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ABSTRACT

The waggle dance of bees has given rise to some of the most striking and detailed studies of animal communication. But
because of its gradient character, the waggle dance has widely been taken to have properties that are wholly distinct from
those of human language. We argue that this is mistaken, and that the waggle dance represents the oldest instantiation of
an iconic system also found in human language, notably in sign language. The waggle dance helps bees locate a food
source through four properties: (1) food distance is conveyed through the duration of the waggling phase; and (2) food
direction is conveyed through the orientation of the waggle run. In addition, (3) while in bees that dance horizontally,
the waggle run points towards the food source, in bees that dance vertically the information involves transposition: the
angle of the dance relative to ‘upwards’ is interpreted as the angle of the food direction relative to the sun. Finally,
(4) the number of waggle runs increases with food quality. We show that properties 1 and 2 are instantiated in sign lan-
guage classifier predicates, highly iconic constructions that produce visual animations of the orientation and movement of
an entity. Furthermore, classifier movement (property 3) can be interpreted either directly or with ‘viewpoint shift’, a
more flexible version of transposition. Property 4 seems to be instantiated more generally in the pragmatics of human
and animal communication, as repetition can convey intensification and/or excitement (e.g. Go, go, go/). We further show
experimentally that properties 1-3 are instantiated in some gestures understood by non-signers. Thus the waggle dance is
a primitive form of a semantic system also found (through convergent evolution) in human language. It is remarkably
ancient, at least 20 million years old according to phylogenetic reconstructions. While the horizontal dance (without
transposition) is usually thought to be ancestral, a closer look at extant phylogenies suggests that the vertical dance (with
transposition) might be more primitive, and furthermore that pre-adaptations guarantee that transposition might have
been available from the start.

Key words: waggle dance of bees, iconicity, sign language, classifier predicates, animal semantics, evolutionary animal
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I. INTRODUCTION

(1) The waggle dance

The waggle dance of bees is possibly the most studied and best
understood system of animal communication. It is also one of
the most striking. After locating a food source, a honey bee (Apis
spp.) can signal (1) its distance through the duration of the waggle
run, and (2) its direction through the orientation of the waggle run.
In addition, (3) there are two broad types of dance: in bees with a
horizontal nest, the dance is itself horizontal, and oriented towards
the food source, whereas in bees with a vertical nest and dance, the
latter requires transposition: the angle of the dance direction rela-
tive to ‘upwards’ is interpreted as the angle of the food direction
relative to the sun (several bee species with a vertical dance can
also dance horizontally, without transposition, which we return
to in Section VI). Finally, and less clearly, (4) the number of waggle
runs increases with food quality (Anson Price & Griiter, 2015;
Seeley, Mikheyev & Pagano, 2000; we come back below to the
relationship between the waggle dance and the round dance).

In his pioneering work, von Frisch (e.g. von Frisch, 1967) called
this system ‘symbolic’, but in contemporary terminology it is best
characterized as iconic (e.g. Coorballis, 1993, p. 138; Tuttle, 2014,
p- 572; Ludden, 2015, p. 13). Informally, a sign is iconic if it
denotes something by virtue of resembling it. More formally, a
sign is iconic if there is a structure-preserving map between its
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form and what it denotes (in other words: its denotation has the
same structure as its form). A simple example in human language
is: The talk was loong, or loooong, or loooooong: the duration of the
vowel ‘resembles’ that of the talk. Here the structure-preserving
map is simple: the longer the vowel, the longer the talk. By con-
trast, a sign is symbolic if it denotes by virtue of a convention
(e.g. cat denotes felines, but there is nothing in the form of ‘cat’
that resembles or has the same structure as felines).

Informally, there is a structural resemblance between the
form of the waggle dance and its meaning. For instance, the
horizontal dance directly points towards the food source, just
as the flight it should trigger (this resemblance is at the heart
of analyses that treat the waggle dance as an intended flight;
Menzel, 2019). More formally, there is a structure-preserving
map between the form of the dance and its meaning. To put
it roughly: the longer the run, the further the food; the greater
the angle of the run (relative to the sun direction for a horizontal
dance, or relative to upwards for a vertical dance), the greater
the angle of the food direction (relative to the sun); and the more
waggle runs, the better the food.

(2) Relation to human language

It has been claimed that this gradient iconic system bears lit-
tle resemblance to human language, which is essentially
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symbolic ~and  discrete  (e.g.  Benveniste, 1953;
Chomsky, 1975; Janda, 1978; Anderson, 2004). We argue
that this verdict is mistaken and stems from an overly narrow
view of human language. In numerous sign languages, a des-
ignated construction, the classifier predicate (or ‘classifier’ for
short), displays a striking similarity to the waggle dance: both
(1) its duration and (2) its direction can be interpreted, and
furthermore (3) direction can be interpreted either directly
or with ‘viewpoint shift’, a more flexible version of transposi-
tion. As for property 4 (greater number of repetitions for
greater food quality), it seems to be instantiated more gener-
ally in the pragmatics of human and animal communication,
as repetition can convey intensification and/or excitement
(e.g. Go, go, go/). Thus the waggle dance is a less expressive ver-
sion of a system also found in human language [no doubt
through convergent evolution rather than common descent,
in view of the phylogenetic distance between humans and
bees, whose last common ancestor lived more than 600 mil-
lion years ago (Earl, 2023; Kumar et al., 2022)].

How old is the bee version of this semantic system, and
what was its original form? The waggle dance has been deter-
mined to be at least 20 million years old using phylogenetic
reconstruction methods (’Anson Price & Griiter, 2015; see
Section VI.1). The horizontal dance (without transposition)
is usually thought to be ancestral, in part because it seems
that transposition may be an elaboration on a simpler system.
But a closer look at extant phylogenies suggests that the ques-
tion is open: the vertical dance (with transposition) might
have been present in the most recent common ancestor of
extant dancing bees, and furthermore pre-adaptations might
guarantee that transposition could have been available from
the start.

(3) Structure

First, we summarize the four main properties of the waggle
dance (Section II), and explain that properties 1-3 (direction,
duration, transposition) are found in sign language classifiers
(Section III), while property 4 (repetition) is a more general fea-
ture of spoken and sign language expressions (Section IV). We
show experimentally that properties 1-3 can also be evidenced
in non-signers’ understanding of gestures (Section V). Finally,
we explain how the bee dance was determined to be at least
20 million years old, and why reconstruction methods make it
relatively likely that its ancestral form involved transposition
(viewpoint shift), a surprising result in view of commonly held
assumptions (Section VI).

II. THE DANCE LANGUAGE AND ITS RELATION
TO HUMAN LANGUAGE

(1) Properties of the waggle dance

Following von Frisch’s pioneering work (e.g. von Frisch, 1967),
it was found that ‘the dance, performed by a honey bee upon
returning to the colony having successfully located a food

source, offers information on the presence, odor, quality, direc-
tion, and distance of said food source, enabling nest-mates to
exploit it (...). The direction information is conveyed through
the orientation of the waggle run, whereas the distance informa-
tion 1s expressed through the duration of the waggle run’
(’Anson Price & Griiter, 2015, pp. 1-2). Distance is measured
by optic flow, 1.e. ‘the flow of retinal images experienced by
the bee through its motion’ (Esch, 2012, p. 57; see also Esch
et al., 2001). In addition, ‘the higher the profitability of a partic-
ular source, the greater the number of waggle runs produced by
a bee working this source when she returns to the hive’ (Seeley
el al., 2000, p. 813).

Depending on the bee species, the dance orientation that
specifies the direction of the food source is interpreted in
one of two ways. In some bee species, the part of the nest used
for dancing is horizontal. Correspondingly, the dance, per-
formed by crawling in the hive, is performed horizontally as
well, and the waggle run points towards the food source. In
other bee species, the dance area is vertical and the dance is
therefore performed vertically; in that case, the angle of the
dance relative to ‘upwards’ is interpreted as the angle of
the food direction relative to the sun, as illustrated in Fig. 1.

