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A B S T R A C T   

Crop choice affects biodiversity within fields due to crop-specific characteristics and management practices. 
However, there is a lack of studies systematically comparing the biodiversity value of different crops across 
multiple taxa. This study empirically compared the diversity of plants, pollinators, predatory arthropods, and 
multi-taxa diversity between seven crop types and long-term environmental fallows in boreal farmland. The 
effects of crop production method (organic vs. conventional) on biodiversity were also examined. Biodiversity 
data were collected in 78 fields in Southern Finland. The studied species groups differed in their preferences for 
crop types and fallows, but none of them was particularly associated to spring cereal (oat), the dominant arable 
crop in the boreal farmland. Environmental fallows had the highest plant species richness and butterfly abun-
dance, whereas faba bean and oilseed crop fields attracted high numbers of bumblebees. Carabid beetles were 
most abundant in winter cereal (rye) fields, and spiders in perennial crop types. Multi-taxa diversity was highest 
in fallows and lowest in spring cereal (oat), ley and cabbage fields. Organic production increased plant species 
richness across crop types. Hoverflies responded to the interaction of production method and crop type, being 
most abundant in organically managed faba bean fields. The other species groups and multi-taxa diversity were 
not affected by the production method. High arable land cover in the surrounding landscape had negative effect 
on butterflies, solitary bees and carabid beetles within fields. Our results suggest that diversifying cropping 
systems to include more insect-pollinated crops, winter cereals and pastures, and increasing the area of envi-
ronmental fallows while maintaining landscape heterogeneity would enhance resource provision for a variety of 
organism groups in boreal agricultural landscapes.   

1. Introduction 

Conventional agricultural intensification has led to biodiversity 
decline that threatens multiple ecosystem functions critical to food 
production and human well-being (Tscharntke et al., 2012; Dainese 
et al., 2019; IPBES, 2019). To reverse the negative trend, a change to-
wards more biodiversity-friendly agriculture is urgently needed. 

One of the factors affecting the availability of habitats and resources 
for wild organisms within fields is the cultivated crop species, since 
different crops have their specific characteristics, which also influence 
management practices. For example, weeds have been found to produce 
less flowers and seeds in cereal fields than in other crop types (Yvoz 
et al., 2020), which affects the provision of resources for insects, birds 

and mammals (Marshall et al., 2003). Legumes are key nectar and pollen 
sources for bumblebees (Goulson et al., 2005; Bommarco et al., 2012), 
and crops with exposed or extra-floral nectaries enhance many natural 
enemies of crop pests (Géneau et al., 2012; Wäckers and van Rijn, 2012). 
Perennial crops and mixed cropping increase field-scale biodiversity and 
ecosystem services when compared with annual monocultures (Werling 
et al., 2014; Crews et al., 2018; Martin et al., 2020). 

Across crops, field-scale biodiversity is affected by management 
practices such as tillage system, pesticide use and fertilization type and 
intensity (Hyvönen and Salonen, 2002; Lüscher et al., 2014; Seifert 
et al., 2015), which are influenced, but not determined by the crop 
choice. In general, functional biodiversity can be enhanced through 
diversification practices that aim at promoting ecosystem services for 

* Corresponding author. 
E-mail address: marjaana.toivonen@syke.fi (M. Toivonen).  

Contents lists available at ScienceDirect 

Agriculture, Ecosystems and Environment 

journal homepage: www.elsevier.com/locate/agee 

https://doi.org/10.1016/j.agee.2022.108061 
Received 21 January 2022; Received in revised form 23 May 2022; Accepted 7 June 2022   

mailto:marjaana.toivonen@syke.fi
www.sciencedirect.com/science/journal/01678809
https://www.elsevier.com/locate/agee
https://doi.org/10.1016/j.agee.2022.108061
https://doi.org/10.1016/j.agee.2022.108061
https://doi.org/10.1016/j.agee.2022.108061
http://crossmark.crossref.org/dialog/?doi=10.1016/j.agee.2022.108061&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Agriculture, Ecosystems and Environment 337 (2022) 108061

2

high yields and reduced reliance on agrochemical inputs (Bommarco 
et al., 2013; Kovács-Hostyánszki et al., 2017; Tamburini et al., 2020). 
These practices include, for example, increased crop diversity in fields 
over space or time (e.g. crop rotation, intercropping, cover crops), the 
use of organic fertilizers and soil amendments, and biological pest 
control practices. Many diversification practices are intrinsic (but not 
exclusive) to organic farming systems, which generally support higher 
species richness and abundances of wild organisms than conventional 
systems (Hole et al., 2005; Seufert and Ramankutty, 2017; 
Stein-Bachinger et al., 2021). 

Alternatively, biodiversity can be enhanced by leaving a part of 
arable land temporarily out of production to manage it as fallow (Van 
Buskirk and Willi, 2004; Kovács-Hostyánszki et al., 2011, 2021; Toivo-
nen et al., 2015; Traba and Morales, 2019). Establishing fallows with 
diverse seed mixtures and/or retaining them in the same place for 
several years usually increases the biodiversity benefits (Alanen et al., 
2011; Toivonen et al., 2015; Hyvönen et al., 2021). 

