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(ABSTRACT)

The issue of the relative importance of early vs.
delayed experience to behavioral development has proven to
be a difficult one to address empirically. I focused on
this issue by manipulating the timing of the onset of visual
experience of avian embryos and hatchlings. Normally reared
bobwhite quail chicks are known to require only maternal
auditory cues to direct their social preferences in the
first days following hatching. However, by 3 days following
hatching quail chicks require both auditory and visual cues
to direct their social preferences. In contrast, birds
which have received unusually early visual experience as
embryos require both auditory and visual cues on the day
following hatching, indicating an accelerated pattern of the
emergence of this type of early intersensory functioning.
Hatchlings reared under conditions of delayed visual

experience (deprivation) continue to rely on maternal



auditory cues alone up to 4 days following hatching, and do
not demonstrate a preference for combined audio-visual cues,
indicating a decelerated pattern of the emergence of this
type of early intersensory functioning. Here I report that
quail chicks that received both early visual experience as
embryos and delayed visual experience as hatchlings exhibit
a pattern of intersensory functioning similar to that seen
in normally reared chicks. That is, they do not require
combined auditory and visual cues to direct their social
preferences until 3 days following hatching. These results
indicate that, at least under the present experimental
conditions, the influence of early and delayed visual
experience on the development of intersensory functioning is
essentially equivalent. These findings are discussed in
terms of the role of timing of sensory experience in early

perceptual organization.
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Effects of Early and Delayed Visual Experience

on Intersensory Functioning in Bobwhite Quail Chicks

The interests and goals of developmental psychology
encompass both a description of the onset and
differentiation of specific behaviors and an analysis of the
mechanisms by which behaviors become organized during
ontogeny. In particular, developmental psychobiologists
have long been concerned with the significance of prenatal
and perinatal experience to behavioral development (e.g.,
see reviews in Kuo, 1967; Gottlieb, 1976, 1983, and Hall &
Oppenheim, 1987). Indeed, the timing of biological and
psychological events has long been recognized as playing an
important role in understanding the determination of such
events. For example, Schneirla (1957, 1959) was an early
proponent of the view that the timing of function and of
changes in different components of a system influence the
organization of the systemn.

In this light, the issue of the relative importance of
early versus delayed experience on behavioral development
has proven to be a difficult one to address empirically.
Whereas nearly all researchers who study development agree
that the effects of delayed experience (typically achieved
by some form of deprivation and resulting in experience

being withheld at a time when it would ordinarily be



available) are important and worthy of study, relatively
little experimental attention has been focused on the
effects of (unusually) early experience on behavioral
development. While there are a number of plausible reasons
for this oversight, one likely explanation is that many
investigators in this field have attempted to use the
deprivation experiment as a means for parceling out the
relative influence of genetic versus experiential factors to
development. Another possibility is that experiments
involving the effects of (unusually) early experience on
development are often quite difficult to conduct (especially
when prenatal manipulations are involved).

In any case, despite the fact that there has been
little experimental concern with the impact of unusually
early experience on behavioral development, several
interesting and testable hypotheses have been proposed in
recent years in the domain of perceptual development. In
particular, theorists have addressed the issue of the
intramodal and intermodal consequences of providing sensory
experience earlier in development than when it would
ordinarily be available.

Intramodal consequences are those which occur in a
single modality. Traditionally, the roles of experience on
development have been evaluated by means of intramodal

manipulations. Additionally, the abundance of studies



utilizing the delayed sensory stimulation manipulation
(deprivation) have explored only intramodal effects of this
manipulation. Alternatively, intermodal consequences are
those cases in which one modality has an effect on the
functioning of another modality. Intermodal effects have
recently been discussed as a major part of Turkewitz and
Kenny'’s theory of intersensory functioning (1982, 1985).
They view intramodal competition (or competition within a
system) as the major type of competition early in
development and intermodal competition as emerging later in
development as new modalities become functional.

Turkewitz and Kenny (1982, 1985) have offered a theory
of early perceptual organization which centers around the
role of developmental limitations of perceptual input. Much
of their work is motivated by their concern for a more
accurate view of infants’ limited sensory capacities.
Turkewitz and Kenny suggest that, contrary to the view that
infants’ limited sensory capacities are deficiencies to be
overcome, developmental limitations of perceptual input can
serve as an organizational framework which serves to
facilitate perceptual development. 1In particular, they view
limitations on experiential input as "providing structure
and organization which determines the characteristics of
intersensory integration" (Turkewitz and Mellon, 1989

P.290). They explain further how this may occur: "reduced



intersensory and limited intrasensory competition at early
stages in development allows for organization to occur in
the absence of interference from competing input" (Turkewitz
and Kenny, 1982, p.359). Turkewitz and Kenny (1982, 1985)
argue that differences in functional relationships between
modalities in different species may originate from
differences in the timing of the development of the various
systems in relation to each other and to the developmental
stage of the organism. Thus, although the sequence of
functional onset of the sensory modalities is invariant
across all species of birds and mammals studied (cutaneous,
vestibular, chemical, auditory, and visual, Gottlieb, 1971b;
Alberts, 1984), the timing of onset of the various
modalities in relation to one another is hypothesized to
have important consequences. These consequences may affect
both intramodal and intermodal functioning. Turkewitz and
Kenny argue that the development of one sensory modality is
dependent, at least in part, upon the stage of functioning
of the other senses. 1In particular, they contend that prior
functioning of earlier developing senses provides a
framework into which a later developing sense can emerge and
be incorporated. This type of intersensory dependence can be
investigated with experimental techniques which are familiar
to developmental scientists.

This model generates at least two interesting



hypotheses: 1) the experimental delay of sensory experience
(usually achieved by some form of deprivation) should cause
a deceleration in the emergence of typical intersensory
functioning and 2) the experimental introduction of early
sensory experience (achieved by premature exposure to
normally occuring sensory stimulation) should cause an
acceleration in the emergence of intersensory functioning.
While these questions can be addressed by studying both
intramodal and intermodal effects in any of the sensory
modalities, the visual system has received the most

empirical attention.

