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Lethal coalitionary attacks

of chimpanzees (Pan troglodytes
troglodytes) on gorillas (Gorilla
gorilla gorilla) in the wild

Lara M. Southern'?, Tobias Deschner?> & Simone Pika%3**

Intraspecies violence, including lethal interactions, is a relatively common phenomenon in mammals.
Contrarily, interspecies violence has mainly been investigated in the context of predation and received
most research attention in carnivores. Here, we provide the first information of two lethal coalitionary
attacks of chimpanzees (Pan troglodytes troglodytes) on another hominid species, western lowland
gorillas (Gorilla gorilla gorilla), that occur sympatrically in the Loango National Park in Gabon. In

both events, the chimpanzees significantly outnumbered the gorillas and victims were infant gorillas.
We discuss these observations in light of the two most widely accepted theoretical explanations for
interspecific lethal violence, predation and competition, and combinations of the two-intraguild
predation and interspecific killing. Given these events meet conditions proposed to trigger coalitional
killing of neighbours in chimpanzees, we also discuss them in light of chimpanzees’ intraspecific
interactions and territorial nature. Our findings may spur further research into the complexity of
interspecies interactions. In addition, they may aid in combining field data from extant models with
the Pliocene hominid fossil record to better understand behavioural adaptations and interspecific
killing in the hominin lineage.

Intraspecies violence resulting in lethal injuries occurs in a variety of mammal species’, and has been suggested
to follow patterns explicable by kin selection*® and evolutionary game theory*.

Concerning our closest living relatives, the great apes, intraspecific killing has frequently been reported across
multiple chimpanzee (Pan troglodytes) communities e.g.,>” and gorilla (Gorilla gorilla)®™° groups. However, it
is nearly absent in bonobos (Pan paniscus) (but see'!) and orangutans (Pongo ssp.)'2. Rates of intraspecific kill-
ings vary considerably among chimpanzee communities, with adult males being both the main attackers and
the main victims'!. The majority of killings involve intercommunity rather than intracommunity attacks, and
most often are made by coalitions of males during territorial boundary patrols™!®. During these patrols, chim-
panzees travel to the periphery of the territory to search for signs of members of other communities or may even
make deep incursions into neighbouring communities involving lethal coalitionary attacks'*~"°. The latter has
been associated with fission-fusion social systems and has spurred considerable research attention, suggesting
functional parallels and evolutionary continuities between chimpanzee violence and lethal intergroup raiding
in humans®!¢7.

In contrast, intraspecific killings in gorillas have almost exclusively been observed in intergroup encounters
(but see®). Gorillas (genus Gorilla) are as genetically distant from chimpanzees (genus Pan) as they are from
humans (genus Homo), and are thought to have separated from a shared ancestor around eight million years
ago". Across their geographic range, gorillas live in cohesive social groups consisting of one or more adult males,
adult females, and their offspring®?°-*2. Unlike chimpanzees, the home ranges of neighbouring gorilla groups
overlap greatly, but intergroup encounters also range from non-agonistic affiliative encounters to coalitionary
agonistic interactions involving physical violence, infanticide®-'° and occasionally even fatal injuries'®**-% to
adult males. The majority of studies have, however, only focused on one eastern sub-species (Gorilla beringei
beringei), limiting an in-depth understanding of the behavioural diversity of gorillas. For instance, a recent study
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on western lowland gorillas (Gorilla gorilla gorilla) suggested that groups may show high levels of territoriality
and actively defend core regions of their home ranges against neighbours®.

Interspecific violence including lethal encounters has been reported across a variety of species and taxa
and has been traditionally categorized as predation or competitive killing””?%. Predation is commonly viewed
as an organism killing another organism for nutritional purposes®. Interspecific competition can involve (i)
exploitative competition (in which a species indirectly competes with other species for common resources), and
(ii) interference competition (in which a species attempts to free resources by interfering directly with another
species in the form of aggression, intimidation, harassment, competitive exclusion, or killing of the interspecific
competitor)?”*. Killing amongst interspecific competitors—viewed as a combination of competition and preda-
tion by some?®'—has recently gained a lot of research attention with scholars distinguishing between intraguild
predation (IGP) and interspecific killing (IK)*!~*. IGP is the killing and eating of species of the same “guild”
that use similar, often limiting, resources (and are thus potential competitors) and has been shown to play a
crucial role in carnivores®*. A guild includes all species exploiting similar resources, regardless of their nutri-
tion mode, ecology, or taxonomic position®'. IGP results in an immediate nutritional gain for one participant,
the predator, whilst, in contrast, IK refers to the killing of potentially competing species without any immediate
nutritional gain to the aggressor?>.

Concerning great apes, interspecific violence in the form of predation and hunting has been observed in
bonobos*?* and chimpanzees e.g.,>"’. In bonobos, both sexes engage in pursuing and hunting®**>*’, and hunts
are individualistic and opportunistic (i.e. they do not involve previous searching or tracking behaviour®). Con-
trarily, hunting in chimpanzees is predominantly a male activity®®**°, and cooperative hunting has been observed
at some sites*!. Although hunting is often opportunistic’’, chimpanzees at Tai, Tai National Park, Cote D’Ivoire*!
and Ngogo, Kibale National Park, Uganda®®* have been observed to search actively for prey and listen for distinct
vocalizations. Chimpanzees prey upon a broad variety of taxa including birds, insects, non-primate mammals,
monkeys, and reptiles e.g.,'**-**, with prey preferences differing between chimpanzee populations based on
local availability®”#4,

Here, we report the first observations of two lethal coalitionary attacks of chimpanzees (Pan troglodytes trog-
lodytes) on gorillas (Gorilla gorilla gorilla) living in the Loango National Park, Gabon. Chimpanzees range across
Eastern and Central Africa, and live sympatrically with gorillas (Gorilla gorilla spp.) in some areas*. Population
estimates vary widely depending on how they are calculated*’**, making cross site comparisons so far difficult
and largely inaccurate. Additionally, surveys of great apes have been challenging due to their low densities, cryptic
nature and difficulties in accessing the habitats they live in e.g.,*. The densities of gorillas and chimpanzees in
a portion of Loango National Park that includes our study area (101-123 km?) were estimated using genetic
capture-recapture methods, with 0.8-1.1 chimpanzees and 1.2-1.4 gorillas per km? **°!. These estimations of
chimpanzee density are moderate compared to other field sites where the two species occur sympatrically, while
the gorilla densities are significantly lower (but see variety of methods used, e.g.,**7>%).

We discuss the observed lethal events in relation to the two most widely accepted theoretical explanations
for interspecific violence, predation and competition, as well as combinations of the two—intraguild predation
(IGP) and interspecific killing (IK). Furthermore, we pinpoint similarities to intraspecific killing and the ter-
ritorial behaviour of chimpanzees.

Results

Overview. Between 2014 and 2018, we observed nine direct interactions between individuals of the Rekambo
community and unhabituated gorillas (N=9; see Fig. 1). These events were always peaceful, and occasionally
involved co-feeding in fruiting trees (N'=2). In 2019 however, we observed two encounters resulting, in both
cases, in coalitionary lethal attacks. The first encounter involved a party of 27 chimpanzees and a group of five
gorillas. The second involved a party of 27 chimpanzees and a group of seven gorillas (see Table 1, and video clips
1 and 2 in the SA). The first event occurred after a territorial patrol during which the males made a deep incur-
sion into a neighbouring chimpanzee territory. The second event happened at the start of a suspected territorial
boundary patrol. Both events took place on the outer boundaries of the Rekambo territory (see Fig. 1). The main
aggressors in both events were adult male chimpanzees (for details of involvement see Table 1).

