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Synopsis

Many sexually-selected phenotypes involve some form of visual communication. Video-playback techniques are
a powerful new tool for studying visual signaling systems. Individual aspects of complex stimuli can be reliably
manipulated, and stimuli can be repeatedly presented without appreciable variation in their properties. Experimenters
can also construct signals which are biologically impossible, but which can be used to ask critical questions about
how stimuli are perceived. Video-playback studies of sexual selection are reviewed in the context of how the
methodology can be used to extend the range of questions addressed by conventional techniques. Four major issues
are discussed with consideration for future studies: (1) the background against which a stimulus is presented; (2) the
illumination of the stimulus; (3) the problem of pseudoreplication; and (4) experimental design considerations,
including controlling for side biases and order effects and selecting appropriate response assays. Using synthetic
animations may address many of these concerns.

Introduction

‘The ability to present a putative signal in

isolation, without the potential confounding

effects of other activities of the signaler, is

the main reason for the depth and range of

our knowledge of communication systems.

To date, playback of sound signals has pre-

dominated, but playback of electric signals

and even video playback of visual signals

suggests that playback will become just as

prevalent in studies of communication in

other sensory modalities.’
McGregor (1992, p. v)

The study of sexual selection is intimately entangled
with that of animal communication. Sexual selection
can shape the evolution of signals and the percep-
tual systems that receive them. Conversely, the design
of perceptual systems can constrain the direction of

sexual selection. Any experimental research program
aiming to understand mechanisms of sexual selection
must therefore include, at some level, an analysis of the
appropriate communication processes. As McGregor
(1992) points out, this involves presenting a receiver
with isolated features of a signal. This approach has
been commonly used in several modalities, including
vision: presentations of static models and manipula-
tions of traits on live animals are among the classic
experiments of early ethology (e.g. Pelkwijk & Tin-
bergen 1937). It is only with the recent advent of
video playbacks, however, that researchers have had the
opportunity to play back visual stimuli displaying the
complex patterns of temporal change typical of many
natural signals.

Visual signals are important in both mate selection
and intrasexual competition. The vast majority of stud-
ies on fishes cited in Andersson’s (1994) comprehen-
sive review of sexually-selected traits demonstrated
the salience of one or more visual traits. A typical
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courtship or agonistic interaction may involve multiple
spatial cues (body size, the presence of an ornament,
or patterns of pigmentation), temporal cues (motor
patterns), and spectral cues (coloration). These cues
are typically dynamic, changing over time in multiple
dimensions.

Understanding this spatiotemporal complexity has
historically proved intractable. Presentations with
static models are useful for testing many hypotheses,
but models usually fail to adequately simulate motor
displays. Using live exemplars introduces confound-
ing factors when extraneous traits covary with those
being studied, and makes many trait manipulations
impossible.

Video playback offers a resolution to these prob-
lems. Video sequences can be edited to produce realis-
tic exemplars varying precisely in one or more aspects
of morphology and behavior, and identical in all other
characteristics. Video can also be used to construct
stimuli not found in nature, such as ‘chimaeras’ bear-
ing the behavior of one species and the morphology of
another, or disembodied parts of animals performing
species-typical motor patterns.

I will briefly review the video-playback studies
on sexual selection published to date, illustrate some
advantages relative to conventional experiments, and
outline some considerations for future studies using the
technique. I will discuss aspects of the design of stim-
uli and experiments that can be readily addressed by
most workers in the field. By definition, studies involv-
ing sexual selection refer, at least implicitly, to fitness
consequences in natural populations. Certain aspects
of stimulus design and presentation are thus of critical
importance to the external validity of these studies. I
will concentrate on four issues relevant to all exper-
iments on visual communication, but particularly to
sexual selection studies: (1) the background against
which a stimulus is presented; (2) the illumination of
the stimulus; (3) the problem of pseudoreplication; and
(4) experimental design considerations.

