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Abstract. Hedgerows are key components in the ecological functionality of mid-western European agricultural
landscapes that have seen significant decline in the last 100 years due to intensive agriculture management.
These infrastructures promote certain species in and around themselves that contribute to ecosystem services
and disservices in farmland that have great socioeconomic fallouts. Few studies have explored how hedgerows
shape biological communities and ecosystem (dis)services. Particularly, no study seems to have focused on ants
(Formicidae). In the present research work, we explored the effects of both the distance from and management of
hedgerows on ant communities. Ants were sampled in Allier, France, using 300 pitfall traps set at five different
distances from 20 different hedgerows, categorized as either shrubby or arboreal. To perform taxonomic and
functional analysis, we identified ants at the species level and built a functional traits database. We first observed
that species richness was higher in arboreal hedgerows compared to shrubby ones. Factorial correspondence
analysis (FCA) and redundancy analysis (RDA) also revealed a distance gradient, with greater compositional
differences between communities near the hedgerows than those further away. Three functional indices, func-
tional evenness (FEve), functional mean nearest neighbor distance (FNND) and functional dispersion (FDis),
were correlated either with the distance gradient or the hedgerow type (arboreal or shrubby). We then identified
several functional response traits that drive the functional diversity differences, such as behavioral dominance,
worker polymorphism and colony foundation type. Four effect traits we presumed to be ecosystem (dis)services
were studied and three of them – soil tilling, insect predation and aphid breeding/nectar thief – were affected
in different ways by the distance from and management of hedgerows. This study offers valuable insights into
how hedgerows shape agrobiodiversity, generally promoting outcomes beneficial to agriculture. While arboreal
hedgerows may support greater ant diversity, shrubby hedgerows appear to provide (dis)services more closely
aligned with agroecosystem needs. As a significantly more resilient alternative to intensive agricultural practices,
which also threaten biodiversity, we argue that hedgerows will hold a strategic role in the necessary agroecolog-
ical transition.
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1 Introduction

Agricultural land area includes nearly 6 billion ha, repre-
senting approximately 40 % of global emerged land sur-
faces (FAO, 2020). In metropolitan France, it extends across
27 million ha, constituting roughly 50 % of the total sur-
face (French Ministry of Agriculture and Food Sovereignty,
2022). This, among other factors, highlights why agriculture
is now considered one of the most impactful human activities
on biodiversity (e.g., Dudley and Alexander, 2017).

Contemporary French landscapes are the outcome of sig-
nificant and gradual land-use management since the Middle
Ages (Chouquer, 2003; Pognon et al., 1999). From the 11th
century onward, there were intensive phases of deforesta-
tion aimed at expanding arable surfaces (Aoun, 2010). Sub-
sequently, during the 18th and 19th centuries, land depriva-
tion led to the development of a wooded countryside, now re-
ferred to as bocage (Morin et al., 2019). Wooded countryside
is usually defined as a landscape consisting of a patchwork
of woody vegetal structures (groves, isolated trees, etc.) and
a more or less dense hedgerow network (Baudry and Jouin,
2003). Hedgerows being linear vegetal infrastructures com-
posed of bushes, shrubs and sometimes trees that delineate
boundaries, and which are maintained by humans (European
Commission, 2023; French Biodiversity Agency, 2024). The
introduction of a mechanized and industrial agriculture in
the early 20th century resulted in significant disturbances to
the agricultural landscape, including the re-drawing of par-
cel boundaries (Pointereau, 2002; Pointereau and Coulon,
2006). Many of the wooded countryside areas were trans-
formed into open fields, eliminating physical field boundaries
(Aoun, 2010; Pointereau and Coulon, 2006). As a result, by
2006, France had lost approximately 70 % of the 2 million
linear kilometers of hedgerows it had in the early 19th cen-
tury (Pointereau and Coulon, 2006); and France is still facing
a fast decrease in hedgerows according to a more recent sur-
vey (Statistics and Foresight Department of the French Min-
istry of Agriculture, 2014). Ultimately, these profound land-
scape changes have had a significant impact on biodiversity
(Alignier et al., 2020; Burel et al., 1998), including biodiver-
sity beneficial to crops.

Hedgerows induce ecotones as separating distinct ecosys-
tems, each with its own biodiversity (European Commis-
sion, 2023; French Biodiversity Agency, 2024). This in-
terface exhibits specific biodiversity, which includes both
species specific to the interface itself and some originat-
ing from the diversity of the adjacent ecosystems (Garon
et al., 2013; Kark, 2013). As a result, the biodiversity as-
sociated with hedgerows is often higher than that observed
in adjacent more uniform ecosystems (Boutin et al., 2002;
Vanneste et al., 2020). For instance, Jahnová et al. (2016)
found that hedgerows seem to have more species of ground
beetles (Carabidae) than meadows. Moreover, it has been
highlighted that the distribution of ant (Formicidae) species
abundance can correspond to an “ecotonal effect” (Dauber

and Wolters, 2004) and that hedgerows can have a higher
functional diversity of ground beetles compared to wood-
lands and pastures (Gallé et al., 2019).

The biodiversity hosted by hedgerows is implicated in
the supplying of ecosystem services and disservices (here-
after (dis)services), several of the first category being partic-
ularly beneficial to human, including agriculture (Angel et
al., 1992; García de León et al., 2021; Montgomery et al.,
2020; Van Vooren et al., 2017). For instance, hedgerows pro-
vide provisioning services such as fruit, wood and medicinal
plants (Angel et al., 1992). They also offer important indirect
services that can influence the abiotic environment on which
agricultural systems rely (Angel et al., 1992), along with the
storage and maintenance of soil moisture (Hombegowda et
al., 2020), mitigation of soil leaching (e.g., Hombegowda et
al., 2020), protection of crops from adverse weather condi-
tions (e.g., Viaud et al., 2009), a higher bioavailability of
nutrients such as nitrogen, phosphorus (e.g., Van Vooren et
al., 2017) and potassium (e.g., Palviainen et al., 2004), etc.
Other indirect services could be linked to the biotic environ-
ment, such as pest regulation, pollination and organic matter
recycling (e.g., Dover, 2019). Those services could particu-
larly enhance the potential of the agroecosystems, increasing
yields and making them more resilient (e.g., Montgomery et
al., 2020).

How are these services provided, to what extent and with
what effectiveness in agricultural fields? Some authors have
attempted to address these questions, focusing on different
services and taxa. Research on taxa providing pollination and
pest control has been more extensive than studies on other
services such as seed dispersal and regulation of soil quality
(Kratschmer et al., 2024), but overall, the literature remains
limited (Holland et al., 2017; Kratschmer et al., 2024). Thus,
Albrecht et al. (2020) conducted a review on the effects of
flower strips and hedgerows on pollination and pest control
services, including studies from Europe, North America and
New Zealand. They referenced only 7 out of 35 studies focus-
ing on hedgerows, 6 dealing with pollination and only 1 ad-
dressing pest control. Among the 35 studies, few directly ad-
dressed insect communities that provide ecosystem services
and disservices.

In the present study, we chose to focus on the effects of
hedgerow characteristics and of the distance to hedgerows on
ant communities. Using ant functional traits, we also discuss
the presumed agroecological (dis)services that hedgerows
could provide.

