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Petrişor
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Abstract: Temporal changes in the bird community of an agricultural landscape in northeast Germany
were analysed covering three different analytical foci (landscape-wide, habitat types, sample plots)
and two aggregation levels of bird observation data (whole bird community, bird guilds). The analyses
are based on a systematic data sampling over two multi-year campaigns (1999–2002; 2013–2015).
Our analyses address the question of how changes in the occurrences of agricultural birds (numbers
of species and of individuals) at local spots manifest themselves in the landscape as a whole. By
summarizing all findings concerning single variables (number of species, observation frequencies,
abundances, different habitat types, bird guilds), a dramatic, systematic decline of the bird community
at sample plots was discovered between the campaigns, which is not yet recognisable across the
whole landscape in terms of species richness. Furthermore, we found that landscape-wide, the birds’
use of habitat changed; the variability between single sample plots increased strongly and most
species occurred at fewer sample plots over the whole landscape. Obviously, sample plots with
high bird occurrences are becoming more relevant for maintaining bird communities over the whole
landscape. Bird community composition changed significantly within the observation period.

Keywords: biodiversity; bird community; agricultural landscape; multi-perspective approach;
change analysis

1. Introduction

The loss of global biodiversity is well documented in various studies worldwide.
Projections of future development predict further declines [1]. Agricultural land use is
considered particularly harmful for biodiversity, as indicated by the strongly shrinking
populations of typical species in agricultural landscapes.

Although the trends have been clearly documented, the list of possible drivers related
to agriculture is long, often summarised as “intensive land use”, comprising, for example,
increasing field sizes, decline of field edges, and less crop diversity [2,3]. Plant breeding
and the use of pesticides and fertilisers have led to high-yield crops with dense vegetation
cover, often with poorer habitat quality for farmland birds [4]. Connected to this, the
abundance of food resources for birds, such as arthropods, has declined in agricultural
areas [5,6]. While each of these factors may contribute individually to biodiversity decline,
it is obvious that many of these factors act simultaneously [7].

As the relevance of the individual drivers of agricultural change and their mutual
interactions are landscape-specific [8], countermeasures must, obviously, be adapted to the
specific landscape situation. Agricultural landscapes are characterised by the composition
and configuration of habitat types, including settlements, forest patches, ponds, and other
non-used ecosystems, embedded in the landscape matrix of arable land and grassland areas.
Birds occupy all these habitat types, and therefore the bird community of an agricultural
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landscape can be seen as composed of sub-communities, each with a propensity for specific
habitat types.

Therefore, any approach to characterize the bird biodiversity of a landscape should
allow for the detection of changes over time, and from different analytical foci. Conservation
efforts will only be successful if change processes can be related to the relevant spatial and
temporal scales and their respective driving forces [9].

Birds are reported to be reliable indicators for the biodiversity of landscapes. The
occurrence of bird species and the abundance of individuals are intimately related to
landscape structure and land use [10]. Their habitat requirements are well known, they
occur in practically all habitats across the landscape, can be observed by applying standard
methods, and are comparably simple detectable by sight or sound. The presence or absence
of bird species (occurrence) indicates the habitat diversity within a landscape, while the
number of individuals (abundance) indicates how intensively the habitats are used by the
bird species. Together, occurrence and abundance data can be regarded as an indication of
the real habitat suitability and use.

One important limitation of bird studies for landscape-related interpretations arises
when the focus is only on a single species. Habitats that seem unimportant to the species in
question within the study area may be ignored, limiting the transferability of the results
to other landscape settings [11] or species. The “bird guild” approach, which aggregates
species with similar habitat requirements, allows for a more holistic assessment of bird
communities and has been successfully applied in many studies [12].

Therefore, the aims of this study were twofold: to detect and analyse changes in
bird species occurrence and abundance between two multi-year observation campaigns
covering a 17-year period in a typical agricultural landscape in northern Central Europe,
and to demonstrate how changes in the occurrence of agricultural birds (numbers of species
and of individuals) at local spots manifests themselves in the landscape as a whole.

Analyses of the data were intended to describe temporal and structural changes on
different analytical foci and aggregation levels of bird observation data, and focused on
four research questions (RQs):

A. Changes across the landscape: “How do changes at individual sample plots affect
species occurrence and abundance across the entire landscape?”

