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Background substrate and nest semiochemicals
mediate ant aggression towards a parasitic beetle
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Abstract. 1. Background cues may affect the perception and processing of sensory
stimuli used by species to detect other organisms. These additional environmental cues
change the effectiveness of behavioural responses and eventually influence species
interactions. Ants make use of an advanced sensing system to detect intruders, but little is
known how cues of the heterogeneous soil substrate influence their behavioural response.

2. Here, the aggressive response of red wood ants towards the beetle Notothecta
flavipes, a parasitic nest associate, was tested against a background of two types of nest
material present in the heterogeneous nests of wood ants, organic thatch (upper part of
the nest) and sand (lower part of the nest). I used plaster as control. In addition, the three
types of substrate were conditioned with or without chemical nest recognition cues of
the host ant.

3. Ant aggression was strongly affected by the type of background substrate. Compared
to a control background of plaster, the likelihood of ant aggression was 2.8 times and 1.7
times lower against a background of organic thatch and sand, respectively. As visual cues
were eliminated in the aggression tests, the reduced aggression levels may be caused by
the interference of olfactory scents emitted by the substrate. By contrast, an increase
of biting attempts was recorded when the background substrate was conditioned with
chemical cues of the ants, suggesting that ants defend familiar smelling terrain more
fiercely.

4. Overall, these results suggest that the soil background may have complex and
spatially variable effects on species interactions in heterogeneous patches.

Key words. Ant guest, footprint cues, Formica, masking, myrmecophile,
Staphylinidae.

Introduction

Organisms respond to stimuli that indicate the presence of
resources, danger and mates (Bradbury & Vehrencamp, 2011;
O’Connor et al., 2019). However, a suite of other stimuli
is present in the environment and may mediate a successful
response. These background stimuli may either lower or enhance
the detectability of resources or other organisms (Mumm &
Hilker, 2005; Schröder & Hilker, 2008; O’Connor et al., 2019).
An increasing number of studies underpin that anthropogenic
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background stimuli impact the behaviour of animals (Lürling
& Scheffer, 2007; Ward et al., 2008; Dwyer et al., 2013;
Delhey & Peters, 2017). However, background effects are also
prevalent in natural systems and are key to different natural
processes (Schröder & Hilker, 2008). Predators, for example,
are able to detect their prey more easily when there is a
higher contrast between the background substrate and the prey
(Clark et al., 2016). Many animals, by contrast, try to reduce
the contrast with the background. They blend in with the
background by chemically or visually masking the substrate
(Akino, 2008; Stevens & Merilaita, 2011).

Ants are ideal models to test the effect of the background
environment on species interactions. They strongly interact with
other soil organisms in and on a complex soil background
(Lach et al., 2010). A single ant species may build their nest in
different types of soil material (Seifert, 2007; Toffin et al., 2010;
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AntWiki, 2020). Conspecific colonies may reside in soil nests,
in organic material, in trunks or under rocks scattered across the
heterogeneous landscape (Seifert, 2007). In addition, one can
find heterogeneity within a single nest when it contains different
types of nest material. A good example is a red wood ant nest,
which consists of an above-ground part with organic thatch and
an extensive subterranean part dug in the inorganic soil (Stockan
& Robinson, 2016). However, within-nest heterogeneity is much
more widespread in ants, for example, when the nest houses a
waste dump of organic material (Hölldobler & Wilson, 1990;
Wagner et al., 1997; Hart, 2002; Parmentier et al., 2019)
or when the nest is partly in a trunk and partly in the soil
matrix below (Seifert, 2007; AntWiki, 2020). This implies that
substrates different in texture and organic matter content may
be present within a single ant nest. Organic soils tend to release
high amounts of organic volatiles (Insam & Seewald, 2010;
Ramirez et al., 2010; Peñuelas et al., 2014). Organic volatiles are
known to have wide varying effects on the behaviour of insects
(Davis et al., 2013; Peñuelas et al., 2014). In some cases, they
may hinder the foraging insect to locate its resource when the
background volatiles mask the signals released by their prey or
host plant (Schröder & Hilker, 2008). Therefore, it is probable
that ant nest material with high organic contents will have a
masking effect on intruders and will make it harder for ants to
sense them.

