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Female zebra ﬁnches prefer unfamiliar males but not when
watching noninteractive video
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There is great interest in investigating whether video can be used as an effective stimulus in avian behavioural research. Although there are clear predictions as to the efﬁcacy and limitations of video, there are
few empirical tests of whether video stimuli can elicit naturalistic behaviours in birds. Here we assess
whether noninteractive digital video presented on ﬂat thin-ﬁlm transistor (TFT) monitors can be used
in zebra ﬁnch mate choice studies. Speciﬁcally, we tested whether female ﬁnches prefer their pair-bonded
male over an unfamiliar male when these males are presented as live birds or as noninteractive video
images. Our data indicate that, when auditory cues are masked by white noise, female zebra ﬁnches
strongly prefer to court unfamiliar live males. We hypothesize that the preference for unfamiliar males results from the masking of auditory cues that are crucial to pair-bond maintenance. In video stimulus trials,
although females actively courted the video images of males more than they did live males in the live male
trials, females did not prefer the unfamiliar males over their pair-bonded males. Therefore, noninteractive
digital video presented on TFT screens solicits courtship behaviour from females but also fundamentally
changes their mate preferences. We discuss these patterns in light of the possible visual and behavioural
differences between the video and live male stimuli and conclude that video displayed on TFT monitors
must be used with caution in mate preference studies.
Ó 2006 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

There is substantial interest in investigating the utility of
video stimuli in pure and applied avian behavioural
research (reviews in D’Eath 1998; Fleishman et al. 1998;
Oliveira et al. 2000). For example, digital video editing
could be used to perform phenotypic manipulation experiments (Rosenthal 1999; Uetz & Smith 1999), allowing
researchers to manipulate subtle aspects of physical appearance and to monitor behavioural responses. Video presentations also have potential in domestic and captive
rearing situations to alleviate the stress of isolation cages,
to teach birds to feed (Keeling & Hurnik 1993), or to help
birds to show appropriate mating preferences and
behaviours.
In the past decade researchers have reached a consensus
opinion as to the likely limitations of video in avian
behavioural research (see discussion in D’Eath 1998;
Oliveira et al. 2000). To summarize, traditional cathoderay tubes (CRT) cause temporal visual problems associated
with ﬂicker-fusion rate in avian visual systems. However,
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this issue can be circumvented by using a thin-ﬁlm transistor (TFT) video monitor that has constantly illuminated
elements (D’Eath 1998; Oliveira et al. 2000). These differences between CRT and TFT monitors appear meaningful
because male zebra ﬁnches, Taeniopygia guttata, and
Bengalese ﬁnches, Lonchura striata, will display vocally to
conspeciﬁc female images on a TFT but not on a CRT
monitor. Therefore, because we decided to study zebra
ﬁnch responses to video, TFT monitors appear the better
choice. Issues of depth perception and visual acuity causing screen pixilation can be reduced by ensuring that subjects do not get too close to the video screen. Similarly, the
lack of depth cues in video images can be reduced if the
natural image that is videotaped is limited to small variation in the depth axis and if the image is relatively sessile.
Sound cues are often not reproduced or synchronized accurately through video playback. Masking sound with
white noise or removing sound altogether are viable options for minimizing auditory problems (Oliveira et al.
2000). More insurmountable problems are the lack of behavioural interaction associated with a video image and
the fundamental discrepancy in avian colour perception
of a natural versus a video stimulus (Oliveira et al. 2000).
Importantly, video screens do not emit light in the
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ultraviolet (UV) range, yet many bird species perceive light
within this range, and UV colours affect important behaviours, including mate preferences (Bennett et al. 1997;
Hunt et al. 1997; Hunt et al. 2001). It is important to remember that video is a two-dimensional visual illusion
that will never be identical to a live image. However, the illusion may be good enough to solicit appropriate behavioural responses in controlled experimental conditions.
Given the interest in using video stimuli in avian
behavioural studies, there are surprisingly few empirical
tests of whether video can elicit naturalistic behavioural
responses. Under experimental conditions, video can
stimulate antipredator (Evans et al. 1993), approach
(Clarke & Jones 2001), aggregation (Watanabe 2002) and
general sexual behaviours (e.g. Adret 1997; Ikebuchi &
Okanoya 1999) in birds. However, to our knowledge, there
have been no published tests of how video affects intraspeciﬁc mate preferences in any avian species. If we could
perform mate choice tests with video stimuli, the power
for explaining how phenotypes mediate sexual selection
processes will be greatly increased (e.g. Rosenthal 1999;
Uetz & Smith 1999).
Here we explore whether video presentation of males
can affect mate preferences in the female zebra ﬁnch,
Taeniopygia guttata. The zebra ﬁnch is a popular species for
mate preference studies (e.g. Miller 1979; Clayton 1990;
Swaddle & Cuthill 1994a; Burley et al. 1996; Price 1996;
Swaddle 1996; Zann 1996; Cuthill et al. 1997; Birkhead
et al. 1998; Adkins-Regan 2002; Royle et al. 2002; Blount
et al. 2003). Zebra ﬁnches are small monogamous estrildid
ﬁnches that establish long-term pair bonds (review in
Zann 1996). In mate choice tests, paired females show
strong preferences for their pair-bonded male over unfamiliar males (Clayton 1990; Zann 1996). We took advantage of these previous observations by testing whether
females’ preference for their pair-bonded male is inﬂuenced by presenting a noninteractive digital video of the
same males on a ﬂat TFT screen. In a pilot experiment,
we attempted to compare preference for the same males
when the live males and video males were behind oneway glass; hence creating noninteractive live males as an
experimental treatment of comparison. However, for
one-way glass to function there must be a signiﬁcant
illumination difference between the two side of the glass,
being signiﬁcantly darker on the female side so that the
live males cannot see the females. Through dozens of trials, we could not successfully adjust the illumination of
the apparatus and the total light output of the TFT monitors so that there was sufﬁcient light on the female side of
the glass for the females to show active courtship. Therefore, we compared the noninteractive video with interactive live males. In addition, we played white noise
throughout the experiment to mask any confounding
auditory cues.
We hypothesized that when viewing live males, females
would prefer their pair-bonded male over a male they were
unfamiliar with (i.e. an extrapair male). However, when
viewing the same males by noninteractive video, we
hypothesized that females would no longer prefer their
pair-bonded male because they would not recognize him.
Previous studies with chickens, Gallus gallus domesticus,

