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Abstract

THE LINGUISTIC ANALYSIS OF
THE HONEY BEE'S DANCE ILANGUAGE
by
Anita Janda

Adviser: Professor Jerrold J. Katz

Now that the dance ianguage has been experimentally
established as a bona fide animal communication system, it
is its linguistic status which is in question. The popular
view of the dance language as a simple stimulus-response
system, iconically coding the dancer's flight to the goal
fails to so much as hint at the rich structural substrate of
the behavior.

It is shown how published accounts of the various
ways in which the communicative correlation is perturbed by
circumstances mandate a grammatical description of consider-
able complexity--at best, a finite state device introducing
three levels of labelling (i.e., mimicking a context-free
phrase structure grammar: S~ ...A..., A — ....B...,

B =7 ...C...).will be required. With the investigation of
dance linguistic universals, however, the attempt to place
the dance language in the Chomsky hierarchy, as requiring a

grammatical description in finite state, phrase structure, or

iii



transformational terms, entirely coilapses.

This does not follow from any sort of species chauvin-
ism "arguing" against the legitimacy of grammar construcéion,
but rather is a mathematical consequence of the best defini-
tion of dance language grammaticality. .A grammar. is pro-
posed which accounts for just which aspects of the behavior
are susceptible to genetic variation, being independent of other
factors, and which operate as a genetic package interracially'
persistent in the honey bee. In addition, this grammar ex-
plains why there are different dance types, why these are
identically ordered by the various dance "dialects" via
reference to goal distance, why 30° is the maximal angular
"error" during a site advertisement, why there are direction-
indicating dances which do not code distance, why the dances
have the shapes they do.

The grammar consists of a set of semantic repre-

. sentations, each of which is a search area of fixed radius
about a visited site, whose elements are paired with their
syntactic codings by a geometric (not algebraic) averaging
interpretive rule. The production and comprehension strate-
gies suggested for implementing the grammar are identical,
entailing that dancers and dance-recruited foragers contri-
bute the same degree of error in actual communication. The
grammar itself is proven incompatible with any of the lin-
guistically motivated lexicons of countable (i.e., finite

or denumerable) size.



The dance language thus has‘a nondenumerable lexicon,
precluding placement on the Chomsky hierarchy of formal sys-
tems--no grammar specifying the proper ways of rewriting an
initial start-symbol S is an appropriate analysis of the bee's

gsystem. The dance language is syntactically different in

kind rather than degree from human language.
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INTRODUCTION

The issue of the possible evolutionary continuity
of linguistic capacity is typically viewed from the perspec-
tive provided by an extensive list (explicit or implicit)
of linguistic desiderata of an atheoretical nature, grounded
in "common sense” observations. Among the more prominent
attempts of this sort are Hockett 1960, Hockett and
Altmann 1968, Gardner and Gardner'197l, Fouts and Couch
1976, Marler 1970, Nottebohm 1975,.and Bronowski 1967; The
criteria thus presumed operative act eitﬁef'to linguistically
distinguish the human achievement or irrevocably link it
to some other system. Virtually no attempt is ever ﬁade
to independently analyze the semantic, syﬁtactic properties
of the nonverbal system prior to, or indeed after, the
comparison with human vocal language. Once the decision
is made that the system is remarkably inferior/similar to
human vocal language, the nonverbal system itself is
generally dismissed, its intrinsic linguistic interest
ignored.

The emphasis here is upoh determining the syntactic’
. and semantic structures which best explain .the patterning
Qf.the observed "utteranéeé," as the most Jjustified ap-

proach to the linguistic. evaluation of'the-system. The



criterial properties of human language are a matter of
debate--debate, however, as to what is the best linguistic
theory. The criterial properties of human language are
quite simply those entailed by the correct linguistic
théory.

The conditioning design of the chimpanzee work in-
corporates a serious stumbling block with respect to
justifying the linguistic interpretation of the behavior
so painstakingly inculcated. Most recent attempts at
linguistic overviews of the chimpanzee studies understand-
ably, therefore, sidestep the knotty grammatical issue,
targetting instead the blatant differences in the acquisi-
tion process (e.g., Mistler-Lachman and Lachman 1974)
or the extent of the semantic capacity attained (e.g., Katz
1976) .

It was the desire to eliminate the confounding ef-
fects of the teach-the-chimpanzee-X experiments, where the
demonstration of statistically significant levels of com-
prehension is all too often presumed to indicate learning
of eéual linguistic merit, which motivated the initial
choice of the honey bee. The honey bee is both more diffi-
cult to anthropomorphize than the chimpanzee and far more
extensively studied with respect to communicative capacity
than any species other than man.

The dance language of the honey bee (Apis mellifera)

is generally described (see, for example, von Frisch 1967a,



Lindauer 1967) as a genetically fixed coding of the dis-
tance and direction from the hive to the goal, the goal
varying with the needs of the hive. The direction is given
with respect to the sun's azimuth when the dance is done
on a horizontal surface under the open sky (i.e., during
swarming, when the goal is a new nesting site), and with
respect to the upward direction when done, as usual, on a
vertical comb inside the dark hive. Depending on how far
away (distance gauged largely in terms of the sugar con-
sumed on the outward flight from‘ the hive) the goal is,
the forager selects from her repertoire an appropriate
dance form; each dance type is appropriate to a range of
distance values. If the dance form features a waggling
phasé, during which the dancer wags her abdomeﬁ from side
to side while simultaneously emitting a bﬁézing sound, it .
is the duration of this phase which codes the distance.
The precise waggling-phase-to-distance correlation varies
among honey bee races, as does their flight range, as a
rough function of body size. Dances without a waggling
phase can only give a distance range. All dance forms with
straight runs, with or without superimposed waggling, code
direction.

The analysis presented here grew out of an attempt
(Janda 1977) to focus on the question of what power2 gram-
mar would be required to reveal the structural properties

of the dance language of the honey bee. It will be claimed



that the difference between at least this species-specific
information-coding system and human language is syntactical-
ly one of kind rather than degree (as is also concluded in
Haldane and Spurway 1954:263; Hockett 1960:428; Chomsky
1975b:301). Such a conclusion needs to be substantiated,
both by argumentation and, as it is here, by the specifica-
tion of a structure-revealing account of the bee's system.

In recent years the major concern in the biological
literature has been the issue of whether this well-defined
behavioral repertoire which undeniably exhibits the proper
correlations (is information-coding, has the property
Hockett and Altmann 1968:63 labels "semanticity," maintains
a symbol-meaning tie referential in nature) is ih féct an

animal communication system.

Many social and non-social animals "dance" excited-
ly after finding food, transform orientation angles
from light to gravity, and convert distances tra-
velled into durations of vibrations or sound
production, and yet are not thought to communicate
anything by these manoeuvers. Unsurprisingly, the
question finally arose whether the evidence is
really convincing that honey bees are uniquely
endowed with a language. For example, although
cricket songs correlate rather well with tempera-
ture, they are not thought to communicate that
information to other crickets. . . . The critical
question, then, is not whether distance and direc-
tion correlations exist in the honey bee dance, but
whether this abstract information is communicated
to recruits. (Gould 1975b:24)

The so-called dance language controversy, then, is con-
cerned with whether the information coded in the dance, ac-
cessible to the human observer, is in fact accessed by

(or even accessible to) the observing bees who follow the



dancer so enthusiastically. Dance following, it is argued-
(see, for example, Wenner 1967, 1974; Wenner, Wells, and
Johnson 1969; Johnson 1967b; Johnson and Wenner 1966, 1970),
may result solely in the “communication" of olfactory in-
formation. Recruitment to goals may be accomplished by
olfactory and'visual cues at the site.

While this issue is in fact addressed and the major
experimental work in this area outlined in sec. 2.13 below,
it is not at all clear that the outcome of this contro-
versy is crucial to a linguistic investigation.

The standard Chomskyan conception of linguistics as
a branch of theoretical psychology holds.that those struc-
tural characteristics which recur uniformly across human
langﬁages are attributable to innate characteristics of the
mind, features of man's "language acquisition device,"
and thereby features of the hypotheses available for the
language learner to entertain in (unconsciously) construct-
ing a grammar for a given corpus of linguistic data. Such
universals are a reflection of human conceptual organiza-
tion; in fact, linguistic universals, together with those
uncovered by similarly rationalist cross-cultural scien-
tific investigations into other areas of human knowledge,
in effect constitute human mental organization. Hence the
commitment to the claim that Language of a species-
specific achievement is a natural, if not logically neces-

sary, conclusion in the absence of accepted conceptual



non-linguistic universals. It then becomes a patﬁer of
theoéetical interest to discover for any'accepted conceptual
universal whether it in fact cuts across species boundaries;
it can be of only secondary interest to ascertain whether in
cutting across species boundaries, it is found 'in similar
cognitive domains.

The question under consideration here -is whether
transformational complexity, perhaps the least—questidned
linguistic universal, may be adduced for the honey bee's
dance language,3 initially identified as a cognitive system
through its information-coding aspect (e.g., von Frisch
1967a). It is maintained that, within the context of the
standard Chomskyan view; this structural issue is of far
greater significance than the demonstration that the bee's
. dance system is like Language not only in its information-
CCding role but also in its communicative function (Gould
1975a, 1975b, 1975c, 1976; Schricker 1974a).

The major cohcern heré then is the demonstration
that the dance langﬁage is amenable to a digital grammati-
cal description‘only under an interpretation of the data
which violates structurally significant featﬁres of the
system. The claim at that point ié that a grammar specify-
ing the proper ways of rewriting an initial start-symbol
S is not an appropriate analysis of the bee's system.

As will be shown, the popular yiew of the aance

language as a simple stimulus-response system, iconically



coding the dancer's flight to the goal fails to so much
as hint at the rich structural substrate of the behavior.
Thé.need for a sharply drawn, theoretically principled
distinction between grammatical and extra—grammaticél
phenomena emerges gquite early in the investigation and,
not surprisingly, poses serious methodological problems.
Among the problems apparent from even this very brief
description of the dance behavior are (a) the question of
whether at the grammatical level it is distance or sugar
consumption (energy drain) which is linguistically en-
coded; (b) whether the linguistic coding of that parameter
is the duration of the waggling or the duration of the buzz-
ing; and (c) whether the discovery of racial dialects based
on the differing waggling-phase-duration-to-distance cor-
relations maintained by different races of honey bee is
not an artifact of the distance/energy drain semantics
assumed; reinterpreting the coding as giving, not an
absolute figure, but rather the proportion of the flight
range to be traversed, suggests that the dialects are
nothing more than the result of the physiologically deter-
mined use of the samevlinguistic system by creatures of
differing body size. The more fundamental question of the
psychological weight of a grammatical hypothesis for this
species is frankly outside the scope of this study.

The obvious ploy is to base the grammatical/extra-

grammatical distinction on that between the properties of



" a system'and the properties of the exploitation of that sys-
tem, a distinction basic to the Chomskyan conception of
linguistic;.. ﬁhile this gives a coherent, if somewhat
vague research strategy for grammatical analysis, the

usual mentalistic interpretation of the distinction (which

is arguably correct for psychologically weighting the gram-
mars of human ' language) is somewhat less plausible in this
dance language case. So: "[wle thus make a fundamental
distinction between competence (the speaker-hearer's

knowledge of his language) and performance (the actual

use of language in concrete situations)" (Chomsky 1965:4).
The grammar, viewed as a theoretical construct no more
problematic than the physicist's idealized frictionless
surface, is an account of competence, the idealized product
of the language acquisition process. "Linguistic theory

is concerned primarily with an ideal speaker-listener, in a
completely homogeneous speech-community, who knows its |
language perfectly" (Chomsky 1965:3). Separate performance
mo@gls of production and cqmprehension, not part of the
grammar, with explicitly limited access to the grammar,
account for "such grammatically irrelevant conditions as
memory limitations, distractions, shifts of attention and
interest (random or cﬁaracteristic) in applying the ideal
speaker-hearer's knowledge of the language" (Chomsky |
1965:3). |

With regard to human laﬁguage,'thén, this distinction



is drawn mentalistically4 on a knowledge/use dimension.
It is simply not obviously appropriate to speak of the
honey bee as having grammatical "knowledge.” In what fol-
lows, the grammatical/extra-grammatical distinction is
often (loosely) referred to in competence/performance terms.
The grammatical residue which is left after siphoning off
the (largely obviously perceptual) system exploitation
phenomena is not easily labelled. The conceptual, cogni-
tive, "knowledge" cast of the grammatical residue may not
survive further investigation. By dance competence, then,
is meant the gubject matter which the dance grammar is a
theory of; by dance performance, the functioning of that
competence in the real world context. References'to
conceptual/perceptual parameters in the data are necessarily
impressionistic a£ this very early stage of grammatical
investigation. It must be understood that the analytical
hypotheses entertained and evaluated are independent of
the psychological interpretation of the grammar.

The analog analysis which is advanced, based on a
superficially mysterious "error" pattern long noted in
the literature, provides an explanation for the syntactic
variety in dance types, which is perhaps the most puzzling
aspect of the system.from an evolutionary point of view.
This explanation in turn hinges on the positing of a
semantic interpretation rather far removed from the tradi-

tional distance/direction description outlined above.
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The empirical implications of the analysis have not
as yet been tested experimentally; indeed, none of the pub-
lished data appears to bear on it, the dance language dbn—
troversy having focussed research on performance questions
singularly irrelevant to an analysis of competence, such
as drug-induced disturbances in dance production or percep-
tion, translation problems posed by different "“dialects,"
and attempts at provoking dance information/paralinguistic
information disagreements, etc. The competence model pro-
posed here (see sec. 4.4) is_a first attempt at a charac-
terization of the dance language's structural properties,

a chafacterization designed to explicate the production
data elicited in relatively natural circumstances. It is
expeéted that some such account is a prerequisite for a
thoroughgoing analysis of actual communicative interac-—
tions as a product of perxrformance contributions by both
the dancer and the observers.

Accordingly, the present paper is divided into
five sections. This first section sets the problem and
the approach taken in the analysis squarely within the
context of theoretical linguistics. Sec. 2 presents some
of the more salient features of the dance behavior, provid-
ing a relatively informal account of the notion of "a gram-

matical dance," incidentally putting the dance language
controversy into linguistic perspective. This done, sec.

3 gives a finite state account of the language, which
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enterprise is criticized structurally in sec. 4.1,
lexically in sec. 4.2. Sec. 4.3 attempts to give substance
to the claim that the dance language} given the criticisms
of sec. 4.2, is syntactically different in kind rather

than degree from human language--an attempt pursued in

sec. 4.4, which treats the structural implications of

the "error" pattern alluded to on p. 9, reanalyzing the
data in analog terms. The concluding sec. 5 is largely
concerned with the implications of the structural issues
raised ﬁere for future experimental work as well as purely

linguistic research.
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Notes

'SECTION 1. INTRODUCTION

1. Thére are some notable exceptions to this practice,
among them Limber 1977.

2. To meet the goal of descriptive adequacy. "A
grammar is descriptively adequate if it strongly generates
the correct set of structural descriptions" (Chomsky 1965:
60). This is in contrast to the more limited goal of
designing a grammar which is observationally adequate,
weakly generating (enumerating) the sentences of the lan-
guage without, however, any concern for the accuracy of the
structure thereby assigned. For a discussion of these con-
cepts and related issues see, for example, Chomsky 1965:
60-62, Bach 1974:179-204; and Levelt 1974b:16-41. The power
6f the grammar is determined by the mathematical properties
of the rule types used. See sec. 4, introduction.

3. Language is being used here in the technical
sense of a set of strings formed by concatenation on an
alphabet. No claim as to the comparability of the struc-
ture of this set with human language is intended. That is-
sue is treated below in sec. 3-4, especially secs. 4.3-4.4.

- 4, See Valian 1976 for a critical discussion of cur-
rent positions with regard to the competence/performance
distinction and its place in linguistic theory. The
position presented here is that of the standard theory as
described in, for example, Chomsky 1965 and Katz 1972.
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Preliminary Observations: Focus on Performance

The gfammaticai cha;écterization of the honey bee's
dance language is the topic of secs. 3-4, and indeed, the
focus of this investigation. Unlike comparable analyses
of human languages, however, this one features é lengthy
critical discussion,.this sec. 2,xof the evidehce {actual
and potential) for a particular informal cha;acterization
of the notion "grammatical dance."

This necessary preliminary to the comparison of
grammatical alternatives is normally quite brief--brief
because there is an approximation to a generally accepted
phonetic theory to serve as the vocabulary for represent-
ing the data of a given human language L and, even more
importantly, there are obvious means of access to the
grammatical intuitions of a native speaker of L, viz. the
possibility of the linguist's acquiring sufficient mastery
in L to be able to question the (possibly monolingual) L-
speaker; the task is further simplified if English-L
bilinguals can be located. A grammatical analysis of a
human gestural language such as American Sign Language will
be delayed by the need to explain and justify a visual

analog of phonetic theory (see, for example, Stokoe,
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Césterline, and Croneberg 1965, Bellugi and Klima 1975)
while sﬁudies of child lénguage are delayed by the need
for a principled translation from performance data to
competence idealizations (see Limber 1977). An investiga-
tion into a nonhuman system inevitably has both difficul-
ties.

This :section deaié with a variety of problems
arising at this preliminary stage to the syntactic analysis.
What follows is an outline of the conclusions drawn in
this section as to the characterization of the dance
language.l

The genetically fixed behavioral repertoire which
is the honey bee's dance language is identified as (an
idealization of) those bursts of activity which typically
occur in the midst of the massed foragers and code
information structurally dependent upon the physical form
of the exhibition. Uniform reports of unsuccessful attempts
at decoding a dance form eliminates the form from the
behavioral repertoire: "dance-like," such utterances are

(apparently, at least) not dances. Two dialects are

generally reported:. these share the round ( (f§§> ), tail-

n
wagging transitional ( (:Exii) ), tailwagging ( ),

2

and S-dances ( A ), differing with respect to
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the shape of the transition from round to tailwagging

transitional: the Italian bee exhibits a sickle formation

( {E5§~é357 Q:§>¢Z§2 ), the Carniolan bee a Y-shaped
P
shift ( ). It is unclear whether

this is an absolute or only a statistical preference for
individuals.

Under the general rubric of “distaﬁce coding, "
arguments are presented (a) identifying the durations of
waggling and sound production as potentially two dif-
ferent competence codings of the distance, (b) advancing
the hypothesis that sugar consumption/energy drain is, as
von Frisch 1967a suggests, a performance measure of‘the

3 and (c) suggesting that

distance competence variable,
sehsory inputs from both the outbound and homebound flights
routinely function to determine the disiance value en-
coded (the averaging hypothesis).

The precise mechanism for directional coding
varies with the physical context of the dance itself, as
indicated in sec. 1. On a horizontal surface under the
open sky, straight (plus or minus waggling) dance
phases are run so that their average points directly
toward the goal; orientation utilizes the solar azimuth.

On a vertical surface in diffuse light that same angle

(the angle between the azimuth of the sun and that of the
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goal) is danced with respect to the upward diréction:
negative geotaxis substitutes for positive phototaxis.
The averaging hypothesis is maintained for directional
coding in production.

Generally speaking, the goal's location is speci-
fied more than once by the dancer, who is trailed by a
variable number of potential recruits. Averaging is
generally agreed to be a part of the comprehension (but not
production) model. Strategies are outlined both for alert-
ing foragers likely to be roused to a goal at a particular
location relative to the hive (due to von Frisch 1967a)
and for retaining a position as a dance follower for
several circuits (due to Gould 1975b). Message "repeti-
tionﬁ" are altered to accommodate solar motion even when
the motion must be calculated by a dancer in the dark hive,
to. whor the sun is not visible. This aspect of the dance
language, and this aspect only, is kriown to be learned.

Directional "noise" has two primary sources, apart
from solar motion: competition between by-light and by-
gravity modes of directional indication (light-dependent
misdirection) and the "attractiveness" of the directly
upward, downward, leftward, rightward orientations on
the vertical comb (residual misdirection). These are
judged to be purely performance phenomena. Truly dis-
oriented dancing, in which directional indications vary

wildly within a site advertisement, arises for a variety
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of practical reasons, perhaps most obviously when the sun
is at the peréeptual zenith and the dance context is a
horizontal surface bathed in sunlight.

A grammatical dance ig then an instance of one
of these dance forms, coding some degree ofilocative
information about a site previously visited by the dancer.
aAll such information is given relative to the dancing's
site, using the solar compass. The round dance codes a
distance range, nonwaggling transitional dances addition-
ally code a direction, and all waggling dances code both
distance and direction. It is hypothesized in conclusion
that long stretches of dancing are series of dances, simply
adjacent as in a monologue and not syntactically conjoined,
and that measures of the goal's quality such as the dancer's
vivacity (von Frisch 1967a) which may, as Gould 1975b sug-
gests, be quantitatively measured as the lateral extent of
the waggling movements, be viewed as paralinguistic.

This position as to the informal characterization

of a grammatical dance is justified in the pages below.

2.1 "Dance-Like" Behavior

As was argued in sec. 1, the behavioral repertoire
of the honey bee is linguistically significant only inso-
far as it is information-coding. Consequently, this
analysis of the dance language purposely excludes what may

be described as "dance-like" behavior--the jostling run,
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the buzzing run, the grooming (shaking) "dance," the

' none of which has

jerﬁing "dance," the trembling "dance,'
been shown to be ‘information-coding, though they may sig-
nify readiness to engage in a particular form of behavior.
Thus, the jostling run indicates the readiness to dance;
"[flor the most part dancing takes place only after several
successful flights, but jostling occurs even on the first
successful return home" (von Frisch 1967a:278), while the
buzzing run serves "as the signal by means of which scout
bees . . . induce the swarm cluster to decamp" (von I'risch
1967a:279). VWhether or not this behavior is communica-
tive, it appears to correlate with the performer's -own
readiness to depart. The addition, in the light of further
evidence, of either or both of these to the information-
coding dance language is ultimately immaterial, unless
some crucial structural complexity is additionally dis-
covered. |
The groominé (shaking) "Cance" is not clearly as
impressive as these (see Allen 1959a, 1959b; Gahl 1975),
despite its deécription as "a shaking movement of the bees
wherecby others sitting in the vicinity are called out to
clean certain parts of their body that cannot be reached
by their own grooming devices" (von Frisch 1967a:280), given
that no distinction is drawn there between behavior
analogous to going down for the third time in view of

the lifeguard and that like crying for help. The grooming
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"dance" is therefore, in the absenée of any argument to
the contrary, assumed to be a nonlinguistic indication

of the readiness to be groomed, as drowning is a nonlin-
guistic indication of the readiness to be saved. The jerk-
ing "dance" has no known significance (von Frisch 1967a:
282); the trembling "dance" is a product of such diverse
calamities as old age, rough handling by the experimenter,
or the addition of any of a chemically wide variety of
poisons to the food (von Frisch 1967a:282-83). None of

these "dances" plays a role in what follows.

2.2 Dancing

What is under consideration here and uncritically
labelled a dance (as opposed to, say, a ﬂidget4) essen-
tially maintains a distance-direction correlation with a
location able to supply one of the hive's most pressing
needs. Thus the dance may indicate the presence of nectar,
water (spread on the comb it evaporates to cool an over-
heating hive), pollen, resin, or even a new nesting site
if swarming is imminent or perhaps already in progress. The
needs of the hive are made known to its members in part by
means of tropholaxis,Athe reqular foodsharing process,
which serves to identify the hive's need with that of each
forager; the constant foodsharing keeps the members of the
hive approximately equally hungry, thirsty, satisfied (von

Frisch 1967a:266; Gould 1975b:16). An unresolved issue
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benters'on the question of whether the dancé is "conta-
gious,". i.e., whether a dance attender might begin to
.advertise a site on, so to speak, the word of the dancer,
without having first visitea the site herself (Griffin
pers. comm.).

It is an open question whether the quality of the
goal, given by the dancer's "vivacity" (which may be
quantified in terms of the lateral extent of her waggling
movements in the dance--see Gould 1975b:16) is thereby
linguistically encoded. It may be best viewed as paralin-
guistic, analogous perhaps to vocal volume, pitch, etc.
as measures of the speakgr's emotional state.

The linguistic status of the spasmodic "dance" is
also unclear. Chéracteristically,produced for goals very
near the hive, the spasmodic "dance" consists of very
short, apparently directed tail-wagging spasms, separated
by irregular non~waggling runs interspersed with halts
for food distribution (von Frisch 1967a:279). This "dance"
is ignored in what follows due to the dearth of informa-
tion'with regard to the behavior; it is nbt discussed, for
example, whether the directional correlation here is as
accurate as that of the various clear cases of dance
types, whether there is a distance.correlation (and, if
so, how its accuracy compares to that of the clear cases),
whether the different honey bee races' and species' produc-~

tion use of the spasrodic “"dance" patterns as does that



21

of the other dances with regard to the distance range
indicated.

Interestingly, not all successful foraging flights
provoke dancing. Indeed Gould 1976:212 describes the
dance behavior as rare under normal circumstances. The
more obvious factors to play a role in triggeriﬁg danc-
ing are the degree to which the site can serve to supply
the hive's needs (so the sweeter the food the likelier to
provoke dancing in a food-deprived hive, the less sweet
the likelier to provide dancing in an overheating hives),
the size of the supply ("Even very sweet sugar water re-
leases no dances if it is scanty"--von Frisch 1967a:238),
the magnitude of the hive's need (more dancing in‘a starv-
ing hive), and the scent level of the site (slightly
scented sites stimulate dancing while very strongly
scented sites, easily identifiable olfactorily, inhibit
dancing--in this regard, see sec. 2.13). In short,
"whether dancing occurs at all, and how vivaciously and how
persistently, depends on many factors that significantly
regulate the relation between supply and demand" (von Frisch
1967a:236). Presumably, these and (possibly) other
factors (von Frisch 1967a:236-56) may be assigned relative
weights and the dance probability calculated for ény

particular constellation of circumstances.
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2.3 Dance Types

Given a set of dance-prbvoking circumstances, the
successful forager6 enters the hive and proceeds to its
dance floor (von Frisch 1967a:36—39, 138-39), where she
traces one of the pattefns in (1) or (2), the choice of

" OO0 M ® S

e Y-gshaped ——~

*O WIS ® 7

~—— sickle

(1) and (2) redrawn after von PFrisch 1967a:159,61

pattern being roughly determined by the distance of the
hive from the site whose location is being coded: the
farther away the goal, the more likely a pattern to the
right will be selected. The awsw. portions in (1) and
(2) refer to stretches of the dance during whichithe bee
energetically wags the lower portion of her body from side
to side at an approximately constant rate; these tail-
wagging dance phases normally coincide with the production
of souné bursts via the flight musculature (Esch 1961, re-
ported in von Ffrisch 1967a:58).

The set of patterns in (1) is characteristic of

the Carniolan bee (Apis mellifera carnica Pollm.)

while that in (2) is characteristic of thé Italian bee
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(A. mellifera ligustica Spin.) (von Frisch 1967a:294).

While both produce round dances ( (ffi) } for goals close

‘to the hive, tailwagging ( <:ZE¥€:> ) dances at reason-

. N :

ably large distances, and S-dances ( . ) for dis-
tances near the foraging limit, there are two features which
serve to differentiate them, these being the shape & the
transitional dances (Carniolan bees displaying a Y-shaped
kransition from round to tail-wagging, Italian bees a
éickle formation) and the distance range assigned by each
race to the dance types they share.

The Carniolan bee has a somewhat greater foraging
range than the Italian bee (von Frisch 1967a:65-66) and
uses each dance type for a correspondingly greater dis-
tance range. According to Boch 1957 (reported in von Frisch
1967a:295, Fig. 253), the Carniolan bee uses the round
dance for distances up to approximately 1ém. from the hive
as compared to the Italian bee's approximately 8m. ;
tail-wagging begins for the Carniolan bee at abgut 85m.,
for the Italian bee af about 35m., with sickle dahcing
expected for distances between perhaps 9-22m., distance
values not included are transitional stages, i.e. the choice
of dance type is not even vaguely fixed for those values
but fluctuates a good deal about the nearest dance types,

perhaps combining them even within a single long site
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_ advertisément (for a méssage is typically repeated several
times at least). A final word of caution: these figures
should be treated as approximations only and will wary
across hives and indeed, to.some extent, across indivi-
duals (Gould, pers..comm.), accounting for references to
particularly "sluggish" or "lively" dancers.

The dependence of the distance code on éhe foraging.
range is quite reasonable in fhat, as von Frisch 1967a:125
notes in comparing it across species (the Carniolan bee with
a flight range of perhaps 3 km. and the dwarf honey bee
(A. florea F.) with a flight range of only 300-400m.), it
"mmpliqs a precise indication of distance within the prin-
cipal flight range, and no imprecision in the data until
distances are reached that are scarcely of practical sig-
nificance." Although the exact formula for converting to
distance varies with the species, and indeed race, of
honey bee, it remains as a general principle that the longer
this waggling phase of the dahce, the further away the goal

is from the hive.

2.4 Distance Coding

All darnces featuring a waggling run, from the tail-

R
wagging transitional ( (:E;Ei) Y, | QEEE%iiy )

thpoough the tailwagging ( ) and S-dances

~* X

).



25

provide a measure of the distance from the hive (or swarm

cluster) to the goal. The round( (ffi) } and non-

waggling transitional dances (again both the sickle §:§§n2fj2

and Y-shaped racial variants) convey only a
distance range within which the goal will be found.

0ddly enough, what von Frisch (1967a:104) describes
as "the acoustically emphasized duration of waggling" is
only one of many distance indications in the dance. Some
degree of positive correlation with distance is provided
by each of the following: the duration of the curvilinear
return run (and therefore, the duration of a circuit, a

circuit being a waggling run together with its curvilinear

N
return, so: <:}S ), thHe length of the waggling run

on the comb, and the number of waggling movements per wag-
gling run (see von Frisch 1967a:97-104). It is there
argued that it is waggling duration which is the defini-
tive index of distance in the dance language. The arguments
given are essentially eliminative in nature, criticizing
the other candidates for this position. They are moreover
not altogether convincing if, as seems likely, the claim

'

is to be interpreted as drawing a linguistic/paralinguistic

distinction with respect to the distance parameter of the
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dance.

Gould '1975a:171 criticizes von Frisch's conclusion,
pointing out that an approach based on dance production
data necessarily fails to distinguish the waggling dura-
tion and sound production duration correlations, given
that in "normal" (attention—getting?7) danceé, waggling and
sound production are coincident. In other words, von
Frisch's "acoustically emphasized duration of waggling"
might equally well have been described as the "waggling-
emphasized duration of souhd production." Gould's demonstra-
tion that the dance language is communicative. as well as
information-coding leads naturally enough to the position
(adopted from von Frisch 1967a:104-106) that the resolu-
tion Qf this problem will depend on dance perception data
(Gould 1975a:171), specifically that the solution pends
the construction of an artificial bee acceptable to the
. hive.8 The experimenter could then manipulate the dif-
ferent distance indications independently, creating a statis-
tically significant degree of conflict between (say) the
waggling and sound duration channels which is tolerated by
the dance attenders; the recruit distribution pattern
should then reveal which distance indication is used, i.e.
which is the linguistic encoding of distance. In the event
that the dance attenders will not in fact tolerate a
statistically significant degree of conflict (ignoring

such dances, for instance) it is to be inferred that the
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linguistic encoding of distance is not unique.

The problem with this line of argument is that there
is no reason to suppose that potential recruits will pre-
fer linguistic to paralinguistic information in such a
case. Would a man directing someone to walk three blocks
north while pointing to the east succeed in sending his
addressee north? If not, does this demonstrate that his
pointing is the linguistic aspect of the interchange?

Indeed, were linguistic information generally pre-
ferred, the dance language controversy would never have
arisen. The fact remains, however, that in a wide variety
of circumstances, when both linguistic and nonlinguistic
information are provided, recruitment takes place on a
nonlinguistic basis. There are probably more examples
of this phenomenon than of anything else in the honey bee
dance language literature.

Von Frisch 1967a:22~-23, for example, warns the would-
be experimenter of two distinct olfactory dangers:

The odor of shellac clings to bees recently

marked [i.e. numbered so the experimenter can

focus on individuals] with alcoholic lacquers.

Therefore the newcomers aroused by them go hunt-

ing for the odor of shellac--unless some stronger

odor has been given to the feeding place--just as
under normal circumstances they would seek the
scent of the kind of flower that had been visited

« « . and hence when they reach the feeding place

they are more interested in the stand with the

paint vials than in the feeding dish. Also the
bees may in time become familiar with the invidi-
lual odor of a regular experimenter at a feeding

place. Then during a pause in feeding the bees may
find the experimenter even if he is 100 or 200m.
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away and well hidden, so that he is visited stub-
"bornly by 'his' numbered bees.

Johnson, Wells, and Wenner, attempting to control for ol-
factory and visual cues in the.field, found in a long
series of experiments (discussed in sec. 2.13 Eelow) that
the preference for the feeding station to which the
(presumably) dancing foragers were led vénished; paralin-
guistic information was preferred by recruits. In a similar
vein, Lindauer 1967:126-30, reporting results of von Frisch
and Lindauer 1954, notes that foragers trained to a given
direction marked with a line of trees and then presented
with a conflict between the (remembered) solar angle and a
(new) line of ¥rees (done by transporting the hive to a

new location visually, olfactorily similar to its former
site), search for the feeding station along the line of
trees, rather than utilizing the solar angle which (again,
presumably) would still be criterial for the danced direc-~
tional indication.

Dance perception data can then be seen to play a
distinctly minor role with respect to this issue, the model
(dummy) bee no role at all, even if, for example, a noisy,
non-waggling model proved acceptable. Dance perception
data's only possible contribution here would lie in a
demonstration that some of the distance correlations produced
are literally not available to a dance attender due to the

nature of her perceptual system. In which case, in order
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for the analysis of the information—codiﬁg system not to
preclude "its interpretation as a communication system, this
correlation should either be aropped from.the competence
model, and én explanation for it sought as a biological
by-product of the linguistic correlation(s), or included
in the competence model and analyzed as a crucial diffgrence
between the access separate producfion and perception
performance systems have to that model.

The dance-productioﬁ approach takenby von Frisch
"relies to some extent on an Ockham's razor simplicity

criterion. Since the wide variety of completion curves in

the S~dance (e.q. ’ ", and

all seem grammatical; see von Frisch 1967a:59, Fig. 51)
precludes their use as.a measure of distance, the duration,
length etc. of curvilinear return runs, and hence of the
circuit, can not be the linguistic reflection of distance
(von Frisch 1967a:102). The observed correlation in

this case can only be a consequence of the true correlation (s)
present in the single component common to all distance-
indicating dances, the waggling run. Though the point is
not made there, this- construction of the case is supported
by their relative efficacy as signals; waggling/sound
produgtion duration is the best measure of distancé, 19%

better than the duration of a .circuit and as much as 352%
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better than the duration of the cufvilinear return run
(von Frisch 1967a:102).

The simplicity criterion is then invoked on a psycho-
logical, as opposed to a pﬁrely linguistic, level to ex-
clude the correlation with the number of waggling move-
ments, which correlation is then apparently to be inter-
preted as a consequence of the true correlation (wag-
gling/sound duration) together with the fairly constant
rate of waggling within a swarm (yon Frisch 1967a:57). The
explanation offered for the dancer's monitoring of her dance
should not credit her with the ability to count if
other, psychologically simpler, accounts are consonant
with the observable data.

Primarily, however, the concern is for the accuracy
of eabh correlation: "What interests us is a comparison
of thé error (of the value as signals) of these elements"
(von Frisch 1967a:100). It is assumed that the best
correlation is the linguistic one; simplicity considerations
arise secondarily to bolster the decision made from the
numerical comparison. This is particularly obvious with
regard to the elimination of the length of the waggling
run as a distance measure, a correlation 170% worse than
that of waggli ig/sound production duration (von Frisch
1967a:102). Simplicity is regarded as crucial only with
respect to ruling out the number-of-waggles correlation,9

~which proves to be only 29% less good a signal than that of
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waggling/sound production duration: "This difference is
not so great as to exclide the number of waggies as a
usable signal" (von Frisch 1967a:102).

Now while the demonstration that various features
(the frequency of the waggling movements, the-frequency'
of the sound produced, and the frequency and temporal
structure of the vibratory gpisodes; see von Frisch 1967a:
98-99) of the dance fail to correlate with the distance is
certainly significant in isolating the linguistic index
of distance, it is by no means clear that the bhest
correlation is the linguistic one.

In the present case then, three candidates survive
the simplicity argument to persist as possible linguistic
encodings of the distance: the duration of sound produc-
tion, the duration of waggling, and the length of the
waggling run. As already discussed, waggling and sound
production duration are inextricable indications of the'
distance, considerably better than that provided by mea-
' suring the length of the waggling run. Were this last
correlation physically independept-of the duration cor-
relations? the issue would be undecidable, short of a
demonstration that some of these are not perceptible to
the dance attenders. However, the waggling duration is
clea;ly related to the length of the'waggling run on the
dance floor via the rate of linea; progress made by the

dancer in'producing the waggliﬁg run. An unvaried dancing
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rate would render the length of the waggling run precisely
as good an indication of distance as the two duration cor-
relations. Therefore, either (a) variability in the
dancing rate has impaired the linguistic correlation
present in the waggling/sound production mechanism or

(b) such variability has acted on the linguistic encoding
of distance present in the length of the waggling run to
improve the correlation with the duration of waggling/
sound production, Such a conspiracy toward acéuracy,
though logically possible, would require considerable ex-
planation. The hypothesis that the duration of waggling/
sound production is the linguistic encoding of distance

is then the simplest available and is therefore adopted
here.

This interpretation is reported in von Frisch
l9§7a:102 as confirmed by von Frisch and Jander (1957) who
report a degree of recruit accuracy that would be inexplic-
able if the definitive cue were the length of the wag-
gling run. Note that this result is at all relevant only
if it can be demonstrated that none of the recruit
accuracy was due to nonlinguistic olfactory/visual cues.
In that case, it still remains to be shown that the "defini-
tive cue" is the linguistic encoding of distance. As has
been shown, this is not necessarily or even generally the
case. This is not to say that honey bee communication

displays an interaction between competing symbolic systems,
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only one of which is linguistié (és in the north/east
example'for human language discussed earlier)}. Réther,
‘what is considered here is the possibility that that as-
pect of the honey bee's apparently singlé symbolic system
known as the dance language which is accessed by the dance
. attender is a biological by-product of the linguistic
correlation.

‘“he linguistic encoding of distance is determined
as the most accurate member of each independently executed
set of correlations, these sets first filtered by
simplicity considerations. It is apparently not unique.

Gould's (1975a:171) sum-of-the-squares method is
a statistically'more sophisticated variant of the
general approach of von Frisch and Jander which presupposes
not only the now-familiar "the definitive Cue is the lin-
guistic one" but also that the encoding and decoding of
this cue is mediated by the same mechanism. This last
assumption implies that the statistical accuracy with

.which the production system accesses the competence model
matches the statistical accuracy with which the comprehen-
sion (perception) model does so, i.e., that the scatter

in production, p, is the same as the scatter in compre-
hension, c¢. Since p2+c2 gives the square of the scatter,
r, in recruit distribution, this gives a value of r/NrEﬁ
for the scaﬁter of the definitive cue in pfoduction. Thus |

the straightforwvard measure of r and the production scatter
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p along each correlating dimension (as well as that pro-
duced by the computed sum-of-the-squares interaction of
any combination of these) should in time reveal what the
~definitive cue(s) are. Statistically more sophisticated,
this method of analysis is linguistically even less so,
gratuitously assuming as it does that encoding and decod-
ing are computational inverses of each other, operating

moreover with equal accuracy.

2.4.1 Distance vs. Energy Drain

The linguistic/paralinguistic issue is further
clouded by experimental evidence (see von Frisch 1967a:
109-21 for-a fuller discussion) suggesting that in perfor-
mance the correlations just enumerated are not in fact with
the absolufe (map) distance from the hive or swarm cluster
to the goal or even with the distance actually travelled
by a wind- or obstacle-detoured dancer previous to hex |
dance. Rather, the most exact correlation is with the
energy drain imposed by the trip.

Burdening the dancer with either lead weights heavy
enough (55mg.) to impede take-off or comparéble drag-
producing tinfoil flaps prior to the foraging flight acts
to deform subsequent "distance" indications; such dances
signal a greater "distance" than would those of an
unencunmbered forager. The same eﬁfect may be achieved by

shorteniné the dancer's wings before the dance-provoking
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flight or forcing her to make the frip on foot (done by
training her to feed in a gradually lengthened runway
originating at the hive's entrance, its roof being too
low to permit flight). The last factor is quite'the most
impressive; walking a distance of 3-4 m. provokes a
ratio of round to tail-wagging dances like that trig-
gered by a flight of 50-100m. (Bisetzky 1957, reported
in von Frisch 1967a:116). Finally, situating the feeding
station so that the flight from the hive involves a bat-
tle with a headwind or a flight up.a steep slope, simi-
iarly serves to increase the indicated "distance."

Since a tailwind on the way to the goal reduces the
indicated "distance" while a headwind increases it, the
simple observation that a tailwind on the outbound £light
generally ensures a comparable headwind on the return
flight, demonstrates both that the correlation is not with
total flight time (if it were there would in general be no
wind effect), and that the "distance" indications must
favor either the outbound or the homebound flight. The
fact that burdening the dancer with weights etc. increases
"distance” indications as does a headwind ("wind burden")
on the outbound flight, argues for the distance indica-
tions' favoring this outward leg rather than the homeward
stretch of the journey. Then, since walking 4m. takes
considerably longer than does flying 100m. and yet

provokes the same sort of dance coding (see previous
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paragraph), the correlations cannot be with the time spent
on the outbound trip either (Lindauer 1967:88). Experiments
by Heran (1956, reported in von Frisch 1967a:115) suggest
that the correlation is wifh the energy drain, an inter-
pretation supported by measurements of Scholze, Pichler
and Heran (1964) demonstrating that "the sugar consump-
tion. of a bee traversing 3m. on foot corresponds to that
of a bee covering a course of 55m. in unimpeded free flight"
(von Frisch 1967a:116).

