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REVIEW OF THE LITERATURF

At the time of hatch, the young of some avian species require
parental care such as broodina, aid in food getting activities, and predator
defense. The amount of parental care required varies among species. Mega-
podes are never with their parents, while the Ci fornia Candor (Gymnogyas

californianus) does not leave its parents until over a year after hatch

(allace, 1955). For avian youna that do require parental care, the
probability of the youna's survival increases as the proximity of young
to parent increases.

As the amount of locomotor ability displaved by the avian young
at hatch increases, the possibility of wandering from the parents also
increases. In precocial hatct inas which have good locomotor ability,
followinag or approach behavior in response to auditory and visual cues
associated with the parent increases the proximity of young to parent.
If appropriate approach or following behavior does not occur, the probability

of survival during the neonatal period is decreased.

Onset of imprinting

Research thus far reported yields no conclusive indication of the
initial mechanisms of clutch maintenance. 'thile the phenomenon of im-
printing as defined by Lorenz (1937) is thought of as the means of eventual
clutch maintenance the following mechanism does not occur early enough to
prevent the straying of the youna at hatch. The critical period for

imprinting in the Mallard (Anas platyrhynchos platvrhynchos) is between

5 and 24 hours after hatch (Pamsey and Hess, 1954) and from hatch to 36

hours after hatch in most strains of the Domestic Chicken (Gallus gallus




domesticus) (Hess, 195%9a). Maximum following in both species, however,

is not observed until 13-16 hours after hatch (Hess, 1959b). Mo following

was found in 10 young Pekin(g) Ducks (A.P. domesticus) tested between 3

and 7 hours after hatch (Gottlieb, 1961). Following was found in these
two species tested 8-12 hours after hatch. Thus there is a brief but
important time from hatch to imprinting in which no presently identified

mechanism for clutch 1 intenance is present.

Visual stimuli eliciting following and approach behavior

In the first few hours after hatch there seems to be no inherent
visual recognition of the parent by the precocial avian neonate (Bateson,
1966). In tests of colour preferences for peckina objects, Hess (1956)
found preferences for blue and orange in chicks (in this discussion
unspecific 'chick' shall refer to neonatal Domestic Chickens) and a
preference for green or vellow-areen in neonatal Mallards. Using a
following response test, Scheaffer and Hess (1959) found no colour
preferences except a slight aversion for yellow in chicks. Smith and
Bird (1964a) showed eaqually strong imprinting to red, qreen, yellow,
white, and blue when colours were presented as flashinag lights or painted
objects in motion. Gray (1961) tested colour preferences in chicks on
the first five davs after hatch. 0On the first day the colour of another
chick was a significant releaser. Red, vellow, black and red-yellow
were sianificant on day one and two. Klopfer and Hailman (1964) found
a preference for a conspicuous model of many colours over a plain white
model in neonatal chicks. Thus in the species studied there seems to be
no preference for the colours of the parents.

Investications of form preferences have shown the sphere more

effective in eliciting the followina response in newly-hatched chicks than



js the typical shape of the hen and the more the sphere approximates the
form of the hen, the less effective it becomes (Hess, 1959a). A rectanale
is no less effective in eliciting followina in chicks than a model in the
form of the hen (Smith and Meyer, 196€5).

Movement of the stimulus object away from the subject has been
found to be sufficient to elicit followina in some species (in chicks,
Ramsey, 1951; Hess, 1959a,b; Jaynes, 195€, 1957, 1958a,b; in Moorhens

(Gallinula chloropus) and Coots (Fulica atra), Hinde et al., 1956).

Flicker, which approximates movement, has been found to be sufficient to
elicit approach behavior in neonatal chicks (James, 1959; Smith, 1960;

Abercrombie and James, 1961; Smith and Hoyes, 19€1).

Auditory stimuli eliciting approach and following behavior

An implication of some findinas is that immediately after hatch
auditory cues are important in orientinag the neonates in visual imprinting
(Sluckin, 1965; Bateson, 1966). Mallard ducklinas which failed to follow
a silent moving model subsequently followed when the model was accompanied
by sound (Boyd and Fabricius, 1965). Pekin(a) ducklings were found to
follow a model emitting sound more readily than a silent model (Gottlieb,
1963). The latency of initial movement to visual stimuli is greater than
to auditory stimuli in ducks (Smith and Rird, 1963). Klopfer and Hailman
(1964) have shown that visual recognition of the imprinting stimulus is
present only when the auditory cues are present. Thus the most effective
way of instigating and maintaining the approach and following response is
by using a test stimulus which emits both auditorv and visual stimulation
(Gottlieb and Simner, 1969).