indicate an inability of birds to recognize individuals in
video presentations (D’Eath & Dawkins 1996). We also
predicted that females would show less overall courtship
activity in video trials than in live males trials, because
the video stimuli would be less realistic than the live males
and also less interactive, therefore excluding reciprocation
in courtship activity.

METHODS

Housing Conditions
We arbitrarily paired 24 adult male wild-type zebra
ﬁnches with 24 adult females. Males and females had
previously been kept in single-sex groups and had no
previous experience of the opposite sex. Paired birds were
also not related to each other. All pairs were housed in
wire cages (approximately 50  40  30 cm) with a nestbox,
two perches, and ad libitum access to water, cuttlebone,
dry grass nesting material and nutritionally complete
seed mix (Volkmann super ﬁnch blend). The cages were
maintained in a room on a 14:10 h light:dark photoperiod
with strip light illumination that had no ultraviolet (UV)
wavelength emissions. The rooms were held at approximately 20  C and the cages were arranged so that pairs
were visually but not acoustically isolated from each other.
Birds remained in these cages for at least 5 months before
starting mate preference trials and all pairs built nests and
attempted to raise a clutch. Therefore, all females were
pair-bonded with a male.

Mate Preference Trials
We conducted mate preference trials in a two-chamber
mate choice apparatus situated in a different room from
that of the housing cages (Fig. 1), but under the same general lighting conditions. In this apparatus, females could
display relative preferences for two males. In all preference
trials, one of these males was the female’s pair-bonded
male and the other male was the pair-bonded male of another female (randomly chosen from the pool of available
males). Hence, each male appeared as a pair-bonded male
for one female and as an unfamiliar male for another female. We conducted mate preference trials in three
phases, in which each female chose between the same
two males as: (1) live males, (2) noninteractive digital
video images on ﬂat TFT monitors, and (3) live males as
in the ﬁrst trial.
For initial live male trials, males were placed in smaller
wire stimulus cages with ad libitum food and water
(Fig. 1). Males could not see each other but had clear visual
access to the female in the choice chamber. Note that
females did not experience UV cues because of the overhead lighting conditions in the room. We played white
noise at approximately 75 dB through two speakers placed
between the male cages and female choice chamber. The
speakers did not occlude the view of the males. To our perception, this noise masked most contact calling between
the birds. We chose to mask calling to isolate the role of
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Figure 1. Plan view of the choice chamber. Two males were placed
in stimulus cages outside the choice chamber, as indicated. Dark
solid bars inside the chamber are perches that the female could display from. The dotted line represents a fine mesh that kept the female 20 cm from the males, or from the video screens. The video
screens were placed in the same places as the males during the video
stimulus trials. We played white noise through the two small
speakers between the female and the stimulus males.

visual information in the females’ mate preferences
(Oliveira et al. 2000).
To begin each trial, the pair-bonded male of the focal
female and a randomly assigned pair-bonded male of
another female were placed in their stimulus cages and
white barriers were placed between the male cages and the
female chamber. The males were randomly assigned to the
left or right stimulus cages. The female was released into
the chamber and the white barriers were removed. After
30 min, an experimenter returned to the room, replaced
the white barriers and switched the two male cages between their left and right positions. This action removed
any possible side bias of a female. Once the males had
been switched, we removed the white barriers and let
the preference trial run for a further 30 min. The behaviour of the female was recorded on a Sony digital video
camera for each complete trial. Because of the arrangement of the choice chamber (Fig. 1), we could not always
see both males on this video; therefore, we did not quantify male behaviour.
