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The role of shrubs in maintaining butterfly biodiversity in grasslands

Cristina Costache, Flaviu Bodea, Ioan Tăușan & László Rákosy

Summary: Hedgerows are an essential component of the agricultural and grassland landscapes of many farms and semi-natural 
grasslands around the world, and their management plays an important role in enhancing habitat biodiversity. In this article, we 
show how shrub-removal management practices affect butterfly and plant communities in a small region of Transylvania, Romania. 
We compared across the 15 sites the abundance and diversity of butterfly species in four different shrub managed plots and found 
for each type of management indicator species, such as Cupido argiades in sites where shrubs were cut one year prior to our first 
year sampling, Anthocaris cardamines, Melitaea phoebe, Glaucopsyche alexis and Thymelicus sylvestris, Thymelicus lineola where 
shrubs were removed three years prior to our first year sampling and Colias alfacariensis where shrubs were removed more than 3 
years prior to our first year sampling.
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Introduction

Shrubs are important structures in grasslands 
and agricultural landscapes around the world, 
providing ecological connectivity, floral diversity that 
supports insect populations (Sardiñas et al. 2016, 
M’Gonigle et al. 2015) improving pollination and 
crop productivity (Miñarro and Prida 2013, Alison 
et al. 2021) and habitat for various species of insects, 
birds and small mammals (Finch et al. 2020, Garratt 
et al. 2017, Haenke et al. 2014, Kaláb et al. 2020, 
Pollard and Holland 2006). 

The intensification of agriculture has changed 
the rural landscape and is one of the most important 
factors leading to biodiversity decline through 
excessive cutting of shrubs, leading to a decrease in 
refuges and feeding spots for Lepidoptera species 
(Klaus et al. 2015, Froidevaux et al. 2019). 

Even though it is recommended in the agri-
environment work package that farmers should maintain 
5-15% of shrubs after hedgerow management to 
preserve insect diversity, this is still not well understood 
by some farmers and is not being properly implemented, 
resulting in unintended negative consequences such as 
declines in biodiversity, soil erosion, and the degradation 
of landscape features (Cremene et al. 2005, Rákosy 
2011, Staley et al. 2012).

In this study, we aim to show to measure the diversity 
of flowering plants and butterflies and butterfly indicator 
species where hedgerow conservation measures such 
as shrub removing have been implemented in 15 sites 
near Cluj-Napoca, Transylvania.

Material and methods

We surveyed butterfly communities in early 
summer and late summer - in May and August in 2022 
and 2023 across 15 sites (1 reserve), in the surroundings 
of Cluj-Napoca, Transylvania (fig. 1). We ensured 
that daytime sampling is randomized across sites. 
Transect surveys were conducted using butterfly nets, 
recording all butterflies observed. Surveys occurred 
between 10:00 and 17:00 under optimal (>15°C, 
wind <12 km/h, low cloud cover) conditions, and 
only on dry days. The sampling design was chosen 
as four linear 50 m long belt transects of 1.5 m width 
(7 minutes 30 seconds sampling time per transect) 
positioned parallel to the field edge at approximately  
1 m, 10 m, 20 m and 30 m from the field edge, covering 
a total area of 300 m2. We recorded flowering vascular 
plant diversity using 10 quadrats of 50x50 cm (0.25 
m2) per site. Plant diversity was surveyed on the same 
day as the butterfly transects. To estimate flower 
cover in shrubby vegetation, hedgerows, we used the 
same methodology as described above to estimate 
herbaceous vegetation. We classified hedgerows 
according to the trimming management type into four 
groups: 1YC-shrubs that were cut one year prior to 
first year sampling; 2YC- shrubs cut two years prior 
to first year sampling; 3YC-shrubs removed three 
years prior to first year sampling; OYC-shrubs that 
were removed more than 3 years prior to our first year 
sampling and control where hedgerows were never 
trimmed.
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Fig.1. Map of the 16 study sites (red dots) near Cluj-Napoca.