B. Habitat type-specific changes: “Are there differences between the sample plots
dominated by different habitat types?”

C. Bird guild-specific changes: “How have different bird guilds been affected by tempo-
ral changes?”

D. Changes in bird community composition: “Did the temporal changes affect the bird
community composition?”

2. Materials and Methods
2.1. Study Area, Land Use and Climate

Systematic bird surveys were performed from 1999 to 2002 (“first campaign”) and
from 2013 to 2015 (“second campaign”) within the “Quillow-AgroScapeLab”, located
in the north-eastern part of the German lowlands (Figure 1). The area is 290 km2, the
altitude ranges between 0–100 m above sea level. The landscape is of glacial origin and is
characterised by a heterogeneous distribution of the following soil types: luvisols, arenosols,
phaeozem, retisols, histosols, and planosols. A variety of habitat types, such as ponds,
reeds, wet grasslands, and hilltops with dry grasslands or shrubs, is intertwined with
agricultural fields. BirdLife International, a leading NGO in bird conservation, identified
the region as one of Europe’s Important Bird and Biodiversity Areas (IBAs) [13].
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Figure 1. Location of the “Quillow-AgroScapeLab” study area in the northeast German lowlands. 

Habitat mapping of the area, based on remote sensing, took place in 1995 and 2009 
[14], shortly before our two survey campaigns. Based on these mappings the main habitat-
type changes over time can be inferred (Table 1). 

Table 1. Changes in the main habitat types between the two observational campaigns; changes in 
percentage points (%). 

Habitat Type 1995 2009 Change 
Standing water 0.84 0.69 −0.15 
Raw soil/ruderal areas * 0.00 1.49 +1.49 
Permanent grassland ** 1.97 6.93 +4.96 
Cultivated grassland ** 14.07 0.13 −13.94 
Hedges 0.50 1.10 +0.60 
Forest 17.55 17.72 +0.17 
Arable land 61.90 68.82 +6.92 
Arable fallows 0.38 1.00 +0.62 
Settlements and traffic areas 1.36 1.12 −0.24 

* New category in 2009. ** Habitat classification had changed, data source: “Comprehensive Habitat 
and Land Use Map”, Federal State of Brandenburg [14]. 

Although the habitat classification key used in 2009 was slightly different to that de-
ployed in 1995, the detected increase in arable land at the expense of cultivated grasslands 
is the obvious major change between the two observational campaigns. 

The arable land in this area has medium to high yield potential (winter wheat yield 
between 7.0 and 9.5 t/ha). Land use is dominated by conventional farming; the average 
farm size is approximately 350 ha. Winter cereals (mostly wheat), silage maize, and oilseed 
rape are the dominant crops (Table S1 in the Supplementary Materials). Crop diversity 
decreased between the campaigns, indicated by the increased acreage of the three main 
crops (winter wheat, oil seeds, and silage maize). 

The long-term (1992 to 2015) average temperature in the observation area was 8.6 °C 
and the average annual precipitation was 495 mm. The weather conditions in the two 
campaigns showed only slight differences: two years of the first campaign (2000 and 2002) 
were slightly warmer than the long-term average; in the second campaign, two years (2014 

Figure 1. Location of the “Quillow-AgroScapeLab” study area in the northeast German lowlands.

Habitat mapping of the area, based on remote sensing, took place in 1995 and 2009 [14],
shortly before our two survey campaigns. Based on these mappings the main habitat-type
changes over time can be inferred (Table 1).

Table 1. Changes in the main habitat types between the two observational campaigns; changes in
percentage points (%).

Habitat Type 1995 2009 Change

Standing water 0.84 0.69 −0.15
Raw soil/ruderal areas * 0.00 1.49 +1.49
Permanent grassland ** 1.97 6.93 +4.96
Cultivated grassland ** 14.07 0.13 −13.94
Hedges 0.50 1.10 +0.60
Forest 17.55 17.72 +0.17
Arable land 61.90 68.82 +6.92
Arable fallows 0.38 1.00 +0.62
Settlements and traffic areas 1.36 1.12 −0.24

* New category in 2009. ** Habitat classification had changed, data source: “Comprehensive Habitat and Land
Use Map”, Federal State of Brandenburg [14].

Although the habitat classification key used in 2009 was slightly different to that
deployed in 1995, the detected increase in arable land at the expense of cultivated grasslands
is the obvious major change between the two observational campaigns.

The arable land in this area has medium to high yield potential (winter wheat yield
between 7.0 and 9.5 t/ha). Land use is dominated by conventional farming; the average
farm size is approximately 350 ha. Winter cereals (mostly wheat), silage maize, and oilseed
rape are the dominant crops (Table S1 in the Supplementary Materials). Crop diversity
decreased between the campaigns, indicated by the increased acreage of the three main
crops (winter wheat, oil seeds, and silage maize).

