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‘Intentional’ Signaling in Animal 
Communication 
Marc D. Hauser and Douglas A, Nelson 

The problem of ‘intentional’ signaling is of 
interest to evolutionary biologists concerned 
with animal conflicts and to cognitive ethol- 
ogists attempting to determine whether 
nonhuman animals exhibit evidence of 
complex mental states. Recent theoretical 
and empirical advances in this ared have 
led to a num6er of important insights con- 
cerning the nature of competitive social 
interactions. Specifically, and in contrast to 
earlier claims, individuals involved in social 
conflicts often produce displays that predict 
theirsu6sequent behavior, and such predic- 
tive displays occur even when repeated 
social interactions are infrequent. More- 
over, studies on a taxonomically diverse set 
of organisms show that deception, in the 
form of withholding information, is preva- 
lent. Deception through concealment of in- 
formation may be widespread because it is 
more difficult to detect than active falsifi- 
cation of information. 

During the 1970s biologists using 
the conceptual framework of game 
theory’-3 raised an objection to the 
claim4 that animals should reveal 
information about their ‘intentions’ 
to perform a given behavior. They 
argued that in intraspecific conflict 
situations, signals conveying infor- 
mation about the probability of sub- 
sequent behavior (one operational 
definition of intention) would not be 
favored by selection because they 
could readily be exaggerated or 
concealed and thus would become 
unreliable signals over time. These 
early models stimulated much work 
on a wide diversity of species. 

The term ‘intentional’ has also 
been used to describe a different 
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set of observations and exper- 
iments on animal communication. 
Research in this area has raised the 
possibility that the outcome of 
some social interactions is deter- 
mined by complex mental pro- 
cesses rather than being the result 
of individuals responding to pre- 
dictable situations. 

Two senses of intentional signaling 
When ethologists4 or behavioral 

ecologists3 discuss an animal’s in- 
tentions, they typically mean that a 
given signal is predictive of the sig- 
naler’s subsequent behavior. For 
example, Maynard Smith* defined 
intentions as information about ‘the 
level to which they [signalers1 
would escalate’, or intentions 
‘specify what an animal will do, or at- 
tempt to do, and can be changed with 
little cost ir. fitness’5. The latter 
qualification is important, although 
difficult to measure in practice, as it 
distinguishes information about in- 
tentions from that about fighting 
ability, or what has been termed 
resource-holding potential (RHPj6. 
There is little dispute that animals 
should reliably inform about, and 
respect, RHP7 because most attri- 
butes of RHP cannot be altered by 
animals without incurring significant 
costs. Instead, controversy has cen- 
tered on the idea that animals 
should not provide information re- 
garding subsequent behavior (see 
Box I). 

The other common usage of the 
term intentional is derived from 
philosophy and, as used by some 
ethologists’2.‘3, raises the possi- 
bility that complex mental pro- 
cesses guide the behavior of some 
animals. A useful framework for in- 
vestigating intentionality in animals 

is Dennett’s ‘intentional stance”“, 
which posits a hierarchy of in- 
creasingly complex mental states 
underlying behavior. Using this 
framework, the alarm-call system of 
the vervet monkey (Cercopithecus 
aethiops)k5,‘6 has been scrutinized”. 
Observations do not support a 
higher-order intentional interpret- 
ation (e.g. A wants B to believe that 
A believes there is a leopard). 
Rather, results suggest that the pro- 
duction of alarm calls is guided by a 
motivation to inform others about 
danger or an appropriate escape re- 
sponse (e.g. A wants B to run up into 
a tree due to the presence of a 
leopard). As discussed below, how- 
ever, alarm-calling behavior in ver- 
vet monkeys and other nonhuman 
animals is not simply a reflection ot 
emotional state, since call produc- 
tion appears to be contingent upon 
the caller’s ‘audience’. As a result, 
animals can withhold information 
about predators and can use alarm 
calls that are functionally deceptive 
(see Table I I. 

Thus, there are two quite different 
concepts associated with the use of 
‘intentional signaling’. To avoid con- 
fusion, it would be preferable if 
researchers were to use predictive 
signaling when discussing the as- 
sociation between a signal and the 
signaler’s subsequent behavior. 
and intentional signaling when 
discussing the mental processes 
underlying signal production. 

Cases of predictive signaling 
In contrast to early predictions 

from game theory, recent theoreti- 
ca18 and empirical research on agon- 
istic interactions strongly suggests 
that in species where individuals 
engage in repeated interactions, 
signals accurately reveal infor- 
mation about subsequent behavior. 
However, two studies have also 
suggested that repeated inter- 
actions are not a necessary pre- 
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requisite for the evolution of signals 
that accurately reflect underlying 
motivation. 

