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monitoring ground-dwelling
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Mediterranean dry grassland
study
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Better understanding insects’ movements could help preserve and restore the

insect communities that are key to the functioning of grasslands. Recent

technological advances have led to spectacular achievements in movement

ecology, making it possible to track the individual movements of a wide variety

of organisms, including the smallest. However, monitoring systems such as

RFID tags may negatively impact an organism’s life history, with potential

consequences on the reliability of data and conclusions. This study explored

the potential of passive RFID tags to track the movements of three small

ground-dwelling beetle species, a predator (Poecilus sericeus, Carabidae), a

detritivore (Asida sericea, Tenebrionidae) and a granivore (Acinopus picipes,

Carabidae), in a Mediterranean dry grassland degraded by years of cultivation.

First, we tested whether carrying tags might impact individuals’ behaviour, using

a before-and-after design under laboratory conditions. Despite a trend toward

shorter displacements, we found no significant short-term effect of the tags on

individuals’ movements. Second, we tracked a total of 25 tagged beetles in their

natural environment every 4 h for 48 h. We highlight the principal limitation of

using passive tags with small terrestrial beetles: the antenna has to pass over

the tags to detect them, which restricts tracking to a few consecutive days

after which the probability of locating an individual is low. However, the data

obtained sheds light on the biological rhythms and daily movement capabilities

of our target species: A. sericea is more mobile and P. sericeus less mobile than

expected. Such knowledge could help predict the species’ ability to recolonise

degraded areas, enabling appropriate restoration actions to be designed based

on landscape ecology principles.

KEYWORDS

movement ecology, conservation, grassland, insects, radio-tracking

1. Introduction

The global decline of grasslands is making conservation and restoration actions a priority
(Buisson et al., 2022). Usually, it is plant species that are targetted in restoration actions,
under the general assumption that insect populations will naturally follow the restoration
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of plant communities (Hilderbrand et al., 2005). However, this
assumption neglects key processes that underpin the establishment
and persistence of insect populations in sites to be restored, such as
their ability to naturally reach these areas.

Ensuring that species can move between habitats or from
preserved to degraded areas is vital for their maintenance and
for ecosystem functioning and restoration (Massol et al., 2011;
Poli et al., 2020). Considering species movements should therefore
be a prerequisite when planning species conservation and habitat
restoration (Katzner and Arlettaz, 2020). Currently, however,
movement data are too often neglected when implementing
conservation plans (Allen and Singh, 2016), reducing the
effectiveness of traditional approaches such as protected areas given
the spatial scale of species’ movements (Thirgood et al., 2004). One
of the challenges in species conservation is therefore to determine
how, where, when and why species move.

The recent emergence of the science of movement that
provides detailed spatio-temporal data is a significant advance in
species conservation (Allen and Singh, 2016). Movement processes
inform the foraging ecology and dispersal capacity of organisms
(Ramos-Fernández et al., 2004). Research in movement ecology
is generating knowledge of factors like the extent and use of
geographical ranges, migratory pathways, phenology and activity
period, the knowledge required for flexible conservation strategies
in space and time (Le Gouar et al., 2015; Bérces and Růžičková,
2019). For example, to estimate the migratory range of stag
beetles (Lucanus cervus) as a measure of connectivity among
neighbouring populations for future conservation measures, Rink
and Sinsch (2007) equipped individuals with 350 mg transmitters.
They observed that about 1% of males are capable of maintaining
gene flux among nest sites within a radius of about 3 km. Thus,
isolated populations more than 3 km apart have an increased
probability of local extinction.

Movement ecology has evolved thanks to recent technological
advances such as radio frequency identification, hereafter RFID
(e.g., Moreau et al., 2011), harmonic radar (e.g., Milanesio
et al., 2016) or radio telemetry tags also called very high
frequency (VHF) radio telemetry (e.g., Růžičková and Veselý,
2016). These technologies have been widely used to study the
space use and movement behaviour of vertebrates (Holyoak et al.,
2008). In comparison, insect movement ecology remains relatively
neglected, despite the recent miniaturisation of tracking devices
that has enabled accurate estimation of movements, even for small
organisms like insects (Reynolds and Riley, 2002; Milanesio et al.,
2016). Riecken and Raths (1996) were the first to use small radio-
transmitters (0.6–0.7 g) to study the dispersal and habitat use
of a terrestrial ground-dwelling insect, Carabus coriaceus, a large
beetle about 40 mm long. Since then, a wide array of ground and
flying arthropods has been tracked (Kissling et al., 2014), from
tarantulas (e.g., Janowski-Bell and Horner, 1999) and beetles such
as Carabidae (e.g., Negro et al., 2008) to hymenopterans (Henry
et al., 2012) and dragonflies (Moskowitz and May, 2017).

