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Abstract

Farmland habitats are witnessing steep declines in biodiversity. One rapidly declining farmland species is the Ortolan Bunting.
In Finland, a staggering 99% of the population has been lost during the past 30 years. Changes in the breeding habitats
have been proposed as a reason for the decline, although hazards during migration and wintering may also play a role. We
gathered a 19-year data set of Finnish Ortolan Buntings and studied which spatial characteristics, habitat features, and climate
factors might explain the population growth rate at the singing-group level. As explanatory variables we used region, density
of small-scale landscape structures, proportion of agricultural area in the landscape, diversity of crop types, proportion of bare
ground, and temperature and precipitation of previous breeding season. The only region with a marginally positive growth
rate was North Ostrobothnia, where the species often occupies newly established fields. High crop type diversity mitigated
the declines by perhaps providing a wide array of feeding, hiding and nesting places. Bare ground benefited Ortolan Buntings
by perhaps providing an easy access to food. The last Ortolan Buntings occurred in landscapes dominated by interconnected
agricultural land which, we think, reflects the species’ sociability and avoidance of forested areas. We suggest that agricultural
intensification and the following potential reduction in food availability may be a cause of the decline of Ortolan Bunting. As
general conservation measures, such as promoting set-aside land or field margins, have been inadequate, either in effect or in
extent of application, it is evident that work remains. Northern populations of Ortolan Bunting should be targeted for further
studies on feeding and breeding ecology as well as for urgent conservation actions, such as increasing crop type diversity and
bare ground. Promoting more multi-functional and agro-ecologically managed agricultural landscapes would benefit a wider

range of farmland species as well.

TITLE
Habitat characteristics and the rate of decline in a threatened farmland bird, the Ortolan Bunting
ABSTRACT

Farmland habitats are witnessing steep declines in biodiversity. One rapidly declining farmland species is
the Ortolan Bunting. In Finland, a staggering 99% of the population has been lost during the past 30 years.
Changes in the breeding habitats have been proposed as a reason for the decline, although hazards during
migration and wintering may also play a role.

We gathered a 19-year data set of Finnish Ortolan Buntings and studied which spatial characteristics,
habitat features, and climate factors might explain the population growth rate at the singing-group level. As
explanatory variables we used region, density of small-scale landscape structures, proportion of agricultural
area in the landscape, diversity of crop types, proportion of bare ground, and temperature and precipitation
of previous breeding season.



The only region with a marginally positive growth rate was North Ostrobothnia, where the species often
occupies newly established fields. High crop type diversity mitigated the declines by perhaps providing a wide
array of feeding, hiding and nesting places. Bare ground benefited Ortolan Buntings by perhaps providing
an easy access to food. The last Ortolan Buntings occurred in landscapes dominated by interconnected
agricultural land which, we think, reflects the species’ sociability and avoidance of forested areas.

We suggest that agricultural intensification and the following potential reduction in food availability may be
a cause of the decline of Ortolan Bunting. As general conservation measures, such as promoting set-aside
land or field margins, have been inadequate, either in effect or in extent of application, it is evident that
work remains. Northern populations of Ortolan Bunting should be targeted for further studies on feeding
and breeding ecology as well as for urgent conservation actions, such as increasing crop type diversity and
bare ground. Promoting more multi-functional and agro-ecologically managed agricultural landscapes would
benefit a wider range of farmland species as well.
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1. INTRODUCTION

Several farmland bird species in Western Europe are declining rapidly primarily due to the intensification of
agricultural practices (Burns et al., 2016; Jerrentrup et al., 2017; Tryjanowski et al., 2011). These practices
include for example building sub-surface soil drainage systems, which cause habitat loss and change, increased
fertilizer use leading to denser vegetation, fast crop growth and short turn-over rates, increased pesticide and
herbicide usage resulting in lower abundance and diversity of food /insects/arthropods, and the specialization
and standardization of agriculture, which tends to create homogenous landscapes with large fields of low crop
diversity (Schifferli, 2001). The European Union has initiated several schemes with the aim to prevent the
loss of biodiversity in agricultural habitats, but these schemes seem to have had limited success, preserving
biodiversity only at the local scale and to moderate extent (Gamero et al., 2017; Kleijn et al., 2011).

The Ortolan Bunting, a small Palearctic migratory songbird, is an example of a species experiencing an
extreme population decline. It breeds from Spain to Mongolia and from Iran to northern Finland and
migrates to spend the winter in sub-Saharan Africa (Jiguet et al., 2019). Across Europe, the species has
faced continuous population declines, with a general drop of 88% since 1980 (Jiguet et al., 2016). The status
of the species is particularly alarming in Northern Europe, where it is critically endangered (Hyvérinen et
al., 2019). In Finland, the decline has been approximately 99% within the past 30 years (Véiisdnen and
Lehikoinen, 2013), with only 2,600 pairs remaining in 2020 (Piha and Seimola, 2021). In Fennoscandia,
Ortolan Buntings occur at their northernmost range limit and are genetically and demographically isolated
from the rest of the European population, making them particularly sensitive to potential threats with no
immigration to counteract the declines (Moussy et al., 2018).

