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A B S T R A C T

This report describes bonobo (Pan paniscus, Hominidae) behavioral flexibility and inter-community differences
with high tannin level fruit processing. In fruiting plants, tannin should discourage certain seed dispersers (direct
deterrence hypothesis) such as primates. Based on data deriving from five study sites; LuiKotale, Lomako,
Wamba, Malebo and Manzano, we compare consumption and dispersal of fruit species rich in tannins: Parinari
and Musanga pulp was chewed across all communities probably for saliva tannin neutralisation. However,
consumption of the fruits of Canarium schweinfurthii was observed in few communities only with differences in
the food process: While bonobos of Wamba, Lomako and Manzano crunched and swallowed the pulp, bonobos of
LuiKotale ingested entire fruits, extracted intact fruits from feces, and re-ingested their pulp, spitting the seed
after a retention time of 24 h in the digestive tract (i.e. endozoochory). We discuss potential functions of this
peculiar feeding technique, likely to be a cultural behavior.

1. Introduction

One common form of the multiple and sometimes complex inter-
actions between plants and animals is the consumption of seeds. In the
seed dispersal effectiveness framework, a plant can have several con-
sumers that differ in terms of their impact on dispersal distance and
germination (Schupp et al., 2010). Plants might be able to ‘choose’
higher-quality seed dispersal vectors and avoid those of lower quality.
The directed deterrence hypothesis (Cipollini and Levey, 1997; Levey
et al., 2006) proposes that fruits’ secondary compounds or chemical
defense mediated by plant secondary metabolites (PSMs) have evolved
to escape the action of damaging consumers such as seed predators
while not inhibiting those that dispersers intact seeds. The secondary
compounds protecting from seed consumption include alkaloids, var-
ious glycosides, and saponins, that are potentially toxic to consumers

(Johns, 1999), as well as substances such as lectins that inhibit enzy-
matic activity. Tannins are both toxics and digestive inhibitors. The
major effects of most of them are dilution of nutritional content, re-
duced digestibility, and limitation of food intake (Cooper and Owen-
Smith, 1985; Robbins et al., 1991). The effect of tannins has been ex-
plored in insects, fish, birds and mammalian species (Clauss, 2003;
Barboza et al., 2010; Omnes et al., 2017). One mammalian taxon that is
particularly interesting in this context is primates. The majority of
contemporary primate species is frugivorous or consumes at least
temporarily large amounts of fruit (Hohmann et al., 2010; Hawe and
Peres, 2014 Hawe and Peres, 2014). Not surprisingly, primates have
evolved specific adaptation to frugivory such as color vision (Osorio
and Vorobyev, 1996), dentition (Scott, 2011), and digestive mor-
phology (Milton, 2003). Accordingly, it is reasonable to ask if primates
have evolved mechanisms to cope with high tannin concentrations in
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their diet. There is some evidence that wild primates are sensitive to the
astringency caused by tannins (Dominy et al., 2001). In a recent ex-
perimental study with three hominoid species, species-differences were
found in terms of facial expression of subjects consuming a cereal with
relatively high concentrations of tannin. Other studies reported that
consumers avoid food with polyphenolic compounds, in both con-
densed and hydrolysable forms (Wrangham and Waterman, 1981;
Oates et al., 1977; Glander, 1982; McKey et al., 1981). While this in-
formation makes evident that primates are sensitive to tannins and their
deleterious effects, major components such as ecological variation of
tannin distribution and specific adaptability to cope with fruit that
provide important food but contain high concentrations of tannin are
virtually lacking. This study explores patterns of consumption of tannin
rich fruit by bonobos (Pan paniscus) across different sites and popula-
tions differing in terms of forest composition, habitat heterogeneity,
and seasonal changes in food availability. Moreover, having observa-
tional data from multiple sites, we ask to what extent bonobos differ in
the techniques of food processing to cope with high tannin concentra-
tions. Finally, we explore if bonobos disperse seeds of tannin rich fruit
as predicted by the directed deterrence hypothesis (Levey et al., 2006),
by describing the fruit handling and its effect on the dispersal of intact
seeds.

