hawk Owl  Hiiripöllö LC LC LC 0 

Glaucidium passerinum Pygmy Owl  Varpuspöllö LC LC NT 1 

Strix aluco Tawny Owl  Lehtopöllö LC LC LC 0 

Strix uralensis Ural Owl  Viirupöllö LC LC LC 0 

Strix nebulosa Great Grey Owl  Lapinpöllö LC LC LC 0 

Asio otus Long-eared Owl  Sarvipöllö LC LC LC 0 

Asio flammeus Short-eared Owl  Suopöllö LC LC LC 0 

Aegolius funereus Tengmalm's Owl  Helmipöllö LC NT NT 1 

Caprimulgus europaeus Nightjar  Kehrääjä NT LC LC -1 

Apus apus Swift  Tervapääsky LC LC VU 2 

Alcedo atthis Kingfisher  Kuningaskalastaja CR CR CR 0 

Jynx torquilla Wryneck  Käenpiika NT NT LC -1 

Picus canus Grey-headed Woodpecker  Harmaapäätikka NT LC LC -1 

Dryocopus martius Black Woodpecker  Palokärki LC LC LC 0 

Dendrocopos major Great Spotted Woodpecker  Käpytikka LC LC LC 0 

Dendrocopos leucotos White-backed Woodpecker  Valkoselkätikka EN EN VU -1 

Dendrocopos minor Lesser Spotted Woodpecker  Pikkutikka VU LC LC -2 



 

 