The two encounters lasted 52 and 79 min, respectively, involved both contact and non-contact aggressions and
coalitionary displays from chimpanzees towards gorillas. The gorillas counter attacked and defended themselves
using contact aggressions, displays and threat gestures. During the first encounter the silverback was present
for 14 min, whilst in the second encounter the silverback was present for 10 min. The first encounter resulted
in one dead gorilla infant and three injured chimpanzees; the second resulted in one dead gorilla infant. While
there was no indication of consumption of the dead gorilla infant in the first encounter, the infant in the second
encounter was almost entirely consumed by one adult chimpanzee female.

Lethal encounter 1. On February 6th 2019, two research teams followed a party of chimpanzees (N =27; see
Table 1) of the Rekambo community. The party displayed behaviours observed during territorial patrols and
exited their territory at approximately 11:50 (see tracklog in Fig. 1). At 16:45, after not encountering any direct
or indirect signs of a neighbouring chimpanzee community, the entire party returned towards the eastern border
of their territory and split into sub-groups of 18 and 9 individuals. The vegetation in this area is dense and vis-
ibility was limited.

At 17:01, the larger chimpanzee party (N =18) encountered a group of gorillas (estimated N =5; 1 silver-
back, 3 adult females, 1 infant) in a thicket of approximately 64 square meters. A first chimpanzee scream was
followed by a succession of chimpanzee screams and barks, and gorilla barks and roars (for definition of call
types see'>*%). At 17:13, the silverback charged an adolescent female chimpanzee, Gia, knocking her into the
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Figure 1. Map of the study area and location of events. The locations of the two lethal encounters of the
06/02/2019 and the 11/12/2019 are marked with green stars. Nine previous encounters with gorillas (2014—
2019) are marked with eight grey circles since two event locations were identical) characterized by peaceful
behaviour and, in two cases, co-feeding. The 50% and 75% density isopleth> of the home range and travel paths
based on tracklog data from the two encounter days are marked in broken grey, solid grey and black lines.

The figure was generated in R (version 3.6.3, R Core team, https://www.R-project.org/)* using the package
adehabitatHR™.

air. At 17:15, a group of approximately nine male chimpanzees (adults and adolescents), and at least one adult
female chimpanzee surrounded the silverback, and repeatedly jumped down on and hit him whilst screaming
and barking. The silverback retreated to a distance of approximately 30 m with all other members of his group.

At 17:22, one adult male chimpanzee, Littlegrey, was observed sitting on the ground holding a gorilla infant in
front of him. The infant emitted distress vocalizations but did not move. Between 17:22 and 17:26 the infant was
inspected by three adult male chimpanzees, Gump, Ngonde and Thea, and two adolescents, Cesar and Sia. The
infant was then taken by Gump but quickly retrieved by Littlegrey. At 17:26, Littlegrey sniffed the infant, placed
it on the ground in front of him and hit the infant three times with his right hand. At this point the gorilla infant
was still alive since short squeaks and whimpering sounds could be heard. At 17:27, and directly following a
distress vocalization of the infant gorilla, a whimper of a different gorilla was heard close by (approximately 20 m).

At 17:28, Ngonde grabbed the infant gorilla and pulled it by its right foot for approximately three meters
whilst the infant omitted distress vocalizations. At 17:30, Clessia, an adolescent female, took the gorilla infant
from Ngonde, sniffed the body, and held it with both hands while lying on her back. At 17:36, the gorilla infant
stopped vocalizing, and no further vital signs were observed. Between 17:36 and 18:05, Clessia continued to hold
and periodically play with the now lifeless body of the gorilla. At 17:53, a chest beat was heard from a gorilla (at
approximately 40 m), but subsequently no further sound, vocalization or indication of gorilla presence was noted.
Clessia was still in possession of the gorilla body when the observers left at 18:15. The adolescent chimpanzee
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Individual | Sex | Ageclass Role during encounter 1 | Role during encounter 2
Arnold M Adult Not active Active (APC)
Chenge M Adult Active (APC) Active (APC)
Chinois M Adult Active (NPC) Active (NPC)
Freddy M Adult Active (APC) Active (APC)
Gump M Adult Active (APC) Active (APC)
Littlegrey M Adult Active (APC) Active (APC)
Louis M Adult Active (APC) Active (NPC)
Ngonde M Adult Active (APC) Active (APC)
Orian M Adult Not active Active (APC)
Pandi M Adult Active (APC) Active (APC)
Thea M Adult Active (APC) Active (APC)
Carol F Adult Not active Not active
Emmie F Adult N/A Not involved
Ida F Adult Not involved N/A

Joy F Adult Not involved Not involved
Mimi F Adult Not involved Active (APC)
Onome F Adult Not involved Not involved
Roxy F Adult Active (APC) Active (APC)
Spock F Adult N/A Not involved
Suzee F Adult Not involved N/A

Cesar M Adolescent | Active (PC) Active (PC)
Sia M Adolescent | Active (PC) N/A

Clessia F Adolescent | Active (PC) N/A

Gia F Adolescent | Active (APC) Active (PC)
Greta F Adolescent | N/A Active (PC)
Harouenne F Adolescent | Active (PC) N/A

Queliba F Adolescent | N/A Active (PC)
Ernest M Juvenile N/A Not involved
Moana M Juvenile Not involved Active (PC)
Ismael M Infant Not involved N/A

Jambo M Infant N/A Not involved
Caya F Infant N/A Not active
Madiba F Infant Not involved Not active
Sassandra F Infant Not involved N/A

Table 1. Chimpanzees observed during the gorilla encounters. Members of the Rekambo chimpanzee
community present during encounter 1 (N=27) and encounter 2 (N =27) as a function of name, sex

(M =male; F =female), age class and role. The role describes the observed activity of individuals during

the encounters: N/A not present, not involved seen only at the start and after the encounter, therefore their
presence is inferred, not active observed during the encounter but no active role in the attack, active-no physical
contact (NPC) active role in the attack (e.g. charging, chasing) but no direct contact with a gorilla, active-
aggressive physical contact (APC) active role in the attack with direct aggressive behaviours towards a gorilla
individual (e.g., hitting, biting, dragging), active-physical contact (PC) present throughout attack but direct
contact only through handling of already deceased infant gorilla (e.g., touching, sniffing, handling).

female Gia, was severely injured, with suspected internal bruising, and two adult males showed minor abrasions
(for further details see Supplementary Information).

Lethal encounter 2. On December 11th 2019, two observation teams had been following 27 chimpanzees mov-
ing northwest towards the northern border of their territory. Given the direction and the surreptitious behaviour
of the individuals present, including frequent sniffing of the ground and vegetation'®, a territorial patrol seemed
imminent.

At 12:26, Freddy suddenly stopped, became pilo-erect, and produced alarm barks. The chimpanzees around
him then stopped travelling and started alarm barking as well. There was movement observed in a large tree at
approximately 40 m. At 12:28, observers identified an adult female gorilla in the canopy. The chimpanzees then
moved towards the tree (not a known fruiting tree species for either ape species) looking up into the canopy.

