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An attempt has been made to describe some of the responses evoked by
communication signals in certain animals and to infer the kind of infor-
mation which the signals transmit. Using the methods developed by
C. W. Morris (1946) for the logical analysis of human language, identi-
fiors, designators, appraisors and - prescriptors can be distinguished.
Animal signals are rich in designative information, and five sub-
categories are distinguished: species-specific, sexual, individual, moti-
vational and environmental information. The influence of natural
selection upon the form of a signal will vary according to its information
content. For example, the variable nature of some signals and the
stereotypy of others can be related to the conveyance of different types of ;-
motivational information. A single signal often conveys several different
items of information which are usually inherent in the whole signal and not
represented by different parts of the signal. The form of some signals is
arbitrary but the physical structure is often directly related to informa-
tion content, in an iconic manner, or in other ways.

Introduction

By any reasonable definition of the term “communication” there can be
no doubt that animals communicate with each other. Some authors even
extend the term to include exchange of stimuli between organisms and
their physical environment (Stevens, 1950), which is perhaps further than
it is necessary to go. The position adopted in a recent book by C. Cherry
(1957) serves very well to restrict the discussion to a social context. He
defines communication as: ‘““The establishment of a social unit from
individuals by the use of language or signs”. Inclusion of both signs and
language in this definition ensures from the outset that studies of com-
munication systems shall not be restricted to the languages of man. This
simple step, which so many past authors have been reluctant to take leads
Cherry into a lucid, illuminating account of the properties of com-
munication systems and of the methodological problems which they pose.
As a student of animal behavior who has been grappling with problems
of animal communication the writer has been struck by the relevance to
zoology of many of the ideas expressed in Cherry’s book. This paper tries
295
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cers. The solution to (b) is not certain, but personal observations
hat an eager audience in the hive is certainly stimulating to a
owever, we may ask whether this is a sign of purposiveness, or
he dancer is simply stimulated through palpation by the antennae
ofithie audience. )

e-concept of purposiveness has to be reduced to such a vague level
t can be tested, as Hebb and Thompson seem to imply, we may
sr-whether it has not ceased to be valuable as a theoretical construct
nalysis of animal behavior. W. H. Thorpe (1956) has pointed out
ifficult the subjective and objective aspects of purposiveness are to
4te: Jt may be best to restrict the idea of purposiveness to a human
Hebb & Thompson (1954) state that the essence of purposive
cation is that “the sender remains sensitive to the receiver’s
iveness during sending, and by modification of his sending shows
behavior is in fact guided by the intention of achieving a particular
ral effect in the receiver”. By this definition any dog-fight qualifies
osive, as the authors admit. It is not clear what is gained by using a
ed and loaded term for a process which is basically a mutual
unicatory exchange, unless to draw attention to possible subjective
phenomena. If the latter, then we should recall Thorndike’s (1g11) still
Jfelevant warning about the dangers of the introspective method in animal
notwithstanding Tolman’s (1932) demonstration that by placing
linterpretations upon it, purposiveness can be given an objective

asser hejribglief that the above criterja “are enough to set it
- animal’ qun}gpication”. A promising discussion thus term
- point, where it is about to become productive. In the field
gttim S to a‘naly.se animal communication have also been
ﬁit urizfoéent;c viewpoints (e.g. Revesz, 1956), although it
guist, C. F. Hockett (1961), who has succeeded in defining

AN OBJECTIVE APPROACH

perties of human language in a
oceurrence in animals. In dojp
one of the ¢riteria, Thj

#The descriptive or taxonomic approach, which comes less readily to
psychologists than to zoologists, has provided the bulk of our present
knowledge about animal communication, as applied by such classic
investigators as Charles Darwin and K. von Frisch. This in turn has led to
new-inductive generalizations by K. Z. Lorenz, N. Tinbergen, W. H.
Thorpe and others which will provide the framework of future work for
many years to come. Instead of approaching animal communication with
anthropocentric preconceptions, they set out to describe the natural
behavior in objective terms, seeking to derive conclusions about the
evolutionary basis of behavior. Even such severe critics as D. S. Lehrman
(1953) fully acknowledge the great value of the advances which this
“ethological” school has achieved. Communicatory behavior has figured
prominently in this work and provided the basis for much of the theoretical
discussion in the early papers of Lorenz (1935) and Tinbergen (1940). The
; - scope has subsequently been broadened to include other types of behavior,
lsCOIlCept.lon that the entire contingent of and the “ethological” school (Tinbergen, 1951; Thorpe, 1956) now pro-
can perceive the performances of a dozen | vides a rationale for the analysis of animal behavior.