The background environment is dynamic and may be altered
by species when they leave semiochemicals. A special group
of semiochemicals are chemical footprints, which are mostly
hydrocarbons that remain in small quantities on the substrate
when insects walk (Wüst & Menzel, 2017). Insect footprints
can drive inter-specific interactions, such as short-range host
location by parasitoids (Rostás et al., 2008), competition
(Goulson et al., 2000; Nakashima et al., 2006) and enemy
avoidance (Ninkovic et al., 2013). Footprints also provide valu-
able information to conspecifics. For example, ladybirds refrain
from ovipositing when conspecific chemical tracks are present
(Hemptinne et al., 2001). Arguably, the crucial role of footprints
has been demonstrated most clearly in the colony communica-
tion in social insects (Lenoir et al., 2009). A text book example
here is the tarsal scent marking of bumble bees, which allows
other foragers of the colony to assess that flowers have been
previously visited and depleted of nectar (Goulson et al., 2000).

Ants deposit chemical footprints on the nest walls and the
nest surroundings when walking. The composition of these
hydrocarbon cues is similar to the blend of nestmate recog-
nition cues they carry on their cuticle (Lenoir et al., 2009).
Ant footprints are thought to play a pivotal role in the home
range marking of ants (Lenoir et al., 2009; Wüst & Men-
zel, 2017). Ants are more aggressive near the nest than in dis-
tant and unfamiliar sites (Hölldobler, 1976; Harrison & Gen-
try, 1981; Mayade et al., 1993). There is some evidence that
high levels of footprints, as especially found in and near the
nest, may act as a reliable cue for proximity to the nest and in
response ants may enhance their aggression response (Akino &
Yamaoka, 2005; Ozaki et al., 2005; Bos et al., 2011). Territorial
defence and ant aggression are often tested towards extranidal
enemies, mainly other ants (Hölldobler & Wilson, 1990; Lach
et al., 2010). Yet, many ant species hold a diverse community

of parasitic arthropods in and near their nest (Kistner, 1982;
Hölldobler & Wilson, 1990; Kronauer, 2020; Parmentier, 2020).
These so-called myrmecophiles can reach high intranidal densi-
ties (Parmentier, 2019) and may have a profound effect on the
colony’s fitness (Hovestadt et al., 2012; Tartally et al., 2019).
It is unknown how footprint chemicals interact with different
nest substrates and whether they are differently adsorbed. Nev-
ertheless, it can be expected that ants will act more aggressively
towards intranidal intruders when familiar home range markings
are present.

The aim of this study is to test the effect of the nest background
on the interaction between red wood ants and a nest-associated
parasitic beetle. The first hypothesis is that the type of nest
substrate (thatch, sand soil and plaster) will differently affect
the aggression response of the ant towards the beetle. More
specifically, it is expected that nest material with high organic
contents (thatch), and hence releasing a high amount of organic
volatiles, will hinder the detection of intruders the most. The
second hypothesis of this study is that ants are likely to be more
aggressive in the presence of nest background marked with their
home range semiochemicals.