The field-scale biodiversity effects of local management are modified 
by landscape context (Tscharntke et al., 2005; Scheper et al., 2013; 
Seufert and Ramankutty, 2017; Boetzl et al., 2021). Landscape metrics 
commonly used to characterize landscape complexity that relates to 
biodiversity include the percentage and proximity of natural and 
semi-natural habitats (Tscharntke et al., 2005; Billeter et al., 2008; 
Scheper et al., 2013), and the percentage of arable land (Flohre et al., 
2011; Dainese et al., 2017), although other landscape metrics can also 
affect biodiversity within fields (e.g. Aguilera et al., 2020; Martin et al., 
2020). The availability of semi-natural habitats is usually most crucial 
for species of conservation concern, while the diversity of common 
species can be effectively enhanced with measures focusing on arable 
land and simple landscapes (Tscharntke et al., 2005, 2021; Kleijn et al., 
2011; Korpela et al., 2013; Scheper et al., 2013). 

Since the responses to arable land management vary among taxa 
(Allan et al., 2014; Lüscher et al., 2014; Martin et al., 2020), it is 
important to conduct studies that include several taxa and identify op-
tions that maximize overall diversity. For example, organic farming may 
substantially enhance plant diversity but has much smaller impact on 
insects and spiders (Stein-Bachinger et al., 2021), which may be more 
affected by crop-specific factors such as perenniality (Martin et al., 
2020), sward structure (Booij and Noorlander, 1992) or the provision of 
floral resources (Martins et al., 2018). As compared to crop fields, fal-
lows can benefit taxa with a strong association with uncultivated habi-
tats, such as butterflies (Alanen et al., 2011; Kovács-Hostyánszki et al., 
2011). To date, surprisingly few empirical studies have systematically 
compared biodiversity of multiple taxa across various types of crops and 
fallows involving different management regimes (but, for crops, see 
Lüscher et al., 2014). The lack of studies hampers assessing the biodi-
versity effects of arable land use options. For example, a meaningful 
inclusion of biodiversity in the life cycle assessments (LCA) of agricul-
tural products would benefit from the refinement of land use classes, 
which are often very coarse (e.g. ‘cropland’ and ‘grassland’), and from 
the increase in spatial differentiation of the LCA models (Teillard et al., 
2016). 

The aim of this study was to examine the effects of (1) crop types, i.e. 
categories of crop plants with similar characteristics and management, 
and long-term environmental fallows, and (2) production method 
(organic vs. conventional) on within-field diversity of plants, pollina-
tors, predatory arthropods, and multi-taxa diversity in boreal farmland, 
while accounting for surrounding landscape structure. The study fields 
were selected to represent all common crop types in the study region, 
Southern Finland: spring cereal (oat), winter cereal (rye), pulses (faba 
bean), oilseed crops (turnip rape, oilseed rape or camelina), vegetables 
(cabbage), grass ley, and arable pasture. Environmental fallows were 
included as an alternative, biodiversity-friendly arable land use option 
in the area (Toivonen et al., 2013, 2015). We expected crop types to 
differ in their ability to support species diversity of various groups of 
organisms, environmental fallows to harbour higher diversity than crop 

fields, and organic farming to support higher diversity than conven-
tional farming. The underlying reason for the study was to produce in-
formation on the relative biodiversity value of crop types and 
production methods for use in the methodological development of the 
biodiversity impact indicator for the LCA of agricultural products and to 
be utilized in the Finnish model of the sustainability assessment of diets, 
and in environmentally extended input-output modelling for Finland 
(ENVIMAT, Seppälä et al., 2011). 

2. Materials and methods 

2.1. Study fields 

The study was conducted in 78 field parcels in Southern Finland 
(60.09936–61.01251◦N, 23.40421–25.14284◦E, Fig. 1). Landscapes in 
the study area are dominated by arable land and coniferous and mixed 
forests. The study fields represented seven crop types and long-term 
environmental fallow. The specific crop types were spring cereal, rep-
resented by oat (Avena sativa L.), winter cereal, represented by rye 
(Secale cereale L.), faba bean (Vicia faba L.), spring oilseed crops (annual 
mass-flowering Brassicaceae, including oilseed rape Brassica napus L. 
subsp. oleifera, turnip rape Brassica rapa L. subsp. oleifera, and camelina 
Camelina sativa (L.) Crantz), cabbage (Brassica oleracea L. var. capitata), 
grass ley, and arable pasture. These crop types were selected because 
they are widely cultivated in the study area (cover over 90% of the 
cultivated field area of Finland, Natural Resources Institute Finland, 
2021a) and clearly differ from each other in terms of biological char-
acteristics and/or management. Cabbage was included as a common 
field vegetable despite of its small cultivation area as compared to the 
other crop types (0.03% of the field area of Finland, Natural Resources 
Institute Finland, 2021b), because increasing the consumption of vege-
tables is nationally recommended for nutritional and environmental 
reasons (Finnish Food Authority, 2021a). Arable pastures included sown 
pastures of various ages, animal types and grazing intensity. The pas-
tures had grassland swards of 10 years at maximum, except for one 
organically managed pasture that was 35 years old. The eighth arable 
land use type, environmental fallow, is managed for environmental 
purposes and cannot be called as a crop type as such. However, for the 
sake of simplicity, fallows are regarded as a crop type in this paper from 
here on. Fallows are a popular, biodiversity-friendly arable land use 
option in the area (6% of the field area of Finland, Natural Resources 
Institute Finland, 2021a; Toivonen et al., 2013, 2015) and can thus act 
as a reference type for field-scale biodiversity against which the actual 
crop types are compared to. The studied fallows had grassland swards of 
8–35 years old. Some of them had originally been grass leys or pastures, 
but all had been managed as fallows at least for the last five years. 