The calculation of wind retardation and éavance—
ment of flight speed for experiments wheré the wind's direc-
tion and velocity were known revealed that the outward
flight was not fully determinative of the dance-expressed
energy drain. Von Frisch (1967a:128) describes the effect
of putting a wind burden on the outward flight: "The tempo
of dancing lags about 30-40 percent behind what would be
expected if only the outward flight were taken into ac-:
count." Or again, "it is as if in reporting the distance
the outward flight weighs more heavily than the flight
homeward" (von Frisch 1967a:119). Since the load on the
return flight varies with the quality of the food supply
and often is heavier than the 55 mg. lead weight that so
affected the "distance" indications (see p. 34), this is
presumed to introduce a certain amount of noise into the
dance (see von Frisch 1967a:119-21).

In this regard it is additionally important to
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determine the relationship betweeh the energy drdin/sugar
consumption correlation when the gbal is nécfér {(which
itself provides the fuel for the homeward flight) and
when it is water, pollen, or a new nesting site (which
will not only not provide the fuel for the homeward flight
but, in the water and.pollep cases, will provide further
burden on the return flight). Variation based on proper-
ties of the goal, should it occuxr, is of an inherently
different kind from variation due to meteorological
factors. The dance attender can be presumed to receive
no direct information about meteorological conditions
prior to her own search, when she will be presented with
similar, thoﬁgh not identical, environmental factors.
The distribution of food or (presumably) water samples
during the'dance, the bodily evidence of pollen or pro-
polis collecting, and (by inference from either the absence
of such evidence or from the overcrowded, oversupplied
condition of the hive) the evidence of nesting site inspec-
tion, all sexrve to identify the nature of the goal, whether
or not this information is in fact accessed by the observing
bees. .

If it is the case that the "distance" correlation
varies Qith the sugar (and/or burden) quality of the
~goal, it must be decided whether this qualifies as a case
of coﬁtextually resolved ambiguity. The alternative is

the position that one correlation is semantic and the other
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a pragmatically deformed version of the primary (semantic)
one (see Katz and Langendoen 1976:10). For example, the
nectar-foraging correlation might be primary, with a
[—swéet enough] céntext deforming the energy drain correla-
tion by a constant factor, say 1 1/4 times the semantic
correlation. An additional [-burden] feature may introduce
an additional multiplicative factor of .7.} The fact

that a context-dependent (in the supply and demand fashion
described on p. 21) threshold of sweetness is necessary

to provoke food-advertising dancing would argue for a binary
sweetness feature. The variation in the burden acquired

at the goal may well, as von Frisch supposed (see p. 36),
be a source of noise, but it is the presence/absence of
burden on the homebound flight which may be anticipated
during the dance, not the size of the burden, accounting
for its binary quality.

If the variation is in fact constant in this way,
this approach is preferable to the contextually disambiguat-
ing solution, where the pragmatic system appeals to the
value of the sweetness and/or burden feature to select
among lexically specified alternatives; within-lexeme
regularities across racial dialects are a clear indication
of under-analysis. Finally, there would remain the problem
of deciding which feature values ([+sweet enough], [+burden]
for the nectar-foraging context taken as the semantic stan-

dard in the previous paragraph) are semantic.
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This is only one of an enormous number of linguistic
issues surfacing with the discovery that the "distance"
parameters of the dance correlate better with the energy
drain than with the distance. The most important o£ these
issues is the question of whether in this case competence
mirrors performance, with neither assigning a pure dis-
tance measure to the dance; or whether, on the contrary,
von Frisch's title for the section of his book treating
this topic, "How Does the Dancer Estimate the Distance?"
?s linguistically apt. The generél principle is that the
performance system is physical/perceptual while the compe-
tence system is cognitive/conceptual. If there is to be
a cognitive/conceptual aspect to this correlation, it
must be this distance relationship. In other words,
insofar as this aspect of the system is symbolic at
all, the von Frisch approach is reasonable: holding such
(in this interpretation, contextual) factors as weight
carried, air resistance encountered etc. constant,
reveals a clear distance correlation. The simplistic
alternative denies that this is a symbolic aspect of the
system, explaining it as a simple sugar-cost, energy-drain
response only accidentally, as it were, providing a mea-
sure of distance.

This is not the place to attempt a definition of
what constitutes a symbolic coding of information--it

may in any event prove impossible to determine a species-
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independent analysis of that concept.10 It is with this
considerable caveat that the indicated competence/
performance.line is drawn. At the competence level, the
dances with waggling runs encode distance information
where the distance coded in a particular dance token is

a product of the dancer's perceptual (performance) system,
viz. the energy drain the inspection or. foraging flight
produced.

It is important in this regard to determine whether
other perceptual cues (for example, optical monitoring)
interact with the energy drain measure. Von Frisch 1967a:
109 reports that Heran (1955) demonstrated that flight
velocity is regulated by optical observation of the ter-
rain:

[Eeran] suspended a bee by the thorax and made her

fly in one spot. In the darkroom she could see an

illuminated, patterned background rolling away
beneath her, as though she herself were going for-
ward over a motionless region. She reacted to an
acceleration of the background movement, that is,
to an increase in her apparent flight velocity,

with a decrease in her own exertion in flight
(measured by the amplitude of the wingbeat).

If‘the "distance" indications in such a bee's dance were
affetted by her visual observations it would tend to
support the competence/performance distinction as drawn
above, with distance as the proper semantic parameter
translating into a perceptual matrix at the performanée

level; a matrix whose entries may be put into a competi-

tive relationship as sketched.
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It is the simplicity‘of the supposed distance-gaug-

ing which is responsible for the problem.

2.4.2 Distance vs. Flight Range Percentage

Yet another possibility is that what is being used
as a distance gauge is not the energy drain, not the quan-
tity of sugar consumed during the previous flight, but
rather the dancer's estimate of the amount of the honey
stomach to be filled with "flight fuel." The introduction
of a positive (fuel tank) as opposed to a negative (energy
drain) performance correlate provides a natural alterna-
tive to the orthodox distance interpretaﬁion of this
’pafameter of the dance. The different distance values
acroés racial dialects (see p. 23) may be directly explained
by the interpretation of this aspect of the dance as encod-
ing, not distance per se, but something equally removed
from the perceptual input, the percentage of the flight
range to be traversed in seeking the goal. As already
discussed, the interracial variation in flight range, tenta-
tively accounted for in terms of the observed variation in
body size, mirrors that in the distance indicated across
races by a given waggling run. This pattern is now directly
accounted for. |

The fact that hives which are not racially pure
show a linguistic and physiological hybridization fo the

same degree might not be best read as proof of a genetically
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linked linguistic heritage,11 but rather a physiologically,
metabolically determined use of essentially the same
linguistic system. Only the Y-shaped vs. sickle transi-
tional stages would be left unexplained--the sole indica-
tor of dialects within the dance language.

Note that the dialect translation issue has no
bearing on the gquestion of whether it is map distance or
the percentage of flight range which is being coded.

Both accounts will fail should interracial communication
in experimentally mixed hives succeed.

Experimental work in this area of dialect transla-
tion (see Steche 1954, Boch-1957, and the discussion of
their work in von Frisch 1967a:298-300 and Gould 1975b:15)
has to date failed to settle this crucial issue. On the
one hand, even such minor indications of misunderstanding
as Steche 1954 reports seem likely to prove significant:
olfactory/visual cues may well account for apparent cross-
dialect comprehension. On the other hand, apparent cross-
dialect misunderstanding may be explained as due to a
lack of dancing in the hive or the particular recruit's
having failed to attend occurring dances, in effect locating
the control station food while on a scouting mission com-
pletely independent of the dancer's activities.

What is needed,, of course, is an experimental test
of interracial dance interpretation in a context guarantee-

ing that the information being used by the observer was
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garnered from the dancer's dance.12 It must be emphasized
that the discovery that interracial communication succeeds
would act to undermine current interpretations of this
parameter of the dance. Any analysis "explaining" this
supposed communicative success by having the dance at-
tender assess the dancer's racial makeup and interpret the
dance accordingly (i.e., making the distance adjustment
called for by her own racial makeup) is prohibitively
complex psychologically, although there is no obvious
alternative.

The distance vs. flight-range-percentage (energy
drain vs. fuel tank) debate would be rendered academié
by the discovery that interracial communication succeéds,'
unaffected by the discovery that it fails. A variant
of the unorthodox percentage-of-the-~flight~nange approach
to combetence is presented in sec. 4.4 below, and this

possibility is otherwise ignored here in favor of the dis-

tance interpretation standard since von Frisch 1947.

2.4.3 Determining the Linguistic Encoding of Distance

Given the hypothesis that at the competence level
it is distance which is encoded, however great a contextual
(wind, gradient, etc) interference there may be on a
particular occasion, the criteria previously developed (see
pp. 31-33) credit as linguistic the most accurate dis-

tance indication from each set of interdependently executed
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dance correlations surviving a simplicity scything. 1In
view of the energy drain gauging of thg distance, however,
the standard of accuracy used for comparing the various
correlations must be revised.

If the distance traveled is gauged by the energy
drain imposed.by the flight, then the parameter of the dance
which happened to correlate best with the absolute (map)
distance from the hive to the goal in a particular
experimental series may well not be the one that cor-
related best with the energy drain and so, not the lin-
guistic encoding of distance. Neither are the results im-
proved by examining the dance scatter for the different
factors over various instances of a goal's being situated
at a.constant distance from the hive; the constant distance
means nothing unless the effects of the wind, gradient
etc. a?e counterbalanced. Paradoxically, the linguistic
indication(s) of distance are not best hypothesized as
each set's best correlate with the distance but with the

energy drain.

2.4.4 Transport Experiments

At the performance level, there remains £he problem
of identifying the perceptual input which is criterial
in gauging the disfance. In the so-called transport experi-
ments (von Frisch 1967a:116-18), foragers were accustomed

by repetition to a radical displacement of the feeding
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station as they fed. In time,the tendency to revorse the
pre-feeding flight in order to return to the hive was over-
come and a separate return flight learned for thatl feed-

ing station.13

The distance correlations obtained did not
favor the pre-feeding flight as is normally the casé (see
p. 36). Neither did the dancer sum the two indepcndently
mastered flights which are apparently needed to forage
from the site. The dancer's unexpeéted but unifoim
response in the dilemma is to give the mean of th¢ two
values (von Frisch 1967a:117). A fully adequate porformance
account should permit the prediction of responseg .hat are
uniform, as this one is. The explanation given in VOR
Frisch 1967a:128 that the return flight is now trcated as
an "outward flight, but one now in the direction ol the

. hive" does not seem to explain anything.

Wbat seems called for here is a transport cuperi-
ment which adds a burden to the second, "return," leg of
the journey--a burden which both was not encountcicd in
any guise on the first leg of the flight and which would
notbe a burden were the second leg reversed. - (Fov example,

the "return" flight might begin at .the base of a ulcep

hill.) The question that arises is whether the (intance
response is the mean of the two flights actually |lown
(as von Frisch's comments above suggest) or the mean Of
the first leg and the (calculated) reversal of the seoond
flight.14 This possibility, uﬁlike that envision:d by
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von Frisch, would be relatively easy to accommodate, as
witness the following scenario.
2.4.5 The Averaging Hypothesis: Dance Production

The dancer gauges the distance from the hive to the
goal by separately estimating the energy drain (sugar
consumption cost) of the pre- and post—-goal flights. Where
a contextual factor (wind, gradient, etc.) occurs which
is as great a disadvantate on one of these flights as it
is an advantage on the other, its contribution to the pre-
goal flight is more heavily weighted. The functional |
explanation for this maneuver is that it prevents the
factor in queétion from being ignored altogether; the
procéssing explanation is that whatever effect, helpful or
impeding, that factor has on the pre-goal flight creates
a certéin expectancy with regard to the nature and magni-
tude of its effect on the post-goal flight, thus reducing
its post—-goal contribution to the calculation. Other
factors (e.g. the differing direction and distance aspects
of the two legs in transport experiments) are simply recast
in an outbound mode as separate, albeit surprisingly dis-
parate, estimates of the same value, avearaged to give the
dance-coded estimate. Although the crucial experiment has
yet to be done, it should be pointed out that the averaging
and the reversal aspects of this interpretation are not

15

only known to be within the honey bee's capacity, but
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additionally to function for directional determination in

transport experiments:

[Tlhe displaced bees indicated quite precisely

the bisector of the angle between the direction

from hive to place flown to and from the hive

to the place of return. . . [TJhe solar angle

perceived on the return flight is transposed by

180° and is taken into account in indicating the
direction in the sense of the outward flight.

(von Frisch 1967a:170, reporting results of Otto

[19591)

This general approach will admittedly have to be
modified somewhat as regards the directional indications
in such cases, to accommodate the observed weighting of
the two directional inputs.16 Perhaps the most puzzling
aspect of directional coding is the observation that
"when there is a displacement of 180° the position of the
sun during the outward flight generally is determinant;
only when the bee flies away from the sun on the return
flight'(and on the outward flight) does she signal the
. place returned from; thus the position of the sun during
the return flight, transposed by 180°, then decides the
direction signaled (see Otto 1959)" (von Frisch 1967a:171).

Now, when the transport is to a locale such that
the dancer does not require training in order to execute
the return flight (i.e. can find the hive quite easily the
very first time), only the outward flight plays a role
(lindauer 1963 reported in von Frisch 1967a:172-73). This

is taken to demonstrate that under normal conditions the

outward flight alone determines the dance-coded signals,
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accounting for von Frisch's peculiar description of the
trained return flight as- an "outward flight, but one now in
the direction of .the hive." This phenomenon is however
equally well explained by the current hypothesis augmented
by the idea that the averaging proéess is generally
selective, discarding 6utrageously outsizediﬁalues. Ap~
parently, training is required to confirm widely_divergent
estimates of the direction (and distance, presumably); with-
out training, when the outward and homeward f£lights

17 this addi-~

conflict the 6qtbound leg is determinative.
tion to the hypothesis is at least indirectly amenable to
experimentation; it should not prove impossible to determine
statistically whether the averaging over separate dance-
codings of the site takes into account clearly outvoted
values (seé n. 15). The model bee préject would prove
helpful here. '

It must be clearly understood that this issue arises
at the performance level, concerning as it does the
physiological, perceptual data utilized in determining the
energy drain, then coded into the dance as distance. At
the competence level, the linguiétic encoding of distance
is given by that element of eaéh set of physiologically
interdependent realizations to survive simplicity con-
siderations which best correlates with the energy drain
imposed by the pre-dance foraging flights, energy drain

being the perceptual measure of distance. Insofar as the
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effects of wind, gradient, etc. were counterbalanced, thg
finding {(von Frisch 1967a:99, 101—102) that waggling dura=
tion and sound production duration are their set's best
correlate with the distance is relevant to this determina-
tion. In that case, they are additionally the best cor-
relates with the energy drain and thereby the best hypothe-

sized linguistic encoding of distance.

2.5 Directional Coding

The linguistic encoding of direction poses no such
problem. It remains an open question as to why there should
be multiple distance correlations but only one directional
signal (Gould 1975a: 171). The direction to the goal is
given by the bisector of the waggling runs, superimposed in
the tailwagging dance (von Frisch 1967a:141-42). The
single waggling run of the S-dance also correlates with

" the direction to the goal. f
t
[}
]
!
f
[}
{

Non-waggling Y-transitional dances ( )
correlate the direction with the bisector of the straight
runs, but can give only a range as regards distance informa-

tion. The bisector of what can be thought of as the axes

(see bold face arrowsls) of transitional sickle dancésgi§5<£:?

similarly indicates the direction; again those without
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waggling can give only a distance range. The round (ffi)

dance, lacking both straight and waggling runs, can
accordingly signal neither distance nor direction but again
6n1y a distance range. It is a moot point whether the
distance range indications are. semantic or pragmatic, i.e.
arisely a process—of-elimination "inference” from an examina-
tion of all the messages that were not sent despite their
easy encoding.

When the dance takes place in daylight or on a
horizontal surface (for the species and races in question,
Qhen the dance takes place in the swarm cluster), the result-
ing bisector points directly to the goal. The principle is
apparently a simplevone with respect to the tailwagging
dance: the bee dances her waggling run in such a way that

the sunlight19

impinges most directly on ommatidia of the
same dorsoventral circumference as it would on a direct
flight from the hive to the goal (von Frisch 1967a:132,
136, 138). In the transitional dances of the~Carniolan
bee, it is presumably displaced by the same number of ommatidia
on the second run as on the first, though in the opposite
direction. Direction toward the sun is indicated by a
waggling run toward the sun (positive phototaxis).

Directional gauging and encoding are, however, far
more complex than this suggests, involving what may be

thought of as a physiological translation mechanism when

dancing takes place in the dark hive, as it ordinarily
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does for this specigs. bIn thié caée, direction is indicatdd
on the roughly vertical dance floor with respect to the

pull of'gravity: negative geotaxis is substituted for
positive phototaxis so that direction toward the sun is
indicated by a waggling run away from the earth (von Frisch .

.1967a:137). Thus a dance oriented on the dance floor the

way ' @tg)' are-on this page indicates a

direction approximately 45° to the left of the sun, while

indicates a direction approximately directly
away from the sun.

As the translation analogy suggests, this is rela-
tively easy to accommodate withinlfhe general framework
sketched for directional encoding.

The coding of direction in terms of the azimuthal
difference between the goal and the sun as viewed from the
hive then may be expected to pose a problem in execution
when the feeding station is at no horizontal distance from
the hive.

Initial experiments suspended the hive against a
cliff féce and positioned the feeding sfation at some
considerable height (i.e., at a distance expected to
provoke tail-wagging) above or below it. It is réported

(von Erisch'1967a:165~67) that dances directed into the
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cliff led recruits up the cliff the.p;oper distance, dances
directed away from the cliff led the recruits the proper
distance down the cliffs. Whether or not the dances were .
responsible for the recruits' success, well—orienfed dancéé
of the shape described demonstrate that the cliff experi-
ments did not succeed in posing a performance problem.
Orientation to the cliff face on an upward flight, away from
the cliff face on a downward flight gave the vertical
flights a "horizontal flavor." ‘

Repeated with an open-work radio tower, i£ was found
that suspending the food station 50m. above the hive pro-
voked round dances in Italian foragers, who begin producing
tail-wagging for (horizontal) distances of about 10m. (von
Frisch 1967a:167-68). This result is offered there as
evidence that there is no dance coding for elevation, but
only horizontal distance and direction. As Gould 1975b:15
~ points out, if replicable it is inexplicable on the energy
drain hypothesis, otherwise experimentally well-attested.

The general togic of performance problems in direc-

tional coding is further explored below (see pp. 77-81).

2.5.1 Detour Experiments

The.:detour experiments of Bisetzky, von Frisch and
Lindauer (see von Frisch 1967a: 173-85), however, reveal
that when a direct flight from the hive to the goal proves
impossible due to intervening obstacles, the directions

flown on the separate legs of the pre-feeding flight are
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integrated to give the air 1line difection from the hive to
the goal indicated in the dance.20 The averaging here is
unlike that earlier described for the transport experiments
where both the distance estimates and the directional esti-
mates may be produced by averaging; here, directional
estimates are averaged, while distancelestimates are summed
(von Frisch 1967a:176~77). The crucial difference lies in
the nature of the estimates made; in the transport case,
the conflicting estimates occur on the outbound and return
fiiéﬂts and éhus presumably reflect a single value for each
parameter (and are therefore averaged), while in the detour
case, the conflicting estimates are purely directional, oc-
curring during the outbound flight, and indeed, averaging
takes'place along that parameter.

There is thus considerable evidence against the
straightforward perceptual interpretation of directional
_ encoding in terms of the sunlight intake of each ommatidium.
In this regard, it is additionally noted'(see von Frisch
1967a:186~90) that when the flight is undertaken in an
appreciable cross&ind, the bee orients herself into the
wind, so.that (just as in the detour experiments) the light
may never impinge most directly on the ommatidia correspond-
ing to the danced directional indication, which again gives

the map-correct direction.
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2.5.2 The Kveraglng Hypothesis Rev1s1ted——D1rect10nal
Indication in a Crossw1nd

The fact that the forager heads ihto a crosswind in
this fashion formé the basis of an argument given in von
Frisch 1967a against the averaging hypothesis presented
above (pp. 46-47) with regard to the tnansport éxperiments'
data. The averaging hypothesis, it will be recalled, claims
,tha£ the distance and direction values signalled in the
dance were gauged by averaglng the estimates of these
values made on the outbound flight and (the calculated
directional reversal of) those made on the homeward flight;
the average generally favors the outbound estimates, heav-
ily weights landmarked laps and, finally, ignores a widely
di&ergent homebound estimate unless.it is repeatedly con-
firmed (as by training). Von Frisch 1967a consistently
repudiates this view maintaining, as indicated ahove, that
although averaging certainly occurs along the different
legs of the outbound flight (accounting for the air 1line
indication in the detour experiments), the fact that some
transport experiments (those where training to the return
flight was not required) show no-effect of the homeward
flight, precludes anybtheory of outward-homebound
integration under normal circumstances; i.e. where the
homebound flight is the reversal of the outbound flight.

The simplicity argument levelled against the averaging
hypothesis in the crosswind case (von Frisch 1967a:195)

has two clauses. The first objects to an averaging analysis



55

here, given the "capabilities that'[the dancer] has dis-
played so unambiguously in the detour experiments." This
is a simplicity razor that cuts both ways-—-given our
reanalysis of the transport experiments using the averag-
ing hypothesis, it is cIearly simpler to suppose that the
averaging capability recurs in the case of a detour or i«
crosswind.
The second clause deals with the biological complex-
ity of the averaging analysis in this crosswind case:
[wlhereas in calm air the transposition imagined
can be interpreted relatively simply, . . . to
the effect that on the return flight the bee
shifts to the hinder region of the opposite eye
the solar angle that she had before her on the
outward flight, with the body in an oblique posi-
tion . . . this simple transposition does not lead
to the goal; rather the oblique position has to
be included here in the calculation, by some sort
of integration process.
The example given is of a crosswind from the left provoking

a 20° orientation into the wind, transforming the situa-

tion sketched in (3) to that in (4):

(3)

130°

50°

/ ) '
outbound ﬁ homebound ‘t}

(a) (v)
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Now the averaging hypothesis has the 50° dance-coded value
in (3) produced by averaging the outbound (3a) value of
50°, with 180° - 130° = 50°, the supplement of the home-
ward (3b) value of 130°. According to von Frisch (1967a:
195), the averaging hypothesis is committed to producing
the 50° dance-coded value in the crosswind case (4) by
averaging the outbound (4a) value.df 50° + 20° = 70°, with
180° - 150° = 30°, the supplement of the homeward (4b) value
of 130° + 20° = 150°., The reason for this is clearly the
non-calculating, non-computing view of averaging (or, more
usually, integration) adopted from Jander l95i:194 (quoted
in von Frisch 1967a:185): "By integration is understood
the central nervous reduction of complex spatial and
temporal patterns of sensory perceptions to'one resulting
datum."A If averaging is central nervous system processing,
then the actual sensory inputs are naturally viewed as
determinative.

The second clause df von Frisch's criticism of the

averaging hypothesis, that the integration is here too
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complex to be true, is then reinforced by his observation
that the avéraging hypothesis as interpreted in the previous
paragraph will in the crosswind case only average to the
map-correct direction if the wind is reaéonably constant

in direction and intensity. To give an example, had the
wind shifted while the bee in (4) was feeding so as to
produce a 40° heading into the wind on the return flight,
the proposed integration would have produced an incorrect
dance~coded value of 40° by averaging the outbound 70°

as in (4a) with the homebound 10° = 180° -~ 170° as in (5).

(5)

a3y
o
g 3 4o
—F —> 1300
)
4
~ -
homebound

This of course assumes that the wind shift compensation is
reasonably immediate, deduced for'example from the sensory
perception of the airstream (both antennae and eyebristles
apparently play a role in this~~see von Frisch 1967a:187).
Greater discrepancies‘than that illustrated using (5) will
be produced by more severé or more numerous wind shifts

on dance-determining collecting flights.

Von Frisch's alternative to the averaging hypothesis
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is as follows. The outward flight is fully determinative
except where the return flight has beén laboriously

learned And thereby functions ' as an "outward flight,

but one now in the direction of the hive" (von Frisch
1967a:128). Averaging is understood to occur only with
respect to the legs of fhe outbound flight and therefore
plays a crucial role only in detour experiments and those
transport experiments in which the return flight is learned.
The'50° dance-coded value in (4) is to be produced solely
from the sensory data encountered during the outward (4a)
flight, where the pefceived solar angle is 70°. The 20°
sensory correction for the wind effect is hypothesized to
be due to the visual estimate of the lateral drift of

the landscape rolling away beneath her (von Frisch 1967a:
186). In support of this, it is noted that an appreciable
crosswind will blow a bee off-course only in the absenée

of landmarks (Heran and Lindauer 1963, reported in von Frisch
1967a4:186) .

This account of the crosswind data systematically
devalues von Frisch's attack on the averaging hypothesis.
The majér criticism of the averaging hypothesis had to do
with its complexity, the fact that "the oblique position
has to be incladed here in the calculation, by some sort
of integration process." This can now be seen to be a
necessary feature, not of the averaging hypothesis, but

rather of von Frisch's own account. Only the "simpler"
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von Frisch account forces a sensory correction of the per-
ceived solar angle data; the averaging hypothesis éan cor-
rect for wind effects using the perceived solar angle of

the return flight, i.e. in (4) averaging 70° with 30° to
produce the dance-coded 50°. In other words, from the point
of view of the averaging hypothesis the oblique stance

into the'wind which is undeniably part of the bee's orienta-
tion mechanism need not play any sort of integrative role

in determining the dance-coded direction; the dance-coded
direction may be produced by simply averaging the per-
ceived solar angle on the outbound and homebound flights.

It is von Frisch's non-averaging hypothesis which makes the
dance-coding a matter of correcting for the oblique stance
imposéd on her by the wind.

As von Frisch notes, this interpretation of the
averaging hypothesis predicts that the dance-coding in
~wind shift cases will be incorrect, unlike his own account.
Until such time as it is demonstrated that in such cases
the dance~coded direction correctly corresponds to the air
line, however, thié cannot be considered a problem. Note
that in the event that wind shifts do provoke errors, some
version of the averaging hypothesis is called for--the von
Frisch analysis can not adjust to accommodate such é pos-
sibility. The averaging hypothesis can, however, be revised
to account for the opposite eventuality,.viz., accurate air

line dance-coding of direction in the face of rapid, severe
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wind shifts during collecting. For, in that case, it must
be supposed thét the wind correction mechanism functions
to filter the solar angle perception so that in, for
example, (4), the 50° dance-coded value is produced by
averaging the 50° outbound value sensorilf calculated from
the 70° solar angle perceived and the 20° lateral drift
observed below (as it is calculated on von Frisch's account)
with the 50° homebound value sensorily calculated from the
30° solar angle, due to directional reversal of the 150°
solar angle perceived, and the 20° lateral drift. The
averaging hypothesis is not, as von Frisch suggests, com-
mitted to determining the 50° value in (4) by averaging
76 and 30°; it is conéeivably that these values are first
wind—éorrected to 50° and 50°, and only then averaged.
Even in this case, it seems clearly arguable that

averaging (which is admittedly the only possible account

. of the dance-~coded directional value in detour cases as well

as both distance and directional values in the trained
transport cases) is most simply hypothesized to operate

at all times. The averaging is apparently constrained to
require confirmation of widely divergent perceptual estimates
(as by repetition, i.e. training) and quite possibly operates
on laterél deift-corrected percepts. Neither of these
caveats need be viewed as undermining'the hypothesis whose
alternative (i.e. von Frisch's account) réquires lateral

drift filtering in any event and restricts averaging to
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detour and trained transport cases, in which the return is
an "outward flight, but one now in the direction of the

hive."

2.6 Danciné Duration

The message is typically repeated several times with
minor and apparently,insignificant"variations in the sig-~
nal, of which von Frisch (1967a:72) writes "[t]lhe bee is no
precision machine." This creates a constituency problem
in some cases, notably as regards the round dance where the
reversals are strikingly irregular: "Between two reversals
there are often one or two complete circles, but fre-
quently only three-quarters or half of .a circle. The dance
mnay éome to an end after one or two reversals but 20 and
more reversals may succeed one another . . ." (von Frisch
1967a:29). A cconstituency issue is also raised by the
following observation with regard to the tailwagging dance:
"The semicircles over which the dancer returns approximately
to the starting point after the completion of her tail-wag-
ging run are as a rule traversed alternately to right and
left, but exceptionally two right turns or two left turns
may succeed one another" (von Frisch 1967a:59). By analogy
with the tail-wagging transitional dance, however, whose
semantic interpretation requires both a left and a right
circuit to‘derive the directional bisector, it may be

argued that this dance has both a left and a right circuit,
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i.e., that problematic series featuring two successive
right or left circuits (e.g., RLL, LLRR are problematic,
EBE} is not) contain an acceptable but ungrammatical string.
No such helpful analogy occurs for the round dance, which
indicates neither distance nor direction to the goal.

Some of the variation described may legitimately be
attributed to "inattention,"” while the cluttered condition
of the dance floor ("There is never any dancing on an
empty or sparsely occupied comb, but only in the midst of
a throng of bees" (von Frisch 1967a:29) is no doubt
responsible for much that remains:

Just as with the round dance, the tail-wagging

dancer is trailed after by other bees that, with

extended antennae, seek to keep in touch with

her and acquire information. . . . the event takes

place in the midst of the massed throng, while the

dancing group in its energetic rounds pushes aside
the uninterested portion of the other hive mem-
bers and thus makes itself sufficient open space.

(von Frisch 1967a:59)

When the dancer has been foraging rather than inspecting
prospective nesting sites, a dance follower may interrupt
the dance with a squeak, receiving in return a honey stomach
food sample from the dancing forager (see von Frisch 1967a:
29, 59-60; also see n.6). Still, references like the fol-
lowing to the general "slovenliness" of the dancing
remain a problem: "Mostly the dancer does not remain pre-
cisely on a single spot. As she shifts across the comb

the course traversed is somewhat deformed. Even in a single

location the pattern may be repeated exactly or with less
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regularity, one might say in a slovenly way" (von Frisch

1967a:61).

2.7 A Production Strategy
Von Frisch 1967a discusses what may be described
as a site advertisement production strategy, designed to
promote contact with those bees ﬁost likely to participate
in the foraging from that site. The need for some such
strategy for the dance language arise: ue to the follow-
ing consideration: "Under normal condit.ons there are in a
hive several simultaneously active groups of foragers visit-
ing different kinds of flowers. If at times the bees of
one such group find no food at the accustomed flowers they
do not immediately transfer to another source" (von Frisch
1967a:30). It is then imperative that some mechanism exist
to direct the dance, alerting those foragers predisposed
to seek out the foraging place, maximizing recruitment,
The production strategy consists in correlating the area
of the dance floor used for a particular site advertisement
with the location of that site relative to the hive.2l
The clarity of the distance relation ("with increas-
ing distance to the feeding places the dancing areas were
moved stepwise upward and backward from the hive entrance
(von Frisch 1967a:138)) raises the possibility that this is
not a performance strategy at all but rather yet another

aspect of the linguistic encoding of distance. While not
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.absolutely ruled out, this interpretation is unlikely given
the nature and extent of the directional correlation be-
tween dancing area on the dance floor and site advertised:
"the direction of their forthcoming dances . . . partici-
pates in determining the direction of their entry [onto
the dance floor], insofar as that is possible and so long
as they are not thereby deflected too far from the area of
the comb where the food recipients are sitting, into other
regions where they would not be freed of their burden" (von
Frisch 1967a:141). 1In practice, this means that the
éirectional correlation held only prior to dances indicat-
ing a roughly toward-the-sun (i.e. upward) direction,
where indeed the scatter of entry direction was additionally
reduced. In other words, the directional correlation is
clearly a subordinate part of the alerting function of
the dance behavior. A similar interpretation of the dis-
tance correlation as a performance strategy is therefore
indicated. This two-parameter performance strategy is
then mirrored by a converse comprehenéion strategy on the
part of the potential recruits, who huddle on that part of
the dance floor likely to serve as stomping ground for
their groﬁp (group members are olfactorily identified--

see von Frisch 1967a:32).



- 65

2.8 A Pgrceptual Strategy

A.more interesting perceptual strategy is that
sketched in Gould 1975b:110-11 for dance following which
involves maintaining attendance at a relatively constant
angle of about 40° to the dancer during the straight/
waggling run, and a position primarily on the inside of the
danced pattern the rest of the time: "[Wlhen the dancer
turns away at the beginning of the [curvilinear] return,
the attender advances, thereby cutting off attenders which
have been 'watching' from the other side" (Gould 1975b:11l).
This is the strategy of those dance followers who manage
to maintain contact over an appreciablé series of pattern
traversals. There is substantial'agreement 6n the number
of cycles attended by successful recruits, with Esch and
Bastian 1970, Johnson and Wenner 1970, Mautz 1971 all set-
ting it at about six (see Gould 1975b:47-54, 172). The
approximately 40° discfepancy between the bodies of the
dancer and the dance follower is alternately to the left
and to the rightvduring the direction-giving phase.of
the dance using the strategy in (6), with the‘strategy

failing when two left or right circuits occur in a row.

2.9 The Averaging Hypothesis: Dance Comprehension
Perceptual averaging or integration arises not
only as a possible explanation of dance produétion, but

also dance perception. Here, however, the crucial experiments
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(6)

3

LA
Advance /

(Gould 1975b: 111, Figure 38)

have been run; averaging in dance perception is demonstrable
from the accuracy with which recruits alerted by the dance
(see sec. 2.13) seek the goal. Regardless of which cue is
the definitive cue of distance in communication, it is

not produced with sufficient accuracy to account for the
statistical distribution of recruits without the hypothe-
sized averaging (Gould 1975a:688-91; 1975b:170-73; 1975c:
171) .22 | '
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2.10 Dancing Duration and Message Variation
There is considerable variation in the dance types
produced during a stretch of dancing:
As a rule when the distance of the feeding place
is 25m; a few short, definitely directed waggling
runs are to be noted. At 50m, such runs may be
seen with about half the dancers, and at 100m the
tail-wagging dance is dominant; even there scat-
tered round dances may still occur from time to
time. Some degree of divergence of the waggling
runs may be preserved at distances up to several
hundred meters. (von Frisch 1967a:62, my italics)
Or, again, "[clounts made on photographs showed S-curves
only after 3-4 percent of the waggling runs for food
places as much as 1000m distant . . . after 14 percent
for 2000m . . . and 33.3 percent after 4500m" (von Frisch
1967a:59). There is in addition some variation within the
sepafate energy drain (distance) indications themselves
(see von Frisch 1967a:59, 100~102; Gould 1975c:171). This
variation cannot simply be a product of such factors as
~ wind and gradient, since it recurs within what is generally
treated as the repetition of a message and, what ' 'is more,
to approximately the same extent (von Frisch 1967a:70-73).
This raises the question of whether the variation
in distance indications is itself responsible for the
production of different dance types within a long site
advertisement. That is, in a mixed (borderline?) message
repetition are the different distance indications conveyed

by the dance type reserved in the grammar for such distances?

To put it yet another way, do separate dance types share
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waggling/sound duration values?
. The directional variation within "marathon dances;"
which may last for several hours and, indeed, into the
night (Lindauer 196%:95), presents a very different prob-
lem. 1In the course of such a dance, the sun's' azimuth |
changes more or less drastically; the dancer, in the dark
hive, increments her directional signal to compensate for
the calculated solar motion typical of her hive's locale
at that time of day (Lindauer 1967:115; von Frisch 1967a:
350~52) . The honey bee's incrementing capacity is ap-
parently further attested during the training of a forager
to a féod site within the experimental context: "one can
. . . slide the table farther away, at first only a few
centimeters at a time . . . Very gradually éne can proceed
by longer steps . . . the table shouid finally be advanced
about 100m at a time. It is as though the bees had grasped
the movement of the feeding place, for at.times they aré
awaiting one at'thé next station" (von Frisch 1967a:117).

Experimentation controlling for olfactory/visual cues is
necessary to confirm this. JM

The aspect of the problem which is of linguistic
interest is the fact that in a marathon dance compensating
for solar motion, dances are seriated (conjoined?) which
are apparently not all synonymous, combininyg any number
of different directional signals. This issue is treated

in some detail in sec. 4.1. Here it suffices to point
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out that dances occurring in the s&armiﬁg situation last
an average of fifteen times longer than those of a dancing
foréger (von Frisch 1967a:269). This may be due in part
to the reduced number of searching clues provided in this
non-foraging and therefore non-food sample context.
Anothef factor which may play a role in this is the neces-
sity for the swarm cluster to agree on a .new nesting site
within the time limit imposed by the size of the food sup-
ply appropriated on leaving the hive; generally speaking,
it is only when all dances advertise the same site (von
Frisch 1967a:269-73) that the dancers break into the buzz-
ing runs which appear to signal departure. No such agree-
ment occurs in the foraging situation.

The linguistic compensation for solar motion is
the only aspect of the dance behavior which has been shown
to, be learned. Lindauer (1957, 1959, reported in von Frisch
1967a: 207-10, 364-65 and Lindauer 1967:121-26) raised a
colony of "cellar bees" in an incubator, without access to
a view of the sky. After being trained to a southern
feeding placé located (at that time of day) to the left
of the sun for several afternoons, they were displaced
(to prevent the use of visual landmarks) and observed to
seek it to the left of the sun in the morning, in an easterly
direction. It required some five afternoons of'open—air
flights to learn the solar compass. Even here there is

evidence of an innate endowment--the capacity to calculate
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the entire diurnal course of the sun from experience of just
.one small segment of it. As von Frisch 1967a:365 notes, this
is confirmed by the rough accuracy23 of overnight marathon
dance angular progression.

There is some question as to whether.there might
not be a critical period_for such leafning. It may be
significant that where naturally reared colonies were dis-
placed across the equator, adaptation to the radically dif-
ferent course of solar motion required a length of time
suggesting the birth of a new generation (Lindauer 1967:
118-19 reports a value of 43 days, noting that the bee's
life span is some 4-6 weeks). On the other hand, it may
simply be the case that such knowledge, once acquired, is
not susceptible to modification, although its initial
acquisition is not subject to any time or developmental

pressures.

2.11 Light-Dependent and Residual Misdirection

The directional indications on the vertical comb
are subject to two perturbing influences labelled respec-
tively light-dependent and residual "misdirection." Light-
dependent misdirection arises when the dancer catches a
glimpse of the blue sky, whose polarization pattern per-
mits her to (perceptually) deduce the position of the sun;
the competition between the two modes of orientation (posi-

tive phototaxis and negative geotaxis) results in her
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dancing the bisector of the two values (von Frisch 1967a:

197-204, 233-34).

All that matters is in what direction and at
what angle the sun stands relative to the bee
dancing on the vertical comb surface. That
depends not only on the position of the sun, but
also on the position of the comb surface in

space and on the position of the bee in her tail-
wagging dance (which differs, for instance, under
otherwise identical conditions, on the two sides
of the bomb). (von Frisch 1967a:197)

In the event that the sun itself may be glimpsed, the
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orientation is to the light, the gravitational attraction

playing no role (von Frisch 1967a:202-203}).

Residual misdirection varies with dance direction

(see (7)) and was initially thought to be due to organic

(7)
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(von Frisch 1967a: 214, 216 Figs:210, 212)
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translation problems encountered iﬁ converting direction
with respect to light into direction with respect to grav-
ity (von Frisch 1967a:217). However, it has been found to
be a purely gravitational phenomenon; the tendency to err
toward the vertical and (to a lesser extent) the hori-
zontal on the vertical sﬁrface (see (7)) is not peculiar
to linguistic behavior but recurs When the bee is trained
to seek food at a given angle on a vertical surface (Markl
1966, reported in von Frisch 1967a:221-22). The vertical
»aspect of this deflection at any rate is a widespread
éhenomenon among arthropods, although the horizontal tendency
ih inaccuracy seems peculiar to the bee--see von Frisch
1967a:212-22. The deviation in the outward run to the food
source inMarkl's work agrees at all angles measured with
the danced directional deviations (residual misdirection),
which of course corresponds to the direction between the

4 Markl's explanation is that a species'

' hive and goal.2
inherited fundamental orientation (positive, negative,

and transverse geotaxis for the bee) "is the original man-
ner of orientation from which menotaxis, the setting of

the body, on the basis of experience, at the chosen angle
relative to the source of stimulation, is to be derived”
(von Frisch 1967a:219-20), "that the geomenotactic orienta-
tion learned is influenced lastingly by the inherited funda-

mental orientation" (von Frisch 1967a:234).

Both misdirection effects are performance phenomena.
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Indeed, the light-dependent misdirection averaging on the
vertical is a special case of a more widespread weighted
averaging on an oblique comb surface (not unusual during
swarming). Provided the comb is at least 5° off the hori-
zontal, 5° being the approximate physical limit on her
gravity perception mechanism, the size of the by-gravity
contribution is tied to the angle of inclination of the
comb: the smaller the angle, i.e., the more vertical the
comb, the greater the by~gravity contribution. At the same
Fime, the size of the by~light contribution is affected
by the cloud conditions, in the obvious way. (See von
Frisch 1967a:146-49 for a fuller discussion.)

It is claimed that neither light-dependent nor
reéidual misdirection misleads recruits, who are sub-
ject to the same influences as the dancer and so can com-
pensate for their perturbing effects (von Frisch 1967a:203-
204, 212-13). Such claims need to be confirmed with olfac-
tory and visual clues eliminated,25 given that demonstrating
such a deflection in production does not by any means
demonstrate an inverse, compensatory ability in::comprehen-
sion as this suggests. What's more, as Gould (1975b:110)
points out, the 40° discrepancy between dancer and dance
follower (see (6)) itself guarantees that they are not
identically affected. Thus perceptual decoding by a dance
follower will not yield the dancer's pre-misdirected direc-

tional value but only an approximation to it.
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The issue of whether misdirected dances misdirect
recruits is of importance in determining the nature of
the comprehension model, and indirectly of the production
model as well. Consider for a moment what the given inter-
pretation of light-dependent misdirection in production
implies for the comprehension_model, assuming that lidht—
dependent misdirected dancesf are correctly interpreted.26

Suppose, that is, as von Frisch 1967a:201 does,
that the dancer averages "the directions that would have
corresponded to orientation by gravity‘and by light,
respectively." In other words, that her danced directional
value x on a comb from which the sky is visibie corresponds
to an averaging of s+8 and 8, where 8 is the value that
would occur were the blue sky not visible (i.e. for the
by-gravity orientation aspect), and s is the difference
between the direction away from the earth and the dancer-
caiculatedAsolar azimuth, for the by-light orientation
' aspect.27 Or, alternatively, that x corresponds to an
averaging of @ and e+f@, where § is the value that would
occur were the sun visible (i.e. for the by-light orienta-
tion aspect) and e is the difference between the dancer-
calculated solar azimuth and that away from the earth,

28 The basic idea

for the by-gravity orientation aspect.
behind von Frisch's account of light-dependent misdirection
is that comprehension consists in the recovery from the

danced value x (the average of the by-light and by-gravity
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specifications of the goal) of an approximation to the
pre-misdirected value--the value that would have been :.!
danced either in the absenqe of polarized light (8) or the
sight of the sun itself (f). This forces a de-averaging
capacity on the comprehension model, recovering 8 from a
sense datum x averaging s+6 with 6 and one specifying s (or,
what amounts to the same thing, recovering g from a sense
datum x averaging # with e+f and one specifying e).