Bonobos are restricted to the tropical lowland forests south of the
Congo River. The species has an omnivorous diet and, besides forest
elephants, is one of the largest seed dispersers in this habitat providing
critical seed dispersal service to the majority of the tree species (Idani,
1986; Tsuji et al., 2010; Beaune et al., 2013a; Beaune et al., 2013b;
Beaune et al., 2015; Beaune, 2015). Previous studies at one site re-
vealed concentrations of tannins being relatively low, and that varia-
tion of macronutrients was independent of tannin content (Hohmann

et al., 2006). From this, one would assume that bonobos ingest low
levels of tannin when compared with other species and that fruit with
high concentrations of tannin are avoided. Yet, evidence from the same
and other sites indicate that bonobos do consume tannin rich fruit,
suggesting that they are able to cope with the deleterious effects of
dietary tannins. This raises the following questions: (a) how are bo-
nobos adapted to process fruit with high concentrations of tannin, and
(b) is there geographic variation in the way bonobos process fruit with
high tannin concentrations? The latter question is particularly relevant
as other studies on African and Asian apes have shown considerable
variation in dietary patterns, social behavior, and material culture.

1.1. Possible counter strategies to high tannin values

Salivary proline-rich proteins (PRPs) have the capacity to bind
tannins forming stable complexes that prevent dilution of dietary pro-
tein and facilitate excretion of detrimental tannins. To facilitate this
technique, food matter has to be exposed to saliva prior to ingestion. In
fact, bonobos and other hominid primates sometimes chew on fruits
without swallowing food pulp and by doing so plant material is ex-
tensively exposed to saliva. Yet, the technique of wadging could also be
used to separate those parts of the fruit containing high concentrations
of tannin from those that are easily digested. Another form of oral food
processing that may serve a similar purpose is separating seeds from
mesocarp and discarding the former while ingesting the latter (Lambert,
1998). As tannins tend to occur in higher concentrations in seeds rather
than mesocarp, a simple way to reduce tannin intake is removal of
seeds. If all consumers share the capacity of secreting salivary proline to
an extent that even high concentrations of tannin are neutralized one
would expect them to do so because the two other techniques, wadging

Fig. 1. Map of the field sites with five bonobo communities: LuiKotale (S2°47′- E20°21′), Lomako (N0°51′, E21°5′), Wamba (N0°11′, E22°37′), Malebo (S2°33′, E16°29′) and Manzano
(S2°38, E16°23′), Democratic Republic of the Congo.



and seed removal increase handling time and slow down food intake.
On the other hand, foraging techniques may be acquired by social
learning and members of one population may use wadging while others
may remove seeds to lower the amount of dietary tannin. This study is
the first to compare preliminary data on local habits of food processing
of tannin rich foods by bonobos at five sites differing in terms of forest
structure, plant community composition, and climate.

2. Methods

2.1. Study sites

The field sites, LuiKotale, Lomako, Wamba, Malebo and Manzano
are situated in the Cuvette Centrale (DRC), south of the Congo River.
LuiKotale (S2°47′, E20°21′), Lomako (N0°51′, E21°5′), and Wamba
(N0°11′, E22°37′) are situated within the same lowland equatorial
rainforest block, and are about 400 km apart (Fig. 1). Annual rainfall
is> 2000 mm per year and temperature averages 24 °C. For more de-
tails on climate see (Hohmann and Fruth, 2003; Furuichi et al., 2008).
At all sites, bonobos were habituated to human observers and were
monitored on a daily basis by research teams. Food species overlap is
high across these three sites (Kano and Mulavwa, 1984; Badrian and
Malenky, 1984; Beaune et al., 2013a). Bonobo populations are con-
sidered to share the same genotype and similar ecosystem (Eriksson
et al., 2004). The fourth site, Malebo WWF Station (S2°33′, E16°29′) is
located in a forest-savanna mosaic in northwestern DRC. Annual rain-
fall oscillates around 1500–1600 mm and is interrupted by two dry
seasons in February and July-August. The mean daily temperature
fluctuates around 25 °C. Bonobos involved in this study live in two
distinct forest patches of 32 km2 and 54 km2 in the vicinity of the vil-
lages of Nkala and Mpelu respectively. Since 2007 subjects are under
habituation (see Serckx et al., 2015 for more details). Manzano forest
(S2°38′, E16°23′) is included in the Mbou-Mon-Tour community based
conservation area (Narat et al., 2015a) and is independent of the 15 km
distant Malebo site where one bonobo community is under habituation
since 2010 (Narat et al., 2015b) (Fig. 1).