Hymenoptera is an insect order that comprises at least
153 000 species, making it one of the most diversified in the
animal kingdom (Aberlenc et al., 2021; Aguiar et al., 2013).
Within this order, ants (Formicidae) are a globally well-
known family, both in terms of taxonomy and ecology (Aber-
lenc et al., 2021; Ramage and Ravary, 2015). The ubiquitous
presence of ants in ecosystems and their numerous biological
interactions with the rest of their ecosystems designate them
as “keystone” species (e.g., Ramage and Ravary, 2015; War-
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ren and Giladi, 2014). Ants also fulfill the criteria proposed
by several authors of bioindicators (Pearson and Cassola,
1992; Rainio and Niemelä, 2003). For example, they play
an important role in ground and nutrient cycles and are par-
ticularly susceptible to soil disturbances and quality (Lobry
de Bruyn, 1999). Numerous agricultural practices such as in-
tensive management, irrigation, drainage, fertilization, mow-
ing or plowing have shown a negative impact on their spe-
cific diversity (Folgarait, 1998; García-Navas et al., 2022).
Moreover, several studies have demonstrated a correlation
between ant species richness and the diversity of various
taxonomic groups, such as Collembola (e.g., Majer, 1983),
Orthoptera (e.g., Andersen and Majer, 2004), Coleoptera
(e.g., Andersen and Majer, 2004; Carvalho et al., 2020) and
Termitoidea (e.g., Andersen and Majer, 2004; Majer, 1983),
with the biomass of microbes (e.g., Andersen and Majer,
2004) and Embryophyta (e.g., Majer, 1983). To our knowl-
edge, ant communities have rarely been used as bioindicators
of ecosystem health in Europe (Duelli and Obrist, 1998; Ra-
mage and Ravary, 2015), while more extensive research has
been conducted in tropical ecosystems (Ramage and Ravary,
2015).

In European agricultural landscapes, functional ap-
proaches – referring to the characteristics of organisms
(e.g., size, diet, color) that determine how they influence and
respond to their environments – have been widely applied for
several bioindicator groups, such as birds (e.g., Oksuz and
Correia, 2023), wild plants (e.g., Carmona et al., 2020), spi-
ders and ground beetles (e.g., Gallé et al., 2019; Kubiak et
al., 2022). For three decades, the functional diversity of ants
has also been primarily examined in Australia (e.g., Ander-
sen, 1995), the USA (e.g., Andersen, 1997) and New Cale-
donia (Ramage and Ravary, 2015). The approach was mainly
focused on functional species groups (Ramage and Ravary,
2015), but recently, ant functional trait analyses have begun
to be used in Europe (Arnan et al., 2014, 2017; Scharnhorst
et al., 2021). Interestingly, Scharnhorst et al. (2021) showed
that old established grasslands can increase ant species rich-
ness and abundance and provide a consistent and resilient
amount of biocontrol services in agroecosystems; they also
showed that a certain time is needed to reach a function-
ally rich ant community including specialist species. Even-
tually, while some rare studies have considered the effects of
hedgerows on ants (Dauber and Wolters, 2004; Zina et al.,
2022), none seemed to have explored functional diversity in
this context.

Given that hedgerows are key ecotonal structures in agroe-
cological systems whose diversity depends on human man-
agement, we investigated the taxonomic and functional com-
ponents of ant biodiversity along a distance gradient near 20
hedgerows, considering their characteristics and using pitfall
traps. We first hypothesized that ant species richness will de-
crease while moving away from hedgerows. If so, we ex-
pected that several ant functions, such as insect predation,
will decrease or even disappear along this distance gradient,

leading to a loss of functional performance, the latter being
perhaps a consequence of lower functional redundancy and
diversity. However, we anticipated that all functions could
also be preserved across the gradient, with species being
replaced by others with similar functions. Implications of
hedgerows and their characteristics on agrobiodiversity and
ants presumed ecosystem (dis)services were ultimately dis-
cussed.

2 Material and methods

2.1 Sampling of ants

Field sampling was carried out in the department of Allier in
central France between 13 and 20 August 2020 (Fig. 1). This
choice was made since, compared to other non-social arthro-
pods, seasonality has less impact on ant occurrence because
they are colonial organisms, with colonies remaining more
or less active throughout the year (Parr and Bishop, 2022).
The studied area was an agricultural bocage with cultivated
plots (with rye grass, clover, oats and maize) and grazed
ones (by cows and sheep). Several agricultural plots and the
surrounding hedgerows were studied with the permission of
their owner.

Ants were collected using Barber traps, commonly known
as pitfall traps, which remain widely employed for study-
ing ground-dwelling arthropods like ants, due to their
ease of use, efficiency (notably for temperate open lands),
adaptability, standardness and cost-effectiveness (Brown and
Matthews, 2016; McCravy, 2018). White plastic circular
cups measuring 15 cm in height and 8 cm in opening width
were chosen and filled with a mixture of water, soap and
salt to sink and preserve arthropods, following recommended
practices (e.g., Brown and Matthews, 2016).

Pitfall traps were positioned in three distinct agricultural
areas, covering a total of 20 agricultural hedgerows (Fig. 1).
All adjacent agricultural plots were rather individually ho-
mogenous, which is representative of the studied landscape.
Traps were placed at five distinct distances on a transect
from the hedgerow border to the center of the agricultural
plot, following a gradient of 0, 6, 12, 24 and 48 m. This
incremental spacing was chosen to maximize the sampled
plot’s area without increasing sampling effort. Addition-
ally, the 48 m value approximately corresponds to a pro-
posed distance threshold of the impact of the hedgerow
on the yield of adjacent crops (Van Vooren et al., 2017,
2018). Each hedgerow was studied using three repeated tran-
sects considered pseudo-replicates, resulting in a total of
20× 5× 3= 300 traps. Transects were positioned 20 m apart
from each other (Fig. 2), considering the generally estimated
foraging or dispersal distance of European ant workers to be
under a distance of 10 m around the nest (e.g., Gordon, 1995;
Traniello, 1989). To ensure a uniform sampling duration of
7 d, traps were set and collected in the same order. Individu-
als were preserved in 80 % ethanol solution when collected.
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Figure 1. Geographic localization of studied hedgerows in the Allier department, France. The circular points represent arboreal hedgerows
(n = 11) and the triangular points represent shrubby hedgerows (n= 9) (see Sect. 2.2 Hedgerow characteristics for further details). Each
white locality name has a font size corresponding to its population size. © background: Google Earth Pro.

Figure 2. Sampling scheme for a hedgerow. Each green point rep-
resents a pitfall trap (i.e., a Barber trap). These traps were placed at
five distances from the hedgerow border to the center of the agri-
cultural plot, following a gradient of 0, 6, 12, 24 and 48 m. Three
pitfall traps were placed at each distance, forming three transects
separated by a distance of 20 m.

2.2 Hedgerow characteristics

Hedgerows and adjacent land characteristics can impact the
biodiversity of macro-invertebrates within and around them
(Barr et al., 2005). In this study, we defined two types of
hedgerows: arboreal and shrubby. To achieve this categoriza-
tion, we assessed for each hedgerow its height, width, geo-
graphic position and orientation, ground cover, tree species
count and richness, vegetation community and adjacent agri-
cultural use (including plant and cattle cultures) and slope
direction from the hedgerow (see Table A1).

The impact of hedgerow geographical position (latitude
and longitude), orientation, tree species richness, vegetation
community, and the adjacent land culture and slope direc-
tion could not be further examined due to a lack of statis-
tical power. However, preliminary multidimensional analy-
ses (principal component analysis (PCA) and multiple corre-
spondence analysis (MCA); FactoMineR (Kassambara and
Mundt, 2020) and FactoExtra (Lê et al., 2008)) revealed
no apparent correlation between these characteristics and
hedgerow type (Fig. A1). Therefore, these variables are not a
priori involved in our hedgerow types.

