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In social insects, rejection of dead nestmates is a common hygienic behaviour that allows colonies to

reduce pathogen transmission within the nest. We investigated which orientation processes, chemical
cues or individual memory, are used by the common red ant, Myrmica rubra, when it removes dead
nestmates far from the nest. Myrmica rubra colonies varied in how efficiently they removed corpses,
owing to differences in the number of short-term specialists involved in the transport of several corpses
over successive trips. Corpse-carrying ants had to choose between two possible paths leading to areas
remote from the nest. Their choices were not influenced by chemical compounds such as a necrophoric
trail or any other chemical cues emitted by corpses. On the other hand, corpse-carrying ants that made
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time elapsed between two choices was short. This suggests that necrophoresis in field colonies with
a low death rate will be likely to lead to dispersion rather than to a piling up of corpses.
© 2011 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
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Animal groups are regularly faced with the death of conspecifics
but few studies have looked into the ways they solve related
hygienic problems and behave in the presence of corpses. Specific
behaviour towards corpses, such as intraspecific necrophagy, has
been reported in several taxa including arthropods, reptiles,
amphibians, and mammals (Rudolf & Antonovics 2007). A few
vertebrates, such as chimpanzees Pan troglodytes, dolphins,
Tursiops truncatus, and elephants, Elephas maximus, may show
prolonged interest or touching of dead conspecifics (Douglas-
Hamilton et al. 2006; McComb et al. 2006). Such behaviours
towards corpses can be hazardous since contact and ingestion are
common pathways for acquiring pathogens. Social animals are even
more exposed to sanitary problems as pathogen prevalence usually
increases with density (Anderson & May 1979; Schmid-Hempel
1998). Concerning social insects, several life traits make them
potentially sensitive to the transmission of pathogens: they live at
very high densities within societies composed of highly genetically
related individuals and overlapping generations. Moreover, they
are often settled for several years within the same nest under
confined and humid conditions. Insect societies have therefore
developed a variety of social defences against the intake and spread
of parasites (Cremer et al. 2007). Some defences are prophylactic
ones such as the avoidance of infected soil (Drees et al. 1992), the
use of antimicrobial material in the nest (e.g. propolis in bees,
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Bankova et al. 2000) or the retrieval of tree resin by ant workers
(Chapuisat et al. 2007). Frequent grooming coupled to the presence
on the cuticle of antibiotic compounds secreted by metapleural
glands also contributes to the health maintenance of workers
(Hughes et al. 2002). The spatial isolation of infected, moribund or
dead individuals is another widely used strategy to reduce the
horizontal transmission of parasites and pathogens (Spivak 1996).
In some species, diseased or moribund ants leave the nest on their
own and die away from their nestmates (Heinze & Walter 2010).
When individuals die in the colony, they are removed by nest-
mates: termites (Crosland 1997) and some ant species (Renucci
et al. 2010) bury them in the nest, bees drop dead larvae or
adults outside the hive (Wilson-Rich et al. 2009) and most ant
species transport corpses away from the nest. Apart from humans,
the only cases of active removal of dead conspecifics, called ‘nec-
rophoresis’ (Wilson et al. 1958), have been reported in bees and
ants.

In the limited space of laboratory nests, necrophoresis by ant
workers may lead to the formation of ‘ant cemeteries’. This piling
up results from simple clustering rules: unladen ants pick up
corpses with a probability that decreases with cluster size, whereas
corpse-carrying ants drop their load with a probability that
increases with cluster size (Theraulaz et al. 2003). However, under
natural conditions, only a few corpses have to be concurrently
removed and dropped within a foraging area that is very large and
potentially unlimited. Then, the probability of an ant encountering
another corpse is very low, making the formation of piles of corpses
through self-amplifying processes unlikely. Even though corpses
are not aggregated into ‘cemeteries’, the removal patterns of dead
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nestmates can nevertheless be structured through time and space.
Ideally, corpses have to be removed fast, transported far away from
the nest and dumped in areas that are less frequented by nest-
mates. Such spatial segregation could be facilitated by orientation
mechanisms based on trail laying or area marking. Apart from these
chemical cues, segregation of waste items could also emerge from
the activity of a few ants carrying many corpses successively and
showing some memory-based consistency in their orientation
towards disposal areas.

