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ABSTRACT

Restoration of damaged ecosystemshas become animportant tool to slow down the biodiversity lossand to
maintain ecosystem services. Peatland bird populations have shown a substantial decline during the recent
decades in Northern Europe as a consequence of peatland drainage. We studied whether restoration of
peatlands drained for forestry affects bird communities. We conducted bird surveys at 11 peatlandsin
Western Finland, where each of the restored and their pristine counterparts were surveyed before
restoration and yearly after restoration during 2010-2018. We used linear mixed effect models to analyze
whetherrestoration affected the number of species and territories of peatland specialist and non-specialist
species and permutational multivariate analysis of variance to analyze the changein community composition.
Drained parts of the peatlands had higher number of territories of non-specialist species before restoration,
and restoration seemed to decrease these numbers towards the level of pristine parts. By contrast,
restoration did not affect the number of peatlandspecialists and their territories, which was lowerin drained
than in pristine parts of the peatlands. Bird communitiesin restored parts remained different from pristine
parts in terms of community composition after restoration. Thus, despite the effect of restoration on non-
specialists, asubstantially long time may be required for arecovery of the peatlandbird communities. Based
on our results, it seems that long term monitoring of the restored and pristine peatlands is needed to
determine whether restoration is effective in recovering the peatland specialist bird species and bird

communities in general.

Key words: biodiversity, community ecology, conservation, disturbance, draining, mire birds

Implications
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Ecological restoration of peatlands decreased the abundance of non-specialist bird species and
tended to halt the decline of peatland specialist species, which is a general trend in pristine

peatlands. However, these effects were not very strong.

The general bird community composition still differed between pristine and restored peatlands at

the end of the study period, implying that the full recovery of the peatland bird community is

uncertain and will take a substantially long time.

Pristine peatlands are essential habitats for peatland specialist bird populations and a source of

colonization for restored peatlands.

To halt the decline of the peatland specialist species, maintaining pristine areas undisturbed and

initiating ecological restoration of the degraded peatlands as soon as possible is needed.
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INTRODUCTION

Globally, less than a quarter of the land area remains free from significant anthropogenic impact (IPBES
2018). Climate change and land-use change, coupled with other anthropogenic disturbances, have led to
declinesin population sizes as well as species extinctions, with consequent effects on ecosystem functioning
(Butchart et al. 2010; Barnosky et al. 2011; Cardinale et al. 2012). Ecological restoration, defined as an
intentional activity that initiates or accelerates the recovery of an ecosystem (SER 2004; Gann et al. 2019),
has a potential to slow down the biodiversity loss and maintain ecosystem services (Hobbs & Harris 2001,
Hobbs & Cramer 2008; Bullock et al. 2011). Under the Convention on Biological Diversity (CBD), the
governments of the global society have agreed to restore 15% of the degraded ecosystems by 2020 (UNEP,
CBD & COP 2010). It is clear that this target is not going to be met, and therefore, United Nations General
Assembly (UNGA) declared the decade 2021-2030 as the decade of ecosystem restoration (UNGA 2019). The
aim of this resolution is to scale up the ecological restoration of degraded and destroyed ecosystems as a

proven measure to fight the climate crisis and enhance biodiversity.

One of the most degraded habitat types are wetlands and peatlands of which over 70% have been destroyed
during the last 300 years (IPBES 2018). Peatlands alone cover 4 million km?(3%) of the world’s land area
(Parish etal. 2008; Erwin 2009). Intheirnatural state, they play an importantrole in global carbon cycle (Yu
et al. 2011; Andersen et al. 2017) and have a unique species composition, thus being of high value to
biodiversity (Littlewood et al. 2010; Minayeva et al. 2017). The greatest factors responsible for peatland
degradation have been drainage for forestry and transformation to agricultural lands (Joosten & Clarke

