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Abstract
Agricultural intensification has significantly impacted habitat structures in agricultural landscapes and is one of the main driv-
ers of biodiversity decline, especially in farmland birds. Birds are considered to reflect well the trends in other biodiversity 
elements and are therefore often used as indicator species. We studied common pheasant (Phasianus colchicus) brood habitat 
use in a small-grain-dominated farmland in southern Finland. The broods significantly preferred field margins compared to 
their availability. The importance of field margins was underlined, as 68% of pheasant brood observations in grain fields were 
within a 25-m-wide zone from the field edge, despite the availability being only 40% of the field area. Our results support the 
idea that field margins and their proximity act as possible biodiversity reservoirs even in intensive farming systems. Increasing 
the amount of field margins can be an effective management method when aiming to improve success of common pheasant 
broods while simultaneously benefitting farmland biodiversity. Identifying key habitats and landscape features that allow the 
co-existence of biodiversity and effective food production is crucial when aiming to halt the ongoing biodiversity collapse.

Keywords Biodiversity · Common pheasant · Field margin · Habitat choice · Agricultural landscape · Indicator species

Zusammenfassung
Auf die Ränder kommt es an: Die Bedeutung von Ackerrändern als Brutraum für Vögel in einer landwirtschaftlich 
intensiv genutzten Landschaft.
Die Intensivierung der Landwirtschaft hat sich erheblich auf die Strukturierung der Lebensräume von Agrarlandschaften 
ausgewirkt und ist eine der Hauptursachen für den Rückgang der biologischen Vielfalt, insbesondere bei den Vögeln der 
Agrarlandschaft. Man geht davon aus, dass Vögel die Entwicklungen anderer Aspekte der biologischen Vielfalt gut widerspiegeln 
und deshalb oft als Indikatorarten betrachtet werden können. Wir untersuchten die Nutzung des Bruthabitats des Jagdfasans 
(Phasianus colchicus) in einem von Getreide dominierten Ackerland in Südfinnland. Die Elterntiere zogen Feldraine in 
Hinblick auf deren Verfügbarkeit deutlich vor. Die Bedeutung der Feldränder wurde dadurch betont, dass 68% der Fasane 
in Getreidefeldern innerhalb einer 25 m breiten Zone vom Feldrand aus beobachtet wurden, obwohl deren Verfügbarkeit 
nur 40% der Feldfläche ausmachte. Unsere Ergebnisse unterstützen die Annahme, dass selbst in landwirtschaftlich intensiv 
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genutzten Strukturen Feldränder und deren Nahbereiche als mögliche Reservoirs für die biologische Vielfalt dienen. Die 
Ausweitung von Feldrainen kann eine wirksame Art der Bewirtschaftung sein, um den Bruterfolg von Fasanen zu erhöhen und 
gleichzeitig die Artenvielfalt in der Agrarlandschaft zu fördern. Die Erfassung der wichtigsten Lebensräume und derjenigen 
Landschaftsmerkmale, die gleichzeitig die biologische Vielfalt und auch eine effektive Nahrungsmittelproduktion ermöglichen, 
ist von entscheidender Bedeutung, wenn der andauernde Rückgang der biologischen Vielfalt aufgehalten werden soll.

Introduction

Agricultural intensification has significantly impacted the 
habitat structure of agricultural landscapes worldwide and 
is one of the main drivers of biodiversity decline (Altieri 
1999; Chamberlain et al. 2000; Benton et al. 2003; Evans 
2004; Ponce et al. 2014). Intensification has caused a loss 
of heterogeneity, an increase in field patch size and in the 
use of pesticides and fertilizers, a shift in the timing of 
agricultural activities, and other changes in land use that 
have impacted trophic cascades within communities inhab-
iting the agricultural landscape (Stoate et al. 2001, 2009; 
Hietala-Koivu 2002). This has set many European farmland 
bird populations in severe, and ongoing, declines (BirdLife 
International 2015; IUCN 2021). While the seriousness of 
this threat to biodiversity is evident (Donald et al. 2006; 
Butler et al. 2010), there is an ever-increasing demand for 
enhancing the efficiency of agricultural enterprises (Tilman 
et al. 2011; Gabriel et al. 2013; Searchinger et al. 2018; 
Clough et al. 2020). While the most productive areas are 
experiencing land use intensification, less productive areas 
concurrently face the abandonment of agricultural practices, 
which can be equally detrimental to agricultural biodiversity 
and farmland birds (Kleijn et al. 2011; Uchida and Ushimaru 
2014; González del Portillo et al. 2021; Silva-Monteiro et al. 
2021). Combining actions to halt ongoing biodiversity loss 
and managing a sustainable and productive agriculture that 
provides food security and economic viability is a complex 
task. However, at the current rate of urbanization, fragmen-
tation and climate change, biodiversity conservation needs 
to extend beyond nature conservation areas in order to be 
successful. This requires agricultural landscapes capable of 
supporting wildlife (Bennett et al. 2006; Frei et al. 2018). 
Identifying key habitats and landscape features that sup-
port biodiversity and allow its co-existence with effective 
farming is one solution toward more sustainable agriculture 
(Fischer et al. 2017, Sirami et al. 2019, Clough et al. 2020, 
Šalek 2021).

