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Abstract

Context Land use changes and intensification have
been amongst the major causes of the on-going
biodiversity decline in Europe. A better understanding
and description of how different levels of land use
intensity affect biodiversity can support the planning
and evaluation of policy measures.

Objectives Our study investigates how land use-
related landscape characteristics affect bird diversity,
considering different spatial scales and species groups
with characteristic habitat use.

Methods We used breeding bird census data from
2693 observation points along 206 transects and
applied a random effects hurdle model to describe
the influence of the landscape characteristics altitude,
forest proportion, patch density, land cover diversity,
and land use intensity on avian species richness.
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extensively used semi-open landscapes. The influence
of land cover diversity on species richness was small.
Increasing patch density had positive effects on forest
birds, but affected farm birds negatively. The strongest
correlation between land use-based indicators and bird
diversity was determined using spatial indicators at a
close range around observation points (100-500 m
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Conclusions Our results assist interpretation of the
Pan-European Common Bird Indices and emphasize
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E. Tasser - U. Tappeiner

Institute for Alpine Environment, EURAC, Drususallee 1,
39100 Bozen, Italy

e-mail: erich.tasser @eurac.edu

J. Frithauf - N. Teufelbauer

BirdLife Austria, Museumsplatz 1/10/8, 1070 Vienna,
Austria

e-mail: johannes.fruehauf @birdlife.at

N. Teufelbauer
e-mail: norbert.teufelbauer @birdlife.at

@ Springer


http://dx.doi.org/10.1007/s10980-015-0215-3
http://crossmark.crossref.org/dialog/?doi=10.1007/s10980-015-0215-3&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10980-015-0215-3&amp;domain=pdf

1852

Landscape Ecol (2015) 30:1851-1863

Keywords Biodiversity indicator - Naturalness -
Random effects hurdle model - Scale - Landscape
metrics - European Bird Index

Introduction

In the past millennia farming and settlement activities
transformed the European landscape from a mostly
woodland-dominated landscape to a mosaic of mead-
ows, pastures, arable fields, hedges, woods, and
settlements. While most natural habitats were cleared
away, secondary open and semi-open habitats were
created and populated by plants and animals adapted
to them (Tscharntke et al. 2012). Those habitats and
species contribute greatly to the current European
biodiversity (Pimentel et al. 1992; Tscharntke et al.
2005). During the last few decades land use change in
general (Sala et al. 2000; Tasser et al. 2008; Zimmer-
mann et al. 2010) and the ongoing agricultural
intensification in particular (Benton et al. 2003;
Culman et al. 2010) have prompted a widespread
decline in biodiversity. Furthermore, Dullinger et al.
(2013) demonstrated that effects of land use change on
biodiversity might currently be seriously underesti-
mated as the reaction of many plant and animal
populations lags behind contemporary environmental
degradation. For birds—one of the best observed and
well known taxa—population decline in cultivated
landscapes has been very well documented and mainly
associated with agricultural intensification (Krebs
et al. 1999; Donald et al. 2001; Wretenberg et al.
2010).

While intensified land use is doubtless one of the
main causes of biodiversity loss, low-intensity land-
use systems may be an essential element in large-scale
biodiversity protection (Tscharntke et al. 2005; Wright
et al. 2012; Baudron and Giller 2014; Wehrden et al.
2014). International policies have adopted various
measures to counteract the developments that led to a
depletion of biodiversity and natural resources. The
highly financed European agri-environment schemes
(AES) are an example of steps aimed to reduce the
negative influence of agriculture on biodiversity by
paying farmers to apply environmentally friendly
management practices. However, evaluation of AES
has shown mixed results, and it is still largely unclear
whether and how AES contribute to policy objectives
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aimed at halting the depletion of biodiversity (Butler
et al. 2009; Wilson et al. 2010; Kleijn et al. 2011). The
effects of AES differ between taxa and seem to be
influenced by the applied scale (Gonthier et al. 2014).

