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Ground-breeding farmland birds are disproportionately negatively affected by the impact of agricultural inten-
sification and mostly still dramatically declining in Europe. One main reason for this decline is the lack of
suitable nesting sites. While some off-field measures showed positive effects on bird productivity, we are
currently not achieving sufficient conservation with these, so that supplementing them with in-field measures
seems inevitable. Over the past years, several in-field measures have been developed aiming at providing suitable
nesting sites in crop fields by manipulating the crop architecture, i.e., the density and/or height of the crops.

Biodiversity
Ecological intensification However, we currently lack an overview on what has been tested and resulted in stabilizing population of
Conservation ground-breeding farmland birds. In this systematic review, we provide a qualitative assessment of current

knowledge and knowledge gaps on such in-field measures and their effects on European crop-breeding farmland
birds. In doing so, we accounted for specific birds’ requirements on their breeding habitat. We found only very
few studies on the effectiveness of crop architecture-related in-field measures on ground-breeding farmland
birds. Knowledge gaps exist for effects on individual species in general, their reproduction (rather than popu-
lation density), the influence of landscape and local contexts on the effectiveness, and the optimal spatial
arrangement of measures to maximize their efficiency. This shows an urgent need for more research on a holistic
scale. However, the few existing studies suggest, that there is a high potential for crop architecture-related in-
field measures to promote ground-breeding farmland birds, and thus bring them back as ‘agricultural by-
products’.

et al., 2020; Reif et al., 2023). Agricultural intensification has been
identified as the (multivariate) main cause of those declines, with un-

1. Introduction

Halting the decline of biodiversity is among the most important
challenges of the twenty-first century (Leclere et al., 2020). A second
silent spring has already been proclaimed, and the decline of birds partly
reflect the declines of the invertebrates and plants upon which they
depend (Krebs et al., 1999). In this context, the decline of birds in
agriculture has been greater than in any other habitat (Gregory et al.,
2005; Tscharntke and Batary, 2023), so that in the meantime no other
habitat supports as many bird species of European conservation concern
(Tucker and Evans, 1997; Inger et al., 2015), with ground-breeders
showing overproportionately negative population trends (McMahon

derlying changes mainly affecting the amount of habitat and food
available (Newton, 2004; Butler et al., 2010; Lopez-Antia et al., 2016),
driven by e.g., the simplification and homogenization of structures
(Wilson et al., 2005). A resulting key factor for the decline of ground-
breeding farmland birds is the lack of suitable nesting sites, which do
not allow sufficient breeding productivity to stabilize populations
(Newton, 2004; Wilson et al., 2005). Given that the most effective
conservation measures in intensively farmed agricultural landscapes are
those minimizing negative effects of intensification on the species’
reproductive performance (Benton et al., 2003; Casas and Vinuela,
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2010; Morris et al., 2005; Guerrero et al., 2012), delivering appropriate
and sufficient nesting sites is key for halting the declines of ground-
breeding farmland birds.

Measures to promote ground-breeding farmland birds can be
implemented on or off land that is being used for farming. So far, many
efforts have focused on measures outside of production areas, the so
called off-field (synonym ‘off-production’) measures, such as set-asides
or wildflower strips (Van Buskirk and Willi, 2004; Tarjuelo et al.,
2020; Schmidt et al., 2022). Such measures often show positive effects
on ground-breeding farmland birds (Tarjuelo et al., 2020; Schmidt et al.,
2022), as they provide resources to the birds that are currently missing
(e.g., suitable nesting sites, food supply) (Newton, 2004). However,
their acceptance and, accordingly, their adoption by the agricultural
sector is relatively low, mainly because its implementation is at the
expense of productive land (Bailey et al., 2015; Kleijn et al., 2019). In
addition, arable crop specialists that rely on crop swards for breeding
remain disregarded within these measures (Green et al., 2005; Setchfield
and Peach, 2016). Consequently, at present, off-field measures are not a
solitary viable solution to reverse the decline of crop-breeding farmland
birds, and it seems indispensable to complement existing off-field
measures with farmer-friendly in-field measures (synonym ‘in-produc-
tion’, or ‘in-crop’ when applied to crop fields) (Wilson et al., 2005;
Sharps et al., 2022).

