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Abstract Over the last four decades, the majority of
European farmland birds have shown marked popula-
tion declines attributed to the intensification of agricul-
ture. The Common Quail is a widespread farmland
breeder across most of Europe. Its populations have
shown marked decline, particularly pronounced at the
end of the previous century. Ongoing agriculture inten-
sification may be the factor responsible for the observed
declines; however, links between species occurrence and
farming intensification have not been addressed so far.
We analyzed factors affecting the occurrence of the
Quail in Poland using data from 722 1 x I-km study
plots and a set of 22 environmental variables, including
proxies for agriculture intensification. Predictors were
aggregated using PCAs and related to species presence/
absence data using GAMs. The best-supported model of
the species’ occurrence included eight variables and was
clearly better (AIC weight = 0.54) than other models.
Quails preferred open fields, showing high photosyn-
thetic activity in March or June, with rather low pre-
cipitation and often at relatively high altitudes (up to
900 m a.s.l.). Importantly, quails were more frequent on
plots located in regions with rather high inorganic fer-
tilizer input, and showed no avoidance of areas with a
high level of agriculture mechanization. We postulate
that singing male quails are attracted to areas with
medium or high intensity of agriculture but it may rep-
resent a maladaptive habitat choice enhanced by
changing agriculture practices and peculiarities of the
quail’s breeding strategy. Given the results, the quail
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cannot be classified as a good indicator of extensive
traditional agriculture.
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Introduction

The decline of farmland birds observed over the past
four decades across Europe is probably one of the most
widely documented and publicized patterns of concerted
population changes in conservation biology (Krebs et al.
1999; Donald et al. 2001; Benton 2007). Linked with
intensification of agricultural practices, it spawned a
large body of research on possible drivers of the ob-
served changes (Chamberlain and Fuller 2000; Donald
et al. 2001; Benton et al. 2002; Gregory et al. 2004;
Newton 2004; Donald et al. 2006; Wretenberg et al.
2007; Butler et al. 2010). As a side issue, it also promoted
further research on indices used to quantify and aggre-
gate information on changes in abundance of multiple
species (Gregory et al. 2005; van Strien et al. 2012).
However, not all farmland bird species are equally
vulnerable to changing farming practices and the ob-
served patterns of population changes do differ between
countries, hampering our understanding of the exact
mechanisms driving the observed changes (Fox 2005;
Wretenberg et al. 2006; Reif et al. 2008; Tryjanowski
et al. 2011). The Common Quail Coturnix coturnix is a
widespread breeder across most of European farmland,
but it is also one of the most enigmatic species of this
habitat. It is the only species of Phasianidae that
undertakes long-distance migrations, spending the win-
ter in the Sahel zone. Migratory habits and Sahel win-
tering grounds are factors making the species more
vulnerable than others to population declines (Sander-
son et al. 2009). A large decline of the European Quail’s
population was observed in 1970-1990, followed by a
shallow decline hence after, coupled with some increase
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noted in northern parts of its range (BirdLife Interna-
tional 2004; Sanderson et al. 2009). Consequently, the
continental population is classified as “depleted” and
the quail is categorized among species with unfavorable
conservation status in Europe (Species of European
Conservation Concern, SPECs) in category 3 (BirdLife
International 2004). The quail is known to be excessively
harvested (mostly hunted) during autumn migration,
particularly in the Mediterranean basin (Gallego et al.
1997; Puigcerver et al. 1998; Sarda-Palomera et al.
2012), which is a cause of concern, addressed recently by
the EU management plan (EC 2009).

The Quail is highly mobile within a single breeding sea-
son, with individual birds dispersing between distant
breeding sites. Probably, most European breeders first
reproduce in northern Africa and the Mediterranean basin
(south of 40°N) in March—April, and only then migrate to
central and northern Europe to breed there for the second
time in late May—July (Guyomarc’h et al. 1998; EC 2009).
Quails arriving to central and northern Europe in late spring
also include reproductively active birds hatched from first
broods a couple of weeks earlier (Guyomarc’h et al. 1998;
EC 2009). No doubt, male quails found on central Euro-
pean breeding grounds are highly nomadic, with a majority
of radio-tracked birds staying no longer than 2 weeks in a
single place (Herrmann and Dassow 2006).

Habitat preferences of the quail are rather poorly
identified. A wide variety of crops are reported as pre-
ferred by the species (George 1996; Guyomarc’h et al.
1998; EC 2009; Sarda-Palomera et al. 2012), with no
clear pattern emerging and inconsistent results regarding
different countries and spring vs. autumn-sown crops.
Probably, certain features of the sward structure (height,
density of stems) may be more important than plant
species or their variety. A radio-tracking study con-
ducted in the farmland of East Germany was probably
the most revealing one, showing that the quail preferred
areas covered with dense to rather sparse, medium-
height vegetation on sandy soils, with many weeds, often
set-asides and spring-sown cereals, legumes, flax, and
lupin (Herrmann and Dassow 2006).

