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In mammalian species, olfactory cues are important for within and between species
communication. These cues can be part of multimodal signals indicating, for example,
female fertility potentially perceived by male conspecifics. However, a large gap exists in
our understanding of multimodal signaling in non-human catarrhines. Chimpanzees (Pan
troglodytes) live in fission-fusion societies, mate promiscuously and express high levels
of male-male competition. Females show a striking visual signal, an exaggerated sexual
swelling, known to be a proxy of ovulation, while the maximum swelling is not matching
the exact time of ovulation. The question remains if males use additional olfactory cues
when being able to approach females closely. This would allow males to pinpoint the
exact timing of ovulation and could be one reason why high-ranking males sire offspring
more successfully than other males. Here, we present the first systematic test of such
multimodal signaling by investigating male sniffing behavior directed to females in relation
to their fertility in a group of 13 captive chimpanzees. Our results show that male sniffing
behavior significantly increased with female swelling size, with female age as well as
when fewer male competitors were present. Hence, odors might be part of a multimodal
fertility cue, supporting the idea that males monitor both visual and olfactory cues to gain
comprehensive information on female fertility.

Keywords: olfactory communication, odor, sniffing, signaling, menstrual cycle, anogenital swelling

INTRODUCTION

Throughout the animal kingdom, females and males have evolved different strategies to optimize
their own reproductive outcome (Trivers, 1972; Clutton-Brock, 1989). Reproductive strategies,
in fact, are often conflicting between the two sexes, leading to an “arms race” between females
and males (Engelhardt et al., 2006). Depending on the ecology and mating system of species,
various behavioral, anatomical, and physiological traits can be observed with which both sexes
try to increase their own fitness (reviewed in Stumpf et al.,, 2011). For example, in multi-male
multi-female groups with male dominance, males compete over access to females by trying, e.g., to
monopolize fertile females and females aiming to confuse paternity by mating with several males,
while at the same time reproducing with the “best” potential mates (e.g., in terms of high genetic
quality or paternal investment).

To achieve their respective reproductive aims, both sexes use cues or signals of reproductive
quality and reproductive state in multiple modalities, acting alone or as multimodal cues. While
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“cues” did not evolve to serve a communicative function,
“signals” did evolve to cause a behavioral or physiological change
in the recipient (Smith and Harper, 2003). It is well-known that
visual and acoustic traits such as sexual swellings or copulation
calls can indicate the fertile period in female primates (Cebuella
pygmaea: Converse et al., 1995; Microcebus murinus: Buesching
et al, 1998). Also olfactory cues can transport a wealth of
information about individuals but studies investigating olfactory
traits of female fertility are comparatively underrepresented
in primates (Drea, 2015). For non-human primates, evidence
for olfactory fertility cues predominantly comes from scent-
marking strepsirrhine primates and New World monkeys. For
instance, when males encountered the odor of fertile females, they
reacted with adapted behavior like increased rates of investigation
(Galago crassicaudatus: Clark, 1982; Saguinus oedipus: Ziegler
et al., 1993; Callithrix jacchus: Smith and Abbott, 1998; Lemur
catta: Scordato and Drea, 2007), neuronal activity and increased
hormone levels (Callithrix jacchus: Ziegler et al., 2005; Snowdon
et al., 2006). In common marmosets, the chemical composition
of anogenital odors varied with female fertility and according
bioassays provided evidence that males prefer the odor of fertile
females compared to non-fertile females (Callithrix jacchus:
Kiicklich et al., 2019). The few existing studies on Old World
monkeys suggest that males can perceive olfactory cues of female
fertility and inspect females more often during the fertile period
(Papio ursinus: Clarke et al., 2009; Papio anubis: Rigaill et al.,
2013; Macaca arctoides: Cerda-Molina et al., 2006a,b; Macaca
mulatta: Michael et al., 1971). In humans, men were able to
distinguish fertile from non-fertile women using axillary body
odors, with the odors from fertile women perceived as most
attractive and least intense (e.g., Havlicek et al., 2006; Gildersleeve
et al.,, 2012). Furthermore, Michael et al. (1974, 1975) analyzed
vaginal secretions of women and discovered a change in volatile
aliphatic acids over the menstrual cycle, which may thus underlie
men’s odor preferences for fertile women.