Biodiversity is not only affected by local habitat
availability and quality, but also by the surrounding
landscape features (Concepcion et al. 2008; Con-
cepcion et al. 2012). For the development of
efficient and wise biodiversity policies it is essential
to understand how land use-related landscape char-
acteristics affect biodiversity patterns on the local
and the landscape scale (Concepcion et al. 2008;
Tscharntke et al. 2012; Kirchner et al. 2015). Kleijn
et al. (2011) argue that conservation strategies
should be monitored within the context of land use
in the wider countryside. Gottschalk et al. (2007),
Whittingham et al. (2007) and Batary et al. (2011)
propose that agri-environmental programmes should
consider the nature of the landscapes of the regions
in which they are implemented, as well as the type
of species groups they target. Properly designed
biodiversity and environmental indicators can serve
as urgently needed tools to support the planning and
evaluation of policy measures (Walpole et al. 2009;
Vackar et al. 2012). Our understanding of how
different levels of land use intensity affect biodi-
versity is still limited and often restricted to the field
scale. Biodiversity analysis with a landscape per-
spective including the whole land use intensity
spectrum and considering different spatial scales
could promote a better understanding of these
complex interrelationships (Walz and Syrbe 2013).

The present study investigated the relationship
between anthropogenic land use characteristics and
bird species richness in cultural landscapes. Wu
(2010) discussed different definitions of cultural
landscapes from a landscape ecology perspective and
emphasized the usefulness of the concept, especially
when used in the context of a landscape modification
gradient. We use the term “cultural landscapes” for
organically evolved landscapes, resulting from the
interaction between man and his natural environment
(UNESCO 1996) including urbanised landscape.
While agricultural intensification has been identified
as the main driver in the decline of farmland birds
(Donald et al. 2001, 2006), only few studies have
focused on the general relation between land use
intensity (ranging from natural habitats to urbanised
landscapes) and bird species diversity (e.g. Loss et al.
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2009). Advancing the understanding of this relation-
ship on different spatial scales (from local to regional)
was a major goal of our study. We used Austria-wide
breeding bird census data to analyse the influence of
land use-related landscape characteristics on total
avian richness and on species groups with character-
istic habitat use (farmland species, forest species, and
other species). The environmental indicator distance
to nature (D2N) as described by Riidisser et al. (2012)
served as a measure of the degree of habitat change
caused by anthropogenic land use. To analyse the
relationship between avian diversity and landscape
characteristics (altitude, forest proportion, patch den-
sity, land cover diversity, and D2N) we applied a
generalised linear mixed model (Zuur et al. 2009).

Methods
Bird species data

Data on breeding bird species were provided by the
Common Bird Monitoring Programme (CBM) of
BirdLife Austria for the year 2008. The Austrian
CBM data contribute to the Pan-European Common
Bird Monitoring Scheme that uses large-scale and
long-term monitoring data to measure mean popula-
tion changes in breeding bird populations across
Europe (Gregory et al. 2005). The bird surveys were
carried out twice in a predetermined 15-day period
during the reproductive period at fixed observation
points (n = 2693) along transects (n = 206) within
the cultural landscape in Austria (Fig. 1). Surveys were
conducted by expert volunteers using the point count
method (Bibby et al. 2000). At each point count all
visually and acoustically detected birds were recorded.
Observations were performed for 5 min and started
2-3 min after the observer arrived at each observation
point. The number of observation points per transect
ranged between seven and 20, with a median of 12. The
Ist and 3rd quartile was 10 and 15, respectively. No
surveys were conducted on rainy or strong wind days.
The observer always visited the same transects. For
further information about the Austrian Bird Monitor-
ing Programme, see Teufelbauer (2010).

To check whether the transects used for the
Austrian CBM were representative of the cultural
landscape Frithauf and Teufelbauer (2006, 2008)
compared the count points with points randomly

distributed over the cultural landscape in Austria.
They used CORINE land cover data (EEA—European
Environment Agency 2007) and GIS data from the
Austrian Integrated Administration and Control Sys-
tem—used to administer benefits payments made to
farmers under the Common Agricultural Policy—to
calculate proportions of land cover types (forest,
settlements, water etc.) as well as types of agricultural
use (arable, grassland, wine, etc.) within 200 m of
each observation point. Furthermore, the most com-
mon sub-categories (e.g., maize, summer and winter
cereals, set-aside, hay meadows cut once or twice a
year, pastures) and agri-environmental schemes (e.g.,
organic farming, special conservation measures, inte-
grated production) were considered. Differences in
distribution with respect to land cover types or types of
agricultural use between observation points and ran-
domly chosen points were not statistically significant
(Friihauf and Teufelbauer 2008).

