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In-Air Auditory Psychophysics and the Management of a 
Threatened Carnivore, the Polar Bear (Ursus maritimus)

Megan A. Owen
Institute for Conservation Research, San Diego Zoo Global, U.S.A.

Ann E. Bowles
Hubbs-SeaWorld Research Institute, U.S.A.

Management criteria for preventing biologically-significant noise disturbance in large terrestrial 
mammals have not been developed based on a sound, empirical understanding of their sensory 
ecology. Polar bear (Ursus maritimus) maternal denning areas on the coastal plain of AlaskaÕs North 
Slope hold large petroleum reserves and will be subject to increased development in the future. 
Anthropogenic noise could adversely affect polar bears by disrupting intra-specific communication, 
altering habitat use, or causing behavioral and physiological stress. However, little is known about 
the hearing of any large, carnivorous mammal, including bears; so, management criteria currently in 
use to protect denning female polar bears may or may not be proportionate and effective. As part of a 
comprehensive effort to develop efficient, defensible criteria we used behavioral psychoacoustic 
methods to test in-air hearing sensitivity of five polar bears at frequencies between 125 Hz and 31.5 
kHz. Results showed best sensitivity between 8 and 14 kHz. Sensitivity declined sharply between 14 
and 25 kHz, suggesting an upper limit of hearing 10-20 kHz below that of small carnivores. Low 
frequency sensitivity was comparable to that of the domestic dog, and a decline in functional hearing 
was observed at 125 Hz. Thresholds will be used to develop efficient exposure metrics, which will be 
needed increasingly as the Arctic is developed and effects of disturbance are intensified by 
anticipated declines in polar bear health and reproduction associated with climate change driven sea 
ice losses. 

Petroleum extraction and other human activities on AlaskaÕs North Slope 
overlap spatially and temporally with polar bear maternal denning habitat and the 
sensitive peri-partum and emergence periods (Durner, Amstrup, & Ambrosius, 
2006). Substantial noise is associated with these activities and U.S. wildlife 
managers have raised concerns regarding the impact of noise disturbance on 
parturient female bears (Manci, Gladwin, Villella, & Cavendish, 1988; Perham 
2005). At present there are no empirically-based, standardized criteria available to 
protect any large terrestrial mammal from noise.

The suspected effects of anthropogenic noise on wildlife are varied 
(Larkin, Pater, & Tazik, 1996; Richardson, Greene, Malme, & Thompson, 1995) 
but can be separated broadly into auditory and non-auditory effects. Under free-
ranging in-air conditions, exposure to sufficient noise to cause hearing loss has yet 
to be documented in wildlife habitat. Historically, the major concern for bears has 
been that noise could stimulate den abandonment (e.g., Manci et al., 1988), which 
can cause cub mortality (Amstrup, 1993; Linnell, Swenson, Andersen, & Barnes, 
2000). However, systematic attempts to measure the rate of abandonment have 
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suggested that this response is rare, particularly in the absence of direct intrusion 
into the den (Amstrup, 1993; Linnell et al., 2000). However, these observations do 
not rule out behavioral and physiological responses that could act cumulatively to 
cause biologically-significant effects.

Research to detect biologically-significant, population-level effects of 
noise is challenging. Only now is evidence of population-level effects mounting 
for communities of nesting birds exposed to high-duty cycle broadband noise 
(Francis, Ortega, & Cruz, 2009; Habib, Bayne, & Boutin, 2007). The vulnerability 
of large terrestrial carnivores to population-level effects is unclear because very 
little is known of their sensory ecology or responses to noise (Barber, Crooks, & 
Fristrup, 2009; Bowles, 1995). In particular, the only in-den behaviors of free-
ranging polar bears that have been measured in the presence of noisy disturbances 
are general activity levels (Amstrup, 1993). Details, such as in-den maternal care 
patterns have yet to be described in the absence of disturbance, let alone in its 
presence. In addition, acoustic characteristics of disturbance have not been 
measured simultaneously with behavior in any bear species. 

There are limited data on noise effects from another Arctic carnivore that 
raises its young in a subnivean lair, the ringed seal (Phoca hispida). However, 
although the ringed seal data are a useful point of reference, they can only be 
generalized to bears after considering contextual and life-history differences. 
Ringed seals have responded with escape to helicopter overflights in two studies 
(Blackwell, Lawson, & Williams, 2004; Born, Riget, Dietz, & Andriashek, 1999), 
but other observations suggest that they can habituate to high-amplitude transient
sources (Blackwell, Lawson, et al., 2004). Therefore, exposure type, experience, 
and context must be considered. The data were collected on ringed seals hauled on 
ice or swimming in water, where the strategic choices are very different from those 
of a mother in a lair with a pup. Cummings, Holliday, and Lee (1986) detected 
sounds produced by ringed seals inside a lair in the presence and absence of 
seismic exploration noise using a hydrophone array, transmitted primarily through 
the water or ice. They found no change in acoustic behaviors, but did not expose 
the seals to helicopter overflights or other vehicular traffic. 

These observations suggest that the type of source, experience, and context 
can alter responses and therefore risks. In addition, life-history and strategic 
options of ringed seals and polar bears differ substantially. Approximately 25% of 
ringed seal dens are opened by predators, principally polar bears (Furgal, Innes, & 
Kovacs, 1996), exerting a strong selective pressure in favor of escape behaviors. 
Polar bears, on the other hand, are attacked in their dens only rarely (Amstrup, 
Stirling, Smith, Perham, & Thieman, 2006). Ringed seals can easily escape their 
dens by diving into the water, whereas polar bears have no convenient exit and 
rarely come out until spring emergence (Smith, Partridge, Amstrup, & Schliebe, 
2007). Amstrup (1993) provided data from activity sensors on radio-collars and 
documented no long-term increases in activity during exposures to vehicular 
traffic. However, without information on received sound in the den or polar bear 
auditory capabilities, it is difficult to interpret these results. 

Review of the scientific literature (Barber et al., 2009; Bowles, 1995; 
Southall et al., 2007) shows that the above summary is typical of efforts to evaluate 
the risks of noise exposure on a given species. Typically, the research is conducted 
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without the benefit of standardized procedures (Pater, Grubb, & Delaney, 2006) 
and for heterogeneous purposes. Broadly, three types of information are needed to 
make a defensible evaluation of the potential for biologically-significant effects –
what stimuli the animal received, the context of the exposure, and the behavioral 
and physiological strategies the animal uses when threatened (Frid & Dill, 2002). 
Noise is not only a disturbance, but it is also a source of information. The receiver 
needs this information to determine which strategy should be adopted from a pool 
of possible behavioral and physiological responses. 

Evidence like that of Blackwell, Lawson, et al. (2004) is common in 
disturbance studies involving large, intelligent mammals – animals modulate their 
behavioral responses to minimize the impact to themselves (Ydenberg & Dill, 
1986). A denning polar bear has a variety of strategic choices when confronted 
with a noisy disturbance, which will be based on the acoustic information she 
receives while in the den, including source proximity, direction of travel, whether 
or not the source is familiar and predictable, and the likelihood that it will get close 
enough to invade the den. Noise also has the potential to mask biologically-
important sounds within the den. The most basic information needed to evaluate 
the potential for any of these noise effects is the psychophysical capabilities of the 
receiver. 

Among the potential biologically-significant effects of noise for which 
there is at least some evidence (Barber et al., 2009; Bowles, 1995) are (1) 
increased arousal, which has the potential for energetic effects and sleep 
disruption, (2) masking or modification of biologically-important acoustic signals, 
(3) distraction or movements that could put the listener at risk (e.g., risk of 
predation), (4) changes in habitat use and time-activity budgets, and (5) stress 
exceeding an individual’s natural allostatic scope (McEwen & Wingfield, 2003).

Currently, regulatory and natural buffer zones protect denning polar bears. 
U.S. federal regulations require a 1-mile buffer zone around active polar bear dens 
(Perham, 2005) and the subnivean construction of maternal dens provides a degree 
of acoustic isolation (Blix & Lentfer, 1992). Current guidelines are characterized 
as ‘conservative’ in National Environmental Policy Act (NEPA) and regulatory 
documents, but this obscures an absence of evidence – there is no proof that the 
current guidelines are consistently protective and proportional to the potential for 
effects. The state-of-the-art method for locating dens, forward-looking infrared 
(FLIR) technology, is not perfectly efficient and requires well-trained observers 
and optimal weather conditions (Amstrup, York, McDonald, Nielson, & Simac, 
2004). Also, unregulated noisy activities (e.g., hunting from snowmobiles) can 
occur in the vicinity of dens. As a result, denning females can be exposed to high-
amplitude disturbances at close range even in regulated areas. 

Noise-producing activities in the Arctic are expected to increase as the 
climate changes (Prowse et al., 2009). Areas used by polar bears are attractive to 
industry, recreation, and transportation. Science-based noise exposure criteria will 
be needed if the impact of these activities is to be mitigated effectively. Metrics of 
noise exposure that correct for psychophysical characteristics are important 
elements of criteria used for humans because they are much more efficient than 
uncorrected metrics (e.g., Leatherwood, Sullivan, Shepherd, McCurdy, & Brown, 
2002). Therefore, we have begun to collect the needed psychoacoustic data as part 
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of a comprehensive effort to develop science-based noise exposure criteria for 
polar bears. A previous study of polar bear hearing using electrophysiological 
methods (i.e., auditory evoked potentials [AEP], Nachtigall et al., 2007) highlights 
the difficulties in getting good, biologically representative thresholds in the 
absence of comprehensive psychoacoustic data. Here we present behavioral 
audiograms for the polar bear, a first for any bear species, and discuss the 
management implications of these data.

Method

We used an adaptive behavioral procedure to measure the auditory thresholds of five polar 
bears, four females and one male, at two zoological facilities, the San Diego Zoo and Sea World San 
Diego. All bears were 12 years old at the time data collection was initiated. This age class reflects 
bears in the prime of their reproductive life (DeMaster & Stirling, 1981). All bears were in good 
health and had not been treated with high doses of potentially ototoxic drugs or exposed to unusually 
high noise levels. 

An adaptive Ôstep-down, step-upÕ presentation protocol (Nachtigall, Lemonds, & Roitblat, 
2000) was used to deliver shaped 500 ms tones to the bears at frequencies between 125 Hzand 31.5 
kHz (Fig. 1). Recordings were collected during every experiment to ensure that the bears could not 
detect stimulus onset using spurious cues such as clicks. Bears could not be moved into an isolated 
acoustic environment for testing and so were tested within their regular, off-exhibit holding 
environments. Custom-designed sound isolation materials (e.g., lead-lined acoustic curtains) were 
erected around the test spaces to isolate them from outside noise to the extent practicable and sources 
such as refrigeration units, air conditioning, and fluorescent lightingwere turned off . The combined 
noise reduction amounted to over 30 dB across the test range. Calibrated instrumentation 
microphones and recording systems were used to measure background levels after noise reduction. 
Experimental trials contaminated by uncontrollable transient noise (e.g., tour buses and airplanes) 
were repeated or eliminated. 

Tone delivery was controlled using a National Instruments system equipped with an NI-
PXI-8196 embedded controller and an NI-PXI-5922 two-channel highÐspeed digitizer (24-bit, 500 
kHz sampling rate). We recorded test signals with an ACO-7013 microphone to monitor test stimuli 
during every trial and during calibrations. Stimuli were generated by an NI-PXI-5421 Arbitrary 
Waveform Generator (100 MS/s, 16-bit), and a custom program written in NI-LabView. This 
program controlled sequences of presentations and collected response data. The noise floor of the 
system was measured in an IAC Sound Isolation Chamber before the start of trials. 

Stimuli were delivered simultaneously through two sets of speakers mounted 
approximately 46 cm from the bears on the mesh of their test cage. They were oriented toward the 
head of the subject when stationed. They consisted of a pair of Fostex FE-107E 4-in full range drivers 
(linear range 125 Hz to 5 kHz) and Fostex FT-17H Horn Super Tweeters (linear range 4 kHz - 50 
kHz). 

All subjects were na•ve to the training protocol at the start of experiments, which had to be 
completed within a set period (8 months in both facilities). Using positive reinforcement (food 
rewards), bears were trained to lie in a consistent location and place their noses on a marked target. 
Calibrated measurements of test stimuli were collected from this location weekly for every test 
stimulus to ensure that levels were delivered as expected and there were no spurious signals (e.g., 
pops or clicks) to indicate the onset of stimuli). The bears were trained to ÔbreakÕ this stationing 
response when they heard a 0.5 s tone (go, no-go response protocol). 

Each experimental trial had a 30% chance of being a catch (blank) trial. The bears were 
prone to distraction, a challenge that grew worse as the probability of a catch trial increased. We used 
the highest practicable rate. The rate of false positive responses during catch trials determined 
whether data from a block of trials was usable. False positive rates greater than 20% triggered the 
cessation of a trial. For the purposes of this discussion, we estimated thresholds by averaging the 
level of the last correct detection and the first incorrect detection in the downward leg of a step down-
step up series. Only the data from the downward leg were used as the bears tended to become 
distracted during the upward leg. 
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solid line) of mean (error bars = +/- SEM) hearing thresholds across 
2 polar bears at the San Diego Zoo and b) 3 bears at Sea World San Diego, and 

median ambient noise levels (dashed line) in the testing facility. (dB SPL= decibels sound pressure 

SEM) hearing thresholds across 
3 bears at Sea World San Diego, and 

= decibels sound pressure 
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Results

We report results from the two test facilities separately because ambient 
noise levels and reinforcement protocols in each facility differed somewhat. 
Measured thresholds at the San Diego Zoo were lowest between 6 and 14 kHz 
(Fig. 1), and 8 and 14 kHz at SeaWorld San Diego. Background noise approached 
the limits of the measurement system (averaging spectrum levels of -10 to -13 
decibels (dB) above 8 kHz at both facilities. The bear with the best average of 
reversals at 14 kHz had a threshold of -10 dB SPL. The rapid decline in sensitivity 
from 14 to 20 kHz, which was consistent among all subjects and well above the 
noise floor, can be interpreted as species-typical. Thus, our data show that the polar 
bearÕs upper limit of hearing is 10-20 kHz lower than that of the small terrestrial 
carnivores (Fig. 1) that have been tested (Fay, 1988).

Averaged reversal levels at 14 kHz ranged from -10 dB to 8 dB SPL. At 
125 Hz, the variability was greater, from 25 dB to 55 dB, consistent with the 
greater variability of noise at low frequencies (Fig. 1). The limits of performance 
of the bears were likely noise limited at the low end of the test frequency range, 
particularly in the noisier test space at SeaWorld. The lowest threshold measured 
in the quieter San Diego Zoo test space was comparable to measurements of dog 
absolute thresholds in sound conditioned spaces (e.g., Lippman & Grassi, 1942). 

Discussion

Our results are consistent with evidence that the auditory range of 
terrestrial mammals scales with body size, at least within broad taxonomic groups. 
Based on the mass of the brown bearÕs (Ursus arctos) middle ear bones (Nummela, 
1995), the upper limit of hearing of the polar bear is as expected for its size based 
on comparative studies of many terrestrial species (HemilŠ, Nummela, & Reuter, 
1995). No data are available on the auditory anatomy of the polar bear that would 
permit us to make the estimate directly. Data on pinnipeds, the only large 
carnivores for which there is adequate information on both anatomical 
specializations and psychophysics, cannot be generalized to the polar bear because 
their auditory anatomy, particularly the mass and shape of the ossicles in the 
middle ear, is specialized for a diving lifestyle (Nummela, 1995). 

Polar bears are semiaquatic marine mammals (Nummela, 2008). 
Therefore, they might be expected to have auditory specializations for underwater 
hearing. They are strong swimmers that travel long distances in the Arctic Ocean 
to get to and from hunting and denning habitat (Mauritzen et al., 2003). However, 
they are not aquatic in the sense of routinely diving for prey or navigating 
underwater in the manner of pinnipeds, sirenians, or marine mustelids, and they 
typically swim with their heads above water. Nearly all their prey is captured 
above water using visual and olfactory cues (Stirling, 1974). They have diverged 
only recently from an entirely terrestrial congener, the brown bear (Ursus arctos), 
with less than about 200,000 years of divergence (KuertŽn, 1964). Thus, the 
suggestion that they have auditory adaptations for an amphibious lifestyle must 
await supporting morphological data. Our results certainly indicate that, from a 
management perspective, dogs and other small mammals should not be treated as 
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good auditory models for the polar bear at the high end of the range, and possibly 
at the low end as well. 