The aim was to select a total of ten fields for each crop type, including 
five conventionally farmed fields and five organically farmed fields. This 
was reached for all other crop types than oilseeds and cabbage. For 
oilseed crops, a total of ten fields were selected, but only three of them 
were organically managed. In addition, the oilseed species in the organic 
fields was camelina, while in conventional fields, oilseed rape (five 
fields) and turnip rape (two fields) were cultivated. For cabbage, only 
eight conventionally managed fields and no organically managed fields 
were found. The minimum distance between the study fields was 1 km 
for the fields of the same crop type, and 500 m for the fields that rep-
resented different crop types. The size of the study fields ranged from 0.7 
to 28.8 ha, with the average size being 6.8 ha. The fields were located 
within 33 farms, and the number of study fields per farm ranged from 
one to five. Information on the management practices in the study fields 
(Table S1–S2) was collected from the farmers through a questionnaire 
supplemented by interviews when needed. 

The cover of arable land, forest, built-up area, and waters and wet-
lands in the surrounding landscape within 100, 250, 500 and 1000 m 
radii around the central points of the study sites were calculated using 
ArcGIS 10.8.1 (Esri, 2020). Data on arable land cover were derived from 
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the Finnish agricultural land parcel register (Finnish Food Authority, 
2021b) and data on the other land use types from CORINE Land Cover 
2018 dataset (Finnish Environment Institute, 2018). The cover of arable 
land and forest were strongly negatively correlated at all four landscape 
scales (Pearson’s r between − 0.71 and − 0.88, p < 0.001). Fallows were 
situated, on average, in landscapes with low arable land cover and high 
forest cover as compared with the other crop types, although the dif-
ference was statistically significant only for arable land cover within the 
250 m radius (Supplementary information 1, Fig. S1). The difference in 
the surrounding landscape structure between fallows and the other crop 
types could not be avoided in the study site selection, because long-term 
fallows are typically situated in low productive fields and fields far from 
the farm centre, which are concentrated in forested landscapes. The 
other crop types and production methods did not differ from each other 
in arable land cover and forest cover in the surrounding landscape 
(Supplementary information 1, Fig. S1). 

2.2. Vegetation survey 

For the vegetation data collection, a 50 m × 50 m plot was estab-
lished in each field. The plot was placed parallel to, and at 5 m distance 
from, the field edge farthest from forest. All vascular plant species were 
recorded and their coverage by species as a percentage of the area of the 
entire plot was determined by using a nine-step scale: 1 = x < 0.125%, 
2 = 0.125% < x < 0.5%, 3 = 0.5% < x < 2%, 4 = 2% < x < 4%, 
5 = 4% < x < 8%, 6 = 8% < x < 16%, 7 = 16% < x < 32%, 8 = 32% 
< x < 64% and 9 = x > 64%. The sampling was conducted between 
29th June and 7th July 2020. In one cabbage field, no vegetation data 
was collected, because the crop was not planted at the time of the 
vegetation survey. Species richness including both wild and cultivated 
plant species was used in the analyses. 

2.3. Pollinator transect counts 

Pollinator data were collected by applying the standard line-transect 

method (Pollard and Yates, 1993), in which a fixed transect is walked at 
a steady speed and all pollinator individuals within an imaginary box of 
5 m × 5 m × 5 m ahead of the observer are recorded. In each field, 
pollinators were counted along two 50 m-long transects that were 
placed parallel at 5 and 20 m-distances from the field edge, within the 
vegetation survey plots. The counts were conducted five times at 
approximately two-week intervals, from 27th May until 7th August 
2020, between 9.30 am and 5.30 pm in weather conditions where 
pollinator insects were active. Minimum temperature was 17 ◦C in 
sunny or partly cloudy, and 20 ◦C in cloudy weather, except for the first 
round of the counts, when the minimum temperature was 15 ◦C, and the 
counts were carried out also in cloudy weather in the temperatures of 
15–20 ◦C. No counts were conducted in rain or strong wind. Every 
counting time, the transects were walked twice: in the first walk, the 
observer recorded bumblebees and butterflies, and in the second walk, 
he or she recorded solitary bees, honeybees and hoverflies. Between the 
two walks, the observer made notes on the abundance of 
insect-pollinated plants in flower in the transects. Bumblebees and 
butterflies were identified to species except bumblebee individuals 
belonging to the Bombus lucorum group (B. lucorum L., B. terrestris L., 
B. cryptarum (Fabiricius) and B. magnus Vogt). For solitary bees and 
hoverflies, only total numbers were recorded. Before analyses, the 
pollinator observations of the five monitoring rounds and two transects 
per field were pooled to get the total species richness of bumblebees and 
butterflies, and the total abundances of bumblebees, solitary bees, but-
terflies and hoverflies in each field. Honeybees were excluded from the 
analysis. 