PURPOSIVENESS
(1954) question whethe

r the waggle dance:

even when it had beep
(a) seems to be based on the m
perhaps ten thousand workers
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Semiotic: The Theory of Signs
h the results

situations.... ..we find that thes
each other and as instruments
come: irect,

on s to bear dlrectily on our
_the person actually Interpretin
1s-happening. We should devel

€ signs which men use to communic
of thought occupy a peculiar place
present problem with the statement
g'a s1gn is not well placed to observe

other people, and only admit e(\)zfl) our theory of signs from observatio

how to appraise jt.” dence from introspection when we kiow

analysia, 37 : .C- S. Pierce to the problem of lan uage
V! B. Gallie (1952) gives the following exa}r)nple. “SUIZ'POSE'ﬂ"at

in any particul ot
y P ar case we are in doubt whether some sign made by an
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individual A has been interp.reted or understood by a second individual B.
How should we set about trying to settle the question? Should we somehow
or other try to discover directly what B’s ‘mental reaction’ has been ? It
seerns quite certain t}}at we have no means whatever of doing this. What
we would do, surely, is to try to dl.SCOYCI' whether B has made some overt
response such as A’s sign woulc% J.usnfy.” Cherry (1957) emphasizes the
same point, that only a non-participant observer can make fully objective
observations on communication systems.

The science of semiotic has arisen to deal with the kind of data that are
obtained by direct, non-participant observation of communication
systems. 1t is usually divided into three parts: syntactics, the formal study
of signals as physical phenomena, and the laws relating to them; semantics,
study of the “meaning” of signs; and pragmatics, the significance of signals
to the communicants (Cherry, 1957). The application of syntactics to
animal communication is clear, and great progress has been made by
Tinbergen and others in this kind of analysis, especially in the sphere of
visual communication (see Tinbergen, 1940, 1951, 1952, 1959). Semantics
are of doubtful value in animal studies, and as Cherry points out there is
considerable overlap with pragmatics, even in the sphere of human
language. Pragmatics on the other hand forms the natural complement to
syntactics, one defining the physical properties of signals, the other
concerning itself with the role of those signals in the communicator
process, a role which we seek to establish by observing and interpreting
the response which they evoke in other animals. ’

ANIMAL PRAGMATICS

The central problem is to determine the nature of the information .~
conm signals. As Cherry points out “‘information
content is not to be regarded as a commodity; it is more a property or
potential”, It cannot be discussed independently from the occurrences of
responses to the signal in other organisms. We thus require a means of
inferring information content from the nature of the response given. We
ay note in passing that the information theory developed by Wiener &
Shannon (Shannon & Weaver, 1949) is of no help to us here since it
operates only “‘at the syntactical level” (Cherry, 1957). The work of C. W.
Morris (1946), however, is directly concerned with analysis of human
language at the pragmatic level and can give us some clues as to how to
proceed.

Morris seeks to distinguish between signals which function as identifiors,
designators, appraisors and prescriptors. He emphasizes that this is not an
exhaustive list, and elaborates some of them further to deal with special
problems of human language. The four basic categories will suffice as a
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further. discussion. We can describe each of the;
nding. type of information, provided that we.
yriate - résponse from a communicant, The cate
lly- exclusive, so that one signal might convey opg
fferent types of information.

poral region; in the case of designators the interpret

d be terminated by an
; in the case of appraisors the interptet

in the case of DPrescriptors, the interpreter:
erform: certain response sequences rather than others.” So.4

aid-to signify. (i.e. convey information about) loca

esignators to signify characteristics of the environme
ify -preferential status and prescriptors to signify.
onses' are: required.. This classification cuts across
ge:into: emotive and referential

tio

cation:ds subject to testing in a way that the other is not
an:see. that while prescriptors and appraisors embody:
emotive” language, and identifiors and designatos
referential”’; in nature, the latter can be emotive
4 istances. Thus the new approach is more precise and
regarded.as replacing the older terminology, as Morris suggest;

- We now have to demonstrate that this method of analysis ca
applied--to; animal communication systems. J. B. S. Haldan
,:Haldane:&fSpurwayf, 1954) have already shown some ways in'w
may be done, and the writer also made an attempt to analyse vo
munication in a small bird,.the chaffinch (Marler, 1956) by 4=
ne-suggesteéd here, A reinterpretation of those sa

ofset mals to:
~that same: response is-given, we can infer the nature of the “mess
transmitted by the signal. - .
zwilhe song of the chaffinch-is given only by the male.

