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Humans are uniquely endowed with the ability
to engage in accurate, high-momentum throw-
ing. Underlying this ability is a unique morpho-
logical adaptation that enables the characteristic
rotation of the arm and pelvis. What is unknown
is whether the psychological mechanisms that
accompany the act of throwing are also uniquely
human. Here we explore this problem by asking
whether free-ranging rhesus monkeys (Macaca
mulatta), which lack both the morphological
and neural structures to throw, nonetheless
recognize the functional properties of throwing.
Rhesus not only understand that human throw-
ing represents a threat, but that some aspects of
a throwing event are more relevant than others;
specifically, rhesus are sensitive to the
kinematics, direction and speed of the rotating
arm, the direction of the thrower’s eye gaze and
the object thrown. These results suggest that the
capacity to throw did not coevolve with psycho-
logical mechanisms that accompany throwing;
rather, this capacity may have built upon pre-
existing perceptual processes. These results are
consistent with a growing body of work showing
that non-human animals often exhibit percep-
tual competencies that do not show up in their
motor responses, suggesting evolutionary dis-
sociations between the systems of perception
that provide understanding of the world and
those that mediate action on the world.
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1. INTRODUCTION
Humans, but not other animals, are endowed with
the capacity for accurate, high-momentum throwing,
a morphological specialization with highly significant
adaptive consequences in fighting and prey capture.
Furthermore, evolutionary biologists and neuroscien-
tists have suggested that the evolution of throwing
abilities has resulted in neural changes linked to fine
motor control. These changes, in turn, have enabled
the evolution of a suite of uniquely human abilities
such as language, music, technological virtuosity and
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non-kin cooperation (Calvin 1983; Bingham 1999).
An assumption underlying this theoretical framework
is that the capacity to throw coevolved with the
psychological mechanisms that allow observers to
interpret or understand throwing, including details of
the motion and object thrown. An alternative
hypothesis is that the capacity to throw evolved
independently of these psychological mechanisms. On
this view, non-human animals that lack the muscula-
ture and neural machinery to throw would none-
theless be capable of reasoning about someone who
can throw.

Decoupling systems of motor output from systems of
perception or comprehension have proved invaluable in
evolutionary, developmental and neurobiological
studies, focused on language, music, tool use and
mathematics. For example, non-human animals can
compute algebraic rules and non-adjacent relationships,
aspects that enter into human language processing, but
never appear in non-human animals’ natural commu-
nicative repertories (Hauser et al. 2002; Newport et al.
2004). Thus, these capacities did not evolve specifically
for human language, but rather, reflect general pro-
cesses of the primate auditory and conceptual systems.
Similarly, though animals never create explicit numeri-
cal symbols or their operators, they compute numeros-
ities using non-linguistic computational mechanisms
(Brannon & Terrace 1998). These results highlight the
point that the absence of a particular motor pattern in a
given species need not indicate a deficiency in this
species’ ability to understand the pattern when gener-
ated by someone or something else. This general point
leads to the specific question motivating the present
study: does our unique throwing ability depend on both
uniquely human motor and perceptual capacities or did
these two aspects of throwing evolve independently? If
they evolved independently, then non-human animals
lacking the capacity to throw may nonetheless under-
stand and reason correctly about observed throwing
actions. We test this hypothesis by exploring how a non-
throwing primate, the rhesus monkey (Macaca
mulatta), responds to the act of throwing by a human,
as well as to the changes to various properties of
the throw.
2. MATERIAL AND METHODS
We tested adult rhesus monkeys living on the island of Cayo
Santiago, Puerto Rico. These individuals have some experience
with humans throwing overhand, as this action is deployed in cases
where an animal threatens an experimenter, and the experimenter
throws but never hits the individual with a small rock. None of the
authors in the present study have ever seen a researcher on
the island throw any other way than overhand, and for one of the
authors (M.D.H.), observations go back to 1987. Although this
does not mean that these rhesus have never witnessed another type
of throwing action (e.g. underhand), their predominant experience
is with overhand throwing.