At 12:28, gorilla barks and chest beats were heard and the team observed six additional gorillas in the tree:
a silverback, two adult females with dependent infants, and one juvenile gorilla. At 12:30, the majority of the
chimpanzees started to climb up into the surrounding trees, while approximately four adult male chimpanzees
remained on the ground. At 12:33, the silverback discovered the human observers on the ground in a distance
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of approximately 30 m to the base of the tree and started barking. In response, the two observer teams increased
their distance to the tree from 30 to 60 m. One adult male chimpanzee, Chenge, climbed further up the tree with
the gorillas, and stopped within five meters of the silverback and one adult female gorilla with an infant (AF1
and I1). All visible gorillas started to emit alarm barks, and the silverback and the two adult females with their
infants moved higher up into the canopy. At 12:36, the silverback rapidly climbed down the tree and fled. The
chimpanzees continued barking but did not follow him.

At 12:37, one of the two adult gorilla females (AF2) with her infant (I2) on her belly climbed down the tree
with a group of chimpanzees surrounding her while barking, screaming, charging and branch shaking. Two adult
chimpanzee males, Pandi and Thea dragged branches and displayed at the female. She held her infant on her belly
and barked, the infant was also barking and screaming. Thea positioned himself several times directly in front
of the female, and tried to grab the infant but he did not succeed. Gump managed to temporarily pull the infant
from the belly of the female but she managed to pull her infant back. At 12:40, the female gorilla and her infant
managed to escape the group of chimpanzees. The chimpanzees did not follow her but instead directed their
attention to an area approximately 20 m away across a swamp where gorilla screams and barks could be heard.

A third separate observation team, who arrived later had a better view of the following events. Between 12:41
and 12:48, they observed one adult female gorilla (AF1) with a smaller infant (I1) in a tree with eight adult chim-
panzee males (Chenge, Gump, Littlegrey, Louis, Ngonde, Orian, Pandi, and Thea), and one adolescent female
(Greta) sitting in trees around her. No other gorilla was visible at this point; however, chest beats and barks
were heard from the surrounding canopy. Littlegrey, Louis, and Pandi displayed repeatedly shaking branches,
and all chimpanzees continuously emitted alarm barks. The gorilla female screamed and barked as soon as any
chimpanzee undercut a distance of approximately five meters. At 12:48, four chimpanzee males (Ngonde, Orian,
Pandi and Thea) started to chase the female first further up the tree, and then down the tree while barking and
screaming (see video clips in SA). During approaches, the gorilla female (AF1) waved her arms and screamed
towards the chimpanzees, while holding her infant (I1) to her belly, and simultaneously trying to move out of
proximity of the chimpanzees. At 12:49, the gorilla female moved rapidly down the tree with her infant (I1) on
her belly into a tangle of lianas. At 12:50, the gorilla female (AF1) was seen, without her infant (I1), climbing up
a nearby tree, observed by several chimpanzees (Freddy, Gump, Louis, Mimi, Moana, and Thea). She managed
to flee via the canopy.

At 12:51, an adolescent chimpanzee, Cesar, was seen holding the body of a dead infant gorilla (I1), which
had a large open cut in the stomach with the intestines partially hanging out. Gump then approached Cesar,
grabbed the lifeless gorilla, and ran away with it. At 12:53, chest beats of a gorilla were heard at a distance of
approximately 75 m. At this time, all other chimpanzees of the party were dispersed around the encounter site,
and rested either on the ground or up in the trees. The observers were able to locate the lifeless gorilla infant
again at 12:57, when Gump, followed by Greta, climbed a tree holding it. At 13:00, Greta was observed holding
the body, and eating small pieces of meat from the extremities in proximity to one adult female, Onome and
an adolescent female, Queliba. There were no begging behaviours observed from the females in proximity and
Greta did not share meat with any individual.

At 13:15, Chenge followed by an adult female, Roxy, climbed up the tree. Roxy moved toward Greta and took
the body. She then began to consume the hands and internal organs of the gorilla infant. Between 13:16 and
14:00, Roxy allowed Chenge, Littlegrey, Onome, Orian, and Queliba to access small amounts of meat, no beg-
ging behaviour was observed between individuals. A final gorilla chest beat was heard at 13:46 in a North-East
direction of the observers.

At 14:10, Roxy climbed down the tree carrying the body, and began travelling South-East. She continued
to occasionally feed on the body throughout the remainder of the afternoon and though some individuals
approached to peer at the infant gorilla, no further food sharing behaviours were observed. At 17:15, the remains
of the infant gorilla were abandoned by Roxy. Most of the internal organs, both legs and the brain had been
consumed (for further details see Supplementary Information).

Discussion

Here, we report the first observations of two lethal coalitionary attacks of chimpanzees on another hominid
species, gorillas. In both events, the chimpanzees considerably outnumbered the gorillas, however in the second
event, the lethal attack started when the silverback had abandoned his group. In both events, the victims were
gorilla infants, but the consumption of the victim was observed in one event only.

Recent studies® were able to distinguish genetically distinct gorilla groups within the study area; when
overlaid against the Rekambo chimpanzee community home range there was clear overlap with seven distinct
gorilla groups (see Supplementary Fig. S1 in the Supplementary information). However, further data are needed
to clarify whether our rare observations are due to lack of data or indeed mirror true frequencies of interspecies
interactions in the study area.

In the following paragraphs, we will present and discuss several possible explanations that may account for
the two lethal coalitionary encounters observed.

One explanation may be that the observed events represent cases of predation with the chimpanzees hunting
and opportunistically targeting the smaller-bodied gorilla infants as prey. Although differences in behaviours
accompanying hunting and hunting patrol patterns have been observed across sites, the behaviors observed at
Loango were similar to the patterns reported for Tai*"®° and Ngogo®®. For instance, the chimpanzees showed
conspicuous behaviours prior to hunting such as being extremely attentive to any arboreal movements, scan-
ning, changing directions several times without vocalizing, and performing specific call types—hunting calls***.
Post-hunting behaviour is characterized by the prevalence of high-ranking males as the primary prey possessors
and consumers, high levels of attention, arousal and excitement of party members, as well as begging and food
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sharing!*#*-4.61_ However, the behaviours observed during the two events were very different to those reported

during hunting: The chimpanzees were noisy, emitted alarm barks and screams and performed displays long
before the infants were killed. The excitement levels dropped immediately following the death of the infant
gorillas. In addition, the observed feeding behaviours during the two events also differed from patterns expected
during conventional hunting for the purpose of gaining nutritional benefits through the consumption of prey?’.
In the first encounter no feeding behaviour was observed, and in the second event the gorilla infant was almost
entirely consumed by a single adult female. In contrast to species-typical hunts, in the second event the majority
of individuals present, including adult males, showed almost no interest in the carcass, and only small amounts
of meat were exchanged between low ranking individuals.