gamous; and the song is espe

20,

The spe ’
cially frequent in an unm

ach ' inging male, soliciting
establishing a pair bond with-him, Cireumstantial evidence suggests

some females learn the individual, characteristics of their mates’ SOng;
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¢ntly respond to them in a,preferential way. The behavioral
ges consequent upon the female’s response to the song are f:onﬁned
cual context and are normally evoked by what we may descnbe? as an
xua’éte sexual partner”. We may infer that frequent male singing
s?nformation about this particu!ar f:lass.of objects which are the
jonata” of the male’s song, in this situation. What exactly is the
g’ation content which is implied? ‘
appropriate sexual partner for an unmated femal§ chaffinch in
sdictive condition is an unmat_ed . male. cha}ﬁn.ch " reproductive
7, in possession of a territory (within which nesting WIH. take place)‘,
close to a location occupied by the female at tllze same time as she is
Ve are suggesting that all of these items of information are con-
o her by the male’s song. This does not imply that the song has any
gfor her, only that it performs selective actions upon her, appr?-
to a certain input of informatioq (Cherry, 1957). The male’s
ual identity may also be conveyed in some cases. To what extent
s be fitted into Morris’s scheme? . . ‘
ntifiors” dispose the receiver to direct his responses to a certain
emporal region. We can show tbat such.ldenufymg mformatloln is
presentin the male chaffinch’s song which provides an abundance of ¢ uIes
for. precise location of the singer in ti[.ne and space (Marle.r, ‘1959). n
sore espects “‘locating” informat‘ion might be a better description. it
e Jesignators’” dispose the receiver towarfis response sequences whi
would-be terminated by an object with certain charactf:r{stxcs. Desxgng?xve
information is thus to be defined by the characteristics of Fhe 0 Jec';
nbfmally evoking the response, in this case t'hose of an appropriate szxuae
pattner: This would encompass all of the items (?utllned above' ar;, ; w
shall suggest in a moment that furt%'ler sub-categories may be desuasee.se_
- “Prescriptors” dispose the receiver to perform certain res}ll)onf e
quences . rather than others. The response prescribed f(‘)r t I(? fem e
chaffinch is to approach and to adopt certain postures Whl'Ch elicit m:es
courtship. Prescriptors and designators may be cor}fused in some ;:)a X
because we need to know the kind of response prescribed before the o : iiecd
designated can be discovered. Circular reasoning can only b;e a;rfoihz
when prescriptor and designator are contained in different signals. i g
can be combined with other signals a different response can be prescribe
with the same designator and the effects can be separated. When.thelssarlrllz
signal performs both functions, as seems to b.e common in ggima )
logical separation between prescriptors and designators is P%ssx > e.Certain
- Appraisors dispose the receiver to re.spor%d prefer.entlahy fo ertal
objects, Although we have no quantitative information, the {e(}ormazf
with which a song is repeated probably conveys such appraisive in
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tion: Within the range of song frequencies that wil]
female confronted with two singing males may be m el‘{Oke
“one'who is singing most persistently, oot likely o
A more detailed breakdown of the n /
prescriptive) information is required if
of 'the evolption of animal communication systems. M iti
point Of.VleW of natural selection is the presenc-e t(? SthcrItl
3nformauon——that the singer is a chaffinch. We ca ° It ° ens
1{1form.ation—-that the singer is a male; 7 inte

ature of designative (ani
this system is to aid ug

'§;;~ample, -in a situation involving a
:;;{1};1 ﬁ;;xiljlstmg Ef adhiIgh thin squeak. It is typically given in

~ tymng overhead. It evokes th '
ches as the stimulys provided by the }fafjlr(n ey, ey e

cute danger male chaffinches

callﬁ. Degrees of species specific
extent that signals are of mutual
of different Sympatric species.

A signal function; i 4
subjectgto s z:;;tle(:;(l)l]n%‘ to transmit species-specific information will:be
confusion i nalu lonary pressures, since there must be a minimumof

gnals used by other species at the same time and place.

Circumstant; i
pire rgl:ein:;i Ci\;dince suggests .that many auditory and visual signals
or specific distinetiveness (see Sibley, 1957). Con-
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v‘e"r,seli'” signals with an interspecific function may be subject to selection
for convergence upon a common type—or at‘l‘ea.st to a minimum of
selection for divergence. Where species §p<?c1hc1ty 18 required, it is
desirable that, as well as being specxﬁgally distinct, the signal should also

- biologically improbable z}nd conspicuous for effective communication

spainst 2 background of env1r9nmental “noise” (Lorenz, 1951). A relative
i of variability is also requ1r§d among members of the same species, or
a” : rate of the same populatlgn, an important point when we compare
sgnals which convey individual information.
- Spiual information. Responses associated with reproduction are normally
evoked by members of the opposite sex when in the appropriate physio-
logical-condition. A signal evoking such a response may be said to convey
sexiial information. There are, however, cases where such behavior
pattetns-are also evoked by members of the same sex in what may be
called -homosexual or pseudo-sexual behavior (see Morris, 1955). The
incidefice of sexual information varies considerably as manifest in the
stent to which the sets of communication signals of the male and female
ovétlap in different species. 'The same principles often apply to visual and
audjtory signals, so that the more sexually dimorphic finches, for example,
also-show the greatest discrepancy between the repertoires of displays and
vocalizations in the two sexes (Hinde 1955-6). The principles governing
these variations in the prevalence of sexual information in the signals of
differént species have not yet been worked out.

