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ABSTRACT

The aim of the first three experiments was to delineate the physical
characteristies of an artifical call for which naive Peking X Aylesbury
ducklings show the greatest natural preference. In each experiment
50 ducklings were tested at 20 L 2 hrs. posthatching, for following and
approach responses to one of four auditory stimulus conditions or .a
silent model. = The responsiveness of subjects was greatest when the call
coﬁtained tone freguencies of 500, 800, and 1600Hz and was presented at
a repetition rate of 4/second with a note duration of 50 milliseconds
(Optimal call).

In Experiment 4 Peking X Aylesbury eggs were exposed to inter-
mittent prenatal stimulation with the optimal call and the hatchlings
were tested for responsiveness to this call at 20 z 2 hrs. posthatching.
Subjects with prenatal auditory experience of the optimal call showed
significantly greater responsiveness to this call than non-stimulated
control subjects.

The aim of the Final experiment was to determine whether the natural
auditory stimulus preferences of ducklings could Be overriden through
sheer prenatal experiencekof a non—preferred call. Ducklings with pre-
ﬁatal axperience of the non-preferred call continued to show as strong a
preference for the optimal call as non stimulated control subjects.

The responses of both stimulated and non-stimulated subjects to the

optimal call merelsignificantly stronger than the responses of stimulated
‘and non stimulated subjects to the non-preferred call. The responses

of stimulated subjects to the non-preferred call.mere only slightly stronger
than responses of non stimulated subjects to the same call. Thesse

results indicate that responsiveness to calls for which naive birds shouw

the greatest preference is enhanced by prenatal experience of the pre-
ferred call. This effect is not evident, however, when subjects are

stimulated prenatally with a non-preferred call.
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SUMMARY

Chapter 1 : Introduction

The main issues examined in this study all stem from Lorenz's
(1935, 1937) original conceptualization of imprinting. He maintained
that:

1. The predispostion to follow moving objects soon after hatching

is innatse, but recognition of adults of the species is not.
2. Rather young birds acgquire recognition of the imprinting object

during a specific period in their posthatching life.
Before attention is given to these specific problems the sources of dis-
agreement in the imprinting literature and the semantic confusion surround-
ing the term "imprinting" is examined. It is proposed that a circular
definition of imprinting should be avoided and that the terms "following
response" and "approach response" should not be used synonymously with
"imprinting".

Having defined the place of the present study in the context of the
field of imprinting literature relating to the issues listed above is
reviewed. Attention is drawn to the fact that precocial birds do not
necessarily respond indisdriminately to the first moving ojbect.
Gottlieb (1965) has shown that young birds respond selectively to the
conspecific maternal call. The maternal call was more effective in
elicitiﬁg following and approach responses (the traditionmal indices’
of imprinting) than the calls of other species. A distinction is drauwn
between the processes and mechénisms involved in the "acquisition hf
recognition" of imprinting and species identification which is not
dependent on prior exposure to the object of attachment. Evidence
indicating that both processes may operate in determining the strength
of filial responses is discussed i.e. there is evidence for the existence

of natural preferences for the species specific maternal call and



acquired préferences for the call of the pafent with its individual‘
characteristics. |
After a discussion of evidenée showing that both.extra specific

and species specific auditory stimuli are prepotent over visual stimuli

in eliciting filial responses, two main sets of questions to be examined

in this study are posed:

1. Can the physical charactéristics of a call attractive to birds be
specified and, if so, can an effective artifical call be synthesized?

These guestions are examined in chapter 3.

2. The second set of questions concerns the development of selective
responsiveness in birds. Does parent/embryo interaction affect
postnatal filial behaviour? Can specific events be isolated in the
prenatal ontogeny of a species specific auditory mechanism?

These and related questions, and research designed to answer them, is the

topic of chapter 4.

Chapter 2: Methodological details.

In this chapter the méthodological details common to all experimental
research described in chapters 3 and 4 are presented. It is observed
that the source of much of the conflicting data in the literature can be
traced to differences in methodology. Consequently considerable
attention is devoted to precise specification of details and identifica-
“tion of sources of extfaneous variability.

This chapter provides details of subjects, incubation conditions,
brooding, prenatal and postnatal experimental apparatus, tests and
testing procedures. In the final section the rationale for employing
statistical procedures is given. The tendency for previous workers to
exclude non responders in computation of means and statistical analyses
is e*amined critically. Arguments in favour of using the scores of all

subjects (both responders and non-responders) are presented.
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Chapter 3: Auditory Stimulus Preference in Birds:
The Analysis of the Physical Properties of Preferred Sounds.

Literature describing prior attempts to delineate the critical
acoustic characteristics of artificial calls attractive to ducklings and
chicks is reviewed. The more systematic analyses of Heaton (1971) and
Fischer (1972) receive the greatest attention. Heaton found that
parentally naive Peking ducklings possess a higﬁly attuned predisposition
to respond to calls with frequencies of 780, 1125 and 2250Hz, presented
at a repetition rate of 4/second. An artificial call with these
features proved as effective as the actual maternal call in eliciting
approach responses. In a similar study performed with domestic chicks
Fischer (1972) was able to identify optimal frequencies repetition rates
and tone durations. A combination of the optimal elements in each
parameter resulted in a highly effective synthetic call.

The cbject of the three experiments described in this chapter was
to specify the critical elements in a call attractive to naive Peking
X Aylesbury ducklings. The ultimate aim was to produce an effective
artificial call, the elements of which could be manipulated in subsequent
experiments. In each experiment 50 Peking X Aylesbury ducklings were
tested for Folloﬁing and approach responses to artificial calls in which
the elements in a given parameter were varied. In Experiment 1 subjects
were tested with calls in which the tone frequency varied on both sides
of ﬁhe frequencies found to be optimal for Pekings. The results
indicated that the combination of frequencies at 500, 808, and 1600Hz
produced the greatest mean scores (shortest latency, longest duration).
There was, however, a lack of éonsistently significanf statistical
difference in responsiveness to the different frequency combinations.
Nevertheless a comparison of mean response scores to the optimal
frequency combination with response scores reported by previous workers

indicated that this was an effective call. Possible explanations for

xii



the absence of- clear cut differential responding are discussed.

In Experiment 2 frequency and note duration were kept constant
while repetition rate values were varied. In this case there were definite
indications of repetition rate dependent differential responding. The
results indicated that the call with the repetition rate of 4/second was
most effective in eliciting following and approach responses. In some
Tesponse measures, homéver, there was no significant difference between the
Q/SEC. and B/sec; calls, suggesting that the B/éec.'ratevlies at the upper
limits of a generally attractive repetition rate range.

In Experiment 3 the optimal frequencies and repetition rate obtained
in Experiment 1 and 2 wsre kept constant while the note duration was varied.
Evidence of duration dependent differential responding was found. Calls
with note durations of 50 msec or less were significantly more effective
than longer durations. Although a call with 50msec. durations elicited
the strong mean responses the results indicate that the 25msec duration
falls into a generally attractive note duration rangs. A comparison of
mean response scores of subjects tested with the 500, 800 and 1600Hz,
4/second,50msec call (optimal call) with mean scores reported by other
workers indicated that this was an attractive call. The optimal call was
thus considered to be suitable for use in subsequent expsriments.

Chapter 4: The Development of Species Specific Auditory Perception in
Birds

The use of concepts such as "instincts" and "genetic programmes" as
explanatory concepts is criticized on the grounds that they create a
conceptual barrier to the further analysis of developmental factors. It
is argued that the existence of natural stimulus preferences should not
automatically lead to the supposition that they are responses resulting
from the passive translation of genetic programmes into behaviour.

It is proposed that a full understanding of species typical behaviour

patterns will only be achieved after a complete analysis of the ontogeny
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of instinctiva'behaviour. Behaviour is viewed as the functional product
of the dynamic relationship between the organism and itsvenvironment from
the moment of conception.

The viewpoints of the proponents of the predetermined and probab-
alistic epigenesis of behaviour are reviewed. Research by Gottlieb
(1971) has provided experimental evidence for the theoretically important
notion that stimulative events occurring nﬁrmaliy‘before birth play a role
in the perfection of species gpecific perception. That is, that species
specific auditory perception is a probabalistic phenomenon, the threshold,
timing and perfection of such perception being regulated jointly by
organismic and sensory stimulative factors. it is observed that not
sufficient attention has been given in imprinting research to the role of
parental behaviour directed towards the embryo or hatchling. Research
indicating that parent/embryo interaction affects postnatal behaviour is
reviewed. Greatest attehtion is devoted to the research which has been
done on: (i) the prenatal origins of personal recognition in birds
(ii) the influénce of prenatal stimulation with the conspecific maternal
call on postnatal filial responses. Tschanz (1965, 1969) and Beer |
(1970 a & b) have shown that Guillemot and Laughing gull chicks acquire
recognition of the individual characteristics of their parents calls while
still in the eqg. The basis for such recognition is discussed.

Impekoven (1973) was successful in her attempt to achieve prenatal
auditory imprinting by means of prenatal stimulation with the conspecific
maternal call. The possible reasons for Hess' (1959) failure in a similar
attempt are discussed.

Experiment 4 was designed to ascertain whether prenatal experience
of the optimal artificial call will affect the strength of responsiuenéss
to that call. Results indicated that those subjects which had experience
of the call from the 18th day of incubation respoﬁded more quickly to tpat

call and for a greater length of time than control subjects incubated in
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silence. Implications of these findings for imprinting theory and
resesarch are discussed. It is proposed that greater cognisance be taken
of the natural and acquired preferences which birds bring to the postnatal
imprinting situation. The "critical period" concept and the problems of
using locomotor responses as the sole behavioural criteria of imprinting
are discussed in the light of present findings.’

Attention is then directed towards the gquestion whether it is possible
to alter the natural preferences of birds through prenatal stimulation
with mon-preferred calls. Will prenatal stimulation with a non-preferred
call result in a bird showing a greater preference for that call than for
one which naiye ducklings show the greatest natural preference? will
experience of a non preferred call weaken responsiveness to an optimal
call?

Previous research related to these questibns is reviewed. Gottlieb
(1965) found that neonatal birds continue to show preference for the
maternal call of the species in spite of prior experience of another species
call after hatching. Simner (1971), however, succeeded in enhancing
responsiveness of chicks to a non-preferred visual flicker through perinatal
stimulation with the non-preferred stimulus. Grier, Counter & Shearer
(1967) found greater responding in chicks which had been exposed prenatally
to an artificial call with features differing from the natural maternal
call. Rajecki (1972) has shown, however, that it is not possible to
enhance responsiveness to all kinds of calls. Prenatal stimulation with
calls differing mapkedly from the natural maternal call resulted in no
strengthening of postnatalvresponsiveness to such calls.

In an attempt to answer the questions posed earlier, a completely
randomized block désign was employed in Experiment 5. Groups of ducklings
were exposed prenatally to a call ia which the repetition rate had been
altered from the optimum. These subjects and non-stimulated control

subjects were tested with either the optimal or altered calls. The
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results.indicated that there was no marked alteration in responsiveness to
calls as a result of prenatal stimulation with the altered call. Both
stimulated and non stimulated subjects continued to show a preference for
the optimal call. There was only a slight increase in responsiveness to
the altered call as a result of prenatal stimulation and no weakening of
responsiveness to the optimal call.

Chapter 5: Conclusions and Suggestions for Future Research.

It is concluded that the results of this seriss of experiments indicate
that Peking X Aylesbury ducklings possess a highly attuned response |
predisposition to react to specific stimulus complsxes. The ability to
react selectively occurs without the benefit of known forms of learning.
The biological significance of this ability is discussed. Differential
responding, however, does not represent the passive translation of genetic
material into behaviour. The actual strength of response to the preferred
auditory stimulus complex is influenced by prenatal stimulation with the
preferred call. It would appear that in natural situations, parent/
vembryd interaction has an affect on later filial behaviour.

The results of the final experiment indicate that the predisposition
to react to certain classes of stimuli only reduces the likelihood of birds
becoming attached to species other than their own before hatching.

Two areas requiring attention in future research are examined.
Firstly, it is observed that the close temporal correlation of stimulative
events in the nest may have an effect on postnatal behaviour. Suggestions
on how to determine the most natural way of presenting experimental stimuli
are given. Secondly, observations mads during the present study suggested
that vocalization patterns might prove to be sensitive indicants of social
attachment. Running spectrum analyses of duckling vocalizations emitted
in relation to stimulus presentation are presented as evidence of .the

" existence of characteristic vocalization patterns. Thevneed to establish
the relationship between characteristic vocalization patterns and other

indicants of long term attachment on more objective grounds, is emphasized.

xvi



Chapter I

INTRODUCTION

"Those Ducks that haue bene brought up under a
henne, the Drakes of that broode will desire to
tread the hennes" :

Mascall, 1581.