Our analysis used the original CBM dataset (ALL),
which includes all recorded species (n = 175) and
three species groups defined by the European Bird
Census Council (EBCC; http://www.ebcc.info). These
groups have been used since 2007 for calculation of
national and Pan-European common bird indices
(Vorisek et al. 2008; EEA—European Environment
Agency 2009). The species were selected on the basis
of predominant regional habitat use and include 20
characteristic farmland species (FARM), 37 charac-
teristic forest species (FOREST), and 49 other species
(OTHER) (EBCC 2012). For the list of species and
their classification, see Appendix 1 in supplementary
material. The number of species detected at each point
is termed species richness (cf. Gotelli and Colwell
2001) and was estimated for all species habitat groups
separately.

Gradient of land use intensity and other landscape
characteristics

As a measure of land use intensity and spatial land use
characteristics we used the composite index D2N
developed by Riidisser et al. (2012). This index is
based on a combination of the indicators degree of
naturalness and distance to natural habitat and is an
appropriate measure of the degree of habitat change
caused by anthropogenic land use. Based on a high-
resolution naturalness map Riidisser et al. (2012)
produced a spatially comprehensive indicator map.
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Fig. 1 Localisation of the representative transects (n = 206) in Austria

This map was used to estimate D2N at the CBM
observation points. D2N is a continuous variable
ranging from O to 1 and can be used to classify
landscape types as proposed: (a) natural or near-
natural landscapes (0 < D2N < 0.06, n = 959): these
are landscapes where natural land cover is dominant.
Predominating ecosystems might be altered, but
correspond with the naturally expected; (b) extensive-
ly cultivated landscapes with a substantial amount of
natural elements (0.06 < D2N < 0.25, n = 1020):
these are agriculturally cultivated landscapes with a
high degree of natural or near-natural landscape
elements such as natural forests (at least 50 %);
(c) cultivated landscapes (0.25 < D2N < 0.35,
n = 267): agriculturally intensively used landscapes
with a substantial extension of natural habitats;
(d) intensively cultivated landscapes (0.35 < D2N <
0.65, n = 382): these are agriculturally intensively
used landscapes with no or a very small amount of
natural habitats; (e) urbanised landscapes (0.65 <
D2N < 1, n = 65): landscapes with a high degree of
soil sealing (more than 50 %) (Riidisser et al. 2012).
For all species with more than ten sightings we
analysed the landscape type preference by calculating
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mean D2N using all counting points at which the
specific species occurred.

To control for the influence of known confounding
factors affecting bird richness on the landscape scale
(Bohning-Gaese 1997; Farina 1997; Atauri and de
Lucio 2001; Desrochers et al. 2011; Bar-Massada et al.
2012) we used altitude (altitude), patch density (PD),
land cover diversity (LCD) and percentage of forest
coverage (forest) as additional variables. Altitude at
count point was estimated using a high-resolution
digital terrain model (10 m). The landscape metrics
were calculated from a digital land use and land cover
(LULC) map for Austria (Riidisser and Tasser 2011).
As this raster map with a cell size of 25 m combines a
set of different land use and land cover information,
we will subsequently use the term LULC when
referring to this dataset. Patch density delineates the
number of distinctive LULC patches per unit area, and
land cover diversity describes the number of different
LULC types per area (McGarigal and Marks 1995).
All metrics were calculated for the area surrounding
each observation point. To evaluate whether the
relationship between landscape characteristics and
species richness was sensitive to the applied scale, we
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estimated D2N, PD, forest and LCD for a radius of
100, 500, 1000 and 5000 m around each observation
point.

Austria and hence our study region contains the
Ecoregions Alps conifer and mixed forests; Western
European Broadleaf forests, Central European mixed
forests, and Pannonian mixed forests (Olson et al.
2001). These ecoregions were added as fixed effects to
avoid a possible omitted variable bias. All explanatory
variables were checked for multicollinearity using the
variance inflation factor (VIF).

Modelling the influence of landscape
characteristics on species richness

Data analysis aimed to understand and describe the
relationship between bird species richness and land-
scape characteristics. It is reasonable to assume that
the species richness of different habitat groups might
follow different trends (Gregory et al. 2005), and
therefore we divided bird communities into the groups
described above (FOREST, FARM and OTHER). As
species richness is a count variable, the relationship
between landscape characteristics and species richness
was investigated using count data models. Due to a
considerable number of zeros a hurdle model was
considered an appropriate model approach. Compared
to zero-inflated models, the hurdle model assumes that
zero observations are all true non-occurrences. That is,
a zero observation is recorded because the species
does not occur at a site, either due to its habitat
characteristics or because it does not saturate its entire
suitable habitat by chance (Martin et al. 2005). In
contrast, a false-zero occurs when the observer fails to
detect a species that occurs at a site. Ease of
detectability (easy to recognize and easy to monitor)
is one of the selection criteria for the common bird
indicator (see “Bird species data” section). Further-
more, a zero observation in our case would mean that
not a single bird of any possible species (FOR-
EST = 37, FARM = 20 or OTHER = 49) was de-
tected on either one of the two visits. Hence, we
assume that the number of false-zeros in our study is
negligible. Additionally, it makes sense to allow
different data-generating processes (DGPs) in order
to determine whether, on the one hand, the habitat is at
all suitable for specific bird groups and, on the other
hand, for determining which factors favour an increase
in species richness. Although the same variables were