Intramodal Effects

Zetterstrom (1956) studied intramodal effects in the
visual system by delaying visual experience. In this study,
the maturation of visual receptors in kittens was assessed.
The visual receptors normally begin to'show receptor
function at 6-10 weeks of postnatal age, and by 9-10 weeks
of age receptor function is at or near the adult level. 1In
contrast, kittens raised in the dark show a delay of up to
28 days in the display of visual receptor function. Thus,
postnatal visual stimulation appears to influence receptor
function development. In a similar vein, house mice that
were visually deprived postnatally showed a slowed rate of

- development of the retina, the lateral geniculate nucleus,



and visual cortex, but no change in the size or composition
of optic nerve fibers (Gyllensten & Malmfors, 1963;
Gyllensten, Malmfors, and Norrlin, 1965, 1966a,b). It seems
clear that in these studies early visual experience had a
large impact on subsequent visual functioning. In
particular, removal of typical visual experiences resulted
in the deceleration of the development of normal visual
functioning.

A second example of the study of intramodal effects
within the visual system is one which provided early sensory
experience to the developing organism. Peters, Vonderhahe,
and Powers (1958) found that when chick embryos were exposed
to a few light flashes (after being removed from their
shells), there was an observed acceleration in the evoked
cerebral response to flashes of light at this time. 1In a
related study, Paulson (1965) exposed duck embryos to light
for 24 hours during the last 72 hours prior to hatching and
found that this manipulation lowered the age at which 100%
of the embryos responded to photic stimulation and decreased
the latency of the visual receptors and of evoked response
at the optic lobe. These studies suggest that premature
exposure to visual stimulation can, at least in some cases,
accelerate the rate of development of the visual systen.

The effects of delaying normal early experience have

also been investigated in the auditory domain. For example,



Gottlieb (1971a) denied ducklings their normal prenatal
auditory experiences and found that their ability to
recognize their species-specific maternal call was delayed
by 24 hours. 1In this case, prenatal auditory deprivation
had similar effects as the visual deprivation studies
described earlier, in that the development of the sensory
system was decelerated as a consequence of being denied
typical experiences normally encountered during development.
Fewer studies have been conducted which explore intramodal
or intermodal effects by introducing early auditory
experience. Gottlieb (1971b) provides one such example.
Normally, at day 22 duck embryos respond to the maternal
call by an inhibition of bill-clapping. At day 24 embryos
alter their response, and exposure to the maternal call
results in an increase of bill-clapping. Aurally stimulated
embryos show this change in response (excitation of bill-
clapping) at day 23, one day earlier than the normal
embryos. Thus, early exposure to normally occurring
auditory stimulation accelerates the sequence of changes in

the maturation of an aurally mediated response.

Intermodal Effects
Early visual experience also appears to impact other
sensory modalities. For example, a study conducted by

Gyllensten, Malmfors, and Norrlin (1966a) demonstrated



intermodal effecﬁs of delaying sensory experience in the
visual domain. In this study, postnatal light deprivation
caused changes in rats’ visual and auditory cortices. At
first, both auditory and visual cortex showed hypotrophy
(i.e. a decrease in amount of internuclear material and in
the diameter of the nuclei). Four months later, however,
the auditory cortex showed hypertrophy (i.e. increased
internuclear material and nuclear diameter of the cells),
suggesting compensation for the loss of visual function.
Turkewitz and Kenny’s (1982, 1985) theory would explain this
effect in terms of the reduced competition from the visual
system, allowing the auditory system to become more
developed than typically seen in control animals.

Two other studies have demonstrated intermodal effects,
but in these cases the method of introducing early sensory
experience to the visual system was used. Kenny and
Turkewitz (1986) opened the eyelids of rats eight days prior
to normal eye-opening. This manipulation resulted in the
rats continuing a homing pattern (returning to their nest
after being removed) at an age (i.e. following eye opening)
when this behavior normally declines. Under normal
conditions, homing behavior is under control of thermal and
olfactory systems. Typically, the onset of patterned visual
input causes a decline in homing behavior, but early visual

input seemed to interfere with the establishment of this



thermal/olfactory based system of homing and resulted in an
atypical "visually-based" homing behavior. A subsequent
experiment revealed that rat pups with the eye-opening
manipulation could not discriminate between home shavings
and other odors as could controls, thus lending support to
the idea that these pups’ early visual experience interfered
Qith olfactory development.

A second study by Gottlieb, Tomlinson and Radell (1989)
explored the hypothesis that premature stimulation in a
later developing modality (e.g. vision) can interfere with
the functioning of an earlier developing system (e.g.
audition) when the earlier system is still undergoing
development. Normal mallard duckling embryos are capable of
learning an individuai maternal aséembly call simply by
being exposed to it (Gottlieb, 1988). Gottlieb, Tomlinson,
and Radell exposed the heads of experimental embryos and
gave them unusually early stimulation with patterned light
while simultaneously exposing them to an individual maternal
call. These embryos failed to learn the maternal call,
suggesting that concurrent visual stimulation can interfere
with the processing of auditory information.

In a similar vein, Lickliter and Stoumbos (1991)
provide evidence of the intermodal effects of providing
early auditory experience. Bobwhite quail embryos that were

provided with more species-typical auditory experience than



normally present in their prenatal environment showed
postnatal changes in the development of their visual
responsiveness. Specifically, experimental birds directed
their social preferences on the basis of static visual cues
as early as 24 hours of age. Normal bobwhite quail chicks
do not direct their social preferences on the basis of
visual cues until 72 hours of age. Thus, increased prenatal
auditory stimulation resulted in an acceleration in
postnatal visual responsiveness to species-specific cues.
These results are in line with the hypotheses of Turkewitz
and Kenny'’s theory (1982, 1985); that is, activation of
earlier developing, more mature modalities (e.g.audition)
concurrent with later, developing modalities (e.g. vision)
should not interfere (and may even enhance) the functioning
of the later, still developing modality (see Korner, 1985
for a discussion of this phenomenon in human infants).