Understanding the reasons behind such dramatic declines as the one of the Ortolan Bunting can provide
highly valuable information on how to manage farmlands in a more biodiversity-friendly way. Numerous
threats such as habitat loss and degradation, climate change, and illegal hunting, are believed to explain the
declines of Ortolan Buntings (Menz and Arlettaz, 2012). Especially the threats along the flyways have been
studied intensively (Jiguet et al., 2016), and recently, the wintering habitats have been under investigation
(Gremion et al., 2022).

Survival studies done in Norway and Finland show that Ortolan Buntings may not be suffering exceptionally
great losses during their migration or wintering in Africa. In a study done by Nousiainen (2020) during
2013-2019, Finnish male Ortolan Buntings had an apparent annual survival rate of 43.3 % (41.9-58.0 %;
in 15 other similarly sized passerine species). Similar, or somewhat higher, survival rates were found in
the Norwegian Ortolan Bunting populations (Dale, 2016). Additionally, Nousiainen (2020) found that the
survival was equally good throughout all the three main regions where the species occurs in Finland. Based



on this result, the survival of the male Ortolan Buntings is likely not particularly low, and thus does not
appear to be the most important factor explaining the declines. In contrast, there were regional differences
in population declines, with the steepest declines in southwestern parts of the population, where more than
fourth of the population was lost annually (Nousiainen 2020, Piha & Seimola 2021). In summary, although
the survival of females and juveniles were not examined in this study, this result already in itself hints
that there might be some regionally varying factors regulating breeding success that might, at least partly,
explain the dramatic declines in Ortolan Bunting populations. Hence, it seems that important reasons for
the declines are to be found within the breeding areas.

The breeding habitat requirements of the Ortolan Bunting have been intensively studied, mainly in the
agricultural habitats where the decline is steepest (Menz and Arlettaz, 2012). In general, the Ortolan Bunting
has largely varying habitat requirements. In the most southern parts of its current distribution, in the
Mediterranean and sub-Mediterranean Europe, Ortolan Bunting breeds in open shrubland and steppe-like
habitats, and montane zones up to 2,500 m above sea level. In temperate Europe, it is primarily associated
with cultivated land and shrublands in historically burnt habitats (see references in Menz and Arlettaz,
2012). In Nordic countries, the species is present in a range of different breeding environments; not only
in farmland habitats, but also in clear cuts and peat production bogs (Dale and Christiansen, 2010; Dale
and Olsen, 2002; Vepsildinen et al., 2007). In Finland, the species is rarely observed in small, fragmented
fields within forest dominated landscapes (Piha and Seimola, 2021). Within both natural and agricultural
landscapes, the Ortolan Bunting breeds primarily in relatively warm, dry areas, with well-drained soils and
an annual rainfall below 600-700 mm (Cramp and Perrins, 1994). The fact that the species becomes often
locally common after disturbance, for example after a fire or a clear cut, indicates that the species may behave
like a pioneer species, typically colonizing the early stages of vegetation succession (Pons and Clavero, 2010).

At the territory level in agricultural habitats, the Ortolan Bunting is associated with field margins featuring
structural elements such as isolated trees and hedges which are used for perching and singing (Griitzmann
et al., 2002). High crop type diversity seems to be important for the species since the species primarily
nests and forages on the ground (Berg, 2008), and a single crop type rarely provides a suitable vegetation
structure throughout the breeding season. Low vegetation structure with patches of bare ground is more
easily accessible to birds foraging and moving on the ground than uniformly dense growing crops (Schaub et
al., 2010; Schifferli, 2001), while higher and denser vegetation is needed for hiding the nest.

Despite extensive studies on Ortolan Bunting breeding habitat requirements, few have directly linked habitat
factors to the population growth rate of the species. Furthermore, many of the previous studies have been
limited either to small geographical areas, conducted solely at the territory scale or focused on the occurrence
probability (or density of territories) over a single year or a few years.

We investigated the relationship between changes in the Ortolan Bunting’s breeding habitat characteristics
and the rate of decline of the species in a multiscale context where both territorial and landscape levels
are considered simultaneously. We used an exceptionally large data set which covered approximately the
whole Finnish breeding range area and nearly two decades of observations, collected with a comprehensive
territorial mapping approach.

Specifically, we studied whether the rates of decline in Ortolan Bunting populations were associated with
i) proportion of agricultural land cover within the landscape surrounding the subpopulation (landscape
variable), ii) crop plant type diversity and the proportion of bare ground (crop variables), iii) density of
roads, ditches, main drains, riverbanks and buildings (small-scale structure variables), or iv) temperature
and rainfall from the previous year (weather variables), while also assessing v) potential regional variation
in the declines.