Material and methods

Study species and sampling

The rove beetle Notothecta flavipes (Gravenhorst, 1806)
(Staphylinidae-Aleocharinae) is a rather unspecialised, obligate
ant associate or myrmecophile typically associated with red
wood ants (Formica rufa group, host range see appendix S1
in Parmentier et al., 2020), and can reach high intranidal den-
sities (Parmentier, 2019). The beetle was previously found in
all sampled red wood ant populations (both in Formica rufa
and the narrowly related F. polyctena) in North-West Belgium
(Parmentier et al., 2015a; Parmentier et al., 2021). The largest
local abundance of the beetle in North-West Belgium was hith-
erto observed in a Formica rufa Linnaeus, 1761 site. There-
fore, beetles were collected in two adjacent mounds in this site
(Poperinge, 50.886182∘ 2.696505∘). The beetles were collected
by spreading out nest material into a large tray or by placing pit-
falls (plaster boxes of which the walls are too slippery for the
beetle to climb out, see Parmentier et al., 2021) in and around
the nest. Although all life stages of the beetle can be found in
the nest, it is often recorded in the surroundings of the nest
as well (Parmentier et al., 2021). It is one of the largest rove
beetles (body length 3–3.5 mm, Freude et al., 1974) found in
the myrmecophile community of red wood ants (body length
Formica polyctena 5–9 mm, van Boven, 1977, Fig. 1). The bee-
tle scavenges on prey collected by the ants, ant brood and on
dead ant corpses (Parmentier et al., 2016a). Beetles were kept
with 50–100 F. rufa workers in a plastic plot (diameter 9.5 cm)
with a plaster bottom and filled with nest material.

The aggression towards the beetle was tested with Formica
polyctena Förster, 1850 which form, in contrast to F. rufa, differ-
ent large populations in North-West Belgium. Workers were col-
lected in three different sites (FP1: 51.170416∘ 3.156927∘, FP2:
51.174867∘ 3.142057∘ and FP3: 51.173466∘ 3.052880∘) on the
sandy soils (Geopunt Vlaanderen, 2020) around Bruges between
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Fig. 1. Overview of the set-up of the aggression tests. (a) Three types of arenas were used: an arena with a plaster substrate (control), with a sandy
soil (below-ground part of the nest) and with a substrate with organic thatch (above-ground part of the nest). The aggression tests were conducted with
15 Formica polyctena and one Notothecta flavipes beetle (in white ellipse). The substrate of the arenas was priorly conditioned with semiochemicals or
not. Detail of the workers and the beetle on (b) a plaster soil, (c) organic thatch and (d) sandy soil. Note that the aggression tests were conducted under
red light (Supporting information Video S1).

the 20 September and 21 October 2020. The nests were located
at the edge of deciduous forest patches. The collected nest frag-
ments contained ca. 500 (FP2) or ca. 800 workers (FP1 and FP3).
The ants were kept with ca. 2 L of nest material in plastic boxes.
Beetles were collected in a F. rufa nest, but tests were conducted
with F. polyctena workers. However, it is unlikely that this biased
the experiments because of the absence of chemical mimicry in
the beetles (beetles found with F. polyctena and F. rufa have
a similar, idiosyncratic profile, see Parmentier et al., 2017),
which is also reflected in the inability of red wood ants to
discriminate nest-associated beetles from beetles coming from
heterospecific nests (additional information 1 in Parmentier
et al., 2016b).

Red wood ant nests are characterised by an above-ground
mound of organic thatch. However, there is also an
extensive underground part of galleries and nest cham-
bers dug out in the soil (Stockan & Robinson, 2016) of
which the volume can exceed that of the above-ground
part (pers. observation). Organic thatch was col-
lected from an abandoned (approximately 1 year)
F. polyctena nest (Bruges, 51.175026∘ 3.137902∘). The thatch
contained twigs, leaf fragments and husks from neighbouring
deciduous plants. There was also some sand present in the

thatch material (Fig. 1c). Sandy soil was collected near the
abandoned nest (Fig. 1d).

