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Habitat preferences of the Ortolan Bunting (Emberiza
hortulana) in its prime wintering grounds, the cerealdominated Ethiopian Highlands
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Agricultural intensiﬁcation and land-use changes are major factors impacting farmland
biodiversity. The Ortolan Bunting Emberiza hortulana is the long-distance trans-Saharan
migratory passerine that has undergone the most dramatic decline among all European
farmland birds. The factors responsible for this decline may originate from the breeding
grounds, migration stopovers and/or overwintering quarters. Very little is known about
conditions on the species’ wintering grounds, but a recent study has highlighted the
utmost importance of the traditionally managed agroecosystems in the Ethiopian Highlands as a key wintering area, apparently harbouring as much as 90% of the world’s
Ortolan Bunting population. Using radiotracking and line transect surveys, this study
aimed to provide ﬁne-grained information about species–habitat relationships in the
Ortolan Bunting overwintering quarters. Our results showed the importance, at the landscape scale, of small-scale agriculture, notably of traditionally managed, cereal-dominated
ﬁelds interspersed with semi-natural structures. At a foraging-site scale, on the other
hand, patches of bare ground in combination with large areas of post-harvesting stubble
represented key habitat features. Stubbles provide an essential food resource and bare
ground promotes ground foraging by enhancing food accessibility. The maintenance of a
traditional agricultural economy will be essential to maintain the habitat potential for the
Ortolan Buntings overwintering in the Ethiopian Highlands and will be instrumental in
preserving its world population from further decline.
Keywords: agricultural intensiﬁcation, Ethiopia, food security, migratory landbirds.
The increasing human population weighs on
ecosystems and causes habitat loss and degradation
(Cardinale et al. 2012). One driver of habitat
destruction is agriculture, which has rapidly intensiﬁed since the Second World War (Garder 1996,
Krebs et al. 1999). Intensiﬁcation of agriculture
and changes in land use are major factors impacting farmland biodiversity (Krebs et al. 1999, Benton et al. 2003) and European farmland bird
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species are no exception (Donald et al. 2001,
Newton 2004). The main mechanisms affecting
farmland species are multiple, ranging from the
loss of heterogeneity at multiple scales, thereby
decreasing essential breeding and feeding resources
(Benton et al. 2003), to the use of pesticides that
negatively impact food abundance and/or availability (Newton 2004, Chiron et al. 2014, Hallmann
et al. 2014, Glemnitz et al. 2015), as well as the
degradation of habitats due to the shift in crop
species and agricultural techniques (i.e. mechanized machinery; Newton 2004, Eggers et al.
2011).
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Among declining avian species, there are many
long-distance migrant birds. Conservation of
migratory species is complex because of their
dependency on suitable breeding grounds, multiple
stopover sites along their migratory routes and
optimal wintering sites (Benton et al. 2003, Vickery et al. 2014). Despite the potential importance
of these different habitats, much of the current
knowledge about the ecology and threats to AfroPalaearctic migrants is restricted to factors acting
on their European breeding grounds (Vickery et al.
2014). Thus, adding new information on nonbreeding areas is key to a year-round understanding of a species’ ecology and hence is crucial for its
conservation. The most important factors in the
non-breeding areas appear to be habitat changes
through human activities, partly interacting with
highly variable and unpredictable climatic conditions that can affect food abundance and availability (Vickery et al. 2014). Changes in agricultural
practices are known to not only decrease food
abundance, but also affect the phenology of peaks
in seed abundance due to shifts in cultivated species and farming regimens (Glemnitz et al. 2015).
Conservation issues may herewith also arise in the
case of phenological mismatch between peaks in
food supplies and the migratory cycle (Both et al.
2006, Douglas et al. 2010, Vickery et al. 2014).
However, identifying factors causing population
declines is a challenging task as multiple drivers
interact, and they can operate at breeding, staging
and wintering sites.
The Ortolan Bunting Emberiza hortulana is the
only long-distance migrant among the Old World
buntings (Emberizidae, Cramp & Perrins 1994)
that migrates to sub-Saharan Africa and is exhibiting a strong decline, estimated at 89% between
1980 and 2014 (Keller et al. 2020). Recent studies
using ring recoveries (Thoma & Menz 2014), light
loggers, and genetic and isotope data (Jiguet et al.
2019) have demonstrated a migratory divide, with
two distinct ﬂyways separating the western from
the eastern breeding population. The western ﬂyway is used by approximately 10% of birds, which
breed in western and northern Europe and winter
in western Africa (Olsson et al. 2015). The strongest population declines are recorded in this western population (Jiguet et al. 2016), and several
European countries have already lost the Ortolan
Bunting as a breeding species (Keller et al. 2020):
Belgium, the Netherlands (van Noorden 1999,
Vieuxtemps & Jacob 2002, van Dijk et al. 2005)