Predictive signahg among individuals 
with repeated eMcounters 

Caldwell and his colleagues have 
investigated the fighting strategies 
of the stomatopod Gonodactyhs 
bredini (a crustacean)‘7-‘9. In this 
species, individuals use their rap- 
torial appendages to injure and 
even kill other conspecifics. Most 
aggressive interactions occur over 
defense of cavities. To understand 
how individuals assess the nature of 
an aggressive encounter, a detailed 
analysis of the ‘meral-spread’ dis- 
play was carried out. In this display, 
the raptorial appendages are 
spread out while the maxillipeds 
are extended into a circular pattern; 
the size of the raptorial appendages 
is positively correlated with the in- 
dividual’s ability to deter intruders 
from attacking and, in non-molting 
individuals, the use of the meral 
spread correlates significantly with 
subsequent attacks. 

Caldwell’ argues that ‘the meral 
spread carries information available 
to receivers concerning the sig- 
naler’s “intentions” to escalate’. 
Interestingly, post-molt individuals, 
who are literally defenseless, use 
the meral-spread display as an 
effective bluff because the signal’s 
credibility was established during 
the pre-molting phase. Because 
there is a high risk associated with 
challenging the honesty of an indi- 
vidual’s meral-spread display, this 
signal can be used deceptively. 

Pigeon guillemots (Cepphus col- 
umba) defend small (l-3 m21 terri- 
tories immediately around their 
nesting burrows. Feeding is done at 
sea. Male-male interactions often 
include vocal and visual displays 
(hunch-whistle and neck-stretch 1 
given either by the territory owner 
or by both birds”. Territory owners 
win the majority of interactions and 
fights, regardless of size and age 
differences. While role differences 
explain most of the variation in the 
outcome of interactions, variation in 
the frequency (pitch) and duration 
of whistled notes in the hunch- 
whistle and neck-stretch displays 
predict when and whether the sig- 
naler will fly away or stay. No vocal 
or visual displays have been shown 
to predict tendency to attack. The 

hunch-whistle and neck-stretch dis- 
plays form a graded display series 
that accurately reveals the prob- 
ability of subsequent behavior. 

Musth in male African elephants 
(Loxodonta africana) has been de- 
scribed as a signal that announces 
a state of heightened aggressive- 
ness20. In general, larger males are 
in musth for longer periods than 
smaller males, and larger males typ- 
ically outcompete smaller males. 
However, because relatively small 
adult males in poor condition and 
in musth can dominate larger non- 
musth males in good condition, this 
system provides an ideal oppor- 
tunity to explore the honesty of sig- 
naling about motivation to fight2’. 
When males compete for access to 
females, they readily make assess- 
ments of role asymmetries based 
on vocal, chemical and behavioral 
cues2’f2*. As a result of their asyn- 
chronous periods of sexual ac- 
tivity, resource value changes with 
age and sexual state. Therefore, 
musth provides accurate infor- 
mation about resource value and 
about a male’s willingness to fight 
with a given opponent, indepen- 
dently of differences in RHP. 

Predictive signaling among individuals 
with infrequent interactions 

Great skuas (Stercoraarius skual 
congregate on ‘club’ areas of their 
large breeding colonies. The club 
areas are composed of pre- 
breeders, failed breeders and old 
birds, the numbers of which change 
on a daily and seasonal basis. Birds 
in the centers of clubs show no site 
attachment, making it unlikely that 
there are repeated interactions 
between specific individuals. The 
neck-straight-bill-straight display 
has been shown to correlate signifi- 
cantly with escape by receivers, 
independent of the signaler’s 
distance from the receiver2j. Eight 
other postures did not correlate 
with escape by receivers, but it re- 
mains possible that some of these 
postures provide other kinds of in- 
formation that were not examined. 

The aggressive communication 
of northern fulmars (Fulmarus 
glacialis), competing for food pro- 
vided at sea, was studied to deter- 
mine the relationship between risk 
and effectiveness of a given dis- 
play9. Results show that individuals 
use signals that convey information 

The ‘WBr of strfition’ model developed by 
the first to make a novel 
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regarding their motivation to fight 
for a food source. As the value of the 
resource increases, individuals use 
relatively more risky or costly 
displays. 