Birds are considered to reflect well the trends in other bio-
diversity elements (Gregory et al. 2005). The EU farmland 
bird indicator uses multiple species to assess the biodiversity 
status of agricultural landscapes in Europe (EFBI). The Gray 
partridge (Perdix perdix) is one such species due to its tight 
habitat demands within the agricultural landscape (Potts 
1986; European Council 2001; Gregory et al. 2005). During 
the last 50 years, gray partridges (hereafter partridge) have 

suffered a population loss of over 90% in Europe (EBCC 
European Bird Census Council, 2017). Evidence shows 
that the large-scale collapse of native partridge populations 
across Europe has been followed by a decrease in non-native 
common pheasant (Phasianus colchicus) populations. The 
large-scale introductions of common pheasants (hereafter 
pheasant) into the agricultural landscape, mainly for hunting 
purposes, have somewhat masked this population decline. 
Established wild pheasant populations have nonetheless 
declined over recent decades (Powell 2015; Robertson et al. 
2017). Pheasant declines in the USA have been linked to 
changes in agriculture practices (Coates et al. 2017).

The pheasant and partridge are the main non-migratory 
gallinaceous bird species inhabiting the agricultural land-
scape of Northern Europe. These species require agricultural 
areas that offer food and shelter from predators, such as veg-
etation cover, and an adequate distance to forests that inhabit 
both avian and mammalian predators, nesting habitat in the 
form of perennial grasses, and insect-rich habitats such as 
segetal flora for brood rearing (Hill 1985; Potts 1986; Jor-
gensen et al. 2014; Ronnenberg et al. 2016). Several studies 
in the USA have shown that pheasants benefit from hetero-
geneous vegetation that provides varying successional stages 
(Taylor et al. 2018).

Reasons behind the partridge decline have been identified 
with extensive studies across Europe. The indirect effects of 
herbicides and direct effects of insecticides have led to a loss 
of arthropods on agricultural land, causing a lack of food for 
the chicks (Potts 1986; Potts and Aebischer 1995). Nesting 
habitats have been lost with intensified land use (Aebischer 
and Ewald 2004), and predation has increased, leading to 
higher mortality, particularly of nesting females (Panek and 
Bresinski 2002; Newton 2004; Langgemach and Bellebaum 
2005; Ewald et al. 2010; Smith et al. 2010; Roos et al. 2018).

The factors affecting pheasant breeding success are in 
many ways similar to those influencing the partridge. Both 
species require a high-quality arthropod diet for the first 3 
weeks of their lives, along with guidance and protection pro-
vided by an adult female (Hill 1985; Potts 1986; Smith et al. 
2015). The home range size of a pheasant brood increases in 
monoculture habitats, thus leading to increased movement 
of the chicks, which subsequently increases their mortality 
(Warner 1979; Hill 1985). This implies that a pheasant hen 
is adept at judging the insect richness and quality of habitats, 
and that chick survival is a good indicator of habitat quality 
when considering the other factors that work against brood 
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survival, e.g., predation and poor weather conditions (Brit-
tas et al. 1992; Riley et al. 1998; Musil and Connelly 2009). 
Thereby, in the absence of natural partridge populations, 
pheasant broods could also be used as an indicator for farm-
land insect biodiversity and habitat quality. Recognizing the 
most valuable farmland areas makes it easier to target habitat 
management measures and to emphasize these landscape 
features while upholding a high food production capacity of 
the farming enterprise. Nielson et al. (2008) considered the 
pheasant a good indicator of agricultural landscapes and of 
the successional habitat created by a conservation reserve 
program (CRP) in the USA.

Our aim is to obtain information that will help in planning 
future drivers that enhance the biodiversity value of farm-
land, irrespective of the intensity of the implemented agri-
cultural practices. To achieve this goal, we use the habitat 
selection process of pheasant broods as an indicator of habi-
tat quality. Habitat selection is also examined, to elucidate 
the scale at which biodiversity drivers must be implemented 
in potential future management actions. We predict that 1) 
the broods use agricultural fields with vegetation cover and 
2) the hens show some preference when choosing feeding 
areas for their broods.

Materials and methods

Study area

The study was conducted during 1995–1998 in Siuntio, 
southern Finland (N 60º 11,176′ E 24º 11,843′, ETRS89). 
This part of Finland is characterized by boreal forest, mainly 
conifers, mixed with some deciduous trees, interspersed with 
open agricultural landscapes (see Pic 1 in Electronic Sup-
plementary Material). All fields in the area are subsurface 
drained and separated from one another by open ditches that 
also provide field margin habitat with herbaceous vegetation 
and occasional willow stands (Salix spp.). The median field 
patch size was 1.9 ha (mean 5.8, range 0.15–41.0).