In discussing differences between the signals produced by male and
female animals, Hockett (1961) has elevated the principle of what he calls
“interchangeability”” to the level of a major criterion in the analysis of
communication systems. He suggests that while it occurs in animals, it is
especially characteristic of human language, implying that any person can
theoretically reproduce sounds made by any other person. He makes a
distinction between language and paralanguage (Trager, 1958) and applies
the principle of interchangeability particularly to the former. However the
same- distinction, which seems to rest on an intuitive judgement with
reference to human language, cannot be made with animals. If we regard
the difference between the sexes as a means of conveying sexual informa-
tion, this information is obviously present as a conspicuous and more or
less consistent difference in frequency between the speech of men and
women. While the auditory signals produced by women share many
characteristics with the corresponding signals of men, there are also in
Western Society certain unavoidable differences of pitch, unavoidable,
that is, for most women (Potter, Kopp & Green, 1947). In this respect the
lack of “interchangeability”’ in human speech is more striking than in
Some animals, since even strongly sexually dimorphic species often have

cpEERNE



304 PETER MARLER
THE LOGICAL ANALYSIS OF ANIMAL COMMUNICATION 305

‘some signals which are consistently identica] in all resp
¢

- approaches and mounts. Similarly the calls given periodically by the young

as they become hungry, cause the parents to bring food to them.

Individual information indivi .
Signal 1 cjir Whenevér'glll:rtransfer ‘of individual jnfy, Information about still more subtle changes in motivation can also be
readily evoked, by s oo lesp().nse. 18 normally only eyols qransmitted. Here the best evidence comes from visual signals, and to
, particular individual emitting the discuss them we shall again have to anticipate consideration of the

qualifications admit the possibility of appraisive ;
cludeq here, since the female chaf}f’inch, I;é)r ;}S(;‘;ipllf;fo‘;_n :
unfan}lhar chaffinch song, though she may choose a f; ; o
a choice. In many circumstances individual ot
mates, rivals, young, and companions
behav?or of animals (Nice, 1943; Marler, in press)
A signal which transmits individual informatior; is subject/

divisible parts of the signal and the information they convey. Many of the
communication signals used by animals are subject to what Morris (1957)
has called the “principle of typical intensity”. This implies that the signal
varies little or not at all, with variation in the level of motivation with
which it is associated. Either it is given in “typical intensity” or it is not
given. Such a signal can eﬂfef:txvely communicate presence or absence of a
certain type of motivational information but not variations in degree. For
many purposes this appears to suffice. In general, a male chaffinch is either
in reproductive condition or he is not, and an “all-or-none” type of signal
can communicate this.

Other signals do not obey the principle of typical intensity, but vary
widely in form, completeness and frequency with the intensity degree of
motivation with which they are associated. Visual signals used in fighting
behavior are particularly prone to vary in form with slight variations in the
intra-group var: bility i o : presumed. balance 'between the. tendencies. to attflck_and \yithdraw. An
Jhtra-group arability in signals which are thought to be inve opponent is often highly responsive to the slight shifts in motivation which
these changes convey, advancing in response to signs of withdrawal, and
vice versa, and the final outcome of the fight will normally be determined
dividual information § \Dped in this way. On the basis of his extensive studies .of the behavior of cats,
to different paramors y rfe ¢gating the stereotyped and variable pro -LeyhaAusen ( Iggé) has ]Deen able to construct a Latin square of the changes

Motivationa] o 18 ;‘ the song, ; in facxfil expression with chagges'1n aggressiveness and readiness to flee,
formation moﬁvatiomalzon. The .Iast two categories of designati including gll possible combinations bet\jveer.l the_ two, a remarkable
defin th:a b undna and environmental, are the most diffie demonstration of thej complex array of motivational mfozjmatlon th-at sgch
from ,an ot erstood, and Perhaps ultimately the most imp graQed communication signals could convey. A functl'on of ths kind
inforitation by 5 Siry {DOIDt of view. The transmission of motiv: Obvxously has prpfound effects upon the way in which the S{gnalsv‘v‘lll e\'@lvei;
priate to 2 payrticu gnal may be inferred The signals discussed above convey what we can describe as positive