Gottlieb and Simner (1969) have sugagested that auditory cues are

more important than visual cues in directina post-hatch approach and






as early as day 12 or 13 (Gottlieb, 1968). Witschi (1956) reports that

by day 4 of incubation the Nomestic Leghorn Chicken embryo is sufficiently
well developed that the acoustic ganglia and nerves are clearly discernible.
By day 13 of incubation Vanzulli and Garcia-Austt (1963) recorded micro-
phonic potentials from the cochlea of Domestic Chicken embryos in response
to low frequency sounds of 100 to 250 Hz. The upper ranae of the frequency
response increased daily so that by the time of hatch microphonics were
recorded for tones up to 4000 Hz. (Gottlieb, 1968). The peripheral and
associated acoustic centers in the Domestic Chicken embryo are in a
remarkably advanced state of differentiation by day 12 of incubation
(Gottlieb, 1968). Rebollo and Casas de Rancaqliolo (cited by Vanzulli

and Garcia-Austt, 1963) report that the tectorial membrane is fully
developed by day 11 and the scala tympani and basilar membrane are fully
developed by day 13. On day 12 the basilar membrane is freed from the
underlying mesenchyma and is then in a position to vibrate. Between day

12 and 14 the sensory cells of Domestic Chicken embryos complete their
differentiation and assume the characteristics of adult cells (Gottlieb,
1968).

These data suaggest that onset of functional auditory capability
occurs on day 12 of incubation in the Pomestic Chicken and are supported
by some behavioral research (Gottlieb, 1968). Grier et al. (1967) found
overt responses in 12 day Domestic Chicken embrvos to an 85 db. tone.

Gos (1935) reports habituation (100 rinags of a bell without a response)
in Domestic Chicken embryos as early as day 10 of incubation. Gos (1935)
also reports conditioning (pairing bell with electric shock) on day 17
of incubation. Hunt (1949) failed to condition the same response on day

14 but found conditioned responses in 17 of 19 Domestic Chicken embryos



on day 15. Parameters of conditioning procedures have been explored by
Sedlacek (1962, 1964a,b) in the 16 to 21 day embryo. Gottlieb (1965)

found an increase in the rate of bill clappina and vocalization in Domestic
Chicken and Pekin(g) Duck perinates in the last two days of incubation in

response to a 68-74 db. maternal call of their own species.

Hatch synchronization

Additional data on the effectiveness of auditory stimuli in the
avian embryo is reported in studies of hatch synchronization. 1In a

partridge (Perdix perdix), the Mallard, and several species of quail

(Coturnix coturnix japonica), (Colinus virginianus), and (Excalfactoria

chinensis) all members of the clutch hatch within 6 hours of one another
(Vince, 1966a). For non-synchronous hatch species such as the British

Song Thrush (Turdus ericetorum) and the Tree Sparrow (Passer montanus)

hatching can last from two days to six days (Vince, 1966a). Synchronization
has been thought by some to be a result of the care or brooding the maternal
parent gives the eqgs before incubation beqins (Heinroth and Heinroth, 1938).
Experience with artificial methods of incubation, however, led to the con-
clusion that a more active part is plaved by the embryos themselves (Vince,
1964, 1969). The most reasonable hypothesis with the evidence at hand is
that synchronization of hatch is, in larae part, a result of inter-embryo
stimulation (Vince, 1966a, 1969; Driver et al., 1968; Pani et al., 1968).

Eggs of the Bobwhite Nuail (Colinus virginianus) introduced into

an advanced clutch of eags will hatch one day ahead of controls, and
acceleration seems to take place after the luna ventilation (Vince, 1964).
Auditory and vibrational activity of the emhrvos of different species have
been described by Vince (1966a). Clickina rates vary considerably with

synchronous-hatch species clicking more freauently than non-synchronous






calls are emitted at the rate of between 4 and 6 per sec. FEach note is
distinct with no real resonance and no frequencies below 300 Hz. and none
above 2000 Hz. (Collias and Joos, 1953). The duration of the roostina call
js about 1% sec., has strong resonance and its highest freauency is 2000
Hz. (Collias and Joos, 1953). The call is seomented into pairs with a
very short duration of 5-15 msec. (Collias and Joos, 1953). After the
onset of the call the spacing between pairs becomes wider, increasinag from
15 msec. to 38 msec. (Collias and Joos, 1953). This is eauivalent to a
decrease in repnetition rate from 45 to below 30 nairs per sec. (Collias
and Joos, 1953).