To date, however, in-field measures are often less effective in pro-
moting biodiversity as compared to off-field measures (Batary et al.,
2015). The reason for this might be, that they usually support general
environmentally sensitive approaches to manage production areas, e.g.,
the reduction of agro-chemicals or conservation tillage, with organic
farming being the most widespread in-crop measure (Kleijn et al., 2009;
Batary et al., 2015). While mitigating many negative environmental
impacts (Gomiero et al., 2011), however, such a general approach may
prove weak in promoting specific biodiversity subjects (Batary et al.,
2015). For example, ground-breeding farmland birds that suffer from
missing suitable nesting habitats might not benefit from restricted
pesticide applications. Apart from this, the existing in-crop measures are
often accompanied by yield losses and thus more land is required for the
same production volume, which in turn can have negative consequences
for biodiversity, e.g., on the preservation of intact natural habitats
(Green et al., 2005; Tscharntke et al., 2021; Batary and Tscharntke,
2022). Thus, we currently largely lack suitable in-crop measures that
effectively promote ground-breeding farmland birds and at the same
time do not lead to a yield reduction (Kleijn et al., 2009; Batary et al.,
2015).

A promising approach for such tailored in-field measures for crop-
breeding farmland birds that can avoid yield losses might be the
manipulation of crop architecture, i.e., the alteration of the density and/
or height (of parts of) crop fields (Wilson et al., 2005; Blosch et al.,
2023). Crop architecture determines field habitat conditions in terms of
accessibility, microclimatic conditions, food availability, and cover and
is thus key for the survival and reproduction of farmland birds. For
example, with respect to (nest) predation risks, ground-breeding birds
are in a constant trade-off between concealment and view of the sur-
rounding, further exacerbated by accessibility and exposure to weather
extremes (regarding nest-site selection) and accessibility and efficiency
(regarding foraging) (Gotmark et al., 1995; Wilson et al., 2005).
Accordingly, different species have developed different strategies to face
these pressures, resulting on the one hand in specialists for sparse and
low vegetation, e.g., species with well-developed perceptual abilities
and anti-predator behavior, and perch-and-wait foraging techniques
(Tobias et al., 2022). On the other hand, there are specialists for dense
and tall vegetation, e.g., species which rely on hiding their nests in the
vegetation and developed hovering and aerial chasing techniques for
foraging (Tobias et al., 2022). The crop architecture, in turn, can be
specifically designed to meet different requirements, for example by
being made more dense (e.g., double-drilled rows (Setchfield and Peach,
2016)) or more sparse (e.g., unsown patches (Morris et al., 2004) or
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unsown strips (Schmidt et al., 2017a)). Thus, the manipulation of crop
architecture is an encouraging measure, which can easily account for the
different needs of the birds. However, such in-field measures specifically
manipulating vegetation parameters are only now getting more atten-
tion, and there is no consensus yet on how the measures perform in
promoting farmland birds and are thus suitable as conservation mea-
sures. More specifically, we currently lack an overview of which of the
different approaches of manipulating crop architecture indeed promotes
(which) ground-nesting farmland birds.

Thus, the objective of this study is to summarize the effects of such
crop architecture-related in-field measures on ground-breeding farm-
land birds based on available published peer-reviewed studies, thereby
providing the first qualitative assessment of current knowledge, identi-
fying knowledge gaps, and drawing conclusions for future studies. We
do so by conducting a systematic review that focuses on in-field mea-
sures that specifically target the crop vegetation structure, i.e., crop
architecture, and by accounting for specific birds’ requirements. We
focused on crop-breeding farmland birds included in the Common Eu-
ropean Farmland Bird Indicator (introduced by Gregory et al., 2005;
European Bird Census Council, 2021). More specifically, we asked, (i)
whether crop architecture-manipulating measures can generally pro-
mote crop-breeding farmland birds and (ii) which measure is effective
for bird species requiring sparse and low or dense and tall vegetation for
breeding. In this context, we also examined the representation of
different species, measures, landscape and local contexts (i.e., landscape
composition, parcel sizes, agricultural intensity), and geographical areas
in the available studies to detect potential biases.

2. Materials and methods

We studied the effects of in-crop measures creating suitable nesting
sites on European crop-breeding farmland birds within a systematic
review to generate higher-order conclusions. For this purpose, we
grouped measures and bird species according to whether they targeted
or required a sparse and low or dense and tall vegetation.