The studies reviewed above all address the question of
the impact of early and delayed experience on perceptual
development. However, none specifically address the question
of the relative importance of early versus delayed
experience on subsequent perceptual organization. Recent
work concerned with the study of perceptual development in
bobwhite quail chicks has provided an experimental procedure
that should prove useful in examining this important

question.
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By way of a brief overview, related studies have
revealed that normally reared bobwhite quail hatchlings
require only maternal auditory cues to direct their maternal
preference at 24 hours and 48 hours after hatching
(Lickliter & Virkar, 1989) and do not respond to visual
cues. However, by 72 hours following hatching normally
reared quail chicks require both maternal auditory and
visual cues to direct their filial preferences (Lickliter
and Virkar, 1989; see Figure 1, line a). In contrast, birds
which have received unusually early visual stimulation as
embryos require both maternal auditory and maternal visual
cues by 24 hours following hatching (Lickliter, 1990a),
indicating an accelerated pattern of the emergence of this
type of early intersensory functioning. In other words,
prenatally stimulated birds at 24 hours of postnatal age
resemble normal birds at 72 hours of postnatal age (see
Figure 1, line b).

In contrast, birds reared in social isolation following
hatching (delayed social and visual experience) continue to
rely on maternal auditory cues alone through 96 hours
following hatching, indicating a decelerated pattern of the
emergence of this type of early intersensory functioning
(Lickliter & Virkar, 1989). In other words, subjects
demonstrate an auditory preference for the species-typical

maternal call at 24 and 48 hours, as do normal birds, but in
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contrast to these normal birds, maintain this preference
through 96 hours of age (see Figure 1, line c). 1In this
case, the competition normally provided by visual
stimulation in the early postnatal period is absent, thus
allowing the auditory system to continue to dominate
perceptual preferences.

The present study was designed to begin to investigate
the relative influence of early and delayed visual
experience on early intersensory functioning in bobwhite
quail chicks. The experimental method employed (described
below) allowed both early and delayed visual experience in
the same experimental group of precocial birds. A number of
possible outcomes could result from exposing bobwhite quail
chicks to both prenatal visual experience and delayed
postnatal visual experience (see Figure 2). It should be
stressed that the birds in the experiments described here
received both unusually early visual stimulation prenatally
(which has been found to result in an acceleration in the
emergence of this type of early intersensory functioning,
Lickliter, 1990a) and delayed visual stimulation postnatally
(which has been found to result in a deceleration in the
emergence of this type of early intersensory functioning,
Lickliter & Virkar, 1989). If early experience has more of
an effect on early perceptual development than delayed

experience, the birds from the present experiments should
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resemble the birds from the previous prenatal visuél
stimulation study (Lickliter, 1990a). That is, birds should
require both maternal auditory and maternal visual cues by
24 hours following hatching (see Figure 2, line a). On the
other hand, if delayed postnatal experience has more of an
effect on early perceptual development than early prenatal
experience, the experimental birds of this study should
resemble the birds from the previous social and visual
isolation study (Lickliter & Virkar, 1989). That is, birds
should continue to show no preference for combined auditory
and visual cues through 96 hours following hatching (see
Figure 2, line e).

Of course, these extreme cases are not the only
possible outcomes. For example, perhaps early experience
has relatively more impact, but delayed experience also has
important effects on early development (see Figure 2, line
b). In this case, we might expect that experimental birds
would not respond to the audio-visual cues at 24 hours, but
would at 48 hours. This possible outcome thus falls in
between the results of the previous prenatal visual
stimulation study (Lickliter, 1990a) and the results
obtained from normal birds (i.e., the requirement of
combined audiovisual cues would emerge at 48 hours after
hatching, not 24 hours after hatching, as in the case of

prenatally stimulated birds, or at 72 hours after hatching,
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as seen in unstimulated birds). In contrast, perhaps the
effect of delayed experience has relatively more impact, but
early experience does have some effect on early perceptual
development (see Figure 2, line d). In this case, we might
expect that birds in the experimental condition would
demonstrate continued non-responsivity to auditory/visual
cues through 72 hours of age, but after 72 hours this lack
of responsiveness would decline and the birds would
subsequently require audiovisual cues. This possible
outcome falls in between the results of the previous
postnatal isolation study (Lickliter & Virkar, 1989) and the
results from normal birds. Finally, another possible
outcome is that the effects of early and delayed visual
experience on perceptual organization are relatively |
equivalent (see Figure 2, line c). 1In this case, we would
expect that the two manipulations reported (one of which is
known to accelerate intersensory functioning and the other
to decelerate intersensory functioning) might cancel out
each other’s effects and consequently result in experimental
birds responding as normal birds. This would indicate that
at least under the present experimental conditions, the
influences of early and delayed visual experience on
perceptual organization are relatively equivalent.

In any case, such a manipulation should reveal at what

point along a temporal continuum (see Figure 2) subjects

14



demonstrate species-specific visual functioning. In
particular, this study serves as a step in determining when
and under what conditions species-typical patterns of
perceptual organization arise in young bobwhite quail and
should shed light on the issue of the relative influence of
delayed versus early experience on early perceptual

organization.

15



General Methods
Subjects

Subjects were maternally naive, incubator-reared
bobwhite quail chicks (Colinus virginianus). Unincubated,
fertile quail eggs were obtained weekly from a commercial
supplier and refrigerated at 10-13°C for 2 days prior to
incubation. This procedure was used to reduce errors in
calculating the developmental age of the embryos (see
Gottlieb, 1963). The eggs were incubated in a Peterseme
Model I (forced-draft) automatic-turning incubator,
maintained at 37.5°C and 80-85% humidity. After 20 days of
incubation, the eggs were transferred to a hatching tray at
the bottom of the incubator. Only those birds which hatched
during day 22 of incubation were used as subjects (by
convention, day 22 of incubation begins at 22 day, 0 hour
and ends at 22 day, 23 hour). Subjects in each experiment
were drawn from at least three different batches of eggs, to
control for the possible influence of between-hatch

variations in behavior.