Althouah spectroaraphic analyses are not available on maternal
calls of other nidifuaoous species, some have been descrihbed verbally
(Gottlieb, 1963: Collias and Collias, 1956). The maternal call of the

Canvas Back Duck (Athya valisineria), the Rlue “Winced Teal (Anas discors),

the Baldpate Duck (Merica americana), the Lesser Scaup Nuck (Athya affinis),

and the Mallard have heen described by Collias and Collias (195€). The
maternal call of the wood duck has been described bv fRottlieb (1963). The
maternal calls of these species resemble that of the Domestic Chicken in
that they consist of hrief repnetitive notes of relativelv low pitch and Tow
intensity (Collias and Collias, 1956: Rottlieb, 1963).

These maternal calls have two distinct advantaaces. First, they
are easily localized. Since localization of sound depends on the binaural
comparison of the phase difference, time and intensity of the sound (Busnel,
1963) the more seamented the sound, the more onnortunity for the binaural
comparison and the more easilv localized it is (Rusnel, 1963). Second,

they are approached by the vouna of the snecies and thus maintain the

clutch.






Gottlieb (1966) has suggested that preferences for the maternal

call of the species could be formed by a process similar to stimulus
genera]ization. Vocalization in the perinate begins before hatch shortly
after lung ventilation (Kuo,1932). After pipping neonates have experience
with their own vocalizations and those f other neonates in the clutch
(Gottlieb, 1966). It was argued that because of some similarity between
neonate vocalization and adult vocalization a preference for the vocal
cues of the parent would be formed (Gottlieb,1966). However, it was
found that neonates perfer the maternal ca 1 of the species over the
sibling calls (Gottlieb,1966). This does not mean that perinatal exposure
to sibling vocalization does not facilitate neonatal responses to the
mater 11 call of the species (Gottlieb,1968).

Embryonic stimulation is also suggested as a factor in the
development of auditory preferences (S mne , 1966;Gottlieb and Simner,19¢
Simner (1966) reports a preference in chicks for a visual flicker rate of
31 p.p.s. over other rates of visual flicker and has suggested embryonic
cardiac activity (200-280 b.p.m., Cain et al., 1967) as a possible factor
the ontogeny of this preference. ( :imum auditory click rate eliciting a
behavior in the neonatal chick is also in the range of 31 p.p.s. (Gottl
and Simner, 1969) and again embryonic irdiac activity is suggested as a
factor in the ontogeny of the preference (Gottlieb and Simner, 1969).

According to Gottlieb (1963) and Collias and Collias (1956)

).

in

roach

maternal parents in these avians do not vocalize during incub: ion. However,

this is not well documented. Vocalizations of the maternal parent during
the pipping of the young is of very lo i1 :nsity (Gottlieb,1963). Gottie

(1963) reports that these vocalizations are not always audible at 6.09 m.

10.



11.

to 18.28 m. (20 to 60 ft.) from the nest site. In some cases it was
necessary to use a microphone in or next to the nest to confirm the presence
these vocalizations (Gottlieb, 1963). The microphone was not placed near

the nest until just prior to pipping (Gottlieb, 1963).

Prenatal experience with maternal calls

If the maternal parent is vocalizinag during incubation then
experience with the maternal call of the species is possible some time
before pipping in nidifuaous avians. Embryonic experience with the maternal
call of the species may increase the effectiveness of that sound stimulus
as a stimulus eliciting the following response or approach behavior of the
young after hatch.