and Switzerland (Knaus et al. 2018). Most of the
causes of this decline have been attributed to landuse changes and agricultural intensiﬁcation at the
breeding sites, including the large-scale degradation
of habitats (Menz & Arlettaz 2012), the transformation from traditional agriculture to monoculture
by removing natural structures such as isolated
treelines or hedges (Veps€al€ainen et al. 2005, Brambilla et al. 2016, 2017), and the change of cultivation from summer to winter cereals (Eggers et al.
2011, Menz & Arlettaz 2012). The eastern ﬂyway
is used by birds breeding in a vast area ranging
from Belarus over southern Russia, including the
Balkan countries and down to Turkey until western Kazakhstan (Jiguet et al. 2019). These birds
represent 90% of the global Ortolan Bunting population and overwinter in the cereal-dominated
highlands of Eritrea and Ethiopia (Jiguet et al.
2019). The restricted size of the wintering area
compared with the breeding grounds suggests that
multiple breeding populations overwinter in the
same region, making the species highly vulnerable
to any deterioration in the wintering habitats.
Therefore, studying habitat preferences in this
rather small wintering agro-ecosystem is of utmost
importance to the conservation of the Ortolan
Bunting.
There is a long history of agriculture in the
Ethiopian Highlands due to prime environmental
and soil conditions that have led to human population expansion in recent decades (Holden &
Yohannes 2002, Pender & Gebremedhin 2008,
Headey et al. 2014). The Ethiopian Highlands
today represent one of the most densely populated
regions of Africa (Headey et al. 2014), where most
arable lands are cultivated in a traditional way
(Holden & Yohannes 2002, Pender & Gebremedhin 2008). Recent studies, however, indicate an
increased use of fertilizers and pesticides (Josephson et al. 2014), especially so in intensively managed
large-scale
ﬁelds.
This
landscape
homogenization has led to dichotomous landscapes
composed of small-scale, traditional and extensive
vs. large-scale, mechanized and intensive agroecosystems. Additionally, policy-induced agricultural intensiﬁcation has strengthened this trend
(Davis et al. 2009, Headey et al. 2014) with concomitant negative effects on biodiversity. In a
recent study it has been demonstrated that only a
few bird species beneﬁt from those newly established open landscapes created by large-scale farming, and that avian abundance and diversity are
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signiﬁcantly higher in traditionally managed smallscale ﬁelds (Marcacci et al. 2020).
Here, we investigated the species–habitat associations of Ortolan Bunting in traditionally managed
and industrialized cereal cultures in the Ethiopian
Highlands at different spatial scales (landscape and
ﬁeld scale). The two contrasting farming systems
are nearly binary (traditional vs. industrialized or
small- vs. large ﬁelds), allowing us to investigate
the effects of the operated farming practices and
semi-natural habitats at a landscape scale. To
understand habitat preferences on a ﬁeld and
foraging-site scale, we additionally conducted a
radiotracking study. Using a combination of analyses of habitat preferences at these different spatial
scales, this study provides the ﬁrst quantitative
assessment of the Ortolan Bunting’s wintering
habitat preferences and provides management recommendations for its conservation.
METHODS
Study area
We used geolocation data from Jiguet et al. (2019)
to delineate the main study area. We focused on
two large areas located in Central Ethiopia (Oromia Region; Fig. 1). Elevation of the study sites
ranged from 2340 to 2670 m above sea level. The
ﬁrst large study area was situated on the Ethiopian
plateau (west of the Rift Valley), between Chancho (9°18’45.0756"N, 38°45’24.843"E) and Debre
Libanos
(9°42’59.5188"N,
38°49’16.1508"E).
Forty line-transects were placed between these
two locations. This ﬁrst study area comprised only
small-scale traditional agriculture. We performed
radiotracking
at
three
sub-sites:
Duber
(9°27’44.28"N, 38°52’49.7994"E), Guto (9°19’
40.0794"N, 38°45’34.2"E) and Lemi (9°48’
12.9594"N, 38°54’29.1594"E). The second large
study area was located on the plateau east of the
Rift Valley, north of Bale Mountain National Park
(Fig. 1). Here, the agricultural landscape was composed of two contrasting farming systems coexisting next to each other: small-scale traditional
farming and large commercial farms (mostly cereal
monocultures) using modern machinery (Marcacci
et al. 2020). In the second study area, some smallholders also used mechanized methods for harvesting, a technique we never observed west of the
Rift Valley. Eighty line-transects were distributed
between Adamogne (7°2’17.0118"N, 39°0’
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3.5532"E) and Sinana (7°4’3.2196"N, 40°12’
46.5294"E). Our main radiotracking area was situated north of Washa (7°2’22.8078"N, 39°29’
17.6784"E). Our main radiotracking area was situated north of Washa (7.039669°N, 39.488244°E).
Research permits and authorizations were obtained
from the Ethiopian Wildlife Conservation Authority (EWCA), the governmental organization
responsible for conservation and utilization of
Ethiopian wildlife.
Local-scale habitat preferences using
radiotracking
To understand fully the ﬁeld-scale species–habitat
associations of Ortolan Buntings, a radiotracking
study using miniaturized radio-transmitters was
conducted over a 2-month period between
December 2017 and January 2018 (Menz et al.
2009, Schaub et al. 2010). Ortolan Buntings were
captured with mist-nets in combination with tape
luring, and aged and sexed. We could determine
the sex only for eight birds, all of them males.
Buntings (n = 12) were equipped with radiotransmitters (Holohil BD-2, 6- to 10-week battery
lives, 1.2 g, Holohil Systems Ltd, Carp, Ontario,
Canada) using the leg-loop harness technique
(55 mm according to Naef-Daenzer 2007, Menz
et al. 2009). If necessary, loop size was individually
adjusted according to individual body size.
We used the homing-in technique to locate
tagged individuals (Menz et al. 2009, Schaub et al.
2010). The localizations are more precise using
hand-held antennas for birds regularly sitting on
the ground compared with other radiotracking
techniques (Naef-Daenzer 2007). We used a
three-element antenna and radioreceivers (Australis 26K Tracking Receiver, Titley Electronics,
Australia) to track the birds. We tracked the birds
twice a day to avoid the period of inactivity during
the hottest hours (pers. obs. of J.G., G.M., J.M.
and T.S.): a ﬁrst daily session lasted from dawn to
10:00 h, and a second from 15:00 h until dusk.
Each time a radiotracked bird was observed foraging or was detected on the ground, we considered
this location a presence point of a foraging event
(Cramp & Perrins 1994, Menz et al. 2009). Birds
were radiotracked over 2–4 days to obtain at least
20 foraging occurrence points per individual.
Between two localizations, we waited for a minimum of 15 min to avoid temporal correlations
(Aebischer et al. 1993) and to be sure that the
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Figure 1. Study sites in the Ethiopian Highlands: one site west of the Rift Valley and another site east of the Rift Valley. Sub-sites of
radiotracking are represented by emitting antennas and survey sub-sites by green circles (Quantum GIS Development Team 2012).