The long-term (1992 to 2015) average temperature in the observation area was 8.6 ◦C
and the average annual precipitation was 495 mm. The weather conditions in the two
campaigns showed only slight differences: two years of the first campaign (2000 and 2002)
were slightly warmer than the long-term average; in the second campaign, two years (2014
and 2015) had lower temperatures compared to the long-term average. In two of the years
(2000 and 2015), rainfall was remarkably below average.
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2.2. Bird Observation Data

Figure 2 depicts the spatial arrangement of the sample plots in the study area. There
was a total of 125 sample plots in five parallel transects. Each transect had a distance of
3000 m to the neighbouring transects; there were 25 sample plots on each transect with a
distance of 500 m between neighbouring plots. In the following, the term “sample plot”
refers to each circular area with an observation point at the centre and a radius of 250 m; the
total area of each sample plot is therefore about 20 ha. Depending on the dominant habitat
type inside this circular area, the sample plots were classified to the habitat types “arable”,
“grassland”, or “forest” (see examples in the Supplementary Material: Figures S1–S3). Due
to access restrictions, the total number of accessible sample plots varied, but 111 sample
plots were visited across all observation dates (Table S2 in the Supplementary Materials).
The bird observation datasets for both campaigns are published [15,16].
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Figure 2. Arrangement of the sample plots for the bird observations within the Quillow catchment area.

During the main bird-breeding period, ornithologists with profound local species
knowledge conducted bird surveys five times in each year (but only four times in 1999),
with intervals of approximately 2 weeks between the surveys. Depending on the variable
weather conditions and thus on the beginning of the breeding season, the surveys begun
with the first arrivals of the migrant bird species and ended well after the main breeding
season. These timings were decided by ornithologists, the dates of the surveys are summa-
rized in Table S13 (Supplementary Materials). All observations were carried out according
to the point-stop-count method [17], which involves the recording of individual birds by
direct sight and/or hearing within 10 min at the centre of the sample plot. The plots were
visited in the morning, starting between 5 and 8 a.m. and finishing not later than 1 p.m. To
avoid rough systematic errors, the surveys started at different ends of transects, and the
ornithologists occasionally changed which transect they observed over the years. Both bird
species and the number of individuals for every detected species were recorded.
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2.3. Data Analysis

In order to consistently derive and compare the results for each of the four research
questions, each of the analyses followed the same general procedure, i.e., quantification of
both species occurrence and abundance (numbers of individual recordings) (Table 2).

Table 2. Overview of research questions A–D on the occurrence and abundance of bird species across
four foci of analysis, related data sources, and the statistical methods applied.

Analytical Focus,
Related to RQ Data Statistical Method, Additional to

Descriptive Statistics

A: Changes across the landscape: Changes at sample plots within the whole landscape

Occurrence and spatial
distribution of species Total number of species Wilcoxon signed rank test

Abundance of individuals Total number of individuals Wilcoxon signed rank test

B: Habitat type-specific changes: Changes at sample plots dominated by specific habitat types

Occurrence and spatial
distribution of species within
specific habitat types

Number of species at sample plots
dominated by arable land, grassland or forest Wilcoxon signed rank test

Abundance of individuals
within specific habitat types

Number of individuals at sample plots
dominated by arable land, grassland or forest Wilcoxon signed rank test

C: Bird guild-specific changes: Changes in specific bird guilds

Occurrence of guild
representatives

Number of guild species at sample plots on
arable land, grassland and forest Sign test

Abundance of guild
representatives

Number of guild individuals at sample plots
on arable land, grassland and forest Wilcoxon signed ranks test

D: Bird community composition changes: Changes in bird community composition

Occurrence and spatial
distribution of selected
species

Species occurrences at all sample plots Correlation analysis, Wilcoxon signed
rank test

Abundance of selected species Individuals at all sample plots Wilcoxon signed rank test

Analyses related to habitat type (RQ B) considered the three dominant types of habitat
in the study area, i.e., arable land, grassland, and forest. The assignment of each sample
plot to one of these types was done according to the habitat map of the Federal State
of Brandenburg [14]. The numbers of sample plots for the three habitat types in each
campaign are shown in Table S2 in the Supplementary Materials.

Analyses related to bird guilds (RQ C) addressed the three bird guilds: arable land,
grassland, and forest, each consisting of three representative species that were selected
based on literature and their frequent and consistent occurrence in the study area (Table S3
in the Supplementary Materials).