The shape of the auditory threshold function is of importance for 
management because noise from industrial sources tends to be concentrated at low 
frequencies. There are few data on the in-air noise from industrial sources in Arctic 
habitats, but those that are available (Blackwell, Greene, & Richardson, 2004; 
MacGillivray, Hanny, & Perham, 2009) are consistent with a large body of data 
showing that human activities produce noise with greatest energy concentrated at 
frequencies below 5 kHz .

For polar bears, it will be essential to understand their psychophysical 
capabilities and at least the basics of their acoustic ecology before the effects of 
noise can be predicted properly. Outside the den, sound is an important source of 
information when it is dark, when sources are at a distance, and in areas where 
vision is obscured. From within a den, sound will be the most immediate and best 
source of information about events outside. However, nothing is known about how 
bears use sound in their environment. Masking from continuous human made noise 
has the potential to compromise important activities of polar bears such as hunting, 
navigation, communication and defense, and it can render a denning mother 
ÒblindÓ to events outside the den. Transient sounds can also have an effect. 
Although bears are often characterized as primarily olfactory hunters, their hearing 
is essential during the latter stages of a hunt because sound propagates more 
rapidly than scents. Cushing, Cushing, and Jonkel (1988) demonstrated the use of 
acoustic cues for localizing seals under ice and in sub-nivean lairs. Additionally, 
female bears must also be able to monitor the continuous ÔhummingÕ from cubs 
(Derocher, Van Parijs, & Wiig, 2010; Peters, Owen, & Rogers, 2007). Data on 
humming in bear cubs shows that most of the spectral energy is found below 2 kHz 
and the highest amplitude for this vocalization is found below 500 Hz (Peters et al., 
2007). Although the precise communicative significance of this vocalization is 
unknown, preliminary analyses in other bear species suggest that it may instigate 
behavioral or physiological facilitation of nursing in the hibernating mother (Peters 
et al., 2007).

Fischbach, Amstrup, and Douglas (2007) and Perham (2005) have 
emphasized the increasing potential for anthropogenic disturbance of females in 
land-based dens. Long-term radio-telemetry data have documented a significant 
increase over time in the proportion of pregnant females denning on land or 
landfast ice on the North Slope rather than on sea ice (Fischbach et al., 2007). 
Concentrations of these dens overlap extensively with active and proposed 
petroleum extraction activities, which are expected to increase as new petroleum 
reserves in Arctic Alaska are identified. In addition, recreational, shipping and 
fishing activities are expected to increase as the Northwest Passage becomes 
consistently ice-free during the summer. The type and frequency of noisy human 
disturbances can be expected to increase in association with these activities. 

Although it is now recognized that effects of anthropogenic disturbance 
must be interpreted in the context of an animalÕs natural defensive adaptations 
(Ydenberg & Dill, 1986), there are still no data-based assessments of noise effects 
on large wide-ranging mammals that would make such an analysis possible, e.g.,
the strategic decision point that would induce a female to abandon her den. Polar 
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bears may be more vulnerable than other bear species because the reproductive fast 
can last up to 8 months (Atkinson & Ramsay, 1995; Derocher & Stirling, 1998; 
Ramsay & Dunbrack, 1986), during which females can lose half their body weight. 
There is already documented nutritional stress in polar bears due to lost feeding 
opportunities associated with climate change-driven declines in sea ice cover in 
Alaska (Rode, Amstrup, & Regehr, 2007) and on the Western Hudson Bay 
(Stirling, Lunn, Iacozza, Elliot, & Obbard, 2004). Shorter reproductive intervals, 
fewer cubs surviving into their second year, and reduced juvenile weight (Rode et 
al., 2007) have been measured and correlated to these losses. If additional stressors 
are added, reproduction and survival could be further compromised. 

Management Implications

Effective mitigation, i.e., bridging the gap between the needs of the polar 
bear and those of industry, will require better predictive models of effect. The 
National Research Council has provided a conceptual framework for assessing 
biologically-significant behavioral effects of noise disturbance (National Research 
Council, 2000). Data on natural rates of disturbance in the den, the ecology of 
physiological and behavioral responses, and adequate samples of responses to 
noise are needed to determine whether bears experience effects such as additional, 
uncontrollable energetic expenditure or added reproductive stress when exposed to 
noisy activities. 

In light of evidence of the polar bearÕs threatened status (U.S. Department 
of the Interior, 2008), growing public concern, and commercial interests in polar 
bear habitat (Owen & Swaisgood, 2008), it is essential that defensible noise 
exposure criteria be developed. Future research should be designed to obtain data 
needed to develop criteria (Pater et al., 2006), including polar bear psychophysics, 
as described here; acoustic cues that penetrate into dens; the scope, costs, and 
benefits of defensive behaviors (e.g., arousal in response to noise); mechanisms for 
coping with noise masking; and natural and anthropogenic noise ÔbudgetsÕ in the 
habitat of free-ranging bears.
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Head and Foot Coordination in Head Scratching and Food 
Manipulation by Purple Swamp Hens (Porphyrio porphyrio): 
Rules for Minimizing the Computational Costs of Combining 

Movements from Multiple Parts of the Body

Sergio M. Pellis
University of Lethbridge, Canada

Complex movements, such as placing food into the mouth, involve coordinating multiple limb 
segments. Given the degrees of freedom for one limb segment, the computational costs of such 
complex movements can be high. One way to reduce such costs is to limit the adjusting movements 
needed to achieve coordination of distal body parts to only one part of the body. For example, for 
scratching the head, the hand or foot needs to make contact with the head and this involves 
movements of the head, neck and torso, as well as those of the foot and leg, or hand and arm. In this
situation, the foot or hand is raised to a specific location in space and then makes oscillatory 
movements, but it is movements by the head and neck that ensure appropriate contact is made with 
the head (Pellis, 2010). In this paper, whether such cost-saving rules apply across functional contexts 
is tested in the purple swamp hen by comparing head and foot coordination during head scratching 
and during food reaching and handling. This species uses its foot to grasp and hold a wide range of 
food items that are picked up in its bill. Comparison of hundreds of videotaped sequences revealed 
that, in both cases, the bird uses the same rule: that of making the accommodating movements with 
only one of those body parts, even when coordination requires movements of disparate parts of the 
body. These data show that there are likely common computational cost-saving rules that widely 
apply to movements occurring in many different functional contexts.

In many life and death situations, such as when evading a predatorÕs 
attack, taking in all the relevant information and evaluating the costs and benefits 
of all behavioral options would lead to an early death. Actions in such cases 
require the minimum computational time possible (Ellis, 1982). But even in non-
dire circumstances, the range of possible actions can mire an organism in an 
endless evaluation of what is the best solution. In the 1990s, a revolution in 
robotics solved this problem: robots were designed to operate using simple rules, 
such as Ôkeep the intensity of light on the left and right light receptors balancedÕ 
and Ôturn right when encountering an obstacleÕ, instead of the traditional design of 
computing options based on the evaluation of multiple sources of incoming 
information (Pfeifer & Bongard, 2007). Similarly, such simple rules have been 
shown to be the most common ways by which organisms of varying neural 
complexity achieve action in real-world situations (Gigerenzer, 2002). They also 
capitalize on regularities in their bodies and environments to minimize the 
computational efforts required (i.e., embodied cognition; Clark, 1998). A 
consequence of these changes in thinking about robots and cognition is the 
recognition that complex behavioral outcomes can arise from relatively simple 
rules (Barrett, 2011).



- 256 -

Viewed from this modern perspective, the fixed action pattern (FAP) of 
classical ethology can be thought of as a way of simplifying action patterns 
performed by composing those actions out of simpler subunits (Llinas, 2001). 
Simpler actions lower the costs of computing the organization of the constituent 
movements, where those costs can combine one or more of the following: time, 
energy and levels of control (i.e., number of contributing elements). The debate 
about how fixed the FAP may be, and whether statistical approaches are more 
appropriate than geometric ones in defining them (Barlow, 1968), is not relevant 
with regard to this proposed function. What is critical is that there are organizing 
principles by which constancy in the overall form of the behavior can be 
reconciled with the variability in the motor output (e.g., Bell & Pellis, 2011; 
Finley, Ireton, Schleidt, & Thompson, 1983; Marken, 2002; Pellis, 1985; Pellis, 
Gray, & Cade, 2009). The issue dealt with in this paper is whether each FAP is 
uniquely organized as a computational cost-saving device or whether there are 
meta-rules that apply across FAPs. Evidence from both vertebrates and 
invertebrates suggests that, in the same animals,some of the features of movement 
across different FAPs do indeed involve the use of some of the same movement 
modules (i.e., motor primitives) (Flash & Hochner, 2005; Mather, Griebel, & 
Byrne, 2010). That is, while some features of movement construction are FAP-
specific, others are seemingly independent modules that can be inserted in many 
different FAPs (Jing, Cropper, Hurwitz, & Weiss, 2004). Similarly, principles of 
organization, rather than specific movement modules, may be common across 
FAPs (Field & Pellis, 2008). 

Scratching the head with a limb is common across tetrapods, including 
reptiles, birds and mammals, and has the basic properties of a FAP, in that there is 
a high degree of form constancy across scratches and individuals (Llinas, 2001). 
However, there is variation: a scratch may start at one location on the head and 
then move to another (Pellis, 1983). Given that itches are unpredictable, neither the 
starting location nor the change to a new location can be pre-computed. Rather, 
with each scratch, the starting position, end position and trajectory in between 
needsto be created anew. Two rules appear to be used to lessen the computational 
costs of dealing with these unpredictable elements, and these are well illustrated in 
birds when using their hind feet (Pellis, 1983, 2010). First, the bird lifts its foot to a 
location in space past its torso, at about the level of the upper part of its wing. 
Once there, the bird begins to make up and down oscillatory movements with its 
foot (i.e., the scratching action), and then, by a combination of head, neck and 
torso movements, it lowers its head to the appropriate location to meet its foot. 
Second, when changing the location on its head contacted by its foot, the bird 
keeps its foot in the same spatial location while it is oscillating, and then, by 
further movements of the head and neck, thebird can change the location on the 
head that is contacted by the foot.Mammals that use their hind feet or their hands 
to scratch their heads follow the same rules (Pellis, 2010). The principle here 
appears to be something like: when more than one set of body parts can contribute 
to a coordinated movement, do not move both sets of body parts simultaneously 
(Whishaw et al., 1994). Computing the coordination of body parts distal to one 
another is likely more costly than keeping one body part fixed and only moving the 
other.
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Not only do these studies on head scratching show that there is a 
computational cost-saving means with which to organize some features of the 
movement, but also, that this cost saving device applies to both birds and 
mammals. These findings suggest that the same FAP uses at least some aspects of 
the same rule structure across very different animals. From an evolutionary 
perspective, it would be of interest to know whether reptiles, that scratch their 
heads (e.g., turtles, Morton & Stein, 1989), also follow the same rule. If so, it 
would suggest that birds and mammals inherited this organizing rule from their 
reptilian ancestors rather than inventing it independently. Another question that 
arises is whether the same rule applies across different FAPs in the same species, 
rather than it being an inherited feature of head scratching in all or some tetrapods. 
A study of object grasping requiring foot and head coordination in the Australian 
magpie (Gymnorhina tibicen) suggests so. When manipulating objects held in its 
bill, a magpie will lift its foot to a fixed location, and then lower its head, in order 
to meet its foot (Pellis, 1983). Because of the sporadic occurrence of such foot-bill 
object manipulation, the wide diversity of objects involved, the opportunistic 
nature of the filming and also because most of the cases involved immature birds 
(and hence, possibly reflecting incomplete development of the motor system), it 
was not possible, in that study, to determine whether changes in object size and 
shape were dealt with by modifying the movement of the head, by changes in 
spatial location of the foot, or by some combination of both. If head and foot 
coordination during food handling follows the same rules as during head 
scratching, then the compensatory movements should be made by the head, not the 
foot.

In the present study, videotaped sequences from purple swamp hens 
(Porphyrio porphyrio), a bird renowned for the use of its feet for food 
manipulation (e.g., Balasubramaniam & Guay, 2008; Washington, Paterson, 
Sixtus, & Ross, 2008), were used to determine whether the same organizing rule 
for head-foot coordination occurred in both head scratching and food grasping. 
Specifically, based on previous studies (Pellis, 1983, 2010), six predictions, 
derived from the hypothesis that when the foot and the head need to coordinate 
their movements the coordination is achieved by adjusting movements by the head, 
not the foot, were tested. The data suggest that this is a conservative rule with 
widespread applicability across different FAPs.

Method

Over the course of four weeks in August 2002, 4 hours of videotaped sequences of food 
handling and head scratching were collected from a flock of six adult purple swamp hens (1 male, 5 
female), maintained at the Barcelona Zoological Gardens in Spain. They were housed in a large 
outdoor aviary, containing flocks of water birds (e.g., ibis, spoon bills), with open areas, shrubs and a 
small, shallow pond (of wading depth for the swamp hens). Each bird had a distinct color band on its 
legs. The birds were filmed during feeding sessions, with food ranging from small fish fry (2 cm 
long, 0.5 cm wide), pieces of fruit and vegetables (e.g., cubes of melon about 4-6 cm in length), to 
leaves of romaine lettuce (up to 30 cm long and 11 cm wide at the widest end). 

Video Analysis

Video sequences were collected with a Sony 8mm Camcorder and then were converted to 
VHS format. When dubbed, a time code (1/30th of a second) was added using a Horita TRG-50 time 
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encoder (Horita, Mission Viejo, CA). As done previously (Pellis, 1983, 2010), sequences of head 
scratching and grasping were analyzed using Eshkol Wachman Movement Notation (EWMN) 
(Eshkol & Wachmann, 1958). 

In brief, EWMN is designed to express relations and changes of relation between parts of 
the body, with the body treated as a system of articulated axes (i.e., body and limb segments). A limb 
is any part of a body that either lies between two joints or has a joint and an extremity. These are 
imagined as straight lines (axes), of constant length, which move with one end fixed to the center of a 
sphere. The body is represented on a horizontally ruled page into columnsthat denote units of time 
(e.g., frames of a video). The signs for movement are read from left to right and from bottom to top 
(e.g., see Fig. 2). An important feature of EWMN is that the same movements can be notated in 
several polar coordinate systems, for example, with reference to the environment or to the next 
proximal or distal limb or body segment. By transforming the description of the same behavior from 
one coordinate system to the next, invariance in the behavior may emerge in some coordinates but not 
others (e.g., Eilam & Golani, 1988; Golani, 1976; Pellis, 1983, 2010; Whishaw & Pellis, 1990). 

Behavioral and Statistical Analyses

A total of 33 instances of swamp hen head scratching and 556 instances of them grasping a 
food item held in their bills were available. Once held in the birdÕs foot, any given food item could be 
pecked at repeatedly, yielding over a thousand instances of such food pecking. All instances of these 
behaviors were watched once, and those cases in which the entire sequence could be viewed without 
obstruction, and beginning with the video frame that preceded the swamp hen raising its foot and 
ending with the frame in which it returned its foot to astanding position on the ground, were used for 
further analysis. For head scratching, the first example per bird that met the criteria was subjected to 
analysis using EWMN, and for food grasping, the first two examples, one with small food items (<2 
cm) and one with relatively large food items (>8 cm), were so analyzed. The size of food items was 
judged relative to the size of the bird's bill (2-3 cm long). Once the pattern of organization was 
determined using EWMN, the remaining cases of head scratching and food grasping were used to test
specific predictions about foot and head coordination quantitatively. As different analyses were 
conducted to test different predictions, the manner of scoring data and their analysis will be described 
as needed in the Results. Due to the small number of birds filmed and because most measurements 
for the movements performed used nominal or ordinal scales for the ratings, non-parametric tests 
were used for most statistical comparisons (Siegel & Castellan, 1988). However, as measurements of 
duration were in an interval scale, these data were analyzed using parametric statistics (Lehner, 
1996).

Intra- and Inter-observer Reliability

Two methods were used to verify consistency in the measurements. First, for intra-observer 
consistency, the quantitative measures were repeated with videotaped sequences that had not been 
previously scored. In all cases, there were no significant differences in the scores from the two 
analyses (p > 0.05). Second, for inter-observer consistency, a second independent observer was asked 
to rescore the same sequences scored by the author. Again, there were no significant differences 
between the scores from the two observers (p > 0.05).