At the time of the study, the agricultural practices in our 
area were mainly regular farming methods used in southern 
Finland (see also Vepsäläinen 2007): grain field spraying, 
one treatment with an herbicide (e.g., MCPA) spread on 
winter cereals in May and on spring cereals in June, and 
one treatment with a growth regulator (e.g., CCC) in June, 
also containing a fungicide if needed. Winter wheat, rye, and 
barley were the most sprayed grains. Because the study farm 
had dairy cattle, slurry was spread on the fields that were 
plowed in the fall. During summer (June–August), cattle 
grazed on the pastures.

We delineated the study area as a circle, to study the 
habitat use of brood-rearing pheasant hens that had pre-
viously been released from pens to the study area. The 

central point of the circle was fixed halfway between the 
two furthest pens that the pheasants were released from. 
All three release pens were in a row close together, within 
250 m of each other. The pens were placed beside a tall 
spruce row, within a park, providing the birds with protec-
tion against the weather. The circle radius was 1800 m (see 
Pic 1 in Electronic Supplementary Material), which was 
based on the furthest tracking fix of a radio-tagged hen 
during the study period from the central point. This gave 
us an area of 1020 ha.

The study area was first divided into five land use cat-
egories: (1) cultivated fields, fallows, meadows, gardens 
and parks, (2) forests, (3) rivers and creeks, (4) roads, (5) 
yard areas, houses, and other non-natural areas. All areas 
were counted using QGIS 2.18 Development Team (2019). 
Map data were obtained from the National Land Survey of 
Finland (2019) and digitized manually to correspond to the 
land use at the time of the study. Categories (1) (397 ha) 
and (3) (26.9 ha) and a 1-m broad field margin area around 
each field patch (67 km equaling 6.7 ha) were included 
as suitable areas for pheasants, altogether 430.6 ha. All 
habitat analyses were performed per year considering the 
yearly changes in cultivated areas.

A field margin is defined as the area left between the 
main crop and the field boundary. In our study area, the 
field boundary usually consists of a drainage ditch with 
perennial vegetation, mainly grasses, on its banks. These 
areas are managed so that only a few Salix bushes or sin-
gle trees are growing along the drainage areas. Another 
field patch, or a road, houses, gardens, forest, or other 
non-crop areas may be located on the other side of the 
drainage ditch. The ditches are often deep and covered in 
dense vegetation, making them unusable for foraging by 
pheasant broods. Some of our fields are bordered by creeks 
and riverbanks bearing year-round grassy vegetation and 
occasional trees. At the time of our study, no obligatory 
EU regulations were in place for field margins. Despite 
the lack of regulation and the farmers striving to sow the 
crops as close to the field boundary as possible, an area 
bearing less vegetation was always left between the crop 
and the boundary itself. We estimated this margin area to 
average a width of one meter in our study area. For further 
analyses of the grain fields, we also calculated zones at 
5-m intervals within the cultivated fields, in the main crop, 
resulting in five zones between 0 and 25 m starting from 
the field margin (see Pic 2 in Electronic Supplementary 
Material). We calculated the field surface area within each 
zone by creating buffers with the buffer tool provided by 
the QGIS 2.18 Development Team (2019).
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Fieldwork

During 1995–1998, we introduced 31 wild translocated 
pheasant hens and 32 hand-reared pheasant hens to the study 
area. All hens were fitted with VHF radio collars enabling 
location via a portable antenna. Information of the study 
pheasants, capture and rearing techniques, radio equipment 
used, and release methods, along with survival and breeding 
success, are described in detail in Kallioniemi et al. (2015).

We located the nesting sites and observed the broods from 
hatching to approximately 4 weeks of age (29–31 days), at 
least three times per week. Chick occurrence was verified 
whenever possible, without disturbing the brood or hen 
excessively. To avoid any timing-based bias, we collected 
data at varying times of the day. To avoid autocorrela-
tion, i.e., correlation between subsequent observations of 
the same brood, we observed the broods at random times, 
with at least two hours between each observation. Still, 
obtaining true independence is difficult in radio-tracking 
studies, as shown by Rooney et al. (1998), and this must 
be considered when interpreting our results. Tracking was 
conducted between 5.30 am and 12 pm. During our study 
period, the time between sundown and sunrise is ca. five 
hours (11 pm–4 am), and there is no period of actual dark-
ness during that time.

During the study years, we were able to collect suf-
ficient data (Aebischer et  al. 1993) from 15 broods for 
habitat analysis (Table 1). Of these 15 hens, 12 were wild 
and three were hand reared. As we only had three hand-
reared hens, we combined their data with the wild hens. 
Altogether, we obtained 458 brood observations in eleven 
habitat categories.

Home range

We used minimum convex polygon (MCP) (Mohr 1947) 
home range estimates to describe the outer limits of each 
brood’s movements. Movements were recorded after the 
brood left the nest. We measured each brood’s distance from 
the nest for the first two days. We also measured the distance 

from the nests to the home range centroids. Nest locations 
were not included in the home range analysis. The home 
ranges for 10-day and 31-day observations were counted 
with MCP100, MCP95, and MCP50 using ArcGIS 9.2. 
(ESRI 2006).