new homing-in point was not an artefact of ﬂushing the bird away from the previous point. Each
homing-in localization was mapped precisely
( 3 m) with a Geographical Positioning System
(Garmin e-Trex, Garmin Switzerland Distribution
GmbH, Neuhausen am Rheinfall, Switzerland).
For each recorded position of a tagged bird, homeranges (note that we use ‘home-range’ for the

habitat used by overwintering individuals) were
estimated with the 100% minimum convex polygon (MCP) method (Buckland et al. 1991) using
all locations (mean  se = 36.75  15.05) with a
50-m buffer around each location.
To analyse local-scale habitat preferences, we
performed logistic regressions on a binary response
variable (presence/pseudo-absence). Each time a
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radiotracked bird was observed foraging or was
detected on the ground, we mapped variables at
the foraging location and at a randomly generated
pseudo-absence point. Habitat variables (crop type,
natural and cultivated ground vegetation cover,
bare-ground cover, litter cover, mineral coverage,
cultivated and natural vegetation height, ﬁeld management variables; Table S1) were measured at
two different scales: ﬁeld scale (averaging at the
scale of the ﬁeld) and foraging-site scale (within a
2 9 2 m plot if the tracked bird was located precisely). An adjacent ﬁeld was selected as a pseudoabsence for the ﬁeld-scale habitat selection, and a
pseudo-absence
point
(2 9 2 m)
situated
10  1 m away from the foraging location was
selected for the foraging-site scale habitat selection.
In both cases, a list of randomized angles gave the
directions for obtaining an associated pseudoabsence point/ﬁeld. If the random pseudo-absence
point was not in a ﬁeld, it was discarded and a new
random direction was generated for the selection of
a new pseudo-absence point. The presence points
and their unique pseudo-absence points were considered the stratum for statistical analysis.
We recorded several habitat variables including
crop type (categories: barley/wheat, bean,
labour/pasture (non-cultivated parcels), teff and
other), natural and cultivated ground vegetation
cover, bare-ground cover, litter cover (deﬁned as
the area covered by dead vegetal material including
stubble, which was used as a proxy to estimate the
amount of seeds), mineral cover, cultivated and natural vegetation height, and ﬁeld management variables (including crop stage, grazing and the use of
machines). Descriptions of variables are presented
in Table S1. Data from 12 radiotracked Ortolan
Buntings (ﬁeld scale: 216 presence–absence pairs,
mean  se = 18  6.4; foraging-site scale: 151
presence–absence pairs, mean  se = 12.6  6.8)
were used for modelling habitat preferences. Radiotracking was performed by four observers (J.G.,
G.M., J.M., T.S.) working mostly in teams of two.
Landscape-scale habitat preferences
using line transect surveys
The aim of this second part of the study was to
understand the effects of landscape characteristics
(e.g. natural or semi-natural habitats) on the Ortolan Bunting using the line-transect method
inspired by Bibby et al. (2000) and successfully
applied in several similar studies (e.g. Guyot et al.
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2017, Rime et al. 2020). This method consists of
following a predeﬁned path called a transect across
the study area and annotating each observed bird
precisely on a map. A total of 120 transects
(length 400 m, mean  se = 399.33  0.48 m)
with a 50-m buffer plotted around them were
selected according to a gradient ranging from complex to simpliﬁed landscapes (i.e. low to high
amount of semi-natural habitats) and to the farming system (i.e. small-scale traditional farming vs.
large commercial farms using modern machinery).
We aimed to obtain a balanced ratio of landscape
complexity along the continuum of agricultural
intensiﬁcation. The surveys were conducted
between November 2017 and February 2018.
Before performing the bird surveys, each transect
was mapped on a printed satellite picture (satellite
picture of 1 : 1300) and then digitized in QGIS