used for both DGPs, the variables may very differently
influence species richness or the presence of a species
group (cf. Cunningham and Lindenmayer 2005;
Huggett 2005; Radford et al. 2005). The multilevel
structure of our data (counting points are aligned along
a transect) required the use of a random effects hurdle
model. The random intercept accounted for the
dependence of the observation units within one
transect in order to obtain valid estimates.

To confirm the statistical suitability of the hurdle
model, we not only worked from the theoretical
considerations mentioned above but we estimated
further count data models also involving zero-inflated
models. The model employing the Poisson distribution
(‘Poisson model’) is commonly applied with count
data. However, a characteristic of the Poisson distribu-
tion is the fact that the mean is the same as the variance,
i.e. equidispersion is assumed and modelling over-
dispersion, often observed in practice, is not possible. In
order to overcome this restriction the negative-binomial
distribution was employed to allow different estimates
of the variance and the mean (‘negative-binomial
model’). When dealing with count data more zeros
may be observed than predicted by the Poisson or
negative-binomial distribution. When this is the case
the excess of zeros may be modelled either with a zero-
inflated model or with a hurdle model, depending on the
assumptions underlying the data-generating process of
the zeros. Both types of model (each assuming either
the Poisson or the negative-binomial distribution of the
outcome) were developed to cope with zero-inflated
outcome data with over-dispersion (negative-binomial
distribution) or without (Poisson distribution). For zero-
inflated models (‘zero-inflated Poisson model’ or ‘zero-
inflated negative-binomial model’) theory suggests that
the zeros are generated by two independent processes,
whereas the hurdle model (‘hurdle model’) assumes
that all zero data are from one structural source as
described above.

For model evaluation information criteria (Schwarz
1978; Akaike 1981), the log-likelihood ratios, de-
viances, the squared correlation between the observed
species richness, and the estimated values (Rz), McFad-
den’s Pseudo Rsquare (McFadden 1973) and residual
diagnostics were applied. As theoretical reasons and
statistical arguments favour the hurdle model, we now
describe this model in more detail. The hurdle model
consists of two parts: a left-truncated count component
and a right-censored hurdle component.

@ Springer
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The first part is a binary (presence/absence) logit

model:
logit(p) = ln(1 fp) = xb

= by + bix; + byxy + - - + bgxg,

where p is the probability of an event occurring given

X, (1pr> is the odds of species presence given X, xi is

the kth independent variable, b, the kth fixed regres-
sion coefficient, k=1,...,K and by the random
intercept (Zuur et al. 2009). The parameters in this
part of the model can be interpreted in terms of odds
ratios and standardized variable changes. For a
standard deviation change in x; (si), the odds are
expected to change by a factor of exp(bysy), with all
other variables remaining constant:

odds(x + Ax)

odds(x) = exp(bisi) (1)

The second part is a count model using the negative
binomial distribution, E[y|x] = exp(xb). Again, a
standardized variable change in the variable x; can
be computed as exp(bysi), where sy is the standard
deviation of variable xy.

E[y|x + Ax]

E[y|x] = exp(bksk) (2)

In order to obtain the maximum likelihood estimates
the log-likelihood function is maximized. To estimate
the generalised linear mixed models (GLMM) the
package glmm.admb (Skaug et al. 2013) of the
statistical software R was used (Bolker 2008). The
covariance matrix was obtained as the numerically
determined Hessian matrix and the significance of the
regression coefficients was assessed via Wald tests.

The models were estimated for each species subset
and all four spatial scales (100, 500, 1000 and 5000 m
around each counting point). Statistical analysis was
performed in R 3.0.1; calculation of landscape metrics
and all related data handling was conducted in ArcGIS
9.3.

Results
The 2008 monitoring counts detected 175 bird species.

