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a b s t r a c t
Protecting species is one of the major focuses of conservation efforts. However, large-scale assessments of
the effects of species protection on animal populations are rare. Protection has been shown to benefit
birds in Western Europe and in the United States, but not yet in Eastern Europe, where modern environmental legislation was only established in the early 1990s after political changes. We compared the
population trends of bird species between 1970–1990 and 1990–2000 in ten Eastern European countries
for species protected since 1990s and unprotected species, controlling for effects of species’ phylogeny
and traits. After 1990, trends in protected species improved more than in unprotected species. This suggests that national legislation has helped prevent declines of the protected species, although there was a
high variability in population trends among countries. In particular, there was great improvement in the
population trends of protected species in countries providing ‘narrow and deep’ protection to few species.
In contrast, trends of protected species remained nearly unchanged in countries providing ‘broad and
shallow’ protection to most species, while few unprotected species had adverse population trends in
these countries. Although our correlative analysis cannot show causal relationships, the positive relationship between protection and long-term population trends suggests that species protection is a highly
relevant tool for conservation. A combination of ‘broad and shallow’ and ‘narrow and deep’ protection
might be most efficient for securing healthy bird populations for the future.
! 2014 Elsevier Ltd. All rights reserved.
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Many bird species have declined strongly in the last century
from exploitation, land-use changes, climate change and biological
invasions (Bonebrake et al., 2010; Williams et al., 2012). In
response, policy makers have introduced legislation to protect
species by limiting their exploitation and the destruction of their
habitats (e.g. Male and Bean, 2005; Williams et al., 2012). Since
applying such legislation has financial and other consequences, it
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is important to know whether the protection efforts are really beneficial to the protected species (Hoffmann et al., 2010). Although
the benefits of various management applications have been assessed for many species (e.g. Bonebrake et al., 2010; Williams
et al., 2012), general assessments of bird protection at the national
or international level are far less common (Donald et al., 2007;
Voříšek et al., 2008).
The success of bird protection efforts can be assessed by comparing long-term population trends of protected and unprotected
species. Legislation might prevent population declines of protected
species, and cause more positive population trends in protected
species than in unprotected ones. For instance, between 1988
and 2002, the population status of 52% of the 1300 plant and animal species protected under the US Endangered Species Act improved (Male and Bean, 2005). The proportion of species that
were stable or improving increased by 64% within 13 years of their
official listing, and improving trends were associated with the
greatest mean institutional funding per year (Male and Bean,
2005). Using 8838 species/country combinations, Donald et al.
(2007) showed that in Western Europe, species subject to special
protection under Annex I of the EU Birds Directive were significantly more likely to have positive population trends during
1970–2000 than non-Annex I species. This pattern was not apparent in the same groups of species outside the EU. Moreover, for
every additional 1% of a country’s land area under EU protection
(SPAs), the odds of a species being in more positive population
trend classes increased by around 4% across all species (including
non-Annex I species), and by around 7% for Annex I species (Donald
et al., 2007). A similar approach was used to test the potential effect of hunting in long-term and large-scale trends in waterbird
populations (Jiguet et al., 2012). These examples indicate that conservation policies applied over large regions for sufficiently long
periods could have positive effects.
Whether protective legislation might also be beneficial in Eastern Europe has never been investigated. This region is important
for biodiversity conservation, having a lower intensity of land use
resulting in richer biodiversity than in Western Europe (Galewski
et al., 2011). It is thus important to know whether species protection also affects population trends in this region (Pullin et al., 2009;
Stoate et al., 2009). Since Eastern Europe was under totalitarian
governments for much of the 20th century, a new era of nature
conservation legislation started after the political changes of the
early 1990s. Eastern European countries thus offer a very interesting opportunity to test the effectiveness of species protection.
Current conservation strategies contain a variety of approaches
differing in targets and management tools (Brooks et al., 2006).
From a perspective of management intensity and breadth of focus,
one can discriminate ‘narrow and deep’ policies investing a high
amount of resources into a limited sample of objects, and ‘broad
and shallow’ policies, with a widely applied but modest effort
(Vickery et al., 2004). Following this distinction, the national legislations of Eastern European countries on the protection of bird species might be divided as follows: (i) those protecting only the rare,
most endangered and/or charismatic species (‘narrow and deep’),
and (ii) those protecting most species, including non-threatened
or common species, leaving only a few (mostly game) species
unprotected (‘broad and shallow’). Whether these two strategies
can have different impacts on population trends remains to be explored. Studies analyzing the impacts of conservation actions on
protected species’ population status across the globe found that
the greatest success was achieved via targeted intensive actions
(Butchart et al., 2006; Brooke et al., 2008; Sodhi et al., 2011). One
can thus assume that the impact of the ‘narrow and deep’ strategy
will result in more positive population changes in the focal species.
Besides protection, many environmental and life history factors
correlate with bird population trends (e.g. Gregory et al., 2007),