Video-playback studies of sexual selection

To the author’s knowledge, all video-playback studies
of fishes published to date deal with some aspect of
sexual selection, as do several of the video-playback
studies published on other organisms. The studies will
be discussed according to the characters, if any, which
are manipulated.

No manipulation

While most video-playback studies have used the
methodology to manipulate stimulus characters, sev-
eral have used unmanipulated video footage in pre-
sentations. These studies have primarily used video
techniques to eliminate undesired variation in stimu-
lus characteristics. This is clearly desirable when such
variation could confound interpretation of the results.
Landmann et al.’s (1999) ontogenetic study addressed
changes in female preferences over time. Any change in
male behavior over time (e.g. due to seasonal or expe-
riential effects) would have interacted with the effect
under consideration.

Concerns can also arise when differences among
receivers in an experiment affect the behavior of sig-
nalers, or when an interaction between the stimulus
individual and the subject could confound interpreta-
tion of the results (e.g. conspecific versus heterospe-
cific, Macedonia et al. 1994, Macedonia & Stamps
1994). In such cases, the motivation of individuals to
display would be expected to vary substantially accord-
ing to the identity of the receiver.

For a hypothetical example, females may exhibit a
strong preference for males of their own species over
those of a closely related species when shown live
males displaying behind two-way glass on opposite
ends of an aquarium. This result, however, can be inter-
preted in at least two ways. Females may recognize a
conspecific mate signal and thus exhibit a preference
for a male of their own species. Alternatively, males of
both species may be more motivated to court conspe-
cific females, and females may simply be choosing the
male with the higher level of courtship activity. More-
over, if the stimulus males are allowed to communicate
with one another, the ‘preferred’ male may simply have
suppressed courtship activity in his counterpart.

Unmanipulated analog video can also be combined
with signals from other modalities. Multi-modal play-
back – the simultaneous presentation of acoustic and
video stimuli – has been used with considerable success
to study social communication in birds (reviewed in
Evans & Marler 1995). This approach was also applied
to male-male displays by Baker et al. (1996).

Two studies using unmanipulated video have tested
the validity of video techniques. Male and female
Anolis lizards in the field responded strongly to
video playbacks of displaying males (Clark et al.
1997), suggesting that video playbacks can be used
to study responses under natural environmental and
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motivational conditions. Kodric-Brown & Nicoletto
(1997) used analog footage to draw two important
conclusions about video playbacks in general. While
female guppies,Poecilia reticulata, spent more time
interacting with a live male behind clear glass than
with a video stimulus, they showed no difference in
association time between a video stimulus and a live
male behind one-way glass, suggesting that the physi-
cal characteristics of video were not limiting in this sys-
tem. Females were more consistent in their choices with
video stimuli than with live males behind clear glass,
presumably due to the lack of temporal variability in
male behavior across presentations. Video techniques
thus proved more effective at detecting female prefer-
ences than standard methods using live males.

Behavior

A unique, novel property of video playbacks is that
they allow the controlled manipulation of complex
temporal changes in stimulus characteristics. It is
generally impossible to reliably elicit a desired behav-
ior from a live stimulus animal, and static mod-
els are inadequate for testing hypotheses involving
responses to motor patterns. Two studies have manipu-
lated behavior patterns while holding morphology con-
stant. Rosenthal et al. (1996) presented female green
swordtails,Xiphophorus helleri, with edited sequences
of males performing courtship behavior and of the same
males performing a suite of other activities. Rowland
(1995) directly manipulated courtship itself. A male
performing a characteristic display was videotaped and
an edited sequence dubbed onto playback tapes at vary-
ing speeds, producing sequences with higher and lower
rates of courtship.