2.4. Trapping of predatory arthropods 

The sampling of ground-dwelling predatory arthropods (carabid 
beetles, rove beetles and spiders) was conducted by pitfall trapping. The 
traps consisted of plastic cups with a diameter of 9 cm and depth of 
8 cm. Concentrated NaCl liquid (300 g l-1) was used as the trapping 
liquid. Three pitfalls per field were placed in a line at predetermined 

Fig. 1. The locations of the 78 study fields in Southern Finland. Arable land is shown in the map in grey.  
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distances (5, 12.5 and 20 m) from the field edge at one end of the 
vegetation survey plots. Two consecutive one-week trapping periods per 
field were conducted between 8th and 25th June 2020. This time period 
was chosen because of the importance of predatory arthropods for nat-
ural pest control in early summer when many crops are most susceptible 
to pest damage. In two fields (one oat and one cabbage field), no sam-
pling of predatory arthropods was conducted, because the crop was not 
sown or planted before the start of the trapping period. In two fields, 
only three or five (instead of six) catches were successfully collected. 
The trap catches were stored in 70% alcohol, after which they were 
sorted and counted. Carabid beetles were identified to species level, 
whereas only the total numbers of rove beetles and spiders were 
recorded. Before analyses, the predatory arthropod observations of the 
three pitfall traps and two trapping periods were pooled to get the total 
species richness and abundance of carabid beetles and the total abun-
dances of rove beetles and spiders in each field. 

2.5. Multi-taxa diversity 

Multi-taxa diversity based on the species richness of plants, bum-
blebees, butterflies and carabid beetles was calculated to synthesize 
diversity across taxa in each field. First, species richness values for each 
taxonomic group were scaled to the maximum value observed for that 
group across all study fields, so that groups differing in the total species 
richness were weighted equally. Then, the scaled species richness values 
were averaged across the taxonomic groups and scaled to the maximum 
multi-taxa diversity value across all fields. This yielded a multi-taxa 
diversity index that reaches its maximum value 1 in the field with 
highest multi-taxa diversity. 

2.6. Statistical analyses 

2.6.1. Effects of crop types on biodiversity 
To examine the effects of crop types on species richness and abun-

dance of the studied taxa, and on multi-taxa diversity, data from all eight 
crop types were used. Generalized linear mixed models (GLMMs) using 
the function glmmTMB of the R package glmmTMB (Brooks et al., 2017) 
were fitted separately for the species richness and/or abundance of each 
species group: plant species richness, the species richness and abun-
dances of butterflies, bumblebees and carabid beetles, and the abun-
dances of solitary bees, hoverflies, spiders and rove beetles. Since the 
species variables were counts, GLMMs with Poisson distribution were 
fitted, unless the data were overdispersed, in which case negative 
binomial distribution (family=nbinom2) was used. For multi-taxa di-
versity, general linear mixed models (LMMs) using the function lmer of 
the lme4 package (Bates et al., 2015) were fitted. All analyses were run 
both with and without the exceptionally old pasture. For carabid beetle 
abundance, the analyses were run both with and without one rye field 
with exceptionally high number of carabid beetles. 

Crop type was included as a fixed factor and farm as a random factor 
in the models. In models predicting the abundances and species richness 
of predatory arthropods, natural logarithm of the number of successful 
pitfall trap catches was included as an offset. In addition, the percentage 
cover of arable land within a 100, 250, 500 or 1000 m radius was 
included as a covariate to characterize the surrounding landscape. The 
best landscape variable for each response variable was selected by 
comparing correlations of the response variables with the cover of arable 
land and forest within the four radii (Table S3). The significance of the 
parameters in the (G)LMMs was tested using a type II Wald χ2 test with 
the function Anova() of the R package car (Fox and Weisberg, 2019). If 
the landscape variable had no statistically significant effect, it was 
removed from the final model. The function simulateResiduals() of the 
DHARMa package (Hartig, 2020) was used for residual diagnostics in 
GLMMs. In LMMs, the normal distribution and homoscedasticity of the 
residuals was checked using QQ-plots and residuals versus fitted values 
plots. 

All models were checked for spatial autocorrelation in residuals 
using Moran’s I test with the function moran.test() of the spdep package 
(Bivand and Wong, 2018). Spatial autocorrelation was found in one 
model predicting the species richness of carabid beetles. To capture the 
spatial dependencies between the fields, a generalized least squares 
model (GLS) with a spatial Gaussian correlation structure was fitted for 
carabid beetle species richness using the function gls() of the nlme 
package (Pinheiro et al., 2019). The model included crop type as a fixed 
factor and arable land cover within a 250 m radius as a covariate. 

Where a significant effect of the crop type was found, post-hoc 
pairwise comparisons with Tukey p-value adjustment for multiple 
comparisons were conducted using the function emmeans() of the 
package emmeans (Lenth, 2021) to determine which crop types differed 
from each other. 