(Control, 1YC, 2YC, 3YC, OYC), we did the Kruskal-
Wallis rank sum test as a non-parametric alternative to 
ANOVA. Where significant differences were detected, 
Dunn’s post hoc test with Bonferroni correction 
was used to perform pairwise comparisons between 
treatments. Relationships between butterfly and plant 
communities were assessed using Spearman’s rank 
correlation coefficient, suitable for non-parametric 

Statistical Analysis

We used R software (R Core Team) for all statistical 
analyses. We did the normality and homogeneity 
tests (Shapiro-Wilk and Levene tests) to assess data 
normality for butterfly and plant communities. To 
test differences in butterfly and plant community 
composition across hedgerows management types 
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data. A multilevel pattern analysis using the IndVal.g 
function was employed to identify species significantly 
associated with specific grassland management 
regimes. A significance level of α = 0.05 was applied. 
To observe the differences in community composition 
among the various sites under different management 
types, we used Beta diversity analysis. We applied the 
Kruskal-Wallis test to assess significant differences in 
species frequency and ecological category abundance 
across the four management treatments.

Results

The analysis of frequency categories revealed no 
statistically significant differences (Kruskal-Wallis 
test, p = 0.37) in the occurrence of common butterfly 
species across different grassland management 
regimes. However, a higher frequency of common 
species was observed in the control plots, followed by 
1YC and 2YC plots (Fig. 3A). 

A similar pattern was identified for rare species 
(Fig 3B). Although the highest proportions of rare 
species were recorded in 2YC and OYC sites, 
followed by 1YC and control plots, the differences 

A

Fig. 2. A) Control plot – shrub belt; B) shrubs in a transect plot.

B

Fig. 3. Proportion of common species A) and rare species B) in different shrub managed plots using the Kruskal-Wallis test, p=0.37

A B

Fig. 4. Proportion of butterfly species traits abundance 
by management type (generalist – green bars, generalist/
specialist – orange bars, specialist – grey bars)
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Fig. 5. Distribution of generalist butterfly species abundance by shrub removal management type

found in 2YC sites.
The Dunn post-hoc test indicated significant 

differences between 2YC and control sites (p = 0.05), 
suggesting that both types of management support high 
abundances of generalist butterfly species (Fig. 5).

The Dunn post-hoc test showed significant 
differences between 2YC and control plots, 
corresponding to the areas with the highest species 
abundances (Fig. 6). Thus, the 2YC management 
regime supports not only generalist but also specialist 
butterfly species in relatively high numbers. 

Both butterfly and plant communities have more 
species in the sites where shrubs were removed prior 
to our study than the control plots (Fig. 7 A, B).

across management types were not statistically 
significant (Kruskal-Wallis test, p = 0.37).

When examining the distribution of ecological 
categories, generalist species were the most prevalent, 
followed by specialist species and last were those 
with mixed traits (generalist/specialist). 

However, when these categories were analysed 
separately, distinct patterns emerged. For generalist 
butterfly species, statistically significant differences 
were found across management regimes (Kruskal-
Wallis test, p < 0.05), with higher abundances 
recorded in both 2YC and control plots. For generalist/
specialist species, the highest abundance was found 
in 3YC sites. While the most specialist species were 

Fig. 6. Distribution of specialist butterfly species number by shrub removal management type
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cardamines, Melitaea phoebe, Glaucopsyche alexis 
and Thymelicus sylvestris, Thymelicus lineola for 
3YC plots and Colias alfacariensis for OYC plots. 

The indicator species analysis detected 15 
species associated to specific shrub treatments, 
such as Cupido argiades for 1YC plots, Anthocaris 

Fig. 7 A) Butterfly species richness and B) plant species richness by management type

A

B
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(SHOWCASing synergies between agriculture, biodiversity 
and ecosystem services to help farmers capitalizing on 
native biodiversity, https://showcase-project.eu/). This 
article reflects only the views of the authors. The funding 
source had no role in the completion of the study or the 
creation of the article and is not responsible for any use that 
may be made of the information this article contains.