The minimum number of tracking fixes per bird required 
to accurately determine the home range size is difficult to 
assess. For example, the home range of a pheasant brood 
grows as the chicks grow and eventually begin flying 
(Warner 1979). Therefore, obtaining asymptotic data that 
would determine the point where the home range ceases to 
grow is not possible (Harris et al. 1990). As a general guide-
line, Dowell et al. (1993) suggest that approximately 30 
locations should be adequate for assessing the home range 
and proportional habitat utilization of most pheasant species. 
As our study object is a hen with chicks, its movements are 
more restricted than those of a regular adult pheasant. To 
obtain samples that show uniform monitoring intensity, we 
only included broods with observations from every study 
week. Hence, we assumed that 17 tracking fixes, i.e., the 
least number of observations, divided evenly over the study 
period, was sufficient for describing the home range of a 
pheasant brood over the first 31 days after hatching.

Habitat analysis

We used a pheasant hen with chicks as a sample unit to 
achieve an appropriate sampling level (Kenward 1992). The 
habitat description was performed on a 10 × 10 m square, 
so we tried to locate the brood very precisely. We collected 
information on the habitat category and the distances to the 
forest and the field margin in meters. Habitats were classified 
into eleven categories: (1) grain fields, (2) grasslands mowed 
twice during the summer, (3) pea fields, (4) rape fields, (5) 
other cultivated fields (potato, linseed, mustard, onions), (6) 
pastures, (7) field margins, (8) gardens (including parks), 
(9) fallows (including meadows and set-aside), (10) forest, 
and (11) roads.

The use of compositional analysis solves the unit-sum 
constraint typical of compositional data for assessing habitat 
selection (Aebischer et al. 1993; Dowell et al. 1993). This 
method assumes that each animal provides an independent 
measure of habitat use within the population, and that the 
composition of various habitats and their usage by various 
animals are equally accurate. Unequal sampling of individ-
ual animals does not affect the overall analysis provided that 
sampling intensity is adequate for deriving accurate esti-
mates of mean habitat use or, at the very least, the estimates 
from individual animals are equally accurate or stable (see 
Smith and Racey 2005).

Compositional analysis also addresses the defini-
tion of available habitat (Aebischer et al. 1993). An 
animal’s use of the available habitat is an outcome of 

Table 1  During 1995–1998, sufficient data for analysis were gained 
from 15 broods

Broods with at least 17 observations during a 31-day period were 
included. The maximum was 40 observations, the mean 30.5

Year Broods obs mean obs/brood SD

1995 5 133 26.6 5.1
1996 1 19 19 0
1997 5 158 31.6 5.2
1998 4 148 37 2.2
Together 15 458 30.5 6.7
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choices made at different levels affected by several 
factors. The habitat use of animals is an outcome of 
various ecological and behavioral variables and the 
mere area of a habitat class may not in reality fully 
match the amount of habitat deemed available by the 
animal itself (Wiens 1973, Johnson 1980). Because 
habitat selection may occur on several levels, habitat 
analyses should be carried out in stages as we did in 
our analyses (Aebischer et al. 1993).

For analyzing the data, all grasslands and pastures 
were combined under “Grass” and gardens and fallows 
under “Fallow”. To avoid possible misclassification prob-
lematics discussed by Bingham et al. (2007), we com-
bined two categories of cultivated areas that are more 
seldomly frequented by pheasant broods, i.e., “Rape” 
and “Pea”, into the category “Other”. Habitat class 11, 
“Roads”, was excluded with zero observations, and class 
10, “Forest”, was removed with only two observations, 
thus leaving us with six habitat classes. Despite this, 
our habitat use data still contained a high proportion of 
zeros. To avoid the statistical problems associated with 
many use proportions being zero, we replaced them with 
0.01%, as recommended by Aebischer et al. (1993). We 
used randomization-based p values, as the data were not 
normally distributed.

As suggested by Aebischer et al. (1993), we compared 
habitat utilization with the availability of each habitat 
class at two levels. First, we examined home range selec-
tion within the entire study area by comparing the pro-
portion of each habitat in the minimum convex polygon 
(MCP100) with that available in the study area. Sec-
ondly, we examined habitat use within the home ranges 
by comparing the proportion of tracking fixes in each 
habitat class with the availability of habitat classes within 
the home range. We used compositional analysis to test 
whether habitat use by the broods differs from random 
habitat use. All analyses were conducted in R 4.0.5 (R 
Core Team, 2021), and we used the R package adehabi-
tatHS for the compositional analysis (Calenge 2006).

Distance to margin in grain fields and trends 
in habitat use

We separately examined the grain field observations to 
ascertain whether the broods preferred some certain part 
of the field. To search for an edge effect, we compared 
how the observations were divided across the 5-m buffer 
zones (0–25 m) and in the rest of the field area with the 
proportion of the areas. Finally, we compared habitats 
selected during weeks 1, 2, 3, and 4, to see whether they 
showed a phenology trend in habitat use during our obser-
vation time of approximately 4 weeks.

Results

Nests and early movements

Pheasant nests (n = 15) were mainly located on fallows, 
forest edges, pastures, and in gardens. None of these areas 
are managed annually in our study area. The average veg-
etation height at the nest sites was 78.9 cm (SD 25.7, min 
40 cm, max 130 cm), measured after a verified hatching.

