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Summary

By combining different call types, such as barks with screams, individuals have the potential
to vastly increase the range of information that can be decoded by listeners. Few animal
studies, however, have examined the information content of call combinations compared
with the information conveyed by each call singularly. We examined several aspects of call
combinations in the repertoire of wild chimpanzees in the Tai Forest, Ivory Coast, including
the types of combinations, the contexts and possible functions and compared these with the
use of single calls. Almost half of all vocalisations produced by the Tai chimpanzees occurred
in combination with other vocalisations or with drumming. A total of 88 different types of
combinations were used. Single calls and call combinations were each produced in specific
contexts. The contexts in which six of ten combinations were produced differed from the
contexts of at least one of the component calls. The contexts in which the combinations were
produced varied from the component calls in five different ways, three having potentially
novel functions. Two of the three may have an additive function, such that two pieces of
information can be conveyed simultaneously, increasing message complexity. This analysis
clearly shows that call combinations are an important part of chimpanzee communication.
The implications with regard to the evolution of human language are discussed. Testing of the
information conveyed by single calls and of call combinations, using playback experiments,
is advocated.
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Introduction

A basic aspect of vocal communication is that listeners decode information
contained in the vocalisations of others (Hauser, 1996; Seyfarth & Cheney,
2003). Calls need to vary if different information is to be transmitted and de-
coded. However, most mammals’ calls are innately programmed, such that
signallers have limited ability to modify the structure of their calls into new
call types (Janik & Slater, 1997). An alternative way of increasing decod-
able information is to use sounds in combination rather than singularly. The
combinatorial power of call combinations can vastly increase the number of
different words, in the case of humans (Bickerton, 1990), or songs, in the
case of birds (Kroodsma, 1982) and whales (Payne & Payne, 1985), which
can be produced. In fact, in terms of more message possibilities, combin-
ing sounds is more efficient than producing new sounds (Jackendoff, 1999).
Strikingly little research has examined the information content of combined
calls compared with single calls (Zuberbiihler, 2002).

Calls used in combination have, nonetheless, provoked interest in animal
studies probing for ‘fossils’ of language (Jackendoff, 1999), in particular
syntax. All human languages essentially require two types of syntax. In
phonological syntax, where strings of sounds are grouped together according
to certain rules, the individual sounds themselves do not convey meaning.
In lexical syntax, where strings of words are grouped together according
to certain rules, the individual words do convey meaning (Marler, 1977,
Jackendoff, 1999).

Examples of phonological syntax in animals are not uncommon, espe-
cially in the learned songs of birds (e.g., Kroodsma & Miller, 1982) and
whales (Payne & Payne, 1985). In primates, the call combinations usually
cited are long distance calls, used for regulatory spacing between groups
(Marler, 1977). These have been described as stereotyped in structure, so
that the combinations occur in a fixed order. Furthermore, the contexts in
which the combinations occur differ from the contexts of the component
calls (chimpanzee pant hoot: Marler & Hobbett, 1975; gibbon song: Mi-
tani & Marler, 1989; gray-cheeked mangeby ‘whoop-gobble’: Waser, 1975;
blue monkeys ‘ka-train’: Marler, 1973). As such they have been labelled as
a primitive form of phonological, rather than lexical syntax (Marler, 1977).

Since then, there have been tantalising descriptions of call combinations
by apes that are not just limited to long distance calls, for example, barks
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combined with screams or grunts (chimpanzees: Goodall, 1986; bonobos:
Bermejo & Omedes, 1999). However, little quantitative assessment of the
extent and possible functions of these calls has been conducted. Crockford
& Boesch (2003) found in chimpanzees, that barks produced in combination
with buttress-tree drumming occurred specifically in travel contexts or dur-
ing neighbour encounters. In other primates, there are a few studies that have
examined different types of call combinations, their contexts of production
and possible functions relative to each call produced singularly (Robinson,
1979, 1984; Cleveland & Snowdon, 1982; Zuberbiihler, 2002). In each case
the results indicated that primates are using certain forms of ‘lexical syntax’.

Robinson (1984) unpacked Marler’s (1977) term ‘lexical syntax’ used to
describe call combinations, into two aspects (a) where one call acts as a
contextual modifier for the other and (b) where grammatical rules gener-
ate combinations of words to form sentences. Call combinations produced
in contexts intermediary to their component calls have been described by
Robinson (1984) as acting as contextual modifiers. However to date, no ex-
amples in animals can be described as having grammatical rules that generate
combinations to form sentences.

Examples of contextual modifiers have been found in primates (Cleveland
& Snowdon, 1982; Robinson, 1984; Zuberbiihler, 2002), wolves (Schass-
burger, 1993) and willow ptarmigans (Martin et al., 1995). Usually the con-
texts in which call combinations were produced were intermediary to those
of the component calls. For example, in cotton-top tamarins, type E’ chirps
were produced in general alarm situations and squeaks in general alert situa-
tions, other than alarm. The two call types combined were produced in inter-
mediary contexts requiring vigilance but with reduced fear or alarm (Cleve-
land & Snowdon, 1982).

Zuberbiihler (2002) used playback experiments to establish that the re-
sponses of listeners changed if a so called ‘leopard’ alarm call was preceded
by a general alert ‘boom’ call. While diana monkeys produced their own
leopard alarm calls on hearing a Campbell monkey leopard alarm, they pro-
duced no alarm calls on hearing either a Campbell monkey ‘boom’ call alone
or a ‘boom’ call followed by a Campbell monkey alarm call. The ‘boom’ call
seems to have modified the information conveyed by the alarm call, and as
such is indicative of an early form of lexical syntax.