2.2. Ethics statement

The studied apes are habituated, free-ranging bonobos observed
without invasive methods, constraint, contact and any interaction from
the researchers. Animal welfare is the top priority beyond scientific
interests. The methods used to collect data in the field are in com-
pliance with the requirements and guidelines of the Institut Congolais
pour la Conservation de la Nature (ICCN) and to the legal requirements
of the host country, the Democratic Republic of the Congo.

2.3. Tannins content analysis

In previous studies, ninety-five species of fruit available from
LuiKotale forest were collected for nutritional analyses and

antifeedants. Phenols and tannins were measured in the lab of the
Institute for Zoo and Wildlife Biology Berlin. Information on the lab
protocol and original results are published by Hohmann et al. (2006).

2.4. Feeding process

From September 2009 to June 2011 behavioral data were collected
from bonobos at LK for 22 months corresponding to 1879 h of ob-
servation or 315 days. Grouping patterns of bonobos are dynamic with
groups fissioning and fusing multiple times per day. Feeding parties
tend to be fairly cohesive in terms of food extraction and the majority or
all party members consume the same type of food at a given time. Thus,
this study considers feeding as a communal activity provided that the
majority ( > 50% of all party members) of individuals is visible to the
human observer and converges on the same activity, i.e. continuous
focal sub-group (Altmann, 1974). The continuous record terminated
when visual contact was lost or when subjects engaged in another ac-
tivity (Beaune et al., 2013a; Beaune et al., 2013b). For one fruit species
with the highest tannin content (C. schweinfurthii), we described the
fruit processing distinguishing between the following modes: (i) pulp
consumption with manual seed removal, (ii) fruit consumption without
seed removal, (iii) seed consumption, and (iv) mastication of fruit pulp
with or without ingestion. The latter mode of food processing infers
salivary neutralisation of tannins. Data from LuiKotale are compared
with records from Wamba (provided by TS) and Lomako (provided by
BF). Descriptions of diet composition and feeding behavior of bonobos
at Malebo are based on two data sets: One is analysis of feces collected
between May 2011 and June 2013 (by AS). Samples (N = 2252) were
collected every morning underneath fresh nest sites, taking one sample
below each fresh nest for 270 days (see Serckx et al., 2015 for more
details). The other is based on direct observations of feeding behavior
between February and June 2015 (270 h, 42 days), using scan-sam-
pling. For each feeding event, the food species, the plant part eaten, and
the type of food processing were scored (AS). At Manzano, diet in-
formation is based on long-term data using ad libitum sampling
(1000 h,) from May 2012 to July 2016 and fecal analysis (N = 668,
257 days).

To test the directed deterrence hypothesis, we scored the mode of
seed dispersal that is, being horizontally with relation to the parent
plant by either seed-spitting or by endozoochory (promotion of dis-
persal of intact seeds). If bonobos ate the fruit without horizontal seed
dispersal (neutral effect) or chewed the seed (negative effect), we in-
ferred that tannin content was not sufficient to prevent consumers from
destroying seeds making bonobos an inefficient partner for the plant
(Table 1).

3. Results

3.1. Fruits with high tannin

Based on the nutrient analyses of 95 fruit species collected at

Table 1

Compares the mode of fruit processing (FP) of fruit with high tannin concentrations and the mode of seed dispersal (SD) across five bonobo sites. SD can be neutral (0), positive (−), or
limited (−). Salivary neutralisation implies long mastication process.