2.6.2. Effects of production method, and the interaction of production 
method and crop type 

To analyze the effects of production method (organic vs. conven-
tional) and the interaction between production method and crop type on 
the studied taxa, data for the crop types other than oilseed, cabbage and 
fallow fields were used. These three types were excluded for the 
following reasons: oilseed fields had unbalanced sample sizes and dif-
ferences in crop species between organic and conventional production; 
all cabbage fields were conventionally managed; and the management of 
long-term fallows is not affected by the production method. 

These analyses were run similarly as for the effects of crop type, 
except that the fixed factors in the models were production method, crop 
type and their interaction. If the interaction between production method 
and crop type was not statistically significant in the χ2 test, the model 
was run with production method and crop type as single factors. Farm 
was included as a random factor and arable land cover within a 100, 
250, 500 or 1000 m radius as a covariate in the models. If the landscape 
variable was not significant, it was removed from the final model. Due to 
residual heteroscedasticity in the GLMM predicting rove beetle abun-
dance, LMM with ln-transformed abundance (mean abundance per trap) 
was fitted for rove beetles. No spatial autocorrelation of model residuals 
was found in Moran’s I tests. Where a significant interactive effect of 
crop type and production method was found, post-hoc pairwise com-
parisons were conducted to compare each crop type and production 
method combination with one another. 

All statistical analyses were run using R version 3.6.2 (R Core Team, 
2019). 

3. Results 

A total of 163 plant species were recorded in the vegetation survey 
(Table S7). In pollinator transects, 835 bumblebees comprising 15 spe-
cies (Table S8), 559 butterflies comprising 27 species (Table S9), 85 
solitary bees and 348 hoverflies were recorded. In pitfall traps, 4227 
carabid beetles representing 63 species (Table S10), 1417 rove beetles 
and 8936 spiders were caught. 

3.1. Effects of crop types on biodiversity 

Crop type affected the species richness and abundance of the studied 
taxa, and multi-taxa diversity, except carabid beetle species richness and 
the abundances of solitary bees and rove beetles (Table S4). However, 
for butterfly species richness, post-hoc pairwise tests found no signifi-
cant difference between the crop types, due to the p-value adjustment 
for multiple comparisons. 

Plant species richness was highest in long-term fallows, followed by 
pastures, and lowest in oat fields (Fig. 2). When the exceptionally old 
pasture was excluded, the difference between fallows and pastures lost 
its statistical significance, and the difference between pastures and leys 
become significant (Fig. S2). Fallows had also highest butterfly abun-
dance (Fig. 3a). Bumblebees were most abundant in faba bean and 
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oilseed fields, and least abundant in leys and cereal fields (oat and rye) 
(Fig. 3c). Bumblebee species richness was highest in fallows and faba 
bean fields and lowest in oat fields (Fig. 3d). Hoverflies were most 
abundant in fallows, faba bean and oilseed fields, and least abundant in 
leys (Fig. 3f). Carabid beetles were most abundant in rye, and least 
abundant in perennial crop types (Fig. 4a). When the rye field with 
exceptionally high carabid beetle abundance was excluded, the differ-
ence between rye and arable pasture lost its statistical significance. 
Spiders were most abundant in perennial crops and rye fields (Fig. 4d). 
Multi-taxa diversity was highest in fallows and lowest in oat, ley and 
cabbage fields (Fig. 5). 

Arable land cover within a 250 or 500 m radius was included as a 

covariate in the final models for the species richness of carabid beetles, 
the species richness and abundance of butterflies, the abundance of 
solitary bees, and multi-taxa diversity (Table S4). All these response 
variables decreased with increasing arable land cover (Fig. S3). 

3.2. Effects of production method, and the interaction of production 
method and crop type 

Production method had a significant effect on plant species richness, 
which was higher in organically managed fields than in conventionally 
managed fields (Fig. 6), while it had no effect on other species groups 
and multi-taxa diversity (Table S5). Hoverfly abundance responded to 
the interaction between production method and crop type (Table S5) 
and was highest in organically managed faba bean fields (Fig. 7). The 
cover of arable land within a 250 radius was included as a covariate in 
the final models for the species richness of carabid beetles, the species 
richness and abundance of butterflies, and multi-taxa diversity 
(Table S5). All these response variables decreased with increasing arable 
land cover. 

4. Discussion 

Our results showed crop type to be an important determinant of 
arable biodiversity but the response to be inconsistent among species 
groups. This can be explained by differences in the ecology of species 
groups in focus as well as two types of crop-related factors: Firstly, crop 
characteristics affect light conditions, microclimate, and the provision of 
food resources and shelter for wild organisms (Booij and Noorlander, 

Fig. 2. Plant species richness in eight crop types. Different letters indicate 
statistically significant differences between the crop types in post-hoc tests 
(p < 0.05). Black squares indicate mean values. 