To date, our knowledge about the importance of olfactory
communication is particularly scarce in great apes. It is known
that great apes use their sense of smell to collect information
about conspecifics (Matsumoto-Oda et al., 2007; Hepper and
Wells, 2010; Klailova and Lee, 2014). A comparative study
(Janig et al.,, 2018) showed that male chimpanzees sniff more
often at conspecifics than females or males of other great
ape species (gorillas, orangutans, and bonobos). Analysis of
great ape body odor revealed that the richness, intensity,
and chemical composition varies between species (bonobos,
chimpanzees, gorillas, and orangutans), but also with age
(Janig et al., 2019). However, olfactory fertility cues have not
been examined well. It was observed that male chimpanzees
inspect females’ genitals (Nishida, 1997; Emery Thompson and
Wrangham, 2008) and it was suggested that they might try
to collect olfactory cues on the fertility status of the females
(Wallis, 1992; Nishida, 1997). Chemical analyses of vaginal
secretions of female chimpanzees revealed the presence of
substances which were previously found to vary during the
menstrual cycle in rhesus macaques and humans (Macaca
mulatta: Michael et al, 1971; humans: Michael et al., 1974,
1975), but cycle-related variation could not yet be confirmed in

chimpanzees (Fox, 1982; Matsumoto-Oda et al., 2003). Overall,
the few existing observations suggest that olfactory cues might
be of relevance in great apes and play a particular role for
communication in chimpanzees.

Chimpanzees (Pan troglodytes) are particularly interesting
to study cues and signals of reproduction involving multiple
modalities (or multimodal communication). They form complex
fission-fusion groups (Nishida, 1968; Goodall, 1986) and females
mate promiscuously during an extended period of receptivity
(Tutin, 1980). It has been suggested that the predominant female
reproductive strategy is to distribute the probability of paternity
across several mating partners (Wrangham, 2002; Kappeler and
van Schaik, 2004) to benefit from a reduced risk of infanticide
(Stumpf and Boesch, 2006). This may be achieved best when
the displayed information on when ovulation actually occurs is
imprecise. Indeed, female chimpanzees show several cues and
signals with different levels of precision that could potentially be
indicative of their fertility, including copulation calls (Townsend
et al., 2011), proceptive behavior as well as mating resistance
behavior (Stumpf and Boesch, 2006). The most prominent
advertisement of fertility in female chimpanzees, however, is
an exaggerated anogenital swelling. Sexual swellings depend
on estrogen levels and last 10-12 days (Tutin, 1980; Wallis,
1997). However, ovulation may occur within several days of the
phase of maximal swelling and importantly, ovulation cannot be
determined exactly from swelling size alone (Emery Thompson,
2005). Even though the frequency of copulations is highest when
females are fully swollen, mating also occurs outside this period
(Wallis, 1982).

The competition between male chimpanzees over access to
females is intense (Goodall, 1986; Muller, 2002) and high-ranking
males monopolize most copulations (Klinkova et al., 2005).
Several females of a group can ovulate at a time (Goodall, 1986),
limiting opportunities of male monopolization. Chimpanzee
party size was found to be influenced, amongst other factors,
by the presence of swollen females (Tutin, 1979), with males
preferably joining parties with fully swollen females (Matsumoto-
Oda, 1999), and male sexual behavior changed in correspondence
to the size of the sexual swelling (Klinkova et al., 2005). On
average, mating frequency closely follows the estrogen profile:
it increases with increasing estrogen levels as well as swelling
size and decreases with decreasing estrogen levels and swelling
size, thus correlating with the most fertile days (Deschner et al.,
2004; Emery Thompson, 2005). Interestingly, the rate of genital
inspections increases before and with the onset of the maximal
sexual swelling, suggesting that males might try to perceive
olfactory cues in addition to the visual cue (Wallis, 1992; Nishida,
1997). To optimize their mating efforts and increase the chance of
siring offspring, males would benefit from investing into mating
with females primarily during their most fertile days, which could
be achieved when a more precise indicator of fertility than the
visual signal is available.