perhaps affecting species’ susceptibility to adverse conditions
and therefore the effectiveness of species protection (BöhningGaese and Oberrath, 2003; Jiguet et al., 2007; Van Turnhout
et al., 2010; Webb et al. 2010). Specifically, it has been observed
that habitat specialists, farmland species, seed-eaters, ground nesters, long-distance migrants and species breeding in cooler regions
have suffered more from recent environmental changes than habitat generalists, forest species, residents and species breeding in
warmer regions (Reif, 2013). Accordingly, correlation of species’
ecological and life history traits with avian population trends must
be considered when exploring relationships between species’ protection status and population changes.
Here, we assess the relationships between species protection
and population trends of birds in Eastern Europe, taking into consideration associations with species’ traits. If species protection is
efficient, we predict that (i) population trends of protected species
would be more positive than those of unprotected species. We also
predict that (ii) the differences between protected and unprotected
species would be greater in countries with ‘narrow and deep’ protection than in countries with ‘broad and shallow’ protection.
2. Materials and methods
2.1. Protected species lists
To obtain lists of bird species protected by statute in each Eastern European country, we requested information from experts
working for governmental and non-governmental organizations.
We received feedback from 14 of the 15 countries contacted, and
species lists suitable for our study were supplied for the following
ten countries: Belarus, Croatia, the Czech Republic, Estonia, Hungary, Latvia, Moldova, Poland, Slovakia and Ukraine (Table A1).
We analyzed legislation that came into effect between 1987 and
1995, i.e. around the time of political changes and approximating
to the time period for which population change data are available
(see below). As five countries protected 21–52% and the other five
81–92% of bird species, we considered the former group as having
‘narrow and deep’ protection and the latter as having ‘broad and
shallow’ protection (see Table A1).
2.2. Population trends
We obtained population trends for the time period from 1970 to
1990 from Heath et al. (2000). This time period was considered to
be representative for population trends before species protection
was established after the political changes in Eastern Europe
around 1990. Population trends for 1990–2000 from Burfield and
Van Bommel (2004) were representative for the period with protection. Although the length of the periods differed, these are the
best long-term data available for comparisons of bird population
trends among European countries in different time periods and
have been widely used (e.g. Donald et al., 2001, 2007; Sanderson
et al., 2006; Jones and Cresswell, 2010). They are the only sources
covering all breeding species in the focal countries. To unify the
scale for both data sources, we merged the original population
trends to three common categories: – 1 = species’ populations
showed >20% decrease or species went extinct; 0 = species’ populations were stable with a change of <20% in any direction; 1 = species’ populations showed >20% increase. Further, we excluded
species with trends specified as ‘‘unknown’’ or ‘‘fluctuating’’. This
approach ensured that our database contained only species with
reliable measures of population trends and the estimates of trend
changes between the time periods can be considered conservative.
We also excluded new breeders that colonized a given country
during the period 1990–2000 and species that went extinct in a