In the analysis stage we ignored the ﬁrst 10 min of the
two 30-min portions of each trial and collected data
from the two remaining 20-min periods. We considered
the ﬁrst 10 min to be an acclimation period for the female.
From the tapes we calculated the time that each female
spent engaged in courtship display activity (hopping between perches, turning, tail ﬂicking and calling) in front
of each male. We know from previous studies that this
form of assay is a reliable indicator of mate preferences
in female zebra ﬁnches (Burley et al. 1982; Burley 1988;
Swaddle & Cuthill 1994b; Swaddle 1996; Zann 1996).
For the digital video presentation trials, we followed the
same basic protocol except that we replaced the male
stimulus cages with two identical ﬂat TFT monitors (NEC

MultiSync LCD 1720M). Again, females did not experience UV cues and we played white noise in every video
preference trial. Before the mate preference trials, we
recorded 70 min of digital video of each male used in
the experiment. These videos were recorded on professional quality digital mini-dv tapes with a 3-CCD Sony
digital video camera approximately 40 cm from the cage
front. Males were individually recorded in cages identical
to the stimulus cages except that the front bars of the
cage were removed and replaced with a transparent Perspex screen to aid focus. Each male was recorded in isolation (i.e. without the presence of a female) and tended not
to hop around within his cage or make vocalizations, although the birds did occasionally move laterally on the
single perch in their cage. This lateral movement did not
result in the bird going in and out of focus on the video.
We did not formally quantify movement rates in these
videos. We took great care to ensure that the videoed
males appeared life-size on the TFT screens. The relative
lack of movement of the videoed males also minimized
problems of the lack of depth perception cues associated
with video, as well as minimizing any possible ghosting
or blurring of moving images on the TFT screens. Furthermore, we speciﬁcally designed the choice chamber so that
the female could not get closer than 20 cm to the video
screen, hence minimizing the probability that the visual
acuity of the females caused apparent pixilation of the
video stimuli and also reducing problems of inaccurate
depth cues from a two-dimensional surface (Oliveira
et al. 2000).
The digital video of each male was played through
a SONY GVD1000 digital video deck connected to each
TFT monitor via a Viewsonic VB50 HRTV conversion box.
We adjusted the brightness of the TFT screens (approximately 18 foot candles measured with an A. W. Sperry
Instruments Incorporated model SLM-110 light meter) to
approximately match the ambient lighting in the previous
(live) mate choice trials (Oliveira et al. 2000). No sound
was played through the video screens; however, the two
speakers played white noise in every video trial, as in all
the live male trials.
To begin a video trial, we randomly assigned the video
of the female’s pair-bonded male to one screen (left or
right) and assigned the video of the other male to the
opposite screen. We started the tapes and lifted the white
separation barriers, as for the ﬁrst phase of the experiment. We also switched the tapes between the two screens
after 30 min to control for any female side bias. As before,
female behaviour in the video preference trials was recorded on videotape and analysed for the amount of
time that each female spent displaying in front of the
video display of the two males.
In a third phase of the experiment we repeated the
initial live trials, following the protocol described earlier.
These additional trials allowed us to compare the change
in preference between two live male trials against the
change associated with females’ viewing a live and a video
trial. Hence, we could disentangle repeated viewing from
the general effects of video presentation.
For each female, the full sequence of mate preference
trials (i.e. live–video–live) was conducted within a 4–5-day
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time window. We conducted the experiment in two
blocks. We tested 16 pairs of males and females in the
ﬁrst block and eight pairs in the second block. The
experimental procedures and housing conditions were
approved by our Institutional Animal Care and Use
Committee (project approval no. 0311).