Indeed, observations suggest that, in addition to the imprecise
visual signal of swellings, a more precise cue of ovulation could
exist (Emery Thompson and Wrangham, 2008). Some males,
particularly high-ranking males, seem to adjust their behavior
more precisely to the actual time of ovulation. Alpha males were
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found to increase copulation frequency 1 day before the start of
the peri-ovulatory period and copulation frequency was highest
during the fertile days within the phase of maximal swelling
(Deschner et al., 2004). Although females mate with several males
during their maximal swelling stage, alpha males sire the majority
of offspring (Constable et al., 2001; Klinkova et al., 2005). This
skewed distribution of mating success suggests that high-ranking
males may have better access to females, but possibly also to
more detailed information on female fertility. Male chimpanzees
may have evolved abilities to pinpoint an approaching ovulation
using cues and signals of multiple sensory modalities with varying
precision. If this is the case, the visual signal could first be used
as an obvious but only approximate advertisement available for
all males. High-ranking males, which are able to approach and
monopolize females, may then use olfactory cues when inspecting
the sexual swelling and gain more precise information. Since male
chimpanzees frequently inspect swollen females (Matsumoto-
Oda et al., 2007; Janig et al., 2018), we suggest that males indeed
could use olfactory cues. If only high-ranking males get access
to these precise information, thus increasing their probability
of paternity success, females would also benefit, because their
offspring acquires the best genes (Kappeler and van Schaik, 2004)
while they still maintain a high level of paternity confusion.

Our general aim of the current study was to provide an insight
into olfaction in the reproductive context of chimpanzees in
order to fill the existing gap of knowledge. In particular, we
intended to test the suggestion that olfactory fertility cues might
exist in addition to the exaggerated visual signals by investigating
males’ sniffing behavior directed toward females. Accordingly, we
examined three properties that might affect the actual fertility
of females: their (1) swelling stage, (2) cycle regularity, and (3)
age. The swelling stage represents the females’ actual reproductive
state within the menstrual cycle, with ovulation most likely
occurring within the maximal swelling period (Deschner et al.,
2004). The regularity of females’ menstrual cycle can be assumed
to be an indicator for receptivity, with non-cycling females (e.g.,
lactating females or females receiving contraceptives) being less
or non-receptive. We further wanted to consider age of the
female in our study, because male chimpanzees copulate more
often with older than with younger females or preferably join
parties with older females (Muller et al., 2006). Age seems to
reflect reproductive experience (Muller et al., 2006), with older
females being more experienced. We observed the frequency
at which male chimpanzees sniff at females and examined
whether male sniffing frequency varied with the described
reproductive properties of females. Since male chimpanzees
compete intensively and the access to females is limited, we
furthermore argue that the number of males present at a time
influences the rate of olfactory inspection. We suggest that the
levels of competition rise when more males are around and
that each male thus has fewer opportunities to sniff at a female.
Assuming that males try to optimize their mating efforts, we
predicted that male chimpanzees sniff more often at females (1)
during their maximal swelling period, (2) when they are cycling
regularly (are not pregnant or lactating), (3) when they have more
reproductive experience (at an advanced age), and (4) when fewer
competitors are around.

MATERIALS AND METHODS
Subjects

We conducted our study on a group of captive chimpanzees
(Pan troglodytes verus) at the Wolfgang Kohler Primate Research
Centre (WKPRC) in the Leipzig Zoo, Germany. The group
composition varied between our two observational periods (2
months in 2013 and 3 months in 2016). In total, we observed
sniffing behavior in six males (age 4-41 years) and seven females
(age 8-40 years). Four of the females had already reproduced
multiple times with one of the males in the group (based
on paternity analysis, unpubl. data Zoo Leipzig). None of the
females was pregnant during our study period, but in 2016, two
females were lactating. Some of the individuals were related (e.g.,
half-brothers and half-sisters, one mother-son, and one father-
daughter-dyad). Since the sample size was low, we did not include
relatedness between individuals in our statistical analysis.

The group further comprised regularly cycling females and
females on contraception (Implanon® implants). Details on
group composition, individuals and cycle regularity can be found
in Table 1.

We included adult females in the observational study for
which we could identify at least two different swelling stages in
a respective observation year irrespective of their reproductive
state (i.e., including lactating and contracepted females; for
details see Table 1). Two of the females included in this study
were quite young (8 and 9 years old, respectively), but studies in
captivity showed that the first birth can be as early as 9.8 years of
age (Coe et al,, 1979; Littleton, 2005). As the two females further
showed clear variance in their swelling size, we included them
in our analysis.

