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Abstract
Non-granivorous ant species that contribute to seed dispersal (myrmecochory sensu stricto) are assumed to benefit from the 
larval consumption of elaiosomes, the lipid-rich appendages of myrmecochorous seeds. It is, however, questionable whether 
this ant–plant interaction is truly mutualistic, since some ant partners do not show a clear-cut fitness gain and may cease the 
harvesting of myrmecochorous seeds over time. In particular, the role of ant larvae as potential consumers of seed elaiosomes 
is not yet fully understood. In this study, we investigated how the number of larvae influences the foraging responses of the 
red ant Myrmica rubra to Viola odorata myrmecochorous seeds and to Drosophila melanogaster prey. Ant workers retrieved 
less elaiosome-bearing seeds than prey and the harvesting of seeds remained low, even in the presence of larvae. Furthermore, 
while the ant colonies continued to collect prey over successive foraging events, the retrieval of myrmecochorous seeds 
decreased, most particularly in colonies containing a large number of larvae. Brood exposure to diaspores also declined, with 
very few larvae coming into contact with seeds. Our results suggest that the role of larvae as elaiosome consumers should 
be reconsidered and that larvae may provide workers with cues about the poor palatability of V. odorata diaspores, thereby 
altering the stability of this ant–plant interaction.
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Introduction

The dispersal of seeds by ants (myrmecochory sensu stricto) 
occurs worldwide and involves more than 11,000 plant spe-
cies (Rico-gray and Oliveira 2007; Lengyel et al. 2009). 
This ant–plant interaction is usually considered mutualis-
tic. The benefits gained by plants from interacting with ants 
are numerous and well documented: they include disper-
sal of seeds in nutrient-enriched sites (Culver and Beattie 
1980; Dostál 2005), reduction of between-seedlings and 
parent–offspring competition (Handel 1978), avoidance 
of fire and predation (e.g. Berg 1975; Culver and Beattie 
1978; Heithaus 1981) and facilitation of germination (Hor-
vitz 1981; Ohkawara 2005). In turn, the consumption of fat-
rich seed appendages—the elaiosomes, is thought to provide 
ant colonies with a valuable food resource (Beattie 1985). 

Elaiosomes contain several important nutrients for larval 
growth and metamorphosis that ants cannot synthesise de 
novo, such as linoleic and linolenic fatty acids (Brew et al. 
1989; Lanza et al. 1992; Hughes et al. 1994; Gammans et al. 
2005; Fischer et al. 2008), amino acids (Fischer et al. 2008; 
Reifenrath et al. 2012; Chen et al. 2016) and essential sterols 
(cholesterol, sitosterol; Gammans et al. 2005).

The actual impact of elaiosome consumption on the fit-
ness of ant colonies is, however, far from obvious. Short-
term supplementation of ant colonies with elaiosome-bear-
ing seeds can lead to increases in larval numbers (Fokuhl 
et al. 2012) and weight (Gammans et al. 2005). Feeding on 
elaiosomes may also increase the weight of egg-producing 
females (Fokuhl et al. 2007, 2012) and may prompt the pro-
duction of gynes rather than workers or males, which is a 
potential fitness benefit for the colony (Morales and Heithaus 
1998; Bono and Heithaus 2002; Warren et al. 2019). On the 
other hand, a recent study showed that some myrmecochores 
exploit ants for seed dispersal without providing any long-
term fitness benefits (Warren et al. 2019). Moreover, in sev-
eral ant–seed pairs, elaiosome consumption has no impact 
on ants’ demography (Caut et al. 2013) and may even have a 
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negative effect by slowing down brood development (Marus-
sich 2006). Given that feeding on elaiosome-bearing seeds 
is not always beneficial to the ant partner, one may question 
the true mutualistic nature of this ant–plant relationship. 
Myrmecochorous seeds could act as a “sensory-trap”: their 
elaiosome might manipulate the behaviour of ant receivers 
through the production of specific lipidic compounds that 
trigger diaspores’ removal, independently of any nutritional 
benefit to the ants (Marshall et al. 1979; Brew et al. 1989; 
Marussich 2006; Pfeiffer et al. 2010; Turner and Freder-
ickson 2013). In the case of a facultative mutualism with 
asymmetrical benefits for the participants, reducing rewards 
to the ants should lead to a decline of their interactions 
with plants and ultimately to a cessation of their foraging 
on myrmecochores (Caut et al. 2013; Warren and Giladi 
2014). Such a decline in the harvesting of elaiosome-bearing 
seeds has been reported for the ant Aphaenogaster rudis fed 
with Asarum canadense and Sanguinaria canadensis seeds 
(Heithaus et al. 2005). Likewise, foragers of the red ant spe-
cies Myrmica rubra reduce the retrieval of Viola odorata 
diaspores over successive foraging events. Ultimately, a 
reduced seed harvesting can lead to the complete cessation 
of the ants’ dispersal services for this plant (Bologna and 
Detrain 2015).