Morphology

McClintock & Uetz (1996) used frame-by-frame alter-
ation to study female preference patterns in two
closely related species of wolf spiders,S. ocreataand
S. rovneri. Male S. ocreatause tufts of bristles on
the forelegs in visual courtship displays, while male
S. rovnerilack tufts. Animation techniques were used
to digitally add or remove tufts, thus creating a stimulus
male of one species bearing a heterospecific morpho-
logical trait. Uetz et al. (1996) used the same tech-
nique to test symmetry preference, digitally removing
the tufts on one leg only. Allen & Nicoletto (1997)
used similar techniques to manipulate fin length within
males of one species, the Siamese fighting fishBetta

splendens. Fins were lengthened or shortened beyond
the typical value for live fish.

Rosenthal & Evans (1998) digitized a portion of one
of the courtship stimuli from Rosenthal et al. (1996)
and manipulated the presence of two components of the
sexually-dimorphic male ‘sword’. Females preferred
males with full swords over males with one component
(the sword extension) removed, and over males with
both components removed. Rosenthal & Evans (1998)
then addressed the perceptual nature of the female pref-
erence for males with long sword, by giving females a
choice between males with swords and swordless males
of equivalent total length; this abolished the preference
for sworded males. Females also failed to show a pref-
erence for a disembodied courting sword over a blank
screen control, and did not discriminate between a dis-
embodied sword and a swordless male of comparable
length.

These studies have manipulated the morphology of
realistic stimuli, often outside the range of the bio-
logically possible. The fact that state-of-the-art tech-
niques permit almost any possible manipulation of
morphology, however, raises a series of thorny issues
for an experimenter designing a stimulus. For exam-
ple, if a high-contrast ornament, such as a sword in
Xiphophorus, is digitally erased, should it be replaced
with background, or with the lower-contrast pattern
of the rest of the animal’s body? Rosenthal & Evans
(1998) opted for an approach that reflected biologi-
cal variation in stimulus properties: individuals lack-
ing sword extensions altogether are common in some
species, so this component was erased and replaced
with background. Males naturally lacking a stripe on
the caudal fin, however, are not missing any portion of
the fin, so we replaced the stripe with patterns digitally
copied from the upper portion of the caudal fin.

Size manipulation is also potentially complicated.
If the size of an ornament, or of the whole animal,
is being manipulated, should it be uniformly scaled,
scaled along one axis, or scaled according to observed
allometries? With frame-edited video, all but the first
option present a logistical headache for any stimuli
varying in three dimensions; synthetic animations (see
below) would be more amenable to more sophisticated
manipulations of size.

Morphology and behavior

Three pioneering studies by Clark & Uetz (1990, 1992,
1993) provide perhaps the most striking demonstration
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of video techniques to date. Male jumping spiders,
Maevia inclemens, exhibit extreme dimorphism in mor-
phology and behavior. Gray morphs crouch down in
a prone position upon sighting a female, while tufted
morphs stand up. Clark & Uetz (1993) used frame-
by-frame manipulation to apply the behavior of each
morph to the morphology of the other. These studies
exemplify the ‘impossible’, yet biologically realistic,
stimuli that can be created with video techniques. Such
stimuli can yield important insights into the design of
complex signals, in which multiple components inter-
act to produce a response.

Body color

Responses to colors manipulated on videotape are
generally difficult to interpret. Color video systems
are tuned to human spectral sensitivity functions, and
manipulation as perceived by humans should not be
assumed to correspond to an analogous manipula-
tion from the study organism’s point of view. As an
example, a comparison of male responses to digitally-
manipulated yellow versus orange abdominal patches
in a brooding female cichlid would be effectively mean-
ingless without detailed knowledge about the percep-
tual biology of the fish. Males might not perceive
any difference between the two treatments, and it is
unlikely that either manipulated color would be percep-
tually equivalent to that found in live fish. Fleishman
et al. (1998) provide a detailed discussion of the color-
matching problem in video playbacks.

Several studies have used video techniques to exam-
ine response to nuptial coloration in threespine stick-
lebacks. The authors of these studies argue that the
stickleback peripheral visual system is quite similar to
humans’; furthermore, the color being manipulated is
usually red, which corresponds very closely to one of
the three phosphors on a color television screen.