Two of the males included in this analysis were 8 and 9 years
old during sample collection. As studies showed that the onset
of puberty can be earlier in male captive chimpanzees (Behringer
etal., 2014) and the two males regularly showed mating behavior,
we included them in our study. Another male was only 4 years
old and thus clearly not being adult, however, this juvenile male
regularly sniffed at the females. All adult males were regularly
observed to copulate with females; however, older males had
more reproductive experience than younger ones. The oldest
male had reproduced several times already, while the younger
ones had not reproduced yet.

Compliance With Ethical Standards
Statement of the Welfare of Animals

This study is in accordance with the legal requirements of
Germany, all national and institutional guidelines for the care
and use of animals, and was approved by the ethics commission
of the Department of Psychology of the Max Planck Institute for
Evolutionary Anthropology and the Leipzig Zoo.

Recording of Swelling Stage and

Menstrual Cycle Phases

Sexual swelling size (flat, increasing, maximum and decreasing
swelling, as defined in Deschner et al., 2003) of the female
chimpanzees was recorded on a daily basis by their regular
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TABLE 1 | Individuals observed as sniffers (males) and targets (females).

Subject Sex Date of Birth Datafrom Hours observedin 2013 Hours observed in 2016 Contraception Lactating Cycle regularity
Sniffer D1 m 05.07.09 Both 75.7 95.9 NA NA NA
D2 m 28.11.98 Both 77.8 94.0 NA NA NA
D3 m 07.07.05 Both 78.6 94.9 NA NA NA
D 4 m 21.04.04 Both 76.7 90.2 NA NA NA
ID5 m 11.08.01 Both 77.6 93.7 NA NA NA
D6 m 01.12.75 Both 77.0 94.8 NA NA NA
Target D7 f 12.12.76 Both 76.5 98.1 2013 No 2016
D8 f 22.10.80 2016 NA 91.6 No 2018 2016
D9 f 06.04.76 2016 NA 91.2 2013 No 2016
D10 f 23.06.05 2013 75.8 NA No No No
ID 11 f 04.03.04 2016 NA 100.7 No 2016 No
D12 f 28.03.80 Both 77.2 96.3 2013 No 2016
D13 f 19.10.95 2013 7.4 NA No 2016 2013

Included are information on age, the observation time, and for the females, relevant information regarding their reproductive cycle.

animal keepers to ensure reliability of categorization. In our
study group, mean cycle length was 35.6 + 9.1 days (from
first day in increasing swelling until last day of flat phase) and
thus within the ranges previously published for chimpanzees
(captive: Nadler et al., 1985; Wallis, 1997; wild: Tutin, 1979;
Emery Thompson, 2005). On average, the observed females
were detumescent for 16.7 £ 5.4 days, the swelling increased in
size for 4.3 &+ 5.5 days, remained in maximal tumescence for
12.3 £ 3.4 days and decreased in size for 2.4 £ 1.5 days. Thus,
durations of swelling stages resembled data reported from the
wild (Deschner et al., 2004). Due to population control, three
females included in this study received contraception in one
observation period (Implanon® implant for 3 years). For lactating
females and those receiving contraceptives we could not observe
regular changes in the swelling size, i.e., for example the sexual
skin normally remained flat, although some of these females
sometimes expressed irregular, comparatively smaller genital
swellings. We could not observe all four swelling stages during
our observation periods in those females. They were regarded as
non-cycling in comparison to females with a regular cycle. Data
on swelling size per female per observation are provided in the
stored data set.

Behavioral Observation

Sniffing behavior was defined as placing the nose close (< 3 cm)
to another individual or touching an individual and immediately
bringing the hand close to the nose (Zschoke and Thomsen,
2014). As sniffs were relatively rare, we used all-occurrence
sampling on the whole group (Altmann, 1974). Observing the
whole group was feasible due to elevated observation platforms
allowing an optimal overview over the entire group, and because
individuals were frequently resting, which made the movement
of chimpanzees toward other individual clearly discernible.