The observation that newly hatched precocial birds approach and
follow the first moving object to which they have been exposed, has
led, in recent years, to an extremely active area of behavioural
research. Although interest in this phenomenon has only recently
expanded it was not unnoticed through centuries of time. Indeed, it
was observed by the Ancient Greeks, described by Sir Thbmas More in
"Utopia" (1516) and studied more extensively by the English naturalist,
Douglas Spalding (1873).

Experimenting with wild pigeon, Craig (1908) discovered that, in
order to cross two different species, it was necessary to rear the
young of one species under the adult of the other. Upon reaching
maturity the birds so feared preferred mates of the same species as their
foster parents. Shortly aferwards Heinroth reported that Greylag geese
would respond to humans in a filial fashion in preference to adults of
their own species, if they are exposed to humans rather than geese immedi-
ately after hatching.

It was not until 1935, however, that a term was coined for this pheno-
menon. Konrad Lorenz, an Austrian zoologist, used the term Pré&gung,
later translated as "imprinting", to describe tHé process whereby certain
species of precocial bird Eecome imprinted on, or show filial attachment
to, a wide variety of animate or inanimate objects.

While Lorenz certainly has evolved his conceptualizations regarding

the nature of imprinting since his pioneering 1935 paper, his earliest



theories have had a marked influence on subsequent conceptualizations

and the directions that experimental investigations have taken. Those:
aspects of Lorenz's theory which are of the greatest relevance to, and
which will be examined in the present study are succinctly stated in the
FolloQing quotations from his 1935 and 1937 writings:

"We have seen that in many cases the object appropriate to innately
determined instinctive behaviour patterns is not instinctively recognized
as such but that recognition of the oﬁject is acquired through a quite
specific process which has nothing to do with learning. with many
inétinctive behaviour patterns oriented towards conspecifics, the motor
component is itself innate but the recognition of the object of the pattern
is not"

(Lorenz, 1937. Translation by R. Martin, in Lorenz 1970, Vol. 1. p.24$)
And further ...." the recognition of the object is acquired during thé
individual's life time by means of a process which is so peculiar that it
merits detailed consideration" (Lorenz, 1935. Translation by R. Martin,

in Lorenz, 1970, Vol 1, p. 124) .

To summarize Lorenz's theory then:

(a) Certain species of bird havean innate predisposition to follow
moving objects soon after hatching. According to Lorenz the motor
component is innate but the recognition of the object is not.

(b) It follows, therefore, that birds do not instinctively recognise
adult members of their own species.

(c) Recognition of the object is acquired during a quite definite period
in the post hatching life of the bird - the critical period. %

(d) Recognition is acquired by means of a process which has nothiﬁg to
do with learning. Imprinting, Lorenz believed, is an instance of
behaviour which does not conform to the classical characteristics

of learning through conventional association or conditioning

processes.



Other distinctive properties that Lorenz attributed to imprinting,
bﬁf which are not investigated in the present study, include:
(e) Imprinting is irreversible. Once imprinted on an object

the bird will alyays respond in preference to that object

even when confronted with the adult of its own species.
(f) The first object to elicit a social response on the part

of the young bird, sﬁch as following, later releases not

only that response but also related responses such as

sexual behaviour.

This conceptualization was a direct challenge to the behaviourists'
attempts to explain all behaviour acquisition on the basis of learning
principles. However, it was not until many years later that this chal-
lenge was taken up by experimental psychologists. Lorenz was working in
Europe and writing in German. It is unlikely that many American and
British psychologists had read or were even auware of his publications.

As a result 20 years were to pass before the experimental investigation

of imprinting came into prominence. Much of the credit for the pioneering
of laboratory analysis of imprinting can go to Eckhard Hess. It was
certainly his efforts that attracted the attention of experimental and com-
parative psychologists to a topic which had, for so long, remained of

interest solely to the ethologists.

The last 20 years has seen an explosive increase in interest shown
in the experimental investigation of imprinting.. A comprehensive revieuw
of experimental findings at this stage is neither practical nor necessary.
The growing body of kndwledge of the imprinting phenomenon Has been ade~
quately reviewed by Moltz (1960, 1963), Bateson (1966) and Hinde (1970).
The most recent and comprehensive review of imprinting research may be
found in Hess' book entitled "Imprinting: Early experience and the develop~

mental psychobiology of attachment" (1973). The review of literature



which is to follaw later in this section will be concerned only with that

material which is relevant to the present study.

Tﬁe advent of the phase of laboratory experimentation in imprinting
ressarch has led, surprisingly, more to confusion and controversy than to
clarity and unanimity. It is pertinent for any researcher in this field
to examine the reasons for this lack of unanimity. An examination of
this kind will not only indicate the difficuities encountered by a researcher
entering this field but may alsoc reveal possible ways of resolving our
present problems.

The sources of disagreement may be classified as follows:

(i) Differences in intérpretation of collected daté. This problem
is inevitable and not eésily solved because of thé widely
divergent theoretical starting points of the.many'workers in
this field. Rajecki (1973), in a recent review, has discussed
at least six interpretations of imprinting: the contextual,
ethological, conditioning, epigenetic, information-processing
and neuronal model interpretations of imprinting. It is hoped
that the present study will contribute to the development of a
widely accepted theory of imprinting.

(ii) conflicting or variable research findings is another. major source
of disagreement. Closer examination reveals that this, in turn,
is due to:

(a) The use of different species of bird. Researchers have
incautiously compared, for exémple, the results of studies
of chicks with those of ducks. It should be recognized that
even within the same genus there are marked differences in
behaviour patterns. For example, Vantress broiler chicks
have proved to be good followers whereas White Leghorn chicks

have not (Hess, 1959).
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(b) The wide variety of different apparatus and behaviour measures used
in imprinting research. For example, imprinting apparatus may
have an enclosed walkway (Hess, 1973) or be of the open field kind
(Gottlieb, 1965, 1971). 1In addition to the more traditional designs
some workers have constructed their own unique apparatus; Grier,
Counter and Shearer (1967) measured the tendency of chicks to approach,
through a series of concentric cirtles, the imprinting object at the
centre of a flat table. In spite of proposals by writers such as
Shapiro (1970), to reduce variance by standardizing equipment and
recording measures, little attention has been given to this problem.
In the present study apparatus was conétructed following closely as
possible the design used by a major worker in this field - Gilbert
vGottlieb. Those procedural changes that were made were considereﬂ
improvements and are justified by supporting arguments.

(c) Differences in prenatal and neonatal rearing conditions prior to test-
ing of subjects. The need for, and the means of, controlling for as
many extraneous variables as possible are discussed in greater length
in the section dealing with methodological details.

A further source of disagreement, and one which requires immediate
attention, is the semantic confusion surrounding "imprinting". Unfortun-
ately the term has taken on almost as many shades of meaning as there are
researchers in the field. At the oné extreme the usage is still tied
tightly to Lorenz's original ideas about imprinting. Although some
researchers have adjusted Lorenz's ofiginal conceptualization to accomodate
experimental findings, the overwhelming trend has been to go to the other
extreme in defining imprinting. In the researcn reports of the last feuw
decades there has been an unfortunate tendency to define imprinting solely
in terms of approach and following responses, even if only implicitly.
This is largely due to the fact that so-called "imprinting research" has
not been concerned with the guestions about imprinting at large, but rafher

with approach and following responses of certain species of precocial bird



during.a limited neonatal period. Most important contributors in this
field use fhe approach and following response as the sole behavioural
criteria of imprinting. Conssequently iwe have arrived at the untenable
situation in which we have a circular definition of imprinting. That is,
imprinting is being defined in terms of the operations used to measure it.
I; his review of imprinting, Moltz (1960) admits to having to use the term

{
imprinting "... to denote a particular experimental operation and not a

p;ocess or mechanism (p.294)."

It is proposed here that the term "imprinting" be reserved for the
séill incompletely conceptualized process or mechanism which encompasses
t%e generalized social responses traditionally associated with the concept.
Furthermore it is proposed that the terms "following response" and "approach
response" should not be used synonymously with "imprinting". It should be
recognized that these responses are, at the most indicants of initial
attachment and do not necessarily provide evidence that long standing bdnds
have been established. It is unfortunate that economic considerations
(both time and funds) discourage researchers from using such measures of
long term preferences as those employed by Schein (1963) and Shultz (1965).
These investigators studied mate selection as a function of early experi-
ence - surely a more biologically meaningful measure of imprinting?

: It is emphasized that the present study, although related to the
lﬁrger field of imprinting, is concerned with only one aspect of the field
ie. with the initial responsiveness of ducklings tb auditory stimuli during
a:limited period in the bird's life (20 22 hrs post-hatching), responsi-~
véness being measured in terms of follo@ing'and approach responses. At
the host it may be inferred that sqciaiization with the stimulus is taking
place when the subjects approach or follow the stimulus to any appreciable
extent.

Having defined the place of this study in the context of the field of

imprinting it is now time to turn attention to the issues which are to be



examined and to review the literature relating to them.

On the basis of his original observations Lorenz (1535 Translation
by R. Martin in Lorenz, 1970, Vol I) concluded that " ... a bird does
not recognise conspecifics innately and purely "instinctively" in all
situations and respond accordingly (p.124)". Indeed ..."young birds of
most species will direct the instinctive behaviour patterns.adépfed to

conspecifics towards a human being if they are reared in human care

isolated from their own kind (p.124)."

.These statements should not be interpreted to mean that birds in-~
discriminately follow the first moving object they are exposed to and
show no preference for members of their own species. Recent research has
shown that, while birds will approach and follow a wide variefy of animate
and inanimate objects soon after hatching, tHey often show a greater prefer-
ence for some objecté than for others. The observation that birds respond
selectively to different classes of stimuli has been most apparent in
studies involving the auditory modality. Gottlieb (1965) has shown that
parentally naivé ducklings and chicks greatly prefer the call of their ouwn
species to those of otherlspecies. That is, there appears to exist a
highly attﬁned response bredisposition directed towards species specific
maternal calls. The parental calls of each species of bird studied by
Gottlieb were more effective in inducing and maintaining the following
response by naive hatchings than were the parental calls of other species.
Furthermore, ducklings of one species (Peking) which had previously been
exposed to the parental call of another species (Wood duck), favoured the
parental call of their own kind in a choice test. These observations
led Gottlieb (1965) to conclude that parentally naive ducklings and chicks
possess an‘auditory percepfual mechanism allowing them to identify their
own species on the basis of species typical auditory stimulation emanating
from the parent. This general identification of conspecifics appeared to

occur without the benefit of any known forms of learning. Ninety two



ygars before Spalding (1873) had alsoc observed that " ... chickens
follow the call of their mother before they have had any opportunity of
associating that sound with pleasurable feelings (p.5)".

Since imprinting is traditiohally conceived of as involving écqui-
sition of recognition of the imprinting object during the birds life
time, there is clearly a need to distinguish between the processes and
mechanisms involved in imprinting and those involved in species identi—
fication. Species identification, and resulting filial behaviour, is
not dependent on prior experience of the adults of the species (the
objéct of filial attachment). Imprinting, on the other hand, is depend-
ent on exposure to auditory and visual stimuli emanating from the imprint-
ing object. On subsequent occasions only theée stimuli evoke filial
behaviour. Viewing the imprinting concept more broadly than mere "Acqui-
sition of recognition" it is clear that species identification is not
in opposition to long term social attachment which is usually implied by
"imprinting". Indeed the ability to identify conspecifics is likely to
facilitate the hatchlings being "imprinted" on the biologically approp-
riate object.

The distinction between the initial processes involved in imprinting
and species identification might become clearer by examining the behavioUr
of young birds exposed tobeither species specific or extra specific
stimulus objects. Given the choice, young birds will show species speci—
fic preferences. However this does not mean that extra specific pref-
erences cannot be established through imprinting. Imprinting can operate
in establishing filial contact with species other than the neonates own
(i.e. extra-specific filial attachment). However, as Gottlieb (1965) has
shown, these extra specific preferences can only be readily established
when the species specific parental call is not available.