A variety of techniques has been used to manipulate
the presence of red in stickleback stimuli. Bolyard &
Rowland (1996) and Rowland et al. (1995a,b) manip-
ulated the entire video signal, presenting subjects with
the same video sequence at varying color intensities and
in grayscale. McKinnon (1995) used chroma-keying,
a technique whereby specific analog-video colors are
selectively altered, to manipulate only the throat color
of a courting male. McKinnon & McPhail (1996) tested
male sticklebacks on synthetic animations of red-,
black-, and gray-throated males derived from a single
live male exemplar.

The above studies used video techniques to keep
behavior and morphology constant while manipulating
color within the natural range of variation. McDonald
et al. (1995) coupled this manipulation with a com-
plementary alteration of the surrounding background.
Sequences of a courting male were altered using a
video-processing system that permitted alteration of
a selected color in the video signal, and presented to
females.

While red coloration in sticklebacks may repre-
sent a special case, it is important to note that
video playbacks are generally inappropriate for ques-
tions involving color. The color-matching prob-
lem, however, is not insurmountable. Metamers
– in this case, combinations of red, green, and
blue which are perceptually indistinguishable from
other spectral distributions – can be experimentally
determined through conditioning techniques or phys-
iological studies. For many cases (e.g. investigat-
ing preferences for orange over yellow patches) this
would be necessary only for a subset of the color
spectrum.

A cruder, yet less laborious, approach is to use
grayscale stimuli in which the color being studied is
set to have the highest luminance value; this is eas-
ily accomplished with several software applications
in which the grayscale conversion parameters can be
adjusted. The stimuli are played back on monochrome
monitors, and a color filter of known spectral dis-
tribution is placed over the image. This procedure
is analogous to presenting live stimuli under differ-
ent lighting conditions (e.g. Long & Houde 1989).
This approach would be most suitable for systems
in which most of an animal’s body was a single
color.

The studies reviewed above illustrate two principal
advantages over conventional manipulations. Experi-
menters have much greater control over stimulus char-
acteristics, both in their quantitative properties and
in their consistency across presentations and between
treatments. Also, video allows the creation of stimuli
that are effectively impossible to produce with live ani-
mals or models.

The technology available for video image process-
ing and for the construction of synthetic animations is
continuously becoming more powerful and less expen-
sive. Video playbacks are often the only alternative for
controlled experiments on visual signals. The follow-
ing sections offer some caveats on the design of video
stimuli and video playback experiments.
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Stimulus properties

Background

At the most fundamental level, visual perception works
by the detection of differences in the spectral properties
of an object relative to its background (Sekuler & Blake
1994). Background properties are crucial to the percep-
tion of sexually-selected phenotypes. The size of color
spots on male guppies,Poecilia reticulata, in predator-
free experimental populations increased when popula-
tions were kept against a fine-grained substrate, and
decreased against a coarse-grained substrate (Endler
1983). McDonald et al. (1995) demonstrated that the
preference of female sticklebacks for throat patch color
depended on the ornament’s contrast with the back-
ground, rather than on its absolute spectral characteris-
tics. McKinnon & McPhail (1996) reviewed studies on
color preferences in sticklebacks and argued that differ-
ences in (often unreported) background characteristics
might partially account for the inconsistency between
studies. FemaleAnolislizards also express a preference
based on the contrast between a male’s dewlap and the
background (Sigmund 1983).

McKinnon (1995) and McKinnon & McPhail
(1996) chose a background for presentations that
approximately matched the background against which
sticklebacks are viewed in natural populations. In most
video-playback studies published to date, however, and
in most studies involving manipulation of visual traits
in general, background characteristics are biologically
rather arbitrary. Background is often selected so as
to maximize stimulus conspicuousness and minimize
processing artifacts. Such technical constraints should
be less limiting in future video playback experiments.
State-of-the-art image-capture and display equipment
produces images that are in some cases superior, in
color and spatial resolution, to analog S-VHS or Hi-8
video. Moreover, video techniques make it easy to
adjust background characteristics to the experimenter’s
specifications.