We investigated orientation of the common red ant, M. rubra,
while carrying dead nestmates. We first explored whether some
individual ants contribute to corpse transport more than average
and if they improve their efficiency in corpse removal over time.
Second, we investigated whether chemical cues act upon the ants’
orientation while they carry corpses. Then we studied the influence
of individual memory during necrophoresis. We also modelled the
forgetting rate of spatial memory among corpse-carrying ants.
Finally, we discuss the consequences of ants’ orientation during
necrophoresis on the global pattern of removed corpses.

METHODS
Collection and Maintenance of Ants

The red ant is a common species inhabiting forests or open areas
of Northern Europe. Three M. rubra colonies were excavated from
earth banks of a semi-open area in the campus of Gembloux Agro-
Bio Tech, Wallonia, Belgium. In the laboratory, ants were kept in
plaster nests (Janet type, 120 x 120 mm and 2 mm high) connected
to a foraging arena (47 x 33 cm) the borders of which were coated
with fluon (polytetrafluoroethylene) to prevent ants from escaping.
Each nest contained 400—500 workers, brood covering 10—15% of
the nest area and three gynes, which is a colony composition
commonly found in the field (Elmes 1973). Laboratory conditions
were kept at 234+2°C and 50 + 5% relative humidity, with
a constant light period of 12 h per day. Each nest was provided with
a sucrose solution (ad libitum, 0.3 M) and one mealworm, Tenebrio
molitor, per day as a protein and lipid supply.

Experimental Design and Protocol

Before each experiment, the tested ant colony was connected to
a Y-shaped aluminium bridge placed at the nest entrance (Fig. 1).
An ant leaving the nest had to walk 10 cm before facing a 60° fork
where it had to choose one branch (40 cm long) until reaching
a 4 x 3 cm platform. The bridge was 1.5 cm wide and was covered
with paper that was replaced between successive trials to remove
any colonial odours or trails possibly laid by walking ants. To
prevent ants from falling off the bridge, we placed plastic walls,
1.5 cm high, covered with fluon on each side of the bridge. To avoid
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Figure 1. Experimental set-up consisting of an ant nest (1), a bridge with a 10 cm
common part (2), two 40 cm right and left branches (3) and two platform areas (4).

orientation biases caused by an asymmetry of visual cues, light
sources (four neon lamps OSRAM L 18 W) were placed symmetri-
cally with respect to the centre of the set-up, which was sur-
rounded by white walls. Before the introduction of corpses, we
observed choices of ants at the bridge’s fork for 20 min. The
distribution of ants between the two branches did not differ from
a binomial distribution (Kolmogorov—Smirnov test: D= 0.5,
P = 0.164), confirming that there was no experimental bias in their
orientation. Then three corpses were placed at the nest entrance.
All corpses were nestmates that were killed by freezing at —24 °C
for 30 min and left at ambient temperature for 7 days before being
tested. The trial started as soon as the first corpse was transported
from the nest entrance beyond the bridge’s fork. During each trial,
we kept constant the number of three corpses at the nest entrance
by adding a new corpse as soon as one was carried away. Each
transported corpse was removed after having been dumped for at
least 30 s either on the bridge or on one of the two platforms. The
activity at the bridge’s fork was video recorded (Panasonic WV-
BP330 camera with a WVLZ62/8 lens). Each trial was divided into
two phases of 90 min each. Between the two phases, we swapped
the pieces of paper covering the left and right branches of the
bridge. This was done to test for the possible presence of a necro-
phoric trail or other chemical cues which would act upon the
orientation of corpse-carrying ants and which would redirect their
exiting flows after the pieces of paper were swapped. To study the
influence of the ant’s memory, we observed each corpse-carrying
ant during its successive transports of dead nestmates until it
returned inside the nest. The low frequency of transports allowed
two observers to follow each corpse-carrying individual visually
without any physical marking. We quantified on each branch (1)
the number of noncarrying ants, (2) the number of corpse-carrying
ants and (3) the number of transports made by each corpse-
carrying individual. We also recorded the time at which corpse-
carrying ants made a choice on the bridge.