Statistical Analyses
To test whether females preferred their pair-bonded
male over the unfamiliar male, we conducted paired t tests
of the proportion of time spent displaying in front of each
male. In this and subsequent analyses, proportional data
were arcsine square-root transformed to ﬁt assumptions
of normality. To investigate the repeatability of mate preferences between the two live male trials, we conducted
a repeated measures ANOVA testing whether the preference for the pair-bonded male changed within individuals
over the two tests. We also calculated the coefﬁcient of
repeatability rI, where rI is calculated as the mean square
among males minus the mean square within males,
divided by the sum of these two terms (Zar 1999).
To explore whether females’ mate preferences changed
from the live to the video trials, we calculated the withinindividual change in relative preference for the pairbonded male from (1) the ﬁrst to second live male trials,
and (2) from the ﬁrst live male to the video trial. We then
compared the direction and intensity of these withinindividual changes in preferences in a repeated measures
ANOVA, comparing the within-female change in her
preference associated with observing two live male trials
versus a live male and video trial.
We also explored whether the amount of female courtship behaviour was affected by the video stimulus versus
the live male stimulus by comparing the amount of time
females spent displaying in the average of their two live
male trials versus the video trial in a paired t test.
We conducted all analyses using SPSS v11 (Chicago,
Illinois, U.S.A.) and used two-tailed tests of probability
throughout. Means are reported with associated standard
errors, unless otherwise indicated.
RESULTS
In both of the live male trials, females spent signiﬁcantly
more time displaying in front of the unfamiliar male
compared with their paired male (paired t test by male
(paired versus unfamiliar) of proportion of time spent displaying on nearest perches to live males: ﬁrst trial:
t23 ¼ 4.21, P < 0.001; second trial: t23 ¼ 3.14, P ¼ 0.005;
Fig. 2). Therefore, masking auditory cues with white noise
during live male mate choice trials appeared to result in
a signiﬁcant preference for unfamiliar males over pairbonded males.
We calculated the repeatability of mate preferences shown
by females from the ﬁrst to the second live male trials. There
was no signiﬁcant change in mate preference between the
two live male trials (ANOVA: F1,23 ¼ 0.446, P ¼ 0.511;
observed power ¼ 0.098). Accordingly, mate preferences
showed moderately high repeatability (rI ¼ 0.61).

1
0.9
Proportion of time displaying
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Figure 2. Mean  SE proportion of time spent by females displaying
in front of their pair-bonded male in the three stimulus treatments.
The dotted line indicates no preference for either male. Values less
than 0.5 indicate a preference for the unfamiliar male. Females consistently preferred the unfamiliar male in the live male trials. Females
did not display a preference in the video trials.