In all cases, the dancer’s perspective is primary and the
observer’s perspective plays no designated role, for two rea-
sons. First, the observing bees initially surround the dancer
from different positions, corresponding to diverse perspec-
tives (there is no single ‘addressee perspective’, unlike in
human language). Second, if the dance is successful, the
observing bees end up following the dancing bee and thus
adopting the same perspective.

Fig. 1. Transposition in the vertical dance of bees. The angle of
the waggle run relative to gravity is interpreted as the angle of
the food direction relative to the direction of the sun. The
duration of the waggle run is interpreted in terms of distance,
here with 1s corresponding to 1km. Credit: https://
commons.wikimedia.org/wiki/File:Bee_dance.svg.
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The main dance types are illustrated in Fig. 2 (we follow
the discussion of Schlenker et al., 2025b). In Fig. 2A, the
dance 1s horizontal, and is oriented towards the food source
(the flowers). In Fig. 2B, the dance is vertical and in the open,
in an upwards direction. This indicates that the food source is
towards the sun from the bee’s position. The dance in Fig. 2C
is similar to that in Fig. 2B, with the difference that it is

A :6'

. &
horizontal dance area ~ p o

Fig. 2. Types of waggle dance (modified from I’Anson Price &
Griiter, 2015). (A) Dwarf honey bees (4pis florea) perform dances
on a horizontal surface in the direction of the food source.
(B) Giant honey bees (4pis dorsata) perform dances on a vertical
surface and orient dances with gravity and celestial cues.
(C) Cavity-nesting honey bees (Apis mellifera) perform dances in
darkness on a vertical surface. Dances are oriented with
gravity and celestial cues. The giant honey bee and cavity
nesting bees produce auditory cues when dancing. Bees in B
and C are both dancing directly upwards, indicating that the
food source is in the direction of the sun. Areas of the comb on
which bees dance are indicated by an arrow (and appear in
red in the online version).

Biological Reviews (2026) 000-000 © 2026 Cambridge Philosophical Society.
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performed by cavity-nesting bees, and thus in darkness. Here
too, the dance is oriented upwards, indicating that the food
source 1is oriented towards the sun. Observer bees ‘touch
the dancer directly with their antennae during the dance’
(Griiter & Farina, 2009 p. 243), and thus obtain spatial infor-
mation [in addition, the dancer ‘produces airborne sounds,
airflows and vibrations in the comb, as well as releasing che-
micals’, and the relative importance of different signal types
is still being investigated (Griiter & Farina, 2009 p. 243; see
also Michelsen, 2012)].

Remarkably, several bee species with a vertical dance and
thus transposition (e.g. Apis dorsata, Apis cerana, Apis mellifera;
see Section VI) can switch to a dance pointing towards the
food source (without transposition) if the plane becomes hor-
izontal. By contrast, Apus florea, which has a horizontal dance,
does not adopt transposition when forced to dance vertically
(Dyer, 1987).

It is useful to give names to the four properties of the wag-
gle dance we have discussed, as shown in Table 1.

Repetition might have a different status from the other
properties. Only rarely does a bee follow a dance from begin-
ning to end, and thus follower bees do not know how long the
target bee has already been dancing or will be dancing before
it stops (Griiter & Farina, 2009; Biesmeijer & Seeley, 2005).
As a result, they do not know how many waggles the dancer
performs, and thus individual follower bees might not inter-
pret the number of waggle runs (in fact, follower bees may
directly assess nectar quality when they receive small samples
from the dancer during short dance breaks). On the other
hand, it might be that follower bees as a group indirectly inter-
pret this information because the more runs there are, the
more bees will follow the dance and might thus be convinced
to initiate flight towards the indicated food source.

(2) Waggle dance versus round dance

As summarized by Gardner, Seeley & Calderone (2008),
throughout his career von Frisch consistently distinguished
the waggle dance from another dance: the round dance

Table 1. Properties of the waggle dance.

Property 1: The duration of the waggle run provides

Duration information about the distance of the food
source.
Property 2: The direction of the waggle run provides
Direction information about the direction in which
the food source is found.
Property 3: In the vertical dance, dance direction is
Transposition interpreted relative to a shifted viewpoint:
the angle of the dance direction relative to
‘upwards’ provides information about the
angle of the food direction relative to the
sun.
Property 4: The number of waggle runs provides
Repetition information about the quality of the food

source.
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Fig. 3. Round dance and waggle dance (Gardner ¢ al., 2008,
p- 1292). “Top: the round dance, wherein the dancing bee
completes rapid circular manoeuvres, each one starting with a
brief waggling of the abdomen, then a turn to the left or right,
and finally a circle back to the starting point. Bottom: the
waggle dance, wherein the dancing bee completes elongate
manoeuvres, each one starting with a conspicuous and
prolonged period of abdomen waggling, then a turn to the left
or right, and finally a walk back to the starting point.’

(Fig. 3). The view was that in producing the round dance, ‘a
bee steps excitedly in a circle, then suddenly turns to reverse
her direction of travel, circles around again before reversing
again, and so on. In producing the waggle dance, a bee steps
straight ahead for a short distance, then turns to travel back
to her starting point, again walks through a straight length,

then makes a turn in the opposite direction, and so on in reg-
ular alternation. A vigorous wagging of the body gives special
emphasis to the straight part of the waggle dance, so it is often
called the “waggle phase”.” (Gardner et al., 2008, p. 1291).
The general idea in von Frisch’s work was that the round
dance was used to advertise a food source near the hive
(up to about 50 m), without orientation information, whereas
the waggle dance provided information (including orienta-
tion information) about food sources further away (e.g. von
Frisch, 1967, p. 62).

Contrary to von Frisch’s view, Gardner e al. (2008,
p- 1297) show that there is no categorical distinction between
the round dance and the waggle dance: ‘the round and wag-
gle dances are merely two ends of a continuum; “adjustable
waggle dance” is sufficient. Distance and direction are
encoded using the same mechanisms in both dances, and
the predictability of dance behaviour gradually increases as
the food-source distance increases.” Still, one might concep-
tualize the situation as follows. The dance (whether round
or waggling) indicates that food has been found. When the
food 1s nearby (up to about 50 m from the hive), the unmodi-
fied round dance must be used. When the food is further
away, modifications of the dance involving the waggle dance
become obligatory. One could thus take the waggling version
to be an iconic modification of the dance, but when the food
is far enough, it is crucially an obligatory modification; this
case thus differs from that of English looong, where the iconic
lengthening of the vowel is always optional (‘long’ by itself
can be semantically applied to multiple degrees of length).

(3) The dance language as an iconic system

As mentioned in Section 1.1, a sign 1s iconic if it denotes some-
thing by virtue of resembling it. Formally, a sign is iconic if its
form has the same structure as what it denotes, or in other words
if there is a structure-preserving map between the two
(e.g. Schlenker, Lamberton & Santoro, 2013; Emmorey, 2014).
In the case of long, an ordering of realizations of the vowel length
is mapped to an ordering of (talk) durations. A gestural example is
given in Fig. 4, where the larger the gesture, the greater the fish is
supposed to be.

Importantly, to say that a sign is ‘iconic’ is not to say that
everytlung about the sign is iconic (see for instance Green-
berg 2023). The term long is conventional, but one can icon-
ically lengthen the vowel. Even in the gestural example of
Fig. 4, the hands do not resemble anything pertaining to
the fish, although the distance between the hands resembles
(or can be mapped to) the length of the fish. We will see in
Section III that a stereotypical case of iconicity in sign lan-
guage involves conventional signs whose position and move-
ment can be modulated in highly iconic ways.