When used on insects, tracking devices are commonly glued
either directly on their external tegument (e.g., Batsleer et al.,
2020) or to a line that is itself fixed onto the insects’ back (e.g.,
Vinatier et al., 2010). However, this equipment may constrain insect
behaviour and affect different aspects of an arthropod’s life history
(e.g., energy, movement, foraging, mating), potentially reducing the
reliability of data and conclusions (Henry et al., 2012). Batsleer

et al. (2020) recently called for more systematic documentation
of potential effects of tags on arthropods’ behaviour. Their review
found that only 12% of the papers quantified the impacts of
tags on insects. Most of the remaining papers claimed no effect,
based on tag/body weight rules. The 5% rule—developed for flying
or swimming vertebrates—considers that a tag/body weight ratio
above 5% induces significant impacts (Kenward, 2001). Boiteau and
Colpitts (2001) recommended that tags should weigh no more than
23–33% of the beetle’s acceptable extra loading to limit impacts on
the number and quality of flights. However, such general rules do
not make much sense, as tag impacts are most likely dependent
on study species, tag type, sex and environmental context (Jepsen
et al., 2005). For example, predator and scavenger beetles of similar
size and weight are unlikely to be affected in the same way by the
tag. Unlike scavengers, predators often have to move quickly and
sometimes over large areas to detect and catch their prey, which
may make them more sensitive to additional weight.

Each of the available technologies has its own advantages
and drawbacks for the study of arthropod movements (Kissling
et al., 2014; Batsleer et al., 2020). Active radio transmitters allow
individuals to be tracked over distances of more than 300 m for
ground-dwelling insects (Negro et al., 2008); however, the problem
is the weight of the transmitter, sometimes as heavy as a given
arthropod. Passive tags (harmonic radar and RFID) have been
applied to a broader range of arthropods, but the short detection
distance complicates the monitoring of arthropods in the field.
How much of a drawback this is depends, however, on the structure
of the habitat; passive tags may be more appropriate in open
habitats such as grasslands, where tagged individuals are easier
to detect. For smaller arthropod species, where tag weight makes
passive tags the only option, current challenges in monitoring
movements include the limited detection distance and potential
impacts on the animals’ behaviour.

This study investigated the potential of passive RFID
transmitters to track the movements of three small ground-
dwelling beetle species typical of the Plaine de la Crau (Southern
France) dry grassland: a predator (Poecilus sericeus, Fischer von
Waldheim, 1824, Carabidae), a detritivore [Asida sericea (Olivier,
1795), Tenebrionidae] and a granivore [Acinopus picipes (Olivier,
1795), Carabidae]. We first explored how the tags impacted
beetle behaviour, using a before-and-after design under laboratory
conditions. Then we tracked tagged individuals in their natural
environment, located in a protected nature reserve. Our findings
are discussed in terms of their relevance to the conservation of
beetle species in a protected dry grassland.

2. Materials and methods

2.1. Study site

La Crau is a plain dominated by dry grasslands located in the
former delta of the Durance river (Southern France), to the east of
the Rhône valley and the Camargue. This region is characterised
by a Mediterranean climate, with low annual precipitation (400–
500 mm per year), long hot summers and mild winters (mean
annual temperature: 14◦ C). On average, the strong predominant
wind (“mistral”) blows from the North–West 334 days per year
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and the sun shines 3,000 h per year, generating very high levels of
evapotranspiration (Devaux et al., 1983). In La Crau dry grasslands,
about 50% of the soil surface is covered with stones transported
by the Durance river 650,000 to 30,000 years ago. The substratum
is an impermeable conglomerate bedrock, 40 cm deep, which
limits the accessibility of groundwater for vegetation. Our field
experiment took place in the centre of the sheepfold “Peau de
Meau” (43.571525◦N, 4.831853◦E, elevation 10 m, 160 ha). The
site is representative of the remaining 11,500 ha of dry grassland
vegetation typical of the area, i.e., dominated by Brachypodium
retusum P. Beauv. L., Poaceae and Thymus vulgaris L., Lamiaceae
(Buisson and Dutoit, 2004; Römermann et al., 2005).