2.4. Statistical Analyses

The aim of the statistical analysis of the observation data was to identify longer-
term trends in changes in occurrence and abundance rather than significant differences
between individual observation years. It is known from ecological monitoring practice
that fluctuations between single years can be considerable and that differences between
individual years can be contrary to the general trend due to weather or ancillary agricultural
conditions. Therefore, we decided not to apply a year-oriented multi-factorial analysis
of the observation data, taking a multi-year interval-based approach to compare the two
campaigns with each other as whole entities instead.

In order to analyse abundance, individual recordings were always summarized over
all observation dates to express abundance. The different numbers of observation dates
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in the two campaigns, 19 in the first (1999 to 2002) and 15 in the second (2013 to 2015),
required a standardisation of the sum of individuals for the sake of comparability. Thus,
the observed numbers of individuals in the second campaign were multiplied by a factor
of 19/15. In the result tables, all results for abundances refer to the number of adjusted
recordings. The species numbers, on the other hand, always refer to the actual data entered.
Here it is assumed that a higher number of visits do not necessarily yield a greater number
of species.

Since the analytical focus was on comparison of the two campaigns over time, ap-
propriate analytical procedures were chosen for the four RQs to detect differences, both
in species occurrence and in abundance of individuals. The data properties allowed only
non-parametric statistical procedures. Due to the repetition of observations at the same
sample plots, a paired situation can always be assumed if analyses are related to the sample
plot. Depending on the RQ, we employed one of the following tests [18]:

• The Wilcoxon signed rank test (if species numbers or abundance at sample plots
were considered);

• The sign test (if only an increase or decrease in the target feature was considered);
• The Spearman rank correlation coefficient rS (if mutual dependencies of target features

at sample plots were considered).

Since the results of the Wilcoxon signed rank test are rankings, the average situation
is shown by the median and not by the arithmetic mean. We consistently interpreted all
significance tests with an α error probability of 5%. Data analyses were performed using
SPSS Statistics, version 22.

In order to uncover dependencies between the study characteristics species number
and number of individuals and the factors observation year and habitat type, various 1-
and 2-factorial variance analyses were carried out additionally (Tables S4 and S5 in the
Supplementary Materials).

3. Results
3.1. RQ A: Changes across the Landscape

Table 3 and Table S6 (in the Supplementary Materials) provide an overview of to-
tal species occurrence (number of species) and of abundance (sum of individual bird
recordings) over the entire investigation area and their relative changes between both
campaigns. Both numbers indicate a decline; the relative change in the sum of individual
recordings (−21.1%) is strikingly and three times greater than the change in the species
number (−6.7%).

Table 3. Change in numbers of bird species and abundance over the entire landscape.

Observation Campaign Change (%)

1999–2002 2013–2015

Number of bird species 135 126 −6.67

Sum of individual bird recordings 38,973 30,736 * −21.14
* Recordings during the 2013–2015 campaign have been standardised to 19 observation dates, as in 1999–2002.

The mean total number of species detected per plot decreased between the two cam-
paigns by approximately 12 species (from 35.7 to 24.1), while the coefficient of varia-
tion increased from 0.27 to 0.42 (from 15% to 42%) (Figures 3 and 4, Table S7 in the
Supplementary Materials). The maximum number of species observed at a single sample
plot decreased from 58 to 49, and the minimum number decreased from 13 to 4. The range
of species numbers at single sample plots within a campaign remained almost the same,
but the overall distribution had shifted by 9 species to the left in the second campaign.
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The increase in plot-related variance indicates that the decline is not evenly distributed
across the landscape but is particularly striking at certain sample plots. The decline in
species numbers is generally more dramatic at the sample plots that already had lower
than average species numbers in the first campaign (i.e., below the median). Only eight
sample plots out of a total of 111 showed no decline in the number of occurring bird
species. The statistical comparison of species numbers at the single sample plots between
the two observation campaigns with the Wilcoxon signed rank test revealed a statistically
significant decline in α-diversity, with p = 1.2 × 10−18 < 0.05 = 5%.

The decline in the sum of individual bird recordings was similar to that of the species
numbers, but even more pronounced. The variations between single sample plots have
more than doubled (Table S7). A comparison of the sum of recordings at the sample plots
using the Wilcoxon signed rank test revealed a statistically significant difference with
p = 6.0 × 10−20 < 0.05 = 5%.

3.2. RQ B: Habitat Type-Specific Changes

Figure 5 summarises the species numbers at the sample plots, classified regarding their
dominant habitat type (arable land, grassland and forest). The mean number of bird species
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at the sample plots declined for all three habitat types significantly (p < 0.05). The Wilcoxon
test resulted in the following p’s: 3.6 × 10−14 for arable land, 2.9 × 10−4 for grassland and
6.9 × 10−3 for forest. The variation between the plots approximately doubled for all habitat
types (Table S8 in the Supplementary Materials).
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On average, in both campaigns we found 15–20% lower species numbers at plots
dominated by arable land compared to forest or grassland plots. Between both campaigns,
the maximum and minimum numbers of species decreased. It is striking that the ranges of
species numbers at the single plots, however, widened in the second campaign for all three
habitat types, indicating an increase in differences among single sample plots.