2.1. Literature search and study selection

The systematic literature survey was conducted using Scopus and ISI
Web of Science Core Collection databases for studies published until
01st June 2023. Search terms were built following the PICO (Population,
Intervention, Comparator, Outcome) approach (Higgins and Green,
2008), although we only used Population AND Intervention, in order
not to miss any studies due to too restricted search terms, and because
we were interested in various outcomes. Population was defined from
the Common European Farmland Bird Indicator (European Bird Census
Council, 2021) and refined by including only species that (i) breed on
the ground and (ii) in crops. Interventions comprised crop architecture-
related in-field measures. The search string is shown in the supple-
mentary information (‘Search string’ section and Table S1) and was
applied to title, abstract and keywords with no limitation regarding
document types or year of publication. This resulted in a total of 1,702
potential articles.

Only studies published in peer-reviewed journals were included,
relying on the peer-reviewed process as quality control. After duplicate
filtering for hits located by both databases with Mendeley reference
manager software (Mendeley, 2015), we performed filtering through the
title and abstract of each article, then through the full text of each
potentially relevant article to decide whether the article matched our
selection criteria (for the detailed selection process, see the PRISMA flow
diagram in Fig. S1). Inclusion of a study in our systematic review was
based on the following criteria: (i) relevant bird species, (ii) in-crop
measures to provide suitable nesting sites, (iii) appropriate compar-
ator. Relevant bird species comprised all crop-breeding species from the
Common European Farmland Bird Indicator (Fig. S2). In-crop measures
to provide suitable nesting sites had to be located exclusively on
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production land (Batary et al., 2015). Methodologically, we selected for
studies that compared fields with measures (intervention) to fields
without measures (comparator) to identify effects on bird species. We
did not exclude any studies based on language criteria, but all poten-
tially relevant studies not written in English were reviewed by native
speakers.

Of the 1,702 studies reviewed, ten fitted the criteria (Table S2),
comprising 18 observations (Table S3). A list of the articles excluded
from the full-text search, along with the reasons for exclusion, is shown
in Table S4. Given this limited number of studies, a formal meta-analysis
was currently not possible, therefore, here we qualitatively summarized
our findings and highlighted knowledge gaps.

2.2. Grouping of species and measures

The common European crop-breeding farmland birds were grouped
regarding their habitat requirements for breeding from a separate
literature search and expert knowledge (Table S5). Categories
comprised generalists able to breed in sparse or dense, short or tall
vegetation, specialists requiring sparse and short vegetation, and spe-
cialists requiring dense and tall vegetation (Fig. S2).

Accordingly, the measures were categorized based on whether they
were intended to create a sparse and short or dense and tall crop ar-
chitecture (relative to what is typical for the crops in the spring in
Europe); further differentiated by scale and design. Thus, the following
categories were established: wide-spaced rows (row space > 20 and <
30 cm; slight modification); unsown strips (at least 30 cm wide;
comprised all forms of unsown strips (sometimes also called ‘additional
tramlines’), e.g., also beetle banks; considerable modification); unsown
patches (at least 7 mz; considerable modification); double-drilled rows
(row space < 12.5 cm; slight modification) (Fig. 1).

2.3. Calculating results

Some articles included multiple species and/or multiple measures, so
we distinguished between number of observations and number of case
studies (see Fig. S1 and Table S3), where a study only provided multiple
observations when multiple separate analyses were conducted on
different measures and/or different species. Observations from each
article were disentangled in terms of their study parameters to represent
whether their outcome pertained to life history parameters (i.e.,
breeding parameters such as nest density, breeding success, or nestling
body condition) or population density parameters (e.g., territory den-
sity) (Table S3). We rated results of observations on improvement of the

SPARSE AND SHORT

slightly considerably

= wide-spaced rows
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habitat for crop-breeding farmland birds by categorizing them as ‘pos-
itive’ or ‘neutral’ (Table S3). No observation showed negative effects.
Effects could affect both population density and life history parameters.
In addition, the studies were reviewed in terms of geographic origin and
inclusion of landscape and local contexts, i.e., whether landscape
composition, parcel sizes and agricultural intensity in the study area
were described or analyzed, respectively (Table S3).

3. Results

3.1. Study situation: Geographical origin and landscape and local
contexts

Out of the 1,702 studies, we found ten studies on the effects of crop
architecture manipulation on common European crop-breeding farm-
land birds, published between 1997 and 2017. The studies were not
evenly distributed across European countries and thus not across the
respective different agricultural conditions (e.g., intensity, parcel sizes)
(Fig. $3), leading to a geographical bias and a knowledge gap regarding
the effectiveness of measures under different agricultural conditions. In
addition, one out of ten studies described parcellation and landscape
composition and three out of ten studies described agricultural intensity
in their study area, but none of them included these landscape and local
parameters in their analyses (Table S3).

