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Half-Blind to the Risk of Predation

Guy Beauchamp*

Independent Researcher, Montréal, QC, Canada

Blinking serves several functions in animals, but it comes at the cost of intermittent
blindness. Blinking can occur spontaneously, but it is commonly associated with head
movements. As feeding animals often need to move the head down repeatedly to
gather resources, intermittent blindness might represent a hitherto unappreciated cost
of feeding. In addition, this cost might also be more prevalent in larger groups as feeding
effort typically increases with group size. In chickens (Gallus gallus domesticus), blinks
associated with head movements occurred at a high frequently during feeding bouts.
While blinks tended to be short, the amount of time spent blinking was close to 50% when
feeding and increased with group size. By contrast, time spent blinking was much lower
when birds simply monitored their surroundings between feeding bouts. Intermittent
blinking at this scale when feeding is likely to decrease the ability to detect predation
threats in a timely fashion and to monitor neighbors effectively.
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INTRODUCTION

Blinking in species with movable eyelids is essential to regenerate the liquid film that covers and
protects the eye (Korb et al., 1994). In addition, blinking aids vision through a series of processes
including a reduction in photoreceptor image fading (Kinsbourne and Warrington, 1963). Blinking
can occur spontaneously but in birds and mammals it tends to be associated with gaze shifts caused
by eye or head movements (Kirsten and Kirsten, 1983; Evinger et al., 1994; Tada et al., 2013).
Blinking during such gaze shifts might serve several purposes. For instance, gaze shifts expose the
eye to more debris or increase dryness, in which case blinking would serve a protective function
(Nakamori et al., 1997). Rapid movements of images across the retina during gaze shifts cause
blurring, and blinking might lessen the perception of visually degraded and potentially unreliable
information (Wurtz, 2008).

While blinking can be beneficial, studies have revealed that at least in humans, individuals are
functionally blind during and even just before the onset of a blink, which explains why blinks tend
to go undetected (Volkmann et al., 1980). A high rate of blinking and/or long blink duration might
thus cause intermittent blindness, and reduce the ability to visually detect threats (Johns et al.,
2009). Feeding birds, in particular, often need to peck from an upright position at food items located
on the substrate below. It has long been thought that feeding with the head down compromises
peripheral vision and increases predation risk (Bednekoff and Lima, 2005; Tisdale and Fernandez-
Juricic, 2009). If blinking occurs during head movements associated with feeding, birds might thus
become intermittently blind during feeding bouts. This would constitute an additional and hitherto
unappreciated cost of feeding.

The purpose of this study was to examine the extent to which blinking occurs during feeding
bouts in chickens (Gallus gallus domesticus) and to document the amount of time individuals are
functionally blind during feeding bouts and as a control when they monitor their surroundings
with the head up between feeding bouts. I also examined the effect of group size on blinking during
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feeding because feeding effort tends to increase in larger groups
(Beauchamp, 2015), which could lead to more intermittent
blindness in larger groups.

METHODS
Study Animals

Fourteen subadult female chickens from the Bovan Brown
layer breed served as experimental subjects. Chickens were
individually tagged with colored rings for identification. The 3 x
3 x 3m indoor pen, which housed the birds, connected through
a small trap door to a similar sized covered outdoor pen. Under
a 13L:11D photoperiod regime, the indoor pen included several
perches for roosting and a sandy patch for dust-bathing. Wire
mesh covered the outdoor pen, which allowed visual and auditory
contact with the outside. Water and a commercial layer feed were
available at all times. Few studies have investigated vigilance in
this layer breed. When feeding alone, chickens from this breed
spent nearly a third of their time vigilant (Beauchamp, 2017), a
value certainly in line with estimates from wild species of birds
(Beauchamp, 2010). Compared with their wild ancestors, layer
breeds in general tend to show similar fear responses to predators
albeit at a lower level (Schiitz et al., 2001).

Setup and Experimental Procedure

I conducted trials in the outdoor pen. Each bird was first tested
alone and then in randomly formed pairs on two separate days.
The order of testing on a given day was selected randomly. Food
was removed 1h before lights out prior to a test day and trials
took place the following morning 1 h after lights on. I transferred
selected birds to the outdoor pen and allowed them 3 min to settle
down before the trial. I uncovered a large food patch to begin a
trial and allowed birds to eat for 3 min. Each trial was videotaped
from the outside of the pen.

Data Collection

Food handling of the crumbly feed always occurred in the head
down position. For the analysis of blinking during feeding bouts,
I restricted data collection to bouts with the head down. For
the analysis of blinking between feeding bouts, I restricted data
collection to bouts with the head up starting when the head
stopped moving up and finishing when the head started to move
down to initiate a new feeding bout. I thus ignored transitions
between feeding and monitoring the surroundings.

I replayed videos frame by frame (1 frame = 33ms) and
measured the duration of each blink. To measure blink duration,
I counted the number of frames from the moment the eyelids
started to close until the eye was fully opened again. Counting
the number of frames to estimate blink duration can lead to an
under- or overestimation of real blink duration. This is because
a blink can start before the frame in which blinking becomes
visible and end before the frame in which blinking is no longer
apparent. Under- or overestimation is equally likely and so blink
duration estimation should be unbiased. I estimated the error to
be approximately plus or minus one-half of 33 ms.