The reported preferences for fallow land as breeding sites
and for spring-sown cereals as singing places (Herrmann
and Dassow 2006) do imply, however, that agricultural
intensification is a possible threat, as the share of fallows
and spring-sown cereals decreases with the increasing
industrialization of farming practices in temperate Europe
(Chamberlain and Fuller 2000; Wilson et al. 2009). Wide-
spread use of pesticides in modern agriculture decreases the
species’ preferred food supply during the breeding season,
lending further support to the idea that modern farming is
rather incompatible with habitat requirements of the quail
(EC 2009). Agriculture intensification and associated hab-
itat loss were identified as being of main importance for the
species’ fortunes in the EU (EC 2009).

Recent papers describing the habitat preferences of
quails (Sarda-Palomera and Vieites 2011; Sarda-Palo-
mera et al. 2012) did not address the issue, as they did not
examine variables related directly to the intensity of

agriculture among all other predictors. We decided to
extend the approach and analyze factors shaping the
quail’s occurrence, using not only climatic variables but
also an extensive set of covariates describing land use and
indices of agricultural intensification. In this way, we
wished to examine more directly the relationship between
the quail’s occurrence and the intensity of farming in
agricultural landscape. We used data from Poland, which
is particularly suitable for this kind of analyses, given a
large area of farmland (> 180,000 km?) and the existing
gradient of agriculture intensity across the country. Be-
sides, we capitalize on the existing data from a country-
wide survey of common breeding birds, yielding presence/
absence data for > 700 study plots representative for the
country (Kuczynski and Chylarecki 2012). Presence/ab-
sence data recorded during planned surveys are clearly
preferable to presence-only data in habitat modeling
studies due to a multitude of reasons (Franklin 2009;
Royle et al. 2012). Having access to good quality data on
bird occurrences, coupled with existing environmental
data from other sources, we aimed to: (1) identify vari-
ables linked to the occurrence of the quail in central
European farmland, and (2) examine whether variables
commonly used as proxies for agriculture intensification
were important predictors of the quail’s occurrence.

Materials and methods
Bird data

The data come from the Common Breeding Bird Survey
scheme (Chylarecki and Jawinska 2007; Kuczynski and
Chylarecki 2012) and were collected in Poland in the years
20002009 in 722 grid cells of 1 km? (Fig. 1). Squares
treated as survey plots had been chosen at random out of
311,664 squares covering all of Poland. In particular
breeding seasons, each plot was surveyed twice. The first
visit took place between April 10 and May 15 and the
second between May 16 and June 30. Within each survey
plot, birds were counted while walking two parallel 1-km-
long transects spaced approximately 500 m apart. Each
survey started between the dawn and 9:00 am and took
about 90 min. Each transect was divided into five 200-m
sections, with birds recorded in three distance categories
(<25, 25-100, >100 m) from the transect. During the
10-year period, each square was inspected on average in
5.0 (SD = 2.8) breeding seasons. Observers noted all
birds seen or heard in the field, which—in the case of the
quail—translated effectively into recording calling males,
as visual contact with non-vocalizing individuals of this
species was extremely scarce during the survey.

Environmental data

All remote sensing data were converted into GRASS
GIS file format (Neteler and Mitasova 2008) and re-
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Fig. 1 Location of the survey plots

projected to coordinate system EPSG4284 projection
(http://spatialreference.org/ref/epsg/4284/). All grid cells
were characterized by geographical localization, alti-
tude, climate conditions, relative proportion of individ-
ual habitat types, monthly rate of the normalized
difference vegetation index (NDVI) from March to June,
relative proportion of individual habitat types, and level
of farming mechanization and inorganic fertilizer input.

Altitude (a.s.l.) and the difference between the highest
and the lowest location (DENIW) came from digital
evaluation model (DEM) dataset (GTOPO30), origi-
nally provided by the U.S. Geological Survey’s EROS
Data Center (Sioux Falls, South Dakota).

Climate data were derived from the WorldClim
database (http://www.worldclim.org), which is a set of
global climate layers (climate grids) with spatial resolu-
tion of a square kilometer. All grid cells were featured by
six variables, such as annual mean temperature (AMT),

mean temperature of warmest quarter MTWAQ), mean
temperature of coldest quarter (MTCQ), annual pre-
cipitation (AP), precipitation of warmest quarter
(PWAQ), and precipitation of coldest quarter (PCQ).

The original 37 land cover types are recognized in the
CORINE Land Cover database (based on remote sens-
ing with basic spatial units of 100 x 100 m), created in
2000, 2003, and 2006 from Landsat TM. On average, ten
types of habitats were distinguished in each grid cell. The
most frequent were environments classified as non-irri-
gated arable land, then coniferous forest, meadows,
mixed forest, complex cultivation patterns, agricultural
areas with natural vegetation, deciduous forest, shrub,
water bodies, and inland marshes.

