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Summary

For species with frontal eye placement, looking at an object usually involves orienting the
face and eyes toward the object. Thus, the face and eyes of the looker are usually visible
from the point occupied by the object or individual being observed. Since many predators
control their attacks with vision it is of interest to determine whether prey animals are
responsive to information that specifies the orientation of other animals’ visual systems. To
determine whether wild-caught sparrows are sensitive to the looking behavior of other
animals, they were exposed to the experimenter’s head held at various orientations relative
to the birds. Aspects of the experimenter’s visage, as well as that of an artificial face, were
manipulated in order to identify the features of the human face relevant to the perception
of line of gaze. Sparrows responded most strongly while the face of the experimenter was
oriented toward them, but were indifferent to the direction in which the eyes gazed. Tests
using a model human face showed that sparrows are responsive to changes in the number of
visible eyes, but not to changes in the symmetry of the nose between the eyes.

Introduction

Animals must respond to threats from other animals in their environ-
ment. One important component of an efficient response to a threat is the
realistic evaluation of the threat. Such an evaluation permits matching
the level of response to the level of threat. For many vertebrate predators,
much behaviourally important information enters the nervous system
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through the visual system. The use an animal makes of its cyes is therefore
often predictive of its future behaviour. For example, when cats stalk
birds, they orient their eyes towards the birds (LEyuausen, 1973). The
orientation of the cat’s visual system can provide information about the
cat’s future behaviour. The boreal owl (degolius funereus) similarly fixates
its prey prior to attack (NorBERG, 1970), and natracine snakes use visual
information (in addition to olfactory information) to select prev and
orient toward the prey prior to striking (DrRummonD, 1983). Within classes
of animals, predatory species tend to have more frontally located eyes,
and thus larger binocular fields, than do prey species (WaLLs 1942;
Huches, 1977). One result of frontal placement of the eyes in predators 1s
that when a predator is looking at another animal both eyes are generally
visible from the point occupied by the other animal.

Selection has likely favoured organisms that make use of information
that predicts attack to determine whether other animals pose a threat.
The looking behavior of a predator is one source of such information.
The objectives of the present studies were to determine whether sparrows
respond differently to different looking behaviors of a human, and if they
do, to determine which features of the human face are used by sparrows
to discriminate looking behaviors.

Looking behaviour is important in many contexts where threat is a
factor, including defense reactions, escape behavior, and intraspecific
interactions. BLEST (1957) documented the utility of eye-like spots on the
wings of Lepidoptera in eliciting startle responses from predators. Enlarg-
ing the eyes of an approaching human causes basking iguanas (Ctenosaurus
similis) to flee sooner than they do when approached by individuals with
smaller eyes (BURGER et al., 1991). Bossema & BURGLER (1980) observed
that subordinate European jays (Garrulus garrulus) were most likely to
retreat from a dominant jay when the dominant jay was nearby and
fixated the subordinate.

JonEs (1980) and Scarre (1976b) demonstrated that a pair of eye-like
shapes are more threatening to domestic chicks than is a single eye-like
shape. This result makes sense given the fact that often only one eye, or
neither eye, is visible when one animal is looking away from another. An
alternative source of information specifying where another animal is
looking is the symmetry of the nose or beak between the eyes. When a
face is oriented toward an object, the nose appears centred between the
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eyes when viewed from the point occupied by the object, from other
points the nose appears asymmetrically placed between the eyes (BRuck &
GReEN, 1985). Humans reliably discriminate the line of gaze of other
humans by observing the position of the eyes in the head (GiBson & Pick,
1963).

At least three types of information therefore indicate line of gaze: the
number visible eyes, the symmetry of the nose between the eyes, and the
position of the eyes in the head. These experiments test whether wild-
caught sparrows use any of these three sources of information to deter-
mine whether another animal is looking at them, and may therefore be a
threat. Previous research with domestic fowl (Garrup, 1971a; Scarrg,
1976a, b; Jones, 1980) has shown that two eye-like stimuli act as a fear
stimulus, and BurGeR (1991) has demonstrated the relevance of human
eyes in the control of escape responses of wild iguanas. Despite the
importance of eye posture in judgement of line of gaze by humans
(GiBsoN & Pick, 1963), no work reported to date has examined the effect
of eye posture in animals discriminating the looking behavior of other
animals. The effect of the symmetry of the eyes about the center of the
face has likewise not been investigated. The reactions of sparrows to the
looking behavior of humans has not been previously studied, but is of
particular interest due to their close coexistence with humans nearly
world-wide.