Another explanation may be that the two cases are the product of interspecific competition such as IGP and
IK. So far, studies investigating interspecific competition in gorillas and chimpanzees have provided evidence
for dietary niche differentiation and mutual avoidance to limit competition e.g.,*~%". All previous accounts of
interspecies interactions as well as co-feeding events have been reported as peaceful despite a relatively high
potential for feeding competition concerning key resources or during certain periods e.g.,**”°. Thus far, aggressive
interference competition, including infanticide, has been observed between monkey species (e.g., Cercopithecus
nicitans stampflii, Cercopithecus diana diana”'; Ateles hybridus, Alouatta seniculus’?) but not between chimpan-
zees and gorillas. Such interactions are however frequent in carnivore species and have been suggested as key
determinants of their abundance and distribution®*”® (but see for an overview of other taxa®'). As in the lethal
interactions discussed here, carnivores tend to attack their closest dietary competitors®, most agonistic encoun-
ters occur in seasonal environments when food is scarce?, and killings decrease abruptly when dietary overlap is
reduced”. Gorillas and chimpanzees show considerable dietary overlap and have a relatively high potential for
dietary competition*>’%. Across study communities, the degree of dietary overlap ranges between: 50% Kahuzi-
Biega; Gorilla beringei graueri, Pan troglodytes schweinfurthii’”® and 60-80% Loango, Lopé, and Ndoki; Gorilla
g. gorilla, Pan t. troglodytes®®’47®. The two lethal encounters we observed occurred at times characterized by
food scarcity and a period of high dietary overlap (for fruit resources)*>’*—February and December 2019. In
contrast, the two previously observed peaceful co-feeding events took place in April, a month characterized by
relatively low dietary overlap between the two species*>7?.

Furthermore, age, size and patterns of grouping seem to play a significant role in the outcome of IGP’s and
IK’s (see e.g.,””). While relative body size of the opponents is the primary determinant of lethal interactions and
results in favour of the larger species, in interactions involving adults, smaller species frequently kill the young
of larger species”””*. There are cases where smaller species were able to kill or deter larger species such as wolves
(Canis lupus) killing adult black bears (Ursus americanus)”” and hyenas (Crocuta Crocuta) killing lions (Panthera
leo)”, however, these outcomes were only possible when individuals of the smaller species formed coalitions?”7”.
The grouping style of a species was found to strongly influence the outcome of IGP’s resulting largely in favour
of species that form groups’®. This is in line with our current observations, where the chimpanzees were at an
advantage even against the larger gorilla species, given their ability to cooperate. Additionally, specific adaptations
to prey-capture also influence the outcome of IGP’s, resulting in favour of species more adapted for vertebrate
predation” where the successful species, here, the chimpanzee, has adaptations to vertebrate predation'>*4!,
Hence, as in IGP food webs (with specific emphasis of species classification) portrayed by Arim and Marquet”,
the two reported killings may represent cases of IGP and IK between an intermediate omnivorous species (i.e.
broad diets comprising both animal and plant foods®*’), the chimpanzee, and a herbivorous species (feeding
mainly on plant foods®), the gorilla.

Lastly, both of the lethal encounters reported here also showed similarities to behaviours observed during
chimpanzee intercommunity encounters. For instance, similar to territorial patrols, where chimpanzees move to
the periphery and beyond their territorial boundaries to search for neighbours e.g.,'"'*%>%, the observed events
took place in the peripheries of the territory before and during territorial patrols. In both events, infants were
targeted and adult males were the main attackers and played the most active roles. Similarly, in lethal chimpanzee
intercommunity encounters, infanticide is common and adult males are the main participants'-*%*% (but see
for female roles®). It has been proposed that in chimpanzees, adult males may kill infants of other communities
to reduce competition for food by inducing foreign females to avoid contested regions®. The observed interspe-
cies killings of gorilla infants by chimpanzees could have similar motivations®. We also observed behaviours
before and during the encounters characteristic to coalitionary intercommunity encounters such as aggres-
sion (e.g., charges, chases, threatening displays, contact aggression), high levels of arousal and the use of loud
vocalizations'®-1>°!. The imbalance-of-power hypothesis postulates that the function of unprovoked intercommu-
nity aggression (such as deep incursions into other chimpanzee communities’ territory and coalitionary attacks)
is a drive for dominance over neighbours resulting in fitness benefits for the attackers through improved access
to resources such as food, females, or safety®!*. Two conditions are proposed to be required to trigger coalitional
killing of neighbours: (i) a state of intergroup hostility, and (ii) sufficient imbalances of power between interacting
parties resulting in impunity from aggressors. Thus, it may be possible that at Loango, which is characterized by
relatively high dietary food overlap in specific months*>”*, gorillas are perceived as competitors, for both space
and resource use, similar to members of other chimpanzee communities. Lastly, we cannot rule out that the
presence of human observers, in both events, may have had an effect on the unhabituated silverback’s departure
and may have tilted the imbalance of power in favour of the habituated chimpanzees.

In sum, the observed events show similarities to patterns reported in IGP’, IK’s and intraspecies agonistic
encounters. Ultimately, additional observations in combination with isochronous assessments of fruit availability
and dietary overlap are needed to differentiate whether coalitionary attacks are indeed the output of interspe-
cific predation spurred by opportunistic hunting, interspecies competition for food resources or whether these
interactions are merely a non-adaptive by-product of the “xenophobic nature” of chimpanzees. Finally, analyses

Scientific Reports |

(2021) 11:14673 | https://doi.org/10.1038/s41598-021-93829-x nature portfolio



www.nature.com/scientificreports/

of long-term phenological data could aid in investigating if potential high levels of feeding competition may be a
more recent phenomenon caused by a collapse in fruit availability as observed in other tropical forests in Gabon®.

Conclusion

Our observations provide the first evidence that the presence of chimpanzees can have a lethal impact on gorillas.
Additionally, they may instigate future studies aiming to test whether lethal coalitionary interactions of chim-
panzees against gorillas are the output of opportunistic hunting or interspecies competition. Future studies could
try to simultaneously monitor movement patterns and monthly dietary overlap of the two species in relation
to actual encounter rates and outcomes. Future investigations of interspecific interactions may also encour-
age more cross-fertilization between behavioural ecologists and palaeontologists®”*. Gorillas and chimpanzees
have adapted to sympatry throughout their own evolutionary histories. However, up until now, their extensive
population decrease and the threats of extinction have predominantly been driven by escalating anthropogenic
pressures rather than by the presence of another non-human great ape species®. Ultimately, these living models,
combined with continuous new insights from the fossil record, can aid in expanding our understanding of the
ecological constraints and mechanisms governing the co-existence of not only these two ape species but other,
now extinct, sympatric hominin taxa.

Methods

The two lethal encounters were observed whilst conducting behavioural observations on chimpanzees of the
Rekambo community in the Loango National Park, Gabon (2° 04’ S and 9° 33’ E). The habituation of this
community began in 2005 with the majority of individuals being habituated to human presence by 2017. The
community consisted of about 45 individuals including infants, juveniles and sub-adults at the end of the data
collection period of the present study. The Loango National Park comprises a mosaic of different habitat types
including coastal forests and savannah in the West, multiple lowland swamps fed by a lagoon in the East, and
heterogeneous tropical rainforest throughout (for further details see”). This ecosystem is considerably different
from other locations where sympatric ape species have been studied so far®*’*. Information concerning territorial
overlap between the two species at the study site can be found in Supplementary Fig. S1 in the Supplementary
information.

Focal animal sampling was used during daily follows of all mature males (N =11). Recordings were made
using high-definition video cameras (SONY AX53) with external microphones (Sennheiser ME400). We used all
occurence sampling during the interspecies encounters®. Data collection was operationalized with CyberTracker
software (CyberTracker version 3.507; https://www.cybertracker.org/)’! on water-resistant smart phones (Cyrus
CS$45). In addition to the behavioural data collection, daily tracklog data were recorded using a Global Positioning
System (GPS; Garmin Rino700) which records a given location automatically every 1-60 s depending on signal
coverage. Additionally, GPS coordinates were recorded whenever an interspecies interaction was detected. We
calculated territory size by collating all track logs (> 1 h) using the Kernel Density Estimation (KDE) method
using the package adehabitatHR™ in R (version 3.6.3, R Core team, https://www.r-project.org/)* Fixed kernel
density estimation was generated using the reference method (k) to provide contours of utilization of 75%
and 50%. We created a map (see Fig. 1) depicting the 75% and 50% KDEs, together with data on both non-lethal
encounter points from 2014 to 2019 and lethal encounter locations using R. Furthermore, we depicted the ter-
ritories of gorilla groups at the study site and potential overlap with the territory of the Rekambo community in
amap (see Supplementary Fig. S1 in the Supplementary Information) using the MCP method for the Rekambo
chimpanzee territory and published data from Hagemann et al.*® concerning gorilla territories at and overlap-
ping with the study area.