Figure 6 shows decreased numbers for abundance between the campaigns regardless
of the habitat type of the sample plots. The declines were significant for all three habitat
types (p < 0.05). The Wilcoxon test showed the following p-values: 2.5 × 10−15 for arable
land, 2.9 × 10−4 for grassland and 5.1 × 10−3 for forest.
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Figure 6. Comparison of abundance in the two observation campaigns (C1: 1999–2002; C2: 2013–2015)
separated for different habitat types (for details see Tables S8 and S9 in the Supplementary Materials)
p of Wilcoxon signed rank test.

Table 4 details the results on individual bird recordings at the sample plots in absolute
and relative terms. Overall, the absolute numbers of individual bird recordings decreased
by more than 25%; the decline was steepest in forest habitats, followed by grassland habitats
(see also Table S9 in the Supplementary Materials).
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Table 4. Bird abundance at different habitat types and its share on abundance in the entire landscape
(γ diversity).

Habitat Type
1999–2002 2013–2015 *

Change in
Recordings (%)

Change in
Share in %)Sum of

Recordings
Share
in %

Sum of
Recordings

Share
in %

Arable land 28,388 72.84 23,954 77.93 −15.62 +5.09

Grassland 6488 16.65 3974 12.93 −38.75 −3.72

Forest 3635 9.33 1821 5.92 −49.90 −3.41

Other 462 1.19 987 3.21 +113.64 +2.02

Total 38,973 100.00 30,736 100.00 −21.14

* Recordings during the 2013–2015 campaign have been standardised to 19 observation dates, as in 1999–2002.

3.3. RQ C: Bird Guild-Specific Changes

The presence of the three bird guilds and their respective species (see Table S3 in
the Supplement) was statistically evaluated in two different ways. First, we tested if
the presence of each guild (represented by at least one guild representative) had changed
between the two campaigns. Secondly, we analysed the changes in the occurrence frequency
of the guild representatives at the sample plots.

For the arable land guild, the sign test revealed a non-significant change for the
landscape wide occurrence of the bird guild (p = 6.3 × 10−2) but a significant change
for the frequency of the guild representatives at the sample plots (p = 7.6 × 10−8). The
presence of the guild over the landscape was maintained; but the frequency of the three
guild representatives at the sample plots decreased between the two campaigns.

Regarding the grassland guild, the sign test gained statistically significant results for
both test questions (p = 3.0 × 10−6 for guild occurrence, p = 7.0 × 10−7 for guild repre-
sentatives’ frequency). The presence of the grassland guild over the landscape declined
significantly and the frequency of guild representatives was significantly reduced over time
at the sample plots where the guild was present.

The sign test for the forest bird guild showed no significant results for both questions
(p = 4.5 × 10−1 for guild occurrence, p = 7.1 × 10−1 for guild representatives’ frequency).
The forest guild occurred in nearly the same number of sample plots in both campaigns.
The frequency of forest guild representatives at sample plots where the guild was present
did not significantly change between the two campaigns.

Over the entire study area, the occurrence frequency of guild representatives from
arable and grassland guilds decreased at about 50 out of a total of 111 sample plots (Figure 7).
The grassland guild representatives disappeared at 42 sample plots.

The changes in abundance for the three guilds are shown in Figure 8a–c (see also
Table S10 in the Supplement). The abundances of the arable and forest guilds species
declined by about 20% and 40%, respectively. In contrast, the individual recordings for
grassland guild species increased slightly. While the relative variation between the plots
for the arable and forest guild species decreased, it rose for the grassland guild.

The Wilcoxon signed rank test revealed significant changes for both the arable land
and the grassland guild (p = 7.9 × 10−18 for arable; 3.3 × 10−3 for grassland). Despite a
relative decline of more than 20% in recording numbers, no statistically significant change
in the median was discernible for the forest guild (p = 5.4 × 10−1). While recordings of all
three guild representatives of the arable land guild decreased significantly, there were no
significant changes in the forest guild representatives recordings (see also Table S11 in the
Supplementary Materials).
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3.4. RQ D: Bird Community Composition Changes

Changes in bird community composition were analysed through relative observation
frequency occurrence of the 20 most frequent species. (Table S12 in the Supplementary Materials).
The rank orders of the bird species in both campaigns are correlated (rS = 0.623 significant
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at 5% error level, p = 8.8 × 10−4), indicating no significant change in the rank order of the
species over time.