Both informally and formally, the waggle dance qualifies
as an iconic system, although it too has fixed (non-iconic) ele-
ments. From von Frisch (1967, p. 324) to Menzel (2019), a
key idea has been that the waggle dance incorporates ele-
ments of an intended flight and thus partly resembles one.
This is particularly clear for the horizontal dance, which

Biological Reviews (2026) 000-000 © 2026 Cambridge Philosophical Society.
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‘I caught a fish like this’
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Fig. 4. An iconic gesture in a sentence. Picture by M. Bonnet, reprinted under Creative Commons CC BY 4.0.

points towards the food source. von Frisch (1967) further
interpreted tail-waggings as ‘as repeated starts to take off’
(p- 324), and certainly dance duration ‘resembles’ the dura-
tion of the flight needed to reach the food (or more precisely:
the optic flow during that flight). For his part, Menzel (2019,
p. 2) argued that, for the follower, ‘the waggle run mirrors its
next outbound flight, a performance that will follow when
she leaves the hive’. Formally, there is a structure-preserving
map between three properties of the dance and its meaning
in terms of movement, as stated at the end of Section I.1:
the longer the run, the further the food; the greater the angle
of the run (relative to the sun direction for a horizontal dance,
or relative to upwards for a vertical dance), the greater the
angle of the food direction (relative to the sun); and the more
waggle runs, the better the food. Still, the waggle dance has
fixed elements that are not interpreted, notably the non-
waggling part of the movement represented in property 4;
it is thus an iconic system with a categorical component.

What is admittedly confusing is that von Frisch himself
applied the term ‘symbolic’ to the waggle dance (e.g. von
Frisch, 1954, 1967). But von Frisch used the term ‘symbolic’
in a very broad sense, as made explicit in von Frisch (1954,
p- 6): ‘Symbols are signs for something else to which they
stand in a certain relation’. On the other hand, in his fore-
word to the second printing of von Frisch (1967), Seeley put
the point more radically: ‘the bee’s communication system
is symbolic rather than iconic, for the signal used has no par-
ticular resemblance to the action it represents.’

Menzel’s (2019) analysis in terms of intended flight was in the
opposite direction. But the key is that ‘resemblance’ is not a
well-defined notion, which is why formal accounts prefer to
define iconicity in terms of a structure-preserving map. On this
view, the waggle dance is clearly iconic. For other authors that
treat the waggle dance as iconic, see for instance Corballis (1993,
p- 138), Tuttle (2014, p. 572) and Ludden (2015, p. 13).

(4) The ‘dance language’ debate

von Frisch promoted the term ‘dance language’ (including in
the title of his influential book The Dance Language and

Biological Reviews (2026) 000-000 © 2026 Cambridge Philosophical Society.

Orientation of Bees; von Frisch, 1967), which naturally raised
the question whether the system described above genuinely
counts as a language. The first question was whether there
is genuine communication: does the dance just r¢flect informa-
tion about food location or does it convey it, in the sense that
follower bees use this information (rather than something else,
e.g. food odour) to locate the source? Decades of experiments
have mostly vindicated von Frisch’s insights: the dance language
is a communication system (Riley ¢t al., 2005; see also Al in
Appendix S1 in the online Supporting Information).

The second question was whether this communication sys-
tem 1s a language. One version of the debate is purely termi-
nological: can the term ‘language’ be applied to an iconic
and gradient system rather than to the symbolic and discrete
linguistic systems we are used to? As for all terminological
questions, there is no easy answer [see for instance Schlenker
et al. (2016) for a very broad use of the term ‘language’ in ani-
mal linguistics, from which the answer to the terminological
question would be positive]. But behind this lurks a more
substantive question: does the bee communication system
(henceforth the ‘dance language’) have any interesting prop-
erties in common with human language?

Early on, the great linguist Emile Benveniste argued in the
negative, for two main reasons (Benveniste, 1953). First,
‘there can be no real language without the exercise of voice’
(p- 5). Second, the content of a human linguistic expression
radically differs from that of the bee dance because ‘it is
impossible to resolve this content [= that of the bee dance]
into its constituent “morphemes” and to make each mor-
pheme correspond to an element of what has been
enounced’ (p. 6).

The first reason was later shown to be spectacularly wrong.
Human language exists in two modalities, the vocal and the
visual one, and sign languages and spoken languages share
key formal and neurological properties [e.g. see Sandler &
Lillo-Martin (2006) for a view from formal linguistics, and
MacSweeney et al. (2008) for a view from neuroscience].

Still, in a well-documented book, the linguist Stephen Ander-
son developed a version of the second objection (Anderson,
2004), which is certainly the dominant view in linguistics. It is also
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hinted at by Chomsky (1975) (see also A2 in Appendix S1). For
Anderson, while sophisticated and rather expressive, the dance
language is entirely different from human language because it
‘has a property that human languages do not have: continuous
variation along its component dimensions. Human languages
have discrete, not continuous, vocabularies (whatever a “continu-
ous” vocabulary might be). Words are simply distinct from one
another, rather than one shading gradually into another’
(Anderson, 2004, p. 80). Needless to say, Anderson in no way
mmplied that human language only exists in the vocal modality;
and in fact, sign languages have discrete vocabularies just like spo-
ken languages, which dovetails with Anderson’s argument
(we will see that besides their discrete vocabularies, sign languages
also have gradient, continuous constructions).

Anderson was cautious to temper his verdict, however.
‘Having said this, I must immediately point out that the
way we use language in concrete acts of speaking involves
more than the contributions of vocabulary and grammar.
One important additional system is known as paralanguage:
the gestural and emotional accompaniments to speaking,
such as loudness and tone of voice, pitch (to some extent), rate
of speech. These aspects of speaking we can vary continu-
ously, to indicate, for example, an unlimited number of
degrees of excitement by correspondingly varied loudness
or pitch.” (Anderson, 2004, p. 81). The examples of iconicity
cited above — the talk was looong; I caught a fish like this [with a ges-
ture] —might be taken to fall under Anderson’s paralanguage.

As we will now see, Anderson’s verdict was still in error
because it failed to consider constructions of sign language
that are not paralinguistic but display striking similarities
with the dance language of bees.

III. SIGN LANGUAGE ICONIC CONSTRUCTIONS:
DIRECTION, DURATION AND TRANSPOSITION

(1) Classifier predicates

Sign languages notoriously have the same type of grammatical
and semantic resources as spoken languages (e.g. Sandler &

(A) CAR CL-vehicle-DRIVE-BY

Vehicle-drive-by

Lillo-Martin, 2006), and thus they have a discrete and conven-
tional vocabulary just like spoken languages do. But in addition,
they have a distinguished category of expressions, classifier
predicates (‘classifiers’ for short), which are used in iconic ways.
Specifically, they (2) have a lexically specified form, but (z) their
position in signing space, their orientation and their movement
(if there 1s one) are unconstrained, and interpreted iconically
[classifiers ‘are reported to occur in almost all sign languages
researched to date’ (Zwitserlood, 2012, p. 158); here we follow
Schlenker & Lamberton (2024) and Schlenker et al. (2024)].

A textbook example appears in Iig. 5A, with the rough
meaning in Fig. 5B: a vehicle classifier represents a car, and
the movement of the predicate in signing space iconically
depicts the movement of the car.

The gradient and iconic character of the information con-
veyed was displayed in an experiment by Emmorey & Herzig
(2003). They studied a construction involving a (static) classi-
fier representing a small object (a sticker) relative to a hand-
shape representing a flat object (a bar). Deaf signers were
asked to provide a geometric representation of the scene.
As the classifier’s position was gradiently modified relative
to the flat object handshape, so was the geometric represen-
tation of the scene: the signs were interpreted iconically [for
dynamic classifiers, see for instance Zucchi (2017) and
Schlenker & Lamberton (2024)].

In Fig. 5A, the direction of the classifier movement can be
interpreted (a car drove in the direction displayed), and the
duration and extent of the movement can be too: a move-
ment with a longer path can be interpreted as a greater dis-
placement of the car; and keeping the path length constant,
greater duration might signify a movement that takes more
time. Importantly, classifiers typically give rise to iconic inter-
pretations. For instance, Schlenker & Lamberton (2024) dis-
cuss minimal pairs involving a standard nominal version of
the sign for plane [with the duplication characteristic of ASL
(American Sign Language) nouns|, and a classifier version
with the same meaning (without the duplication). While
iconic interpretation is an option for the nominal version, it
is strongly preferred or obligatory for the classifier version.
For this reason, it might not make much intuitive sense to

(B) “A car drove by like this’, where the information contributed by /ike this is produced by
the movement of the classifier predicate in signing space

Fig. 5. Example of a classifier in ASL, with an iconic interpretation of its movement. (A) The ASL sign (cited and illustrated from
Valli & Lucas, 2000). (B) The approximate meaning (after Zucchi, 2011).
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treat the iconic component of classifiers as paralinguistic — it
lies at the core of sign language. How ‘grammatical’ or ‘lin-
guistic’ classifiers are taken to be depends on one’s definition
of grammar and language; see for instance Zucchi (2017) for
a summary of the debate.