During fieldwork, two distinct types of hedgerows were
observed: arboreal and shrubby, which were later differen-
tiated based on vegetative structure. Specifically, arboreal
hedgerows were defined as those exceeding 5 m in height
along at least 75 % of their length (n= 11) and with at
least five trees (i.e., base diameter ≥ 20 cm). The remaining
hedges (n= 9) were categorized as shrubby. Hedgerow type
allowed us to synthesize four hedgerow-related variables –
height, width, ground cover and tree count – as confirmed
by the PCA preliminary analysis (FactoMineR and FactoEx-
tra; Fig. A2a, b). For the remainder of the study, we primar-
ily used these two hedgerow types to assess the impact of
hedgerow characteristics and management on agricultural ant
communities.

2.3 Ant identification

Ant identification was carried out at the species level, in 2021
and 2022, using recent taxonomic studies and keys specific to
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the Western Palearctic region (Lebas et al., 2016; Radchenko
and Elmes, 2010; Rigato, 2011; Schlick-Steiner et al., 2006;
Seifert, 1988, 1992, 2007, 2012; Seifert and Schultz, 2009;
Steiner et al., 2010) and a Leica MZ4 stereomicroscope. Only
worker ants were identified, as sexual individuals do not in-
dicate the establishment of a species in a given area (Table S1
in the Supplement).

2.4 Ant functional traits

For each ant species, 18 functional traits were retrieved from
the literature (Table S2). Fourteen of them are response traits
frequently used for their representativity of ant global func-
tionality and were based on the work of Arnan et al. (2017).
The last four were effect traits, chosen for their presumed im-
plication on the agricultural yields and management. The fol-
lowing 14 response traits were selected: worker size, worker
polymorphism, diurnality, behavioral dominance, diet (seed
eating, insect eating and liquid-food eating), foraging strat-
egy (individual, group and collective), colony size, number
of queens, number of queens, nests and colony foundation
type. Species reference values were retrieved from Arnan
et al. (2014, 2017) and Scharnhorst et al. (2021). The four
effect traits can be assimilated to the following presumed
ecosystem (dis)services: seed dispersion, insect predation,
aphid (Aphidoidea) breeding/nectar thief and soil tilling. For
each of these four effect traits, an index was newly built for
this study to estimate the associated presumed ecosystem
(dis)services. The seed dispersion index was created based
on data regarding seed displacement distances by ants, with
four categories: 0, 0–0.3, 0.3–2 and > 2 m, using the follow-
ing resources to determine species displacement distances
(Gómez et al., 2005; Gómez and Espadaler, 2013; Gorb and
Gorb, 1999; Handel and Beattie, 1990; Prokop et al., 2022;
Servigne, 2008). We defined, based on the literature, the lo-
cation of ant species nests using a binary system: species that
predominantly locate their nests in an uncovered soil and
those that do not (under rocks, dead trunks, etc.) (Lebas et
al., 2016; Seifert, 2018). This binary variable was interpreted
as a soil tilling index adapted to agricultural fields. For insect
predation and aphid breeding/nectar thief, we used the insect
eating and liquid-food eating indices developed by Arnan et
al. (2017). As the magnitude of the effect of these traits on
the ecosystem depends on the biomass of the considered ants,
and as we wanted to quantify this effect, we multiplied these
four indices by the worker and colony mean sizes of each
respective species.

2.5 Statistical analysis

A substantial number of traps (n= 63) were not used for
further analyses because they were either damaged by cat-
tle or wild animals or they accidentally caught vertebrates
(five lizards (Podarcis sp.) and three green frogs (Pelophy-
lax sp.)), the latter potentially skewing the attractivity of our

traps. Nevertheless, a Pearson’s χ2 test showed that unused
traps were not more prevalent at one distance of hedgerows
compared to another (pvalue= 0.188), nor for one of the de-
fined two hedgerow types (pvalue= 0.966); allowing further
comparisons between these data classes.

Since we performed three transects for each hedgerow, we
computed the sum of the incidence frequencies over the three
pseudo-replicates of each distance. Thus, the community ma-
trix was built with sum of incidences ranging from 0 to 3.
In the subsequent analyses including those on species rich-
ness, this approach accounted for the non-independence of
pseudo-replicates.

Sampling completeness was tested for each hedgerow dis-
tance and for the two hedgerow types: arboreal and shrubby,
using accumulation curves (Hsieh and Chao, 2022). These
are designed to determine whether ant communities have
been sufficiently sampled for each data category, ensuring
their comparability, and to provide an estimate of the ex-
pected number of species in a given community (Colwell et
al., 2012). Given that ants are social insects, usually form-
ing populous colonies, the measured abundance of a species
is largely dependent on proximity to ant nests rather than the
density of ant nests (Gotelli et al., 2011; Ramage and Ravary,
2015). For that reason, our sampling curves were done work-
ing with sampling-unit-based incidence frequency data (data
type= “incidence_freq”, iNext R package; Hsieh and Chao,
2022), as recommended by Gotelli et al. (2011). To say it in
other words, we only used the identity of the species present
in each trap.

The impact of hedgerow distance and type on ant beta di-
versity was tested using Mantel matrix permutation tests (ve-
gan R package; Oksanen et al., 2024). To do so, Jaccard beta
diversity and two of its components (richness and turnover)
were first computed using hedgerow× distance ant commu-
nities (adiv R package; Pavoine, 2022). Mantel tests com-
pared beta diversity matrices to a distance matrix between
each trap× hedgerow distance. To compute this last matrix,
the dist function and the Euclidean method were used (stats R
package; R Core Team, 2024). Mantel tests were performed
with 9999 permutations and both with Pearson and Spearman
distances to account for potential non-linear correlations.

To complete the information given by the above indices,
a factorial correspondence analysis (FCA) and a redundancy
analysis (RDA) (vegan R package; Oksanen et al., 2024) al-
lowed, respectively, to spatially visualize and statistically test
the species–structure differences between ant communities.
For visibility purposes, the FCA was computed for each dis-
tance grouping hedgerows following their type.

Eight functional indices (i.e., functional dispersion (FDis),
functional richness (FRic), functional divergence (FDiv),
functional evenness (FEve), functional specialization (FSpe),
functional mean pairwise distance (FMPD), functional mean
nearest neighbor distance (FNND) and functional originality
(FOri)) were computed for each hedgerow× distance combi-
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Figure 3. iNext accumulation curves generated using sampling-
unit-based (pitfall traps) incidence frequency data. The solid lines
represent the observed species richness, while the dashed lines show
the expected species richness if sampling efforts were doubled. The
colored bands indicate standard errors. The data are presented as
follows: (a) comparison between arboreal and shrubby hedgerows,
(b) species richness across the five sampling distances, (c) for arbo-
real hedgerows the species richness at the five sampling distances
and (d) for shrubby hedgerows the species richness at the five sam-
pling distances.

nation based on the functional response traits (mFD R pack-
age; Magneville et al., 2022).

Community-weighted means (CWMs) and community-
weighted variances (CWVs) of the effect and response traits
were measured for each hedgerow× distance community k
following Eqs. (1) and (2):

CWMk =

∑
aiktik, (1)

CWVk =
∑

aik(tik −CWMk)2, (2)

where aik is the relative abundance of species i in community
k and tik is the trait mean of species i in community k.