2002).
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The natural pristine state of the peatlands, together with hydrology and carbon storing capacity, recover
faster trough restoration (Jauhiainen et al. 2002; Vasander et al. 2003; Haapalehto et al. 2014). However,
recovery may be incompleteandin manyaspects therestored peatlands maydiffer greatlyfrom their pristine
state (Moreno-Mateos et al. 2012; Haapalehto et al. 2017). Indeed, afull recovery of peatland biota may take
several decades (Gorham & Rochefort 2003; Moreno-Mateos etal. 2012), eventhough asignificant number
of typical peatland species can recover in 3-5 years (Gorham & Rochefort 2003; Noreika et al. 2015).
Ecosystem functioning such as carbon sequestration may recover faster than the characteristic species
composition (Karekselaetal. 2015). Several peatland bird populations have declined during recent decades
in Europe (Hancock et al. 2009; Fraixedas et al. 2017; Lehikoinen et al. 2019). In Finland, the decline of
peatland bird populations has been particularly severe (Fraixedas et al. 2017), and currently 58% of bird
species using primarily peatlands for breeding are on the Red List (Lehikoinen et al. 2019). This is likely to
reflectthe factthat in Finland 60% of peatlands have been drained foragriculture and forestry (Aapalaetal.
2013; Kaakinen et al. 2018). The major effect of drainage is a water level drawdown by 20-60 cm (Laine &
Vanha-Majamaa 1992; Haapalehto et al. 2011). This causes significant changes in hydrology, acidity, and
nutrient gradients (Holden2005) which in turn change peatlandvegetation (Eloetal. 2016). Restoration aims
toreverse thesechanges by fillinginand blocking the ditches as well as cutting the trees grownafter drainage
(Penttinen 2015). In Finland, the area of restored peatlands was approximately 32 400 hectares by the end

of the year 2017 (Kaakinen et al. 2019).

There is a paucity of studies on the effect of peatland restoration on birds as most of the studies
concentrating on the effect of peatland restoration have focused on vascular plants and bryophytes
(Tahvanainenetal. 2002; Rochefortet al. 2003; Lucchese etal. 2010; Haapalehto et al. 2011; Wortleyetal.

2013; Andersen et al. 2017). In addition, the ecological requirements of peatland bird species are
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understudied (Newey et al. 2016; Fraixedas et al. 2017), hindering our ability to predict their response to
restoration. However, peatland specialist species seem to prefer openness and wetness (Jarvinen &
Sammalisto 1976; Viisdnen et al. 1998; Fraixedas et al. 2017), and have lower preferences for ditched
peatlands (Vdisdnen & Rauhala 1983; Fraixedas etal. 2017). Thus, we expectthat peatland specialist spedies
are likely to benefit from ecological restoration. Indeed, some peatland bird monitoring programs have
shown a positive effect of restoration afterlessthan 10 years (Brown & Batzer 2001). Forexample, in United
Kingdom Golden Plover (Pluvialias apricaria) was shown to benefit from peatland restoration in three years.
The success was attributed to the increased the abundance of crane flies, animportant food source for the
species, causedby the recoveredhigher water levels(Pearce-Higgins 2010; Carroll et al. 2011; Pearce-Higgins

2011).

A substantial part of the European peatland birds migrates to Finland to breed (Tiainen et al. 2010), and
relative tothe area, Finland has the highest share of peatlandsinthe world (Lappalainen 1996; Vasander et
al. 2003). Therefore, Finland has a high responsibility ininternational peatland bird conservation (Tiainen et
al. 2010, Lehikoinen et al. 2019). The aim of this study is to determine whether ecological restoration as
commonly implemented on forestry drainedpeatlandsinFinland has an overall effect on recovery of the bird
communities. In a longitudinal monitoring study, we analyze the bird communities, numbers of bird
territories and number of species before and after restoration in comparison to pristine counterparts. We
hypothesized that by increasing the openness and wetness of the peatlands, restoration increases the
number of peatland specialist species and their territories, decreases the number of non-specialist species

and their territories, and thus results in changes in bird community composition.