Furthermore there is evidence that neonatal birds are able to dis-

~ criminate the call of its own parent from the call of another parent of



the same species (Gottlieb, 1963, Tschanz, 1964, 1968 Beer, 1970 (a),
1970 (b)). - Auditory imprinting is ciearly requisite to the development
of this ability ie. the bird learns, or acquires recognition of, the
individual characteristics of the call of the parent. There is thus
evidence for the existence of a natural preference for the speciesA
specific call and an acquired preference for the call of the parent with
its individual characteristics. Evidence indicating that such auditory
imprinting can occur while the bird is still in the.egg (prenatal audi-
tory imprinting) will be examined in greater detail later in this report.
Although a number of different semsory modalities may be involved
in the initial attraction of young birds to a stimulus complex, the
auditory component appears to play the dominant role. Investigations
of the sensory preferences of young birdsvhave revealed that auditory
stimuli are prepotent over visual stimuli in the young of all precocial
avian species tested. This finding holds for both species specific
and non species specific stimulation. A number of workers, using a
variety of extra specific stimuli, found auditory stimuli to be pre-
potent over visual stimuli (Boyd & Fabricius, 1965, Fisﬁher; 1966,
Gottlieb & Simner, 1969). In a study designed to determine the respec-
tive potencies of species specific maternal auditory and visuai stimula-
tion,Gottlieb (1971) found that species specific maternal auditory stimu-
lation was more effective in eliciting the following response in matern-
ally naive chicks and ducklings than the visusdl attributes of the con-
specific adult. These findings provide compelling evidence that, in
the initial stages, species identification is based primarily on auditory
perception. In natural situations, of course, the parent is not only a
source of auditory stimulation but also provides visual, tactile, and
thermal stimulation. However, as Gottlieb and Simner (1969) point out,
under field conditions ducklings frequently lose sight of their parents
because of the terrain and rely on the pafental call to direct them away
from predators and towards sources of food. The.biological significance

of this auditory perceptual mechanism is evident.
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Now that it is established that auditory stimuli (both conspecific
~and non specific) are ﬁrepotent over visual stimuli and that certain calls
are prepotent over others, two gquestion complexes require examination:
1. what are the physical characteristics of a call that makes it more
attractive than others? Can certain critical paramsters and
elements within these parameters be specified? Is it possible
to synthesize an artificial call_which is as attractive_to a
bird as the matermal call?
Experiments 1 to 3 Qere designed to answer some of these questions
about the species of bird used in this study.
2. The second group of related questions concerns the development of
selective responsiveness in birds.
Why are neonatal birds more responsive to calls with certain-
characteristics than to others? 1Is this an instinctive ability
independent of prenatal stimulation or can specific events be
isolated in the prenatal cntogeny of a species specific auditory
~ perceptual mechanism? What role, if any, does the parent play in
the development of the discriminative response to the conspecific
maternal call? Ffinally, will a non-preferred call become more
attractive than the preferred call by virtue of eérly (prenatal)
exposure to the non-preferred call? In other words, is it possible
to alter a bird's natural preferences via prenatal stimulation?
The objectAof Experiments 4 and 5 is to answer, even if only partially,

some of these questions.
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Chapter 2

METHODOLOGICAL DETAILS

For the sake of convenience those methodological details common
to all experiments will be described collectively in this chapter.
Details specific to each experiment and any departures from procedures
described here will be mentioned in the presentation of the experiments.

As mentioned earlier, the source of much conflicting data in the
literature can be traced to (a) differences in species of birds used.

(b) differences in prenatal and postnatal rearing conditions (c) the
large variety of procedures and measures used. Keeping this in mind
great care has been excercised in providing precise details of subjects,
rearing conditions, etc. In each sub-section sources of extraneous
variability will be identified and discussed.

Subjects:

The same species of domestic duck, bred from a single flock, wers
used throughout the present series of experiments. Partially incubated
Peking X Aylesbury duck eqgs wére collected from the suppliers,
Clearsprings Farm, Klipheuwel and transferred to the laboratory incubators.
jAlthough the cross breeding was done for commercial reasons it resulted
in a very suitable experimental subjectbsince the easy mobility of the
Peking was combined with the hardiness of the Aylesbury.

On the twelth day of incubation eqgs were transferred from the
commercial hatchery to the laboratory incubators in an. insulated and
buffered carrier designed for the purpose. This practice of trans-
porting 12 day old embryos had no detrimental affect on hatchability, nor
any noticeable effect on postnatal behaviour. The possibility that
visual and auditory stimulation, uncontrolled for during the first 12 days
might influence postnatal behaviour seemed remote since neither the
auditory nor the optical systems are sufficiently differentiated by that

stage to be sensitive to stimulation. (Gottlieb, 1968). Even in the
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avent of some unknown influence it was assumed that such influence
would be found equally in all birds.

Since no attempts were made to delineate exact critical periods
the pre-incubation refrigeration technique to determine the exact develop~-
mental age (Gottlieb, 1963) was not considered necessary.

Since hétchability was high in all batches, always greater than 60%,
‘ all hatchlings were considered suitable for testing. Gﬁttlieb (1971)
has suggested that groups in which hatchability is less than 50% be
excluded as a safequard against introducing extraneous variability or

unreliability into the results of behavioural experiments.

Incubation:

"Environment has its effect on living embryo,
its doom ...

Through changing forces or neglect -

From heat to noxious gases' fume."

Romanoff, 1972.

As Gottlieb (1968) observes, most investigators do not report
any details of incubation. Since temperature, humidity, position bf
eggs, turning of eggs and type of incubator all influence development,
it seems certain that some differences in results among investigators,
especially the time of first appearance of a given response can be
attributed to incubator differences. In the present study considerable
care was taken to maintain constant incubation conditions and to exclude
all forms of uncontrolled stimulation.
Incubators

Two makes of still-air incubators, housed in seperate air-conditioned,
sound attenuated rooms, were used. |

In the first three experiments all eggs were incubated in an incubator
designed and constructed in the PsycHology Department, U.C.T. This
incubator, which was designed by the experimenter for the purposes of

manipulating the sensory environment, was equipped with (i) a thermo-



13

staticélly controlled heating system utilizing heating elements in the roof
of the apparatus (ii) a hygrometer for humidity regulation (iii) double
walls packed in between with sound proofing material (iv) a double walled
?lass observation window in the roof.  When not in use the window was
?erred by a close fitting lid. (v) a fixed 6,5 cm permanent magnet
speaker with voice coil impedénce of 4 ohms and a maximum ocutput of
9.3 Qatts. For the purposes of application the frequency range was
yithin specifications. This speaker was connected via an external lead
_£0 a Hitachi Levelmatic TRQ220 type-recorder. In experiments 4 and 5
fhis incubator housed those eggs which were subjected. to prenatal
auditory stimulation. A diagram of this apparatus is provided in
Appendix 1.,

The incubator used to hatch control subjects in Experiments 4 and 5
was an "QOvo warm water incubatbr (obtainable from Autrex Industrial,
Parouw) . This incubator was equipped with an electrically pouwered heating
system, regulated by means of a wafer thermostat, and operating through

the circulation of warm water through pipes in the roof.

Temperature:

According to Romanoff (1972) tempefature during incubation is the
;ingle most significant environmental factor in the development of the
avian embryo. All deviations from the optimum temperaturebof incubation
Qreatly affect the rate of growth anddevelopment of physiological structures;
%ince the development of physiological structures, in turn, influences
function, the importance for behavioural research of maintaining optimal
incubation temperatures cannot be over emphasized.

In this study the ducklings were incubated and hatched at 381 lOC,
which is regarded as the optimum for still air incubators. All tempera-
ture readings were taken.level with the upper surface of the eggs.

Maximum-minimum thermometers were permanently kept in the incubators to

determine the range of variability.
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Humidity

For duck a high degree of humidity is required. However,
maintaining an optimal level is critical as either too fast or too slow
evaporation of water from the eqgg seriously affects the developmeﬁt of
the embryo. (Hurd, 1956).

During the early stages of incubétion the moisture pans below the
eggs were constantly full and the relative humidity was maintained in
the range of 70 - 80%. According to Romanoff (1972) embryonic mortality
of ducklings is lowest when the relative humidity is maintained at 80%.

'Over.the last four days of incubation the relative humidity was
increased by 5 - 10%. The aim here was to keep the membranes of the
shells soft so that the ducklings could easily break through. As an
extra precautiohary measure to prevent a loss of moisture through ths
ventilation holes, the incubator rooms were kept warm and humid.
Ventilation

The embryos were ensured of a fresh supply of air and oxygen
entering through the ventilation holes positioned in both the roof and
the floor of the incubators. The carbon dioxide given off by the eggs
was expelled via.the same route.

The ventilation holes in the floor of the still air incubators were
kept fully open while the upper holes wére kept one third to one half
open to prevent excessive loss of warm air and moisture. Fresh, clean
and odourless air was provided by air conditioning plants which ensured
regular circulation of air without causing draughts.

Turning of eaggs

tike other routine procedures involved in incubating duck eqgs,
variation from the optimum frequency and manner of turning the eggs can
have a profound effect on embryonal development and postnatal behaviour.

All eqgs were incubated horizontally (i.e. long axes parallel to

the ground) and turned 4 times a day by hand by rotating them individually
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90° around the long axis. New (1966) reports that turning 90° around

the long axis gives a better hatchability than turning through 30°. The
eggs were turned alternatively clockuise and anti-clockwise until the
25th day. Thereafter movement of the eggs was kept to a minimum.

Turning was performed with a smooth motion of the hand avoiding
irregular movements. Gold (1971) found that irregular, jerky egg turning
fesulted in a decrease in embryonic weight and later hatch times (measures
of growth and maturation) as compared with normal controls.

Candling

All eggs were candled on arrival (12th day) and again on the 21lst day.
Infertile eqgs aﬁd those with dead germs were removed from the incubator.
Hatching

The progress of hatching was checked frequently with the time of each
hatching being recorded. The ducklings were removed from the incubator
when they were dry and "fluffed out", usually within 3 - 4 hours.

On removal from the incubator each duckling was individually housed
in a separate cardboard carton with a floor area of 130 sq. cms. Each
compartment was labelled with a slip identifying the bird according to its
group and hatching. The ducklings were then transferred to the brooder.

Additional control measures

Light:
For the purpose of excluding extraneous variables the eggs were
exposed to no more than brief spells of illumination. Turning of the
eggs and all obsefvations were performed in a dark room illuminated by
a red tungsten bulb (dark-room iight) emitting 0.11 lumens/square metre
at the level of the eggs. (Light intensity measured with a Salford
Il1lumination Meter, M904).
This precaution was necessitated by the fact that the visual systems

of duck embryos one to two days before hatching are morphologically,
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biochemically and physiologically prepared for their role as receptor of
light. (See Oppenheim, 1968 for revieu of.literature). In addition
it has been found that duck and chick embryos are behaviourally responsive
to light stimulation during the last two days of incubation. Adam &
Dimond (1971a) have shown that chicks that receive illumination
(8.61 - 9.58 lumens/sq. metre) after the functional development of vision,
appear less fearful and show a stronger approach response than chicks
tha@ receive stimulation before, or at the time of functional development
of vision. In another study Adam & Dimond (1971 b).Found that illumina-
tion at or after the time of the functional development of vision resulted
in earlier hatching of chicks as compared with a control group incubated
in darkness. |
Sound:

The incubators were housed in separate sound attenuated rooms with
air cgnditioners providing a constant level of background noise of
50 £ 2 db inside the incubators (as measured by a General Radio Sound
Level Meter, Type 1551A.

To the extent that the ducklings! vocalizations penetrated the back-
ground noise level of the airconditioner, the embryos and hatehlings
could hear themselves and their siblings. Apart from this there was no
uncontrolled auditory stimulation.

Brooding

Until testing, each duckling was kept in separate ventilated com~
partments in the brooder. The temperature in the brooder was maintained
within the optimum range for the first week, 32.2 - 35°C. (Marais &
Joubert, 1964). The brooding room was kept dark at all times except for
brief spells of low level illumination when birds were collected for
testihg. The absence of lighting and the separation of subjects thus

prevented birds from seeing the interior of their brooding pens and
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their siblings. A number of studies have indicated that such precaﬁtions
are necessary. Bateson (1964 a), for example, has shown that aves
can be "imprinted" on their brooding pens. Furthermore a number of
studies have demonstrated differences in following and approach responsses
as a function of social or isolated brooding. Guilton (1959)
James (1960), Hess (1964),GraQes & Siegal (1968) and Keenan (1972) have
found that prior socialization lowers imprinting strength in chicks.
In a éimilar study with Peking ducks Gottlieb & Klopfer (1962) found
that ducklings with social experience followed less than ducklings raised
in isolation.

Since all testing was done within 24 hours of hatching neither food
nor water were supplied until after testing. Young aves have an adequate

store from their yolk sac for atleast 48 hours after hatching.

Auditory stimulus tapes

Preparation

In the preparation of the auditory stimulus tapes elements were
varied within three parameters.
1. Tone frequency.
2. Repetition rate: the number of bursts of sound per second.
3« Duration of each burst in milliseconds.
All tapes were prepared with an on:off time ratio of 12:6 seconds.
Thus various combinations of tone frequency were presented repetitively
for specific durations for a period of 12 seconds. This was followed
by a period of 6 seéonds silence and, in turn, by the next 12 seconds of
on-time. A schematic representation of a stimulus tape with a repetition
rate of 4/sec. and duration of 50 msec is given as an example in Figure I

on page 18.