Three factors account for the possihle variance within notes of
maternal calls: (1) absolute intensity at any given time from the beginning
of the note, (2) absolute frequency or pitch at any given time from the
beginnina of the note, and (3) the pattern of the components frequency and
intensity over time within each note of the call. Avian post-hatch pre-
ference behavior in response to prenatal aural stimulation with frequency
as the variable has been demonstrated in Japanese Nuail (Lien, 1967; Lien
and Barbaree, 1969); in Domestic Chickens.(Grier et al., 1967). Lien (1967)
stimulated Japanese Nuail embryos from day 12 to day 15 of incubation with
either a 300 Hz. tone of 400 Hz. tone at 65 dh. In a choice test where the
embryonic frequency was presented alternately with a harmonic tone, neonates
preferred the embryonic stimulation frequency. Grier et al. (1967) stimulated
Domestic Chicken egqgs with a 200 Hz. tone between day 12 and 18 of incubation.
On a strenqth of following test and a simultaneous discriminatio test the
neonates preferred the experimental tone over a 2000 Hz. tone in comparison

with a control group incubated in the quiet (Grier et al., 1967).



With the wide ranae of freauencies in the notes of the maternal
calls of the species, it seems reasonable that there is considerable
overlap between species on this characteristic of the call. Thus pre-
ference behavior on the part of the neonate may be made on the basis of
some other variable(s). The variable under consideration in this study
is the pattern of the distribution of freauency and intensity over time

within individual notes of the call.

EXPERIMENT I

The Problem

Auditory cues are seen to be more important than visual cues in
directing immediate post-hatch approach and following behavior in precocial
avians (Gottlieb and Simner, 1969). It is suqgested that prenatal exper-
ience with the maternal call of the species mav enhance the young's approach
responses to these calls. It is known that the avian embryo is responsive
to sound some time before hatch (Gottlieb, 1968). It is probable that the
maternal parent vocalizes durina incubation in these species (Collias, 1956).
Preference behavior in 1 ;ponse to prenatal exposure to sounds of different
frequency has been demonstrated (Grier et al., 1967: Lien, 1967). Since
maternal calls are likely to overlap on this variable, recognition of the
maternal vocal cues by the young may be made on some other variable. The
purpose of this study is to investigate the effect of embryonic stimulation
with notes of constant patterns of frequency and intensity over time within

the note, on the preference of the young for patterned sound.

The Hypothesis

Aural stimulation of a clutch of Domestic Leghorn Chicken egas

with a series of forward piano notes (FPN) or a series of backward piano






14.

Wallensak 3M A/V taperecorders, Model 1520; two Cousino continuous tape
cartridges, Model U-1310; and two 10.16 cm. (4 in.) 3.2 ohm hi-fi loud-
speakers.

Preference test. Testing was done in a V-type simultaneous

discrimination apparatus with a 20.32 cm. x 30.48 cm. (8 in. x 12 in.) at

the base of the V and a 7.62 cm. (3 inch) 3.2 ohm loudspeaker fitted 43.18 cm.
(17 in.) from the start box at the end of each alley (see Fig. 1). Sound
stimuli to the speakers in the allevs was supplied by a Sony taperecorder,
Model TC-200. A response recording apparatus was constructed with a four
channel Hunter photo cell relay, Model 1535; two Hunter KlockKounters,

Model 120A, Series D: a four channel Rustrak chart 2corder with a chart

speed of 1800 inches per hour; and BRS diaital event recorder, Model

CT-202.

Procedure

Incubation. Ambient noise level in the incubator room was kept

at about 70 db. by the exhaust fan and the noise aenerator. Initially,
eggs were incubated communally in the Humidaire incubator, Model 55.
Temperature was kenpt at 37.5 dearees C. (99.5 deqrees F.) and relative
humidity at about 86% in this incubator. Eags were turned automatically
every hour. All eqas remained in this incubator until the beginning of the
12th day of incubation. At this time the eqqs were removed from the
Humidaire and candled. Infertile egas and dead embryos were then removed
from the group. Forty-eiaht eaqs were then transferred to each of the

two Sears Roebuck & Company incubators which were used as the stimulation
chambers. Temperature in these incubators was kept at 101.5 degrees F.
and relative humidity at 80%. Eags were turned by hand every ight hours.

Eags remained in these incubators until the beginning of the 18th day.












18.
the stimulus being emitted by that speaker. Time from beginning of the
trial to initial choice, initial choice, total time in each of the stimulus
areas and the number of choices on each of the stimuli was recorded by the
response recording apparatus. Chicks that did not make a choice were not

included in the data presented in the results of this experiment.