J. Koleček et al. / Biological Conservation 172 (2014) 109–116

given country in 1970–1990, because the trends of such species
could not have been affected by their protection status. As a result,
we used data on 306 bird species with population trends in both
the 1970–1990 and 1990–2000 time periods (Table A2).
2.3. Traits
To account for the potential influences of other factors on species population trends, we identified 16 species’ traits that correlated with population trends in previous studies (e.g. Gregory
et al., 2007; Jiguet et al., 2007; Van Turnhout et al., 2010) and included them as explanatory variables in our statistical analyses.
These traits characterized species’ breeding habitat and dietary
niche, nest type and location, migration strategy, life history (for
all these traits we used data from Cramp, 1977–1994; BöhningGaese et al., 2000; Böhning-Gaese and Oberrath, 2003; Koleček
and Reif, 2011) and climatic niche (calculated using data from
Hagemeijer and Blair, 1997 and Haylock et al., 2008).
For habitat, dietary and climatic niche, we distinguished between niche position (i.e. mean value) and niche breadth (i.e.
range). Habitat niche was based on a classification of species’ habitat requirements along a gradient of decreasing vegetation structural complexity and density, from (1) closed forest to (7) open
country without trees or shrubs. Species were allocated up to three
different values and habitat niche position was calculated as the
mean of these values. Habitat niche breadth was determined as
the difference between the extreme values. In addition, we used
another expression of habitat requirements along a gradient of
increasing habitat humidity, from (1) non-humid and (2) wet
(e.g. wet meadows and marshlands) to (3) aquatic habitats (e.g.
rivers and water reservoirs). Dietary niche position was based on
a classification of species into four different trophic levels, as either
(1) herbivorous, (2) herbivorous and insectivorous, or omnivorous,
(3) insectivorous or (4) carnivorous. Dietary niche breadth was
based on a classification of species into (1) obligatory herbivorous
(i.e. plant sources only, e.g. Loxia curvirostra) or obligatory insectivorous/carnivorous (i.e. animal sources only, e.g. Buteo buteo or Apus
apus), (2) herbivorous and insectivorous/carnivorous (i.e. plant and
animal sources, e.g. Parus major), or (3) omnivorous (i.e. plant, animal and other sources, e.g. Corvus corax). Nest type was scored
along a gradient of three levels of increasing nest concealment.
Nest location described the height of the nest above the ground,
from (1) on or close to the ground, (2) intermediate – i.e. shrubs
and lower trees, to (3) high trees. Migration distance was defined
as the distance to wintering grounds, distinguishing between (1)
residents, (2) short-distance migrants (most of the population wintering north of the Sahara Desert), and (3) long-distance migrants
(the major part of the population wintering south of the Sahara
Desert). Moreover, we defined migration flexibility as the variation
in migration behavior within a species. Thus, we recognized (0)
obligatory migrants and obligatory residents (inflexible migration
behavior), and (1) facultative migrants (flexible migration behavior). Climatic niche was calculated from maps of mean temperatures in the main three-month species-specific breeding season
(mostly April, May and June) for the period 1961–1990 based on
temperature data obtained from Haylock et al. (2008) following
Jiguet et al. (2007). Climatic niche position was the mean breeding
season temperature over the breeding range of each species within
Europe (taken from Hagemeijer and Blair, 1997). Climatic niche
range was classified as the difference between maximum and minimum temperatures across the European breeding range.
We chose five life history traits, i.e., body mass, egg mass, incubation period, clutch size and number of broods per season, using
mean values from published data (Cramp, 1977–1994). As these
life history traits are highly correlated, we reduced their number
by principal component analysis (PCA) into two independent axes
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(see also Reif et al., 2010). Each species was positioned along the
two most important ordination axes, and these scores were used
for further analyses (Fig. A1). We thus suggest that the first ordination axis (PC 1, explaining 55.6% of the variability among species,
eigenvalue = 2.78) expressed a gradient from ‘slower strategy’
(K-selected) species (i.e. those having larger eggs, larger body mass
and longer incubation period) to ‘faster strategy’ (r-selected) species (hereafter the ‘first life history axis’). The second axis (PC 2,
explaining 19.5% of the variability, eigenvalue = 0.98) expressed a
different and (by definition) independent gradient – from species
allocating most of their energy to just one breeding attempt per
season (i.e. having a single brood and larger clutch sizes) to species
spreading their investments across multiple breeding attempts per
season – i.e. having multiple broods and smaller clutch sizes (hereafter the ‘second life history axis’).
2.4. Data analysis
We tested the statistical effect of species protection in the
1990s by comparing population trends between protected and
unprotected species relative to the reference population trends in
1970–1990. We used linear mixed effect models (using the
libraries nlme and lme4; Bates, 2010; Pinheiro et al., 2010) in R
(R Development Core Team, 2005) assuming a normal distribution
of errors (Crawley, 2012). The response variable was species’ population trend expressed using three categories on an ordinal scale
(!1, 0, +1). Thus wholly positive trends would yield an average value of 1, wholly negative a value of !1 and stable or even mixture,
would oscillate around a value of 0. The residuals of the statistical
models followed a normal distribution, and formal tests of residual
normality did not indicate a violation of the model assumptions.
The explanatory variables with fixed effects were: time period
(i.e. 1970–1990 and 1990–2000), protection status, species’ traits
(11 traits and 2 life-history PCA axes) and country. The interaction
of a given explanatory variable with the time period quantified the
effect of this variable on the change in population trends between
the two time periods across species and countries. In the case of
protection status, we included a three-way interaction term between time period, protection status and country to test the country-specific effects of species protection on species trends.
However, we did not estimate country-specific effects for trait
variables, since the models would be too complex and since we
did not expect interactions between species traits, time period
and country.
Population trends of species are often considered to be evolutionarily conserved and it is recommended to take the phylogenetic relatedness among species into account in comparative
analyses across species (see e.g. Thomas, 2008; Diniz-Filho et al.,
2013). Therefore, we controlled for the potential impact of common evolutionary history on the observed relationships. We accounted for phylogenetic relatedness among species, expressed
as species nested in genus nested in family, as random effects in
all models (see Lockwood et al., 2002; Jiguet et al., 2010). We also
fitted linear models without the random effects of bird taxonomy
and compared the model fit between the two models with a likelihood ratio test.
To select the best subset of the trait variables, we applied an
information-theoretic approach (Burnham and Anderson, 2002)
using the ‘‘dredge’’ function in the R library MuMIn (Bartoń,
2010). To reduce the possible confounding effects of overfitting,
we performed the analyses in two steps. We first selected the
variables with the highest explanatory power within the following
six groups of related traits: (i) habitat niche, (ii) dietary niche, (iii)
climatic niche, (iv) migration strategy, (v) nest type and location
and (vi) life history axes (Table 1). Within each group, models
containing all possible combinations of trait variables and their
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J. Koleček et al. / Biological Conservation 172 (2014) 109–116