For each grid cell, we obtained monthly averages of
the normalized differences vegetation indices (NDVI).
The data were derived from the SPOT dataset
(http://free.vgt.vito.be/) and were collected in the years
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2000-2009. NDVI is an index of the green vegetation
level, expressed as the mean monthly value (from March
to June), calculated from three measurements taken
every 10 days.

Data on farming mechanization and inorganic fer-
tilizer input were obtained from Agricultural Census
2002 (http://www.stat.gov.pl/bdl/app/strona.html?p_
name =indeks). The variables include the number of
tractors (TRAC), cereal combine harvesters (HARV)
per farm and tons of lime (FLIME), phosphatic
(FPHOS), potassium (FPOTA), and nitrogenous fertil-
izers (FNITR) per hectare of an open habitat. However,
the spatial resolution of these data is inconsistent with
other class data because the data were collected for
administrative units. Therefore, in each of the 16
administrative units of Poland, mechanization and
inorganic fertilizers’ variables are expressed as the
number of agricultural equipment pieces per hectare of
an open habitat in each grid cell (I km?) (i.e., the sum of
such areas as non-irrigated arable fields, meadows,
complex cultivation patterns, agricultural areas with
natural vegetation), and analogically tons of fertilizers
per the sum of non-irrigated arable fields area and
complex cultivation patterns in each grid cell.

As the level of human population density we used
images of lights at night (HUMAN). These datasets
come from remote sensing data of 1-km resolution. The
lights on the night map include lights from cities, towns,
and other sites with persistent lighting. This kind of data
is highly correlated with industrial activities (Small et al.
2005; Doll et al. 2007).

Data processing and analysis

We developed a predictive model of the Common
Quail’s occurrence by comparing environmental condi-
tions in grid cells where birds occurred with grid cells
where they did not. A grid cell where a quail occurs is
the one where at least one individual was recorded in
three subsequent years of the research.

In order to avoid multicollinearity among environ-
mental variables, the principal components analysis
(PCA) was performed with the Varimax normalized
rotation, separately for each of four environmental
datasets (Quinn and Keough 2002). Principal compo-
nents’ axes with eigenvalues >1 were retained as pre-
dictor variables in the analyses. All statistical analyses
were performed with the statistical package R (R
Development Core Team 2010).

PCA of climate variables produced two axes, which
explained 83.7 % of the original variation in climate vari-
ables (Table 1A). The first axis (PREC) had the highest
loadings with precipitation variables, while the second
(TEMP) with temperature variables. The use of inorganic
fertilizers produced only one axis with eigenvalue > 1,
which explained 41 % of the variation (Table 1B).

Habitat variables derived from Corine Land Cover
(CLQO) linked with HUMAN produced seven compo-

nents and explained 92.1 % of the variation (Table 1C).
Finally, agricultural equipment use, reflecting the level
of mechanization, produced one axis and explained
89.2 % of the variation (Table 1D). The Pearson cor-
relation coefficients and variation inflation factor (VIF,
using HH library in R; Heiberger 2013) were used to
assess the relationship between all predictors (Table 2).
VIF of 5 and above indicated a multicollinearity prob-
lem (O’Brien 2007). In the present study, VIF ranged
from 1.09 to 13.69, therefore predictors whose VIF > 5
were excluded from the analysis (Table 2).

We used the generalized additive model (GAM) to fit
resource selection functions (Hastie and Tibshirani
1990). The response was the Common Quail’s occur-
rence. Eleven variables extracted by PCAs, geographical
variables (longitude, latitude, altitude, and denivela-
tion), NDVI from March to April, inorganic fertilizer
input and the level of farmland mechanization were used
as predictors. The most parsimonious model was se-
lected with the use of Akaike information criterion
(mgcev library in R; Wood 2013). We analyzed all pos-
sible models (using MuMIn library in R; Barton 2013),
by adding or removing factors, linearizing or including
them as a polynomial spline (Hastie and Tibshirani
1990). The binomial distribution of errors and the logit
link function were applied. The correlation coefficient
between the predicted vs. the observed occurrence (log-
transformed) was used as a measure of error prediction
(Hastie et al. 2008; Kuczynski et al. 2010). D coefficient
was used as a measure of deviance reduction (Kuczynski
et al. 2010). According to these models, we created a
predictive map of the Common Quail’s occurrence.

Results
Common Quail’s occupancy

The frequency of the Common Quail’s occurrence in
grid cells varied significantly between the years of the
study (2000: 32.5 %; 2001: 32.9 %; 2002: 27.6 %; 2003:
22.4 %; 2004: 25.9 %; 2005: 24.7 %; 2006: 23.4 %;
2007: 33.9 %; 2008: 28.4 %; 2009: 25.7 %, G, = 8.71,
p < 0.001). The aggregated data for all the study years
showed that the species was recorded at least once in
54.1 £ 0.18 % of all grid cells. The mean density
(assuming perfect detectability) expressed as the sum of
all birds seen or heard in the field in a single grid cell was
1.2 (95 % CI 1.1-1.3), while the mean density for
occupied glots was only 2.3 (95 % CI 2.1-2.4) individ-
uals/1 km~.