2.2. Study species

We focussed on three apterous beetle species: Asida (polasida)
sericea (Olivier 1795), Poecilus sericeus (Fischer von Waldheim,
1824), Acinopus (acinopus) picipes (Olivier, 1795) (Figure 1). They
are among the most abundant non-flying beetle species on the
La Crau dry grassland, A. sericea and P. sericeus often jointly
accounting for nearly 40% of the individuals caught (Blight et al.,
2011). The three species are of similar size, with average body length
from 11 to 14 mm (Jeannel, 1942; Soldati, 2006), but belong to
three different feeding guilds. As a Tenebrionidae, A. sericea is a
detritivore species. Acinopus picipes is an omnivorous-granivorous
species with a large head and stout mandibles (Talarico et al., 2016),
whereas P. sericeus is a predator with an elongated body and long
mandibles (Jeannel, 1942). Their life cycles also differ: P. sericeus
overwinters in adult stage, A. picipes overwinters in larval stages
(Talarico et al., 2016) and A. sericea’s imago can be found all year
long (Soldati, 2006).

2.3. Monitoring devices

Based on preliminary tests with harmonic radar technology
(RH, unpublished results), we decided to use radio frequency
identification (RFID) to monitor the beetles’ movement. The
major issue with harmonic radar is individuals’ movements being
hindered by the long wire antennas getting caught in vegetation,
as described in O’Neal et al. (2004). Despite a shorter detection
range, RFID eliminates the problem of the protruding antenna and
allows tagged individuals to be distinguished according to unique
signals. We used miniature passive RFID tags (Mini HPT8 PIT
Tag, Biomark Inc., Boise, ID, USA) 8 mm long by 1.4 mm wide,
i.e., shorter and narrower than our study species. These tags weigh
about 30 mg, which means that individuals equipped with glued
diodes carried roughly 30% of their body mass. Tagging our study
individuals added 26% extra weight to A. picipes, which weighs on
average 0.12 g, 35% to A. sericea, which weighs on average 0.14 g,
and 26% to P. sericeus, which weighs on average 0.12 g (Table 1).

Tags were glued to the insect’s elytra with cyanoacrylate glue
(Super glue 3 power flex mini trio, Loctite, Henkel, Germ). We
tracked the tagged insects with a hand-held battery-powered
transponder reading device (HPR Plus Reader, Biomark) equipped
with a 40 cm diameter portable antenna (BP Plus Antenna,
Biomark). The antenna had to pass over a tag to detect it. Detection

height was also limited to a few centimetres (up to 30 cm,
depending on the presence of stones under which beetles can hide).

2.4. Lab experiments

We first conducted an experiment to assess the impact of
laboratory conditions and tags on the movements of the three
species. A control group (N = 6 for P. sericeus and N = 5 for
A. picipes and A. sericea) was tested for signs of familiarisation with
an arena where they were repeatedly released. We hypothesised that
their exploratory behaviour might be reduced by repeated release
in the arena, through habituation to this new context. Individuals
were released three times in the centre of a 42 cm × 27 cm
plastic box (hereafter the arena), its bottom covered with white
blotting paper to increase contrast with the dark insects. They
were filmed for 4:30 min using a camera (alternatively 2 cameras:
Nikon Coolpix P100, 10 megapixels and Nikon Coolpix P7700, 12
megapixel) attached to a copy stand. A second group of individuals
(N = 10 for A. sericea, N = 14 for P. sericeus and N = 7 for
A. picipes) was tested for the effect of the tags on behaviour and
movements. Each individual was released three times in the arena
and their behaviour recorded. The first time, the individual was
“undisturbed”; the second time, a drop of glue was placed on it;
the third time, the tag was glued onto its back. With or without
tags, the glue was allowed to dry for 20 min before the individual’s
movements were filmed for 4:30 min using the device described
above. We hypothesised that small tags glued to their elytra would
not alter the movement capability of these ground-dwelling non-
flying beetles.