Species LuiKotale Lomako Wamba Malebo Manzano

Canarium schweinfurthii FP ingestion of entire fruit and re-ingestion after
passage

only pulp ingestion only pulp ingestion only pulp ingestion

SD + Limited Limited Limited
Musanga cecropioides FP salivary neutralisation salivary neutralisation salivary neutralisation salivary neutralisation salivary neutralisation

SD + + + + +
Strombosia pustulata FP not consumed not consumed not consumed species absent salivary neutralisation

SD + limited
Parinari excelsa FP salivary neutralisation salivary neutralis. salivary neutralis. Not observed salivary neutralisation

SD neutral/limited neutral/limited neutral/limited neutral/limited



LuiKotale, the average percentage of condensed tannin in dry matter of
fruits (100 mg) was 3.8± SE.0.2% (CI95% = [1.9-5.7%]). In four spe-
cies, levels of condensed tannin in the pulp (mesocarp) were sig-
nificantly higher than in the other fruits (Wilcoxon signed rank-tests;
Fig. 2). Canarium schweinfurthii Engl. (Sapindales: Burseraceae) (30%;
V = 0, P< 0.001), Strombosia pustulata Oliver (Santalales: Strombo-
siaceae) (15%; V = 54, P< 0.001), Parinari excelsa Sabine (Mal-
pighiales: Chrysobalanaceae) (12% of condensed tannin in the fruit
flesh (mesocarp); V = 54, P< 0.001) and Musanga cecropioides R. Br.
(Rosales: Urticaceae) (10%; V = 15, P< 0.001). These values are
significantly different from the averages of total phenol found in fruits:
0.75 ± 1.17%; CI95% = [0.38-1.12%]; and average total tannin:
0.55±1.16%; CI95% = [0.21-0.92%].

3.2. Food processing

When feeding on high tannin fruits, food processing was observed
for Canarium schweinfurthii, Musanga cecropioides and Parinari excelsa at
LuiKotale, Lomako, Wamba and Manzano. At Malebo, the three species
were present in the forests but only Musanga cecropioides was seen to be
consumed and at this site, accounted for the largest record of seeds
obtained from fecal samples (present in 55% of fecal samples). At
Manzano the seeds of the species were present in 69% of the feces
(N = 668 feces within 257 days), which was the most represented
species found in feces. Consumption of fruit pulp of Strombosia pustulata

was neither observed for LuiKotale nor Wamba (Kano and Mulavwa,
1984), although seed consumption is reported from Lomako (Kano and
Mulavwa, 1984; Badrian and Malenky, 1984) and pulp consumption
with potential saliva neutralisation in Manzano. The species was not
observed at Malebo and Strombosia sp. present at the site were only
found once in the feces.

3.3. Potential salivary neutralisation

Parinari excelsa: At LuiKotale, 54 feeding sessions were observed at

27 different P. excelsa trees during two field seasons (June-July 2007
and June-July 2010). Fruit were within the crown or on the ground
within the fruit fall zone. Fruit size was 3.6 × 4.4 cm and weight was
32.7 g (N = 10) on average. Bonobos scraped both exo- and mesocarp
from the seed chewing it without swallowing by forming wadges that
placed in the lower lip and squeezed allow extraction of juice and nu-
trients (Fig. 3). Seeds may have been too large for ingestion rendering
them to endozoochory. As bonobos remained in the fruit fall zone,
horizontal seed dispersal was limited, but seeds sometimes were carried
for up to 50 m suggesting that bonobos are neutral or limited seed
dispersers for Parinari.

Bonobos at Wamba, Lomako and Manzano show the same mode of
food processing with forming wadges of the pulp that were discarded as
were the intact seeds. No records are available from Malebo.

Musanga cecropioides: At LuiKotale, we recoded 27 feeding sessions
on Musanga in 14 different trees. Bonobos ate young leaf stems, flowers
and fruit. On average, the flat fruit weighs 21,36 g, has a length of
6.5 cm and a width of 3.4 cm. It contains thousands of small seeds
(< 2 mm ø, N = 10). Bonobos chewed fruits for several minutes before
swallowing or formed wadges that were discarded lateron. In this case,
bonobos served as endozoochoric seed dispersers for Musanga trees.

The same type of food processing was observed at all other sites but
the data are not sufficient for comparing rates of dropping versus
swallowing Musanga wadges.