The alternative to von Frisch's account, almost
painfully obvious, is to suppose that it is the two modes
of orientation brought into competition which are averaged,
The observer, like the dancer, averages these values.

Her comprehension of the "misdirected" dance is accounted
for Qithout position additional ("de-averaging") conceptual
apparatus; the danced angle x is read with respect to the

appropriate axis (s/2 or, equivalently, e/2) Jjust as it is

when the sun is visible ( Z:f ) or when the light is
diffuse (E). The two approaches are compared in (8).

Note that the von Frischaccount provides two dis-
tinct but empirically indistinguishable models, while the
alternative account, which is both psychologically simpler
(lacking de-averaging) and makes a uniform account of all
directional comprehensions possible, provides only one
model.

The best hypothesis, then, for the comprehension

(and so, production) systems is that polarized light
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triggers an averaging of the alternative axes, rather than
an averaging of the alternative waggling runs themselves.
wWhen visible, 'i:k takes precedence over E as an ;xis;
when the location of 1¢? must be perceptually deduced
from the polarization pattern, its axis advantage is lost
and ):? and E are on an approximately equal footing
(weighted as described on p. 73, above), perceptually
averaged by both dancer and observer (whose perceptual esti-
mates of -;:2 disgree to some extent, as already dis-
cussedzg).

Should recruits fail to correctly interpret (see
n.26) misdirected dances, this issue will not arise. In
that case, the comprehension model wil; not fully mirror
the pioduction model and it will therefore not be possible
to argue from likely properties of the one to likely proper-

ties of the other.

2.12 Disoriented Dancing

The mode of directional coding on the dance floor
requires for its proper functioning both that (a) the
azimuthal difference X between the sun and the goal be
calculable from the perceptual data of the fcraging flight,
and that (b) ©¢ be replicable with respect to the axis
dictated by the dance's physical setting. Directionally
disturbed dancing is then to be anticipated when (al) the

sun's position is not perceptually calculable, being hidden;
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(az) the sun's position is so nearlthe zenith that its
azimuth is not perceptually calculable; (a3) the goal's
azimuth is not perceptually calculable; (b) the lighting

in the vicinity is diffuse or lacking, calling for by-
gravity directional coding, but the dance floor is so nearly
horizontal that the dancer's gravity. organs can not detect‘
the upward direction with respect to which ¢ is to be
given.

Of the four anticipated sources of directional
disturbances, perhaps (a2) has received the most atten-
£ion. Although the lack of olfactory/visual cue controls
makes much of the early work (e.g. New 1961) uninterpret-
able, it is reported that the incidence of dancing de-
creases as the sun nears the zenith (Lindauer 1967:91)
and more importantly, that such dances as occur are "dis-
oriented," exhibiting no directional agreement during a
site advertiseﬁent {Lindauver 1967:92, von Frisch 1967a:
163) when executed on the horizontal dance floor. ©New and
New 1962 report that a small number of bees manage well-
oriented dances in these circumstances when dancing the
direction with respect to gravity, anticipating the future
position of the sun as it would leave the zenith.

As regards (al), it must be noted that the bees are
"weatherwise," becoming discouraged by threatening weather
in direct proportion to the distance between their goal

and the hive (von Frisch 1967a:245). Lindauer 1967:93
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further reports that 5ees are particularly sensitive to
ultraviolet light (citing von Frisch, Lindauer and Schmeid-
ler 1960), allowing for solar location even when it is
quite overcast. As the cloud cover becomes impenetrable,
direction is given with.respect to gravity (von Frisch
1967a:202).

An (a3) example is provided by the radio tower
experiments (vén Frisch 1967a:167-68). These are purported
to demonstrate that the elevation of the goal (and there-
fore presumably of the sun) plays no role in directional
coding. What is significant, again, is the report that
the response here was in terms of the round dance, although
disoriented tail-wagging occurs in the other éircumstances.
The description of the disoriented dance notes that "not
infrequently probing circular runs are interspersed among
the dance figures" (von Frisch 1967a:147), so that this
~may be only a statistical difference, not significant
linguistically at all,

Disoriented dancing is the uniform response to
(b) (see von Frisch 1967a:146-47}).

Von Frisch suggests that the response to situations
of type (a) is the round dance, that to type (b) disoriented
tailwaggling: "Disoriented dances always take place if a
dancing bee is unable to orient herself while performing
the wagglingrun . . . [I]Jf she cannot orient herself ac-

cording to the sun on the flight to the goal . . . she
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performs round dances in the hive" (von Frisch 1967a:134-35).
The problem with this generalization, of course, is von
Frisch's own report of disoriented waggling as the dance
response in the dark hive to a near-zenith sun (von Frisch
1967a:163, result.due to New and New 1962). A disoriented
waggling respdnse to a near-zenith sun is consonant with

von Frisch's generalization only when the dance is execu-
ted in by-light circumstances--yet this response is also
observed in the dark hive, i.e. by-gravity context. The
Feport then of the round dance reponse in the radio tower
experiments is not only problematic as regards the inter-
pretation of tailwagging as the measure of distance or
energy drain (see pp. 51-52) but alsg as regards the géneral
topié of interference with directional coding.

The further question of whether disoriented dancing
codes distance is also unsettled. Von Frisch's intro-
ductory discussion of case (b) concludes with the claim,
credited to Esch (1964), that noise and circuit dura-
tion is distorted dances on the horizontal comb fail to
vary with the distance, as they do normally (von Frisch
1967a:135). Yet von Frisch 1967a:153-55 reports a
recruit pattern in such cases which suggests that distance
information is coded. Now, while distance coding might
'prove to be dependent on the cause of the disorientation
(as, for example, von Prisch's suggested (a) vs. (b)

bifurcation) or even the physical context of dance execution
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(by-light vs. by-gravity), these tﬁo results are not
compatible. Either. there was some olfactory or visual cue
present at the recruit stations the proper distance from
the hive or the salient diétance cue in communication is
something other than what Esch chose to measure. The
question of distance coding must then be investigated with
respect to dances disoriented as per (aj) and indeed (a3),
should the round dance not be the response in that situa-

tion, as seems likely.

5.13 The "Dance Language" Controversy30

The most obvious challenge to the dance language
as an animal communication system was predicated on the
idea that recruitment might be accomplished by olfactory
cues left behind at the site, viz., hive odor and Nasanov
gland secretion. Various attempts (see, for example,
~ Lindauer 1971) to control for the Nasanov secretion involved
sealing the scent gland with shellac; unfortunately, shel-
lac is also an olfactory attractant (to the point where J
shellac bottles distract foragers from food sources--
see von Frisch 1967a:22-23), rendering this a control for
Nasanov gland secretion but not for scent labelling of
the site by the forager. The fact that sites which provoke
dancing garner a larger number of recruits may be ascribed
to the dance's having a general arousing effect; it need

convey no locative information to the dance follower.
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Simplicity considerations then militate against the»imputa-
tion of an information~coding communication system to the
honey bee.

There followed a spate of articles which found that
by providing encouragement of various kinds at the con-
trol stations, much of the p:eferential force in recruit-
ment of the experimental (presumably dance-advertised) sta-
tion vanishes. Johnson 1967b, for example, trained mutant
foragers, strikingly different visually from those of the
experimental hive, to visit the three control stations; the
;xperimental station attracted no more of the experimental
foragers than did the control stations. Wenner et al.

1969 demonstrated that sponge "bees" feeding at a site
also provide landing encouragement.

No matter how many contexts are discovered and
detalled (as by Johnson 1967a, 1967b; Johnson and Wenner
1966, 1970; Wenner 1967, 1974; Wenner et al. 1967, 1969)
in which recruitment is accomplished by nonlinguistic
cueing, this cannot establish that there is no dance cue-
ing (as, for example, is claimed in Wenner et al. 1969).
Olfactory conditioning can-~and no doubt does, in the
light of this work~-play an enormous role in the ecology
of foraging behavior, but the so-called dance language
hypothesis can not be disproved by such work, but only
called into question. The simplest conclusion, in the face

of data showing that recruitment is fully accounted for
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in nonlinguistic terms, is, to be éurg, one treating the
dance language as behavioral correlations serving no known
function, but that conclusion is only falsifiable, not
verifiable. The literature which it is then important to
examine in detail is that which describes attempts at fal-
sification of the anti-communication position.

In 1974, Gould, Henerey, and MacLeod disproved
the Nasonov version of the olfactory hypothesis with an
experimental design utilizing two food sources in different
directions. After training, sugar solutions of different
;oncentrations were offered at the two sites--nearly all
of the ensuing dances advertised the same (sweeter) site,
which attracted nearly all the recruits. The visual and
olfactory controls designed to make the two stations equi-
valent were heroic: for example, more foragers were
trained to the less attractive (control) station because
that station attracted fewer forager visits and it is forager
visits which give the site landing encouragement, scent
marking, etc. Assuming the controls were sufficient, the
fact that the experimental, dance-advertised station
attracted nearly all the recruits strongly suggests that
there is directional information transfer of some sort
during dance following.

This experiment is unusual in that it controlled
for the occurrence of dancing by the trained forager. 1In

point of fact, the Wenner method of training foragers to
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the expgrimental station (Wenner 1961), which utilizes a
sugar solution heavily scented with the experimental scent,
unlike that favored by von Frisch or Gbuld'(Gary and
Witherell 1971, a modification of that outlined in von Frisch
1967a), allows for a marked build-up of the experimental
scent in the hive, in which context dancing is known to be
rare and olfactory reqruitment the norm (Wells and Wenner
1971).

Now, Gould et al. 1974, in demonstrating informa-
!tion transfer during dancing, still does not demonstrate
that it is the dance information which is accessed. Any
attempt to control for (visual and olfactory) nonlinguistic
cueing must make assumptions as to what sensbry aspects are
important for bees. In the present case, locale odor is a
possible nonlinguistic explanation for the recruitment
pattern, as it is for all the experiments thus far discussed
(including those outlined in von Frisch 1967b). The land-
scape wnich was chosen for its apparent uniformity might
not be olfactorily uniform for the bees. This is noted
by-Gould et al., who describe what is needed to evaluate
the dance language's communicative efficacy: "A conclusive
eﬁperiment might be one in which the information contained
in the aance of the forager is altered in such a way that
recruits using this directional information would proceed
to a location to which the dancing fofager had never been"

(Gould et al. 1974:553). If recruits are "misdirected"
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then the dance language is in fact an animal communica-
tion system, however relevant the work of Wenner, Wells,
and.Johnson is with respect to honey bee recruitment in
general.

There have been a number of attempts to cause a
dancer to "lié" about where she's been. Goncalves 1969,
for example, trained his forager to walk through a tube
tothe food; since distance is calculated by an energy drain
measure, her report of the distance to the food should over-
estimate it from the point of view of the (flying) recruits.
As Gould 1976:223-24 observes, the fact that recruits ar-
rived preferentially in the direction of the experimental
station whether or not the tube was long enough for the
foraéer to have performed direction-indicating dances
(Bisetzky 1957) strongly suggests that this result was due
to nonlinguistic cueing of some kind. Considerable tech-
nical problems emerge with this design, as with the model
bee. Schricker (1974a) and Gould (1974; 1975a, b, c)
have independently produced workable "misdirection" techs
niques, demonstrating that the dance language is indeed
communicative.

Schricker 1974a is an investigation into the ef-
fect of parathion poisoning on the distance~-coding capacity
of the dancer. Earlier studies had shown that sublethal
doses of this substance have two significant effects on

directional coding31: (a) that "[t]lhe basic form of the
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dances performed‘by poisoned and non-poisoned bees was
similar, except that the angles indicated by the poisoned
bees did not chénge continuously with time, keeping pace
with the sun's movement across the sky, but did so in a step-
wise fashion" (Schricker and Stephen 1970:150); (b) that
“parathion-treéted bees dancing on a vertical comb were
unable to transpose their visual signals in.any directioﬁ
except the cardinal compass points and their intersects"
(Stephen and Schricker 1970:164). The fan experiments

of Stephen and Schricker 1970 revealed a statistically
significant shift in recruit distribution after poisoning
the dancer with parathion: the recruits appear to have
been_“misdirected." A negative correlation between wind
direction and recruit distribution further supports the
view of the dance languaée as a communication system (see
discussion, Stephen and Schricker 1970:163-64).

Schricker 1974a pursues the question of the hyper-
activity effect of parathion noted in Schricker and Stephen
1970:148 ("the parathion-treated bees [fly] approximately
10¢ faster than the untreated") in terms of its effect
on distance'coding. The poisoned dancer's increased
dance rhythm reduces the waggling duration time substan-
tially, thus coding a smaller distance than would a non-
poisoned dancer. Recruits were misled, demonstrating thaf
the dance's distance information is, in some conéexts at

least, used by recruits. The dance language communicates
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distance information.

Gould 1975b's "misdirection" experiment took ad-
vantage of earlier results (Séhricker-1965; Lindauer and
Schricker l§63) showing that the ocelli, the simple eyes
lying between the two compound eyes, function as light
receptors; when a bee's ocelli are covered with paint,
she has a shorter working day, reéuires higher light levels
for phototaxis. A dancer with painted ocelli will indicate
direction geomenotactically in a hive with an artificial

'1ight source bright enough to reorient the untreated

dance followers, for whom the direction is apparently being
indicated with respect to the light. 'The dance directs
recruits to a site the dancer has not visitéd, a site
she'can not give nonlinguistic cues for. Changing the re-
lationship of the light to the vertical changes the site
advertised. The statistical preference forbthe direction
(Gould 1975a) and distance (Gould 1975c) advertised in the
dance demonstrates that the dance language is indeed com-
municative, coding both distance and directional informa-

tion which potential recruits do in fact access.

2.14. Summary: Arguing from Performance to Competence

The dance language of the honey bee is a behavioral
repertoire coding information as to the distance and direc-
tion from the hive to the goal (nectar, water, nesting

site, etc. depending on the current needs of the hive). The
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extent of ‘the locative information‘coded is variable with
somé (i.e. non-waggling) dance types failing to give pre-
cise distance or ‘even directional information (i.e. the
round dance). Both the vivacity of the dance-and the sugar
burden qualities of the goal may prove to play a linguistic
role as well. The details of the dance language vary
across races and species of bee, specifically as regards
the shapes of the transition from round to tailwagging
dance; it is an open question whether the interracial
variation in distance assigned a particular waggling run
is linguistic as well, given that it correlates with the
interraéial variation in flight range, dependent in turn
on body size. A bout of dancing typically gives the loca-
tion of the goal at least several times.

The distance is calculated ih terms of the energy
(sugar consumption) cost of an attempted direct flight to
the goal, but may be found to involve other perceptual
data as well. Direction is éalculated from the sunlight
intake of the various ommatidia, possibly corrected using
visual estimates of her lateral drift when there is a
crosswind to bhe fought. Only the goal's azimuth, not its
elevation, plays a role in the direction coded. Directional
coding fails, giving rise to disoriented dances, when the
sun nears the zenith.

Evidence is presented for the averaging hypothesis,

according to which perceptual inputs of various sorts are
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. integrated by the nervous system both previous to dancing
and during dance comp;ehension, where it is generally
agreed that approximately six inputs are averaged. The
averaging hypothesié incorporates a filtering device which
discards perceptual data wideiy divergent from previous
experience (so that training is required to permit the
integration of outward and homeward flights of very dif-
ferent lengths) and prefers the outbound flight, perhaps
because many of the features of the homeward flight are pre-
dictable from those of the outward flight or perhaps because
the dance codes, after all, an outward f£light.

A method is outlined for determining the linguistic
encoding of distance, a method primarily involving the
application of a rigid structural and psychological sim-
plicity criterion. The surviving energy drain correla-
tions are to be examined to determine which are biologically
- dependent on each other; the most highly correlating element
of each set of dependent energy drain measures is then
hypothesized to be part of the linguistic encoding of
distance. Neither the model bee nor the statistical mea-
sure of recruiting accuracy plays a role in this determina-
tion, although the question of the mode of self-monitoring
of the dance is significant in this regard, as is the ques-
tion of which correlation(s) are perceptible to the dance
attenders. The von Frisch conclusion that the linquistic

encoding of distance lies in the duration of waggling
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(modified here to include the duraﬁion of sound produc-
tion) may well ultimately be the preferred hypothesis but
it remains to be shown that they are each their own set's
best correlate with the enérgy drain, rather than that they
are the overall best correlates with the map distance.

When the lighting is either diffuse or lacking,
the azimuth of the goal is given with respect to the upward
direction, provided the dance floor is sufficiently verti-
cal to permit the dancer's gravity-sensing organs to
function properly. The azimuth of the goal is}given‘with
respect to the azimuth of the sun whenever it‘is directly
visible; when its position must be perceptually calculated
from the sunlight between the clouds, the polarization pat-
tern of the blue sky, a weighted average of the solar and
upward axes is employed as axis, the weighting a product
of the angle of inclination of the dance floor and the
thickness of the cloud cover: a fully vertical dance floor
provokes an even averaging of the by-light and by-gravity
directions if the sky is visible. The translation from
direction with respect to the sun to direction with respect
to gravity is finally subject to a slight but systematic
deflection toward the horizontal and vertical axes.

The positioning of potential dance recruits on
the dance floor displays a diurnal rhythm, according to
which the usual seekers of a particular product at a given

time of day are at that time huddled together on a part of
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~ the dance floor roughly corresponding to the location of
their goal; this facilitates their alerting by a scout
alréady engaged in harvesting that product. Successful
dance following also involves the employment of a strategy;
ah angle of 40° is maintained between the dancer's and
attender's bodies in such a fashion that the dance follower
is alternately on the dancer's right and on her left, but
consistently on the inside of the circuit.

Unusually long site advertisements (marathon
@ances) take account of the changing solar azimuth, the only
aspect of the dance language known to be learned. The
constituency of message repetitions is a serious problem,
as is that of the round dance, whose reported "slovenli-
ness" appears to be greater than that of the other dance
types, although the vast array of completion curves in the
S-dance is also problematic.

Although the dance language has been shown to be
communicative, the discovery that recruiting is often a
product of olfactory and visual cueing makes the
interpretation of much of the literature, concerned in most
cases with recruit behavior, difficult to interpret, and
impossible to rely on. Many of the classic experiments
need to be repeated within the misdirection paradigm of
Gould 1975b (in which regard, see sec. 2.13).

It is likely that a large part of the account of

dance production and comprehension will prove to be biologically
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interesting but linguistically irrélevant. To take a case
in point, the preference for the sunbound direction in the
180°-discrepan¢y trained transport experiments, regardless
of whether that factor resulted from the pre- or post-feed-
ing leg of the round trip, is likely to prove to be a
consequence of the particular biological mediation of
directional coding rather than a crucial bit of evidence
for grammar-building or evaluation. Other biologically
interesting, likely to be linguistically irrelevant, fac-
tors include the specification of the properties in a goal
necessary (for a given hive condition) for the release of
dancing; the possible dependence of distance correlation
maintenance on the nature of the environmental factor
respdnsible for the disoriented dance; the reception of the
model hee.

0f particular interest linguistically is the
~ determination of whether perceptual data other than her
fatigue (as, for example, her visual estimate of her
progress) play a role in determining the distance coded
in the dance, thus supporting the distance rather than
energy drain view of this parameter; whether the dialect
preference for one mode of transitional dance over another
is absolute or merely statistical, which would support the
view that the dance language is a single system whose
"dialects" are reflections of interracial biological dif-

ferences.
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The notion of dance competence is clear at this
time only in its broadest outlines. There appear to be
two racial dialects, differing in the structural patterns
constituting the behavioral repertoire and so, requiring
somewhat different gramﬁatical treatments. Although it
is the waggling run which generally provides the distance
and direction information, the patterning of the dance
involves other danced maneuvers whose distribution, at
least, must also be accounted for. Each dance type is
restricted in use to a particular portion of the flight )
range (it is conceivable that these portions overlap to
some extent), from the round dance used for the shortest

distances to the S-dance reserved for distances near the

foraging limit.
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Notes
2

PRELIMINARY OBSERVATIONS: FOCUS ON PERFORMANCE

1. The issues, none of which arise in quite the same
sense for the zoologist, are discussed in detail in the
rest of this section; this argumentation may be skipped,
sec. 3 (The Finite State Account) read at the conclusion
of this sketch (p. 17 ) provided the positions sketched
here are clear, deemed reasonable, and the methodological
issues uninteresting.

2. Arranged in order of appropriateness to gradually
larger distance values. Thus, the round !dance is used for
goals very near (how near is "very near" depends on the
particular racial strain) the hive or swarm cluster, the S-
dance for those near the foraging limit (again, racially
variable). The ~wwwa indicates concurrent waggling.

3. The distance vs. flight range issue sketched
earlier (p. 7) is further explained below (see pp.
41-43).

4. This is precisely the topic addressed in sec.
4.3. The experimental evidence that the dance language
is in fact a communication system (see sec. 2.13) plays a
role there in suggesting that the dance behavior is self-
monitored and so has a cognitive base.

5. Von Frisch 1967a:243, 250-51, 266-67 and Gould
1975b:16 suggest that the likelihood of dancing may cor-
relate inversely with the time taken up in the unburden-
ing process. A returning forager's first task consists
in finding "takers" for the disbursal of the load acquired
at the feeding place.

6. The scout bee househunting during or just pre-
vious to swarming does not require separate treatment
here. The major known differences between the forager's
dance behavior and that of the scout bee are that the
forager is in a position to offer food/water etc. samples
to the dance attenders and that the scout bee on the
average dances longer upon her return (this is discussed
on p. 69 below).
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7. It is difficult to know guite how to interpret the
following quote, given the nature of the dance language
controversy (see sec. 2.13): "Esch (1963) determined that
in 6000 cases of silent waggling runs no newcomer came to
‘the feeding place (at a distance of 150m). On the other
hand it happened also that on rare occasions vibrating
episodes occurred throughout the entire dance, even during
the return phase. Such dances too were without success in
recruiting” (von Frisch 1967a:58). Such dances are also
apparently "feeble."

8. For a discussion of the progress made toward that
end and an analysis of the problems still remaining, see
Gould 1975b:62-75. In a similar vein, it has often been
argued (see Limber 1976, for example) that the child's com-
" petence is not fully reflected in production data alone--
comprehension data must be sought as well.

9. And, presumably, an analogous number-cf-sound,
bursts correlation, although thls parameter is not dis-
cussed.

10. Kroeber 1952 argues that the relevant parameter
is developmental in nature: since the dance language's
semanticity is genetically encoded, it is not arbitrary and
so, not symbolic. That is not what is being addressed
at this time. Rather, the question is that of determining
whether there is a cognitive substrate :to the duration of
the waggling phase. An affirmative answer is suggested by
a semantic interpretation treating that phase as coding
distance, a negative answer by one treating it as coding
energy drain/sugar consumption.

11. See von Frisch 1967a:296-97, which further raises
"the question whether, when Carniolan and Italian bees are
crossbred, the behavior of performing sickle dances is
linked in inheritance with the yellow body marking," ar-
guing that "the linkage of the mode of dancing with the
color of the body should be reinvestigated . . . with
Italian~Carniolan hybrid colonies whose queens have been
inseminated artificially, so that the nature of the cross
is absolutely clear," noting the complexity of the genetic
coding of coloration.

12. One, that is, modelled on the nisdirection ex-
pgriments of Gould 1975b, outlined in sec. 2.13.

13. If the bee in question were sufficiently familiar
with the area she was being transported to, the training
period was quite brief or even unnecessary (von Frisch 1967a:
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14. The result could conceivably depend on whether or
not the site of the "return" flight had previously func-
tioned as a feeding place for the dancer in question.

15. With regard to reversal, witness the above-men- .
tioned tendency to reverse the pre-feeding flight to return
to the hive. With regard to averaging, see Gould 1975b:
170-73 for statistical comparisons of recruit distribution
and production scatter, suggesting that the sixX or so consecu-
tive pattern traversals witnessed by the successful re-
cruit have been averaged. Also see -p. 65 below.

16. Notably, the observed weighting of the two flights
according to their length (the direction on the longer flight
is more heavily weighted) and the\weighting contributed by
a line of landmarks along one of the hive routes (Otto
1959, reported in von Frisch 1967a:171).

) 17. Subject to the caveat described in the previous
paragraph, it should be noted that even when the return
flight is so heavily weighted by landmarks (see n. 16) as
to be fully determinative of the ‘dance-coded signal, the
dancer's next foraging flight is modelled on the previous
outbound flight (von Frisch 1967a:172n).

. 18. The direction-indicating segments of the dance
are identified as the sites with waggling potential (see
(l)' po 22).

19, "It turned out that the bee can orient just as
well with regard to the polarized light of the blue skyy
whose direction of vibration depends on the position of the
sun, as with respect to the sun itself" (von Frisch 1967a:
134).

20. Leading the forager to the feeding station by
way of a detour around an object (building, hill, etc.) may
result in her treating something as an obstacle which is not
so perceived by the recruits, who keep to the air line, per-
haps flying over rather than detouring around the "obstacle"
(von Frisch 1967a:178). If the training is along a zig-
zagging path without there being any candidate for the
position of obstacle, the dancer eventually uses the air
line on her outward as well as return flight; this mirrors
the behavior of a bee who after an extended, irregular
exploratory flight finally locates a profitable food source,
returns to the hive along the air line, without retracing
her inefficient outbound flight, her subsequent danced direc-
tion also pointing directly to the goal (see von Frisch
1967a:182-83). ‘
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21, In at least one respect this is an oversimplifica-
tion. The provisiodn of nectar and pollen naturally displays
a diurnal rhythm which the bees are sensitive to. The same
bee may be a member of as many as four foraging groups
operating to harvest from four different locations active
at four different times of the day (Finke 1958, reported in
von Frisch 1967a:254). The dance floor then also displays
a diurnal compositional rhythm in that any given foraging
group assembles at the appropriate part of the dance floor
at the proper hour, its members otherwise engaged (resting, .
etc.) the rest of the day.

22. Gould 1975a:690 (also see Gould 1975b:152-66)
demonstrates that the statistical distribution of recruits
argues against "the integration of separate dances,” by
which is meant the averaging of distance and directional
indications produced by different dancers advertlslng dif-
ferent, olfactorily identical sites.

23. "Observations by Lindauer suggest that the shift-
ing azimuthal angular velocity is not included in their cal-
culations of the sun's nocturnal path" (von Frisch 1967a:365).
It is not known how much of a role this plays even during
daylight dancing.

24. This tendency toward error (roughly twice as
strong a tendency toward vertical as toward horizontal
directional deflection) is thus demonstrated for two toward-
the-goal tasks. A correspondence between residual misdirec-
tion and a perturbation of a goal to hive angle (rather than,
as here, a hive to goal angle) would have been difficult
if not impossible to explain.

25. As by Gould's "misdirection" experimental para-
digm-~-see discussion, sec. 2.13.

26. Correctly interpreted, that is, within the limits
imposed by the 40° dancer-observer discrepancy discussed
above.

27. The situation may be clarified by reference to
the example (see "von Frisch's account") in (8a) below.

28, See (8b) below ("von Frisch's account") for
clarification.

29, It is unlikely, though not beyond the realm >f
possibility, for the observer to correct for the -
estimate discrepancy produced by the approximately 40° orien-
tation difference between the dancer and herself. (Note -
that the dancer cannot make this correction as the dance
language is typically many observers—-one dancer, with each
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observer oriented differently to the dancer.) This would
require something on the order of the lateral drift compen-
sator discussed on p. 58. However, in the absence of
experimental evidence suggesting tight agreement on the
position of #:L , the hypothesis that the biological mechan-
ism mediating the maintenance of the 40° angle also mediates
a perceptual correction of XX - estimates is not to be
preferred to the account outlined here, due to Gould 1975b.

30. This very abbreviated outline of the dance lan-
guage controversy is not intended to substitute for the
historical analysis of Gould 1976, but only to sketch some
of the major developments. As will be shown,. the central
issue with regard to the linguistic analysis of the dance
language is not that of the system's communicative status,
but rather its cognitive status. That is, the central issue
is whether it is possible to motivate a competence/performance
distinction, i.e., whether the dance language is, in
Bennett 1964's terms, regular or rule-guided (see discussion,
sec. 4.3). :

31. Schricker 1974b shoWs that parathion also disso-
ciates the "internal clock" of the poiscned forager.
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3

THE FINITE STATE APPROACH

. As.ia competence model? the finite state device or
Markov process (see, for example, McCulloch and Pitts 1943)
characterizes the set of well-formed strings in tﬁe follow-
ing way: any path from the designated initial state S to
the designated final state Sf (S0 and S¢ being elements of
the finite set of states used as "way-stations" in the -
device) which agrees with the directionality of the arrows
connectipg the states in that path represents a well-formed
string; nothing else is well-formed. The finite state de-
vice is required‘to generate the dance footwork rather
than simply the resulting pattern, clearly distinguishes
continuous dependencies from discontinuous ones. Consider,
for example, the two waggling runs of the transitional or
tailwagging dance; any dependency here would be discontin-
uous inasmuch as these two runs are necessarily separated in

execution by a roughly semicircular run.

3.1 Dances Irdicating Distance and Direction: The
Carniola: Honey Bee

3.1.1 The First Constituent of the Dance
The first problem that arises, therefore, is that
of deciding which component of the dance is to be generated

first. Based on von Frisch's (1967a:102) observation that
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dance attenders who lose contact with the dancing forager
or scout (see (6)) often wait for her where they antici-
pate the beginning of a wagéling run, it is the waégling
run which will be considered the first component of these
dances.

While this appears inconclusive and perhaps even
irrelevant at firsi, it is in fact inarguable on the aséump—

1

tion~ that long intervals of dancing (to be referred to as

superdances) are series of dances, where the relation between

‘dance and superdance parallels that between sentence and
paragraph or discourse monologue in human language, i.e.,
where it is dance and not superdance which the syntax must
account for. Given this assumption, the dance follower who
finds herself "out of the swing of things" and reacts by
positioning herself so as to be in on a waggling run can
ohly be interpreted as displaying her recognition that
dances start with waggling runs.

This behavior will not represent the recognition
of a constituent boundary D (dancef unless it can be demon-
strated that a bee distracted on the first curved return
run of a transitional or tailwagging dance does not join
in the next waggling run but skips one. This seems highly
unlikely in view of the fact that a bee may become an
observer at any stage in the derivation of the SD (super-
dance) and so be unaware of which circuit (von Frisch's term

for a waggling run together with its return, i.e.,



1

K ’\g . |
(:EE or )-~left or right--the dancer has, so to

speak, intended to be the first half of D;z The general
point, however, that distance and direction indicating
dances begin with a waggling run stands, provided only tﬁat
the repositioning behavior described for the suddenly
detéched would-be dance attender holds across the various

distance and direction indicating dance types (tailwagging .

R 7
<Zaﬁ§i) transitional, tailwagging, S~dance) .

These observations serve to indicate a finite state

device of roughly the following shape:
Cf\(/(
CoprrrE)——(%)

where SO is the initial state, S the final state, ~r

denotes a waggling run and c¢ a curved run. The path through

S3 is intended to produce téilwagging transitional and

(where the same waggling run is chosen in proceeding from

S, to S5 as from So

going directly from S, to s¢ is to produce S-dances. Now

to Sl) tailwagging dances, while that

note that this automaton, in not distinguishing one wag-
gling run from another, fails to derivationally distinguish
the tailwagging transitional and tailwagging dances. What's
more, this automaton makes the claim that any waggling plus

curved run combination is a viable beginning for any of
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these dance types.

X : X
Yet can only be completed as an S—-dance and

‘

cannot be completed with a curve (* ). Thus there
are dépendencies betwgg; the various constituents in the
dance, dependencies which the finite state device given
above can't handle.

There are other criticisms one might level at thié
device, perhaps most importantly that in not distinguish-
ing waggling runs of different durations or at different
angles with respect to the axis (the axis being a ray
directed toward the sun's azimuth or away from the earth,
depending upon the dance's physical éetting) it fails to
make distinctions which wiil be important at the semantic
(here necessarily equated with the information) level. The
duration parameter additionally has a direct well-formedness

correlate in that the two waggling runs (each of which is

to give the distance or, more precisely, energy drain) must

N
2

have the same duration, i.e. * , *
An adequate treatment must distinguish (a) signs differing

along parameters which make semantic distinctions, e.q.

vs.% and %i vs. www |, and (b) signs differing
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along parameters which give rise to syntactic ill-formed-
ness, e.g., curved runs must be specified so as to make

it determinate whether c is a return to the place the last

R

waggling run began, as witness *  vs. K
As the illustrative examples show, waggling runs must be

specified as to duration and angle, curved runs as to their
relationship with the previous waggling run (is it a return

run?) and finally (a type (b) example), in order to rule

out * «Z:% as a complete dance, the side of the waggling

run the curve is run on.

3.1.2 The Lexicon

The following notation is accordingly employed:
wiotj denotes a waggling run ofrduration.%&, aﬁ being 6ne
of a finite number of equivalence classes Wy oy o v oy
oﬁn’ danced at an angle‘“j, sz being one of a finite number'
of equivalence classes°4l,°42, . e "Q(n‘ The situation
may be pictured as:

(9)
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‘The two gf;ds may be anchored at Ul°¢l, the waggling run
indicating the smallest danced distance. value with the goal
directly in liné with the solar azimuth..

Curved runs will be described along three dimensions;
the basic idea is that any curved run is a return run on a
particular side of a waggling run which may or may not have
been independently executed in that dance. In each of the
following diagrams, the curve is interpreted as a return

run to the broken ( - - - ) ray uﬁ°¢i running from the

center of the circle to the periphery; in (10a), the curve
is drawn counterclockwise and written ci'j’+’ while in
(10b) the curve is drawn clockwise and written ci’j'— as

I

indicated. It must be emphasized that the waggling run that

(10)

(a) . ()

counterclockwise - turﬁlgﬁﬁmie .
return run ¢; s 4 re 3,5

is -associated Qith a given.curve connects the end of the
curve with its start, so that the waggling run for X and
\5/ runs right to left while that for ~N and -’/ runs left
to righf. Attention may now be given to just which se-
quence of these are well-formed.

As discussed earlier in this section, the firs£ com-~

ponent of the dance is a waggling run. ' The problem the

finite state device must solve then is the specification of
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what -may follow a particular é1i°‘j; It is important in

this regard to note that those cases where the curved run

. ' N
following @&°<j is a return run (e.g. <Z§B ) can not .

be completed with a simple curve (* "), while those

T
where the curved run is other than a return run (e.q.
N
can only be so completed ( This
means that there will have to be different states W for

"3
each of the initial a3°4j runs so that in every case,

depending upon the relationship the given curved run bears
to U&°‘j the appropriate completion sequence(s) (waggling
run plus curve or simple curve) may be specified.

Now since the clockwise/counterclockwise specifica-
tion of the curved run plays a réle only ih.terms of en-
suring opposite specifications for'the‘two curved runs in a
dance,ettention will be further restricted to cases where
the first curved run is counterclockwise.3 The problem

then consists in generating the proper completion sequences
' 4

for a given a€°<j followed by .a particular Cp’q’+’
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3.1.3 S-Dance

As discussed above, unless p=i and g=j, the se-
gquence éan be completed only by a simple curve, i.e. the
dance must be an S-dance. Von Frisch's (1967a:59) discus-
sion of this dance pattern, though brief, suggests that
~the size of the two curves need not be prdportionate but

that they must produce a concavity change about an axis,

so that each of the following is possible: ”““”“””“vajf,

These conditions may be represented as follows in (11).

In each case the waggling'run plus non-return counterclock-
wise run may be completed by any curved clockwise run made
at the same angle as the first. In each case an S-dance

is obtained.

3.1.4 Tailwagging Dance

When, on the other hand, a counterclockwise return
run succeeds the initial waggling run, a second waggling
run must be instituted. If it is identicai'to the first, a
tailwagging dance results. If it is noﬁ, the dance is a
transitibnal one. In either event, the second waggling run
must be succeeded by a clockwise return. So, for ﬁhe tail-

wagging dance, the device is as sketched in (12).
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(11)

R, 3,1,31

———)

(12) G 2.5 {30
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3.1.5 Transitional Dances: Y-Shaped
The transitional dance presents one other slight dif-

ficulty: no indication is given to suggest that

< A is grammatical. Assuming it is not, it must

be ensured that the waggling run to succeed (i:;;> may

have an angle component at most a fixed distance round
(clockwise -~ see (9)) from that of the first Waggling run.
Indeed, Gould 1976:216 reports that "some runs are wrong by
as much as 30°," confining the angular spread to 600, 1/6
of the angular range encompassed by the o ~yariable. This
observation may be taken as evidence that n (see (9)) is a
multiple of 6.

"> with for example

1f (&) denotes "clock addition,
(n-3) C) 4 = 1, the way (n=12 on a clock) four hours past
nine is one o'clock,  then the limit can be set precisely

using (13)'s k as the maximum positive deviation from j

{13) k= n/6

allowed the angular component of the second waggling run.

Since n is a multiple of 6, k must be an integer. Tailwag-

ging transitional dances can then be specified as in (14).6
The incorporation of the remaining transitional

dances.of the Carniolan honey bee into this model crucially

involves the representation of the straight run. Although

straight-run duration has no semantic correlate, it is
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(4) | - Asnsed

Vi se1 °1,§®1,-

Wit 4B 2 . %,30@2,

. Wity ’ j/
Gy g Jerasr—Frsns)
' R

1®k °1, § ®x,-

ey

necessary to make the same distinctions as for the waggling

run in order to rule out such sequences as *

In terms of the model already given and the notation

Si,j for a straight run of the same direction and duration
as a&°ij, 1{i¢m, 1<¢j<¢n, such dances can be generated by
introducing a new exit to the state Ri,j,r,s (see (11)),
permitting the generation of such sequences as (15):
(15)

wio(j cr,s,+ Sp.q widq cr,u, -~ 'Sp,j
In each case, the following cénditions will obtain:
s # 3J, Czq is less than 60° (k units) away from %j, Sp,q

completes the circuit (returning the dancer to the starting
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. point of -her initial waggling run ;4. and finally,
cr,u,_ is that curved run which will allow Sp,j to complete
the second ciréuit (again returning the dancer to the
starting point of her initial QE<¥j), as in (l6a). When
p =i, el corresponds to the bisector of the two waggling
runs, a&txj and aﬁoéq, and u = s. More importantly, such a
case (see (16b))with g-= j & k would show k to be a multiple
of 2 and thus n (see (13)) to be a multiple of 12.

(16)

(a) 4 : (v)

The 60° condition acts to preclude straight-run

transitional dance completion of .T% or any other

sequence whose transitional completion would result in the
direction's being given by the bisector of waégling'runs

more than 60° apart. We assume that Gould's observation
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(see p. 108) holds across dance types and dialects. Ideally,
the 60° condition should be given in terms of‘*;, identify-

ing which a;iaz. c sequences are completable as transi-

3 r,s,+
tional dances. However, this is in a very real sense
unimportant here. Indeed, thé fact that the values for
p.qd,t,u are computable from i,j,r,s is in itself irrelevant,
useful only for expository purposes. The uniquely satisfy-
ing p,q,t,u for a transitional i,j,r,s quadruple must
be specified directly in the automaton rather than by a
formula. |

The finite state device is therefore to be enlarged
along the lines sketched in (17), assuming that the paths
indicated meet the circuit—cémpleting and s # j conditions,
and that those featuring g values other than j@ 1, i ® 2.
ever J® k have been eliminated. Where p(i,q,r,s) = i,

q € {j@ﬁ, o4, ..., jékz , as discussed above with respect
to (1l6b).

Non-waggling Y-shaped transitional dances may be
accounted for by the éddition of a device very like that
throughout,

in (17), save that Sx y substitutes fortdxod

14

Yy
as in (18). The same restrictions, of course, apply here

as for (17).

3.2 The Grammar Thus Far
The finite state account of the Carniolan honey bee's

distance and/or direction indicating dances is thus an



(17)

Wyeq(d,5,1,1)

—Sp(i,4,1,1),q(i,3,1,1) — R4, 5.1,1

(ct(i.j.l.l).u(i.é.i.i).- ————
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1,1,+ ' Spti,4,1,1).§
. w

i®¢q(i,§,i,51)

41, 5,1, 3-1)u(i, 5,1, §-1) - —

Yioj-ivj'l

1314 C Sp(1.8iis 31004

sJedy ct(iaj-ilj"'l)'u(injvivj+1)" -

Wi3oqg(i,3,1,5+
Sp(i.j.i.j+1).q(i.3.i.j+1)-> g1 31
:

~

[ .

m.&l'.*' ‘ L sp(ipjp.i.j"‘i),j
( — . Wiq(i,§.m,
Ri'j'm'n sp(iljumon)lq(inj-mun) q( j - n)

N

: Zi,j,m.n ct(i.j.m.n),u(i,j.m,n).-
Sp(itj-mnn)'j
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{18)

A

, .. .8
. ¥ \ i' q‘iﬁjvivl)
(R%, 5001 )—Sp(s, 5,11 00008, 3,1,0) — XL, 3,1,1 -

S : . I
/ . @D—ct(i-J.'1.1>).u(i.j,1,1),_ Y_i*.j,l.1
°1,1,+ L Sp(1,4,1,1), 8 o

' : * Sin Q(i’jvi’j‘i)
(8, 5.8, 30— Spte,3,4, 3-00alts 3,0, -1, 3,8, 5-1)
/r—gzﬂa.a.d-i — C4(L,§,1,3-1) uli, 3,4, §-1) - ——(Yi*.a_.g_.i-y)
' —

ciuj"ln‘*‘ _ _ Sp(i,,’],i.j-l).j
(5 ; I)r 1,4 @ S L 5.
of\ 341, 4 S | o

— ' E "4"‘\ 51,q01, 4,1, 3+41)
@Hi3.1.3+1)-" sp(i.dgi.5+1).q<1.3.1.3+1)e(xi.J.i.3+1/ ALTEIE

. N lome O ; . — Y‘{ D
1,51, 340 4— 64, 3.4, j+1),u(d, 3,4, 1) - L, 3,4, 5+

cmn§v+ ( - ”SP(i.J.i'. j+1)"|’l >
- . . 3 , {1, vy ,
Ri*njvmpn - sp(ioj!mpn)!q(ilj'mvn) E x;'d'm'n Ha J i

N | —
@j;l_g_'mln /<—— ct(i.j.m.n).u(i.j.m.n).- > Yi.j.m,n

( , Sp(1,§umin), §.— >
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amalgam of (11), (12), (14) and the s # j , Circuit
- completing, k-modified (17) and (18), together with;their
mifror—image counterpartslconstructed as outlined in n.3.