Temperature in the experimental room was about 23◦C.
Filming was done in daylight and additional artificial light was used
to improve image quality and avoid shading. Note that if an insect
did not move for the first 2 min, we switched to the next individual.

All the individuals used in these experiments were hand-caught
in the field and stored in boxes with soil and rocks retrieved from
the field. Boxes were kept moist and oxygenated. Lab experiments
were conducted in the days following their capture.

Data for each individual was treated in three steps. First,
pictures (1920 × 1088 px) were extracted from the films (30
frames per sec.) at regular 5-s intervals with VLC© (scene filter on
and recording ratio of 150), yielding 54 images per film. Second,
the individual’s spatial coordinates in the arena were calculated
via automated image analysis, as in Mallard et al. (2013). Third,
two variables related to the individual’s activity in the arena were
calculated: (1) average distance travelled in 5 s. time steps (pixels),
and (2) total area explored, defined by number of pixels visited in
an arena divided into 200 square pixels.

The average behaviours of individuals from the different
species and treatments were compared via repeated measures
ANOVA (hereafter anova), which allows for the same individuals
to be measured on the same outcome variables under different
conditions (three consecutive runs with or without equipment),
using the function anova_test from the package rstatix
(Kassambara, 2022). We accounted for multiple comparisons
with Holm’s adjustment, less conservative than the Bonferroni
method (Holm, 1979). Non-normal variables were transformed
using the function bestNormalize (Peterson, 2021).
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FIGURE 1

Study species and study area (A) the dry grasslands of la Crau and marking of release points, (B) Asida sericea, (C) Acinopus picipes, (D) Poecilus
sericeus equipped with an RFID-tag on its back, (E) Asida sericea equipped with an RFID-tag and released in the field.

TABLE 1 Species weight alone ( ± SD) and with the diode, and additional weight generated.

Species Weight alone (g) Weight with diode (g) Ratio Add.weight (g)

A. picipes (N = 2) 0.120 ± 0.021 0.158 ± 0.011 1.248 ± 0.028 0.038

A. sericea (N = 8) 0.136 ± 0.032 0.180 ± 0.031 1.347 ± 0.107 0.044

P. sericeus (N = 14) 0.121 ± 0.016 0.152 ± 0.016 1.260 ± 0.043 0.030

To investigate how different individuals responded to our
treatments, we used the intraclass correlation coefficient (ICC)
with the function icc from package irr (Gamer et al., 2019). The
ICC measures the reliability of ratings in inter-raters or in test–
retest designs by comparing the variability of different ratings
for the same individuals to the total variation across all ratings

and all individuals (Shrout and Fleiss, 1979). Both agreement
and consistency were measured. An ICC value above 0.9 means
agreement (or consistency) is excellent, a value between 0.75 and
0.9 good, a value between 0.5 and 0.75 moderate and below 0.5 poor
(Koo and Li, 2016). Non-normal variables were transformed using
the function bestNormalize (Peterson, 2021).
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FIGURE 2

Monitoring beetle movements in the lab, (A) example of an experimental run with all-time steps overlapped, (B) example of three contrasting
trajectories in blue, green and red. White square correspond to the release point.

2.5. Field experiment

The movements of individual beetles in the field were
monitored every 4 h for 48 h (17–19 May 2021). Individuals were
hand-caught in the morning of day 1 and kept in plastic boxes
before their release. They were equipped with the same RFID tags as
in the laboratory experiment (see above) and observed for 30 min
minimum to confirm successful tag attachment. Individuals were
released on day 1 at 14h30. Release points were located 10 m
apart to facilitate detection procedures, reduce interference among
tagged individuals and maximise the heterogeneity of stone and
vegetation cover encountered in the dry grassland. Release points
were located in a 40 m diameter circle to facilitate logistics and were
marked with a labelled and coloured pole (Figure 1).