Most playback studies in sexual selection are test-
ing the explicit or implicit hypothesis that variation
in one or more characteristics ultimately influences
reproductive success in natural populations, whether
the characteristic belongs to the sender or the receiver.
The representation of a stimulus is thus constructed
with reference to what an animal would encounter
in nature, even when stimuli are abstracted or have
properties outside the natural range of variation. For

example, if one were testing the effect of the size of
male body spots on female mating preferences in gup-
pies, the logical first step would be to present females
with sequences showing male guppies with varying
spot sizes, as opposed to, say, sticklebacks or rectan-
gles exhibiting similar variation. This appears to be a
trivial point when one considers theanimalas the con-
text for a trait, but experimenters almost always place
characters in abackgroundcontext that is biologically
meaningless. This can potentially have dramatic effects
on experimental results. Figure 1 shows a still-frame
of a synthetic animation of a courting male sword-
tail, Xiphophorus nigrensis, against a series of back-
grounds. To the human eye, and most likely to female
swordtails, the sword extending from the caudal fin
differs dramatically in apparent length, thickness, and
contrast depending on the background.

For researchers with access to natural populations of
their study organisms, appropriate background charac-
teristics can be approximated by sampling behavioral
interactions from the point of view of the receiver. For
example, if male–male aggressive displays typically
occur in midwater, signalers are viewed against a dif-
fuse, relatively homogeneous background. If males are
defending patches of habitat along a riverbank, dis-
plays are more commonly viewed against a complex,
variegated background.

There are several ways one could introduce natural
backgrounds into playback experiments. For questions
which can be addressed with analog-video stimuli (e.g.
Rosenthal et al. 1996, Landmann et al. 1999), the eas-
iest approach would be to use edited sequences of
animals in the field. Alternatively, one could video-
tape an animal against a homogeneous background and
electronically substitute a natural background. With
digitally-manipulated video or synthetic animations,
one could either use a single frame of background for
the entire stimulus, or, preferably, digitize a brief video
sequence of background and use any of a number of
software applications to superimpose the manipulated
stimulus on the background sequence.

Illumination

The direction and quality of illumination can have a
substantial effect on stimulus properties (Sekuler &
Blake 1994). In aquatic environments, the strongest
illumination comes from overhead. This property
is often exploited by fishes to produce a counter-
shaded effect that minimizes visibility to predators
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Figure 1. Still from a synthetic animation of a courting male
pygmy swordtail,Xiphophorus nigrensis, against a – slide of
natural background in the Rı́o Choy, San Luis Potosı́, Mexico;
b – monochrome background based on the mean of 20 sampled
RGB values for water ‘spacelight’ color on field videotapes; c –
black background; d – white background. Stills are rendered color
images converted to grayscale. Note variation in the appearance
of the sword across the four images.

(Loew & McFarland 1990). In many taxa, the dorsal
surface is dark, blending in with the substrate below,
while the ventral surface is lighter, blending in with
the surface. Changing the direction of incident light

can substantially alter the perception of a stimulus
(Sekuler & Blake 1994). This is perhaps best exem-
plified by the Halloween trick of shining a light under
one’s face to cast sinister shadows.

The positioning of lighting used in filming stimuli
is mentioned in only two published video-playback
studies of sexual selection (McDonald et al. 1995,
Rosenthal et al. 1996). In both of these, lights were
placed so as to maximize contrast with the background,
in order to facilitate image processing. The stimuli may
therefore not have exhibited illumination patterns com-
parable to those found in nature. Most of the studies
reviewed manipulate color or behavior, rather than the
arrangement of patterns on the body, so the placement
of illumination may not be critical. Nevertheless, it is
clearly desirable to have the illumination properties of
the stimulus reflect patterns encountered in the field.