METHODS
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Study set-up

The study was conducted on 11 peatlands located in Western Finland (Table 1, Fig. 1), and it was part of the
Boreal Peatland LIFE project 2010-2014. The aim of the restoration was mainly to improve the ecological
guality and recreational value of Natura 2000 priority peatland habitats such as Aapa mires, Bog woodlands
and Active raised bogs (Penttinen 2015). The 11 peatlands selected for the study were originally either pine
dominated or treeless mires (referred commonly as peatlands), which were partially ditched to initiate
drainingand facilitate tree growth during the 1960s and 1970s. Each of the peatlandsincluded atreatment
part that was initially drained and subsequently restored during the LIFE project, and a pristine counterpart
that was used as a control (see Fig. 2). The area of the treatment partvaried between 4.7and 23.3 ha, anda
control part of identical shapeand size was established in the pristine counterpart. Control parts were always
close to their treatment parts to reduce the differences in abiotic and biotic factors affecting the site. This
design wasalsotakenintoaccountwhen analyzing the data (see Statistical analyses).The distance between

the treatment and control parts ranged from 0.39 to 2.36 km, being on average 1.06 km.

We sampledthe birds beforerestorationinthe year2010. One treatment part was restored already in 2005
and was thus not sampled before restoration (Table 1). The rest of the treatment parts were restored during
the years 2010-2012. Since the peatlands included in the study were ditched for forestry resulting in
decreased waterlevels and sometimes enhanced tree growth (Laine & Vanha-Majamaa 1992; Haapalehto et
al. 2011), the restoration actions aimed to reverse these effects. Thus, restoration was conducted by filling
in the existing ditches with peat, and constructing dams to raise water levels. In cases where drainage had

increased tree growthopenhabitats where created by cutting the trees with a chain saw and removingthem.
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Tree removal is a significant restoration act aside of rising water levels influencing systematically the
vegetation structure of the restored peatlands and peat formation. After restoration, we repeated the
censusesyearlyin each of the treatmentand control parts during the years 2011-2018. The total number of
samplingyears differed from one to five depending on the year when the restoration was conducted on the
treatment part (Table 1). Control parts always had the same number of censuses than the treatment

counterparts.

We used the territory mapping of birds as a census method (Kendeigh 1944) in both pristine and restored
parts, and yearly censuses were performed during the recommended census period between 30" May and
20" June. We performed the censuses betweenfourandtena.m.indry and calm weather by walking slowly
(1.5 km/h) alongthe predefined 50-meter wide transect, which covered most of the censusarea, usinga map
and GPS. All the observed territories of birds in transects were marked on the map. We considered 1) aseen
or heard male, 2) apair, 3) alonely female,4) abrood or5) anestas a territory. We classifiedall the observed
bird species in two classes. Peatland specialist species were classified after Rajasarkka (2013) accompanied
by two species, E. rustica and E. schoeniclus, after Fraixedas et al. (2017). The rest of the species were
considered as species not specialized on peatlands (non-specialist species). Some of the species classified
here as peatland specialists also inhabit other open habitats (e.g., waterfront meadow and arable land).
However, the Finnish populations nest primarily on open or pine dominated peatland habitats (FinBIF 2020).

Therefore, we followed the Finnish classification by Rajasarkka (2013) and Fraixedas et al. (2017).

Statistical analyses
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First, we analyzed whetherrestoration had an effecton 1) speciesrichness of all birds, 2) species richness of
peatland specialist species, 3) species richness of non-specialist species, 4) number of territories of all birds,
5) number of territories of peatland specialist birds, and 6) number of territories of non-specialist species.
We used linear mixedmodels and enteredsampling area, treatment (‘Treat’, where “0” refers to pristine and
“1” to restored parts), sampling year, years since restoration and the interactions between treatmentand
samplingyear, and treatment and year since restorationas fixedfactors. We added the study site as arandom
factor to control for the site-specific differences in bird community compositions, as the control and
treatment parts were located near to each other. We developed a complete set of models including all
explanatory variable combinations for the six different response variables, separately. Because years since
restoration and sampling year were highly correlated (r = 0.85), we restricted the model set not to contain
these variables in the same model. To enhance the normality and homoscedasticity of the model residuals
we log,o-transformed the response variables and sampling area. In addition, we centered to zero and scaled
samplingyearand yearsince restoration. We used Akaike Information Criterion for small samplesizes (AICc)
to compare the models within aset. The model with the smallest AlCcis considered the best with respect to