Initially, we released 25 individuals (N = 7 for A. sericea and
N = 9 for P. sericeus and A. picipes), the number of individuals
per species reflecting capture success. Every 4 h, all individuals
were detected and their new position marked with a labelled
pole. We recorded the time, the distance travelled since release

with a decametre and the direction taken since release (deviation
from compass direction, distance-bearing approach (Rùžièková
and Elek, 2021) with the compass application of a smartphone
(using a single iPhone 5S to avoid bias). This provided two daily
time steps per time of day: afternoon (10:30–14:30, 14:30–18:30),
night (18:30–22:30, 22:30–2:30), morning (2:30–6:30, 6:30–10:30).

When the individual appeared motionless after three
consecutive detections, its physical condition was checked.
Twelve hours after starting the experiment, there were two dead
individuals and seven lost their tag. Nine additional individuals
were released at 14h30 on day 2 (N = 3 for each species). One week
later, an exhaustive field search was conducted over a circle of 6 m
around the release points. The distance and angle to release point
were recorded for each detected individual; undetected individuals
were considered to have left these search areas.

This experiment took place under typical spring weather
conditions, mainly sunny days with 30–50 km/h northerly wind
and light rain (< 0.5 mm for 2 h). The temperatures of the soil
(10 cm below soil surface) and air (at 1.2 m above soil in the shade)
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were recorded with two loggers (Hobbo
R©

, Pendant temp logger
64K). There was a clear night-day temperature contrast, with an
average temperature of 18.8◦C in the soil and 19.0◦C in the air, a
minimum temperature of 14.1◦C in the soil and 8.6◦C in the air
and a maximum temperature of 27.0◦C in the soil and 31.0◦C in
the air.

To test for differences between sessions in distance travelled for
each species (morning, day and night), we used the non-parametric
Kruskal-Wallis test from the package rstatix (Kassambara, 2022),
as the data did not follow a normal distribution, even after
transformation. Pairwise comparisons were performed using the
pairwise.wilcox.test function with Holm’s correction from the
package rstatix (Kassambara, 2022).

All statistical analyses were performed using R Statistical
Software (v4.1.2 R Core Team, 2022).

3. Results

3.1. Lab experiments

We observed strong individual variations in the behaviour
of beetles in the arena, with some individuals circling along the
edges, some widely exploring the surface and some remaining
still in a corner (Figure 2). No clear sign of habituation to
the arena was found, none of the analysis being significant
(Figure 3). Moreover, the area explored by individuals differed
in a completely idiosyncratic manner between arena sessions
(ICC < 0.5) (Figure 3B). The distance travelled was moderately
consistent (ICC ∼ 0.6) for A. sericea and A. picipes across the three
runs, with some individuals travelling fast while others remained
slow.

In contrast, for the tag-effect test, we observed an overall effect
on A. sericea [F(2,18) = 15.15; p < 0.001]. Individuals covered
significantly shorter distances per time step with the diode on their
back than when carrying nothing (df = 2; p = 0.004) (Figure 4A),
and also tended to cover shorter distances when they had glue alone
on their backs compared to nothing (df = 2; p = 0.067) (Figure 4B).
An overall effect was also observed on A. picipes [F(2,12) = 4.71;
p = 0.031] and P. sericeus, [F(1.31,17.02) = 5.22; p = 0.028], but none of
the comparisons were significant after applying Holm’s correction.
Neither carrying the glue alone nor the diode affected the area
explored. None of the ICC values were above 0.5, indicating poor
consistency in the individuals’ behaviour and poor agreement in
their ranking among treatments.

3.2. Field experiment

In the end, movement data was obtained on 25 individuals over
24 to 48 h: 8 A. picipes (out of 12 released), 10 A. sericea (out of 10
released) and 7 P. sericeus (out of 12 released). The other individuals
were preyed on (2) or lost their diodes (7). One week later, within
a 6 m radius of the release points, the field search identified 11
individuals that had moved farther than a week earlier (2 A. picipes,
5 A. sericea, 4 P. sericeus) and five that had not moved (due to
territoriality, death or lost diode); the 9 other individuals were not
found (Table 2, see Appendix 1 for trajectory examples).