twofold interactions were assessed using the Akaike Information
Criterion for small sample sizes (AICc). We averaged across all
models within each group, obtaining model-averaged coefficients
with confidence intervals (Johnson and Omland, 2004). The terms
whose confidence limits did not include zero were selected for
the next step. In the second step, we combined the selected terms
into one model, which was further reduced by the same assessment procedure, dropping the variables whose confidence limits
included zero. The final model thus contained the selected traits
and the variables time period, protection status and country. The
significance of fixed effects in the final model was assessed with
a type-II analysis of deviance using Wald chi2-tests that is independent of the sequence of factors in the final model. The three-way
interaction of time period, protection status and country indicated
whether the population trends of the protected species improved
(or deteriorated) more than the trends of unprotected species between the time periods in particular countries. For visualizing
the effects predicted by the final model, we calculated predicted
values of avian population trends estimated by the final model to
reveal the country- and period-specific effects of species’ protection status. This enabled us to examine the statistical effects of protection status (i) across all countries, (ii) for the two groups of
countries defined by their protection strategy (‘broad and shallow’
vs. ‘narrow and deep’ protection), and (iii) for every individual
country.
3. Results
The final model obtained by selection among trait variables
(Table A3; Appendix A) showed large differences in the population
trends of 306 bird species between the time periods 1970–1990
and 1990–2000, both between countries and between species with
different protection status and traits (Tables 1 and 2).
3.1. Species protection
There was a significant interaction between protection status
and time period (Table 1), with the protected species improving
their trends between the time periods significantly more than
the unprotected species (estimate = 0.38, SE = 0.14, t = 2.64, model