In another form of contextual modification, a call combination may act as
an intensification of the context of the component calls. Schassburger (1993)
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documented that although wolves used barks and growls as threats, a bark-
growl combination carried a more intense threat than either bark or growl
alone.

Clearly, the analysis of single call types relative to call combinations is
necessary for ascertaining the functions of call combinations. In summary
and in addition to the examples given above, suggested functions, to date,
include expression of an intermediary internal state (Robinson, 1984), ex-
pressing ambivalence (Schassburger, 1993), refined expression by emphasis-
ing emotional intensity (Schassburger, 1993), or one call acting as a syntac-
tic modifier of another (Zuberbiihler, 2002). Alternatively, call combinations
may advertise male quality (tingara frogs: Kime et al., 1988). All of these
putative functions suggest that information conveyed by call combinations
is additional to information conveyed by the single call types, such that call
combinations increase the range of information that can be decoded by oth-
ers.

It is unlikely that call combinations used by any animal approach the
complexity of syntax used in human language, particularly in terms of re-
cursion, which involves the limitless embedding of clauses into sentences
(Jackendoff, 1999; Bickerton, 2003; Fitch & Hauser, 2004). Nonetheless,
comparative research is crucial if we are to resolve what is unique to humans
as oppose to what constitutes ‘fossils” of human language or language abil-
ities (Jackendoff, 1999; Hauser et al., 2002). As stated above it seems that
chimpanzees use a range of call combinations (Goodall, 1986), one of which
is produced in specific contexts (Crockford & Boesch, 2003). We further
examine the extent of the occurrence of call combinations in the repertoire
of wild chimpanzees, the types of combinations that occur, the contexts in
which they occur and the possible functions they may have.

Methods
Study site, individuals and data collection

Chimpanzees from two neighbouring habituated groups were observed be-
tween February 1999 through to May 2000 in the Tai National Park, Cote
d’Ivoire, West Africa (site description in: Boesch & Boesch-Achermann,
2000). Data were collected continuously using focal animal sampling (Alt-
man, 1974) with dawn to dusk follows, and ad-libitum sampling of non-focal
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chimpanzees. All adults of the North community (3 adult males and 10 adult
females) as well as all three adult males of the Middle community were in-
cluded in the analysis. C.C. collected 590 hours of data from the six adult
males and 520 hours from 10 adult females. Chimpanzees alternated as focal
animals and could easily be followed at a distance of 3-5 m.

All vocalisations were recorded using a Sennheisser ME65/K6 directional
microphone and windshield and a Sony WMDG6C Professional Walkman at
a distance of 3-15 m from the individual.

To determine the context of calling for the focal chimpanzee, each change
of behaviour, each social interaction and each vocalisation of, or directed to,
the focal chimpanzee was documented with the time of occurrence. Events
in the forest that the target animal looked towards for more than 10 seconds
were also documented, such as encounters with snakes and chimpanzees
from other communities.

Classification of single and combined calls

Single call types were defined as those easily distinguishable from each other
by ear. Chimpanzee vocalisations are graded such that each call type has
‘pure’, easy to categorise, variants such as screams and barks, and ‘inter-
mediate’ variants such as those acoustically between scream and bark and
therefore difficult to categorise. We excluded ‘intermediate’ variants of all
call types from the analysis. We distinguished 15 vocalisations and included
one frequently occurring non-vocal signal, buttress tree drumming (Table 1).
This classification differs from the two published chimpanzee repertoires at
other chimpanzee sites, probably as a result of differing tendencies to lump
or split calls into the same or different call categories (32 different call types
at Gombe: Goodall, 1986; 11 different call types at Kanyawara: Clark, 1991).
Cross-site detailed acoustic analysis accompanied by contextual correlates of
calling, for the entire chimpanzee repertoire, is required to resolve this issue.

In addition, we noted combinations of calls and calls with drums (here-
after ‘call combinations’ for simplicity). We distinguished between single
and combined calls as follows: single calls were defined as those occurring
as single elements or a series of elements of the same call type. Calls of the
same type, joined by audible inhaled elements (or pants) were also counted
as single calls. On the other hand, calls of one type that were immediately
followed by another call type, and usually joined by an audible inhalation,
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Table 1. Descriptions of chimpanzee vocalisation and drum structures and
their contexts of occurrence.

Vocalisation ~ Acoustic characteristics™* Contexts of production
name
Bark <400 ms; 600-2000 Hz; sometimes aggression, travelling, hearing
non-linear phenomena other parties of chimpanzees,
encountering chimpanzees from
neighbouring communities
Short bark <170 ms; 400-1500 Hz hunting colobus monkeys
Tonal bark tonality: tonal; position of max. FO:  seeing large snakes
early, <0.25, as a proportion of bark
length
Grunt 40-150 ms; 100-350 Hz; tonality: broad  feeding, greeting, close contact
range from quite tonal to highly noisy calls at the start of travel, mild
threats
‘Aaa’ grunt 90-150 ms; 500-700 Hz feeding
Deep grunt 170-1200 ms; 70-400 Hz feeding
Hoo 170-1200 ms; 200-700 Hz; highly tonal ~ feeding, mild fear or surprise
with clear harmonic structure such as finding animal carcass or
small snake, travelling near nest-
ing time
Hoo grunt series of hoos, grunts or intermediate  nesting, occasionally feeding
forms joined with voiced inhaled el-
ements; 80-200 ms; 200-350 Hz; hoo/
grunt elements are generally more tonal
than the grunt elements of the pant
grunt
Laughter rapid inhaled and exhaled elements, play
generally quiet and voiced, grading to
non-voiced; 50-100 ms; 80-300 Hz; rate
of 4-7 exhaled elements/second
Pant unvoiced, rapid inhaled and exhaled el-  occasionally grooming or feed-
ements; duration and FO fall within the  ing excitement
range for pant grunts
Pant grunt series of grunts joined together by  greeting up the hierarchy

