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Abstract
Ants are known for their collective intelligence and efficient division of labor. Therefore, observations that seem to contra-
dict these stereotypes are worth reporting. While observing a colony of Camponotus japonicus, we discovered that workers 
frequently dumped protein-rich food items at a particular spot, while other workers collected the dumped food items and 
brought them back to the nest. These two counteractive processes were performed simultaneously by the same colony, 
which indicates possible inefficiency of their collective labor. Discarding a specific type of food to calibrate the nutritional 
balance of a colony has been previously reported, but we found no reports on re-collecting discarded food. We suspect that 
this phenomenon might have been an outcome of communication inefficiency within the colony, or that the putative dump 
site might have served as a temporary deposit of food items before they were redistributed inside the nest.
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Introduction

Ants exhibit collective intelligence in breeding, foraging, 
and nest-building (Garnier et al. 2007; Hölldobler and Wil-
son 1990), and they selectively store a portion of gathered 
food in the nest (Reyes-López and Fernández-Haeger 2002). 
The availability of a large number of food items for stor-
age may require a temporary cache to facilitate the efficient 

redistribution of food within a nest. Meanwhile, the longev-
ity of a colony is affected by the amount of protein consumed 
(Dussutour and Simpson 2012). Therefore, some ant species 
regulate the nutritional balance of the colony by controlling 
the protein content of the food stored in the nest and dump-
ing excessive food outside of the nest in a collective manner 
(Cook and Behmer 2010; Dussutour and Simpson 2009).

Here we report observations of food dumping by Cam-
ponotus japonicus, which are unusual in that the dumped 
food was carried back to the nest. We found no previous 
reports on this behavior, i.e., re-collecting previously dis-
carded food from an outside dump to bring it back to the 
nest. We give a description of this phenomenon here and 
discuss hypothetical explanations for it. Our hypotheses 
include discordance of food acceptance among the ants and 
the utilization of an external dump as a cache site.

Materials and methods

The phenomenon reported here was discovered by chance 
during a systematic series of experiments carried out at the 
Gwanak campus of Seoul National University (37°27′N, 
126°57′E) in June–September 2017. These experiments 
involved observing ants on a 60-cm × 60-cm arena made of 
white foam board placed near their nest. We used canned 
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tuna mixed with sugar as bait and placed it on the board, 
which induced foraging trails linking the nest entrance to 
the bait on the board. While performing a series of these 
experiments at one specific colony (one of three colonies 
studied), we observed that some ants dragged tuna bits out 
of the nest and abandoned them in a specific area—presum-
ably the colony’s dump site. Unlike waste dumps of other 
species, where the waste of a colony, including dead workers 
or by-products of fungal decomposition, is heaped (Hart and 
Ratnieks 2002; Ballari et al. 2007), we observed only food 
items at the dump site. Therefore, the dump site mentioned 
in the present paper may not be identical to those seen in 
other species. We also observed that ants of the same colony 
brought the food from this dump back to the nest. Once we 
realized that this was happening in this specific colony, we 

decided to look more closely for this after each of the origi-
nally planned experimental trials. To this end, we videotaped 
this behavior on seven different occasions.

This dumping behavior was already occurring at the end 
of each of the original experiments, as was the bringing back 
of tuna bits from the dump to the nest. For each observa-
tion, we removed the experimental arena and placed fresh 
tuna mixed with sugar (about 18 g) on the cement curb of a 
planter near the nest or near the putative dump site (Fig. 1) 
before filming the behavior. Each observation was conducted 
on a different day (Table 1); an annotated video clip is avail-
able online (Supplementary material). The colony in which 
the described phenomenon occurred was located in a rela-
tively shadier location than the other two other colonies due 

Fig. 1a–e  Photographic documentation of the ant nest where the re-
collecting phenomenon was observed. a The nest was located near 
artificial structures: paving, the curb of a planter, and cement wall 
adjacent to a building. b The entrances to the nest were near the curb 
of the planter. The putative dump site was located on the ground 
where ants dropped bits of food from a higher level (the top of the 
curb). The food pile provided by us was located either on the curb 
(Site B) or on the paving (Site A). In both cases, the location of the 
putative dump site remained unchanged. The horizontal distance from 

the nest entrance to the dump site was 15 cm, while the vertical dif-
ference in height was 8 cm. c An ant carries a tuna bit out of the nest 
and drops it onto the putative dump site. Dashed lines indicate the 
trajectory of the food-carrying ant. d The tuna bit (highlighted by the 
dashed line) is left unattended until another worker comes to collect 
it (in this case, it took 36 s for the tuna bit to be dragged after it had 
been abandoned). e The tuna bit is collected and pulled back into the 
nest by a different worker than the one that abandoned it
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to adjacent structures. All colonies were ≤ 170 m from each 
other.

We analyzed 4 min of each video recording, starting 
at 1 min after the initiation of the movie. We counted the 
occurrence of three types of behaviors during this period: 
carrying tuna bits from the fresh tuna pile to the nest (CF), 
discarding tuna bits from the nest at the dump area (D), and 
carrying tuna bits from the dump back to the nest (CD). 
One occurrence represents one ant that carried tuna between 
two points out of the three locations (tuna pile, dump, nest 
entrance). In observations 1–4, we placed the food pile on 
the cement floor near the dump site (Fig. 1b, Site A). In 
observations 5–7, we placed the food pile on the cement 
curb of the planter (Fig. 1b, Site B). We measured the inten-
sity of each behavior separately as a number of incidences 
per 4-min video clip. One-way repeated measures ANOVA 
on ranks was used to test whether the intensities of these 
three types of behavior were statistically different. We gener-
ated a linear mixed-effects model based on ranks using the 
nlme package (Pinheiro et al. 2007), setting the observations 
(1–7) as random effects. Post-hoc analysis was conducted by 
Tukey’s test using lsmeans package (Lenth 2016) for pair-
wise comparisons. We used the Wilcoxon signed-rank test 
to compare the intensity of the total food influx into the nest 
(CF + CD) and that of the food discarding (D). All statistical 
analyses were conducted using R version 3.5.1.