Table 2
Estimates of the statistical effects of protection between 1970–1990 and 1990–2000
in 10 Eastern European countries, obtained from the three-way interaction ‘‘protection status " country " time period’’ for each country as calculated in the final model
(see Table 1). The statistical effect of protection on population trends is relative to the
time period before the legislation came into effect (1970–1990) and relative to
unprotected species.
Country

SE

t

P

‘Narrow and deep’ protection
Ukraine
0.63
Latvia
0.08
Belarus
0.38
Moldova
0.07
Czech Republic
0.12

Estimate

0.13
0.14
0.14
0.13
0.12

4.80
0.59
2.64
0.52
1.10

<0.001
0.555
0.009
0.602
0.271

‘Broad and shallow’ protection
Estonia
0.35
Slovakia
0.15
Hungary
0.14
Croatia
0.59
Poland
0.26

0.15
0.15
0.21
0.20
0.21

2.41
0.99
0.65
2.92
1.20

0.016
0.322
0.516
0.004
0.232

R2 = 0.17, p = 0.008). Across the region, protected species had more
negative population trends than unprotected species in 1970–
1990, but trends of both groups became similar in 1990–2000
(Fig. 1). That is, population trends of protected species improved
in the second time period, while unprotected species had similar
trends in both periods (Fig. 1). The rate of decline of protected species was approximately halved after the onset of protection (Fig. 1).
Nevertheless, mean population trends remained negative irrespective of species’ protection status in 1990–2000 (Fig. 1).
The positive association of protection with population trend
was observed both in countries with ‘narrow and deep’ protection,
as well as in countries with ‘broad and shallow’ protection
(Table 2). However, these two different protection strategies were
associated with marked differences in the patterns of changes in
protected and unprotected species’ trends. In the ‘narrow and
deep’ countries, trends of protected species improved markedly
after protection in the 1990s (Fig. 2). The population trends of
unprotected species were more positive than those of protected
species between 1970 and 1990, but improved only slightly during

Table 1
Analysis of the deviance of the final linear mixed effects model including the effects of
species’ traits and legislation on changes in population trends of 306 bird species in
1990–2000 relative to 1970–1990. Mixed effects models accounted for avian
phylogenetic relatedness by including family, genus and species as nested random
effects. The significance of effects was assessed with a Type II analysis that is
independent of the sequence of factors in the model using a Wald chi2-test. Species’
population trend was expressed using three categories on an ordinal scale (!1, 0, +1).
PC 1 expresses a gradient from ‘faster strategy’ (r-selected) to ‘slower strategy’
(K-selected) species. PC 2 depicts a gradient from species allocating most of their
energy to just one breeding attempt per season to species spreading their investments
to multiple breeding attempts per season.
Explanatory variable

Df

Chi2

P

Protection status
Country
Time period
PC 1
PC 2
Nest location
Migration flexibility
Protection status " country
Protection status " time period
Country " time period
PC 2 " time period
Nest location " time period
Migration flexibility " time period
Protection status " country " time period

1
9
1
1
1
1
1
9
1
9
1
1
1
9

5.15
142.37
7.67
5.92
2.83
9.74
3.11
31.94
31.77
74.13
10.67
6.86
11.93
17.61

0.023
<0.001
0.006
0.015
0.092
0.002
0.078
<0.001
<0.001
<0.001
0.001
0.009
0.001
0.040