Procedure

For the birds in Experiment I-B, during the second half
of the 21st day of incubation (21 day, 1200-1600 hours) eggs
which had begun to pip (the embryo cracking the shell with

its egg tooth) were removed from the incubator and the large
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end of the shell (approximately 2 cm. in diameter) and the
inner shell membrane were removed. Normally, the embryo’s
bill penetrates the air space early on day 21, and the
embryo begins to respire and vocalize at this time (Freeman
& Vince, 1974; Vince, 1972). During this egg-opening
procedure, the postural orientation of the embryo was not
altered and the head and body remained confined in the
shell. Exposing the embryo’s head in this manner does not
interfere with incubation, survival, or subsequent species-
typical perceptual behavior (Heaton & Galleher, 1981;
Lickliter, 1990a,b).

Following this procedure, the opened eggs were placed
in a portable incubator with a plexiglas top, allowing both
observation and stimulation of the embryos within.
Experimental embryos from Experiment I-B were exposed to a
15 W light pulsed at 3 cycles per second (maximum flash
energy = 4W second). This temporally patterned light was
located immediately above the plexiglas top of the
incubator. Particular care was taken to ensure that the
presence of the light did not alter the ambient air
temperature or relative humidity within the incubator.
Depending on the hour which they hatched on day 22, embryos
were exposed to the patterned light for a minimum of 24
hours and a maximum of 30 hours prior to hatching.

Immediately following hatching, the chicks in both

17



experiments had both of their eyes occluded by means of
adhesive tape strips, thereby delaying early postnatal
visual experience. This procedure is known to result in a
deceleration of typical decline in auditory responsiveness
(pilot data). Normally, chicks eyes are open at hatch and
they receive visual experience throughout the immediate
post-hatch period. Immediately following hatching, chicks
had their eyes occluded by means of adhesive tape. The tape
was cut into strips approximately 7 cm in length and 1 cm in
width. Each bird was held firmly in one hand, and the
bird’s eyes were coaxed shut by contact to the facial area.
A strip of tape was then placed over the bird’s head in such
a way as to cover both eyes. Pressure was then applied to
the strip of tape, to insure long-lasting adhesion.
Following the eye occlusion procedure, each chick was
placed in a social group of 10-12 same-aged chicks, to mimic
natural brood conditions (Stokes, 1967). Under these
conditions the birds were able to hear and interact with,

but not see their broodmates.

Testing

Testing took place at either 24 (*2 hr), 48 (¥ hr), 72
Cré hr), or 96 ctz hr) following hatching (each chick was
tested only once). The testing apparatus was located in a

sound-attenuated room and consisted of a large circular
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area, 160 cm in diameter. A black curtain covered a 24 cm
high wall that surrounded the arena, in order to shield the
observer from the subject’s view and minimize distraction.
The walls of the apparatus were lined with foam to attenuate
echos and the floor was painted flat black. On either side
of the arena was a rectangular approach area (32 x 15cm)
delineated by green lines painted on the floor. These
approach areas comprised less than 5% of the total area of
the arena, so preference scores were based on strict
criteria. A mid-range dome-radiater speaker was placed
behind the curtain in each of the approach areas,
equidistant from the starting box (the point at which each
subject was placed in the apparatus). Each speaker was
connected to a Tascam model 122-B cassette tape recorder
located at a control table. A sound level meter, placed at
the start box, ensured that the maternal calls emitted from
each speaker approximated naturally occurring sound levels
and were equivalent in amplitude (65 db at the chick’s point
of entry into the arena).

During simultaneous choice tests, the locations of the
stimuli presented were alternated between subjects to
prevent any possible side bias from influencing results.
The observer sat at the control table and observed each
subject’s activity through a large angled mirror that hung

above the arena. 1In all cases, the observer was blind to
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the experimental conditions and the specific hypothesis of
this study. Undergraduate students were recruited to run
the testing for all subjects in all experiments. The
observer utilized hand-operated stopwatches to score the
latency and duration of response, as described below. The
testing room was maintained at approximately 24°cC.

A 5 minute test trial was given to each subject.
Several minutes prior to testing each quail hatchling had
its eye patches removed and was then placed singly in the
apparatus. The observer returned to the control table and
recorded the latency (amount of time elapsed in seconds from
the beginning of the trial until the bird entered an
approach area) and duration (amount of time in seconds the
bird remained in the approach area) of response to the test
stimuli.

The subject had to spend at least 10 consecutive
seconds within an approach area to receive a preference
score. This ensured that random movements in and out of the
approach area were not scored. During the simultaneous
choice test, both auditory and visual cues were presented to
each subject (described below). Occasionally a bird
approached both approach areas during a test without showing
a preference for either one. This was scored as "Both" in
the tables showing test results. Those birds that entered

neither approach area were considered non-responders. When,
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over the course of the 5 minute trial, a chick stayed in one
approach area for more than twice the amount of time it
spent in the opposing approach area, a preference for that

stimulus was recorded.

Data Analysis

The data of interest in this study were measures of
preference for the auditory and visual stimuli presented
during the trials (as scored by latency and duration).
Several measures were analyzed: (1) differences in the
latency and (2) differences in the duration of time spent in
each approach area by a subject was evaluated by the
Wilcoxin matched-pairs signed-ranks test, and (3) an
individual preference, assigned to any subject that stayed
in one area for more than twice as long as the other, was
evaluated by the chi-square test. Expected frequencies for
the three categories of response were calculated by
determining the number of preference scores that would acrue
in each category if they were assigned by chance.
Significance levels of p<.05 (two-tailed) were used to

evaluate all results.
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Experiment I-A: Effects of Delayed Visual

Experience on Visual Responsiveness

Normally reared bobwhite quail hatchlings require both
maternal auditory cues and visual cues in order to direct
their filial preferences by 72 hours after hatching
(Lickliter & Virkar, 1989). Birds reared in relative social
and visual isolation following hatching do not require
combined audio-visual cues to direct their social
preferences even at 96 hours following hatching, indicating
a decelerated pattern of the emergence of this type of early
intersensory functioning (Lickliter & Virkar, 1989). This
experiment was conducted to determine the influence of
delayed visual experience on intersensory functioning using
somewhat different procedures from those employed in the
Lickliter and Virkar (1989) study. In that study, birds
were kept in social isolation postnatally in an attempt to
delay their postnatal visual experience. However, this
manipulation also produced a delay in social interactions
and attenuated the chicks’ locomotor opportunities to a
certain degree.