We recorded all sniffs in social contexts, i.e., targeted from
one individual toward another, and the respective contextual
information (group composition, social occurrences such as
fights, fusion events etc.), ID of sniffer and recipient (individual
at which was sniffed), and body part at which was sniffed. All

observers were blind to the specific research questions during
data collection. Two observers recorded sniffing behavior for 80
h in April/May 2013 and two others observed the group for 104 h
in September/October 2016 (in total 184 h). To achieve consistent
observations, SJ trained all observers and conducted inter-
observer reliability checks (Cohens Kappa, Hallgren, 2012) with
each of them. Cohens Kappa revealed a satisfactory agreement
between all observers in both observation periods (Cohens K =
0.86), indicating that observers highly matched in recording the
same sniffing event, identifying the participating individuals and
all situational information.

We observed sniffing behavior in observation sessions of 60
min each. Each person conducted up to five sessions per day, but
a maximum of two sessions in a row. The sessions were evenly
distributed over the possible observation time, which ranged
from 9:00 a.m. until 7:00 p.m. During morning hours, animals
were sometimes temporarily absent due to behavioral studies
conducted by researchers of the WKPRC in separate study rooms.
The individuals voluntarily chose to leave the group to attend
the studies and came back into the groups after the study was
finished. We here termed these occasions “fusion events” (as a
different set of individuals or male competitors was available),
which thus introduced fission-fusion situations similar to wild
populations. During each protocol, it was noted which and for
how long each group member could be observed during a given
observational session.

Statistical Analysis of Male Sniffing

Behavior

Our main interest was to compare male sniffing frequency
directed toward a given female depending on three reproductive
properties of the females (i.e., swelling stage, cycle regularity
and age). We determined the number of sniffs a given female
received from all six males within the respective 60 min
observation session, whereby we used the summed value across
males to keep the number of zeros in the response variable
within an acceptable range. As we aim at analyzing olfactory
inspections in a reproductive context, one might argue that
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a juvenile male might not intend to achieve information on
female fertility when inspecting females. Thus, we also ran
an additional model only for the adult males (N = 5) to
account for a potential bias in the data caused by the juvenile
male. Since the patterns for both models were predominantly
the same (full-null model comparison (LRT): x? = 19.041,
df = 6, P = 0.004; for details see Supplementary Material),
we will further discuss the model containing all six males. We
modeled the impact of female reproductive properties and group
characteristics on the number of sniffs by males per female
and session (832 data points obtained from up to six males
and seven females in 184 sessions) using a negative-binomial
Generalized Linear Mixed Model (GLMM) with the function
glmer.nb of the package Ime4 (Bates et al.,, 2015) in R version
3.2.3 (R Core Team, 2013). Swelling stage was included as the first
categorical test predictor (flat, increasing, maximal, decreasing).
We considered cycle regularity as a second test predictor, taking
into account whether the menstrual cycle was regular (defined as
all four swelling stages occurring repeatedly) or whether females
were not cycling, as we expected males to show an increasing
interest in females with a regular cycle rather than non-cycling
females (i.e., lactating females or females on contraception). To
incorporate reproductive experience, we had originally intended
to include parity (how many infants a female has given birth
to) and age, respectively. However, the factors parity and age
were confounded, as in our study older females had produced
several offspring while the young females were mainly nulli-
or primiparous. Thus, we could not incorporate both factors
and rather included age as the third test predictor as a proxy
of both reproductive experience and potential (see also Proctor
et al, 2011). In addition to the reproductive properties of
females, we included the mean number of males present during
a given observation session as a fourth test predictor, because
we expected the frequency of sniffing events by any given male
to depend on the number of male competitors simultaneously
present in the group. The number of males could fluctuate
because animals could leave the main enclosure to participate in
parallel behavioral tests as mentioned above.

As random effects control predictors we added female ID (to
control for individual variation), observation year (to control
for the different observation periods and observers), observation
day (to control for deviations between days) and a combination
of female ID and observation day, since inspecting a particular
female can vary between observation days due to other factors
not considered here (e.g., stress or disease). We further included
all possible random slopes, i.e., regular cycle, age, and swelling
stage within an observation day, as well as swelling stage and
number of males present within female ID, but we excluded
correlations between random intercept and random slope for the
latter because they were unidentifiable. To control for the time
females were actually present in the enclosure during a given
observation session, we included the amount of time a respective
female was observed as a (log-transformed) offset term.