Waggling phases (or in the case of the nonwaggling
transitional dance, sites suitable for waggling) are
invariably generated as the initial dance component, on
the strength of von Frisch's (1967a:102) report (see p. 100)
that breaks in dance following are repaired where waggling
runs begin, an observation which needs to be confirmed
across dance types before this tactic'is fully justified.

The finite state model must eventually be examined
to eliminate pafhs combinin§ a waggling/sound production
duration value incompatible with the dance type the path
is producing. As already discussed, each dance type ac-
cesses a fixed range of waggling/sound production duration
values (see pp. 23-24, these ranges possibly overlapping
(see pp. 67-68).

Given that the semantic interpretation of transi-
tional dances involves averaging the different directional
indications, and that the ®«-range of (9) represents
a conceptual organization, it must further be guaranteed
that the averaging produces a value within the ¥-range.

To take a concrete example, a tailwagging transitional dance

e o, C. . W, o,
of the form 1%5 %i,9,+ Y4501

ci,j@n,- must be supposed
impossible since it indicates a direction of j®1/2, not

an element of thee{-range. This point may be put another
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way: there is no principled reason for allo&ing transitional
dances a greater directional accuracy than the tailwagging
.or S~-dance. The k—modification‘clause for (17), (18)

which requires that. gq € %_j@ﬂ, i®2, ..., j@kz is not
sufficient; g must be an even number of units from j; the

" bisector must be an element of {m1,°<2, ...,°<nz . In other
words, the k-modification clause should fead g € {j@Z, 194,
oo JBk { , k even, whether or not p=i. Similarly, the
éxits from in (14) should he restx;icted to waggling
runs an even number of units from j, i.e., to the values :

i®2, 04, ..., k.

3.3 Dances Indicating Distance and Direc¢tion: The Italian
Honey Bee

Assuming that von Frisch'é observation with regard
to the repair of breaks in dance following holds not only
across dance types, but also across races of honey bee,
the fact that the Italian race shares both the S8~ and tail-
wagging dance with the Carniolan honey bee is easily accom-
modated by attributing to the two models subparts of the
sort presented in (11) and (12), together of course with
their mirror-image counterparts (see n. 3). The correc-
tion fof,incompatible waggling/sound pfoduction duration
values and dance types ié liable to prove to be dialect-
independent given the previous discussion of the ?elation-.

ship betweeh these values and the pfecentage of the flight
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range (see pp. 41-43).

Presumably, identical conclusions should be reached
as to the status and structure of the round dance, discussed
bdlow. The unresolved distancé vs.‘flight range percentage
issue plays a.crucial role here in determining whether the
referential difference between the two dialects' view of
a particular bEQ(j is semantic or not. If, as traditionally
claimed, it is distance which is encoded, this difference
is semantic, with a greater distance aséigned &€°4j by the

Carniolan lexicon than by the Italian (see p.23). Gould's

60°

limit on directional variation, based.on observation of
Italian bees, is naturally retained here.
It thus remains only to consider how to generate the

transitional dances typical of the Italian honey bee.

3.3.1 Transitional Dances: Sickle-Shaped

The sickle dance is characterized by four curved
portions, none of which may be neatly paired as were the
clockwise vs. counterclockwise semicircular return runs
of the tailwagging dance. The vocabulary thus specifies
four curved counterparts for a waggling run‘Uiodj; the left
side of the left branch of a sickle based on"(j as Lljw the
right side of the left branch as Lrj' the left side of the
right branch as le, and the right branch of the right
branch as R... L. and le, as the inside curves of the

J rj

sickle, may be further specified as Lri,j and Rli,j to
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indicate concurrent waggling (at the open end of the forma-
tion) of duration G)i. Finally, each curve is specified

as + if run away from the four-curve contact point, = if run

toward that point.

The nonwaggling sickle (19) is generated as in (20),
the waggling sickle (21) as in (22).

Brdpm ———

ta0 (D)

R1j@2,+ —a fri®2,~ ——

(20)

. ' f

“13®k.+—> Rri® kyw ——

li,qt qu,-

(22) :

. Rlinjn"'_—_._\,&-_o_g:j )_ Rr:).- )m
R i @t =13, 01— Rej@1,- —
02 "ri@z- —

L L

s

\nn.j@um@k.-_m
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Only the counterclockwise generation of the basic pattern

is outlined here (see (23a)). The reverse traversal (23b)
of this pattern is ungrammatical; the mirroring procedure of
n.3 is blocked here as in (1%4) -- sée n.6 for discussion.

(23)

I‘ipdn"' ) Rll.q-

(a) | (b)

It is unclear whether the sickle dance may take the
full-horseshoe shape of (24a,b), but such dances are
easily excluded should that prove necessary.

. L. .
(24a) Lr] o+ l] e

(b) Lri,jf+ Llj,- Rii,j,+ Rrj,—
3.4 The Round Dance

There is very little which can be said of a specific
nature with regard to the structure of the round dance. The
notational vocabulary thus far introduced is not neces-
sarily inadequate; it is the nature and extent of the idealiza-

tion to be made, the quality of the competence "tidying" of
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its reported slovenliness in performance which is at issue.
Indeed, this slovenliness is even worse than has thus fa;
 (see p. 61) been reported here, for not only does it extend
to the irregular spacing/timing of her reversals but also
to a reporfed possibility of concurrent, again irregularly
spaced, coincident waggling/noise bursts during circling
(von Frisch 1967a:45, 238). These bursts are taken there
to be paralinguistic, indicative of the unusually good
quality of the goal, part of the dancer's "vivaCity,"

which during other dance forms is probably measurable in
part by the lateral extent of her waggling movements (see
Gould 1976:240). Provided that these phases (which,

since overlaid on a circular fun,'can not code the direc-
tion) are moreover of irregplar duration (and thus do not
code the distance), there will be no reason to dispute this
conclusion.

Given the information-coding underpinnings of the
current treatment, whatever features fail to reliably
encode information or to pattern inla distinctive fashion (e.g.
the curved runs) are thereby not to be treated as lin-
guistic, i.e. are not part of the dance proper. This in
turn makes the treatment of the so-called direction- -

indicating round dance of Apis indica a matter of some

moment. In this species, the reversal sites roughly approxi-
mate the direction to the goal (von Frisch 1967a:304). It

is unclear from that discussion whether the directional
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imprecision here is on the order of that occurring across
sickle dances, or even whether non-direction-indicating
round dances ever occur. It is distinctly possible that
the "direction-indicating found dance" is nothing more than
a superdance interpolating sickle danceé among the round
dances. The fact that such superdances are reported for
goals as little as 10 cm. from the hive merely reflects this
species' very small flight range. .The energy drain range
appropriated by this species for the round dance may be

so small as to make use of the round dance very limited in-
deed.

Treating the round dance pattern as a full circle
allows the irregularity in reversal to be treated as
eithér an adjacency phenomenon involving deletion or as
due to the interference of psycho~/physiological factors
with dance execution. ’ There is some slight confirmation
for this view in that nothing in the literature suggests
that a superdance which does not fairly rapidly present a
full-circle pattern (e.g., one consisting of rapid re-
versals on the order of * (‘Q LCC ...) would be a
possibility.

This construal of the status and structure of the
round dance is.easi;y'accommodated. The curve ci,j,=’ by
definition a counterclockwise return run to a non-executed
(Ui°<j, is completed by a counterclockwise return run ci,h,+
drawn to a non-executed Q€‘<h, a waggling run identical

to uﬁ°(j save for having the opposite orientation. Again-
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supposing that no limitation on the regularity of the pat-
tern is imposed by the vocabulary's equivalence classes
(see (9)), h may be given as in (25) and n is presumed even

independently of the specification of k (see (13)).

(25) '

h =3 @"/2)

The emphasis on reversal possibilities, however,
further suggests that superdances consisting of a series
of all-counterclockwise (or all-clockwise) tracings of the
pattern might not occur. Further supposing such to be
ungrammatical, notldue to psycho-/physiologicél factors,
suggests that the basic pattefn be taken to include a
full circle and a single reversal, this reversal either
preceding or following the execution of the full circle,

as in (26). The frequency of reversals in a superdance,

(26)
B
1,3 ~
°1,§®n,* i, 5.-
2 .
3, - c
Through state B j 5. Through state Di 5

O OO

S s
i n counterclockwise circle reversal, then
1.3 JG)E then reversal ' clockwise circle
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like their irregularity, is to be attributed, as per n.l,
to performance factors. Again n.3 serves to produce the
oppbsitely oriented cases (viz., clockwise circle plus
reversal and reversal plus counterclockwise circle].

Further speculation is fruitless, although it must
be noted that the best account of this dance type may
require new vocabulary, specifying the round dance as a
sequence, not of half-circles but rather of third- (or
quarter- etc.) circles. Neither is it the case that
plausible alterqative analyses are available only for this
dance type.

Consider the non-waggling Y-shaped transitional
dance analyzed in (18), by analogy with the waggling Y-
shaped transitional dance analyzed in (17), as a sequence
of six segments, four straight and two curved runs. The

straight runs S, could quite conceivably be better

i,] Splj

d i ingl traight S. .. S, &
escribed as a single straig run itp,i’ Sl,q and Sp,q as

] What is needed is evidence having first of all to

i+p,q”’
do with where dance followers who lose contact with the
dancer await her (if at the crossing of the straight
runs, this would argue for a four-straight-runs analysis)
and secondly, whether i } p must be less than or equal to
m {(which would argue for a two-straight-runs analysis).
Indeed, this dance type may not involve straight runs at

all, but consist solely of curved runs, resembling nothing

so much as a figure-eight when properly idealized. The
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analysis then would be along the lines of (27) and (28),

(27)
c. . C., . C. .
1,],+ l']@%l-*. llj@%l- clljl'

(28) . c
i3,

i3, °1,i@n,- “i,3@n, +
2 2

depending upon which production order(s) occur. Perhaps
there are no straight runs in any of the dances. It simply
is not clear from the data available.

Finally, the discovery that an adequate analysis
of the round dance is in terms of quarter- (or sixth-, or
eighth-, ...) circles would suggest a reanalysis of the
othe; dance types in those terms, while one in terms of
third- (or fifth-, or seventh-, ...) circles would prove
quite puzzling. Nor is it obvious what would constitute
evidence in favor of any of these idealizations of the
© round dance>over any of the others. The analysis proposed
in (26) has the merit of being simple while incorporating
two relatively reliable structural claims: an obligatory

reversal and a full circle,
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Notes
3

THE FINITE STATE ACCOUNT

1. The idealizations hypothesized in éonstructing the
finite state device below will be examined in secs. 4.1-4.4.

2. In the event that this is predictable (whether
for a species, hive, or individual, or on the basis of some
semantic content) this last argument does not, of course, go
through.

3. The mirror-image cases will be handled by the ulti-
mate addition of a state S' for every state S to be .dis-
cussed. For any two states Sy: Sp in the restricted finite
state device for which there is a path from S, to S; generat-
ing a counterclockwise movement (such as cji,4,+, for example),
there will be a path generating the motion clockwise (ci,j,=r
following the example) from S;' to Sp', and vice-versa. II
. there is a path from S5 to Sp generating any other sort of
movement (such as %“{° s), then there is such a path from
Sa' to Sp'. Finally, if Sp and Sf are the designated ini-
tial and final states of the restricted finite state device,
then Sg'=Sg ¢nd Sf'=Sf.

4. This assumes that every waggling plus curve
sequence is completable, i.e. the initial part of some gram-
matical string., If in fact "short" or "long" return runs

2. L) or ¥ o> ) must be disallowed (an empirical issue
without, as far as I can see, any unfortunate .consequences
for what is to follow), the necessity of a different state
for each of the mn distinct wagging runs beginning a dance
is further supported.

5. This can be expressed in standard mathematical
notation in the following way:

L4+ . + S
x@y___{x ny, if x ny 0
n, otherwise

where 'n is addition modulo n, which may be defined as the
remainder upon division of the sum by n (n>0).
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6. Taking this 60° limit as indicative not only that

éi::jkéf:;> is ungrammatical (as on p. 108) but also that

£E§Qg}; is ungrammatical although it is the reverse traversal
N7

of the grammatical  requires that n.3 not: be

permitted to apply to (14). That is, the grammaticality of:

* Lol - . . - y /
Wiy Ci,3,- 0 Wictye 4,01, *Q{Q«

- does not follow from that of:

L, c. . ol . c. . . X7
(‘)13 i, 3,4 Wi%im i,j@1,- Q‘b{ﬁ)
What does follow, however, and moreover would not be charac-
terized as grammatical by a device built analogously to (14),
is:

. . s , o7, c, . G{Q ng

wldjel cllj@ll— 0.)1 J 1,3,+

the right-circuit first varian£ of the cited grammatical
dance. (14) is accorcdingly augmented, not as per n. 3, but
rather as follows:

W, o, — . s
i3k Ay NI I S,
. > i, &k —3\"'1,j.1, Bk

Wyet i® (k-1) 1, j@0k-1) ,+
N N
| Gi.j@(k-l).i.j?D

This, rather than n.3, should be taken as the model for
any other transitional dances with a 60° limit in direc-
tional spread. .
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7. On the face of it, this second explanation (in
which a bee, reversing after, say, 3/4 of a revolution is
seen as "losing her place") seems more plausible. The

competence/performance question is further investigated
in sec. 4.4.
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4

ALTERNATIVE GRAMMATICAL ACCOUNTS

Sample paths for the finite state automaton proposed
for the Carniolan race are presented in (11), (12), (14),
f(26), and the modified (see pp. 109-111) versions of (17)
and (18), for the Italian race in (11), (12), (14), (20),
(22), and (26). Each device is then fully‘specified by
giving the unaccounted for alternate traversals of the pattern
as per sec. 3's n. 3 and n. 6, and finally, by giving the
precise paths appropriate in the given racial dialect (see
p. 23) for each particular value of i, j, p, ¥,..., obtained
by excluding incompatible dance-type waggling- (sound-)
duration pairs (so, excluding all but dialect-defined "far"
i values for S-dances, and so forth).

Fach automaton corresponds to a grammar featuring
rules of the form (29), where Sl and 52 are states of the

automaton .(such as, for example, Sf and Wl 1), —” is read
’

(29) S;—* a 82

as "yields" or "is a" or "is rewritten as," and a is one of

the smallest syntactic units of the dance (such as, for

example, W,el . or c ). The sample tailwagging paths
4776 12,4,~

of (12), for example, repeated here as (30), correspond to
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the series of rules in (31), ordered, as before, by speci-

fying S0 as the initial (start) symbol, in effect the

(30)=(12) S
L, « : o
Dot it D)~ o154

(31) Sp — Wyot; W

symbol meaning "dance." Again, full specification depends
upon rules of the form (31) for each value of i and j appro-
priage to the tailwagging dance (i.e., all values of j be-
tween 1 and n, and fairly large, but not too large, values ..
of i between 1 and m) both for this counter-clockwise

circuit order and for (33), which additional rules devolve

(32) ci.d._-‘;oﬂ.‘*‘_@

(33) So - C-)i°<j Wi' j'
. I' . L3 o o 3 ..
wl.J - %i,j5,- Rl,J,l,J

- ] . .' - - - .
Riii,g = %i~5 Ty

T’ '.'—" C- S

i,J i,j.+ °f
from the mirror-image case added to (30)}=(12) in (32),

using sec. 3's n.3. Thus the sequence of runs composing a
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grammatical dance are specified as those seqﬁences of mini-
mal syntactic units ("morphemes") generable from the dance
symbol SO using the provided rules. The tailwagging minmi-
grammar consisting of the rules in‘(3l)‘and (33) will
generate two tailwagging dances, derived in (34) and (35).

Each line of (34) and (35) is derived from the previous one

(34) S,
Wity Wy
Wiy 1,5+ Ri,5,4,]
Wiets 5 54 Wity Ty
wida cluh+ wixa cl’a'_sf
(35) S
aﬁflj Wl’.'
Wit °i,5,- Ri,5,4
wi>j ©i,j,- U.)iotj Ti,j'
Wit ®i,5,- Wit %5+ g

by the application of one of the rules in (31) and (33),
respectively; the derivation terminates when the only cate-
gory (state) symbol remaining is Sgt there is no rule of
the form Sf-§... Expanding (31) and (33) across the
dialect-appropriate values of i and j will permit the
generation of all grammatical tailwagging dances.

This labored description of the relationship between
the finite state device and the grammar consisting of rules

of the fixed type (29) is intended to justify the departure
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at this time from the consideration of automata of varied
design to the consideration of.grammars of varied design
(see Levelt 1974a: 63-4, for a full account of their equiva-
lence). This departure is motivated solely on heuristic
grounds, these being that only in this Markov process

case is the design of the automata (given here as a transi-
tion diagram) intuitively more accessible than the design

of the grammar.

The recognized grammatical alternativesl to the
finite state schema of (29) are characterizéd with reference
to the structural properties of the rules they feature; the
resulting four-way distinction in (36) is due to Chomsky
1959, In what follows, A,B,... are category (state) sym-
bols, a,b,... are morpheme symbols, and X,¥,... are finitely
long strings of category and morpheme symbols. A denotes

the empty string, i.e., the string whose length is zero.

(36) Type 3. Finite State. A -~?a B
Type 2. Context Free Phrase Structure. A —y X, X# A
Type l. Context Sensitive Phrase Structure. XAY-» XZY, 2# A

Type 0. Unrestricted Rewriting. X—¥ Y

It has been shown (see Chomsky 1963 and Chomsky and Miller
1963) that ea: h change in rule type changes the set of lan-
guages (see sec. 1, n.3) which can be characterized. That
is, for any given alphabet, there are grammatical vs. ungram-

matical bifurcations of the set of all finite concatenations
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on that alphabet such that the grammatical subset (i.e.,
the language) is not generable using only rules of Type n,
although Type n-1 will generate it (1 £ n < 3).
Transformational grammar is the most widely accepted
theory of human language, the need for transformations per-
haps the most widely accepted example of a syntactic uni-
versal. The limitations of this theory as a psychelogical
account of the idealized product of language acquisition
(i.e., as a theory of competence) are clear, given the
demonstration (Peters and Ritchie 1973) that transforma-
tional.grammar is equivalent to an unresericted rewriting
system (Type 0)--in principle able to generate any recur-
sively enumerable set (any set, that ig, for which an ef-
fective characterizing procedure of any sort whatsoever
exists) and not, as is desired, solely those recursively
enumerable sets which have the property of being a nota-
~ tional variant of a possible human lapguage.
Transformational grammar is the most widely ac-
cepted theory of human language, then, due to the demonstra-
tion that Types 1, 2, 3 are at best descriptively inadequate
linguistic theories; in sec. 4.1 the arguments that Types
2, 3 are additionally observationally inadequate (see
sec. 1 n.2 for the definition of levels of adequacy) are
briefly sketched. It remains the major syntactic concern
in contemporary linguistics to mathematically constrain the

theory of transformational grammar so as to obtain a more
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revealing characterization of humah language. Numerous
methodological constraints have been proposed (e.g., the
notion of "independent evidence" for a hypothesized rule)
only to be shown to be mathematically vacuous. Most ap-
proaches still agree that the syntactic component of the
grammar consists of a series of rules of Type 2 followed
by a series of rules ("transformations") of Type 0, which
delete, move, insert lexical material in terms of their
characterization (as noun or verb, for instance) as per the
Type 2 rules (see, for example, Akmajian and Heny 19753).
' The discussion thus far of the honey bee's dance
language has served to provide a Type 3 account. The
investigation now focusses upon the adequacy of that ac-
count, particularly in light of the competence/performance
distinction which has proven so productive in the study of
English syntax.

Any criticisms of the finite state device hypothe-
sized will have to establish that (a) the account fails
to capture structural information, fails to make generaliza-
tions that are linguistically significant or (b) the
idealizations involved are not warranted, i.e., the data
base is substantially different from that indicated.
These two approaches to the eva}uation of the finite state

device are considered in the next two sections.
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4.1 Structural Criticisms of the Finite State Account
4.1.1 Observational Adequacy

The work of sec. 3 rests on two crucial assumptions
which together act to ensure that the dance language is
of finite size and so, trivially amenable to a finite state
treatment. The observational adequacy of the finite state
approach is guaranteed Provided that (a) there is a finite
number of ¢ and W values and therefore a finite lexicon

C cee

consisting of the ppssible cdioéj, 1,5,+ Si,jf Pri,j’
?morphemes"; and that (b) the syntactic unit (the dance)
is the minimal message unit which features all the obligatory
maneuvers2 demonstrated in the message series (the super-
dance). The first of these assumptions is the topic of
sec..4{2; the second will be considered in:some detail in
this section. Primarily, however, this structural evalua-
tion of the finite state approach must be in terms of meet-
ing the goal of descriptive and not observational adequacy.
Indeed, there is some reason to believe that the dance/
superdance decision is immaterial tb the determination of
the power of the grammar, i.e. that even if the minimal syn-
tactic unit were in fact the superdance, finite state
capacity is (observationally) adequate.

The claim that it is superdance (SD) and not dance
(D) which is to be generated may be interpreted as insist-

ing on generating and generalizing from the entire message

sequences produced in natural circumstances. It functions
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to make the grammar directly responsible for handling whaf
sec. 3 treated as adjacency phenomena. It is an open ques+
tion whether the construction of this claim as SD —» DD*3
(a direct translation of adjacency éuestions from discourse
analysis to syntax or, less fdrmally, the treatment of SD
as a conjunction of Ds) or the elimination of the consti-
tuent D is to be preferred. In the latter caée,_the
semantic component would have to process any grammatical
sequence in one blow; in the former case, Ds might be the
input to the semantic component which could be viewed as
having both D-interpretation rules and a conjunctions
analyzer.

Treating sequences which do not parse as a series
of Ds as ungrammatical (see discussion, p. 62) allows
this DD* interpretation of the data‘to be handled by a rela-
tively straightforward nondeterministic modification of the
finite state device of sec. 3. Suppose, as seehs likely,
that the appropriate well-formedness constraint to be im-
posed on constituent Ds is the semantic one of synonymy.
This means that for each distance and direction indicating
dance, the transition out of So must be to a state coding
the semantic interpretation of that dance. In particular,
it must not be the case (as it was in sec. 3) that all
exits from S0 generating a)iodj are to the same state Wi,j;
a dance whose first constituent is aioij is probably not in

general4 thereby interpretable since it appears that it may
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be followed by, among other things, the sequences ci,j+
Wiy c, 5,- (giving &)iczj as the semantic interpreta-
tion) or °i,ﬁ,+ Ui ma ©5@a2,- (Giving & el g

as the semantic interpretation). If the finite state device
of sec. 3 is recast so that the path from S0 to Wi,j is

part of only those dances semantically interpreted as

a&o% (in other ﬁords, so that only synonymous dances share

a W-state), then the superdance claim may be accommodated
by augmenting the device as follows; for each path linking

a state S to Sg, introduce an identical path linking S to

a new state SS whiéh in turn exits to all states Wi,j,k via
a path identical to that joining S to Wi,j,k’ provided
only that for some particular X, Wi,j,k is indirectly con-
nected to S. Thus if S is a penultimate state for generat-
ing a dance coding a location at al4a816, then S may exit
to initiate any other dance coding that same location, i.e.,
by way of state W4,16,l or W4,l6,2’ etc,

The synonymy-corrected finite state device might
look in part like (37), which would then be augmented as
in (38), to meet the SD claim.

A decision to treat difficult-to-parse circuit
orders (e.qg., Q§Q§) or within-SD dance-type mixtures as
ungrammatical is also easy to accommodate within this
theory. A finite state device can be constructed so that

every distinct dance has a derivation path utterly dis-

tinct (except for the termination at S¢ which all have in
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(37)
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(38)

Paths to be added to (37}
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common) , even as to initial state, from every other dance.
Each pafh connecting a state S to S¢ mandates an additional
-identicél path from S8 to the initial state connected to S,
and one from S to any other initial states generating a
dance which may follow the first (e.qg., might still want to’
. permit the concatenation of S-dances differing only in the
size or orientation of the curved runs).

The SD claim faces an additional hurdle, a more
obvious one perhaps, in the shape of the marathon dance,
during which (see pp. 68 - 70) "the dancer changes her direc-
tional information according to the movement of the sun . . .
without ever observing the solar position directly through
the entrance hole" (Lindéuer 1967:95). It thus seems
necessary not merely to permit, but somehow to ensure, the

concatenation of messages not all synonymous. That is, to

ensure that the angle (but not the waggling duration which
presumably must be held constant at aﬁ) is incremented ét
a rate and acceleration consonant with observable solar
motion in the vicinity of that hive. This follows from the
hypothesis that semantic interpretation consists in the
lexical hookup of any ¢ and ) values presented, followed
by an averaging process giving the distance and -direction
to the éoal; oLis read with respect to the upward or sun-
ward direction, depending upon the dance's physical setting.
There is no obvious way of handliﬁg éhis phenomenon

in a non-transformational fashion. Integral (over oy, 15 j<n)
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incremen#ing transformations, indexed to be used at particu-
lar seasons of the year and times of day for a specific
iocation, are however guaranteed to exist--recall that
transformations are of Type 0 and so, capture the notion of
"effectively computable" processes: the fact that the bee
‘learns to compute solar motion guarantees that an effective
procedure (and therefore, a tnansformatidn) exists. The
interesting question in this‘regard igithat of deciding
on a non ad hoc basis just where these transformations ap-
pear. That is, are they properly a part of a theoxry of
dance language competence or of dance language performance?
If they are part of competence, a grammar of trans-
formational complexity seems5 indicated: a base component
which (so far, at aﬁy rate) is finite state in design
defines SD as all sequences of synonymous dances, whiéh
set is then filtered through a transformational component
accounting for the incrementing. Each particular SD is
realized as a large number of variably incremented sequences,
as many as there are transformations in the dance language's
syntax. It is pragmatics (performance thebry at the
semantic level) which is responsible for characterizing
the spatial and temporal conditions making a particular
incrementing of the 8D appropriate;.it is pragmatics which
is responsible for deciding on the basis of the context of
a given utterance of some 8D, which of the finite range of

transformations must be utilized. Just as pragmatics
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determines on the basis of context which of "Happy
Birthday!", "You're welcome.", ...(all sentenéés freely
generated by the grammar) is appropriate to a given occa-
sion. The grammar sketched in this paragraph is formally
quite similar to that of English; the primary structural'
difference lies in the‘base_component‘s being of Type 3
-for;the bee and Type 2 for man.

If, however, they are part of performance, rele-
gated to pragmatics, the structural similarity between the
two species-specific grammatical theories vanishes. The
grammar (again, so far) is finite state, SD defined as any
sequencé of synonymous dances. The spatial and temporal
context of an utterance of a given SD ig accessed by prag-
matics which selects from its repertoire the appropriate
. incrementer; whose probable transformational character,
now that it is outside the grammar, is no longer of much
significance.

So, once more, are these transformations syntactic
or pragmatic in nature? To put this question another way,
is the learning which leads to incrementing linguistic
learning? Is there a. language acéuisition process in the
honey bee? Or is the honey bee's learning £estricted to
learniné about the world, rather than learning about its
language?

The evidence, such as it is, clearly favors the view

that this learning is not linguistic, that the dance
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language is not in any way écquired. In other words, that
solar incfementing in the margthon dance is properly treated
as pragmatiq.6

Three observations suggest this point of view.
The implication is that the investigation of learnable
incrementings is not linguistic, but more generally agogni-
tive in nature. This 'is not to say that such studies are un-
interesting or valueless; it would be particularly interest-
ing to determine the characteristics of the innate component
‘which provides for the extrapolation from exposure to a por-
tion of an incrementing curve to an approximation of the
full curve,7 whether there are developmental.pressures on
the learning of solar motion, the response to hive displace-
ments severe enough to change the perceived éattern of
solar motion,8 what constraints there are on learnable
incrementings. .The evidence against attributing this learn-
ing to the linguistic system establishes three properties
of the marathon dance incrementing process wilich suggest
that the wider cognitive interpretation is to be preferred.

First, incrementinj ié not restricted to dance produc-
tion behavior, but is also reported to be a response during
the training to a feeding site, which precedes all the
dance language experiments. Initially, the feeding sta-
tion must be inched away from the hive entrance in order
not to lose foragers, but the distance between halts may be

gradually increased, with von Frisch 1967a:17 claiming
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further that in time, the foraging group was actually able
to anticipate his relocation of the feeding table. Assum-
ing that there is in fact a gradual statistical bias favor-
ing what may be described aé forward error at the expense
of leftward, rightward, etc. error in feeding table search
behavior, this is impressive. .Such a result would only be
explicable as due to olfactory cueing if the behavior were
confined to downwind movement of the feeding station. The
success of the training method described in Gary and Wither-
ell 1971, which advises (on p. 449) that "[f]eeders should
be placed at multiple stations, spaced apart at increasingly
longer intervals, and oriented in 1 direction from the hive,"
is additional evidence of incrementing ability in this non-
1inguistic context. It is noteworthy that both of these
are distance incrementings. Attempts at provoking a non-
linguistic directional incrementing response in' the bee
~have been confined to the use of a pértéble feeder shifted
in mockery of the sun's diurnal path so that the difference
in azimuth between the goal andi'the sun was kept constant
despite the sun's movement; von Frisch 1967a:207-10 reports
that these "motionless sun" experiments confused all but
Lindauer's cellar bees (sece n.7}.

New and New 1962 gives evidence of variable incre-
menting ability within a hive presented with the sun at
the perceptual zenith. While true disoriented dancing did

occur, many dancers indicated (on the diffusely 1lit vertical
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dance floor where gravity provides a frame .of directional
reference despite the near-zenith sun) the goal's posi-
tion relative to a solar calcuiation: a twé—way extrapola-
tion which “between successive memorized positions turns
the dances through an angle proportional to time" (New
and New 1962:287). Genetic factors are hypothesized to
account, at least in part, for the élockwise vs. counter-
clockwise turning pattern bias of individual dancers.
What is more interesting, however, in the current context,
is the fact that there is individual variation with regard
to orientation maintenance during a site advertisement, with
some few dancers producing disoriented.dances. Thus, there
is within~hive variation in the quality of tﬁe extrapola~
tion itself, variation as to whether or not the direct
sensory monitoring of solar azimuth is supplemented by thié
two-way extrapolation filling in the blanks, so to speak.
If the acquired solar incrementing functions are Fo be
considered part of competence it must be supposed that there
is competence variation within the hive.9

Finally, since the incrementing transformations
recapitulate the extrapolation of perceived solar motion,
tﬁey necgssarily vary with the location of the hive. If
the transformations are a syntactic part of dance compe-
tence, then each (sufficiently different) possible hive loca-
tion defines a new dialect of the dance langudgea In other

words, the innate properties of the dance language are (dance)
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linguistic universals; the transformations are (dance) lan-
guage particular. Carniolan bees in different locations
do not literally share a language. What's more, it follows
that it is purely coincidental that the transformations
discriminating the different Carniolan languages are always
selected from a set of functions describing solar-motion as
perceived from various terran locations.

Now, while admittedly none of this is conclusive
it certainly acts to undermine this attempt to motivate
transformational complexity for the dance language. The
best supported syntax for this DD* version of the SD claim,
again, is a finite state sequencing of synonymous dances
which is subject to a performance incrementing sensitive to
spatial and temporal dance site contextual parameters.

The precise machinations of the pragmatic incre-
menting transformations are then in question. As a part
of performance £heory, the process may best be examined in
the light of the probable perceptual substrate for the learn-
ing of solar incrementing. Since solar azimuthal change can
only be recognized in relation to some fixed feature A of
the hive's environment, it is worth considering the
hypothesis that solar tracking is done with respect to that
feature. The fact that A is a fixed10 environmental fea-
ture and yet it is directional indication with respect to a
moving sun that evolution selected for, suggests that A is

in general not a possible orienting force in flight. That
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is, there is an immediate teleological argument against A's
being, for example, the earth's magnetic fieldll which,
" since constant and ! (apparently, at least) equally percep-
tible on the hive-goal flight as at the hive itself, would
be a directional reference axis superior to the diurnally
and seasénally variable so}ar azimuth. The obvious alterna-
tive isvthat A is a landmark in the vicinity of the hive,
in which case it may well differ from bee to bee. If for
each dancer there is a landmark A to play such a role, then
the synonymy condition may be drawn with respect to A, as
follows.

Consider the time interval (tl, tz), during which
the sun moves, for example, counterclockwise a quantity o _,

q

changing the danced direction from®¢ at t, to ©¢
ging irecti ro D 1 to P@q at

t2, as in (39). By the dancer's ability to do solar

(39)

hive . hive

tl goal
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incrementing is meant her ability to sensorily monitor, and
extrapolate from previous sensory monitorings of, the dif-
ference in azimuth between A and the sun. The perceived/

.calculated A - %fr is subtracted from the constant angle

g between A and the goal, producing the variable danced

directional value, as in (40). Now if ®¢ -~interpretation,

(40) time  (A-to-goal) @ (A-to-sun)= sun-to-goal
: - : ~__(danced value)
tl g @ (ﬁ@uq) = D(q
t, O (Fo ey = Ta®@r

where xQ@y =z if and only if x= y @ 2z,
(See sec. 3's n.5 for a definition of @.)

unlike the lexical lookup sketch assumed thus far, consists
in transposing the angle with respect to the sun's azimuth’
]ﬁf to one with respect to her A, whatever it is, then the
synonymy condition stands. The synonymy condition stands,
not because solar incrementing transformations are to be
found in pragmatics (performance theory) rather than syn-
tax (competence theory) but because there is a performance
translation linking direction with respect to Bt% to the
competence coding of direction with respect to A; solar
incrementing is an integral part of that translation mechan-
ism, but now has no linguistic status for either the
competence or the performance analysis. Again, a finite
state syntax as sketched will serve as the model.

This A-analysis derives support from experimental

evidence that in some circumstances natural landmarks are
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pfeferred to the sun as an in-flight orientiﬁg force. The
paradigm case is a hive to goal flight line parailel to
a row of trees; experimental displacement of the hive from
an environment with a north-south line of trees to one with
an east-west line of trees led the foragers to seek the
.goal in a westerly as opposed to a southerly direction,
ignoring the solar compass (result due to‘von Frisch and
Lindauer 1954). Subsequent experimentation (discussed in
Lindauer 1967:126-30 and von Frisch 1967a:339-47) designed
to isolate the landmark properties that contribute to prefer-
ential treatment in orientation argue that it is an un-
broken linear display (of trees, shore, road, etc.) which
is the determinative feature; single trees or groups of
trees did not lead the bees astray. It is a curious property
of this work that is is visual similarity before and after
hive displacement that is controlled for;; the presumption
is that the landscape is visually encoded in the bee. fhis
seems an unwarranted assumption given the great importance
of olfactory information feor this species, and calls into
question the "unbroken linear display" coﬁclusion of that
work.12

At the same time, of course, it ‘calls into question
the assumption that A is a localized environmental feature
or landmark. This notion is not logically_dependent upon a
yisual landscape coding but it is certainly encouraged by

such a conception. The observation that the sun's azimuth,
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'g&, shifts diurnally can, in that case, only be made with
respect to other stationary lahdscape feature (s) visually
coded. The fact that this is viewed as a visual competi-
tion between i?énd something else encourages a "friction-
less plane" idealization of that something else as a point,
A. If, however, the competition is between a stationary,
dynamic olfactory coding and an overwhelming, obtrusive
visual stimulus }:z diurnally varying in orientation with
respect to that olfactory map, this idealization to a péint,
A, is suddenly suspect. There is no reason to assign
olfactory primacy to any feature and indeed, some reason
against it, given that the odor-intensity at the different
sites in the vicinity of the hive varies with the time of
day according to the species of plant growing at that
location. (Different plant species vary as to the time of
the day they open their flowers.)

No experimental test of the olfactory/visual land-
scape coding hypothesis is possible, forcing a direct
investigation of the A-analysis, parodying the "motion-
less sun" experiments (see p. 142). That is, various land-
marks, olfactorily or visually striking, must be moved
(one in each experiment in the series) in synchrony with
the sun for a period of days, and the solar incrementing
ability of those bees who éhould have been learning solar
motion during that period subsequently investigated. 2

substantial number of apparent "cellar bee" dance performances



149

confirms the A-analysis. At this present, the A-analysis
seems implausible in view of the olfactory landscape coding
possibility. As will be shown, however; it has consider-
able descriptive force and is therefore pursued here as

one of three accounts of solar incrementing.

The argument in favor of the A-analysis is not un-
like tha; proposed in sec. 2.11 (see (8)) for the pragmatic
selection of an axis in the case where 1ight‘and gravity
are contextually induced competing modes of directional
orientation. At that time, the discovery that the inter-
pretation of the danced angle in terms of the sun or in
terms of the upward direction was prohibitively complex
and, less importantly, that there was no basis for a deci-
sion between them, led to the hypothesis of a new directional
reference point, the contextually weighted average of the
solar and upward directions. In the present case, the A-
analysis provides a similafly simpler alternative with re-
spect to directional averaging during the marathon dance.
If the linguistic encoding of direction is a translation
between direction with respect to A and direction with
respect to %i( , then it is not necessary to decide what
solar position is taken as dominant in a marathon dance
series: all solar positions are of egual status, all direc-
tional indications are interpreted with respect to A. A
non-landmark analysis, on the other hand, is drawn into the

uncomfortable position of having to favor in (39), either
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the t, (averaging o< q with a tz-—pervcei'ved Mq@ p incre-
ment:.ed—'corrected to o(q) or the t2 (averaging.o(q@ p and a
tl-perceived o<q incremented—corrected to WqC-Dp) percep-
tion, incrementing the averaged value (°<q if tl is favored,
o<q®p if t, is favored) to the new value appropriate at
takeoff time t;. The A-analysis is faced with no such un-
motivated choice.

This in broad outline is'the finite state response
to the SD claim interpreted as a message series; each mes~
sage unit D having the syntactic structure specified in sec.
3; in other words, this is the observational adequacy re-
sponse to the SD —7 DD* version of the SD claim. The "no-D"
version of the SD claim is less explicit and so, more
,difficult to respond to. In effect this no-D analysis ex-
tends the admitted "sloppiness" of the round dance £o the
other dance forms, treating the non-parsable circuit orders
(e.g., LRRRL) as grammatical as well as (possibly) accept-
able. What is not explicit, of course, is the degree of
sloppiness to be tolerated. Presumably, LLL is still un-
grammatical as a full SD, but is LLLLLLR grammatical?

Assuming for the purposes of illustration that the
criterion of grammaticality is at least one L and at
least one R circuit (in either order), the tailwagging por-
tion (12) of sec. 3's finite state account should be revised
as in (41)., The tailwagging transitional portion (14) of sec.

3's finite state account is similarly revised, as outlined

in (42).
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(42)

w ol 0. Q).o&-
i,5.% LIV,

m Ri,J.i.J pUm,
Wiy 1,3,

Notes J= j@ll J@Z. seey J@k

Revisions along these lines are essentially conserva-
tive, carefully allowing only one dance type (and indeed,
in the above case, only one specific degree of angular
spread in the transitional dance) per SD. However, if
semantic interpretation is straightforward averaging across
all indications to a specific ®¢ and W value, then the con-
catenation in (42) must be further constrained to mention

values which together avarage to some Mj (and not Nj @172’
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for example), these being cognitive (competence) categories).
The situation is much simplified, of course, if se-

quential repetitions of a particular circuit do not weight.

its contribution to the average. However, in that case,

it is difficult to see what evidence there might be for

the no-D analysis in the first place. That is, in the event

that the two SD's (43) and (44) both indicate a goal

(43) ' o
Li%s oeir YiYi@12 G 5@12,-

T TR S L °i,i® 12,-
(Wi . . . )4 Ws:od s C. -

1% i .+ i®j®12 i,j®12,-
situated in the direction‘*3<> g the best analysis of the
six-L, two-R superdance of (43) would seem to be in terms
of "stuttering," i.e. a performance problem. There would
be no need to treat it as grammatical, but only (perhaps)
acceptable. It seems that giving the no-D analysis'the
benefit of the doubt involves allowing all danced maneuvers
with semantic content to contribute to the SD's semantic
interpretation. The problem of ensuring that the average
so produced is of the proper form would be even further
complicated by allowing mixed-dance concatenations (such
as, for example, (45)), which is more in the spirit of

the no~D analysis than the very conservative view of (41)

and (42). Presumably, at least some ﬁLvariation would be
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W, o,

45 |
(45) 4‘*’1“5 Ci, 5.+ iYj@®s %,;04,- Ui“a‘@#

°1,i®4,- Yi¥ij@®r C°i,;@®b,+
permitted across an SD, provided aéain that the average is
to Wi for some i and not, for example, to wi®1/4-

Now, the combined effect of these criteria (at-
least—dne—L, at-least-one-R, indefinitely long SD's, and
the integral constraint on averaging) for grammaticality is
to preclude a finite state treatment; what's more, it is
not at all obvious just how these sequences might be speci-
fied syntactically, even given transformational capacity.
This being the case, it is of course a temptation to shunt
the averaging condition into a semantic component of the
dance grammar, freely generating via a finite state syn-
tax all at-least-one-L, at-least-one-R seqguences which.
show the requisite degree of W -~agreement (probably
constant across dance types, with all waggling runs in a
8D restricted to a range of, for example, three adjacent
(W -values) and<{-variation (this dependent on dance type
or, in other words, waggling duration--small &’ -values
correlate with a large ®-range, etc.). Those grammatical
SD's which fail on averaging to give integral ¢ and &’
values are subsequently marked semantically anomalous.