3.2. Study situation: Representation of species and examination
parameters

Sixty-two percent (five out of 13) of the common European crop-
breeding farmland bird species were not the subject of any study on
the effects of altered crop architecture, resulting in a complete knowl-
edge gap for the Common Stonechat, Calandra Lark, Crested Lark,
Eurasian Stone-curlew, Greater Short-toed Lark, Little Bustard, Thekla
Lark and Red-legged Partridge, all of which have negative population
trends and could benefit from such measures (Fig. 2). Three of the five
species studied belonged to the group of species requiring sparse and
short vegetation for breeding, making this the best studied species group
with 15 observations. Half of the observations found examined popu-
lation density parameters (such as presence-absence data or territories
per ha) of the target species and half of the observations both, popula-
tion density and life history parameters (such as nest density, breeding
success, or nestling body condition). Accordingly, there were twice as
many observations of effects of crop manipulating measures at the
population level than at the life history level (Fig. 2, detailed outcome

DENSE AND TALL

slightly considerably

=) double-drilled
rows

Fig. 1. Classification of measures according to whether and to what extent they aim to make vegetation sparser and shorter or denser and tall. Measures
intended to create either a sparse and short or dense and tall crop architecture are listed under each category. The extent is differentiated into slight and considerable

(for ‘dense and tall’, no measure with considerable modification is known).
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Fig. 2. Number and type of observations on effects of crop architecture-related in-field measures per common European crop-breeding farmland bird
species. Observations were separated by outcome (population density, life history). Species were grouped in terms of their requirements on the crop architecture.

Population trend for each species is shown (European Bird Census Council, 2021).

per case study and observation in Table S3). Best studied was the Skylark
with five observations on population and six on both, population and life
history parameters. Taking different measures and outcomes into ac-
count, also this best studied species is not examined sufficiently, e.g., for
a meta-analysis.

3.3. Effects of crop architecture-related in-field measures on European
crop-breeding farmland birds

All measures (double-drilled rows, unsown patches, unsown strips,

DOUBLE-DRILLED ROWS

and wide-spaced rows) showed predominantly positive effects on
examined bird species (Fig. 3). For example, seasonal decreases were
mitigated for Skylark territories in unsown strips (Fischer et al., 2009;
Schmidt et al., 2017a) and for nesting Skylarks in unsown patches
(Morris et al., 2004). Lapwings showed higher hatching success in un-
sown plots (Schmidt et al., 2017b) and nest densities of Corn Buntings
were higher in double-drilled rows (Setchfield and Peach, 2016). Only
once did unsown patches or wide-spaced rows not have positive effects
on the target species. Detailed effects from each observation can be
found in Table S3. The group of measures aiming at considerably
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Fig. 3. Effects of crop architecture-related in-field measures on common European crop-breeding farmland bird species. Number of observations with
positive or neutral effects per species, separated for each group of measures. Measures were categorized based on whether they were intended to create a sparse and
short or dense and tall crop architecture; further differentiated by scale and design with the following categories: double-drilled rows (row space < 12.5 cm; slight

modification); unsown patches (at least 7 m?,

considerable modification); unsown strips (at least 30 cm wide; unsown strips (sometimes also called ‘additional

tramlines’) and beetle banks; considerable modification); wide-spaced rows (row space > 20 and < 30 cm; slight modification).
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sparsen and shorten the crop architecture was the best studied group of
measures with unsown patches (ten observations) being studied more
than twice as often as unsown strips (four observations). Skylark was the
most frequently studied of these. Wide-spaced rows, which only slightly
sparsen and shorten the crop architecture were examined three times
and double-drilled rows, which slightly increase the density of the crop
architecture was examined once. In summary, different measures and
species have been studied to varying degrees with knowledge gaps for all
measures and species.