A striking difference between the two campaigns is the generally smaller observation
frequency of the 20 spatially most widespread species at the sample plots across the
landscape. A Wilcoxon signed rank test between the related frequencies of species in the
campaigns indicates a significant difference, with a p of 3.6 × 10−5.

For the abundance of the 20 dominant species, that is for those with the greatest
numbers of individual recordings, there is no significant correlation between the two
observation campaigns (rS = 0.345, p = 9.8 × 10−2). Thus, the internal rank orders of species
abundances are uncorrelated (that is have changed). On the other side, the Wilcoxon
signed rank test for the individual recordings of the dominant species is also not significant
(p of 2.7 × 10−1), indicating that the central tendency (expressed by the median) in the
individual recordings is statistically unchanged.

Above all, the overall dominance structure of the bird community changed, but
the general spatial distribution of the dominant species in the landscape did not change
significantly. Many species occurred with fewer individuals, but a significant number of
species also occurred with more individuals.

In both observation campaigns, there was a significant overall correlation between the
occurrence frequency and the abundance of single species (rS = 0.697, p = 3.8 × 10−3 for the
first observation campaign; rS = 0.544, p = 3.6 × 10−2 for second campaign). Thus, a high
frequency of occurrence typically goes along with a large number of individuals.

3.5. Synthesis of Results

The multi-perspective view of changes in the bird community of the agrarian landscape
under study over 17 years revealed multi-faceted results, which are summarised in Table 5.

Table 5. Changes in bird community over 17 years (first campaign: 1999–2002; second campaign:
2013–2015) on multiple analytical foci and data aggregation levels.

Variable Indicator Change between Campaigns

A. Changes across the landscape: Changes at sample plots within the whole landscape

Occurrence

Total number of species (landscape level: γ diversity) Slight decline

Average number of species on sample plots (plot level:
α diversity) Sharp decline

Coefficient of variation among plots Sharp increase

Abundance

Sum of individual recordings across the landscape as
a whole Sharp decline

Sum of individual recordings per sample plot and campaign Sharp decline

Coefficient of variation among plots Very sharp increase

B. Habitat type-specific changes: Changes at sample plots dominated by specific habitat types

Occurrence
Number of species per habitat type Statistically significant decline in all three

habitat types at similar rates

Coefficient of variation among plots of same habitat type Sharp increase in all three habitat types;
greatest in forest habitats
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Table 5. Cont.

Variable Indicator Change between Campaigns

Abundance

Sum of individual recordings per habitat type

Significant decline in all three habitat
types; in absolute values, greatest in
arable habitats; in relative numbers,

greatest in grassland and forest habitats

Coefficient of variation among plots of same habitat type Sharp increase in arable and grassland
habitats; greatest in forest habitats

C. Bird guild-specific changes: Changes in specific bird guilds

Occurrence
Guild occurrence/presence Decline for grassland guild only

Frequency of guild representatives Fewer arable and grassland species at
individual sample plots

Abundance

Sum of recordings per guild
Sharp decline in absolute numbers for
arable guild species; minor changes for

other guilds

Coefficient of variation among plots Strong increase for grassland guild;
decrease for arable and forest guild

D. Bird community composition changes: Changes in the bird community composition

Occurrence
Ranking of most common species High correlation between campaigns;

slight changes

Frequency of most common species Systematic decrease

Abundance

Ranking of most common species No significant correlation
between campaigns

Abundance of most common species No systematic change; three different
reaction types

4. Discussion

Previous research addressing land use impacts on bird populations and related long-
term trends in agricultural landscapes [8] have resulted in partly inconsistent findings
for different aspects or distinct bird guilds and species [19], as well as for abundance
and diversity indicators. This may be partly attributable to the diversity of landscapes
in which the studies were conducted. Thus, it often remains unclear which trends occur
simultaneously in one landscape and what impact local counteraction will have on it.
In order to take the multi-faceted nature of biodiversity change into account, Fischer
and Lindenmayer [20] suggested the application of methods with a holistic, landscape-
centred approach, with which various aspects can be illuminated simultaneously and thus
misinterpretations can be avoided. A corresponding multi-perspective approach was taken
here, the main findings are summarised and discussed in the following four statements.

1. Changes at sample plots manifest differently at the landscape level depending on
the target variable, whereas changes in species diversity might be compensated by
different change patterns at single sample plots, and changes in bird abundance at
sample plots cumulate to the landscape scale.

