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Abstract 
Agricultural intensification has led to structurally simplified landscapes with reduced and fragmented resources for farmland 
insects. However, studies on the effects of landscape composition on farmland insects have mainly been performed in areas 
dominated by open arable land and semi-natural grasslands, while studies from forest-dominated landscapes are scarce. This 
research examined the effects of landscape composition on hoverfly species richness and abundance in arable land in boreal 
forest-dominated landscapes. Hoverflies were sampled in 22 mass-flowering caraway (Carum carvi) fields in Central Finland 
using pan traps. The effects of landscape composition on species richness and abundance were examined for all hoverflies, 
and for species groups with different adult habitat preferences. Landscape composition was measured as proportions of land 
cover classes within two different radii. Species richness and abundances of all hoverflies, forest species and open-habitat 
species increased with decreasing arable land cover and/or increasing forest cover within a 500 m radius (the two land cover 
classes strongly negatively correlated). Wetland species were most abundant in landscapes with an intermediate cover of 
arable land and forest, and most species-rich in landscapes with intermediate (10%) water cover. The species richness and 
abundance of mixed-habitat species increased with increasing cover of transitional woodland.
Implications for insect conservation Our results show that most hoverfies in arable land benefit from increasing surrounding 
forest cover even in relatively heterogeneous, forest-dominated landscapes. Preserving or increasing the area of forests and 
other non-arable habitats is needed to safeguard a diversity of resources for hoverflies, and associated ecosystem services 
in farmland.
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Introduction

Recent studies have shown alarming declines of insects in 
intensively used landscapes (Hallmann et al. 2017; Powney 
et al. 2019; Seibold et al. 2019). A key driver of the insect 
loss is intensified agriculture, which has led to expanded 
total agricultural area, reduced areas of natural and semi-
natural habitats, increased field sizes, monocultures, and 
increased pesticide use (Stoate et al. 2009; Potts et al. 2016). 
The diversity loss weakens ecosystem services which agri-
culture depends on, threatens food production, and causes 
economic losses to farmers (Zhang et al. 2007; Kremen and 
Miles 2012; Dainese et al. 2019).

An important factor affecting insect diversity is land-
scape composition, i.e. the amount or proportion of differ-
ent habitat types in the landscape (Stein et al. 2014; Turner 
and Gardner 2015). A structurally simple landscape has a 
dominant habitat type, which decreases the amount of other 
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habitat types and their associated resources. For example, 
an increase in the area of intensively cultivated arable land 
decreases the amount of other habitat types in the landscape, 
and thus, decreases the diversity of insects (Senapathi et al. 
2015; Kovács-Hostyánszki et al. 2017). The habitat loss 
affects species differently: specialized species with low 
mobility are more vulnerable than generalist and highly 
mobile species (Schweiger et al. 2007; Öckinger et al. 2010; 
Potts et al. 2010; Gaytán et al. 2020).

Besides habitat diversity, a sufficiently large area of a 
key habitat can be important in maintaining species diver-
sity, and the diversity of habitat specialists in particular, due 
to heterogeneous resource availability within the habitat 
(Davidar et al. 2001; Botham et al. 2015). In agricultural 
landscapes, semi-natural habitats such as semi-natural grass-
lands and forests enhance insect diversity by providing food, 
and breeding and overwintering sites (Billeter et al. 2008; 
Sjödin et al. 2008; Meyer et al. 2009; Kovács-Hostyánszki 
et al. 2017; Toivonen et al. 2017; Schirmel et al. 2018). For-
ests also affect insects’ dispersal, since they can enhance 
flying conditions by reducing winds, provide dispersal routes 
along forest edges, or inhibit dispersal by acting as barriers 
(Lewis et al. 1969; Klaus et al. 2015; Öckinger et al. 2012).