The house sparrow (Passer domesticus) is widely distributed globally and
adjusts well to close coexistence with humans. The birds are preyed on by
various species of owls (e.g. Tyto alba, Asio otus), kestrels (Falco sparverius,
Falco tinnunculus), domestic and feral cats (for which house sparrows may
make up 10% of the diet), and by humans (SumMERrs-SmiTa, 1963).
References to the killing and eating of sparrows by humans can be found
in the Bible, and during the 18th and 19th centuries sparrows were
extensively hunted and killed by humans in “sparrow clubs”, organiza-
tions formed to combat the swelling populations of house sparrows evi-
dent in cities and agricultural areas (SumMmERs-SmrTH, 1963). Sparrows
have thus had to co-exist with predators, including humans, with frontal
eye placement and can be expected to manifest mechanisms for coping
with such predators.

Experiment 1 tests the hypothesis that sparrows will manifest escape
responses most vigorously while stared at directly by the experimenter
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and show less vigorous responding while looked at either indirectly or not
at all. Experiment I dissociates two kinds of direct looking, looking that
involves orientation of the head and face toward the bird, and looking
that merely involves directing the eyes toward the bird. These two experi-
ments also document the sensitivity of sparrows discrimination ability by
testing various levels of looking in side by side tests. Experiments IIT and
IV test two hypotheses about which changes in the stimulus array are
used by sparrows to discriminate looking behaviors: change in the
number of visible eyes and change in the symmetry of the visage. Finally,
Experiment V validates the use of the artificial face by examining the
effect of motion of the face.

Materials and methods

Six birds were captured in February, 1987 for Experiment 1, and 12 birds caught in
October for the remaining experiments. The birds were captured when they were startled
at night from their roost sites into a mist net. Subjects in Experiment 1 were housed
individually in cages (66 x 66 x 71 cm), while the birds for the remaining experiments were
keptin an aviary (1.9 x 2.4 x 2.1 m). Captured birds were treated for parasites by injection
of ivermectin. Both the cages and the aviary contained a variety of perches including dead
branches and sections of suspended PVC tubing. Lights were on for twelve hours each day.
Food and water were continuously available.

Testing environment.

The experiments were conducted in a cloth tent approximately 2.0 x 1.7 x 2.0 m,
suspended from the ceiling of a larger room. The birds could either perch on a dowel
provided, or cling to the sides of the tent. I sat in a chair in one corner of the tent and
presented my head, or the model face to the subjects. In Experiment I, I kept a record of the
birds’ behaviour on paper. Each coding sheet also included a predetermined sequence of
treatment presentations which I followed. In all subsequent experiments, a computer
randomized the order of trials and signalled me via an earphone when to present each trial
type. I recorded the birds’ behaviour via a push-button that interfaced with the computer.

Flying was selected as the dependent measure for these experiments because, as with
most birds, flight is the most common escape response for sparrows. While birds could not
actually escape to any great distance in the experimental arena, they could make short
flights repeatedly. Higher rates of short flights are expected to correlate with higher levels
of perceived threat, or fear. While the relatively small size of the test environment may have
produced a high fear bascline, this tonic fear would contribute equally to observations in all
the conditions studied.

The model face used in Experiments IIT, [V, and V was approximately 1.5 times as large
my face, flesh coloured, red lipped, blue eyed, with a black yarn wig and eyebrows. It was
mounted on pivoting sticks such that it could be pivoted upward to “look” at the birds, or
downward to look away. An eyepatch was coloured to match the face and obscured one cye
and its eycbrow when in place. The nose was backed with masking tape and could be placed
anywhere on the face.