voiced inhaled elements; 30-200 ms;
100-200 Hz; tonality: highly noisy

*First two measures listed for each call type are the duration of a single element, followed
by the fundamental frequency (unless otherwise stated). Measures are intended as a guideline
and are approximate rather than definitive.
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Table 1. (Continued).

Pant hoot comprised of up to four phases: intro- feeding, travelling, meeting chim-
duction: hoos; build-up: series of hoos panzees from other parties or other
interspersed with voiced inhaled ele- communities
ments; climax: screams and sometimes
barks; let down: similar to build-up but
hoos having decreasing pitch

Scream 500-1000 ms; 800-2000 Hz; sometimes  receiving aggression, fear, as part
non-linear phenomena of pant hoot and sometimes during

copulation

Squeak shorter and more tonal than screams; when threatened by a dominant
50-250 ms; 800-2000 Hz

Whimper highly tonal series of hoo-like calls; begging; by infants and juveniles
100-700 ms, 250-1300 Hz during weaning or separation from

the mother; by young adult males
when separated from other males

Drum pounding of hands and/or feet against travelling, display, encounters with

large, resonant tree-buttresses; 1-30
beats at 2-13 beats/minute; lowest re-
cordable frequencies <20 Hz (Moebius,

chimpanzees from neighbouring
communities, occasionally arriv-
ing at large food sources

unpubl. data)

were classified as call combinations. For example, the pant hoot sequence, a
species specific call combination found in all chimpanzee populations, can
be made up of hoos, screams, barks and drums. The hoos, screams and barks
usually follow each other without any audible break. In cases where call
types were not joined by audible inhalations, such as grunts followed by
hoos, different call types occurring in a single bout of calling were classi-
fied as call combinations. The time gap between calls in a single bout is
considerably shorter than the time gap between call bouts and can be reli-
ably determined by ear. On randomly examining 50 recorded call bouts, we
found that the time gap between calls in a call bout was generally less than
one second, and never greater than 1.5 seconds. Single call elements which
began as one call type and graded to a different call type within the same call
element, for example a call starting as a scream and ending as a bark, were
not included as call combinations and were also excluded from the analysis.

Analysis of contextual correlates of calls and call combinations

We first tested whether call types occurred in particular contexts more often
than expected, using one sample ¢ tests (see Table 2 for context definitions).
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Table 2. Definitions and activity budgets of contexts and behavioural inter-
actions used to calculate expected values.

Context Definition % of total
activity
budget
Food Arriving at, collecting or eating food 38%
Travel Travelling or short pauses for listening during travelling 30%
Response Within five minutes of hearing chimpanzees from another party, 8%
(food) whilst feeding

Response Within five minutes of hearing chimpanzees from another party, 9%
(travel) whilst travelling

Meet (food)  Within three minutes of joining chimpanzees from another party, 3%

at a food site
Meet (travel)  Within three minutes of joining chimpanzees from another party, 3%
whilst travelling

Neighbours ~ Within 30 minutes of hearing chimpanzees from a neighbouring 1%
community

Nest Looking for, climbing up to, building or sitting in a nest 3%

Hunt Hunting or watching others hunting monkeys 0.2%

Alarm Within 60 minutes of any non-chimpanzee related context 0.1%

that is cause for a alarm, such as seeing a snake or leopard,
hearing a leopard or the alarm calls of other primate species

Sex Within 30 seconds of a sexual interaction such as a solicitation, 0.7%
present, or copulation
Behavioural % of total
interaction interactions
Aggression/  Aggression interaction against another chimpanzees such 12.5%
Display as attacking, displaying against or arm waving at another
individual
Receive Being the receiver of aggressive interactions described above 12.5%
aggression
Greeting Submissive behaviour, such as crouching, bobbing, hesitant 37.5%

approach — also approach and fast approach to within one
metre — accompanied by pant grunt, grunt or pant vocalisations
Other All other interactions, such as begging for food, soliciting 37.5%
grooming, grooming, pass other, other approach or pass, hand
reach and embrace

Expected values for each context, used in Table 7, were calculated according to each contex-
tual definition. The number of minutes chimpanzees engaged in each particular context were
made into percentages relative to the total activity budget of all focal follows. Expected values
for each behavioural interaction were calculated by dividing the number of each interaction
type by the total number of interactions occurring during all focal follows. All contexts were
mutually exclusive. The time designated to contexts such as ‘meet’ and ‘alarm’ was allocated
according to the time period chimpanzees commonly continue to react to each respective
event.
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Expected values for each context were calculated from the percentage of
time chimpanzees spent engaged in each activity. Since activity budgets for
adult chimpanzees in Tai do not differ significantly, we have calculated the
activity budget across all chimpanzees, using the same time period during
which the behavioural data was collected (see Table 2 for calculation of ex-
pected values). The data used in the t tests were the percentage of a particular
call type used in each context for each chimpanzee. The percentages were
tested against the expected value of each context Call types were collapsed
into broad categories, for example all grunt types were simply grouped as
‘grunts’, unless otherwise stated. ‘Laugh’ was excluded because of its small
sample size. We analysed call types where a context or interaction could be
clearly attributed. This included all occurrences of less frequently occurring
call types. However, for common call types (those with >400 occurrences)
a representative distribution of single calls was analysed (taken from a ran-
domly selected 50% of the total number of full day focal follows). In addition
to conducting t tests, we noted when more than 80% of a call type occurred
in a particular context.