Habitat use

Of the 8,192 models analyzed, only six gained support
using information-theoretic criteria, showing AIC
weights >0 (Table 3). The most parsimonious model of


http://www.stat.gov.pl/bdl/app/strona.html?p_name=indeks
http://www.stat.gov.pl/bdl/app/strona.html?p_name=indeks

25

Table 1 Environmental composite variables derived by principal component analysis describing (A) climate, (B) fertilizers, (C) habitat,
and (D) agricultural equipment as a measure of farmland mechanization

Variable PC1 (PREC) PC2 (TEMP) Variable PC1 (FER)

(A) Climate (B) Fertilizers

Annual mean temperature (AMT) —0.36 0.87 Lime (FLIME) 0.953

Mean temperature of warmest quarter MTWAQ) —0.64 0.49 Phosphatic (FPHOS) 0.962

Mean temperature of coldest quarter (MTCQ) —0.03 0.90 Potassium (FPOTA) 0.989

Annual precipitation (AP) 0.95 —0.14 Nitrogenous (FNITR) 0.852

Precipitation of warmest quarter (PWAQ) 0.92 —0.13 Variation explained (%) 41

Precipitation of coldest quarter (PCQ) 0.88 —0.10

Variation explained (%) 52.11 31.60

Variable PCl1 PC2 PC3 PC4 PCS PC6 PC7
(CFORFIELD) (MEADOFIELD) (MFORFIELD) (MIXFIEL) (SHRUB) (URBAN) (WATER)

(C) Habitat

HUMAN 0.019 0.019 0.028 0.026 0.003 -0.988 0.004

None-irrigated arable land 0.776 0.293 0.444 0.189 0.112 0.170 0.164

Meadows 0.003 —0.991 0.537 0.024 0.016 0.022 0.005

Mixed cultivation patterns 0.069 0.022 0.038 —0.972 0.016 0.029 0.003

Deciduous forest 0.081 —0.450 —0.649 0.227 —0.007 0.045 —0.133

Coniferous forest —0.928 0.353 0.157 0.195 0.036 0.120 0.069

Mixed forest —0.079 0.351 —0.758 —0.011 0.034 0.065 0.130

Transitional woodland shrub —0.143 0.039 0.015 0.065 —0.688 0.025 0.012

Inland marshes 0.011 0.005 0.047 0.097 —0.016 0.118 —0.705

Water bodies —0.051 —0.111 —0.022 —0.079 0.015 —0.097 —0.725

Variation explained (%) 34.8 21.5 16.0 7.9 6.8 4.2 0.9

Variable PC1 (MECH)

(D) Agricultural mechanization

Number of tractors (TRAC) —0.85

Number of harvesters (HARYV) —0.88

Variation explained (%) 89.2

The numbers represent correlation coefficients. PREC had the highest loadings with precipitation variables, while TEMP with temperature
variables; FER high value of the component represented areas with a high level of fertilization; CFORFIELD represented a habitat
gradient from coniferous forest to non-irrigated arable fields; MEADOFIELD had the lowest loadings on meadows and deciduous forest
and the highest in coniferous and mixed forest and arable fields; MFORFIELD represented a habitat gradient from deciduous and mixed
forest to meadows and arable fields; MIXFIEL had the lowest loadings on mixed cultivation patterns, while highest loadings on forest and
arable fields; SHRUB was negatively correlated with transitional woodland shrub; URBAN low value of the components reflect urban
area; WATER was negatively correlated with inland marshes and water bodies; MECH low loadings reflected areas with high level of
mechanization, whereas the high value represented areas with a low level of farmland intensity

the Common Quail’s occurrence (Table 3) included a
smooth GAM fit to CFORFIELD, ALTITUDE, NDV-
MARCH, NDVJUNE, FERTILIZ, and a linear fit to
MFORFIELD, PREC and LONGITUDE. D’-coeffi-
cient of this model was 0.67 and it was better for describing
the variation of the Quail’s occurrence than the second
model (evidence ratio 1.30) in our candidate set, but AAIC
between model no. 1 and no. 2 was only 0.53, suggesting
that these models were highly competitive.