The lights were turned off in the aviary to allow capture of the bird to be used in a given
session. The bagged bird was brought into the tent by the experimenter, the tent closed,
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and the bird rclcased. After a period of adaptation (5 min in Expcriment I, 3 min in all
others), I began presenting the test stimuli and recording the bird’s flights. Flight was
defiried as any audible extension of the wings following a period of non-flight by at least |
scc. Use of an auditory criterion allowed recording of flights while I was presenting a
condition in which I looked away from the bird. While some flights may not have been
audible, the auditory criterion was used at all times and cannot therefore account for any
differences between experimental conditions. Birds were tracked at all times; when they
flew I adjusted the orientation of the test stimuli so as to maintain a constant rclationship to
the bird. My head or the mask was moved between each 30 scc trial so that movement of
the test stimuli occurred between all trials, even when the same condition was presented
twice in a row.

Data from all the experiments reported here were square root transformed prior to
analysis to conform with the homogeneity of variance assumption of the statistics used. The
results were analyzed by repeated-measures ANOVAs (Bird X Looking Condition). All
statistical comparisons reported are two-tailed, post-hoc comparisons were considered
significant if p < 0.05.

Experiment I.

Four different combinations of orientations of my head and eyes were
presented: 1) head and eyes oriented toward the bird, 2) head oriented
approximately 45° to the bird with the eyes pointed at the bird, 3) head
45° to the bird, eyes away, 4) head down. Each session started after a 5
min adaptation period and lasted 48 minutes, consisting of 24 30 sec
presentations of each condition. The order of the presentations was
counterbalanced to control for sequence; each trial type followed each
other trial type an equal number of times and each series of 4 trials
contained one trial of each type. Each bird received the same sequence of
trials.

Results.

Figure 1 depicts the mean number of flights recorded in each condition.
There was a reliable effect of looking condition (Fs ;5 = 23.31, p < 0.01).
Student-Newman-Keuls post-hoc comparisons indicated reliable differ-

ences between head postures but no effect of eye posture, as is evident in
Fig. 1.

Experiment II.

The remaining experiments used the second population of birds and were
completed in a different sequence for each bird to control for habituation
over the course of the project. This allows for between-experiment com-
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Fig. 1. Mean number of flights made by sparrows exposed to 4 different combinations of head

and eye postures in Experiment 1. The experimenter either oriented his face and eyes towards

the bird (At/At), oriented his face to the side but turned his eyes towards the bird (Away/At),

turned both his face and his eyes away from the bird (Away/Away), or looked down at the
ground (Down). Error bars are standard errors.

parisons. Following a 3-min period of adaptation, there were always 10
30-sec presentations of each condition, presented in a random order. The
only constraint on randomization was that there were 10 presentations of
each condition in each session.

Experiment II tested the robustness of the findings of Experiment I,
and extended the investigation of the effect of head and eye posture. Eye
posture may not have had a significant effect in Experiment I because eye
posture was manipulated while my face was oriented to the side of the
bird, and one eye was thus occluded. In Experiment II eye posture was
manipulated while my face was oriented both directly at the bird, and to
the side of the bird. Each session lasted 25 minutes and consisted of 5
treatments: 1) head and eyes both at the bird, 2) head at the bird, eyes
away, 3) head at a 45° angle to the bird, eyes at, 4) head at an angle to the
bird, eyes away, 5) head down, eyes looking at the floor.

Results.

Figure 2 depicts the results of Experiment II. ANOVA indicated a signifi-
cant effect of looking condition (F, 4, = 4.40, p < 0.01). SNK test applied
to the data collapsed with respect to head position (eye posture ignored)
indicated that each head position produced reliably different amounts of
flight behaviour.
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Fig. 2. Mean number of flights made by sparrows exposed to 5 different combinations of head

and eye postures in Experiment 2. The experimenter oriented his face and eyes toward the

bird (At/At), face at the bird cyes away (At/Away), face away eyes at the bird (Away/At),

both eyes and face away (Away/Away), or looked down at the ground (Down). Error bars are
standard errors.

Experiments III-V.