When analysing mate preferences in the video trials, we
observed a different pattern than in the live male trials.
When presented with the video stimulus, females showed
no preference for the unfamiliar male over their pairbonded male (paired t test: t23 ¼ 0.93, P ¼ 0.363; Fig. 2).
Consequently, there was a signiﬁcant change in the
females’ mate preferences when seeing the males in
a video compared with live trials (ANOVA: F1,23 ¼ 6.54,
P ¼ 0.018).
Interestingly, females showed slightly more courtship
behaviour in front of the video stimuli than in front of the
live males (paired t test: t23 ¼ 2.32, P ¼ 0.030; Fig. 3). This
pattern is consistent with females responding to the
videos as if they were a sexual stimulus.

DISCUSSION
Our results indicate that female zebra ﬁnches respond to
a noninteractive digital video of males displayed on a ﬂat
TFT monitor as if the cue is a sexual stimulus. Females
rigorously courted the video presentations (Fig. 3). This result is consistent with those of other studies indicating
that video elicits a sexual response in zebra ﬁnches (Adret
1997; Ikebuchi & Okanoya 1999) and seemingly naturalistic behavioural responses in birds in general (e.g. Evans
et al. 1993; Keeling & Hurnik 1993; Shimizu 1998;
Jitsumori et al. 1999; Clarke & Jones 2001; Lundberg &
Keeling 2003). Females in our study appeared to court
videoed males more actively than live males when audio
cues were masked. There were, however, behavioural
differences within males between the live and video trials
that could help to explain this result. In the video, the
males were noninteractive, so females may have increased
their display rates in an effort to elicit a reciprocal response from the males. The observation that video elicited
increased courtship is somewhat contrary to the accepted
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Figure 3. Mean  SE time (in seconds) spent by females displaying
in front of either male in the (average of the) two live male trials
and the video trials. Females courted the video stimuli slightly
more than the live males.

view that video is not an effective cue in avian visual studies (D’Eath 1998; Lea & Dittrich 1999; Oliveira et al. 2000).
Therefore, by minimizing problems of mismatched audio
cues, video screen refresh rates, image blurring, pixilation,
depth cues and overall illumination differences (as
through our methodology), video can be an effective sexual stimulus. If further experiments are performed to take
into account interactivity between the observer and video
model, better correspondence may be found between
video and live trials.
The repeatability of the dichotomous mate preference
in the two live male trials in our study is also consistent
with that reported for female zebra ﬁnches in another
study (Forstmeier & Birkhead 2004). Here we show that,
even with the masking of audio cues, female zebra ﬁnches
will show internally consistent mate preferences, further
illustrating that female preference, although variable
among females, is an inherent trait that can be quantiﬁed.
Although female zebra ﬁnches showed courtship
behaviour in front of TFT video screens, females’ mate
preferences changed signiﬁcantly when watching noninteractive video compared with the same live males.
Speciﬁcally, the preference for unfamiliar males disappeared when choosing between the same males as a video
stimulus (Fig. 2). This change (or loss) in preference may
be because (1) the video males behaved differently (e.g.
a general lack of sexual displays and interactivity), (2)
males appeared fundamentally different on the video
screen compared to real life, and (3) males behaved consistently differently in the choice chamber when they
appeared as a pair-bonded versus an unfamiliar male.
These explanations are expanded on below.
Females’ preference for unfamiliar males cannot be based
on morphological differences because every pair-bonded
male appeared as an unfamiliar male in another trial.
However, an important difference between our study
and previous zebra ﬁnch preference trials is that we
masked vocalizations by playing white noise in the choice
chamber in all live and video trials. We hypothesize that
the masked audio cues are important in maintaining pair