To test for a significant effect of hedgerow distance and
type, we used both general linear models (GLMs; stats R
package; R Core Team, 2024) and Kruskal–Wallis (KW)
non-parametric and Dunn post hoc tests (FSA R package;
Ogle et al., 2025). Effectively, GLM, as our default op-
tion, was sometimes not usable because of heteroscedasticity
(Durbin–Watson test; lmtest R package; Hothorn et al., 2022)
leading us to implement KW as an alternative and Dunn to
highlight the pairs of conditions significantly different one
from the other. Thus, the distance parameter was either con-
tinuous in GLM or categorical in KW and Dunn tests. For
GLMs, we used a quasi-Poisson family for the species rich-
ness that is quantitative discrete and according to the high
data variability and a Gaussian family for all other quanti-
tative continuous variables. Concretely, we computed one of
the two methods for ant species richness, each functional in-

dices, CWMs and CWVs (vegan R package; Oksanen et al.,
2024). Model specification was as follows:

Variable to explain∼ Hedgerow Type+Hedgerow distance

as pre-analyses including the interaction factor for the two
explanatory variables using GLMs or, when needed, a non-
parametric alternative (Scheirer–Ray–Hare test; rcompanion
R package; Mangiafico, 2025) had shown no significant in-
teraction (results not illustrated).

3 Results

3.1 Taxonomical analysis of ant communities

A total of 2556 ants were collected using pitfall traps and
identified at the species level (Table S1). Due to the known
presence of Myrmica spinosior Santschi, 1931 and M. sab-
uleti Meinert, 1861 in Allier, and the difficulty in dis-
tinguishing these two sister species (both morphologically
and ecologically speaking) even with morphological ratios
(e.g., Radchenko and Elmes, 2010), we opted to group them
as a single species. In total, 21 species from 10 genera
and 3 subfamilies of Formicidae were recorded (Table A2).
The most abundant species was Tetramorium grp. caespitum-
impurum (n= 969), while Lasius brunneus (Latreille, 1798)
and Colobopsis truncata (Spinola, 1808) were represented
by a single individual.

The iNext accumulation curves indicated that species rich-
ness in both arboreal and shrubby hedgerows, as well as
across the five sampling distances (both combined and for
each hedgerow type), approaches a plateau with our sam-
pling effort, as supported by the mathematically extrapolated
richness (Fig. 3). However, species richness may be slightly
underestimated, notably in arboreal hedgerows (Fig. 3a). The
accumulation curves revealed two trends: species richness in-
creases with proximity to hedgerows and is higher in arboreal
hedgerows compared to shrubby ones (Fig. 3). The associ-
ated KW test and a graphical examination only confirmed
that ant species richness is significantly greater in arboreal
hedgerows compared to shrubby ones (Table 1 and Fig. A3a).

Mantel tests indicated that distance has no significant
effect on beta diversity nor its two studied components:
turnover and richness (Table 2). No effect was further
found between 0 and 48 m, when only comparing these
two distances (results not illustrated). Regarding the type of
hedgerow, while beta diversity and its richness component
showed no significant effects, the turnover component dis-
played a correlation with both Pearson and Spearman meth-
ods (Table 2).

The RDA permutation analysis indicated a significant ef-
fect of hedgerow distance on ant communities (explained
variance= 27.85, F statistic= 3.179, df= 1, pvalue= 0.037),
while the type of hedgerow showed a non-significant ten-
dency in influencing ant communities (explained vari-
ance= 16.44, F statistic= 1.876, df= 1, pvalue= 0.125).
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Figure 4. Factorial correspondence analysis (FCA): multidimensional representation of ant community plots based on hedgerow distance and
type. For visibility purposes, the FCA was computed for each distance grouping of hedgerows following their type. The first two dimensions
are shown along with their associated percentage of explained variance. The distance from the hedgerow is represented by a color gradient
(dark green and orange for short and long distances, respectively), while hedgerow type is indicated by shapes: round for arboreal hedgerows
and triangular for shrubby ones. Species in these communities are represented and abbreviated using the first letter of the genus name,
followed by the first three letters of the species name.

The FCA first axis, describing 55.56 % of the variance, par-
ticularly differentiated ant communities based on their dis-
tance from hedgerows, following a clear gradient (Fig. 4).
However, this gradient was not consistent at 6 m for shrubby
hedgerows. Ant communities at 0 m were particularly char-
acterized by C. truncata and Myrmecina graminicola (La-
treille, 1802), and those at 48 m by Tetramorium morav-
icum Kratochvil in Novák & Sadil, 1941 and Tapinoma er-
raticum (Latreille, 1798). Moreover, the difference in ant
communities between hedgerow types was more pronounced
at shorter than at greater distances from hedgerows. When
focusing on the seven species occurring only at 0 m (n= 4)
and/or 6 m from hedgerows, M. graminicola and Temnotho-
rax nylanderi (Förster, 1850) showed significant differences
in incidence when comparing these hedgerow distances (KW
analyses, Fig. A4c, g, Table A3). The occurrences of some
species had a trend to increase/decrease with distance gra-
dient, this being significant for T. grp. caespitum-impurum
which more frequently occurred at a greater distance to
hedgerows (Fig. A4f, Table A3).

3.2 Functional analysis of ant communities, including
presumed ecosystem (dis)services

Regarding the functional diversity of ant communities,
two functional indices exhibited significant correlations
with hedgerow-related factors, while another one showed

a marginally significant correlation (Table 1 and Fig. A3c,
d). According to GLMs, FNND and FEve were negatively
correlated with hedgerow distance, while FDis (KW test,
χ2
= 3.610, pvalue= 0.057; graphical examine) was higher

in arboreal hedgerows than shrubby ones.
Furthermore, 10 of the 14 functional response traits were

significantly correlated with hedgerow distance (Table 2 and
Fig. A5a, b, d–f, h, i–l, including Dunn tests). For instance,
traits such as individual foraging strategy, number of queens,
worker size and number of nests decreased with distance
from hedgerows. Conversely, worker polymorphism, behav-
ioral dominance, seed eating, collective foraging strategy,
colony size and colony foundation type increased with dis-
tance from hedgerows.

The community-weighted variance (CWV) of foraging
strategies (individual, group and collective), number of nests
and colony foundation type were significantly correlated
with hedgerow distance, with greater variance observed at
shorter distances from hedgerows (Table 2 and Fig. A6d, g–
i, including Dunn tests).

Additionally, five functional response traits were signifi-
cantly correlated with hedgerow type (Table 2 Fig. A5b, c,
g, h, k, including Dunn tests). Worker polymorphism, di-
urnality, number of nests and group foraging strategy had
higher values in association with shrubby hedgerows, while
collective foraging strategy showed higher values with arbo-
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Table 1. Results of the general linear model (GLM) and Kruskal–Wallis analyses conducted for the species richness, functional indices,
CWMs and CWVs of functional traits and presumed ecosystem (dis)services. GLM outputs are indicated with the symbol “�” and all
other outputs belong to Kruskal–Wallis analyses. We present the Kruskal–Wallis χ2 statistics and GLM coefficient estimates along with the
significance levels of the pvalues, indicated as follows: q< 0.06, ∗< 0.05, ∗∗< 0.01, ∗∗∗< 0.001. Values are rounded to three decimal places
(0.001) and set in bold when statistically significant. For “Type”, in the case of GLM, the intercept corresponds to the arboreal category.