Secondly, we tested whether call types were produced in similar pro-
portions in particular contexts, when used in combination with other calls,
compared with when produced alone, using paired ¢ tests. For this we used
the percentage of a call type that occurred in a particular context. As the
sample size for some call combinations was small, giving a low statistical
power compared to the single calls, we tested whether call combinations oc-
curred in a particular context more than, and not less than, the component
calls.

To limit multiple testing we ran one sample ¢ tests only when there was
at least five percent more calls or drums in a particular context compared
with the expected value. We ran paired ¢ tests only when there was at least
20 percent more call combinations in a particular context compared with the
percentage of single calls. We then corrected for multiple testing using a
modified Bonferroni procedure across the ¢ tests conducted on each call type
(Hochberg, 1988). Although results of all tests were considered significant
if p < 0.05, because of low statistical power for some call types we have
discussed values of p < 0.1 after correcting for multiple testing.

To test whether call combinations were likely to occur in a particular order
we conducted paired t tests on call combinations and combinations with the
reverse order respectively, such as pant hoot followed by grunt versus grunt
followed by pant hoot.
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Results
Distributions of single and combined calls

51% of all calls were produced singularly whereas 49% of calls were as
combinations (Table 3), with spectrograms of the most commonly produced
shown in Figure 1. Four call types, namely screams, pant hoots, drums and
whimpers, were produced more often in combination with other calls than as
single calls (Table 3). This was largely because the first three calls together

Table 3. Number of vocalisations and drums occurring alone and in combi-
nation with other vocalisation types.

Signal types Occurring Occurring in
singularly combination
Bark 320 185
Short bark 48 8
Tonal bark 30 11
Grunt 581 156
Deep grunt 400 56
Aaa grunt 724 97
Hoo grunt 146 13
Hoo 872 143
Laugh 18 -
Pant grunt 963 162
Pant hoot" 456 1496
Pant 126 46
Scream 286 1381
Squeak 31 5
Whimper 13 37
Drum 63 1101
Total signals produced* 5077 4899
Total number of signal episodes™* 5077 1978
% of all signals produced* 51% 49%
% of all signal episodes™* 72% 28%

*where a signal combination is counted once for each component signal; **one episode =
the production of single or repeated type of signal or signal combination; #refers to the
‘hoo’ section of a pant hoot sequence, normally termed the introduction and build-up phases
(Marler & Hobbett, 1975).
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made up one of the most commonly produced of all calls, the pant hoot
and drum sequence (Figure 1). Only one (laugh) of the 16 call types never
occurred in a combination.

It is evident from Table 4 that the distribution of actual call combinations
compared to possible call combinations was non-random. There were a to-
tal of 88 different signal combinations, which is 41% of all 214 possible
combinations. 12 different combinations were produced more than 20 times
whereas 56 were produced fewer than five times.

The call order of six call combinations was non-random (Table 4). In
97.5% of all combinations containing a pant hoot, the pant hoot was the
first call in the combination. In other combinations the order was less strict.
Although significantly more hoo and grunts were produced than grunt and
hoos, 29% of all possible hoo and grunt combinations were produced as
grunts and hoos. In fact seven additional combinations and their reverse
orders were each produced at least five times: grunt and bark, grunt and pant,
grunt and pant grunt, pant grunt and bark, pant hoot and pant grunt, scream
and bark, scream and whimper. However sample sizes were too small to
determine whether these combinations were non-randomly produced.

Contextual correlates of single and combined calls

All call types occurred in several contexts, with no call type being exclu-
sively produced in one context. However, single and combined calls showed
differences in their frequency of occurrence across contexts. Although all
types of single and combined calls were produced in at least three contexts,
single calls were generally produced across more contexts. Eight of ten sin-
gle calls occurred in at least nine contexts whilst this was the case for only
two of ten call combinations (Table 5). In addition, only one of ten single
calls was mainly produced in one context or behavioural interaction (>80%
of all the occurrences of that call type), compared to six of ten different call
combinations (Table 7). However, more single call types were produced in
certain contexts significantly more than expected, compared with the call
combinations (13 and five respectively, Tables 5 & 6 for raw data, & Table 7
for statistical results).