The decline in the harvesting of elaiosome-bearing seeds 
by ants reflects an issue more fundamental than the question-
able nutritive value of these elaiosomes—the lability of the 
links existing between some myrmecochores and their ant 
partners. Furthermore, the features of ant colonies which 
may contribute to the maintenance of interactions with myr-
mecochorous seeds or, alternately, prompt the cessation of 
seed harvesting over time, are still to be investigated. As 
larvae are the main consumers of elaiosomes (Fischer et al. 
2005; Fokuhl et al. 2007; Servigne and Detrain 2010), the 
size of the brood inside an ant nest—and hence the potential 
demand for elaiosome-bearing seeds—is presumed to play 
a key role in myrmecochory by regulating the rate at which 
workers retrieve diaspores and by influencing the fate of 
diaspores inside the nest as well as their further dispersal. 
A first assumption would be that a large number of larvae, 
through their elaiosome consumption, would keep nestmates 
engaged in seed retrieval for longer periods and would ham-
per the cessation of seed harvesting over successive foraging 
events. An alternative and opposite assumption would be 
that the presence of a brood would accelerate the decline in 
seed harvesting over time by providing workers with cues 
about the poor nutritive quality of seed elaiosomes. In the 
present study, we tested these two hypotheses by investigat-
ing the impact of increasing brood number on the response 
of M. rubra colonies to V. odorata seeds over two succes-
sive foraging events. As a positive control, we observed 
the behaviour of ant colonies faced with Drosophila mel-
anogaster prey, a highly palatable source of proteins for 

larvae with a size and fatty acid composition similar to those 
of elaiosomes of V. odorata diaspores (Hughes et al. 1994).

Methods

Plant species and seed storage

The sweet violet, Viola odorata L, is a temperate herba-
ceous species (Lambinon and Verloove 2012) that blooms in 
spring. The yellowish seeds are about 2.5 mm in length and 
2 mm in width, and bear a white elaiosome of about 2 mm 
in length and 1.5 mm in width. The sweet violet, V. odorata, 
is a strictly myrmecochorous species of which the seeds are 
only dispersed by ants. Diaspores of V. odorata were col-
lected on the university campus (Brussels) in spring 2015 
and were immediately stored at − 20 °C until being used for 
experiments, which is a procedure that does not impact seed 
removal by ants (Servigne and Detrain 2008).

Ant species and rearing conditions

The common red ant, Myrmica rubra L. (Hymenoptera, 
Formicidae) is a temperate species living in open areas, in 
dead woods or under rocks. This species is mainly carniv-
orous but also feeds on sugar sources (Cammaerts 1977) 
and elaiosomes (Bulow-Olsen 1984; Gorb and Gorb 2000; 
Fokuhl et al. 2007; Servigne and Detrain 2008; Bologna 
and Detrain 2015; Detrain and Bologna 2019). Seven 
colonies were collected in June 2015 in Crupet, Belgium 
(50°20′47ʺN, 4°57′8ʺE). In the laboratory, these colo-
nies were reared in glass tubes placed in plastic contain-
ers (50 × 35 × 10 cm) with Fluon-coated borders to prevent 
ants from escaping. Nests were kept at a room temperature 
between 18 and 21 °C, a relative humidity between 60 and 
65% and under a 12-h:12-h photoperiod. We supplied ants 
with 0.3M sucrose solution ad libitum as well as with one 
Tenebrio molitor mealworm three times a week.