Species richness and functional indices

Test Species FDis FMPD FNND� FEve� FOri FSpe FRic FDiv�
parameters richness

Distance 2.948 8.143 5.532 −0.004∗ −0.002∗ 2.279 5.140 1.318 0.001

Type 4.902∗ 3.610 q 2.151 −0.071 −0.034 2.560 2.351 0.003 −0.022

CWMs

Test Worker Worker Diurnality Behavioral Seed Insect Liquid-food Individual
parameters size polymorphism dominance eating eating� eating foraging

strategy�

Distance 12.990∗ 14.115∗∗ 5.105 36.304∗∗∗ 12.504∗ 0.001 5.470 −0.001∗
Type 1.415 4.197∗ 6.389∗ 0.145 1.074 −0.030 1.151 0.010

Test Group Collective Colony Number of Number of Colony Seed Insect
parameters foraging foraging size� queens nests� foundation dispersion predation

strategy strategy type

Distance 7.611 12.755∗ 0.017∗∗∗ 13.461∗∗ −0.002∗∗ 21.735∗∗∗ 6.347 23.478∗∗∗
Type 4.275∗ 4.738∗ −0.127 0.232 0.042∗ 0.331 1.698 0.879

Test Aphid breeding/ Soil
parameters Nectar thief� tilling

Distance 0.001∗∗ 14.769∗∗
Type −0.022 q 0.789

CWVs

Test Worker Worker Diurnality Behavioral Seed Insect Liquid-food Individual
parameters size polymorphism dominance eating eating� eating foraging

strategy�

Distance 5.711 3.230 4.579 0.000 −0.000 0.000 0.000 −0.001∗
Type 13.159∗∗∗ 0.001 6.986∗∗ 0.045∗ 0.001 0.009 0.014 0.006

Test Group Collective Colony Number of Number of Colony Seed Insect
parameters foraging foraging size� queens nests� foundation dispersion predation

strategy strategy type

Distance 5.208 5.589 −0.012 −0.001∗ 13.501∗∗ −0.001∗∗ 6.537 0.000
Type 6.242∗ 5.796∗ 0.285 0.029 2.965 0.010 9.670∗∗ 0.021

Test Aphid breeding/ Soil
parameters Nectar thief� tilling�

Distance −0.000 0.000
Type 0.002 0.011

real ones. The CWV of worker size, diurnality, behavioral
dominance, group foraging strategy, collective foraging strat-
egy and number of nests were significantly correlated with
hedgerow type; with shrubby ones showing higher variance
than their arboreal counterparts (Table 2 and Fig. A6a–c, e,
f, including Dunn tests).

Among functional effect traits, insect predation, soil till-
ing and aphid breeding/nectar thief were correlated with
hedgerow distance, with higher values at shorter distances
from hedgerows for insect predation and soil tilling, and
lower values at shorter distances from hedgerows for aphid
breeding/nectar thief (Table 2 and Fig. A5n–p, including

Web Ecol., 26, 1–25, 2026 https://doi.org/10.5194/we-26-1-2026



C. Marty et al.: The role of hedgerows in shaping ant (Formicidae) communities in agricultural ecosystems 9

Table 2. Results of Mantel matrix permutation tests with Pearson and Spearman correlations between the hedgerow distance and type matrix,
and the Jaccard beta diversity matrix with two of its components (richness and turnover). The Mantel statistic is provided and the significance
of the pvalue is indicated as follows: ∗< 0.05, ∗∗< 0.01, ∗∗∗< 0.001. Values have been rounded to three decimal places (0.001) and set in
bold when statistically significant.

Total beta diversity Turnover component Richness component

Mantel test Pearson Spearman Pearson Spearman Pearson Spearman
parameter

Distance −0.050 −0.048 −0.037 −0.020 −0.001 −0.007
Type −0.003 −0.009 0.030∗ 0.032∗ −0.026 −0.027

Dunn tests). Aphid breeding/nectar thief was also correlated
with hedgerow type, showing higher values in arboreal ones.
For seed dispersal, we only observed a decreasing trend with
distance in the case of arboreal hedgerows (Fig. A5m).

4 Discussion

In metropolitan France, there has been a significant loss
of wooded countryside, including their main components,
hedgerows, in favor of more open fields. These landscape
changes affect biodiversity at different scales, impacting the
functionality of the considered ecosystems. While the struc-
ture of agricultural landscapes has been relatively well stud-
ied for several groups or organisms, such as birds or ground
beetles, for which the associated ecological functions have
been recently highlighted, knowledge about ants remains
limited. Moreover, even for the more documented groups
mentioned above, agro-ecological (dis)services have rarely
been the primary focus of existing studies.

Here, we explored the effects of the distance from and two
types of hedgerows (i.e., arboreal and shrubby) on ant com-
munities in the French agroecological landscapes of Allier.
Overall, we found that both factors influenced ant species
richness, several functional diversity indices, and multiple
functional response and effect traits.

4.1 Taxonomic analysis of ant communities

Ant species richness was higher in arboreal hedgerows than
in shrubby ones. Conversely, Zina et al. (2022), who used
pitfall traps in a Portuguese alluvial plain, did not find any
difference in species richness between two more general cat-
egories of ecological infrastructures: woody and herbaceous.
By grouping shrubby and arboreal hedgerows within their
“woody” ecological infrastructures, Zina et al. (2022) might
have lacked precision or combined highly variable struc-
tures, preventing them from detecting a difference. Shrubby
hedgerows could therefore be structurally closer to herba-
ceous infrastructures in terms of ecological niches, and in-
deed in terms of ant taxonomic communities, than arboreal
hedgerows. Additionally, we were unable to find any study
seems that compared different types of hedgerows in terms

of insect richness. However, as highlighted here, hedgerow
structure likely influences species richness.

On the other hand, ant species richness showed an increas-
ing trend with proximity to hedgerows. Zina et al. (2022) fur-
ther found a significant increase in ant species richness with
the proximity to ecological infrastructures. We argue that the
greater distance range they studied (0 to 600 m) allowed them
to detect a clearer difference between ant community dis-
tances. Notably, their species richness at 0 and 50 m was not
visually different (see Fig. 5 of their article). This aligns with
our first hypothesis that species richness would decrease as
distance from the hedgerow increases.

To further explore these differences in species composition
and to investigate other aspects of ant communities, we then
focused on beta diversity.

Few significant differences in beta diversity (or its com-
ponents) were found: only turnover was significantly dif-
ferent from 0 (null hypothesis) when comparing arboreal
and shrubby hedgerows. This indicates a substantial species
replacement between our two hedgerow types. Conversely,
KW tests found a significant difference in species richness
between hedgerow types. This difference could be attributed
to methodological differences, specifically the richness com-
ponent of the Jaccard beta diversity (Mantel test) accounting
for species identity. As a result, part of the variation in rich-
ness detected by KW tests may actually be captured by the
turnover component of Jaccard beta diversity, rather than by
the richness component itself.

Interestingly, in his review of ant community differences
in fragmented landscapes, Crist (2009) found a significant
turnover between habitat fragments, particularly at a small
scale (e.g., the agricultural plot). Additionally, he noted that
substantial changes in species richness between ant com-
munities occur primarily at the landscape scale. Our study,
focusing on a local scale, aligns with these findings, as
turnover was the major difference between hedgerow types,
with species richness being secondary.

To further explore these composition differences, we con-
ducted FCA and RDA analyses, notably to examine the
species associated with these variations.

These analyses revealed a distance gradient, with more im-
portant composition differences between communities near
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hedgerows than those far from them. We argue that agri-
cultural disturbing practices act as environmental filters, se-
lecting ant species and shaping ant community composition.
Also, the presence of hedgerows seems to moderately influ-
ence ant agricultural communities, at short distances from
them. For instance, M. graminicola and T. nylanderi seemed
to be ecologically restricted before the threshold of 6 m from
hedgerows.

We also noticed that the distance gradient was not evident
for 6 m ant communities. Although preliminary analyses did
not reveal any correlation between the number of unusable
pitfall traps and hedgerow type, distance, or their interaction,
approximately 15 % fewer traps were usable near shrubby
hedgerows at 6 m. This may explain the observed result.