RESULTS

Twenty subjects in the FPN group and 19 in the EPN group were
tested. Ten subjects in each aroup made a choice. Freauency of initial
choice on each of the choice stimuli for each of the stimulation conditions
is presented in Table 1. Expected cell frequenc: s are based on a probab-
ility of 0.5 for a choice on each of the choice stimuli / members of both
stimulation groups. Differences between expected and observed frequencies
were not significant (Xx°=0.8 with 1 d.f., N.S.).

The mean time in each of the choice stin lus areas by each of the
stimulation groups is presented in Table 2. A 2 x 2 analysis of variance
on total time in each choice stimulus area by eac of the stimulation groups
did not yield any sianificant F ratios.

The mean latencies of initial choice by ach stimulation group on
each choice stimulus is presented in Table 3. A 2 x 2 analysis of variance
of these latencies yielded no significant F ratios.

The mean number of choices for each stir lation group on each of
the choice stimuli is presented in Table 4. A 2 x 2 analysis of variance
on this data yielded a significant choice main ef 2ct (F.=12.58 with 1 and
18 d.f., P <.005).

The other main effect and the interactic were not significant.

A summary table of the analysis of variance is m sented in Table 5. Because

of a noticeable skew in these data transformations to reciprocals were done










































TABLE ¢
"lfeans and Standard Leviations

on Each Test'Presentation:

for A11 Croups

Time lloving

Fge FP BPN MPN
. 26.83 M. 39.35 M. 37.63
0-8 S.C. 23.83 S. 31.47 S.D. 20.92
i 12 i 12 i 12
Embryonic FPN
", 16.42 M. 25.68 M. 19.54
16-24 S.D. 19.78 S. 37.18 S.D. 26.28
X! 12 i 12 ! 12
M. 21.62 M 5.47 M. 21.35
0-8 S.b. 27.33 S. 8.08 S.D. 41.98
N 12 N 12 M 12
Stimulation BPN
M. 22.30 M. ’ M. 20.62
16-24 S.D. 27.85 S. 17.12 S.D. 25.38
N 12 N 12 N 12
M. 34.35 M. 19.55 M. 31.59
0-8 S.C. 19.49 S. 21.68 S.D. 25.19
l 12 A 12 N 12
MPN
I 48.86 M. 38.65 M. 31.10
16-24 S.D. 51.16 S. 35.83 S.D. 39.16
W 12 N 12 N 12
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34.
ation is significantly less than the NPN group in the FPN presentation
(p <.01). A1l possible comparisons are presented in Table 8.

The mean number of moves for each Stimulation Group in each Test
Presentation for each Age Group is presented in Table 2.

A summary of the analysis of variance on this data is presented
in Table 10. None of the factors or interactions in this analysis are
sianificant. The Embrvonic Stimulation bv Test Presentation Interaction
is ploi 2d in Fiqure 4.

The similarity between the Fmbhrvonic Stimulation by Test Presentatic
Interaction on this measure and the same interaction on the time moving
measure is strikina. Recause of this similarity, multinle comparisons on
this interaction were done. However, as the F for this interaction in the

ralysis of variance is not siagnificant the results of these comparisons
should be interpreted with caution.

Multinle comparisons on this data show that the number of moves
for the FPM aroup in the FPN presentation is sianificantly less than the
NPM group in the FPN presentation (p < .0N5), the BPM group in the BPN
presentation is siagnificantlv less than both the NPN qroup (p< .05) and the
FPN aroup (p <.N5) on the BPN presentation and the RPM aroup on the FPN
presentation is sianificantly less than the MPM aroup on the FPN presentation
(p £.05). Results of all possible comparisons are presented in Table 11.

The mean rate of movement for each Stimulation Group on each Test
Presentation for each Aae Group is presented in Table 12.

A summary of the analvsis of variance on this data is presented in
Table 13. The analysis vields a siqgnificant Embryonic Stimulation effect
(F=3.200, with 2 and 66 d.f., np <.05) and a siaonificant Embryonic Stimulation
by Age Interaction (F=3.660 with 2 and 6f d.f., n¢ .05). This interaction

is plotted in Fiqure 5.



TABLE 8

35.