12 Seconds On-time 6 Seconds Off-time
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Fig.! Diagrammatic representation of section of stimulus tape with repetition rate
of 4/second and note duration of 50 milliseconds.

8T
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The following apparatﬁs was used in the preparation of auditory
stimulus tapes
(i) Hitachi Levelmatic TRQ220 tape recorder with low - noise
B.A.S.F. tape.
(ii) Three separate tone generators of the following makes:
Advance HI, Krohn-Lite Model.5770, and Heathkit IG 72.
(iii) A tone mixer constructed in the Psychology Department, U.C.T.
(iv) Phillips oscilloscope.
(v) ‘ Hewlard Packard 2114B computer.
This was used for the manipulation of repetition rate and on-
off times (duration).

The tone signals qriginating from the tone generators were
adjusted to equal levels using the oscilloscope for this purpose.

Each input into the tone mixing circuit had its own Mullard silicon
planar epitaxial transistor (type BC1l09) and a gain control. Turning
down of this control resulted in a decrease in noise from the input
transistor as well as the signal. Current biassing was. achieved by
returning the single high valve base resistor to the collector,
résulting in a measure of negative feed back which was further increased
by leaving emittor resistor unbypassed. Overall frequency response was
well within the requirements proving to be flat from 20KHz to 10KHz with
a gradual drop near the upper end of the spectrum.

A diagram of the tone mixing circuit may be found in Appendix 2.

The computer programme to present various sequences of time intervals
was written in "Assembler" language. Using the "Assembler" language
compiler an absolute punched tape was produced. Parameters such as
the number of tone presentations, time on, and time off, were entered
on-line through the front panel switch register of the computer.
Interfacing with the tone source employed a "slot-in" 16 bit relay out

register and a series of contact closures for the actual switching.
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A printed version of the absolute tape is provided in Appendix 3.

Presentation

Prenatal stimulation

In experiments 4 and 5 the experimental group embryos were
exposed to controlled prenatal auditory stimulation with "optimal" and
"repetition rate altered optimal" calls respectively. Auditory stimu-
lation commenced on the 18th day of incubation and was continued inter-
mittently up until the time of hatching. Stimulation thus commenced
well before the 23rd day of incubation when, as Heaton (1971) has shown,
duck embryos are first consistently responsive to an optimal artificial
call.

Presentation of the auditory stimulus was not continuous but inter-
mittent. Six half hour spells of the tape playback were presented
daily. The intensity of auditory stimulation at the level of the eggs
was kept constant at 70 db. (General Radio Co. Sound Level meter Type
No. 1551A). This intensity level lies in the normal range for ducks.

To a certain extent stimulation in different sensory modalities was
temporally correlated in the way it happens in nature. Eqg turning
went hand in hand with slight decreases in temperature (when the trays
were drawn from the incubator for turning) and auditory stimulation |
(calling) followed turning. The need to consider possible summation
of effect of different sensory modalities is discussed in Chapter 5.

Presentation during postnatal testing:

The auditory stimulus intensity was maintained af the same level
during both prenatal and postnatal presentations. The decibel level
reading, 30 cms from the model, on the floor of the apparatus was kept
at 70 db. The importance of keeping the auditory stimulus intensity
constént and at an optimal level has been established by Fischer &
Gilman (1969). Following in day old chicks was found to relate td
sound intensity in an approximately normal manner, with moderate
intensities (55 to 75 db) producing substantialiy more following than

either lower or higher intensities.
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Further details of postnatal testing are given later in this
chapter.

Postnatal test apparatus

Circular "imprinting" apparatus

The circular apparatus was constructed after the design described
by Gottlieb (1971). It consisted of a circular table 3,8 metres
in circumference with a black floor and an enclosing black wall 33 cms

in height.

Approach
Zone

Fig. 2 The plan view of the circular test apparatus.
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As shown in fFigure 2 radiai white strips lcm wide, were painted at 30,5cm
intervals on the flobr so that the observer could accurately guage whether
the subjects were meeting the criteria for a following response (described
below). Partial ellipses denoting a.lOcm zone were added so that the
ducklings approach response to the stationary object within the zone could
be objectively scored (described belouw). The merits of the open field
design over the Ramsay and Hess apparatus are discussed by Gottiieb (1971,
p.28).

Stimulus object

The stimulus objéct (model) used in this series of experiments was
suspended from one extremity of a T-shaped pole rising from the centre
of the circular apparatus. The model was equipped internally with a
6,5cm permanent magnet speaker wifh a frequency range suitable for its
application. The speaker was mounted on the underside of the ﬁbject and
faced the floor. A lead from the speaker led back to the Hitachi Level=~
matic TRQ220 tape recorder via the T-shaped pole and the underside of the
apparatus.

The object was suspended 1,5cms above the floor of the apparatus and
followed a 3,8 metre path around the apparatus. This was driven by an
A.C. constant speed motor (1 revolution per minute) which, in turn, was
0pera£ed by a timer with an on-time duration of 20 seconds and a time out
of 5 seconds. The model thus completed one revolution in 75 seconds

(20 sec. run - 5 sec. pause - 20 sec. run - 5 sec. pause - 20 sec. run -
5 sec. pause).

Imprinting studies generally employ an inanimate object as the
imprinting stimuius so that "behaviour" of the surrogate parent may be
controlled. The types of objects and stimuli used have ranged from
electric trains (Fabricius & Boyd, 1954), footballs (Ramsay, 1951), green

cubes and cylinders (Jaynes, 1956, 1957), light flicker (James, 1959) to
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red cubes (Fischer, 1966).

The model used in the present study consisted of a white polysty-
rene oval object with maximum dimensions: 15cms x 12cms x llcms. It
was designed to correspond to the size of the adult duck of its species.
Schulman, Hale & Graves (1970) have demonstrated that models correspond-
ing in size to the biologically appropriate object are more effective in
celiciting initial social responses than other sizes of models. Apart
from this no attempts were made to invest the model with the visual
characteristics of the adult duck. Since the primary aim of this study
was to investigate the effect of auditory stimuli on the elicitation of
following and approach responses, a model which would, at least, not
inhibit responses, was considered sufficient.

Although brightly coloured models have been shown to elicit stronger
following responses than plain models on second exposure, on initial
testing both models prove equally effective (Klopfer & Hailman, 1964).
Since all ducklings were tested only once a plain white colour was used
in the present study.

Testing procedure:

The postnatal tests were performed in a sound attenuated room with
a window unit airconditioner providing a constant ambient noise level of
+
50 - 2 db.

The temperature in the testing room was maintained in the region of

+

31 - lOC. Maintenance of a constant temperature is an important factor
to consider in research of this kind. Variations in reported research
findings and differences in test scores within the same study, may be
traced to variations in temperature in the testing room. Fischer (1970)
found neglibible following by chicks tested at a warmer temperature or
the same temperature as the one at which they had been brooded. Follow-
ing was very substantial however, if chicks were tested at avtemperature

colder than the one to which they had been adapted. Consequently
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subjects in the present study were tested at the same temperature of
+

31 = 1°%. Thus all subjects were tested in room which was 3 - 40E

colder than their brooding compartments.

_ 7

Mirror

/
/ Control
Tape recorder ; Panel Screen
O O
el T~

L]

Fig. 3 The arrangement of the experimental apparatus in the testing room.

As shown in Figure 3 the circular apparatus was separated from the
observer by a 1,5 metre high screen and observed through a mirror suspended
2,5 metres above the test apparatus. The observation desk was equipped

with (a) a Hitachi Levelmatic TRQ220 tape recorder (b) a control panel
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for operation of the moving object (c) a light Switch for the lamp
illuminating the circulaf apparatus (d) and stopwatches for recording:
total time, latency of response, and duration of response.

The circular épparatus was illuminated by an incandescent lamp,
at a height of 1,4 metres above the apparatus, providing 0,96 lumens/
square mefer at floor level of the apparatus.

The ducklings were transferred from the dark brooder to the testing
apparatus in a 10cm cube box with a hinged lid. Before releasing the
duckling on to the apparatus the iights were extinguished. At no sfage
during the transfer was the bird exposed to light or visual contact with
the experimenter. in a study of the influence of tactile and visual
‘stimulation on approach responses in chicks, Graves & Siegal (1968),
found that handling in darkness had no effect on the number of responses,
while handling in the light decreased the number of responses. It was
concluded that tactile plus visual stimulation inhibited the tendency of
chicks to respond and approach an imprinting object.

The duckling was placed at a routine starting point on the apparatus
and on returning to the observation desk the experimenter triggered the
light switch. The 5 minute pre-test period commenced immediately, to be
followed by a 12 minute following test and 5 minute approach test.

Postnatal behavioural tests

The two main tests used to measure the strength of attraction to
auditory stimuli were the following and approach response tests. In
each test the incidence, latency and duration of response were recorded.

It was initially planned, however, to supplement and compare these
tests with others used and described by Beer (1970a) and Schulman, Hale
& Graves (1970). A score sheet was drawn up in which each test period
was divided into 15 second intervals. In each 15 second interval
subjects would be scored with regard to (a) orientation: either towards

or away from the model (b) posture: sitting and crouching, standing or
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walking. (c) defaecation (d) calls: pleasure, distress or silence
(e) position change: stationary, approaching, or withdrawal.
(f) contact with the object. See Appendix 4.

In practice, however, it proved impossible for a‘single scorer
to record all these behaviours simultaneously. A solution to this
problem would have béen to record the behaviour in each test on tele~
vision video tape and to score the responses at leisure. Unfortunately
the cost of obtaining sufficient tapes for this purpose prevented this
solution from being implemented. An alternative solution to this problem
in the future would be to construct a response console somewhat similar
Fo a laboratory counter so that the experimenter could record responses
without moving his eyes from the viewing mirror.

Although a strictly quantitative analysis of the vocalizationé of
éll sub jects was not done, samples of characteristic call pattérns were
Fecorded and analysed. The results and implicétions of these analyses
are discussed in Chapter 5.

Before Qefining the behavioural tests the age of subjects at testing

Afequires attention. Many writers (Bateson, 1964, Jaynes, 1956, 1957,
Moltz, 1960) have objected to the tgrm "critical period" on the grounds
that it is misleading, implying an "all-or-nothing" effect. It is
recognised, however, that there are "sensitive periods" during which time
the strongest responses are elicited. It was thus considered expedient
to test all birds at approximately the same age (20 : 2 hrs post-~hatching)

and prevent possible variations due to age differences.

Pre~test period:

1

Before being tested for following and approach responses to the

1

f
model emitting the auditory stimuli or the silent model, each subject was

given a 5 minute period in which to acclimatize te the strange envircnment

and the sudden light. In a previous study done by the author it was

observed that birds seemed very unsteady on their feet, scme more than
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others. This unsteadiness disappeared with time and practice. It
was thus felt that subjects should be allowed to perfect their walking
abilities before being tested.

It was originally planned to use the battery of test measures
described above to ascertain the basic activity rate of the subjects
before testing. A comparison between pre-test activity and activity
in the testing situation might hélp to explain the finding of consider-
able differences in responses by different subjects in the same situation.
Differences in test responses might be due to physiological differences
in subjects. |

For the reasons mentioned above, full pre-test activity could
unfortunately not be measured and compared with activity during testing.
The pre-test approach response did not prove to be a reliable index of
pretest activity; consequently no pretest scofes were compared with test
scores in this study.

Following test:

In this test, lasting 12 minutes the following response to the
moving object, either silent or emitting the appropriate auditory stimulus,
was measured. After the 5 min. pretest period the object began to move.
Except in the case when the model was silent the appropriate recording
was started to coincide with the start of the objects' moving.
The painted sectors on the circular apparatus permit the observer
to objectively determine whether the subject is within 30,5cms of the
rear or 10cms to the side of the moving object. A following score
(time in seconds) was earned only when the subject was within 30,5cms
of the rear or 1lOcms to the side of the moving object with its head

oriented towards and its body moving in the same direction as the object.
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Timing was stopped when the subject left the zone and re-started on
re=entry. The total time, in secdnds, spent within the approach zone,
was recorded as "Duration of Approach". The time taken from the start
of the test to the ducklings first entry into the approach zone was

recorded as "Latency of approach" (in seconds).

Rationale for statistical procedures and tabular presentation

As far as possible non parametric techniques of hypothesis testing
ware used. The indications for this choice of statistical procedure
were the usual ones. That is, it could not be assumed that scores were
drawn from a normally distributed population and, sedondly, parametric
analyses of variance could not be used on non transformed data because of
the extreme heterogeneity of variance of the sub groups.. In experiment 5
where no non parametric analogue of the two way analysis of variance for
4 subgroups is available, scores were transformed and parametric techni-~
gues were employed.