The average hatching day was the 3rd of July, 42 days 
after release (SD 7, min 34, max 53 days). From this, we 
can estimate that a successful incubation began an average 
of 17 days after the release. As stated earlier, the aver-
age clutch-laying time is 15 days, meaning that the birds 
found a successful nesting site only a few days after being 
released.

After hatching, the broods moved to their to-be home 
ranges. The average distance moved during the first day 
was 95 m (n = 13; SD = 75, range 8–201 m), and after 
the second day they had already moved an average of 
185 m away from the nest (n = 12; SD 135, min 41 m, 
max 550 m).

The median distance from the nests to the MCP50 cen-
troids for the 31-day home ranges was 187 m (SD 150, min 
62 m, max 528 m).

Home ranges

Home range sizes were measured for 10-day and 31-day 
observations. In the 10-day analysis, we left out two 
broods with too few observations. The mean number of 
observations was 12.8 (SD 2.35, min 10, max 18). The 
median home range size for 10 days (MCP95) was 1.3 
hectares (mean 1.4, SD 0.9, min 0.2 ha, max 3 ha) and 
4.8 ha for 31 days (mean 6.1, SD 5.1, min 1.72 ha, max 
21.7 ha) (MCP95). The median MCP50 area for 31 days 
was 0.7 hectares (mean 1.2, SD 1.4, min 0.4 ha, max 
5.8 ha).

Habitat use

Most observations were made in the grain fields (43.6%), 
which was also the most common habitat type in the area 
(52.5%). The “Fallow” category had the second most 
observations (18%), which correlates with an average 
proportion of 17.9% in the study area. Field margins were 
the most used area in relation to availability, with 15.8% 
of observations recorded from an area that had a cover 
of only 1.6%. Even if the field margins were counted as 
being relatively broader, e.g., as 5-m-wide buffers, their 
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occurrence was only 8%. Field margin was also the only 
habitat present on all brood home ranges. “Grain” and 
“Fallow”, the other two most used habitat categories, 
were absent from two home ranges. An overall compari-
son between tracking fixes and habitats available in the 
study area indicates that field margins seem to be the most 
preferred area for broods (Fig. 1).

We investigated habitat use more closely using composi-
tional analysis, where each tracking fix is directly linked to 
the habitat availability of a brood’s home range and home 
ranges are compared with the availabilities of the corre-
sponding year.

Habitat analysis level 1—study area versus home 
range—showed that the habitat distribution within the 
pheasant brood home ranges differed significantly from 
the occurrence of habitat types in the study area (Wilk’s 
lambda = 0.174, p < 0.001). A matrix (Table 2.) of the mean 
and standard error log-ratio differences for all possible pairs 
of habitat types indicates which habitat types were relatively 
most occupied and which were least occupied. The habi-
tats in the home ranges compared with the study area rank 
Margin > Fallow > Grain > Grass > Other.

Habitat analysis on level 2—home range versus tracking 
fixes. Comparing habitat utilization (tracking fixes) with the 
habitat composition of the home ranges differed significantly 
(Wilk’s lambda = 0.108, p = 0.0154).

The ranking matrix (Table 3) indicates that the margin 
was by far the most used habitat, with a significant dif-
ference to grain fields, i.e., the second most used habitat. 
Habitats used by the broods in their home ranges rank 
Margin >  >  > Grain > Grass > Fallow > Other.

Compared with availability in the home ranges, “Margin” 
was used significantly more often than the other habitats. 
“Grain” was significantly more preferred than “Other”, but 
otherwise no significant differences in usage were observed 
between “Grain”, “Fallow”, “Grass”, and “Other”.

Distance to field margin—tracking fixes on the grain 
fields

The median (mean, ± SD, range) distance from the 
brood location to the field margin for grain fields was 15 
(22.4, ± 20.4, 0.5–120) m (n = 199), and 15 (22.9, ± SD 22.6, 
0.5–150) m for the rest of the habitat groups (“Fallow”, 
“Grass”, and “Other”, n = 185).

Fig. 1  Brood observations 
divided into the following 
categories: “Grain”, “Grass” 
(grasses, pastures), “Other” 
(pea-, rape-, linseed-, potato 
fields), “Margin” (field 
margins), “Fallow” (gardens, 
meadows, fallows), and their 
proportions of the total observa-
tions (n = 456) compared to the 
proportions of available habitat 
(430.6 ha)

0 10 20 30 40 50 60

Margin

Grain

Grass

Other

Fallow

Habitat use vs. availability

Avail. % Obs. %

Table 2  For ease of interpretation, each log-ratio difference in the matrix is replaced by its sign, where a row of positives indicates that the cor-
responding habitat type was occupied more than expected relative to all other habitat types, i.e., was ranked highest in terms of utilization

The number of asterisks (single, double, triple) indicates significance, one meaning preference without significance p > 0.1, two indicating 
0.05 < p < 0.01, and three indicating a significant preference with p < 0.05. Negative asterisks similarly indicate the least used habitats