Multiple Comparisons on Embrvonic Stimulation

by Test |

ssentation Interaction: Time Movina

Test Presentation

FPp RPN NPN
21.62 32.81 28 .58
FPHN
A R C
Embrvonic 21.96 1n.35 2N .99
RPN
Stimulation D E F
41.60 29.1n 31.35
MPT!
G H I
E F A D C H I B G
E * * * % * % * %
F * *
A **
D *k
C
H
I
B *p ¢ .05
G **n ¢.0N1




TABLE ©

Means and Standard Deviations for A1l frouns

on Fach Test Presentation: Number of Moves

36.

Aae FPM BPN NPN
M, 22.n0 M. 24.75 M. 26.50
N-8 S. 21.29 S.h. 23.59 S. 25.13
N 12 M 12 N 12
Embryonic FDM
M. 7.01 M. 19.75 M. 15.1F
16-24 S. 11.19 S.D. 29.94 S. 24.32
N 12 M 12 N 12
M. 9.33 M. 2.6€ M. 12.91
0-8 S.I 16.55 S.n.  4.24 S. 32.82
M 12 M 12 M 12
Stimulation BPN
M. 20.00 M 12.91 M. 15.75
16-24 S. 35.84 S.D. 19.54 S. 29.22
N 12 N 12 N 12
M. 24.00 M. 16.83 M. 23.75
0-8 S.D. 15.51 S.D. 19.38 S. 16.99
N 12 N 12 N 12
PN
M. 35.58 M. 30.50 M. 19.33
16-24 S. 50.21 S.n. 40.54 S. 26.91
N 12 M 12 N 12




TABLE 10

Analysis of Variance Summary Table:

Number of Moves

37.

Source d.f. MS F
Between Ss 71
Embryonic Stimulation 2 2932.03 .584
Age 1 133.8 .000
Embryonic x Aae 2 1856.36 .003
Error £6 1850.53
Within Ss 144
Test Presentation 2 £5.23 .00
Embryonic x Test 4 547 .29 .169
Age x Test 2 524 .47 .079
Embrvonic x Aage x Test 4 154 .79 .000
Error 132 252.23




TABLE 11

Multiple Comparisons on Embrvonic Stimulation

by Test Presentation Interaction: Number of Moves

Test Presentation

FPM BPN NPN
14.95 22.25 20.83
FPHN
A B C
Embryonic 14.66 7.79 14.33
BPN
Stimulation D E F
29.79 23.66 21.54
NPN
G H I
E F D A C I B H G
E * * * * *x
F *
D *
A *
C
I
R
H *n ¢ .05
G **p ¢ .01

38.



TARLE 17

Means and Standard Deviations for All fGroups

on Each Test Presentation:

Rate of Movement

39.

Age FPN BPM NPN
M, .757 M, .459 M. .562
N-8 S. 417 S.h., .309 S. .304
N 12 M 12 N 12
Embryonic FPN
M. .372 M. .438 M. .418
16-24 S. .458 s.D. .374 S. .414
N 12 M 12 N 12
M. 317 M. .200 M. .165
0-8 S. .3n0 S.D. .280 S. .244
M 12 N 12 N 12
Stimulation BPN
M. .A6€ M. .435 M. .484
16-24 S. 490 S.D. .425 S. .319
N 12 M 1? N 12
M. .576 M. .€79 M. .827
0-8 S. .293 S.D. .468 S. .531
M 12 M 12 N 12
NPN
", .476 M, .514 M. L407
16-24 S. .400 S.Dh. .428 S. .283
N 12 N 12 N 12




TASLE 13
Analvsis of Variance Summary Table:

Pate of '"ovement

Source d.f. AN F
Between Ss 71 1
Embryonic Stimulation 2 1.030 3.20*
Aqe 1 .18 1.00
Embrvonic x Pfae 2 1.17 3.66%*
Error E6 .32
llithin Ss 144
Test Presentation 2 AVAS 1.00
Embrvonic x Test 4 .077 1.00
Aaqe x Test 2 .Nen 1.00
Embrvonic x foe x Test 4 167 2.09
Error 13?2 Lne

*n & . N5
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Multiple comparisons done on the Emhryonic Stimulation effect show
that the rate of movement in the PPIN group is sionificantly lower (p < .05)
than in the FPN or MNP! groups. A1l possible comparisons are presented in
Table 14.