(Quantum GIS Development Team 2012). Different crop species were identiﬁed, and delineations of
every ﬁeld were precisely plotted. Semi-natural habitats were divided into ﬁve categories: grove, which
represented every vertical vegetal structure taller
than 30 cm (isolated trees, hedges, bushes, corrals,
etc.), natural grassland (ﬁeld margins, savannah-like
habitats), rocks, rivers (including riverbed) and
human settlements (houses, dirt roads). Variables
such as mean ﬁeld size, crop richness and crop diversity (Shannon index) were computed directly in
QGIS 2.10 (Quantum GIS Development Team
2012) and R (version 3.6.1, R Core Team 2020).
Secondly, the exact locations of all individuals of
every bird species seen or heard were recorded
along the transect within a 50-m buffer from the
transect line. All surveys took place during the ﬁrst
4 h after dawn under favourable weather conditions
(no rain and no strong wind) and lasted on average
( se) 25  5 min per transect, which allowed four
to ﬁve transects to be surveyed per day and per
observer. Each transect was surveyed twice by the
same observer on two consecutive days and the
order of surveyed transects was reversed for the surveys of the following day. Although the three observers (J.G., J.M., G.M.) have similar experience,
surveys were carefully planned to balance the different transect categories (landscape complexity and
farming system) between them equally. In this
study, only data on the presence (yes/no) of Ortolan
Buntings were considered (see Marcacci et al. 2020
for more details about the entire farmland bird community). Birds ﬂying over the transect were
excluded from the analyses.
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Statistical analyses
All analyses were computed in R (version 3.6.1, R
Core Team 2020). To analyse local-scale habitat
preferences we performed generalized linear mixed
models (GLMMs; package lme4, Bates et al., 2014)
on a binary response (presence vs. pseudo-absence)
with ground cover and management variables as
explanatory variables (cultivated vegetation cover,
litter cover, bare ground cover, mineral cover, natural and cultivated vegetation height, crop stage,
presence of grazing and harvesting method; see
Table S1). Note that crop management variables
(harvested or not, grazed or not and the use of
machines) were not implemented in foraging-sitescale model selection. Individual and stratum were
set as random effects to avoid pseudoreplication
(Bolker et al. 2009). We also considered site (four
levels: three sites west and one east of the Rift valley) as a random factor. Spearman’s correlation
coefﬁcients between explanatory variables were
checked. Where |rs| > 0.7, the biologically most
meaningful variable was kept for building models to
avoid collinearity between variables. Cultivated vegetation and natural vegetation cover were highly
correlated
(|rs|ﬁeld-scale = 0.92,
|rs|foraging-site
0.96). We decided to keep cultivated vegescale =
tation cover, as one aim of this study was to quantify
the effect of agriculture on Ortolan Buntings. Proportional cover variables were arcsin square roottransformed to stretch small proportion values
(Guyot et al. 2017). We also considered quadratic
functions of all variables to detect an optimum in
the foraging preferences.
The best models were selected based on
Akaike’s information criterion corrected for small
sample size (AICc, Burnham & Anderson 2002).
An automated selection approach using the function dredge from the package MuMIn (Barto
n
2016) was used to sort and select the best-ranked,
competitive models (including quadratic effects)
within DAICc < 2 (Burnham & Anderson 2002).
For foraging-site-scale habitat preference models,
we did not consider crop types because of a lack of
convergence for this variable. We measured foraging selection in the different crop types using a contingency table analysis (Table S3). Assumptions for
classical Pearson’s chi-square tests were not met.
Thus, P-values were computed using Monte-Carlo
simulations with 10 000 replicates (Hope 1968).
At a landscape scale, transect data were analysed using GLMMs with a binomial error