Experimental procedure

Before the experiments, we sampled five groups of 100 
workers from each of the seven mother colonies. We had, 
thus, seven batches of five groups meaning 35 groups 
tested in total. Each group was separately placed in a 
plastic box (20 × 30 × 7 cm, N = 35) covered with a plaster 
ground and was offered a nest that consisted of a glass 
plate (10 × 10 cm) supported by microscope slides (Janet 
type-nest, 10 × 10 × 0.4 cm). The open space in front of the 
nest entrance was used as a foraging area into which the 
food items were introduced. In the centre of each nest, we 
excavated a shallow basin in the plaster floor. The brood 
was then placed in this basin which allowed to aggregate 
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larvae at the same initial location for all the tested groups. 
Each batch (i.e. five groups that shared the same mother 
colony) was used to test five experimental conditions that 
differed by the brood number inside the nest (No larva 
(OL), 25 larvae (25L) or 50 larvae (50L)) and by the food 
treatment (Drosophila flies (D) or violet seeds(V)). Each 
group within a batch was assigned a given experimental 
condition. Two groups were assigned the broodless con-
dition, the first group being fed with Drosophila mela-
nogaster adult flies (0LD group) and the second group 
with Viola odorata diaspores (0LV group). Two other 
groups hosted 50 larvae in their nest (50L), thus show-
ing a worker:larvae ratio of 2:1, one group being fed with 
adult fruit flies (50 LD group) and the other group with 
violet diaspores (50 VO group). The last fifth group of 
workers was offered Viola odorata diaspores and showed 
an intermediate brood number by hosting 25 larvae (25L) 
corresponding to a worker:larvae ratio of 4:1. As the same 
experimental design was applied to all batches, we had 
seven replicates for each experimental condition, i.e. for 
each combination of a given brood number and food type.

Before starting the experimental session, we allowed 
each group of ant workers to familiarise with their new 
nest for 1 week. The experimental session consisted in two 
foraging experiments that were performed successively at 
1-week intervals and during which the tested group was 
faced with the same food treatment. Prior to each foraging 
experiment, ants were starved for 4 days by being deprived 
of sugar solution and mealworms. Before introducing the 
food source, we noted the number of exploring ants out-
side the nest as well as the location of brood inside the nest 
to check whether its position had changed over time. Ten 
V. odorata diaspores were offered to the groups that were 
assigned to 0LV, 25LV or 50LV conditions. Ten fruit flies 
were offered to the two groups assigned to 0LD or 50LD. 
We placed either violet diaspores or fruit flies on a circular 
small Petri dish (diameter of 1.5 cm) that was put in the 
centre of the foraging area, at a distance of 10 cm from 
the nest entrance. For each foraging experiment, we video-
recorded the retrieval of items from the food source during 
30 min and then we removed the Petri dish, even if there 
were still food items left unharvested. A food item was 
considered as being collected when it was taken out of the 
Petri dish and as being retrieved when the collected item 
was transported inside the nest. The location of retrieved 
items inside the nest was noted every 10 min during the 
first hour and every 15 min during the next 3 h. At the end 
of the experiment, we fed colonies with a sucrose solution 
(0.3 M) and a mealworm. After 1 week, we re-tested each 
colony in the same way, with the same food treatment.