Results

Head Scratching

Prediction 1: As is the case in other birds, when a swamp hen uses its foot 
to scratch its head, it was predicted that foot-head contact, and change in the 
location of that contact, would be achieved by movements of its head and neck, 
rather than by movements of its foot and leg.
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EWMN analysis showed that the swamp hen scratched its head in the same 
way described for other birds (see description in the Introduction). In all 6 cases 
analyzed, the initial contact and change in thelocation of contact was achieved by 
head and neck movements and not by movements of the leg and foot or by a 
combination of head and neck and foot and leg movements (sign test: X (6) = 0, p
< 0.05). Of the remaining 27 head scratches not used for EWMN analysis, 18 
involved a change in location from the initial site of foot-head contact. Assuming 
an equal likelihood for the three alternative combinations of movement (i.e., head 
alone, foot alone, head and foot combined), a Chi-square analysis showed that 
there was a significant bias for only one combination (�$2 (2, 18) = 24,p < 0.001), 
that of altering the location by head and neck movements.

Food Manipulation

There were two distinct phases to food grasping and holding in the swamp 
hen. First, the swamp hen picked up the object in its bill and then grasped the 
object with its foot while it was held in its bill. Second, the swamp hen then held 
the object securely with its foot as it pecked off pieces using its bill. In both cases, 
any combination of head and neck and foot and leg movements could theoretically 
achieve the coordination needed for handling the food object (Fig. 1). 

Figure 1.Drawing derived from a video image showing a swamp hen holding a food item in its foot 
while the item is being manipulated with its bill. The swamp hen holds the food item in its foot in this 
elevated position as it maneuvers its head around so that it can peck, from any orientation, at the 
pieces of food protruding from its digits.

Prediction 2: It was predicted that, just as that which occurs in another 
bird, the Australian magpie (Pellis, 1983), when a swamp hen uses its foot to grasp 
food items that are held in its bill, contact would be achieved by adjusting 
movements of its head and neck, and not by adjusting movements of its foot and 
leg.
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Based on the EWMN analysis of the twelve examples from the six birds, 
the swamp hen's initial foot contact with the food item held in its bill was achieved 
by movements of its head and neck. A notated score of this action illustrates the 
core features of the grasp sequence as seen from the side (Fig. 2). The swamp hen 
stood with its body weight distributed equally between its two feet and lowered its 
head by a combination of head, neck and body movements. This led to it grasping 
the food item in its bill - in this case, a piece of a romaine lettuce leaf (about 6-8 
cm long and 2-3 cm wide). Once the swamp hen had grasped the food item, it 
raised its head by a combination of head, neck and body movements, until its head 
was sitting horizontal relative to the ground and held in alignment with the midline 
of its torso. The swamp hen then shifted its body weight to the right, unloading its 
left foot. Once it was free to move, the swamp hen raised its left foot by flexion 
around the ankle joint and an upward movement of the lower leg, and, while it was 
being raised, it partially flexed the digits of its foot. The swamp hen then thrust its 
foot forward as it lowered its lower leg and extended its ankle, and, as its foot 
approached the level of its head, it extended its digits and partially rotated its foot, 
so that the inner surface obliquely faced the side of its head. As it thrust its foot 
further forward, the swamp hen moved its head so that its bill went from facing 
forward to facing downward, and there was also a slight rotation of its head, which 
lead to the tip of its bill moving towards the path of the oncoming foot. Thus, as 
the swamp hen's foot swept along the side of its head, the foot contacted the food 
item. 

Figure 2.A sequence showing a swamp hen grasping at a food item that is being held in its bill by its 
foot as a simplified EWMN score, with body elements on the left hand side and movements depicted 
over time on the right (vertical columns represent video frames). This particular sequence was 
observed from the side, and, for simplicity, the magnitudes of the movement are not shown. The 
notation begins with the frame when the food item is picked up with the bill. The various symbols 
represent movements, with up and down facing arrows indicating vertical movements, and the 
inverted U indicating rotation of the foot and head, respectively. The T and = signs indicate weight 
bearing contact and loss of that contact, respectively, while the T with a bar on top indicates non-
weight bearing contact on the ground. TF indicates contact with the food item by the bill and foot, 
respectively. The row indicating weight denotes shifts of body weight, in this case [2], it indicates 
that the bird shifted its body weight to the right and in doing so, shifted weight away from its left 
foot. The arcs connecting frames denote the duration of movement.
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Close inspection of the notated sequences, some of which were observed 
from the side (as in Fig. 2) and some from oblique frontal angles, confirmed the 
pattern: the movement used by the swamp hen to achieve foot-food (bill) contact 
was produced by its head and neck. The two critical movements made by itshead 
and neck included a vertical movement, between 45-90o, as it positioned its bill to 
point downwards, and a small head rotation, about <10o. Together, these head 
movements by the swamp hen brought its bill into the spatial location where it 
intercepted the movement of its foot. Figure 3 shows the position of the swamp 
hen's head when it first begins to raise its foot and when its foot sweeps across its 
bill. By superimposing the positions, the amount of combined reorientation of the 
head and bill are evident. 

Figure 3.Drawing of a swamp hen reaching to grasp a foot item, held in its bill, with its foot. The 
solid line drawing shows the position of its head and torso when its foot contacts the food item held 
in its bill. The dotted line represents the position of the swamp hen's head and neck, and the left leg 
when it is being raised off the ground. Note that the swamp hen rotates its head to point downwards, 
tucks its neck inward, and partly tilts its head so that the tip of its bill is pointing towards its foot. The 
body and right limb do not change between the two points in the reaching sequence.

The first 6 successful grasps by each bird that were not notated were 
scored for the presence of these head movements. All of the birds incorporated 
these movements in their grasping sequence (X (6) = 0, p < 0.05) and did so in 
every single case (�$2 (1, 36) = 18, p < 0.001). 

Prediction 3: It was predicted that, when a swamp hen grasps food items 
of different sizes, head and neck movements, rather than foot and leg movements,
would compensate for the problems posed by changes in size and shape.

Six complete and successful grasps each for three categories of food sizes 
(small (<2cm), moderate (3-6 cm) and large (>8 cm) were scored for each of the 
six birds. All sequences of grasping that met the criteria were scored as they 
appeared in the videotapes to avoid any bias in the selection process. In each case, 
the footÕs trajectory was scored as to whether the foot was in near proximity to the 
swamp henÕs bill or further away when it made contact with the food item. For 
example, a small fish (2 cm) only protruded about a centimeter from the side of a 
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swamp hen's bill, whereas a 30-cm-long piece of romaine lettuce could protrude 20 
cm or more from the side of its bill. Thus, with larger food items, it was possible 
for the bird to grasp them further away from the edge of its bill. In each case, the 
grasp was scored for whether the base of the digits of the foot was next to the bill 
when the grasping occurred (< 1cm) (1), or was greater than half a bill length away 
(> 2cm) (2). A mean score of 6 meant that all trials were a category 1 and a mean 
score of 12 meant that all trials were a category 2. The mean score for the three 
sizes of food item was 6, 6 and 6.5, respectively. Only for the largest food size 
were there grasps further away from the side of the bill and this was the case for 
only three trials. Combining all trials for all birds for each size category showed 
that, for all sizes, there was a significant bias for grasping near the bill (�$2 1, 36) = 
18, p < 0.001; �$2 (1, 36) = 18, p < 0.001; �$2 (1, 36) = 25, p < 0.001). That is, 
irrespective of the length of the food item, the foot grasped the item with the 
nearest digit, just as it protruded from the bill, supporting the view that it was the 
head movements, not the foot movements, that provided the adjustment for the 
swamp hen to bring differently sized food items to the foot. 

Prediction 4: Based on the results from an earlier study (Pellis, 1983), it 
was predicted that any failure by the swamp hen to grasp a food item being held in 
its bill would be due to delayed or atypical movements made by its head, not its 
foot.

About 10% of the swamp hens’ attempts to grasp a food item held in the 
bill failed. Comparison of successful with unsuccessful grasps, using EWMN, 
indicated that a failed contact was associated with atypical movements of the bird’s 
head, rather than atypical movements of its foot. The role of head movements in 
achieving a successful grasp is well illustrated when the swamp hens had to 
compensate for differently sized or oddly shaped food items. For example, one bird 
picked up a large, pyramidal shaped wedge of watermelon (about 4 cm length at 
the base and about 5 cm from base to apex). The base was the green skin and the 
fleshy part of the fruit was the apex. The bird picked up the wedge near the apex of 
the pyramid; this resulted in the large base of the fruit facing the swamp hen's 
approaching foot. As the bird rotated its head, its foot made contact with the fruit, 
but the contact was made on the slippery green skin of the fruit and it failed in its 
grasp. The swamp hen then retracted its foot and began to reach again, but this 
time, the magnitude of the rotation by its head was larger, so that as its foot struck 
the watermelon, it hit nearer to the fleshy red part of the fruit. This example, like 
many others, shows that it is the amount of head rotation that accommodates for 
the size and shape of the food, allowing for the correct placement of the digits on 
the food as it protrudes from the bill.

To test the relative contribution of head and foot movements in the failure 
to achieve a grasp quantitatively, 3-6 cases each of successful and unsuccessful 
grasps were scored. The first failed grasps that could be observed for each bird 
were used. The next successful grasp by the same bird occurring on the videotape 
was scored for comparison. In each case, head movements (vertically down plus 
rotation) were scored as being absent or present. If present, they were scored for 
whether they temporally preceded the foot reaching the level of the tip of the bill 
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(within 2-3 video frames as indicated in Fig. 2), or were out of phase with the 
foot’s movement (i.e., occurring as or after the foot reached the level of the tip of 
the bill). Grasps with head movements present and correctly timed were given a 
score of 0 and grasps with such movements absent or inappropriately timed were 
given a score of 1. The values for all grasps for each bird were added together with 
the total value per bird having a possible range from 0 to 6. A Wilcoxon paired 
ranks test was used to compare the scores for successful grasps with unsuccessful 
grasps, revealing a significant difference (T (6) = 0, p < 0.05). In all successful 
trials, the movements of the head were present and correctly timed, whereas, in all 
cases of failure, the head movements were either absent or delayed. 

Prediction 5: Studies have shown that, for a wide range of FAPs 
encompassing diverse species, there is more variability in the movements 
performed (kinematics) than in the trajectories described in space or the velocity 
or duration of those FAPs (e.g., Dane, Wakott, & Drury, 1959; Dixon, Duncan, & 
Mason, 2008; Davies, 1978; Finley et al., 1983; Mather, 1986; Pellis, 1985; Pellis 
et al., 2009; Stamps & Barlow, 1973; Wiley, 1973). Therefore, it was predicted 
that there should be low variability in the duration of the reaching to grasp 
movement, or, at least, there should be no systematic variation with food size or 
shape and movements of the head.

The duration of the first 10 sequences of reaching for each bird were 
scored. A reach was defined as starting from the frame in which the swamp hen 
lifted its foot (base of the metatarsals) off the ground to the frame in which its digit 
closest to the food contacted the food item. A one-way ANOVA showed no 
significant differences among the birds (p > 0.05), and so the data from all birds 
were combined. Reaches lasted just under half a second and were relatively 
invariant, as indicated by a coefficient of variation close to 20% (Table 1). 
Moreover, there were two phases in the reach, a forward and upward movement 
that brought the bird’s foot to the level of the junction between the upper edge of 
the wing and the neck, and a forward and downward movement that brought its
foot to the side of its bill (see Fig. 2). The first phase was significantly longer than 
the second phase (2-tailed matched pairs t-test: t (59) = 3.09, p < 0.01), but there 
was no significant difference in the variance (comparison of the coefficients of 
variation: C-statistic, p > 0.05) (Table 1). However, four of the reaches differed 
from the others. In these instances, once the forward movement of the bird’s foot 
reached the apex of its upward movement, its foot remained stationary for several 
frames before commencing the forward and downward movement. Even though 
these reaches with pauses were rare (6.7% of reaches), they tended to be among the 
longest lasting sequences.

All the videotapes were re-examined to locate additional sequences with 
pauses. A total of 12 reaches were identified with at least one each per bird. 
However, given that different birds contributed differing numbers of cases (1-4), 
for comparison with sequences without pauses, the next sequence from the same 
bird that did not contain a pause was scored. This provided a matched control 
sequence for each sequence with a pause. The total duration of sequences were 
scored as were the duration of the first and second phases of the reach. The total 
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duration of sequences with pauses were significantly longer than those without (t 
(11) = 3.30, p < 0.01), but the duration of both the first and second phases were not 
(p > 0.05) (Table 1). That is, the main reason for the longer duration of the 
sequences with pauses was the intervening length of the pause. 

Table 1
Duration of reaching calculated in msec is shown as means and standard deviations with values for 
the coefficient of variation given beneath in parentheses.

Phase of reach Complete reach Phase 1 Phase 2
Overall sample 
(N = 60)

486.67 +113.67
(23.4%)

286.67 +60.0
(20.9%)

186.67 +42.0
(22.5%)

Sample with pause 
(after phase 1) 
(N = 12)

673.33 +130.00
(19.2%)

313.33 +66.33
(21.2%)

191.67 +44.67
(23.3%)

Matched sample 
without pause 
(N = 12)

496.67 +80.00
(16.1%)

306.67 +56.67
(18.5%)

191.67 +36.67
(19.1%)

A common feature of the sequences with the pauses was that the swamp 
hen's head was at an orientation away from its midline (in line between the two 
wings and in a horizontal position). For example, in one sequence, as the swamp 
hen lifted its foot, it moved its head upward, and by the time its foot reached its 
peak height, the bird had turned to face the opposite direction. At that moment, the 
swamp henÕs foot paused in its movement and then remained in that position until 
the bird turned its head and moved to align it to its midline, at which point it began 
to move its foot in a downward stroke as its head was lowered and rotated. This 
resulted in the food item being positioned to intercept the foot. To testwhether 
such head misalignment accounted for the pauses in the footÕs reaching movement 
quantitatively, all the cases of reaches with pauses were scored for the position of 
the birdÕs head at the frame when it stopped its foot moving. In all but one case, 
the swamp hen raised its head above the horizontal orientation and/or turned it to 
the opposite side of its body (X (12) = 1, p < 0.01). In the remaining case, the bird 
was lifting a large leaf of romaine lettuce, which seemed to be stuck to the 
substrate, and even though its head was in the midline position, it stalled it in its 
upward movement to approximately the horizontal starting position, and it was at 
this moment that it paused its footÕs movement. The swamp hen did not move its 
foot towards the position of its head in any of these cases - rather, its foot followed 
its typical upward trajectory, paused, and then resumed the typical downward 
trajectory. That the pauses are functionally related to the position of the head is 
also supported by the greater variation in the length of pauses (CV = 53.9%), 
which was significantly greater than the variation in the other two phases of the 
reach (phase 1: C (11) = 2.77, p < 0.05; phase 2: C (11) = 2.57, p < 0.05) (Table 1). 
That is, the foot ÔwaitsÕ until the head moves into the correct position, and the 
duration of this pause can vary from case to case.

Prediction 6: When a swamp hen is eating food items, they are often held 
in the air with its foot. It was predicted that, when so held, it would be movements 
of the head and neck that the swamp hen would use to access the food item so as to 
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break pieces off, rather than it being foot and leg movements by which it would 
bring the food item to its bill.

The first 10 cases in each bird of pecking at food that was held in its foot 
were scored. Three possible combinations of movement were recorded: the head 
and neck made all the movements necessary to access the food, the foot and leg 
was raised upwards to bring the food to the bill, or contact between the bill and the 
food arose from a combination of both head and neck, and foot and leg 
movements. For all the birds (X (6) = 0, p < 0.05) and in all cases (�$2 (2, 60) = 80, 
p < 0.001), contact with the food item involved the birds moving their head and 
neck, not theirfoot and leg. When the swamp hen held an item with its foot, 
especially large items that took 10 s or more to consume, its foot, likely due to 
fatigue, was gradually lowered before being partially lifted again. However, in 
each case, if the swamp hen kept its foot at a new location, it moved its head to 
compensate for the position of the foot; its foot was never raised fully to the 
location of its bill.