distribution (logit function), with the binary Ortolan Bunting occurrence (presence vs. absence) as
the dependent variable and habitat variables as
explanatory variables (proportions of grove, natural
grassland, rocks, rivers, human settlements, crop
richness and crop diversity). The presence of Ortolan Buntings was deﬁned whenever at least one
bird was recorded during each transect survey. In
total, we surveyed 120 transects twice, making a
total of 240 presences/absences. Crop diversity
was highly correlated with the mean ﬁeld size (|
rs| = 0.783) and we retained crop diversity for
modelling. Proportional cover variables were arcsin
square root-transformed. Quadratic functions of all
numerical variables were also considered to detect
an optimum. We set transect-id (i.e. to account
for repeated counts) and date as random intercepts
because we expected day-to-day changes (i.e. due
to the migratory biology of overwintering Ortolan
Buntings), which could affect bird counts over the
ﬁeld season. The model selection procedure was
the same as for the selection of foraging-site-scale
habitat preference models. All explanatory variables were arcsin square root-transformed and
additionally standardized to better achieve model
convergence and to enable a comparison of effect
sizes. Model assumptions were fulﬁlled in all cases
and were assessed from the underlying standard
residual plots using the package DHARMa (Hartig
2021). With the same package, we further
checked for overdispersion of all models.
To draw effect plots, we described the range of
plausible parameter values using 95% Bayesian
credible intervals (noted as CI95) of the model
parameters (Korner-Nievergelt et al. 2015). We
used the sim() function of the package arm (Gelman & Hill 2006) to calculate the posterior distribution assuming ﬂat prior distributions (Gelman &
Hill 2006). Credible intervals of regression lines
were obtained from the joint posterior distribution
of the model parameters (Zuur et al. 2009).