The total number of bird species observed in our study (143) corresponds to the long-
term mapping of a working group of ornithologists in the Federal States of Brandenburg
and Berlin [21], who recorded 131–140 bird species in the two respective ordnance survey
map grids (100 km2 each). Putting together all the single aspects (number of species,
observation frequencies and abundance), we found a dramatic, systematic decline in bird
community at the sample plots. Only a very small number of species showed an opposite
trend for any of the considered variables (e.g., abundance). However, the overall decline at
sample plots was not yet recognisable in total species richness over the whole landscape;
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our results showed only a slight reduction (nine species) in the total number of occurring
bird species from 1999–2002 to 2013–2015 over the whole landscape.

In accordance with other authors [22,23], we can conclude that bird species richness
over the whole landscape seems to be supported by diversity at the habitat level, which
in our study area changed only slightly over time. Obviously, bird species diversity at
the landscape level (γ diversity) remained nearly unchanged, even within intensively
used agricultural landscapes, as long as habitat diversity was maintained. However, as
indicated by the increasing variation between single sample plots, local bird diversity
hot spots (high α diversity) became more important as keystones of γ diversity. Our
results are in agreement with the conclusion of [24] that the relationship between habitat
diversity and bird species numbers is not linear, and key structural components can have
disproportionally positive impacts on bird richness at the landscape level. Accordingly, for
bird conservation practice it seems possible to promote farmland biodiversity by applying
appropriate management systems to “bird diversity hot spots” within the landscape, such
as “High Nature Value” (HNV) farmland areas [25]. The contrasting trends in bird species
diversity at the landscape level (γ diversity) and at the sample plot level (α diversity) might
be affected by time-lag effects between more local population declines and landscape-wide
species disappearances [26].

In contrast to the diversity measures, changes in bird abundance at single sample
plots accumulated to a clear declining trend over the whole landscape. Changes in land
management are a possible explanation of the generic declining trend demonstrated by
many other studies [27]. Counteracting this trend calls for a set of adapted strategies.
Previous studies [25,28] show that field-level bird abundance can be enhanced by the
amount of agri-environment scheme (AES) adoption at the landscape scale or within HNV
farmland areas. They found that the more AES or HNV farmland that was applied in the
surrounding landscape, the more the field-level bird abundance increased.

In our study area, both changes in the habitat and cropping structure of arable land
affected less than 10% of the area within the 17-year time span of our study. These limited
alterations alone hardly explain the massive changes within the bird community. The
strong decline in diversity and abundance at the single sample plots suggests additional
overarching impact factors, such as limited food resources, e.g., the decline in insects [29]
or even still-hidden effects of climate change [30].

2. The decline in bird species occurrence and abundance is systematic and similar in
range in different habitat types and bird guilds.

Some authors [19] found the bird declines were strongest on farmland compared
to other land uses. Our results do not confirm this statement for our investigated area.
Regarding absolute numbers, we found 10–30% higher species richness on grassland or
forest compared to arable plots. However, the relative decline in species numbers between
the two campaigns was within the same range (25–34%) among all the different habitats. In
contrast to bird species numbers, the relative decline in bird abundance was much steeper
on grassland and forest plots compared to arable plots. While the steepest decline on
grasslands occurred at previous hot spots (over the 75% quartile) for bird abundances,
bird abundance at forest sample plots declined stronger in all quartiles compared to arable
sample plots. This is in contrast to the results of [19], who found relatively stable population
sizes for forest bird species in a pan-European study, but severe declines in farmland bird
populations. The reasons for the sharp decline in bird abundance on grassland and forest
plots in our study obviously need to be analysed in more detail, e.g., including information
on the habitat quality of the sample plots, which is important, e.g., for grassland birds [31].
The forest habitats of the study area are embedded in an agricultural matrix. The related
edge effects might be one possible reason for the declines at forest plots [32]. Moreover, the
birds are exposed to risks during their migration and at their wintering grounds. Studies
of common breeding birds in Germany [33,34] came to the conclusion that long-distance
migrants show more negative trends compared to short-distance migrants and resident
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species. In our study, just seven bird species out of the most common 25 belonged to long
distance migrants, e.g., common cuckoo, barn swallow, yellow wagtail, and willow warbler.