We hypothesized that the reduction of small-scale structures, loss of diversity in crop types and reduction in
the amount of bare ground have had negative effects on Ortolan Bunting population growth rate. We also
expected that population growth rates are more negative in areas with smaller proportion of farmland in the
landscape. In addition, we expected that cold and rainy breeding seasons reduced population growth to the



next year.
2. MATERIAL AND METHODS
2.1 Study area

Most of the studied Ortolan Bunting subpopulations, hereafter singing groups, were located along the coast of
Finland and in the southern parts of the country, where agriculture in general is concentrated in Finland. Few
study sites were in the eastern and Central Finland (Figure 1). The study area represents the northernmost
distribution range limit of the species.

2.2. Bird data

The territories of the Ortolan buntings were mapped annually using a two-visit mapping method, which has
been shown to be effective and reliable for mapping the species (Tiainen et al., 1985). The visits were made
in May and the first half of June. Special attention was paid to simultaneous observations of singing males,
to the territory locations, and to accurate estimation of territory numbers in territory concentrations. For
each observed territory, its centre coordinates were recorded. In total 4,430 territories were recorded over the
19-year study period, from 2000 to 2018.

2.2.1 Forming singing group units

To form a study unit, we aggregated observations of territories from years 2000-2017 (observations from
year 2018 were added in after the forming of singing groups) based on their proximity and surrounding
landscape. Territories that were less than 500 metres away from each other, were considered to belong to the
same singing group, i.e., subpopulation. Thus, we drew a 250-meter buffer around each territory observation
within a singing group, merged the overlapping buffers and interpreted the outline as delineating the area
occupied by that singing group (Figure 2). Ortolan Bunting territories have an average radius of about
100-300 meters (Vepsélainen et al., 2007).

This kind of automatic forming of singing groups based on distance only produced sometimes very large
singing groups which, in reality, might have consisted of several smaller groups separated by some natural
boundary or other unfavourable matrix, such as a narrow stretch of forest or a busy road. Sometimes separate
smaller singing groups were formed, when, in reality, they might have belonged to the same group despite the
distance between the observations (or despite the failure to observe individuals between the observations).
Therefore, in few cases a spatially very large singing group was divided into two or several smaller ones, or a
few small and separate but adjacent singing groups were merged into one large group. When splitting a large
group, the area along the split was proportionally divided to the newly formed singing groups. This ensured
that a certain habitat area was not covered twice in separate singing groups. These exceptions (splits and
merges) were always based on the observer’s perception on the field.

In total we formed 277 singing groups. Each singing group had an individual identification code (ID) and its
centroid coordinates were recorded. Additionally, we recorded the region (REGION) and the municipality
(MUN) within which a singing group was located (seven regions and 65 municipalities in total).

For each singing group we counted the annual number of territories (TERRI). For some years and some singing
groups this information is missing, as not all sites have been visited annually, or because new locations (singing
groups) have been added to the monitoring scheme during the study period. In total, the data consists of
1,474 annual territory mappings of singing groups.

2.3 Habitat and climate data

For each singing group area, we defined variables describing the habitat they occupied. From the Finnish
topographic database (National Land Survey of Finland, 2023) we counted the length of roads, ditches, main
drains and riverbanks (in metres) and the number of buildings within the singing group area. As there are
little annual changes in these measures, we used data from years 2005, 2010 and 2016 to cover the years
2000-2007, 2008-2012 and 2013-2018, respectively. We then divided each of these measures by the area of the



singing group to form a variable describing the density of each small-scale element (AROAD, ASTREAM,
ARIVER, ABUILD).

By combining data from the Finnish land and crop parcel registers (Finnish Food Authority, 2023) we
counted the total area of crop species grown within a singing group area. For years 2000-2016, in cases
where more than one crop species was grown per field parcel, the data were unspecific about the precise
location of different crop plants within a field parcel. Therefore, in cases where a field parcel with multiple
crop plants was only partly within the singing group area, the areas of crop species were estimated based on
their relative proportions within the field parcel. In cases where crop data were untraceable or not available,
we completed the data from field notes, when possible, otherwise the crop was classified as “unknown species”.

Based on plant type or growth form we classified crop species into ten crop types: spring cereals (proportion
of all observed crop types 0.54), grasses (0.26), winter cereals (0.06), oil plants (0.06), open-ground vegetables
(0.03), legumes (0.02), herbs (0.01), unknown species (0.01), fruits and berries (0.005) and bioenergy crops
(mainly reed canary grass, 0.003). For each singing group area, we then counted the proportions of each of
these crop types and based on those, a Shannon—Wiener diversity index of crop types (SHANG).

Crop types were further classified into two groups based on how much vegetative cover the plants form
during the start of the Ortolan Bunting breeding season in early May. Crop types which provide only
minor cover and leave substantial amounts of bare ground on the field, mainly as a result of the associated
ploughing practice, were classified as ‘bare’ (spring cereals, open-ground vegetables, oil plants and legumes),
and crop types that provide substantial vegetative cover were classified as ‘cover’ (grasses and winter cereals,
autumn-sown oil-seed rape). We then counted the proportion of ‘bare’ crop types within a singing group
area (BARE).