Hoverflies (Syrphidae) are an important part of wild pol-
linator communities but remain relatively poorly known 
compared to bees (Doyle et al. 2020; Dunn et al. 2020). In 
recent years, hoverflies have been increasingly recognized 
as important crop pollinators (Rader et al. 2016; Dunn et al. 
2020; Doyle et al. 2020; Toivonen et al. 2022). Besides pol-
lination, hoverflies contribute to biological pest control and 
the decomposition of organic matter (Rotheray and Gilbert 
2011; Dunn et al. 2020). Adult hoverflies mainly feed on 
nectar and pollen. Hoverfly larvae have diverse diets: Some 
species are predators, eating aphids and other soft-bodied 
insects, and acting as natural enemies of crop pests (Hogg 
et al. 2011; Raymond et al. 2014; Dunn et al. 2020). The 
other species are saprophagous or phytophagous as larvae. 
Saprophagous larvae feed on decaying organic matter, and 
live, for example, on deadwood, underwater on shores and in 
ditches, and within soil and litter. Phytophagous larvae live 
in plant stems and roots, but they are not substantial crop 
pests (Rotheray and Gilbert 2011). Due to the various habi-
tat requirements of hoverflies, their diversity may strongly 
respond to land use changes.

Previous studies have shown that forests play a key role in 
supporting hoverfly diversity and abundance in agricultural 
landscapes (Sjödin et al. 2008; Meyer et al. 2009; Schirmel 
et al. 2018; Proesmans et al. 2019; Toivonen et al. 2022). 
Forests and forest edges may provide hoverflies wind-shel-
tered habitats (Lewis 1969) with critical larval and/or adult 
resources (Ricarte et al. 2011; Moquet et al. 2018; Proes-
mans et al. 2019; Gaytán et al. 2020). However, forest matrix 
may also inhibit hoverfly dispersal (Öckinger et al. 2012). 

The responses to forest cover differ between hoverfly spe-
cies and groups (Moquet et al. 2018; Schirmel et al. 2018; 
Proesmans et al. 2019; Toivonen et al. 2022). However, stud-
ies on the effects of land use on hoverflies have mainly been 
performed in temperate and Mediterranean regions (Doyle 
et al. 2020), and in areas with low forest cover, where the 
importance of remaining forest paches is emphasized (but 
see Öckinger et al. 2012; Toivonen et al. 2022). So far, no 
study has examined how hoverfly diversity in arable land 
responds to landscape composition in forest-dominated agri-
cultural landscapes.

The aim of this study was to examine the effects of land-
scape composition on hoverfly species richness and abun-
dance in forest-dominated boreal agricultural landscapes. 
Besides total species richness and abundance, the responses 
of hoverfly species groups with different adult habitat prefer-
ences were separately examined. Hoverflies were collected 
in mass-flowering caraway (Carum carvi L., Apiaceae) 
fields. We expected that the total species richness and abun-
dance of hoverflies respond positively to increasing forest 
cover and decreasing arable land cover, and that the hoverfly 
groups differ in their responses to landscape composition, 
reflecting the differences in their habitat preferences.

Methods

Study sites and landscape composition

Hoverflies were collected in 22 caraway fields in Central Fin-
land (Fig. 1A) within the coordinates of lat 61° 56′–62° 31′ 
and lon 25° 18′–26° 32′ (ETRS89 ~ WGS84). The study area 
is characterized by boreal farmland-forest mosaic landscapes 
where land use is dominated by forests (mainly coniferous 
and mixed), followed by arable land. Caraway is a common 
speciality crop in the area. As an umbelliferous herb, cara-
way has flowers with exposed nectaries that are easily acces-
sible to various types of insects (Koul et al. 1993). Based on 
previous studies, caraway can be highly attractive to Diptera 
(Ricciardelli D’Albore 1986; Toivonen et al. 2022). The area 
of the study fields ranged from 1 to 9 ha. The fields had a 
minimum distance of 2 km between each other (and thus 
non-overlapping landscapes at the radius of 1 km), except 
for two pairs of fields, with fields situated at the distances of 
750 m and 1.8 km from each other within the pair.

