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Summary. Despite over 14,000 known species of ants on earth, a massive biomass, and their intrinsic social evolution, very
little is known about how ants perceive their environment. In the face of such vast biodiversity, only about 50 species have
been reported to use tools, which suggests unknown facets in myrmecological research. Herein, we report on a field
observation where multiple 7apinoma workers restrained a large Camponotus worker for several hours without
apparently inflicting injury. The Tapinoma workers used tools (stones) that were placed under the Camponotus worker,
seemingly employing them as anchors against which they affixed themselves to restrain the seized ant. In addition,
Tapinoma workers attached themselves to the head of the Camponotus which seemed to blind it temporarily and restrict
use of its mandibles. Such behaviour in ants demonstrates possible cognitive understanding of their environment and
colony socio-adaptation.

Résumé. Utilisation d’un nouvel outil chez les fourmis Tapinoma sp. (Hymenoptera : Formicidae). Bien qu’il existe
plus de 14000 espéces de fourmis sur Terre, que leur biomasse soit trés importante et qu’elles aient évolué vers la
socialité, on sait trés peu de choses sur la fagcon dont les fourmis pergoivent leur environnement. Face a une biodiversité
aussi vaste, seules une cinquantaine d’espéces environ sont connues pour utiliser des outils, ce qui suggeére que de larges
pans du comportement des fourmis restent inconnus. Nous rapportons ici une observation sur le terrain ou plusieurs
ouvriéres de Tapinoma ont immobilisé une grande ouvriére de Camponotus pendant plusieurs heures, sans apparemment
lui infliger de blessure. Les ouvriéres de Tapinoma ont utilisé des outils (des pierres) qu’elles ont placés sous 1’ouvriere
de Camponotus, les utilisant apparemment comme des points d’ancrage sur lesquels elles se sont fixées pour immobiliser
la fourmi saisie. De plus, les ouvriéres de Tapinoma se sont attachées a la téte du Camponotus, ce qui semble I’aveugler
temporairement et restreindre 1’utilisation de ses mandibules. Un tel comportement chez les fourmis démontre une
possible compréhension cognitive de leur environnement et de la socio-adaptation de la colonie.

Keywords: Myrmecology; behaviour; tools; Camponotus; Spain

Since the first report of chimpanzees Pan troglodytes (Blu-
menbach, 1776) using tools at the end of the 1960s (van
Lawick-Goodall 1968), an increasing number of animals
have been discovered to use tools, both vertebrates
(birds, mammals, and fish) and invertebrates (arthropods
and molluscs) (Bentley-Condit & Smith 2010). Within
insects, ants are some of the few that have been shown
to utilize tools. In fact, some ant species that use tools
require highly complex understanding of the environment
for their successful implementation (Zhou et al. 2020).
Arthropods demonstrate a vast repertoire of behavioural
and cognitive actions (Pfeffer & Wolf 2020), and certain
cognitive flexibility is also involved in insect tool use
(Maék et al. 2017), such as selective attention (Nityananda
& Chittka 2015; de Bivort & van Swinderen 2016) and

social learning behaviours (Sheehan & Tibbetts 2011;
Alem et al. 2016; Loukola et al. 2017). These studies
demonstrate that cognition is not restricted to animals
with larger brains, but it is also present in insects such as
ants (Czaczkes 2022). Indeed, Pierce (1986) in his
review on insect tool use concluded that tool use is not
related to intelligence, but rather to adaptations that com-
pensate for morphological restrictions, and such adap-
tations are shaped by selection pressures and guided by
evolutionary processes. In addition, personality traits are
known to predict tool use behaviour in some ants (Maak
et al. 2020)

Bentley-Condit & Smith’s (2010) catalogue reports
around 30 genera of insects and around 50 cases of tool
use. All cases of ants using tools were in the subfamily
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Myrmicinae, which included species from the genus Pogo-
nomyrmex Mayr, 1868, Solenopsis Westwood, 1840,
Novomessor Emery, 1915 and Aphaenogaster Mayr,
1853 (Zhou et al. 2020; Richards 2022; see Modra et al.
2022). In 2017, Maak et al. published a notable study in
which two Aphaenogaster species were shown to select
appropriate tools in foraging for liquid foods, proving
levels of flexibility in ant tool use. Additionally, ants
which can use various debris to transport liquid food,
and similar foraging examples are known from multiple
ant species (see Lorinczi et al. 2018; Modra et al. 2022).