In experiments 1 to 3 the latency and duration measures of groups
subjected to calls were evaluated statistically by the Kruskal-Wallis one
way analysis of variance applying the correction for ties (Siegal, 1956).
Where significant differences were indicated the Kruskal-ljallis was
followed by pairwise comparisons utilizing the Mann whitney‘u test
(siegal, 1956). For the purpose of comparing all the auditory stimulus
groups with the silent control a non-parametric analogue of Dunnett’s
procedure developed by Steel (1959) was employed.

In experiment 4 where only two groups were compared, the Mann
Whitney U test was used to evaluate the latency and duration measures.
All p-values reported are for two tailed tests.

The nature of expefiment 5 indicated the need for a two way classi-
fication analysis of variance. Since a non parametric technique for
this purpose is not available JS(T:_:E tranéformation was ﬁsed for

transforming the scores and a parametric two way analysis of variance
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technique was utilized. As Kirk.(1968) points out, in most behavioural
situations, inferences based on root transformations are just as meaning-
ful as inferences based on untx#wformed SCOres.

Hartley's F max. test of homogeneity of variance (Winer, 1962) was
employed with the transformed scores before carrying out the two-way _
classification analysis of variance. Following the F-~test pairwise
comparisons among means were performed utilizing Turkey's HSD (hohésﬁiy.“
significant difference) test.  (Kirk, 1968). '

In all experiments the chi square test was used toidetermine the
reliability of differences in the proportion (ihcidence) of ducklings
which approached or followed in each condition. .

An important departure from procedures adopted by Gottlieb (1971)
and Heaton (1971), concerns the inclusion of non responders in statistical
analyses. Without indicatihg why théy:do so, both Gottlieb and Heaton |
only considered those birds that‘had accumulated a following or an approach
score in computing mean latency and duration measures and in comparisons
of these measures i.s. non responders were excluded from these analyses.

It is possible that Gottlisb and Heaton excluded non-responders
because of the problém of assigning non-responders a latency score.b if
there is no response, it follows that there can, strictly speaking, be ﬁo
latency measure at all. For the purposes of presént statistical analysis,
however, it was considered admissable and, in fact, desirable to allot
non-responders the maximum score of each test i.e. 720 seconds for latency
of following and'SDD seconds for latehcy’of approach. In the case of
both following and approach duration measures all non responders were given
a score of O secdnds. | |

This procedure was necessitated by the logical requirement to consider
all the members of a group when comparing the responsiveness of the groups
to the various stimulus conditions. It is logically‘necessaryvtovcompare

the effects of experiment treatments on whole, intact groups not just
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on responders in each group. If a group of birds are exposed to a
particular experimental treatment then the results of this treatment
should be apparent in all the birds in a group to a greater or lesser
extent. Exclusion of non responders would be exclusion of subjects in
which the effects of experimental treatment occured to a lesser extent.
By excluding non responders from calculations ane obtains a false picture
of the effect of the experimental treatment on the group of subjects as
a whole. Thus, in the present study, statistical analyses utilized the
scores of all subjects,both responders and non respandérs.

There is, however, a disadvantage in including non-responders when
computing mean latency and mean duration séores. Means computed in this

- way do not reflect the actual strength of response of those subjects that
do respond. For example, a group which has a low incidence of response
will have a very high mean latency because of the large numbers of subjects
with maximum scores and a very low mean duration because the majority of
subjects have 0 second score.

It was considered appropriate to provide additional tables of means
and standard deviations computed after non-responders had been excluded.
This allows the reader to guage the actual strength and variabiiity of
response of those that responded and at the same time to compare results
with other studies in which non-responders have been excluded from

computations,
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Chapter 3
AUDITORY STIMULUS PREFERENCES IN BIRDS :

THE ANALYSIS OF THE PHYSICAL PROPERTIES
OF PREFERRED SOUNDS.

In this chapter earlier attempts by investigators to delineate and
specify critical acoustic features of éffectiue calls will be examined.
This will be followed by a description of a series of experiment designed
with the aim of specifying the critical features in a call attractive to
neonatal Peking X Aylesbury ducklings.

One of the earliest studies suggesting that parameters such as tone
frequency, note duration_and repetition rate are related to responsive-
ness to calls was carried out by Collias & Collias (1956). They found
that Mallard ducklings would, on the day of hatching, more readily approach
low pitched (below 800Hz), brief notes than high pitched, long notes.
Using the popular low pitched short notes they then varied the rate of
repetition and found that the ducklings more readily approached high rates

_(3/sec.) rather than low rates (l/sec., 1 every 3 sec.) of artificial
sound repetition.

Until recently,' however, no systematic analyses of the physical
characteristics of attractive auditory stimuli were carried. Since the
beginning of the present decade two workers Heaton (1971) and'Fischer
(1972), have turned their attentidn to this field of investigation.

Heaton (1971) has raised the question whether esséntial information
for the selective response of parentally naive Peking ducklings to the
conspecific maternal call is encoded in the maternél call. An acoustic
analysis of bird calls revealed that the call of a given species tended
to have a distinctive and consistent repetition rate and usually one or tuwo
fundamental overriding frequencies. This suggested to Heaton that dis-

crimination is due to one or both of these parameters.
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The idea that repetition rate is a critical paramefer, which in part
accounts for the intrinsic appeal of the maternal call, was confirmed by
Heaton by measuring the responsiveness of birds to the maternal call and
to calls in which the repetition rate had been altered from the normal.

She found that a general attractive rate range existed. The best-rates
were those between 3 and 4/éec and 7 and 8/sec. with an optimum at 4/éec,
at 24 hours posthatching. Outside this range responsiveness to rate
altered calls declined radically.

That rate alone is not sufficient to account for discrimination was
indicated by the ability of ducklings to distinguish between the duckling
(sibling) brooding call and the maternal call. Both calls have a repeti~
tion rate of 4/éec. but different fundamental frequencies. This pointed
to the possibility that frequency cues might also be important in the
selective responsiveness of naive Peking ducklings. An investigation by
Heaton revealed that there were three critical frequencies in the Peking
maternal: 780Hz, 1125Hz and a harmonic at 2250Hz. When these two funda-
mental frequencies were combined with the harmonic at 2250Hz and presentedb
at 4/sec. they proved a highly effective synthetic call in‘inducing approach
responses by naive Peking ducklings. Heaton records that the synthetic
call proved as attractive toc the Peking dUcklings as the Peking maternal
call in a simultaneous auditory choice test.

An important difference between Heaton's study with Pekings and a
similar study conducted by Fischer (1972) with domestic chicks, is the
difference in success each researcher had in inducing responses with single
pure tones. Whereas Heaton found that single pure tones at 780Hz and 1125Hz
were ineffective in eliciting approach responses, Fischer reports that sub-
stantial following was elicited by pure tone frequencies in the range
between 375Hz and 625Hz. These conflictingrfindings are possibly due to

species differences., It is possible that the eritical element in the
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chicken domestic call is a single low frequency cue and not a combination
of frequencies. If this is indeed the case it is further indication of
the need to be wary of generalizations across species.

Like Heaton, Fischer found that an attractive repetition rate range
exists with optimal following at 2/sec. and 4/sec. These rates correspond
to the rates of the natural broody hen cluck (2/%90.) and the food call.,
Rates as slow as 1 tone every 4 seconds and as rapid as 16 tonea/sec.
were equally ineffective.

It is interesting to observe that the preference for repetition
rates in the 3 - 4/sec. range is found in a number of different birds as
well as in different sensory modalities. A number of workers (e.qg.
Simner, 1971) have reported that chicks react optimally to visual light
flicker presented at 4/second. In a fascinating series of experiments
Vince (1966, 1968, 1970, 1972) has demonstrated that hatching is accelera-
ted in Japanese quail by stimulation with sound or vibration at a rate of
Z/éec. Future research'might reveal that the ubiquity of this sensi-
tivity to rates at z 4/sec. is due to common genetic elements or even
prenatal ontogenetic factors. Simner (1966) suggests that the embryonic
heart rate of 3 - 4 beats/sec. in the chick might be instrumental in
establishing a rate preference of 3 - 4/sec.

In addition to delineating certain critical elements in the repetition
rate and frequency parameters, Fischer examined the effects of varying
tone durations on the following response to a call with the optimal
frequency and optimal repetition rate. She found that only very short
tones, of less than 100 msec. duration, were effective in eliciting
fplloming, with tones of 24 msec. and shorter being most effective.

The results of further experiments, in which frequency, rate and duration
were varied simultaneously, led Fischer to conclude that freguency is the

least critical parameter while tone duration may be more important than
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repetition rate in eliciting following behaviour in domestic chickens.
The importance attributed to tone duration by Fischer pointed to the
need to ascertain whether this parameter, like frequency and repetition
rate is critical in eliciting approach and following résponses in ducklings.

To summarize: Heaton (1971) and Fischer (1972) have isolated
~critical elements in a number of parameters and have used this informa-
tion in synthesizing artificial calls which are highly effective in |
eliciting approach and following responses in parentally naive Peking
ducklings and domestic chickens.

The object of the first three experiments in this study was to
perform a similar analysis of the critical elements of a call for which
parentally naive Peking X Aylesbury ducklirigs show the greatest
preference. The aim of these experiments was partly to replicate the
research done by Heaton (197l)>and Fischer (1972) with a different
species and partly to produce an effective synthetic call, the elements

of which could be manipulated in subsequent experiments.



37

Experiment 1l: Specification of the Critical fFrequencies in an Artificial
Call Attractive to Peking X Aylesbury Ducklings.

The aim of the present experiment was to deliﬁeate the critical
frequency or frequencies in an attraétive synthetic call.

The probiem of whether to use single pure tones, as Fischer (1972)
had dome, or to follow Heaton (1971) and use complex sounds, was bf
immediate concern. Since the bird used in the present study was of
a different species to that used by previous researchers a satisfactory
decision could only be made after observing the responsiveness of subjects
to both types of stimulus. Consequently a pilot study was carried out
and the results indicated that Peking X Aylesbury ducklings are more
responsive to complex auditory stimuli than to single pure tones.

Since subjects used in this study are closely related to subjects used

in Heaton's research this finding was not unexpected. It must be pointed
out, however, that this find does not provide evidence negating

Fischer's observation that single pure tones at optimal Frequéncies ars
effective in eliciting following responses in domestic chicks.

The probable limiting range of attractive frequencies were indicated
- from reports on the acoustic characteristics of maternal calls of rélated
species. It was unfortunately impossible for the experimenter to obtain
a recording of the maternal call of the Peking X Aylesbury duck. In
spite of considerable effort, attempts to locate birds of this species
together with their brood failed. All incubation and hatching in the
Western Cape is carried out in commercial incubators.

A frequency analysis of the Peking maternal call carried out by
Heaton (1971) revealed a frequency range of 50Hz to 12KHz. This call,
howéver, has several dominant frequencies, those with the greatest
relative amplitude lying at 780, 1125 and 1600Hz. There is, as well,
considerable energy around 2250Hz probably constituting a harmonic

generated by the 1125Hz fundamental. 0f these fundamental frequencies
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Heaton found the 780, 1125 and 2250Hz frequencies to be the crifical
ones.

Using the procedure described in Chapter 2, four combinations of
freguencies were prepared. These combinations contained frequencies
lower than, the éame as, and higher than those found to be critical
by Heaton. The frequency combinations used in £his experiment were:

(i) 500, 800, and 1600 Hz (complex call 1).

(ii) 780, 1125,and 2250 Hz (. " no2).
?

(iii) 1000, 1400, and 2800 Hz ( " noo3).

(iv) 1300, 1600,and 3200 Hz ( "),

The choice of repetition rate and duration to be used while
specifying critical frequencies was, by necessity, arbitrary.

However the probable range of attractive repetition rates and duration

could be predicted from published data. The repetition rate of q/sec.
used while specifying critical fregquencies was found to be the optimal

rate by both Heaton (1971) and Fischer (1972). It is also the natural
rate of ﬁhe Peking maternal call. -

Since note duration was not investigated by Heaton no information
about ducklings was available. However it seemed most likely that
short durations would be more attractive than long ones. It was
reasoned that, at the rate of 4/sec., the longer the duration the less
repetitive the stimulus would be perceived. That is, as the duraﬁion
approaches 250 msec the stimulus would more closely resemble a continuous
sound than a repetitive one. The choice of 25msec durétion was based
on Fischer's finding that this was the optimal duration for chickens.

The aim of experiment 1 was to determine whether the responsiveness
of Peking X Aylesbury ducklings to calls with various frequency combina-
tions would differ significantly (5% level of confidence), responsive-
ness being measured in terms of the incidence, latency and duration of

following and approach responses.
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Method:

The subjects for Experiment 1 were SD‘Peking X Aylesbury ducklings

incubated and hatched in a sound attenuated room. (See chapter 2).

Each subject was randomly assigned to one of five groups and tested

for responsivehess to one of five stimulus conditions - 4 complex calls
and a silent model. In this and the following two experiments control
groups were tested for responsivness to silent models. The purpose

of these controls was to ascertain to what extent ducklings respond, with-
out any form of auditory stimulation, to a moving or stationary object.