Landscape composition was analyzed within 500 m and 
1000 m radii around the central points of the caraway fields. 
These radii match typical flying distances of hoverflies 
(Wratten et al. 2003; Rotheray et al. 2009; Rotheray and 
Gilbert 2011). Landscape composition was measured as the 
percentage cover of land cover types using ArcGIS 10.3.1 
(ESRI 2014) and CORINE raster Land Cover data from 
2012, with pixel size of 20 m × 20 m (Finnish Environment 
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Institute  2012). The detailed categories of land cover types 
were combined into six broad land cover classes (Table 1). 
The four most common land cover classes—forest, arable 

land, transitional woodland, and water—were selected 
as explanatory variables, whereas two other land cover 
classes—articifial surfaces and wetlands—were excluded 

Fig. 1  Locations of the 22 study 
fields in Central Finland (A) 
(Maps: © National Land Survey 
of Finland, Topographic map 
series), and the placement of the 
pan traps in the study fields (B). 
Four groups of pan traps were 
placed at 0.5 m distances from 
field edges in each principal 
compass direction

Table 1  Summary statistics of the six main land cover classes within the 500 m radius around the central points of the study fields

Four land cover classes with the highest covers were used in the analyses, whereas the last two categories were excluded from the analysis. 
Arable land includes caraway fields. ‘cc’ in the transitional woodland and shrub refers to canopy cover

Land cover class Cover %
mean [min; max]

Land cover types included Cover %
mean [min; max]

Forest 46 [9; 77] Broad-leaved forest on mineral soil 7 [1; 16]
Broad-leaved forest on peatland 1 [0; 18]
Coniferous forest on mineral soil 21 [0; 37]
Coniferous forest on peatland 2 [0; 18]
Coniferous forest on rocky soil  < 1 [0; 1]
Mixed forest on mineral soil 15 [3; 27]
Mixed forest on peatland 1 [0; 6]
Mixed forest on rocky soil  < 1 [0; < 1]

Arable land 29 [10; 58] Agro-forestry areas  < 1 [0; 4]
Land principally occupied by agriculture, with
significant areas of natural vegetation 2 [0; 16]
Non-irrigated arable land 27 [8; 58]

Transitional 10 [2; 26] Transitional woodland/shrub, cc < 10% 4 [1; 11]
woodland Transitional woodland/shrub, cc 10–30%, on mineral soil 6 [1; 19]

Transitional woodland/shrub, cc 10–30%, on peatland  < 1 [0; 1]
Transitional woodland/shrub, cc 10–30%, on rocky soil  < 1 [0; < 1]
Transitional woodland/shrub, under power lines  < 1 [0; 3]
Bare rock  < 1 [0; < 1]

Water 7 [0; 31] Lake 7 [0; 31]
Artificial 4 [< 1; 8] Commercial units  < 1 [0; 3]
surface Discontinuous urban fabric 2 [< 1; 4]

Industrial units  < 1 [0; 1]
Road and rail networks and associated land  < 1 [0; 5]
Sport and leisure facilities  < 1 [0; 4]

Wetland 2 [0; 9] Inland marshes, terrestrial  < 1 [0; 1]
Inland marshes, aquatic 2 [0; 9]
Peatbogs  < 1 [0; 2]
Peat production sites  < 1 [0; < 1]
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from the analyses due to their low covers. Especially wetland 
cover would have been an interesting explanatory variable, 
but 68% of the study fields had no or less than 1% wetland 
cover within the 500 m radius.

Hoverfly trapping and data

Hoverflies were collected in the caraway fields using white, 
blue and yellow pan traps to ensure efficient trapping of spe-
cies attracted by different colors (Zou et al. 2012) (Online 
Resource Fig. 1). A total of 16 pan traps per field were 
placed in four groups of four traps (Fig. 1B). Each group 
included two white traps, one blue trap and one yellow 
trap. The high number of white traps was used, firstly, to 
compensate their poor visibility in white flowering caraway 
fields, which may reduce their effectiveness, and secondly, to 
ensure efficient trapping of hoverflies specialized in visiting 
caraway flowers (Goulson and Wright 1998). The distance 
between the adjacent traps within a group was 3 m, and 
the distance of the traps to the field edge was 0.5 m. Pan 
traps were plastic bowls (375 ml, Ø 18 cm), each of which 
was glued on top of a 120 cm long wooden stick. The stick 
was cut so that the pan trap was at the same height with the 
caraway flowers. The traps were filled with water, and a few 
drops of dishwashing detergent were added to break surface 
tension. Two small holes in the upper edge of the bowl pre-
vented flooding during rainfall.