The no-D analysis, for which it must be emphasized
no positive evidence exists nor is likely to be discovered,

is discussed in such detail in order to clarify just how
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severe a problem is posed by a cognitively based digital
analysis of the dance lanéuage. To a great extent, this
problem was masked by thé nature of the idealizations which
were perhaps somewhat more natural than those being
considered here; it must be emphasized just how grea£

a gap was thereby made between the dancer's compeﬁence and
performance, again necessarily without experimental evidence.

Before turning to a discussion of the descriptive
adequacy of the finite state approach, it may be helpful
to consider the nature of the arguments that have been
used toward a demonstration that transformational capacity
is required for an observationally adegquate theory of hu-
man language,l3 as a préliminary to an outline of what
would constitute analogous dance language data. This is
- intended to justify the departure at this time to the con-
sideration of the descriptive adequacy of the finite state
approach.

As was indicéted at the beginning of this section,
the question of the observational adequacy of a finite
state grammar only arises for a language consisting of an
infinite set of sentences. The argument14 that English
is infinite draws heavily upon the compétence/performance
distinction, relegating the explanation for the general
increasing-with~-length difficulty with such sentence sets
as (46) and (47) to a psychological (i.e., pérfofmance)

rather than a linguistic (i.e., competence) theory.



(46) The dog died.
. The dog the cat liked, died.
The dog the cat the mouse feared, liked, died.

(47) Ted and Bill gave Sally and Marie, respectively,
a necklace and a silver pin, respectively.
Ted, Bill, and Max gave Sally, Marie and Therese,
respectively a necklace, a silver pin and a
cashmere sweater, respectively.

.
.

.

Arbitrarily long sentences of the illustrated syntactic
form are viewed as grammatical, their acceptability varying
(generally) inversely with their length. The evidence for
this position is of several kinds.

It has been suggested in a verificationist spirit
that no particular cut-off point cén be specified in these
cases, that is, that for no i is there aprincipled reason
for ruling sentences of syntactic complexity less than 6r
equal to i grammatical while simultaneously labeling those
of complexity i+l or greater, ungrammatical. A more
cogent argument is based upon the varying degrees of accept-
ability for the center-embedded saméle sentences of (46)
having the same degree of complexity. Thus, although‘both

(48) and (49) show three degrees of'embedding, (48) is far
(48) The dog the cat the mouse feared, liked, died.

(49) The oyster the oystef the oyster split, split, split.
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15 other arguments include

. more easily comprehended than (49).
the comprehension . asset derived from the use of pencil
and paper in such cases, this élearly being an aid to the
subject's memory (performance) and not to his internalized
linguistic system (competence).

From the grammarian's point of view, the chief
advantage of the indicated idealization of English to a
suitable infinite set is the introduction of recursion
into the grammar--the accounting for such syntactic pattern-
ing as that illustrated here without imposing rule repeti-
tion (syntactic complexity) limits. A finite state account
of a finite set; whether for English o£ for the dance
language is no more revealing structurally tﬁan a list of
the grammatical strings would be. It is essentially the
proper competence infinite-izing of the dance language
which is at issue here and in sec. 4.2. |

The best version (due to Corstius, as reported in
Levelt 1974b:25-26) of the argument that English, ana
therefore human language, is not regular (i.e., observa-
tiohally amenable to a finite'state treatment) is of the
reductio ad absurdum form, and is based on a variant of the
English subset given in (46). Assume English is regular and
consider its intersection with the regular set S = {(the
oyster)n (split)m/ n, m2 1§ . Since the intersection of
a regular set with another setvhas the formal'properties of

the other set, the intersection of English and S, by
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hypothesis {(the oyster)® (split)®/ n2 lz , must if
English is a regular set, be a regular set. However, it
has been shown that such sets are not regular. Therefore,
if the data is as outlined, it follows that English is not
a regular set. |

The "proof" is ﬁsually followed by a demonstra-
tion of the descriptive advantages of a context free account

on the order of that given in (50), which generates tree

(50) S> NP S VP NP -» the mouse, the oyster, the
dog, the cat, ...

S- NP VP VP > liked, feared, split, died, ...

diagrams of the form (51),ytree diagrams beiﬁg in effect

(51) S
NP s T
A

‘ VP
the dog = NP )\v P died
x

the oat NP ;
e ca B f liked
the mouse feared

derivational histories of a context-free generated terminal
string. (51) sets the stage for the discovery of a relation-
ship between the NP ("noun phrase") and VP ("verb phrase")

entered by the same rule (e.g., the cat and liked, the

mouse and feared). And, indeed, the NP functions as the

subject of the VP with which it is paired. That is, only
those NP's which may serve as the subject of a given VP in
a simple-sentence may be entered with it by an S rule. So,

since (52) is ungrammatical, so is any string associated
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with a completion of (53). The fact that the verbs embedded

(52) "Honesty admires...
(53) s .
MP V?
honesty admires

by this rule must be transitive ones in simple sentences
(since elapse is intransitive, only ungrammatical strings

are associated with a completion of (54)) and, moreover,

(54)

s
NP //;\JP
/\
NP VP

2\ |
20 seconds  elapsed
must be able to have as object the particular subject of

the next highest level (so since (55) is ungrammatical,16

(55) *The girl murdered the rock.

so is any string associated with a completion of (56))

(56) S
NP/S',\\VP
e
the rock g{\ VP

!
the girl murdered

remains unexplained, demonstrating that this is a descriptive-

ly inadequate analysis.17
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The SD data is sufficiently vague to permit a center-
embedded version, i.e., one with the property just pointed
out for English. Suppose that the operative condition
defining a grammatical SD is neither that it parse into a
sequence of entities (D's) with a specifiable syntactic
structure nor that it have at least one L and R, but rather
that it be an arbitrarily long series of left circuits fol-
lowed by a precisely equally long series of right circuits,

as in (57).18 Then the argument that English is not

(57) E(Qs)n (D) /n21?

regular may be mimicked in a straight-forward way, showing
that the dance language is not regular by intersecting it
with the set {( Q‘J )7 ( 9 )m/ nzl, m> lz. A descrip-
tive advantage to a context free analysis on the order of

(58) might be adduced if the pairings thereby introduced

(58) D QD@
D —> C§ 5)

were shown to be linguistically significant, as by means

of the output of the solar incrementing pragmatic process.
That is, the given context-free analysis would have a
definite descriptive advantage if the series ( C} Q’J @ 6
...)n ( {) é) é) é) ...)n were realized in performance
as a series of sun-corrected left circuits followed by a
same-size series of right circuits which recapitulates the

effect of the sun's motion in reverse. Thus, supposing
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that the sun's accelerating counterclockwise motion during
an 80-circuit marathon tailwagging dance forces a 10° clock-
wise shift from the first left circuit's (Ll's) danced
direction at L3 and another at L,., it is required that

the right circuit corresponding to L30 (viz., Rll) show a
10° clockwise perturbation and that corresponding to Iy,
(viz., Ry) a 20° clockwise perturbation from the final

right circuit R40 identical to Ll, as in (59). While this

(59)

\20 209 L’:'10°

*1 o]
1
{

D DD

s e o 30 LN Lu‘o R1 [ I R]]l LU ) RL"O
: - |

- een

interpretation of the SD claim is admittedly unwarranted,
this "descriptive advantage" certainly misconstrues the
data. At best an observational adequacy argument might be
mounted.

Equally unsupported versions of the 8D claim might
be constructed using any of the other patterns known not
to be amenable to a finite state treatment. The fact that
human language has not been shown to display anything com-
parable is irrelevant; the dance language would in any case
be shown not to be regular.

The best version (again due to Corstius, as re-

ported in Levelt 1974b:31-32) of the argument that English,
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and thus human language, is not context free, is again of
the reductio ad absurdum form and is based on the data of
(47). A (by assumption) context-free English is inter-
sected with the regular set in which two occurrences of

respectively link coordinate structures of various sizes;

the result must, if English is context-free, be context-

free. However, zxn gave yn r_gaspectively_wzn respectively/

n > 1‘iis known not to be context-free. Thus, if the data
is as outlined in (47), English is not context-free.

None of the other patterns known not to be amenable
to a context-free treatmenf has been shown to naturally
extend to English.19 None at all appears to extend to the
dance language of the honey bee.

Despite the label, it is particularly hard to envi-~
sion an SD version having the mirror-image property, i.e.
the property that all strings, of which there are infinintely
many, divide into two strings of equal length, each the
reverse of the other. This is not the sense of "mirror
image" in sec. 3 n.3. In particular, the tailwagging dances

of (60) and (61) do not reveal a mirror pattern of the

S ) R
D .
(61) imﬁj C: O)iij c
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indicated kind; (60) neither displays an internal mirroring

i i G oL, . i . L

(the mirroring of 1% cl’J’f in (60) would be c1,3,+
T
ag°<j , giving the clearly ungrammatical * T )
nor does (61) mirror (60). (The mirroring of (60) would
.. W, <, ..

be a subsequent cl'j,_ 1% cl,3,+ QEO(j ,
giving the, again, clearly ungrammatical * '
danced in the order “{)’(}T ). Given a dance nota-

.tion in terms of wagglingand curved runs, mirroring re-

quires a single, centered waggle-waggle or curve-curve

sequence in each of the infiniteiy many SD's.
Abandoning this notation for a circuit notation

C (for what has previously been described as

i,3.+
} incidentally forcing a horrendous

),

Wity Cig+
holisti A
olistic Slljlplql+lrlq

. .4, c c
85,9,p,q,-,x,q FOT Y%y Cpoq,- Cr,q,+

the S~dance, gives an interesting, though again quite sus-

£ W, o,
( or 1 J cprql+ crlql—

) notation on

pect mirroring version of the SD claim. The mirroring
version would then define the tailwagging SD as in (62),

namely as a series of LR alternations followed by a series

(62) i(ci.j;"' Ci,j'_)n (Ci'j._ c )n/n 2 l}

i, .t

of RL alternations, in other words a LR alternating series
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beginning and ending with L and with a double R dead center.
On the whole, this is a less objectionable interpretation
than that which allows a freer circuit order before the
execution of the double R and requires its exact reversal
afterward. Neither of these, however, can be said to be a
particularly attractive competence idealization. Nor is
it a more attractive approach to an idealization of some
other dance type.

In sum, the finite state account is least threatened
(on observational grounds) by the dancer's solar increment-
ing capacity, which it seems reasonable to eliminate from
the grammar either by way of the A-analysis dr by means of
a pragmatic treatment. A no-D analysis taking SD as the
syntactic domain suggests a semantic integral-averaging
constraint on the finite state syntactic output. There is
no obvious extension from the argument pattern used to
demonstrate the failure of finite state linguistic theory
for human language to the dance language.

The descriptive adequacy of the finite state account

is now in question.

4.1.2 Descriptive Adequacy

Historically, it was the goal of descriptive ade-
quacy which motivated the theory of transformational-jgrammar.
Later, arguments were mountéd purporﬁing to demonstrate that

neither finite state nor context-free phrase structure
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grammar were obseryatiénally adeqﬁate, but initially the
debate centered on the formal specification of a linguistic
‘theory éble to capture the linguistically significant
generalizations of human language. Perhaps the most ob-
vious approach to the contrastive analysis of the dance
. language and human language is provided by a discussion
of the use which might be made of typical human language
operations within the dance language grammax.
Transformational grammar uses context-free phrase
structure rules to hierarchically relate category symbol
concatenations. The lexicon consists of a list of the
language's morphemes, each labelled as to the particular
syntactic constellation in which it can appear; this
labelling ranges from stipulating the category of the
item (so, old is labelled an Adjéétive) to more global
properties of the environment (so, the Verb know must be
prevented from occurring with the Progressive -ing suf-

fix, as in *He is knowing the answer.). The addition of

lexical items to the hierarchically arranged category
symbol concatenation generates what is known as the sen-
tence's deep structure, which is then siphoned through a
series of transformations which delete, in#ert, or move
lexical material dominated by particulér categorial con-
figurations. The output here is known as the sentence's
surface structure. The standard theory holds thét trans-

-formationél rules are semantically'inert, not able to change
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the meaning; it is the deep structure which is the input
to the standard theory's rules of semantic interpretation,
while the phonological rules, which concern patterning
at the phonetic level, apply to the surface structure.
Fodor (1966:292-93 presents several behavioral cri-
teria for the interjection of hierarchical structure into
the discussion of the nonverbal behavior of infra-humans.
The discovery that certain substrings of a given string
of behavior are more easily shaped or extinguished, more
frequently flanked than interrupted by pauses, or more
brone to displacement than others is, he argues, to be cap-
tured by associating them derivationally, as is a substring
of innate behavior which is affected as a unit by cross-
breeding. It is an argument for establishing hierarchical
structure by establishing multiple analytical levels as
functioning within the performance system, "demonstrated
by the fact that operations of extinction-relearning, gen-
eralization, and the rest of the paraphernalia of behavior:
change can operate not only on the elements but also on
the units into which the elements are bracketed" (Fodor
1966:292). Two analytical levels must be established
before a dominance relation can be presumed to hold between
themn.
Evidence for an W -feature, therefore, is evidence
that the elements of Slwix j/ lij_(_n-g =iwi°tl'wi°<2” oo

°i°‘n% for any given i, i { i < m, have a common performance
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property % la Fodor 1966. It must be shown that all wag-
gling runs which agree along the hypothesized feature are
set apart by some behavioral factor. 1In this case, there
are two.

Assuming the distance semantics which is traditional
in the dance language literature, the fact that all dances
whose waggling runs are of a particular duration (say, &J ;)
are identically reclassified with respect to distance
representation under interracial crossbreeding is of crucial
significance-~-the only possible explanation for an identical
crossbreeding output of this sort is an identical cross-
breeding input, in other words an a)—feature.. The argu-
ment is impeccable, the only weak link the assumed distance
semantics; a semantics in terms of the percentage of the
flight range (see sec. 2.4.2) strips interracial cross-
breeding of any semantic effect and thus this argument of
any force. It is therefore necessary to search for yet
another, less equivocal, performance reflection of this
parameter,

What is needed, again, is evidence that dances with
waggling runs drawn from the set zwidj/ 1 é_ j < n? for
a given i, 1 € i < m, are in some respect identically
accessed by the production or comprehension mechanism. This
is provided by the investigation of the angular scatter pro-
duced during an SD, which Gould 1975c reports in passing

uniformly varies inversely in magnitude with the waggling
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duration valueévi.zo That is, the observed correlation
between the duration of waggling/sound production and the
deviation in danced angle ©X between successive circuits
for the Y-shaped transitional dances is not peculiar to
that dance type, but recurs across message repetitiéns

in the other waggling cases. The psychological reality
of the G- feature may therefore be addﬁced not only for
those values of i peculiar to the Y-shaped transitional
dances but in fact for all i, 1 £i < m,

Evidence for an ¥X-feature is, in 1lik2> fashion,
evidence that the elements of %a)ioéj/ 1<i<m g =
{Q)ldj, w2°4j,' ...,C-.)mclj§ for any given j, 1< j < n,
have a common performance property. It must be shown that
all Qaggling runs which agree along the hypothesized
feature ¢ are identically affected by some performance
facter. Now, as previously argued (pp. 140- 50), the
incrementing-with-perceived-solar-azimuthal-change may well
be a performance operation. It is unfortunate therefore in
this regard that the particular incrementing imposed by a
spatio-temporal context ¢ is nota function of the
particular o{-value in question. However, whatever the
azimuthal difference between the goal and the sun (from
C‘l to<%h), a three-unit o< shift in solar azimuth will
shift that value three units (clockwise from ci through °%
and on to

3
c“n_3). Since the incrementing is not®-value particular,

, counterclockwise from C*n_z through*>% to
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it can provide no support for an‘%—feature.

What 1is K ~yalue particular is residual misdirection,
the systematic deflection toward the horizontal and verti-
cal axes which afflicts dancing on .a vertical surface, the
direction and extent of the affliction depending upon the
relationship of the given %¥-value to thesn primary axes
(see (7)); since residual misdirection is peculiar to
dances executed on a vertical dance floor, it is of the
requisite physical, performance quality.

. feature representation of the waggling

J
run is thus behaviorally supported.21 The hierarchical

The aiaé

structure of the full terminal string in relation to the

demonstrated ﬁ£°(j substring can now be investigated.22
Evidence for a category W, the waggling run, is

evidence that the elements of Ekﬁfyj /1 f i €< m,

1 f j ﬁ n{ have a common performance property. The above-

descxibed (pp. 100-101) evidence that dances begin with

waggling runs is suggestive, but no more. The observa-

tion (Esch 1964, as reported in von Frisch 1967a:105-106)

that introducing a light source into a dark hive during a

by-gravity dance produces an immediate by-light waggling

run of the appropriate duration is more conclusive. The

buzzing run (see p. 18) is perhaps also best viewed as a

displaced waggling run rather than an additional dance type.
Evidence for a category C, the circuit, is evidence

/1&£&i<m 1< j'S_n} U

that the elements of ZALot C. .
i3 Ti,i.,+
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iwi“j c5,5,- /1 £i<m 1< _fn§23 have a common
peformance property. Evidence for a category L, left
circuit, involves the first of the two unioned sets; evi-
dence for a category R, right circuit, involves the second.
For none of these supposed categories is a performance
motivation obvious. In each case what is required is a
demonstration that waggling runs followed by a return run
(clockwise, counterclockwise, or either, for R, L, and C,
respectively) are treated by the production or comprehen-
sion model differently from other waggling runs. Now |
since the waggling run by all accounts codes the informa-
tion, this is unlikely to be the case. iif solar increment-
ing were restricted to circuited dance types, it would
argue for a category C, which would also be supported by
a circuited dance-type restriction with respect to the
new - waggling run provoked by a light source interrupting
dark-hive dancing. Nothing in the literature suggests
either behavior is peculiar to circuited dance types. 1In
an exactly analogous fashion, if solar incrementing were
confined to left (right) circuits of circuited dance types
or interrupting a dark-hive dance with a light source uni-
formly provoked by a left (right) circuit, this would be
evidence for a category L (R).

Thus far, then, there is performance evidence of the
requisite sort for the a&f‘j representation of a substring

of 'the behavioral strings in question, and for a category
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W dominating b&°‘j' no evidence for a higher category c,
L, or R. The racially linked form of the transitional
dance, even if only as a statistical preference, clearly
points to a higher dance type category ¥, identified as
the Carniolan dance behavior which alternates genetically
with some Italian sickle configuration. Y might be,
following (14) and ignoring the 8D claim, {cuioej Ci,j,+

/1<i,¢i<i<m 1< x<k =

Wi*s@x %i,5@x,- 2

n/G% . where il and i2 define the range of waggling/sound

production duration values appropriate to the dance type.
We are therefore led, according to Fodor 19266, to

posit structural descriptions for the dance language of

at least the complexity illustrated by the branch in (63).

(63) f
1

\ |
aﬁ¢4j

Although Lockett and Altmann 1968 are regrettably
vague on the subject of how to apply their language
design feature criteria24 to infrahuman behavior, evidence
for a bracketing such as that in (63) appears to be in part
what is demanded by their criterion "duality of patterning."
What is additionally at issue, however, with regard to
this design feature is the semantic characterization of
the hypothesized terminal node(s); it is demanded that

these be semantically null, even as the elements of the
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phonemic or, for sign language, cheremic, alphabet are
semantically null. Unless somé considerations (such as
those of Fodor 1966) are specified to justify the levels
of analysis proposed, any behavioral repertoire can be
decomposed to a semantically null level; in the present
case, for example, d)ialj might be supposed to branch to
the particular, semantically null, musculaf sequence
associated with it. Thus the oft—repeated25 claim that
the honey bee's dance language fails to meet this lin-
guistic desideratum must be grounded in an approach along
the lines sketched.

The underlying notion in Fodor l966, on the other
hand, seems to be that the demonstration of hierarchical
structuré is evidence for the inadequacy of a finite state
account--evidence, that is, for the introduction of
context-free phrase structure rules. Indeed, that discus-
sion goes further, arguing that it supports a transforma-
tional analysis; "saying that bracketing of behavior is
preserved under psychological operations that satisfy
such formal descriptions as deletion, adjunction, permuta-
tion, etc. . . . is equivalent to saying that éhe grammar
that underli-s the behavior is transformational" (Fodor -
1966:293). ‘his is all very premature. The conclusion
that the grammar is thereby shown to be transformational
only follows if the "psychological operations" are gram-

matical as well as psychological. Finally, the demonstration
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of hierarchical structure is not cénclusive proof of con-
text-free complexity. The tree-structure of (63), for
example, is equivalent to the labelled bracketing of (64);
strings of the form (64) are as accessible to a finite

(64) Ty eee Iy 45 1y vee Iy

state treatment as was the unbracketed version: simply add
the brackét symbols [Y, ]Y’ [W ' ]W to the terminal
vocabulary and generate in the appropriate places. The
context-free character of the base for human language is
guaranteed by the observational adequacy argﬁment out-
lined at the end of sec. 4.1.l1--the base for the dance
language remains finite state in nature. Any evidence of
constituent structure or syntactic categories, from the
waggling nocde W to a dance node D or dance-type node Y, can
be accommodated in a purely finite state fashion.

Transformations that copy, delete, inéerf, move
lexical material as do those in vogue for human language
are only slightly tempting for the dance language.

As stated, sec. 3's mirror-image notes 3 and 6 are
a part of the description of how to proceed from the sample
paths of sec. 3 to the full finite state device. The
paths given in the text consistently generate the left
before the right circuit--the reverse generation is to

be handled by the paths added by the augmenting procedures
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of notes 3 and 6. What was viewed at that time as a
space-saving device now merits consideration as an expres-

sion of cognitive space-saving by the dancer, i.e. as a

, B
metathesizing transformation co-deriving (133 and

VE &1 mo o R

' -
-~ &

and -~ .

The formalization of the proposed rule depends on
a number of issues which have not been fully resolved,
among them the syntactic status and nature of SD. In the
event that it is SD and not D which is properly taken to
be the syntactic domain, the degree of "sloppiness"
tolerated by SD becomes a matter of some importance: how
fixed is the L-R alternation of circuits in circﬁited
sb's? If it is absolute, with (LR)x and (RL)X, integral
X }_1, the only possibilities, then a metathesis account
will have to be a metathesis "smear" rule, much as nasaliza-
tion rules are in phonology; the optional metathesizing
must be "smeared" throughout the input string whenever
that option is exercised. 1If, on the other hand, L-R
alternation in SD is not grammatically prized (or, for
that matter, if it is D and not SD which is to be generated),
the proposed metathesis is rather more analogous to a pas-

sivizing process, and has no such "smear" condition on
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its application.

There are at least two alternatives to the trans-
formational analysis response to what have here been termed
mirror-image dance pairs. Forone thing, there is some
guestion as to whether the co-derived dances are in fact
variants of the same message for a given dancer. In the
event that dancers display a fairly rigid lateral prefer-
ence in production and comprehension, allowing dancer-
followers to be characterized as L-first or R-first cir-
«cuiters, this transformational analysis would lose much of
its plausibilit&. In the event of demonstrated lateral
preference on the part of individual dancers, it is per-
haps most naturally treaﬁed as yet another dialect discrim-
inator, an approach which would be further supported if the
dancer-follower were to demonstrate an equally strong

)

preference for one of the S-dance types ( vS.

Then again, even if it should be the case that
whatever can be a second circuit can be a first circuit for
a given dancer, it is not immediately obvious that this
would be a linguistically significant generalization,
best captured by transformational rule. For in that case,
there is no performance evidence for a "left circuit" as

opposed to a "right circuit" category, no interesting
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behavioral property attached to zaﬁij cs 5,+
1 14

‘llIl<_ i< Iz(m, 1< _fng 26 s opposed to

/

{wicéj ci,j,—/ 1¢1) £i<1,<m L £ f_ng , or vice
versa. In that event, circuits should not be described

as L/R (or, to return to the notation of sec. 3, curved
runs should not be described as +/-) but only as identical
or opposite in orientation to antécedently or consequently
executed circuits (curved runs) within D or SD. Following
(65) , the tailwagging dance which in sec. 3 required (see
(65) x € {+'7}

-x =+ if and only if x = -
-x = - if and only if x

u
+

(12) and sec. 3 n.3) the seven-~state, two path D~ deriva-

tion of (66), reduced to the five~state one-path D-

(66) | TV
Sl o -

II cﬁij
‘i, >1'IIII’::;Lj °1.L+tjﬁi>

:-\) " ' witéj
i, J.4,§ jor)

derivation of (67). The terminal vocabulary is in terms

of x and -x, not the more specific + and - of sec. 3.
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A transformational treatment must be motivated on
three counts, then, with behavioral evidence to support
al vs. R/+ vs. — distinction at the level of the terminal
vocabulary, evidence that it is an option for all mem-
bers of the dance community, and finally, evidence that
it is an option which is without semantic weight. Evidence

for L vs. R rather than + vs. - is evidence that

<
R ) ™
and rather than and

are to be co-derived.2 It remains something of a problem

7

to decide whether the underlying form is to be in terms of
L or R (or alternatively, + or -), and to motivate deriva-

tional ties between certain pairs of synonymous S-dances
G

&
and not others (such as and S;~“~V;f~v:;) how-

ever, all three criteria are met, some grammatical treat-
ment is indicated, although not necessarily a transforma-
tional one; the series (68) of context-sensitive28 rules

accomplishes L-R metathesis, even if by introducing as yet

(68) LR =¥ AR
AR —>» AB
AB —>» RB
RB —¥ RL
unsupported analytical stages (in the formulation given

in (68), these are AR, RB, AB). Evidence for L-R meta-

thesis with no evidence for intermediate stages, is evidence
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for transformational metathesis.

Typical human langauge operations of context-free
constituent analysis, overlaid by a series of semantically
inert transformations to delete, insert, move lexical
material as per their context-free categorization are
.thus of quite limited usefulness in captgring dance lin-
guistic patterning. Lexical dance language categoriza-
tion is almost certainly finite state and the only trans-
formational candidates considered to date (solar increment-
ing across SD, L/R or +/- metathesizing) are far from being
well-supported. The search for the linguistically signifi-
cant generalizations in the dance language may well be best
pursued independently of the grammatical.model for human
language.

Supposing SD to be the syntactic domain, what is
most striking about the dance language is'the &)-dependency
of virtually all the phenomena. Thus, despite the pre-
vious discussion, it doesn't seem nearly as important to
characterize all S-dances as S-dances, all tailwagging
dances as tailwagging dances, etc. (which can be done
by introducing such bracketings as Ig ]S-’ Loy Vowe
as was discussed with regard to (64)), as it does to some-
how capture the correlation between each dance type and
ibs distance range. From the point of view  of the finite
state device it can only be>an accident that, for example,

vhenever an Qﬁ value 'is’ shared by two dance types is is at
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the extremes of the ranges appropriate to each, whenever
G)i and G)ﬂBP (p” 0) are appropriate to a given dance type,

so is G)i © 1 (Ji@2, cen, Ci)i ® p’ whenever C\)iod. is a

J
semantic interpretation appropriate for a given dance type,
so 1s OiOAl’ Cdio42, “eey &Gf{n' The oK~ dependency of the

transitional dance patterning also seems quite Significant
and, unlike ¢) -patterning, yields'in an obvious way to a
transformational treatment, which moreover unifies the
full-waggling transitional and tailwagging dance types.
The proposal is quite simply to extend the &) values
for the tailwagging, i.e. (12), portion of the finite
state base component to embrace all tﬁosedJ-values
ultimately appropriate either to full-waggling transitional
or tailwagging realization, deleting all paths of the
full-transitional form (14). All full-waggling transi-
tional dance forms are transformationally derived from
underlying structure tailwagging in design; one of a
series of "spread" transformations will pry the left and
right circuits an equal, G ~dependent number of o -values

aﬁay from the bisector which may be read off the underlying
~ Ly

. ’ N ‘
: :j: \
tailwagging structure. So: y

The 60° limit on the angular deviation in such
structures, which translated to the k = n/6 (see (13))'
limitation (14) is here reflected in the number of circuit-

prying transformations needed. If L and R may differ from
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each other by at most 60°, or k < ~units, then they each
differ from their bisector by at most 30°, predicﬁing that

K (see (69)) "spread" transformations will be required,
(69) X =k/2 = n/12 -

prying the two circuits 1,2,..., K o«-units away from their
bisector. Since K must be an integer, this again establishes
n as a multiple of 12.

Each transformation must be indexed for the &-values
it ranges over; although most will be obligatory rules,
it is conceivable that the transformation (s) having the
least effect may be optional--in other words, that there
are &) -values for which minor deviation in the orientation
of the waggling run is possible though not required (i.e.
the ) -ranges for the ' tailwagging 1nd full-waggling transi-
tional dance types overlap to some extent). &) -range overlap
for diffefing degrees of deviation from the bhisector is
reflecfed by overlapping in the &) -~ranges assigned the
transformations productive of the degrees of deviation in

question: (70) gives the "spread" transformation

(70) SPREAD1

w.d. - - . 3
i3 ®i,5.x Wi *5 ®i,5,-x °p:“_1_‘i;al?
W, o, C: oo, C.
iTiO1 CiL,ieLx 1T i®1 ti,ji®1,-x
Conditions: x € {+.-} } =X =4+ ifx = -, ~x =~ if
Xx =+; 1< j<n, l<Il_§i§_I?<m,

where I, and I, are the constants defining

the W -range appropriate to this degree
of angular deviation.
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éppropriate to the largest &) -values short of actual tail-
wagging - dances. As before (see (40)}, (® denotes the
érithmetic inverse of C) . In (70), x is a variable even
as i and j are: its status is very different in (65),
where it functions as a lexical symbol on the order of a&°(6.

The evidence for a variable x in the structural
description of Spread transformations is.indirect: with-
out such a variablé, evidence for spread transformations
ts evidence for a later metathesis transformation (or

+ D) -

- + transformation). For, without a transforma-

' A
tion to provide a unified treatment of '<;ié§i;:>, and
R A
\
3 , the spreading of \‘))Y requires
two rules: one spreading g:ji>€;z> to (:Ejj %::>, and
the other spreading the corresPondinggg:jj Q:EB'to %::> <:225

(again, presumably). In other words, without a variable
%, full-waggling transitioﬁal dances are derived either by
K sprcad rules followed by a metathesis {or +/- switching)
rule oxr by 2K (=k) spread rules. Not only does the meta-
thesizing (+/~) analysis feature fewer (K+1, vs. 2K, with

K larqe since K = n/l12) transformational rules, but of

course the finite state device is also. thereby simplified.29
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Without a variable x, evidence for spread rules is con-
founded with evidence for a metathesis (+/- switching)
rule.

Again, the evidence with regard to spread rules is
at best equivocal. On the positive side, the peculiar
distribgtion of waggling pairs in (14) (i.e.,CUion pairs
with aﬁ‘*j@m' aﬁtxj®4 etc.--see p. 115) is "explained
by the integral spread rules (SPREAD 1, SPREAD 2, ...,
SPREAD K) whose W-value indexing makes explicit the pat-
tern which the finite state account could only hint at by
way of brackets of the form [SPREADi JspREADL" The
fact that W-values found within a given pair of spread
brackets fall into a certain range is elusive, a spe-
cial'case of the complaint made earlier concerning the
correlation between each dance type and its &) -range. On
the negative side, evidence for at least some versions of
the SD claim is, at least to some extent, evidence against
spread rules, for two reasons: (a) the "average to an
integral o¢ -value" constraint will be so much more ac-
cessible to a semantic rule of averaging defining anomaly
as non-integral output, than to a syntactic transforma-
tion or series of transformations designed to skew the
ol{-values in an integral-neat but random, W-dependent way:
and (b) the "average to an integral &J-value" constraint
appears to have roughly the same cognitive, linguistic

status and is therefore probably best accorded parallel
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tregtment‘and yet there is no reason whatever,for.supposing
this to be a syntactic pﬁenomenon, no ddnce type which
varies @ in a systematic way the way transitional dances
vary © so that more than one waggling run is needed to
determine that parameter of the message.

Following Fodor 1966, it can be asked what behavioral
eviaence there might be for a two-level analysis.of the
transitional dance. A natural response would be in terms,
once again, of residual ﬁisdirection data, the dance form
of interest, the transitional dance. Residual misdirec-
tion "disappears when the earth's magnetic field is arti-
ficially eliminated" (Gould 1976:215, reporting results
of Lindauer and Martin 1968) and thus is the requisite
physical performance character. Sinqe~direction may be
given by runs as much as 60° apart and the quality (clock-
wise, counterclockwise) and extent of the misdirection
depends in a finer-than-60° way upon the run's relation-
ship to the horizoﬁtal and vertical axes (see (7)), it
should be possible to test statistically whether, in
transitionals, it is the executed angularly déviating runs
or the non-executed bisector of those runs wﬁich is being
misdirected in this systematic way. Td take an example,
consider (averages of) a dance which on a horizontal dance
floor is executed as in (71); it is subject to residual
misdirection (following (7)) on the yertical.danée floor

BUT is it the two executed waggling runs which are
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(71)

10b‘§oal

affected, asper (72), or the bisector which is affected,

(72) 'ﬁf' | up

~ .
~ bisector

as per (73)? According to (7}, although for many transitional

(73) '{,f up

“goal 120° “~bisector -



184

dance c>(-pairs30 the two hypothesis give the same results,
yet there are also many°<-pair831 for which, like the 110°
and 130° pair discussea hete, the two hypotheses differ,
Specifically, these differ with regérd to whether the
dependence of the angular deviation in transitional dances
on Wis constant, as in (73); in (72), on the other . hand,
their relationship depends upon the physical setting of the
dance, with residual misdirection perturbing the correla-
tion. If, that is, it is fhe executed runs which are geo-
menotactically misdirected as in (72),; then a specific
deviation d would hold for Cbh on a horizontal surface for
all bisector <-~yalues, but only for certain ®-values (see
n.30) at GJd on the vertical surface. Finally, for each
other X~value such as °<x and °<y (see n.31) there will
be a CddXI Gde :(different from GJd) such that d is the
correlated deviation for that angle on the verxrtical surface
(Ehough again not on the horizontal surface or for othgr
o{~values on the vertical).

| In sum, the misdirect—-the-waggling runs hypothesis
deals with the physically observable linguistic signal
but complicates the statement of the dependency of angular
deviation on (V.32 The misdirect-the-bisector hypothesis,
which it has been suggested would provide performance
support for a series of spread transformations of the indi-
cated kind, leaves the angular deviation dependent solely

on ((J . Interestingly, von Frisch's computation of the
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_ individual residual misdirection wvalues, feported in (7),
assumes the misdirect-the-bisector hypothesis.

In each-.case, the value.was coméuted {(see von Frisch
1967a:214) by averaging all waggling runs (whether produced
in the course of an S~, tailwagging or transitional
dance) advertising a goal situated at the specified sun-
relative angle with respect to the ﬁive. This means that
if, for example, a goal at an angle of 130° from the sun
provokes a transitional dance whose waggling runs give the
distance as &)i and the direction as, say 140° and 132°,
it makes a 6° contribution ((140°-130°)+(132°-130°))/2)
for 130°, which of course is identical'to the contribution
that results from calculating the deviation 6f the bisector
of 136° (i.e., (140°+132°)/2) from 130°.

This assumption of his has the consequence that
(7) can not be used (as it was above for purposes of illustra-
tion) to delineate the angular values which discriminate the
two hypotheses; residual misdirection vaiues must be com-
puted solely on the basis of S- and tailwagging dance
data, for which dance types the two hypotheses make identical
claims. The residual misdirection table so computed then |
pfovides.the stanaard against which transitional dance
residual misdirection.can bhe investigated, as indicated.

It would be very satisfying at this time to be able
to conclude that the discovery that the bisecﬁor.is

residually misdirected in transitional dance forms would be
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conclusive proof of transformational grammatical complexity.
There remain at least two alternative explanations for such
an eventuality, however. Given the concept of the dance

(D) outlined in these pages, such a discovery does demon-
strate that there are two analytical levels to be repre-
sented in the grammar for transitional dances. What it

does nét demonstrate is that these levels are both syntactic
in nature,

This is an issue which is wvirtually uniformly ig-
nored in the-power-of-the-grammar literature, although it
often in fact plays a crucial role. In the present case,
it is by no means clear that a one-component grammar
with syntactic spread transformational rules is to be
preferred to a one-level finite state bracketing syntax
in tandem with a series of semantic rules averaging
the divergent transitional waggling runs to a simple
waggling-run semantic representation.

Doubt would be cast on the one-component grammar
with spread transformations analysis by any of the follow-

ing: (a) the discovery that in dances of the forms

<:j><i:) and j (which can not be generated from

another dance form with overlapping runs by an optional, or
even ) -sensitive obligatory, spread rule), it is the bi-
sector which is subject to residual misdirection; (b) per-

formance evidence that the syntactic domain is SD, with a
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high::degree of "sloppiness" which is not merély tolerated

" but further, is to be utilized in determining the mes-

éage, so that the effect of geomenotactically misdirecting
the bisector on a left or right circuit depends on the

ratio of left to right circuits in that SD. In either

. ‘case, simplicity considerations would dictate a solution

in terms of an averaging semantic componeht, perhaps (at
least for (b)) with semantic as well as syntactic well-
formedness constraints, stigmatizing configurations which do
not average integrally as semantically anomalous.

What a residually misdirected bisector establishes
therefore is that the message level is linguistic and not
merely a matter of interpreting the formal éYstem, outside
the formal system i£self. Within the context of the
discussion here, this can be accounted for either by é
syntax of transformational complexity, or a two-component
grammar uniting a finite-state categorizing syntax with
an averaging semantics perhaps introducing a "semantically
. anomalous" tag onto certain syntactically well-formed
strinés. These are the hypotheses which iﬁtegrate most
neatly with the grammatical discussions of sec. 3 and
sec. 4.1.1. Yet a third explanation surfaces upon examn-
ining the informal linguistic reasoning behind von Frisch's
assumption of bisector misdirection in (7).

Von Frisch's misdirect-the-bisector bias does not

stem from any predilection for spread rules, but rather from
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his assumption fhat all waggling runs, regafdless of
dance type, are direct attempts at representing the angle
bet@een the goal's and solar azimuths. In linguistic
parlance, von Frisch treats the angular deviation in transi-
tional dances as a performance problem, i.e., an execu-
tion error. What's more, it is the waggling runs' devia-
tion from the "expected" angle (that between the azi-
muths of the goal and the sun) and not their deviation
from each other or their bisector which absorbs his atten-
tion. This (implicit) linguistic analysis is almost uni-
versally accepted in the literature. This analysis also
succeeds in unifying the full-waggling transitional and
tailwagging dance types and, it might be argued, at much
less'cost to the grammar than, for example, either éyn-
tactic spread rules or a semantic average-to-an-integer’
constraint; transitional dances are simply error-ridden
tailwagging dances. |

There is no experimental test which will discriminate
between this position and that taken earlier, viz. that
the transitional dance is, at one level of grammatical
analysis at any rate, different from the tailwagging dance
type. Not even a demonstration that, for example, the
bisector of horizontal surface transitional dances is
statistically precisely as accurate an angular measure as
are the coincident waggling runs of the tailwagging dance,

can preclude the von Frisch "error" analysis; that analysis
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could accommodate such an experimental observation by sup-
posing that there is a two-stage‘performance interference
at small (i.e., transitional) &-values, the "spreading"
performance factor being peculiar to those values. And

if it proved to be the executed waggling runs which are
residually misdirected, that too could be accommodated by

a two—étage performance interference at smalll&’-values, the
"spreading" peculiar to the particular w; preceding the
more general residual misdirection perturbation.

Granted that neither hypothesis is experimentally
falsifiable, it may yet be instructive to examine the
theoretical underpinnings of the two approaches. For the
biologist, the dance language is interesting as an encap-
sulafing report of the dancer's recent successful search
behavior; insofar as that report deviates from a strict
channel-switching repetition of the behavior, it is
naturally stigmatized as an "error." For the linguist,.
however, the dance language is interesting quite apart
from its reporting function, in fact principally not for
its reporting function at all but rather for its organiza-
tional properties; in a real sense, the dance language is
interesting precisely insofar as it deviates from a strict
channel-switching repetition of the behavior. What's
more, if the grammatical analysis of the dance language
is to be compared with that of human language, it is im-

portant to give the honey bee grammar the benefit of the
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doubt, so to speak, so as to ensuré that species chauvinism
is not the key factor accounting for the results of that
coméarison.

For the biologist working within a behaviorist
framework, the linguistic reality of the stimulus input
(realized here as the bisector) needs no demonstration;
what réquires demonstration is that the organism makes
some positive linguistic contribution to the signal apart
from a threshold perceptual categorizing. Hence, the
transitional dance is an error. For the linguist working
within a rationalist framework, all abstractipns from the
physical signal must be justified, including the most
superficial linguistic representation of that signal, in
terms of the cognitive apparatus behaviorally evinced.
Which leaves us with the problem of linguistically motivat-
ing a decision'between these two views of the data.

The von Frisch hypothesis is to some extent lin-
guistically vulnerable due to its ad hoc character. It is,
after all, solely this unsupported channel-switching
premise which dictates that the transitional dance (and
not the S-dance or round dance or ...) is an error-ridden
tailwagging dance. Again, supposing there to be an
angular-error-causing factor operative only at small v
() -values, there is still the problem of explaining why
this error is leftward on left circuits, rightward on

right circuits, leaving their bisector a reasonably good
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directional indicator. Why, in other words, doesn't this
execution handicap destroy the message? In the circum-
stances, it seems preferable to suppose that there are
two message-coding dance language conventions; each
restricted (for reasons as yet unknown) to a range of

a)—valges.

4.1.3 "Explanatory" Adequacy

In the course of investigating the observational
adequacy of sec. 3's finite state grammar, two central
issues emerged: (a) the constituency of SD, assuming SD
to be the syntactic domain of the dance language; and
(b) the description and grammatical status of solar incre-
menting. The generation of 8D as a series of D's is
easiest to accommodate; the no-D version of the SD claim
is expedited by an averaging semantic component identify-
ing the meaningful grammatical utterances with those
whose ©¢ and ) subscripts each average to an integer.
Solar incrementing of the danced angle °¢ during a SD,
if syntactic, is most likely transformational; the alterna-
tives explored are pragmatic, one straightﬁorwardly incre-
menting the angle, the other translating the variable
direction with respect to 7¢r to a constant direction
with respect to a hypothesized visual or olfactorily obtrusive
landmark A in the hive vicinity, assumed to be a key

component in the forager's initial perception of solar
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azimuthal change. Experimental evidence, albeit largely
anecdotal, is presented which argues against a syntactic
treatment of this phenomena by indicating incrementing
ability in nonlinguistic tasks. Séc; 4.1.1 concluded
with an outline of the observational adequacy arguments
that have been mounted against a finite state or context
free syntax for human language:vthe structural claims which
parallel argumentation for the dance language case
requires are at best untenable at the present time. The
verdict: observational adequacy may well bé assured by

a finite state treatment not very far removed frgm sec,
3's account.