Fig. 1. Population trends (±SE) of 306 species protected and unprotected since
1990s in 10 Eastern European countries in 1970–1990 and 1990–2000 (see Table 1).
The values of population trends shown in the figure are predicted values estimated
by the final model. This model related observed trends to species protection status
and ecological traits across particular countries. Species’ population trend was
expressed using three categories on an ordinal scale (!1, 0, +1). Wholly positive
trends would yield an average value of 1, wholly negative a value of !1 and stable
or even mixture, a value of 0.
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above-ground nesting species, but this difference in population
trends was significantly weaker in 1990–2000 (Table 3). In both
time periods, r-selected species had more negative trends than
K-selected species (PC 1). At the same time, species allocating energy to a few breeding attempts had more negative trends than
species spreading their investments into multiple breeding attempts (PC 2). This relationship was observed in 1970–1990, but
was not detectable in 1990–2000.
3.3. Phylogenetic relatedness

Fig. 2. Population trends (±SE) of 306 species protected and unprotected since
1990s in Eastern European countries under ‘narrow and deep’ and ’broad and
shallow’ protection in 1970–1990 and 1990–2000 (see Table 1). The values of
population trends shown in the figure are predicted values estimated by the final
model. This model related observed trends to species protection status and
ecological traits across particular countries. Species’ population trend was
expressed using three categories on an ordinal scale (!1, 0, +1). Wholly positive
trends would yield an average value of 1, wholly negative a value of !1 and stable
or even mixture, a value of 0.

1990–2000 (Fig. 2). In the countries with ‘broad and shallow’
protection, population trends of protected species did not change
significantly between the periods (Fig. 2). At the same time, population trends of unprotected species deteriorated in these countries: positive population trends in 1970–1990 became negative
trends in 1990–2000 (Fig. 2).
The relation of protection to bird population trends varied
considerably among countries (Fig. A2). The countries with the
most significant protection effects over time were Belarus, Croatia,
Estonia and Ukraine (Table 2).
3.2. Traits
Population trends were significantly related with four trait variables, and three of these correlations changed between the two
periods (Table 3). In 1970–1990, facultative migrants had more positive population trends than obligatory migrants or residents, but
this relationship disappeared in 1990–2000. In 1970–1990, ground
nesting species had more negative population trends than the

Table 3
Effects of species’ traits on population trends of 306 bird species in two time periods
(1970–1990 and 1990–2000) in 10 Eastern European countries as revealed by the
final linear mixed effects model (see Table 1 for the analysis of deviance table of this
model and for a brief description of PC 1 and PC 2). The main effect (i.e. the terms
without interactions) refers to the relationship between a given trait and the
population trend in the first time period; the interaction term (i.e. a term " time
period) refers to the change in trends between the first and second time period. The
main effect of PC1 refers to the relationship with the population trends in both
periods because the interaction term was not included in the final model.
Trait variable

Estimate

SE

df

t

Migration flexibility
Migration flexibility " time
period
Nest location
Nest location " time period
PC 1
PC 2
PC 2 " time period