In summary, these examples (see 
Table I) demonstrate that predic- 
tive signaling is common. Several of 
the examples appear to meet the 
assumptions of Maynard Smith’s 
territorial-bargaining mode15, or the 
repeated-interactions model of van 
Rhijn and Vodegel”. Other data 
sets9,23, which involved eit.her en- 
counters between unfamiliar indi- 
viduals or seemingly random 
encounters among birds on a com- 
munal ‘club’, probably cannot be 
interpreted within the framework of 
these models and may be explic- 
able in terms of Enquist’s ‘risk- 
effectivness’ mode19. In agonistic 
situations, therefore, theory and 
data have converged on the view 
that signals can be reliable indi- 
cators of an individual’s fighting 
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Table I. Signaling behavior in nonhuman animals 

A. Examples of predictive signaling 

individual 
Animala recognition? 

Stomatopod Yes 
Pigeon guillemot Yes 
Northern fulmar ? 
African elephant Yes 

Repeated 
encounters? 

Yes 
Yes 
No 
Yes 

Signal predicts 
subsequent 
behavior? Refs 

Yes 17-19 
Yes 11 
Yes 9 
Yes 20-22 

B. Examples of deceptive signaling 

Animala Context 

Chimpanzee Food, sex, 
aggression 

Great tit Food 
Domestic chicken Food, predators 
Vervet monkey Predators 
Baboon (Papio) Aggression 
Stomatopod Aggression 

Withhold 
information? 

Yes 

Yes 
Yes 
Yes 

False information? Refs 

Yes 30,33 

Yes 25 
Yes 28,29 
Yes 27 
Yes 12 
Yes 19 

“See text for Latin names of species. 

ability or motivation. The oppor- functions to manipulate the be- 
tunity for deceptive signaling is lim- havior of the target in such a way 
ited when recipients have access to that the actor benefits (e.g. the actor 
other information (individual ident- gains a food resource). Deception, 
ity, size) to which the signal’s mean- in this functional sense, remains 
ing can be compared, or when the neutral with respect to underlying 
frequency of interaction between mechanisms. In contrast, Whiten 
individuals is 10~~~. In other con- and ByrneI have used a large set of 
texts, such as the alarm calling of anecdotal observations on tactical 
birds and mammals discussed be- deception in nonhuman primates, 
low, subtle deception by signalers especially chimpanzees (Pan 
may involve varying the frequency troglodytes), to argue that individ- 
with which signals are given accord- uals attribute beliefs to conspecifics 
ing to the composition of the and use this knowledge to manipu- 
audience. late each other. 

Cases of intentional signaling 
An intentional interpretation of 

behavior can assume different lev- 
els of cognitive complexity. As dis- 
cussed by Cheney and Seyfarth”,, 
however, it is important to recognize 
that ethologists often apply the 
same descriptive terminology to ex- 
plain behavioral interactions that 
are guided by different mechan- 
isms. This point is clearly illustrated 
by the use of the term ‘deception’. 
For example, several studies (Table 
I) have examined the question of 
deception by demonstrating that an 
animal either conceals information 
or uses a signal that provides false 
or misleading information about the 
socioecological environment14. 

Although there is substantial con- 
troversy regarding the use of anec- 
dotes in the analysis of animal 
cognition26, deception, as used 
here, implicitly refers to underlying 
mechanisms (i.e. complex mental 
states) and only secondarily con- 
siders functional issues. There are 
two sets of experimental studies, 
with vervet monkeys and chickens, 
respectively, that provide evidence 
of socially mediated call sup- 
pression, a subtle form of decep- 
tion. These studies are of interest 
because they raise the possibility of 
higher-order intentional behavior. 

M011er25, for instance, has shown 
that great tits (Parus major) produce 
alarm calls in the absence of pred- 
ators. The consequence of such 
‘false’ alarm calls is that individuals 
improve their chances of gaining ac- 
cess to highly valued food sources. 
Msller uses the term ‘deceptive’ to 
imply that the actor’s behavior 

East African vervet monkeys pro- 
duce a variety of acoustically dis- 
tinct alarm calls which appear to 
refer to different predators15J6. Ob- 
servations under natural conditions 
suggest that when individuals who 
are separated from their group en- 
counter a predator, they do not give 
alarm calls. Moreover, low-ranking 
animals produce fewer alarm calls 
than high-ranking animals, even 
though there are no differences in 
the probability of sighting a pred- 

ator based on rank. In captivity, 
females give more alarm calls to a 
predator when they are in the pres- 
ence of kin than when in the pres- 
ence of non-kin, and males give 
more alarm calls when they are 
in the presence of females than 
males27. These results suggest that 
information about predators can be 
suppressed, and that the presence 
of conspecifics affects whether or 
not alarm calls are produced. 