Ethics statement. The present study was purely observational and non-invasive. All applicable national,
and/or institutional guidelines for the care and use of animals were followed. In accordance with the German
Animal Welfare Act of 25th May 1998, Section V, Article 7, the study was classified as non-animal experiment
and did not require any approval from a relevant body. All observers followed a strict hygiene protocol, including
a five-day quarantine, and wore face masks when encountering chimpanzees. Observations were made at a mini-
mum distance of eight meters, in an effort to avoid disease transmission from humans to chimpanzees®>** and to
not disturb the natural behaviour of the individuals observed. Our research adhered to the legal requirements of
the state of Gabon and followed the recommendations of the ‘Animals (Scientific Procedures) Act 1986 as pub-
lished by the government of the United Kingdom, and the principles of “Ethical Treatment of Non-Human Pri-
mates’, as stated by the American Society of Primatologists. The Agence Nationale des Parcs Nationaux, and the
Centre National de la Recherche Scientifique et Technique of Gabon (CENAREST), Libreville, Gabon granted
permission and the relevant permits to conduct research in the Loango National Park.

Received: 24 November 2020; Accepted: 24 June 2021
Published online: 19 July 2021

References
1. Gémez, J. M., Verdu, M., Gonzélez-Megias, A. & Méndez, M. The phylogenetic roots of human lethal violence. Nature 538, 233-237.
https://doi.org/10.1038/nature19758 (2016).
2. Darwin, C. The Descent of Man, and Selection in Relation to Sex. (Appleton, 1872).
3. Hamilton, W. D. The genetical evolution of social behaviour. I. J. Theor. Biol. 7, 1-16 (1964).

Scientific Reports|  (2021) 11:14673 | https://doi.org/10.1038/s41598-021-93829-x nature portfolio


https://www.cybertracker.org/
https://www.r-project.org/
https://doi.org/10.1038/nature19758

www.nature.com/scientificreports/

4. Smith, J. M. & Price, G. R. The logic of animal conflict. Nature 246, 15-18. https://doi.org/10.1038/246015a0 (1973).
5. Mitani, J. C., Watts, D. P. & Amsler, S. J. Lethal intergroup aggression leads to territorial expansion in wild chimpanzees. Curr. Biol.
20, 507-508. https://doi.org/10.1016/j.cub.2010.04.021 (2010).
6. Wrangham, R. W. Evolution of coalitionary killing. Yearb. Phys. Anthropol. 42, 1-30 (1999).
7. Boesch, C. et al. Intergroup conflicts among chimpanzees in Ta1 National Park: Lethal violence and the female perspective. Am. J.
Primatol. 70, 519-532. https://doi.org/10.1002/ajp.20524 (2008).
8. Robbins, M. M. & Robbins, A. M. Simulation of the population dynamics and social structure of the Virunga Mountain gorillas.
Am. ]. Primatol. 63, 201-223. https://doi.org/10.1002/ajp.20052 (2004).
9. Watts, D. P. Infanticide in Mountain gorillas: New cases and a reconsideration of evidence. Ethology 81, 1-18 (1989).
10. Yamagiwa, J., Kahekwa, ]. & Basabose, A. K. Infanticide and social flexibility in the genus Gorilla. Primates 50, 293-303. https://
doi.org/10.1007/510329-009-0163-0 (2009).
11. Wilson, M. L. et al. Lethal aggression in Pan is better explained by adaptive strategies than human impacts. Nature 513, 414-417.
https://doi.org/10.1038/nature13727 (2014).
12. Marzec, A. M. et al. The dark side of the red ape: Male-mediated lethal female competition in Bornean orangutans. Behav. Ecol.
Sociobiol. 70, 459-466. https://doi.org/10.1007/s00265-015-2053-3 (2016).
13. Goodall, J. The Chimpanzees of Gombe: Patterns of Behaviour. (Belknap Press of Harvard University Press, 1986).
14. Nishida, T., Hiraiwa-Hasegawa, M., Hasegawa, T. & Takahata, Y. Group extinction and female transfer in wild chimpanzees in the
Mabhale National Park, Tanzania. Z. Tierpsychol. 67, 284-301 (1985).
15. Mitani, J. C. & Watts, D. P. Correlates of territorial boundary patrol behaviour in wild chimpanzees. Anim. Behav. 70, 1079-1086.
https://doi.org/10.1016/j.anbehav.2005.02.012 (2005).
16. Wrangham, R. The Goodness Paradox: The Strange Relationship Between Virtue and Violence in Human Evolution. (Pantheon, 2019).
17. Boehm, C. In Us Against Them: Coalitions and Alliances in Humans and Other Animals (eds Harcourt, A. & De Waal, E. B. M.)
37-173 (Oxford University Press, 1992).
18. Bermejo, M. Home-range use and intergroup encounters in western gorillas (Gorilla g. gorilla) at Lossi Forest, North Congo. Am.
J. Primatol. 64, 223-232. https://doi.org/10.1002/ajp.20073 (2004).
19. Kaessmann, H. & Paibo, S. The genetical history of humans and the great apes. J. Intern. Med. 251, 1-18. https://doi.org/10.1046/j.
1365-2796.2002.00907.x (2002).
20. Robbins, M. M. & Robbins, A. M. Variation in the social organization of gorillas: Life history and socioecological perspectives.
Evol. Anthropol. Issues News Rev. 27, 218-233. https://doi.org/10.1002/evan.21721 (2018).
21. Yamagiwa, J., Basabose, K., Kaleme, K. & Yumoto, T. In Gorilla Biology: A Multidisciplinary Perspective (eds Taylor, A. B. & Gold-
smith, M. L.) 328-356 (Cambridge University Press, 2003).
22. Robbins, M. M. et al. Social structure and life-history patterns in western gorillas (Gorilla gorilla gorilla). Am. ]. Primatol. 64,
145-159. https://doi.org/10.1002/ajp.20069 (2004).
23. Bradley, B. ], Doran-Sheehy, D. M., Lukas, D., Boesch, C. & Vigilant, L. Dispersed male networks in western gorillas. Curr. Biol.
14, 510-513. https://doi.org/10.1016/j.cub.2004.02.062 (2004).
24. Sicotte, P. Inter-group encounters and female transfer in mountain gorillas: Influence of group composition on male behavior. Am.
J. Primatol. 30, 21-36. https://doi.org/10.1002/ajp.1350300103 (1993).
25. Rosenbaum, S., Vecellio, V. & Stoinski, T. Observations of severe and lethal coalitionary attacks in wild mountain gorillas. Sci. Rep.
6, 37018. https://doi.org/10.1038/srep37018 (2016).
26. Morrison, R. E,, Dunn, J. C,, Illera, G., Walsh, P. D. & Bermejo, M. Western gorilla space use suggests territoriality. Sci. Rep. 10,
3692. https://doi.org/10.1038/s41598-020-60504-6 (2020).
27. Palomares, E & Caro, T. M. Interspecific killing among mammalian carnivores. Am. Nat. 153, 492-508. https://doi.org/10.1086/
303189 (1999).
28. Dayan, T. & Simberloff, D. Size patterns among competitors: Ecological character displacement and character release in mammals,
with special reference to island populations. Mammal Rev. 28, 99-124. https://doi.org/10.1046/j.1365-2907.1998.00029.x (1998).
29. Taylor, R. J. Predation. 166 (Springer Science & Business Media, 2013).
30. Methion, S. & Diaz Lopez, B. Spatial segregation and interspecific killing of common dolphins (Delphinus delphis) by bottlenose
dolphins (Tursiops truncatus). Acta Ethol. https://doi.org/10.1007/s10211-021-00363-0 (2021).
31. Polis, G. A., Myers, C. A. & Holt, R. D. The ecology and evolution of intraguild predation: Potential competitors that eat each other.
Annu. Rev. Ecol. Syst. 20, 297-330. https://doi.org/10.1146/annurev.es.20.110189.001501 (1989).
32. Polis, G. A. & Holt, R. D. Intraguild predation: The dynamics of complex trophic interactions. Trends Ecol. Evol. 7, 151-154. https://
doi.org/10.1016/0169-5347(92)90208-S (1992).
33. de Oliveira, T. & Pereira, J. Intraguild predation and interspecific killing as structuring forces of carnivoran communities in South
America. J. Mamm. Evol. https://doi.org/10.1007/s10914-013-9251-4 (2014).
34. Surbeck, M. & Hohmann, G. Primate hunting by bonobos at LuiKotale, Salonga National Park. Curr. Biol. 18, 906-907. https://
doi.org/10.1016/j.cub.2008.08.040 (2008).
35. Hohmann, G. & Fruth, B. New records on prey capture and meat eating by bonobos at Lui Kotale, Salonga National Park, Demo-
cratic Republic of Congo. Folia Primatol. 79, 103-110. https://doi.org/10.1159/000110679 (2008).
36. Stanford, C. B. Chimpanzee hunting behavior and human evolution. Am. Sci. 83, 256-261 (1995).
37. Newton-Fisher, N. E. In Handbook of Paleoanthropology (eds Winfried, H. & Ian, T.) 1295-1320 (Springer, 2007).
38. Mitani, J. C. & Watts, D. P. Demographic influences on the hunting behavior of chimpanzees. Am. J. Phys. Anthropol. 109, 439-454.
https://doi.org/10.1002/(SICI)1096-8644(199908)109:4<439:: AID-AJPA2>3.0.C0;2-3 (1999).
39. Mitani, J. C. & Watts, D. P. Why do chimpanzees hunt and share meat?. Anim. Behav. 61, 915-924. https://doi.org/10.1006/anbe.
2000.1681 (2001).
40. Nishida, T., Uehara, S. & Nyundo, R. Predatory behavior among wild chimpanzees of the Mahale mountains. Primates 20, 1-20.
https://doi.org/10.1007/BF02373826 (1979).
41. Boesch, C. & Boesch, H. Hunting behavior of wild chimpanzees in the Tai National Park. Am. J. Phys. Anthropol. 78, 547-573.
https://doi.org/10.1002/ajpa.1330780410 (1989).
42. Watts, D. P. & Mitani, J. C. Hunting behavior of chimpanzees at Ngogo, Kibale National Park, Uganda. Int. J. Primatol. 23, 1-28.
https://doi.org/10.1023/A:1013270606320 (2002).
43. Pika, S. et al. Wild chimpanzees (Pan troglodytes troglodytes) exploit tortoises (Kinixys erosa) via percussive technology. Sci. Rep.
9, 7. https://doi.org/10.1038/s41598-019-43301-8 (2019).
44. Basabose, K. & Yamagiwa, J. Predation on mammals by chimpanzees in the montane forest of Kahuzi, Zaire. Primates 38, 45-55.
https://doi.org/10.1007/BF02385921 (1997).
45. Klein, H. et al. Hunting of mammals by central chimpanzees (Pan troglodytes troglodytes) in the Loango National Park, Gabon.
Primates 62, 267-278. https://doi.org/10.1007/s10329-020-00885-4 (2021).
46. Sanz, C., Morgan, D,, Strindberg, S. & Onononga, J. R. Distinguishing between the nests of sympatric chimpanzees and gorillas.
J. Appl. Ecol. 44, 263-272. https://doi.org/10.1111/j.1365-2664.2007.01278.x (2007).
47. Harcourt, A. H. Is the gorilla a threatened species? How should we judge? Biol. Conserv. 75, 165-176. https://doi.org/10.1016/
0006-3207(95)00059-3 (1996).
Scientific Reports |  (2021) 11:14673 | https://doi.org/10.1038/s41598-021-93829-x nature portfolio