In the present study, a manipulation was employed which
specifically delayed postnatal visual experience. This was
accomplished by occluding the eyes of hatchlings with

adhesive tape immediately after they hatched. Since the
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results of Lickliter & Virkar (1989) had been used to
generate the experimental design of the present study, it
was necessary to confirm that a more focused manipulation of

delayed visual experience would obtain similar results.

Method

Eighty bobwhite quail (Colinus virginianus) embryos,
drawn from four separate hatches, served as subjects.
Immediately following hatching, chicks had their eyes
occluded by means of adhesive tape as described in the
General Methods section. Following this occlusion
procedure, chicks were reared in social groups of 12-14 same
age chicks. Under these conditions, the birds were able to
hear and interact with, but not see their broodmates. To
determine if this manipulation affected the hatchlings’
species-typical preference for maternal cues, subjects were
given a simultaneous choice test (see General Methods)
between a bobwhite maternal call paired with a stuffed model
of the bobwhite hen and the bobwhite maternal call paired
with a stuffed model of a scaled quail hen at either 24, 48,
72, or 96 hours after hatching. 1In other words, subjects
were asked to choose between a species-typical auditory-
visual complement and a species-typical auditory stimulus
paired with a species-atypical visual stimulus. Under these

conditions, chicks were presented with visual and auditory
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cues emanating from both sides of the test arena, but the
situation was arranged in such a way that the auditory cues
presented did not permit a choice to be made. 1In other
words, subjects were presented with a simultaneous choice
test in which identical species-typical auditory cues were
paired with either a species-typical stuffed bobwhite hen or
a species-atypical stuffed scaled quail hen. This condition
required subjects to choose on the basis of available visual
cues in order to demonstrate a species-specific maternal

preference.

Results and Discussion

The results of Experiment I-A are shown in Table 1 and
illustrated in Figure 3, line a. Subjects failed to
demonstrate a significant preference for species-specific
audio-visual cues at either 24 (¥ = 1.3, df = 2), 48 (¥*=
.42, df = 2), 72 (x*= .11, df = 2), or 96 (¥ = 7.63, df = 2,
pP<.025) hours following hatching. While the results from
the 96 hour group are significant, the preference was for
the atypical configuration. These results are similar to
those obtained by Lickliter and Virkar (1989) (see Figure 1,
line ¢ and compare with Figure 3, line a). In other words,
chicks which had their eyes occluded from hatch were unable
to demonstrate a species-specific maternal preference on the

basis of available visual cues. Analysis of the latency and
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duration scores further supported these results: as
illustrated in Table 3, there was no significant difference
between these scores at either 24, 48, 72, or 96 hrs
following hatching.

These results indicate that aspects of visual
experience facilitate the development of intersensory
functioning in the early postnatal period. Specifically,
when chicks were denied the opportunity for visual
experience, they maintained an inability to demonstrate a
preference for maternal cues based on visual information
into later stages of postnatal development than normally-
reared birds. This finding suggests that features of the
normal visual experience of bobwhite quail chicks are
somehow involved in the achievement of species-typical
perceptual organization. Of course, aspects of social
experience that depend upon visual functioning may also be
crucial factors in facilitating the development of
intersensory functioning in the early postnatal period.
Whether these features are primarily visual and/or social in

nature is not yet known.
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Experiment i-B: Effects of Combined Early Visual Experience

and Delayed Visual Experience on Visual Responsiveness

As discussed above, normally reared bobwhite quail
hatchlings require both maternal auditory cues and visual
cues in order to direct their filial preferences by 72 hours
after hatching (Lickliter and Virkar, 1989). Birds which
have received unusually early visual stimulation as embryos
(early visual experience) require both maternal auditory and
maternal visual cues to direct their social preferences by
24 hours following hatching (Lickliter, 1990a), indicating
an accelerated pattern of the emergence of this type of
early intersensory functioning. In contrast, birds reared
with their eyes occluded following hatching (delayed visual
experience) do not demonstrate this requirement of combined
audio-visual cues even at 96 hours following hatching,
indicating a decelerated pattern of the emergence of this
type of early intersensory functioning (Experiment I-A). The
present experiment was designed to determine the relative
influence of early and delayed experience on this pattern of
early intersensory functioning. In other words, birds which
received both early (prenatal) visual experience and delayed
(postnatal) visual experience were assessed. Specifically,
experimental birds which received both early and delayed

visual experience were asked to choose between a species-
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typical call paired with a species-typical stuffed hen and a
species-typical call paired with a species-atypical stuffed
hen. This condition required birds to choose on the basis

of available visual cues in order to demonstrate a species-

specific maternal preference.