To make model estimates comparable and facilitate
convergence of the models, female age, and number of males
present were z-transformed. Model stability was established by
comparing estimates derived from all data compared to data

excluding levels one at a time. No obviously influential cases
were revealed. Further, no issues were revealed when checking
for potential collinearity using variance inflation factors (VIF)
with VIFp,x = 1.56 (Quinn and Keough, 2002; Field, 2005)
calculated with the function vif of the package car (Fox and
Weisberg, 2011). To test the overall effect of the test predictors,
we compared the full model with a null model containing only
the intercept, random terms and offset term using a Likelihood
Ratio Test (Dobson, 2002; Forstmeier and Schielzeth, 2011).
To determine p-values, DE, x2 and Nagelkerke’s R? for the
individual test predictors, we ran reduced models lacking single
test predictors and compared them to the full model using
Likelihood Ratio Tests.

To control whether cyclic changes are more pronounced for
sniffing behavior directed to the females genitals, we ran an
additional model incorporating only those sniffs. Since the model
was less robust due to the decreased number of observed sniffs
and since the results are very similar to those of the overall model,
we only present the results in Supplementary Material.

RESULTS

In total, we recorded 1817 sniffs directed to conspecifics during
184 h of observation, with an overall mean sniffing frequency
of 0.64 sniffs per individual per hour. More than half of these
(53.8%) were directed by males toward females. When males
sniffed at females, they focused on the genital region in 58.1% of
all events, but inspected other body parts in 41.9% of all cases
[mainly back (~18%), head/face/mouth (~14%), arm (~7%),
hands (~2%), and chest (~1%)]. We observed 21 sniffing events
(~2%) where individuals clearly sniffed body fluids (vomit, urine,
saliva) or feces. While in 95.2% of the cases individuals directly
sniffed at a conspecific, in 4.8% the individual touched the
conspecific with its hand and sniffed the own hand afterwards.

In the model containing swelling stage, cycle regularity,
female age and male presence we found a clear impact of the
test predictors on the number of male sniffs directed toward
females (full-null model comparison (LRT): ¥? =19.174, df =6,
P = 0.0039). Specifically, swelling stage significantly affected
sniffing frequencies (Table 2), whereby male chimpanzees
preferably sniffed females that had an increasing or maximal
swelling rather than females with a flat or decreasing swelling
(Figure 1A). Males did not sniff regularly cycling females more
often than females without a regular cycle (Table 2), but sniffed
older females more often than younger females (Figure 1B and
Table 2). Finally, the fewer male competitors were simultaneously
present in the group (i.e., when some of them left the group to
participate in behavioral studies), the more often males sniffed at
females (Figure 1C and Table 2).

DISCUSSION

The results of our study indicate that sniffing behavior of
chimpanzee males toward females is influenced by different
female reproductive properties. Males sniffed more often at
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TABLE 2 | Results of the negative-binomial GLMM with the number of sniffs females received by the six males as response variable and swelling size, cycle regularity,
age of female, and male presence as test predictors.

Term Estimate SE DF x? R? P
Intercept -0.875 0.231 a a na a
Swelling size 3 9.01 0.012 0.029
Swelling size “increasing”™ 0.501 0.204

Swelling size “maximal’® 0.708 0.270

Swelling size “decreasing”® —0.455 0.720

Cycle regularity 0.071 0.351 1 1.66 <0.001 0.198
Age of female® 0.554 0.146 1 5.68 0.004 0.017
No. of males present® —0.304 0.068 1 6.17 0.008 0.013

DF, 2, Nagelkerke’s R? and P-values are derived from Likelihood Ratio Tests to determine the significance of the indlividual test predictors. P-values < 0.05 are indicated
in bold.

4Not shown due to having only a limited interpretation.

bRelative to reference category “flat.”

Cz-transformed; mean + SE of the original variable for female age: 28.886 + 0.410 years, and number of males present: 5.577 + 0.024.