expected Kullback-Leibler information lost (Burnham & Anderson 2002).

As the best model in the set was not always apparent, we calculated the relative importance (/) of each
variable usingthe modelsforwhich d;< 5, where d;= AlCc, — AlCc,, is the Akaike distance d of each model i
(Burnham & Anderson 2002). /is a sum of Akaike weights overall of the models in which the variable appears,
and it ranges from zero (not important) to one (highly important). We also calculated model-averaged
parameter estimates and their standard errors from the models with d;< 5. Further, we ensured that there

was no spatial autocorrelation in the residuals of the best models with Moran’s | statistic.

This article is protected by copyright. All rights reserved.



Second, we analyzedwhetherrestorationhad an effect on the bird community composition. For thisanalysis,
we used only the samplingyears 2010 (before the restoration) and 2018. The site where the treatment part
was restored already in 2005 was excluded fromthe analysis resultingin n=10. We calculated twodissimilarity
indices: occupancy-based Sgrensen’s index and abundance-based Bray-Curtis index (Magurran 2004). We
used permutational multivariate analysis of variance (PERMANOVA) which is anonparametrictest relying on
permutations and can be based on any dissimilarity measure (Anderson 2001). The test is sensitive to
differencesinthe dispersion of sites, even though the locations (i.e., mean community composition) do not
differ (Anderson 2001). Thus, to infer whether community dispersions vary among the four groups (pristine
2010, before restoration 2010, pristine 2018, after restoration 2018) we used the distance-based test for
homogeneity of multivariate dispersions (Anderson 2006). It is essentially a multivariate extension of
Levene’s test of homogeneity or variances and can be based on any distance or dissimilarity measure. The
procedure counts the distance of each part to the multivariate centroid of the group, and statistical
significanceis tested by permutation of residuals (999 permutations) (Anderson 2006). PERMANQOVA analyses
were doneinR(version 3.5.1, R Development Team 2017) with ‘adonis2’ functionand multivariate dispersion
with ‘betadisper’ function in the “vegan” package (Oksanen et al. 2013). We also used packages “nlme”
(Pinheiro etal. 2019) to analyze linear mixed models forthe number of species and number of territories for

all birds, peatland specialist species, and non-specialists, and “MuMIn” (Barton 2019) for model selection.

The average temperature during the last sampling spring (13.7°C) in Central Finland (May 2018) was 4-5°C
warmer than the long-term average (lImatieteenlaitos 2019a) which may affect the activity of the birds
(Slagsvold 1977). However, since our sampling scheme was paired, and restored and pristine parts were
sampled withinashorttime period (six hours), itis likely that the activity of the birdsis similarin both parts

and this should not bias our results.
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RESULTS

During the study period, we observed 62 bird species and 1166 territories (Table S1). Sixteen species were

classified as peatland specialists and they had altogether 382 territories (Table S1).

Number of all species and their territories

The total number of bird species and the number of their territories was higher in restored than in pristine
parts before restoration and throughout the study period (Table S2, Fig. 3a,d). The models gave only little
support for the effect of restoration on the number of species or territories of all bird species (Tables S2 &
S3). By contrast, the largerthe area, the higherthe numberof both speciesandterritories (Tables S2 & S3).
The number of territories became smaller throughout the years, irrespective of whether the part was

restored or pristine (Table S2, Fig. 3d).