Experimental set-up

Aggression of the F. polyctena workers towards the beetle
N. flavipes was tested in circular arenas (diameter 9.5 cm, height
7 cm) (Fig. 1a). The wall of the arenas was coated with fluon
to prevent ants and beetles to climb up. The effect of three
substrate types, (i) plaster, (ii) sand (below-ground part of the
nest) and (iii) organic thatch (above-ground part of the nest), on
ant aggression was compared. For the plaster treatment (P), the
arena was filled with a 1 cm layer of plaster mixed with charcoal
(7:1 mixture) (Fig. 1b). For the organic thatch treatment (O),
20 ml of the organic material was spread over the plaster bottom
(Fig. 1c). For the sand treatment (S), 10 ml of the collected sand
was put on a plaster bottom (Fig. 1d). The volumes covered
the bottom of the complete arena. Each substrate type was
tested with (+) and without (−) semiochemicals previously
deposited by the host ant in the lab (full factorial design).
Nest material was taken from a long-time abandoned (more
than 1 year) red wood ant nest (O) or its surroundings (S).
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In contrast to an active nest where ants constantly deposit
semiochemicals (Lenoir et al., 2009; Sprenger & Menzel, 2020),
a long-time abandoned nest is expected to be low or devoid of
semiochemicals and can serve as a control. P- did not contain
ant semiochemicals as the plaster was freshly poured or rinsed
(see below). Substrates conditioned with semiochemicals (+)
were prepared by housing 100 workers of one of the three
F. polyctena colonies (FP1, FP2 or FP3) on the O (taken from
the abandoned mound), S (taken from the surroundings of the
abandoned nest) and P (freshly poured or rinsed) substrates
for 48 h. Ants were found permanently on the sand or organic
material; they did not dig into these low volumes of substrate.
Workers were then gently removed from the arena and later
re-united with their colony fragment. The aggression tests were
done with 15 F. polyctena workers from the same colony
fragment as the ones used for priming the substrate with
semiochemicals. The workers could acclimatise to the arena
for 10 min. During this acclimatisation, the 15 ants will deposit
semiochemicals, but the concentration will be a fraction of that
of 100 workers during 48 h. Next, a beetle was introduced, and
20 consecutive interactions (antenna of ant crosses beetle) were
scored 10 s after this introduction. Ant aggression was quantified
as the proportion of interactions that were aggressive (biting or
opening of the mandibles) out of the 20 interactions (aggressive
interactions + non-aggressive interactions, i.e. ignoring and
inspecting). Tests had no upper time limit, but were ended after
20 interactions. Tests typically lasted less than 5 min. Beetles
were mostly running on all three substrates. They did not hide in
the sandy substrate and only occasionally hid under the organic
material (Supporting information Video S1). Only interactions
with the beetles running and with the body fully exposed (i.e.
not partly hidden under the organic material) were considered.
For each aggression test, 15 workers were randomly picked from
a nest fragment. After a test, the ants were placed back in the
colony fragment. Some ants were used for more than one test.
As the average number of worker interactions with the beetle in
a test were extremely low (20 interactions distributed over 15
workers), it is unlikely that workers re-used in other tests will
act differently when confronted again with a N. flavipes beetle,
for example, due to habituation. Tests were carried out blind
with respect to the semiochemical treatment (+ or −). This blind
protocol was achieved by marking the underside of a series of
arenas (+ or −) and randomly shuffling the arenas. After a test,
an arena was given a unique number. Following a series of tests,
the treatment regime for each test could be determined by linking
the number of the corresponding arena with the marking on the
underside. The sand and organic material was replaced after
each test and whether or not primed again with semiochemicals
by 100 workers for 48 h. The plaster bottom of the arenas was
re-used but thoroughly cleaned with hexane and 70% ethanol
after each test. A total of 30 different beetles were tested and
each beetle was subjected to six tests in a random order, one
for each substrate–semiochemical combination (P−, P+, S−,
S+, O− and O+). Beetles were not injured and showed similar
behaviour across all tests. Workers of colony FP1 and FP3 were
each used for the aggression tests of 12 beetles, colony FP2
for those of six beetles. Most interactions between N. flavipes
and F. polyctena will occur inside the nest in darkness. As

Formica polyctena workers cannot detect red light (Roth &
Menzel, 1972), dark conditions were mimicked by conducting
the tests under dim red light.