At 20 £ 2 hrs. posthatching each duckling was individually subjected
to a 12 minute following test and a 5 minute approach test with one of
the stimulus conditions. In all cases the following test was preceded
by a 5 minute pre-test period of acclimatization during which time the
tendency for the duckling to approach the stationary and silent object
was recorded.

Responsiveness to each stimulus condition was measured in terms of
the incidence, latency (in seconds) and duration (in seconds) of following
and approach responses. The latency and duration measures of groups
exposed to calls were evaluated statistically by the Kruskal-Wallis one
way analysis of variance with correction for ties (Siegal, 1956).

Where significant differences were obtained the analysis of variance

was followed by pairwise comparisons utilizing the Mann Whitpey U test
(siegal, 1956). The latency and duration measures of the four auditory
stimulus groups were compared with the latency and duration measures of
the silent control group using Steel's (1959) procedure developed for
this purpose. Comparisons of the incidence of approach and following
responses utilized the Chi square tesﬁ. All statistical analyses were
performed using scores of both responders and non responders. The
rationale for, and discussion of these statistical procedures will be

found in Chapter 2.
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Results

The mean number of seconds taken to respond (latency) and the mean
duration (in seconds) of fbllowing and approaches responses to the silent
model or to the model emitting one of the complex calls is shown in
Table 1 and Figs. 6 - 9.

It will be observed that mean latency and mean duration scores are inversely
related. It was an almost invariable finding in this research that groups
with the shortest latency scores had the longest duration scores and vice
versa.

Since the auditory stimulus variable was too complex to be represented

on a single axis it was not possible to illustrate the relation between

tone frequency and responses. Consequently mean scores are compared by
means of histograms in this experiment.

In Table 1 the upper porﬁion contains mean scores and standard devia-
tions of all subjects in each group while the lower portibn represents scores
of responders only. The reasons for computing two sets of means are
discussed in chapter 2.

| . That the general trend is the same when means are computed in different
ways is shown in Figs. 6 - 9. Indeed, if line graphs had been drawn,
essentially the same shaped curves would have been obtained with both sets
of data.

As shown in Table 1 and fFigs. 6 - S Complex call 1 elicited the
strongest mean responses (shortest latency, longest duration) with regard
to both mean latency and mean duration of approach and following responses.
A single classification analysis of variance reﬁealed, however, that the
difference in the means shown in Table 1 did not reach statistical signifi-
cance except in the case of following duration (Table 2). Individual

comparisons revealed further that the difference in following duration



TABLE 1

Experiment l: Response Measures of Peking X Aylesbury Ducklings in Following and Approach Tests to Four
Complex Calls and a Silent Model.

Following Response Approach Response
Test Call N Incidence Latency, Sec Duration, Sec Incidence Latency, Sec Duration, Sec.
% Mean S.D. Mean S.D. % Mean 5.D. Mean S.D.

Response Measures of All Subjects

Complex call 1 {10 80 264.0 259.6 118,9 91.4 - 80 94.6 113.9 104.0 89.3
Complex call 2 {10 60 453.8 246.6 29.9 32.7 60 200.2 103.4 50.2 56.9
Complex call 3 |10 50 521.2  227.4 15.7 24.9 70 177.4 102.6 51.6 60.7
Complex call 4 |10 60 428.6 280.9 46.5 60.3 60 181.8 115.9 51.4 71.7
Silent Model 10 20 652.2 143.9 2.4 5.1 10 292.3 24.3 0.7 2.2
Response Measures of Responders 0Only
Complex call 1 {10 80 . 150.0 111.4 148.6 75.5 80 43,2 40.3 130.0 80.0
‘Complex call 2 |10 60 276.3 122.5 48.8 27.8 60 133.7 . 77.1 83.7 49.9
Complex call 3 |10 50 322.4 132.6 3l.4 27.8 70 124.9 71.1 73.7 60.2
Complex call 4 {10 60 234.3 169.9 77.5 60.4 60 103.0 74.5 85.67 75.6
Silent Model 10 20 381.0 49.5 12.0 1.4 - 10 223(8) - 7.0(8) -

Notes (a) One Responder only.

Lt
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Fig. 6 Mean latency of follouwing of ducklings tested with four complex
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Fig. 7 Mean duration of following of ducklings tested with four complex
calls and a silent model.
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Fig. 9 Mean duration of approach of ducklings tested wlth four complex

calls and a silent model.




STATISTICAL ANALYSES : EXPERIMENT 1

TABLE 2

Summary of Kruskal-lWallis One Way Analysis of Variance
By Ranks for Responses of Subjects to One of Four Complex

Calls.

Response Measure | df H p - value
Following Latency 3 6.18 NS
Following Duration 3 9.95 <.02
Approach Latency 3 5.97 NS
Approach Duration 3 3.35 NS

Note: NS = non significant statistical difference (p>.05) -

TABLE 3

Summary of Mann-Whitney U Tests on Differences Between
Pairs of Complex Call Treatment Groups: Experiment 1

Following Duration

1 (X = 118.9)

1 _
2 (%X = 29.3)
u = 17-5
2 P& 02 = |3 (x=15.7)

3 p<.02 | ns - 4 (X = 46.5

Note: 1. Key: 1 = Group responding to complex call-l.

2 - 1L n " " " 2 N
3 = " 1 " " " 3 .
4 = 1" - L] n n n 4 .

2. In all cases Np,N, = 10.
3. NS = non significant statistical difference.

4. p-values are for two-tailed tests.




TABLE 4

Summary of Comparisons of Complex Call Treatment Groups
With the Control (Steel)

Experiment 1

45

Treatment Groups

Call 1 Call 2 Call 3 Call 4
Response
Measure min T p min T p min T p min T p
Following Latency 67 K.05 89 ns 81 ns 82 ns
Following Duration 67 K.05 85 ns 81 ns 82 ns
Approach Latency 66 K.05 78 ns 71.5 k.US 77 ns
Approach Duratiaon 66 [K.05 77 ns 71.5 K.05 77 ns

Note: ns = non significant statistical difference (two tailed p>>.05)

p-values are for two tailed tests.
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scorgs of groups tested with compléx calls l.and 4 yas not statistically
significant. The group of subjects tested with complex call 1 did, however,
display reliably more following than groups tested with complex calls 2

and 3 (Table 3). Group 1 was also the only group to differ reliably

and consistently with the siient control group (Table 4).

An analysis of the proportions of subjects which followed the model
emitting one of the four complex calls of the silent model revealed no
statistical difference (x2 = 7.73, df = 4, p>.05). The incidence of
approach responses to the silent model, however, was significantly lower
than the proportions of birds that approached the auditory conditions.
(><2 = 8.5, df = 1, pg.0l).

Although it is impossible to describe all the behaviour patterns
observed in this experiment it is nevertheless possible to give a general
descriptioa of the behaviour patterns of strong and weak responders.

The behaviour of those birds which respondedvmost quickly and for
the longest period was similar in many ways. Shortly after the model
started moving and the playing of an attractive artificial call commenced
the high pitched high intensity distress calling, so frequent during the
pretest period, was replaced largely by lower pitched, lower ihtensity
"churping" sounds. Buring testing distress calling occurred most during
the short periods of silence spaced every 12 seconds on the tape. A
more detailed déscription of vocalization patterns is given in Chapter 5.
At the beginning of the following test the ducklings tended to remain
relatively still but with their heads oriented towards the source of the
sound as it moved around the apparatus. Within a few minutes the ducklings
would start following, most frequently to the rear, but sometimes to the
side of the modei.'. In both instances their heads would be oriented
towards the source of sound.

An interesting observation, one not made by the author in earlier

research with chicks, was the tendency for many of the ducklings to



47

attempt to mount the model. And indeed, some succeeded in jumping the

t 12 cms to land on top of the model. Although many fell off immediately
others managed to maintain tﬁeir balance for a few seconds. fFailure to
succeed in staying on top was no deterrent. Gottlieb (1974 pers comm.)
reports that he has observed similar behaviour patterns in other species
of duck.

When the object stopped for the compulsory 5 second pause those
duckling which had been following tended to circle the object, pecking
it lightly and churping softly.

following was rarely maintained for more than one minute at a time.
It was more usual for the birds to follow for 20 - 30 seconds and then
stop, peck the ground, venture to the centre of the apparatus for brief
spells and then scurry back to the model emitting the call. As shown
in Table 1 the extent to which birds followed a single call varied
considerably. Even those birds with similar following scores displayed
different patterns of accumulating tune. Some would take longer to
raspond, but follow for long spells. Others would respond gquickly but
accﬁmulated a following score in short bursts of following.

The behaviour during the approach test was more consistent. Those
ducklings that were awarded strong approach scores proceeded with 1little
delay to the approach zone, and once the area was secured they tended to
stay in it. Excursions from the approach zone were few and usually brief.

The behaviour pattern exhibited by poor or non-responders was
radically different. The ducklings paid little attention to the model.
They were either very still or frantically active. Disfress vocaliza-
tion was Frequent; irrespective of whether the call was playing or not.
Violent pecking of the floor and walls and defecation was common.
Discussion

In spite of the lack of consistent statistical differences between
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the various groups some conclusions could be drawn frem the results of
this experiment.

A comparison of response measures indicated that complex call 1 (500,

800, 1600Hz) elicited the strongest mean scores (shortest latency, o
longest duration) in both the following and approach tests. 'HowéQef; 
because of the absence of strong evidence of clear cut differential '
responsiveness it could not be concluded that a single critical frequency
combination haa been specified. Yet it coula not be concluded thét
complex call 1 was ineffective in eliciting following and approachvresbbnseso
A comparison of mean response scores elicited by complex call 1 with mean
response scores elicited by recbrdings of natural and synthetic calis
(Gottlieb, i971, Heaton, 1971) revealed that they compared favourably with
the resuits of previous research. |

How do we account for the absence of clear differential responding
that other researchers have reported? It is possible that the range of
components used in synthesizing the calls was too limited ana that all
frequencies used fell into a generally attractive range. Although the
frequencies used in preparing the calls ranged from 500 to 3200Hz all may
be encountered in the natural call.

Furthermore it is possible that the frequenciés used in this experi-
mehf did not differ widely enough from each other to elicit consistenf'
differenfial responses. An examination of the frequency structure of
each call revealed that most calls contained at least one frequency uhibh
was similar to a frequency in other calls. For example, call 1 contained
a freguency of 800Hz wﬁich is only 20Hz higher than the 780Hz compdnent in
call 2. Further evidence suggesting that sharing of related frequencies
might be implicated comes from a comparison of frequency characteristics
of calls 1 and 4. Call 1, which did not differ significantly with call 4

in any response measures, contained a frequency of 1600Hz as did call 4.



To conclude, this experiment failed to specify a single critical
combinatian of frequencies. | A comparison of mean scores indicate,
however, that complex éall 1 was the most effective of a generally
attractive range of complex calls in eliciting following and approach
responses. Because call 1 elicited the strongest mean responses’the
frequency combination of this call was selected as the most suitable one

to be used in the following experiments.

49
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Experiment 2: Specification of the Critical Repetition Rates in an
Artificial Call Attractive to Peking X Aylesbury Ducklings.

Experiment 2 was designed in an attempt to delineate a critical
repetition rate or range of optimal rates. For this purpose an optimal
frequency combination (508, 800, 1600Hz) obtained from Experiment ‘1 was
presented at four different repetition rates with a constant duration of
25 msec.

Previous research findings suggested that the range of rates to be
used should include rates slower and faster than 4/second, a rate both
Heaton (1971) and fischer (1972) found to elicit the greatest mean
approach and following scores with Peking ducklings and domestic chickens.
The results of previous research indicate that very slow rates (one every
3 - 4 seconds) and very fast rates (greater than 16/second) aré equally
ineffective in inducing following and approach respbnses (Collias &
Collias, 1956, Heaton, 1971, Fischer, 1972). With the aim of delineating
the critical repetition rate or a narrow range of optimal rates the extremes
were avoided when preparing the calls. The rates of 1, 4, 8 and lﬁ/second,
used in this experiment represent a range from moderately sloQ fo modera-
tely fast rates.

While Heaton and Fischer both found that the strongest mean scores
were obtained with the optimum rate of 4/éecond they also discovered
that this was only one of a generally attractive range of rates. In
the case of Peking ducklings tested at 24 hrs.posthatching Heaton found
the best rates to be between 3 and 4/second and f and 8/second with an
optimum at 4/éecond.

The aim of experiment 2 was to determine whether the responsiveness
of Peking X Aylesbury ducklings to artificial calls presented at rates of
1, 4, B and 16/second would differ significantly (5% level of confidence),
responsiveness being measured in terms of the incidence, latency and

duration of following and approach responses.
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Method:

The subjects for experiment 2 were 50 Peking X Aylesbury ducklings -
incubated and hatched in a sound attenuated room. (See chapter 2).