In domestic chickens (Callus 
domesticus), males call when they 

find food. By presenting different 
types of food to males and by 
changing the social context in which 
the male finds food (i.e. changing 
the male’s audience), it has been 
shown that call production is influ- 
enced by the kind of food pre- 
sented and by the discoverer’s 
audience2*. Just like the vet-vet 
alarm-call study, this study also 
shows that call production depends 
on the presence of conspecifics. In 
addition, Gyger and Marler29 have 
shown that when sexually receptive 
females are set up as an audience, 
males will often (in 45% of cases\ 
give food calls in response to non- 

food items. They argue that this 
result provides a potential example 
of deceptive calling behavior. 

The vervet monkey and chicken 
studies raise the possibility that call 
production is mediated by the 
caller’s intentions. For example, 
when a rooster calls in response to a 

nonfood item and thereby attracts a 
female, does he consciously intend 
to deceive the female into believing 

that there is food? Similarly, be- 
cause verve& only appear to give 
alarm calls in the presence of group 
members, do they intend to inform 
others about predators? Re- 
searchers involved with this prob- 
lem have concluded that such cog- 
nitively demanding interpretations 
are not yet warrantedf3. Rather, 
signal production in verve& and 
chickens can be explained by the 
rule ‘Call when there is an appro- 
priate audience and do not call 
when there is no audience’. Results 
from more recent studies suggest 
that the particular stimulus charac- 
teristics of the audience (e.g. fam- 
iliar versus unfamiliar, kin versus 
non-kin) are important. 

Although this rule is the most par- 
simonious explanation, results both 
from observations under natural 
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conditions and from experiments 
reveal that individuals control the 
frequency of signal production, ap- 
parently independently of other 
responses to the situation. For 
example, when female chimpan- 
zees copulate with older males, 
they typically give loud copulation 
calls. In contrast, when females copu- 
late with younger and presum- 
ably lower-ranking males, they oc- 
casionally do not call even though 
other behavioral responses to copu- 
lation (e.g. facial expressions) are 
expressed30. Thus, nonhuman ani- 
mals are capable both of withhold- 
ing information and of falsely 
signaling about obiects and events 
in the environment. 

Conclusions and future directions 
In conclusion, current research 

shows that in agonistic situations 
animals often use signals that accu- 
rately reflect their subsequent be- 
havior. Such predictive signaling 
has been demonstrated in species 
with repeated interactions among 
individuals and in those where re- 
peated interactions are infrequent. 
Our current theoretical and empiri- 
cal understanding of predictive 
signaling needs to be extended to 
non-agonistic situation+‘. Although 
there is only suggestive evidence 
that nonhuman animals attribute 
mental states to one another, more 
detailed observations and exper- 
iments should allow us to show that 
nonhuman animals are not only 
good ethologists but also good cog- 
nitive scientists. 

Lastly, it is important to recognize 
that predictive and intentional sig- 
naling may not generate different 
hypotheses regarding the outcome 
of an interaction and that tests of 
these hypotheses might lead us to- 
ward a better understanding of the 
evolutionary significance of using 
complex mental processes to guide 
one’s behavior (see Ref. 13 for a de- 
tailed presentation of these ideas). 
Specifically, an individual using 
probabilities of expected behavior 
to guide behavioral decisions (i.e. 
predictive signaling) will be locked 
into a particular type of behavioral 
interaction (e.g. aggressive encoun- 
ters with specific individuals, but 
not grooming interactions). In con- 
trast, if one can attribute complex 
beliefsj* to others and use these to 
establish another individual’s in- 

tentions, then one escapes the con- 
straints of having to respond to a 
given individual in a given context 
and can, instead, respond to what is 
generally known about individuals 
in the population for many different 
contextsr3. 

One way to bridge these perspec- 
tives would be through habituation- 
dishabituation experimentsr3. For 
example, one could cause an indi- 
vidual’s recruitment screams to be- 
come unreliable through repeated 
playbacks (i.e. habituation), and 
then determine whether group 
members transfer this knowledge to 
another, perhaps closely related, 
domain such as intergroup ag- 
gression. A lack of revived response 
to intergroup aggression calls would 
imply that they had transferred 
knowledge about that individual’s 
reliability as a signaler across con- 
texts. If, on the other hand, they do 
respond to intergroup aggression 
calls, then this might suggest that 
their knowledge is specific to the 
context. 
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