https://doi.org/10.1038/246015a0
https://doi.org/10.1016/j.cub.2010.04.021
https://doi.org/10.1002/ajp.20524
https://doi.org/10.1002/ajp.20052
https://doi.org/10.1007/s10329-009-0163-0
https://doi.org/10.1007/s10329-009-0163-0
https://doi.org/10.1038/nature13727
https://doi.org/10.1007/s00265-015-2053-3
https://doi.org/10.1016/j.anbehav.2005.02.012
https://doi.org/10.1002/ajp.20073
https://doi.org/10.1046/j.1365-2796.2002.00907.x
https://doi.org/10.1046/j.1365-2796.2002.00907.x
https://doi.org/10.1002/evan.21721
https://doi.org/10.1002/ajp.20069
https://doi.org/10.1016/j.cub.2004.02.062
https://doi.org/10.1002/ajp.1350300103
https://doi.org/10.1038/srep37018
https://doi.org/10.1038/s41598-020-60504-6
https://doi.org/10.1086/303189
https://doi.org/10.1086/303189
https://doi.org/10.1046/j.1365-2907.1998.00029.x
https://doi.org/10.1007/s10211-021-00363-0
https://doi.org/10.1146/annurev.es.20.110189.001501
https://doi.org/10.1016/0169-5347(92)90208-S
https://doi.org/10.1016/0169-5347(92)90208-S
https://doi.org/10.1007/s10914-013-9251-4
https://doi.org/10.1016/j.cub.2008.08.040
https://doi.org/10.1016/j.cub.2008.08.040
https://doi.org/10.1159/000110679
https://doi.org/10.1002/(SICI)1096-8644(199908)109:4<439::AID-AJPA2>3.0.CO;2-3
https://doi.org/10.1006/anbe.2000.1681
https://doi.org/10.1006/anbe.2000.1681
https://doi.org/10.1007/BF02373826
https://doi.org/10.1002/ajpa.1330780410
https://doi.org/10.1023/A:1013270606320
https://doi.org/10.1038/s41598-019-43301-8
https://doi.org/10.1007/BF02385921
https://doi.org/10.1007/s10329-020-00885-4
https://doi.org/10.1111/j.1365-2664.2007.01278.x
https://doi.org/10.1016/0006-3207(95)00059-3
https://doi.org/10.1016/0006-3207(95)00059-3

www.nature.com/scientificreports/

48.
49.
50.

51.

52.

53.
54.

55.

56.
57.
58.
59.
60.
61.
62.
63.
64.

65.
66.

67.
68.
69.
70.
71.

72.

73.

74.

75.
76.
77.