Each duckling was randomly assigned to one of five groups and tested
individually with one of the rate calls (1, 4, 8 or lﬁ/second) or the
silent model. At Zﬁ I 2 hrs. posthatching each duckling maé sub jected
to a 12 minute following test and a 5 minute approach test. In all
cases the following test was preceded by a 5 minute pre-test period.of
acclimatization.

Responsiveness to each call and the silent model was measured in
terms of the incidence, létency and duration of approach and following
responses. The statistical procedures used to evaluate the response
measures were the same as those used in Experiment 1 and discussed in
the section on methodological details.

Results:

The incidence of responses and mean response scores of subjects are
shown in Table 5. The relation between repetition rate and latency and
duration of following and approach responses is shown in Figures 10 - 13.

As shown in Table 5 and Figures 10 - 13 quite definite indications
of differential rate dependent responding were found in the subjects in
this experiment. A single classification analysis of variance indicated
that the differsences between means of all response measures shown in
Table 5 were statistically signifiéant (Table 6). Individual cohparisons
revealed further that the call with a repetition rate of 4/second elicited
approach responses reliably more quickly (latency) and for a longer time
(duration) than any of the other calls (Table 8). 1In the case of the
following response the 4/sec. rate call induced quicker and more following
than either fhe l/éec. or the 16/sec. call. The difference in latency
and duration of following at 4/sec. and B/sec. was not.significant howevsr.

(Table 8). Further evidence for the attractiveness of the 4/second rate



Experiment 2

TABLE 5

Response Measures of Peking X Aylesbury Ducklings in Following and Approach Tests .
to Calls with Repetition Rates of 1/sec, 4/sec, 8/sec and 16/sec

and a Silent Model.

Followi nag

R'e sponse

Approach

Response

Test Call N Incidence Latency, Sec Duration, Sec Incidence Latency, Sec Duration, Sec
% Mean S.D. Mean 5.D. % Mean 5.D. Mean 5.0,
Response  Measures of All Sub jects
Rate l/sec 10 50 519.0 227.4 12.4 14.9 50 228.0 96.73 31.3 56.3
Rate 4/éec 10 80 260.6 252,72 91.3 54,9 30 78.5 B4.4 175.0 87.9
Rate 8/sec 10 70 392.1 246.8 42,1 49.5 60 183.,4 104.4 70.0 82.4
Ratse lﬁ/sec 10 20 658.9 137.7 2.2 5.0 20 278.4 46.4 3.4 7.7
Silent Model 10 10 689.6 96.1 2.2 6.9 0 300.0 0 0 g
Response Measures of Responders Only
Rate l/sec 10 50 318.0 123.8 24.8 10.9 .50 156.0 88.9 62.6 68.4
Rate 4/sec 10 80 145.8 79.8 114.1 30.0 90 53.9 3447 194.4 66.6
Rate 8/sec 10 70 251.6 120.7 60.1 49.0 60 105.7 38.4 116.7 75.4
Rate lG/sec 10 20 414.,5 l146.4 11.0 5.7 20 192.0 26.9 17.0 8.5
Silent Model | 10 10 me.0'® - 22.0 - 0 - - - -

(a) One responder only.
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STATISTICAL ANALYSES : EXPERIMENT 2

TABLE 6

Summary of Kruskal-Wallis One Way Analysis of Variance by
Ranks for Responses of Subjects to Repetition Rate Calls:
1/sec., 4/sec., B8/sec. or 16/sec.

Response Measure df H p-value
following Latency 3 13.8. <.01
following Duration 3 15.2 <.01
Approach Latency 3 17.1 <.001
Approach Duration 3 17.6 <.001

TABLE 7

Summary of Comparisons of Repetition Rate Treatment Groups
With the Control (Steel) : Experiment 2

Treatment Groups
Response 1(1/sec) 2(4/sec) 3(8/sec) . 4(16/sec)
Measure
min T|p min T p min T p min T p

Following v

Latency 83.5 ns 66 K. 05 72.5 ns 100 ns
following

Duration B4,5 | ns 66 K.05 | 72.5 ns 101 ns
Approach .
Latency 80 ns 60 <.01 | 75 ns 95 ns
Approach _ .

Duration 80 ns 60 K.01 75 ns 95 ns

Note: ns = non-significant statistical difference (two tailed
' p>.05)




TABLE 8

Summéry of Mann-Whitney U Tests on Differences Between Pairs
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of Repetition Rate Treatment Groups: Experiment 2.
Following Latency Following Duration
1 (X = 519.0) 1 (X = 12.4)
T 12 (% = 260.6) ) 2 (X = 93.1
u =17 u = 15
p<.02 - 3 (X = 392.1) p<.02. B 3 (X = 42.1
u = 36,5} u = 28 u=27.5 u =28
ns ns - 4(%X = 6589 ns ns Y (X = 2.2)
u = 33 u =12 u = 20 u = 31 u= 12 u =20
ns p<.02 | p<.05 B ns p<.02 | p<.os -
Approach Latency Approach Duration
1 (X = 228.0) 1 (X = 31.3)
2 (X = 78.5 | 2 (X = 175.0)
u = 13.5 u=11
p<. 02 - 3 (X = 183.4) p<.02 - 3 (X = 70.0
u = 41 u =16 u = 39 u = 18
ns p<.02 - 4 (X = 278.4) ns pP<.02 - 4 (X = 3.4)
u=235 u==6 u= 24 u = 31 u==o6 u =25
ns p< 002 ns ns p<.004 ns
Notes: 1. Key ¢ 1 = Group responding to call with Rate 1/sec.
2 = " n n n n 4/880-
3 - " n " n . " 8/SBC-
4 = " " " " n lﬁ/SBC .

2. In all cases Nl N2 = 10.

3. ns = non significant statistical difference (two tailed p>.05).
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call is provided by the results of the analysis of the incidence of
following and approach responses. Significantly more subjects followed
(x2 = 4.65, df = 1, p<.05) and approached(x2 = 8.9, df = 1, p<:Ul) the
4/896. rate call than any other call. Furthermore a compafison of
auditory stimulus groups with the silent control group indicated that the
4/sec. rate group was the only one to differ significantly from the silent
control with regard to latency and duration of following and approach
' T'esponses.

In terms of ‘incidence of response, however, all rate calls were

significantly more effective than the silent model in eliciting following

2
(x~ = 5.22, df = 1, p<.05) and approach (x2 = 7.86, df = 1, p<.01) responses.

The typical behaviour patterns of st;ong and poor responders, described in
Experiment 1, were again observed. In this expefiment, however, there
was a difference in the activity levels of the birds tested with the un-~
attractive slow rate and the fast rate. Whereas birds tested with the
l/%econd call tended to be fairly vocal and active, those tested with the
lﬁ/second call were very still and quiet. The inhibition of movement

and vocalization during the playing of the lﬁ/second call was reminiscent
of "freezing".

Discussion:

Indications of rate dependent differential responding were found in
this experiment. .The results indicated that the 4/sec. repetition rate
call elicited significantly stronger responses than all ather rate calls
and the silent model, except in the case of the following response. The
latency and duration of following scores of subjects tested with the
4/sec. rate call did not differ statistically from scores of subjects
exposed to the 8/sec. call. This finding suggested that the 8/sec. rate
call was relatively effective when responsiveness was measured in terms of
latency and duration of following. The generally lower mean scores

suggested however, that, if the B/Eec. rate falls intc an attractive rate
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range, then it lies at the upper limits of this range.

The clear superiority of the 4/890. rate in eliciting and maintain-
ing following and approach responses led to the conclusion that this
was the optimal rate, and suitable for use in following experiments.
Although not substantial there was some evidence that the 8/sec. rate
lies at the upper limits of an attractive rate range for Peking X
Aylesbury ducklings. This finding is cdnsistent with Heaton's (1971)

observations with Peking ducklings.
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Experiment 3: Specification of Critical Ncote Durations in an Artificial
Call Attractive to Peking X Aylesbury Ducklings.

The object of Experiment 3 was to delineate a critical note duration
of a range of optimal durations. for this purpose tapes were prepared
in which thé optimal frequency combination of 500, 800, 1600Hz and the
optimal repetition rate of 4/second were kept constant while note duré—
tions were varied.

Estimétes of probable limiting note durations to which ducklings
will respond were obtained from previous research reports. Collias
& Collias (1956) reported that brief notes were more effective in
inducing following responses in Mallard ducklings than long ones. In
a more systematic analysis of duration preferences in domestic chicks
Fischer (1972) found that only very short tones of less than 100 msec
were effective in eliciting following responses, with tones of 25 msec.
or less being most effective. Furthermore, the repetition rate of
4/second placed a maximum limit of just less than 250 msec, since at
this duration the call becomes continuous and no longer repetitive.

With these considerations in mind the followingbnote durations were
employed:
1. 25 msec
2. 50 msec
3. 100 msec
'4. 150 msec

The aim of Experiment 3 was to determine whether the responsive-
ness of Peking X Aylesbury ducklings to artificial calls with note
durations of 25, 50, 100 or 150 msec would differ significantly (5% level
of confidence), responsiveness being measured in terms of the incidence,
latency and duration of following and approach responses.

Method:

The subjects for Experiment 3 were 50 Peking X Aylesbury ducklings
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incubated and hatched in a sound attenuated room (see chapter 2).
Each duckling was randomly assigned to one of five groups and tested
individually with one of the duration calls (25, 50, 100 or 150 msec
durations) or the silent model. At 20 : 2 hrs. posthatching each
subject was subjected to a 12 minute following test and a 5 minute
approach test. In all cases the following response was preceded by
a 5 minute pre-test period of acclimatization.

Responsiveness to each call and the silent model was measured in
terms of the incidence, latency and duration of following and. approach
responses. The statistical procedures used to evaluate the response
measures were the same as those used in Experiments 1 and 2.

Results:

The incidence of response and mean response scores of subjects are
shown in Table 9. The relation between note duration and latency and
duration of following and approach responses is shown in Figures 14 ~ 17.
That the various duration ca;ls differed in effectiveness in eliciting‘and
maintaining following and approach responses is shown in Table 9 and
Figures 14 -~ 17. A single classification analysis of variance indicated
that the differences between means of all response measures shown in
Table 9 were statistically significant (Table 10). Individual compari-
sons .revealed further that the 50 msec call elicited approach and follow-
ing responses more rapidly and for a longer time than the 100 msec and
150 msec duration calls (Table 12). Differences between the 25 msec
group and the 50 msec group did not reach statistical significance.

The responses to the 25 msec call, in turn, differed reliably with the
150 msec call in three measures but not with the.lDU msec call (Table 12).

A comparison of responses tﬁ‘duration calls with responses to the
silent model revealed that only the 25 msec and 50 msec calls differed
significantly with the silent control. However an analysis of the

incidence of responses indicated that a significantly smaller number of



Experiment 3:

TABLE 9

Response Measures of Peking X Aylesbury pucklings in Following and Approach Tests
to Calls With Note Durations of 25, 50, 100 or 150 msec. and a Silent Model.

Following

Response

Approach

Response

Test Call N Incidence Latency, Sec. Duration, 35ec. Incidence Latency, Sec. Duration
% Mean 5.D. Mean s.D. % Mean S.D. Mean  S.D.
Response Measures of All Subjects
Duration 25msec {10 - 70 376.2 249.7 80.5 74,2 80 124.0 109.6 95.8 84.9
Duration 50msec {10 80 241.0 258.7 161.1 125.9 90 57.8 90.3 184.4 106.2
Duration 100msec|lD 60 498.0 219.3 34.0 36.9 60 200.2 90.1 38.2 50.8
Duration 150msec |10 30 609.0 181.3 4,0 6.8 40 254.4 66.4 11.0 16.7
Silent Model 10 20 676.4 92.0 3.0 6.5 10 290.9 28.8 1.3 4.1
Response Measures of Responders 0Only
Duration 25msec {10 70 228.9 95.5 115.0 60.2 80 80.0 66.2 132.3 89.1
Duration 50msec |10 80 121.3 64,3 201.4 105.4 90 30.9 32.2 216.0 86.2
Duration 100msec {10 60 360.0 144.5 56.7 30.1 60 138.7 36.5 63.7 51.9
Duration 150msec|10 30 350.0 65.1 13.3 4.5 40 186.0( ) 53.3 27.5 15.1
: a
Silent Model 10 20 502.0 12.7 15.0 4.2 10 290.9 - 13 (a) -

(a) One responder only.