Strombosia pustulata: From February 2015 to July 2016, two oc-
currences of S. pustulata fruit consumption were observed at Manzano
(August 2015 and February 2016). Bonobos were observed wadging
fruits, suggesting a saliva neutralisation process, but no detailed data
were collected on the process of that consumption.

3.4. Reingestion

Canarium schweinfurthii: is consumed at all sites except for Malebo
where the species may be absent. At all sites, bonobos ingest the entire
fruit but drop seeds prior to ingestion while the re-ingestion of seeds

Fig. 2. Condensed tannin (% in dry matter) in fruit.
Outliers are Canarium schweinfurthii, Musanga cecro

pioides, Strombosia pustulata and Parinari excelsa. The
fruits of S. pustulata are only consumed by bonobos
at Manzano. Botanical nomenclature follows the
African Plants Database (version 3.4.0) from http://
www.ville-ge.ch/musinfo/bd/cjb/africa/.



was only observed at LuiKotale: Here, records refer to 14 feeding ses-
sions at 10 different Canarium trees. Bonobos, both adult and juvenile,
extracted larger amounts of fruit from the canopy and swallowed entire
fruits without biting or chewing (Avg. size: 3.4 cm long, 2.0 cm ø, avg.
weight: 8.2 g, N = 10). On the next day, bonobos inspected their feces
and removed entire Canarium fruits. Prior to re-ingestion of the pulp,
bonobos removed and dropped the seeds (2.6 cm long, 1.2 cm ø, 2.2 g,
N = 10). Independent juvenile bonobos did the same, similarly to all
members of the observed parties. While two different infants observed
their mothers when they held and checked their own feces, they did the
same only during these events and without waiting 24 h prior to
Canarium fruit ingestion. After this second ingestion of the fruit (me-
socarp only), the remaining and still intact seeds of C. schweinfurthii

were dispersed (with a maximum dispersal distance recorded of 1947 m
from the parent tree). Accordingly, bonobos at LuiKotale were en-
dozoochoric partners of C. schweinfurthii.

Bonobos at Lomako and Wamba removed the pulp around the seeds
and, depending on the stage of ripeness, chewed and ingested the pulp
or, if unripe, discarded it without any oral processing. After the in-
gestion of pulp, they either dropped the seeds or swallowed them.
Therefore, they were occasionally endozoochoric and had limited hor-
izontal dispersal. However, process described for LK was observed
several times.

Food processing at Manzano resembled that observed at Wamba and
Lomako except that bonobos tended to eat unripe fruit of C. schwein-
furthii. In 668 dung samples, no seeds and/or fruits of this species were
detected.

At Malebo, no observation of food processing was observed.

4. Discussion

Hominoid primates such as bonobos are adapted to consume fruit
with tannins. Indeed, several communities of bonobos regularly con-
sumed fruiting species having levels of condensed tannins significantly
higher than other fruit of the forest. While the chemical defense of the
pulp of the different fruit species may be sufficient to prevent other
consumers that destroy seeds or act as neutral seed dispersers, bonobos
seemed to cope with fruit such as Canarium schweinfurthii¸ Parinari ex-
celsa, and Musanga cecropioides containing tannins in relatively high
concentrations. Given the mode of food processing, extensive salivary
exposure may neutralize the deleterious effects of tannins. Differences
across plant species exist in terms of seed dispersal effectiveness. While
certain bonobo populations appear to avoid S. pustulata (not recorded
for Lomako and Malebo) or remove seeds of P. excelsa prior to

ingestion, they are considered to be efficient endozoochoric partners for
M. cecropioides and, at least locally, for C. schweinfurthii (LuiKotale). By
spiting the seeds of species such as P. excelsa the seed dispersal induced
by bonobos in the fruit fall zone can be deleterious for seeds of P. ex-
celsa, due to the negative density dependent effect and the predation by
bush pigs (Beaune et al., 2012b; Beaune et al., 2012c). In contrast, seeds
embedded in feces and dispersed by endozoochory (Musanga cecro-

pioides) escape seed predators and may benefit from the actions of dung
beetles (Beaune et al., 2012a).