The case of the vehicle classifier illustrated in Fig. 5
involves iconic interpretation of the entire path and duration.
By contrast, in the waggle dance as standardly described, the
direction and duration are interpreted, but not the path per se
(e.g. Griiter & Farina, 2009; see also A3 in Appendix S1).
Still, one can find different realizations of classifiers in which
only direction and duration are interpreted.

(2) Direction and duration

Signers can emulate the behaviour of the waggle dance by
using classifiers to encode direction and duration. This will
now be illustrated with an example from ASL.
Appendix S2 discusses in detail multiple additional examples
involving diverse classifiers. In line with standard methods in
sign language semantics, two kinds of data were obtained
when the videos were played back to the signer (a Deaf native
signer of ASL, and a co-author of this article): acceptability of
the sentences; and difference inferences drawn from them. In
a second step, a subset of the data were informally checked
with another Deaf native signer of ASL (also a co-author,
and the brother of the first signer). Judgments are reflected
by the translations. See Appendix S2 for further details about
the method and results.

For simplicity, we consider a case in which the path has
constant length and only the duration varies. For even
greater clarity, we focus on a classifier that represents a small
animate entity, e.g. a wasp or bee. We have added some
images to the transcriptions to illustrate sample realizations
of this classifier.

The example in Fig. 6 involves a game in which the signer
must convey as precisely as possible what a bee he released
just did. But the signer can use just one word to convey the
information, which makes it natural to use a classifier, as it
can convey rich iconic information (see also A4 in
Appendix S1). Classifier direction is very naturally used to
encode movement direction in all cases. The interpretation
of duration per se is harder, and made possible here by the
‘one word’ rule of the game as specified (see Appendix S2
for details; our main consultant was far more liberal than
our second consultant in the use of pure duration). Duration
would normally be accompanied by other means of intensifi-
cation (notably facial expressions), which were not present in
our elicited sentences because we were trying to assess the
interpretive role of duration on its own.

All target sentences start with an ASL sequence that
means: What the bee did was ..., followed by different realiza-
tions of the classifier in different examples. Two parameters
were investigated: the direction of the movement, towards
the signer’s right or the signer’s left (examples a—c versus d—
f); and the duration of the movement: short (a, d), medium
(b, e), long (c, f). In all cases, the classifier path was held
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roughly constant. The goal was to emulate two properties
of the horizontal waggle dance, where direction and duration
are interpreted.

In this case, the classifier direction corresponds to the move-
ment of the bee the signer had released, seen from the signer’s
perspective. This is so because a standard rule across sign lan-
guages (e.g. Pyers, Perniss & Emmorey, 2015) is that classifiers
represent objects from the signer’s perspective (in addition, to
the extent that space 1s shared between the signer and addressee
in the present case, the direction has to match the direction of
the bee flight). This correspondence is represented in Fig. 7
(we assume for simplicity that the classifier is at a 45° angle rel-
ative to the signer’s ‘forward’ direction).

The examples are robust to multiple changes, as discussed
in Appendix S2. Let us mention three of these. First, classi-
fiers that have nothing to do with bees can be used, such as
the vehicle classifier represented in Fig. 5A, or a classifier
representing a person walking, shown in Fig. 8.

Second, with some classifiers (including the small animate
entity classifier seen in Figs 6 and 7), the forward hand move-
ment can be eliminated; a trembling stationary movement
suffices to indicate that the denoted object moved, and then rep-
resents the duration of the object’s movement, and thus indi-
rectly distance. It is also possible to vary both path length and
path duration to represent different object displacements.

Third, further constructions besides classifiers can be used
in a similar way. On the one hand, ASL has a category of spa-
tial verbs, for instance verbs meaning go to, move to, run to, etc.
They involve a manual movement towards a location of sign-
ing space that corresponds to their grammatical object
(e.g. run to place x, where place x is the grammatical object of
run to), and they can often be modulated so that the direction
in which they point indicates the direction of the denoted
movement. In examples involving the verb RUN, depending
on whether the sign targets the right or the left, the running is
understood to be towards the right or left from the relevant
perspective (e.g. the signer’s perspective). The sign duration
may optionally provide information about the duration of
the run. On the other hand, a verb that involves the signer’s
upper body and no manual displacement, 7OG (which iconi-
cally resembles a person jogging), can be used with similar
effects. The direction of the signer’s body and the duration
of the sign provide information about the direction and dura-
tion of the denoted movement.

In sum, there are clear examples in which sign direction
and duration can be modulated and interpreted gradiently,
roughly as in the horizontal waggle dance: the sign direction
provides information about the direction of the movement,
and (in the game context we specified) the sign duration pro-
vides information about the duration of the movement.
Importantly, there is a difference relative to the waggle
dance: the latter’s duration provides absolute information
about food distance, to the point that researchers can use
the former as a proxy for the latter (Schiirch ¢ al., 2019). In
ASL, by contrast, only relative duration can be interpreted,
and it is thus in contrast with each other that the sentences
yield clear ordinal inferences in this respect.
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others in between.

Context [signed in ASL as part of the target video]: The signer and addressee are on the same
team. The signer recently released a bee and saw where it went to reach its hive. The
addressee did not see this. The signer can convey the information, but using just one word.
The signer and addressee know that there are several possible hives, distributed at different
distances from the release point. Some are very close (5 m), some are quite far (200 m), and

BEE DO WHAT?
‘What the bee did was

a. FLY-constant-displacement-cl-right-short_duration_|

fly to the right for a little time.’

b. FLY-constant-displacement-cl-right-medium_duration

fly to the right for quite a while.’

c. FLY-constant-displacement-cl-right-long_duration

fly to the right for a very long time.’

d. FLY-constant-displacement-cl-left-short_duration_|

fly to the left for a little time.’

e. FLY-constant-displacement-cl-left-medium_duration

fly to the left for quite a while.’

f. FLY-constant-displacement-cl-left-long_duration

fly to the left for a very long time.’
(ASL 37, 3082)

Fig. 6. Target ASL sentences in the context of a game in which the signer must convey as precisely as possible what a bee just did. In
line with standard transcriptions for sign language, the word-for-word English translation is given in capital letters. Here FLY-constant-
displacement-cl transcribes a flying classifier (hence the suffix -¢/) involving a constant displacement. The direction of the displacement
and its duration are encoded after -¢/. For instance, FLY-constant-displacement-cl-right-short_duration involves a short movement
towards the signer’s right. See Appendix S2 for further transcription conventions.Video (target sentences only): https://youtu.be/
VxD7BX1b724, Video (with the context): https://youtu.be/npvmlFsFfVA.

In other respects, classifiers are undoubtedly far more
expressive than the waggle dance, as the detailed path as well
as changes of speed can be represented, among other
features.

(3) Adding simulation

Most of the examples discussed so far differ from the waggle
dance in that direction and distance are conveyed by hand
rather than body movement. As briefly mentioned above,
there is an exception, however: the verb JOG involves the
upper part of the body, as shown in Fig. 9A, and its direction
and the duration of the sign indicate the direction and dura-
tion of the running.

In the case of FOG, the fact that the sign is realized with
the whole upper body is just a property of its form. But in
addition, there is a designated construction that comes close
to simulation. It is called Role Shift, and it has two distinct
uses: one involves reported speech or thoughts; the other
involves action reports. In Role Shift, the signer typically

shifts their body and eyegaze to adopt the perspective of
another character (see also A5 in Appendix S1). Our main
data can be replicated with Role Shift used to report an
action, notably with 7OG, illustrated in Fig. 9B in its version
with Role Shift, involving in particular eyegaze shift away
from the addressee. Role Shift can be applied to manual
constructions as well, such as the classifier representing a
person walking. It appeared in Fig. 8A without Role Shift,
and 1s given in Fig. 10 in a version with Role Shift, which
involves body rotation and eyegaze shift. In the version of
JOG with Role Shift, we have a rather striking case in which
the signer’s entire upper body serves to simulate a person
running. This partial simulation is reminiscent of the idea
that the waggle dance represents an intended flight, as
argued by Menzel (2019).