0.15
!0.14

0.05
0.04

139
3360

2.96
!3.42

0.004
0.001

0.11
!0.05
!0.04
0.07
!0.06

0.03
0.02
0.02
0.03
0.02

139
3360
139
139
3360

3.84
!2.62
!2.42
2.70
!3.25

<0.001
0.009
0.017
0.008
0.001

P

The model containing taxonomic information as random effects
explained a significantly larger proportion of the variability in bird
population trends than the linear model without this random effect (Likelihood ratio = 438.4, P < 0.001). This suggests that phylogenetic dependency played a significant role and justifies our
effort to control for its effects. However, variance partitioning
among random effects showed that the residual variance was by
far the most important component of the overall variance in the
random effect part (accounting for 76.9% of the variability). Family
explained 4.7% and genus explained less than 0.1% of the variability. Species had the most notable effect, explaining 18.4% of the
variability in population trends.
4. Discussion
Our results show that legislation for species protection was significantly related to bird population trends in Eastern Europe. After
controlling for the effects of species’ ecology, life history and phylogenetic relatedness, population trends of bird species protected
since the 1990s, after the fall of totalitarian governments, improved more than those of unprotected species. However, trends
of both protected and unprotected species remained negative in
1990–2000. Thus, we might have expected an even stronger decline in protected species if they had lacked protection. This pattern suggests that the modern conservation legislation in these
countries helped to protect birds, albeit not sufficiently to reverse
their declining trends. This is in line with the positive influence of
species protection already found in Western Europe (Donald et al.,
2007) and North America (Male and Bean, 2005). It is important to
note that these two studies examined protected species lists that
were uniform over large regions (i.e., European Union and the United States), while our study focused on species lists specific for
each country. National-level protection thus most likely also delivers benefits to individual species.
Our simultaneous focus on several countries required a correlative approach, which, unlike manipulative experiments, cannot
effectively test for causal mechanisms (Quinn and Keough, 2002).
Other unobserved factors could also contribute to the observed
changes in avian populations trends, including those originating
in environmental and demographic stochasticity (Sæther and
Engen, 2002), as well as deterministic factors. Indeed, in the
1990s, when conservation legislation came into effect, Eastern
European countries underwent deep socioeconomic and land-use
changes that were also reflected in the population trends of some
common bird species (Goławski, 2006; Koleček et al., 2010; Reif
et al., 2011). For instance, several studies provide evidence that
land use changes after the collapse of communism improved population trends of many farmland bird species (Donald et al., 2001;
Stoate et al., 2009; Kamp et al., 2011). A similar population increase
was found in forest birds due to lower impacts of acid emissions on
forest stands (Flousek, 1989). However, a more detailed
examination of some protected species suggests a link between
legislation and the observed changes in species’ abundance in
some Eastern European countries. Specifically, a prohibition on
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poisoning was the direct driver of increasing populations of raptors
in Hungary (Harasztha and Bagyura, 1993), while the harvesting
levels of some game bird species approached zero after their protection was established in the Czech Republic (Supplementary
Table A4) according to Anon. (2013). Relationships between the
protection and exploitation of bird populations have been found
all over the world (Donázar and Fernández, 1990; Villafuerte
et al., 1998; Alonso et al., 2003; Whitfield et al., 2004; Fasola
et al., 2010; Williams et al., 2012) and the greatest conservation
success was achieved via targeted intensive actions (Butchart
et al., 2006; Brooke et al., 2008; Sodhi et al., 2011). Nevertheless,
we cannot generalize these examples to all protected species because they differ in their responses to protection, due to differences
in their ecological characteristics and evolutionary history. Therefore, positive effects of protection at the species level should be
confirmed by more detailed species-by-species approaches that
would reveal the impact of legal protection relative to the impacts
of other pressures.
Our prediction that bird population in countries with ‘narrow
and deep’ protection should show a greater statistical effect than
those with ‘broad and shallow’ countries was not confirmed. Both
countries with ‘narrow and deep’ and ‘broad and shallow’ strategies showed positive associations between protection status and
change in population trends. However, the patterns of changes in
protected and unprotected species’ trends differed between the
protection strategies. In the ‘narrow and deep’ countries, protected
species showed a great improvement in trends, whereas the trends
of unprotected species improved less strongly. By contrast, across
all countries with ‘broad and shallow’ protection (including common species such as Sylvia atricapilla or Parus major – see
Table A2), we found a consistently marked deterioration in the
trends of unprotected species after 1990, while protected species
had similar trends in both time periods. Thus, it appears that both
approaches to species protection might deliver positive, albeit different outcomes for bird conservation. A combination of the two
models might achieve the best results overall: a basic level (‘broad
and shallow’) of protection for many species, contributing to support population stability; and more stringent protection (‘narrow
and deep’) for a subset of rare or threatened species, including active support where feasible (Garnett et al., 2003), to facilitate population recovery.
Several species’ traits also influenced bird population trends in
Eastern Europe. Our findings accord with the pan-European analysis of Sanderson et al. (2006), who observed a significant decline of
trans-Saharan migrants in 1970–1990, but not in 1990–2000. Similarly, the declines of ground-nesting species conform to the decline of farmland birds frequently reported in European countries
(Donald et al., 2001, 2006). The reduction in the rate of their decline observed in our study may be related to the reduction of agricultural intensity in Eastern Europe after political changes (Donald
et al., 2001; Stoate et al., 2009), which resulted in temporary farmland bird recovery in some countries (Reif et al., 2008; but see Báldi
and Batáry, 2011). In addition, we found that K-selected species, as
well as species spreading their investment into multiple breeding
attempts, had more positive population trends than r-selected species and species allocating their energy to just one breeding attempt. Similar relationships have been observed in France (Jiguet
et al., 2007) and in the Czech Republic (Reif et al., 2010). Sol
et al. (2012) suggested that successful invaders are species that
are able to wait longer until environmental conditions are suitable
for reproduction (i.e. K-selected species) and, more importantly,
those having multiple breeding attempts. The life histories identified above could be generally advantageous for survival under adverse environmental conditions, at least for birds.
Apart from the correlative approach, which was necessary given
the large spatial focus and the comparative nature of our study,