78.
. Arim, M. & Marquet, P. A. Intraguild predation: A widespread interaction related to species biology. Ecol. Lett. 7, 557-564. https://

80.

81.

82.
83.
84.

85.

Matthews, A. & Matthews, A. Survey of gorillas (Gorilla gorilla gorilla) and chimpanzees (Pan troglodytes troglodytes) in South-
western Cameroon. Primates 45, 15-24. https://doi.org/10.1007/s10329-003-0058-4 (2004).

Arandjelovic, M. et al. Effective non-invasive genetic monitoring of multiple wild western gorilla groups. Biol. Conserv. 143,
1780-1791. https://doi.org/10.1016/j.biocon.2010.04.030 (2010).

Arandjelovic, M., Head, J., Rabanal, L. I, Schubert, G., Mettke, E., Boesch, C., Robbins, M. M. & Vigilant, L. Non-invasive genetic
monitoring of wild central chimpanzees. PLoS One 6(3) (2011).

Martinez-Ifiigo, L., Baas, P, Klein, H., Pika, S. & Deschner, T. Intercommunity interactions and killings in central chimpanzees
(Pan troglodytes troglodytes) from Loango National Park, Gabon. Primates, 1-14 https://doi.org/10.1007/s10329-021-00921-x
(2021).

Furuichi, T., Inagaki, H. & Angoue-Ovono, S. Population density of chimpanzees and gorillas in the Petit Loango Reserve, Gabon:
Employing a new method to distinguish between nests of the two species. Int. J. Primatol. 18, 1029-1046. https://doi.org/10.1023/A:
1026356432486 (1997).

Poulsen, J. R. & Clark, C. J. Densities, distributions, and seasonal movements of gorillas and chimpanzees in swamp forest in
Northern Congo. Int. . Primatol. 25, 285-306. https://doi.org/10.1023/B:IJOP.0000019153.50161.58 (2004).

Morgan, D., Sanz, C., Onononga, J. R. & Strindberg, S. Ape abundance and habitat use in the Goualougo Triangle, Republic of
Congo. Int. J. Primatol. 27, 147-179. https://doi.org/10.1007/s10764-005-9013-0 (2006).

Vieira, W. E, Kerry, C. & Hockings, K. J. A comparison of methods to determine chimpanzee home-range size in a forest-farm
mosaic at Madina in Cantanhez National Park, Guinea-Bissau. Primates 60, 355-365. https://doi.org/10.1007/s10329-019-00724-1
(2019).

R Core Team. R: A Language and Environment for Statistical Computing (R Foundation for Statistical Computing, Vienna, Austria,
2020). https://www.r-project.org/.

Calenge, C. The package adehabitat for the R software: Tool for the analysis of space and habitat use by animals. Ecol. Model. 197,
1035 (2006).

Fossey, D. Vocalizations of the mountain gorilla (Gorilla gorilla beringei). Anim. Behav. 20, 36-53. https://doi.org/10.1016/S0003-
3472(72)80171-4 (1972).

Hagemann, L. et al. Long-term inference of population size and habitat use in a socially dynamic population of wild western
lowland gorillas. Conserv. Genet. 20, 1303-1314. https://doi.org/10.1007/s10592-019-01209-w (2019).

Boesch, C. Cooperative hunting roles among tai chimpanzees. Hum. Nat. 13, 27-46. https://doi.org/10.1007/s12110-002-1013-6
(2002).

Wilkinson, R., Leudar, I. & Pika, S. In Developments in Primate Gesture Research (eds Simone, P. & Katja, L.) 199-221 (John Ben-
jamins Publishing Company, 2012).

Yamagiwa, J. & Basabose, A. K. Diet and seasonal changes in sympatric gorillas and chimpanzees at Kahuzi-Biega National Park.
Primates 47, 74-90. https://doi.org/10.1007/s10329-005-0147-7 (2006).

Stanford, C. B. & Nkurunungi, J. B. Behavioral ecology of sympatric chimpanzees and gorillas in Bwindi Impenetrable National
Park, Uganda: Diet. Int. . Primatol. 24, 901-918. https://doi.org/10.1023/A:1024689008159 (2003).

Morgan, D. & Sanz, C. In Feeding Ecology in Apes and Other Primates (eds Hohmann, G., Robbins, M. M., & Boesch, C.) 97-122
(Cambridge University Press, 2006).

Yamagiwa, J. & Basabose, A. K. In Feeding Ecology in Apes and Other Primates. 73-96 (Cambridge University Press, 2006).
Tutin, C. E. & Fernandez, M. Composition of the diet of chimpanzees and comparisons with that of sympatric lowland gorillas in
the Lopé Reserve, Gabon. Am. J. Primatol. 30, 195-211 (1993).

Jones, C. & Sabater Pi, J. Comparative Ecology of Gorilla gorilla (Savage & Wyman) and Pan troglodytes (Blumenbuch) in Rio Muni,
West Africa. (S. Karger, 1971).

Basabose, A. K. & Yamagiwa, J. Factors affecting nesting site choice in chimpanzees at Tshibati, Kahuzi-Biega National Park: Influ-
ence of sympatric gorillas. Int. J. Primatol. 23, 263-282 (2002).

Walsh, P. D., Breuer, T., Sanz, C., Morgan, D. & Doran-Sheehy, D. Potential for Ebola transmission between gorilla and chimpanzee
social groups. Am. Nat. 169, 684-689. https://doi.org/10.1086/513494 (2007).

Stanford, C. B. The behavioral ecology of sympatric African apes: Implications for understanding fossil hominoid ecology. Primates
47, 91-101. https://doi.org/10.1007/s10329-005-0148-6 (2006).

Eckardt, W. & Zuberbiihler, K. Cooperation and competition in two forest monkeys. Behav. Ecol. 15, 400-411. https://doi.org/10.
1093/beheco/arh032 (2004).

Rimbach, R., Pardo-Martinze, A., Montes-Rojas, A., Di Fiore, A. & Link, A. Interspecific infanticide and infant-directed aggression
by spider monkeys (Ateles hybridus) in a fragmented forest in Colombia. Am. J. Primatol. 74, 990-997. https://doi.org/10.1002/
2jp.22052 (2012).

Donadio, E. & Buskirk, S. W. Diet, morphology, and interspecific killing in Carnivora. Am. Nat. 167, 524-536. https://doi.org/10.
1086/501033 (2006).

Head, J., Boesch, C., Makaga, L. & Robbins, M. Sympatric Chimpanzees (Pan troglodytes troglodytes) and Gorillas (Gorilla gorilla
gorilla) in Loango National Park, Gabon: Dietary composition, seasonality, and intersite comparisons. Int. J. Primatol. 32, 755-775.
https://doi.org/10.1007/s10764-011-9499-6 (2011).

Yamagiwa, J., Mwanza, N., Yumoto, T. & Maruhashi, T. Seasonal change in the composition of the diet of eastern lowland gorillas.
Primates 35, 1-14. https://doi.org/10.1007/BF02381481 (1994).

Kuroda, S. J., Nishihara, T., Suzuki, S. & Oko, R. A. In Great Ape Societies (eds McGrew, W. C., Marchant, L. F, & Nishida, T.) 71-81
(Cambridge University Press, 1996).

Rogers, L. L. & Mech, L. D. Interactions of wolves and black bears in Northeastern Minnesota. J. Mammal. 62, 434-436. https://
doi.org/10.2307/1380735 (1981).