The traps were placed in the fields between the 3rd and 
8th of June 2016, when caraway was starting to bloom. 
Before the start of the trapping, the farmers had sprayed 
the fields with pesticides to control Depressaria daucella 
moth in caraway, except for four farmers, who did not apply 
chemical pest control. No pesticides were used in the fields 
during the trapping. Insects were collected from the traps 
three times, always in the same order. Each trapping period 
lasted 6 days, the last trapping day being the 26th of June. 
The collected insects were preserved in ethanol. During the 
trapping season, caraway blooming proceeded: At the begin-
ning of the trapping, the first flowers were open. At the end 
of the trapping, all flowers had opened, and the first flowers 
had withered.

The collected hoverflies were identified to species level, 
except for individuals of the genus Melanostoma and females 
of Sphaerophoria. Since we could not reliably identify spe-
cies of these two hoverfly groups based on morphologi-
cal characteristics, they were identified to genus level and 
treated as species in the analyses. The identification keys and 
nomenclature of Haarto and Kerppola (2007), and Bartsch 
et al. (2009a, 2009b) were used.

Additionally, to examine the differences in hoverfly spe-
cies’ responses to landscape composition, hoverflies were 
classified into four groups based on their adult habitat 
preferences according to Speight (2011) (Online Resource 

Table 1). The groups were forest species, open-habitat spe-
cies (i.e. anthropophilic, open habitat, and combination of 
open habitat and some other habitat sensu Speight (2011)), 
wetland species and mixed-habitat species. Open-habi-
tat species can be considered as generalists because they 
use various resources and occupy many kinds of habitats, 
although they are usually found in open environments, such 
as fields, road verges and meadows (Branquart and Hemp-
tinne 2000). The other three groups are more specialized 
to particular environments. Forest species prefer deciduous 
and coniferous forests, while wetland species live in aquatic 
environments, such as in swamps and on the edges of water 
bodies. The habitat preference of the mixed-habitat species 
is a combination of forest and wetland. Analyses on the 
effects of landscape composition on species richness and 
abundance were conducted separately for these four groups.

Hoverflies were also grouped into four larval feeding 
types according to Speight (2011): aphidophagous (includes 
zoophagous), phytophagous, saprophagous and sapro-xylo-
phagous. Since the larval feeding types are largely associ-
ated with the adult habitat preferences, statistical analyses 
were not performed for the larval feeding types, but they 
were used to help the interpretation of the results.

Statistical analyses

Before the analyses, the hoverfly observations of the 48 
catches (16 traps and three trapping periods) per field were 
pooled to obtain the total abundance and species richness of 
all hoverflies, forest species, open-habitat species, wetland 
species and mixed-habitat species per field. The pooling was 
performed because the interest was on the pollinator com-
munity of a given field, and not on the variation within a 
field.

The effects of landscape composition on hoverfly abun-
dance and species richness were analyzed using regression 
models and an information theoretic approach. The analyses 
were conducted separately for the abundance and species 
richness of all hoverflies, forest species, open-habitat spe-
cies, wetland species and mixed-habitat species, and with the 
landscape buffers of 500 m and 1 km radii. The four explana-
tory variables—arable land, forest, transitional woodland 
and water cover—were intercorrelated (Online Resource 
Table 2). Thus, four competing models were constructed by 
including one of the explanatory variables at a time. For spe-
cies richness, generalized linear models with Poisson distri-
bution were fitted using the function glm() of the R package 
stats (R Core Team 2018). For abundance, negative binomial 
models were fitted, due to overdispersion, using the function 
glm.nb() of the package MASS (Venables and Ripley 2002). 
For wetland species, the preliminary data inspection showed 
that the abundance and species richness respond to some of 
the explanatory variables in a hump-shaped manner. Thus, 
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for wetland species, a total of eight candidate models were 
constructed: besides the four linear models, four quadratic 
models were fitted by including each explanatory variable 
and its squared term.