Grain Grass Other Margin Fallow RANK

Grain * *** – 3
Grass – * – – 4
Other – – – – 5
Margin * *** *** * 1
Fallow * *** *** – 2
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We compared the observations of the most used habitat 
“Grain” with its availability at various distances from the 
field edges (Fig. 2). This showed a significant preference for 
the edge zone, as 68% of all grain field observations occurred 
within a 25-m-wide zone from the field edge, despite the 
proportion being 40% (G = 65.14, df = 1, p < 0.0001). Also, 
54% of pheasant brood observations on grain fields were less 
than 15 m from the field edge, despite the proportion being 
25% (G = 74.86, df = 1, p < 0.0001). This strongly indicates 
a preference for margins over the field centers. The median 
(mean, ± SD, range) distance from the tracking fixes to the 
“Forest” for grain field observations was 100 (120.9, ± 82.1, 
2–500) meters, (n = 199) and 50 m for all other observations 
(68.2, ± 64.3, 0.5–500) (n = 257).

Trends in habitat use vs. brood age

To elucidate the changes occurring in habitat use as a brood 
ages, we compared the weekly changes occurring during the 
study period. We made 407 observations over 4 weeks, with 
107 observations during the 1st week, and 104, 101, and 95 
observations for the 2nd, 3rd, and 4th week, respectively 
(Fig. 3.). A slight change in the use of “Margin” and “Fal-
low” areas was detectable.

Discussion

Our results show that field margin, the area where the main 
crop abuts the field boundary, e.g., a ditch, road, or non-crop 
vegetation, is an important and preferred habitat for pheas-
ant broods throughout the brood stage. The majority of our 
brood observations were made in grain fields, which were 
the most common habitat type in the area. However, taking 
habitat availability into account, the most preferred habitat 
was field margins. The mere 1-m-wide strip of field margin 
may seem like too small a landscape feature for animals to 
prefer, yet the total length of this strip spread along our study 
area, equaling 15 km/100 ha, describes the significance of 
such features, especially when considering the interchange 
between the semi-natural habitat, the margin, and the adja-
cent crop (Bianchi et al. 2006). The amount of field mar-
gin is also in relation to field patch size, which then again 
reflects the heterogeneity in the landscape composition and 
configuration that is often considered to enhance biodiver-
sity (Benton et al. 2003; Fahrig et al. 2011, 2015, Clough 
et al. 2020, but see Hiron et al. 2015).

The importance of margins in our study may arise from at 
least two, mutually non-exclusive effects. Firstly, the prefer-
ence for field margins may be due to a less disturbed habitat 
leading to higher arthropod availability. Secondly, pheas-
ant broods may prefer margins due to this habitat providing 

Table 3  Compositional analysis 
reveals that field margins are 
significantly represented in the 
tracking fix data of home ranges 
compared with all other habitats

Grain Grass Other Margin Fallow RANK

Grain 0 * *** – * 2
Grass – 0 – – * 3
Other – * 0 – – 3
Margin *** *** *** 0 *** 1
Fallow – – * – 0 3

Fig. 2  Observation distances of 
grain fields from the field mar-
gin. Cumulative observations 
show that 68% of the observa-
tions are within a 25-m zone 
from the field margin, but this 
only represents 40% of the field 
area available. Only 32% of the 
observations are over 25 m from 
the field margin, although this 
area represents 60% of the field 
area available
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more sparse vegetation, leading to openness, more weed 
sprouts, and a more suitable microclimate. Segetal vegeta-
tion is needed for arthropod habitat (Potts 1986), but concur-
rently it must be remembered that bare ground offers move-
ment corridors for young pheasants, where they can capture 
prey and avoid predators (Doxon and Carroll 2010). An indi-
cation toward a preference for sparser vegetation could be 
detected in the habitat use shift during our study; fallow use 
declined and margin use increased as the season progressed. 
An alternative explanation could be that the pheasant hens 
dared to spend more time in the open margin habitats when 
their chicks were larger and more agile. Increased use of 
strip vegetation by older broods was also shown by Mey-
ers et al. (1988). The concept of offering the chicks habitat 
containing both cover and open patches has proven effective 
when restoring partridge habitats in the North Sea Partridge 
Project (Brewin et al. 2020).

Field margins, along with other semi-natural habitats, 
have been described as biodiversity reservoirs in intensified 
agricultural landscapes, and their biodiversity value has been 
shown by many studies (Bianchi et al. 2006; Vickery et al. 
2009; Holland et al. 2017; Martin et al. 2019; Šálek et al. 
2021). The concept of biodiversity-rich margins has been 
developed further with the idea of arable margins placed 
between field boundaries and the main crops (Meek et al. 
2002; Vickery et al. 2009). Herzon and O’Hara (2007) stated 
that out of all non-crop elements, the extent of ditches and 
small rivers was the strongest positive predictor of bird 
communities, and the only one with an exclusively positive 
effect on individual species. Ekroos et al. (2019) also pointed 
out that edge density, which is not supported by the Agri-
Environmental Scheme (AES) greening measures, had the 
highest impact on farmland bird assemblages. The value of 
field margins, along with other non-crop habitat elements 
adjacent to fields, extends beyond conservation values. Even 

wildlife welfare may benefit from areas offering refuge to 
animals displaced by in-field operations (Mathews 2010).