In sec. 4.1.2, the issue of descriptive adequacy was
addressed, principally with regard to determining what
~grammatical (competence) constfucts are confirmed as
valuable input to a performance theory of the simplest
kind. Since to a great extent, the relevant experimental
work has not been done, the discussion'was most often in
the form of what would constitute behavioral (performance)
evidence for one grammatical analysis rather than another.
Transformational syntactic complexity would be indicated by

a demonstration that only in full-waggling transitional

2 X 7 Q7
dances (i.e., (:Ebdii) , but not or )

is it the bisector which is residually misdirected--in

all other cases, it is the executed runs which are deformed.
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Uniform residual misdirection of the bisector suggests a
two-component grammar with a finite-state syntax and an
averaging semantics, perhaps even a three-way division of
dance maneuver concatenations: ungrammatical, grammatical
and meaningful, grammatical and semantiéally anomalous.
Chomsky 1964:28 identifies three levels of adequacy
to be met by the correct grammatical description for a
given human language. Observational adequacy "is achieved
if the grammar presents the observed primary data cor-
rectly." Descriptive adequacy "is achieved when the gram-
mar gives a correct account of the linguistic intuition
of the native speaker, and specifies the observed data
(in particular) in terms of significant generalizations
that express underlying regularities in the language." The
investigation of the dance language of the honey bee within
these terms, i.e., observational and descriptive adequacy,
is particularly problematic; the commitment to an infinite
set of grammatical dances which is presupposed by the
descriptive aéequacy issue is, perhaps, not immediately
obvious or particularly palatable. Explanatory adequacy,
however, is irretrievably acquisition-based, and, as such,
apparently does not apply to the honey bee, whose linguistic
system is not acquired but inherited. (74) = (Chomsky 1964's

1b) is central to the three-way distinction drawn:

(74) primary linguistic data-v —> generative grammar
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a grammar that aims for observational adequacy

is concerned merely to give an account of the

primary data (e.g., the corpus) that is the input

to the acquisition device (1lb); a grammar that

aims for descriptive adequacy is concerned to give

a correct account of the linguistic intuition of

the native speaker; in other words, it is concerned

with the output of the device (lb); and a lin-
guistic theory that aims for explanatory adequacy
is concerned with the internal structure of the
device (lb); that is, it aims to provide a prin-
cipled basis, independent of any particular '
language, for the selection of the descriptively
adequate grammar of each language. (Chomsky

1964:129)

The goal of linguistics, then, is a theory which
"offers an explanation for the intuition of the native
speaker" (Chomsky 1965:25~26). Or, again, "[al] theory
of linguistic structure that aims for explanatory adequacy
incorporates an account of linguistic universals, and it
attributes tacit knowledge of these universals to the
child. . . . Language learning would be impossible unless
this were the case" (Chomsky 1965:27).

Granted that it is acquisition which is in most
need of explanation in human language, it is clear that
this is not by any means helpful as regards the task of
justifying an analysis of the dance language. It does not
follow from this, however, that dance language grammatical
evaluation must be pursued solely on observational and
descriptive grounds. The notion of explanation relevant
to a genetically coded system is teleoclogical "explana-
tion." What is needed is a dance language grammar which

makes some evolutionary sense of the system itself,
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providing some "explanation" for tﬁe uniqueness of the direc-
tional signal as compared with the multiplicity of distance
signals, the syntactic variety in dance types and their
essential preservation across races of honey bee; with

each race having roughly the same numbef of dance forms,
with only the transitional dance shapes varying across
dialects. There is also the matter of accounting for

the interracial agreement that the round dance be restricted
to nearby goals, the S-dance to distant goals, that

’angular deviation across SD vary inversely with dis-

tance. VWhy?

To paraphrase Chomsky, "explanatory" adequacy is
achieved if the grammér is a teleologically principled
descriptively adequate account. It must be emphasized
that it is not the adaptive value of the dance language
which is relevant here.

‘The dance language controversy, which was out-
lined in sec. 2.13, was initially a confrontation between
a naive functionalism (see, for example, Lindauer 1971
and von Frisch's 1968 "Do bees really not understand
their own language?") and a demand for empirical justifica-
tion of that functional account (see, for example, Wenner
1967). The outcome of that controversy was a highly
refined experimental paradigm (Gould 1975b) allowing for
an absolute separation of linguistic from nonlinguistic

communication for this species, demonstrating the
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communicative efficaéy of the dance language. The injec-
tion of functionalism into the linguistic analysis may,
given the recent dance language controversy experience with
teleological considerations (Ferguson 1975 notwithstanding),
be viewed as suspect. However, teleological considera-
tions remain, along with a simplicity criterion, the sole
guides to grammatical hypothesis formulation, with the
hypotheses so formulated required to be susceptible to
empirical testing (on observational and descriptive
grounds, at least), even as Wenner proposed to test that
of von Frisch, thus creating the dance language controversy.
The search for a functional grammaf is not at all depen-
dent on the identification of the adaptive &alue of the
dance language itself. A grammar‘aéhieves "explanatory"
adeqguacy if the structural claims, demonstrably descfip—
tively adequate, are teleologically helpfﬁl, offering
some hope of answering the heritability issues addressed
in the previous paragraph. The cognitively bhased digital
account of secs. 3-4.1.2, although arguably descrip-
tively adequate is apparently not adequate in this respect.
The question is whether the implicit linguistic bedrock
of current experimental work is in any way indicative of
a solution.

Apart from vague and rather naive flirtations with
functionalism, there haslx¥n1very little evidence in the

literature of a concern with teleology, at least not as it
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relates to structural aspects of the dance language. To
be sure, von Frisch (1967a:297) does express concern for

the genetic packaging of the dance language dialect fea-

tures of distance coding and M vs. QO

transitional dance type, specifically its relationship to
the genetic packaging of raéial color-marking (see sec. 2
n.1ll). And Gould (1975a:692) speculates in a footnote on
the adaptive role of the dialect-dependent error magni-
tudes as follows:

One possibility might be that the reduced angular
scatter compensates for increasing distance; and
that, taken with the nearly constant distance
scatter, could serve to generate the same recruit
distribution about a target regardless of its
distance from the hive. . . . If food sources

exist in "patches," it could be to a colony's advan-
tage to spread out its searching recruits to exploit
the patches more efficiently. The area around the
hive for which round dances are performed might be
thought of as the first such "patch." Italian bees
have both a smaller round dance zone and recruit
scatter than Carniolan bees. If this difference

has (or had) an adaptive value, one might suppose
that the two races evolved in habitats with dif-
ferent patch sizes or colony spacings, or that

some compensating difference in search strategy

in the field may exist.

This remark, although apparently in keeping with his
demonstration of linguistic communication, is strikingly

33 that recruit-~

inappropriate given his repeated assertion
ment is in all likelihood ordinarily achieved by non-

linguistic olfactory cueing--accounting for the experi-
mental results of Wenner and others. Only behavior with

a highly significant recruiting role would be subject to



selective pressures of the kind outlined; if olfaction
plays a large part in recruitment, down to the final
(goal=finding) stage in dancing-instigated search

34 then the size of the typical feeding site's

behavior,
"profitability radius" clearly could no£ exert an influence
on the error gquotient of the dance.

In large part, the earlier issue (see sec. 2.4.2)
of distance vs. flight range percentage as the semantic
weight of the tlvyariable was in response to the teleological
gquestion raised by von Frisch's use of the term "dialects."
Gould's teleological query is expressed above in terms
of a correlation between SD angular deviation and waggling
duration. Neither conception of the problem materially
contributes to its resolution, which persists as perhaps
the most serious "explanatory” grammatical hurdle.

Dethier 1957 is a report of "dance" behavior in

the fly hormia regina. The dance elements which recur in

this species, to what purpose (if any) is not known, are
three: the beﬁavior is réleased by a taste stimulus of

a certain threshold which is dependent on the fly's
pre-stimulus hunger-state, the circular turning "searching"
movements thereby elicited are vaguely dance-like, and

the patterns are relativély symmetrical about an intro-
duced light-beam or gravity axis. Although this clearly
represents an attempt to widen the biological perspective

so as to shed some light on the teleological issue, it
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35 here, given the very

remains of only peripheral interest
small number of linguistic resemblances which can be noted.
From a grammatical, competence point of view, the compari-
son of the fly and the honey bee sheds about as much
light on the structure of the dance laﬂguage as the compari-
son of man and the "Polly wants a cracker" parrot does on
thé structure of English.

The general approach is not necessarily a poof
one, but what is needed for a useful linguistic comparison
is a species displaying an inherited system at least as
close to the bee's as the acquired songbird's is to man's?sg
teleological resemblances in‘the first caée, acquisition
resemblances in the second are what it is crucial to
unco&er. Dethier, as far as can be told from his dis-
cussion of the case, simply chose the wrong species.

Pankova 1972 takes a very different tack, proposing,
in effect, an alternative grammatical analysis to that
of von Frisch'(as sketched on pp. 188- 89) and, for
that matter, éhat pursued here. The overriding considera-
tion again is teleological, specifically the explanatory
underpinnings of the syntactic variation in dance type.
Unfortunately, the Pankova account, in neatly identify-
ing dances of different types, manages to preclude a dif-
ferentiation at any more superficial structural level. As

such, it suffers from the same problems, though as will

be argued to a much greater extent, as von Frisch's
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channel-switching syntactic analysis did. That analysis
unified full-waggling transitions and tailwagging dances
by labelling the angular deviation in transitionals as an
execution error; Pankova's.analysis manages to present

a unified account of the round and tail&agging dance
forms (and presumably transitionals as well, although
these aie not discussed as such), by giving the behavior
a structural description even further removed from the
physical display coding the message.

The conclusion, that "the structural elements
of both the wagtail and round dance are in all probability
identical and the signal system in honey bees is unique"
(Pankova 1972:407) depends upon a structural description
baéed not on ~and & features or even waggling vs. curved
runs, but rather the variation through time of the longi-
tudinal axis of the dancer's body. The observation that
"the trajectories of . . . the middle of the parietal
region, the center of the thorax and the abdominal end
N descriﬁed during the dance an alternatively curved
motion and their speeds and acceleratioms were dif-
ferent" (Pankova 1972:405) motivates the retreat to the
more abstract (?) structural level represented by the
longitudinal axis. 'The subsequent demonstration that as-
signing angular values to the different longitudinal axis
positions produces a (roughly) sinusoidal curve over time

for either dance type accounts for the conclusion drawn
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above.
The sole reported difference in the curves is in the

duration of the shift in rectilinear motion, which of

course is the correlation with distance. The implication‘

seems to be that Pankova's honey bee, Apis mellifera

caucasica Gorb., may hint at the direction toward the goal
during the round dance by clustering the reversals in that
direction (in the terminology developed earlier, by inter-
polating sickles in an otherwise round SD); it is difficult
"to be sure, but that seems to be the sense of the remark
that "[t]lhe round dance does not include information about
the distance only" (Pankova 1972:407).

In a real sense, the precise machinations of an
analysis structurally unifying the tailwagging and (true)
round dances are uninteresting. The central, inescapable
fact from the linguistic point of view is that the first
but not the second gives distance and directional informa-
tion. Explanatory adequacy is not achieved by ignoring
that fact.

The problem of developing a dance language grammar
which is "explanatorily" adequate remains largely unsolved.
What is necessary here, as elsewhere in linguistics, is
"to discover a complex of data that differentiates
between conflicting conceptions of linguistic structure in
that one of these conflicting theories can describe these

data only by ad hoc means whereas the other can explain it
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on the basis of some empirical assumption about the form

of language" (Chomsky 1965:26).

4.2 Lexical Criticisms of the Finite State Account
Thus far, the criticisms levelled at sec. 3's

finite state grammar have all been structural in nature,

concerned with the hypothesized rules for combining

"lexical items" (&)i°(. etc.) into "sentences" (D

i Ci3.-
or SD). Any grammar, however, and sec. 3's is no excep-
tion, is vulnerable not only on structural but also on
lexical grounds—--vulnerable, that is, to criticisms
directed against the nature of the hypothesized lowest
level of analysis.

| There are three lexical positions which have been
taken in the literature, in each case with little oxr no .
argumentation. Sec. 3's lexical position, once again, for
comparison, is that D (or SD) is a structurally constrained
concatenation:of maneuvers agij, ci,j,+’ ci,j,—"

S.

1,37 Py B

ri,j’ Rli,j’ Rri,j' where for some
(so far undetermined) integfal values m and n greater
than 1, 1 £ i< mand 1 £ j < n, as depicted in (9),
repeated here as (75) for convenience. The two grids

(75) = (9) on % =

y[@a] [@a)
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may be anchored at ¢&°(l, the waggling run indicating the
smallest danced distance value with the goal directly

toward the sun. The different lexical positions»taken are

essentially directed at (75), and indeed generally at
either the m~way division of W- or the n-way division of

o ~values.
This account of the angular discrimination vocabu-

lary differs from that presented in von Frisch 1967a:204,
which argues for a 180° sweep of the left and right sides,

‘as in (7), which "corresponds logically to a goal that
The proposal
37

is situated to the left or right of the sun."

then is for a revision of the ™ ~variable as per (76)

A 360° analysis such as (75) is explicitly rejected, for

(76)
giF’ﬁ??u

i .

VAR TN
\L
Bt \
i
l"

A B

\\.‘ ' \‘/

overly complicating the account of residual misdirection:
"reckon[ing] the angle of dancing through 180° right and
left from 0° for the direction vertically upward . .

yields a positive value for the misdirection [whethexr the
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goal is 150° to the left or to the right of the sun]; with
continuous reckoning over 360° (counterclockwise) there
would be a positive misdirection on the left and a nega-
tive one on the right" (von Frisch '1967a: 205). This
amounts to an embryonic competence/performance distinction
on von Frisch's part, with the competence model serving as
input to the production system, viewed as a noise-
contributing filter. While the theoretical underpinnings
of his analysis are, therefore, quite congenial, the parti-
cular analysis is not well-supported.

In the first place, a halving of the conceptual
space along the vertical can not account for the résidual
misdirection deflections toward the horizontal axis,
whicﬁ is clearly of equal grammatical weight even if it is
gquantitatively less pronounced a phenomenon (von Frisch
1967a:216). In fact, it does not even provide the sim-
plest input to a toward-the-vertical deflection operation,
since it requires angular subtraction at small Ajr A,
values but anéular addition at 1argecli, Ai values (such
as the 150° case of the previous paragraph). The% -grid
in (77), which uniformly treats residual misdirection
as an addition operation, thus presents a better analysis
of vertical misdirection. At first blush, it seems that
the inclusion of horizontal misdirection requires an
analysis along the lines of (78) réther than (77). This

1s not the case, however, some lexical distinction must be
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(78)

drawn between misdiréctable-toward-the-horizontal and mis-
directable-towand-the-vertical angular values, given that
the magnitude of the misdirection varies, with the verti-

cal exerting a much stronger attraction. This being the
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case, (77) seems preferable to (78): small subtractions
occur when the subscript of i >1 of ] 6{ A, By ai,;/ig
is small, while (comparatively) large additions occur when
the subscript i is large. There can be_no evidence for

(77) in preference to (79), with large subtraction at low

(79)

i values, slight addition at large i wvalues, any more than
there could have been evidence for a clockwise (see (75)]
rather than a counterclockwise 360° display of the sup-
posed °(l, S eeer O
The question is whether the goal of descriptive
adequacy, the capturing of the linguistically significant
generalizations of the dance lahguage, is more easily
met by (75) or by (77). Just how great a role do per-
formance data play in this case?
The observation that an énalysis along the lines
of (76) or (77) has a certain "logical" significance

(see p. 203) vis~h vis the left vs. right positioning of

the goal with respect to the solar azimuth has no apparent
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weight. Any number of conceptual categorizings might be
so justified~--the force of the adjective "logical' appears
to be that the proposed categorizing exhaust the possibili-
ties. It has not, for example, been suggested that the
angular "error" (deviation from the biséctor38) in
transitional dances is eye-dependent, with the legs'of a
to-the-left-of~the-sun goal restricted to left angular
values (the aj in (76)).

The evidence, then, .for (77) rather than (75) is
"drawn solely from the patterning of the residual mié-
direction pérturbations. So, once more, how relevant is
this data to a theory of dance competence? éranted that
distinctions proven relevant at the performance level-
must originate in the grammar, does it . follow that the
absence of a distinction at the performance level (as
between the residual misdirection proper to the angular
values of 150° to the left/right of the sun) is due to
the absence of a (here, left/right) distinction in the
grammar? Is Ehe observed symmetry of a clearly physical,
perceptual process, tied to the earth's magnetic field,
to be supposed a reflection of an underlying conceptual
symmetry? Put this way, it suddenly loses much of its
plausibility. The notion of descriptive adequacy as
preferring the simplest possible input to the performance
system clearly requires some clarification; the very dis-

tinction between competence and performance is endangered
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by too enthusiastic a commitment to input simplicity in
this case. |

It must be noted that (77) is not suspect because
it misses capturing such linguiétiqally significant gen-
eralizationsasthe 1®1, @2, ..., i@® %k, k = n/6,
constraint on the right circuit waggling run of an‘*a left
circuit waggling run transitioﬁal dance (see 14)). That
is, the fact that the ¥X-values that would pair with, say,
a transitional left circuit 4 are not 41, Ayy vuey a,
(sge sec. 3 n.5),.but rather Al’ Boy weey By is not really
problematic. No way has thus far been found of capturing
this 60° limit; the k which figures in (14) ﬁas (hopefully)
heuristic value for the reader of sec. 3, but certainly no lin-
guistic status in the finite state account. If sec. 4.1.2's
spread transformations (see (70)) were grammatically estab-
lished, a case could be made for (75) rather than (77)
on grounds of rule-counting simplicity: there would be
fewer spread rules given (75) than given (77). As it
is, however, there is no structural objection to (77).

The objection to (77) is rather that it considers.
physiological limitations within the competence account.
A natural revision of the simplest-input-to-performance
criterion for descriptive adequacy is one which, again,
deduces competence distinctions from behaviorally attested
performance distinctions. Simplicity of input, how-

ever, is apparently a desideratum only when the behavior
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may be.p;esumed to have some- cognitive baéis, which notion
of course ‘resists operational definition. To be sure, there
is no evidence.against (77) but neithef, it seems,

is anything ﬁﬁequivocally in its favor. The similar
misdirection output in the two 150° cases may be explained
either by a similar competence inpﬁt, as by (77), or by

an overlaid symmetrical magnetic field induced residual
misdirection operation. The observed symmetry simply (no
pun intended) seems more likely to be a contingent conse-~
gquence of the biological structures mediating the gravity
orientation process than direct evidence for a particu-
lar lexical structure. Other factors which are likely
(aﬁd, admittedly, likelihood is in the eye of the beholder)
to prove to be biologically interesting but linguistically
irrelevant include those responsible for the directicnal
indication in 180°~displacement.trained transport cases
(see p. 47) and the fact that the presence of polarized
light leads to perceptual averaging whereas a view of

the sun does not.(see p.71).

What is more to the point at this time is the over-
all impact on the lexicon of the proposed elimination of
physiological limitation considerations from the gram-
matical éccount. For, the assumed finite number of angular
discriminations‘is suddenly called into question. Both
(75) and (77) make the unwarranted assumption that the

conceptual space divides into a large buﬁ_finite number.
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of discriminable values, (77) additionally supposing the
values to be arranged in quadrants. Discrimination ability
must not be methodologically confused with conceptual
categofizing.

To put the point somewhat differently, an n-ary
o{-grid presumes that each ®, has a certain width. \
Regardless of how large n is, and therefore how small tﬁe
width of °(i,‘*} will be a cover term for a non-denumerably
infinite number of directional values. In effect, the
?(-grid defines n competence equivalence classes of pos-
sible danced directions. No evidence has been or can be
offered for this rather substantial cognitive claim. The
simpler, more conservative‘conceptual position is that
there is no cognitive substructure of this kind with
regard to directional indications. In other words, that
the € variable takes on, not a finite set of wvalues 6(1,
c*é, ey O(n as in (75), or a finite set of wvalues
41, ay Ay,

as in (77), but a nondenumerably infinite number, each cog-

A, agay, 8,4, o0, A, a, A, 4
nitively distinct, if not perceptually discriminable, from
all its fellows. The immediate implications of this
position are rather startling, since no formal system, not
even one of transformational capacity, can generate a non-

39 The conclusion: the dance lan-

denumerable language.
guage is syntactically different in kind, rather than

degree, from human language.
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Gould 1975b:191 claims that both distance and direc-
tional dance linguistic parameters are analog: "In . . .
graded signals, . . . the (analog) value being signalled
varies about an average in a statistical fashion (as in
the distance and direction indications of the dance)."
Direct observation--"No two waggle runs seem the same
either in distance or direction" (Gould 1975b:171)--
cannot be decisive here for, regardless of the cardinality
of the ¢ and W grammatical repertoires, it is to be
expected that there is a noise-contributing performance
filter operative in production and another ip comprehen-
sion. It cannot be supposed that every minute but measur-
able distinction which can be identified in éerformance .
is cénceptual in nature. Just as the spectrograms resulting
from a given speaker's repetition of a particular word will
differ, so too, a particulaﬁ dancer's representation of
. may be expected to differ. Such

J
physical variation is no key to the size of the distance

the waggling run &G}%

or directionai vocabulary.

The basis for the claim that * and & are analog
is not altogether clear. Nothing in Gould 1975b appears
to substantiate the claim with respect to =, although
the following discussion, arising as part of the explana-
tion for recruit accuracy in the linguistic context (see
sec. 2.13), may be interpreted as an implicit objection

to (75)'s division of the{J—variable into m discrete
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categories preserved under averaging.40

Ifrecruits attended, say, 6 cycles, they would
have the opportunity to average the diverging
signals. If, for example, a forager whose sta-
tion were 200m. away attempted to signal the dis-
tance precisely, it would have to "choose" be-
tween performing 9 waggles (indicating 190m.) or

10 waggles (214m). By performing some cycles

with 9 waggles and some with 10 (4 and 2 of each,

respectively, in this case), a signal accurate

to within 2m of the actual distance could be

created. . . . By using the scatter in the more

numerous and sharply-defined sound bursts, even
higher accuracies would be theoretically possible.

(Gould 1975b:171)

The waggling run's W-variable is tied, whether or
not this is its communicative aspéct (see discussion,
secs. 2.4.1-2), to the (integral) number of waggling move-
ments made/sound bursts emitted; at the same time, & is seen
to vary across SD with dance followers attending perhaps
six circuits and using that information, which may well
not average to an integral number of waggling movements
or'sound bursts, in their search. In the absence of a
competence/performance distinction, it is guite proper to
conclude, as Gould does,that a finite distance vocabulary
is employed so as to convey via the averaging semantics
an in principle infinitely fine gradation of message
(sD) values. If by "graded," however, is meant a contin-
uously varying distance-indicating capacity, then this
conclusion is not warranted; averaging finitely long
series of values selected from a finite alphabet can give

rise to only denumerably many values. What is more, if

the comprehension limit to six circuits is seen as
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linguistic (i.e., a matter for the dance language grammayr
to deal with), then only a finite number of distance

, valﬁes can be so produced. Then, inasmuch as it is

by no means guaranteed that.é-)l should correspond to 1
waggling movement (or sound burst), &)zito 2 waggling
movements etc., a more finely drawn & -grid of finite
size m (m perhaps many times the size of M, the maximal
number of waggling movements, or sound.bursts produced)
would clearly suffice.

There are then several obvjous alternatives for
the lexical treatment of the distance-indicating aspect(s)
of the waggling run. If, as was first suggested in sec.
3, there are finitely many conceptual (competence)
&)-cafegories then these categories must be preserved at
the message-coding level-~which means that if SD is
the syntactic domain, then, unless SD is grammatically
strictly a message repetition, message variatioﬁ is
either somehow transformationally induced from an under-
lying identic;l—message (or identical curve-supplemented
waggling run) concatenation, or else between-category
message codings must be marked as semantically anomalous
by an averaging to a waggling run projection rule. 1In
this view, the & -grid is finer grained than the integral
waggling movement or sound burst variation through which
the production system accesses the>grammatical account.41

If the maximal number M of waggling movements (or sound
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bursts) produced on a waggling run and‘the maximal number p
of circuits produced/comprehended in an SD are tied to a
competence restriction, then it is glear that a finite
number m of grammatical (/) ~categories will suffice.42

This first alternative thus depends in a crucial
way on there being least uppér bounds M and p. Both.
assumptions are questionable.

The move from D to SD, which is to some extent
sanctioned by the to-date mysterious dependency of the
angular variation in a bout of dancing on waggling dura-
tion (see discussion, p. 196), ensures that if there is
a value p, p > 2. If the{analogy to coordination in
human language is well-taken, then the limit on the number
of waggling runs per SD (whether as coordinations of
message codings D or of some smaller syntactic unit), like
thé limit on tne number of S's (or NP's, VP's, etc.) which
may be conjoined, is performance-based. There would, in
that case, be no least upper bound p functioning gram-
matically. |

The traditional view of waggling or sound burst
duration is that it codes distance using a fatigue mea-
sure, suggesting that "[i]n theory, the dances could be
perférmed to indicate any distance (e.g., a dance cycle
indicating 100 km might last six minutes), but physiological

considerations such as flight range must set practical
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limits" (Gould 1975b:192). The theoretical level referred
to is not unnaturally téken to be that of linguistic
analysis, i.e. the grammar. If so, there is no grammatical
‘least upper bound M on the number of waggling/sound
production duration values.

The argument against M thus depends in a crucial
waf on the identification of distance as what is being
coded in the dance. As was pointed out in sec. 2.4.2.
however, this is not necéssarily the best analysis of this
dance parameter. Any experimental alteration of the dis-
tance to the goal simultaneously alters the portion of
the flight range to be traversed en route. This apparent
"Gavagai"’”situation43 ﬁay yield to further investigation
of dance language "dialects." Should W-values correlate
interracially in the indicated way, é flight range
translation is favored; if & -values persist in'varying;

44 either transla-

interracially the issue remains undecided,
tion requiring a dialect-deéendent semantics. The dis-
tance interpretation is thus demonstrably falsifiable as
an explanatory theory, though not experimentally verifi-
able. |

. The purpose «¢f this section is not to decide.this
issue, which in any event awaits further experimentation,
but to examine the consequences of the lexical arguments
advanced. The immediate effect of the anti-M, énti-p

argumentation is to suggest a denumerable range of W-values
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with subscripts in the first (anti-M) case ranging across
the natural numbers and in the second'(anti—p) case

across a denumerable set of rationals; should neither M nor
p exist, the subscripts range across the full set of
rational numbers, while if M but not p exists, the

range is a denumerable subset of the rationals, i.e.,

with numerators maximally M times the denominator. There
are thus three (anti-M, anti-p, and anti-M anti-p)
possibilities. Their impact on the grammar is more diffi-
cult to as_sess.45 The simplest case is anti-M, in which
the W-grid does not stop with &), as in (75), but con-
tinues as 0)1, a@, ceay aﬁ,... or, perhaps more usefully,

W w o w 46

as k%, Wo )y, &huﬁy),..., 01"y L. %y .. The finite
\-——m_————J

state account of sec. 3 may be regarded as essentially

correct (pending other criticiéms, such as those of sec.

4.1) with respect to any dance type for which there is a

47 Thus, only that portion of the

maximal W-value.
finite state qécount concerned with the S-dance, namely
(11), repeated here as (80), need be revised due to the
anti-M decision.

Since the only dependencies in the S-dance are
between the (presumed finite--see n.45) -values of the
three runs, the extension of this dance type to arbitrarily
large Wdistance values is easily accomplished. Each run

recomposes into two features, the denumerably variable

distance-correlating feature being generated using the
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(80) = (11)

1§

Wy ((k’l)k C, (Cl)k, k > 1, notation suggested in the
previous paragraph.48 Then supposing a& to be the smallest
{V -value suitable to the S-dance form, (80) is revised
as per (81). While (80) is a schema for the S-dance
type, to be supplemented by siﬁilar paths for each.aﬁfg

for vhich I <i < m and the mirror-image additions of
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(81)
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sec. 3 n.3, (8l) is itself the S-dance generator, to be
supplemented only by its sec. 3 n.3 alter ego.

It is not obvious how to accommodate either of the
two anti-p positions (anti-p and anti-M anti p) gram-

matically. Let Y, Wl"‘ Wl be the ith value encountered

isl~=

by the diagonalizing one-one function49 demonstrating the
denumerability of the original set (i.e., & with various
fractional subscripts). The anti-p condition automatically
guarantees that any sequencing of W ~values averages to

‘an already existing OJi. The problem is, to a very

great extent, the reverse of that encountered in sec. 3:
the averaging constraint is to some extent (i.e., with
respect to the W but not ™ parameter) met, but the
syntactic dependencies are elusive, regardless of whether
they are viewed as gbsolute (so that, for example, the
waggling runs of the tailwagging dance must be identical
and not merely similar) or simply statistical, with a
fixed degree of variation tolerated at each stage. 1In

sec. 3, a semantic component was suggested over and above
the syntactic one. This provided a semantic anomaly
grammaticality filter on syntactically generated sequences,
eliminating those syntactically well-formed SD sequences
which failed, on averaging, to give lexically specified

°{ and W values; there was an implicit objection to a
cognitive "vote-tallying" process in addition to the at-

tested averaging process. In the present case, it might
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be suggested that SD sequences again be overgenerated
provided only that the'”—value-is large enough for the
dance type in question; then, SD's whose®-variation is
beyond the pale would be scrapped by a syntactic filter.
In neither instance is the solution particularly attrac-
tive since the formal properties of the filter, whether
semantic or syntactic, are difficult to determine, leaving
the grammar difficult to assess vis 3 vis those which
have been proposed for human language.

Finally, the cognifively simplest account is one
which treats &’ as varying nondenumerably, i.e. in an
analog fashion. Unlike the directional parameter, for
which only a finite and nondenumerable repertoire have
been motivated, the "distance" parameter is also arguably
denumerable, a position Gould 1975b (see above, p. 212)
apparently mistakenly characterizes as analqg.

In the event that®*and W (or béth) are nondenumer-
able, so is tqé dance language. Then, following the
argument sketched in n.39, the dance language is outside
the Chomsky hierarchy of (36), syntactically different in
kind rather than degree from human language.

It is this claim which is the focus of the next

section,

4.3 Syntactically Different in Kind Rather than Degree

The investigative approach which has been developed
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here is in marked contrast to, for example, that of Hockett
and Altmann 1968, which contents itself with providing a
list of parameters or design features to aid in the
description of communication systems. Morehthan half of
the design features specified are extra-grammatical. These
include an insistence on the employment of a vocal-audi-
tory channel, broadcast transmission and directional
reception, and rapid fading'of the signal. While the status
of some of the other criteria is unclear, these are surely
not linguistically significant, since filtering the set of
English sentences through a simple (e.g., letter for let-
ter substitution) written code robs it of all three
properties. Others of these features, while certainly
true of human language, appear to be of minimal cognitive
import. The requirement that all transmitters also func-
tion as receivers and vice versa (interchangeability),
that the signal not have any purpose other than that of
communicétion'(specialization), that the signal be at
least some of the time spatiotémporally removed. from the
stimuli provoking it (displacement), are design features
of this type; in each case, the honey bee's dance language
appears to meet the criterion (see, for example, Tharpe
1974:7050).

The displacement design feature is apparently in-
tended to have cognitive significance, but the work of

Dethier on the "dance" (fidget?) behavior of flies (see
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p. 198) shows just how poor a cognitive indication this

in fact is. Dethier 1957:334 reports that flying is an

inhibiting factor for this spécies, iﬁcreaéing the maxi-
mum delay between the sugar stimulus and the "dance"

response from 1 minute to 5. While the forced flying in- 4

“._._

duces spatiotemporal displacement, it is not thereby evi-
'dence against a simple.stimulus—resbonse model. In the
case of the honey bee, the inevitable spatiotemporal delay
between the visit to the goal and the dance in the hive is
therefore not particularly impressive with réspect to a‘
cognitive analysis since, again, that delay is mediated
by flight activity. What evidence there is for displace~-
ment as a cognitive parameter met by the danée language

is provided by the dancer who is, so to speak, reactivated
by a light_source introduced into the dark hive, Erovided'
it can be shown that since her last bout of dancing, a
reactivated dancer may have been engaged in the full
spectrum of activities ordinarily pursued in a forager's
off-hours (see Lindauer 1967:20-21). Even after it has been
so clarified, the design feature is of limited cognitive
significance.

A similar situation obtains with respect to the
design feature of Complete Feedback, which requires that
the transmitter have as much access to his output as the
receiver does, presumably so as to help ensure that the

transmission is being monitored and so is not merely an-
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involuntary "knee-jerk" reaction. Interestingly, in the
dance language case, it may be easier to determine whether
there is self-monitoring than Qhether there is complete
feedback. Tﬁis is so because of the diffioulty encountered
in determining just what the dance attender is in fact
sensorily attending to: there are, for example, numerous
distance correlations in the dance (the duration of

¢ yariation in an .SD, the

waggling/sound production, the
number of waggling moveménts or sound bursts emitted, etc.)
with no real evidence51 to date as to which is/are the
communicative aspect(s). On the other hand, given the
traditional view that eachAwaggling ruﬁ is an attempt at
the specification of the site of £he goal, tﬁe fact that

&D vériation about the goal's coordinates cancels out,
leaving the average of the danced values roughly on targeﬁ,
suggests error-correction and thus indicates.self—monitor—
ing.

The most mysterious of the criteria is Learnability,
defined simply as: "A speaker of a language can learn
another language" (Hockett and Altmann 1968:64). Why
should a property of a system (i.e., its linguistic status)
depend on a property of the user of that system? Would
English be any less a language if man's language acquisi-
tion device were such that English was the only system it
was possible to acquire?52

The design feature Prevarication. requires that

the organism be able to "say things that are false or
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meaningless" (Hockett and Altmann 1968:84). Not simply
that for a given context there exist false or meaningless
SD's, but that these in fact occur in that context. This
is notoriously difficult to demonstrate, the initial reac-
tion to apparent examples of this kind being just that,
that they are only apparent cases of prevarication, in
actualify constituting evidence that the system is not
yvet fully understood or, perhaps, evidence that the trans-
mitter is suffering from a.physiological disturbance of
some sort. . : .

This criterion is moreover vulnerable to the
same criticism as was Learnability, viz., that a property
of the system's user is being confused with properties of
the eystem itself. Consider the case of a Truth-Teller,
who (perhaps even due to a genetic block) eschews both
falsehoods and semantically anomalous sentences. If Hockett
and Altmann are correct in demanding Prevarication of
language, then in identifying that individual as a Truth-
Teller, presuﬁably on the basis of his speech, we are
discovering we do not share a language. This is absurd.

Bennett 1964 proposes many of the same linguistic

53 but strongly

criteria as Hockett and Altmann 1968
emphasizes a parameter which can be viewed as an exten=
sion and elaboration of specialization, the requirement
of grammatical consciousness. The intention is to discrimi-

nate between regular54 and rule-guided behavior, justifying
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"the move from descriptions which are rules to descriptions
whigh refer to rules" (Bennett 1964:21), ultimately
deciding whether "the bees are in the grip of the rules ...
[or] the rules are in the grip of the bees" (Bennett 1964:
17). The criterion: "if the dances are symbolic then of
most dances it must be true that the bee performs the
dance because it is in the presence of other bees which
will be informed by the dance as to the whereabouts of
food" (Bennett 1964:45). Specialization requires that
the behavior have no purpose (selectional gdvantage, in
evolutionary terms) other than the communicative one; gram-
matical consciousness reqﬁires that the individual com-
municator intend to communicate and have no other inten-
tion.in executing the behavior in question. It is claimed
that truly linguistic behavior subsumes intelligence but
not rationality, this last being the topic of Bennett's
essay. The bees must be "intelligent about the circum-
stances under which they refrained from dancing, or relayed
one anothers' éances, or refrained from acting on the
dances of certain bees, etc." (Bennett 1964:48), the
epithet of "intelligent" being reserved for responses which
do not have a sensory-causal explanation.

The following (Prevarication-influenced) scenario
is developed in Bennett 1964 as an illustration of what
would justify the imputation of intelligence. It is

argued that the required awareness of the rules as rules
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is demonstrated by (for example) a dance atténder's
executing a particular denial maneuver when faced by a
éance featuring a breach of the rules; the breach which
is of interest is that which arises when a dance attender
arrives at an advertised site which (from the bee's
‘sensory point of view) utterly lacks food-traces, i.e.
utterly lacks any (bee—sensible) indication that there was
recently something of value at the site. Then, provided
the dance attender can be conditioned to widen her notion
of food-traces to embrace various non-biologicél experi-
menter-correlated factors, she is intelligent and the dance
language is a langauge. Bennett (1964:48—495 concludes
by remarking that his (Prevarication—inflﬁeﬁéed) scenario
shows that the bee is intelligent -about what to dance as
well as whether to dance. The implication is that while
evidence of the sort sketched in the previbus paragrabh‘
is evidence that the dance language is rule-guided,
evidence of message consciousness (and not merely gram-
matical consciousness) is a prerequisite for a semantic
rule.i |

In spirit, the criterion is perhaps more like the
grammatical design feature of Reflegiveness. "In a lén—
guage we can communicate about the very system in which
we are communicating" (Hockett and Altmann 1968:64) than
any of the others, in that it decides the linguistic status

of the system on the basis of evidence that the system
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does or does not allow for its utterances to be linguis-
ticélly challenged or approved{ This in turn makes the
status of the system dependent on its expressive power

vis & vis the construction of a linguistic theory; if the
dance attender cannot either castigate the dancer's
behavior as uhgrammatical, inappropriate, ill-formed, etc.,
or approve a dance as grammatical, appropriate, well-
formed, etc., the dance language is not a language.

Without such an overt linguistic criticism to point
to, the expériménter must for simplicity reasons regard
the silent dances Esch 1961 investigated, which do not
arouse recruits, not as rulé-breaching examples, but as
indications of a physiological disturbance of some sort.
The fact that such dances are ignored is presumably to
be tied either to the dance attenders' impression of the
dancer as deviant, as opposed to a recognition that the
dance is deviant, or, perhaps, to the dance attenders’
sudden recognition that the bee isn't dancing after all.
Either "explanation" will do.

The arguments that ensue between real-estate
scouts who advertise different sites to the swarm cluster
(see Lindauer 1967:34-54, von Frisch 1967a:269-73) are
also easily dismissed. Each scout (so far as is known)
reports the results of her own sensory comparison of tﬁe
sites; the dance can only evoke a search response, not a

danced reply. Consequently, the danced agreement which
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must be reached before the swarm cluster decamps is not
linguistic but sensory agreement. And if the dance should
prove to be relayed in some circumstances, as when there
is an enormous difference in the vivacity with which dif-
ferent sites are advertised, then surely that is also
evidence that the bees are less than intelligent about
their communication system--for, lo and behold, the dances
are "catching."

The thrust of Bennett 1964 is that unless the
organism can be shown to have an embryonic‘linguistic
fheory, it cannot be argued to have a language and unless
it can be shown to have an embryonic science, it cannot be
shown rational. The scenario for rationality is an exten-
sion of the above-described Prevarication-influenced
scenario for linguistic status. It is argued that the
indication of rationality is the ability to linguistically
code statements of the form "x because of evidence e"
and their denials (taken, as usual, to be roughly of the
form "e at leést once without x"), with the speech com-
munity enjoying a fair degree of latitude in their
response to an argument (see Bennett 1964:69-71).

Thus, without a bee-scientist, there can be no
question of rationality--without a bee-linguist, no ques-
tion of linguistic competence. Short of a bee linguist,
the only pro-language evidence that can be discovered is

evidence that dancers (intentionally) lie and can be
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accused of lying. 1In a society for which lying can have no
possible motivation, a lying bee would be behaving
igrationally (Gould 1975b:204). Granted that the only
topic the dance language is known to treat is distance and
direction from the hive to a goal (and, perhaps, the value
‘'of the goal given current hive-conditions, which is

coded by the dancer's vivaciﬁy and is hefe assumed to be
paralinguistic), must it follow that the system used to
céde information on that topic is not a language? A cri-
terion such as this one denies that the honey bee is a lan-
guage~-user on the grounds that its biologically-determined
interests differ from man's.

The Bennett criterion of grammaticél‘éonscious—
ness is left open to a number of interpretations varying
in strength. The weakest of these,that the system be.
employed in such fashion that intelligencé may reason-
ably be inferred from the pattern of "language" use, is
arguably met by the honey bee; for, she dances only in .
the presence of other bees (von Frisch 1967a:36), and
with experience learns to extrapolate, and.linguistically
compensate for, solar azimuﬁhal change. If this is, in
fact, intelligence as Bennett uses the term, the dance
language is thereby apparently to be accorded linguistic
status as a rule-governed communicative system, for which
grammatical investigation is warranted.

- 'If, however, each hypothesized rule or rule-type

(as syntactic vs. semantic, for example) must be
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justified by a similar demonstration of the dancer/
observer's'awareness of rules as rules, as is certainly
suggested by Bennett's choice of scenario, the dance lan-
guage is of dubious grammatical complexity. What Bennett
‘fails to note is that grammatical consciousneés, given
this strong interpretafion, also renders human language
only a very small degree oflgfammatical complexity, all the
while leaving the central issue of distinguishing the well-
formed sequences of (say) English sounds, morphemes, etc.
unanswered, and essentially unanswerable. What's more,
the fact that the child, the language acqﬁirer par excel-
lence, displays little if any (strong or weak) grammatical
consciousggss during the critical period, is demonstrably
insensitive to the rule-presentation variety of formal
instruction for a second language, woﬁld force a Bennett-
type analysis to the untenaﬁle position that the grémmar
springs virtually fully-formed into the mind of the mature
speaker/hearer, for it is only with maturity, with gram-
matical consciousness, that grammatical rules may be posited
for the ianguage-user.