To assess the interconnectedness of the agricultural landscape surrounding the singing group, we created
a 5-km buffer around the singing group centroid and calculated the proportion of agricultural land cover
(AGRI5) within the buffer using the Finnish Corine land cover data provided by the Finnish Environment
Institute (Finnish Environment Institute, 2023). We used data from years 2000, 2006, 2012 and 2018 to cover
the years 2000-2003, 2004-2009, 2010-2015 and 2016-2018, respectively.

From the Finnish meteorological data (Aalto et al., 2016) we calculated the mean daily temperature (TEMP)
and precipitation (PREC) of the previous summer (21. May—15. July).

2.4 Statistical analyses

To focus on the multiplicative population rate of change of Ortolan Buntings, we first delimited our data to
only those cases that had data from two consecutive years, i.e., with no gap between annual observations.
Then we created a variable describing the number of territories in a singing group during the previous year
(TERPRE), and further removed from the data those observations, where TERPRE was zero (no territories
observed the previous year).

These limitations reduced the number of observations (annual territory counts of singing groups) to 678.
The number of individual singing groups also reduced to 238. The number of consecutive visits (annual
territory counts) per singing group varied from 1 to 13 (mean 2.8) and the number of territories per singing
group varied from 0 to 26 (mean 4.25). Singing group areas ranged from 0.19 to 2.98 km? (average 1 km?,
SD = 0.73). The spatial and temporal extent of the data remained approximately the same after the data
limitations. However, from Central Finland and North Carelia only three and one observations, respectively,
remained and they were, in both cases, from only one singing group.

To model the change in number of Ortolan Bunting territories per singing group, we applied generalized
linear mixed models with logarithmic link-functions. In the statistical analysis we first did model selection
based on the model with the simplest set of fixed effects, to determine the most parsimonious approach
for describing randomness, i.e., the random effect structure and error distribution — to be further used for
studying the drivers of the decline as fixed effects. We compared 12 different models, each with only the
categorical variable region (REGION) as a fixed effect and number of territories in previous year (TERPRE)



as a log-transformed offset, and either i) no random effect (i.e., resulting in a GLM rather than a GLMM),
ii) ID as random effect, iii) MUN as random effect, or iv) ID nested within MUN as random effect. These
four model combinations were evaluated using three error distributions: i) Poisson, ii) COM-Poisson and
iil) negative binomial; all of which show different dispersion patterns or relationships between the mean
and the variance. Option ii) accommodates both over- and underdispersion, while option iii) can model
overdispersion only. As singing groups were sampled multiple times, we wanted to test applying a mixed
model in which singing group is used as random intercept, as this models a dependency structure among
observations (variation in the average rates of change) from the same singing group. Including municipality
as random intercept controls for possible spatial correlation in the average rate of change between singing
groups which are located near to each other. In the fitting of the models, we used restricted maximum
likelihood estimation (REML) in order to acquire estimators for the variance terms which are not biased.

We ranked the candidate models by the Akaike information criterion with a correction for small sample sizes
(AICc) to evaluate their relative fit with data (Burnham and Anderson, 2002) and chose the model with the
lowest AICc value as the best model structure for further analysis of fixed effects.

Based on the selected random structure (see Table S1 in Supplementary material), we studied which habitat
variables explain the decrease in number of Ortolan Bunting territories within a singing group, by creating
16 nested models varying in their fixed effects only. All models included region (REGION) as fixed effect and
number of previous year territories (TERPRE) as a log-transformed offset variable. In addition to these, the
models contained all the possible combinations of the following groups of variables: i) weather (TEMP and
PRECQ), ii) crop (SHANG and BARE), iii) small-scale structural element (AROAD, ASTREAM, ARIVER
and ABUILD) and iv) landscape (AGRI5) variables (see Table 1 for full list of models). In the model selection
for different fixed effects models, we used maximum likelihood estimation. Again, we ranked the candidate
models by the Akaike information criterion with a correction for small sample sizes (AICc) to evaluate their
relative fit with data (Burnham and Anderson, 2002) and chose the model with the lowest AICc value as the
best model. Prior to running the model, all continuous variables AGRI5, PREC, TEMP, SHANG, BARE,
ABUILD, ARIVER, ASTREAM and AROAD were scaled by subtracting the mean and dividing with the
standard deviation.

All statistical analyses were done in the programming environment R program, version 4.3.1 (R Core Team,
2023). Models were fitted with glmmTMB-package (Brooks et al., 2017) and model selection was conducted
with the MuMin-package (Barton, 2023).

3. RESULTS

Regarding the 12 models of random effect structure, the model with no random effects structure and COM-
Poisson error distribution was selected as the most parsimonious one (Table S1 in Supplementary material).

Regarding the 16 alternatives fixed effects models (all including the permanent variable REGION), the model
with the lowest AICc included also AGRI5 and crop variables, SHANG and BARE (Table 1).