The role of field margins as the most preferred habitat 
was supported by our other finding, which showed that most 
grain field observations, i.e., the most numerous observa-
tions, were made in the proximity of the margins. This sug-
gests that the combination of margin and grain field offers 
an ideal habitat for pheasant broods that need high-quality 
arthropods and shelter, also indicating high biodiversity. 
This margin effect has been noted by earlier studies: both 
gray and red-legged partridge (Alectoris rufa) broods 
avoided areas more than 50 m from the field edge and pre-
ferred areas within 25 m of the edge (Green 1984). Best et al. 
(1990) found that the length of linear field margin relative to 
the field area had a major effect on cornfield use by birds, as 
larger fields were used proportionately less. Holland et al. 
(1999) showed that many arthropod species occur within 
60 m of the field edge. Furthermore, Green (1984) found that 
arthropods and weeds used as food by partridges occurred 
at higher densities 5 m from the field boundary compared 
with 50 m. The importance of field boundaries to many car-
abid and staphylinid beetles was also noted by Andersen 
(1997). This field edge effect could be strengthened by 
decreasing pesticide use, as seen with unsprayed headlands 
that enhance arthropod diversity and numbers (Chiverton 
and Sotherton 1991; Helenius et al. 1995; Meek et al. 2002). 
Schindler et al. (2020) showed the importance of a mosaic 
of croplands and grasslands as a habitat for pheasants in 
the USA.

The lack of proper nesting places has been indicated as 
a threshold for pheasant success in certain areas (Robert-
son 1996). However, pheasant hens in our study area found 
successful nesting places quickly after release, indicated 
by the fact that the hens in our study were able to hatch 
broods within an average of 42 days from release. Our 
assumption that the hens would choose an inconspicuous 

Fig. 3  Habitat use shifted dur-
ing the study weeks, as “Mar-
gin” became more favorable, 
while “Fallow” lost preference
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nesting place, and therefore prefer set-asides and other 
areas with covering vegetation already present (dead 
grasses from last year, bushes, or other perennial crops that 
offer nesting cover), proved correct. Our study pheasant 
hen nests were located in semi-natural areas, as expected. 
Hill and Robertson (1988) showed that re-nesting later 
in the season was more common on cultivated lands than 
first nests were, probably because of how the vegetation 
developed. The vegetation was just beginning to regain its 
growth during the bird release.

After hatching, the broods left the nests and, within 
approximately 2 days, reached the area where they then 
remained. Some broods even crossed tarmac roads and dense 
fallows to reach cultivated fields. It is possible that during 
the incubation period, hens search for areas that offer suit-
able invertebrate supply and other preferred habitat qualities 
for the broods, and then guide their chicks there as quickly as 
possible. Such behavior has been shown in ducks (Casazza 
et al. 2020). The hen leaves the nest for only short periods 
during the egg-laying and incubation periods, to keep the 
eggs from chilling. However, even throughout this period, 
the hen will avoid feeding in close proximity to the nest, 
avoiding an area under 50 m from the nest. This has been 
considered a way to prevent nest predation (Hill and Rob-
ertson 1988), and perhaps the transition from the nest to the 
home range also serves this purpose.

Previous studies have shown rather large home ranges for 
10-day-old broods spanning from ca. 5 to 11 ha (Hanson and 
Progulske 1973; Warner 1979; Hill 1985). Even though our 
value of 1.4 ha (0.2–3.0 ha) can only be used as descriptive 
because of the small number of observations, it seems that 
the broods in our study quickly found high-quality home 
ranges. Larger home ranges have been connected to higher 
chick mortality and they also correlate with fewer arthro-
pods (Warner 1979; Hill 1985). Warner (1979) showed 
that a brood home range increases as the chicks grow. This 
could also be seen in our results. Riley et al. (1998) observed 
broods for 28 days in the USA on two row crop production 
areas for 5 years and calculated home range averages of 66 
and 76 ha (range 15–179 ha). Using MCP for home range 
analysis is occasionally criticized for its deficiencies and 
robustness (Laver and Kelly 2008), but our sampling meth-
ods and data size, along with our basic knowledge of the 
research object and its habitat use allowed us to assume that 
the MCP estimate will provide accurate enough informa-
tion of home range sizes for pheasant broods and allowed 
us to compare the results with earlier studies. One explana-
tion for the smaller home ranges in our study may be that, 
according to FAO (2020), pesticide use is not as intensive in 
Finland as in the USA (five times more per ha) or in Europe 
(UK/France) (ten times more per ha), likely leading to less 
disturbed arthropod communities (Stoate et al. 2009). The 
average small field patch size in our study area increases 

the quantity of margin area, which increases diversity per 
se (Fahrig et al. 2015). Brood movements are much broader 
and home ranges larger on large monoculture blocks than in 
broods feeding within a more diverse complex of farming 
(Warner 1984; Riley et al. 1998). Indeed, Hill (1985) showed 
that habitats selected by broods largely reflected the levels 
of arthropod food that they contained.