Method

Eighty bobwhite quail (Colinus virginianus) embryos,
drawn from four separate hatches, served as subjects. The
removal of portions of the shell and subsequent incubation
in a portable incubator were conducted as described in the
General Methods section. Embryos were visually stimulated
by exposing them to a 15W light pulsed at 3 cycles per
second for a minimum of 24 hours and a maximum of 30 hours
prior to hatching. Immediately following hatching, chicks
had their eyes occluded by means of adhesive tape as
described in the General Methods section and were reared in
social groups of 12-14 same-aged chicks. Under these
conditions, the birds were able to hear and interact with,
but not see their broodmates. To determine if these
combined prenatal and postnatal manipulations would affect
the hatchlings’ species-typical preference for maternal
cues, subjects were tested in the manner described in

Experiment I-A.
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Results and Discussion

As seen in Table 2 and illustrated in Figure 3, 1line b,
subjects failed to demonstrate a preference for the species-
typical call paired with a model of the bobwhite hen over
the species-typical call paired with a model of the scaled
quail hen at 24 (= 4.5, df = 2), 48 (x*= 4.4, df = 2), and
96 (x*= 3.5, df = 2) hours following hatching. Analysis of
the latency and duration scores further supported these
results: as can be seen in Table 4, there was no significant
difference between these scores at either 24, 48, or 96 hrs
following hatching. In contrast, chicks demonstrated a
significant preference for the species-typical call paired
with a model of the bobwhite hen at 72 hours following
hatching (x*= 24.4, df = 2, p<.005). Analysis of the
latency and duration scores by the Wilcoxin signed rank test
supported these results: at 72 hours, subjects showed
shorter latencies and longer durations in their response to
the species-specific visual cue (see Table 4).

These results (except for those of the 96 hour group,
of which a discussion will follow) parallel those obtained
from normal hatchlings (see Figure 1, line a and compare to
these results, Figure 3, line b). Namely, the birds shifted
from not using species-specific visual cues at 48 hours to
utilizing such cues at 72 hours following hatching. It

appears that the two manipulations (one which is known to
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accelerate intersensory functioning and one which is known
to decelelerate intersensory functioning) cancelled the
effects of one another. This cancelling effect resulted in
the birds’ demonstration of normal or species-typical visual
abilities. This finding indicates that at least under the
present experimental conditions, the influences of early and
delayed visual experience on species-typical visual
functioning appear relatively equivalent.

The negative results obtained from the 96 hour group of
birds can be interpreted in several ways. One plausible
explanation for this result is that at 96 hours birds do not
respond as normal birds because the visual manipulations
implemented were too severe and the postnatal manipulation
persisted over too long a period of time. In other words,
the deprivation manipulations employed were an insult to the
health of these birds, resulting in their inability to
respond. It is important to note that these birds received
both prenatal and postnatal manipulations, both insulting
their health. Partial support for this explanation is the
fact that the morbidity rate for the 96 hour group was 50%
higher than that of the 72 hour group. This explanation
could be further tested by assessing experimental birds
ongoingly at 72, 80, 84, 90 and 96 hours following hatching,
for example. This would reveal at what point the insult of

the manipulations employed were harmful enough to affect
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visual functioning. An alternative explanation is that
birds tested aﬁ 96 hours of age were different (in a way
other than in general health) from normal birds in their
perceptual abilities and therefore did not demonstrate a
reliable preference for the species-specific audiovisual
cues. This explanation could be assessed by testing these
birds beyond 96 hr following hatching and comparing their
behavior to the behavior of normal birds tested at these
later ages. This would help reveal whether the birds in
question are fundamentally different from normal birds or
not. Alternatively, these birds could be assessed using
physiological methods in order to explore the possible
histological differences between these birds and normal

birds (specifically in the retina).
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General Discussion

The outcomes of the experiments reported here reveal at
what point along a temporal continuum (see Figure 2)
bobwhite quail chicks demonstrate species-typical auditory
and visual functioning following atypical prenatal and
postnatal visual experience. With the exception of the
results obtained from 96 hour-old chicks, the results of
this study reveal that hatchlings’ perceptual responses to
species~-specific cues fall somewhere in the middle of the
time line, thus reflecting the relative equivalence of the
early and delayed visual experience on early auditory/visual
functioning. In other words, the two manipulations employed
in this study (one which is known to accelerate intersensory
functioning, Lickliter, 1990, and one which is known to
decelerate intersensory functioning, Experiment I-3)
apparently served to cancel the effects of one another and
consequently resulted in experimental birds responding in a
manner similar to normal birds. Specifically, experimental
birds did not demonstrate a preference for visual maternal
cues at either 24 hours or 48 hours following hatching, but
did demonstrate this ability at 72 hours following hatching
(Experiment I-B). These results indicate that, at least
under the present experimental conditions, the impact of

early and delayed visual experience on perceptual
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organization appears relatively equivalent.

It should be noted that the experiments of this study
employed different manipulations in the prenatal and
postnatal periods. That is, the patterned visual
stimulation that was presented prenatally is different from
the visual deprivation provided postnatally (enhancement vs.
attenuation). However, the primary focus of this study was
not what experience is presented per se, but rather when
particular experiences are most effective in contributing to
or disrupting early perceptual functioning.

The important question of the relative influence of
early versus delayed experience on perceptual development
was posed after reviewing recent studies completed in our
lab. One study lent support to the hypothesis thaﬁ the
experimental delay of sensory experience will cause a
deceleration in the emergence of a type of intersensory
functioning (Lickliter & Virkar, 1989). Another study
offered support for the hypothesis that the experimental
introduction of early sensory experience will cause an
acceleration in the emergence of a type of intersensory
functioning (Lickliter, 1990a) (see introduction for a
complete discussion of these studies). These hypotheses and
the conceptual focus of this study follow from Turkewitz and
Kenny'’s theory of early intersensory functioning (1982,

1985). This theory focuses on the importance of the timing
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of competition between emerging sensory modalities to early
perceptual functioning. A key component of Turkewitz and
Kenny’s theory is the role of developmental limitations of
perceptual input on this competition between the developing
modalities. Specifically, Turkewitz and Kenny view
developmental limitations of perceptual input as serving an
organizational function which facilitates perceptual
development by modulating competition between emerging
modalities. They stress that the development of one sense
is dependent, at least in part, upon the stage of
functioning of the other senses. In particular, Turkewitz
and Kenny (1982, 1985) contend that prior functioning of
earlier developing senses provides a framework into which a
later developing sense can be incorporated. On this view,
reduced competition from a later developing sense can
actually facilitate the functioning of the already
established senses.