Furthermore, it seems that the differences in composition
highlighted by the species turnover between shrubby and ar-
boreal hedgerows occurred mainly for communities at 0 m.
At this distance, one species tended to be more present in ar-
boreal hedgerows (T. nylanderi), and four species were more
associated with shrubby hedgerows, among which three were
significantly more abundant: Formica cunicularia Latreille,
1798, F. rufibarbis Fabricius, 1793 and Solenopsis fugax (La-
treille, 1798); T. moravicum showed a similar, though non-
significant, trend (Fig. A1, Table A3). What is more, in-
frequent species in our study (< 5 occurrences) tended to
be more present at 0 m, especially in arboreal hedgerows.
For instance, C. truncata and Lasius fuliginosus (Latreille,
1798) were found only once at 0 m in an arboreal hedgerow.
These rare species present mainly in one hedgerow type are
the principal explanation for the turnover presented above.
On the other hand, these species, notably C. truncata and
L. fuliginosus, are known to nest in old tree roots or trunk
holes (Markó et al., 2009; Radchenko, 1997; Ślipiński et al.,
2014). The presence of such species near arboreal hedgerows
could be linked to the vegetation layers that these hedgerows
include compared to the fields and, to a lesser extent, to
shrubby ones. Subsequently, this would offer more ecologi-
cal niches, including nesting and feeding resources, as stated
by the “habitat heterogeneity hypothesis” (MacArthur and
MacArthur, 1961; MacArthur and Wilson, 2001).

Do these specific composition differences affect the func-
tionality of these ecosystems? To explore this question, we
investigated the ecosystem functionality of ant communities.

4.2 Functional analysis of ant communities

Functional evenness and functional mean nearest neigh-
bor distance had higher values at short distances from
hedgerows, with a step between 6 and 12 m, more pro-
nounced for the latter index in arboreal hedgerows. This im-
plies that there are greater minimal functional differences be-
tween species and that functions are more evenly distributed
near hedgerows. Additionally, the low values observed for
the FNND low values involved a higher functional redun-
dancy at great distances from hedgerows. Moreover, func-

tional diversity indices such as functional richness or func-
tional diversity were not correlated with the distance gradient
from hedgerows. This contrasts with our hypothesis that in-
creasing distance to hedgerows would lead to a loss of func-
tional performance, reflected in lower values of functional
redundancy and diversity.

Agricultural fields are ecosystems subject to regular dis-
turbances that exert selective pressures on various arthro-
pod groups, such as ground beetles (Carabidae) (Burel et al.,
2004) and bumblebees (Apidae) (Westphal et al., 2003). In
such ecosystems, the lower complexity (e.g., of the vegeta-
tion) and those disturbances may lead to lower functional di-
versity and higher redundancy, respectively. Ultimately fa-
cilitating the presence and abundance of (more) generalist
species (e.g., Westphal et al., 2003). Our results appear to val-
idate this, as ant species at great distances to hedgerows were
functionally redundant and supposedly ecologically gener-
alist. For instance, four species (F. rufibarbis, F. cunicu-
laria, Lasius niger (Linnaeus, 1758) and T. grp. caespitum-
impurum), mainly found at 24 and 48 m from hedgerows, are
found in highly anthropic areas, such as gardens and agricul-
tural fields (Lebas et al., 2016).

Continuing onward, functional dispersion was higher in
arboreal hedgerows than in shrubby ones, implying that arbo-
real hedgerows have species performing more distinct func-
tional roles. Thus, the more habitat-complexified and less-
often-perturbed arboreal hedgerows were found to be func-
tionally more dispersed and less redundant compared to
shrubby ones, hosting for instance C. truncata, which can
be considered a specialist species, notably for its arboreal-
nesting specificity (Markó et al., 2009).

These more distinct functions in arboreal hedgerows may
suggest better functional performance from an agricultural
perspective. Since functional richness was not correlated
with hedgerow type – both types having a similar functional
volume – the additional functions associated with greater
functional dispersion in arboreal hedgerows are thought to
be more closely related to, and indeed more complementary
to, the other functions. Ultimately, they may also be more
compatible with agricultural practices (but see discussions
below).

García-Navas et al. (2022) found differences in ant com-
munities for two functional indices: functional richness and
functional originality, when comparing landscape structures.
It is possible that these two indices, which were not signifi-
cant in our study, are more suited to a larger study scale (as
in García-Navas et al., 2022). However, other indices used
in this study, which highlighted differences, could be more
appropriate for the agricultural plot scale. Yet, as far as we
know, no study at the landscape scale has tested these in-
dices (e.g., FNND or FDis) for arthropods in an agricultural
context.

We then seek to identify which functional traits could in-
fluence the previous functional diversity differences.
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Here, ant communities in shrubby hedgerows were more
polymorphic, diurnal group foragers, frequently associated
with high numbers of nests, and fewer collective foragers
compared to those in arboreal hedgerows. Within the lit-
erature, this comparison of structural hedgerow categories
seems to have been restricted to other groups of arthropods,
with (e.g., for ground beetles; Theves and Zebitz, 2012) or
without a functional focus (e.g., for saproxylic beetles; David
and Keith, 2009). Interestingly, Theves and Zebitz (2012)
suggested that old hedgerows tend to host more specialized
ground beetles species. Similarly, in our study, ant species
were less polymorphic (and possibly more specialized) in the
presumably older arboreal hedgerows.

For the distance gradient from hedgerows, as we moved
further away from them, species became smaller, more poly-
morphic, dominant and granivorous. Among the three forag-
ing strategies, species near hedgerows rather displayed an in-
dividual strategy, while the collective foraging ones became
more prevalent as we moved farther away. Still, only two
species (C. truncata and M. graminicola) exhibited an indi-
vidual foraging behavior and these were infrequent and ob-
served exclusively near the hedgerow. On the other hand, our
study underlines that, going further from hedgerows favors
granivorous species. We argue that Tetramorium spp. and
more generally granivorous ant species are characteristic of
opened habitats, such as the agricultural fields studied here.
However, our findings differ from results reported in agri-
cultural Mediterranean areas, where proximity to hedgerows
favored granivorous traits, likely linked to the influence of
dominant granivorous species such as those of the Mes-
sor genus (Zumeaga et al., 2021). Boinot et al. (2024) also
pointed out that granivorous ground beetle species were more
abundant in landscapes with the greater length of hedgerows.
Following that, hedgerows may locally enhance weed control
by favoring granivorous taxa (Baraibar et al., 2009; West-
erman et al., 2012), potentially offsetting nutrient loss and
helping maintain yields (Baraibar et al., 2011). What is more,
colony size increased at greater distances from hedgerows;
however, at these distances, the number of queens and nests
within colonies reduced. Additionally, colony foundation be-
came more independent at greater distances from hedgerows.
Kreider et al. (2021) observed similar shifts in canopy ant
functional traits (e.g., colony size and diet) along a land-
use gradient from forest to more intensively managed agri-
cultural fields in the tropical region of Sumatra. Ultimately,
Scharnhorst et al. (2021) found that younger environments
tended to support larger ant colonies, and we suggest that
the agricultural field, with its frequent and significant distur-
bances, could be considered a “younger” environment com-
pared to the less often perturbed hedgerow ones.

All these functional traits, which are prevalent at greater
distances from hedgerows, support the previously mentioned
generalist/pioneer species hypothesis. For example, smaller
species, omnivorous, with larger colony size (Scharnhorst et

al., 2021) and independent colony foundation type, may fa-
cilitate the colonization of remote/perturbed environments.

The variance of all (individual, group and collective) for-
aging strategies, number of queens, number of nests and
colony foundation type were significantly correlated with
hedgerow distance, with greater variance observed at shorter
distances from hedgerows.