4. Discussion

Most studies reported positive effects of measures that manipulated
the crop architecture, i.e., the density and/or height of the vegetation in
crop fields, on the examined common European ground-breeding
farmland birds. Observed effects included a wide range of benefits,
from increased territory density to increased breeding success via
reduced nest predation losses, increased hatching success, and increased
foraging efficiency. This suggests that manipulating the crop architec-
ture is a promising measure to create conditions that allow ground-
breeding farmland birds to better survive and reproduce in otherwise
intensively managed cropland - a hint that crop architecture-related in-
field measures are generally suited to promote ground-breeding farm-
land birds. Such measures would promote ground-breeding birds as a
kind of ‘agricultural by-product’ and would therefore likely be better
accepted by the agricultural sector than (less popular) off-field measures
(Bailey et al., 2015, Kleijn et al., 2019), so that they could (more) easily
be applied widely. Moreover, crop architecture-manipulating measures
are usually associated with little additional workload or disruptions to
farming operations and often do not result in yield losses (see supple-
mentary information ‘Agronomic perspective on crop-architecture-
manipulating measures’). However, our review clearly shows that
there is a serious lack of studies focusing on the effectiveness of in-crop
measures for increasing ground-breeding bird abundance (or diversity)
other than in-crop measures that simply reduce the amount of agro-
chemicals. All crop architecture-related in-field measures as well as all
potentially benefitting bird species have not been sufficiently studied to
evaluate, e.g., which measure is most effective for which bird species or
group of species in which life-concerns. Even for the best studied species,
the Skylark, there is still too little data to conduct a meta-analysis. This
highlights the gaps in knowledge for the less studied species and/or
groups.

Although not yet sufficiently evidenced, measures that resulted in a
considerably sparser and shorter crop architecture (unsown patches or
strips; > 7 m? or > 30 cm) showed tendencies for higher probabilities of
success than those that resulted in only a slight modification (wide-
spaced rows; > 20 and < 30 cm). The latter run the risk of nevertheless
leading to canopy closure early in the season and thus inaccessibility to
several species (Morris et al., 2004), which may explain lower successes.
In the group of measures aiming at considerably sparsen and shorten the
crop architecture, unsown patches were studied more than twice as
often as unsown strips. Thus, unsown patches have received more
attention so far, even though it is unclear whether they are the more
promising approach and both measures have similar prerequisites in
terms of agronomic and vegetation-structural aspects (see supplemen-
tary information ‘Agronomic perspective on crop-architecture-
manipulating measures’ and ‘Vegetation-structural aspects of crop-
architecture-manipulating measures’). Given that the two measures
may have different effects on attractiveness, reproductive performance,
and energy balance (e.g., via chilling effects (Dawson et al., 1992) and
foraging efficiency (Vickery and Arlettaz, 2012)) of bird species, we
emphasize the importance of determining the most beneficial spatial
arrangement of sparse and short vegetation in crop fields to maximize
the efficiency of in-crop measures.

The latter also requires resolving how the surrounding landscape and
local context can influence the success of measures. Although the
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heterogeneity of the landscape in terms of its impact on biodiversity is
often emphasized (Tews et al., 2004; Fahrig et al., 2011), no study in this
systematic review did incorporate the composition and configuration of
the surrounding landscape in the effects of crop architecture-
manipulating measures on farmland birds. Besides, e.g., the influence
of the existing species pool in the landscape (Tscharntke et al., 2012),
the success of crop architecture-related in-field measures could be
particularly determined by the attractiveness of the measures to birds
(Kolecek et al., 2015). For example, a winter wheat field with unsown
patches might be more attractive and thus better accepted by birds in
simplified large-parcel monocultures than in small-parcel heteroge-
neous landscapes where other nesting sites/crops are available (whether
or not they are ultimately suitable or rather ecological traps, e.g.,
frequently mown meadows). Considering the landscape and local
context becomes even more important when the geographical bias of the
study pool is included within the context of different socio-economic
histories of European countries and the resulting characteristics of
agricultural systems, such as parcel sizes, crop diversity, or intensity
(Gayer et al., 2019). Future studies are thus called to include the land-
scape and local context to disentangle the potential influence of the
surrounding landscape and agricultural production factors on the
effectiveness of crop architecture-manipulating measures and to be able
to reliably extrapolate identified effects of measures to other regions.