Model selection procedures allowed us to identify
eight predictors with relative importance (RI) close to 1.
All of them were included in the best-supported model.
The most important predictors included two variables
capturing main habitat gradients, i.e., CFORFIELD
(RI = 0.999) and MFORFIELD (RI = 0.995). The
former was characterized by non-linear while the latter
by linear shape of the response function and represented
a habitat gradient from coniferous forest (CFOR-
FIELD, Table 4; Fig. 2a) or deciduous and mixed forest
(MFORFIELD, Table 4; Fig. 2b) to non-irrigated ara-

ble fields and meadows. An equally important variable
(RI = 0.999) was ALTITUDE, which revealed (Ta-
ble 4; Fig. 2c) a non-linear shape of the response func-
tion with the Common Quail recorded up to 900 m a.s.l.
The next variables in the model were NDVIMARCH
(RI = 0.994; Table 4; Fig.2d) and NDVIJUNE
(RI = 0.972; Table 4; Fig. 2e). The species occurrence
probabilities increased in areas where vegetation began
early and photosynthetic activity continued for a rela-
tively long time during the season. The seventh variable
was PREC (RI = 0.994; Table 4; Fig. 2g), showing that
the Common Quail appeared in areas where the rainfall
was low. Next, there was FERTILIZ (RI = 0.995; Ta-
ble 4; Fig. 2h) with a non-linear shape of the response
function, which showed that the species did not avoid
regions with a high level of mineral fertilization applied.
The last factor included in the top model was LONGI-
TUDE (RI = 0.991; Table 4; Fig. 2i), reflecting that the
Common Quail’s occurrence increased from the west to
the eastern parts of Poland.
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Table 2 Pearson correlation matrix and variance inflation factors (VIF) among all the predictors

LONGITUDE LATITUDE ALTITUDE DENIW NDVIMARCH NDVIAPR NDVIMAY NDVIJUN NDVICV PREC

LATITUDE —0.22

ALTITUDE 0.25 —0.73

DENIW —0.01 —0.14 0.94

NDVIMARCH —0.43 0.23 —0.33 —0.07

NDVIAPR —0.30 0.18 —0.22 —0.03 0.84

NDVIMAY —0.20 0.04 0.01 0.08 0.12 0.44

NDVIJUN 0.14 —0.04 0.19 0.13 -0.27 —0.10 0.60

NDVICV 0.47 —0.25 0.40 0.08 —0.90 —0.66 0.06 0.41

PREC —0.24 —0.34 0.66 0.30 —0.14 —0.07 0.16 0.28 0.22

TEMP —0.68 —0.16 —0.21 —0.10 0.28 0.16 0.08 —0.11 —0.35 0.23

CFORFIELD 0.07 —0.05 —0.04 —0.06 —0.63 —0.46 0.12 0.21 0.62 —0.08

MEADOFIELD  —0.06 —0.05 0.06 0.05 0.09 0.04 —0.12 —0.06 —0.10 0.03

MFORFIELD —0.06 0.06 —0.11 —0.05 0.00 0.00 —0.27 —0.33 0.00 —0.12

MIXFIEL —0.15 0.06 —0.08 —0.01 0.24 0.15 0.05 0.07 —0.23 —0.02

SHRUB 0.04 0.07 —0.00 0.03 —0.12 —0.03 0.04 —0.01 0.11 —0.05

URBAN 0.09 0.16 —0.08 —0.05 0.17 0.22 0.16 0.17 —0.12 —0.14

WATER 0.05 —0.06 0.08 0.02 0.05 0.08 —0.00 —0.02 —0.01 —0.04

MECH 0.11 —0.13 0.04 —0.04 —0.11 —0.03 0.09 0.11 0.17 —0.07

FER —0.06 —-0.31 0.27 0.04 —0.10 —0.12 —0.02 0.04 0.10 0.39

VIF 3.84 8.78 1.22 13.69 3.71 16.42 11.75 3.24 11.99 3.33
TEMP CFORFIELD MEADOFIELD MFORFIELD MIXFIEL SHRUB URBAN WATER MECH FER

LATITUDE

ALTITUDE

DENIW

NDVIMARCH

NDVIAPR

NDVIMAY

NDVIJUN

NDVICV

PREC

TEMP

CFORFIELD —0.01

MEADOFIELD 0.06 0.03

MFORFIELD 0.00 0.01 0.04

MIXFIEL 0.11 —0.02 0.02 —0.02

SHRUB —0.12 0.14 0.02 —0.04 —0.05

URBAN —0.16 —0.03 —0.00 0.03 —0.03 —0.03

WATER —0.06 —0.02 0.09 0.16 0.07 —0.062 0.09

MECH —0.03 0.07 —0.04 —0.07 —0.04 0.03 0.01 0.02

FER 0.21 0.04 0.04 0.02 —0.02 0.01 —0.03 —0.00 —0.07

VIF 8.84 3.34 1.15 1.47 1.23 1.09 1.34 1.09 1.13 1.38

Predictors whose VIF > 5 were excluded from the analysis

Table 3 The comparison of general additive models (null and six top-ranked models, where AIC weight >0)

No. Model LogLik AIC A AIC Weight D?