(4) Adding transposition

The properties of ASL discussed so far make it possible to
replicate the gradient interpretation of the direction and
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(A) FLY classifier

). 4 i
___________ » signer’s front

the classifier (= index) is at a 45° angle
leftwards relative to the signer’s front

Philippe Schlenker and others

(B) Interpretation without transposition: the sign direction directly indicates the bee

movement direction

signer’s front

the signer as he released the bee: the bee flies towards the signer’s
left, roughly at at a 45° angle relative to the signer’s front

[,

Fig. 7. Interpretation of the FLY classifier in Fig. 6d—f, without viewpoint shift.

A B

Fig. 8. Examples of a classifier representing a person walking.
(A) Classifier representing a person walking towards the right.
(B) Classifier representing a person walking towards the left.

duration of the horizontal waggle dance. But the vertical
dance crucially involves transposition. To reiterate, an
observer that sees a bee dancing vertically must take the
angle of the dance direction relative to the vertical to be inter-
preted as the angle of the food direction relative to the sun.
This too can be found in sign language constructions, most
definitely, and in a highly generalized form. Depending on
the context, the movement of a classifier can be interpreted
from the signer’s viewpoint, or from a salient viewpoint given
by the context. In the former case (signer’s viewpoint), the

Biological Reviews (2026) 000-000 © 2026 Cambridge Philosophical Society.

Fig. 9. (A) JOG without Role Shift (no eyegaze shift). (B) JOG
with Role Shift (eyegaze shift).

classifier moves in the same direction as the depicted object.
In the latter case (salient viewpoint), the classifier’s movement
relative to the signer is interpreted as the depicted object’s
movement relative to a salient viewpoint. If the salient view-
point is someone looking towards the sun, the angle of the
classifier movement relative to the signer’s forward direction
corresponds to the angle of the object movement relative to
the sun’s direction. But there are many more viewpoints that
can be contextually salient. Thus this is a more expressive
mechanism than is found in the waggle dance because
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transposition is not limited to ‘upwards corresponds to the
direction of the sun’: any salient viewpoint will do.

The general availability of viewpoint shift in sign language is
well established (e.g. Schlenker & Lamberton, 2024), and it is
determined by contextual considerations. It can be illustrated
in the case of the small animate entity classifier by changing
the context, as in Fig. 11. The signer and interlocutor are now
in a room and discuss what happened yesterday when a third
person, Ann, released a bee in the signer’s presence. The same
classifier as in our earlier examples will now be taken to indicate
iconically where the bee went from Ann’s viewpoint.

The interpretations without viewpoint shift (= without
transposition) were illustrated in Fig. 7A,B. With viewpoint
shift/transposition, the direction of the classifier movement
remains the same as in Fig. 7A (repeated as Fig. 12A), at a
45° leftward angle relative to the signer’s front. But this is
now interpreted from Ann’s rather than from the signer’s
perspective, as seen in Fig. 12B.

This is the same type of operation needed to interpret a
vertical waggle dance. To highlight the similarity, we can
think of someone (the equivalent of the signer) looking
upwards towards the vertical, as in Fig. 13A below. The wag-
gle run (the equivalent of the classifier) is at a 45° angle rela-
tive to the vertical and thus relative to this person’s left. To
obtain the direction of the food, we must imagine a person

Fig. 10. Classifier representing a person walking towards the
right, with Role Shift: the signer rotates his body and shifts his
eyegaze towards the right.

11

looking towards the sun: the food direction is at a 45° angle
towards this person’s left, as seen in Fig. 13B. Transposition
in the vertical dance is an inflexible instance of viewpoint
shift, which in sign language allows for multiple salient view-
points, not just that of someone facing the sun. As shown in
Appendix S2, viewpoint shift can similarly be applied to all
the example types mentioned above.

IV. SIGN LANGUAGE AND SPOKEN LANGUAGE:
REPETITION

(1) Repetition to express intensification or urgency

The final key property of the waggle dance is Repetition (=
property 4), whereby larger numbers of iterations encode
higher food quality. Here it is not specifically classifier pred-
icates that offer a counterpart of the waggle dance, but more
generally human language and probably many other com-
munication systems: repetition can serve to convey intensifi-
cation of a property, as in Fig. 14, or of an order, as in
Fig. 15 (see also A6 in Appendix S1).

Unsurprisingly, the same effects are found in ASL, as seen
in Appendix S2: the ASL predicates RICH, STOP, and
LEAVE can be iterated twice or three times to convey differ-
ent degrees of intensification/urgency. The same operation
can be applied to a classifier representing a helicopter taking
off, illustrated in Fig. 16. In a war situation in which the
signer is in a helicopter piloted by the addressee, two or three
iterations can be interpreted to mean that the pilot should
urgently take off. Our second consultant agreed with our
main consultant on STOP, but for the other cases he would
have realized the repetitions differently and/or with intensi-
ficational facial expressions (see Appendix S2).

The use of repetition to intensify an order comes close to the
use of repetitions of the waggle dance to convey quality: the bet-
ter the food, the more important presumably it is to collect
it. This function of repetition in human language and arguably
in bees might be part of more general animal code, by which
more urgent events are expressed with greater calling rates
(in other words, with more repetitions per time unit). An
increased call rate in response to heightened urgency has been
observed in the alarm calls of phylogenetically diverse species
[e.g. birds (Templeton, Greene & Davis, 2005); mammals
(McRae, 2020; Murphy, Lea & Zuberbiihler, 2013; Lemasson
et al., 2010)]. Urgency levels have been assessed though varying

Alternative context for Fig. 6: The signer and addressee are on the same team, and they are
now in a room. Yesterday another person, Ann, released a bee, and the signer saw where
it went to reach its hive. The addressee did not see this. The signer can convey the
information, but using just one word. The signer and addressee know that there are several
possible hives, distributed at different distances from the release point. Some are very close
(5 m), some are quite far (200 m), and others in between.

Fig. 11. Alternative context for Fig. 6, triggering a viewpoint shift: the signer adopts Ann’s viewpoint.
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(A) FLY classifier

'_/)'450

» signer’s front

the classifier (= index) is at a 45° angle
leftwards relative to the signer’s front

(B) Interpretation with transposition: the sign’s direction relative to the signer indicates the
direction of the bee movement relative to Ann’s viewpoint

Ann’s front <" [ v

Ann as she released the bee: the bee flies
towards Ann’s left, roughly at a 45° angle

Fig. 12. Interpretation of the FLY classifier in Fig. 6d—f, with viewpoint shift: the signer adopts Ann’s viewpoint.

(A) Waggle dance

the waggle run is at a 45° angle
leftwards relative to the vertical

position of someone oriented
towards the vertical

(B) Interpretation with transposition: the waggle run’s direction relative to the vertical
indicates the food direction relative to the viewpoint of someone facing the sun

oy position of someone facing the sun

» .‘ the bee movement is at a 45°
i\ it angle leftwards relative to the
direction of the sun

Fig. 13. Interpretation of the vertical waggle dance with transposition.
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predator sizes (Malan, Seoraj-Pillai & Du Plessis, 2009;
Courter & Ritchison, 2010; Dahl & Ritchison, 2018), distance
to the threat (Leavesley & Magrath, 2005; Krystotkovd, Haas &
Exnerovd, 2011; Dutour, Suzuki & Wheatcroft, 2020), or even
orientation of the predator (Book & Freeberg, 2015).

Let us add that if the effect of repetitions does not affect
bees as individuals but as a group (the more repetitions, the
more bees get the signal), human counterparts can easily be
found as well. Someone who cries ‘fire’ once will only affect
whoever heard the message; someone who keeps crying ‘fire’
for 15 min might have a much greater effect owing to the
increased size of their audience.