Number of peatland specialist species and their territories

The number of peatland specialist species and their territories was higher in pristine than in restored parts
before restoration, but the difference seems to become smaller during the years (Table S2, Fig. 3b,e).
However, there was only little support for the effect of restoration on the number of peatland specialist
species or the number of their territories (TablesS2 & S3). The best models for the number of peatland
specialist species and their territories explained 5% and 6% of the variation, respectively, which is

substantially smaller than the variance explained by the best model for the non-specialist species (54% for
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the number of species and 56% for the number of territories). It is also notable that there was support for
various models, and none of the models was clearly better. Thus, the number of peatland specialist spedes

and their territories was not very well explained by the explanatory variables used here.

Number of non-specialist species and their territories

The number of species and territories of non-specialist specialist species was higherin restored than in
pristine parts before restoration and throughout the study period (Table S2, Fig. 3c,f). There was support for
an effect of restoration on the number of both species and territories of non-specialist species as the
interaction between sampling year and treatment was included in the best model (Table S3). During the years,
restoration had a negative effect onthe number of species and territoriesi.e.,their numbersdecreased while
in pristine parts they seemed to remain as they were (Table S2, Fig. 3c,f). However, the observed decline is
not particularly strong, as the importance of the variable was only 0.46 and 0.57 for the number of spedies
and the number of territories, respectively (Table S2). In addition, the larger the area the greater both the

number of species and territories (Tables S2 & S3).

Community composition

The pristine and restored parts had different community composition, as the effect of treatment was
significant with Sgrensen and Bray-Curtis indices (Table S4). Furthermore, the effect of year was significant
with Bray-Curtis (Table S4), indicating that there were changesin species abundances between the sampling
years 2010 and 2018 (Fig. 4). By contrast, restoration, i.e., interaction between treatment and year, had no

effect onthe community structure in none of the dissimilarity indices (Table S4) despite the group centroids
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being somewhat closer to each other with the abundance-based Bray-Curtis metric (Fig. 4). There were no
differencesinthe dispersionamongthe four groups formed by the two treatments and two sampling years

measured with the Sgrensen (F;35=0.67, P =0.591) or Bray-Curtis index (Fs; 3=1.62, P =0.206).

DISCUSSION

Restoration of peatlands drained for forestry seemed to decrease the number of territories of non-specialist
speciesduringour monitoringtime (6to 13 years since restoration). By contrast, restoration didnot have an
effect on the number of peatland specialist bird species or the number of their territories, and restored
peatlands bird communities remained different from pristine peatlands in terms of total species richness,
total number of territories and community composition. These results highlight the importance of pristine
peatlands for peatland specialist bird populations as current habitats, and as sources for possible future

colonization of restored peatlands.

Drained parts had altogether more bird species and territories than pristine parts, both before and after
restoration. This result was driven by the number of non-specialist species and their territories, and is
congruentwith the findings that bird diversity in peatlands mayincrease with disturbances (Minayeva et al.
2017). Indeed, in our study non-specialists included generalist species, such as Willow Warbler (Phylloscopus
trochilus) and Chaffinch (Fringilla coelebs). These species occupy mainly forested habitats and most likely
benefit from the increased tree cover in drained parts (Vaisanen & Rauhala 1983). Thus, while drainage
increased abundance of non-specialist species, restoration was successful in decreasing the abundance of
these species back towards their natural level. Such changes should move the whole bird community

composition of restored peatlands towards the community composition of pristine peatlands, and although
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a subtle change of therestored parts towardstheir pristine counterparts was observed, it was not statistically

significant in the formal community composition analysis.