Fig. 3. The abundance and species richness of butterflies (a–b) and bumblebees (c–d), and the abundances of solitary bees (e) and hoverflies (f) in eight crop types. 
Different letters indicate statistically significant differences between the crop types in post-hoc tests (p < 0.05). Black squares indicate mean values. 
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1992; Yvoz et al., 2020). Secondly, crop types are associated with spe-
cific management practices relating to, for example, sowing density, 
agrochemical use, and the frequency and timing of mechanical distur-
bances (Seifert et al., 2015; Yvoz et al., 2020). While some differences in 
biodiversity between crop types may seem obvious, surprisingly few 

empirical studies have compared the diversity of multiple taxa between 
several crop types (but see Lüscher et al., 2014). Our study thus con-
tributes to filling the knowledge gap about the relative biodiversity 
value of crop types, which is needed to understand and quantify the 
biodiversity impacts of arable land use changes, driven by, for example, 
policy or consumption changes. 

While the biodiversity responses to crop types were largely taxon- 
dependent, oat fields proved to be a relatively poor habitat for all the 
studied taxa. The result can be taken as an indicative of poor habitat 
quality of spring cereals in boreal farmland: oat, barley and wheat, 
which are the main spring cereal species in the region, resemble each 
other in terms of management and weed flora (the reason for pooling the 
species in previous studies, e.g. Salonen et al., 2011). In Finland, spring 
cereal fields dominate agricultural land use (Natural Resources Institute 
Finland, 2021a), and thus, their low biodiversity value is likely to 
negatively affect farmland biodiversity at regional and national scales. 

Besides oat fields, ley and cabbage fields had relatively low biodi-
versity value, which was revealed by the examination of multi-taxa 

Fig. 4. The abundance and species richness of carabid beetles (a–b), and the abundances of rove beetles (c) and spiders (d) in eight crop types. Different letters 
indicate statistically significant differences between the crop types in post-hoc tests (p < 0.05). Black squares indicate mean values. 

Fig. 5. Multi-taxa diversity calculated based on the species richness of plants, 
bumblebees, butterflies and carabid beetles in eight crop types. Different letters 
indicate statistically significant differences between the crop types in post-hoc 
tests (p < 0.05). Black squares indicate mean values. 

Fig. 6. Plant species richness in organically and conventionally managed fields. 
Black squares indicate mean values. 

Fig. 7. Hoverfly abundance in five crop types under organic and conventional 
production. Different letters indicate statistically significant differences be-
tween the groups in post-hoc tests (p < 0.05). Black squares indicate 
mean values. 
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diversity. Oat and cabbage were usually preceded by other annual crops 
without cover or catch crops. Since the fields had a bare ground in 
winter and spring, they probably provided little or no overwintering 
habitats and early-season food resources for predatory arthropods (Booij 
and Noorlander, 1992) and pollinators. In summer, cereals form dense 
stands that are competitive against weeds (Yvoz et al., 2020). In addi-
tion, herbicide use decreases plant species richness in conventional 
cereal production (Hyvönen and Salonen, 2002). This was evident in our 
study where three conventional cereal fields that were not treated with 
herbicides had significantly higher plant species richness than cereal 
fields treated with herbicides (Table S6). In cabbage fields, biodiversity 
was probably reduced by intensive management practices, including 
ploughing, intensive chemical fertilization, mechanical weed removal, 
and insecticide use (Table S1) (Lüscher et al., 2014; Seifert et al., 2015; 
Uhl and Brühl, 2019; Gunstone et al., 2021). Compared to annual crop 
types, perennial leys could potentially provide more overwintering 
habitats and early- and late-season food resources for arthropods. 
However, highly competitive grass seed mixtures, frequent mowing and 
intensive fertilization can create floristically and structurally homoge-
nous swards with low diversity across taxa (Potts et al., 2009; Allan 
et al., 2014; Simons et al., 2015). 

Another important finding of our study is that the diversity of plants 
and butterflies within fields relied strongly on long-term environmental 
fallows. Several earlier studies have found that perennial fallows can 
harbour diverse vegetation and associated insect fauna (Alanen et al., 
2011; Toivonen et al., 2013, 2015; Kovács-Hostyánszki et al., 2011, 
2021). In addition, butterflies have been shown to benefit from a long 
fallow duration, reflecting the slow colonization rates of suitable fallows 
by butterfly species with poor mobility (Alanen et al., 2011; Toivonen 
et al., 2015). However, to our knowledge, our study is the first 
comparing within-field biodiversity of long-term fallows with that of 
several common crop types. Plant species richness was found to be 
roughly 50% higher and butterfly abundance 150% higher in fallows 
than in arable pastures, which represented the second-best option for 
these taxa. When compared to oat, plant species richness was 120% 
higher in fallows – a difference similar to that found between 1 and 3 
years old fallows and winter cereal fields in Central Europe (Kovác-
s-Hostyánszki et al., 2011) – while butterfly abundance was 360% 
higher in fallows. Butterfly species richness was also high in fallows, but 
the differences between the fallows and crops were not statistically 
significant in the post-hoc tests. This can be explained by the location of 
fallows in forested landscapes (Supplementary information 1, Fig. S1), 
and the strong influence of landscape matrix on butterfly species rich-
ness: in line with previous studies (Toivonen et al., 2015, 2017), but-
terfly species richness was positively associated with forest cover, and 
negatively with arable land cover in the surrounding landscape. The 
positive effect of forest cover on butterflies is probably due to larval and 
adult resources that even grassland specialist butterflies tend to find 
from forest edges and clear-cuts (Öckinger et al., 2012; Viljur and Teder, 
2016; Toivonen et al., 2017). Due to the landscape difference between 
fallows and the other crop types, it is not possible to reliably distinguish 
the effect of the crop type from the landscape effect. However, our re-
sults show a high biodiversity value of long-term fallows as they are 
typically located in our region. Based on our observations, many plant 
and butterfly species common in fallows only rarely occurred in crop 
fields (Tables S7, S9). This reinforces the view that it is not possible to 
replace fallows and their benefits to biodiversity by increasing crop di-
versity or by adjusting the shares of different crops. 