(2) Taking stock

We saw in Section III that duration, direction and transpo-
sition are properties of the waggle dance that are also
found in ASL iconic constructions. We have also argued
that repetition to intensify a property or an order is found
more generally in spoken and sign language, including
classifiers.

These similarities should not obscure some important differ-
ences. (¢) Sign language classifiers have a much richer semantics
than the waggle dance, as they can recreate details of the path
and manner of movement of an object, not just its direction
and length. Similarly, viewpoint shift is a far more powerful
(and context-dependent) operation in classifiers than transposi-
tion in the waggle dance. (i) There are two differences in the
mterpretation of duration. First, in sign language iconic con-
structions, duration seems to convey information about the
duration of the denoted action, and only indirectly about the
distance. In the bee dance, waggle duration is mapped to dis-
tance. Second, in sign language iconic constructions, duration
differences are only interpreted relatively, whereas a given bee
will translate duration into absolute distance [or rather optic
flow (Esch et al., 2001; Esch, 2012)], an extraordinary property
of the waggle dance not shared by our human examples.

a. I amrich!
b. I am rich, rich, rich!
=>]am very rich

Fig. 14. Example of how repetition can convey intensification
of a property in English.

a. Stop
b. Stop! Stop! Stop!
=> you must urgently stop

a. Go!
b. Go! go! go!
=> you must urgently go

Fig. 15. Examples of how repetition can convey intensification
of an order in English.
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V. ICONICITY IN GESTURES

(1) Classifier predicates and gestures

Owing to their free movement and iconicity, classifiers have
sometimes been partly assimilated to a gestural component
of sign language (e.g. Liddell, 2003a,b; Schembri, Jones &
Burnham,  2005;  Zucchi, 2011, 2017, 2018;
Davidson, 2015; see also A7 in Appendix S1). In fact, the
viewpoint dependency of classifiers (in the more general form
discussed in the literature) was argued to extend to certain
kinds of gestures (Schlenker & Lamberton, 2024; see also
A8 in Appendix S1). This assimilation is at most partial
because classifiers differ from gestures in having a conven-
tional lexical form: for instance, the vehicle classifier illus-
trated in Fig. 5A is a word of the ASL lexicon and does not
resemble a vehicle. For this reason, it is not justified to treat
classifiers as belonging to the ‘paralinguistic’ component of
language, to use Anderson’s (2004) terms. It should be added
that, unlike the most common gestures (co-speech gestures),
which merely accompany spoken words and are in this sense
grammatically optional, classifier predicates cannot normally
be omitted from a sentence without making it ungrammati-
cal. More importantly, terminology aside, it is clear that sign
language has both a discrete symbolic component and a gra-
dient iconic component, with much of interest taking place at
their intersection.

In sum, while Benveniste (1953) and Anderson (2004) were
right to highlight the striking differences between the waggle
dance and the discrete symbolic component of human lan-
guage, there are equally striking resemblances between the
waggle dance and the iconic and gradient components of
human language, most clearly instantiated in sign language
classifiers.

Still, owing in part to the partial resemblance between sign
language classifiers and some spoken language gestures,
recent research has argued that gestures should be

Fig. 16. A classifier representing a helicopter taking off (ASL
37, 2950d).
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reintegrated as essential components of linguistic studies. In
an influential programmatic article, Goldin-Meadow &
Brentari (2017) argued that sign language with iconicity
should be compared to spoken language with gestures rather
than to spoken language alone, a view that is increasingly
accepted in sign language and gesture studies alike.

One important difference requires mentioning, however.
As alluded to in our discussion of Fig. 6, in sign language
the signer’s egocentric perspective is primary, in the follow-
ing sense: when iconically depicting a scene he witnessed
but the addressee did not (so that space is not shared), () a
signer places objects as he sees them, and (%) the addressee
reconstructs the scene from the signer’s perspective (Pyers
et al., 2015). Correspondingly, in Fig. 6d-{, the small animate
entity classifier moving towards the signer’s left indicates that
the bee moved in that direction from the signer’s perspective.
Gesturers tend to also adopt an egocentric perspective in pro-
duction, but addressees (i.e. perceivers) need not adopt the
gesturer’s perspective, which may lead to misunderstandings
(Pyers et al., 2015). This difference must be neutralized in
order to compare gestures to signs. We will do so by creating
situations in which the gesturer and addressee are oriented in
the same direction, both facing the same scene (specifically,
watching the same show).

(2) Direction, duration and transposition in gestures
(@) Experimental method

Leaving aside repetition, which is a more general property of
sign and spoken language constructions, we might expect
that direction, duration and transposition can be found in
the iconic gestures of hearing non-signers. This is indeed
the case. We will now show using an experiment that three
key properties of the waggle dance (direction, duration,
transposition) can be replicated in certain manual gestures.
The experimental context involves a drone competition in
which the audience is asked to remain silent, so that commu-
nication among audience members has to occur by silent ges-
tures. On the stage, there is a drone pilot, Anne, who can aim
for one of six targets, as shown in Fig. 17. An audience mem-
ber is depicted, ecither facing in the same direction as Anne
(Fig. 17A), or facing in a different direction, rotated by 90°
either clockwise (Iig. 17B) or counterclockwise (thus totalling
three direction options). The audience member is communi-
cating information to their neighbour, who is watching the
same show and is thus oriented in the same direction (this
serves to neutralize potential differences between gestures
and signs regarding the way addressees interpret depictions).
The scene was designed with the following intention. In
the first case (Fig. 17A), the gesturer should depict the drone
pilot’s action without transposition. For instance, if the ges-
turer performs a long forward hand movement in the centre,
this should indicate that Anne should fly her drone upwards
in the figure, towards the highest target in the centre. In the
second case (Fig. 17B), in view of Anne’s orientation, which
1s orthogonal to the gesturer’s, the gesturer’s depiction is
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intended to be interpreted with transposition, adopting
Anne’s viewpoint. So if the gesturer performs a long forward
hand movement in the centre, this should indicate that Anne
should fly her drone rightwards in the figure, towards the
rightmost target in the centre.

Participants saw the following context description: The pub-
lic 1s asked to remain silent, for the players’ concentration. But someone
nonetheless asks their neighbour: ‘Where does Anne have to fly her drone?’
The man shown in the bottom video (an avatar) provides a
silent answer in gestures, using his hand to represent Anne’s
drone. The participant’s task was to click on the target
towards which, according to the gesturer, Anne should fly
her drone. In other words, the participants’ task was to inter-
pret the gesture as Anne’s neighbour would.

Three parameters are modulated in the experiment: the
direction of movement, as illustrated in Fig. 18 (see also A9
in Appendix S1); the duration of the movement; and the
audience member’s orientation relative to that of the drone
pilot, as already seen in Fig. 17. The gesture was performed
by an avatar, with the result that orientation and duration
are perfectly controlled from one condition to the next (this
would have been harder to achieve with a human model).

The last parameter (the avatar’s orientation relative to the
drone pilot) served to test transposition/viewpoint shift. In
Fig. 17A, the avatar’s gesture is interpreted without transpo-
sition as directly pointing towards the relevant target [for
Fig. 18, forward (A) or forward-rightward (B) from Anne’s
and the gesturer’s viewpoint]. In Fig. 17B, transposition is
needed: the avatar has a different orientation from Anne,
and thus its gestures only make sense if Anne’s viewpoint is
adopted to interpret them (with mental rotation).

The viewer’s task can be expected to involve different
levels of difficulty: transposition requires mental rotation,
which is certainly taxing; and duration is hard to interpret
in absolute terms, especially without knowing the drone’s
speed. By contrast, direction without transposition can be
expected to be easier.

(b) Results

Participants (N = 98) were presented with a sequence of trials
displaying the setting described above. The gesture in each
trial was composed of two meaningful components: Duration
(short/long, coding for near/far Distance) and Direction
(left/ centre/right). In addition, there could be a Rotation
of +90/-90/0° of the stage (with the drone pilot and its tar-
gets) relative to the gesturer. The sequence of trials was the
factorial of all features, totalling 2 X 3 X 3 = 18 trials. In a
first block of trials, each participant was presented with all
of these 18 trials in a randomized order. In a second block,
all of these trials were presented again, in the same order as
in the first block, anticipating a slower learning phase in par-
ticipants for duration and transposition.