The decrease of non-specialists was not balanced with an increase of peatland specialist species, which are
the target of the peatland restoration actions. Itis possible that the restored peatlands were not core areas
of peatland species even beforeditchinginthe 1960s. That being said, the pristine counterparts were chosen
with great care to match the drained parts, and the drained parts did have less peatland specialists before
the restoration took place. A possible reason for the lack of response from peatland specialists may be the
still relatively shorttime frame of the study, although study sites had shown positive changesin hydrology,
vegetation and peat formation during Boreal Peatland LIFE project (Penttinen 2015). We do acknowledge
that many potentially important explanatory variables were not measured in our study, and differences in
the original vegetation of restored parts may have caused some differences in the species community
compositions. However, as already mentioned, the study was designed to reduce the potential for these

differences by surveying control parts always next to treatment parts.

As we know surprisingly little about the detailed ecological requirements of the peatland specialist birds
(Newey et al. 2016; Fraixedas et al. 2017), itis difficult to determine why they did not benefit more from
restoration. Generally, peatland specialists seem to prefer openness and wetness (Jarvinen & Sammalisto
1976; Vaisdnen et al. 1998; Fraixedas et al. 2017), but it is really not well understood what exact habitat
features benefit different species. Most likely, these features are species-specific and may include, for
instance, food resources (e.g. Pearce-Higgins 2010; Carroll et al. 2011; Pearce-Higgins 2011). It may well be
that the restoration successinterms of waterlevel increase may vary within the study sites (Haapalehto et

al. 2014). This may resultin variationin other environmental features, such as vegetation andinsect fauna,
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whichinturn affect peatland specialist bird species. Thus, we urge future studies to measure environmental
variables, such as waterlevel,openness and vegetationstructure. Incorporating these into modeling process
with bird census data would help to determine how to make peatland restoration more successful for bird

conservation.

However, we also note that rather than determining the detailed reasons for the community composition
changes, the aim of the study was to determine whether peatland restoration as commonly implemented in
Finland was effective overall in recovering the bird communities. Generally, habitat restoration can take
several decades and still be incomplete (Moreno-Mateos et al. 2012; Andersen et al. 2017). Particularly in
boreal peatlands, the recovery rate of peatlandsis evenlongerthanfor example intropics since ecosystem
processes, e.g., waterand biogeochemical cycle, in general are slower (Benayas et al. 2009). However, there
are some examples of fast response to restoration. As already stated in the introduction, in United Kingdom
Golden Plover benefited already after three years of restoration (Pearce-Higgins 2010; Carroll etal. 2011). In
our data, there was no sign of an increasing number of Golden Plover territories (result not shown). Thus,
despite of some examples of fast response to restoration, slower recovery rates seem to be more general.

This underscores the need of longertime-series to assess the effectiveness of restoration on peatland biota.

We found thatthe number of territories of all species decreased during the study periodbothin pristine and
restored parts. This overall decrease of territories seems to be a combination of decline of non-specialist
species in restored parts, and the general declining trend of peatland specialists in pristine parts. The
declining trend for peatland specialist territories may reflect the overall situation of birds using primarily
peatlands as main habitats in Finland: the abundance of several of these species has declined resulting in

58% of the species to be included in the latest Red list of Finland (Lehikoinen et al. 2019). From the 16
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peatland specialist species occurring in our study sites, six were included in the Red List (Lehikoinen et al.
2019). The causes of threat of these speciesincluded obviously peatland drainage for forestry and peat
extraction but also other causes such as hunting (Bean goose, Eurasian curlew), water construction (Bean
goose), changes in arable land (Eurasian curlew), climate change (Willow ptarmigan) as well as unknown
reasons (Common snipe, Common greenshank). Moreover, the future threat factorsinclude also changesin
other countries (Bean goose, Common greenshank, Wood sandpiper). Indeed, many of the peatland
specialistsnestingin Finland are migratory,and they are proneto habitatlossin their over-wintering habitats
and problems during migration (Berthold 2001; Sanderson et al. 2006). This exemplifies that peatland
specialist species as a species group experience simultaneously multiple threats, which may hamper their
ability to benefit from restoration actions. On the other hand, the general declining trend of the peatland
specialist species was not clear in the restored peatlands, suggesting that perhaps restoration might help
peatland specialist species to resist the general decline. Nevertheless, this trend was not significant and it

was largely driven by a single pristine partin 2010 having very high number of peatlandspecialist’s territories.