1 Null —521.996 1,048.0 271.62 0.000  0.001
S(CFORFIELD) + s(MFORFIELD) + s(ALTITUDE) + s(NDVIMARCH) —356.402 776.4 0 0.544 0.67
+ S(NDVIJUNE) + s(PREC) + s(FERTILIZ) + s(LONGITUDE)

3 s(CFORFIELD) + s(MFORFIELD) + s(ALTITUDE) + s(NDVIJUNE) —360.956 776.9 0.53 0416 0.50
+ s(NDVIMARCH) + s(MIXFIEL) + s(PREC) + s(FERTILIZ) + s(LONGITUDE)

4  s(CFORFIELD) + s(ALTITUDE) + s(MFORFIELD) + s(NDVIMARCH) —362.687 782.4 6.06 0.026 0.19
+ S(PREC) + s(LONGITUDE) + s(FERTILIZ)

5 s(CFORFIELD) + s(MFORFIELD) + s(ALTITUDE) + s(NDVIMARCH) —366.515 784.7 8.35 0.008 0.17
+ S(FERTILIZ) + s(PREC) + s(NDVIJUNE)

6 s(PREC) + s(CFORFIELD) + s(LONGITUDE) + s(NDVIJUNE) + s(ALTITUDE) —366.408 786.0 9.67 0.004 0.10
+ S(LATITIUDE)

7 s(CFORFIELD) + s(MFORFIELD) + s(ALTITUDE) + s(LONGITUDE) —366.459 788.0 11.66 0.001 0.07

+ s(FERTILIZ)

The most parsimonious model is given in bold
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Table 4 General additive models (GAM) for probability of Common Quail’s occurrence

Model* Gradient® Estimate/F°  p value Relation®
Intercept —-1.77

s(CFORFIELD) From (—) coniferous forest to (+) arable fields 39.94 <0.001 (+) non-linear
s(MFORFIELD) From (—) deciduous and mixed forest to (+) arable fields and meadows  27.29 <0.001 (+) linear
s(ALTITUDE) From (—) low to (+) high 17.41 <0.001 (+) non-linear
s(NDVIMARCH) From (—) low level to (+) high level 14.93 0.001 (+) non-linear
s(NDVIJUNE) From (—) low level to (+) high level 12.85 0.001 (+) non-linear
s(PREC) From (—) low level to (+) high level 8.04 0.001 (—) linear
s(FERTILIZ) From (—) low level to (+) high level 7.51 0.003 (—) non-linear
s(LONGITUDE) From (—) west to (+) east 5.83 0.004 (+) linear

p probability

“Predictors included in the most parsimonious model, according with Table 3
*Derived from PCA with (=) and (+) indicating the low and high end of the gradient

°‘GAM statistics value in the final model
9Relationship character

The second model (Table 3) in our candidate set in-
cluded all predictors from model no. 1 as well as
MIXFIEL (RI = 0.500) as an additional factor. The
high probability of the Common Quail’s occurrence also
depended on large areas of mixed arable fields.

Predictive mapping

On the basis of GAM models, we created a predictive
map of the Common Quail’s occurrence (Fig. 3). The
correlation coefficient between the predicted and the
observed probability of occurrence was 0.59, (df = 722,
p < 0.001).

Discussion
Patterns in habitat use

The aim of this study was to explore a relatively wide
spectrum of environmental factors and identify variables
responsible for the occurrence of breeding Common
Quails in central Europe with Poland as an example.
Unsurprisingly, the most important components of the
environment that positively affected the species’ occur-
rence were the most popular forms of arable fields, i.e.,
large and non-irrigated arable fields and mixed arable
fields. Thus, our findings are consistent with a host of
earlier studies conducted on a small spatial scale, which
revealed that the species preferred rather large arable
fields with permanent crops, such as alfalfa, winter
barley, and winter wheat as well as cultivated areas of a
lesser extent with flax (Aubrais et al. 1986; Dyrcz et al.
1991; Bereszynski 1992; Cramp and Perrins 1994
George 1996; Guyomarc’h et al. 1998).

We also established that the predicted localizations of
the species were situated both on lowlands and up to 900 m
a.s.l. on highlands in southeastern parts of Poland, a find-
ing that is consistent with results of other studies (Rodri-
guez-Teijeiro et al. 2009; Sarda-Palomera et al. 2012),

showing frequent occurrence of Quails at relatively high
altitudes. It does not necessarily reflect any topographic
preferences of the species but may be explained by the late-
season shift in breeding distribution caused by birds mov-
ing from early harvested lowland fields to still unreaped
fields in upland localities in order to breed (Rodriguez-
Teijeiro et al. 2009; Sarda-Palomera et al. 2012).