Statistical analysis

Data values are given as medians and their quartiles and 
were analysed using SPSS Statistics software (version 
25). As the number of exploring ants was not normally 
distributed, we used Wilcoxon Signed Rank tests to look 
for changes between week 1 and week 2 whereas, com-
parisons between the different experimental conditions 
were made for each week using Friedman tests. We used 
generalised linear mixed models (GLMM) assuming a 
binomial error distribution and logistic link function to 
analyse the proportion of collected food items (i.e. items 
removed from the food source) as well as the proportion 
of retrieved food items (i.e. collected items brought in the 
nest). Food items were given a dichotomous status (0: not 
collected/not retrieved and 1: collected/retrieved). We 
included brood number, food type and first-order inter-
action (Food type × brood number) as fixed factors and 
colony as random factor. We also measured differences in 
the number of collected (or retrieved) items between week 
1 and week 2. We used a linear mixed model assuming a 
Gaussian error distribution to analyse differences in seed 
collection and retrieval. We considered colony as a random 
factor; while brood number, food type and interaction term 
were included as fixed factors. For all the above analyses, 
the best model was selected on the basis of the minimum 
Akaike Information Criterion corrected for small samples 
(cAIC). Post hoc Dunnet tests were used to compare the 
impact of brood number on temporal changes in the num-
ber of collected/retrieved seeds.

Inside the nest, we defined the brood area as any 1 cm2 
of the nest containing at least one larva. We compared the 
nest areas occupied by different brood number (25LV, 50LV 
and 50LD) using a Friedman test. We observed the number 
of prey/diaspores in direct contact with larvae in colonies 
containing brood (25LV, 50LV and 50LD). These values 
allowed to assess, for each group, the exposure of larvae to a 
given food treatment. Brood exposure was given by the times 
spent by food items on the brood pile that were summed 
over all the retrieved items and cumulated over successive 
10-min intervals during the first hour and 15-min intervals 
for the next 3 h of the experiment. Furthermore, the location 
of seeds and flies inside the nest were noted every 10 min 
during the first hour of the experiment and every 15 min 
for the last 3 h. For each retrieved item, we recorded its 
depth inside the nest, corresponding to its 1-cm-interval 
distance from the nest entrance (Fig. 5a). The nest entrance 
was chosen as the reference point (0) and the back of the 
nest (the farthest distance) was assigned the depth value of 
10 (i.e. 10 cm from the nest entrance). For each time step, 
we averaged the depth values of all retrieved items. This 
approach allowed us to track the spatial dynamics of food 
items inside the nest, to assess their proximity to the larvae 
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and to identify differences between experimental conditions 
and successive weeks.

Results

Collection and retrieval of food items inside the nest

The number of ants exploring the foraging area did not dif-
fer between experimental conditions at week 1 (from 41 to 
60 ants) nor at week 2 (from 31 to 52 ants) (Friedman Test, 
df = 4, �2

r
= 7.40 at week 1, �2

r
= 2.17 at week 2, p > 0.05 

for both weeks). Moreover, we did not find any significant 
changes in the numbers of exploring ants between the two 
weeks, regardless of the experimental condition (Wilcoxon 
test, df = 1, W = 199, p > 0.05). The proportion of collected 
items was analysed under a GLMM framework in which 
the best model, according to the minimum AIC, was the 
one considering brood number, food type and their inter-
action effect (Fig. 1a). The interaction effect (brood num-
ber × food type) was not significant (GLMM: Interaction 
effect; F = 2.66, P = 0.11). Brood number (GLMM: Brood 
effect: F = 8.36, P = 0.001) had a significant effect on the 
proportion collected items with broodless colonies (0LD 
and 0LV) being less likely to harvest food than colonies 
hosting larvae. Likewise, food type (GLMM: Food effect: 
F = 23.22, P < 0.001) had a significant effect on food collec-
tion with ants being always more eager to collect prey than 
violet seeds. Regardless of the potential food demand—i.e. 
brood number—ant colonies always harvested nearly all the 
flies; whereas, the median proportion of collected diaspores 
reached only 0.60 and 0.70, respectively, for broodless and 
50-larvae-containing colonies (Fig. 1a). For those ants that 
collected food from the source, we looked at the propor-
tion of individuals that retrieved these items inside the nest 
(Fig. 1b). Although the best-fit model was the one consider-
ing only the brood effect, the number of larvae had no sig-
nificant effect on the proportion of retrieved items (GLMM: 

Brood effect, F = 0.54, P = 0.59). Indeed, regardless of food 
type or brood number, once the food items were collected 
from the food source, most of them were transported inside 
the nest. Nonetheless, it is worth noticing that a few Viola 
odorata diaspores were dispersed away from the food source 
without ever reaching the nest (Fig. 1b).