. motivational information; they enable a receiver to “make a positive
prediction” of the response which the signaller is likely to give when ap-
proached. The evolution of a second class of signals has been governed by
a trend towards becoming the direct opposite of other signals, as Darwin
(1872) pointed out with his principle of antithesis. His classical example is
the behavior of a submissive dog which can only be described as the
opposite in all respects of a dog which is fighting. Many other examples of
€N a mated female has built a nest and such “antithetic” or “reversed” signals (Tinbergen, 1959) have been
It described, having the function of conveying something like “no offense
a special call which . en actuallyh ready for copulation she gives § Meant”, and so Teducing the chance of an open conflict occurring (Tin-

18 restricted to this congext, The male promptly bergen & Moynihan, 1952).
T.B,

20
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ht:of the present analysis we can reinterpret this fun
reyance of negative motivational information, ma
ceiver. to predict that the signaller will not beh
i-he-is approached. All of the cases known so far oceyy
ggressive situations and appear to function by reducip
f attack or flight, or both. Negative information about re
c:or'to flee is conveyed in most cases. Once again there are

king it

ave in g

Increasing aggressiveness —————ypm

Q@ ©

b X
° o

2 A %

* @ ® ®

.:Cﬂhaxige's; in the facial expressions of cats associated with variations’in
Intensity-of aggressiveness and fear, (After Leyhausen, 1956.)

ns  which could be explored further. For example,
lays usually have certain formal properties and also a:cértain
th: respect to the opponent. A negative element caiibe
1th-tespect to a certain receiver, both by reversing formal
-the. display. and also by orienting away from the particular
er.. Both-trends, in various combinations, can be traced in-the
e P’l given by Tinbergen (1959), ranging from simple reorientation
of an.aggressive display to the reversal of other aspects as well. :

,Enmmnmental information. When Morris (1946) set up the category:o
deslgnat'orS' he visualized their primary role as conveyors of environ:
mental information, encompassing as they do the characteristically human
%r:dency to give things names, In animals we may infer that a signal has

3.

——
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environmental information if the response it evokes is ap-
to some characteristic of the environment of the signaller at the
rin the immediate past. The exact temporal relationship will be

presence of food was conveyed by the signal.
ye-inferred that the male chaffinch’s song conveys two items of
ental information, one positive, that he is within his territory, and
ive, that he has no mate. Other examples are mainly concerned
at’are perhaps the two most important aspects of the physical
nt to animals, food and predators. The use of signals conveying
ence of food is probably widespread within family groups. The
ing movements, by which a domestic chicken attracts her chicks
f grain, are a familiar example. Special calls are probably also
‘context, though no examples are known to the author, The
entioned above certainly attracts adult gulls as well as young
ings, Cox & Peissner, 1955).
st-known signals concerned with the communication of food are
¢s of honey bees, analysed in detail by Karl von Frisch (1954). The
nce communicates the distance of a food source in the neighbor-
he hive and its richness. The waggle dance, when given in the hive,
nunicates the direction, as well as the distance and richness of
hich are further from the hive. This is, in a sense, another case of
cation within a family group, for the worker bees are all daughters
same queen. The dances are also used in the swarm, to com-
cate the distance, direction and suitability of new home sites (Lin-
1957). Here the dances are given, not on the vertical combs in the
scof the hive, as in the case with the food dances, but on the surface
arm. Clearly the context in which the dance is given affects its
icatory significance. In both cases the signal is a mechanical one,
particularly by the bee’s antenna and the mechanoreceptors at
se2 The different items of information are conveyed by different
sof the dance: direction by the angle of the waggle run with respect
tical; distance by the tempo of the dance; richness of the food
‘by the persistence of the dancing. Information about the latter
also be placed under the heading of appraisive information, since it
nines the choice made between different situations, particularly in
arm; where departure from the temporary resting place does not
ntil the dancers have reached a degree of unanimity. The final
decision is ‘achieved by the scout bees discovering the best site who, by