Avian species richness at observation points ranged
from 1 to 29 with an average of 10.5 and a standard
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deviation (SD) of 4.7 considering all recorded species.
Chaffinch (Fringilla coelebs) showed the highest
frequency of occurrence, occurring in 1919 of 2693
sampling points (71.3 %), followed by Blackcap
(Sylvia atricapilla) with 61.1 % and Common Black-
bird (Turdus merula) with 55.7 %. All other species
had a relative frequency of occurrence of less than
50 %.

D2N at observation points comprised the whole
possible range from O to 1 with an average of 0.18 (SD
0.17). Mean D2N values for the 100 m radius for bird
species ranged from 0.05 (0.04 SD) (Ficedula albi-
collis) to 0.47 (SD 0.18) (Perdix perdix). All species
from the group FARM achieved mean D2N values
above 0.2, and all species from the group FOREST
occurred at points with a mean D2N below 0.16. For
details, see Appendix 1 in supplementary material.

Separate analysis of the species groups with
predominant habitat use (FOREST, FARM or
OTHER) revealed that species richness of those
groups responded differently to land use intensity.
While species richness of the FOREST group de-
creased with increasing land use intensity, FARM
species richness increased (Table 1). This character-
istic had to be considered in the model, and therefore
the relationship between bird species richness and
landscape characteristics for each habitat group was
modelled separately.

Variance inflation factors (VIFs) revealed no
relevant multicollinearity between the explanatory
variables (Table 2) on any scale (100, 500, 1000,
5000 m). VIFs were smaller than 4.2 for variables on
all scales. For the 100 scale model VIFs were even
smaller than 2.5 for all variables. The statistical
analysis of all estimated models (Poisson model,
negative-binomial model, zero-inflated Poisson mod-
el, and zero-inflated negative-binomial model) re-
vealed that the mixed-effects hurdle model performed
best on all scales and for all species groups. However,
we found a remarkably high consistency amongst
models regarding which variables had a statistically
significant impact and the size of the coefficient
estimates (results are available from the authors on
request).

The hurdle model (Table 3) showed a moderate but
consistent relationship between avian species richness
and the index D2N. Models on all scales and for all
species subsets except the subset FARM revealed a
negative impact of D2N on species richness. The
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Table 1 Average species richness and standard deviation of species richness (SD) at sampling point for various groups of landscape

type are given (D2N for a 500 m radius)

Landscape type (D2N) n All Forest Farm Other

Natural (0 < D2N < 0.06) 959 10.3 (SD 4.7) 4.6 (SD 2.7) 0.4 (SD 0.8) 4.8 (SD 2.5)
Extensively cultivated (0.06 < D2N < 0.25) 1020 10.9 (SD 4.8) 3.1(SD 2.3) 1.4 (SD 1.6) 5.6 (SD 3.0)
Cultivated (0.25 < D2N < 0.35) 267 10.6 (SD 4.8) 1.6 (SD 1.3) 2.7 (SD 2.0) 5.4 (SD 3.2)
Intensively cultivated (0.35 < D2N < 0.65) 382 10.3 (SD 4.5) 1.1 (SD 1.2) 3.3 (SD 2.0) 4.9 (SD 3.0)
Urban (0.65 < D2N < 1) 65 9.8 (SD 5.1) 1.1 (SD 1.3) 2.7 (SD 2.2) 49 (SD 3.4)
Total 2693 10.6 (SD 4.7) 3.2 (SD 2.6) 1.5 (SD 1.8) 5.2 (SD 2.9)

Table 2 Descriptive statistics for the independent variables used to model avian species richness at n = 2693 counting points

Minimum 25th percentile Median 75th percentile Maximum Mean SD

Altitude a.s.l. (m) 115 306 505 910 2605 721 585
Distance to nature (D2N)

100 m 0.02 0.05 0.11 0.26 1.00 0.18 0.17

500 m 0.02 0.06 0.12 0.26 1.00 0.18 0.16

1000 m 0.02 0.07 0.13 0.25 1.00 0.18 0.14

5000 m 0.03 0.08 0.14 0.27 0.76 0.19 0.13
Land cover diversity

100 m 1 1 4 11 1

500 m 1 4 9 15 3

1000 m 1 7 10 12 19 9 3

5000 m 7 12 14 16 23 14 3
Patch density

100 m 0.32 0.32 0.64 0.95 5.73 0.80 0.64

500 m 0.01 0.06 0.14 0.29 1.66 0.21 0.22

1000 m 0.00 0.06 0.14 0.26 1.01 0.19 0.16

5000 m 0.02 0.10 0.15 0.22 0.52 0.17 0.10
Forest cover (%)