When determining whether similar percentages of call combinations were
produced in particular contexts compared to the component calls we found
that five of the ten combinations were produced in different contexts com-
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Spectrograms of call and drum combinations, shown in Table 8. Vertical axes

pared to at least one of the component calls (Table 8). For an additional
call combination the context specificity was increased relative to the com-
ponent calls. The call combinations that demonstrated significant contextual
changes are shown in Table 8. Overall four different types of change were

observed.
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Crockford & Boesch

410

- Juni3, doop +juni3 eee, = Juni3 + juni3, ojdwexs 10J ‘odA) [[eo wes oy} jo sired 10J
XLIjewW Ay} Jo [eUOSeBIp AY) UT SAN[eA St pajedrpur a1e sadAigns [[ed JO suoneurquio)) ‘AJLIe[d dA0IdWI 0) PIAOWAI UAq IABY YOIYM ‘SOIZ 2)edIpul
syuerg "s1s9) 7 parted 3ursn gO0') > d AIOUM ‘IOPIO ISIAAAI 2ATOAdSAI oY) uey) 210w APUBOYIUSIS paonpold a1om Jer) suoneurquod = pjog

- Sl I I ¢ 4 IS ¥A+AS+Hd
- I 4 14 4d + Hd

- 88 L ¢ S S NS + Hd

- € T 1 S od +Hd

- S (4@ wniqg

S | € I I (dM) dumyp

I I € I T T I ¥ (114 (INS) wearg

I 091 ¢ e - <8 ST ¢ (H4) 100y JuRg

I 9L S - 1 L €1 6T (D) unisjued

I I - I 6 € (Nd) wued

- (V1) ysneq

I - I 4 (DH) 1uni3 0oy

¥ (4 ¢ T [ ¥y v 8 s - 09 I (OH) coH
€ I 91 T 9T 6l ¥ YT I 0l (D) unin

I 8 € 9 4 8 (Ve reg

[eusIs 1s11,{

YA+WS+Hd ¥A+Hd WS+Hd Od+Hd dd dM WS Hd O5d Nd VI OH OH ¥D Vg  [euSIS puodg

‘seozuedwyo JB], o[ewo) pue orew Jnpe Aq paonpoid suoneurquiod [eusis Jo 19pIQ “§ Aqe,



—
—

<

Call combinations in chimpanzees

sopn[our,,, IS pooj Je Junsou sopnjour, Juni3 doop = pyn qunis  eee,

"SUONIUYAP 1XIU0D 10} 7 J[qQRL, 39S NS + Hd
= ByD ‘sedzuedwIyo o[eWwo) pue d[EW J[Npe || JO BIBP PI[0O]

C C 0 0 0C 9 C €l 4 IS 4 125 (NQ@) wniq
€ 0 ¥ 0 € € € or € 0¢ I 9¢ Todwrym
or I ¥ 0 ¥ I cl 1 0 6C 8¢ 6CC (NS) wearog
0 € [ % 0 6 6 61 €C 14! 81 €CC (Hd) 100y 1uRd
I 0 0 C 0 C 4! ! 0 ov T S0¢ (Dd) unis yueqd
I I I € 0 91 14! 0 0 0C 144 €L jued
0 0 0 9 0 0 % C 4 S 94 €8 uni3 0oy
C 9 I I 0 9 8 ol L 61 0¢ 0LE (OH) 0oH
I I C % 0 4 01 ¥ C 14! 8¢ (194 (¥D) unIn
C 4! 8 0 9 L S Ll L 0C 4! I1e (ve) Mreg
[Teo 9[3uIs

vd +
0 0 0 0 61 0 0 0T 0 19 0 8 INA + NS + Hd
0 14 I 0 I € I ¥C I 9 € 96¢ INA + NS + Hd
0 C I S I 0 L 94 91 C 1C 4y NS + Hd
0 € 0 0 0 Sl 8 9 9 0¢ Cl 9 INA + Hd
0 I 0 8 0 Ie LE ! € 8 11 €L Dd + Hd
0 0 0 0 0 I C 9 €e 0 8¢ 81 4O + .Hd
I 0 0 0 0 61 91 0 0 61 (44 9T Dd +d¥D
C 4 0 0 0 S C 0 I L 5Y 8¢ dD + OH
0 0 0 4 0 6 6 0 6 C Ly €C OH +¥D
0 0 0 € 0 0 9 0 0 0 16 123 PYD + BID
UOT)RUIqUIOD [[BD)

SInoq (Jeaen)  (pooy) (1oAen) (pooy)

Xo§  wae[y  Junyg  JSON  -UYSN JN JIN osuodsoy  osuodsoy  [0ABI],  PoOq N ad£y [1eD

“S[ENPIAIPUT SSOIOE )X)Ju0d 1od SUOTJBUIqUIOD [[BD PUE S[[ed JO soFejuadiad Uedl *S dqe],



Crockford & Boesch

412

[eINOIABYQQ JO SUOBIUYAP 10J 7 9[qe], 99§ uniS doop = pyn ‘uniS eee, = vyn -

"SUONOBIIUL

soozuedwIyd S[BWd) pue d[EW J[NPE Q] JO BIEP PIJ0O]