The previous experiments demonstrate the ability of sparrows to discrim-
inate various lines of gaze of a potential predator and are consistent with
the hypothesis that this ability is used in the assessment of threat. The
results indicate that sparrows do not respond to eye posture (the position
of the eyes in the head) as reported for humans (GiBso~ & Pick, 1963), but
rather some correlate of head position. Experiments III, IV, and V used
an artificial human face to investigate the use of two types of information
indicative of relative head position. Experiment III tested the hypothesis
that sparrows usc the symmetry of the face to detect direct looking.
Experiment IV tested whether sparrow use the number of visible eyes to
make this discrimination.

The painted model of a human face was used in these experiments. I
wore a black hood with dark sunglasses in an effort to minimize the extent
to which the birds would attend to me rather than the test stimuli. I kept
my gaze (through the sunglasses) on the subjects at all times.

Experiment III investigated whether the birds are sensitive to the
symmetry of the nose between the eyes. The four treatments were: 1)
mask pointed at the bird, nose centred between the eyes, 2) mask pointed
at the bird, nose asymmetrically placed between the eyes, 3) mask pointed
at the bird, nose placed on the chin of the mask, 4) mask pointed
downwards. Experiment IV investigated whether sparrows use the
number of visible eyes to discriminate line of gaze. The three treatments
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Fig. 3. Mcan number of flights made by sparrows exposed to the model face. The mask was
pointed at the subject with the nose centered between the eyves (At/Centered), off center (At/
Off center), on the chin of the mask (At/Chin), or the mask was pointed down at the ground

(Down). Error bars are standard errors.

were: 1) mask pointed at the bird, both eyes visible, 2) mask pointed at the
bird, one eye covered by the patch, 3) mask looking down.

In response to the fact that changes in the orientation of the model face
are confounded with changes in the visibility of facial features in Experi-
ments IIT and IV, Experiment V investigated whether the movement and
orientation of the mask surface generates differences in the birds’ flight
behaviour in the absence of visible facial features. In this experiment the
model face was covered by a blank piece of white paper. If the presence of
facial features on the model does not alter the birds’ behaviour, it could
not be argued that they respond to the mask as they would to an actual
face.

Results.

Figures 3 and 4 depict the results of Experiments IIT and IV. Birds flew
most often when “looked” at by the mask, but the position of the nose had
no effect on flights in Experiment III (F; 33 = 6.90, p < 0.01, pattern of
differences confirmed by SNK). In Experiment IV birds discriminated the
number of visible eyes as well as the position of the mask (F, 5, = 24.34, p
< 0.01, differences confirmed by SNK). In Experiment V birds did not
discriminate between mask positions when the mask was covered by a
blank piece of paper (mean flights +/- SD while the face was pointed at
the birds = 17.50 +/- 27.67, while mask away = 9.83 +/- 18.81, t,, =
0.57, p < 0.58, paired test). A comparison of the birds responses to the
model face pointed at them in Experiments III, IV, and V was significant
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Fig. 4. Mean number of flights as a function of the number of visible eyes and the position of

the mask in Experiment 4. The mask was either pointed at the bird with both cyes visible

(Two eyes), with onc eye visible (Onc eye), or the mask was pointed at the ground (Down).
Error bars arc standard crrors.

(Fy9o = 13.11, p < 0.01) and SNK showed that the mask with facial
features in Experiments III and IV produced reliably more flights than
the blank mask in Experiment V, indicating that the birds treat the
features of the model face as they would treat a real face. It should be
noted that this comparison likely underestimates the magnitude of the
difference between the painted and blank masks. Overall rates of
responding are probably reduced in longer sessions due to fatigue and
habituation. The experiments with the painted mask lasted 20 and 15
min, while the experiment with the blank mask lasted only 10 min.

Discussion

Sparrows discriminate and respond differently to different looking behav-
1ors generated by a potential predator. In nature, this ability could allow
birds to determine more accurately whether another animal is a threat.
The pattern of data indicates that birds differentiate at least three levels
of looking: looking directed at them, looking directed to the side of them,
and looking directed well away from them. This differentiation depends
on the number of visible eyes, not on where the eyes are directed. The
hypothesis put forward by Bruce & GRreex (1983), that animals detect
asymmetry in the faces of other animals was tested, and no evidence that
sparrows discriminate symmetrical from asymmetrical visages was found
in the current studies. Dependence on the number of visible eyes in threat
assessment is consistent with the results of GaLrup (1972), who showed