Compared with the North Ostrobothnia region, which showed stable or slightly positive population growth,
all other regions were associated with strongly negative rates of population change (Table 2, Figure 3). Crop
type diversity (SHANG) was, as expected, associated with positive rates of change (Table 2, Figure 4).
Considering the proportion of farmland within the landscape surrounding the singing group (AGRI5) and
the proportion of bare ground within the singing group’s range (BARE), the coefficient point estimates show
a positive association with the rate of change but do not differ clearly from zero (Table 2, Figure 4).

In the whole of Finland, the average logarithmic rate of population growth was —0.21 (SE = 0.04; excluding
Central Finland and North Carelia which had so low sample sizes).

4. DISCUSSION

Our results showed that the multiplicative population rate of change of Ortolan Buntings within the study
period from 2000 to 2018 was positively associated with greater crop type diversity and with higher proportion



of bare ground within a singing group’s range. Also, the proportion of farmland surrounding the singing group
had a positive association with the rate of population change. Notably, the mean rate of population growth
was positive only in the North Ostrobothnia region, while all other regions showed negative growth rates.

4.1 Importance of crop type diversity and bare ground

Our study revealed a positive association between Ortolan Bunting population growth rate and the two crop
variables, crop type diversity and proportion of bare ground. Albeit the association was rather weak for
bare ground. High crop type diversity at the territory scale may emerge as a critical factor, as single crop
types rarely offer suitable vegetation structure for both nesting and foraging throughout the breeding season.
Ground-feeding birds, like the Ortolan Bunting, may face challenges in finding food (insects, arthropods etc.)
within impenetrable, tall and dense vegetation (Schifferli, 2001) usually associated with intensive farming.
On the other hand, various taller or denser vegetation is needed for providing safe nest sites. Therefore,
a mosaic of diverse crop plants of different sowing times, sward heights and densities as well as patches
of bare ground may better support the Ortolan Bunting which may otherwise suffer from higher costs of
reproduction, reduced breeding success and chick survival.

The importance of these crop variables has been found in earlier habitat preference studies as well. In
central Sweden, Ortolan Buntings were found to prefer habitats which had heterogeneous ground vegetation
characterized by patches with bare ground, or at least sparse ground vegetation, intermixed with patches with
taller vegetation (Berg, 2008). In Finland, in the Tavastia region, Vepsiliinen et al. (2005) showed that the
area of field growing spring cereal, root crops, etc. (i.e., field not covered in springtime) had a positive effect
on the occurrence of the Ortolan Bunting, although they witnessed a population crash happening in spite of
an increase in the area of non-covered field. Santana et al. (2017) however, found that in open Mediterranean
farmland, when considering bird species richness, it was more important what crops were grown than their
diversity or spatial configuration. Also Morelli (2012) showed that the occurrence of Central Italian Ortolan
Buntings was not clearly related to structural heterogeneity, rather the species seemed to be associated with
sunflower fields, oats and alfalfa. Yet, the authors concluded that these crop types may be preferred because
of certain structural characteristics that may increase space with bare soil, which would be consistent with
our findings.

Climate change might affect, now and in the future, the choice between grains that are sown in the spring
or in the autumn. If farmers choose to grow more autumn sown grains, the proportion of bare ground
in the spring, at the time of feeding the nestlings, will reduce in the future. This change will most likely
affect Ortolan Buntings negatively, starting from the southwestern populations which occupy areas that
are specialized in growing grains. Similarly, the increasing popularity of direct sowing techniques might be
reducing the amount of ploughed field areas i.e., bare ground, affecting Ortolan Buntings negatively.

4.2 Importance of interconnected agricultural landscape

Our findings revealed a weak positive connection between the proportion of farmland surrounding the singing
groups and the population growth rate. Indeed, in Finland, we see that Ortolan Buntings are still surviving
in singing groups located in landscapes that are characterized by interconnected agricultural areas.

We propose two explanations for this result. Firstly, large and interconnected farmland areas tend to be more
intensively managed than smaller, more scattered farmlands which usually include less intensively managed
or even abandoned fields. In Germany, in the Wendland region, the Ortolan Bunting population was growing
at the turn of the 215 century (approx. 1995-2007). This increase was connected with a major change in
land use: a notable proportion of grassland was converted to arable land (Deutsch, 2007). Abandoned arable
land will eventually have higher and denser vegetation cover, and possibly more predators, which will be
unfavourable for Ortolan Buntings. In Italy, the dense afforestation and grassing after the abandonment of
pastoral and agricultural activities are hypothesized to be the causes of Ortolan Bunting extinctions in the
hills of Brescia (Leo et al., 2023). Also, in Sweden and England farmland birds are declining possibly due to
both agricultural intensification and abandonment (Wretenberg et al., 2006). Also at its wintering grounds,
the Ortolan Bunting seems to prefer extensively managed, structured and semi-open agricultural landscapes



(Gremion et al., 2022). It seems evident, that an intermediate level of management benefits the Ortolan
Buntings by providing a suitable set of habitat characteristics.