20—2
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erSistent dancing, eventually sway those who have

but less satisfactory sites (Lindauer, 195%).
ce the environmental information conveyed by apjmy
ificity-generality continuum it usually appears to },
: fic'in nature. Information is transmitted about food by

articular food. It is true that foraging hon

Is “displacement”. The only well documented case involving a
elay in animals comes again from the honey bee where the dance
ter the forager has returned to the hive (von Frisch, 1954). Here
are-finite limits to the delay, which is short by human standards in
, and it would hardly be useful to the honey bee if it were any
nce the food supply from a given plant varies from hour to hour,
capacities in this direction are probably unique although one may

differs when it takes place in the hive and on the swarm. In
of the communicatory process as though it were mediated by
one, we have thus been guilty of over-simplification. The response
y a signal—and therefore the information it conveys—may vary
anges in the circumstances both of the sender and the receiver.
ng of a male chaffinch is seen in a different light if we observe the
ponse of male chaffinches instead of females. A male chaffinch intruding

to‘a:safe distance and conspicuous “mobbing” behaiis
- : However; the circumstances may greatly modify the resp
gwven predator. In early spring a male chaffinch will normall;

¥. The response of a male in an adjacent territory will be different
and so on. The separation of all of the factors which bear on a given
f communication is thus an imposing task. The additional possi-
ialways exists that the signaller may be emitting several different cues
atthe:same time, as seems to be the case in rats, for example, where
olfactory, tactile, visual and auditory signals may all play a part in the
female’s sexual responses to the male (Beach, 1942, 1947).

{ this ‘case (Smith & Hosking, rgs 5)-

“Conclusions on information content. Although identifiors (or locators)

Divisible Elements of the Signal

, y selntrying to determine the role of prescriptive information in animal
escribed, all having particular implieations [ signals we have been confronted by the dilemma that it cannot be distin-
: Ommunication systems. Perhaps the«most guished from designative information in signals consisting of one indivi-
one towhich investigate liman language is environmental information; the sible unit. Only when prescriptors exist in physically separate parts of the
animals With s %" e rb most ofter} turn when they wish to con}pal‘g?ffhe signal can an unequivocal separation be made. It thus becomes important

: asic capacity, to convey environmental informa- tostransfer our attention from pragmatics to syntactics to consider the

tiori by sig) i ; . . . . A .
o Y Signals, is present in both, However, the time element in-this physical nature of some of the signals used in animal communication.
Process is significant as several authors have pointed out (Haldane, 1956; [

Haldang& Spurway, 1954; Hockett, 1961). In animals the delay between

ormation-havesbeen d
volutionrof animal
nt-category in h

CONTINUITY VERSUS DISCRETENESS

h | Attention has been drawn to the fact that some signals vary to the extent
Ject 18 usually a short one. In man that they sometimes grade continuously into other signals; others tend to
ndefinitely, illustrating what Hockett appearin an all-or-none fashion, so that they are separate and discrete from
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all- other signals. The degree of variation observed can
extent with the information which the signal conve
tinuous variation may occur in at least three different
«- First, appraisive information appears to be most co
animals by signal characteristics which vary in a con
frequency with which the chaffinch song is repeated probably conyeys
appraisive information to the female about the male’s relative suitability g
a mate (cf. page 302). Similarly the persistence of dancing in the honey bee,
as expressed by the number of dances given before the sequence is brokep,
conveys appraisive information about the richness of the food sourés g
the suitability of a new nest site to other members of the hive, Cases:may
exist where appraisive information is conveyed by a discontinuous seriesof
signals. For example, the remarkable series of postural displays given‘//eby
the black-headed gull correlated with variations in the relative and absolyte
levels-of tendencies to attack and to flee should come into this catego

be correlated t0'soime:
ys. A degree ofze,dn;
clrcumstances;,;7
mmonly conveyed ij
tinuous manner, The

while some intergrade, others are discrete, with a sudden switch fromine |

to the other as the balance of motivation shifts (Moynihan, 1955; i
bergen; 1959). However, it appears that this condition, which is character-
istic:of human language, is rare in animals, St

- Another-function of continuously variable signals is the conveyance:of
subtle changes in motivational information. Some signals, as Morris (1957)
has indicated, vary little with slight changes in the signaller’s motivation;
whereas others mirror the changes in motivation very closely (cf. page308).
Particularly in fighting behavior, where the communication of such subtle
motivational information can assume great importance, such variable
signals are often used. Human language is in some ways less well adapted
to’'convey such continuously variable information because of the tendency
to divide continuous phenomena into discrete classes, which is perhaps one

of the reasons why animal signals of this type are difficult for zoologists to
describe,

ontinuously variable signals also occur as a means of conveying
environmental-information of a continuously variable nature. The best
-exampleis again from the honey bee dances, in which both the direction
and distance’ of the food source are communicated. The former is con-
veyed by the-angle of the waggle run with respect to the vertical, the latter
by thétempo of the dance, both varying in a continuous manner. No doubt
further examples will be discovered.