The distances travelled by the tagged individuals did not
significantly differ between species due to high individual
variability (all the metrics yielded the same results). After 24 h,
A. picipes individuals were found approximately 0.81 metres from
their starting point (max = 2.63 m), having travelled an average of
0.22 metre in 4 h (max = 2.17). Asida sericea individuals were found
approximately 1.03 metres from their starting point (max = 3.62 m),
having travelled an average of 0.33 metre in 4 h (max = 3.42).
Poecilus sericeus individuals tended to travel less and were found
approximately 0.5 metres from their starting point (max = 1.91 m),
having travelled an average of 0.13 metre in 4 h (max = 1.98).
On average, individuals started to move after 3.5-time steps for
A. picipes, 4.6 for A. sericea and 5.8 for P. sericeus.

We observed a significant effect of time of day on movement
patterns (df = 2; χ2 = 12.78; p < 0.01) (Figure 5). Individuals
moved more at night than in the morning (df = 2; p = 0.026) and
substantially more at night than in the afternoon (df = 2; p = 0.003),
with no significant difference between morning and afternoon
(df = 2; p = 0.226). The effect was, however, not equally strong for
all three species. Time of day significantly affected the movements
of Asida sericea (df = 2; χ2 = 8.47; p = 0.015), individuals moving
significantly more at night than in the afternoon (df = 2; p = 0.022).
In contrast, no significant effect was observed for A. picipes (df = 2;
χ2 = 4.6; p = 0.1) or P. sericeus (df = 2; χ2 = 1.27; p = 0.53).
Mobility was largely idiosyncratic, with some individuals moving
more during the different time steps than others (Figure 6).

4. Discussion

Assessing the movement capability of insects is essential for the
implementation of effective conservation and restoration measures.
While the recent miniaturisation of tags is making it easier to
track animals, including insects, there remain constraints such as
the impact of tag weight on individual movement and the short
detection distance. Here, we found weak effects of the tag on
individual behaviours of three small ground-dwelling beetles in
the laboratory, effects that were limited to the detritivore species.
We obtained data on their daily behaviour by closely monitoring
individuals in their habitat for 48 h and then a week later, but with a
significant number of losses. In the light of these results, we discuss
the implications of these beetle species’ daily movements for the
recovery of their populations in degraded areas of the Plaine de la
Crau dry grassland.

4.1. Validation of the tracking technique

Previous radio tracking using passive tags was limited to beetles
of more than 20 mm in length and a 0.4 g body mass (Kissling
et al., 2014; Testud et al., 2019). Here, we demonstrated the validity
of this technique even for smaller beetles (15 mm and 0.12 g).
Despite a tendency toward shorter displacements, we observed few
significant changes in the behaviour of tagged individuals under
laboratory conditions. Only A. sericea covered significantly shorter
distances per time step with the diode on. However, caution is
required in interpreting these results; although we did not observe
strong short-term behavioural effects, the tags could have impacts
over several days or weeks.
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FIGURE 3

Control test, (A) Mean distance ( ± SE) travelled per time step among species and runs in the arena in pixels and (B) Mean explored area ( ± SE)
among species and runs in the arena. n.s. = non-significant. Each coloured line represents an individual.

Because insects are known to be able to carry large extra loads
for feeding or building activities, studies on insects’ movements
are generally conducted using a tag-to-body-mass ratio greater
than the 5% body-mass rule established for vertebrates. Here, the
full tagging system did not seem to strongly affect the beetles’
movements, despite adding 26% to the body weight of A. picipes,
26% to P. sericeus and 35% to A. sericea. Actually, despite the
growing use of telemetry techniques for tracking insects, their
impacts are rarely assessed. Only 12% of the 173 studies reviewed
by Batsleer et al. (2020) quantified the effect of tags on arthropods.
In one example, the activity of the flightless cricket, Gryllus locorojo,
reduced as tag weight increased from 18 to 127% of the individual’s
body mass (Kaláb et al., 2021). Boiteau et al. (2010), studying
the beetle Conotrachelus nenuphar, reported that a tag weighing

around 15% of its body mass did not reduce its mean walking
speed. Another approach is to consider that tag weight must not
exceed the maximum mass of an item the species can lift (Batsleer
et al., 2020). This would, however, be difficult to determine for our
studied species, which does not have to grab and carry food before
eating it.