Eaton, R. Interference competition among carnivores: A model for the evolution of social behavior. Carnivore 2, 82-90 (1979).

doi.org/10.1111/j.1461-0248.2004.00613.x (2004).

Watts, D. P, Potts, K. B., Lwanga, J. S. & Mitani, J. C. Diet of chimpanzees (Pan troglodytes schweinfurthii) at Ngogo, Kibale National
Park, Uganda, 1. Diet composition and diversity. Am. J. Primatol. 74, 114-129. https://doi.org/10.1002/ajp.21016 (2012).

Remis, M. J., Dierenfeld, E., Mowry, C. & Carroll, R. Nutritional aspects of western lowland gorilla (Gorilla gorilla gorilla) diet
during seasons of fruit scarcity at Bai Hokou, Central African Republic. Int. J. Primatol. 22, 807-836. https://doi.org/10.1023/A:
1012021617737 (2001).

Watts, D. P, Muller, M., Amsler, S. ]., Mbabazi, G. & Mitani, J. C. Lethal intergroup aggression by chimpanzees in Kibale National
Park, Uganda. Am. J. Primatol. 68, 161-180. https://doi.org/10.1002/ajp.20214 (2006).

Watts, D. P. & Mitani, J. C. Infanticide and cannibalism by male chimpanzees at Ngogo, Kibale National Park, Uganda. Primates
41, 357-365. https://doi.org/10.1007/BF02557646 (2000).

Furuichi, T. Variation in intergroup relationships among species and among and within local populations of African Apes. Int. .
Primatol. 41, 1-21. https://doi.org/10.1007/s10764-020-00134-x (2020).

Williams, J. M., Oehlert, G., Carlis, J. & Pusey, A. E. Why do male chimpanzees defend a group range? Reassessing male territorial-
ity. Anim. Behav. 68, 523-532. https://doi.org/10.1016/j.anbehav.2003.09.015 (2004).

Scientific Reports |

(2021) 11:14673 | https://doi.org/10.1038/s41598-021-93829-x nature portfolio


https://doi.org/10.1007/s10329-003-0058-4
https://doi.org/10.1016/j.biocon.2010.04.030
https://doi.org/10.1007/s10329-021-00921-x
https://doi.org/10.1023/A:1026356432486
https://doi.org/10.1023/A:1026356432486
https://doi.org/10.1023/B:IJOP.0000019153.50161.58
https://doi.org/10.1007/s10764-005-9013-0
https://doi.org/10.1007/s10329-019-00724-1
https://www.r-project.org/
https://doi.org/10.1016/S0003-3472(72)80171-4
https://doi.org/10.1016/S0003-3472(72)80171-4
https://doi.org/10.1007/s10592-019-01209-w
https://doi.org/10.1007/s12110-002-1013-6
https://doi.org/10.1007/s10329-005-0147-7
https://doi.org/10.1023/A:1024689008159
https://doi.org/10.1086/513494
https://doi.org/10.1007/s10329-005-0148-6
https://doi.org/10.1093/beheco/arh032
https://doi.org/10.1093/beheco/arh032
https://doi.org/10.1002/ajp.22052
https://doi.org/10.1002/ajp.22052
https://doi.org/10.1086/501033
https://doi.org/10.1086/501033
https://doi.org/10.1007/s10764-011-9499-6
https://doi.org/10.1007/BF02381481
https://doi.org/10.2307/1380735
https://doi.org/10.2307/1380735
https://doi.org/10.1111/j.1461-0248.2004.00613.x
https://doi.org/10.1111/j.1461-0248.2004.00613.x
https://doi.org/10.1002/ajp.21016
https://doi.org/10.1023/A:1012021617737
https://doi.org/10.1023/A:1012021617737
https://doi.org/10.1002/ajp.20214
https://doi.org/10.1007/BF02557646
https://doi.org/10.1007/s10764-020-00134-x
https://doi.org/10.1016/j.anbehav.2003.09.015

www.nature.com/scientificreports/

86. Bush, E. R. et al. Long-term collapse in fruit availability threatens Central African forest megafauna. Science 370, 1219-1222.
https://doi.org/10.1126/science.abc7791 (2020).

87. Plavcan, J. M. Social behavior of early hominins. Int. J. Primatol. 33, 1247-1250. https://doi.org/10.1007/s10764-012-9641-0 (2012).

88. Kissel, M. & Kim, N. C. The emergence of human warfare: Current perspectives. Am. J. Phys. Anthropol. 168, 141-163. https://doi.
org/10.1002/ajpa.23751 (2019).

89. Estrada, A. et al. Impending extinction crisis of the world’s primates: Why primates matter. Sci. Adv. 3. https://doi.org/10.1126/
sciadv.1600946 (2017).

90. Altmann, J. Observational study of behaviour: Sampling methods. Behaviour 49, 227-267 (1974).

91. CyberTracker Conservation NPC. CyberTracker Conservation. (2021).

92. Kondgen, S. et al. Pandemic human viruses cause decline of endangered great apes. Curr. Biol. 18, 260-264. https://doi.org/10.
1016/j.cub.2008.01.012 (2008).

93. Leendertz, F. H. et al. Anthrax kills wild chimpanzees in a tropical rainforest. Nature 430, 451-452. https://doi.org/10.1038/natur
€02722 (2004).

Acknowledgements

We thank the Agence Nationale des Parcs Nationaux and the Centre National de la Recherche Scientifique et
Technique of Gabon for their collaboration and permission to conduct research in the Loango National Park. We
are indebted to C. Boesch for his support and fruitful discussions, and thank D. Morgan, C. Sanz, D. Watts, and
C. van Schaik for inspiring exchanges. We thank A. Kalan, A. Mascaro and N. Uomini for helpful discussions
and editing of the manuscript. We are particularly grateful to A. Mascaro, M. Etembe V. Haring, J]. Kombe, E
Makaya, J. E. Nzengue for their assistance with tracking and filming on the days of the encounters. Additional
thanks to the rest of the Ozouga Research Team (past and present) for their continuous support and efforts in
data collection and day-to-day fieldwork. This research was funded by the Max Planck Society, and an ERC
Consolidator Grant (772000, TurnTaking) to SP.

Author contributions
T.D. and S.P. run the Loango Chimpanzee Project and supervise the administrative and scientific work. L.M.S.
collected the data. L.M.S. and S.P. edited the data. S.P,, L.M.S., and T.D. wrote the paper.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-021-93829-x.

Correspondence and requests for materials should be addressed to S.P.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:14673 | https://doi.org/10.1038/s41598-021-93829-x nature portfolio


https://doi.org/10.1126/science.abc7791
https://doi.org/10.1007/s10764-012-9641-0
https://doi.org/10.1002/ajpa.23751
https://doi.org/10.1002/ajpa.23751
https://doi.org/10.1126/sciadv.1600946
https://doi.org/10.1126/sciadv.1600946
https://doi.org/10.1016/j.cub.2008.01.012
https://doi.org/10.1016/j.cub.2008.01.012
https://doi.org/10.1038/nature02722
https://doi.org/10.1038/nature02722
https://doi.org/10.1038/s41598-021-93829-x
https://doi.org/10.1038/s41598-021-93829-x
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Lethal coalitionary attacks of chimpanzees (Pan troglodytes troglodytes) on gorillas (Gorilla gorilla gorilla) in the wild
	Results
	Overview. 
	Lethal encounter 1. 
	Lethal encounter 2. 


	Discussion
	Conclusion
	Methods
	Ethics statement. 

	References
	Acknowledgements