On the other hand, traits that exhibited significant
differences between hedgerow distances in community-
weighted variances generally showed greater variability near
hedgerows, such as colony foundation type, number of nests
and queens and foraging strategy. The decrease in functional
variability with the distance from hedgerows aligns with our
observations on functional diversity indices and vegetal lay-
ers number and gives precisions on the involved response
traits.

We then examined the presumed impacts of these func-
tional differences among ant communities on presumed
ecosystem (dis)services by analyzing functional effect traits.

4.3 Presumed (dis)services analysis provided by ant
communities

We observed a reduction in the soil tilling (dis)service,
which corresponds to soil bioturbation, as the distance from
hedgerows increased. Among the few studies in Europe that
have focused on ant-driven soil bioturbation, a trend has
emerged showing that this (dis)service tends to be higher in
open habitats (e.g., grassland) than in closed ones (e.g., broad
leaf forest) (Taylor et al., 2019; Viles et al., 2021). No-
tably, three ant genera – Formica, Myrmica and Lasius –
which were also recorded in our study, seem to play a ma-
jor role in soil bioturbation in European open habitats (Tay-
lor et al., 2019; Viles et al., 2021). Our study complements
this trend by suggesting that, at local scale, the presence of
arboreal structures within open habitats may promote this
(dis)service.

Generally, ant-driven soil bioturbation has been docu-
mented to enhance infiltration rates, increase nutrient con-
tents such as nitrogen and phosphorus, neutralize soil pH, ac-
celerate decomposition and modify microbial activity (Frouz
and Jílková, 2008). Thus, from an agricultural perspective, it
can therefore be considered an agroecological service. How-
ever, in certain cases, these modifications might be disad-
vantageous, particularly regarding microbial activity and pH
compatibility with some cultivated species.

Insect predation, in the same way, decreased with the dis-
tance from hedgerows. This is consistent with several studies
that highlighted an increase in auxiliary abundance (e.g., in
parasitoid wasps and ground beetles; Morandin et al., 2014;
Theves and Zebitz, 2012) and diversity (e.g., in spiders and
ground beetles; Diehl et al., 2013; Theves and Zebitz, 2012),
of the ratio of auxiliary to pest insects (e.g., Pisani Gareau
et al., 2013) and of pest predation (e.g., in ants, wasps and
spiders; Otieno et al., 2023) at the proximity of hedgerows
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or fallows. This overall observation seems consistent given
the greater expected hedgerow complexity and availability
of ecological niches, as previously mentioned. Given that in-
sect predation includes pest predation, it can also be assumed
to be an agroecological service. Nevertheless, beneficial in-
sects such as pollinators, parasites, or other predators could
eventually be predated by the former.

Also, the aphid breeding/nectar thief (dis)service was
lower at short distances, particularly 0 m, from hedgerows
and in shrubby compared to arboreal hedgerows. Regard-
ing the distance gradient, our main explanation is that the
higher insect predation at short distance from hedgerows,
as already discussed, impede ant/aphid mutualism. Given
that aphid presence is of primary concern from an agricul-
tural perspective, we searched for studies conducted in com-
parable agricultural contexts. In line with our observations,
Morandin et al. (2014) and Stutz and Entling (2011) reported
reduced aphid abundance in fields adjacent to hedgerows.
Furthermore, Diehl et al. (2013) found a decrease in aphid
abundance linked to vegetal structure complexification. This
vegetal structure complexification may explain in two differ-
ent, but not incompatible, ways the lower presence of aphids
near hedgerows: it can enhance insect predation and/or re-
duce the availability of suitable ecological niches for aphids.

We hypothesize that insect predators inhabiting shrubby
hedgerows (ants and others) may exhibit greater functional
compatibility with the adjacent agricultural environment
compared to those inhabiting arboreal hedgerows. Specifi-
cally, the predators of the latter might be less prone to ex-
tend their functional service into the adjacent field interior,
at least to a lesser extent than their counterparts in shrubby
hedgerows. This remains largely theoretical and warrants
verification in future research. However, our study revealed a
trend at 0 m, indicating stronger ant predation associated with
arboreal hedgerows, consistent with enhanced insect preda-
tion services with increasing vegetation structural complex-
ity (Fig. A3o). This difference decreased by 6 m and even re-
versed beyond 12 m, favoring shrubby hedgerows. This later
observation aligns with a greater functional compatibility be-
tween organisms providing insect predation services and the
adjacent agricultural field in the case of shrubby hedgerows,
potentially impeding aphid breeding. Eventually, we assume
that aphid breeding/nectar thief, by favoring the presence and
abundance of insects frequently assimilated as pests, could
be interpreted as an agroecological disservice.

Our study emphasizes that hedgerows and their associated
biodiversity must enhance and reduce ecosystem agroecolog-
ical services and disservices, respectively. However, we wish
to highlight the fact that biodiversity does not solely con-
tribute to ecosystem services but also disservices (Zhang et
al., 2007) and that the classification of a biological process as
a service or disservice depends on the context, as discussed
in this study, particularly for soil tilling. While the concept
of biodiversity providing ecosystem services is widely stud-
ied and promoted, it is often an oversimplified and inaccurate

portrayal of reality (Blanco et al., 2019). We argue that fram-
ing biodiversity solely in terms of its ecosystem service ben-
efits can be counterproductive, especially when attempting
to defend biodiversity, such as in agricultural contexts. Over-
looking (or sometimes obscuring) this more complex reality
may actually backfire. For instance, stakeholders within the
system, such as farmers, may feel misled or that their con-
cerns are misunderstood, leading them to dismiss the conver-
sation altogether.

5 Conclusion

Ants, as recognized ecosystem engineers, play key roles in
agroecosystem functioning, influencing both ecosystem ser-
vices and disservices. In this study, we observed a clear im-
pact of hedgerow proximity on ant communities, both from
taxonomic and functional perspectives. Beyond a slight in-
crease in species richness, our results reveal that ant commu-
nity composition near hedgerows is distinct from those fur-
ther away, resulting in higher functional diversity closer to
these ecological infrastructures. At a local scale, hedgerows
appear to support and maintain both taxonomic and func-
tional diversity within agricultural landscapes. Moreover,
for the first time to our knowledge, shrubby and arboreal
hedgerows were compared for ant communities, notably
showing that arboreal hedgerows have greater species rich-
ness and functional dispersion.

There is growing scientific evidence that hedgerows serve
as valuable agroecological infrastructures, enhancing biodi-
versity from an ecological perspective and improving sys-
tem resilience from an agronomic viewpoint. Our study
both confirms and completes this evidence from a taxo-
nomic and functional perspective but also for agroecologi-
cal (dis)services regarding the increase in presumed services
(i.e., soil tilling and insect predation) and the decrease in
presumed disservices (i.e., aphid breeding/nectar thief), the
latter being even lower in shrubby hedgerows. These agro-
nomic services and disservices are essential for understand-
ing agroecosystem functioning, and to promote trust between
academics and farmers, we advise the latter to provide the
former with an unbiased vision of the system they are part
of.

Our study primarily focused on the effects of different
types of hedgerows on ant communities at short (< 50 m)
distances, where relative impacts on crop productivity are
believed to occur. Future research could extend our inves-
tigation to assess the influence of hedgerows on other taxa
and over larger distances within agricultural landscapes.
Such studies could be particularly informative in degraded
bocage or open-field landscapes and could contribute to the
development of more effective agroecological management
plans. We also encourage future studies to follow the recom-
mendations on pitfall traps provided by Brown and Matthews
(2016), particularly the standardization of trap design and the
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inclusion of a system to prevent vertebrate bycatch. Coupled
with this study, future research will offer insights into design-
ing and manage French agricultural landscapes to optimize
both biodiversity conservation and agricultural productivity.