bonds and reducing the probability of extrapair behaviour.
Audio cues appear to be important in establishing and
maintaining such bonds in many bird species, including
zebra ﬁnches (e.g. Miller 1979; Silcox & Evans 1982;
Kellam 2003; Kumar 2004). In zebra ﬁnches, a variety of
vocalizations and directed song are associated with courtship and nest building (such as kackle calls, arks and
whines), all of which appear to be important in establishing a pair bond (Miller 1979; Silcox & Evans 1982;
Clayton & Pröve 1989; Zann 1996; Balzer & Williams
1998; Forstmeier & Birkhead 2004). Therefore, it seems
logical that these calls could also be important in maintaining the pair bond (Silcox & Evans 1982). In preference
tests, females usually prefer the song of their pair-bonded
male over the song of an unfamiliar male (Miller 1979).
In the live male trials, female zebra ﬁnches may have
been actively soliciting extrapair copulations to gain some
potential ﬁtness beneﬁt (e.g. Stutchbury 1998; Foerster
et al. 2003; Westneat & Stewart 2003). Zebra ﬁnches commonly rear few extrapair young (<3%) in natural conditions (Birkhead et al. 1990; Zann 1996). However, Burley
et al. (1996) have found much higher frequencies of extrapair young (28%) in a captive colony. Thus, our results
may reﬂect primary female mate choice for extrapair partners in a captive situation. However, this explanation
seems unlikely because the predicted frequency of extrapair young (based on rates of female copulation solicitations in this study) would be much greater than 28%.
Thus, some feature of our choice chamber may have increased the probability of a female actively preferring the
unfamiliar male over her pair-bonded male. The most
likely feature is the masking of auditory cues (as discussed
above). Therefore, we predict that blocking of auditory
cues destabilizes pair bonds in zebra ﬁnches. This latter
prediction raises the intriguing possibility that sound pollution in nature could increase the probability of extrapair
copulations.
An additional explanation for why females’ preferences
changed when watching video is that females did not
recognize either male in the video and, hence, showed no
preference when watching the TFT monitors. There is
precedent for such a mechanism, because chickens have
difﬁculty recognizing individuals in video (D’Eath &
Dawkins 1996).
Another possible explanation for our results is that the
behaviour of the males changed when they were paired
males versus unfamiliar males (Caryl 1976; Dunn & Zann
1997). Effectively, a male could make himself more attractive when experiencing a novel female than when courting his pair-bonded female (Caryl 1976). This hypothesis
is speculative and could not be tested directly because
we did not record male behaviour. If males do adjust their
behaviour, this hypothesis could account for why female
preference for the unfamiliar male occurred only in the
live male trials. In the video trials, there should have
been no consistent behavioural differences between the
two males because we used the same video when the
male stimulus was a pair-bonded male or an unfamiliar
male. In future experiments it would be interesting to
quantify male display rates directly and to control for
this statistically in video trial comparisons.
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It would also be interesting to control for the level of
interactivity between video and live male stimuli. The
lack of interactivity could fundamentally alter females’
response to videos. Comparing female responses to active
and relatively inactive male video stimuli would be
a worthwhile follow-up to our initial study.
Overall, we reach mixed conclusions about the further
use of noninteractive video stimuli in zebra ﬁnch sexual
selection studies. If steps are taken to minimize the
apparent mismatch of video with live images (e.g.
ﬂicker-fusion, pixilation, image blurring, depth cues, as
we did in this experiment), video of males can solicit an
appropriate sexual response from females (Adret 1997;
Ikebuchi & Okanoya 1999). Although video does not
replicate a live image (D’Eath 1998; Oliveira et al. 2000),
it may appear to be good enough to solicit some natural
courtship behaviours. However, the results of our study
also indicate that stimulus males looked different enough
in video that female mate preferences were eradicated
when females chose between noninteractive video males
and live males. We cannot say exactly why and how video
males looked different to females than did live males
(likely candidates are colour and behavioural differences,
the latter of which could be minimized in further experiments), but these were not the focal questions of our
study. We suggest that our most important result is that
although digital video of males presented on TFT monitors can elicit substantial courtship behaviour from females, we also found it can fundamentally alter females’
mate preferences. This latter ﬁnding has implications
for many experimental studies of mate preference; just
because an experimental cue (such as video) elicits courtship, we cannot assume that mate preferences have not
been altered. Therefore, we conclude that the currently
recommended application of video (Oliveira et al. 2000)
is a useful research tool for some research questions, but
it should be used with caution when exploring questions
directly related to mate preferences or individual recognition, at least in zebra ﬁnches.
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