Picoides tridactylus Three-toed Woodpecker  Pohjantikka NT LC LC -1 

Lullula arborea Woodlark  Kangaskiuru NT LC VU 1 

Alauda arvensis Skylark  Kiuru LC LC LC 0 

Eremophila alpestris Shore Lark  Tunturikiuru CR CR CR 0 

Riparia riparia Sand Martin  Törmäpääsky LC VU VU 2 

Hirundo rustica Icterine Warbler  Kultarinta LC LC LC 0 

Delichon urbicum House Martin  Räystäspääsky LC LC EN 3 

Anthus trivialis Tree Pipit  Metsäkirvinen LC LC LC 0 

Anthus pratensis Meadow Pipit  Niittykirvinen LC NT NT 1 

Anthus cervinus Red-throated Pipit  Lapinkirvinen LC VU VU 2 

Anthus petrosus Water Pipit  Luotokirvinen LC LC LC 0 

Motacilla flava Yellow Wagtail  Keltavästäräkki LC VU NT 1 

Motacilla cinerea Grey Wagtail  Virtavästäräkki VU VU VU 0 

Motacilla alba White Wagtail  Västäräkki LC LC LC 0 

Bombycilla garrulus Waxwing  Tilhi LC LC LC 0 

Cinclus cinclus Dipper  Koskikara VU VU VU 0 

Troglodytes troglodytes Wren  Peukaloinen LC LC LC 0 

Prunella modularis Dunnock  Rautiainen LC LC LC 0 

Erithacus rubecula Robin  Punarinta LC LC LC 0 

Luscinia luscinia Thrush Nightingale  Satakieli LC LC LC 0 

Luscinia svecica Bluethroat  Sinirinta LC NT LC 0 

Tarsiger cyanurus Red-flanked Bluetail  Sinipyrstö VU VU NT -1 

Phoenicurus ochruros Black Redstart  Mustaleppälintu NT NT LC -1 

Phoenicurus phoenicurus Redstart  Leppälintu LC LC LC 0 

Saxicola rubetra Whinchat  Pensastasku LC LC LC 0 

Oenanthe oenanthe Wheatear  Kivitasku LC VU NT 1 

Turdus torquatus Ring Ouzel  Sepelrastas VU VU EN 1 

Turdus merula Blackbird  Mustarastas LC LC LC 0 

Turdus pilaris Fieldfare  Räkättirastas LC LC LC 0 

Turdus philomelos Song Thrush  Laulurastas LC LC LC 0 

Turdus iliacus Redwing  Punakylkirastas LC LC LC 0 

Turdus viscivorus Mistle Thrush  Kulorastas LC LC LC 0 

Locustella naevia Grasshopper Warbler  Pensassirkkalintu LC LC LC 0 

Locustella fluviatilis River Warbler  Viitasirkkalintu LC LC LC 0 

Acrocephalus schoenobaenus Sedge Warbler  Ruokokerttunen LC LC LC 0 

Acrocephalus scirpaceus Reed Warbler  Rytikerttunen LC LC LC 0 

Acrocephalus palustris Marsh Warbler  Luhtakerttunen LC LC LC 0 

Acrocephalus dumetorum Blyth's Reed Warbler  Viitakerttunen LC LC LC 0 

Acrocephalus arundinaceus Great Reed Warbler  Rastaskerttunen VU VU VU 0 

Hippolais icterina Booted Warbler  Pikkukultarinta NE VU VU 2 

Sylvia atricapilla Blackcap  Mustapääkerttu LC LC LC 0 

Sylvia borin Garden Warbler  Lehtokerttu LC LC LC 0 

Sylvia nisoria Barred Warbler  Kirjokerttu LC EN VU 2 

Sylvia curruca Lesser Whitethroat  Hernekerttu LC LC LC 0 

Sylvia communis Whitethroat  Pensaskerttu LC LC LC 0 

Phylloscopus trochiloides Greenish Warbler  Idänuunilintu LC LC LC 0 

Phylloscopus borealis Arctic Warbler  Lapinuunilintu LC NT VU 2 



 

 