Discussion

Foot-head contact during head scratching can theoretically be achieved by 
one of three patterns of movement: head and neck movements alone, foot and leg 
movements alone, or by some combination of foot and head movements. As with 
other birds (Pellis, 1983, 2010), when a purple swamp hen scratches its head, foot-
head contact arises from movements of the head, neck and body. Thus, the first 
prediction made, that head scratching in this species follows the same rule for foot-
head coordination as in other species, was upheld. The main hypothesis tested in 
this paper was whether the same constraint on foot and leg movement applies in 
another functional context involving head-foot coordination. In the case of the 
purple swamp hen grasping a food item in its bill, it was expected that, if this rule 
applied, it would be the head that made the adjusting movements necessary to 
achieve a successful grasp, not the foot. Four of the predictions on foot-head 
coordination during food manipulation concerned the kinematics of the 
movements, and, in all cases, the data supported the hypothesis. The fifth 
prediction concerned the duration of reaches, and while generally consistent with 
the view that the foot made a relatively invariant motion, these data also revealed 
one possible way in which the movement of the foot could be modified to 
accommodate the position of the head.

If the swamp henÕs head was not in the midline, the bird could pause the 
movement of its foot once it reached its maximum height, and only resume the 
downward part of the reach once it returned its head to the midline.Under some 
conditions, then, theswamp hen could interrupt the movement of its foot to 
facilitate head-foot coordination. However, in no case were such pauses associated 
with a change in the path that the foot traveled. That is, while the swamp hen can 
modify some aspects of the timing of movement to coordinate with the position of 
its head, the coordination needed for bill-foot contact still depends on head and 
neck movements.
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Avoiding Making two Movements at Once

Conceptualized as a FAP (Llinas, 2001), head scratching is organized 
around the principle that when different parts of the body that are distally 
connected move simultaneously to achieve a coordinated outcome, that 
coordination arises from the movements of only one component of the body. That 
is, in head scratching, the rule of not moving multiple body parts, and so 
minimizing computational costs, is used (Pellis, 2010). This rule is followed in the 
head scratching of purple swamp hens, and as indicated above, they also follow 
this rule when grasping and manipulating food items. 

When the swamp hen's foot grasps the food item that is held in its bill, the 
movements of its head and neck intercept the trajectory of its foot. Failure to 
achieve a grasp occurs when the swamp hen makes inadequate or delayed 
movements of its head and neck. In Australian magpies, when grasping with the 
foot first emerges early in post-fledging development, this type of failure is 
common, and arises from delayed or inadequate head and neck movements (Pellis, 
1983). Although such a failure was rare in the adult purple swamp hens observed 
in this study, when it did occur, it was for the same reason as for the immature 
magpies Ð due to not making an appropriate movement of the head.

In humans, hands are used to reach for food items and then bring them to 
the mouth and the coordination between the head and hand appears to follow a 
similar rule structure (Whishaw, Pellis, & Gorny, 1992) to that described for birds 
(Pellis, 1983; this study). The dissociation of the two independent actions by the 
hand and head are most evident in people with ParkinsonÕs disease (PD) (Whishaw 
et al., 2002). In control subjects, the trajectory of the hand and the head converge 
together in what appears to be a combined movement, which results in the food 
being placed in the mouth. In PD patients, however, the independence of these two 
movements is clear. The patients pick up a food item with one of their hands, and 
then bring that item towards a location in space where, in control subjects, their 
mouths would be, but in this case, due to a delay in their head movements, their 
hands reach the location before their heads. As in the case of the Australian magpie 
and the purple swamp hen, the hand does not move to where the head is really 
situated, but rather, makes a relatively stereotyped movement to where the head 
Ôshould beÕ. What these actions of the PD patients show is that successful contact 
between the limb extremity (in this case, the hand) and the mouth depends on 
appropriate compensatory movements by the head and neck to meet the hand. 

In a manner similar to humans, a rat uses its forepaws to grasp food items 
and bring them to its mouth, with apparently coordinated movements of the paw 
and head (Whishaw & Pellis, 1990). As with PD patients, rats with experimental 
brain damage to both cortical and subcortical areas, which can include damage to 
areas that are dysfunctional in PD, also show that the retrieval of the food item and 
bringing the mouth into position to meet the paw can be dissociated (e.g., 
Whishaw, Pellis, Gorny, & Pellis, 1991; Whishaw, Pellis, & Pellis, 1992). In such 
a case, the paw typically moves back to a position where, in a control rat, the head 
is normally, but due to a delay in the movement of its head, its mouth does not 
arrive at the correct spatial location to receive the food item. 
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Some Anatomical Caveats

Before concluding that the pattern of head and foot coordination is best 
explained by a neural rule, it is important to consider whether a simple constraint 
created by body morphology provides a more parsimonious explanation (e.g., 
Barrett, 2011; Chiel & Beer, 1997; Coghill, 1929). In both the data presented and 
the interpretations from the literature, two cases where a neural rule cannot be 
assumed until the role of peripheral anatomy can be discounted are most evident.
First, PD patients suffer from muscular rigidity and this may constrain the 
movements of the hand and arm and so impose the limits on hand-mouth 
coordination. This explanation for the dissociation between the coordination of the 
head and hand movements in such patients is unlikely for two reasons. The same 
dissociation was present in patients treated with medications and brain stimulation 
that by standard neurological measurement largely normalizes muscular rigidity 
(Melvin et al., 2005), and for rats with some versions of brain damage mimicking
that of PD patients, the dissociation in the coordination of the head and paw occurs 
in the absence of symptoms of muscular rigidity (Whishaw et al., 1994). Thus, it 
would seem that the lack of coordination between the head and the hand (paw) 
arises from some neural disturbance to a brain-derived rule rather than to a 
peripheral problem with the muscles. 

Second, the leg and foot joints of birds have very limited mobility in the 
lateral plane, and virtually no capacity for rotation around the longitudinal axis, 
leaving most of the movement available to vertical movements in the anterior-
posterior plane. As a consequence, it could be argued that the foot would have little 
option but to be limited to the vertical plane, requiring the head to make the 
necessary compensatory movements for coordination of head and foot contact. If 
so, then the ‘not making two movements at once rule’ would be an artifact of body 
anatomy, not a cost-saving neural rule. There are several reasons that suggest that 
such morphological constraint is insufficient to account for the entire pattern 
described in this paper for head and foot coordination.

First, the lack of lateral and rotational movements may be explained by the 
anatomical constraints on the joints of the leg segments, but not why the foot fails 
to move vertically so as to meet the head. Rather, the foot is raised to a relatively 
stereotyped location in front of the body, with head and neck movements required 
to lower the bill to intercept the foot. It is anatomically feasible that the vertical 
elevation of the foot could vary from reach to reach, but this was not the case. The 
same is true when head movements are used to peck at a food item held in the foot. 
As noted in the Results, on occasion, the foot gradually sinks downward during a 
protracted bout of feeding, but it is the head that moves down to meet the foot after 
an interruption where, say, the head is raised to scan the terrain. There is no 
anatomical reason as to why the foot is not raised to the vertical location of the 
head, or for both the head and foot to move and so converge on a common spatial 
location. In all cases, the head has to converge on the position of the foot. Second, 
given the freedom of movement of the leg in the vertical plane, the limited lateral 
and rotational movements of the leg cannot account for the relative invariance in 
the duration of the vertical movements comprising the reaching to grasp action. 
Third, there is an inward component to the reaching to grasp movement, indicating 
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that there is some, if limited, movement in the lateral domain, yet when grasping 
food items that are large oroddly shaped and so protrude far from the bill, the foot 
does not move as far laterally as it is capable of, but rather, maintains the same 
trajectory, leaving the head to make the compensatory lateral and rotational 
movements. Finally, from a comparative perspective, a similar morphological 
constraint may apply to both the hind limbs of birds and to some mammals in
restricting the amount of lateral and rotational movements when the foot is used to 
scratch the head (Pellis, 1983, 2010, this study), but this does not account for 
spider monkeys restricting themselves to the same rule of coordination when using 
the hand to scratch the head (Pellis, 2010). Spider monkeys brachiate as their main 
form of arboreal locomotion, and to accommodate this type of locomotion, they 
have an enormous amount of rotational freedom in the shoulder, elbow and wrist, 
and hence, there is no anatomical constraint for them to moving their hands and 
arms to contact their head. Thus, while the constraints imposed by body 
morphology may be important to account for some of features of head and foot 
coordination, they do not account for the limitation in the contribution of the foot 
(or hand). Rather, there does appear to be a neural constraint that accounts for at 
least part of this phenomenon.

Keeping Computational Costs Down

The data on head scratching (Pellis, 1983, 2010) and food grasping (Pellis, 
1983; Whishaw & Pellis, 1990; Whishaw, Pellis, & Gorny, 1992, Whishaw, Pellis, 
& Pellis, 1992, Whishaw et al., 1994, 2002) show that, within these tasks,the rule 
of limiting the computational costs of coordinating multiple parts of the body 
applies to many species (e.g., Australian magpies, flamingos, deer, rats, spider 
monkeys, humans). The data on purple swamp hens show that this rule applies 
across tasks in the same species. That is, in two different FAPs involving head-foot 
coordination, head scratching and food grasping, the same organizing principle for 
head-foot movement is used. These data are consistent with findings that some of 
the same distinctive components of movement can be used across different FAPs 
(e.g., Flash & Hochner, 2005; Jing et al., 2004; Mather et al., 2010), except that in 
the case of head-foot coordination, that component is a rule for coordinating 
different body parts across different FAPs. The use of such modular construction, 
either in the particular movements used (Llinas, 2001), or in the rules by which 
multiple parts of the body are coordinated (Field & Pellis, 2008; Pellis, 2010), 
provides ways by which the computational costs of constructing complex and 
functionally varied movements are curtailed. Using the same modules of 
movement repeatedly, and applying the same organizing rules across contexts, 
could be fairly general ways by which relatively simple rules can generate complex 
and varied behavior (e.g., Alberts, 2002; Barrett, 2011; Gigerenzer, 2002; Powers, 
2009; Schank, May, Tran, & Joshi, 2004).
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Are Monkeys Sensitive to the Regularity of Pay-off?

Sophie Steelandt, Marie-HŽl•ne Broihanne, and Bernard Thierry
UniversitŽ de Strasbourg, France

Animals commonly face fluctuations in their environment and resources. To maximize their benefits, 
they need to integrate the risks attached to potential pay-offs. We do not know, however, to what 
extent individuals account for irregularity in the latter. We tested the sensitivity of monkeys (Cebus 
apella, Macaca tonkeana, M. fascicularis) to the irregularity of pay-offs in two different tasks. In a 
first experiment, the subjects were given an exchange task where the reward probability varied 
between different conditions, but yielded the same average pay-off. There was no evidence of 
subjects favoring either condition, meaning that they behaved in accordance with the predictions of 
the classical decision theory (Expected Utility Theory). In a second experiment, we offered to
subjects a choice between two options involving different pay-off regularity. In this case, a wide 
range of inter-individual variation was found in the choices of individuals. Whereas monkeys 
accepted irregular pay-off in a rational way, there were individual biases in their preferences. These 
results indicate that the preferences of animals in a risky situation were not unequivocally shaped by 
the environment in which species have evolved.

Individuals commonly face fluctuations in their environment and 
resources. As assumed by behavioral ecology theory, natural selection should favor 
decision mechanisms producing optimal strategies, that is, maximizing the net rate 
of energy intake while minimizing time investment (Schoener, 1971). In the 
foraging context, two main variables influence decision-making, namely the 
expected amount of food and the time needed to obtain it. Regarding delay, 
animals prefer the variable delay to the fixed delay when choosing between two 
options; however, they prefer a fixed amount of food to a variable amount 
(Kacelnik & Bateson, 1996).

In the context of the Expected Utility Theory (EUT), Von Neumann and 
Morgenstern (1944) argue that risky choices can be specified both in terms of 
outcomes and probabilities of these outcomes, and that how individuals pick one 
option rather than another is based on maximizing expected utility. This behavior 
is referred to rationality in classical economic decision-making. Thereafter, any 
rational, risk-neutral individual should be indifferent when faced with two options 
having identical expected outcomes. For example, in animals facing variable and 
fixed delays with identical expected delay for the two options, risk neutrality 
would prevail if animals do not exhibit preference for either option. In other words, 
as subjects prefer the variable option to the fixed one, they are risk-prone regarding 
delays and risk-averse regarding food amounts. These results are very interesting 
according to the EUT, because it is precisely because animals are risk-averse for 
food amounts that they care about risk when seeking food resources.
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A number of experimental studies have, however, demonstrated that 
human decision-making is not consistent with EUT predictions (Plott & Smith, 
2008; Tversky & Kahneman, 1981). Among the well-observed deviations from 
rationality, it appears that individuals feel more pain from losses than satisfaction 
from equivalent gains; this behaviour is called loss-aversion. Moreover, risk-
aversion in humans is different for upside and downside risk (Camerer, 
Issacharoff, Lowenstein, & O’Donoghue, 2003; Tversky & Kahneman, 1981). In 
other words, individuals are risk-averse in the domain of gains whereas they are 
generally risk-prone in the domain of losses. It has been shown that chimpanzees 
(Pan troglodytes) and tufted capuchin monkeys (C. apella) display similar loss 
aversion when having to give or receive the same goods (Brosnan et al., 2007; 
Chen, Lakshminaryanan, & Santos, 2006; Lakshminaryanan, Chen, & Santos, 
2008). It is therefore interesting to study non-human primate behaviour when 
certain outcomes involve a loss. In the following study, we will avoid labeling 
individuals’ attitudes as risk-sensitive if individuals can obtain a gain which is 
either equal to zero or superior to the initial investment, the focus will be put on 
the impact of the pay-off regularity.

To study economic decision in animals, subjects are typically offered a 
choice between two options, a first option with delay or food quantity which 
remains constant from one trial to another and a second option with delay or food 
quantity which varies from one trial to the next. The reward to be gained is not 
predictable at a given trial in the variable option, but as the two options are 
equivalent over the experiments, individuals can learn the general pattern of 
reward delivery (Bateson & Kacelnik, 1997; Hayden & Platt, 2007). In a visual 
gambling task, two rhesus macaques (Macaca mulatta) were seen to choose the 
less regular options but their preference declined with increasing delay between 
choices (Hayden & Platt, 2007; McCoy & Platt, 2005). In a foraging choice task, 
Heilbronner, Rosati, Stevens, Hare, and Hauser (2008) found that chimpanzees 
preferred an irregular option, whereas bonobos (Pan paniscus) favored the regular 
one; the authors therefore assumed that the level of uncertainty of the ecological 
environment surrounding a species shapes the economic preferences of individuals. 

The ability of animals to compare costs and benefits may be also examined 
using a food-exchange task. Non-human primates can readily engage in exchanges 
of goods with humans. They attribute values to non-edible tokens and give them 
back for food (Brosnan & de Waal, 2004; Hyatt & Hopkins, 1998; Westergaard, 
Liv, Rocca, Cleveland, & Suomi, 2004). They exchange food to receive a 
quantitatively or qualitatively more desirable one (Drapier, Chauvin, Dufour, 
Uhlrich, & Thierry, 2005; Lefebvre & Hewitt, 1986; Steelandt, Dufour, Broihanne, 
& Thierry, 2011) and can wait significant periods of time in order to maximize 
pay-off (Dufour, Pelé, Sterck, & Thierry, 2007; Pelé, Dufour, Micheletta, & 
Thierry, 2009; Ramseyer, Pelé, Dufour, Chauvin, & Thierry, 2006).

We studied tufted capuchin monkeys (Cebus apella) and macaques 
(Macaca tonkeana, Macaca fascicularis) to assess whether they account for the 
regularity of pay-off. In a first experiment, subjects were tested in an exchange 
task where the reward probability and the reward rule varied between different 
conditions, albeit yielding the same average pay-off. If monkeys were rational 
decision makers, they were expected to accept exchanging at the same rate in any 
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condition; otherwise, they should behave differently according to conditions. In a 
second experiment, the subjects were tested in a choice task where they had to 
choose between two options for which the regularity of pay-off differed. If the 
sensitivity of animals to reward regularity is shaped by the ecological environment 
in which species have evolved, each group of individuals should display the same 
patterns of response; otherwise, inter-individual variations should be observed 
within groups.