Our field experiment successfully used RFID to track small
ground-dwelling beetle movements in the species’ habitat. Despite
the short detection distance (the antenna having to pass over the
tag to detect it), we were able to locate all individuals except those
that lost their tag or were preyed on. This meant we could track a
reasonable proportion of the total tagged individuals (25 out of 34).
However, our ability to locate individuals decreased greatly after
7 days, with only 16 out of 25 found after thoroughly searching an
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FIGURE 4

Effect of the diode, (A) Mean distance ( ± SE) travelled per time step among species and runs in the arena in pixels and (B) Mean explored area
( ± SE) among species and runs in the arena. Different letters indicate significant differences between runs (P < 0.05), n.s. = non-significant. Each
coloured line represents an individual.

area 6 metres around the release point. It is therefore unlikely that
we could track individuals over several weeks or months without
close monitoring, which would be time-consuming and uncertain
to succeed. The nature of the data collected is therefore limited
to species’ daily movements and foraging behaviour, without
covering dispersal sensu stricto (Silcox et al., 2011). The method’s
applicability is also limited to species moving over short distances.

4.2. Species and individual-level data
acquisition

Although limited in time, the data we collected provide useful
knowledge on the behaviour and ecology of the three studied
species, such as differences according to diet and daily activity.
We observed differences between species in the distances travelled.
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TABLE 2 Movements of the three species in the field.

Species ID Mean (m) sd (m) Max (m) Sum (m) 1 week (m)

A. picipes 1 0.06 0.10 0.21 0.38 –

2 0.09 23.00 0.78 1.03 0.86

3 0.13 0.19 0.53 1.52 –

4 0.22 0.22 0.58 2.60 1.92

5 0.36 0.63 1.70 4.34 –

6 0.53 0.73 2.18 6.37 –

7 0.11 0.13 0.31 0.66 –

8 0.02 0.05 0.13 0.13 –

A. sericea 1 0.84 0.83 3.01 10.13 -

2 0.11 0.14 0.32 0.67 1.46

3 0.10 0.19 0.59 1.24 –

4 0.11 0.28 0.68 0.68 0.72

5 0.18 0.20 1.05 2.12 3.95

6 0.27 0.59 1.96 3.21 –

7 0.01 0.04 0.13 0.13 5.47

8 0.65 0.76 2.23 7.83 –

9 0.65 1.05 3.43 7.80 5.45

10 0.05 0.13 0.32 0.32 –

P. sericeus 1 0.22 0.25 0.49 1.34 –

2 0.00 0.00 0.00 0.00 0.35

3 0.04 0.10 0.31 0.51 2.33

4 0.14 0.13 0.35 1.71 5.51

5 0.16 0.31 0.80 1.91 –

6 0.45 0.77 1.98 2.69 2.16

7 0.02 0.05 0.13 0.13 –

Mean = mean distance (m) /time step; sd = sd distance (m) /time step; max = the maximum distance travelled (m) /time step; sum = the total distance travelled (m); 1 week = the distance (m)
travelled from the release point after 1 week (the 11 individuals were all alive).

Unexpectedly, Asida sericea travelled the most and farthest in
the field, whereas it was the least active and most impacted by
the tag in the laboratory. Poecilus sericeus, the predator needing
to search for prey, could have been expected to move around
more than a detritivore or a granivorous species with easy access
to food resources. Two non-exclusive explanations can be put
forward. Firstly, while it appeared to be unaffected by the tag in
the laboratory, P. sericeus may suffer more from the extra weight
in a more structured environment of stones and dense vegetation,
the species being thinner and lighter than the detritivore A. sericea.
Secondly, P. sericeus might prefer to remain hidden from its prey,
rather than actively hunting. Our experimental setup, limited in
time and space, did not allow us to properly assess distance travelled
and our arenas contained no hiding places.

Using both day and night sessions provided fundamental data
on the phenology of the three species. They were all more active at
night, which is relatively common in beetles, especially dark species.
Dark nocturnal species have evolved as an interspecific adaptation
to avoid predation (Hernández, 2002), and being nocturnal also
allows them to avoid the warmer and drier daytime conditions.