According to our study, quails prefer agricultural areas
with high NDVI values at the beginning of spring and also
areas where vegetation lasts a long time during a season. A
similar pattern was found in Spain where the species
preferred agricultural areas with a high level of NDVI,
which reflected mature crops as a primary habitat (Sarda-
Palomera et al. 2012). The observed correlation between
the presence of quails and NDVI in June probably reflects
the species’ affinity to sites with a high photosynthetic
activity at the time when many cereals cease to grow
(particularly in western Poland) and start to ripen. Whatis
important, sites with high NDVIin March are not the sites
with high NDVI in June (correlation between the two
variables is relatively low: r = —0.27, n = 311664,
p < 0.001), which is suggestive of a seasonal shift in
quails’ habitat preferences, as it was noted in Spain (Sar-
da-Palomera et al. 2012). It is worth noticing that other
species and also groups of species show similar prefer-
ences of the vegetation index, even though they are usually
associated with other traditional farmland habitats. For
example, the White Stork Ciconia ciconia prefers a high
value of NDVI in June but only on meadows (Kosicki
2010), while the Yellowhammer Emberiza citrinella
(Whittingham et al. 2005) and the Great Grey Shrike
Lanius excubitor (Kuczynski et al. 2010) prefer mixed
open habitats always with a high rate of NDVI (Bacaro
et al. 2011). Furthermore, farmland ““focal” bird species
as well as total species richness also depend on the high
value of NDVI (Sanderson et al. 2009; Bacaro et al. 2011;
Kosicki and Chylarecki 2012). So, our study confirms the
general pattern that a higher spectral index, in our case
NDVI, corresponds to the higher probability of species
occurrence even with respect to birds linked only to large-
scale monoculture areas (Palmer et al. 2002).
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Fig. 2 GAM fit for the Common Quail’s occurrence. a CFOR-
FIELD represented a habitat gradient from coniferous forest
(c.forest) to non-irrigated arable fields (fields); b MFORFIELD
represented a habitat gradient from deciduous and mixed forest
(d.m.forest) to meadows and arable fields (field.mead); ALTI-
TUDE represented a geographical gradient from area of low
elevation (low) to area of high elevation (high); NDVIMARCH
and NDVIJUNE reflect area where green vegetation in March and
June is low (low) to area where vegetation in both months is high
(high); PREC represented the level of precipitation (low)—areas

We found that the probability of the Common
Quail’s occurrence decreased with the increase of rain-
fall, which is contrary to results obtained by Puigcerver

with low level of precipitation, while (high)—areas with high level
of precipitation; FERTILIZ high value of the component repre-
sented areas with a high level of inorganic fertilization (high),
whereas low value of the component showing areas where use of
fertilize is low (low). LONGITUDE represented geographical
gradient from west (west) to east (east). The y-axis: probability of
occurrence—(s) smoother function with estimate degrees of
freedom in parenthesis (Hastie and Tibshirani 1990; Brown
2011). The shaded areas represent standard errors of the estimate
curves

et al. (1998) in northeastern Spain, where rainfall posi-
tively affected the species’ occurrence. Nevertheless, the
quail in Spain does not show a preference for high
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Fig. 3 Predictive distribution of the breeding population of the Common Quail in Poland; the map shows the combined influence of both
spatial and habitat variation on the probability (from 0 to 1) of occurrence of the species

precipitation areas per se, but rather for areas where
high precipitation enhances continued growth of vege-
tation as measured by high NDVI values. This is fully
compatible with preferences we have identified for this
species in Polish farmland. Moreover, our variable
measuring precipitation is a principal component axis
score having also high negative loadings with summer
temperature (Table 1), meaning that quails prefer war-
mer regions, which is in agreement with the species’
thermal niche (Huntley et al. 2007).

The observed gradient of the increasing occurrence of
Quails going from the west to the east part of Poland
(see Fig. 3) can not be explained by known differences in
NDVI, precipitation or altitude as these factors are
controlled by their inclusion in the best model. However,
we suspect that historical distribution of this species may
play an important role. The heuristic comparison of our
distribution maps with the Polish Breeding Bird Atlas

(PBBA; years of study 1985-2004; Sikora et al. 2007)
showed that the Quail as well as other farmland species
were more widely distributed in central and eastern ra-
ther than in western Poland. The finding is consistent
with the general pattern that bird diversity increases
from western to eastern parts of Europe (Hagemaijer
and Blair 1997). This relation was attributed to the
traditional farmland use (Reif et al. 2008). Now, this
picture could have changed, because another crucial
discovery of our study is that the Common Quail did not
avoid regions with a high level of fertilizer use, a fact
that had not been previously reported for this species
(Michailov 1995; Broyer 1996). The level of inorganic
fertilizer use is a widely accepted indicator of agricul-
tural intensity, mainly because of its impact on vegeta-
tion structure, cereal communities and reduced
invertebrate diversity in cultivated fields (Batary et al.
2008; Kleijn et al. 2009; Kovacs-Hostyanszki et al.
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2011a, b; Bliithgen et al. 2012). To complement this
picture, Quails in our sample did not avoid areas with a
high level of mechanization (this variable was not se-
lected in any of the models analyzed).

Many studies have shown that excessive fertilizer use
contributes to a reduction of farmland bird populations
(Chamberlain and Fuller 2000; Donald et al. 2001).
However, in some cases (e.g., Kovacs-Hostyanszki et al.
2011b), the relationship between fertilizer use and the
number of birds is not simply linear but rather uni-
modal, with avian abundance peaking at intermediate
values of fertilizer input. Our study revealed that in re-
gions where the quail was present, the average fertilizer
use per hectare amounted to 87 (SD = 18) kg/nitrogen
fertilizer/ha/year), which lies within the range of optimal
values for the Yellow Wagtail Motacilla flava and the
quail in Hungary (60-100 kg/nitrogen fertilizer/ha/year,
Kovacs-Hostyanszki et al. 2011b), but well below the
levels typically observed in the UK (250-300 kg/nitro-
gen fertilizer/ha/year) and the Netherlands (150-200 kg/
nitrogen fertilizer/ha/year) (Chamberlain et al. 2002;
Kleijn et al. 2006; Kovacs-Hostyanszki et al. 2011b).