We may conclude that continuously variable signals have an important

role to play in the communication systems of animals. More stereotyped,
discrete signals are also common and

Astonishment

Frenzy Disgust
i . . n
FiG. 2. The facial expressions of a young chimpanzee in various mc(l) ods. g?fafrﬁf‘ézi;m
the face are numbered to emphasize that each one may be involved in s -
expressions. (After Kohts, 1935.)
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tror. Also appropriate inborn responsiveness to g}

t not assume that the lack of such lability among animals is
us
s$;which characterizes the commun

sult of incapacity of the nervous system to hgndle such complex
SuTh way of life of most animals is so stringent and fraught
o hZ‘c a }lruicrh premium is placed upon quick productioq of
o th' h canbbe accurately interpreted by receivers, often with-
s v lf:t for previous practice. Given that the fight for surv}val
pportumlii{nited number of factors, such as reproduction, ﬁghUng,
. Eyt?)rs which, as selective factors, dominate all others in their
d’pfe‘ al'ttle place in the biology of most animals for the kind of
e munication which human language permits. Nor must
o munication is a social activity which often runs counter
rget thee Comds competition which characterizes most animal com-
rer%d vy elaborate social organization is required before .the
'fj:’mv;lrgividual’s genotype becomes so depen'd"ant upon .?Em;rsi
roup that natural selection will encourage mdlvxd\-lal sacrifice ;
fol} t};le community. In most cases we may expect th}s to ('flccurt on g
o fami ich is one of the reasons for the stron
y famg{riﬁi?;pin‘ffif;tion in communication sigr}als. With a
lsyk’(/)(;;ltel rsloizial organization and division of labor arrlxlong ltsdmem(})i;sé
i individual survival are alleviated, an
n’lzcei::atfzrpl‘;isesu(al‘)f;lgi}t)gtrilo?if the more subtle Tg}alins arisirlxgbfroiz
ol i tems of communication. The most elabora
'abt(i);?lns(;;‘czgiflg’vsn in the animal kingdom oceurs in the fhopey
siiose ocial organization particularly from a genetic point of view
. gs:p;roach the ideal conditions we have postulated above.

ication Systém
te signals than

different items of information
telements as is commonly the case in human languag,
ponent elements can be rearranged to create new ‘i
ever, this does seem to occur in Some cases, particularly in v
ication signals. The facial expressions of chimpanzees prob
nals in intraspecific social behavior (Hebb, 1946). In describi
Kohts (1935) took great care to point out that the same creases.o
nay be involved in several differe

canv,,be,~irearfranged to create new “
of components by different visual
may imply something similar.
Examples may also b

messages”. In a similar way the sh

D ND SIGNAL STRUCTURE
ispl f ird the chaffi ONSHIPS BETWEEN INFORMATION CONTENT A
displays of such bir s as the ¢

i arded as consisting of arbiFrary symbols,
Hufﬁ?ilgfif:; iilérssilclssallligitzz%ship to the information which 'they (éa:)rgé
e cimmunication system is thus base‘d upon 2 ci)snx(/)elin:xnoilrllr.1 _Some
'L woologists have asserted that the communication s(lignmaany [ fimals are
arbitrary in the same sense (Lore.nz, 1935, 1951) }:inSical py of them seem
to'satisfy the criteria. However,‘m some cases phy
ately related to the corrcispor‘ldxr}g de's;gfll)at)etinformation by sound eigasls
ds. Some species have several discretézcalls he conveyance of locating (i.c. ldeme1 yslingce this controls the ease with
lone, sometimes together with other-calls. “directly related to physical stiuct};rd, Vertebrate animals, for ample
ignals may conceivably contribute to one § which ‘the sound source can be ocated. Vertebrate animals, for example,
overall signal whose information content varies with the constituents of { tely primarily upon differences f’f m‘censii jsy,tg e are those sroviding
which it is made up. If this proves to be the case, we are then approaching, | sound at the two ears. The easiest Sot?hin e e e i
at a very primitive level, the kind of lability in the manipulation of the all'of these clues, the ideal being ‘somf i gs ke 8 repeiive dick. Thi
_ information content of signals which js such a distinctive property of type of sound, used by many species o S e e .20
human language, ' owl (cf. page 308), is a readily located call serving

nce that these recombined elements differ

“incinformation content, Better examples are likely to be found

calls of certain bir
which are given, sometimes g
The sequences of different s
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;t:(‘)v:«theaposnion of the owl. Conversely the calls given wh,

overhead have a different structure which minimizes t‘;vl Ak
for:location, making the source of the sound difficult to 4 N du?s
with different types of receptors which respond, not t reain
but to the actual displacement of molecules of ’the m:

determine the direction of sound directly by reference T;n 'Zhar /
. . e Vi

properties of sound, so that their signals are not aff
. . . t
of location which confront vertebrates (Marler, 19 5;; e by the py
. We have noted that appraisive information s sometir k
irequency or length of time for which a signal is r ho;
dances longer for rich food sources than f Do The o
iconic relationship. ° poor ones, which o
* With the sub-categories of desienative j i ‘
> Wi . gnative information we
:,gr,ound. Cons1der for example some of these signals in th;ll IE ﬁll
dmost »zc;ommo.nly acceptfed alternative to “arbitrary” which is (‘io,
degree ?f .dlref:t physical correspondence between the signal '2
e—rexits:ls implied .(see Cherry, 1957; Hockett, 1961) as with a pic>
e '.I‘heportxon of the honey bee’s waggle dance that commyp
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Dressure

by 10 meams arbivany. o oSt However hei physicl st
they’ miy. conves 'Ir‘i, in ;e atlo.zlsh}p to th(? locating information.
apPlied 10 a signdl as ' whele s o 1oAY and iconic cann
structure-and pirticu;ra‘tw ole, only to the relationship between signal
Signals conevin, r items of 1{1format1(.)n which they communicate.
Most sound s; ying motivational information may be iconic or arbit raty.
signals propably come into the latter category, although sounds
: m%) mammals in fighting, having a grating, growling
ay-be‘related in iconic fashion to the snapping of beaks
“ursincactual combat, Visual signals which are known'to
What zoologists call “intention movements” (Tm
D?ange,”xgso), which Darwin (1872) recognized &
1abits” are more obvious illustrations. For example,
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o Tinbergen’s discovery of this phenomenon of multiple motivation
sunicatory behavior.
¢ same way signals conveying negative motivational information
arbitrary, since their physical structure is related in an inverse
i to the structure of other signals. These constitute a special class
ic signals. Finally the need to communicate subtle changes in
fion has repercussions on signal structure, encouraging the use of
which vary in a continuous manner instead of being discrete, in
ppropriate circumstances.

al information may equally well be arbitrary or iconic. The red
st of the reproductive male stickleback, which functions as a signal
b’ergen, 1951) is arbitrary, whereas the swollen belly of a gravid
Iso 2 signal, is iconic. Individual information also may be arbitrary
ic Arbitrariness becomes prominent with species-specific signals.
raccident that Lorenz’s (1951) emphasis on arbitrariness was largely
“from intensive study of the plumage and courtship behavior of
and other birds, as they play a role in reproductive isolation, all
strong emphasis upon species-specific information.
jerequirement here is that the signal should be readily distinguished
from.those of other species likely to be transmitted at the same time and

" place: The way in which they differ is arbitrary, as long as it is readily

perceptible to members of the species. The evidence suggests that this has
resulted-in specific divergence in a wide variety of animal communication
signals which function in reproductive isolation of the species. Even here
the signals are not entirely arbitrary, since they are excluded from overlap
withithe signals of other species.

Ttwill be clear from the above discussion that the classification of signals
as either iconic or arbitrary is unsatisfactory. A signal may fail to be
entirely arbitrary in several ways, which do not all conform closely to the
usial definition of iconic. The structure can, however, be related in
different ways to the different types of information being conveyed, be it
locating, appraisive, species-specific, environmental, motivational and so
on. It may be an aid to further progress if we treat signal structure from
this point of view, instead of placing all non-arbitrary signals in the iconic
category.

Conclusions on the Evolution of Signals

A detailed review of the evolution of the communication systems of
animals is beyond the scope of this paper. We would need to present com-
Parfltive data, on a much larger scale, and much of the evidence has been
teviewed in recent papers (e.g. Tinbergen, 1952, 1959; Morris, 1956, 1957;
Marler, 1959) together with discussion of the special problems which arise
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rent sensory modes. We may note that evolution fy;
ignals is probably quite 2 common occurr )
own as ritualization (Tinbergen, 1952; B )i
basis of sound signal systems has been considered.
topapers (Sauer, 1954; Thorpe, 1958 Messmer
ke-Poltz & Thielcke, 1960; Lanyon, 1957) establi
jority ‘of signals are genetically controlled, some ar
<learning- of traditions. In contrast we know almost
ontogenetic basis of responsiveness to signals. Learning probab]
portant role here, even in lower animals. All of th
isidered in a complete analysis of the evolution o
ystems .of.animals.
he-aim of this essay is more restricted. It seeks only to demg
by using the response evoked by signals as an index, we can’e
ture«of the- kind of information conveyed. An attempt j
assify some-of the types of information

shing that
€ passed op

ese issuesin
f the commy
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