Akaike Information Criterion for small sample sizes 
 (AICc) was used to identify the best models among the can-
didate models with different explanatory variables. Models 
with ∆AICc < 2 were considered equally good (Burnham and 
Andersson 2002). Akaike weights  (wi), which indicate the 
probability that a particular model is the best among those 
considered, were also calculated for the models. The func-
tion aictab() of the package AICcmodavg (Mazerolle 2019) 
was applied for the  AICc model selection.

The models were checked for spatial autocorrelation in 
residuals using Moran’s I test with the function moran.test() 
of the R package spdep (Bivand and Wong 2018). No spatial 
autocorrelation was found. One of the study fields had an 
exceptionally high total hoverfly abundance, as well as an 
exceptionally high abundance of forest species and open-
habitat species (Fig. 3). Excluding the field did not quali-
tatively change the results, and thus, the field was included 
in the final analyses. All analyses were conducted with R 
software 3.5.0 (R Core Team 2018).

Results

A total of 2829 hovefly individuals representing 105 species 
were caught in the pan traps (Online Resource Table 1). One 
red-listed species, Temnostoma angustistriatum (NT), was 
caught (Hyvärinen et al. 2019). The mean species richness 

per field was 30 (SD = 6.9, min = 16, max = 41), and the 
mean abundance 129 (SD = 75.2, min = 34, max = 389).

Of the four hoverfly groups with different adult habi-
tat preferences, open-habitat species were most abun-
dant, whereas forest species had highest species richness 
(Fig. 2A–B). Wetland and mixed-habitat species were in 
minority (Fig. 2A–B). Three most abundant species, Xylota 
segnis (open-habitat species), X. ignava (forest species) and 
X. jakutorum (forest species), constituted 31% of all indi-
viduals. Because of the high abundance of the few Xylota 
species, the forest species group had a high abundance of 
species with sapro-xylophagous larvae, but a relatively 
low sapro-xylophagous species richness (Fig. 2C–D). The 
majority of the forest species were aphidophagous as larvae 
(Fig. 2D). The group of open-habitat species had both a high 
abundance and species richness of species with aphidopha-
gous larvae (Fig. 2C–D). Wetland and mixed-habitat species 
were mostly saprophagous as larvae (Fig. 2C–D).

Hoverflies showed, on average, stronger responses to 
landscape composition in the 500 m than in the 1000 m 
radius. Thus, focus is hereafter on landscapes within the 
shorter radius. The results of the effects of landscape com-
position within the 1000 m radius are shown in the Supple-
mentary Information (Online Resource Table 3).

The species richness and abundance of all hovefly spe-
cies, open-habitat species and forest species were best pre-
dicted by arable land cover and/or forest cover (Table 2), 
which were strongly negatively correlated (Pearson’s r 
− 0.85 within the 500 m radius, Online Resource Table 2). 
Arable land cover and forest cover were equally good pre-
dictors (∆AICc < 2) for the species richness of all hoveflies, 

Fig. 2  Total abundance (A) and 
species richness (B) of hoverfly 
groups with different adult 
habitat preferences in caraway 
fields in Finland, and the pro-
portions of larval feeding types 
in the hoverfly groups, based on 
abundance (C) and species rich-
ness (D). a = aphidophagous, 
p = phytophagous, s = sapropha-
gous, and sx = sapro-xylopha-
gous
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Table 2  Results of model 
selection explaining hoverfly 
abundance and species richness 
in caraway fields by the cover of 
land use classes (% of total area) 
within the 500 m radius