The spectral distribution of incident light used when
filming stimuli is also a concern. Fishes in a natural
environment are illuminated by sunlight, which may
be filtered through any combination of clouds, terres-
trial vegetation, aquatic vegetation, and particles dis-
solved or suspended in the water (Endler 1990). Long &
Houde (1989) showed that the spectral distribution of
ambient light could eliminate female mate choice pat-
terns in guppies. All of the studies reviewed (except
McKinnon & McPhail’s (1995) synthetic animation)
presumably used artificial indoor light, directly strik-
ing clear water, in stimulus production.

Even if one were to use field footage – videotape of
animals displaying under some subset of natural light
conditions – in the preparation of stimuli, the orig-
inal spectral distribution would be distorted at least
twice – once as the light reflecting off the displaying
animal was transduced to videotape, and once as the
playback equipment outputted the video signal. Nev-
ertheless, it is reasonable to expect that using natural
light regimes, or an approximation thereof, would gen-
erally produce more biologically relevant stimuli than
the usual artificial-light approach.

There are several properties of video that may intro-
duce confounding factors into an experiment if they
interact with the perception of stimuli. These include
poor color and brightness fidelity, low spatial and tem-
poral resolution, and the absence of many depth cues.
As the above sections point out, however, video can be
used to more easily minimize other potential confound-
ing effects peculiar to visual traits, by introducing back-
ground and lighting characteristics appropriate to the
hypotheses being tested. Moreover, these techniques
offer experimenters the opportunity to explicitly test
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the effects of these characteristics on the perception of
stimuli (e.g. McDonald et al. 1995).

Experimental design

Pseudoreplication

The problem of pseudoreplication in playback experi-
ments was the focus of a major symposium on acoustic
playback studies (McGregor et al. 1992). I will briefly
summarize the 17 participants’ consensus paper, which
suggests how pseudoreplication should be dealt with in
playback experiments, and then propose an analogous
approach for video playbacks.

The termpseudoreplicationwas originally proposed
by Hurlbert (1984) in the context of field ecology.
McGregor et al. (1992) modified the original defini-
tion somewhat to better apply to playback studies: ‘the
use of ann (sample size) in a statistical test that is not
appropriate to the hypothesis being tested’.

If, for example, female guppies were being tested
for their response to population-level differences in
spot patterns, a typical study might run as follows: (1)
females are tested for their response to live males from
their own population, X, and another population, Y;
(2) after finding a significant preference for sympatric
males, the experimenter prepares four digitally-altered
video sequences, showing a sympatric male with his
normal spot pattern; the same, sympatric male with an
allopatric pattern; and the complementary sequences
for an allopatric male. This is perhaps a two-month
procedure, but using manipulated video is necessary
in order to determine whether variation in spot pattern
per se, independent of behavior and other factors, influ-
ences female preference.

The sample size to be used in a statistical test for this
experiment depends on the hypothesis. If the alterna-
tive hypothesis is extremely narrow – that Male X1’s
spot patterns are more attractive to females from popu-
lation X than are Male Y1’s, then one could treat each
female’s response as a data point (McGregor et al.
1992). If, however, the hypothesis is that population
X females prefer male spot patterns from population X
over population Y, the sample size is effectively equiv-
alent to the number of exemplars – in this case, one.
In order to test the more general hypothesis – namely,
that all female guppies prefer the spot patterns of males
from their own populations – one would have to test
multiple subjects from multiple populations on mul-
tiple exemplars from multiple populations, a project

which would surely require multiple generations of
multiple video-manipulators.

McGregor et al. (1992) point out that the use of syn-
thetic stimuli can often circumvent the pseudoreplica-
tion problem. A strength of video techniques is that one
can artificially modify stimuli so that subjects are pre-
sented exemplars varying only in the traits under con-
sideration. One could redesign the above guppy study
slightly and present females with manipulations of a
male from their own population, in which the spot pat-
tern was varied between the sympatric and allopatric
averages. Every aspect of the stimulus would be con-
trolled, except for spot size. This would allow the exper-
imenter to use ann in inferential statistics that was equal
to the number of subjects, provided the hypothesis
was that manipulation ofthis particular maleaffected
female response (McGregor et al. 1992). This approach
has been used in the majority of the video-playback
studies reviewed.