The effect of substrate (P, S, O) and presence of semiochem-
icals (+, −) on the proportion of aggressive interactions was
modelled with a generalised linear mixed model (GLMM,
binomial distribution) in R (version 4.0.0; package lme4, Bates
et al., 2015). The ant colony (FP1, FP2 or FP3) used in the
aggression test and the interaction between substrate type and
the presence of semiochemicals were also incorporated as
fixed factors. As each beetle was re-used in six tests, a random
intercept “beetle id” was included. Significant over-dispersion
(1.8) was detected in this model (tested with the DHARMa
R-package, Hartig, 2020). An observation-level random factor,
which is a random effect with a unique level for each data
point, was therefore added to capture the extra-parametric vari-
ation in the data (Browne et al., 2005; Harrison, 2015). Apart
from the proportion of aggressive interactions, I focused on
the proportion of biting attempts. Biting is the most aggressive
behaviour and may, in contrast to opening of the mandibles, lead
to injuries. Furthermore, I examined the frequency of abdomen
bending in the rove beetle. Many rove beetles bend the abdomen
when attacked to emit defensive chemicals (Dettner, 1993) and
this defensive behaviour was frequently observed in the beetle
N. flavipes during interactions with the ants as well (Supporting
information Video S1). The tendency to curl the abdomen in
N. flavipes thus provides hints about the beetle costs, in terms
of the production and secretion of repellent volatiles, across the
treatment levels. GLMM models with the same predictors and
random factors as described above for the aggression model
were run to explain the proportion of biting attempts and the
likelihood of abdomen curling by the beetle during an inter-
action. The residuals of the model with abdomen curling also
showed over-dispersion and consequently an observation-level
random factor was here included as well. Significance of the
parameters of the three models was tested using type-III like-
lihood ratio tests implemented in the “mixed” function of the
R-package afex (Singmann et al., 2020). All means presented
with results are estimated marginal means (emmeans package)
(Lenth, 2020). Post hoc contrasts were tested with the emmeans
function in the emmeans package (Lenth, 2020).

Results

The proportion of aggressive interactions (biting or opening of
the mandibles) of the red wood ant F. polyctena was highly
dependent on the background substrate (binomial GLMM,
LRT-test, df = 2, 𝜒2 = 108.48, P < 0.001, Fig. 2). The beetles
elicited the lowest level of aggressive interactions on organic
thatch substrate (proportion aggressive interactions = 0.18, 95%
CI = 0.16–0.22, Fig. 2), an intermediate level on sand (pro-
portion aggressive interactions = 0.30, 95% CI = 0.26–0.34,
Fig. 2), and the highest degree on plaster (proportion aggres-
sive interactions = 0.52, 95% CI = 0.47–0.56, Fig. 2). Pairwise
contrasts of the level of aggression between all substrate types
(plaster vs. sand, plaster vs. organic and sand vs. organic) were
all highly significant (P < 0.001 for all three post hoc Tukey
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Fig. 2. Effect of substrate and semiochemicals on (a) the proportion of aggressive interactions (biting attempts or opening mandibles) and on (b) biting
attempts. Error bars represent 95% confidence intervals. The effect of semiochemicals was compared per substrate type (post hoc contrasts: *P < 0.05,
∘P < 0.10, not indicated P > 0.10).

contrasts, Fig. 2). The presence of semiochemicals on the sub-
strate did not affect the proportion of aggressive interactions of
the ant towards the beetle (binomial GLMM, LRT-test, df = 1,
𝜒2 = 0.48, P = 0.49, Fig. 2). There was no interaction effect
between the presence of semiochemicals and substrate type, i.e.
for all three substrates, no effect of semiochemicals was found
on the proportion of aggressive interactions of the ants (interac-
tion substrate × semiochemicals, binomial GLMM, LRT-test,
df = 2, 𝜒2 = 0.38, P = 0.83, Fig. 2). Ant colonies differed
in the likelihood to engage in an aggressive interaction (bino-
mial GLMM, LRT-test, df = 2, 𝜒2 = 10.11, P = 0.006), with
colony FP2 displaying a significant lower proportion of aggres-
sive interactions than the other two colonies.