Results

The intensity of food discarding (D; Fig. 2) and bring-
ing the discarded food from the dump (CD) did not differ 
(p = 0.5271; one-way repeated measures ANOVA on ranks 
followed by Tukey’s test). However, the intensity of car-
rying fresh tuna bits to the nest (CF) was lower than the 
intensity of discarding food (D; p < 0.01, one-way repeated 

measures  ANOVA on ranks followed by Tukey’s test; 
Fig. 2b) and the intensity of bringing bits from the dump 
(CD; p < 0.05, one-way repeated measures ANOVA on ranks 
followed by Tukey’s test; Fig. 2b). The intensity of total 
influx of tuna bits into the colony (CF + CD) was not sig-
nificantly different from that of food discarding (D) from the 
colony (p = 0.5271, Wilcoxon signed-rank test).

Most of the time, ants dumped the tuna bits on the flat 
area below the planter curb and occasionally dumped the 
food in the immediate vicinity of the nest entrance. We con-
firmed that some individuals frequently brought the food 
back to the nest later on. In some cases, the dumped tuna bits 
were picked up again by other workers and dumped at differ-
ent sites. In one case, an ant discarded a tuna bit, and another 
ant immediately picked it up to carry it back to the nest. 
Some workers that had previously discarded their own food 
often found other bits nearby (presumably the bits dumped 
out of the nest earlier by other ants) and dumped them again. 
Some ants even snatched other ants’ tuna bits and discarded 
them. Finally, we observed one case of an ant carrying food 
out of the nest and returning to the nest without discarding 
the tuna bit. There was no indication that the ants covered 
the food with other objects.

Discussion

We are not aware of any report describing behaviors similar 
to those that we observed in the present study. We suspect 
that this is the first observation of a natural colony perform-
ing two different behaviors that counteract each other: dis-
carding food from the nest and, at the same time, collecting 
the food from the dump area. This phenomenon seems to be 
inefficient and redundant, as food items are dragged back and 
forth. If the food items are to ultimately end up in the nest, 
why would the ants temporarily discard them?

Table 1  Brief description of 
seven video recordings of 
collecting–discarding–retrieving 
behavior

Out of 14 visits to the colony for the originally planned experiments, we confirmed eight incidences of this 
collecting–discarding–retrieving behavior and succeeded in making seven video recordings of it. We do 
not know whether this behavior occurred at other times. The filming started at around 6 p.m. in July and 
August, and 5 p.m. in September. The duration of each video recording exceeded 40 min
a Data from the Korea Meteorological Administration (KMA) homepage (http://www.kma.or.kr)

Observa-
tion ID

Filming date Start time 
(hours)

End time (hours) Duration 
(minimum)

Average 
 temperaturea 
(°C)

1 18 July 2017 1837 1950 73 26.5
2 27 July 2017 1852 1933 41 27.1
3 1 August 2017 1806 1941 95 28.6
4 4 August 2017 1834 1959 75 30.3
5 11 August 2017 1820 1932 72 27.0
6 22 August 2017 1841 1922 41 27.3
7 20 September 2017 1723 1838 75 19.5

http://www.kma.or.kr
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The regulation of the protein content of a nest is essential 
for colony survival, so some ants expel protein according to 
the colony condition (Kay et al. 2010; Dussutour and Simp-
son 2009, 2012). We speculate that individual ants might 
have temporarily lacked communication with other ants, or 
each ant might have used different criteria for food quality 
assessment. Ants in a colony need to coordinate their deci-
sions, and they can achieve this in various ways (Robinson 
et al. 2009). While social hegemony often outweighs the 
decisions made by an individual ant (Josens et al. 2016), 
some species of ants exhibit personality or cognitive state 
differences among individuals, which affect the collective 
decision-making process (d’Ettorre et al. 2017). It has been 
indicated that decision-making regarding nest selection 
depends on positive feedback for convergence on a unani-
mous decision (Mallon et al. 2001). Considering the above, 
although there is discordance regards food acceptance, 
whether from lack of communication or from individual 
difference, this could be resolved by continual compliance 
with the decision made by the majority.

Alternatively, the ants might have been temporarily cach-
ing or hoarding the tuna bits, using the dump as a means 
of temporary storage, as many of the tuna bits stayed on 
the putative dump site for a limited period of time. Another 
compatible explanation is that the dump area was treated 
as a functional part of the nest, in which ants could store 
and redistribute food items (Markin 1970; Reyes-López and 
Fernández-Haeger 2002).

The distances from the colony where we observed this 
phenomenon  to the two other colonies that were stud-
ied were 80 m and 145 m, but no similar behaviors were 

observed in these nests, suggesting that the studied behavior 
is a colony-specific phenomenon. To our knowledge, this is 
the first report on the incongruity of food acceptance among 
the workers of C. japonicus. Further studies should focus on 
the frequency of occurrence and underlying mechanisms of 
this behavior.
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