3. The habitat use pattern of birds has changed over the landscape.

The total number of bird recordings decreased by about 21% between the two obser-
vation campaigns. This is even higher than calculations by [35], who estimated a reduction
of 7–10% in breeding pairs between 1992 and 2016 for Germany. Our results may indicate a
kind of decreasing local presence. Many species became restricted to fewer sample plots
in the overall landscape, as shown by the increases in variability between the plots for
most of the considered variables. In our study, the landscape-wide spatial presence of
forest guild representatives remained nearly unchanged over time while the occurrence of
grassland guild representatives was significantly restricted to fewer sample plots. Together
with the lower frequency of the grassland guild representatives at single sample plots, this
indicates that the habitat use of grassland-related birds faced a reduction throughout the
entire landscape. Only the grassland guild representatives showed similar numbers of
recordings between the campaigns. The conversion of grasslands into arable land between
the two campaigns is one possible reason for the more limited spatial coverage of grassland
guild representatives. Previous studies [36,37] showed that grassland birds were closely
tied to extensive management and landscape structures, e.g., grassland strips or edges, did
not limit the habitat suitability. The spatial coverage of the arable bird guild did not change
within our study period. Nevertheless, the frequency and abundance of the arable guild
representatives did decrease significantly (−40%) over all plots. The decline was steepest
at species-poor spots (species numbers below 25% and 50% quartile).

4. The composition of the bird community has changed.

The analyses of landscape-wide occurrences of the dominant species showed a generic
decline. The number of sample plots in which a certain species was detected declined
by about 20% on average. The bird community structure was slightly, but significantly
modified regarding the ranking of the most dominant species. In contrast to species
occurrence, changes in abundance were more species-specific. We found clear shifts within
the ranking of the dominant species, which is consistent with the findings of [19] for forest
and farmland birds in Europe, and [38] for different breeding habitat groups (guilds) in
North American bird assemblages. However, the changes in single-species abundance in
our study were not parallel to changes in their occurrence/frequency across the landscape.

In summary, the diversity of the landscape under study’s bird community deteriorated
significantly between observation campaigns. If we imagine the bird community as a carpet
spread over the physical landscape, the carpet has a certain pattern with different colours
in different places. Assuming the appearance and quality of the carpet 20 years before as
starting point, the carpet has worn, showing many thin spots and even some holes. It calls
for repair.

5. Conclusions

Three main recommendations can be drawn from our study that may help to maintain
and improve both bird diversity and abundance in agricultural landscapes: (i) a key to
promoting overall bird diversity, i.e., the number of bird species in the landscape, seems
to be the application of appropriate management systems to “bird diversity hot spots”.
These are distinct areas where many species occur, such as HNV farmland areas [25]. A
set of adapted strategies is required with respect to the diversity and spatial distribution
of the habitats as well as appropriate management systems; (ii) to maintain and promote
bird abundances on the landscape level, conservation measures across the whole landscape
are needed, which may include adapted agricultural practices through AES adoption at
the landscape scale, as other studies have shown [25,28]; (iii) the data needed to devise
specifically adapted measurements and management schemes, in the sense stated above,
should be based on long-term observations in representative parts of the landscape that
allow analyses from different perspectives.
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Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/land11122115/s1, Figure S1: Example for a sample plot classified
as forest plot (data base: habitat map of Brandenburg State (MLUL 2014); Figure S2: Example for a
sample plot classified as grassland plot (data base: habitat map of Brandenburg State (MLUL 2014);
Figure S3: Example for a sample plot classified as arable plot (data base: habitat map of Brandenburg
State (MLUL 2014); Table S1: Cropping area of the main crops within the bird sample plots and
the rate of change between the two observational campaigns (cropping area in % of the total arable
area, change in percentage points [%]; data source: the authors); Table S2: Classification of sample
plots related to the dominant habitat type; Table S3: Assignment of representative bird species to
habitat-specific guilds; Table S4: Overview of the 1-factorial variance analysis of the feature number of
species dependent on factor observation year; Table S5: Overview of the 1-factorial variance analysis
of the feature number of individual units dependent on factor observation year; Table S6: Change
in numbers of species and individual recordings between the two observation campaigns; Table S7:
Descriptive statistics of species occurrence and individual activity density during the observation
campaigns at the plots; Table S8: Selected descriptive statistics of species occurrence at sample plots
with respect to observation campaign and dominant habitat type; Table S9: Selected descriptive
statistics of the sum of individual recordings at sample plots with respect to observation campaign
and dominant habitat type; Table S10: Sum of individual recordings of arable land, grassland and
forest bird guild species over all sample plots in the two observation campaigns; Table S11: Sum of
individual recordings of bird individuals of the particular species of three bird guilds during the two
observation campaigns; Table S12: Change in the landscape-wide occurrence and abundance of the
20 most frequent and most abundant species; Table S13: Periods of five bird observation surveys
(four in 1999) in the two campaigns (1999–2002 and 2013–2015).
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