For blinks during feeding bouts, I gathered data on ~60
blinks per bird per trial from which I calculated blink frequency

(number per min) and the percentage of the time spent blinking
(the sum of all blink durations expressed as a percentage of
trial duration). For average blink duration in a trial, I used the
geometric mean of the duration of all recorded blinks because
the distribution was right-skewed. For blinks between feeding
bouts, I gathered data from the first 10 bouts during which
monitoring occurred in a trial. Such monitoring bouts were much
less frequent in pairs of birds (Beauchamp, 2017). I thus restricted
the analysis of blinks between feeding bouts to trials with solitary

birds.

Statistical Analyses

I used a linear mixed model with bird id as a random effect to
examine the fixed effect of group size (1 and 2) on time spent
blinking, blink frequency, and geometric mean blink duration. I
obtained the intraclass correlation coefficient (%) for each model
to provide an estimate of the repeatability of the two measures for
each bird. I used paired ¢-tests to compare time spent blinking,
blink frequency and geometric mean blink duration when the
birds were feeding or monitoring the surroundings between
feeding bouts. Means and SEM are shown below.

Ethics Statement
This study was approved by the Ethics Committee of the
Veterinary College of the University of Montréal, Canada.

RESULTS

When feeding, birds kept the head above the food with the bill
pointing down and made repeated up and down movement of the
head to grab crumbs. When feeding, nearly all blinks occurred
during these up and down head movements. Between feeding
bouts, birds maintained the bill close to the horizontal plane.
While monitoring their surroundings, birds occasionally move
their heads from side to side, and nearly all blinks occurred
during such gaze shifts.

Solitary birds blinked less often when monitoring their
surroundings than when feeding (t = 25.4, p < 0.0001; Figure 1).
Blinks lasted longer when monitoring than during a feeding bout
(t =5.6, p < 0.0001; Figure 1). Overall, time spent blinking was
nearly 5 times lower when monitoring than when feeding (t =
20.1, p < 0.0001; Figure 1).

During feeding bouts, blink frequency was high when birds
foraged alone [277.1 blinks per min (9.0)] or in pairs [285.3
(9.0)] but did not vary with group size [F(; 13y = 0.49, p =
0.50]. Repeatability was low for blink frequency (ICC = 16%).
Geometric mean blink duration, which ranged across birds from
46 to 110 ms, was short when birds were alone [78 ms (40)]
or in pairs [82ms (40)], but the difference was not statistically
different [F(;, 13) = 0.82, p = 0.38]. Repeatability of average blink
duration was higher (44%). Time spent blinking ranged between
30 and 56% and was significantly higher when birds foraged
in pairs [46.1% (1.5)] than alone [41.1% (1.5); F, 13y = 13.2,
p = 0.003; Figure 2]. Repeatability for time spent blinking was
highest (59%).
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FIGURE 1 | A comparison of blinking when feeding and when monitoring the surroundings. Three different metrics of blinking are contrasted for solitary birds engaged
in feeding or monitoring between feeding bouts (number of blinks per min, geometric mean blink duration and % time spent blinking).
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FIGURE 2 | The overall amount of time allocated to blinking (%) during trials. The % of time spent blinking is shown for chickens that foraged alone or in groups of
two. The diagonal shows the equality line and the dashed line shows the 50% value (n = 14).

DISCUSSION groups of two were functionally blind nearly half the time when

feeding. Such large-scale intermittent blinking is a cost associated
Chickens blinked at a high rate when feeding. Despite the fact  with feeding because time spent blinking was much lower when
that blinks tended to be quite short in duration, birds alone orin  birds were not feeding. I also found that intermittent blinking
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increased with group size. While living in groups provides several
means to reduce predation risk (Beauchamp, 2014), intermittent
blinking represents a potentially novel cost of social foraging as it
increases the chances of not detecting threats in a timely fashion
in larger groups. This interpretation assumes that blinking leads
to intermittent blindness.

Notwithstanding any potential benefits of blinking for visual
perception, one implication of these results is that threat
detection could be compromised nearly half the time when birds
are feeding. Indeed, predator detection could be delayed by as
much as 110 ms (or perhaps more with additional blindness pre-
and post-blink). While this delay appears rather short, it might
allow a fast-moving predator to come closer before detection.
For instance, with a bird of prey moving at 25 m/s (Hilton et al,,
1999), blinking could allow the predator to move undetected for
an additional 2.8 m.

Feeding birds also monitor their neighbors for signs of
alarm and can use this information to respond quickly to
threats that they have failed to detect by themselves (Lima,
1995). Intermittent blinking might interfere with such collective
detection, which means that foragers might need to allocate more
time than expected to antipredator vigilance and rely less on
neighbors to detect threats. On the other hand, blinking has been
considered to act as a social cue (Curio, 2001) and could even
function as a vigilance signal (Guillemain et al., 2012). Whether
such social functions are relevant in chickens is not known.

The relatively high repeatability of blink duration and time
spent blinking suggests that birds used different strategies
to manage intermittent blinking when feeding perhaps by
positioning the head at different distances from the food or by
moving the head at different speeds. Such strategies might reduce
the cost imposed by intermittent blinking. However, there might
also be additional costs in maintaining the head lower or moving
the head rapidly. Low head position during feeding, for example,
can reduce the ability to detect predators (Bednekoff and Lima,
2005). A reduction in the rate of blinking might also be a means to
reduce the cost of intermittent blinking in riskier settings (Cross
et al., 2013; Yorzinski, 2016).
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