Secondly, Ortolan Buntings are social birds that form singing groups of several males (Cramp and Perrins,
1994). Therefore the species shows an aggregated distribution pattern, one which is only partly determined
by habitat structure and quality (Vepséldinen et al., 2005). In large, interconnected farmland areas there is
more space and suitable habitat for several singing males to establish territories. These males then, in turn,
can attract more singing males, and eventually also females to the same area. A smaller, isolated farmland
patch of otherwise ideal habitat might not be as attractive to the species, because it has a lower potential
for formation of a new singing group. The disappearance of group structure in declining populations might
hamper breeding even further. In Norway, the small Ortolan Bunting population has a strongly male-biased
adult sex ratio due to female-biased natal dispersal away from the small and isolated distribution area. This
skew logically affects the pairing success of males. In the Norwegian population, about half of all males are
unpaired (Dale, 2011). In Finland, less than 70% of Ortolan males were paired in an inventory study (Piha
and Seimola, 2021). If females disperse away from good but fragmented habitats, without finding better
breeding sites or companions elsewhere, small local population might be heading to extinction slowly and
irrespective of whatever conservation measures are made locally. The only measure that can help in this
situation would be the rapid habitat restoration in the matrix between existing habitat fragments (Dale,
2001). Another, in this case potentially disadvantageous, aspect of sociability, is the strong site fidelity of
adult Ortolan Bunting males. Adult males may maintain singing groups despite the habitat transforming to
suboptimal for breeding. Site fidelity might hence further mask the results related to habitat characteristics.

In summary, at the landscape level, large and interconnected farmland areas represent open and sufficiently
managed areas, possibly attracting conspecifics, and might therefore function as an ecological filter which can
influence the preference for certain habitat characteristics. Otherwise good breeding sites might be neglected
if they do not occur within interconnected farmland landscapes.

4.3 Positive growth rates only in North Ostrobothnia

Among all the regions, only North Ostrobothnia showed positive population growth rates, while South
Ostrobothnia, Tavastia, South-West Finland, North Carelia, Uusimaa and Central Finland showed negative
population growth rates.

Several factors might contribute to the observed variance in growth rates between regions. Firstly, North
Ostrobothnia boasts a substantial amount of newly established agricultural fields, mainly converted from
peatlands. These areas have not yet been under heavy agricultural management practices, such as pesticides
or turning of the soil. They often feature exposed mineral soil and natural vegetation with extensive growth
of bushes (Saliz sp.) and young trees (Betula sp.,Sorbus sp., etc.), which offer abundant food resources. Food
seems to be plenty during the feeding period along the stretches of land between the peat extraction fields
where willows and birches are growing (field observations).

Secondly, the specialization of farms has been intensive in Finland during the last decades, namely eastern
and northern parts of the country are mainly specialized in cattle farming and southern parts in grains
and vegetables (Hiironen and Ettanen, 2013). For example, in eastern Finland large farmland areas almost
exclusively grow fodder grass hence leaving negligible amount of bare ground for the birds during spring.

Thirdly, concerning species distribution, it is important to consider that the presence of species in a particular
location may not solely be due to the suitability of the habitat but also influenced by the fact that species had
a means of getting there (spatial aspects of population dynamics, metapopulation dynamics) (Storch et al.,
2003). The fact that the Finnish Ortolan Bunting population has declined less in the north and the resulting
shift towards north could be a mere result of the deterioration of the southern habitats and the fact that the
birds have no other direction to go to. However, field observations do not support this wholeheartedly. In
Finland, there are two easily distinguishable singing type populations (dialects) in Finland, the northern and
the southern, which are geographically isolated, and seem to be disconnected from each other without any
significant immigration between populations (Piha & Seimola, 2021). As birds generally learn their songs



from one another, the persistence of these song types may indicate limited dispersal (via recruitment), which
is likely in the context of a declining population.

Research on the breeding- and population biology of Ortolan Buntings in different regions of Finland would
elucidate whether the breeding of the species is failing and the causes for it, and which regions currently act
as sources or sinks. Although, this research might already come too late as the Allee effect often occurring in
extremely small populations, might impair deductions from such investigations. The fast decline of Ortolan
Buntings has continued after the study period, in all regions of Finland (Piha and Seimola, 2021).

4.4. Small-scale landscape characteristics and weather: lack of impact on population growth

Surprisingly, small-scale landscape structures did not significantly influence population growth rate in this
study. One explanation to this could be the way we formed these variables. By measuring the density of
linear structures such as roads, main drainage ditches and riversides, we aimed at quantifying the potentially
beneficial effect of edge habitats; for example, woody perennial vegetation, such as Salizsp. or Betula sp.,
providing an important source of larvae and insects to feed the nestlings. However, our variables lacked the
information whether the roadside or drainage ditch had any such vegetation. Most likely they had at least
some taller vegetation most of the time, but every few years the farmers tend to cut down the bushes along
their driveways. It is possible that crop type diversity (SHANG) served as an indirect indicator of smaller
average field plot size thus suggesting a greater availability of important edge habitat (ditches, field margins)
for nesting.