100 m 0.00 0.00 0.04 0.50 1.00 0.26 0.34

500 m 0.00 0.03 0.24 0.60 1.00 0.33 0.32

1000 m 0.00 0.08 0.31 0.57 1.00 0.35 0.28

5000 m 0.01 0.27 0.47 0.65 1.00 0.45 0.25

species group FARM showed a negative dependence
between D2N and species richness for the count model
part of the hurdle model, but a positive dependence for
the binary (presence/absence) logit models on all
scales. On the 500 m scale the influence of D2N on
FARM species richness was not significant (Table 3).
This apparent contradiction can be explained by the
fact that FARM species rarely occurred in forested
habitats, but mostly in an agriculturally used and thus
open landscape (with an average D2N > 0.2).

Nevertheless, further land use intensification and
therefore an increase in D2N did not cause an increase
in FARM species richness.

Species richness decreased with increasing altitude.
This relationship was consistent for all species subsets.
Influence of LCD on species richness was small and
mostly not significant. An increase in PD was
associated with an increased richness of FOREST
and OTHER species and a decreased richness of
FARM species. Increased forest cover was associated

@ Springer
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Table 3 Model coefficients of the hurdle model for the species groups FOREST, FARM and OTHER and all investigated scales for
distance to nature (D2N), altitude, patch density (PD), land cover diversity (LCD) and percentage of forest coverage (forest)

Species group/scale

Model coefficients with significance levels of the partial Wald test and model quality criteria

D2N Altitude LCD PD Forest BIC R?
FOREST
100 m Count —2. 5% —0.00021%*%* 0.027* —0.03 0.23 %% 9800 0.44
Zeros —6.07%** —0.00316%** —0.047 0.937#%* 2.779%H%
500 m Count —2.37xx* —0.00015 0.036%*%* 0.13 0.497%%% 9831 0.44
Zeros —4.16%** —0.00213%%%* 0.054 2.52%%% 4.89%%*
1000 m Count —2.02%¥* —0.00012 0.013 0.58%%%* 0.60%** 10,077 0.38
Zeros —5.21%¥* —0.00231%#%%* 0.034 3.02%%%* 3.94%%
5000 m Count —1.36%** —0.00014 0.007 0.92% 0.55%%* 10,400 0.25
Zeros —8.67#%* —0.00349#%* -0.113* 5.33%% 1.25
FARM
100 m Count —0.15 —0.00138%*%* —0.006 —0.05 —1.50%** 6676 0.58
Zeros 2,494 —0.00184#%* —0.017 —0.14 —3.46%**
500 m Count —-0.37 —0.00108%**%* 0.029%* —0.72%%* —1.60%** 6728 0.58
Zeros 0.42 —0.00258%%%* —0.011 —2.15%** —4.85%%*
1000 m Count —0.54* —0.00118%%** 0.004 —0.98*** —1.41%** 6858 0.57
Zeros 1.08 —0.00259%%*%* 0.029 —3.50%%* —4.55%%*
5000 m Count —1.56* —0.00131#** 0.018 —2.24%%% —1.37%*% 7018 0.55
Zeros 3.28 —0.0021 1#%* 0.037 —06.61%%* —2.11%**
OTHER
100 m Count —0.44%x* —0.0008*** 0.011 0.097##* —0.22%%* 11,523 0.31
Zeros —2.90% —0.0034 % 0.291 0.80 1.82
500 m Count —0.37%* —0.0007%*%*%* 0.020%* 0.35%%%* —0.10 11,521 0.33
Zeros —1.64 —0.0024** 0.067 3.56 3.34%*
1000 m Count —0.52%* —0.0008*#* 0.000 0.62%** —0.06 11,559 0.30
Zeros —-1.90 —0.0024** —-0.023 5.84% 3.48%*
5000 m Count —-0.77* —0.0009%** 0.011 0.49 0.02 11,621 0.28
Zeros —8.26% —0.004 1 #** 0.000 8.53* —0.82

R? denotes the squared correlation between the number of species and the estimated number of species. The significance levels of the
Wald test are indicated by asterisks: *** (p < 0.001), ** (p < 0.01), * (p < 0.05), where p denotes the p value

with increased FOREST species richness, but de-
creased FARM species richness. Here the species
group OTHER reacted ambiguously.