Method

Subjects and Living Conditions

Subjects were maintained at the Primatology Center of the Strasbourg University (Table 1). 
Nine tufted capuchins belonged to a group of 18 individuals housed in a 78 m2 indoor-outdoor 
enclosure composed of several compartments. Four Tonkean macaques belonged to a group of 
seven individuals housed in a 35 m2 indoor-outdoor enclosure composed of several compartments. 
Two other Tonkean macaques belonged to a group of 16 individuals raised in a 1 acre wooded area 
including a shelter and a 40 m2 wire-mesh fenced enclosure used for experiments. Three long-tailed 
macaques were housed together in an enclosure of 10 m2 composed of several compartments and 
located in an indoor room. Three other long-tailed macaques were socially housed in individual cages 
of 125 x 80 x 80 cm allowing visual and physical contacts with others. Commercial monkey diet and 
water were available ad libitum and subjects were never deprived of food. For testing, group-living 
subjects were temporarily separated from their mates and placed in individual compartments using 
positive reinforcement. All research complied with animal care regulations, ASP Principles for the 
Ethical Treatment of Non-Human Primates and national laws.

Experiment 1

Testing procedure. Subjects had been already involved in food exchange tasks with 
human experimenters during previous studies (Pelé et al., 2009; Pelé, Micheletta, Uhlrich, Thierry, & 
Dufour, 2011). We used Corinthian raisins for training and testing. The experimenter sat in front of 
the wire mesh and laid three cups containing three potential rewards on the ground in full view of the 
subject. The number of potential rewards shown depended on the experimenter running the trial. A 
test started when the experimenter showed the subject three raisins on a teaspoon for 2 s. She then 
gave them to the subject. After 3 s, the experimenter held out a hand, palm open, in front of the 
subject requesting them back. When the subject gave one or more raisins, the experimenter could 
reward the subject by supplying him/her with raisins taken from one of the three cups. If the subject 
did not return raisins, the trial ended. The experimenter waited 1 min after food consumption before 
starting another trial.

Experimental design.Subjects were submitted to three different testing conditions. The 
subjects could recognize these conditions from different cues. First, the cups containing potential 
rewards were laid in full view of subjects. Second, a different experimenter conducted the tests in 
each condition. The three experimenters rewarded subjects with different degrees of regularity, the 
probability to be rewarded differing between experimenters. A first experimenter regularly gave back 
double the number of raisins returned by subjects in every trial; potential rewards in the cups 
numbered two, four or six. A second experimenter gave back three rewards for each returned raisin 
but only in two trials out of three; in this irregular condition, the subjects did not receive anything in 
one test out of three. Potential rewards in the cups numbered three, six or nine. A third experimenter 
gave back six rewards for each returned raisin but only in one trial out of three; in this very irregular 
condition the subjects did not receive anything in two tests out of three. Potential rewards in the cups 
numbered six, 12, or 18 raisins.
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Table 1
Information about subjects.

Subjects Age (yrs) Sex Rearing conditions

Tufted capuchins

Ass* 19 female group-living, indoor-outdoor
Kin 17 female group-living, indoor-outdoor
Ali 10 female group-living, indoor-outdoor
Pao 8 female group-living, indoor-outdoor
Arn 11 male group-living, indoor-outdoor
Pis 8 male group-living, indoor-outdoor
Pop 8 male group-living, indoor-outdoor
Rav 7 male group-living, indoor-outdoor
Sam 6 male group-living, indoor-outdoor

Tonkean macaques 

Syb 6 female group-living, indoor-outdoor
Rim 7 male group-living, indoor-outdoor
She 6 male group-living, indoor-outdoor
Sim 6 male group-living, indoor-outdoor
Lad* 12 female group-living, semifree-ranging
Sha 6 male group-living, semifree-ranging

Longtailed macaques

Lou 12 male group-living, indoor
Ram 17 male group-living, indoor
Sad 13 male group-living, indoor
Cas 13 male separated, indoor
Jac 16 male separated, indoor
Joe 12 male separated, indoor
* For reasons irrelevant to the study, Ass (died) and Lad (gave birth) were not tested in Experiment  
2. All other subjects were tested both in Experiments 1 and 2.

Training phase. Prior to testing, subjects were run in several training periods carried out 
by an experimenter different from the three experimenters involved in testing. In a first training 
period, the experimenter gave two raisins and requested the subjects to return them both to obtain six 
raisins. Sessions of twelve trials were run until subjects succeeded in at least 80% of trials; they 
needed between one and four sessions to reach this criterion. They were then run in two sessions of 
twelve trials in which the experimenter gave three raisins and requested the subjects to return them all 
to obtain six raisins. We required subjects to succeed in at least 80% of trials in two consecutive 
sessions; they needed between three and eight sessions to reach this criterion. In another 2 day 
training period, subjects were submitted to one daily session of nine trials. The experimenter gave 
one, two or three raisins and requested subjects to return them to obtain twice the returned number, 
i.e., two, four or six raisins. Three trials were run in a random order in each condition. The aim was to 
show subjects that they could receive a reward amount proportional to the returned number of raisins; 
no learning criterion was required. In a further 2 day training period, subjects were habituated to the 
three testing experimenters. Subjects were exposed in a single trial to each of the three experimenters. 
Subjects had to give back at least one raisin to each experimenter. If they failed, a second trial was 
run; subjects needed between two and seven trials to succeed with all experimenters. In the last 
training period, subjects were run in daily sessions of nine trials. There were four successive sets of 
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were rewarded in different ways. An examination of individual results showed that several subjects 
followed a learning curve during these first sets of sessions, but that all displayed stable performances 
during the testing phase (Fig. 1).
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Figure 1. Number of raisins returned by monkeys. Each plot represents the mean number of raisins 
returned in one session of nine trials, along with standard errors. Several subjects followed a learning 
curve during the first sets of sessions. All 
testing phase (sessions 5 to 8).
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raisins returned. The order of trials was randomized in each session for irregular and very irregular 
conditions. The role of experimenters was also counterbalanced across subjects; each experimenter 
intervened regularly, irregularly or very irregularly with two or three subjects in each species.

Number of raisins returned by monkeys. Each plot represents the mean number of raisins 
returned in one session of nine trials, along with standard errors. Several subjects followed a learning 
curve during the first sets of sessions. All subjects displayed quite stable performances during the 
testing phase (sessions 5 to 8).
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Experiment 2

Apparatus. Subjects faced the experimenter through a wire mesh. Food rewards were 
placed on a plastic support (55 cm x 38 cm). Rewards could be obscured by plastic bowls of different 
colors and shapes (red bowl: diameter 12 cm, height 8 cm; grey bowl: diameter 12 cm, height 6 cm; 
white bowl: diameter 9 cm, height 9 cm). We used an occluder (height 10 cm, length 40 cm) to cover 
the bowls during baiting and prevent subjects seeing how many items were available beneath the 
bowls. During sessions, the experimenter placed the options on the support hold-off individuals so 
that they could be slid forward within the subject's reach.

Testing procedure. The experimenter sat in front of the wire mesh and laid two bowls and 
two cups on the support. The occluder prevented the subjects from seeing how many items were 
loaded on the cups beneath the bowls. The experimenter loaded the cups with the appropriate number 
of raisins and covered each side with the corresponding colored bowl. She always loaded the cups 
from left to right, in case subjects attempted to infer amounts from body placement. Then, the 
occluder was lifted and the experimenter pushed the two bowls forward to allow the subject to make 
a choice. The subject then had 10 s to make a choice by touching or jabbing in the direction of one of 
the two bowls. The experimenter then moved back the two bowls, uncovered the food amount, and 
rewarded the subject with the cup of raisins beneath the chosen bowl. The experimenter waited for 1 
min after the end of food consumption before starting another trial.

Experimental design. There were three options for reward. The first option was regular; it 
always yielded six raisins. The second was irregular as it yielded nine raisins in two trials out of 
three. The third was very irregular as it yielded 18 raisins in one trial out of three. Subjects were 
submitted to binary choices between options: regular vs. very irregular, regular vs. irregular, irregular 
vs. very irregular. They could choose between a less regular option and a more regular option based 
on the shape and color of the bowl since each bowl was associated with a given option for each 
subject. The assignment of bowl color to each option was counterbalanced across subjects. The side 
assignments for the options were counterbalanced within sessions. For the two irregular options, 
rewarded trials were randomized within each session.

Training phase. Prior to testing, subjects completed two training periods. A first period 
aimed at teaching subjects to jab in the direction of one of the bowls. We performed two sessions of 
nine trials where we placed four raisins beneath one bowl and 1 raisin beneath the other bowl. The 
side assignments for the options were counterbalanced within sessions. There was no learning 
criterion for this period. The second period aimed to train subjects to discriminate between options. 
The procedure was the same as in testing except that the occluder was not used. Subjects saw the 
actual reward quantities for 4 s before the experimenter covered them with the appropriate bowls in 
full view of the subject. We performed four daily sessions of nine trials with each choice. For each 
training session, subjects were required to succeed in at least 80% of trials. Subjects needed between 
four and eight sessions to succeed.

Testing phase. In the testing phase, we run subjects in one set of four sessions of nine 
trials for each binary choice. There was no more than one session per half-day. The order of sets of 
sessions was counterbalanced across subjects. Each set of sessions was run straight after the four 
sessions of the corresponding second training period. The subjectsÕ total pay-off could vary as 
follows within one session: from 18 to 90 raisins in the regular/very irregular choice, from 36 to 72 in 
the regular/irregular choice, and from 27 to 81 in the irregular/very irregular choice. Note that each 
option provided an average pay-off of 54 raisins in each session regardless of the option.

If a subject did not make a choice (i.e., did not jab in the direction of one bowl or did not 
touch one of the two bowls) within 10 s of being given access the two bowls, the trial was considered 
aborted. If a subject failed to consume all the food, the trial was aborted. If three trials were aborted 
in one session, the entire session was ended and the data discarded. Only two sessions were aborted 
in this way. Moreover, to eliminate side-biased data, if a subject chose a single side eight or more 
times out of nine trials, the data from that session were discarded and the session repeated. Based on 
this criterion, 19 sessions were consequently deemed biased.

Statistical Analysis

Data were analyzed using non-parametric statistics with SPSS 17.0 (SPSS Inc., Chicago, 
IL, U.S.A.). The significance level was fixed at 0.05.
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Table 2
Experiment 1: comparison of the number of raisins returned by subjects in exchanges differing by 
the regularity of pay-off (mean number ± SD).

Subjects
Conditions

p*
regular irregular very irregular

Tufted capuchins

Ali 2.94 ± 0.04 2.33 ± 0.21 2.47 ± 0.19 0.09
Arn 2.92 ± 0.08 2.92 ± 0.08 2.92 ± 0.06 0.72
Ass 2.94 ± 0.06 2.81 ± 0.12 2.33 ± 0.20 0.80
Kin 2.39 ± 0.15 1.89 ± 0.16 1.81 ± 0.19 0.12
Pao 1.81 ± 0.08 1.56 ± 0.12 1.61 ± 0.12 0.27
Pis 3.00 ± 0 3.00 ± 0 3.00 ± 0 1
Pop 2.97 ± 0.03 2.78 ± 0.11 2.92 ± 0.08 0.10
Rav 3.00 ± 0 2.92 ± 0.05 2.94 ± 0.04 0.25
Sam 0.92 ± 0.09 1.08 ± 0.14 1.31 ± 0.15 0.10

Tonkean macaques 

Lad 3.00 ± 0 2.86 ± 0.09 2.86 ± 0.10 0.25
Rim 2.92 ± 0.08 2.83 ± 0.12 2.83 ± 0.12 0.78
Sha 2.50 ± 0.19 2.56± 0.17 1.67 ± 0.24 0.60
She 2.97 ± 0.03 3.00 ± 0 2.97 ± 0.03 0.61
Sim 3.00 ± 0 2.92 ± 0.08 2.39 ± 0.19 0.10
Syb 3.00 ± 0 3.00 ± 0 3.00 ± 0 1

Long-tailed macaques

Cas 2.42 ± 0.16 2.11 ± 0.18 1.58 ± 0.22 0.10
Jac 3.00 ± 0 3.00 ± 0 3.00 ± 0 1
Joe 2.89 ± 0.07 2.92 ± 0.08 2.92 ± 0.08 0.61
Lou 2.86 ± 0.10 3.00 ± 0 2.94 ± 0.06 0.37
Ram 3.00 ± 0 3.00 ± 0 2.64 ± 0.16 0.20
Sad 2.11 ± 0.22 2.06 ± 0.22 2.11 ± 0.22 1
*Friedman test (N = 36)

Results

Experiment 1

We compared the number of returned rewards in the three experimental 
conditions for each subject. The Friedman test did not yield statistically significant 
differences between conditions for any subjects (Table 2). We then compared the 
mean performances of all subjects in the three experimental conditions. Although 
individuals tended to return a larger number of rewards in more regular conditions, 
the trend was not statistically significant (regular mean ± standard deviation = 2.69 
± 0.07, irregular 2.60 ± 0.09, very irregular 2.49 ± 0.12; Friedman test: p = 0.064, 
N = 21).
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Experiment 2

For every subject we compared the number of options chosen in each 
binary choice using binomial tests (Table 3). Eight subjects displayed a significant 
preference in the regular/very irregular choice, three favoring the regular option 
and five the very irregular. Seven subjects displayed a significant preference in the 
regular/irregular choice, five favoring the regular option and two the irregular. Ten 
subjects displayed a significant preference in the irregular/very irregular choice, 
two favoring the very irregular option and eight the irregular. It must be stressed 
that only four subjects were consistent in their choices, two always favoring the 
more regular option and two the more irregular. Three other subjects were 
inconsistent, favoring either the more regular or the more irregular depending on 
choices. These various strategies were quite uniformly distributed among the three 
species studied. It may be noted however that long-tailed macaques generally 
tended to favor the less regular option (Table 3).

Table 3
Experiment 2: preferences of subjects in binary choices between options differing in the regularity of 
pay-off.

Subjects Ratio of number of choices for more regular options by number of 
choices for less regular options

regular/
very irregular

regular/
irregular

irregular/
very irregular

Tufted capuchins

Ali 0.83*** 0.94*** 0.36
Arn 0.64 1.00*** 0.00***
Kin 0.28* 0.83*** 0.22***
Pao 0.69* 0.50 0.58
Pis 0.33 0.47 0.31*
Pop 0.44 0.39 0.19***
Rav 0.39 0.00*** 0.67
Sam 0.53 0.50 0.92***

Tonkean macaques

Rim 0.22*** 1.00*** 0.00***
Sha 0.75** 0.58 0.86***
She 0.61 0.56 0.58
Sim 0.64 0.53 0.33
Syb 0.64 0.86*** 0.33

Long-tailed macaques

Cas 0.47 0.47 0.06***
Jac 0.31* 0.56 0.17***
Joe 0.11*** 0.19*** 0.39
Lou 0.33 0.53 0.33
Ram 0.19*** 0.47 0.36
Sad 0.42 0.44 0.31*
Values above 0.5 indicate a preference for the more regular option, values below 0.5 indicate a 
preference for the less regular option. Binomial test: N = 36, *p < 0.05, **p < 0.01, ***p <0.001
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Discussion

In a first experiment we found no evidence that subjects were sensitive to 
the regularity of pay-off, whereas in a second experiment many of them displayed 
a preference, albeit in different directions, when they had to choose between two 
conditions differing by the regularity of pay-off.

In Experiment 1, individuals returned a similar number of raisins in three 
conditions differing by the probability and quantity of reward in each trial, but not 
by the average pay-off in a session. It could be argued that subjects failed to 
distinguish between conditions despite the different cues attached to them, i.e. cups 
and experimenters. This explanation appears unlikely, however, since there is 
ample evidence that macaques and capuchin monkeys can readily learn to 
discriminate cues and recognize experimenters (e.g., Kuroshima, Fujita, & Adachi, 
2003; Mitchell & Anderson, 1997; Paukner, Anderson, Borelli, Visalberghi, & 
Ferrari, 2005). In particular, they can differentiate magnitudes and make “more” or 
“less” judgments about discrete quantities (Addessi, Crescimbene, & Visalberghi, 
2007; Beran, Evans, Leighty, Harris, & Rice, 2008; Hauser, Carey, & Hauser, 
2000; Wood, Glynn, Hauser, & Barner, 2008). In a study requiring monkeys to 
trade tokens for rewards with two different experimenters, tufted capuchins 
selected the one providing the higher pay-off (Chen et al., 2006). Besides it is 
possible that monkeys met difficulties distinguishing between the three different 
conditions; future research should check whether they would show the same 
responses when tested with two opposite conditions of pay-off regularity.