Several factors (e.g., habitat openness, cryptic bird species, size and secretive behavior of birds) might cause
bias to detection rate of birds and sampling data (Emlen1971; Bibby et al. 2000). However, territory mapping
is an effective survey method for population estimates during the breeding season (Baillie 1991). Since
surveys were performed during the time whenbirds are most active with displaying and singing, we expected
the detectability to be high. The 2018 sampling spring was exceptionally warm and dry (lImatieteenlaitos
2019a), which could have affected the monitoring of birds and caused bias. Intra- and interspecific variation
in birds singing peak, mating display and breeding (Emlen 1971; Rehm & Baldassarre 2007) depend more on
warm and sunny weather than migration timing (Slagsvold 1977; Elkins 2010; Kluen etal. 2017). Hence, birds

may have started breeding before the survey time, decreasing their singing and pairing activity at the time
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of doing the survey (Koskimies & Vaisdanen 1988). Moreover, previous summers 2016 and 2017 were
exceptionally cold and rainy (Iimatieteenlaitos 2019b; limatieteenlaitos 2019c). This may have had negative
effects on birds breeding success in Finland, since breeding success is known to decrease in harsh weather

conditions (Whitehouse et al. 2013).

In conclusion, the studyshowed that restorationdecreasedthe abundance of non-specialist bird species,and
that this decline was not balanced by an increase of peatland specialist species. Moreover, the general bird
community composition remained different in pristine and restored peatlands six to ten years after
restoration. Therefore, the recovery of the peatland bird community may take a substantially longtime if it
will ever recover. This underlines the importance of maintaining the remaining pristine areas undisturbed.
Moreover, given the general declining trend of peatland specialist species, our results suggest that
restoration actions should be implemented sooner rather than later if the decline of peatland specialist

species is aimed to be halted.
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Table 1 All study sitesinclude pristine (P) and restored (R) parts (‘Treat’). The coordinates of the pristine and restored parts (ETRS-TM35FIN), and the

restoration yearare shown. The samplingyears and the size of the census area are equal in pristine and restored parts.

Sampling years

ID Treat Name N E Restoration year 2010 2011 2012 2013 2014 2018 Size (ha)

1 Pohjaskeidas 68823868 229483.2

X X X X 129
1 Pohjaskeidas 68814792 228787.9 2012
2 Rojonkeidas 68819302 238401.1

X X X X 19.9
2 Haapakeidas 6881235.7 237295.5 2012
3 Eenokinneva 69021770 249876.0

X X X X 233
3 Lauhanvuori 69026679 247568.2 2012
4 Pirjatanneva 69263009 311704.3

X X X X X X 13.8
4 Pirjatanneva 6927889.1 312001.0 2010
5 Riihineva 69708269 422253.0

X X X X X 9.8
5 Riihineva 69705722 4228145 2011
6 Pohjoisneva 69976916 363305,4 X X 19.5
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FIGURE LEGENDS

Fig. 1 Map of the study sites, including restored and pristine parts (n=11).

Fig. 2 Picture from a restored part of a study site (A) and a pristine part of a study site (B).

Fig. 3Number of species (a,b,c) and number of territories (d,e,f) of all species (a,d), peatlandspecialistspedes
(b,e) and non-specialists (c,f) in pristine and restored parts of the study sites (n=11). The lines are fitted

general linear models.

Fig. 4 A non-metric multidimensional scaling plot describing the bird community in drained (black symbols)
and pristine (open symbols) before (circles) and after (triangles) restoration usingthe Bray-Curtis dissimilarity
index (n=10). PcoA 1 and PcoA 2 are principal component axes 1 and 2. The legend for each group (pristine
parts, sampling year 2010; pristine parts, sampling year 2018; drained parts, sampling year 2010; restored

parts, sampling year 2018) is located in the group centroid.
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Fig. 2
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