We would like to thank Andrei Crișan for his help with 
GIS mapping.
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Discussions

Hedgerows support insect diversity by offering 
important microhabitats (Volpato et al. 2019) and 
increase pollinator populations by ensuring consistent 
nectar and pollen availability throughout the season 
(Morandin and Kremen 2013). They are ecological 
corridors that connect fragmented habitats, supporting 
insect movement and gene flow (Dainese et al. 2016) 
in intensively farmed areas (Rivers‐Moore et al. 
2020).

In our study, the interventions primarily involved 
shrub removal, which was conducted either by hand 
or using small machinery with a maximum weight 
of 450 kg, including double-cutting equipment and 
mulchers. These interventions were carried out one to 
three years prior to the present study. The studied sites 
were owned by farmers and in proximity of their crop 
fields or wildflower fields. The hedgerows increase 
insect biodiversity by creating ecotonal zones that 
support a variety of species due to their structural and 
floral diversity (Coulthard et al. 2016), important 
for species that rely on both hedgerow and field for 
different life cycle stages (Peter et al. 2025).

The studied sites, each managed under different 
regimes, host distinct butterfly and plant communities. 
These communities are not merely richer or poorer 
versions of a single species pool but rather consist of 
entirely different species assemblages. Consequently, 
rather than experiencing a gradual gain or loss of 
species across sites, there is a complete turnover in 
species composition. This suggests that the observed 
differences are not solely due to relative abundance 
but reflect fundamentally different combinations 
of species shaped by specific environmental and 
management-related factors.

With no statistical difference, species frequency 
patterns of common species were more in Control 
and 1YC plots than 2YC and OYC plots and rare 
species were slightly high in 2YC and OYC plots, 
as Froidevaux et al. (2019) reported that less 
frequent hedgerow trimming increases populations 
of disturbance-sensitive insects. Ecological category 
analysis showed that specialists, generalist and 
generalist/specialists all significantly varied among 
treatments, with the highest abundances found in 
2YC and Control, which were particularly higher 
than 3YC, highlighting the ecological filtering effect 
of the different removal management treatments 
(Kimberley et al. 2020). Thus, the agri-environmental 
schemes aiming at preserving butterfly diversity 
should promote landscape and shrubs management 
heterogeneity and offer incentives to conserve 
grasslands and agricultural lands with shrubs. 

Acknowledgements

This research has received funding from the European 
Union’s Horizon 2020 research and innovation programme 
under grant agreement No 862480, SHOWCASE project 



42

and Diekötter T. (2025). Sown wildflower fields and 
hedgerows synergistically promote insectivorous bats. 
Conservation Science and Practice 7(1). https://doi.
org/10.1111/csp2.13275

Pollard K. and Holland J. (2006). Arthropods within 
the woody element of hedgerows and their distribution 
pattern. Agricultural and Forest Entomology 8(3): 203-
211. https://doi.org/10.1111/j.1461-9563.2006.00297.x

R Core Team (2024). R: A language and environment 
for statistical computing. R Foundation for Statistical 
Computing, Vienna, Austria. URL https://www.R-
project.org/.

Rákosy L. (2011). Originea și geneza landschaftului 
natural-cultural din Transilvania. In: Rákosy L., 
Momeu L. (eds.). Ecologia in România Traditii si 
Perspective. Prof. univ. dr. Bogdan Stugren: volum 
comemorativ. Presa Universitară Clujeană. Cluj-
Napoca. pp.: 27-38.

Rivers‐Moore J., Andrieu É., Vialatte A. and Ouin 
A. (2020). Wooded semi-natural habitats complement 
permanent grasslands in supporting wild bee diversity 
in agricultural landscapes. Insects 11(11): 812. https://
doi.org/10.3390/insects11110812

Staley J., Sparks T., Croxton P., Baldock K., Heard 
M., Hulmes S. Hulmes L., Peyton J., Amy S.R. and 
Pywell R.F. (2012). Long-term effects of hedgerow 
management policies on resource provision for wildlife. 
Biological Conservation 145(1): 24-29. https://doi.
org/10.1016/j.biocon.2011.09.006