Given that the most effective conservation measures in intensively
farmed agricultural landscapes are those minimizing the impact of
intensification on the species’ reproductive performance (Benton et al.,
2003; Casas and Vinuela, 2010; Morris et al., 2005; Guerrero et al.,
2012), it is alarming that half of the studies have considered only pop-
ulation density levels, such as territory density, and no life-history traits,
such as survival and reproduction. The study of breeding parameters for
in-crop measures targeting suitable nesting sites gains even more ur-
gency since conservation measures generally run the risk of becoming
ecological traps. This is when man-made areas appear suitable as nesting
sites based on physical and/or vegetative characteristics, but become
population sinks rather than population sources for the species that
settle there due to confounding factors (e.g., predation) (Best, 1986). For
example, it has already been shown that isolated patches of dense
vegetation can act as ecological traps by attracting nesting birds but also
their predators (Jimenez and Conover, 2001). This leads to other
knowledge gaps regarding the most successful spatial arrangement of
sparse and short vegetation: for example, do unsown strips or patches
vary in their ability to attract breeding birds but not predators? Or what
is the effect of different numbers of unsown strips or patches per ha?

In addition to providing suitable nesting sites, measures manipu-
lating the crop architecture could increase the reproductive output of
target species by increasing the availability of (nestling) food. In gen-
eral, sparser and shorter vegetation improves foraging efficiency of
species feeding on ground- or sward-dwelling invertebrates due to
enhanced ground locomotion and increased probability of detecting
prey items (Odderskeer et al.,, 1997; Vickery and Arlettaz, 2012).
Whether food abundance is increased per se in fields with measures that
sparsen and shorten the crop architecture has not yet been conclusively
resolved. While there is no evidence that unsown patches or wide-spaced
rows promote invertebrates (Morris et al., 2004; Smith et al., 2009;
MacDonald et al., 2012), higher activity density, species richness and/or
larger individuals of different functional groups of ground beetles have
been found in areas of unsown strips compared to areas in convention-
ally sown winter wheat (Blosch et al., 2023). To the best of our
knowledge, there is no information yet on the food supply in fields with
double-drilled rows (which represents the only measure aiming at a
dense and tall crop architecture). Thus, findings to date do not yet
provide a fully comprehensive representation of food abundance in
fields with manipulated crop architectures.

In sum, we suggest that crop architecture-related in-field measures
have the potential to make a major contribution to the conservation of
ground-breeding farmland bird species by providing suitable nesting
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sites. However, to successfully realize this, more studies that prove the
effectiveness of in-crop measures are urgently needed. Further, whether
the benefits from currently existing crop architecture-related in-field
measures also include a sufficient food supply for feeding nestlings has
not yet been clarified. Albeit, to effectively promote farmland birds, all
life-cycle requirements must be fulfilled. These include, for example,
seed- and insect-rich foraging habitats (Wilson et al., 2009; Sharps et al.,
2023), which have been shown to be provided by, for example, off-field
biodiversity focus areas (Moreby and Aebischer, 1992; Poulsen et al.,
1998; Vickery et al., 2002; Volpato et al., 2021).

Whether in-crop measures are generally equivalent to off-field
measures with respect to promoting farmland birds remains to be
tested. Also, in addition to the open questions related to in-field mea-
sures manipulating the crop architecture discussed above, there is a
general need for research on various types and aspects of in-crop mea-
sures. For example, along with the manipulation of sward structures, the
management intensity is a critical factor: current findings from yet un-
published or grey literature indicate that in-crop measures are more
effective for various taxa when cropping intensity is reduced (Illner
et al.,, 2004; Oppermann et al., 2022). We therefore recommend
analyzing different input levels and weighing potential effectiveness
gains against potential yield losses (while also considering the need for
potentially increased production areas when production volumes per
unit area decrease (Batdry and Tscharntke, 2022)). Thus, along with
ecological data, agronomically relevant parameters are an important
metric for in-crop studies as well. Besides yield assessments, information
on practicability can be valuable in developing the most promising
measures, though it generally seems that in-crop measures are easier to
implement and more feasible on a larger scale as compared to off-field
measures (Sharps et al., 2023). As we are now also facing severe de-
clines in the former stronghold of farmland birds in Eastern Europe (Reif
and Vermouzek, 2019) rapid and holistic action is urgently needed.

5. Conclusions

Evidence is accumulating that the manipulation of crop architecture
comprises promising (in-crop) options for incorporating suitable habi-
tats for crop-breeding farmland birds into production areas at low costs.
This could allow these species to return to our fields on a large scale as
‘agricultural by-products’. However, further studies are needed to
adequately evaluate and develop the best options, e.g., in terms of
spatial arrangement of measures within the crop fields for different
species (groups) and thus maximize their efficiency. In particular, we
call for studies examining the influence of different landscape and local
contexts on the effectiveness of various crop architecture-related in-field
measures with focus on breeding parameters of target bird species.
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