RESULTS
Local-scale habitat preference using
radiotracking
The obtained wintering home ranges (MCP) ranged from 17.8 to 163.26 ha with a mean  se of
81.04  13.22 ha per individual. The most parsimonious
ﬁeld-scale
model
contained
the
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percentages of bare ground, litter, cultivated vegetation and whether the ﬁeld was harvested or not
(Table 1). These explanatory variables were considered the main determinants of habitat preference at the ﬁeld scale. Bare ground had a linear
and positive effect (Fig. 2a), whereas the percentage of litter represented mostly by the postharvested stubble exhibited a quadratic effect with
an optimum at 55% of litter cover (Fig. 2b). Nonharvested ﬁelds decreased the probability of a foraging event drastically: 0.054 (CI95 = 0.010–0.16)
in an unharvested ﬁeld and 0.43 (CI95 = 0.30–
0.56) in a harvested ﬁeld (Fig. 2c). As we did not
detect machine harvesting west of the Rift Valley,
the ﬁeld-scale model selection was repeated only
within eastern sites, with machine as an additional
explanatory variable. The analysis yielded the same
explanatory variables with or without the use of
machinery as a covariate. Ortolan Buntings foraged
signiﬁcantly more often in traditional, manually
harvested, ﬁelds (0.32, CI95 = 0.19–0.47) compared with ﬁelds harvested with machines (0.06,
CI95 = 0.0082–0.22; Fig. 2d).
Two competitive models (DAICc < 2) were
selected for the foraging-site scaled habitat selection (Table 1). In line with the ﬁeld-scale analysis,
both models included a positive linear effect of
bare ground, and foraging seemed optimal at intermediate amounts of litter (quadratic effect). In
addition, high amounts of a mineral substrate seem
to be important when foraging, as seen in the most
competitive model (Table 1).
Comparisons between crop types of presence
and pseudo-absence points computed by randomized contingency tables suggested that Ortolan
Buntings selected a speciﬁc type of crop when foraging (Table S3). More speciﬁcally, radiotracked
birds from the Ethiopian Highlands showed a preference for barley and wheat cultures and were
never detected on uncultivated ground (pasture or
labour), whereas bean (Vicia sp.) ﬁelds were largely preferred by eastern birds. The Ortolan Buntings from this eastern area also avoided
uncultivated ground (only one occurrence) and
were never detected in teff (Eragrostis tef) ﬁelds.
Landscape-scale habitat preferences of
Ortolan Buntings
In total, we recorded 151 bird species and 14 496
individuals (Marcacci et al. 2020). With 1070 individuals detected across 42 of 120 transects (35%),
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the Ortolan Bunting was the ﬁfth most abundant
bird species at our study sites. The occurrence
probability of an Ortolan Bunting was best
explained by a high crop diversity (Shannon diversity index) and the proportion of grove structures
within the transects’ buffer (Table 1). In landscapes without groves, the probability of occurrence was only 0.006 (CI95 = 0.0002–0.035),
whereas a 15% fraction of groves increased this
probability to 0.46 (CI95 = 0.08–0.89, Fig. 3a).
The highest recorded grove coverage was 32.25%,
where the occurrence probability levelled up to
0.87 (CI95 = 0.42–0.99). Low crop diversity
(Hcrop types = 0) had an occurrence probability of
0.004 (CI95 = 0.00002–0.03), whereas when crop
diversity was high (Hcrop types = 1.81; Fig. 3b), the
probability increased up to 0.64 (CI95 = 0.12–
0.97).
DISCUSSION
Our results demonstrate that the Ortolan Bunting
is one of the most common bird species in the
Ethiopian Highlands in winter (Jiguet et al. 2019)
and highlight the importance of traditional agriculture for the conservation of this species. Habitat
preferences differed depending on the scale considered. At foraging-site scale, our results showed
striking similarities with observed preferences on
the breeding sites (Menz & Arlettaz 2012): the relevance of patches of bare ground when foraging
and the importance of a high amount of litter (e.g.
food availability). At a broader landscape scale,
traditionally managed ﬁelds that are interspersed
with natural or semi-natural structures positively
affected the occurrence probability of Ortolan
Buntings, underlining the importance of structured, extensively managed agricultural landscapes
(Brambilla et al. 2017).
The proportion of bare ground combined with
intermediate amounts of litter, in particular stubble, seemed to be the main driver affecting the
foraging behaviour of Ortolan Buntings in their
wintering grounds, as observed in their breeding
sites (Nævra 2002, Berg 2008, Menz et al. 2009,
Morelli 2012, Brambilla et al. 2016, 2017). The
preference for high amounts of bare ground could
be explained by several non-mutually exclusive
hypotheses. First, foraging in areas with patches of
bare ground might increase mobility, thereby
decreasing the physiological costs entailed in
searching for food; this is because dense vegetation
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P-value

0.343

Bunting

Ortolan

0.221

0.226

0.248

se

0.889

Estimate
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Grassland cover (%)

1.855

Estimate

Litter2

1.293

1.220

1.457

Estimate

Litter2

0.201

P-value

< 0.001

P ‐value

< 0.001
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P-value
0.799

se

0.892

Bunting

Ortolan

1.073

Estimate

0.578

Bunting

Ortolan

River cover (%)

2.236

Estimate

Use of machine

2.796

Estimate

Harvest

0.063

P-value

0.012

P ‐value

< 0.001

P-value

All proportional explanatory variables were arcsin square-root transformed and all continuous variables were standardized. Each
variable is shown with its associated coefﬁcient (Estimate), standard error (se) and P-value. For each model, the number of
degrees of freedom (df), Akaike’s Information Criterion corrected for small sample size (AICc), the change in AICc (Δi) and the
Akaike weight (wi) are presented.

scale

Landscape-

Ortolan

model

Estimate

No. of

Intercept

(B) Landscape–scale preference models (transect data)

South only
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14

0.201

30

with 10-m pseudo-

3.103

124

Foraging site-scale

Estimate

Intercept

Field–scale

model

No. of

(A) Local-scale habitat preference models (telemetry data)