6T 0 0 0 0 0 0 0 (PAen UL C) 1L 125 (NQ@) wniq
19 (44 0 0 0 0 0 i4! € 9¢ Todwrym
€€ L 0 € 14 C I €S 4 6CC (INS) wealog
18 i1 I I 4 4 I I L €Tt (Hd) 100y Jurg
€ € I |£3 1T o1 81 €l 0 o€ (Dd) yunis yueq
9¢ 81 0 8 I € I ¥ 0 €L jued
66 I 0 0 0 0 0 0 0 €6 uni3 0ofy
68 ¥ 0 0 4 4 4 I 0 0LE (OH) 0oH
SL v 0 14 € [4 14 9 4 06¥ (¥D) yunip
0L 4 0 I 0 0 0 C S Iie (ve) Mreg
1182 9[3uIs
vd +
16 0 0 0 0 0 0 0 6 8y N + NS + Hd
S6 0 0 0 0 0 0 0 S 96¢ INA + NS + Hd
¥6 0 0 0 0 0 0 0 9 [qy¢ NS + Hd
LS € 0 0 0 0 0 0 (PAenul [7) 6€ 9 INQ + Hd
6 € 9 S 8¢C ge 6 S 0 €L Dd +Hd
€8 0 0 0 I 0 0 0 9 81 dD + «Hd
¥ 0 0 61 Sl 8 Ie €C 0 9¢ Dd +¥D
88 0 C 0 14 4 C C 0 8¢ IO + OH
€8 0 0 0 6 14 0 0 ¥ € OH + 34D
Y6 € 0 0 0 € 0 0 0 123 PYD + BYD
UOT)RUIqUIOD [[BD)
uonoe uonoe
-1o)ul -Iojur (Toaen) (pooy) pooj uoIssaI33e Kerdsiq
ON heliile) 0010 [oARI], JON JIN Sunoaln EINEREN | JUOISSAIZIY N ad£y [1eD

“I9[[RUSIS 9Y) Ik INOIARYSQ € SUnIAIIp
JIOUIOUE IO JOYJOUR I8 INOIABYQQ B SUNOIIP JO[[BUSIS ) JOYII SI UONORISIUI [BINOIABYQQ Y "S[ENPIAIPUL SSOIJE ‘S[[BD
o[3urs Y paredwiod SUONOLIAUI [RINOIARY] TR JuLIp paonpoid suoneuiquiod [[ed jo o3ejuadiad ued ‘9 9[qeL,



413

Call combinations in chimpanzees

uni3 doop = pyn ‘Wunis eee, = BYO I10YI950) poIe[no[ed
S1Xa1U02 = () ‘NS + Hd sopnjour ‘1omod [eonsnels mo[ Jo asneoaq A[qeqoid ‘paroadxs ueyy a1ow paonpord AJuressaoau jou,, :$1s9) 7 ojdwes suo,,

uoIssaI3Te ‘[oARI],

XS UOISSAITTE QAI09Y
([9ARIT) + PO0J) asuodsay
3unealn SuneaI3 ‘([oAen) 109N

ISON
wie[y
Pooq
(1oAe1) asuodsay] wirefe quny

(esuodsal + [oAeD) [9ARI],
(osuodsal + [9ARD) [9ARI], [oARI],
(1oAe1) + pooy) asuodsoy

Sunealn ([oA®ID) JIIN (pooy) 19N
(329w + asuodsar + pooj) pooq (320w + asuodsar) pooyq

(3oouwr + asuodsar + pooj) pooq

pooq

(W@ wniq
Jodwrypn

(NS) wearog
(Hd) 100y Jueqd
(Dd) unis jued
jueq

juni3 ooy
(OH) 0oH
(YD) Junin

(ve) yreg
S[reo 9[3urs

v + WL+ NS + Hd
L+ NS + Hd
NS + Hd

INL + Hd

Od +Hd

¥D + Hd

Od + 3D

¥D + OH

OH +¥D

PED +BID
uoneuIquIod ()

«2dK1 82 [e101 JO 9508 < S00>d 100> d

ad&y 18D

"UOT}OQ1I00 TUOLIQJUOY
-310qUo0H I9yJe “, paroadxe uey) a1ow paonpoid 1am S[[ed YOIYM UI SUOIIOBIOIUI [BINOIABYSQ pUE

SIXIUOD) */ d[qeL



Crockford & Boesch

414

*(uoISSNISIp

o ur je im Surdeay ur st Surrequinu) s[red jueuodwod Y JO IYIID UBY) IXAJUOD dwes Yy ul A[[eoyroads aiow (1) s[[ed jueuodurod ay)
JO OB 0 JX)UO0D Paje[aI ‘Te[IwIs € ur (¢) S[[ed juauodwod 9y} JO $)XIU0D ) JO wns ay) ul () s[red juauoduwrod ay) Jo ouo AJuo st SIXuod
Qwres oy} uI () peonpoid d19m SUONBUIQUOD [[BD ‘s[[ed Juauodwod Yy 03 ANR[Y "[[ed Juouodwod Yy uey) 1xJuod Aue ur arow APuedyrugis
poonpoid Jou ST UOBUIqUIOD [[BD = {UOIIOALI0D TUOLIJUOL-3I9qUo0H JoJe [°Q > d () pue 600 > d :S1oyorIq JNOYIM SIXJUOD $)s9) 7 paired ,

UOISSaIZIe ‘[oARI], wniq

XS ‘UOISSAIZTE IATOINY weaIds

1 [oARIL INd + NS + Hd [9ARI) puR pooj ur asuodsoy 1001 Jueq

(1oaen) ur asuodsay) X3S ‘UOISSAIZTE QALY (JNS) weards

1 Pooj e asuodsay NS + Hd [9ART) puB oo} Ul asuodsay jooy Jueq

[9ABI) UL JOOIA 1991D) (D) i3 jueq

€1 ([oA®T) 29 POOJ T8 1IN 12210 0d + Hd [9ABI) puE pooj ur asuodsay jooy Jued

pooyq junin

z (pooj e asuodsay) AO + Hd [9ART) puE OO} Ul asuodsay jooy Jueq

uoISSAIFIe ‘[oARI], (AQ) wniq

1 (uo1ssaI33Y) [oARI], INd + Hd [o9ABI) pue pooj ul asuodsay (Hq) 100y JuRg

Pooq (pyD) 1unisd deag

¥ Pooq PYD +BID pooq (eyD) unis ey,
(pua3ar 9[qe) 99s) s[[eo yuauodwod uey) poroadxa
suoneuIqUIOd QJOW PALINIO0 SUOTJBUIQUIOD UBY) 2I0W PALINII0 S[[BD