Multiple comparisons done on the Embryonic Stimulation by Age
Interaction shows that the rate of movement in the RPHN aroup at 0-8 hr. is
significantly lower than the NPN qroup at 0-8 hr. (p<.05). The results
of all possible comparisons are shown in Table 15.

The mean number of distress calls emitted by each Stimulation
Group under each Test Presentation for each Age Group is presented in Table
16.

A summary of the analysis of variance on these data is presented
in Table 17. This analysis yielded a significant Fmbryonic Stimulation
effect (F=12.031, with 2 and 58 d.f., p < .001).

Because of difficulty experienced with the voice operated relay,
the resultina N's in the subclasses in this data are not equal. An un-
weighted means correction as sugaested by Yiner (1962) was applied to the
data before analysis.

‘ultiole comparisons on the Embryonic Stimulation Effect shows that
both the FPM group and the BPN aroup emitted sianificantly less distress
calls than the MPN group (p < .05). Results of all possible comparisons are
presented in Table 18.

A1l multiple comparisons reported in this section were done

according to the Mewman-Keuls procedure as suagested by Winer (1962).



TrPLE 14

a4,

Multinle Comparisons on Embrvonic Stimulation

Main Effect:

Embrvonic Stimulation

Pate of “Movement

FPH RPN NPH
.501 344 .580
A L C

& A C

R

*n < ,N5



TABLE 15

Multiple Comparisons on Embryonic Stimulation

by Aqe Interaction: Pate of Movement

Aoe FPN BPN NPN
.592 .227 604
0-8
p P C
16-24 .409 462 .466
D E F
B £ A
B
)
£
F
A
C

*n « .05
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TABLE 17
Analysis of Variance Summary Table:

Distress Calls

Source d.f. MS F
Between Ss 63
Embryonic Stimulation ? 155140,91 12.036*
Aqe 1 347 .27 1.00
Embryvonic x Ace 2 174905,02 1.357
Error 58 12889.00
Yithin Ss 128
Test Presentation 2 ?25234.79 2.004
Embrvonic 4 4293.73 1.00
Aage x Test 2 25079.82 2.063
Embryonic x Aqe x Test 4 10091.72 1.516
Error 116 12588.04

*n «.001



TABLE 18
"Multinle Comparisons on Embryonic Stimulation

Main Fffect: Distress Calls

FPN BPM NPN
213.78 198 .07 34Nn.68
A B C
B A C
B *
A %*
C

*p <.05
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DISCUSSION

Subjects in the presence of their embrvonic auditory pattern spent
less time movina and made fewer moves than the control aroup in the presence
of these patterns. towever, there was no difference between activity within
subjects in the presence of their embryonic pattern and activity of the same
subject in the presence of the other pattern. Therefore, the first hypothesis
was supported by between subject comnarisons but not by within subject com-
parisons. The effect shown in the between suhject comnmarisons did not
decrease with age. Therefore, the second hypothesis was not supported.

The two auditory patterns used in embrvonic stimulation did not have
equivalent effects on neonatal activity. The RPM™ embryonic stimulation group,
as neonates in the presence of FPM snent less time moving and made fewer
moves than the control grouo in the nresence of FPM, Also, the BPN embryonic
stimulation group, as neonates in the presence of RPN spent less time movina
and made fewer moves than the FPM aroup in the bnresence of BPM. There was
no statistically significant difference between time movina and number of
moves of the FPN aroup and BPM group in the nresence of FPM. The rate of
movement in the BPMN arouop is lower than the control aroup. This effect is
independent of test presentations but decreases with age. Thus * anpears
that embryonic stimulation with BPM has a more ceneral effect in decreasing
activity than does the same stimulation with FPMN.

Several possibilities might be nostulated to account for the
differential effects of the two patterns. Acousticallv the only difference
between the two auditory stimuli is the pattern of freaquency and intensity
over time within notes. The first oscillation of the piano note is the
greatest in amnlitude and subhsenuent oscillatinns decrease in amplitude

with time. The initial oscillations produce the qreatest number of overtones.
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Therefore, a backward piano note is characterized by an increase in
amplitude and an increase in the number of overtones as a function of time
within notes.