A 10{ B 10{ C
10 9 9
- L8 L8
5 5 5
2 2 2
g g’ g’
o o o
E s E9 £
2 2 k3
5 55 55
(=% 4 [-% o
2 2 2
T 4 T4 T4
" 2 »
2 2B 23
2 3 2
E , ) [ £
Z 22 2 2
A --2-- --F--  ° 1 __;}_‘_,_,- 1 ““—*g;‘_ LR J
0 [ N e —— - . bt R
0 —-'-"__,_r-' ‘ [} 0 . o seece se@ece e TITSS
———
flat increasing maximal decreasing 10 15 20 25 30 35 40 3 35 4 45 5 55 é
Swelling size Age at observation (in years) Number of males present
FIGURE 1 | Frequency of sniffs observed per female per session. (A) Influence of the size of the sexual swelling, (B) impact of female age, (C) influence of the
number of males present in the group. The size of the circles represents the number of observations; the dashed lines represent the model estimates.

females with increasing swelling size, higher age, and when fewer
male competitors were present, while cycle regularity did not
influence male sniffing rates. Hence, our study strongly supports
the idea that male chimpanzees use both visual and olfactory cues
to assess female fertility.

The present study is in line with earlier observations in
the wild that male chimpanzees use their sense of smell
to inspect females (Matsumoto-Oda et al, 2007). The main
finding of our study was that olfactory behavior of male
chimpanzees was associated with a visual signal—the female
anogenital swelling. Male sniffing frequency rose when female
swelling size increased and decreased again after the maximal
swelling period ended. Our findings are in line with patterns of
male sociosexual behaviors, including olfactory inspection, that
became more frequent with increasing sexual swellings of females
in chimpanzees (Klinkova et al., 2005). Our result supports the
hypothesis that males, in addition to using a visual signal (as
indicated in Deschner et al., 2004), sniff at females according to
their fertile states. Interestingly, male olfactory inspection was not
restricted to the genital area of females, as males in our study

sniffed at female body parts others than the genital area in half
of the events we observed. This olfactory inspection of body and
genital odor could potentially be used to pinpoint the timing of
ovulation more precisely than is possible by visual inspection
alone. Male chimpanzees preferentially join parties including
females with increasing swellings (Matsumoto-Oda et al., 1998;
Matsumoto-Oda, 1999; Boesch and Boesch-Achermann, 2000).
Our results are supported by the findings of studies investigating
the use of olfactory cues to assess female fertility in other
primate species (Saguinus oedipus oedipus: Ziegler et al., 1993;
Washabaugh and Snowdon, 1998; Macaca arctoides: Cerda-
Molina et al., 2006b; Callithix jacchus: Kiicklich et al., 2019).
Male chimpanzees altered their olfactory behavior also in
relation to the age of females, i.e., males sniffed at older females
more frequently than at younger females. Female reproductive
potential of chimpanzees has been described to peak between the
age of 14 and 24 years (representing the “younger” individuals
in our study) and to sharply decline at the age of 25-30 years
(Thompson et al., 2007). Based on this age-related decline in
fertility, it would be reasonable that males prefer the younger and
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more fertile females. Nonetheless, in the wild, male chimpanzees
seem to favor older over younger females, as suggested by
higher copulation rates or greater likelihood to join a party in
which older females are present (Muller et al., 2006), probably
because they have more reproductive experience. Moreover,
Thompson et al. (2007) found that chimpanzees staying healthy
seemed to maintain a high fertility until later ages and the
observed population-wide decline in fertility with increasing age
was based on an increasing number of unhealthy individuals.
In our study, age was correlated with parity (younger females
were mostly nulliparous or primiparous, while all older females
were multiparous) and thus the test predictor age comprises
reproductive potential as well as reproductive experience at
the same time. Indeed, previous studies found that nulliparous
females were less attractive to males (Tutin, 1979; Hasegawa and
Hiraiwa-Hasegawa, 1983). Multiparous females might be more
interesting to the males because they could have observed these
females reproducing and raising offspring successfully. Thus, for
males, reproductive experience may be more important than
reproductive potential, which remains to be investigated further
in populations in which parity and age are less confounded than
in our study group.