Data Analysis

We carried out five trials on each of the three colonies. We used
all the trials (N = 15) to assess the efficiency of necrophoresis as
well as memory effects on choices of individuals. To study collective
choice of one branch by corpse-carrying ants, we took into account
only the trials with a minimum of 10 transports of corpses in each
of the two phases. Only 12 trials fulfilled these conditions and could
be used for further analysis. The numbers of exploring and corpse-
carrying ants were normally distributed; therefore we performed
an ANOVA for mean comparisons. For data that were not normally
distributed, we used nonparametric tests. Correlations between
variables were tested with a Pearson product—moment correlation
test. We compared the distributions between branches of carrying
and noncarrying ants with expected theoretical distributions by
using Kolmogorov—Smirnov tests. To assess changes in the orien-
tation of corpse-carrying ants, we used a Wilcoxon signed-ranks
test to compare the percentages of corpse-carrying ants on the
winning branch, that is, the branch chosen by more than 50% of
corpse-carrying ants during the first phase, before and after we
swapped the paper on the branches of the bridge. Survival curves
were drawn to assess the persistence of choice between two
successive transports as a function of time elapsed. These survival
curves were compared by applying the log-rank test. Deviation
from binomial distribution was assessed by using an exact binomial
test to compare expected and observed probabilities of a corpse-
carrying ant choosing the same path several times. We used soft-
ware R 2.9.2 (http://www.r-project.org) for all statistical analyses
and modelling. All tests were two tailed with alpha set at 0.05.
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RESULTS
Dynamics of Corpse Removal

Throughout the trials (3 h including first and second phases),
corpses were always available at the nest entrance and 56.5 + 23.4
dead nestmates were transported by ants with an average rate of
one transport every 3 min. For each trial, cumulated flows of
corpse-carrying ants increased linearly as a function of time (linear
regression: R > 0.949). This indicates that there was no amplifi-
cation process such as the recruitment of nestmates that would
speed up the corpse-carrying activity. Noncarrying ants were
observed exploring the bridge at a rate of one worker every minute
(175.8 + 32 passages in 3 h). Even though colonies differed in the
number of noncarrying ants (ANOVA: F 1, = 10.97, P = 0.002), they
did not differ in the number of corpses carried (ANOVA: F, 12 = 1.14,
P = 0.350). Because of this high variability in the exploration level
(Table 1), the percentage of ants whose activity was related to
necrophoric behaviour varied between colonies (24 + 18%).

A majority of corpse-carrying ants (86.3%) transported only
one corpse, but a few individuals kept on going back to the nest
entrance (up to 26 successive transporting trips). Consequently,
a minority of ants (3.2%) that transported more than three
corpses contributed to a large part of all the transport of corpses
(20%).

The dynamics of necrophoresis was highly variable between
trials and ranged from 15 to 94 corpses removed in 3 h. The total
number of corpses removed during trials was positively correlated
with the number of corpse-carrying ants (r = 0.91; Pearson pro-
duct—moment correlation test: t;3 = 7.75, P < 0.001), but not with
the mean number of corpses transported per carrying ant (r = 0.37;
Pearson product—moment correlation test: ti3 =141, P=0.179).
This suggests that an increase in the necrophoric efficiency was due
to an increased number of ants participating in corpse carrying
rather than to a higher carrying performance per ant.

Searching for a Necrophoric Chemical Cue

During the first phase of the trials, the distributions between the
two branches of noncarrying ants or of corpse-carrying ants did not
differ significantly from a binomial distribution (Kolmogor-
ov—Smirnov test: corpse-carrying ants: D = 0.4, N = 12, P = 0.401;
noncarrying ants: D = 0.5, N =12, P = 0.164; Fig. 2). Moreover, no
significant difference was observed between the distributions of
corpse-carrying ants and noncarrying ants (Kolmogorov—Smirnov
test: D=0.2, N =12, P = 0.988). Likewise, during the second phase
of the trials, after we swapped the pieces of paper, distributions of
carrying or noncarrying ants did not differ significantly from
a binomial distribution (Kolmogorov—Smirnov test: carrying ants:
D=0.5, N=12, P=0.164; noncarrying ants: D=0.5 N=12,
P = 0.164; Fig. 2b). Thus, throughout the trials, ants were as likely to
choose the right or the left branch, which confirms the lack of
external bias influencing workers’ orientation. Moreover, since
there was no clear asymmetry in the activity level between
branches this indicates that very weak amplification mechanisms

Table 1
Number (mean =+ SD) of corpse-carrying and exploring ants for each colony

Colony Corpse-carrying ants Noncarrying ants
1 54.6428.0 71.6+16.4

2 60.2+£22.3 91.2+56.0

3 37.8+£22.2 326.6+163.5

N = five replicates per colony.
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Figure 2. Distribution of trials (N = 12) depending on the percentage of ants choosing
the left branch of the bridge. Grey bars: corpse-carrying ants; black bars: noncarrying
ants. (a) First phase and (b) second phase of the trials.

or even none at all were involved in the collective process of corpse
carrying.