This is not to suggest that English is.regular rather
than rule-guided--to be sure,  the éuestion only arises
for heritable systems with a cognitive appearance, such
as the dance language. The problem is that Bennett's
propbsed criterion, grammatical consciousness, can not be

used to decide the regular vs. rdleéguided guestion for
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such heritable systems unless, at least, it gives the cor-
rect (rule-guided) response for such clear cases as that of
acquired systems such as human language. Grammatical
consciousness does not meet this level of minimal ade-
quacy.

Kroeber 1952:753 addresses the issue in sign vS.
symbol terms, quite simply asserting that a heritable system
uses signs, not symbols; symbolé must be assigned their
specification by convention and not by genetic coding.

This then conflate; the regular vs. rule-guided problem

(to which we return on p.240, below) with the design fea-
ture of Cultural Transmission or Tradition. Not even the
acquired incrementing withtsolar motion aspect of the dance
repeftoire presents a clear case of Cultural Transmission,
for that would require that an individual dancer's learn-
ing to increment in an SD be contingent not only on her
experiencé of solar motion but also the observation of at
least one case of SD incrementing with solar motion by

a linguisticaily mature dancer/observer.

Cultural Transmission, common to most list of cri-
teria, is typically motivated in part by the mistaken
notion that no very substantial demand can be made of a
system without an acquisition parameter. Mistler-Lachman
and Lachman 1974:871 reveals a particularly heavy bias of
this sort: "by the weak criterion, man, computers, and

some chimpanzees use language . . . weak equivalence requires
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only . . . labeling, syntax, and semantics.” Their strong
criterion is strong indeed, requiring that the language user
not only demonstrate all universal linguistic patterns, but
have acquired his language,.in acquiring it passing through
the same developmental stages as the child (making similar
errors), by means of similar neurological constructs.

The claim that language isAan exclusively human
achievement has empirical content only insofar as "human"
is not built into its definition., Mistler-Lachman and
Lachman's strong c;iteridn defines a notational variant
of a human language-user and then, arbitrarily and without
argumentation, equates it with a human-language user. The
prevalence of the practice (seé Griffin 1976) does not
make it scientifically palatable.

The Cultural Transmission design feature also seems
to be motivated by the central importance of distinguish-
. ing the innate from the experiential component of the
human language acquisition process. This motivation, how-
ever, is more épparent than real. Consider, for example,
a species for which a particular human language (say,
English) were genetically coded.55 Hockett and Altmann's
Cultural Transmission design feature will mark this as
a non-language, leaving man the lone language user; a non-
Cultural Transmission‘approach, such as that developed here,
would accord this system full inguistic status, characteriz-

ing as a (boringly simple) notational variant of a human
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language-;by which is meant a system that the_norﬁal child
acquires as per Mistler—iachman and Lacﬁman's strong cri-
terion, above——léaving man not the lone language user, but
"the lone language acquirer. Cultural Transmission plays

a role in that linguistic universals are isolated as that
part of the system for which tradition is not an explana-
tién; these in turn define the dimensions of the possible
input to the child's Language Acquisition Device. It is
unclear what if anything‘is gained by reintroducing the
Cultural Transmission parameter directly into the éharac-
terization of that input as language.

The rationalist transformational revolution in
linguistics has focussed attention on the mathematical .
complexity of the grammar, viewed now as a cognitive
window on the species. Despite the fairly extensive lists
of linguistic desiderata which have been proposed as the
yardsticks against which animal communication systems are
to be measured, this issue remains as the essential, and
only theoretically principled one with regard to the
linguistic status of the honey bee's dance language.
Mistler-Lachman and Lachman's distinction between product
and process criteria is a distinction ﬁetween linguistically
principled and unprincipled measures; any system requir-—
ing labelling and grammatical complexity of the kind found
in human language, which are the linguistic.universals,

must be designated language.
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Hockett and Altmann 1968 propose six grammatical
design features; the dance language is generally considered
fo meet the criteria of Openness and perhaps Semanticity
(although this has been quéstioned)) but not Arbitrari-
ness, Duality of Patterning, Reflexiveness (see discussion,
p. 226), or Discreteness.

The dance language is open, productive, creative if
the repertoire is not memorizable (if "[nlew messages
are coined freely and easily, and, in context, are usually
understood"--Hockett and Altmann 1968:63),,i.e. if the
¥epertoire is infinite; as previously discussed, this
follows from an infinite lexicon and/or unboundedly long
SD's as the syntactic domain. This, as Limber 1977:282
points out, is in itself a very minimal demand: "A language
whose nonfinite nature was due only to something like

recursive intensification, as in The banana was very, very,

... very good, would be of relatively little significance."

As will be seen, none of Hockett and Altamnn's désign
features guar;;tee the right sort of infinity; what Limber
1977:282 defines as "the projective aspect of human
language ability," described in the following terms:
"[ulsers of any human language are able to syntactically
project novel yet appropriate linguistic expressions onto
any of an almost unlimited number and variety of concepts."
Limber 1977 is particularly cagey as to what as-

pects (syntactic, semantic, or both) of the infinity make
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it "the right sort," although two syntactic universals
are explicitly mentioned: constituent structure and sen-

57

tence embedding. A syntactic approach will note that

recursive intensification yields to'a finite state treatment
gver,

(with a loop ), while a semantic approach will

have to specify the crucial message coding properties of

human language.

Katz 1976 exemplifies the semantic approach, first
proposing -three essentially non-semantic criteria of
unboundedness (openness), stimulus-freedom, and appro-
priateness, only to observe that "it does not seem likely
that any or all of them constitute the uniqueness of
natural language" (Katz 1976:35). Stimulus-freedom and
appropriateness are dismissed as performance-oriented58
criteria, appropriateness moreover on the grounds that
schizophrénic dissociation is not a linguistic deficit.
Syntactic unboundedness is, as already noted, too modest
a demand. The semantic universal which is to characterize
human language is the effability thesis: "Every proposi-
tion is the sense of some sentence in each natural lan-
guage" (Katz 1976:37). The criterion entails full, mutual
translation between natural languages: "For any pair of
natural languages and for any sentence S in one and sense

S of 8, there is at least one sentence S' in the other

language such that & is a sense of S'" (Katz 1976:39).
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Effability may be though£ of as the semantic counter-
part to syntactic unboundedness. The syntactic criterion
hypothesizes that the set -of syntactically generated
objects will not vary in cardinality across natural lan-
guages, while the semantic criterion hypothesizes that
the set of semantic representations is not only equi-numerous
but identical across langnages; both are claims about the
nature of the output of grammatical rules. Neither claim,
and this is crucial, effectively describes the grammatical
gonstructs responsible for ensuring the appropriate 6ut-
put property. |

Unlike unboundedness, however, which is motivated
on grounds of syntactic rule generxality, éffability may
reasonably be expected to differentiate human from
animal language, accounting for man's--but not necessarily
Language's--uniqueness (see discussion, p. 229).

It seems that the crucial linguistic question is
whether communication systems (or, more generally, the
cognitively based systems of different species) are
structurally equivalent. It is to be expected that struc-
tural equivalence will include both syntactic and semantic
parameters,59 but the focus of these must be on rule types
and grammatical organization, rather than on rule output.

Hockett and Altmann 1968 supplement Openness with
design features which, again, are primarily output

constraints, and hence quite suspect as a guarantee of
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. linguistic status.

Arbitrariness requires that the:e be no "physical
or geometrical" resemblance beﬁween the message and its
coding; Hockétt 1960:428 and Thorpe 1974:70 accordingly
judge the dance language to be iconic, while Kroeber
1952:755 finds the negative geotaxis/positive phototaxis
alternation to be an apparently arbitrary, symbolic element
which is (from his point of view, disturbingly)
genetically coded. A species-independent, tradition-inde-
?endent notion of arbitrariness may well prove impossible
to specify, but it seems safe to describe the dance lan-.
guage, on balance, as iconic, unlike hﬁﬁan vocal language.
What is not-clear is the relevancy of this observation to
the linguistic evaluation of the system. Why should this
be viewed as criterial?

Surprisingly, Duality of Patterning, fhe only
grammatical design feature which is not an output con-
straint, may iﬁ fact be met, courtesy of the transitional

dance form. That is, G)ief- c may directly yield

| i,j,+
the'goal's coordinates as, éay, &)i°lj(j 3 by the following
comprehension process: i is a (for example) six-degrees-
of-«- deviation distance value which, since the conse-
guent return i1s counterclockwise, implies that the observed
u% is then 6/2 = 3 units off to the left, giving the goal's
i

coordinates as 0Lc4j ® 3° According to this comprehension

model, &ﬁc#j and c; are themselves -directionally

i,3,+ ,
. 60 ol 3 ce ) -
meaningless (as GJI 3 is not, if I denotes a tail-
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wagging or S-dance distance value), meaningful only in
combination. This is admittedly not the traditioﬁal viey,
and would additional;y require evidence bqth that ci,j,+
is a linguistic category (curved runs were ignored in
sec. 4.1.2) and that the distance value is read off ahadj

and not c; which would otherwise be the sole

1Jat
meaningful dance element for this dance type--an unfortunate
result since it certainly plays no semantic role with
respect to the S-dance or round dance and need not play
a role with respect to the tailwagging dance. The inten-
tion here is not to claim that Duality of Patterning holds
but, more modestly, that it does not obviously fail to
hold. This leaves Semanticity and Discreteness, which
togefher force a return to the regular vs. rule-guided
question.

Semanticity is the demand that "some linguistic
forms héve denotations" (Hockett and Altmann 1968:63).
Kroeber 1952:753, in drawing a tentative acquisition-based
distinction between sign and symbol, grounds that dis-
tincfion in one between subjective and objective communica-
tion, the (objective) symbol being able to "convey informa-
tion on other matters than the condition of the communicating
organism." The connection is clear: if regular, non-
symbolic, the dance language codes fatigue, while if rule-
guided, symbolic it codes distance or flight range per-

centage, gauged by a fatigue measure, as outlined in sec. 2.
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In eithe; case, it is not simple fatigue, but fatigue
compounded by a perceptual filter weighting the outward
flight. Semanticity is then satisfied only by the objective,
rule-guided interpretation of the system. Again, this

is not a point which can be settled by experimentation.

‘The very. considerable evidence of (perceptual?) integra-
tion of cross-model stimuli in determinig danced values

is suggestive, but néed nétibe read as evidence of multi-
ple sensory estimates of the objective truth to be con-
veyed.

Bennett's grammatical consciousness parameter
patently fails to discgiminate between these alterna-
tives. The single clearest case of grammatical conscious-
ness is, ironically enough, that of the "linguistically"
trained chimpanzee. It is a curious property of this
awareness that, in clearly rule-guided (i.e. acquisition)
cases, it is most easily demonstrated for learning in a‘
domain for which the subject is biologically disadvantaged.
Where there is an interesting cognitive substrate
biologically guiding the learning as, in the case of the
child, there are innate linguistic universals, there is
little rule awareness.

If the dance language is regﬁlar, the dancer is
simply a physical transducer, helplessly regorting her
internal state, which correlateshwith obéervable, external

conditions in an unusually obvious way, theréby "looking
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‘'symbolic." There would, in that case, be no cognitive weight
to the .system; in the terms of secs. 2—3,‘no competence/
'performance distinction, because no competence.

This observation, far from undermining the present
analytical investigation, provides an approach to settling
" this instance of the regular vs. rule-guided debacle.

Quite simply, should the positing of a competence idealiza-
tion (any competence idealization) contribute to an under- |
étanding of the communication system, it is thereby justi-
fied, as is the interpretation of the dance language as
rule—-guided.

It is an empirical issue, manifestly not to be
decided byﬂa simplicity, no~cognitive—stfucﬁure—here cri-
terion which in the present context is no more than.thinly
veiled chauvinistic contempt for infrahumans, a matter
of intellectual fashion rather than arguméntation, to
gquote Bennett.

The digital approach of sec. 3 provided a notation
in which to outline the more salient struqtural dependen-
cies of the dance behavior, incidentally drawing the
reader's attention to features which are difficult tb ex-
plain away as by-products of a physical transducer at work
(as, for example, the curver run's circumscribed variability).
Granted that the dance language's status as-.a rule-guided
system depends on specifying an obhservationally, descrip-

tively, "explanatorily" adequate grammatical account, it
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must be admittéd that thus far, the attempt has not been

an unqualified success. No digital account explored has
succeeded in making sense of the system as a whole, ex=
plaining (for example) the 60° limit to o variation,

the parameters of dialect variation, or even the apparently
pointless variety of dance types, much less their confine-
ment to a distance range. :

The final design feature is that of Discreteness,
the main concern of sec. 4.2. The hypothesis that the
dance language is continuous, syntactically different in
kind rather than degree from (discrete) human language
dates, at least, to Haldane and Spurway 1954:263. 1In
recent years, it has surfaced in Hockett 1960:428; Thorpe
1974;70; Janda 1977:147-48; and Chomsky 1975b:301, gen-
erally without any supporting evidenpe or argumentation, as
if it were derived by simple observation of the dance be~
havior. This is absurd, all behavior being continuous at
some level of analysis, unless of course the system is
regular, in which case there is only one analytical level.
This appears to be the force of Chomsky's (1975b:301)

]

remark that "an animal[61 can operate on the principle
of the speedometer, producing a potentially infinite, in
fact in principle continuous, set of signals as output

in response to a continuous range of stimulif- . . « COn-

tinuous, in the only sense in which any physical signaling

system can be regarded as continuous." It may well also
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be the basis for Hockett 1960's and Thorpe 1974's deci-
sions in this regard. .

Janda 1977, on the other hand, makes the more
serious methodological errér of deciding on a continuous
lexical representation (for both the o¢and (WJ variables,
in fact) essentially on the grounds of cognitive simplic-

62 Again, the issue is an empirical one, tied to the

ity.

levels of adequacy demanded of a grammatical account. \
That error is rectified here, in sec. 4.4, with

the presentation of an analog analysis accounting for

the structural features which Qere stumbling blocks for the

digital approach. The discussion opens with an outline of

the grammatical alternatives thus far pursued, and the

aspects of the behavior which remain mysterious; sec. 5

outlines the account's experimental implications.

4.4 The Search Area Hypofhesis

The popular Qiew of the dance language as a regulér,
stimulus-response system, iconically coding the dancer's
flight to the goal, fails to so much as hint at the rich
structural substrate of the behavior. It blindly ig-
nores as physinlogical interference (of unknown origin)\the
fact that the dance is not a simple buzzing run--or, what
would be even more convincing, a series of runs recapitulat-
ing that dancer's successful search history.

This view is a view about the stimulus-response
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nature of the message set, not the.dance language, and as
such is entirely innocuous. 1Its extension to the dance lan-
guége is, as sec. 4.3 indicated, far from established.

The dance language presénts a series of pétterns
for which there is only very minor genetic variation. This
variation is concerqed solely with the form of the transi-
tional dance and (of a distance interp?etation is in-
sisted on) the precise figures assigned as the range of
distance values appropriate to a given dance type. Every
dancing race identically orders the dance forms with increas-
ing distance. Every dancing race has the round dance, a
transitional form gradually approximating the tailwag-
ging form, and the S-dance. Why should there be dif-
ferent dance forms? And what ties the dance form to its
position in this universal near-the-hive hierachy? Why
is 8D angular deviation limited to 60°? Why does SD
angular deviation correlate inversely with the &J -value?
Why are the round and S-dances so much "sloppier" than
the others? Why should there be dances which indicate
direction without distance?

The previous sections have experimented with a
number of competence/performance titrations without, how-
ever, managing to provide real insight into any of these
issues. The assumption in sec. 3 of a finite o{ and &) -range
allowed for a finite state treatment which, complete with

categorizing symbols [W’ [D' etc. (see sec. 4.1.2.), is
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arguably descriptively adequate and amenable to at least
some versions of the SD claim. Even if the goal of descrip-
tive adequacy were to mandate (as described in sec. 4.1.2)
spread transformations or semantic averaging rules, the
resulting grammar would not be improved with respect to
the issue of "explanatory" adeguacy.

If the W-range were denumerable, but &« finite, the
treatment would depend to some extent on the source
of (W 's denumerability. If the denumerability were to be
produced, in part or in whole, by the averaging process
(whether or not averaging is itself grammatically coded),
then it is easily accommodated by a simplification of the
finite state base component, so that integral averaging
outpﬁt is no longer ensured. If the denumerability is due
to the in principle unboundedly long waggling runs which,
for example, Gould 1975b:192 (see p. 214) argues for,63
then the solution is in terms of an extension of the S-dance
to a denumerable series of wagging runs as per (81). The
only problem that remains is in connection with a denumér—
able set of W values arising from unboundédly long waggling
runs, length measured in an integral number of waggling
movements/sound bursts, as: ab'cul’ Wor sees taken in
conjunction with the SD claim and an average~to-an-integer
grammatical constraint. The obvious approach: a filtering
device. Again, only descriptive adequacy (at best) is

achieved.
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The more modest cognitive claim that *or& , or both,
are nondenumerably infinite thus merits thorough investiga-
tion. With the:shift to a nbndenumerable range, the gram-
mar for the dance language moves outside the Chomsky hier-
archy, and is syntactically different in kind rather than
degree from human language. The syntax can not be a scheme
for generating the sentences of the language, but must in-
stead define the properties of. those sentences so as to dis-
tinguish, without generating, the grammatical frém the ungram-
@atical sequences. Given the level of descriptive achievement
of the various digital accounts explored, it is the level
of "explanatory" adequacy which must motivate the analog
approach. It is moreover clear that a move regarding the
finite state bracketing base (with or without spread rules
or semantic component) as essentially correct, but
interpreting the subscripfs referentially rather than

4 to allow for the nondenumerability of the

. indexically6
vocabulary is illegitimate; such a position would be
tantamount to admitting that there was no linguistic advan-
tage in either hypothesis as to vocabulary size. This
urges the nondenumerable hypothesis as the simplest one

in the circumstances, a move which is then often misin-

terpreted as somehow establishing the linguistic status

ofthe dance language as cognitively inferior, when in fact
it begs the question. What is needed is an analog "gram-

mar" which will answer some of the questions raised in
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the opening paragraphs of this secﬁion.

The key lies in drawing the competence/performance
distinction somewhat differently than it has been to date.
The unifying property of all the accounts thus far con-
sidered is their identification of the message of an SD
with the point at which the dancer had been feeding
(drinking, inspecting as a ﬁesting site, etc.). This blind
acceptance of the linguistic reality of the stimulus input
has had the effect of tieing £he various digital accounts
very tightly to a stimulus-response model, whose "cogni-
;ive contribution" of, for -.example, finite o and d)ranges
might well bhe read as sensory threshold phenomena. The
single serious disagreement with that model has been in
terms of the transitional dance (see discussion, pp.l88-
91), which has been viewed throughout as something other
than an error-ridden tailwagging dance form. That is, the
"error" is taken to be in need of linguistic explanation.
It is then no accident that the transitional dance beéame
the focus of so many of the power-of-the-grammar arguments
launched within the discussion of the digital account.
Gould 1975a's patch theory (see discussion, pp. 197-98)
is an attempt to explain the patterning of such "errors"
over SD's of all dance types--it is to be tied to the
profitability radius of the food each race favored, or the
difference in search strategies or colony spacings each

race employed. This evolutionary emphasis is of course a
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direct consequence of the error label assigned the phenom-
ena; the notion of historically different habitat/colony/
search-pattern configurations for each race is a conse-
quence of the strict digtance interpretation bf W, which
then creates the problem of explaining why the patches are
racially variéble in size.

Attacking the problem within the larger context of
a competence/performance distinction suggests an alterna-
tive explanation, couched in cognitive rather than
physical terms. It will be shown that this notion of the
message encoded by an SD as a patch of fixed radius about
the goél, which will be referred to as the search area
hypothesis, answers each of the questions raised at the
beginning of this section. The bee's cognitive contribu-
tion, which is to justify the imputation of rules, iis this
extension from the point to. the patch, whose genetically
fixed radius is a biological by-product of the
physiologically determined flight range of the species/
race/stook of honey bee. The competence/performance dis-
tinction proposed is a natural outgrowth of the emphasis
on linguistic form which dictated the earlier treatment
of the transitional dance as something other than an error-
ridden tailwar ging dance.

Gould 1975a's patch theory is an attempt to find
an adaptive value for the observed "error" in the message

coding, where the message is understood to be the distance
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and direction from the hive (or dance site) to the loca-
tion previously visited by the'dancer, properly idealized
to a point. SD has the selective advantage of casting re- .
cruits about the vicinity of the (point) site exploited by
the dancer.' Given this view, Gould's (1975a:692) remark
that "[tlhe area around the hive for which round dances

are performed might be thought of as the first such 'patch'"
is distinctly odd.

A comparison between the round dance range of use
and the size of the area which each SD attracts recruits
for, is in no way motivated by the theory in question.
While the size and general contour of the recruit distribu-
tion after a round dance is accounted for, the fact that
the same dance behavior is provoked by goéls in all direc-
tions of the hive is as mysterious as is the.centering
of this "first patch" about the hive. Far from being ex-
plained, the round dance is a theoretical anomaly.

The search area hypothesis, on the other hand, in
identifying the message of the SD with an area to be
searched, the task of the dancer with the linguistic coding
of the patch, does in fact motivate a comparison between
the round dance range of use and the search area. For in
that case, it is to be expected that the cognitive exten-
sion from the point source to the patch, when done at a point
close to the hive, would lead to a performance problem;

should the patch include the hive itself (the very food
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supply which foraging is designed to maintain), it is to
' be expected that locative coding would collapse, allowing
the dancer to report only that something had been found.
The round dance is not a type.of dance at all. It has
no semantic coding and by virtue of that fact, conveys the
message by default, as it were.

Assuming, with Gould (1975a:692) that "the reduced
angular scatter compensates for increasing distance,"
with ¢ the éonstant distance error induced by the angular

scatter (see (82)), immediately suggests c/2 as the range
(82) o - . .
H,H*,H'' are possible
' hive locations
ﬁcv' ’

c/2
goalx

c/2

of use of the round dance. That is, if the point-fo—patch
cognitive extension produces a patch of diémeter c, then
the genetically imposed radius of extension is c/2 and
performance problems should arise at feeding sites where
an attempted ¢/2 point-to-patch extension encompasses the
hive, i.e., for feeding sites at most a distance of c/2
from the hive

It has been claimed that the search area hypothesis
has the advantage of explaining the round dance's cross-
racial persistence for a fixed range about the hive.  The

nature of that explanation requires a particular formulation
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of the search area hypothesis, in which the message. coded
by an SD is the set of points lying anywhere within a cir-
cle of racially fixed radius r, centered on a goal. The
description of the boundary as a circle follows from the
lack of directional dependence of the range of use of the
round dance; the inclusion of all interior points follows
from the use of the round dance for a range of distance
values rather than for goals at a fiked distance. There -
can, of course, be no round "dance" distributional evidence
relative to the dquestion of whether or not the search area
boundary points are included in the search area, although
it seems bizarre to allow points arbitrarily close to .the
boundary without allowing the boundéry itself to be part

of the search area. Finally, the goal is at the center of
the search area even as the hive is at the center of the
"provokes a round dance" area. It then follows that search
areas constructed about goals less than or equal to c¢/2
units from the hive will include the hive and so be problema-
tic, causing the round "dance" behavior.

The set of semantic representations for the dance
language can then be defined as a set of solutions of equa-
tions--the éq ations characterizing the interiors plus
boundaries of circles of fixed radius. It seems likely
that this fixed radius, given in flight range percentage
rather than pure distance terms, will prove to be racially

invariant.
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The coordinate system most congenial to the dance
langﬁage is that of polar coordinates,65 with the hive
at the pole or origin (0,0). If &0,90) is the center of
the c¢/2 - radius search area, i.e., if (ro,eo) is the ¢
goal, then the search area (ihterior plus boundary points)

is given in (83). This is the canonical form for the

(83)
{(r.@)/'[(r cos® - ry cos 00)2 + (r sin® - r, sinOo)2]$ (c/z)z}

semantic representation of an SD. The set of semantic

representations is given in (84). The R-condition holds

(84) 2 {(r.0)/ T(r coso - ro cosQO)2 + (r sin® ~ r, sin90)2)$

(c/2)2} / ro¢R 3

‘only if a percentage of flight range framework allows for
a racially independent search area radius of ¢/2; this is
strongly suggested by a cross-racial correlation between
dance type and waggling duration. In that case, R (which
would correlate with the same extreme value for @ across
races) may be read as 100% of the flight range and the other
r-values translated accordingly.

The syntactic coding must determine which of the
nondenumerably many possible messages in (84) is being
sent. Now, that message could conceivably be coded“simply
by indicating the center (ro,eo) of the search area, i.e.

simply by referring to the location of the goal. The kinds
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of errors that are made in so referring to the goal are er-
rors having to do with confusing, in performance:: the
lexical representation of the center of the search area
with the lexical rep;esentations of other search area
points; -this explains (& la Fodor 1966) the inverse relation-
ship between the degree of SD angular deviation and the
distance of the goal--as a performance effect at the
semantic level. In that case, it might even be argued that
the lexical vocabulary is countable, and correlates with

a countable subset of (84) specifying séarch areas about
the lexically specifiable goal locations, which countable
subset is in fact the set of semantic representations.

In other words, it might be argued that the search
area hypothesis, construed as a theory about the semantic
interpretation of SD's, is independent of the centrally
important syntactically-different-in-kind-rather-than-degree
issue. This is to miss the point. For, consider the
four alternatives (see sec. 4.2) to a nondenumerable
vocabulary; each one requires that there be only finitely
many -values, “1, °¢2, cee g °411. Even if denumerably
many & -cuts mediate those indicated in (85), syntactic -
coding will give better search area approximations near
the hive, where the ®spokes are closer together, i.e.,
where that search area could have been centered on.a larger.
number of lexically specifiable (r, 6) pairs. Indeed, if &/

is allowed to get sufficiently large relative to the spacing
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(85)

3 ) Uk"‘.:\og
of the c’('values, then the degree of angular uncertainty
as to goal location is greater than the "uncertainty”

contributed by the search area semantics (see (86)).

(86)
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The point-to-patch cognitive translation would make a con-
tibution whose recruitiné effect could not be generalized
across goals.

More importantly, regardless of the cardinality of
the vocabulary employed, a syntax coding the center of
the patch fails to provide any basis for eiplaining the
full variety of dance types. The round dance is accounted
for, as is the gradual "closing" of the transitional dance
to the tailwagging shape. But there is no reason to ex-
pect anything but a sharp shift between the round "dance"

and waggling transitional forms (no reason to expect the

gradual.f:::><z::>, (::><i:>' , etc. approximations to

7
the <Z§>£i> dance, which is in any ocase :an error for
(:j{:) ), no reason to expect S-dances for such a large

range of values near the foraging limit.66

Of the vast number of syntactic strategies that
imaginably code the search area by other means than a
reference to the goal, only one directly reflects the
evidence originally offered for the saarch area hypothesis,
viz. the patterning of angular deviation with distance.
That atrategy views directional variation, but not dis-
tance variation, as an integral part of the syntactic

structure of an SD. Now, the semantic representation an
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SD codes can be recovered either by knowing that a particu-
lar waggling run (e.g., the first, the fourth, or all of
them) refers to a point of the search area functionally
related to the goalk(such as: that waggling run always
refers to the boundary point which is due north of the
goal), or by giving two boundary points lying on a diameter
of the search area. If the first of‘these allows the rest
of the SD to wander randomly over the search area, it poses
a practical communication problem since potential recruits
do not all follow an SD from the dancer's first cycle; if
it requires that all (or all left circuit or right circuit)
waggling runs refer to the specified point, it is an essen-
tially uninteresting variant of the refer-to-the-goal
syntactic strategy of the previous paragraph. As will be
shown, a syntactic coding which gives the two boundary
points_directionally most distant from each other, i.e.
along that diameter orthogonal to the hive-to-goal ray,
Y in capturing the centrally important notion of the
angular deviation, provides an explanation for alllof the
phenomena noted at the beginniﬁg of this section.

A first approximation to the principles of syntactic

coding is given by (87), which identifies the pairs of points

(87)

i‘rl.o ), (rl,O ) /1/(r100001-rlcoso ) + (rlslnoi-rlslne ) .__21

)
=c, 1, >0, o°<01<3600 o°<92<360"§ 2
=38, Ty 20, UT& Ly < 3007, VS 0, < 360°
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which are the requisite angular distance of c units apart.
All three conditions ensure that the c—distant.pbints are
reported in a canonical notation; the r1> 0 condition addi-
tionally characterizes the origin (hive) as a non-codable
point, which of coﬁrse follows from the general hive-to-
point coding of the dance language. (87) is not as Yet
complete. It must be supplemented by an algorithm specify-
ing which of the two points Py = (rl,el) or P, = (rl,ezf

is tb the left and which is to the right of the goal Py =
fro,eo) (see (83)), for this is reflected syntactically

by the +/- orientation of the return run it is followed by
(i.e., L features a counterclockwise, R a clockwise retufn

‘e

---3

<

run, and * }. One problem is immediately
apparent--that of c-distant points:satisfying (87), a full
180° apart. Neither P, nor P, is in that case the left-
ward point.

This is the first indication that the present ap-
proach is proper, for it is in precisely this 180° case
that ry = 0 and the coded goal is the hive itself. This

view of the syntactic coding of the search area thus sug-

gests that it is linguistically impossible to code the

hive as goal, giving a different, not communication-based
as was the round "dance" explanation for goals (r,8) with
0<r < c¢/2, account for this situation. Revising (87)

as per (88)67 allows for a quite straightforward
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(88)

| 2 Y

{(rl,Ol), (ri,Ozb(vrarlcooei—rlcoogz) + (r131n01~xlsln92)

=c, r1> 0, 0°&K 6, < 360°, o°\<92< 360°,

o
; +

o, # 04 360° 180 g
mathematical reconstruction of the leftward property: which-
ever angle is in clockwise motion nearest the goal P, is

the leftward point (at 6, in (89))68 of the pair. (88)

L

(89) x, X are such that: 0, + x= 0 o, +%x=90

1 0 2 0
min(x,x) = x = 0,=0;, 8,6 0°¢ GR-<36O°
min(x,X) =X =P 0,70, 0,70, 0°¢ o) <360°

must now be adjusted to include the return run C, oriented
counteclockwise (+) following Oy clockwise (-) following
(S

R identified as in (89). The result is (90). 1In (90),

SD is defined as n identical transitional dances of the

90) tlry,05) ¢ (ry,00) c,]7, Urh0p) €p (rg,85) ¢}/

V(ricOSQL - I‘lCOSOR)z + (risinQL -~ I‘lsinGR)Zl _'_'Cb
. o) o
nx1, r> 0, GR%@L+180, 0

< 0p,< 360°,
0° & 0R<3éo°} '

form LR, or n of the form RL, n,z 1. As will be shown,

the full‘range of observed "dance" behavior can be explained

on this model.
‘ All that remains to complete the analog grammar,
which does not generate but instead defines the utterances

of the language, is to provide some means of wedding the
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syntactic representations in (90) to the semantic representa-
tions in (84). This is abhievéd, simply enough, by a func-
tioh taking as input the points Py and Py and giving as
output PO' as the key to the semantic representation; P0

is the midpoint of the segment 51?;7 and is therefore

given by (91).69

(31) ry = Il‘vré + 2(cosQ cos0, + sinOisinOZ)'
. 2

cosh. + cosd
1 2

ISR ) p—
8p = cos [‘V2+2(cosolcos02 + sinolsinez)

O
n

sian + sino2
=1
o - Sin K‘\[z-i»z(aosolcoso2 + §1in6;sind,)

This completes the analog grammar and thus the
hypothesis as to what constitutes dance language compe-
tence. The goal P0 is the center of a search area of radius

c/2, syntactically coded by reference to P. and PR in (92),

L

1 6y)
(92) L WA

~

N\

\
c/2 \

hive << )75/2 To ) {orPo) et
(0.0) \
» \ C/2 /
Ty \\ yd
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via waggling runs of equal duration (supposing waggling !
duration to be the linguistic coding of this variable),

deviating by amount © in angular specification, where 6

is given in (93).70 It has been noted repeatedly in the
(93) op. 2 2
cos = <71 -~ €C
2
2r1

dance language literature that 6 maximizes at 60°, which

substitutes into (94) (derived by reference to (92)) to

(94) tan(g_) _e/2
2

give a value of A3" ¢c/2 for r In other words, V3 c/2

0°
is (roughly) the smallest goal distance, since 60° is

the largest SD angular deviation (see (82)), for which

there is distance coding.

It is of crucial importance at this time to deter-
nine what accounts for this VE“C/Z lower limit on LA Three
avenues of explanation must be explored: the grammar, the.
production mechanism, and the comprehension mechanism.

The grammar has thus far had the responsibility
solely for pr.:zluding directional coding of a goal at the
hive or (if the R-constraint of (84) is adopted) beyond
the flight range. The V3 c/2 limit on r, certainly

does not follow logically from either the semantic or

syntactic coding system; a brute force introduction of



260

such'a limit into the grammar would clearly be ad hoc, and
so a fairly reliable indication of mis-analysis.

The point-to-patch cognitive net notion of produc-
tion has thus far served to explain the round "dance"
range of use; whenever the c/2-radius search area includes
the hive, dance behavior is subject»to an interference
effect. At very small values of r,, viz., r0~f c/2, the
c/2 distance variation at the semantic level may be ex-
pected to disrupt the syntactic form of the dance, giving
a recognizable pattern. This production theory logically
has only one other consequence: a disruption of dance
form at very large values of'ro, where the 6 value
becomes impossibly small, i.e. too small for that particu-
lar dancer to be able to perceptually distinguish the coding
of P from that of P,. Furthermore, this should by rights
be a production problem with a greater variation across
individuals, since it is so intimately tied to perceptual
acuity.

The following quote suggests that in fact this is
the case: "[c]lounts made on photographs showed S-curves
only after 3-4 percent of the waggling runs for food places
as much as 1000 m distant . . ., after 14 percent for
2000 m . . . , and 33.3 percent for 4500 m" (von Frisch
1967a:59). Surely not all £his vafiation is legitimately
tied to wind or gradient effects, with fully 14% of the

2000m flights more fatiguing (see sec. 2.4.1) than 66.7%
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of the 4500m flights. The percepttal acuity demanded by
the three distances of 1000m, 2000m, 4500m can be calcu-
lated via (94); since von Frisch's work was with the
Carniolan race, which uses the round "dance" for a 16 m
range, ¢ = 32 m, giving 6 values (see (92)) of 1°50' at
1000 m, 0°55' at 2000 m, 0°24' at 4500 m. The S-dance
figures suddenly seem quite plausible.

The slight but steady increase in SD distance varia-
tion at such large ry values can then be read as attempts
to emphasize the search area semantic interpretation in
Eases where the Pr+ Pp syntactic coding is not possible
for perceptual reasons. The cognitive net theory of pro-
duction has no grounds for supposing that directional
coding is in any way problematic for goals between c/2
ané V3 c/2 units from the hive. There is no way for a
production mechanism of the kind outlined to predict more
than one small—r0 execution problem, must less fix values
for more than one limit. The explanation for the V—§1 c/2
limitation must be derived from a theory of SD comprehen-
sion. | |

The simplest comprehension theory is that which
most economically relates the processing in comprehension
to that in production. The avefaging semantic rule of
(94), which finds Po by bisecting the segment 5155 bears
no discernible resemblance to the cognitive net notion of

production. The point-to-patch process, however, works
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equally well as a comprehension model--better, in fact,
since there is no need for a codicil aiscriminating between
the left and right danced values Py and P,. The mechan-
ism is simply this: since PL/P;’ the-syntactically'
codedvalues, are exactly c/2 units from PO’ a point-to-
patch c/2 extension from a received (rl,el) nmust include,
on its boundary, the goal (ro,eo). The c/2-sized

search area is thus known to be centered on one of the

boundary points (see (95)).

(95)
. c/?.$>\/
. Ve '/\ . 1 -
/ \/’ N AN
c/2 / / é /\ \d/ \
TN
\ T Pa i By?
\‘\\\‘:I /‘&? /
hiv =7
(0,0)

Now, the canonical transitional form of an SD is
such that a comprehension mechanism could be proposed which
would fully determine the position of the goal, PO’ from
that single point, Py. That strategy is as follows: (a) read
off from the c¢/2 point-to-patch extension about Py the two
boundary points (PlL and PlR in (96)) which are directionally
most distant--one of these is Pj; (b) if the orientation
of the curve following the (rl,el) wagging run is counter-
clockwise (+), P1=PL and P0=P1R’ while if the orientation

is clockwise (-), P1=PR and P0=P1L'
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(96)

hive
(0,0)

The problem with this comprehension strategy is that
it depends on the observer's accessing all of the info;ma—
‘tion present in the signal, down to the curVed run, which
the available-evidehce on dance following suggests is not
very significant in communication. What's more, the 6-
cycle perceptual averaging of sec. 2 becomes either a pro-
hibitively complex 3-cycle PL’ 3~cyqle PR averaging or e}se
is an averaging of 6 éstimates of Pb, which since P, must
be calculiated from thé_physical signal, is not obviously
perceptual in nature. |

According to the simpler comprehension model first
developed (see (95)), Py is not calculated (although as
just outlined it is calculable)} from a single circuit.

The second waggling run is interpreted as was the first,
i.e. as a point PZ about which a ¢/2 sized patch is drawn;
the patches. intersect at P, (see (97)). "“Averaging" is
not so much averaging to P, as it is targetting Py by an

intersection method utilizing circles of radius c/2 (rather
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(97)

hive

like the Ballantine trademgrk). P0 is ideally part of every
patch's perimeter; in practice, merely common to most of .
them. Unlike the comprehension model associated with (96),
this works for the S-"dance" behavior as well. What's more,
again unlike the previous comprehension model, this one71
explains the 60° maximum ofi angular deviation.
According to the Ballantine model, any executed
waggling run is extended from the coded point to a c¢/2-sized
patch on whose perimeter the goal P0 may be found. Now, as
already discussed, P, is minimally ¢/2 units from the |

hive (iest the search area include the hive). P1 is thus

nminimally c/2 +'c/2 = ¢ (see (98)) units from the hive.

/Pi
Py (somewhere on

* I3
perimeter)

(98)

o TN\ f/2
/ 0/2 \ \_/

\ hive /
\
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Then the angular deviation 6 (see (92)) is maximally (see
(82)) such that cos8=1/2 (using (93), with rl=c), i.e.,
6 is maximally 60°. The same restriction can be stated
in terms of Tqr which is minimally ng c/2 (by the
Pythagorean theorem). The 60° limit has a principled basis.
In fact, so does the shape of the behavior evinced in such
performance~-plagued circumstances.

The dance language is quite simply more iconic than

has been suspected; for r € c/2, where the problem is one

of production, the "dance" is a simple circling pattérn <§E),
while for ¢/2<r < Y3'c/2, where the problem is one of
comprehension, due to the dancer's simultaneous functioning

72

as transmitter and receiver, the "dance" has two circles

<fi:><:i:>. The same point may be made with respect to

the transitional and tailwagging dances. These too are
far.more iconic than is generally reaiized; their twin
semicircle construction recapitulates the shape of the
search area, halved by r, into points leftward vs. points
rightward of the goal relative to the hive.

Neither is it surprising that for this problematic
range (c/2<r j'VE’c/Z);\direction though not distance is

S ~
|
{

i
: ]
given: ’ ' 0 . The situation

arises, after all, due to a comprehension problem caused

-
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by the distance variation's magnitude of ¢/2. That is,

it is the'pofential P 3 along the ray ry (see (98)) which

0
sets the limit; that P differs from Pi only in distance,
not in direcfion.

Finally, it makes sense that the form the gradual

0 .
transition from (:i><i:>to gfzg:) takes is a matter of

racial variation and genetic coding. The "dances" in this
r-range (c/2< r j’V§1c/2) are the only ones whose shape is
not predictable from the seérch area hypothesis. It is
thus the only possible locus for genetic variation, the
only possible source of "dialects," these being dpe to |
variation in innately specified responses to a performance
problem, not different grammatical systems.

The search area hypothesis, construea in these
syntactic terms, with a search area centered at Po coded
by reference to P and Pri treats directional but not dis-
tance variation as part of the syntactic system. It is
clear that the descriptive and "explanatory" advantages
of this approach depend on- syntactic dignity for direc-
tional variation. 1In particular, no account can be given
for the observed diversity of dance types, their distribu-~
tion, or the parameters of genetic variation unless direc-
tional variation across SD is syntactic. What is not clear
is the status of the argument with respect to distance

variation across SD.
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The search area hypothesis in its present form essen-
tially holds that distance and directional variation are
independent--and theoretically separable along a compe-
tence/performance dimension, this separation linguistically
motivated. It will now be shown in what respects a syn-
tactic analysis treating these as dependently variable fails
to account for the phenomena. The analysis in question
treats SD as a seriated specification of within-the-search-
area points, selected virtually at random alternately ffom
the left and right search area halves,

From the point of view of this approach, every
issue is one of statistical confidence. Consider, for
example, the problem of explaining the 60° upper limit on
8, the\rg‘c/Z lower limit on rye In this analysis, it
reduces to a problem of determining how far away (hopefully,
some approximation to'V31c/2) a goal must be from the
hive in order to guarantee that 6-cycle (see p. 65)
averages of random points at most c¢/2 from that goal will

have some independently motivated minimal probability of

being at least c/2 away from the hive, and thus outside

' this being the area in which search

the "danger zone,'
area construction has a sufficiently high probability of
including the hive.

Now, whatever this minimal value (rmin) is, it is

smaller than c, since for rg = ¢, there is a probability

of virtually 1.00 that 6-cycle averages are outside the
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danger zone; it would take 6 instances of P in (99) to

(99)
_ e
//” c/2 S—
\hives !
N

convey a hive-included search area. If what is required
is statistical confidence on the order of, say .95, then
some degree of overlap (see (100)) is to be tolerated be-

tween the danger zone and the search area about Py defining

(100)

zone

the domain of points susceptible to the select-one-at-
random SD construction process. How much overlap (which
might be given, for example, in terms of the percentage of
area which can be shared in that way) is a function of this
independently motivated, genetically coded confidence fac-
tor; oin is then a function of the degree of overlap
which can be tolerated in this way. It will not be easy

to motivate genetically coded confidence levels that

discriminate between the cases provoking a round dance and
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those provoking the direction-codiﬁg nonwaggling transi-
tional daﬁces. In fact, (100) is clearly an oversimplifica-
tion, since it assumes that the partially intersected
patches have the same radius. This is to say that the

round dance confidence level is 1.00, which of course is
suspiciously high. Were all the confidence levels that

R’ PL idealization of the earlier syntactic
strategy would be supported.

high, the P

In conclusion, an analysis syntactically dignify-
ing SD directional variation while treating distance
variation as noise engendered by the psychological reality
of the search area hypothesis at the semantic level, is
to be preferred. »

The dance language is a rule—guided‘system, extend-
ing the site of a stimulus to a patch of uniform size, syn-
tactically coded via reference to the directionally most
extreme points of tﬁe patch. It is far more iconic than
has previously been supposed, yet includes a cognitive,
competence level.