Appendix A

Table A1. Variables considered in the present study, their type and unit, and if and how they were analyzed.

Variable Type and unit Fully analyzed here

Hedgerow type character; n= 2 yes

Culture type (of the adjacent field) character; n= 7 no (not enough data)

Orientation (of the hedgerow) character; n= 8 no (not enough data)

Slope orientation (of the adjacent field) character; n= 4 no (not enough data)

Mean wide (of the hedgerow) numerical (m) included in hedgerow type

Mean height (of the hedgerow) numerical (m) included in hedgerow type

Latitude (of the hedgerow) numerical (°) no (not enough data)

Longitude (of the hedgerow) numerical (°) no (not enough data)

Number of tree(s) (of the hedgerow) numerical (Nb) included in hedgerow type

Species richness of tree(s) and shrub(s) numerical (Nb) no (not enough data)
(of the hedgerow)

Ground cover (of the hedgerow) character ordinal (index included in hedgerow type
between 0 and 5)

Distance to the hedgerow numerical (m) yes
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Table A2. Simplified taxonomy of the sampled ant species (Formicidae). The Descriptor column presents the species reference description
according to the admitted international nomenclature.

Subfamily Genus Species Descriptor

Myrmicinae Aphaenogaster subterranea (Latreille, 1798)

Formicinae Colobopsis truncata (Spinola, 1808)

Formicinae Formica cunicularia Latreille, 1798

Formicinae Formica rufibarbis Fabricius, 1793

Formicinae Lasius brunneus (Latreille, 1798)

Formicinae Lasius emarginatus (Olivier, 1792)

Formicinae Lasius flavus (Fabricius, 1782)

Formicinae Lasius fuliginosus (Latreille, 1798)

Formicinae Lasius niger (Linnaeus, 1758)

Formicinae Lasius platythorax Seifert, 1991

Myrmicinae Myrmecina graminicola (Latreille, 1802)

Myrmicinae Myrmica ruginodis Nylander, 1846

Myrmicinae Myrmica sabuleti Meinert, 1861

Myrmicinae Myrmica spinosior/sabuleti Santschi, 1931/Meinert, 1861

Myrmicinae Myrmica scabrinodis Nylander, 1846

Myrmicinae Myrmica specioides Bondroit, 1918

Myrmicinae Solenopsis fugax (Latreille, 1798)

Dolichoderinae Tapinoma erraticum (Latreille, 1798)

Myrmicinae Temnothorax nylanderi (Förster, 1850)

Myrmicinae Tetramorium grp. caespitum-impurum T. caespitum (Linnaeus, 1758), T. impurum
(Förster, 1850), T. alpestre Steiner, Schlick-Steiner
& Seifert, 2010 and T. immigrans Santschi, 1927

Myrmicinae Tetramorium moravicum Kratochvil in Novák & Sadil, 1941

Table A3. Results of the Kruskal–Wallis analyses conducted for the species occurrences. We present the Kruskal–Wallis χ2 statistics along
with the significance levels of the pvalues indicated as follows: q< 0.06, ∗< 0.05, ∗∗< 0.01, ∗∗∗< 0.001. Values are rounded to three decimal
places (0.001) and set in bold when statistically significant.

Test parameters Asub Ctru Fcun Fruf Lbru Lema Lfla Lful Lnig

Distance 8.201 4.056 8.834 1.587 4.353 3.237 3.652 4.056 4.7606
Type 0.036 0.750 4.498∗ 5.139∗ 0.750 1.517 1.775 0.750 2.731

Test parameters Lpla Mgra Mrug Msab Msca Mspe Mspi Sfug Tcae

Distance 5.985 25.765∗∗∗ 2.959 11.338∗ 4.562 0.860 2.367 3.100 10.513∗
Type 0.659 0.132 1.517 0.002 0.508 1.828 0.113 8.198∗∗ 0.742

Test parameters Terr Tmor Tnyl

Distance 3.106 3.575 16.775∗∗
Type 2.697 3.780 3.102
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Figure A1. Scatterplot showing the distribution of the qualitative variables used in the multiple correspondence analysis (MCA). Type refers
to the hedgerow type. Adjacent land culture indicates the crop of the adjacent agricultural plot. Adjacent land slope direction was categorized
as “Perpendicular”, “Parallel”, “Flat” (no slope), or “None”, the latter when the slope direction was not clearly perpendicular or parallel to
the hedgerow. Orientation refers to the cardinal orientation of the hedgerow: “S” for south, “N” for north, “E” for east and “W” for west.
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Figure A2. Principal component analysis (PCA): (a) plot of hedgerows variables, (b) biplot of hedgerows according to their type (arboreal
in dark green, shrubby in light green); Dim1 – principal component 1; Dim2 – principal component 2.

Figure A3. Distribution (violin plots and associated boxplots) of the parameters for which GLM and Kruskal–Wallis analyses were signif-
icant, regarding the distance (m) from and type of hedgerows. (a) Species richness, (b) functional dispersion, (c) functional mean nearest
neighbor distance and (d) functional evenness indices. Hedgerow type was coded as shrubby (light green) and arboreal (dark green). The
dashed line at zero, in cases where the distribution includes negative values, serves as a reminder that these values are not realistic but remain
consistent with the predicted dispersal indicator.

Web Ecol., 26, 1–25, 2026 https://doi.org/10.5194/we-26-1-2026



C. Marty et al.: The role of hedgerows in shaping ant (Formicidae) communities in agricultural ecosystems 17

Figure A4. Distribution (violin plots and associated boxplots) of the occurrence number of several species, for which Kruskal–Wallis tests
were significant, regarding the distance (m) from and type of hedgerows. (a) Formica cunicularia, (b) F. rufibarbis, (c) Myrmecina gramini-
cola, (d) Myrmica specioides, (e) Solenopsis fugax, (f) Tetramorium grp. caespitum-impurum and (g) Temnothorax nylanderi. Hedgerow
type was coded as shrubby (light green) and arboreal (dark green). The dashed line at zero, in cases where the distribution includes negative
values, serves as a reminder that these values are not realistic but remain consistent with the predicted dispersal indicator.
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Figure A5.
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Figure A5. Distribution (violin plots and associated boxplots) of the community-weighted means for which GLM and Kruskal–Wallis
analyses were significant regarding the distance (m) from and type of hedgerows. (a) Worker size, (b) worker polymorphism, (c) diurnality,
(d) behavioral dominance, (e) seed eating, (f) individual foraging strategy, (g) group foraging strategy, (h) collective foraging strategy,
(i) colony size, (j) number of queens, (k) number of nests, (l) colony foundation type, (m) seed dispersion, (n) aphid breeding/nectar thief,
(o) insect predation and (p) soil tilling. Hedgerow type was coded as shrubby (light green) and arboreal (dark green). The dashed line at zero,
in cases where the distribution includes negative values, serves as a reminder that these values are not realistic but remain consistent with the
predicted dispersal indicator.
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Figure A6. Distribution (violin plots and associated boxplots) of the community-weighted variances for which Kruskal–Wallis tests were
significant regarding the distance (m) from and type of hedgerows. (a) Worker size, (b) diurnality, (c) behavioral dominance, (d) individual
foraging strategy, (e) group foraging strategy, (f) collective foraging strategy, (g) number of queens, (h) number of nests, (i) colony foundation
type and (j) seed dispersion. Hedgerow type was coded as shrubby (light green) and arboreal (dark green). The dashed line at zero, in cases
where the distribution includes negative values, serves as a reminder that these values are not realistic but remain consistent with the predicted
dispersal indicator.
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