Relying on more than one sense is likely to be advantageous.
Male chimpanzees might use both visual and olfactory cues to
inspect females. The visual signal could act as an initial long-
distance cue about the fertile state of a female, which may then
elicit increased olfactory inspection from a short distance to gain
additional and probably more precise information (Matsumoto-
Oda et al,, 2007). The olfactory information is potentially non-
redundant to the visual one, because the information content
might differ (see also Higham and Hebets, 2013). In olive baboons
(Papio anubis), where females show variation in swelling stage,
behavior, and copulation call rates during the fertile phase, males
inspected female genitalia through sniffing more frequently in the
fertile period as well (Rigaill et al., 2013). Based on these results,
it was suggested that male baboons gather olfactory information
on the onset of ovulation in addition to visual cues of the sexual
swelling. The authors assumed that, while all males can access
visual or auditory signals, only male consort partners are able
to gain more information on the basis of odor cues obtained
from the female in close spatial proximity to the male. Also
in other primate species, it has been suggested that males that
stay close to females, e.g., through mate-guarding, can obtain
more and maybe more precise information about the onset of
ovulation by using olfactory cues (Alouatta pigra: Van Belle
et al., 2009; Papio anubis: Rigaill et al., 2013). In line with these
suggestions, male chimpanzees regularly sniffing females might
get more detailed information about the fertile state of the swollen
female and thus could gain an advantage in siring offspring.
However, it needs to be examined further, whether being close
to females per se (triggered by the visual signal or not) elicits
an increased rate of olfactory inspections or if males actually
sniff more often at fully swollen females, compared to other
(not fully swollen) females nearby. Moreover, it is not clarified
whether the olfactory changes that males might gather by sniffing
at females are “cues” or “signals.” Responses to cues are believed
to need learning based on prior experience or conditioning,

whereas signals provoke innate behavioral responses, although
those innate responses could as well be modified through learning
(reviewed in Beny and Kimchi, 2014). However, to unravel
the underlying mechanisms, chemical analyses and bioassays
would be needed.

Enhanced opportunities to gather olfactory information about
females may be one reason why we observed individual males
sniffing females more often when fewer male competitors were
simultaneously present in the group. During our observations,
the number of male competitors was sometimes reduced when
the subjects volunteered in experimental studies outside the main
enclosure. The resulting situation of leaving from and returning
to the group can be regarded to reflect fission-fusion events
similar to those in the wild. The temporal absence of certain
males may have allowed the remaining males to get closer to
females than in the presence of all male competitors. In this case,
we would expect to observe increased rates of sniffing in lower-
ranking males when higher-ranking males are absent. However,
as we had no systematic dominance rank data available, further
studies are necessary to examine this hypothesis.

Against our expectation, we found that sniffing frequencies
of male chimpanzees did not differ between non-cycling and
cycling females. Presumably, the visual signal, i.e., the presence
(or absence) of a swelling, may have sufficed to induce high (or
low) olfactory interest toward females irrespective of whether
they showed full menstrual cycles or not. In fact, this supports
the suggestion that the swelling provokes an increase in olfactory
inspection, while information on whether a female is actually
fertile or not may only become available from the olfactory
inspection itself.

Overall, our study provides evidence that male olfactory
behavior is associated with visual signs of female fertility in
chimpanzees and therewith brings new insights into the field
of great ape olfactory communication. However, certain aspects
could not be addressed in the present study and these limitations
should be investigated in future studies. First and foremost,
this relates to hormone measurements which would allow us to
pinpoint the timing of ovulation and thus refine our analysis.
During the data collection for this study, we were not able to
accomplish the extensive training of the individuals required
for the collection of urine or saliva samples to investigate
hormones. Second, sniffing data were collected from a single
chimpanzee group with only six adult males. Given this limited
sample size and scarce knowledge about olfactory fertility cues
in catarrhine primates, further observations of other chimpanzee
groups would help to compare to and confirm our findings.
Additionally, systematic data on male and female dominance
ranks or spatial proximity would allow differentiating between
possible explanations for the results obtained here, and to
widen the scope beyond the reproductive context. Despite these
limitations, the data indicate that in a great ape species with an
obvious visual signal of female fertility, males additionally appear
to aim at collecting olfactory information, which sets a starting
point for ongoing research and raises further questions about
great ape olfactory communication in general and chimpanzee
reproduction in specific. Finally, the chemical composition of
female chimpanzees’ body odor, specifically perceivable chemical
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cues of female fertility, would complement the limited knowledge
about great ape body odor.

CONCLUSION

In conclusion, our study associates olfactory behavior with female
reproductive properties of a great ape species. Our results provide
evidence that male chimpanzees sniffing behavior is closely linked
to visual information on female fertility, which may allow males
to collect information about female reproductive status using
multiple modalities. Males in promiscuous species with varying
group composition, where females provide only imprecise visual
signals of fertility, could use additional olfactory cues to pinpoint
the timing of ovulation and thus maximize their mating efforts to
ultimately increase their reproductive success.
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