Gould (1976:231) complains that "to be consistent,
the teleological theory must assign a plausible purpose
to the details of the dance." The quest here for teleo-
logical "explanatory" adequacy is just such a quest; the
search area hypothesis does just that. Within the context
of this grammatical theory, there is a natural explanation

for the observed variety of dance types, their hierarchical
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ordering.yis‘a vis the distance from the hive to the goal,
the very limited degree of genetic variation, the fact
that waggling runs are at most 60° apart. The search area
hypothesis is at once observationally, descriptively, and
"explanatorily" adequate.

Now, in terms 6f the linguistic evaluation of the
dance language, the moét important aspect of the search
area hypothesis, properly'construed, is this. The wvocabu-
lary is not nondenumerable solely because there are nondenum-
erably many goals to be encoded, but because the message
sent for any particular goal is of this c-distant PL’ PR
kind. The search area hypothesis gctually entails that the
dance language is not merely syntactically'different in
degree from human language. That is, there is no cogni-
tively principled (see sec. 4.2) countable set which fits
this syntactic strategy. |

What is required of the lexical set is that for any
lexical specification (ro,ed), there be two distinct
lexically speéified points.(rl,el) and (rl,ez) each an
angular distance of c¢/2 from (ro,eo). That is, for any
lexically coded ray 60, each lexically codable ry must have
a ¢/2 distant (rl,GL), forcing the construction of a set
of rays, one for each r, candidate; the same applies for
(rl,eR). The situation may be pictured as in (lOl).' Any
r-values thereby lexically paired with a 61 mus£ also be

lexically paired with all othef G'S,‘iﬁdluding for example
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(101)
"4:consequent,gr1LgL)
r
00/2
hive %
90 itself.

A syntactic strategy which proceeds using a c/2
measure requires a syntactic coding of c¢/2, and thus of
7c/2~-since 7¢/2 is certainly not-greater than the foraging
range (€ would be approximately 16° leaving it well within
the. "normal" transitional dance range) and the lexicon must
be cognitively principled. Consider the lexical specifica-

tion (7c/2,60); by the Pythagorean theorem (see (102)),

(102) Py
Iy
/'/Ec'/z
hive C
7c/2 P,

rL=5‘V 2 '(c/é), an irrational multiple of the lexically
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coded ¢/2. A cognitively principled countable lexical set
can not include specifications that are irrational multiples
of each other.

The "explanatorily" adequate construal of the search

area hypothesis requires a nondenumerable &)-range and

thus demonstrates that the dance language is a rule-guided

system which is syntactically different in kind rather than

degree from human language.
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Notes
4

ALTERNATIVE GRAMMATICAL ACCOUNTS

1. Herman and Rozenberg 1975 proposes.a different
hierarchy of grammars, recognizing more than four alterna-
tives. The traditional four-way distinction in (36),
however, has the merit of being well-investigated vis a
vis (human) linguistic theory, and so was to be preferred
in this context.

2. This strategy was perhaps most obvious in the
case of the round dance (see pp. 120-22), but operated
throughout sec. 3. Thus, since the goal's location is
discoverable only via averaging across the message series
(see p. 65), the transitional dance is generated in, for
example, (14), as a left and a right circuit which average
to the proper direction. This incidentally has the addi-
tional (syntactic, this time) merit of imposing on the
transitional dance the both-right~and-left~circuits property
of the superdance. It is largely for this syntactic rea-
son that the 2-circuit analysis for the tailwagging dance
is pursued in (12), although the concomitant structural
similarity to the 2-circuit transitional dance is certainly
desirable. Finally, the S-shaped curved runs that serve to
separate the waggling runs during an S-dance series are
treated in sec. 3 as each a part of the previous waggling-
run—-introduced dance.

3. If supported, it should be written as D->DD*. The
SD symbol is retained to keep the discussion as clear as
possible. »

4. For some specific values of i, however, it may be.
Thus, for i very large, ajiudj may be appropriate only to
an S-dance, allowing for message interpretation immediately
upon the perception of Wi 4. If, of course, the & -grid
is so fine that each&-value is appropriate to only one
dance type and those tied to the transitional dance form are
appropriate to only one partlcular degree of deviation from

the bisector (so: a left circuit ¥ y@® 5 ci,j® 5,+
is only used for a transitional dan0h w1th a 2-wvalue deflec-
tion from its bisector, and so can only be completed by a

right circuit ¢ ®yp9 ci,j@€9,-) then message recovery is
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assured from the first waggling run, curved run combination.
(The curve is needed to ensure that @j ®~4§ @ 5 appropriate
only to a 2-&W deflection, is the left circuit component;
wj_"‘j @5 c¢i,j@®5,- would presumably be completed by
Wi*3@®1 ci,i®1,+ with the message being not ¥y @ 7
but rather Wjst4 @ 3. It would take an additional gram-
matical constraint ensuring either that left or that right
circuits were uniformly initial in transitional dances, to
permit message recovery from the waggling run alone.)

5. Note that no proof has been given that rules of
higher type, as for example context sensitive phrase
structure rules, absolutely can not account for the incre-
menting.

6. Consequently, as was pointed out above, its struc-
tural status (see n.5) is of little moment and will not be
pursued here.

7. So, based on afternoon daylight experiences, bees
raised in a dark cellar reconstruct the morning portion of
the curve (Lindauer 1959, as cited in Lindauer 1967:121-26).
As is also pointed out in Lindauer 1967 (pp. 123-24, 95),
the solar incrementing ability displayed during after-sunset
site advertisements which are often part of marathon dancing
similarly indicates ability in solar transit extrapolation.

8. Lindauer 1967:118-19 reports conflicting experi-
mental results in this regard. Kalmus 1956 (as cited in
Lindauer 1967) claims that at least some aspects (such as,
perhaps, clockwise vs. counterclockwise diurnal transit) of
solar motion are innate, while Lindauer's own work, although
it argues for a simple conditioning continuation extrapola-
tion account of solar motion learning, is itself equivocal
with respect to whether conditioning can cause an earlier
acquired system to be substantially revised.

9. Undesirable unless, of course, only inexperienced
bees in the language acquisition (pragmatics acquisition?)
stage display disoriented dancing in this near-zenith
situation.

10. Necessarily so, if solar motion is to be deduced
from it.

11. This is not to say that bees are utterly unable
to perceive the magnetic field. On the contrary, the mag-
netic field aids in orienting the comb. in new hives as it
was in the parent hive, and is additionally responsible
for vertical dance floor misdirection (Gould 1976:215,
reporting results of Lindauver 1973, 1974; Martin and Lindauer:
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1973, in the first case, and Lindauver and Martin 1968, in
the second). What is being suggested is that solar .motion
is not learned by reference to this factor; the hypothesis
would be falsified if varying the magnetic field diurnally
- with solar motion leads to cellar-bee behavior. The dis-
covery that solar motion is learned by reference to the
magnetic field would be particularly interesting, for it
would suggest that magnetic field in-flight orientation

is not possible~-perhaps because the visual stimulus of
the sun is biologically so obtrusive, perhaps because the
flight mechanism somehow blocks magnetic field perception,
perhaps because olfactory searching precludes magnetic
field perception.

12. Reliable experimental evidence that only un-
broken linear displays compete with the solar compass with
respect to orientation in flight would cast doubt on the
A-analysis since it would suggest that A must be of that
- linear nature. Then, since not all hive locations would
have a linear landmark in the vicinity, the theory of
solar incrementing acquisition would become suspiciously
complex.

13. As will be shown,there is some evidence of the
need for context sensitive but none for transformational
capacity with regard to the goal of observational ade-
quacy. . .

14. The rest of this section is drawn largely from
Levelt 1974b. Also, see Langendocen 1976 for a critical
discussion of the relationship between these assumptions
about grammaticality and the notion of grammar as an ac-
count of the internalized product of the language acquisi-
tion process. '

15. See Schlesinger 1968 for additional examples
and 'discussion.

16. If, on the other hand, (55) is grammatical but
semantically anomalous, so is any string associated with
a completion of (56). In either case, the general point
of projecting a linguistic property of (56) from those of
{55) stands.

17. The usual analysis makes all grammatical relations,
such as subj<ct and object, explicit at the sentence level,
transformationally deleting the second co~referential oc-—
currence of an NP whose sentence is in construction with
the first occurrence, as here:
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S
N V]P
th:Pdog /L"""’j | vp | died
w5 4w
the cat NP VP liked the dog

VAN
the mouse- Y//f\\ﬁ %
feared the cat A

\
A

18. This is actually a much stronger assumption than
need be made; it was not after all necessary to identify
all of English with {(the oyster)® (split)d/ n >1 §. what
must be minimally guaranteed is that all elements of (57)
are grammatical and additionally that there are no gram-
matical series having all left circuits first but a
larger (or smaller) number of subsequent right circuits.
We ignore entirely the SD version identical to this save
for generating right circuits initially.

19. But see Postal 1963's argument that Mohawk
is not context free.

20. The implications of this observatlon are further
examined in sec. 4.1.3 and sec. 4.3.

21. what has been behaviorally supported is a two-
feature decomposition of the waggling run. The particu-
lar nature of that decomposition is further discussed in
sec. 4.2, sec. 4.4.

22. There is very little in the literature dealing
specifically with the curved run and therefore no attempt
is made to behaviorally justify the full terminal string.

23. Since no evidence has been presented for a be-
havioral category curved run (or clockwise curved run or
counterclockwise curved run either, for that matter), the
symbols cj,j,« and ci,j,- have no more status here than
a deictic or :eferential indicator.

24, Of the sixteen design features outlined in
Hockett and Altmann 1968, only six can be understood as
grammatical desiderata: duality of patterning, discussed
here and discrete vs. continuous signal repertoire, dis-
cussed in sec. 4.2; openness, arbitrariness, semanticity,
and reflexiveness are discussed, along with the other design
features, in sec. 4.3.
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25. See for example, Thorpe 1974:70, Hockett 1960:
428. . : '

‘ 26, (ail,a)lz) is the range df.circuit—appropriate
&) -values. ’

27. An.S=dance of the form_ 2-J1 could conceivably

or to

. In the first case, a R-L metathesis rule is in-
volved, thus requiring evidence for an L vs. R grammatical

+ " -
distinction; in the second case, a \ - +
rule is needed to slip the curves about their (non-executed--)
axis, requiring evidence for a + vs. - grammatical distinction.

28, A rule of the form LR AR is often written LA/ R,
i.e. "L" goes to "A" in the context "before R." -

) 29. Simplicity plays such a stellar role here due to
the assumption that transformational power has been estab-
lished for the dance language via a demonstration of the
grammatical need for spread rules. Thus the notion of be-
havioral evidence for metathesis (+/- switching) rules plays
a much less vital part in motivating the rules than it did
earlier.

30. For example, 80° and 100°, 140° and 160°.

31. For example, 330° and 280°, 200° and 180°.

32, Althougﬁ this has been treated as extragrammati-
cal, it has been argued (see discussion, p. 177) that this
is adefect of the grammar thus far proposed.

33. See, for example, Gould 1975c:170; Gould 1976:239.

34. See the search hypothesis outlined in Gould 1975b:
173-76.
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35. The single exception is discussed in sec. 4.3
with regard to Hockett's design feature of displacement.

36. See for example, Marler 1970; Nottebohm 1968,
1971, 1972, 1975, and Nottebohm and Nottebohm 1976.

37. Von Frisch's position is obviously closer to

than (76). However, for j sufficiently equidistant between
1 and n, the sequence W;»¢ ; ﬁ)‘*J ci,j,- is only
possible if the j's are elgher aii left-3's or all right'j's}
otherwise the direction is being given by waggling runs more
than 60° apart. To avoid this obvious problem, von Frisch's
position is given the more charitable interpretation of (76).

38. See discussion, pp. 188-91.

39. A word of explanation as to the mathematics in-
volved in this discussion. An infinite set is one which can
be put into one~to-one correspondence with a proper subset
of itself (intuitively, a set which can lose some of its
elements without getting smaller). Any set which can be put
into one-to-one correspondence with the set of natural num-
bers, {1,2,3,...% , is said to be denumerably infinite.
Examples 1nclude 12,4,6... 3 and the rational numbers, i.e.
the set of fractions. The real numbers (those which can be
located as a point somewhere on the number line

¢ - + > are prowably nundenumerably

¢ — }
-2 =1 1 2
infinite as is any bounded set of real numbers (e.g. those
between 0 and 1). There are, then,more real numbers than
natural numbers but not more natural numbers than even num-
bers. A grammar G for a language L may be viewed as an
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enumeration 1,2,3, ... of the sentences of L; it is there-
fore not possible for any grammar G to generate a nondenumer-
able set of setnences. Now if there are nondenumerably many
o¢ -values, then there are nondenumerably many dances to be
accounted for.

40. The intrinsically structural criticism of (9)
is discussed here rather than in sec. 4.1 for heuristic
reasons.

41. Always supposing that the failure of observed
SD's (or, for that matter, full-waggling transitional
dances) to code an integral number of waggling movements
{or sound bursts) is not best explained as an execution
problem, in which case the W-grid may be given directly
in those terms, with m the maximal number of waggling move-
ments (or sound bursts) produced.

42. Regardless of the relationship of M and p, a
grid of size m = Mp will allow for integral message cod-
ing. If g > 1 is the maximal integral factor common to
p and M then the smaller value of Mp/q will do for m.

43. Quine 1960:26~40 discusses the behaviorist
pitfalls encountered in determining the translation of a
term "Gavagai" from a previously unencountered human lan-
guage to English, arguing that there is no "best"--and so,
no correct--translation. .

44, It is an open question whether in this event
it would prove to be experimentally undecidable and thus
a genuine Gavagal case.

45. The assumption throughout this discussion of
possible grammatical accounts is that there are only finitely
many *<-values, since of course no grammar may be written
for a nondenumerable < -range lexically based language.

46. Wy is the smallest waggling duration value,
which may not correspond to the constant Qﬁ differential
between adjacent (y -values.

47. The anti-M criticism is motivated by the dis-
tance semantics traditionally assumed and the concomitant
bias toward a competence idealization allowing arbitrarily
lange distance values to be encoded. Since the round dance
is restricted in use to a local distance range it is not =
the sense of the anti-M objection to grammatically vary the
round dance in a denumerable way (as by extending the one
circle, one reversal pattern of (26), viz. cji, K j,+ ¢&i, j@n/Z +
ci,j,- and ci,§,+ Ci,j@n/2,- ¢€i,j,- to the full range of
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i values). It would admittedly not he within the power of
the finite state device to capture the i~repetition depen-
dence for a denumerable range of i's. However, it would
take more than the anti-M position to indicate that the
round dance is so variable.

48, For the sake of uniformity, the finite state ac-
count of the other dance forms will also use this revised

notation 0)k+1°¢3 being generated as the k + 2 sequence
Wo (k5]

49. The function attacks a rational display of the fol-
lowing kind at the upper left (grounded) corner and zig-
zags, as drawn, through the table, assigning a natural num-
ber to each new value (circled values are ignored since not

‘*‘)1““ &, ‘i)j—f’ﬁ;

e ) e
1/5 ;/@ s
"1/ ‘t@ 3/ @

new) in the order in which it is encountered. The full dis-
play is needed for anti-M anti-p; for anti-p, each (hori--
zontal) line of the table will terminate when the subscript
threatens to exceed M. (In the anti-p case, the values might
of course alternatively be counted across, row by horizontal
row, since each row will be only finitely long.)

50. With regard to the second of these, specializa-
tion--the requirement that the signal have only a communica-
tive function--it has been shown (see discussion, sec. 2.13)
that it does have a communicative function; although there
is-no way to prove this is its sole biological significance,
no other has been proposed. It is generally said (see
Thorpe 1974:70; Hockett 1960:428) that the dance language
only partially meets the criterion of Interchangeability bhe-
cuase only worker-bees, i.e. potential foragers, are linguis-
tic participants. That criterion is, however, satisfied in
that all linguistic participants can function as both trans-
mitters and receivers.

51. As discussed in sec. 2.4.1, Gould 1975a:171
assumes that the production and comprehension mechanisms
are equally efficient and outlines a statistical test to
isolate the effective distance signal(s), subject to this
assumption. Each distance correlation; and combination of
correlations, is tested by the sum of the sguarcs method (gee
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above, pp. 33-34) .in a misdirection (see sec. 2.13) con-
tuxt. The candidate for which the recruit scatter is re-
liably approximated by 1/42' the dancer's scatter is the
distance signal. The assumptionof equally efficient dis-
tance encoding and decoding mechanisms is simultaneously
confirmed by the isolation of such a reliable approxima-
tion. It is further noted (again, Gould 1975a:171) that
recent work suggests that the dance sound may be perceived
via the antennae rather than the legs. Ultimately, the
hypothesis must be tested by means of the model bee (see
Gould 1975b:62-75 for a discussion of the progress that has
been made alcng these lines), which remains the only way
to vary waggling and sound production independently.

52. I am indebted to Jerrold Katz for this point.

53. Specifically (see Bennett 1964:12-15), that the
utterances be about something (Semanticity, discussed
below), that the same-species receiver comprehend the mes-
sage (design features are for communication systems), that
the language be creative (Openness, discussed below), and
syntactically complex. It is noted in this regard that
syntactic complexity may be met by simultaneous as well as
by serial complexity; "There is no need to insist that such
features must consist in the utterances' containing parts
or episodes each of which has an independent linguistic
significance" (Bennett 1964:13-14}).

54. As will become obvious, regular is being used
‘here in a tethnical sense different from the standard (a
regular language is finite state generable) way.

55. This example taken from Gould 1975b:199.
56. See Chomsky 1975a, especially 3-35.

57. Limber 1977:282. Sec. 4.1.2 suggests that both
of these ("sentence" is dance, D) may be descriptively
motivated. Limber 1977, in contrasting chimpanzee and child
linguistic behavior, only indicates the universals which
discriminate between them. No very general claim is made.

58. However, as has been discussed, drawing a
competence/performance distinction in the first place de-
pends in a crucial way (it has been argued)on there being
a degree of stimulus freedom to be uncovered. Appro-
priateness also remains important as a methodological is-
sue, since it would be difficult if not impossible to lin-
guistically analyze a system employed by a "schizophrenic"
species.
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59. And perhaps a third, phonological/cheremic/
choreographic? parameter as well, which still remains to
be generalized from human vocal language. Healy 1972 argues
for a phonemic parameter which, since it presumes American
Sign Language is not a natural language, is here ignored.

60. Since referential ambiguity precludes message
recovery.

61. Later on that page, Chomsky specifically men-
tions the honey bee as an example of such a signaling system,
qualifying his comment, however, to apply only under a
favorable resolution to the dance language controversy.

62. Haldane and Spurway (1954:263) also use the
speedometer example: "The bees' symbolism is like that of
an analogical calculator such as a slide rule or a speedo-
meter, which represents one continuously variable magnitude
by another." Their use of the term "symbolism," however,
suggests that their position may be closer to that of Janda
1977 than Chomsky 1975b. It is difficult to tell, inasmuch
as no argument is given in support of their claim.

63. And which is questionable on either the flight
range percentage or fatigue reading of the waggling run's
duration.

64. That is, @), is not the ith &) ~value, but some
& vyalue, with i functloning as an indicator of cross~refexr-
ence possibilities.

65 This is also noted by Hockett (1960:412). Polar
coordinates give the positioning of a point (r, 8) in terms
of its distance r and direction 6 from the origin. Through-
out, points are specified in the canonical notation of non-
negative r and 8 between 0° and 360°, with 6=0° denoting
(by convention) the positive x-axis. The Cartesian coordin-
ate system will give P's coordinates as (x,y), the polar
coordinate system as (r,8). A circle of radius c/2 centered
p at Cartesian coordinates
(x0,Yp) has the familiar equation:
(x-%g) 2+ (y-yg) 2=(c/2) 2 4
Substitution of r cos8, rg cos 8g,
r sind . « . for x, %9, ... gives the
' formula in (83).

X = r coso



283

66. It is argued below (pp. 270-72), that the best
version of the search area hypothesis entails a nondenumer-
able lexical vocabulary.

67. +360° denotes addition modulo 360°, as per
sec. 3 n.5.

68. x, X are in the 0°-360° canonical form of n.65.
Thus their minimum gives the leftward angle. Consider, for
example, 83 = 40°, 8 = 350°; then 8¢5 = 15°, x = 335°,
x = 25°, and min (335°,25°)= 25° = x, 1dent1fy1ng 61, w1th
82, as desired. 8g is obtained from P3;, P2 via (91).

.. 69. (91) was derived from the Cartesian counterparts

*1+x%
Xg = _l%_g,. vo = leyz, using the rules xg=rgcos8g,

yo—r051neo, xl—rlcosel, yl—r151n91, Xy= rlcosez, yz—r151n92
(See n.65 for a discussion of the (x,y)=-—> (r,8) rules.)

70. Stripped of irrelevant detail, (92) is as fol-

lows: :
. P

I‘1Ellh0

hive )\ 0 V [ P

R
’_____.—'/
Ty

Applying the Pythagorean theorem to Dp LPRP yields the for-
mula c? = ri2sin2@ + (rj}-rjcos8)2 which FeBuces to (93).

71. This ("Ballantine") model identifies Pg as the
point c/2 distant from Py which is also c¢/2 distant from
P2. The earlier model first identifies P11, P1r, the two
points an angvlar distance of c¢/2 from P1, and then if Pl— PL
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deduces that Pg=PjRr, and if P3=Pr deduces that Pg=Pjr,.

It is possible to construct a third alternative, one which
identifies the two points P11, P1Rr an angular distance of
¢/2 from P, and, comparing these to Py's P31, Pyr, picks
out as Py whichever point :appears in both pairs. This
analysis is a needlessly complicated version of the Ballan-
tine model, requiring two waggling runs for Pg-determina-
tion but enjoining an additional processing step on the
dance follower than is necessary. It additionally fails

to predict the observed 60° maximum on angular deviation.

72. This incidentally further undermines the Bennett
claim that the dance language is regular rather than rule-
guided. "Reflexes" are not self-monitored for informational
content in this way. What could be the transducer explana-
tion for this 60° limit?

73. "Potential" from the point of view of what the
performance process calculates, not what is calculable. A
'similar distinction is made in Katz 1977:571-73. The
terminological tension there is between prediction and
calculation which roughly corresponds to the calculated
vs. calculable distinction drawn here.
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. 5 :

IMPLICATIONS, EXPERIMENTAL AND LINGUISTIC

The présent inquiry into the structural properties
of the dance language of the honey bee has the broader
significance of illustrating a theoretically grounded
methodology for the comparative linguistics of animal com-
munication systems. In ﬁhe past, this comparative issue
has been addressed largely in an evaluafive spiti;f(as,
for example, in Hockett and Altmann 1968, or even Limber
1977), and while that certainly is of concern here, the
emphésis has been shifted to a characterization of the
nonverbal system in and of itself, as a physical signal-
message'correlation.

With the exception ©f the regular vs. rule-guided,
sign vs. symbol issue, analyses of animal commuﬂication
systems have typically been focussed entirely on properties
of either the set of physical signals or the message set.
Pankova 1972, Dethier 1957, Konishi 1970 and Bossert and
Wilson 1963 all analyze the set of physical signals;

Smith 1969, Katz 1976, Haldane and Spurway 1954 all deal-
with the message set. This linguistic (grammatical)
investigation of the dance language is concerned with the

mathematical properties of the system reiating these sets
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for the.dance language.

The sign vs. symbol, regular vs. rule—guided debate
finds Bennett 1964 of the opinion that the dance language
is regular,.Thorpe 1974 persuaded it is symbolic, and
Kroeber 1952 suspecting that the directional indication
with respect to gravity is symboliq, even as his acquisi-
tion criterion labels it non-~symbolic. With regard to the
various chinipanzee language projects, the sign/symbol pfob—
lem has persisted as a major.concern at the word level
'(see, for example, Bronowski and Bellugi 1970 and the
"wordness" hierarchy described in Rﬁmbaugh and Savage-.
Rumbaugh 1978) . For the honey bee, the iésue arises at
the sentence or discourse level, and is appropriately
charécterized in terms of the applicability of a compe-
tence/performance distinction to the dance language. As
already noted, Chomsky 1975b claims, but offers no evi-
dence or argumentation in support of that claim, that
the dance language is syntactically different in kind
rather than degree from human language because the dance
language is regular rather'thén rule-guided, because, that
is, there is only one analytical level, that of the physical
signals themselves.

The question of whether there is dance language
.competence is resolved here by way of an examination of.
its theoretical efficacy; the dance langpage is demon-

strably rule-gquided rather thah‘regular-if the behavior can



be idealized along a dimension which may be plausibly
described in knowledge/use, conceptual/perceptual terms,
idealized in such fashion that there is a grammar account-
ing for the idealized behaﬁior which is not only observa-
tionally and descriptively, but also "explanatorily" ade-
quate.

"Explanatory" adequacy is the geneticaliy coded
counterpart to the explanatory -adequacy demand made of
~ grammar and grammatical theory with respect to human
.language (see Chomsky 1964), which of course is largely
acquired, unlike the genetically coded dance language.
Thus, while linguistic theory must characterize the
boundaries of possible variation in human language so that
the idiosyncratic grammatical features are learnable,
predicting just what is a possible human language (giving
the theory explanatory adequacy), dance linguistic theory
must provide a basis for predicting just which aspects
of the behavior are subject to "dialectal" variation,
predicting just what is a possible dance language (giving
the theory "explanatory" adequacy).

In the case of human'linguistic tﬁeory, the residue
after sifting the universals out of the grammar of a
particular language is required to be learnable; see
Levelt 1974b:39-41 for a lucid critique of current trans-—
formational theory on precisely these acquisition-based

grounds.1 In the case of dance linguistic theory, it is
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not the residue after universal-ﬁitration which it is a
challenge to constrain. The "dialect"-particular residue,
unlike the universals, is easily viewed as a génetic unit,
the behavioral correlate of_which'is the Y-shaped Vs.
sickle transitional dance option. In the event that
dialectal variation in distance correlation is best viewed
as lingﬁistic (and not, as here, as a consequence of dif-
ferent energy drain to distance translations due to
racial variation in bodily size), this dialectal parameter
is also easily viewed as a genetic unit.2 What it is a
challenge to unify are thé dance linguistic universals,
those apparently widely aiverse dependencies (diverse
from the digital point of view of sec. 3, that is) ob-
servéd to function for the "winged ganglion," the honey
bee as a genetic unit interracially persistent in Apis.

This.emphasis on "explanatory" -adequacy reflects
a concern with genetic packaging untinged by the virulent
functionalism of the post Wenner years (see, for example,
von Frisch 1968, Dawkins 1969, Lindauer 1971). It is
essentially a static synchronic genetic investigation,
with the emphasis on phylogenetic prediction rather than
dynamic evolutionary reconstruction (see, for example, '
Esch 1967, Esch et al. 1965, von Frisch 1962).

The digital account of sec. 3 to a great extent
captures the traditional view of the dance language,

utilizing explicit linguistic terminology conducive to
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evaluation along obsgervational, descriptive{ and "exﬁlana-
tory" adequacy dimensions. Consider, for example, the
identification of the distance and direction correlations
as linguistic, goal odor and guality (given by dance
vivacity) correlations as paralinguistic. While this is
"not a distinction drawn in so many words in the experi-
mental literature, it is clear that this distinction is a
conceptual pferequisite to £he formulation of the dance
language controversy--and both distance and direction
linguistic parameters have been shown to function in com-
munication (Gould 1975b, Schricker 1974a).

The single major discrepancy between the view of
sec. 3 and éhat traditionally assumed lies in the finit-
izing of the vocabﬁlary, a move not so much traditionally
resisted as left unexplored. On the one hand, there has
been an enormous reluctance, on the whole without very
much in the way of empirical evidence or supportive argﬁ—
mentation, to view the system as rule-guided; Bennett 1964
and Chomsky 1975k are, regrettably, quite representative.3
On the other hand, there is considerable confusion as to fhe
theoretical status of a mathematically digitalizing
idealization of analog data. Soudek and Carlson 1976 and
Block and Fodor (1976(?), foxr examﬁle, agree that such
a digitalization is harmless since it may bg drawn as
finely as desired, i.e., since the n of.ua,c‘z, oo, ¢ may

be as 'large as you like, nothing is lost by the imposition
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of an n-ary limit. This is quite simply false in a cog-
nitive (competence) domain; the mathematical distinctions
between finite and infihite, denumerable and nondenumerable
carry conceptual if not perceptual weight. Thus if the
dance language is rule-guided (as it is by assumption,
that assumption still to be legitimized by an "explana;
torily" adequate dance linguistic theory), the o (and W)
cardinality issue is wvital, the finite/denumerable/non-
denumerable choice possibly difficult to motivate but cru-
cially important. The linguistic analysis of the dance
language of the honey beé thus subsumes the problem of
determining the lexical cardinality conducive to the
formalization of an "explanatorily" adequate theory.

The digital analyses proferred in secs. 3-4.2 ac-
cept the traditional view of the dance (or superdance)
message, viz., that the dance behavior uses distance and
directional coding mechanisms to refer to the point site
of a goal previously visited by the dancer. Apparently
observationally adequate finite state accounts are given
for a va;iety of plausible lexical patternings. With
regard to the distance dimension, &/, three possibili-
ties are explored: (a) that there are a finite number of

distance values, le, a)z, eee, G_; (b) that there are a

o’
denumerable number of distance values because there can be
no maximaléﬂn, no largest (J-value at the cognitive level;

. and (c) that there are a denumerable number ofé)-values,
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whether or not there is a cognitive maximum of &Jm, because
perceptual averaging of any i, i'z 2, of them must give an
element of the cognitive set. <, of course, is finite if
digital. The last case, (c), is motivated by the position
that it is superdance SD rather than dance D which is properly
taken to be the subject matter of the syntactic component;
the other two are independent of the D/SD issue and, in
fact, the resulting grammars relatively easily accommodate
either claim. Within the confines of the traditional Qiew
of the danced message, SD is, if not ignored entirely,
most naturally taken to be a message repetition dance
concatenation.

In sec. 4.1.2, the finite state approach is shown
to be in all likelihood descriptively adequate, provided
only that the output strings are simultaneously judiciously .
parsed via finite state generated labelled bracketings.
Descriptive adequacy is a matter of capturing the dancer's
structural "intuitions," these being accessible by way of
an examination of the categorizing the operation parameters
of the (noise-contributing) performance system suggest
(see Fodor 1966).

Within the digital paradigm, residual misdirection
(the %¢-dependent anghlar error physiologically induced by
the dark hive, vertical dance floor, by-gravity context)
assumes a suspicious degree of importance with respect to

the goal of descriptive adequacy. For, in the event that
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. . . | 0 . : . . ) )
in transitional dances <:%}ki:> it is the direction-giving
bisector which is residually misdirected, that bisector, as
the input to a performance process, must have grammatical

status. That grammatical status may be achieved syn-

tactically (as by deriving transitional dances using trans—

formations spfeadihg overlapping circuits thé appro-
priate & ~dependent amount)'or semantically (as by pfojec—
tion rules which average waggling runs), but it inevitably
increases the resemblance bhetween the dance language and
human language. This follows even if finite state bracket-
ing is used to capture tbe supposed bisector misdirection.
Sec. 2's analysis of the performancé‘system, as a
critical review of the literature, is compatible with, and
to some extent dependent on, a competence account of the
sort sketéhed in secs. 3-4.1.2, these being élternative
formalizations of the traditional view of the dance lag—
guage. '
Arguments are presented in support of perceptual
averéging at three stages of the message—éoding communica-
tion process: (a) the perceptual integratidén of (lateral
drift corrected?) flight percepts (contra von Frisch 1967a),
a process which discards "oﬁtvoted; perceptual data (so
that transport experiments stabilize with forager training),
and generally prefers the outbound flight; (b) averaging

of roughly six waggling runs in dance comprehension; with
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sD understood in error;plagued message repetition terms;
and (c) weighted averaging of the competing directional
poies in light-dependent misdiréction cases (contra von
Frisch 1967a).

"Distance" coding is problematic at both the mes-
sage (distance/energy drain/flight range percentage) and
signal (duration of waggling/duration of sound production/
length of waggling run etc.) levels. The need to dis-
tinguish the linguistic coding of "distance" from the
gefinitive cue in communication which follows from the
competence/performancé}diétinction precludes reliance on
results of projected model bee studies. It is similarly
linguisfically naive to suppose that production and com-
pfehension of "distance" is accomplished by means of
computational inverses operating with equal accuracy.

It is argued that the determination of the fing;istic
coding of "distance" depends first of all on simplicity
considerations and only secondarily on an energy drain
accuracy comparison, restricted to physiologically
interdependent candidates; the existence of physiolo-
gically independent measures surviving a simplicity
scything entails multiple linguistically (grammatically)
dignified "distance" codings. The distance/energy
drain decision is related, in spirit at least, to the
regular vs. rule-guided issue, with the rule-guided

hypothesis currently under consideration urging the
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traditional distance interpretation. .This issue, unlike
the distance/flight range percentage problem, does not
affect the grammar as a formal system, but only the inter-
pretation of that formal system. The distance/flight

range percentage issue4arisés in secs. 3-4.1.2 as the ques-
tion of whether the &) “"distance" range is finite; if @
measures distance per se then at the competence level -
there is no maximum &}m and hence there are an infinite
number of G values, whil€ if () measures flight range per-
centage, there is a conceptual maximum at 100% of the flight
range. Both lexical alternatives are explored.

The traditional view of the dance language mes-
sage set significantly underdetermines the grammar,
particularly at the lexical level, as has been outlined.
However, although the analytical options are numerous,
"explanatory" adequacy remains stubbornly elusive.

An "explanatorily" adequate theory must account for
the fact there are different dance forms, identically
ordered by each race with increasing distance, that the
shape of the transitional dance series is alone racially
variable, that waggling duration and angular deviation
across SD correlate inversely, with the angular devia-
tion maximizing at 60°, etc. The search area hypothesis
of sec; 4.4 is just such an "explanatorily" adequate
dance linguistic theory.

The move from a point source to a circular patch-
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of constant, gene£ica11y fixed radius.at the message level,
with . sD cbding the patch rather than the goal, accounts
for all these observations. What's more, it does so by
undermining the view of the dance language as a regular
system, since it is not'the food stimulus's location per
se which is coded. Finally, the search area hypothesis is
not cogpatible with any of the countable (i.e., finite.
or dénumerable) fdistanée" lexicons which might be moti-
vated. The conclusion: the dance language is a rule-
guided animal communication system, syntactically dif-
ferent in kind rather than degree from human language.

The shift from a recursively enumerable set to one
which by its very (nondenumeraﬁle) cardinality is not
susceptible to grammatical analysis of the usual sort,
forcing the definitional approach of, for example, (84)
and (90), mandates an analysis of production and compre-
hension coding strategies. - This is the major change in
the performance model occasioned by the basic aiteration
in the competence account from a digital to an analog
model. .
Gould 1975a:171, presumably on the basis of sim-
plicity considerations, suggests that production and com-
prehension are computational inverses operating with approxi-
mately equal accuracy in communication, detailing how this
assumption would permit the identification of the definitive

cue for "distance." Simplicity considerations combine with
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the search area hypotﬁesis to suggest production and com-
prehension strategies which are not only computational
inverses but are moreover identical, actually entailing
equal accuracy in communication.

In this regard, it is first shown how “explana-
tory" adequacy requires the assumption that directional but
not distance variation in SD is linguistic--only this
assumption predicts the relevant dance type to "distance"
range correlation. The production and comprehension
}Ballantiné) strateéies then are point-to-patch cognitive
extension processes, coding a goal at P0 by means of the
two directionally most distant patch boundary points PL
and Pps recovering PO from PL and PR by point to patch

extensions about P. and about Por which patches intersect .

L
at Po. The overall effect of the search area . hypothesis
is to suggest two-dimensional geometric rather than alge-
braic (averaging) processing.

A good deal of what, on the digital accounts of
secs. 3-4.2.1, was handled by brute force observationally
unmotivated competence distinctions, surfaces here as
perceptually motivated performance phenomena. The
PL/PR Ballantine syntactic patch coding strategy accounts
for the full-waggling transitional and tailwagging dances;
the other dance types are not dance types at all, but

reflect problems due to perceptual limitations hampering

the execution of the strategy. The round dance, for
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example, is prompted by goals such'that the point-to-patch
cognitive net includes the hive; the S-dance results from
an angular deviation so small that it is beyond the sen-
sory capabilities of the dancer to reliably produce. The
transitional dance's 60° ma%imum in SD angular deviation
results from an interaction qf the Ballantine production
and comprehension strategies. It is moreover due to'a
distance coding conflict, thus explaining why such dance
forms maintain a direction correlation. The two lobes of
the transitional dance reflect the two-strategy interac-
tion nature of the problem, even as the ane lobe shape of
the round dance reflects its one-strategy source. The
dance language is a good deal more iconic than could have
been'suspected within the traditional view of the message
set -

The dlstance vs. flight range issue remains myster-
ious. Handling 1t within the grammar, whether by an Umaxi-
mum in the digital framework or an R-clause (see (84)) in
the analog framework, is to make the observation without
explaining it. If it is in fact the case that the ex~
treme 100% of the flight range figure is represenfed by
the same degree of waggling duration for each race, then
clearly this is something an "explanatorily"'adequate
theory must account for; a certain (racially invariant)
real number multiple of the (racially dependent) patcﬁ
radius ¢/2 gives the flight range. Von Frisch 1967a:

303-304 casts some doubt on the percentage of flight
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range "distance" interpretation, describing A. indica as
having a flight range of 750m. (daﬁcing'for ub to 700m.),.
A, flofea as having one of 300-400m., yet A. indica ap-
parently does direction-indicating dances for smaller dis-
tances than did A. florea: "In this reference to the direc-
tion of a goal that is only a few centimeters beyond the
hive entrance A. indica stands alone." If this observa-
tion survives investigation in energy drain terms, thén
the flight range percentage "distance" interpretation is
disconfirmed, and "distance" is literally distance at

the rule-guided competence level of analysis;

.The dance language controversy has served to
channel dance linguistic research into the problem of
recruitment, an area of investigation with communicative
but little.if any linguistic import.' The search area
hypothesis is most obviously vulnerable to experimental
testing as to genetic dance language variation and the
study of individual dancers and the dance correlations
they maintain in production. With regard to thekfirst of
these, the points made here appegr~to be universally up-
held in the litefature. Production data, on the other
hand, has unflortunately received very little attention in
the literature.

Gould 1975b:192, in calculating the information
content of the (digitalized) danqe language reports that

"the 8D's [standard deviations] from my measurements and
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those of others are 16° at 150m, 5° at 400m, 4° at 750m,
and 3° befond 1 km." These figures, as the 8 value for
the given r, vélué, accord well with the 20m round dance
range of use displayed by his stock of Italian foragers
(Gould 1976:213); the formulas of sec. 4.4 yield c¢/2
values of 21.1m, 17.5m, 26.0m, 26.5m (ry=1 km), respectively,
which average to 22.8m. There is some question, however;
as to whether 8 is legitimately taken to be the angular
SD [standard deviatioﬁj.

The standard deviation is a measure of how close
one can expect the value of the variable to be to the |
mean. With respect to the paradigm case of the search area
7[0/2

fome
==

hypothesis, i.e. the transitional dance ' , the
mean appears to refer to the bisector and thus, the stand-
ard deviation to 6/2, not 8. The obvious 8 values of 32°
for 150m, 10° for 400 m, etc., however, produce outsized
¢/2 (round dance range of use) values of 43m, 35m, etc.

This would act to disconfirm the search area
hypothesis were it not for the puzzling report of Gould
1975c that the mean recruit error at 150m is 11.9° and at
400m is 4.2°. Then the sum-of-the-squares formula predicated
on the computational inverses view of production and
comprehension (which Gould endorses--see discussion, pp. 33-
34--and which the matching strategies here outlined for

production and comprehension account for) gives production
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error (9/2) values of 8°20' at 150m, 3° at 400m, i.e. 8 values
‘of 16°40' and 6°, which certainly correlate better with the
SD'é of the previous paragraphs than with their doubles.

Iaeally, what should be tabulated is the average
angular deviation from the mean direction of the superdance
for eaﬁh waggiing duration value. c¢/2 is ideally given as
a waggling duration figure for the individual dancer. The
actual physical distance between the hive and £he goal is
irrelevant to this determination. Again, the theory is
most vulnerable to SD [superdance] angular measurements
taken for a single dancer, and, although it seems likely
that the experimental work done thus far has produced the
data relevant to an evaluation of the search area hypothesis,
they.simply do not figure in the published reports of that
research.

Structural considerations strongly urge the search
areagrammatical hypothesis, primarily on grounds of
"explanatory" adequacy. The conclusion drawn here, that
the dance language is rule-guided but syntaétically dif-
ferent in kind rather than degree from human language, awaits
phylogenetic and experimental evaluation.

Now that the communicative status of the dance lan~
guage has been experimentally established, it is its lin-
guistic status which is in question. The search area:
hypothesis may well prove to be the answer to that ques-

tion.
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Notes
5 .

IMPLICATIONS, EXPERIMENTAL AND LINGUISTIC

l. Given a linguistic theory whose titration gives
in every case learnable language particulars, the univer-
sals thereby isolated would require theoretical analysis,
as in the dance linguistic case discussed below. At the
present time, however, this is not by any means a major
consideration.

2. A demonstration that these two parameters inter-
act in some way would urge a reanalysis of these as not two,
but somehow one linguistic unit; this seems unlikely, but
cannot be dismissed out of hand. It is conceivable that
sickle dancing is genetically tied to races of a certain
body size, in which case considerations of "explanatory"
adéquacy would, other things being equal, favor a grammar'
somehow uniting these features linguistically.

3. Griffin 1976 is a notable exception to this
practice.
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