Concerning the weather variables, likewise, Vepsilidinen (2005) did not find a link between weather conditions
of previous year’s breeding season and Ortolan Bunting densities. These results suggest that other variables
are primarily driving the Ortolan Bunting declines.

4.5. Potential role of agricultural intensification in the decline of Ortolan Bunting

Our results show the importance of specific habitat characteristics such as high crop type diversity and
availability of bare ground for the Ortolan Buntings. These preferred habitat characteristics are more typical
for traditional, small-scale farming. The results also highlight regional variations. Notably, regions with
higher agricultural intensification, like South-West Finland, showed lower population growth rates, suggesting
a potential link between intensification and population decline. The fields occupied by Ortolan Buntings
in North Ostrobothnia are usually rather new fields and have thus not been under intensive agricultural
management as long as the fields occupied by Ortolan Buntings in South-West Finland have.

Agricultural intensification may have detrimental effects on biodiversity through several means. Concerning
the Ortolan Bunting, reductions in prey availability or accessibility due to habitat deterioration on the
breeding grounds could be one of the main reasons behind the negative population growth rate of the species.
Also, the role of nest predators might have changed due to habitat deterioration caused by agricultural
intensification. Habitat change might have forced birds to nest in unsafe habitat types or reduced availability
of alternative food sources may have caused generalist predators to change their diets (Evans, 2004). Kriiger
et al. (2018) showed that the Raccoon Dog (Nyctereutes procyonoides ) is a potential new mammalian nest
predator successfully invading agricultural habitats in Finland. The Raccoon Dog has colonized the country
within the past 70 years, starting from the Southeast Finland and now has a distribution which covers
most of Finland, except the northernmost parts (Kauhala and Kowalczyk, 2011). However, the densities
of Raccoon Dogs are not yet high in the North Ostrobothnia region (Natural Resources Institute Finland,
2022), which could partly explain the higher growth rates of Ortolan Bunting there. Another, potentially
also very damaging, predator is the feral cat which probably has an equal effect in all regions. The impact
of increasing effectiveness of plant protectants (pesticides, herbicides, insecticides etc.) on the breeding and
survival of Ortolan Buntings also remains unknown. Eng et al. (2019) studied the effect of neonicotinoids on
migrating White-crowned Sparrows. They found that ingestion of imidacloprid by the birds during migratory
stopover caused a rapid reduction in food consumption, mass and fat, and delayed their departure.

In summary, although our study did not directly investigate the relationship between the level of intensity



of agricultural practices and the population growth rate of Ortolan Bunting, our results, however, suggest a
potential adverse impact of agricultural intensification on the decline of this species.

5. CONCLUSIONS AND CONSERVATION IMPLICATIONS

Current conservation efforts in farmland areas seem to be ineffective in mitigating the negative effects of
agricultural intensification on bird populations. Measures taken so far might simply be too light to influence
declining farmland birds. At present, it is often unclear whether current conservation measures have beneficial
impacts at all or whether the measures are just inadequate, either at the local scale (too narrow field margins
for example) or at the wider scale in which they are applied (too few farms applying the measures).

To conserve the Ortolan Bunting there clearly is a simultaneous need to avoid abandonment of agricultural
areas, and to promote “de-intensification” of agricultural practices. This general recommendation would
benefit also many other threatened farmland species. However, in the case of this very rapidly declining
species, it is evident that more precise and finely targeted conservation actions need to be taken urgently at
the remaining and still (somewhat) viable singing group locations.

Based on our results, we recommend applying conservation measures which increase the diversity of crop
types. Often a field with a greater diversity of crop plant types also includes more bare ground as a re-
sult of various plant structures and related managing practices. Alternatively, if increasing diversity is not
feasible, or additionally, we recommend establishing non-crop growing stripes of ploughed bare ground. We
also recommend targeting these actions to populations living in interconnected farmland landscapes and in
northern parts of the species’ distribution range as it is more likely that these populations act as sources,
rather than sinks, of population growth.

In general, we agree with several researchers stating that we need more multi-functional, mixed, agro-
ecologically managed agricultural landscapes that promote agricultural yield, biodiversity, and ecosystem
services to conserve biodiversity in farmlands (Baudron et al., 2019; Tscharntke et al., 2012; Wilson et al.,
1997).
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Figure 1. Map showing the centroid coordinates of each Ortolan Bunting singing group (black circles)
which had been visited in at least one pair of consecutive years between 2000 and 2018, so that at least one
male territory was observed (n = 238) in the first of those surveys. Singing groups were classified into seven
major regions indicated with black line. Discarded singing groups (n = 41), not fulfilling these criteria, are
indicated by triangles.
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Figure 2. Map depicting separate Ortolan Bunting singing groups which are formed by aggregating close-
by territories (observations of individual singing males, black triangles). Singing groups are delineated by a
black line representing the range occupied by that singing group. Singing group range centroid is indicated