In a second part, I only focused on biting, which is the most
aggressive behaviour. The propensity to bite the beetle was,
in line with the model explaining the proportion of aggressive
interactions, dependent on the substrate (binomial GLMM,
LRT-test, df = 2, 𝜒2 = 11.69, P = 0.003, Fig. 2). Ants tried
to bite the beetle less frequently on organic soil (proportion
biting attempts = 0.03, 95% CI = 0.02–0.04, Fig. 2), than on
sand (proportion biting attempts = 0.05, 95% CI = 0.05–0.07,
pairwise Tukey contrast organic vs. sand: P = 0.006, Fig. 2), and
plaster (proportion biting attempts = 0.06, 95% CI = 0.05–0.08,
pairwise Tukey contrast organic vs. plaster: P = 0.002, Fig. 2).
No difference in biting attempts was found in tests on sand
and plaster (pairwise Tukey contrast sand vs. plaster: P = 0.67,
Fig. 2). The proportion of biting attempts was higher when
ants could deposit semiochemicals on the substrate prior to
the tests (binomial GLMM, LRT-test, df = 1, 𝜒2 = 7.60,
P = 0.006, Fig. 2). A significant increase in the proportion of
biting attempts was particularly found on a plaster substrate
with semiochemicals compared to a plaster substrate without
semiochemicals (Post hoc pairwise contrasts, P = 0.024, Fig. 2).
Ants showed a higher tendency to bite on organic material and
sand when it was primed with their semiochemicals, but these
results did not reach significance (organic thatch: P = 0.082,
sand: P= 0.45, Fig. 2). Colonies did not differ in their propensity
to bite (binomial GLMM, LRT-test, df= 2, 𝜒2 = 0.15, P= 0.93),
and there was also no significant interaction effect (i.e. the

positive effect of semiochemicals on biting attempts was similar
across all soil types) between soil substrate and the presence of
semiochemicals (binomial GLMM, LRT-test, df = 2, 𝜒2 = 1.35,
P = 0.51, Fig. 2). The beetle mostly succeeded to slip through
the mandibles of the ant. However, ants were able to grab and
pick up the beetle five times on plaster, five times on the sand
soil, but never on the organic soil.

The beetle Notothecta flavipes mostly avoided agonistic inter-
actions by running away. Regularly, it also curled its abdomen
when attacked, which is likely to emit defensive chemicals.
The beetle curled its abdomen less frequently in an arena with
organic material (proportion = 0.10, 95% CI = 0.07–0.13) than
with sand (proportion = 0.12, 95% CI = 0.09–0.15) and plaster
(proportion = 0.12, 95% CI = 0.09–0.16), but no significance
was reached for the predictor soil (binomial GLMM, LRT-test,
df = 2, 𝜒2 = 3.54, P = 0.17).

The dataset and R-code to undertake the analyses can be found
in supplementary materials Appendices S2 and S3.

Discussion

This study shows for the first time that the type of substrate
and semiochemicals deposited on the substrate mediate the
aggression response of ants towards intranidal associates. The
results are in line with a large body of literature, which demon-
strated that the aggression response of ants is complex and
context-dependent. Multiple factors affect aggression in ants,
such as the proximity of nestmates (Tanner, 2006; Sagata &
Lester, 2009), worker size (Nowbahari et al., 1999; Parmentier
et al., 2015b), worker age (Nowbahari & Lenoir, 1989), habit-
uation (Langen et al., 2000), nest proximity (Hölldobler, 1976;
Harrison & Gentry, 1981; Mayade et al., 1993) and the pres-
ence of semiochemicals (Mayade et al., 1993). The results
here underline that the soil background is a hitherto unac-
counted extrinsic factor that is involved in the complex aggres-
sion response of ants as well.