there are a few additional limitations to take into account when
interpreting the results. First, our sample of ten countries, albeit
being the best dataset available to address our question, is still relatively small. However, they do cover most of Eastern Europe,
aside from Russia, so we are confident that the countries considered form a representative sample of bird populations in the region. Second, although protection is positively related to bird
population changes in Eastern Europe in general, we found heterogeneity in the effect of legal protection on population trends
across countries, within the broad categories of ‘narrow and deep’
as well as ‘broad and shallow’ protection strategies. This variability
may allow further insights into the costs and benefits of bird protection in particular countries. Unfortunately, we do not have detailed country-level data to address this variability in a formal
analysis. However, the variability in protection effects among
countries should be the subject of further work. Third, the number
of bird species differed among countries, resulting in imbalanced
sample sizes among countries. However, the differences in species
numbers were not substantial (from a minimum of 156 bird species in Belarus to a maximum of 221 in Ukraine). In addition, the
hundreds of species per country resulted in an extensive dataset
with 1854 species-country combinations, making the statistical
inference robust to this variation.
In conclusion, our findings suggest positive effects from statutory species protection in Eastern Europe. Protection seems to play
an important role in reducing the rate of regional bird population
decline. We suggest that updates to national protected species lists
should include different protection strategies, according to species’
threat levels in a given country. This might combine the prevention
of declines of non-threatened species by the ‘broad and shallow’
approach, and the facilitation of population recovery of the most
threatened species by the complementary ‘narrow and deep’ approach. Since birds are frequently used as environmental indicators at the European level (e.g. Gregory et al., 2005), future
studies should explore if national legislation of bird protection
might also contribute to the maintenance of other aspects of biodiversity. Furthermore, future studies could investigate the variation
in protection effects among countries with more detailed analyses
of the enforcement of bird conservation legislation, taking into account other local factors, such as the history and tradition of nature
conservation and socio-economic factors. This might aid the further development of national and international animal protection
strategies.

Acknowledgements
We wish to thank all the national experts who provided us the
information on the respective national legislation or helped us to
obtain these data, namely A. Abramczuk, A. Andreev, I. Budinski,
S. Bugariu, I. Elts, J. Figelj, I. Hristov, O. Keišs, R. Kucharski, R. Slobodník, S. Trautmann and D. Uzunova. Further, we thank two anonymous reviewers, D. Dawson, M. Schwager, B. O‘Hara, M. Krist and
K. Weidinger for their valuable comments on data analysis and the
earlier drafts of manuscript. D.W. Hardenkopf improved the English. The study was supported by the Ministry of Education of the
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