Table 1. (A) Summary of the most parsimonious selected generalized linear mixed models for the ﬁeld- and foraging-site-scale
approach on 12 radiotracked Ortolan Buntings. (B) Summary of the selected models of landscape-scale habitat preference obtained
from transect data.
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187.2

185.5

AICc

0.153

se

1.84

1.70

0.00

Δi

0.224
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0.23
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Figure 2. Local-scale habitat selection: relationships between bare ground (a), litter cover (b) and state of the ﬁeld (harvested vs.
not harvested) (c) on Ortolan Bunting foraging occurrence probabilities at the ﬁeld scale drawn from a generalized linear mixed
model. The 95% Bayesian credible intervals are indicated by dashed lines on (a) and (b), and by the bars in (c). (a, b) Points depict
raw data. (d) Effect of harvesting method (manually vs. combine harvester) on the probability of foraging occurrence. Probabilities
are drawn from a generalized linear mixed model. Because combine harvesters were only used in the eastern sites, only eastern
birds were used to compute the model (n = 6). The dot represents the ﬁt of the model and the line the range of the 95% Bayesian
credible intervals.

impairs movements of ground-feeding farmland
birds such as the Ortolan Bunting (Leal et al.
2019). Secondly, peripheral vision due to the lack
of vegetation cover improves the detection of
predators (Grzybowski 1983, Metcalfe 1984,
Moorcroft et al. 2002), thus reducing mortality
risk. Thirdly, on their breeding grounds, Ortolan

Buntings were associated with a high amount of
bare ground, as this microstructure increases
arthropod prey availability, abundance being modiﬁed by accessibility (Menz & Arlettaz 2012). This
ﬁnding is congruent with other studies that found
that prey detectability, whether insects or seeds, is
enhanced by large amounts of bare ground (e.g.
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Figure 3. Landscape-scale habitat selection: effects of grove cover (a) and crop diversity (b) on Ortolan Bunting occurrence probability predicted from generalized linear mixed models. The 95% Bayesian credible intervals are delimited by the dashed lines on (a)
and (b). Dots depict raw data.

Whitehead et al. 1995, Robinson & Sutherland
1999, Moorcroft et al. 2002, Menz et al. 2009) or
a very short grass layer (Leal et al. 2019).
The detection/availability hypothesis is in line
with the ﬁnding that Ortolan Buntings prefer an
intermediate litter cover. Litter in cereal ﬁelds
was mainly composed of stubble. In crops such as
wheat and barley, stubble remains on the surface
of the ground as long as the soil has not been
ploughed. Here, compared with a tilling system
where the stubble is ploughed after harvesting,
the amount of available waste seeds is larger and
remains available as a food source for much
longer periods of time, which has proven essential
for the survival of seed-eating birds wintering in
farmland (Moorcroft et al. 2002, Gillings et al.
2005). Low amounts of stubble were associated
with a low probability of a foraging event, most
probably due to a lack of food resource. Foraging
conditions above the observed optimum at around
50% of litter cover were less optimal, probably
due to too dense a litter cover in combination
with a lack of bare ground, which limits food
availability. Ethiopia has a long history of traditional agriculture where cereal crops are mostly
harvested manually (Logan 2014). Our results
demonstrate that Ortolan Buntings beneﬁt from