1189 JO UOTJBOYISSE[D)

[T89 YOIy UT SIXJUOD)

uoneRUIqUIOD [

juauodwod AIdYM SIXIU0D)

1182 Jueuodwo))

*.S[1e2 Juauodwod ay) Yim paredwod suoreuIquIod [[ed Jo uononpoid ay) ur saueyd [BNIXIU0d JULdYIUSIS g J[qR],



Call combinations in chimpanzees 415

First, call combinations occurred in the contexts expected for only one
of the component calls (Table 8). Pant hoot followed by drums, for exam-
ple, occurred more in travel and aggression contexts than pant hoots alone,
travel and aggression being the two contexts which elicited more drums than
expected. Second, pant hoot and grunts were produced in the sum of the con-
texts of the component calls (Table 8). Pant hoots were produced more than
expected in ‘responses during feeding and travelling’, whilst grunts were
produced more than expected in food contexts. Pant hoot and grunts were
produced more in ‘responses and meeting at food’ than expected and in more
‘responses at food” than grunts. Thus pant hoot and grunt is produced in the
response context associated with pant hoots, but only during feeding, the
context associated with grunts. Third, pant hoot and pant grunt combina-
tions were produced more than either of the component calls in a different
but related context — ‘meeting at food’ (Table 8). Fourth, ‘aaa’ grunt and
deep grunt, a combination of two different grunt types, was produced signif-
icantly more in food contexts than single grunts, even though single grunts
were produced significantly more in food contexts than expected.

The only combination in the analysis for which it was possible to test its
reverse pair, hoo and grunts and grunts and hoos, did not show any signifi-
cant differences, although Table 5 shows that the distribution of calls across
contexts is not the same. Although both occurred in food contexts, grunt and
hoos occurred more in travel whilst hoo and grunts occurred more in ‘meet-
ing at food’. Unfortunately, the small sample sizes of other call combinations
and their reverse pairs were too small to be included in the analysis.

Discussion

Almost half of all vocalisations produced by the Tai chimpanzees occurred in
combination with other vocalisations or with drums. The combinations were
a non-random selection of possible combinations, some of which occurred in
a specific order. Single calls and call combinations were produced in specific
contexts. The contexts in which several combinations were produced differed
from the contexts of at least one of the component calls. The contexts in
which the combinations were produced varied from the component calls
in five different ways, three of which have not, to our knowledge, been
described for other animal species. This analysis clearly shows that call
combinations are an important aspect of chimpanzee communication.
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Half of all vocalisations and drums were produced as combinations com-
pared to 38% of all calls in wedge-capped capuchins, a species known for
their extensive combining of calls (Robinson, 1984). While most of these
were the more stereotyped pant hooting sequences, 19% were combinations
from a range of call types and contexts. The latter is likely to be conservative
estimate in chimpanzees, as calls were categorised by ear rather than spectro-
graphically. Thus, more subtle call combinations or rapid call changes may
have been missed. Clearly, call combinations constitute a substantial propor-
tion of the vocal repertoire of chimpanzees.

Call combinations were non-randomly produced, a finding also shown
for new world monkeys (cotton-top tamarins: Cleveland & Snowdon, 1982;
wedge-capped capuchins: Robinson, 1984). While few combination types
occurred frequently (more than 50 times), more than half of the combination
types were rarely produced, less than 5 times in total. This suggests that
although the observation time was probably not long enough to observe all
possible combinations, a fluid, rather than a rigid, stereotyped, combination
system seems to exist, whereby calls can be combined as contexts arise that
require them.

As with other primates, some call combinations were more likely to occur
in a specific order rather than the reverse order. In cotton-top tamarins, for
example, chirps were always followed by whistles (Cleveland & Snowdon,
1982). In titi monkeys pants followed chirrups but chirrups never followed
pants (Robinson, 1979). Using a playback experiment, Robinson (1979)
showed that titi monkeys can discriminate variations in the order of call
combinations, as has also been shown for gibbons (Mitani & Marler, 1989),
golden-winged warblers (Ficken & Ficken, 1973) and the European robin
(Bremond, 1968).

However, as pointed out by Robinson (1979), it has not yet been demon-
strated in a species other than humans and captive chimpanzees (e.g., Gard-
ner & Gardner, 1969; Premack, 1971), that changing the call order actu-
ally constitutes a difference in the information which is extracted from calls
by listeners, for example ‘chimpanzee hunt’ versus ‘hunt chimpanzee’. We
found that eight call combination types and their reverse orders were pro-
duced. Further research should test whether call order affects the information
conveyed to chimpanzees.

Single call types were produced broadly, across several contexts. Screams,
like barks, occurred more than expected in at least two contexts. After using
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detailed acoustic analysis with barks we know that two of these contexts
(‘alarm’ and ‘hunt’) elicit specific bark types that are rarely produced in other
contexts (Crockford & Boesch, 2003). Detailed acoustic analysis of screams
may also reveal context specific call types.