Response variable Glm model Explanatory variable ∆AICc wi

Total
Abundance Negative Arable land 0.00 0.76

binomial Forest 2.77 0.19
Transitional woodland 5.83 0.04
Water 8.50 0.01

Species Poisson Arable land 0.00 0.48
richness Forest 0.17 0.44

Transitional woodland 5.05 0.04
Water 5.09 0.04

Forest species
Abundance Negative Arable land 0.00 0.80

binomial Forest 2.82 0.20
Transitional woodland 11.38 0.00
Water 13.31 0.00

Species Poisson Arable land 1.91 0.27
richness Forest 0.00 0.71

Transitional woodland 9.56 0.01
Water 7.82 0.01

Open-habitat species
Abundance Negative Arable land 0.00 0.41

binomial Forest 0.38 0.34
Transitional woodland 2.36 0.13

Species Water 2.51 0.12
richness Poisson Arable land 0.00 0.40

Forest 0.36 0.33
Transitional woodland 2.20 0.13
Water 2.05 0.14

Wetland species
Abundance Negative Arable land, linear 7.89 0.01

binomial Forest, linear 5.73 0.03
Transitional woodland, linear 6.41 0.02
Water, linear 7.89 0.01
Arable land, quadratic 1.45 0.29
Forest, quadratic 0.00 0.61
Transitional woodland, quadratic 8.33 0.01
Water, quadratic 8.83 0.01

Species richness Poisson Arable land, linear 7.84 0.01
Forest, linear 7.81 0.01
Transitional woodland, linear 7.45 0.02
Water, linear 7.13 0.02
Arable land, quadratic 3.58 0.11
Forest, quadratic 3.51 0.12
Transitional woodland, quadratic 7.68 0.01
Water, quadratic 0.00 0.69

Mixed-habitat species
Abundance Negative Arable land 4.12 0.10

binomial Forest 4.79 0.07
Transitional woodland 0.00 0.78
Water 5.49 0.05

Species richness Poisson Arable land 1.93 0.18
Forest 2.03 0.17
Transitional woodland 0.00 0.48
Water 2.04 0.17
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Table 2  (continued) ∆AICc represent the differences between the AICc values of the best models considered and the other mod-
els. Models with ∆AICc < 2.0 are bolded. Akaike weight (wi) indicates the probability that a particular 
model was best among those considered

Fig. 3  Abundance and species 
richness of all hoverflies (A), 
forest species (B) and open-
habitat species (C) in caraway 
fields in Finland in relation 
to the cover of arable land, 
forest, transitional woodland 
and water in the surrounding 
landscape within the 500 m 
radius. Lines in the scatterplots 
depict predicted values with 
95% confidence intervals based 
on the models with ∆AICc < 2 
(Table 2)
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open-habitat species and forest species, and for the abun-
dance of open-habitat species, while arable land cover was 
slightly better preditor than forest cover for the total abun-
dance and the abundance of forest species (Table 2). The 
species richness and abundances decreased with increasing 
arable land cover and decreasing forest cover (Fig. 3, Online 
Resource Table 4). The decrease was steepest for forest spe-
cies, which declined 89% in abundance and 56% in species 
richness, when arable land cover increased from 10 to 60% 
in the landscape (Fig. 3B). 

The abundance of wetland species was best explained 
by the quadratic models with arable land cover and forest 
cover as predictors (Table 2). The abundance was highest in 
landscapes with 23% arable land cover and 33% forest cover 
(Fig. 4, Online Resource Table 4). The species richness of 
wetland species was best explained by the quadratic model 
with water cover as a preditor (Table 2). The species richness 
peaked in landscapes with 10% water cover (Fig. 4, Online 
Resource Table 4).

The abundance of mixed-habitat species was best 
explained by the cover of transitional woodland (Table 2). 

For the species richness of mixed habitat species, the mod-
els with transitional woodland cover and arable land cover 
were considered equally good, yet the model with arable 
land cover had a relatively low Akaike weight  (wi = 0.18; 
Table 2), indicating considerable model selection uncer-
tainty. The abundance and species richness of mixed habi-
tat species increased with increasing transitional woodland 
cover (Fig. 4, Online Resource Table 4). The species rich-
ness slightly decreased with increasing arable land cover 
(Fig. 4, Online Resource Table 4).