this traditional method with a low probability of
foraging in mechanically harvested ﬁelds. The loss
of grain in traditional harvesting is signiﬁcantly
higher (up to 57%) compared with combine harvesting (Hassena et al. 2000). This potential loss
of grain associated with manual harvesting therefore constitutes a key foraging resource for seedeating species.
When foraging, Ortolan Buntings showed a
clear preference for cultivated ﬁelds, indicating
their dependence on traditional agriculture to
access food resources. The preferences for speciﬁc
crop types differed between the western (preference for barley and/or wheat) and eastern (preference for beans) sites. This discrepancy may be
explained by inter-site variation in crop composition, the phenology of the crops and their harvesting time. The preference in the eastern site for
bean cultures is potentially comprehensible, as
inter-cropping is a common practice in Ethiopia,
resulting in within-ﬁeld associations with cereals
and wild weeds (Logan 2014). This enhanced
heterogeneity in crop type and vegetation structure within these ﬁelds may explain the foraging
preference of Ortolan Buntings for this crop. In
contrast, teff leftovers after harvest were often
neglected and probably avoided by the birds. The
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low proportion of bare ground and the minute size
of teff grains probably lead to an absence of this
cereal in the Ortolan Bunting diet. Although Ortolan Buntings were seemingly not associated with
unproductive ﬁelds such as pastures, they still
seemed to rely on natural or semi-natural elements
in this agro-ecosystem.
At a landscape scale, the Ortolan Bunting was
dependent on the amount of groves (shrubs, trees,
hedges, etc.), which may serve as refuges to escape
predators or as roosting sites. This preference is in
line with studies conducted on the breeding
grounds, where these structures are important for
singing, resting and nesting (Berg 2008, Menz
alek
et al. 2009, Brambilla et al. 2016, 2017, S
et al. 2018). However, given the expansion of
smallholders in Ethiopia (Central Statistical
Agency (Ethiopia) and ICF International 2016)
and their need for ﬁre wood and timber (Fentie
et al. 2013, Logan 2014), tree cover has decreased
dramatically in recent decades, leading to landscape simpliﬁcation. Moreover, the remaining
grove structures are often composed of only a few
tree species (mainly eucalyptus and Juniperus sp.)
serving anthropogenic needs (timber, ﬁrewood).
These trends underline the need for large-scale
projects of small-scale reforestation, contributing at
the same time to socio-economic development of
the local population and biodiversity. Ortolan
Buntings also preferred heterogeneous landscapes
with a high crop diversity. This may be due partly
to an increase in ﬁeld margins, where demarcation
lines between ﬁelds can support semi-natural habitats such as ﬁeld margins or shrub hedges (Benton
et al. 2003, Vickery et al. 2009). A high crop and
structural diversity may additionally be favoured
due to prolonged or multiple food peaks. This is in
contrast to monocultures, which offer a single food
peak and thus concentrate available food resources
in a shorter time window.
Here, we have demonstrated the importance of
traditional extensive agriculture and semi-natural
elements for this species, which suggest that it is
sensitive to agricultural intensiﬁcation. The combination of an agriculture sector still representing
85% of employment in Ethiopia (Central Intelligence Agency 2012, Josephson et al. 2014) and
unprecedented human demographic growth will
hence shape the future of this species, and biodiversity in general, in this agro-ecosystem. With
restricted potential for irrigation and few opportunities to extend cultivated area in highlands,
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agricultural intensiﬁcation seems inescapable
(Headey et al. 2014). Ongoing and future governmental plans to develop and extend new crops and
cultivars (i.e. enhanced varieties), chemical fertilizers and new management practices (Spielman et al.
2010, Headey et al. 2014) urgently need to integrate biodiversity elements to guarantee the longterm persistence of this unique agro-ecosystem.
Under the scenario of agricultural intensiﬁcation
towards large-scale industrialized faming, we predict a degradation and loss of wintering habitat for
the eastern Ortolan Bunting populations. This may
have signiﬁcant consequences for this emblematic
species, as the overwintering population in the
Ethiopian highlands represents about 90% of the
global population (Jiguet et al. 2019) and acts as
an important source of gene ﬂow for the declining
western population (Moussy et al. 2018). However, coexistence of the Ortolan Bunting’s needs
with agriculture that fulﬁls the growing population’s demands seems possible. Multi-functional
agricultural landscapes are needed (Fischer et al.
2008, 2014) that promote agricultural yield, biodiversity and ecosystem services (Tscharntke et al.
2012, Baudron et al. 2019). In the context of the
Ethiopian Highlands, this will probably be best
achieved in the context of small-scale farming with
multiple crops (but see Marcacci et al. 2020)
where new agricultural practices (e.g. new crop
varieties, intercropping) will lead to a signiﬁcant
increase in yield, thereby ensuring food security
without marked negative impacts on seed-eating
bird species. Moreover, multifunctionality can be
improved by favouring native trees and bushes in
reforestation projects, as in the Humbo
Community-based Natural Regeneration Project in
Ethiopia (Brown et al. 2011). These structures
seem crucial for Ortolan Buntings at a landscape
scale, and smallholders would beneﬁt from
increased timber, ﬁrewood and a decrease in soil
erosion (Pender & Gebremedhin 2008). However,
to understand fully how ongoing and future intensiﬁcation processes will affect small holders and
biodiversity, it seems essential to conduct further
studies setting scientiﬁc bases for a sustainable,
wildlife-friendly farming intensiﬁcation system.
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SUPPORTING INFORMATION
Additional supporting information may be found
online in the Supporting Information section at
the end of the article.
Table S1. Variables measured on the ﬁeld at
two different scales: ﬁeld-scale and foraging-site
scale.
Table S2. Area (ha) of Minimal Convex Polygons (MCP) and the number of points (homing-in
points) used to build them presented for each
radio-tracked Ortolan Bunting.
Table S3. Overview of the collected data on
different crop types.
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