A potentially more powerful approach than manip-
ulation of live males is the de novo synthesis of arti-
ficial stimuli from population data, a technique which
has been used with considerable success in studies of
acoustic signals. Signal parameters are measured in
samples of individuals, and their average values are
used to generate synthetic stimuli. Ryan & Rand (1995)
constructed frog calls using data on eight call variables
gathered from 10 individuals in each of eight species;
females did not show a preference for natural calls over
these synthetic calls. Using such stimuli can augment
the external validity of the results. Rather than having
to restrict the alternative hypothesis to manipulated dif-
ferences in one, arbitrarily-chosen exemplar, one can
test for the effects of manipulating traits in the context
of phenotypic variation in a population or species.

Such techniques can now readily be employed with
video. Clark & Uetz (1992) used the mean values for
several behavioral parameters to construct ‘abnormal’
morphs in their study. McKinnon & McPhail (1996)
recently demonstrated that female sticklebacks will
respond to a synthetic animation of a male. Current
animation and rendering software makes it feasible
to generate similar animations based on estimates of
population values for morphological and behavioral
parameters. This would have an additional advantage
in terms of the time necessary to make stimuli. There
would be a considerable initial time investment in
constructing a synthetic sequence which elicited the
same response as an analog-video sequence. Once this
sequence was created, however, behavioral and mor-
phological manipulations of chosen traits would be
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very easy to generate; one would just have to change
those particular parameter values once, and they would
be automatically applied throughout the animation.

Controlling for order effects and side biases

It is of course always desirable to control for effects of
presentation order and possible side biases (Martin &
Bateson 1993), but these factors are of particular con-
cern for video-playback experiments. When an exper-
iment involves the manipulation of a few traits in a
sequence and subjects are serially presented with many
variations on the same sequence, the potential for habit-
uation across trials is very high. Conversely, subjects
might respondmore strongly to a given sequence if
they are familiar with the stimulus or its context after
repeated presentations. Experimenters should take care
to vary presentation order across subjects, either sys-
tematically (when the number of possible presenta-
tion sequences is less than or equal to the number of
subjects) or randomly (when the number of possible
presentation sequences is much greater than the num-
ber of subjects). Depending on the statistical design of
the experiment and the availability of study animals,
it may be preferable to use a naı̈ve subject for each
presentation.

Side biases, in which a subject shows a stimulus-
independent preference for one side of an aquarium
or arena, are a hobgoblin of playback experiments in
which stimuli are presented simultaneously. With video
playbacks, there may be subtle between-side differ-
ences in monitor tuning or in the playback speed or
signal quality of the videocassette player; this is often
the case when one piece of equipment has suffered
more previous use than another. Care should be taken
to vary stimulus presentation at least between subjects,
and ideally within subjects. The nature of video play-
backs makes the latter very straightforward: in the sim-
plest case, all the experimenter need do is construct two
tapes, one with the sequence ‘stimulus A→ interval→
stimulus B’ and one with the sequence ‘stimulus B→
interval→ stimulus A’. Successive subjects are shown
the stimulus tapes on alternate sides (Rosenthal &
Evans 1998). This design thus controls for side biases
within subjects, by reversing the sides on which the
stimuli are presented; andacrosssubjects, by vary-
ing the initial arrangement of stimulus presentation.
By showing each stimulus in identical proportion on
each side’s equipment, any biases due to differences in
playback apparatus are eliminated.