In the case of the present study, a limitation that is
normally present (no patterned visual stimulation
prenatally) was removed, and a limitation that is not
normally present (postnatal eye occlusion) was provided to
the same subjects. Under normal conditions, competition
between the visual system and the auditory system is not
present prenatally in the bobwhite quail, and competition

between these two modalities is typically present
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postnatally. The experiments reported here essentially
reversed this pattern of intersensory competition and
subsequently found subjects to respond like unmanipulated
chicks who encountered the normally occurring pattern of
competition between the auditory and visual systems. 1In
other words, there appeared little effect of this reversed
pattern of competition on early intersensory functioning.
There are several potential explanations for this
apparent absence of effect. For example, from the present
results it could be argued that timing of sensory input is
not an important factor in the development of the perceptual
abilities assessed, since the canceling of effects of the
early and delayed visual manipulations implies relative
equivalence of these manipulations. On the other hand, it
could be that these manipulations cancel the effects of one
another only in the case of the specific audio-visual
responsiveness tested in this study. It is possible that if
we tested other perceptual skills of the experimental
hatchlings, an effect from one or the other of the visual
manipulations would be revealed. This is a testable
hypothesis. Alternatively, if tested later in development
the experimental birds may have demonstrated differences in
perceptual functioning that could be traced to either of the
temporal manipulations employed. This is also a testable

hypothesis. Indeed, it is important to evaluate both current
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and subsequent advantages to the organism.

The fact that timing is potentially important in both
pathways discussed is evident when each manipulation is
considered separately. As discussed earlier, the control
experiment (Experiment I-A) demonstrated that delaying
visual stimulation (the postnatal manipulation in Experiment
I-B) results in an atypical pattern of perceptual
functioning (deceleration). That is, when the normal or
species-typical temporal onset of visual functioning is
altered, perceptual organization is also altered. 1In
contrast, Lickliter (1990a) demonstrated that supplying
unusually early visual stimulation (the prenatal
manipulation in Experiment IB) results in an atypical
pattern of perceptual functioning (acceleration). That is,
when the normal temporal onset of visual functioning is
altered, early perceptual organization is altered. In both
cases, timing of the onset of function was of critical
importance in the observed outcomes.

It is important to stress that timing relative to the
ontogenetic stage of the organism may be the critical factor
in the experiments of this study. As Oyama (1985) has
argued, the same stimulus may have different effects on the
same organism at different times. In the case of normal
unmanipulated quail, perceptual development is dependent on

the combination of limitation of prenatal visual experience
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and availability of postnatal visual stimulation. The
combination of prenatal visual stimulation and limitation of
postnatal visual experience in the experimental birds of
this study had similar effects, emphasizing the pairing of
ontogenetic stage (prenatal or postnatal) with sensory
experience (limitation or stimulation). It is quite
different to say on the one hand that providing unusually
early visual stimulation has equivalent impact as delaying
visual stimulation and to say on the other hand that
providing unusually early stimulation at that developmental
stage has equivalent impact as giving delayed stimulation at
that developmental stage. Importantly, even this statement
must be delivered with the caveat mentioned above, namely
that this can be stated only for the particular perceptual
‘function assessed and the time tested.

Similar types of results concerned with temporal
effects were recently obtained by Lickliter and Hellewell
(in press). 1In this study, it was found that bobwhite quail
embryos are capable of learning an individual bobwhite
maternal call, whereas normally reared bobwhite hatchlings
are not. The authors hypothesized that this difference in
auditory learning may be due to the difference in complexity
of the embryos’ and the hatchlings’ environments. In order
to test this hypothesis, embryos were provided with

unusually early visual stimulation while being exposed to an

36



individual bobwhite maternal call, and hatchlings were
raised in socially and visually attenuated conditions while
being exposed to the individual maternal call. The birds
who received both auditory and visual stimulation as embryos
were not able to learn the individual maternal call. 1In
contrast, hatchlings who received reduced visual and social
experience responded as hatchlings that were raised as
normal embryos, in that they could learn the individual
maternal call. Thus, in this study, as in the present
study, the same outcome was attained by different pathways
and attention to contexts was critical in making sense of
the obtained results.

Turkewitz and Kenny (1982) proposed an experiment that
resembles the Lickliter and Hellewell (in press) study and
the present study (and represents another example of
possible multiple pathways to similar developmental
outcomes). They proposed studying intersensory functioning
in a precocial rodent and in an altricial rodent, who differ
in the extent of sensory system function at birth. They
suggest that it may be possible to reverse the direction of
this difference by altering the normal sensory environment
of these organisms at birth. Thus, early opening of rat
(altricial rodent) pups’ eyelids and dark-rearing of
chinchilla (precocial rodent) newborns could result in adult

rats that exhibit a level of intersensory functioning more
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like that of the normal chichilla and, similarly, adult
chinchillas that function more like the normal rat. Once
again, in this scenario experimental methods can potentially
produce outcomes similar to those found typically, but
nonetheless these outcomes are achieved through different
means or mechanisms.

In a similar vein, Turkewitz and Mellon (1989) have
recently discussed intersensory dependence in terms of
timing and context. They state that: "the variability of
intermodal effects reflects the previously discussed
interdependence among developing systems which results in
the impact of reduced or witheld input in one system being
determined in part by the stage of development of the other
systems. Apparently inconsistent intermodal effects of
unimodal deprivation at different ages, rather than
representing a vexing paradox, provide important clues to
the manner in which intramodal changes can shape intermodal
functions at different stages of development." (Turkewitz &
Mellon, 1989, p.292). While the present study does not
conclusively answer the question of relative influence of
early and delayed experience on perceptual functioning, it
does lead to other experiments that can help to address this
important and difficult issue.