These results suggest that in Poland, and possibly
other countries of central Europe, quails currently do
not prefer traditional agriculture of low-intensity, which
is contrary to other farmland bird species (Sanderson
et al. 2009; Kosicki and Chylarecki 2012). Singing males
of the Quail are more likely to occur in areas showing
enhanced crop growth in spring and receiving higher
input of mineral fertilizers. These can be classified as
high-intensity agriculture within the central and eastern
European domain, although possibly of medium-inten-
sity by western European standards.

The adaptive value of observed habitat preferences

Given the apparent affinity of the quail to high-intensity
agriculture in Poland, a crucial question arises as to
whether this habitat choice is in fact adaptive, in other
words, whether birds achieve high reproductive success
in this area.

It is possible that quails are attracted to farmland
with high fertilizer input due to certain preferred habitat
features. Sustainable use of fertilizers enhances better
quality of seeds, forming the basic component of gra-
nivorous birds’ diet. Then, many areas specializing in
cereal production where high fertilizer input is noted
tend to maintain agricultural productivity in a multi-
annual cycle. Potentially, this practice positively affects
quails because multi-annual stability of habitat condi-
tions is an important element for migratory birds when
they select their breeding habitats (Tryjanowski et al.
2005). On the other hand, luxuriant tall crops with high
NDVI in April or in June, which are a consequence of
sustainable fertilizer use, may be harvested too early,
thus inhibiting appropriate chicks’ survival. In such a
situation, arable land covered with fast-growing crops
may effectively act as sink habitats or ecological traps

not only for quails but also other species of Phasianidae,
e.g., Grey Partridge (Robertson and Hutto 2006; Gilroy
and Sutherland 2007; Schlaepfer et al. 2010). If quails
breeding in temperate Europe in May and June are in-
deed individuals that breed earlier than in northern
Africa or southern Europe, the persistence of maladap-
tive habitat choice in the population is even more likely.
Proximate cues used by quails to identify good-quality
habitats in northern Africa or Spain may be linked to
ecological traps in Poland and possibly other countries
of central and northern Europe, which are visited by the
same birds later in the season. What is good in the first
place may turn out bad in other breeding sites located in
a different climatic zone. In this scenario, the conspecific
attraction postulated as a mechanism explaining aggre-
gated distribution of singing male quails (Guyomarc’h
et al. 1998) may reinforce suboptimal habitat choice. It
may be further enhanced by changes observed in agri-
culture, leading to an increased area of winter cereals
and a faster growth of crops exposed to warmer springs
(i.e., increasing extent of ecological traps). In fact,
changing agricultural practices may particularly pro-
mote the existence of maladaptive habitat choice (Gilroy
and Sutherland 2007; Gilroy et al. 2011). Obviously, to
understand how the species actually fare in current
farmland of temperate Europe, we badly need data on
the breeding success of quails across different crop types.

Despite an apparently good fit of our prediction
model, we should consider the methodological limita-
tions of our study that are connected with data collec-
tion. The species is reported to be most active vocally in
the evening, whereas field inspections were carried out
early in the morning. So it is highly possible that the
measured occurrence probabilities are underestimated
and thereby the quail density is actually considerably
higher than the obtained results show. Unfortunately,
we do not have any other large-scale data that could
help us assess the level of underestimation. However,
unless males occurring in different habitats show dis-
tinctly different diurnal pattern of vocal activity, the
patterns we identified should hold.

Additionally, due to the lack of actual measurements
of fertilizer use in each grid cell, we applied regional
values of their input. Although such an approach may
increase the error in predictive models, it is unlikely to
bias the observed results and affect general conclusions
presented.

Conclusions

The Common Quail’s distribution in Polish farmland is
shaped by several land-use, climatic, and geographic
factors, as well as by the intensity of farmland man-
agement. By extending the set of predictor variables used
in recent studies (Sarda-Palomera and Vieites 2011;
Sarda-Palomera et al. 2012), we were able to create an
improved model of habitat preferences of this species in



central European farmland landscapes. Among the
analyzed anthropogenic features, inorganic fertilizer in-
put is an important factor, which can positively affect
the probability of the species’ occurrence. Consequently,
the quail may prefer habitats typical for medium and
high-intensity agriculture, in contrast to many farmland
bird species.

Further research is needed to quantify costs and
benefits of this habitat choice. However, our results
indicate that currently the quail cannot be used as a
species indicative of traditional or low-intensity agri-
culture.
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