Response assays

Some video-playback studies lend themselves read-
ily to the criticism that it is difficult to be sure that
animals are responding in a biologically-meaningful
way. This can be easily avoided if subjects perform
behaviors which are specific to aggressive or sexual
interactions, such as bite-butts in sticklebacks or head-
bobs in anoles. Some systems, such as those using
side-association measures of preference, may lack such
clear-cut assays of response; in these cases, one solu-
tion is to use video techniques to replicate previous
studies using live stimuli. If subjects exhibit a pattern
of responses consistent with previous results, they are
likely responding to video sequences as biologically
salient stimuli. Alternatively, experimenters could use
an independent assay of sexual or aggressive moti-
vation, such as a physiological measure or a behav-
ioral response to a set of stimuli other than those
under consideration, to screen for responsive individu-
als (Rosenthal & Evans 1998).

Conclusions

While the study of visual communication has been
a major focus of ethology since its origins (e.g.
Pelkwijk & Tinbergen 1937), this area has lagged in
terms of the rigor with which studies can be conducted.
A major limitation has been the difficulty of designing
well-controlled experiments testing responses to stim-
uli. For all their drawbacks, video techniques have the
potential to substantially extend the validity of experi-
ments on visual signals, as well as to extend the range
of questions which can be experimentally addressed.
The studies reviewed illustrate this potential quite well.
Subjects can be presented with standardized stim-
uli varying in behavior, but identical in morphology;
varying in morphology, but identical in behavior; dis-
playing identical behavior at varying rates; display-
ing combinations of morphology and behavior not
normally encountered; or displaying normal behavior
and form, but atypical background contrast properties.
Moreover, even when a study does not call for manip-
ulation of traits, video provides a stimulus which is
unvarying over time: the same individuals can be pre-
sented the same stimulus at different points in ontogeny.

Further video-playback studies should take advan-
tage of currently available methods which make it pos-
sible to reduce the likelihood of confounding effects
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caused by arbitrary background or lighting character-
istics, and to increase statistical power by avoiding
pseudoreplication. While it may be difficult to always
address these factors, they should be given priority
over the temptation to produce the stimuli which look
‘best’ to a human observer. Information on background
and lighting characteristics, and the number of exem-
plars used to produce stimuli, should be included in the
methods section of future publications. Experimenters
should also consider the physical limitations of video
playback, which render many possible studies uninter-
pretable without detailed knowledge of the perceptual
biology of the study organism.

Despite these caveats, video playback remains one
of the most powerful new techniques in the study of
animal behavior. Among the canonical model systems
in studies of sexual selection are taxa for which there is
abundant information on genetics, distribution, physi-
ology, and evolutionary history, but whose reliance on
visual signaling has often made it difficult to rigorously
test hypotheses about the evolution and design of com-
munication systems. Notable among these are small
freshwater fishes such as guppies, mollies, swordtails,
and sticklebacks, which together are the subjects of
over half the studies in this review. Video techniques
offer an exciting opportunity to address complex ques-
tions about sexual communication in such systems.

For example, the ability to manipulate the presence
and behavior of stimulus exemplars provides a new
array of tools for studies of mate-choice copying. The
ability to ‘mix and match’ conspecific and heterospe-
cific signals, or reconstruct ancestral phenotypes, will
surely prove invaluable to students of species recogni-
tion and the role of preexisting biases in signal evo-
lution. The long-neglected role of experiential and
ontogenetic effects in the expression of mate prefer-
ences can now be examined with a methodology that
keeps stimuli constant over time. Video can be used
to derive a detailed picture of the perceptual landscape
of receivers, yielding insights on some of the proxi-
mate constraints on the design of the signal-receiver
dyad and on the interpretability of playback experi-
ments themselves.

Complex sexual phenotypes consist of many inter-
acting traits. In order to characterize the selective
regimes acting on these phenotypes, and in order to
understand the constraints underlying these selective
regimes, we need a methodology that allows traits to
be controlled, exaggerated, abolished, or abstracted, all
the while preserving any necessary complexity in the

stimulus as a whole. Cinema was revolutionized, for
better or for worse, by the advent of sophisticated visual
effects in ‘Star Wars’. Such ‘special effects’ have finally
trickled down to the scientific community, where it is
hoped that their impact will be just as revolutionary and
decidedly positive.
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