Phylloscopus sibilatrix Wood Warbler  Sirittäjä LC NT LC 0 

Phylloscopus collybita Chiffchaff  Riltaltti VU LC LC -2 

Phylloscopus trochilus Willow Warbler  Pajulintu LC LC LC 0 

Regulus regulus Goldcrest  Hippiäinen LC LC LC 0 

Muscicapa striata Spotted Flycatcher  Harmaasieppo LC LC LC 0 

Ficedula parva Red-breasted Flycatcher  Pikkusieppo NT LC LC -1 

Ficedula hypoleuca Pied Flycatcher  Kirjosieppo LC LC LC 0 

Panurus biarmicus Bearded Tit  Viiksitimali NT NT VU 1 

Aegithalos caudatus Long-tailed Tit  Pyrstötiainen LC LC LC 0 

Poecile montanus Willow Tit  Hömötiainen LC LC VU 2 

Poecile cinctus Siberian Tit  Lapintiainen NT LC LC -1 

Lophophanes cristatus Crested Tit  Töyhtötiainen LC LC VU 2 

Periparus ater Coal Tit  Kuusitiainen LC LC LC 0 

Cyaniste caeruleus Blue Tit  Sinitiainen LC LC LC 0 

Parus major Great Tit  Talitiainen LC LC LC 0 

Certhia familiaris Treecreeper  Puukiipijä LC LC LC 0 

Remiz pendulinus Penduline Tit  Pussitiainen VU VU EN 1 

Oriolus oriolus Golden Oriole  Kuhankeittäjä LC NT EN 3 

Lanius collurio Red-backed Shrike  Pikkulepinkainen LC LC LC 0 

Lanius excubitor Great Grey Shrike  Isolepinkäinen NT LC LC -1 

Garrulus glandarius Jay  Närhi LC LC LC 0 

Perisoreus infaustus Siberian Jay  Kuukkeli NT NT NT 0 

Pica pica Magpie  Harakka LC LC LC 0 

Nucifraga caryocatactes Nutcracker  Pähkinähakki LC LC LC 0 

Corvus monedula Jackdaw  Naakka LC LC LC 0 

Corvus frugilegus Rook  Mustavaris LC LC LC 0 

Corvus corone Hooded Crow  Varis LC LC LC 0 

Corvus corax Raven  Korppi LC LC LC 0 

Sturnus vulgaris Starling  Kottarainen NT LC LC -1 

Passer domesticus House Sparrow  Varpunen NT LC VU 1 

Passer montanus Tree Sparrow  Pikkuvarpunen LC LC LC 0 

Fringilla coelebs Chaffinch  Peippo LC LC LC 0 

Fringilla montifringilla Brambling  Järripeippo LC LC LC 0 

Carduelis chloris Greenfinch  Viherpeippo LC LC VU 2 

Carduelis carduelis Goldfinch  Tikli LC LC LC 0 

Carduelis spinus Siskin  Vihervarpunen LC LC LC 0 

Carduelis cannabina Linnet  Hemppo LC LC LC 0 

Carduelis flavirostris Twite  Vuorihemppo VU VU EN 1 

Carduelis flammea Redpoll  Urpiainen LC LC LC 0 

Carduelis hornemanni Arctic Redpoll  Tundraurpiainen LC LC LC 0 

Loxia leucoptera Two-barred Crossbill  Kirjosiipikäpylintu LC LC LC 0 

Loxia curvirostra Crossbill  Pikkukäpylintu LC LC LC 0 

Loxia pytyopsittacus Parrot Crossbill  Isokäpylintu LC LC LC 0 

Carpodacus erythrinus Scarlet Rosefinch  Punavarpunen LC NT NT 1 

Pinicola enucleator Pine Grosbeak  Taviokuurna LC LC LC 0 

Pyrrhula pyrrhula Bullfinch  Punatulkku LC LC VU 2 

Coccothraustes coccothraustes Hawfinch  Nokkavarpunen LC LC LC 0 



 

 

Calcarius lapponicus Lapland Bunting  Lapinsirkku LC LC LC 0 

Plectrophenax nivalis Snow Bunting  Pulmunen LC NT EN 3 

Emberiza citrinella Yellowhammer  Keltasirkku LC LC LC 0 

Emberiza hortulana Ortolan Bunting  Peltosirkku VU EN EN 1 

Emberiza rustica Rustic Bunting  Pohjansirkku LC VU NT 1 

Emberiza pusilla Little Bunting  Pikkusirkku LC LC LC 0 

Emberiza schoeniclus Baltic Dunlin  Pajusirkku LC LC VU 2 

 

 

 
 



 

 

Appendix 3: Phylogenetic trees for Finnish breeding birds 



 

 

 

  



 

 

Appendix 4: IUCN Protected area classification (Dudley 2008) 

 

Category Ia: Strict nature reserve 

Category Ia are strictly protected areas set aside to protect biodiversity and also possibly 

geological/geomorphological features, where human visitation, use and impacts are strictly controlled and 

limited to ensure protection of the conservation values. Such protected areas can serve as indispensable 

reference areas for scientific research and monitoring. 

Category Ib: Wilderness area 

Category Ib protected areas are usually large unmodified or slightly modified areas, retaining their natural 

character and influence, without permanent or significant human habitation, which are protected and 

managed so as to preserve their natural condition. 

Category II: National park 

Category II protected areas are large natural or near natural areas set aside to protect large-scale ecological 

processes, along with the complement of species and ecosystems characteristic of the area, which also 

provide a foundation for environmentally and culturally compatible spiritual, scientific, educational, 

recreational and visitor opportunities. 

Category III: Natural monument or feature 

Category III protected areas are set aside to protect a specific natural monument, which can be a landform, 

sea mount, submarine cavern, geological feature such as a cave or even a living feature such as an ancient 

grove. They are generally quite small protected areas and often have high visitor value. 

Category IV: Habitat/species management area 

Category IV protected areas aim to protect particular species or habitats and management reflects this 

priority. Many category IV protected areas will need regular, active interventions to address the requirements 

of particular species or to maintain habitats, but this is not a requirement of the category. 

Category V: Protected landscape/seascape 

A protected area where the interaction of people and nature over time has produced an area of distinct 

character with significant ecological, biological, cultural and scenic value: and where safeguarding the 

integrity of this interaction is vital to protecting and sustaining the area and its associated nature 

conservation and other values.  

Category VI: Protected area with sustainable use of natural resources  

Category VI protected areas conserve ecosystems and habitats, together with associated cultural values and 

traditional natural resource management systems. They are generally large, with most of the area in a 

natural condition, where a proportion is under sustainable natural resource management and where low-level 

non-industrial use of natural resources compatible with nature conservation is seen as one of the main aims 

of the area. 