After watching each gesture video, participants had to
select one of the six targets. We calculated average partici-
pant accuracy on the two gesture meanings: Direction
and Distance. To test for transposition, we calculated
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(A) No transposition needed

Anne is in a drone competition. The stage looks like this:

The public is asked to remain silent, for the players’ cor But

asks their neighbour:
"Where does Anne have to fly her drone?"

Click the video to watch the neighbor's answer. Then select a location on the stage.

Continue

15

(B) Transposition needed

Anne is in a drone competition. The stage looks like this:

The public is asked to remain silent, for the players’ ion. But someone r asks their nei
"Where does Anne have to fly her drone?"

Click the video to watch the neighbor's answer. Then select a location on the stage.

Continue

Fig. 17. Screenshots of the drone experiment. For a video with different trials demonstrating the expected answers, see: https://

youtu.be/ITHYEacCpc8

(A) forward movement

(B) forward-rightward movement

Fig. 18. Two examples of manual gesture direction made by the avatar in our drone experiment.

accuracy for correct Direction answers separately; once for
the two Rotation conditions: 90 and —90° degrees (transpo-
sition) and once for the 0° condition (no transposition).
Distance accuracy was calculated over all Rotation angles.
We calculated significance (P < 0.01) compared to a
chance baseline to check if participants significantly suc-
ceeded at detection of the relevant meanings in gesture.
Chance was obtained by bootstrap: calculating target metrics
on shuffled versions of the participants’ actual responses.
The experiment setup and analysis were preregistered at
https://osf.i0/z5ca4, where all code also can be found.
Mean accuracy for Direction without transposition was
76.2% (compared to a 1/3 chance baseline); and 62.67%
for Direction with transposition (compared to chance
1/3). Mean accuracy for Distance also passed the signifi-
cance threshold compared to the chance baseline (52.6%
compared to 50%), but it did so by a smaller margin. This

is in part due to participants ignoring this dimension alto-
gether (e.g. eight participants responded ‘long’ for 36 out
of 36 items; an additional six participants responded ‘long’
35736 times). We hypothesize that this could be related to
the duration of the gesture, which is potentially hard
to detect, or at least hard to interpret without an explicit
point of comparison, something we also found in our ASL
data, where our consultants were instructed to interpret sen-
tences contrastively within a paradigm (note also that the
modulation of classifier duration was arguably less natural
than that of classifier direction).

(3) Taking stock

After observing that key properties of the waggle dance can
be found in sign language classifiers, we showed that similar
properties can also be found in some iconic gestures. While
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our detailed sign language data were obtained from just two
consultants (and co-authors), our gestural data were less
detailed but more controlled, both in terms of stimuli
(as the gesture was produced by an avatar) and data collec-
tion (experimental). The results fully dovetail with those of
ASL classifiers: in our target examples, direction, duration
and transposition are strongly reminiscent of the waggle
dance. We did not test repetition because it seems to be a
more general property of spoken and sign language expres-
sions alike.

We conclude that the waggle dance 1s an iconic system that
has a close relative in an unquestionable subpart of human
language, namely sign language classifiers, and in iconic ges-
tures, which are increasingly considered as essential compo-
nents of language in linguistic research. These similarities
should not obscure important differences, in particularly
the fact that (7) sign language classifiers (and iconic gestures)
can describe many more things that just direction and dura-
tion, (i2) viewpoint shift is more flexible and context depen-
dent than bee dance transposition, and (i) classifier and
gesture duration is interpreted in comparative (and context-
dependent) terms, whereas bee dance duration is directly
mapped to food distance.

VI. ANCESTRAL ICONICITY: PRIMITIVE
WAGGLE DANCES

The waggle dance and sign language classifiers can thus be
seen as different instantiations of an abstract iconic system.
Their similarities are certainly not due to common descent.
First, this is implausible because the most recent ancestor of
humans and bees lived approximately 686 million years
ago (e.g. Kumar ¢ al., 2022). Second, the waggle dance is a
relatively recent innovation, dated to approximately 20 mil-
lion years ago (I’Anson Price & Griiter, 2015), and it is only
found in one subfamily among bee species. Much older bee
ancestors probably did not have the waggle dance, and there
is no argument for the existence of an iconic system in them.
For instance, the most recent ancestor of the large group of
bees with a pollen basket (corbiculates, which include danc-
ing bees) lived approximately 80 million vyears ago
(Cardinal & Danforth, 2011) and certainly did not have a
waggle dance.

The human incarnation of iconic signs and gestures 1s cur-
rently very difficult to date (see also A10 in Appendix S1). By
contrast, the waggle dance can be reconstructed over millions
of years, with exciting new questions about the nature of the
ancestral (original) waggle dance.

(1) What was the ancestral waggle dance?

I’Anson Price & Griiter (2015, p. 5) argue that the waggle dance
is at least 20 million years old: ‘Extant honey bees diverged in
the early Miocene (ca. 20 million years ago) (Engel, 2006;
Cardinal & Danforth, 2011; Cardinal, Straka &
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Danforth, 2010). Because all extant species use the “dance lan-
guage”, we can be confident that their common ancestor also
used a dance-based communication system (Oldroyd &
Wongsiri, 2006; Raffiudin & Crozier, 2007). This provides a
lower bound of ¢ca. 20 million years before present for the evolu-
tion of the “dance language’. We also note that all bee species
with a vertical dance exhibit the same transposition mechanism,
despite the fact that other transposition mechanisms could be
mmagined and are observed in other insects (see also All in
Appendix S1). This strengthens the case that vertical dancing
with transposition emerged only once in the phylogeny.

But an important question remains open: which type of
dance came first: the horizontal dance, without transposition,
or the vertical dance, with transposition (here we follow the
framing of Schlenker et al., 2025b)? Several researchers,
including Lindauer (1956), von Frisch (1967, e.g. p. 304)
and Menzel (2019), suggested that the horizontal dance,
which points directly towards the food source, was more
primitive than the vertical dance, which involves transposi-
tion. There are two potential reasons for this idea. One is
cognitive, as direct indication of direction is simpler and thus
‘more primitive’ than indication with transposition (e.g. von
Frisch, 1967, p. 304). A second reason is concerned with the
asymmetry mentioned above: several bee species that dance
vertically (Apis dorsata, Apis cerana, Apis mellifera) can switch to
a (directly pointing) horizontal dance, but Apis florea, which
has a horizontal dance, does not adopt transposition when
forced to dance vertically. This suggests that vertically danc-
ing bees preserved an ability that was ancestral, namely hor-
izontal dancing without transposition (e.g. Dyer, 1987).
However, extant bee phylogenies in fact leave the question
open, as we will see below.

(2) Comparing phylogenies

We sought to investigate the question of whether the ances-
tral dance was vertical or horizontal more systematically by
comparing the different available phylogenies, as summa-
rized in Fig. 19.

Raffiudin & Crozier (2007) (Fig. 19A) wrote: ‘there
has been disagreement about whether the horizontal
(Lindauer, 1961) or the vertical (Koeniger, 1976) dance form
was the ancestral characteristic’ (p. 544). But their own
results ‘give strong support to the ancestral honey bee nesting
in the open’ (probability 98%), and ‘more likely than not’
having a silent waggle dance (probability 54%), a vertical direc-
tional dance (probability 67%) and a single comb (probability
69%) (p. 549).

A more recent phylogeny from Hedtke, Patiny & Danforth
(2013) crucially positions Apis dorsata differently in the tree
(Fig. 19B). There are eight species for which Raffiudin &
Crozier (2007) provide information about their dance, of
which seven are present in this phylogeny. We obtained a
99.7% probability that the common ancestor of these seven
species danced vertically (see also A12 in Appendix S1).