Ant tools have been associated mostly with foraging
strategies, which are particular responses to ecological
pressures. Some ant species use stones for building,
however these are not considered true tool use (St Amant
& Horton, 2008). For example, Tapinoma nigerrimum
(Nylander, 1856) has been shown to build walls to block
other ants from gaining access to resources (Gomez-
Duran 2012a). This species has also been reported to do
nest plugging and soil or stone dropping, blocking the
entrance of other nest colonies (Goémez-Duran 2012b).
This behaviour has been rarely documented in other ant
species, but some examples include Dorymyrmex bicolor
Wheeler, 1906 (Mdoglich & Alpert 1979), Tetramorium cae-
spitum (Linnaeus, 1758) (Lin 1964-1965; Schultz 1982),
Iridomyrmex purpureus (Smith, 1858) (Holdobler 1986),
and Novomessor cockerelli (André, 1893) (Gordon 1988).
The aim of this behaviour is to block other competing ants
from exiting their nests. In the Iberian Peninsula, there are
nine described species of Tapinoma [Tapinoma darioi
Seifert et al., 2017, T erraticum (Latreille, 1798),
T ibericum Santschi, 1925, T. madeirense Forel, 1895,
T magnum Mayr, 1861, T. melanocephalum (Fabricius,
1793), T. nigerrimum, T. simrothi (Krausse, 1911), and
T pygmaeum (Dufour, 1857)] but to the best of our knowl-
edge, there has been no other previous reporting of behav-
iour employing tools. To our knowledge, our study is the
first documented case of tool use in Tapinoma workers,
specifically their use of stones as tools to help restrain a
large Camponotus worker for several hours.

Material and methods

Field observations

Field observations took place in Campo de Montiel County,
Ciudad Real province (central Spain 38°85'N, 3°01'W, 750 m
above sea level), on 26-27.11.2021. The observation was
recorded with a cell phone, and several videos were taken on
the behavioural event for a total duration of 38 min (34:40 on
26111 at 18:31-19:20, and 3:20 on 27.1II at 08:43-08:49). A
Camponotus Mayr, 1861 ant appeared seized by Tapinoma
Forster, 1850 ants. Moreover, during the first day we also
observed how the Tapinoma sp. workers (approximately 50-60
active ants) were apparently moving from one nest. We
watched several Tapinoma sp. workers transferring several

larvae (at least 3—4 larvae were observed). The movement of
the ants on the trail was in both directions, and a nest was
located roughly 4 m away from where the Camponotus worker
was being seized. The nest was within the base of a rosemary
bush (Salvia rosmarinus Spenn, 1835).

Molecular analysis of Tapinoma workers and larvae

Workers derive from queens and are, therefore, highly related to
their sister colony workers (Jowers et al. 2013). Because of this
close affiliation, using a maternally inherited gene fragment
such as mitochondrial cytochrome oxidase I (COI) is sufficient
for sequencing and species identification purposes. Thus, a
single tissue sample was sufficient to represent the Tapinoma
workers and the larvae transported by them. The primers were
LCO and HCO (Folmer et al. 1994). Sequences were edited
with Sequencher v5.4.6 (Gene Codes Corporation, Ann Arbor,
MI, USA), and checked for potential contamination using Gen-
Bank’s BLASTn search (Altschul et al. 1990). Blast searchers
were conducted in Genbank and all matches up to 95% were
included in the phylogenetic tree. In addition, we included all
other Tapinoma species present in the Iberian Peninsula to infer
phylogenetic relationships available in Genbank. Most species
of Tapinoma ants have been sequenced and COI are available
in Genbank; only one species was missing: 7. pygmaeum. This
species is found only in the Northeastern Iberian Peninsula (Espa-
daler & Garcia-Berthou 1997), and therefore it seems an unlikely
candidate species. Tapinoma erraticum was used as outgroup.
Sequences were aligned in Seaview v.4.2.11 (Gouy et al. 2010).
Phylogenetic tree reconstructions for the three concatenated
gene fragments were performed using maximum likelihood
(ML) through RAXML v8.2.12 (Stamatakis 2014). ML searches
were conducted under GTRGAMMA and support was assessed
by using 1000 bootstrapped replicates. All phylogenetic analyses
were performed in the CIPRES platform (Miller et al. 2010). The
consensus tree was visualized and rooted using FigTree v1.4.4
(Rambaut 2018), and later prepared as a graphic with the software
Inkscape v1.0.1 (http://www.inkscape.org). Uncorrected p-dis-
tances with partial deletion were computed in MEGA X
(Kumar et al. 2018).