Only one single call was predominantly produced in a single context.
In contrast, more than half of the different call combinations were context
specific, each being mainly produced in a single context. One explanation
for this is that the act of combining calls refined the likelihood of a particular
combination being produced in a particular context.

The effect of combining calls altered their contexts of production in five
ways, suggestive of five possible functions that call combinations may have
relative to the component calls. Two of these call combinations have already
been documented for other species and are as follows. Some pant hoot and
pant grunts were produced in a context related to, but not the same, as con-
texts of the component calls. Similarly, cotton-top tamarins (Cleveland &
Snowdon, 1982) and wedge-capped capuchins (Robinson, 1984) call combi-
nations have been described as occurring in contexts intermediary to those of
the component calls, constituting an early form of lexical syntax. The ‘aaa’
grunt and deep grunt combinations would seem to have a message intensi-
fication function, as described for wolves (Schassburger, 1993). Again, this
constitutes an early form of lexical syntax.

Three remaining putative functions of the call combinations found in
chimpanzees, to our knowledge have not yet been described for other ani-
mal species. First, the pant hoot and pant grunt combination, a longer range
and a shorter range call respectively, may convey information simultaneously
to different audiences. The combination is produced exclusively by females
in Tai, specifically while greeting males during meeting contexts (Tables 3
& 4). The pant hoot usually starts as the female joins the new party whilst the
pant grunt part only begins during the final approach to the male. As such,
the pant hoot part may announce her arrival to the party as a whole and the
pant grunt act as a greeting, exclusively directed at the male. Other combina-
tions, not included in the analysis for reasons of sample size, may function
similarly.

Second, the pant hoot and grunt combinations, produced in the sum of
the contexts of the component calls, might convey information about co-
occurring, rather than intermediary, contexts, such that both contexts are
combined in a purely additive fashion. Thus, two pieces of information can
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be decoded simultaneously, rather than just one. This would fit the descrip-
tion of lexical syntax (Marler, 1977), however not as a form of contextual
modification (Robinson, 1984).

A third, possibly related, function may explain why pant hoots are mainly
combined with all other long distance calls and drums, but rarely with short
distance calls. The main context of production of pant hoots was in response
to hearing chimpanzees in another party. Three of five of the combination
types with a pant hoot were produced in other contexts, however, as if the
pant hoot ‘loses’ its context of production (pant hoot and drum, pant hoot
and scream and drum, pant hoot and pant grunt). It might be that the func-
tion of the pant hoot changes, or that we have wrongly inferred the func-
tion of single pant hoots from their contexts of production. Pant hoots are
known to encode individual and community differences (Marler & Hobbett,
1975; Crockford et al., 2004). Anecdotally, they are the easiest vocalisation
by which researchers can identify out-of-sight chimpanzees, although encod-
ing of individuality in other chimpanzee calls has not yet been examined. In
addition, although pant hoots are combined with a range of other calls and
drums, they are produced almost exclusively at the beginning of combina-
tions. Furthermore, barks produced in combination with drums are produced
specifically in either travel or neighbour encounter contexts (Crockford &
Boesch, 2003). Barks and drums are also often combined with pant hoots
(Table 5).

We hypothesise then that pant hoots act as signature calls for signallers,
which can be combined with context information in the calls or drums which
follow. If this is the case, this may represent a primitive form of ‘agent’
combined with ‘context’. Again this suggests an additive function, where two
pieces of information can be decoded instead of one, such that the complexity
of information available for decoding is increased.

Finally, one function discussed in the literature, was not found in chim-
panzees. This is where combined calls were produced in completely different
contexts to those of the component calls, such as in gibbon song (Mitani &
Marler, 1989), in other words constituting an early form of phonological syn-
tax (Marler, 1977). The evidence in this study goes against Marler (1977)’s
suggestion, that chimpanzees’ apparently stereotyped pant hoot sequences
demonstrate a primitive form of phonological syntax.

Several of the call combinations that we have found in chimpanzees fit the
broad descriptions so far offered for lexical syntax (Marler, 1977; Robinson,
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1984). The term lexical syntax may be appropriate for human language,
however, it is clearly too broad a term to discriminate between the different
types of combinations that we have so far seen in chimpanzees. Careful
testing using playback experiments, such as those conducted by Zuberbiihler
(2002), of each component signal and of the call combination, is required
to determine what information is really conveyed by single calls, and how
this changes when calls are used in combination. Only then can we begin to
compare apparent forms of lexical syntax found in animal communication
with those found in human languages, and so determine if roots of human
language or language abilities exist in animal communication.

Call combinations clearly make up a substantial part of the chimpanzee
repertoire. By analysing the contexts in which call combinations were pro-
duced compared with the information conveyed by each call singularly we
have highlighted five possible functions of call combinations. Two resem-
bled those described for other species, whilst three represent novel functions.
Two of the three may have an additive function, such that two pieces of in-
formation can be conveyed simultaneously, increasing message complexity.
Although the functions of these call combinations remain to be tested, it
seems likely in chimpanzees that call combinations serve several functions,
all of which enable listeners to extract more precise information about the
signaller or the current situation of the signaller. Since so many different call
combinations were used, call combinations must provide a rich source of
information. It seems highly likely that we are and will continue to under-
estimate the types and complexity of information conveyed in chimpanzee
calls until the information content of call combinations is tested. In addition,
such an analysis may be crucial for determining whether or not the roots of
human language date back to when humans last shared a common ancestor
with chimpanzees, some 4-6 million years ago.
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