However, the precominant vocalization emitted by the avian perinate
and neonate after lunqg ventilation is the nleasure peep. This vocal pattern
resembles DPI in that successive oscillations in the nattern increase in
amolitude and nitch (Collias and Joos, 1953). Since all groups of birds in
this experiment were incubated and housed communallv, they all experienced
these auditory patterns as perinates and after hatch prior to testing.
Differences in later effects or prenatal stimulation mav be due to differing
lenaths of prenatal and perinatal exposure to these patterns. In ¢ >r
words, the BPMN aroup is experiencina PPM tvpe sounds up until the time of
testing. The FPMN group, however, only experienced FPN until the beginning
of the 18th day of incuhation. Also, the FPN aroup is offered a areater
variety of sound patterns in that their embryonic stimulation is FPN while
perinatal stimulation approximates BPN. freater activity in this aroup may
be a function of the variety of the sound stimulation.

Studies on hatch synchronization indicates that sibling vocalization
has an effect on hatchinqg behavior. In other words, an optimum rate of
vocalization in the clutch has an effect on the lenath of the period from
Tung ventilation to emeraence from the shell. Presumably the sneed of
hatching is affected by per 1iatal activity, i.e. the more activity the more
hatch is accelerated. The aroun that had prenatal experience with the pattern
that resembles neonatal vocalization (RPM) would be less active in the presence
of these vocalizations and would therefore hatch later than those neonates
which had not that experience. Since time of testina was on a time from

hatch basis, the PPN aroup was perhaps tested at a later developmental ace.



51.
The Tater developmental age miaht account for the lower rate of movement
in this aroup. It is also possible that the later developmental aace Ffects
the time spent movinag and the number of moves. This notion could be tested
by repeating the exneriment and incubatina the embryos in isolation and
depriving them of their own vocalization. Gottliebh (1970) has developed
an ade¢ uate method for devocalizing these avians.

Prenatal auditorv stimulation mav have an effect on hatch time
independent of perinatal experience. This effect may opnerate differentially
between auditory patterns. Thus the relevant comparisons on the activityv
test might be made on subtiects of different develonmental ages. To test
this notion the eaas should be incubated in isolation in either of the three
embryonic stimulation conditions and hatch time recorded.

There mav he differential effects on activity between stimulation
with FPM and BPM in the embrvonic neriod. This could he tested measurina
activity of the embryo in response to either of the two auditory patterns.
Kuo (1932) has develoned a technique of embrvo observation and its use is a
possibility. This, however, reauires damanina the eaq shell. To avoid
this disturbance of the embryo, electric potentials from the eqq shell or
oxyqgen level decrease in the incubator mav be indicative of activity of
the embrvo.

Acoustical properties of the embryo environment may affect the
stimulus patterns differently. Stimulation of these embryos involves air
vibration being transferred to a fluid medium by the eana shell. The most
intense oscillation of the FPM would meet with more inertia in all of these
mediums than the most intense oscillation in BPM. Transduction between
mediums of different acoustical aualities would perhans chanae the nattern

of frequency within the note. Therefore, the intensity of the sound, the
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freauency ranae and the relative intensity on each overtone mav be altered
differentially between sound patterns. “hile BPMN is merely FPN backwards
at the mouth of the speaker, this relationshin between the patterns may not
hold at the embryonic tvmnanum. Also, the similaritv between embryonic

BPN and test BPIf mav he more or less than the similarity between embryonic

FPN and test FPI,



ABSTRACT

Effects of prenatal exposure to two types of patterned
auditory stimulation were studied on later sound preferences of
neonatal domestic chickens. Embryos were stimulated with forward
or backward piano notes between day 12 and day 18 of incubation.

In the first experi 1t, no preference by neonates for their embryonic
stimulation tone was exhibited in a V-type discrimination situation.
However, activity levels were significantly less when the subject was
stimulated by its embryo stimulation 1 1e and greater when stimulated
by the other patterns. In a second experiment activity levels of the
neonate were studied in the presence of non-localizable tones. Subjects
in the presence of their embryonic auditory stimulation pattern were
less active than the control groups. However, there was no difference
between activity within subjects in the presence of their embryonic
pattern and activity of the same subject in the presence of the other
pattern. This effect shown in the between subject comparisons did not
decrease with age. Further it was found that embryonic stimulation
with a backward piano note had a more general effect in decreasinag
activity than did the same stimulation with a forward piano note.
Results are discussed in relation to maternal incubation and brooding

behaviors in avians.
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