Results

Field observations

After closer observation, it was apparent that the Tapinoma
workers were not aiming to predate on the Camponotus
worker, but rather to restrain it. We observed (>30 times)
actions in which the Tapinoma workers collected stones
(Figure 1A, B) and deposited them under the Camponotus
worker that was being restrained. The Camponotus worker
was also fighting with the Tapinoma workers.

Meanwhile, we observed a few large larvae transported
from an ant nest (Figure 2A). When the Tapinoma workers
transitioned to using larger stones, the immobilization was
more efficient. (Figure 2B). At first, we believed that the
larvae could be Camponotus and that the Tapinoma were occu-
pying its nest, but later molecular analysis revealed that they
were Tapinoma larvae (see below). The following morning
on our visit back to the site, the Camponotus worker was
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Figure 1. Tapinoma worker carrying a stone (shown in yellow circles) placed under the seized Camponotus worker. A, Shows when the
ant collects the stone. B, Shows when the stone is deposited under the Camponotus worker. This behaviour was seen multiple times from

multiple ants (see supplementary materials).

still alive but exhausted (see supplementary materials). Tapi-
noma ants walked over the Camponotus worker but showed
less aggression and did not use stones anymore to restrain it.
Multiple 7apinoma were seen dead on the following day
(videos are available in supplementary materials).

Tapinoma sequence identification

The closest Genbank blast of the sequenced Tapinoma
worker (Genbank accession PQ789216) was to Tapinoma
magnum from Italy (Sicily), isolate Tmagl96 (Genbank
accession KY426528) with a 96.16% match and 24 substi-
tution difference. The results from the ML analyses,
however, revealed an unsupported node of the Tapinoma
sp. to any clade, as can be deduced from the high genetic
divergence to any other Tapinoma in Genbank. Tapinoma
simrothi and T. madeirense as well as a large clade of
T ¢f. magnum were excluded from the phylogenetic ana-
lyses as they proved to be highly divergent and not
closely related to the Tapinoma sp. Genetic divergence
between the Tapinoma sp. and T. ibericum was 5.8%, 5%
to T hispanicum, and 4.7% to all other remaining ingroup
species. The clade divergence within 7. ibericum was
1.6%, and within divergence in the 7. darioi group was
1.8%, within 7. nigerrimum it was 0.6% and 1.3% within
T magnum (Figure 3). Sequencing of the larvae revealed
it to be identical to the Tapinoma sequence, and therefore
this excludes the possibility that it was Camponotus sp.

Discussion
The field observation revealed multiple Tapinoma workers

carrying stones and placing them near or under a Campo-
notus worker to restrain it for a prolonged period of time.

While several ant species are known to carry or move
stones (e.g. see introduction), these are often stone drop-
pings to block nest entrances of other ant species
(Moglich & Alpert 1979; Gordon 1988; Grasso et al.
2004). This behaviour has also been reported in Tapinoma
nigerrimum from the Iberian Peninsula (Gémez-Duran
2012a). Yet, our field observation is different as no nest
blocking was observed and, instead, the Tapinoma
workers followed the Camponotus worker throughout the
encounter. The sequencing of a Tapinoma worker and a
larva transported by one of them recovered the same hap-
lotype, matching an undescribed species of Tapinoma from
the Iberian Peninsula, with its closest match (96.16%) to a
Tapinoma sp. sequence from Italy.

While the exact function of this behaviour remains
uncertain, we suggest that Tapinoma workers anchored
themselves to the stones with their hind legs in order to
restrain the Camponotus worker. This was observed
often and when the Camponotus was surrounded by
stones, it was immobilized by multiple Tapinoma. The
tarsal claws of Tapinoma are likely suited to grip the
rugged soil terrain and to anchor without the need of a
stone; however, the Camponotus worker could pull
strongly in response and the Tapinoma often lacked
strength to counteract the force of such a pull (see sup-
plementary materials). Pulling was possible but more
strenuous for the restrained ant when the Tapinoma
workers attached to a moderately heavy stone. In addition,
we observed that occasionally, when many stones were
present, the Camponotus worker seemed clumsy and de-
stabilized. In accordance with our hypothesis that the
subdued ant was indeed restrained was the fact that Tapi-
noma workers attached themselves to the head of Campo-
notus to possibly blind her temporarily and to prevent her
from using her mandibles. Throughout this behaviour, the
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Figure 2. A, A Tapinoma worker transporting a larva (marked by yellow arrow). B, A larger stone (yellow arrow and delimited by
yellow dots) used for Tapinoma nestmates to anchor and restrain the Camponotus worker. C, Close-up of Camponotus sp. and Tapinoma