Previous works have shown that monkeys display loss aversion. In an 
exchange task with two experimenters, capuchin monkeys preferred trading with a 
first experimenter who presented and gave a reward rather than a second one who 
presented two rewards but gave only one (Chen et al., 2006; Lakshminaryanan et 
al., 2008). Yet when important gains are at stake, macaques and capuchin monkeys 
can significantly delay gratification; they are able to tolerate loss by giving back a 
piece of cookie and can then wait dozens of minutes to obtain a cookie 40 times 
larger (Pelé et al., 2009, 2011). The results of Experiment 1 were consistent with 
the prediction of the expected utility theory, which states that rational decision 
makers should be indifferent between options of same expected pay-off (Von 
Neumann & Morgenstern, 1944). The subjects’ maximal expected satisfaction 
corresponded to the same utility function in the three conditions, making 
understandable that their performances did not differ in a significant way in the 
three conditions. The subjects of the three species studied optimized pay-off by 
investing comparable amounts in all conditions. It is noteworthy that they 
continued investing despite suffering a full loss in one or two trials out of three. 
Whereas the expected utility theory was built to account for the decisions of 
human beings, the present results show that it is also applicable to monkeys.

Whereas in Experiment 1 subjects could only accept an exchange or not, 
they had to choose between two options differing by the regularity of rewards in 
Experiment 2. A main finding of this second experiment is the large amount of 
variation observed between subjects. A majority of them displayed some 
significant preference, albeit in different directions. Several subjects exhibited 
inconsistent preferences, selecting either the more regular or the less regular option 
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depending on proposed options. Moreover, two individuals consistently selected 
the more regular option while two others consistently selected the less regular one. 
Although long-tailed macaques tended to favor the less regular option, the results 
showed that there was no single decision-making pattern among subjects. Such 
individual biases contrast with the experiment of Heilbronner et al. (2008) who 
found that five bonobos favored the regular option, whereas five chimpanzees 
favored the irregular option, leading the authors to suggest that the preferences 
displayed by individuals depended on fluctuations typical of the environment in 
which the species evolved. On the other hand, it is worth noting that large 
individual differences remain a major finding from economic experiments in 
humans, e.g. in the trust game, the ultimatum game and the dictator game (Scheres
& Sanfey, 2006). The absence of specific patterns in monkeys indicates that 
individual sensitivity to the regularity of pay-offs cannot simply be related to the 
habitat in which a species has evolved.

Inter-individual variations in patterns of decision-making in risky 
situations may be related to the differences in temperament arising from the 
influence of factors such as sex, age and rearing history (Clarke & Boinski, 1995; 
Coleman, Anntully, & McMillan, 2005; Suomi, 1991). Considering the limited 
sample size and the fact that study groups were not balanced for these factors, their 
possible significance could not be assessed here. So far, few studies have 
experimentally addressed how risks affect economical choices in animals. Future 
research should investigate the factors underlying decision-making, and in 
particular how chance and the amount of expected losses or gains can shape the 
strategies of individuals under various conditions of food income.
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In this study, the detour problem was combined with the classic delayed-response task to investigate 
equine short-term spatial memory. Test subjects were eight female horses, divided into two groups (A 
and B) of four subjects each. The motivating object was made to move and disappear behind one of 
two identical obstacles in a two-point-choice apparatus. After a 10 s (Group A) or 30 s (Group B) 
delay the animal was released to seek the object. Both groups made more correct (14.8 ± 1.3 for 
Group A and 13.5 ± 3.1 for Group B, mean ± SD) than incorrect choices (5.3 ± 1.3 for Group A and 
6.5 ± 3.1 for Group B, mean ± SD) and the performance of each group was significantly above 
chance level (z = 4.14, p = 0.000, for Group A and z = 3.02, p = 0.002, for Group B). Therefore, 
tested animals were able to recover the object by approaching the correct obstacle after 10 s or 30 s 
delays, showing that they had encoded and recovered from memory the existence of the target object 
and its location.

The ability to navigate around obstacles has been investigated extensively 
in the study of animal cognition by using an obstacle placed between the target 
object and the animal (Zucca, Antonelli, & Vallortigara, 2005), already described 
in horses (Baragli, Paoletti, Vitale, Sighieri, & Reddon, 2011). The Òdetour taskÓ 
requires the animal to distance itself from the target object while detouring around 
the obstacle in order to reach it (Wynne & Laguet, 2004). The use of opaque 
obstacles (in which the object disappears from the animalÕs view) requires animals 
to maintain a sort of ÒmemoryÓ of the location of the disappeared object (Zucca, 
Antonelli, & Vallortigara, 2005). This is of particular interest for comparative 
cognitive research as a natural example of Òdelayed responseÓ (Zucca, Antonelli,
& Vallortigara, 2005).

Therefore, detour tests are often combined with the classic delayed-
response task to compare the duration of short-term memory in different species 
(Hunter, 1913; cited in Vallortigara, Regolin, Rigoni, & Zanforlin, 1998). This 
paradigm has been used to assess short term memory in dogs (Fiset, Beaulieu, &
Landry, 2003), cats (Fiset & DorŽ, 2006) and domestic chicks (Regolin, Rugani, 
Pagni, & Vallortigara, 2005; Vallortigara et al., 1998).

In recent years, several scientific papers have highlighted the cognitive 
abilities of horses. Horses can distinguish the social affiliation and social rank of 
their conspecifics (Krueger & Heinze, 2008) and they take into account the social 
rank of conspecifics to decide their feeding strategy (Krueger & Flauger, 2008). 
Moreover, horses appear to comprehend some human pointing gestures (Maros, 
G‡csi & Mikl—si, 2008) and follow some human-given cues (Krueger, Flauger, 
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Farmer, & Maros, 2010; Proops & McComb, 2010). HorsesÕ ability to Òlearn to
learnÓ was reported in several studies (Bear, Potter, & Friend, 1984; Fiske &
Potter, 1979; McCall, Potter, & Friend, 1981) and discrimination and 
categorization learning has also been demonstrated in horses (Dixon, 1970; 
Flannery, 1997; Gardner, 1937; Hanggi, 1999, 2003; Mader & Price, 1980); one 
study reports that horses are able to remember categories and concepts for several 
years (Hanggi & Ingersoll, 2009).

Nicol (2002) states that horses are said to have excellent memories, as 
indicated by the fact that horses remember a maze which they have learnt to 
criterion after an interval of 1 week (Marinier & Alexander, 1994) and that horses 
that have acquired an operant response perform the same response after an interval 
of 1 month (Wolff & Hausberger, 1996).

However, specific studies on equine short-term memory are limited and 
contradictory. McLean (2004) was able to train twelve horses to approach food 
using a two-choice task with immediate release, but subjects could not perform 
above chance level when a 10 s delay was interposed between observation of food 
being dispensed and release of the subject. Therefore, the author suggested that 
short-term memory in the horse is severely limited in duration. These results also 
differ from those of Murphy (2009) in which eight horses performed above chance 
level with a 12 s delay. More recently Hanggi (2010) investigated whether four 
horses could recall the location of a food objective in a two-choice delayed 
response test finding that one horse was able to recover food after 20 s and another 
did so after 30 s. All these authors (Hanggi, 2010; McLean, 2004; Murphy, 2009) 
used the same animals to check different delays. Donkeys seem to be capable of 
finding the correct location of a hidden object after a 30 s delay, without having 
been tested with minor delays (Baragli, Paoletti, Vitale, & Sighieri, 2011).

The aim of this study was to investigate equine short-term spatial memory 
by the use of delayed responses when horses detour an opaque obstacle, avoiding 
testing the same subjects with different delays.

Method

Subjects

Test subjects comprised eight female horses of mixed breed (age 9.3 ± 3.5 years) that were 
randomly divided in two groups (Group A and Group B) of four subjects each. The horses were used 
as receivers in the embryo transfer program of the Department of Veterinary Clinical Sciences 
(University of Pisa, Italy) and were kept in a paddock (75 x 75 m), with ad libitumhay and water.

Materials and Procedure

The study was divided into two phases (Pre-Test and Spatial Memory test) and took place 
in a square enclosure. Initially, the horsesÕ ability to resolve a detour problem (Pre-Test, PT) with an 
opaque obstacle was evaluated. The obstacle, made of wood shaving bales (consisting of a long side, 
with two oblique sides at 45¡ angles with respect to the long side), was placed in the middle of the 
testing area. Halfway along the long side of the obstacle, at ground level, an opening allowed the 
target object (food) to be pulled through and disappear toward the outer part of the obstacle. The food 
(300 g of cereal flakes) was put in a white bucket and placed on a square trolley that could be pulled 
by a brown rope fastened to the trolley. In the PT the animal was brought to stand in front of the 
obstacle, where the experimenter held it by the halter. The bucket of food on the trolley was directly 
in front of the animal. The horse was allowed to eat a small amount of food from the bucket, and as it 
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was eating a second experimenter (located outside the enclosure behind the wooden panel) slowly 
pulled the trolley from the other side of the obstacle. Thus the food bucket “disappeared,” after which 
the animal was freed. Every time the horse arrived at the food behind the obstacle, the test was 
considered to have been completed successfully. To reinforce this behavior, the animal was permitted 
to eat some food from the bucket on the other side of the obstacle. If the subject did not perform the 
detour within 5 min the test was considered unsuccessful. The PT ended when the animal regained 
the food bucket in three-out of five trials. This was the criterion for each animal to be admitted to the 
Spatial Memory test (SMt) in which the motivating object was made to move and disappear behind 
one of two identical obstacles while the animal watched. In the Pre-Test the trolley was pulled 
directly through the only obstacle, while in the Spatial Memory test it was necessary to use two 
pulleys since the angle of the two obstacles was not in line with the experimenter behind the wooden 
panel.

In the SMt, two obstacles identical to the previous ones in shape, size and functional 
characteristics were placed in the middle of the testing area (Fig. 1). Behind each obstacle, a wooden 
box was placed against the aperture through which the trolley passed; the part resting against the 
obstacle was open, so that the trolley with the food bucket disappeared inside the box. The animal 
was led to the starting area and held by the halter by two experimenters (one on the left and one on 
the right). A third person offered the subject the food bucket, then drew it away taking care that the 
bucket remained in sight of the animal; he then placed it on the trolley, 3 m in front of the starting 
area. From outside the enclosure, another experimenter pulled the trolley with the bucket behind one 
of the two obstacles. After the bucket disappeared, the horse remained in the starting area, held by the 
two experimenters for either 10 s (Group A) or 30 s (Group B), after which it was released. When the 
horse was released the experimenters immediately left the enclosure. The test ended when the animal 
went around one of the two obstacles in search of food.

The SMt comprised a total of 20 trials divided into five sessions of four trials each. Each 
day a single session of trials was administered to each horse. The obstacle behind which the food 
bucket disappeared varied from trial to trial following a semi-random sequence (Fellows, 1967). Each 
trial ended when the animal detoured either of the two obstacles (i.e. when the animal turned its head 
towards the back of the obstacle, once it had walked past it). Group A performed both PT and SMt 
(with a 10 s delay) first, to verify that the procedure was adequate for the study of spatial memory. 
After this Group B performed the same protocol with a 30 s delay in the SMt. The 30 s delay period 
was chosen arbitrarily since previous data (Murphy, 2009) had reported that horses are able to 
recover food after a 12 s delay. We used a different group of animals to check different delays 
following the criterion of Regolin et al. (2005).

Differently from the PT, this time the animal could not eat food directly from the bucket, 
neither behind the correct nor the wrong obstacle, since in this phase the bucket disappeared into the
wooden box behind each obstacle. Variable reinforcement was used and one cereal biscuit was put on 
a plastic plate on each wooden box, so the biscuit could be found behind both the correct and the 
wrong obstacles. The presence of the biscuit on the wooden box was determined by a coin toss (yes 
or no) but not more than twice in succession. This method of reinforcement was chosen in order to 
maintain the horse’s motivation for seeking the bucket, and to avoid conditioned responses (learning 
effect).

Whether the choice was correct or wrong, the test was considered valid if the subject went 
around the obstacle within 5 min. In the SMt inside the wooden box located behind the wrong 
obstacle there was an identical bucket containing the same amount of food present in the bucket on 
the trolley. Moreover, the experimenter closed the bucket with an airtight cover the moment it was 
placed on the trolley. These strategies ensured that the horse would not be guided by its sense of 
smell toward the correct choice. At the end of each trial, the animal was led out of the enclosure and 
kept for 5 min in an area where it could not see the apparatus being repositioned for the subsequent 
trial.

Altogether, eight people took part in the experiment; seven were trained to carry out the 
tasks necessary for executing both phases and they were rotated in the required positions so that no-
one covered the same position for more than 1 day. The eighth person pulled the trolley behind the 
obstacle and was also trained in direct evaluation of the results (reported on a paper data sheet).
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Figure 1. Apparatus in the Spatial Memory test: a) starting position of the horse, b) starting area, c) 
entrance gate, d) trolley with food bucket, e) obstacle, f) wooden panel, g) rope to pull trolley from 
opposite part of obstacle  which was moved from one obstacle to the other during re-setting of the 
apparatus after each test. Distance d-b: at least 3 m and d-e: 5 m. In this phase there were four 
experimenters: 1) took bucket from trolley, approached horse, let it taste food, replaced bucket on 
trolley, 2) and 3) held horse by the halter, one on each side, 4) pulled trolley with food bucket.

Statistical Analysis

The number of correct vs incorrect choices was considered for each animal and for the two 
groups, and analyzed with a two-tailed Binomial test. The effects of groups, sessions and 
group/session interaction, and differences in performance over sessions were verified by the ANOVA 
tests. Data analysis was conducted using the SPSS¨ 17.0 statistical package (SPSS, Chicago, IL, 
USA).

Results

In the Pre-Test, horses of both groups met criteria by achieving three out of 
five of the detours; therefore all animals were admitted to the SMt. In the SMt both 
groups made more correct (14.8 ± 1.3 for Group A and 13.5 ± 3.1 for Group B, 
mean ± SD) than incorrect choices (5.3 ± 1.3 for Group A and 6.5 ± 3.1 for Group 
B, mean ± SD) and the performance of each group was significantly above chance 
level (see Table 1 for details). The two-way ANOVA reported no differences 
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between groups (F(1, 39) = 0.7, p = 0.409), sessions (F(4, 39) = 1.4, p = 0.244) and 
the group/session interaction (F(4, 39) = 0.4, p = 0.842). The one-way ANOVA 
over the five sessions of trials also showed a non-significant effect of the trial 
sessions for both Group A (F(4, 15) = 0.87, p = .0503) and Group B (F(4, 15) = 
0.92, p = 0.476).

Table 1
Number of correct and incorrect choices for both groups of horses.

Animal Correct trials Incorrect trials Two-tailed
Binomial Test

Group A (10-s delay)

Horse 1 15 5 z = 2.01, p = 0.041

Horse 2 16 4 z = 2.46, p = 0.012

Horse 3 15 5 z = 2.01, p = 0.041

Horse 4 13 7 z = 1.12, p = 0.263

Total 59 21 z = 4.14, p = 0.000

Group B (30-s delay)

Horse 1 15 5 z = 2.01,p = 0.041

Horse 2 14 6 z = 1.57, p = 0.115

Horse 3 16 4 z = 2.46, p = 0.012

Horse 4 9 11 z = - 0.22, p = 0.823

Total 54 26 z = 3.02, p = 0.002

Note: The number of correct and incorrect choices over total trials and the binomial test results are 
reported for Group A (10-s delay) and Group B (30-s delay).

Discussion

In this study we evaluated eight female horses for short-term spatial 
memory. In the test, the object disappeared behind one of two obstacles in front of 
the animal, and it had to remember behind which of the two obstacles the object 
had disappeared. Results during the Spatial Memory test suggested that horses had 
encoded and correctly recovered from their memory the spatial location of the 
hidden object.

If the horses had been able to understand the criterion of the task, follow 
the attractorÕs smell or read the inadvertent cues of experimenters, their 
performance would have improved as the tasks progressed. However, no statistical 
difference was revealed over the progression of sessions, suggesting that no 
incremental or degradation learning effect was present. This may reflect the 
strategy of reinforcement used and also the strategy used to prevent the possible 
use of smell. Moreover, personnel were moved around frequently between trials, 
and it may have been difficult for horses to learn any inadvertent cues of 
experimenters. It appears that learning did not influence results, so we may 
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hypothesize that our horses used their memory to recover the target object. 
Previous investigations on equine short-term memory (Hanggi, 2010; McLean, 
2004; Murphy, 2009) did not check for a possible learning effect in the study 
groups. Therefore, authors cannot be sure that their horses solved the task solely by 
use of memory.