Finally, we consider the most recent phylogeny from
Almeida et al. (2023) (Fig. 19C). It contains four of the eight
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A B

Results from Raffiudin & Crozier (2007) New results with:

- Raffiudin & Crozier (2007) for H vs V labelling
- More recent phylogeny from Hedtke et al (2013)

(https://link.springer.com/article/10.1186/1471-2148-13-138)

B. terrestris

7. fimbriata
100

M. bicolor

100%

20.97 .
Ll_
 m—OJAT]

vertical
A. laboriosa
1.00
A d. binghami
Lo
99.7%
[— A florea vertical
21.00
vertical A. andreniformis o

Probabilities can be found in Table 5, column 1.3 of of the source article.
The species/traits can be found in Table 2 of the source article.

V Apis cerana

V Apis nigrocincta

V Apis mellifera

Apis laboriosa (V dance) was not included in this phylogeny
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C

New results with:
- Raffiudin & Crozier (2007) for H vs V labelling
- More recent phylogeny from Almeida et al (2023)

V Apis dorsata
H Apis florea
HApis florea
H Apis andreniformis ® V Apis dorsata
V Apis koschevnikovi

V Apis mellifera

V Apis cerana

Few of the relevant species appear in this phylogeny
Crucially, Apis dorsata is positioned as in Raffiudin & Crozier (2007)

Fig. 19. Different phylogenies and the ancestral nature of the vertical dance. H = horizontal dance only; V = vertical dance.

species with dance information from Raffiudin & Crozier
(2007), and crucially positions Apus dorsata in the same posi-
tion as in Raffiudin & Crozier (2007). Accordingly, we
obtained a 67% probability that the most recent common
ancestor danced vertically.

In sum, there is a significant chance that the ancestral spe-
cies danced vertically 20 million years ago. Depending on the
position of Apis dorsata in the history of the species, support
increases from 67% to 99%. Collecting data on the dance
of more species could help refine the conclusion. However,
the near-consensus in the literature that the original dance
was horizontal might have to be revisited.

(3) How the vertical dance might have emerged first

If the vertical dance was ancestral, it remains to ask how it
could have emerged. This is non-trivial because the vertical
dance had to involve transposition, which is intuitively more
complex to interpret than a dance without transposition.

A remarkable suggestion was made by several researchers,
in particular von Frisch (1967, e.g. pp. 327-328), Lin-
dauer (1971, p. 85), and Menzel (2019): a dance behaviour
may exist in species without the corresponding signal. In
Menzel’s words (Menzel, 2019, p. 2), ‘the most basic compo-
nent is thought to be food-induced arousal, seen, for exam-
ple, in the circling “dances” of the fly Phorma regina (...).
Hungry flies run around a droplet of sugar water and con-
tinue performing such “dances” even when the sugar droplet
1s removed.” Crucially, ‘when the surface is tilted from hori-
zontal to vertical, they transfer the elongated runs they do,
relative to light on the horizontal surface, to the upward
direction on the vertical surface’ (p. 2). von Frisch (1967)
cited related transposition mechanisms in ants (Myrmica rugi-
nodis, Lasius niger), ladybirds (Coccinella septempunctata), and
dung beetles (Geotrupes silvaticus) (p. 326). von Frisch further
noted that there is, more generally, a ‘biologically meaning-
ful’ connection between orientation to light and to gravity:

bumblebees flying out into the open from their subterranean
nest seek the light, but when displaced on a vertical surface
(on their way into the open), they seek to go upwards, into
the open (von Frisch, 1967, p. 327).

von Frisch (1967, p. 328) concluded that ‘the phylogenetic
step from the direct indication of direction to its transposition
was facilitated by the fact that this capability is a primary pos-
session of many insects’. But since this capability seems likely
to have been present in the common ancestor of all dancing
bees, it could also explain why transposition was available
‘from the start’, so to speak.

Still, if the vertical dance emerged first, a puzzle must be
addressed. Why can vertically dancing bees have an ability
to dance horizontally, without transposition? By contrast,
why did horizontally dancing bees not preserve the ancestral
ability to dance vertically, without transposition?

An alternative scenario might reconcile these conflicting
arguments. The original dance could be horizontal but more
ancient, having emerged some time before the most recent
common ancestor of modern bees. Vertical dancing with
transposition might have emerged after horizontal dancing,
but still before the most recent common ancestor. Vertical
dancing then survived into most modern species, but was lost
on the branch leading to the last common ancestor of Apis
Sflorea and Apis andrensforms.

The question is thus open and both hypotheses (horizontal
versus vertical ancestral dance) should be investigated in
future research. A summary of the arguments for and against
these two main hypotheses (horizontal first versus vertical first)
appears in Table 2.

VII. FUTURE DIRECTIONS

Our comparative discussion of the waggle dance and of
iconic constructions of sign language should be seen as a
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Table 2. Arguments regarding the nature of the ancestral wag-
gle dance.

Hypothesis
Arguments they Reasoning
support
Cognitive complexity ~ Horizontal =~ The horizontal dance is

first cognitively simpler than
the vertical dance
because the latter
involves transposition.

Vertically dancing bees (4.
dorsata, A. cerana, A.
mellifera) can switch to a
horizontal dance
without transposition.
The horizontally
dancing bee A. florea
never uses transposition.
This can be explained if
vertical dancing is a
later innovation and
horizontal dancing was
preserved after the

‘Bilingualism’ (species ~ Horizontal
that have two first
modes of dancing)

innovation.
Phylogenies Vertical Extant phylogenies give a
first probability between

67% and 99% that the
most recent common
ancestor danced
vertically.

contribution to a more general typology of iconic systems in
nature, with a precise delineation of the operations (such as
Duration, Direction, Transposition and Repetition) that are
or are not found in different species, including humans. Ico-
nicity is not a monolith (Greenberg, 2023), and a precise for-
mal approach could give rise to an articulated typology. The
extraordinary strength of bee research was to show with great
clarity that, along three dimensions, gradient modifications
of form lead to gradient modifications of meaning. Evidenc-
ing similar gradient effects in further species would be an
important contribution to a general typology of iconic oper-
ations in nature.

In the case of bees, the evolutionary history of the waggle
dance should be revisited. On the standard view, the hori-
zontal dance was ancestral, in the sense of being present in
the most recent common ancestor of extant dancing bees,
and the vertical dance was a later development. In some phy-
logenies (see Fig. 19A,C), transposition might have evolved
only once among bees, in the common ancestor of vertically
dancing bees. On an alternative view, the vertical dance was
ancestral, and the mechanism of transposition might have
existed at that point or much earlier, as suggested by the exis-
tence of transposing mechanisms in insects without a dance.
What is surprising is that ancestral vertically dancing bees
could likely dance horizontally as well; this might suggest that
a horizontal dance existed at that point or earlier (potentially,
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before the most recent common ancestor of all extant danc-
ing bees). This open question should be investigated in
greater detail. More generally, future research should seck
to retrace the evolutionary history of the key properties of
the waggle dance (not just Transposition, but also Duration,
Direction and Repetition).

VIII. CONCLUSIONS

(1) The view that the waggle dance lacks interesting proper-
ties of human language is erroneous. Although human lan-
guage has a discrete, symbolic module that is entirely
different from the waggle dance, it also contains rich iconic
constructions, notably sign language classifiers, which have
important properties in common with the waggle dance.

(2) Specifically, in sign language classifiers and in iconic ges-
tures, duration and direction are interpreted gradiently, and
viewpoint shift (a more general form of transposition) can be
effected. In addition, throughout human language and prob-
ably animal communication, repetition can be used to con-
vey greater importance or urgency. Four key properties of
the waggle dance are thus exemplified in human language.
(3) von Frisch’s use of the term ‘dance language of bees’
makes sense: while the waggle dance differs from the discrete
core of human language, it bears a striking similarity to con-
structions found 1in its iconic module.

(4) The evolutionary history of the waggle dance shows that
a sophisticated iconic system existed in nature at least 20 mil-
lion years ago.

(5) While the accepted view is that the dance without view-
point shift was ancestral, a more detailed analysis of extant
phylogenies suggests that the vertical dance might well have
been ancestral.

(6) The existence of pre-adaptations might have guaranteed
that transposition (viewpoint shift) was available from the
start, thus explaining why the apparently more complex
dance might have emerged first.
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