Discussion

Our results showed that, even in relatively heterogeneous, 
forest-dominated landscapes, hoverfly diversity in arable 
land increased with increasing surrounding forest cover 
and decreasing arable land cover. Due to the high negative 
correlation between arable land and forest covers in our 
boreal study area, the effects of the two land cover classes 
are difficult to distinguish from each other. However, while 

Fig. 4  Abundance and species 
richness of wetland species (A) 
and mixed-habitat species (B) 
in caraway fields in Finland in 
relation to the cover of arable 
land, forest, transitional wood-
land and water in the surround-
ing landscape within the 500 m 
radius. Lines in the scatterplots 
depict predicted values with 
95% confidence intervals based 
on the models with ∆AICc < 2 
(Table 2)
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increasing arable land cover was associated with reductions 
in both total abundance and species richness, the opposite 
effect of forest was more pronounced for species richness 
than for abundance. This reflects, firstly, the high species 
richness of hoverflies associated to forests, and the high 
abundance of open-habitat hoverfly species in our study. 
Secondly, the result indicates the heterogeneity of micro-
habitats and resources for hoverflies in forests (e.g. decaying 
wood, swamp, trees with aphids, and openings with herba-
ceous vegetation). The resource heterogeneity has a stronger 
effect on species richness than on abundance, which, in con-
trast, depends more on resource quantity and can be driven 
by a small number of species (Meyer et al. 2009). In line 
with studies from more southern regions (Sjödin et al. 2008; 
Meyer et al. 2009; Schirmel et al. 2018), our results sug-
gests that forests are crucial in maintaining hoverfly species 
richness in boreal agricultural landscapes, whereas hover-
fly abundance is importantly supported by other habitats 
besides forests, and is not guaranteed by high forest cover.

Forest species and open-habitat species responded to the 
surrounding landscape composition in a surprisingly similar 
manner, although forest species showed a steeper decline 
with increasing arable land cover and decreasing forest 
cover. Almost 70% of the individuals of forest species in 
our study were sapro-xylophagous, eating decaying wood in 
their larval stage, and being thus directly dependent on the 
proximity of woody habitats. However, the majority of forest 
species were aphidophagous as larvae, as were the majority 
of individuals and species belonging to the open-habitat spe-
cies group. Although aphids can be occasionally abundant in 
crop fields, forest-dominated landscapes may provide higher 
amounts, and greater stability of aphid resources (Söder-
man et al. 2016; Stack Whitney et al. 2016; Moquet et al. 
2018), as well as aphid honeydew, commonly utilized by 
aphidophagous hoverflies as adults (van Rijn et al. 2013). 
Besides larval resources, adult hoverflies may find floral 
resources within the forests (Ricarte et al. 2011; Proesmans 
et al. 2019; Gaytán et al. 2020; González et al. 2022), and 
in herbaceous habitats in forest edges, tracks and openings, 
similarly to farmland butterflies (Berg et al. 2011; Toivonen 
et al. 2017). In our study, data on floral resources were not 
collected. However, certain woody plants that are common 
in the area, e.g. Salix sp. and Calluna vulgaris, may provide 
important pollen and nectar sources for hoverflies in forests 
and their edges in early or late season when floral resources 
are generally scarce (Branquart and Hemptinne 2000). In 
addition, pesticide use in arable land is potentially harmful 
to hoverflies (Potts et al. 2010; Moens et al. 2011).

The negative effect of arable land on open-habitat species 
can also be partly explained by the categorization of hover-
flies in our study: open-habitat species also included general-
ist species that occupy many kinds of habitats. For example, 
X. segnis and Syrphus ribesii are common in forests, besides 

open habitats. Meyer et al. (2009), who classified hoverfies 
according to their larval macrohabitats, found that the den-
sity of species associated to crops increased with increasing 
arable land cover in landscapes dominated by arable land. 
However, the hoverfly communities of Meyer et al. (2009) 
were dominated by one crop-associated species, Episyrphus 
balteatus, which is highly mobile and ubiquitous, and thus 
less dependent on landscape complexity than most hover-
fly species. The differences in the results between the stud-
ies can thus be due to the differences in the most abundant 
species.