As indicated in the introduction section, several papers have reported that 
horses possess various cognitive skills (Baragli, Paoletti, Vitale, Sighieri, &
Reddon, 2011; Hanggi & Ingersoll, 2009; Krueger et al., 2010; Krueger & Heinze, 
2008; Mader & Price, 1980; Maros et al., 2008; McCall, Potter, & Friend, 1981; 
Proops & McComb, 2010; Proops, McComb, & Reby, 2009). These indications 
suggest that horses are indeed endowed with sophisticated and complex cognitive 
abilities. Therefore, it was surprising when recent research on short-term spatial 
memory suggested that horses may not have this memory perspective (McLean, 
2004) or that they have a limited, but trainable, short-term memory capacity 
(Murphy, 2009). Negative or unexpected results, such as those reported by 
McLean (2004), could be due to the use of experimental methods that do not 
adequately take into consideration the horseÕs sensorial or neural capacities, or 
motivational factors (Hothersall & Nicol, 2007). This point is also underlined by 
the work of Martin, Zentall, & Lawrence (2006) in which the authors suggest that 
horses are capable of Òlearning to learnÓ but this ability depends on the type and 
method of stimulus administered. In another study it was observed that the horses 
performed better when a stimulus was presented at ground level and that 
performance decreased when the stimulus was at the height of 70 cm (Hall, 
Cassaday, & Derrington, 2003). Moreover, moving stimuli attract an animalÕs 
attention more easily than do motionless stimuli (see for review Washburn &
Taglialtela, 2005).

Our data indicate that horses can retain a spatial memory for visual 
information for at least 30 s, like other animal species (Baragli, Paoletti, Vitale, &
Sighieri, 2011; Fiset, Beaulieu, & Landry, 2003; Fiset & DorŽ, 2006; Regolin et 
al., 2005). This may help resolve the current controversy in the literature on equine 
short-term memory; even further studies are needed to define the retention limits of 
equine short-term memory.
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Examining the role of play as related to individual and group social development is important to 
understanding a species. The purpose of our study was to examine whether there is a difference in the 
frequency of object play exhibited by dolphins from two groups Ð one captive and one wild. Data 
were collected with underwater video, with resulting videos event sampled for bouts of play 
involving various objects used by dolphins. From 159 hr of video data, roughly 102 min featured 
object play: 75 min of dolphins from RIMS and 26 min for dolphins near Bimini. A total of 304 bouts 
of object play were documented from or between dolphins at RIMS, while 73 bouts were observed by 
or between dolphins around Bimini. Juvenile dolphins engaged in solo and mutual play more than 
twice that of other aged dolphins from both study groups, although this result was not statistically 
significant. Similarly, male dolphins at RIMS exhibited object play slightly more than females, 
though this difference was not significant: at Bimini, male dolphins were not observed to play with 
objects during interactions with conspecfics (mutual) and engaged in object play about half as often 
as female spotted dolphins. Combining both study groups, dolphins played with about 23 different 
objects that were grouped into six categories: biological debris, human made objects, inanimate 
objects, other (e.g., wood, etc), people, and trash. The RIMS dolphins played most with all objects 
except people while Bimini dolphins interacted with sand more than any other object. Dolphins have 
been shown to exhibit higher cognitive functions, of which complex play is one example. The role of 
play in animals is considered important to development and maintenance of social relationships and 
to learning skills required ultimately for survival.

Play is a broad activity that includes a variety of specific actions and 
occurs as both a solitary and social activity (McDonnell & Poulin, 2002). Byers 
and Bekoff (1998) define play as motor activity that appears purposeless, though 
these behavior patterns might also be used in other contexts. For example, Loizos 
(1967) states that juvenile play involves more complicated patterns of chasing, 
jumping, and wrestling on and around many different features of the environment. 
Thus, play is often defined as an activity with no apparent function to the animal(s) 
involved except for a sense of pleasure, combined with elements of surprise 
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(McDonnell & Poulin, 2002; Pace, 2000). 
Play is important to all social animals because it allows an individual to 

practice skills and behaviors that will be essential for its survival as an adult 
(Loizos, 1967). Play enables animals to develop flexible kinematic and emotional 
responses to unexpected events in which they might experience a sudden loss of 
control; play might function to increase the versatility of movements used to 
recover from sudden shocks such as loss of balance and falling over (Spinka, 
Newberry, & Bekoff, 2001). Play can also be used to enhance the ability of 
animals to cope with unexpected stressful situations (Spinka et al., 2001). Play 
enhances the formation of long-term social attachments, in addition to learning the 
proper use of signals within their own social structure (Pellis & Pellis, 1987).

Play is generally divided into locomotor, predatory, social and object play 
(Bekoff & Byers, 1998). Though these distinctions help to categorize the different 
types of play, they are not mutually exclusive. Solitary play can occur in each of 
the play types defined by Bekoff and Byers, and is important to consider because 
of its significance and difference from social play. Object play may be an example 
of higher cognitive functioning as a form of creativity in species that exhibit this 
type of play behavior (Kuczaj & Walker, 2006). Locomotor play is typically used 
to describe dramatic or exaggerated movements (Bekoff & Byers, 1998); jumping 
and leaping by mammal species and soaring in many bird species are examples of 
locomotor play (Burghardt, 2005; Goodall, 1986; Lusseau, 2006). Predatory play 
involves actions that could be associated with agonistic social activity or predation 
activity for survival. It has been suggested that animals might only need minimal 
play practice to become competent predators (Martin & Bateson, 2007). Predatory 
play is not limited to mammals; swallows (Tachycineta bicolor,Ringelman, 2007), 
herring gulls (Larus argentatus,Gamble & Cristol, 2002) and kingfishers (Alcedo 
atthis, Ashmole & Humberto, 1968) have all been observed to engage in predatory 
play scenarios.

Many mammals, especially young individuals, engage in social play. 
Social play is an activity directed toward another individual with whom actions 
from other contexts are used in modified forms and in altered sequences (Bekoff 
1997, 1999; Martin & Caro, 1985). When animals engage in social play, they are 
using actions that come from activities such as mating and aggression (Bekoff, 
2004). Animals participating in social play exchange a wide variety of actions with 
one another that include chasing, wrestling, running and biting, among other 
behaviors (Bekoff, 2001; Bekoff & Byers, 1981). Social play might be a safe way 
to teach young animals the skills necessary for successful participation in future 
aggressive social competition. Social play might also simultaneously strengthen 
bonds between group members, a process that serves to limit the amount of actual 
aggression between kin or peers (Bekoff, 1995).

The differences between solitary and social play should be investigated to 
better understand the significance of individual and group play behavior among 
social animals. The significance of solitary play for contextually flexible 
communication may rest on the role of solitary play in the ontogeny of flexible 
thought (Kuczaj & Makecha, 2008). An animalÕs interaction with the environment 
during solitary play could facilitate cognitive growth and flexibility because the 
player has control over the play activity without the outside influence of other 
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animals (Kuczaj & Makecha, 2008). In contrast, the significance of social play for 
the emergence of communication systems is believed to be more direct (Lancy, 
1980; Sutton-Smith, 1980): social play is impossible without the cooperation of 
others and cooperation cannot happen unless there is successful communication 
(Kuczaj & Makecha, 2008). Garvey and Berndt (1977) support this idea; in order 
for children to play with others they must communicate about more than simply 
taking part in the play behavior. 

Object play is defined as the involvement of inanimate objects of various 
types in an animalÕs environment (Bekoff & Byers, 1998). Play objects can include 
rocks, twigs, grass, branches, leaves, etc. (Fagen, 1981). Captive animals will often 
use human-made toys as enrichment, but when there are no human-made toys 
available, animals will use other types of objects naturally found in their 
environment. Object play occurs in many animal species such as loggerhead turtles 
(Caretta caretta, Burghardt, 2005; Melgren & Mann, 2000), canids, (Bekoff & 
Byers, 1981), and both captive and wild dolphins (e.g., Delfour & Aulagnier, 
1997; Norris, 1994).

Object Play and Dolphins

Object play has been documented in both captive and wild dolphins 
(BelÕkovich, Ivanova, Kozarovitsky, Novikova, & Kharitonov, 1991; Yeater & 
Kuczaj, 2010), with individuals observed carrying both animate and inanimate 
objects on their rostrum, melon, dorsal and pectoral fins, and flukes (Kuczaj & 
Yeater, 2006; Pryor, 1975; Taylor & Saayman, 1973; all co-authorsÕ personal 
observations). Objects include balls and buoys provided by trainers, feathers and 
seaweed found in the environment, or bubbles and bubble rings they create 
(BelÕkovich et al., 1991; Gewalt, 1989; Marten, Shariff, Psarakos, & White, 1996). 
Bottlenose dolphins(Tursiops sp.) and pilot whales (Globicephala melas) often 
carry objects like seaweed, fish or plastic toys in their mouths (Brown & Norris, 
1956; Caldwell, 1956; Para, 2007; Tizzi, Castellano, & Pace, 2000). In The 
Bahamas, free-ranging Atlantic spotted dolphins (Stenella frontalis) carry sea 
grass, fish, sea cucumbers and pieces of coral (Herzing, 1997; KMS, KD personal 
observations, 2003-2011). Play by young captive dolphins suggests that the actual 
behaviors were characterized by their creativity (Kuczaj & Trone, 2001; Kuczaj & 
Walker, 2006; McBride & Hebb, 1948; Tavolga, 1966). Kuczaj, Makecha, Trone, 
Paulos, & Ramos (2006) found that dolphin calves were the main actors engaging 
in innovative play behavior within a group of captive dolphins. These authors also 
concluded that peers may be important for both cultural innovation and 
transmission. 

Object play is a fundamental prerequisite for the emergence of the skillful 
use of tools (Jay, 1968; Parra, 2007). While several studies have recorded dolphins 
playing with various items, these actions are typically attributed to object play and 
not tool use (Brown & Norris, 1956; Caldwell, 1956; Mann & Smuts, 1999; Para, 
2007; Slooten & Dawson, 1994; Tizzi et al., 2000). Some object interactions might 
be related to object manipulation or tool use (Krutzen et al., 2005). The difference 
between tool use and object play relates to the motor activity directed toward a 
particular object: no obvious direct benefit to the individuals involved would be 
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expected if the activity were play, while tool use most often has a specific function 
related to a particular activity, e.g., foraging (Mann et al., 2008; Martin & Caro, 
1985; Smolker, Richards, Connor, Mann, & Berggren, 1997).

Object play may be a basis to comprehend and observe higher cognitive 
processes in dolphins. Object play is a type of play that incorporates novel 
experiences, which is a cognitively demanding process and thus may have evolved 
in species that possess the required cognitive abilities (Kuczaj, 2008; Spinka et al., 
2001). It is important to look at object play in both captive and wild dolphin 
populations; including data from both environments and study groups facilitates a 
comparison of object play by dolphins in different settings. Additionally, if 
differences were not identified between these groups, then we could potentially 
pool the data, facilitating a more comprehensive examination of the extent, 
functions, and underlying mechanisms of cetacean play (Paulos, Trone, & Kuczaj, 
2010). Lastly, looking at how the environment might factor into the frequency and
diversity of object play allows an avenue to increase our understanding of how the 
environment might influence play behavior. 

Present Study

In this study, the frequency of occurrence of object play interactions is
examined for two dolphin groups (one captive and one wild) with results from both 
groups compared. This study focuses on solo and mutual play actions and 
interactions between dolphins. Bouts of object play are investigated from video 
data collected during a long-term study of two different dolphin groups. We 
hypothesize that there is a greater number of instances of, and higher diversity in, 
observed object play interactions by both sexes within the captive study group as 
compared to the wild dolphin study population. There is also a higher frequency of 
occurrence of object play interactions in young (i.e., calves and juveniles) 
individuals at both study sites as compared with older dolphins. By looking at the 
frequency of object play in captive versus wild dolphin groups, we learn more 
about the prevalence and diversity of object play among dolphins, as well as 
provide insight to its function. 

Method

Study Animals and Sites

Two groups of dolphins were included in this study. A group of 20 captive bottlenose 
dolphins (Tursiops truncatus) ranging in age from several months to 30+ years was observed at the 
Roatan Institute for Marine Sciences (RIMS) on Roatan, Honduras. The dolphins resided in a natural 
lagoon enclosure with depths ranging from shore to 8 m. There is an overall 1:1 ratio of 
males:females in this group, but a 2:1 ratio of adult females:adult males and a 1:2 ratio of juvenile 
females:juvenile males. 

The wild Atlantic spotted dolphin (Stenella frontalis) study group was observed between 8 
to 16 km NW of Bimini, The Bahamas, along the western edge of the Great Bahama Bank. These 
spotted dolphins ranged in age from calf to adult with a study population of roughly 90 identified 
individuals. There is an overall 2:1 ratio of females to males in the Bimini study group: the adult ratio 
is 3 female (F):1 male (M) while for juveniles the ratio is nearly 1:1, but slightly skewed toward 
females. More than one-third of catalogued individuals are of unknown sex; three-quarters of 
individuals of unknown sex are adults.
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Data Collection 

Instances of object play were documented from video collected during longitudinal studies 
ongoing by the Dolphin Communication Project (DCP) at both field sites. All video data were 
recorded using a mobile video/acoustic system (MVA, Dudzinski, Clark, & WŸrsig, 1995). At 
Bimini, data were collected from 2004 to 2009; at RIMS data were collected between 2003 and 2009. 
Event sampling from all video data was employed to record object play instances (Altmann, 1974; 
Mann, 1999). 

Object play was categorized as either solo or mutual. Solo play is defined as one dolphin 
playing with an object. Mutual play featured two or more dolphins sharing, playing with an object. 
The primary dolphin engaged in object play was the first identified individual observed to initiate 
play, or to come into view playing, with an object. One or more other dolphin(s) who might 
participate in play with an object in association with the primary dolphin was defined as an associate 
(with two or more dolphins yielding associate 1, associate 2 É associate N). The sex and age 
category for each individual involved in play with an object was documented, whenever confirmed. 
Dolphin ages for both study groups were broadly categorized as adult, sub-adult, juvenile, and calf 
[see Dudzinski (1996) and Brunnick (2000) for spotted dolphins]. We followed Shane, Wells, and
WŸrsig (1986) for bottlenose dolphin age ranges (age ranges are comparable between species). The 
type of object was also documented and included various species of fauna (e.g., fish, crabs, people), 
wood, air bubbles, plastics, or vegetation. Vegetation included sea grass, seaweed, and various leaves 
or seedpods. Object types were grouped into categories and included: biological debris (e.g., 
seaweed), human-made (e.g., flipper), inanimate (e.g., rock), other (e.g., dead fish), and trash (e.g., 
plastic bag).

Statistical Analyses

Bouts of object play were used for all statistical tests and comparisons. A bout of object 
play began when a dolphin made contact with an object or approached an object within one meter and 
investigated it and ended when the dolphin dropped or left the object. If the object was left or ignored 
for a minimum of 10 s, but then the dolphin returned to show interest or contact on the same object, 
these object play bouts would count as different bouts. If a dolphin was interacting with an object and 
physical contact was intermittent but the dolphin still displayed interest in the object, it was 
considered a single bout. 

The PearsonÕs chi-square test was used to examine independence between variables when 
analyzing object play bouts between dolphin ages, sexes, play types (solo vs mutual play), and study 
site, and was also used to examine results within each study group for object play and to compare 
results regarding object type with respect to dolphin age, sex or play type between study sites. 
CramerÕs V test was used to further examine the measure of association between the variables 
analyzed via the PearsonÕs chi-square test.

Results

A total of 159 hrs of video data were reviewed to document bouts of 
dolphin object play: these data include 81 hrs from RIMS and 78 hrs from Bimini. 
From the total 159 hrs of data, a total of 1:42:12 (h:min:s) of object play was 
observed and analyzed. This further divides into 1:15:53 from RIMS and 0:26:19 
from Bimini that presented object play interactions. A total of 304 bouts of object 
play were observed between or by dolphins at RIMS and 73 bouts of object play 
were documented from or between dolphins around Bimini (Table 1). The mean 
duration for object play bouts for dolphins at Bimini was 19 s (range: 1 - 79 s, 
median = 14 s), while at RIMS the mean duration for bouts of object play was 15 s 
(range: 1 - 77 s, median = 10 s). 
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Table 1
Frequency of object play for each study group according to type of play and age and sex of the 
dolphin initiating play.