This report highlights subtle population differences in terms of
dietary composition, food processing of one species (C. schweinfurthii),
and by inference, the consumers' tolerance towards tannin content
across the five sites that contributed data to this study (LuiKotale,
Wamba, Lomako, Malebo and Manzano). As a consequence, bonobos at
the different sites vary with regard to their seed dispersal services
provided to specific food trees, albeit at a modest scale. Dispersal of C.
schweinfurthii depends on large frugivorous birds such as hornbills
(White and Abernethy, 1997) but is also dispersed by bonobos at Lui-
Kotale. Since dispersal distances and seed dispersal effectiveness are
different between birds and apes (Whitney et al., 1998; Holbrook et al.,
2002; Poulsen et al., 2002; Beaune et al, 2013c), this bonobo effect
should impact gene flow, population biology and structure of C.

schweinfurthii comparatively to Wamba, Lomako, Manzano and Malebo.

4.1. The Canarium handling technique and coprophagy

At the study sites, coprophagy was linked to food plants such as
Dialium sp. (e.g. at LuiKotale, Lomako, Wamba and Manzano) or
Placodiscus pynaertii (at LuiKotale). At LuiKotale, coprophagy with re-
ingestion of mesocarp was observed for Canarium. While coprophagy
and seed reingestion has been reported from wild gorillas and chim-
panzees (Krief et al., 2004; Bertolani and Pruetz, 2011; Payne et al.,
2008; Krief et al., 2006; Harcourt and Stewart, 1978; Kuroda et al.,
1996), this report is the first one on a more complex interaction be-
tween plants and consumers were seeds and pulp are separated after
they have passed the digestive tract. Given the high concentration of
tannins in the fruit of Canarium, the ingestion of the entire fruit could be
seen as a strategy combining minimal food processing with decreased
passage time when tannin activity is high. Once tannins are neutralised,
separation of seeds and reingestion of pulp may optimize nutrient ab-
sorption by the consumer. As a side-effect, germination of plant seeds
may be enhanced, indicating a mutualistic relation between bonobos
and Canarium. Corresponding observations have been reported from
chimpanzees and it was suggested that the first gut passage serves to

Fig. 3. Emil chewing on a wadge of Parinari excelsa. LuiKotale, DR
Congo. D Beaune/MPI LKBP.



reduce the mechanical resistance to digestion of Canarium fruit (Krief
et al., 2006; Bertolani and Pruetz, 2011) which does not exclude the
possibility of neutralising tannin activity. Measures of physical re-
sistance and tannin content before and after gut passage would be re-
quired to explore the effect of gut passage in more detail. Another in-
teresting question is the emergence of such behaviour. While Canarium

consumption was reported from all populations reported here, only one
practiced reingestion and seed removal. At this stage, we cannot ex-
clude that reingestion behavior is practiced by bonobos of other po-
pulations but the fact that it is absent in all other populations con-
tributing to our data set indicates that it is not a common behavior.
More detailed inter-site comparisons on forest composition, diet, and
modes of food processing will illuminate the extent of behavioral di-
versity, their functional significance, and modes of transmission.

At LuiKotale, bonobos probably found a remarkable handling
technique to process and extract food problematic for its tannin or
simply too hard. This indicates that bonobos are able to anticipate,
eating a fruit for which digestion will be delayed, which potentially
requires prospects and by that cognition. This undigested food en-
cumbers the bolus and is a clear trade-off (i.e. bad meal today for a
better tomorrow). With prospective ability, they should ‘remember’ the
next day to check the feces containing ‘appetizing’ food from the day
before. This holding process of Canarium fruits is the first case described
in Pan paniscus in one out of five study sites and requires promising
investigations in future.

5. Conclusions

In this study, we show that bonobos 1) can consume fruit with
particularly high tannin content (C. schweinfurthii). 2) show different
strategies to cope with tannins such as chewing the pulp to neutralise
the tannin with saliva (P. excelsa, M. cecropioides) or applying peculiar
handling techniques such as reingestion (C. schweinfurthii). 3) are dif-
ferential efficient seed dispersers for some of these fruiting species de-
pending of the bonobo community. Reingestion behavior is an inter-
esting candidate to investigate cultural differences in food processing
and cognitive abilities in wild bonobos.

.
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