Unlike butterflies, bee pollinators were attracted by oilseed and faba 
bean fields, besides fallows. Although the differences between the crop 
types were statistically significant only for bumblebee abundance and 
species richness, solitary bee abundance followed a similar, though a 
non-significant pattern. Insect-pollinated, mass-flowering crops provide 
abundant floral resources for pollinators during certain periods of 
summer (Westphal et al., 2003; Bourke et al., 2014; Martins et al., 2018; 
Beyer et al., 2020). Bumblebees, which have relatively large foraging 

ranges, can respond efficiently to the availability of these resources 
(Westphal et al., 2003; Beyer et al., 2020). However, positive effects of 
mass-flowering crops on solitary bees have also been reported (Bourke 
et al., 2014; Martins et al., 2018). Besides attracting bees from the sur-
rounding landscape, mass-flowering crops can enhance bee populations 
at a landscape scale, as far as nesting sites and food resources during pre- 
and post-crop flowering are available (Westphal et al., 2003; Martins 
et al., 2018; Beyer et al., 2020). Within arable land, environmental 
fallows can contribute to the provision of these non-crop resources for 
bees (Alanen et al., 2011; Toivonen et al., 2015; Kovács-Hostyánszki 
et al., 2021), thus potentially helping to guarantee crop pollination 
services in the landscape. In our study, the cover of flowering 
insect-pollinated wild plants was over 150% higher in fallows than in 
the other crop types (Tables S1–S2), and fallows provided flower re-
sources throughout the summer (Fig. S4). 

Besides bees, foraging hoverflies are attracted in high numbers by 
some crops (Rader et al., 2016; Toivonen et al., 2022). The high abun-
dance of hoverflies in organically managed faba bean fields in our study 
may reflect the provision of extrafloral nectar and aphids by the crop, 
and the relatively high diversity of weeds (on average, highest plant 
species richness among the combinations of crop type and production 
method). The extrafloral nectaries of faba bean provide adult hoverflies 
an energy source even if floral nectar is not available or beyond their 
reach (Wäckers and van Rijn, 2012), whereas larvae of many hoverfly 
species feed on aphids that are common but relatively harmless pests on 
faba bean. However, since insecticides were not used in the conventional 
faba bean fields of our study, the higher vegetation diversity in the 
organic faba bean fields may explain the difference between the pro-
duction methods rather than the difference in aphid abundance on the 
crop. 

The high abundance of carabid beetles in rye fields is consistent with 
previous studies that have reported relatively high numbers of carabid 
beetles in winter cereals compared to perennial grasslands (Eyre et al., 
2012; Bourke et al., 2014), spring cereals (Eyre et al., 2012), or root 
crops and vegetables (Booij and Noorlander, 1992). While perennial 
habitats provide predatory arthropods with overwintering sites and 
refuges for disturbance (Frank and Reichhart, 2004; Toivonen et al., 
2018), annual crops may offer higher prey densities (e.g. cereal aphids) 
during certain periods of summer. As compared to spring crops, winter 
cereals probably enhance predator survival over winter and provide 
food, shelter and a more suitable microclimate in spring and early 
summer, when spring crops are only starting to grow (Booij and Noor-
lander, 1992). However, the timing of pitfall trapping possibly affected 
the differences in carabid beetle abundance between the crop types: if 
the trapping had been conducted in later summer, oat might have had 
relatively higher carabid beetle abundance. In addition, since pitfall 
trapping measures activity density, high sward density, which inhibits 
predator movement, possibly reduced predator abundances in the pitfall 
catches of the perennial crop types. The effect of vegetation density may 
be more pronounced for carabid beetles, which are mainly 
ground-dwelling, than for spiders, which often move also in plant foliage 
(Thomas et al., 2006; Li et al., 2018). Unlike carabid beetles, spiders 
were clearly associated with perennial crop types. Especially Lycosidae 
and Araneidae spiders may be sensitive to intensive farming and 
confined to perennial habitats compared to carabid beetles, which more 
typically migrate between different habitats in the landscape (Duelli 
et al., 1990; Batáry et al., 2012; Toivonen et al., 2018). 