One obvious follow-up study would be to assess the role

of timing of sensory experience in the other modalities,
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including the chemical and the vestibular. Possible
variations could include altering the amount of time the
chick would be exposed to various sensory stimulative
conditions, and/or varying the age at which the
manipulations and/or testing take place. Such types of
studies would be a first step in revealing the experiences
and the timing of these experiences necessary to promote
normal functioning in the bobwhite quail hatchling.
Another direction for future research could address the
role of timing and competition in early perceptual
organization. Such a program could combine the methods of
this study with those of Gottlieb, Tomlinson, and Radell
(1989), who found that when embryos were presented with
unusually early patterned light and an auditory learning
task (learning an individual maternal call) concurrently,
they were unable to learn an individual maternal call (as
tested postnatally). In contrast, when the stimuli were
presented nonconcurrently, subjects were able to demonstrate
recognition ofvthe individual maternal call postnatally.
Apparently, competition from the later developing sensory
modality (vision) interfered with the already established
sensory system (audition), but only when competition was
concurrent. 1In our study, prenatal visual stimulation was
presented to the embryos continuously, so that it was at

times concurrent with the embryos’ vocalizations (auditory
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stimulation) and at other times nonconcurrent with the
embryos’ vocalizations. An experiment could be devised in
which embryos receive visual stimulation only when they are
not vocalizing. In other words, subjects would receive only
nonconcurrent stimulation. The results from such a study
would reveal if nonconcurrency of input has an effect on the
observed acceleration of the emergence of this type of
intersensory functioning when embryos are given unusually
early visual stimulation.

In the general sense, concerns with prenatal and early
postnatal experience is another way of addressing the
importance of the role of timing of sensory experience to
behavioral development. In this light, the present study is
a useful addition to the developmental literature, since it
attempts to focus on a question that has not received
empirical attention. That is, to my knowledge, the relative
impact of combined early and delayed experience on
perceptual development has not been examined to date.
Furthermore, most research in this area has been concerned
only with intramodal questions, especially those that can be
addressed using sensory deprivation manipulations. However,
intermodal effects are also important to consider if the
dynamic interactive properties of perceptual organization

are to be understood.
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AND SPECIES-SPECIFIC VISUAL CUES

NO PREFERENCE FOR SPECIES-SPECIFIC AUDITORY
AND SPECIES-SPECIFIC VISUAL CUES

x PILOT GROUP
NOT YET TESTED

FIGURE 1: TIME LINE ILLUSTRATING RESPONSIVITY OF
BOBWHITE QUAIL CHICKS TO SPECIES-SPECIFIC MATERNAL
AUDITORY AND VISUAL CUES.
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POSSIBLE OUTCOMES
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4 48 2 9%
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PREFERENCE FOR SPECIES-SPECIFIC AUDITORY
AND SPECIES-SPECIFIC VISUAL CUES

. NO PREFERENCE FOR SPECIES-SPECIFIC AUDITORY
AND SPECIES-SPECIFIC VISUAL CUES

FIGURE 2: TIME LINE ILLUSTRATING POSSIBLE PATTERNS OF
RESPONSIVITY OF BOBWHITE QUAIL CHICKS TO
SPECIES-SPECIFIC MATERNAL AUDITORY AND VISUAL CUES IN
EXPERIMENTS I-A AND I-B.
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ACTUAL OUTCOME
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AND SPECIES-SPECIFIC VISUAL CUES

. NO PREFERENCE FOR SPECIES-SPECIFIC AUDITORY
AND SPECIES-SPECIFIC VISUAL CUES

FIGURE 3: TIME LINE ILLUSTRATING OBTAINED PATTERNS OF
RESPONSIVITY OF BOBWHITE QUAIL CHICKS TO

SPECIES-SPECIFIC MATERNAL AUDITORY AND VISUAL CUES IN
EXPERIMENTS I-A AND I-B.
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Table 1
Preference of Subjects That Received Delayed Visual

Experience in Simultaneous Auditory/Visual Choice Tests

Preference

Bobwhite Bobwhite

Call & Call &
Age n Bobwhite Scaled
(in hours) n responding Hen Quail Hen Both
24 22 20 9 5 6
48 21 19 5 7 7
72 20 19 7 6 6
96 21 16 5 10%* 1

* p < .001 (chi-square test)
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Table 2

Preference of Subjects That Received Early Visual Experience

and Delayed Visual Experience in Simultaneous

Auditory/Visual Choice Tests

Preference
Bobwhite Bobwhite
Call & Call &
Age n Bobwhite Scaled
(in hours) n responding Hen Quail Hen Both
-
24 24 23 11 9 3
48 22 17 9 6 2
72 20 15 14=* 1 0
96 19 16 6 8 2

* p < .001 (chi-square test)
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Table 3

Latency and Duration of Response of Subjects in Simultaneocus

Auditory Choice Tests in Experiment I-A.

Latency Duration
(in Sec) (in Sec)
Bobwhite Bobwhite Bobwhite Bobwhite
call & call & Call & Call &
Age Bobwhite Scaled Bobwhite Scaled
(in hr) n Hen Quail Hen Hen Quail Hen
24 22 106.91 147.82 86.23 56.14
(109.10) (117.86) (81.46) (59.92)
48 21 132.76 139.38 62.86 68.76
(125.25) (113.90) (77.00) (66.97)
72 20 97.5 106.1 77.75 56.85
(114.90) (122.69) (63.68) (42.89)
96 21 227.29 108.86 34.76 65.71
(117.16) (123.41) (78.01) (85.57)

Means are presented and standard deviations are shown in
These measures are given as summaries of group
performance only.

parantheses.
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Table 4

Latency and Duration of Response of Subjects in Simultaneous

Auditory Choice Tests in Experiment I-B.

Latency Duration
(in Sec) (in Sec)
Bobwhite Bobwhite Bobwhite Bobwhite
Call & Call & Call & Call &
Age Bobwhite Scaled Bobwhite Scaled
(in hr) n Hen Quail Hen Hen Quail Hen
24 24 116.71 170.17 96.25 65.21
(117.08) (115.95) (90.16) (75.11)
48 22 154.82 208.00 75.00 34.41
(118.75) (119.43) (89.38) (63.65)
72 20 127.35 273.10 90.20 14.95
(109.38) (82.89) (88.15) (58.13)
96 19 200.42 179.58 52.79 46.74
(108.47) (119.21) (83.98) (67.09)

Means are presented and standard deviations are shown in
These measures are given as summaries of group
performance only.

parantheses.
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