To assess the temporal stability of food harvesting by 
ants, we quantified changes in the number of items col-
lected and retrieved inside the nest between two successive 
weeks of foraging (Fig. 2a, b). Differences in the number 
of food items that were collected or that were retrieved 
between week 1 and week 2 were best fitted by the model 
that included food type, brood number and the interaction 
term (Food type × Brood number). The interaction term had 
no significant effect (GLMM: Interaction effect; F = 0.17, 
P = 0.68 for seed collection and F = 0.16, p = 0.70 for seed 
retrieval). Food type had a significant effect on temporal 
changes in the number of collected items (GLMM: Food 
effect, F = 8.30, P = 0.008; Fig. 2a) as well in the num-
ber of retrieved items (GLMM: Food effect, F = 28.57, 
P < 0.001; Fig. 2b). Indeed, the decrease of food harvest-
ing over successive weeks was always more pronounced 
for myrmecochorous seeds than prey. GLMM analysis also 
determined a significant effect of brood on differences in 
the number of items that were collected (GLMM: Brood 
effect; F = 4.26, P = 0.026; Fig. 2a) or that were retrieved 
inside the nest (GLMM: Brood effect; F = 4.05, P = 0.031; 
Fig. 2b). With regard to sweet violet diaspores, there was a 
temporal decrease of seed collection/retrieval that was more 
pronounced in the presence of brood. Indeed, colonies host-
ing 25 larvae showed a steeper decline in the number of 
collected seeds than broodless colonies, (Dunnet test; 0LV 
vs. 25 LV: P = 0.044; Fig. 2a). Likewise, colonies containing 
50 larvae significantly reduced the number of seeds retrieved 
in the nest (Dunnet test; 0LV vs.50 LV: P = 0.028; Fig. 2b; 
for all the other comparisons P > 0.05). With regard to prey, 
differences in the number of collected/retrieved flies showed 
a median value of 0 indicating that ant colonies remained 

Fig. 1  Proportion of items a 
collected among those offered 
at the food source and propor-
tion of items b retrieved inside 
the nest among collected ones, 
for the first week of exposure. 
Experimental conditions: 0LD 
and 50 LD (respectively, colo-
nies without brood or with 50 
larvae, both being offered Dros-
ophila flies), 0 LV, 25 LV and 
50 LD (respectively, colonies 
without brood, with 25 larvae or 
with 50 larvae, all being offered 
violet diaspores)
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eager to collect this food type regardless of brood number 
(Fig. 2a, b).

Fate of items inside the nest

Inside the nest, the areas occupied by brood were similar 
for all colonies containing brood (Friedman test, df = 2, 
�
2

r
 = 3.27, p > 0.05). Indeed, the median area occupied by 

25 larvae (25LV) was of 5 cm2 [4; 6.5], while the 50 larvae 
occupied a median area of 7 cm2 [4.5; 8] and 7 cm2 [6; 7.5] 
for 50LV and 50LD colonies, respectively. The exposure 

level of larvae to a food treatment was given by the times 
spent by items in contact with larvae (colonies 25LV, 50LV 
and 50LD) summed for all the items present in the nest and 
cumulated over successive time intervals during 4 h. For a 
same brood number, the exposure of larvae towards prey 
(50LD; Fig. 3a) was higher than towards violet diaspores 
(50LV; Fig. 3b). Furthermore, while the average exposure 
level of larvae to prey was comparable between the two 
successive weeks (Fig. 3a), it changed towards V. odorata 
diaspores. Indeed, the exposure level of brood to diaspores 
that was already low at week 1 for colonies containing 25 