by a black circle.
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Figure 3 . Model predictions of multiplicative population growth rate of Ortolan Bunting in different regions
of the species range in Finland. Model prediction point estimates are shown with black circles together with
their 95 % confidence intervals error bars. Violin plots and scattered circles illustrate the distribution of
singing group growth rates averaged over time. These averaged data were generated by first adding 0.5 to
the territory count, both the current and previous year (TERRI and TERPRE), and then aggregating the
data by singing group and counting the average change in population growth rate per singing group. The
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intensity of the colour of the circle indicates how many times that singing group was visited on consecutive
years, i.e., how many observations were available for estimating the growth rate for that singing group (n =
1-13, mean = 2.8).
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Figure 4. Plot illustrating the predicted effect of the crop plant type diversity (SHANG), the proportion
of farmland surrounding the singing group (AGRI5) and the proportion of bare ground within the singing
group’s range (BARE) on the population growth rate of Ortolan Bunting. The black thick line represents
the conditional prediction for Uusimaa region, with a 95 % confidence interval around it (grey area), when
TERPRE is kept constant at 1. Scattered circles illustrate the distribution of singing group growth rates
averaged over time. This averaged data was generated by first adding 0.5 to the territory count, both the
current and previous year (TERRI and TERPRE), and then aggregating the data by singing group and
counting the average change in population growth rate and the average for each of the three environmental
variables. The intensity of the colour of the circle indicates how many times that singing group was visited on
consecutive years, i.e., how many observations were available for estimating the growth rate for that singing
group (n = 1-13, mean = 2.8).

Table 1. Ranking of AIC, values of 16 competing models, with different sets of explanatory variables for
the multiplicative population growth between two consecutive years. The models build on a null model
with log link function and COM-Poisson error, where the number of territories is (technically) the response
variable, explained with region and an offset variable, which is the natural logarithm of the number of
territories previous year (i.e., R-syntax for the formula: TERRI ~ 0 + region + offset(log(TERPRE))). The
column “Additional explanatory variables” describes which other fixed effects variables are included. “K”
is the number of estimated parameters, “logLik” the log-likelihood, “AIC.” the Akaike information criterion
corrected for small sample size, “AAIC.” the difference in AIC. compared with the most parsimonious model,
and “w” is the Akaike weight.

Additional explanatory variables K logLik AIC
AGRI5 + SHANG + BARE 11 -1,354.50 2,73
SHANG + BARE 10 -1,355.88 2,73
AGRI5 9 -1,357.03 2,73
none 8§ —-1,358.39 2,73
AGRI5 + SHANG + BARE + TEMP + PREC 13 -1,353.99 2,73
SHANG + BARE + TEMP + PREC 12 -1,355.38 2,73
AGRI5 + TEMP + PREC 11 -1,356.47 2,73
TEMP + PREC 10 -1,357.84 2,73
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Additional explanatory variables K logLik AIC
ABUILD + AROAD + ASTREAM + ARIVER + AGRI5 + SHANG + BARE 15 -1,352.93 2,73
ABUILD + AROAD + ASTREAM + ARIVER + SHANG + BARE 14 -1,354.09 2,73
ABUILD + AROAD + ASTREAM + ARIVER + SHANG + BARE 14 -1,354.09 2,73
ABUILD + AROAD + ASTREAM + ARIVER 12 -1,356.75 2,73
ABUILD + AROAD + ASTREAM + ARIVER + AGRI5 + SHANG + BARE + TEMP + PREC 17 -1,352.46 2,73
ABUILD + AROAD + ASTREAM + ARIVER + SHANG + BARE + TEMP + PREC 16 -1,353.64 2,74
ABUILD + AROAD + ASTREAM + ARIVER + AGRI5 + TEMP + PREC 15 -1,355.08 2,74
ABUILD + AROAD + ASTREAM + ARIVER + TEMP 4+ PREC 14 -1,356.23 2,74

Table 2. A summary table including parameter estimates for the best fitting model used to explain factors
contributing to the multiplicative population growth rate of Ortolan Buntings.

Explanatory variable Estimate SE 95 % CI
region North Ostrobothnia  0.05 0.11 [-0.17, 0.27]
region Central Finland -0.11 0.43 [-0.96, 0.74]
region North Carelia -0.32 0.54 [-1.37,0.74]
region South Ostrobothnia —0.35 0.11 [-0.57, -0.13]
region South-West Finland -0.27 0.05 [-0.37, -0.17]
region Tavastia —-0.34 0.11 [-0.56, -0.12]
region Uusimaa -0.12 0.03 [-0.18, -0.07]
AGRI5 0.05 0.03 [-0.01, 0.10]
SHANG 0.05 0.03  [0.00, 0.11]
BARE 0.04 0.03 [-0.01, 0.09]
Dispersion parameter 1.50

17