Volpato A., Ahmed K., Williams C., Day M., O’Hanlon 
A., Ruas S., Rotchés-Ribalta R., Mulkeen C., 
ÓhUallacháin D. and Gormally M.J. (2019). 
Using malaise traps to assess aculeate hymenoptera 
associated with farmland linear habitats across a 
range of farming intensities. Insect Conservation and 
Diversity 13(3): 229-238. https://doi.org/10.1111/
icad.12383

Haenke S., Kovács‐Hostyánszki A., Fründ J., Batáry P., 
Jauker B., Tscharntke T. and Holzschuh A. (2014). 
Landscape configuration of crops and hedgerows 
drives local syrphid fly abundance. Journal of Applied 
Ecology 51(2): 505-513. https://doi.org/10.1111/1365-
2664.12221

Kaláb O., Šìpoš J. and Kočárek P. (2020). Leaving 
uncut refuges during meadow harvesting increases the 
functional diversity of orthoptera. Entomological Science 
23(1): 95-104. https://doi.org/10.1111/ens.12404

Kimberley A., Hooftman D., Bullock J., Honnay 
O., Krickl P., Lindgren J., Plue J., Poschlod P., 
Traveset A, and Cousins S. (2020). Functional rather 
than structural connectivity explains grassland plant 
diversity patterns following landscape scale habitat 
loss. Landscape Ecology 36(1): 265-280. https://doi.
org/10.1007/s10980-020-01138-x

Klaus F., Bass J., Marholt L., Müller B., Klatt B. and 
Kormann U. (2015). Hedgerows have a barrier effect 
and channel pollinator movement in the agricultural 
landscape. Journal of Landscape Ecology 8(1): 22-31. 
https://doi.org/10.1515/jlecol-2015-0001

M’Gonigle L., Ponisio L., Cutler K. and Kremen 
C. (2015). Habitat restoration promotes pollinator 
persistence and colonization in intensively managed 
agriculture. Ecological Applications 25(6): 1557-1565. 
https://doi.org/10.1890/14-1863.1

Miñarro M. and Prida E. (2013). Hedgerows surrounding 
organic apple orchards in north‐west Spain: potential 
to conserve beneficial insects. Agricultural and Forest 
Entomology 15(4): 382-390. https://doi.org/10.1111/
afe.12025

Morandin L. and Kremen C. (2013). Hedgerow restoration 
promotes pollinator populations and exports native bees 
to adjacent fields. Ecological Applications 23(4): 829-
839. https://doi.org/10.1890/12-1051.1

Peter F., Bleumer R., Christophersen C., Matern S. 

Received: 15.05.2025
Accepted: 15.06.2025
Published online: 30.09.2025
Article number: ER29202525
doi: 10.24193/entomolrom.29.25

Cristina Costache
Doctoral School of Integrative Biology, 
Faculty of Biology and Geology,  
Babeș-Bolyai University, Str. Republicii 44, 
400015 Cluj-Napoca, Romania
E-mail: costachecristina59@yahoo.com

Ioan Tăușan  
Department of Environmental Science, 
Physics, Physical Education and Sports, 
Faculty of Sciences, Lucian Blaga University,  
Str. Doctor Ion Rațiu 5-7, 50012 Sibiu, Romania 
E-mail: ionut_tausan2007@yahoo.com

László Rákosy
Department of Taxonomy and Ecology, 
Faculty for Biology and Geology, 
Babeș-Bolyai University,
Clinicilor 5-7, Cluj-Napoca, Romania;
Forestry Faculty, “Ștefan cel Mare” University, 
Universității 13, Suceava, Romania.
E-mail: laszlo.rakosy@ubbcluj.ro

Flaviu Bodea
Doctoral School of Integrative Biology, 
Faculty of Biology and Geology,  
Babeș-Bolyai University, Str. Republicii 44, 
400015 Cluj-Napoca, Romania
E-mail: flaviu.bodea@ubbcluj.ro

https://doi.org/10.1111/icad.12383
https://doi.org/10.1111/icad.12383