Fig. 2  Changes in the number 
of items a collected at the food 
source or b retrieved inside the 
nest between two successive 
weeks of foraging. Positive 
(negative) values mean that ants 
harvested more (less) items at 
week 2 than week 1. Experi-
mental conditions: 0LD and 
50LD (respectively, colonies 
without brood or with 50 larvae, 
both being offered Drosophila 
flies), 0LV, 25LV and 50LD 
(respectively, colonies without 
brood, with 25 larvae and 50 
larvae, all being offered violet 
diaspores)

Fig. 3  Brood exposure to food 
items retrieved inside the nest 
as a function of time. For each 
experimental condition, brood 
exposure (expressed in minutes) 
is given by the cumulated times 
during which the retrieved food 
items were left over the brood 
pile. These cumulated times 
were calculated every 10-min 
intervals during the first hour 
of the experiment and every 
15-min interval for the next 3 h. 
We assessed brood exposure to 
fruit flies for colonies contain-
ing 50 larvae (50LD; a) and 
to Viola diaspores for colonies 
containing 50 larvae (50LV; b) 
or 25 larvae (25LV; c). Black 
dots represent the mean value 
of brood exposure (N = 7) and 
black dashes show standard 
deviation at week 1. Red dots 
and red dots represent the mean 
and standard deviation of brood 
at week 2 (N = 7)
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or 50 larvae (Fig. 3b, c, black dots), became even lower on 
the second week with, in some cases, no larvae at all being 
in contact with seeds (Fig. 3b, c, red dots). This decreas-
ing brood exposure to seeds over successive foraging events 
resulted from diaspores being less frequently retrieved inside 
the nest and, once retrieved, being less likely to be deposited 
on larvae.

Finally, for all the retrieved items, we followed over time 
their depth inside the nest (Figs. 4 and 5). The retrieved 
items were never placed at backside of the nest nor deeper 
than brood location. For broodless colonies, the items that 
entered the nest reached the same depth at week 1 and at 
week 2 (0LV, Fig. 4a and 0LD, Fig. 4b). When colonies 
contained brood (Fig. 5), ants that had collected prey placed 
them in the vicinity of larvae. Indeed, the retrieved fruit flies 
were located at the same depth as brood, for both weeks 
of exposure in 50 LD colonies (Fig. 5b). Once these flies 
were consumed, unpalatable cuticular parts were deposited 
as waste items in a nest corner away from brood. Likewise, 
all the seeds retrieved at week 1 quickly reached the same 
depth as the brood regardless of the number of larvae (black 
line and black circles; in 25LV colonies (Fig. 5c) and in 50 
LV nests (Fig. 5d). However, at week 2, the few diaspores 
that were retrieved inside the nest were left closer to the nest 
entrance (red line and red circles; Fig. 5c, d), in particular for 
colonies containing 50 larvae where the average location of 
diaspores never coincided with the brood area. 

Discussion

In this study, we found that, although M. rubra larvae are 
assumed to be the main consumers of seed elaiosomes, the 
retrieval of V. odorata diaspores remained far less than that 
of prey. Furthermore, whereas we observed that ant colonies 
continued to collect prey over successive foraging events, we 
found that the retrieval of myrmecochorous seeds decreased 
markedly and that the exposure of larvae to diaspores 
became very limited. Our data suggest that the presence of 
larvae accelerates the decline of seed harvesting over time 
and may prompt the cessation of this ant–plant interaction.

Our study sheds new light on the partnership existing 
between the red ant M. rubra and myrmecochores. Accord-
ing to the dispersal services that they provide to myrmeco-
chorous plants, two behavioural guilds of ants have been 
described (Hughes and Westoby 1992; Giladi 2006; Gove 
et al. 2007; Leal et al. 2014, Warren and Giladi 2014). “Poor-
quality dispersers” are typically ant species that transport 
diaspores over short distances or consume the elaiosome 
in situ without transporting the diaspores to their nests. This 
guild includes harvester ants that feed on seeds, but that may 
provide a restricted dispersal service by forming seed caches 
(Detrain and Tasse 2000). On the other hand, “high-quality 

dispersers”, often large scavenging or omnivorous ants, typi-
cally forage individually, retrieve diaspores to their nests, 
consume the elaiosome without harming the seeds and dis-
pose of the seeds outside of nests, placing them in conditions 
favourable for germination (Marshall et al. 1979; Horvitz 
and Beattie 1980; Hughes et al. 1994). The red ant M. rubra 
is usually considered to be a keystone seed disperser because 
it displays most of the characteristics of “high-quality dis-
persers”, i.e., omnivorous diet, solitary foraging on dia-
spores, and relocation of intact seeds after the elaiosomes 