We investigated whether any attractive chemicals such as
a necrophoric trail was laid by corpse-carrying ants that attracted
and acted upon the orientation of further ants carrying corpses.
Therefore, after identifying the winning branch that was chosen by
a majority of transporting ants in the first phase, we compared its
relative attractiveness to corpse-carrying ants (i.e. distribution of
carrying ants between the two branches) in the two phases.
Swapping the pieces of paper slightly, but not significantly, influ-
enced the distribution of corpse-carrying ants on the winning
branch between the two phases (Wilcoxon signed-ranks test:
V=63, N=12, P=0.064). In addition, during the first phase, we
observed no significant correlation between the percentage of ants
choosing the winning branch and the number of transports
(r=0.13; Pearson product—moment correlation test: t;3 = 0.46,
P = 0.656). This suggests that the number of passages, and potential
marking, previously made by corpse-carrying ants did not influ-
ence the orientation of nestmates.

We also checked whether any volatile chemicals could be
emitted and/or perceived by corpse-carrying ants that would
enhance necrophoresis over a short timescale. Therefore, we tested
whether the choice of one branch by a carrying ant favoured the
choice of the same branch by the next carrying ants. In this case, the
probability of choosing the same branch as the preceding corpse-
carrying ants should decrease with the time elapsed. In our
experiment, the mean time elapsed between two transporting ants
was similar whether ants made the same choice (4.4 4 5.7 min) or
a different choice (4.5 + 5.2 min). The survival curves of the time
elapsed between two successive transports (Fig. 3) did not differ
whether ants made the same choice or not (log-rank test: x% =0,
P=0.96).
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Figure 3. Survival curves of sets of two successive transports made by two different
ants as a function of the time elapsed between them (e.g. 50% of all pairs of transports
were separated in time by less than 200 s). Black circles: two successive ants made
different choices; grey circles: two successive ants made identical choices.

Memory and Short-term Specialization

We investigated whether ants that transported more than one
corpse showed some persistence in their choice of a branch for
depositing dead nestmates. If the choice of one branch occurs at
random, the expected probability of an ant choosing the same
branch while successively transporting several corpses obeys
a binomial law with a probability of choosing one branch equal to
0.5 (Table 2). For two to six corpses removed by the same ant,
probabilities of choosing the same branch during successive
transports were significantly higher than expected from a binomial
distribution (exact binomial test: all P values <0.05). Corpse-
carrying ants were thus very likely to choose the same path during
successive corpse transports: they showed a spatial specialization
most probably based on individual memory.

One may assess the persistence of this spatial memory by
measuring how the probability of an ant choosing the same path
depends on the time elapsed between two successive transports. To
estimate how this probability decreases with time, we formulated
a model about the dynamics of forgetting a path as a function of the
time elapsed between two choices. In this model, an event was
defined as two successive transports made by the same ant. First,
we described the survival curve of the proportion of events
N where the same ant carried two corpses, whichever path was
followed, for a given time elapsed between the two transports (t).
The experimental data were well fitted by the exponential

N =¢H (1)

where p is the probability of carrying a new corpse per time unit.
Using nonlinear least-square estimation, we obtained the best

Table 2
Observed and expected probabilities of choosing the same path each time during
two to six successive transports

Number of Observed Expected Exact
sucessive proportion proportion binomial
transports of success of success test P

2 0.58 (198) 0.5 0.027
3 0.40 (124) 0.25 0.0002
4 0.27 (95) 0.125 0.0001
5 0.21 (78) 0.0625 <0.0001
6 0.17 (64) 0.03125 <0.0001

Sample sizes are given in parentheses.