Red wood ant nests construct heterogeneous nests with an
above-ground mound of organic thatch and a below-ground soil
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part (Stockan & Robinson, 2016). The proportion of aggres-
sive interactions of red wood ants towards the parasitic beetle
associate Notothecta flavipes was 1.6 times higher on sandy
soil than on organic thatch. The experienced level of aggression
within a single nest can thus be different according to the
type of background substrate. Many ant nests are composed of
different types of material. There are also ants that construct
homogeneous nests, but which are not choosy about the type of
nest building material. Then, one ant species can reside in nests
composed of different material in the same patch (Seifert, 2007;
AntWiki, 2020). The within and among variation in nest
substrate can result in spatially variable levels of aggression
experienced by the associates, which in turn could affect the
distribution of the associates in and among nests. Guests of
social insects prefer different niches in the nest (von Beeren
et al., 2010; Parmentier et al., 2016b). Probably, these prefer-
ences can partly be driven by the background material of the
niches. The distribution of some associates may be constrained
to locations in the nest or in nests with a substrate that dims the
aggression response. This effect of the soil substrate on spatial
preferences may have a stabilizing effect on the populations of
multiple co-habiting symbiont species. The covariance between
symbiont species frequencies across substrate types may lead
to weaker overall interactions in the symbiont community. This
effect can contribute to “growth–density covariance” (Barabás
et al., 2018), a mechanism that may ultimately promote the
coexistence of multiple symbionts.

It should be noted that other factors could lead to variable
levels of aggression within a nest. Most importantly, ant density
is not uniformly distributed across the nest (Hölldobler &
Wilson, 1990). Some niches, such as the brood chambers,
house large densities of workers and are consequently harder
to colonise for parasites. In addition, the tests here were
conducted on the substrate in a 2D setting, yet the nest is a
3D environment with many hiding places. Hiding is likely to be
easier in organic material such as thatch than in sandy material.
Consequently, the number of effective interactions between ant
and parasite will be lower in thatch. Thatch thus appears to be
an ideal environment for ant-associated arthropods, because of
the high hiding potential and the lower aggression against this
background when an interaction takes place.

The proportion of aggressive interactions was much higher on
plaster than on a natural substrate, being 2.8 and 1.7 times more
likely on plaster than on organic thatch and sand, respectively.
Much of our insights into the aggression response of ants, either
towards other ants or parasitic arthropods, are derived from lab
colonies and subsequent tests with an artificial substrate such
as plaster or plastic (e.g. Roulston et al., 2003; Kabashima
et al., 2007; Sagata & Lester, 2009; Von Beeren et al., 2010;
Parmentier et al., 2015b). An artificial substrate might be more
stressful than a natural substrate, which could translate into
higher aggression. However, red wood ants do not show apparent
signs of stress on a plaster substrate. Previous studies already
hinted that accounting the natural nest substrate may be essential
to understand aggression responses in ants (Crosland, 1989;
Heinze et al., 1996). Ants may incorporate cues of the nest
environment in the colony odour, leading to lower levels of
aggression towards conspecific colonies that house in the same

type of nest material (Heinze et al., 1996). Nest material may,
as hinted by this study, affect the aggressive behaviour in ants in
another way, this is by impairing the detection of an intruder.