Fig. 4  Depth of food items inside the nest as a function of time in 
broodless colonies. The depth of each food item is given by its dis-
tance (in cm) from the nest entrance. These distances were averaged 
over all the retrieved items, every 10 min during the first hour of the 
experiment and every 15 min for the next 3 h. Black dots (and black 
bars) represent the mean (+SD) depth of food items retrieved during 
the first week of foraging. Red dots (and red bars) represent the mean 
(+SD) depth of food items retrieved during the second week of forag-
ing. The depth value of 0 corresponds to the nest entrance and the 
depth value of 10 to the back of the nest. The experimental conditions 
are broodless colonies fed with flies (0LD; a) and broodless colonies 
fed with seeds (0LV; b)
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have been removed. However, our results (see also Bolo-
gna and Detrain 2015) suggest that the status of M.rubra as 
“high-quality disperser” should be rethought. Indeed, even 
under conditions of high larval nutritional needs, this ant 
species is slightly attracted to V. odorata seeds and provides 
only transient dispersal services as the harvesting of myr-
mecochores declined steeply over time with an increasing 
number of diaspores being left unharvested and scarcely 
retrieved inside the nest.

The findings of the present study also add to the growing 
doubt about the actual benefits that myrmecochores pro-
vide to ants. Ants generally use elaiosomes as larval food 
and dietary supplementation with elaiosomes may enhance 
a colony’s reproductive output by increasing the produc-
tion of pupae and/or by favouring the production of female 
alates (Morales and Heithaus 1998; Bono and Heithaus 
2002; Gammans et al. 2005; Fokuhl et al. 2007, 2012). On 
the other hand, several studies have shown that elaiosome 
consumption does not increase queen survival or brood 
production and may even reduce the number and develop-
mental stages of larvae produced by foundresses (Caut et al. 
2013; Marussich 2006). As suggested by these latter stud-
ies, we suspect that diaspores of the sweet violet are a food 
source with no specific advantage to the red ant M. rubra. 
Indeed, we found that the exploitation of these elaiosome-
bearing seeds remained quite low even when the nutritional 
needs of larvae were high. The poor interest of larvae in the 

elaiosomes was confirmed by the spatial location of seeds 
inside the nest. The average depth at which fruit flies were 
deposited inside the nest always coincided with brood loca-
tion. Conversely, diaspores were, on second exposure to ant 
colonies, placed aside from larvae, less deeply and closer to 
the nest entrances of colonies containing 25 and 50 larvae. 
Further laboratory and field studies are required to investi-
gate whether dietary supplementation with elaiosome has 
long-term positive effects or negative effects on the repro-
ductive output and survival of M. rubra colonies.

Finally, our data confirm the short-term instability of 
M. rubra–V. odorata relationship (Bologna and Detrain 
2015), as the number of retrieved diaspores decreased in 
all colonies faced with V. odorata seeds during two suc-
cessive weeks. This result indirectly supports the idea of 
a possible manipulation of ants by plants, through chemi-
cal mimicry and deception (Pfeiffer et al. 2010; Turner and 
Frederickson 2013). Because oleic acid, a common fatty acid 
in insects, can induce ants to transport items to the nest, 
the oleyl-containing compounds of myrmecochorous seeds 
may override their perception of the actual food reward 
and may have evolved in elaiosomes as a prey mimic that 
is attractive to scavenging ant species (Turner and Freder-
ickson 2013). Our results suggest that “cheated” ants are 
nevertheless able to correlate the lack of an appreciable 
food reward with myrmecochores over successive foraging 
bouts. On second exposure to the same myrmecochores, 