The results achieved with the models demonstrate
that D2N is an important explanatory variable for bird
richness. Especially the richness of the FOREST
species group was strongly influenced by land use
intensity. An increase in D2N by one standard
deviation changed the expected species richness by a
factor of 0.65 (in the 100 m radius). This effect is the
partial effect of D2N as the effects of all other
variables (altitude, patch density, land cover diversity
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and ratio of forest coverage) were partialed out
(Table 4).

Discussion

Evaluating the influence of land use and cover on
biodiversity on the landscape scale is a very challeng-
ing task. This is not only due to the inherent
complexity of interactions in time and on different
spatial scales, but also to the fact that data about
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Table 4 Partial effects of the statistically significant environmental variables distance to nature (D2N), altitude, patch density (PD),
land cover diversity (LCD) and percentage of forest coverage (forest) in the hurdle model

Species group/scale

Consequence of a standard deviation change in variables:

count model F[’IJHX]A"] = exp(bysy) or zeros model ”dl‘f;f;(t?") = exp(bysy)
D2N Altitude LCD PD Forest
FOREST
100 m Count 0.65 0.88 1.04 1.08
Zeros 0.35 0.16 1.81 2.60
500 m Count 0.69 1.11 1.17
Zeros 0.52 0.29 1.22 4.73
1000 m Count 0.75 1.10 1.18
Zeros 0.47 0.26 1.64 3.05
5000 m Count 0.84 1.10 1.15
Zeros 0.33 0.13 0.71 1.70
FARM
100 m Count 0.45 0.60
Zeros 1.53 0.34 0.31
500 m Count 0.53 1.08 0.86 0.60
Zeros 0.22 0.63 0.21
1000 m Count 0.93 0.50 0.85 0.67
Zeros 0.22 0.56 0.28
5000 m Count 0.82 0.46 0.80 0.71
Zeros 0.29 0.52 0.59
OTHER
100 m Count 0.93 0.63 1.06 0.93
Zeros 0.61 0.14
500 m Count 0.94 0.66 1.06 1.08
Zeros 0.25 2.89
1000 m Count 0.93 0.63 1.11
Zeros 0.25 2.60 2.68
5000 m Count 0.91 0.59
Zeros 0.35 0.09 2.35

Interpretation: an increase in the variable by one SD changes the expected counts by the estimated factor in the count model part of
the hurdle. In the binomial part the odds of species presence are expected to change by the estimated factor

biodiversity are and always will be limited and
incomplete. This is also true for the study at hand.
The use of data from only one year could be seen as
such a drawback as annual changes in population
dynamics might have influenced the results. We
analysed bird data from 2008 to ensure temporal
congruence with the LULC data set that incorporates
detailed and large-scale agricultural land use data from
the same year. The bird observation data from 2008
generally correspond with data from the preceding
10-year period from 1998 to 2008 (Teufelbauer 2010).

As we focused on the influence of landscape charac-
teristics on common bird diversity and not on rare or
specialised species and considering the geographically
wide distribution and large number of observation
points, we are convinced that possible seasonal
population effects did not exert a systematic influence
on the results. The focus on common bird species,
which obviously account for just a fraction of overall
bird diversity, and the restriction to species richness
instead of abundance-related indicators can also be
seen as limitations. These restrictions were
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deliberately chosen to reduce the effects of stochastic
events as well as the influence of various observers
(Nichols et al. 2000).

Species richness is very often used as a measure of
community and regional diversity, not only as a basis
for many ecological models but also in the context of
conservation efforts and studies evaluating changes
within ecosystems (Gotelli and Colwell 2001). A
drawback to using species richness as a measure of
biodiversity is that it may not detect changes in the
species composition of a community (Koch et al.
2011). We attempted to account for this not only by
analysing species richness of various individual avian
species groups, but also by estimating mean D2N
values for each species (Appendix 1 in supplementary
material). The fact that all species from the group
FARM occurred at points with an average D2N value
above 0.2 and all species from the group FOREST
occurred at points with an average D2N below 0.16
confirms the soundness of these habitat groups select-
ed by the European Bird Census Council (European
Bird Census Council 2012) and emphasizes the
importance of utilising multifaceted indicators in the
context of biodiversity monitoring and decision-mak-
ing support.