The relatively low proportional abundance of aphi-
dophagous species in our study possibly strengthened the 
landscape effects on hoverfly abundance. Aphidophagous 
species, which belong to the subfamily Syrphinae, are gener-
ally less specialized in terms of flower visitation than other 
hoverfly subfamilies (Klecka et al. 2018). Since aphids occur 
in many habitat types, Syrphinae species can find both larval 
and adult feeding resources in a relatively wide range of 
habitats. In the study of Toivonen et al. (2022) on caraway 
pollination in Southern Finland, caraway flower visits by 
Syrphinae hoverflies did not respond to forest cover in the 
landscape, whereas hoverflies of the subfamily Eristalinae 
increased with increasing forest cover. Compared to the pre-
sent study, the study of Toivonen et al. (2022) was conducted 
in landscapes with substantially higher arable land cover 
(49% vs. 29% within the 500 m radius), and Syrphinae spe-
cies represented a much higher share of observed individuals 
(87% vs. 32%).

Mixed-habitat species showed a positive response to the 
cover of transitional woodland, which included forest clear-
cuts, power-line corridors and other areas with bushy and 
herbaceous vegetation with occasional adult trees. These 
areas are often flower-rich, and they have been shown to 
provide valuable habitats for many pollinators, including 
butterflies, bees and wasps (Berg et al. 2011; Rubene et al. 
2015; Ram et al. 2020). Compared to forest, transitional 
woodland had relatively low covers in the study area, and 
thus, an increase in its cover possibly diversified the avail-
ability of resources at the landscape scale.

The abundance or species richness of wetland species 
did not benefit from a high cover of any land use classes 
but peaked at intermediate covers. Thus, very high forest 
cover may also be harmful for some species, which high-
lights the importance of land use diversity. The species rich-
ness of wetland species was highest in the landscapes with 
10% water cover. While the species are dependent on wet 
habitats, which they can find on the shores of lakes, ponds 
and streams, large continuous water areas do not provide 
habitats for them. This explains the hump-shaped response 
to water cover.

The total number of hoverfly species in our study (105 
species, representing 29% of all hoverfly species in Finland; 
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Kahanpää 2020) was high considering that the collection 
was restricted to one habitat type (caraway field) and early 
summer. The total species richness was increased by the high 
number of forest species, which have been scarce in previ-
ous studies conducted in landscapes dominated by arable 
land (see e.g. Meyer et al. 2009; Ricarte et al. 2011; Proes-
mans et al. 2019). Interestingly, a few species of the genus 
Xylota formed the majority of individuals (Online Resource 
Table 1), although Xylota species are thought to be hard to 
catch (Rotheray and Gilbert 2011). While some Xylota spe-
cies feed mainly on pollen and honeydew deposited on plant 
leaves, X. segnis and X. jakutorum, which were abundant in 
our study, actively visit flowers (Haarto and Kerppola 2007). 
Our study strengthens the evidence that mass-flowering cara-
way is a highly attractive resource for hoverflies (Toivonen 
et al. 2022). Although our study did not measure ecosystem 
services provided by hoveflies, it is likely that the reported 
effects of landscape composition on hoverfly abundance and 
species richness in caraway fields have consequences to the 
pollination and pest control of the crop (Dunn et al. 2020; 
Toivonen et al. 2022).

Conclusions

Landscape composition strongly affected hoverfly diversity 
in boreal farmland. Even in landscapes with relatively low 
arable land cover and high forest cover, the majority of hov-
erfies visiting mass-flowering crop fields benefitted from 
increasing surrounding forest cover and decreasing arable 
land cover. Besides hoverfly species associated to forest 
habitats, this applied to generalist species that are common 
in open environments. The result highlights the role of for-
est as a key habitat for a wide variety of hoverflies with 
different adult habitat preferences and larval feeding habits. 
However, land use diversity is also important: the availabil-
ity of wet habitats is critical for some species, and open 
and semi-open habitats may temporarily provide abundant 
resources for hoverflies. Thus, preserving or increasing the 
area of forests and other non-arable habitats is needed to 
safeguard hoverflies and associated ecosystem services in 
boreal farmland.
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