Fig. 5  Depth of food items 
inside the nest as a function of 
time in ant colonies containing 
larvae. a A schematic illustra-
tion of nest, brood location 
and 1-cm-depth intervals. Data 
are given for colonies with 50 
larvae fed with flies (50LD; b), 
colonies with 25 larvae fed with 
seeds (25LV; c) and colonies 
with 50 larvae fed with seeds 
(50LV; d). Black dots (and 
black bars) represent the mean 
(+SD) depth of food items 
retrieved during the first week 
of foraging. Red dots (and red 
bars) represent the mean (+SD) 
depth of food items retrieved 
during the second week of 
foraging. The plain lines show 
the depth at which the brood 
pile was located in the nest, for 
the first week (black line) and 
for the second week of foraging 
(red line). For further informa-
tion, see caption of Fig. 4



 A. Bologna, C. Detrain 

1 3

the decline in foraging suggests that the ants had learned 
to avoid retrieving such poorly rewarding food items. Fur-
thermore, instead of acting as elaiosomes’ consumers that 
would mitigate the cessation of seed retrieval, larvae seem to 
accelerate such avoidance learning. Indeed, colonies hosting 
25 or 50 larvae showed a more pronounced decrease in the 
number of collected diaspores than did broodless colonies. 
We suspect that the larvae provided nurses and/or foragers 
with direct and/or indirect clues (e.g. through chemical sig-
nalling or reluctance to feed on elaiosomes) about the poor 
nutritive value of the retrieved items. Larvae, thus, seem 
to play a role in the fine-tuned regulation of foraging on 
myrmecochores. These observations are in agreement with 
previous findings for other food types, indicating that ant 
colonies with larvae regulate their food consumption more 
accurately and are closer to their intake targets than brood-
less colonies (Dussutour and Simpson 2009). In the case of 
liquid food sources ingested by foragers and shared orally 
with nestmates, food intake can be regulated more quickly 
and accurately through trophallaxis to meet colony needs 
and larval demand (Cassill and Tschinkel 1995, 1999; Cas-
sill 2003). By contrast, for solid items such as prey (Cassill 
et al. 2005) or seed elaiosomes which are deposited on lar-
vae to be consumed, the sharing of information about their 
nutritive value could be delayed until the first consumption 
events by larvae and could be restricted spatially to a limited 
number of ant nurses. These factors would make the regula-
tion of foraging according to the balance between nutritive 
value and colony needs more difficult and longer lasting for 
solid items. A detailed analysis of the behaviour of larvae 
would provide a better understanding of how foragers and 
brood can, respectively, influence the intensity and stability 
of myrmecochory.

In conclusion, although myrmecochory is an interaction 
that has long been assumed to be mutualistic, our study 
findings add to the growing consensus among research-
ers that myrmecochore interactions can be commensalis-
tic or even parasitic for the ant participant (see, e.g. Caut 
et al. 2013; Warren et al. 2019). As a correlate, the role of 
larvae as the main consumers of elaiosomes needs to be 
rethought. The nutritional needs of larvae may enhance 
ant foraging when workers are first exposed to myrmeco-
chores but the presence of a brood also boosts the decline 
of seed harvesting over time. Beside exploring differences 
in learning abilities across ant species, further research 
should focus on the underestimated role of larvae in the 
assessment of actual food rewards as well as in the mainte-
nance or cessation of these ant–plant interactions. The lack 
of stability of myrmecochory for a given plant–ant colony 
pair also raises several ecological questions. Indeed, while 
the cessation of foraging seems, at first glance, to be preju-
dicial for myrmecochores, it concurrently provides new 
opportunities for unharvested seeds to be collected by 

nearby ant colonies and hence to increase their chance of 
dispersal over wider areas. As suggested by Warren and 
Giladi (2014), myrmecochory should thus spread in eco-
systems in which ant communities include potential seed 
dispersers, of which the high abundance can override the 
poor stability of this interaction at the colony level.
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