The results of the hurdle model show that increased
land use intensity as measured by D2N is generally
accompanied by a decrease in bird species richness.
This is in accordance with Riidisser et al. (2012), who
claimed that D2N can be used as a surrogate for land
use-related anthropogenic influence on biodiversity.
As we analysed the whole range of land use intensity
types (from natural habitats to highly urbanised areas),
it was especially important to account for bird species
groups with distinctive habitat preferences. If analysis
had been based on total avian species richness, models
would have had a poor predictive power because
different habitat preferences of FOREST and FARM
species might have masked the effect of land use
characteristics. This might have happened to Schindler
et al. (2013), who reported poor performance of
landscape metrics as indicators for avian species
richness. As expected, FOREST species richness
increased with an increase in the amount of forested
area, but also benefited from low land use intensity.
FARM species are open habitat species, which is why
it is not surprising that an increasing amount of
forested area was accompanied by a decrease in
FARM species richness. The mean D2N values of
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observation points where the FARM species occurred
(Appendix 1 in supplementary material) demonstrate
that FARM species rarely occurred at observation
points with very low D2N values. Very low D2N
values in the study region were mainly achieved in
naturally forested areas. Nevertheless, the count
model part of the hurdle model showed that increased
land use intensity (D2N)—considering the amount of
forest as a covariable—caused a decrease in FARM
species richness. As FARM species depend on open
habitats, they profit from extensive land use in areas
where forests are the natural land cover type, but not
from further land use intensification. Here, use of the
hurdle model assists ecological understanding in a
case where the reason for the presence of a species
group might differ from the underlying reason affect-
ing species diversity (c.f. Cunningham and Linden-
mayer 2005).

Our results support the assumptions made by
Desrochers et al. (2011), who investigated how the
conversion of natural area to human-dominated land
cover affects avian species richness in Ontario,
Canada. They found that conversion of up to 44 %
of natural habitats to human-dominated land cover can
result in increased avian richness, because many open
habitat species can benefit from such changes while
only few forest-obligate species are lost. Total species
richness was consistent with the sum of the species-
area curves for natural habitat species and human-
dominated habitat species (Desrochers et al. 2011).
This argumentation is in line with Salek et al. (2010),
who observed increased bird richness along forest
edges and forest roads as compared to forest interior.
As the forests in the study region in Central Europe
were dominated by spruce plantations and increasing
diversity of tree species also positively affected bird
richness, Salek et al. (2010) assumed that margins of
low-traffic roads might provide additional habitat
resources in structurally poor forests. Interestingly,
our analysis also shows a positive relationship be-
tween patch density and forest species, but a negative
relationship with farmland species. This is in accor-
dance with Filippi-Codaccioni et al. (2010), who
hypothesised that habitat diversity caused by vertical
features enhancement could negatively affect farm-
land specialist birds, because some of them need
relatively large open landscapes and can be harmfully
affected by habitat heterogeneity caused by trees and
bushes.
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Performance of landscape metrics was best at a
close range around observation points. This is in
accordance with Schindler et al. (2013), who inves-
tigated the relations between 52 landscape metrics and
species richness of different taxa (woody plants,
orchids, orthopterans, amphibians, reptiles, and small
terrestrial birds) and showed that species richness of
birds was better indicated by landscape metrics at a
close range of 20-50 ha. Besides the fact that model
performance was best at the 100 and 500 m radius, our
results indicate that the relation between the investi-
gated landscape characteristics and bird richness
reacted relatively robustly to changes in the analysis
scale.

Conclusion

Effective future protection of biodiversity will not
only require an honest and tremendous political will,
but also accurate methods to give conservationists and
policy makers a sound basis for making efficient and
informed management decisions. Even within science
biodiversity is often reduced to species diversity
(Haber 2008; Walz and Syrbe 2013), but the descrip-
tion of biodiversity with all its dimensions and facets
definitely cannot be reduced to a few indicators.
Different protection aims need different approaches
and indicators. In our work we focused on the relation
between land use characteristics and diversity of
common breeding birds, because bird indicators are
being increasingly used as a measure of environmental
health and for evaluation and monitoring purposes.
The comparatively broad data availability on breeding
birds makes bird indicators very valuable tools
(Gregory and van Strien 2010). Nevertheless, these
indicators have to be interpreted with care. As we
demonstrate, results can be influenced by the species
set chosen and possible effects can be obscured if a
species set includes species with oppositional reaction
to environmental changes. Furthermore, the superior
mobility of birds in general and the pronounced ability
of some species to adapt their habitat needs to
changing environmental conditions might weaken
the sensitivity of breeding bird indicators to detect
general biodiversity changes. Additional data and
indicators based on other taxa are urgently needed to
better understand, measure, and monitor biodiversity
changes caused by anthropogenic land use.
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