Spatial scales matter when investigating avian commu-
nities (Wiens 1989). We must scale out from individual 
habitat requirements to observe processes that drive biodi-
versity and are governed by landscape composition. These 
processes are affected by the levels of semi-natural habi-
tats in the landscape, and, on the other hand, by landscape 
configuration, such as the amount of field margins. Both 
these factors affect ecological processes independently and 
interactively (Fahrig et al. 2011). Landscape composition 
and structure may have more of an impact on the success of 
a certain species than suitable habitats, such as field mar-
gins, have on a smaller scale (Bennett et al. 2006; Frei et al. 
2018). For example, the taxonomic richness and diversity 
of invertebrates in field edges have been observed to posi-
tively relate to large-scale landscape complexity (Evans et al. 
2016). Sasaki et al. (2020) noted the importance of open 
land in maintaining farmland biodiversity in a forest-domi-
nated landscape. Jorgensen et al. (2014) found that “Forest” 
habitat in a landscape was a limiting factor for pheasants, 
probably because of predators. In our study, 54% of the study 
area was defined as “Forest”, which could also be detected 
in the short mean distance to forest areas (under 100 m). In 
Finland, trees serve as perches for predators, e.g., for birds 
of prey and nest-predating corvids, which may be important 
nest predators of ground-nesting birds (Andrén 1992; Krüger 
et al. 2018; Holopainen et al. 2020a). Forests also provide 
dens for meso-predators, such as the red fox (Vulpes vulpes), 
badger (Meles meles), and raccoon dog (Nyctereutes procyo-
noides). The red fox can even be a threat to adult hens, while 
the latter two mainly cause nesting failures due to predation 
and disturbance (Kallioniemi et al. 2015; Holopainen et al. 
2020a, 2021). Recent studies have highlighted the role of 
invasive alien predators in elevating nest and adult predation 
and thus reducing the resilience of ground-nesting birds. 
The increasing numbers of invasive raccoon dogs pose a 
severe threat to ground-nesting birds in general in Northern 
Europe (Krüger et al. 2018; Nummi et al. 2019; Holopainen 
et al. 2020a, 2020b; Koshev et al. 2020; Jaatinen et al. 2022). 
To ensure successful management, it is therefore crucial to 
understand that even though a habitat as such is suitable for 
brood rearing, predation pressure can be too high for an area 
to uphold a successful pheasant population.
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Conclusions and recommendations 
for agricultural policy

We found that pheasant broods preferred field margins over 
all other farmland habitats. On an area-for-area basis, field 
margins are effective at providing food for birds and enhanc-
ing biodiversity (Marshall and Moonen 2002; Vickery et al. 
2002, 2009) and could easily be integrated into whole-field 
management practices. These keystone structures (Tews 
et al. 2004) adjacent to croplands could be a cost-efficient 
way to preserve biodiversity even within intensive farming 
practices, when integrated with low-intensity practices such 
as methods that aim at minimized pesticide application near 
margins (Vickery et al. 2002). Agricultural areas with small 
grain crop cultivation could have particularly great poten-
tial in providing more biodiversity. Land use intensification 
methods, e.g., subsurface drainage, which reduce margins 
and the open-field ditch-bank habitat (Helenius et al. 1995; 
Tarmi 2011), should be compensated for with, e.g., beetle 
banks, flower strips, and other biodiversity-enhancing meth-
ods (Brewin et al. 2020). The quantity of field margins, i.e., 
field edge density, is currently not addressed in national 
agri-environment schemes, while the enlargement of field 
parcels and replacement of open ditches with subsurface 
drainage is still an active agricultural policy target aiming 
to further modernize agriculture in Finland (Häggblom et al. 
2020). Field margins can also offer a supplementary flower-
ing season for pollinators (Memmott et al. 2010), which are 
of special concern in the new EU biodiversity strategy for 
2030 (EU Publications Office, 2020).

Recent studies evaluating the value of AES measures in 
Finland recognized animal farms practicing ecological pro-
duction (Santangeli et al. 2019), along with increasing the 
proportion of grasslands and fallows (Ekroos et al. 2019), as 
beneficial for farmland birds. The need to begin appreciat-
ing field margins as vital biodiversity elements in agricul-
tural landscapes is underlined by Ekroos et al. (2019), who 
found that field edge densities had a much stronger effect 
on farmland bird diversity than the AES greening measures 
they studied. The analysis by Martin et al. (2019) connected 
edge density to higher functional biodiversity and to higher 
yield-enhancing ecosystem services in European landscapes. 
Reducing crop field sizes and thereby increasing the amount 
of margin and structural diversification instead of focusing 
on set-asides and organic farming is recommended as a solu-
tion to halting biodiversity loss in agricultural areas (Sirami 
et al. 2019; Clough et al. 2020; Šálek et al. 2021). Consid-
ering these results, changes in agricultural policy toward 
favoring the biodiversity-boosting effects of margins and 
their surroundings should be obvious.
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