The lower levels of aggression displayed on sand and espe-
cially on organic material may be driven by different processes
that are difficult to tease apart. Ants rely heavily on the use
of scents to forage (Czaczkes et al., 2015), to communicate
(Billen & Morgan, 1998) but also to discriminate intruders from
nestmates (Akino et al., 2004; van Zweden & d’Ettorre, 2010).
Chemical sense is likely the most important tool to detect ene-
mies inside the dark nest. This crucial role of chemical senses
inside the nest is maybe best demonstrated with intranidal par-
asites that exploit the chemical detection system by mimicking
the cuticular recognition cues (Vander Meer & Wojcik, 1982;
van Zweden & d’Ettorre, 2010). They reside unnoticed inside
the nest because ants cannot discriminate nestmates from sim-
ilar smelling organisms. The impact of background odours
on resource location in insects have been well documented,
particularly in insect herbivores and parasitoids (Schröder &
Hilker, 2008; Wilson et al., 2015). Odours can enhance the
detectability of a target (Mumm & Hilker, 2005), but more com-
monly have a masking effect (Mauchline et al., 2005; Schröder
& Hilker, 2008; Wilson et al., 2015). The rove beetle in this
study does not show mimicry and is easily detected on a plas-
ter background (Parmentier et al., 2017), but much harder on
sand and organic material. Organic material, particularly, is a
rich source of volatile organic compounds, which are formed
during decomposition by microorganisms such as bacteria and
fungi (Davis et al., 2013; Peñuelas et al., 2014). It is probable
that organic volatiles released by the sand and thatch material
interfere with the beetle odour and make it less detectable. Alter-
natively, soil volatiles may affect the behaviour of soil insects
and induce avoidance (Davis et al., 2013). It is thus possible
that organic substrates change the behaviour of the ants (e.g.
alertness), resulting in lower levels of aggression. In addition,
the ants and the beetle may behave differently according to the
texture of the substrate. There is evidence that ants move faster
on a fine than on a coarse substrate (Nielsen, 2001; Bernadou &
Fourcassié, 2008). By analogy, one would expect that the ants
would move faster on the smooth plaster. This would result in a
shorter interaction time with the beetles on plaster and, in con-
trast with the reported results, one would then expect a smaller
likelihood of an aggression response of an ant when encounter-
ing the beetle.

Red wood ants attempted to bite the beetle more frequently
when the background material was marked with their foot-
print semiochemicals. An elevated aggression response in the
presence of footprint semiochemicals has been demonstrated in
experiments with ant competitors (Akino & Yamaoka, 2005;
Ozaki et al., 2005; Bos et al., 2011). The results here show
a similar stimulating effect of semiochemicals on the attempts
to bite an unrelated parasite living in the nest. Opening of the
mandibles, a weaker aggression response, was not affected by
the presence of semiochemicals. Generally, the location in which
an agonistic interaction takes place can have a profound effect
on the level of aggression displayed (Baker, 1983; Reeve, 1989).
In ants, aggression appears to increase closer to the nest (Höll-
dobler, 1976; Mayade et al., 1993; Starks et al., 1998; Knaden
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& Wehner, 2003). The nest is the most valuable resource of ant
colonies as it contains the developing brood, reproductive indi-
viduals, food stores and offers a homeostatic environment (Höll-
dobler & Wilson, 1990). The elevated aggression on and near the
nest is in line with the acceptance threshold theory that predicts
that aggression should increase with the value of the resource
being defended (Reeve, 1989). Densities of nestmates are also
highest in and near the nest, which allows the sharing of the costs
of aggression among workers (Buczkowski & Silverman, 2005)
and the overwhelming of large intruders (Stapley, 1998). Foot-
print concentrations can be a reliable cue for wood ants to assess
their distance from the nest and to inform about the density of
nestmates as footprints levels are highest near, and in the nest
(Devigne & Detrain, 2006; Lenoir et al., 2009). These cues
may trigger them to adaptively tune their aggression response
towards intruders near and in the nest. This hypothesis could
be further supported when it is shown that encounters with bee-
tles outside the nest are less aggressive than those occurring in
the nest. The effect of semiochemicals on biting attempts was
not observed on a sand substrate, which might be related to
lower adsorption of the footprints on this substrate (Cheng &
Huang, 2004).

The present work underpins that the soil context plays
an important role in the aggressive encounters between ants
and their enemies. Significantly lower aggression levels were
reported on natural substrates compared with an artificial sub-
strate. Researchers should be aware of the effect of a natural
soil background on ant behaviour. Hence, the use of a natural
substrate in behavioural tests should be promoted to assess ant
behaviour and the impact on its enemies more realistically.
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