Radio frequency identification tracking also provided useful
data at the individual level. Confirming our observations in

the laboratory, we recorded high within-species variability in
behaviour. The individuals that were the least active the first
day remained less active the following day, regardless of species.
These consistent inter-individual differences might suggest the
presence of personality traits (Sih et al., 2004) in these three
beetles; however, this question will need to be more thoroughly
investigated based on a larger number of individuals. From
a conservation perspective, animal personality has important
implications. Dispersal is often phenotype-biassed, with bolder
and more exploratory individuals showing a higher dispersal
tendency (Cote and Clobert, 2007; Cote et al., 2010). Such
data could help explain colonisation dynamics (Cote et al.,
2010) and the degree of success of species re-introduction
(de Azevedo and Young, 2021).

4.3. Implications for the conservation of
grassland beetle populations

This study highlights the limitations of using passive
tags to track the movements of small terrestrial beetles.
The fact that detection requires the antenna to pass over
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FIGURE 5

Step length per time of day for the three study species in the field.

FIGURE 6

Step length in metre during night time per individual and species.

the tag makes it impossible to track individuals that cover
several metres per day over several weeks, and thus to
accurately identify their dispersal capabilities and home
range. However, the data collected here provide valuable
information on the biology of the three species, such as their
nocturnal activity.

We were also able to determine their daily movements,
which might have implications for their conservation and
restoration in the study grassland. This dry grassland has
been degraded by years of cultivation requiring the removal
of the original stone cover (Buisson and Dutoit, 2006).
Stones are a structuring factor for beetle communities
(Blight et al., 2011), probably creating better microclimatic
conditions (havens of moisture and low temperatures in

summer, Lamb and Chapman, 1943; Nobel et al., 1992). These
daily movement data shed light on the dynamics of natural
colonisation of degraded areas from the original habitat. Asida
sericea and P. sericeus, the two most abundant species in the
original ecosystem, remain present in the formerly cultivated
areas but in significantly lower abundance (Fadda et al.,
2007; Blight et al., 2011). Although both ground-dwelling
species move relatively short distances in the course of a
day, they do move, confirming the hypothesis put forward
by Fadda et al. (2008) of a possible natural colonisation of
degraded areas from the nearby original habitat. Indeed,
in the study area, degraded grasslands are contiguous with
preserved grassland and there are no physical barriers
such as concrete roads. The lower population densities

Frontiers in Ecology and Evolution 10 frontiersin.org

https://doi.org/10.3389/fevo.2023.1040931
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/


fevo-11-1040931 April 10, 2023 Time: 12:41 # 11

Blight et al. 10.3389/fevo.2023.1040931

found in formerly cultivated areas are therefore more likely due to
less suitable habitats rather than to limited movement.

Knowing the rate of daily movement is also relevant for the
implementation of effective restoration actions. One such proposed
action is the restoration of stone cover, key for beetle communities.
Even small stone patches dispersed randomly appear to be an
effective way to increase beetle richness and abundance on formerly
cultivated fields, as suggested by Blight et al. (2011) “several stone
patches dispersed over a wide area maximises edge effects between
the ecosystem to be restored and the restored habitat patches.”
However, the spatial distribution of the patches that will ensure
the most efficient management depends on the beetles’ movement
capability. Our RFID monitoring suggests that this distance should
not exceed 6 m, as 58% of individuals were found within 6 m of the
release point 1 week later.

5. Conclusion

While we confirm the limitations of using RFID technology
to track small ground-dwelling beetles over a long period in a
dry Mediterranean grassland, the data collected provide interesting
data on their biology, that may help in the development of
restoration actions. Further work should address the challenge of
tracking individuals’ movements between restored habitat patches.
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Appendix 1

Trajectories in the field for individuals that moved at least 1 m from their release point. Release points have been overlapped. Each
individual is represented by a given colour. The white square shows their release point. Dots represent the position of the individuals during
the 48 h and open circles the position after 1 week (when known). Dotted circles represent distances of 1 m and 6 m from the release point.
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