sp. the second day of the sighting (see supplementary materials)

movements of the Camponotus worker were much more
erratic, with no apparent orientation. It became apparent
that the Tapinoma workers did not intend to predate on
the Camponotus worker, as it suffered no injuries or ampu-
tations, which would have been relatively feasible
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considering the high numbers of Tapinoma workers and
the duration of the confrontation. Furthermore, the follow-
ing morning on our visit back to the site, the Camponotus
worker was still alive (Figure 2C) and Tapinoma workers
walked over her without biting her. Tapinoma workers
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were seen removing dead Tapinoma nestmates on the fol-
lowing day.

Ant workers and colonies can show personalities
(Pinter-Wollman 2012) and there is a relationship between
individual and collective behaviour (Carere et al. 2018).
In fact, there is a known association between personality
traits and cognitive traits in ants. Consistent inter—individ-
ual behavioural variation has also been shown in ant
species (e.g. Kuhbandner et al. 2014; Udino et al. 2017)
and it might be a general characteristic of workers. Maak
etal. (2020) conducted a series of experiments with Aphae-
nogaster senilis Mayr 1853 that showed that rather than
worker task specialization, the involvement of workers
with appropriate personalities ensured high efficiency in
tool use. In our field observation, because only a minority
of Tapinoma workers were seen transporting stones, it
could suggest that this behaviour results from different per-
sonality traits at the colony level. It is interesting to notice
that the size of the stones carried by the Tapinoma
workers varied considerably. In addition, the following
day, the Camponotus seemed exhausted and the Tapinoma
had stopped the restraining and carrying of stones, and
some individuals were seen on top of the Camponotus.
Such behaviour might suggest individual complex cogni-
tive traits in Tapinoma.

Because Tapinoma workers were seen transporting
larvae, it seemed probable that Tapinoma workers were
entering a Camponotus nest and taking their larvae for
possible consumption. However, the sequence belonging
to the larva revealed that it was not Camponotus, but
instead it was Tapinoma. We do not know if the Taupinoma
workers were moving nests and the Camponotus worker
was restrained to avoid it releasing an alarm signal to
recruit workers to forage the Tapinoma nest. However, in
such a case, we would have expected the Tapinoma
workers to kill the Camponotus worker immediately.
There is no comparable report in the literature and only
two reports have been documented of Tapinoma workers
moving stones to build walls to block other ants getting
access to resources or to block other ant’s species nests.
The following day, the stone-moving behaviour was
absent, as the prey was much less mobile due to exhaustion
from the encounter, suggesting that the stone moving was
only necessary to help restrain the Camponotus worker, or
the Tapinoma workers had habituated to the cues causing
stone transport. Furthermore, the Tapinoma workers were
no longer on the head of the Camponotus worker (see sup-
plementary materials). Lack of time in the field prevented
us from seeing the end of this encounter, and therefore, we
cannot ascertain what happened to the Camponotus
worker. Similarly, we can only infer the reason behind
the use of the stones, as this behaviour seems novel.

The inclusion of all known Tapinoma species from the
Iberian Peninsula in the phylogenetic analyses and the
recovery of an unresolved position with no close
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association to any strongly supported clade suggests the
distinct identity of this lineage (Figure 3). In fact, such
results are further corroborated by the p-distances, where
the genetic distances were over ~5% (or higher) to all
other species, while the within-clade divergences of other
species were low (<2%). Comparison to published
genetic distance within the Tapinoma nigerrimum
complex (Sheehan et al. 2011; Ruiz-Mena et al. 2024;
Seifert et al. 2024) suggest that this species of Tapinoma
is likely different. Sorting the taxonomic identity of this
species is out of the scope of this study as it would
require morphological data that is lacking and the possi-
bility of an invasive species cannot be ruled out at this
stage. Nevertheless, the phylogenetic data suggests that
the biodiversity of ants in the Central Iberian Peninsula
is likely higher than is currently known.

A short and fortunate encounter with a colony of ants
has yielded unforeseen and novel insights into their
social interactions and how their cognition perceives
their environment (Zhou et al. 2020). We hope that this
sighting will incite further research interest in the location
of the sighting to fully understand this behaviour and to
further conduct taxonomical work of this taxon.
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