Production method affected arable biodiversity less than crop type. 
Organically managed crop fields harbored on average 33% higher plant 
species richness than conventional fields, probably due to the prohibi-
tion of herbicides and inorganic fertilizers (Hyvönen and Salonen, 2002; 
Lüscher et al., 2014), and hoverflies were abundant in organic faba bean 
fields, as discussed before. However, the other species groups did not 
respond to the production method. Although organic farming can 
enhance species richness and abundance across a wide range of taxa, the 
positive effect is generally more pronounced for plants than for other 
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species groups (Hole et al., 2005; Stein-Bachinger et al., 2021). The 
biodiversity benefits of organic agriculture are also dependent on 
landscape and farming system context, and the differences in production 
intensity and specialization between organic and conventional farms 
(Seufert and Ramankutty et al., 2017; Tscharntke et al., 2021). Our 
result on the relatively small biodiversity effect of production method 
compared to that of crop type supports the view of Tscharntke et al. 
(2021) that diversifying cropland on a landscape level rather than 
converting from conventional to organic farming is a key for promoting 
farmland biodiversity. The reason for this is that many measures 
essential for biodiversity-friendly farming are not always implemented 
in organic farming systems, while they can be implemented also in 
conventional systems (Tscharntke et al., 2021). For example, crop di-
versity is generally higher in organic than in conventional farms (Bar-
bieri et al., 2017), but organic production does not guarantee diverse 
cropping, since organic certification is largely restricted to banning 
synthetic agrochemicals. Similarly, organically managed fields may 
provide a greater stability of flower resources for pollinators than con-
ventional fields due to legume cultivation and the absence of agro-
chemicals, but increasing floral resources as such benefits pollinators 
irrespective of farming system (Carrié et al., 2018). In our study, con-
ventional fields had, on average, slightly more diverse crop rotations 
than organic fields (3.0 and 2.5 crop types in the rotation of conven-
tional and organic crop fields, respectively). Thus, the reported biodi-
versity benefits of organic production did not result from diversified 
cropping but were probably due to the absence of agrochemicals, and 
the lower fertilization rates (on average, 124 and 19 kg nitrogen per ha 
across all crop types in conventional and organic production, respec-
tively). Organically managed fields were also ploughed more often than 
conventionally managed fields (Table S2), which could negatively affect 
resource provision for, and overwintering of, predatory arthropods 
(Holland and Reynolds, 2003; Jacobsen et al., 2022). In addition, the 
relatively low arable land cover of boreal agricultural landscapes (on 
average, 61% within a 250 m radius, and 37% within a 1 km radius 
around the study sites) may partly explain the low biodiversity benefits 
of organic production in our study (Ekroos et al., 2010; Seufert and 
Ramankutty et al., 2017). In regions where landscapes are more ho-
mogenous, and conventional agriculture is characterized by mono-
cropping, heavier fertilization and more regular pesticide use than in our 
study region, the biodiversity benefits of organic agriculture are likely to 
be more pronounced. 

The negative effects of arable landscape matrix on butterflies, soli-
tary bee abundance and carabid beetle species richness within fields 
highlight that many insects occurring, at least occasionally, in arable 
land are strongly dependent on the availability of non-arable habitats in 
the surrounding landscape. Biodiversity-friendly management of arable 
land should therefore be promoted alongside the conservation of natural 
and semi-natural habitats in the same landscapes in order to provide a 
continuous supply of food resources, and breeding and overwintering 
sites for various insects (Billeter et al., 2008; Beyer et al., 2020; Aguilera 
et al., 2020). 

5. Conclusions 

Crop diversification by increasing the shares of insect-pollinated 
crops, winter cereals and pastures would enhance arable biodiversity 
in boreal farmland with high cover of spring cereals. In regions with 
little animal husbandry, increasing the areas of insect-pollinated crops 
and winter cereals is more realistic than increasing pasture area. In 
Finland, many insect-pollinated crops and autumn sown crops have 
become more popular in the recent two decades, and their cultivation 
has expanded northwards, which has been enabled by climate warming 
(Peltonen-Sainio and Jauhiainen, 2020). In addition, increasing the area 
of long-term environmental fallows would efficiently promote the di-
versity of plants and butterflies, many of which rarely occur in crop 
fields. Our results suggest that the above-mentioned changes in arable 

land use hold a greater potential for enhancing biodiversity than con-
version from conventional to organic agriculture. Although organic 
production benefitted plant diversity in crop fields, the lack of responses 
in the other species groups indicate that biodiversity-friendly farming is 
not exclusive to, or guaranteed by, organic production. Irrespective of 
production method, diversifying arable land use while preserving or 
increasing natural and seminatural habitats in the same landscapes is 
needed to safeguard a diversity of resources for various arable taxa, and 
associated ecosystem services. The distinct differences in biodiversity 
between the crop types highlight that a coarse pooling of arable land use 
types (e.g. cropland and grassland, or annuals and perennials) may be 
too simplistic when assessing the biodiversity impacts of arable land use 
options. 
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Chatzinotas, A., Christ, S., Daniel, R., Diekötter, T., Fischer, C., Friedl, T., Glaser, K., 
Hallmann, C., Hodac, L., Hölzel, N., Jung, K., Klein, A.M., Klaus, V.H., 
Kleinebecker, T., Krauss, J., Lange, M., Morris, E.K., Müller, J., Nacke, H., Pašalić, E., 
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