Type of Play

Solo Mutual Total

Adult 32 5 37

Subadult 21 6 27

Juvenile 74 34 108

RIMS Calf 29 13 42

unID Age 50 40 90

Male 85 31 116

Female 75 27 102

unID sex 46 40 86

Adult 3 1 4

Subadult 4 3 7

Juvenile 6 7 13

Bimini Calf 0 0 0

unID Age 32 19 51

Male 3 0 3

Female 6 6 12

unID sex 36 22 58

Solo and Mutual Object Play Ð Bimini vs. RIMS

Atlantic spotted dolphins at Bimini were not significantly different from 
the bottlenose dolphins at RIMS with respect to how they engage in solo and 
mutual object play. While not significant, dolphins at both study sites engaged in 
more solo object play (60% Bimini, 67.8% RIMS) than mutual object play (40% 
Bimini, 32.2% RIMS, Table 1). 

Age Variability with Play Type Ð Solo vs. Mutual Object Play

Age was not significantly related to play type during solo or mutual object 
play for spotted dolphins observed at Bimini. However, these two variables were 
related for the dolphins at RIMS (�$2 = 13.77, df = 4, p < 0.01; CramerÕs V = 0.21, p
< 0.01). Adult dolphins at RIMS engaged in significantly more object solo play 
(15.5%, Table 1) than expected by chance alone and in less mutual object play 
(5.1%, Table 1) than expected by chance alone. Also, when object play 
observations by dolphins of unidentified age were included in the analyses of age 
versus play type between study sites, this age category also engaged in more solo 
object play (24.3%, Table 1) and more mutual object play (40.8%, Table 1) than 
expected by chance. 

For both study sites, observations of dolphins often resulted in behavioral 
observations for which the age of a specific participant dolphin could not be 
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ascertained. Situations with poor underwater visibility (e.g., because of bubbles or 
suspended silt particulates) or items (e.g., swimmers, boat) blocking the view of a 
specific dolphin contributed to the observers inability to confirm the age or sex of 
some dolphins engaged in object play. When the unidentified samples were 
excluded from the analysis for dolphin ages engaged in solo and mutual object 
play, these variables were not statistically significant for dolphins at Bimini or at 
RIMS. Because the sample of unidentified age dolphins at both study sites was 
substantial, future focus at confirming the age of as many involved dolphins might 
yield a different result for how dolphins of different ages engage in solo and 
mutual object play. 

Though not statistically significant, juvenile dolphins at RIMS engaged in 
both object solo play and object mutual play more than twice as much as each of 
the other age categories (Table 1). Similarly at Bimini, juvenile dolphins also 
engaged in solo play twice as much as adults and more than sub-adults; dolphin 
calves were not observed to engage in solo play around Bimini during this study 
(Table 1). 

Sex Variability with Play Type Ð Solo vs. Mutual Object Play

Sex was not significantly related to play type during solo or mutual object 
play for spotted dolphins observed at Bimini; however, these two variables were 
related for the dolphins at RIMS (�$2 = 11.188, df = 2, p < 0.001; CramerÕs V = 
0.192, p < 0.001). Male dolphins at RIMS engaged in significantly more object 
solo play (41.3%) while dolphins of unidentified gender engaged in significantly 
less object solo play (22.3%, Table 1) than expected by chance alone. Conversely, 
male dolphins engaged in significantly less mutual object play (31.6%) than 
expected by chance alone, while dolphins of unidentified sex engaged in 
significantly more mutual play (40.8%) than expected by chance alone. 

More than 80 cases of object play (both solo and mutual) were 
documented at RIMS and 58 instances of object play for dolphins at Bimini for 
which the sex of the participating dolphin was not confirmed (Table 1). When the 
unidentified samples were excluded from the analysis for dolphin sex as engaged 
in solo and mutual object play, these variables were not statistically significant for 
dolphins at Bimini or at RIMS. Because the sample of unidentified sexes at both 
study sites was substantial, future focus at confirming the sex of as many involved 
dolphins is a goal that might yield a different result for how dolphins of different 
sexes engage in solo and mutual object play.

Male dolphins at RIMS seemed to engage in both solo and mutual play 
with similar, though slightly more, frequency to that of females (Table 1), though 
with no significant difference identified between the sexes. Similarly, female 
dolphins at Bimini seemed to participate in solo play twice as much as male 
dolphins for cases when the sex of the playing dolphin was determined (Table 1). 

Object Categories

Combining both study groups, dolphins used 23 different object types 
during documented object play (Table 2). The frequency with which each object 
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was used by dolphins from each study group was examined and these objects were 
broadly grouped into six categories to facilitate further statistical analysis. 
Assigned categories include: biological debris, human-made objects, inanimate 
objects, other (e.g., wood, sea cucumber, etc), people, and trash (e.g., plastic bag). 

Object category was significantly different (�$2 = 57.911, df = 5, p < 0.001; 
CramerÕs V = 0.392, p < 0.001) for several object types than expected by chance 
between study sites (Table 2). Biological debris was observed significantly more at 
RIMS (52.6%) and significantly less at Bimini (35.6%) than expected by chance 
alone (Table 2). Human-made objects were observed significantly more at RIMS 
(29.3%) and significantly less at Bimini (9.6%) than expected by chance alone 
(Table 2). On the other hand, inanimate objects were observed significantly less at
RIMS (11.8%) and significantly more at Bimini (45.2%) than expected by chance 
alone (Table 2). Similarly, people as objects during play were observed 
significantly less at RIMS (0.3%) and significantly more at Bimini (4.1%) than 
expected by chance alone (Table 2).

With respect to frequency of object category and use by dolphins, 
biological debris seemed to be preferred by dolphins during both solo and mutual 
play followed by human-made and then inanimate objects at both sites (Table 2). 
The RIMS dolphins played more with all objects in all categories except for dead 
fish, humans, and sand, as compared with dolphins from around Bimini (Table 2). 
People (e.g., researcher while holding the MVA and other divers at Bimini) 
represented the least played with object type by dolphins at both study sites (Table 
2). The RIMS dolphins played most with varying object types from all categories 
except people, while Bimini dolphins played with inanimate objects at a frequency 
almost equal to that of the RIMS dolphins (Table 2). The dolphins from Bimini 
exhibited no interaction with trash.

The type of object used was also examined in relation to whether the bout 
was solo or mutual play between study sites. More play was documented with all 
object categories for solo versus mutual play at both study sites (Table 2); 
however, these results were significantly different for some but not all object 
categories at both study sites [Bimini: �$2 = 16.194, df = 4, p < 0.001 (CramerÕs V = 
0.471, p < 0.001); RIMS: �$2 = 11.816, df = 5, p < 0.05 (CramerÕs V = 0.187, p < 
0.05)]. Dolphins at RIMS engaged in more solo object play with biological debris 
(56.8%) but less mutual object play (52.9%) than expected by chance alone; 
however, RIMS dolphins engaged in less solo object play (9.2%) and more mutual 
object play (17.3%) with inanimate objects than expected by chance alone. At 
Bimini, dolphins engaged in less solo object play (26.7%) and more mutual object 
play (50%) with biological debris, more solo object play (15.6%) and less mutual 
object play (0%) with human-made objects, and less solo object play (0%) and 
more mutual object play (14.3%) with other objects than expected by chance alone 
(Table 2).

When comparing the two different study groups and their potential object 
category preference, there was a significant difference between the object 
categories at RIMS versus Bimini (�$2 = 45.90, df = 11, p < 0.001, Table 2). For 
example, dolphins at RIMS played the most with biological debris (e.g., seaweed) 
as compared to dolphins at Bimini (Table 2). On the other hand, dolphins at Bimini 
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played proportionately more with inanimate objects (e.g., sand) as opposed to other 
object categories than did RIMS dolphins (Table 2). 

Table 2
Frequency of occurrence of object play with respect to study group for object category according to 
solo and mutual/stealing play episodes.

Solo Mutual TOTAL
Biological Debris 117 43 160
Human-made 55 34 89

RIMS Inanimate Objects 19 17 36
People 1 0 1
Other 8 4 12
Trash 6 0 6
TOTAL 206 98 304

Biological Debris 12 14 26
BIMINI Human-made 7 0 7

Inanimate Objects 23 10 33
People 3 0 3
Other 0 4 4
Trash 0 0 0
TOTAL 45 28 73

Discussion

Dolphins from two study sites – one captive and one wild – were 
compared to one another with respect to the type and frequency of their object play 
interactions. Object play was defined as a solo or mutual interaction that involved a 
particular object. Within each study group, there were trends in frequency of object 
play by dolphins; however, the results were not statistically significant for either 
age or sex for solo and mutual play within each study group. Still, overall, dolphins 
from both sites engaged in substantially more solo play compared with mutual play 
with objects. The type of object selected by dolphins did differ between study sites: 
dolphins at RIMS played the most with biological debris (e.g., sea grass, seed 
pods), while dolphins at Bimini played more with inanimate objects. 

For solo and mutual play, males from RIMS had a higher frequency of 
object play as compared to females, but at Bimini the females played more with 
objects. The results from RIMS where males had a higher frequency of occurrence 
of object play interactions support the work of Gibson and Mann (2008). Gibson 
and Mann (2008) suggested that early social experience might influence the ability 
of males to maintain and form alliances later in life. In contrast, female dolphins 
likely acquire maternal skills from their mothers or other older females that will 
aid them later in life when faced with caring for their own offspring; thus, female 
experience gained via interaction with one's mother or other females may be 
sufficient with respect to a play outlet. Future research using a larger sample size, 
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with fewer individuals of unknown sex, may yield a different result for the Bimini 
population.

When looking at the differences in age categories for solo and mutual play, 
adults engaged in more solo object play than was expected by chance. This might 
be an artifact of the high number of unidentified aged dolphins playing with 
objects because this result was not found when the unidentified dolphins were 
excluded from analysis. Also, though not statistically significant, juveniles play the 
most of any age category for both study sites. This trend is supported by results 
from Kuczaj et al. (2006) who observed spontaneous play behaviors of a group of 
captive bottlenose dolphins. They found that each individual calfÕs behavior 
became more complex with increasing age. This could suggest that dolphin play 
facilitates the ontogeny and maintenance of flexible problem solving (Kuczaj et al., 
2006). Our results also support observations for play documented in studies of 
other mammals: Byers (1984), Gibson and Mann (2008), and Meaney, Stewart, 
and Beatty (1985) found immature males to play more than females, especially in 
mock fighting and rough-play activities. Tizzi et al. (2000) looked at the 
development of play behavior in dolphin calves and found that object and bubble 
play develop in each animal individually as they mature, whereas social play 
seems present from birth. In the present study, this observation was supported 
because juveniles from both study groups exhibited a higher frequency of object 
play interactions than calves. Tizzi et al. (2000) also found that object play 
occurrences showed higher duration values than social play bouts, though social 
play was documented more than were bouts of object or bubble play. The 
researchers concluded that by exploring and manipulating objects found in the 
surrounding environment, young animals accumulate specific information that may 
prove useful later in life (Tizzi et al., 2000). Play has evolutionary consequences 
because it allows young animals to practice behaviors that will facilitate their 
survival and reproductive success later in life (Kuczaj & Makecha, 2008). 

For the various object categories in this study, a significant difference was 
observed between captive and wild dolphins use of objects. The favored type of 
object by dolphins seems to have been biological debris such as seaweed and sea 
grass at RIMS, and inanimate objects that included sand in Bimini. Hasset, Seibert, 
and Wallen (2008) found that not only did rhesus monkeys(Macaca mulatta)have 
particular toy preferences, but these preferences were distinguished by the sex of 
the monkey playing with the toy. Hasset et al. (2008) demonstrate that such 
preferences can develop without explicit gendered socializations and thus, 
potentially reflect hormonally influenced behavioral and cognitive biases that are 
sculpted by social processes into the sex differences. In the present study, 
individuals from the two study groups showed a statistically significant preference 
for object type; still, more research is necessary in order to determine if these 
choices were an artifact of the high number of unidentified sex individuals in our 
sample, or reflect a true trend in potential gender preference in object type. If the 
latter is true, then the suggestion of hormone-induced selection on play behavior 
would be interesting to ponder and study at length.

In this study, it seemed that dolphins would interact with whatever was 
available: there was more free-floating debris along the surface of the water at 
RIMS as compared to at Bimini. Many of the object play interactions at Bimini 



- 302 -

included some contact with sand, whereas at RIMS, the majority of object play 
interactions recorded consisted of either free-floating seaweed or other debris 
found in the water column. Thus, differences in habitat and water characteristics 
may play a role in the diversity of interactions between dolphins and their chosen 
inanimate toys. 

Diversity in object type and how the RIMS and Bimini dolphins interact 
with a given object are supported by past research (Brown & Norris, 1956; 
Caldwell, 1956; Mann & Smuts, 1999; Para, 2007; Slooten & Dawson, 1994; Tizzi 
et al., 2000). During play interactions documented in this study, 23 different object 
types were identified and catalogued into six broad categories. Our observations 
showed that the dolphins interacted with these objects using different body parts, 
swimming patterns, and either solo or mutually with conspecifics. This diversity in 
object play could suggest that dolphins are ÒcreativeÓ in their behavior with toys. 
Though beyond the scope of the current study, future research could investigate 
what body parts are used by male and female dolphins of differing ages and if 
there is more variability in one over the other. Another intriguing future question 
would be what specific behaviors are displayed during object play interactionsÑ
are they individual or age/sex specific? Perhaps male and female dolphins or 
dolphins of different ages respond and interact with objects in different ways. 

One potential confounding factor to our study comparing object play by 
dolphins between sites pertains to the amount of data collected at each site. There 
is variance in the amount of screen time for which dolphins are present at RIMS 
versus Bimini. Video data from RIMS almost always had dolphins on screen (i.e., 
within the viewfinder), while at Bimini, the percent of on-screen time of dolphins 
is much smaller. The return on effort (defined as time with dolphins on-screen 
divided by the total time spent under water on tape) at RIMS is roughly 85% 
annually, while for data collected around Bimini it ranges between 41.5 and 56.9% 
(DCP, unpublished data, 2003 Ð 2009). Thus, our sample size of object play 
interactions at Bimini was substantially smaller than for play interactions 
documented at RIMS; the possibility of missed observations of play among 
dolphins and for dolphins with various objects is a distinct possibility more so for 
the dolphins observed around Bimini than for our study group at RIMS.

Overall, more object play was documented at RIMS as compared to 
Bimini. The captive dolphins at RIMS are food provisioned and therefore are not 
required to spend the same amount of time foraging as would the wild dolphins 
around Bimini. It is reasonable, therefore, to assume that the RIMS dolphins have 
more Òfree timeÓ than do the Bimini dolphins; the RIMS dolphins can spend more 
time playing and interacting with objects or conspecifics. Alternatively, our sample 
size was small and our observation period might not have included representative 
time frames for access to each type of object overall.

When captive bottlenose dolphins are given free opportunity to interact 
with objects in their pool, they generally spend a considerable amount of time 
manipulating toys with their fins or carrying them on their rostrums (Defran & 
Pryor, 1980; Pace, 2000). It was suggested that at least some dolphin play 
behaviors are collaborative; an example of collaborative play was presented as 
when young captive dolphins were observed taking turns acting as ÒpusherÓ and 
ÒpusheeÓ (Kuczaj, Paulos, & Ramos, 2005); however, this collaborative play is not 
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limited to captive dolphins. Kuczaj et al. (2005) observed wild rough-tooth 
dolphins (Steno bredanensis) taking turns trailing a piece of plastic by passing it 
back and forth to one another.

The function and purpose of play is still highly debated and there is a wide 
array of different types of play behavior observed in most animal species. 
Understanding the role of play in individual and social development is important to 
understanding a species, and this study indicates there is much more to be learned 
about dolphin object play. Looking forward, scientists should seek to gain a more 
complete understanding of the role and significance of how dolphins interact and 
the impact that play has on their lives. A more complete understanding should aid 
in public awareness, captive enrichment and wildlife management.
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