In each condition, we tested 20 monkeys, each recognized by
distinctive ear notches and tattoos. For each trial, an experimenter
approached to 10 m of a lone monkey and set up a video camera.
Once the subject was attending, the experimenter performed the
throwing action. In the initial condition, this involved showing a
rock held in one hand and initiating a complete throwing action,
but without releasing the rock. The dependent measure for all
conditions was the subject’s displacement from the starting
position to 0.5 m or more; this is a measure of avoidance
associated with the detection of a potential threat (Walk et al.
1957; Schiff et al. 1962). Two coders scored all of the trials from
video recordings; trials were excluded from the final analysis when
the coders disagreed.
This journal is q 2007 The Royal Society
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Figure 1. Sample frames from the subject’s point of view of the throwing actions.

Evolution of throwing J. N. Wood et al. 361
(a) Description of throws

(i) Overhand throw. The experimenter performed an overhand
throwing motion towards the subject (figure 1).

(ii) Preparation phase only. The experimenter moved his arm up
and away from the subject.

(iii) Preparation and rotation phases. The experimenter moved his
arm up and away from the subject and then moved his arm
forward towards the subject.

(iv) Extension phase only. The experimenter extended his fore-
arm towards the subject.

(v) Underhand throw. The experimenter performed an under-
hand throwing motion towards the subject.

(vi) Overhand (off target). The experimenter began the throw
looking at the subject with his body facing 908 away. He
then performed the overhand throwing motion 908 away
from the subject.

(vii) Push. The experimenter moved his arm directly backwards
and then forward towards the subject.

(viii) Push (with preparation phase). This throw was the same as
the ‘push’ throw except the experimenter first moved his
arm up and away from the subject.

(ix) Overhand (slow motion). The experimenter performed the
overhand throw towards the subject at one-third of the
speed of the normal overhand throw.
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(x) No object. The experimenter showed the subject that his
hand was empty and then performed an overhand throwing
motion towards the subject.

(xi) Food object. The experimenter showed the subject an apple

in his hand and then performed an overhand throwing
motion towards the subject.

(xii) No attention. The experimenter ensured that the subject
was attending and then looked 908 away from the subject
and performed an overhand throw towards the subject.
3. RESULTS
Rhesus spontaneously evaluated throwing actions

according to the most functionally relevant properties

of the action. Eighty-five per cent of the subjects

showed the avoidance response to the complete over-

hand throw (figure 2b). In contrast, rhesus showed a

significantly lower level of avoidance to preparation

(30%), extension (35%) and preparation with

rotation (45%). Thus, rhesus are highly attentive to
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Figure 2. (a) (i) human performing the three phases of an overhand throw: preparation; rotation; and extension. (ii) a rhesus
monkey. (b) Percentage of avoidance to: (i), the three phases of throwing and to the complete overhand throw; (ii), the
throwing actions testing trajectory, direction, torque and speed; and (iii), the throwing action testing the presence of an
object, the type of object and visual attention. (c) Percentage of subjects showing any type of agitation to the same throws.
Grey bars signify statistically significant differences compared with the complete overhand throw with a rock (chi-square,
two-tailed predictions); ���p!0.001; ��p!0.01; �p!0.05.
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the kinematics of throwing, responding most strongly

when all the three phases emerge in succession.

Rhesus responded with the same level of avoidance

to the relatively unfamiliar underhand throw (85%) as

they did to the familiar overhand throw. In contrast,

they showed significantly less avoidance to the ‘pushing’

throw (10%), a motion that lacks sufficient torque to

serve as a threat. This reduction in avoidance held even

when the pushing throw was preceded by the prep-

aration phase of the throw (45%). Rhesus also showed

significantly less avoidance to the familiar overhand

throw performed at slower speed (35%) or in a different

direction from the subject (50%), as well as when the
Biol. Lett. (2007)
experimenter performed the overhand throw with an

empty hand (15%) or a soft food object (5%), all of

which signify little threat. Finally, rhesus perceived an

overhand throw as less threatening when the

experimenter looked away from the subject (20%),

suggesting that they understand that in order to throw

accurately, one must direct visual attention towards the

target goal.