fitting for © = 0.0054 + 0.00012 (Fig. 4a). The inverse of u provides
an estimate of the mean time elapsed between two transports
carried out by the same ant. This estimated time (183.8 s) is close to
the experimental one (171.6 + 168.6 s, N = 120). Next, we described
the decay of spatial memory with time. Indeed, the probability of an
ant choosing the same path twice is a decreasing function of the
time elapsed between the two transports. As for previous forgetting
models validated in honeybees, Apis mellifera (Zhang et al. 2005)
and humans (Raaijmakers & Mensink 1988), the decay of spatial
memory observed during our experiment can be approximated by
an exponential function. Then, the probabilities of choosing the
same branch twice (p;) or different branches (pq) are:

pi = (O.S + ae’“‘) (2a)

Py = (0,5 - ae"”) (2b)

where a is the rate of forgetting. The parameter a gives an estimate
of the maximal impact of individual memory on the choice of path
by corpse-carrying ants. Indeed, when the time between two
successive transports is null (t = 0), the probability of choosing the
same path (p;) is equal to 0.5+a. On the other hand, when the time
between two transports is very large (t — « ), corpse-carrying ants
are no longer able to use their spatial memory and will choose
a path at random (p; = pq = 0.5). Based on these equations, we can
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Figure 4. (a) Survival curve of two successive transports made by the same ant as
a function of the time elapsed between them (e.g. 50% of all pairs of transports by the
same ant were made in less than 180 s). Circles: experimental data values for corpse-
carrying ants; grey line: curve fitted using function (1) with parameter set as
p = 0.0054. (b) Cumulative proportion of events in which two successive transports are
made by the same ant as a function of the time elapsed between them. Circles: two
identical choices (N;); triangles: two different choices (Ng); grey lines: curve fitted with
the functions (3b) and (3c), respectively, for identical and different choices with
parameters set as p = 0.0054, a = 0.24 and o = 0.0036.
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specify the cumulative proportion of events in which the ants
choose the same path twice (Nj) or follow different paths (Ng). By
coupling equations (1) and (2a), one can calculate how the
proportion of transports made on the same path (Nj) varies with the
time t elapsed between two transports:

dn;
—1 = up;N = ppje ™™ = u(O.Se‘“t +ae‘<“+“)t> (3a)
de
The integration of (3a) gives the cumulative proportion of

events N;j for a given time t:

N: — 5(1 —e Mt na 1_ — (o)t

() <o5( e ) +(a+u)< e ) (3b)
Similarly, the cumulative proportion of events in which ants

choose two different paths (Ng) for a given time t obeys the

following equation

Nq(t) = (0.5(1 —eht) - (a*fu)@ —e*(““”)) (3¢)

Using equations (3b) and (3c) we fitted parameters on the
observed data (Fig. 4b) wusing nonlinear least squares:
a=0.24 £ 0.0065 and o = 0.0036 + 0.00037. Parameter a indicates
that when the time between two transports is very short, corpse-
carrying ants will choose the same path with a probability of 0.74,
which represents the maximal impact of individual memory on
path choice. The inverse of o (278 s) provides an estimate of the
mean time during which memory is effective and may influence
path choice by corpse-carrying ants. For a very large time elapsed
between two transports (t— «), the spatial memory no longer
influences path choice by corpse-carrying ants and expected values
Nj and Nq reach a plateau:

_ ma \ _

ti\!ioo B (0'5+ (Ot+u)) ~ 064 (42)
_ __ha _

Na = <0.5 (oa+u)) — 0.36 (4b)

Experimental values (Fig. 4b) show that this plateau is reached
for a time elapsed between two transports larger than 400 s. The N;j
plateau value is an estimate of the mean effect of an ant’s memory
on its path choice. Then, on average, corpse-carrying ants that make
two successive transports have an individual memory that
increases by 14% on average the probability of corpse-carrying ants
choosing the same path twice.

DISCUSSION

Mymica rubra showed a high variability between colonies in
their dynamics of corpse removal which was due to variability
in the number of ants involved as well as to the presence of short-
term specialists carrying several corpses over successive trips.
Likewise, there is a high variability between honeybee hives in how
efficiently they maintain colony healthiness. Hygienic and non-
hygienic bee colonies can be differentiated by their ability to
remove varroa-infested pupae (Spivak 1996) and by their behav-
ioural thresholds for corpse removal (Arathi & Spivak 2001; Oxley
et al. 2010). Future studies should investigate whether perfor-
mance of ant colonies in preventing the spread of diseases is also
determined by individual response thresholds to cues triggering
corpse carrying such as oleic acid, a chemical compound released
during corpse decomposition (Wilson et al. 1958; Gordon 1983;
Akino & Yamaoka 1996).