To provide an additional response measure, we

asked whether subjects showed any visible sign of

agitation to the throws. We counted an agitation

response as (i) any type of visible startle, (ii) threaten-

ing behaviour towards the experimenter, (iii) any sign
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of fear (i.e. fear grimace, turning away from the
experimenter), or (iv) standing or moving away. To
be included, these behaviours needed to occur within
2 s of completing the throw. Coding the data using
this more sensitive measure led to the same quali-
tative pattern of behaviour towards the various throws
as described above (figure 2c).
4. DISCUSSION
The goal of the present study was to ask whether the
capacity to throw coevolved with the psychological
mechanisms that accompany throwing. Surprisingly,
our results show that despite the fact that rhesus
monkeys cannot throw themselves, they nevertheless
respond correctly to observed throwing actions. In
comparison to the overhand throw performed with a
rock, rhesus showed significantly less avoidance to the
throwing actions when the kinematics, trajectory,
speed or direction of the rotating arm were changed
such that the throw no longer represented a threat to
the subject. Furthermore, rhesus showed less avoid-
ance to the overhand throw when it was performed
with an empty hand or a soft food object, as well as
when the experimenter was looking away from the
target location. Thus, rhesus were responding not
only to learned associations between throwing
motions and negative consequences, because many of
these throws were nearly identical in motion, but
nonetheless yielded different behavioural responses.
Instead, our results suggest that rhesus evaluate
throwing events by parsing them into at least three
relevant components: the kinematics of the motor
action; the thrower’s attention; and the object held.

Because rhesus monkeys do not throw themselves
and seem to lack the morphological structures that
support throwing, we conclude that at least some of
the psychological mechanisms that accompany
human throwing abilities built upon pre-existing
capacities that evolved for other domains, such as
spatial reasoning, social interaction and object rep-
resentation. This conclusion does not rule out the
possibility that once the motor programmes and
relevant anatomy for throwing evolved, the capacities
to comprehend throwing underwent a further round
of evolution and fine tuning. However, prior to this
potential evolutionary refinement, our species was
equipped with perceptual and conceptual
mechanisms that allowed observers to evaluate
actions that they could not produce themselves.

These results can be interpreted as challenging a
currently dominant position in philosophy and neuro-
science that interprets the capacity to understand the
semantics of observed actions (i.e. the agent’s inten-
tions and goals) as intimately connected with the
ability to produce these actions, an interpretation
supported by mirror neurons in the premotor cortex
that respond to both the observation and production
of actions (Rizzolatti & Craighero 2004). Our results
force a rejection of the strong version of this claim: if
understanding of an action only comes from the ability
to perform the action, then rhesus monkeys, lacking
the ability to throw, should not have the ability to
understand the meaning and functional properties of
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throwing. The data presented leave little room to
question their understanding, even though many ques-
tions remain concerning how this knowledge is
acquired, whether it is shared with more distantly
related species, and its underlying neural substrates.
One possibility is that despite the fact that non-human
animals cannot throw, the motor system nonetheless
plays some role in reasoning about observed throwing
(Ferrari et al. 2005). An alternate possibility is that
primates access separate mechanisms, with distinct
neural substrates (Buccino et al. 2004), for under-
standing the meaning of actions within and beyond
their own motor repertoire. Independent of these
competing hypotheses, our results show that non-
human primates are able to make spontaneous, rapid
and accurate inferences about the potential outcomes
of actions that fall unambiguously outside of both their
natural and potential motor repertoires.

In sum, our results build on a growing body of work
showing that in several domains of knowledge, animals
have rich conceptual representations that guide percep-
tion and categorization in the absence of matched and
coordinated capacities for motor output. These dis-
sociations may correspond to the separate ventral and
dorsal neural pathways which guide visual perception
and vision for action, respectively, and appear to have
evolved separately (Milner & Goodale 2006). Based on
these evolutionary dissociations between the systems of
perception that provide understanding of the world and
those that mediate action on the world, we propose that
the evolutionary origins of many uniquely human
capacities can be understood partially in terms of
evolved processes for integrating information between
perception and action.
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