Chemical communication is well known to play a key role in the
organization of the ant colony. In our study, the spatial distribution of
M. rubra corpse-carrying ants was slightly influenced by a shift in the
location of the most frequented, and potentially more marked, path.
This effect, however, was not significant and was probably caused by
footprint marks passively left by walking workers (Devigne & Detrain
2002; Lenoir et al. 2009). In addition, M. rubra ants may emit trail
pheromones that recruit nestmates and focus their foraging activity
(Cammaerts-Tricot 1974; Cammaerts et al. 1981). However, in the
case of necrophoresis, neither trail recruitment nor collective choice
of a path was observed. The spatial distribution of workers between
paths did not differ between corpse-carrying ants and exploring
ants. This suggests that neither the laying of a necrophoric trail nor
the passive emission of volatiles by dead corpses rules the orienta-
tion of M. rubra corpse-carrying ants.

Our results show that necrophoresis in ants is rather an indi-
vidual-based process in which the differences in carrying efficiency
of workers, as well as the spatial memory of individuals, plays a key
role. Individualities matter in the removal of dead nestmates:
a minority of M. rubra carrying individuals was responsible for
a large part of the removal of corpses and behaved as short-term
specialists for the corpse-carrying tasks. In leaf-cutting ants,
subgroups of workers are also highly specialized in the manage-
ment of fungus wastes and corpses (Julian & Cahan 1999; Ballari
et al. 2007). Likewise, a few honeybee workers are responsible for
the rejection of dead nestmates (Visscher 1983) and infected larvae
(Arathi et al. 2000). At the colony level, specialization and indi-
vidual experience are known to improve collective performance
(Langridge et al. 2007). Moreover, in the case of necrophoresis,
specialization limits the number of workers that are exposed to
pathogen transmission by contact during removal of corpses
(Schmid-Hempel 1998).

While carrying several corpses, M. rubra workers used their
spatial memory and were likely to choose the same path several
times. Spatial learning is well known in several ant species including
M. sabuleti, a species close to M. rubra, which uses olfactory and
visual cues for orientation while foraging for food (Collett 1992;
Cammaerts 2004; Cammaerts & Rachidi 2009). Moreover, ants can
use sensorimotor cues and navigate in the absence of landmarks
(Macquart et al. 2008). Here, we have shown that the spatial
orientation of corpse-carrying ants relies on short-term memory.
When at least 7 min elapsed between two transports, the orienta-
tion of the ant was no longer influenced by its previous path choice.
This duration of memory is within the range reported for other
social insects such as honeybees (Hammer & Menzel 1995).

While removing waste, ant species show a variety of strategies
by either piling it up or by scattering it in the environment. Short-
term spatial memory is a mechanism that can explain these
different patterns depending on the amount of waste that has to
be removed. Occasionally, an ant colony can be exposed to massive
death of nestmates because of fights with competitors, mortality
following winter lethargy or generalized infection by a pathogen.
Corpse-carrying ants then have to remove a huge number of
corpses and may become short-term specialists. Together with
their increased probability of dropping items when faced with
a pile (Theraulaz et al. 2003), the corpse-carrying ants develop
a spatial memory. This may speed up the growth of heaps at loca-
tions where the density of waste was previously high. Such heaps of
corpses or fungus waste has been observed for army ants
(Holldobler & Wilson 1990) and some leaf-cutting ants, respec-
tively (Hart & Ratnieks 2001; Ballari et al. 2007). In ant species with
a large colony size, the aggregation of corpses and waste in limited
areas may reduce the risk of encounters and pathogen transmission
by contact. Most frequently, only a few dead ants are concurrently
present within the nest and no piling up of corpses is observed. In
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this latter case, the corpse-carrying ants also show a short-term
spatial memory that leads each individual to explore its own zone,
as reported for foragers in ponerine (Fresneau 1985) and desert
ants (Wehner 1970). However, this spatial memory results in the
scattering of corpses around the nest (Howard & Tschinkel 1976)
since the number of corpses is not high enough to lead to an
amplification of depots. Sanitary risks related to scattering are most
probably negligible owing to the low density of dead nestmates. In
the future, it would be interesting to investigate how the organi-
zation of waste removal, as well as the specialization of corpse-
carrying ants, differs depending on colony size, how frequently
nesting sites are changed or the diet of ant species.
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