T9
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Summary of Kruskal-Wallis One blay Analysis of Yariance by Ranks
for Responses of Subjects to Note Duration Calls: 25, 50, 100 or

150 msec.
Response Measure df H p-value
Following Latency 3 12.8 < .01
Following Duration 3 13.9 <.01
Approach Latency 3 13.9 <.01
Approach Duration 3 16.1 <.01
TABLE 11
Summary of Comparisons of Note Duration Treatment Groups With
the Control (Steel) : Experiment 3.
Treatment Groups
Response 1 (25msec) 2 (50msec) 3 ( 100msec) 4 (150msec)
Measure
min T p min T p min T p min T p
Following _
Latency 71 <.05 67 <.05 81 ns a7 ns
Following .
Duration | 71.5 <05 66 <05 77 ns 95 ns
Approach
Latency 66 <£.05 60.5 [€.01 77 ns 89 ns
Approach
Duration | 67 4.05 60.5 [<.01 78 ns 89 ns

Note: ns = non-significant statistical

difference (two-tailed p)>.05)




TABLE 12

Summary of Mann-Whitney U Tests on Differences Between Pairs of
: Experiment 3.

Note Duration Treatment Groups

65

Following Latency

fFollowing Duration

1 (X = 376.2) 1 (X = 80.5)
2 (X = 241.0) 2 (X = 161.1)
u = 26.5 u = 30
ns T 13 (X = 498.0) ns B 3 (X = 34.0)
u= 35 u =17 u = 31 u =18
u=235{u=13 u = 34 u=19.1} u=13 {u=26 '
ns p<.02 ns p<. 05 p<. 02 ns
Approach Latency Approach Duration
1 (X = 124.0) 1 (X = 95.8)
2 (X = 57.8) B 2 (X = 194.4)
u =25 u = 25
ns - 3 (X = 200.2) - 3 (X = 38.2) .
u=1"171 u=29 u = 30 u =12
ns p<- 002 - 4(X =254.4) ns p<.02 - 4 (X = 11.0)
u =17 u=1717 u= 32 u=21 u==17 u = 34
p<. 02 p<-002 ns - p<.05 p<. 002 ns -
Notes: 1 Key : Group tested with call with note duration 25msec.

1
2
3
4

o n

2 In all cases ni, no = 10

3 ns = non-significant statistical difference (two tailed p>.05)

" "
" 1"

" "

" 50msec.
" 100msec.
" 150msec.
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birds followed (x2 = 4.1, df = 1, p<.05) and approached the silent model
(x* - 8.59, df = 1, p<.0l).

Discussion:

Evidence of duraticn dependent differential responding was‘found in
Experiment 3. The results of statistical analyses indicate that the
50 msec duration was more effective than the longer note duration in
eliciting and maintaining responses. The differences between response
measures of the 50 msec and 25 msec duration call groups were not signi-
ficant, indicating that an attractive range of note durations existsinto
which both the 25 msec and 5 msec durations fall.

The difference in mean scores, although unreliable, but taken to-
gether with the finding that the 50 msec duration call group did show a
significantly higher incidence of approaching (x2 = 4.69, df = i, p<.05)
suggested that the 50 msec duration was the optimal one used in this
experiment. These findings are consistent with Fischer'!s (1972) observa-
tion that only very short durations of less than 100 msec are effective
in eliciting responses. However, the present findings suggest that in
the case of ducklings the optimal duration is closer to 50 msec than to

25 msec.
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General Discussion:

The choice of the 4/sec. repetition rate and 25 msec. durations in

~ Experiment 1 and the choice of the 25 msec. duration in Experiment 2
pfoved to be fortunate since these elements fall into the optimal range
for each parameter. In the event of it having been discovered that

the 25 msec duration and 4/sec. repetition rate were not in the attractive
ranges, it would have been necessary to repeat the experiments varying

the elements in the parameters simultaneously to ascertain whether the
critical elements in each parameter éhanges as a function of changing
elements in dther parameters. Fortunately the probable attractive fanges
were indicated by brevious research and additional experiments, requiring
vast numbers of subjects to be tested within a limited time period, were
not required.

The series of experiments described above were performed with the
following aims:

1. To delineate and specify critical parameters and elements within
these parameters that render a call attractive to Peking X
Aylesbury ducklings.

2. To produce an effective artificial call the elements of which could
be manipulated in further expefiments.

With regard to the first aim, these experiments have succeeded in
delineating specific ranges of critical elements in the repetition rate
and note duration parameters. It thus appears that some essential informa-
tion is encoded in these parameters which accounts fér selective responsive-
ness in ducklings.

The absence of clear cut differential responding in Experiment 1 may
indicate that frequency is a less important parameter in eliciting and
maintaining following and approach résponses by Peking X Aylesbury duck-
lings. Although Fischer's (1972) findings with chickens support this

interpretation, it is more likely that the range of frequencies attractive
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to Peking X Aylesbury ducklings is wider than expected and that the lack
of consistently reliable difFerential responding was due to the absence

of wholly unattractive frequencies in the calls. Further research will
throw more light on this question.

While it is possible to conclude that the repetition rate and
note duration parameters are critical parameters in the Peking X Aylesbury
call it cannot be concluded that they are the only ones. Research
carried out very recently by Gottlieb (1974 in press) indicates that
parameters, other than those examined in the present study and by Heaton
(lé?l) and Fischer (1972) might be critical in an attractive call.
Specifically, Gottlieb has found that freguency modulation is the basis
on which Wood ducklings identify the maternal call of the species.

Furthermore it cannot be assumed that a critical parameter in one
species will also be critical in another. Gottlieb reports that Wood
ducklings did not respond differentially to calls in which the‘repetition
rate had been altered. It is thus apparent that repetition rate is not
a critical parameter in the Wood duck maternal call as it is in the Peking
duck and domestic chick calls. (Heaton, 1971, Fischer, 1972). The
significance of Gottlieb's recent research is that it points to the need
to examine more parameters in future research.

Has the second aim of this series of experiments - to produce an
effective synthetic‘all -~ been achieved? There are twoc possible ways of
determining whether an artificial call is effective in eliciting following
and approach responses. The first, and best way, is to compare the
effectiveness of the artificial call with the effectiveness of the actual
maternai call by testing dﬁcklings in a simultaneous call choice test.
Unfortunately, however, because no Peking X Aylesbury ducks rearing their
young could be located, such a test could not be performed. (Note:

although ducks emit a wide range of calls e.g. feeding, distress, contentment,
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gtc., naone of these resemble the maternal "exodus" call sufficiently to bé
a satisfactory alternative). Since this is the first time this species

of duckling has been used in experiments of this nature it was not possible
to'obtain the recordings of other workers.

An alternative way of judging the effectiveness of a synthetié call
is to compare the strength of response of ducklings exposed to fhe artifi-
cial call with the strength of response of other birds fo natural and
artificial calls as reported by other researchers. It must be conceded
that comparisons of this kind are never ccmpletely satisfactory because of
differenceé in responsiveness in different species, different experimasntal
conditions, experimenter differences, etc. Nevertheless they do provide
a rough guide for the researcher wishing to ascertain the efficacy of an
artificial call. With this in mind, the mean response stréngth of
Peking X Aylesbury ducklings to the optimal artificial call (500, 800,
1600Hz, 4/sep0nd, 50 msec) was compared with the mean response strength
of Peking ducklings to recordings of the natural maternal call, as reported
by Gottlieb (1971). It was found that ducklings used in Experiment 3
followed the optimal artificial call more quickly and for a longer time
in a 12 minute following test than Pekings did in a 20 minute.following
test (Gottlieb 1971). Even allowing for species differences, etc. there
can be little doubt that the optimal call used in Experiment 3 was highly
effective in eliciting filial responses and»thus suitable for use in the

next experiments.
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Chapter 4

THE DEVELDPMENT OF SPECIES~SPECIFIC AUDITORY PERCEPTION
IN BIRDS

"And surely we are all out of the computation of our
age, and every man is some months elder than he
bethinks him; for we live, move, have a being, and
are subject to the actions of the elements and the
malice of disease, in that other world, the truest
Microcosm, the Womb of our Mother"

Sir Thomas Brown, Religio Medici, 1642.

It was observed earlier in this report that Gottlieb (1965) has
demonstrated that parentally naive ducklings and chicks are able to
identify their own species on the basis of species typical auditory
stimulation emanating from the parent and that this general identification
occurs without the benefit of known forms of learning. Furthermoré
the results of experiments discussed in chapter 2 have indicated that
ducklings resﬁond selectively to artificial calls with specific acoustic
characteristics.

The guestion now posed is: How in the course of previous individual
development does this selective process of perception come about?

To resort to such concepts as "instinct", "innate schema" etc. to
explain this phenomenon is tempting; a temptation to which Hess has
succumbed; In accordance with Lorenz's original formulation it was,
until recently, believed that the innate features in imprinting are
limited to an inborn predisposition to become rapidly attached to any
parental object. A study by Hess & Hess (1969) which revealed that
imprinting of neonatal ducklings to a duck decoy was much stronger than
to human beings, led them to conclude that the ducklings possess
",. specific innate knowledge of the visual characteristics of the species
as the parental_object to be learned (p.129)" and that the innate schema
of the parental object is rather stronger than that pdstulated by Lorenz

’ . ere has been ey suggest ".. an evolutionary pressure
(1935, 1937) Th has b th ggest _ lut
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for the young chick or duck to learn the natural parent during the first

day of life. This learning they call "genetically programmed" (Hess
& Hess, 1969, p.p.129 - 130)". In short, Hess has "explained" the
phenomenon and answered the question posed earlier without investigating
the development of this ability.

The existence of natural stimulus preferences shoﬁld not automatically
lead to the suppositionfthat these are species typical response patterns
resulting from the passive translation of genetic prOQrammeé into
behaviour. The existence of such preferences does not preclude that they
have arizen through developmental processes in interaction with the environ-
ment and that they can be modified by further experience. Development
involves a nexus of causal relations with action, reactidn and interaction
both within the organism and between the organism and environment, at
every stage.

The elegant investigation by Gottlieb (1971) of the development of
species identification has provided expefimental evidence for the theof—
etically important notion that stimulative events occurring normally before
birth (hatching) play a role in the perfection of species specific percep-
tion. However before reviewing this important research certain meta-
theoretical issues merit consideration.

One of the main objections to classifying behaviour patterns into
simple categories such as "innate", "instinct" or "learned" is that it
creates a barrier to the further analysis of the factors and processes
involved in their development. The use of such concepts as explanatory
concepts simply -renders the analysis of development superfluous. By
observing or studying only the.immediate causation of a behaviour pattern
we are viewing the behaviour in an artificially limited span of time.

If we are ever to achieve a complete understanding of species specific

behaviour patterns it is axiomatic that we analyse the ontogeny of
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"instinctive" behaviour.

The view that the embryo is completely formed at the moment of
conception and that development merely involves the growth of pre-existing
structures (preformism) has been discarded by many workers in favour of
gpigenesis. As Gottlieb‘(1973) puts it, the tefm epigenetic, when applied
to behavioural dévelopment, "... denotes the fact that allvpatterns of
activity and sensitivity are not immediately evident in the initial stages
of deuelopmenf and that the various behavioural capabilities of the
organism become manifest only during the course of development (p.8)".

While there is general unanimity on the epigenetic character of
behavioural development there is disagreement on the character of behavi-
oural epigenesis itself: some theorists assume that epigenesis of
behaviour is predetermined while others hold that it is probabilistic.
The essential point of difference between the two groups of theorists
hinges on the issue of whether normally occurring motor development and
sensory stimulatibn play a regulative role in the development of behaviour
or whether behavioural development is a result of an invariant matura-
tional sequence independent of prior motor movements and sensory stimu-
lation. According to the predetermined epigenesis of behaviour, matura-
tion gives rise to function and behaviour in a non-reciprocal fashion,
whereas the probabilistic viewpoint holds that there are bidirectional
(reciprocal) relationships between maturation, function and behaviour.

There is experimental evidence that during prehatching stages normally
occurring sensory stimulation influences the embryo's behaviour and per-
ception and that some of these effects express themselves in later pre-
natal and early postnatal behaviour. This evidence will be offered in
support of the notion that species typical response patterns do not result
from the passive translation of genetic factors into behaviour through
the medium of tissue growth and differentiation i.e. support will be

offered for the viewpoint of a probabalistic epigenesis of behaviour.
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This should not be interpreted as an emphasis on all environmentalistic
interpretation of behaviour. It should rather be seen as an attempt to
uphold the idea that behaviour is a functional product of the dynamic
relationship between the organism and its environment from the moment of
conception.

The results of Gottlieb's (1971) investigation of the development
of species identification in birds indicate that the epigenesis of speciss
specific auditory perception is a praobabalistic phenomenon, the threshold,
timing and ultimate perfection of such perfection being regulated jointly
by organismic and sensory stimulative factors. The capability of
parentally naive ducklings to respond behaviourally toﬂthe maternal call
of the species, Gottlieb discovered,has its antecendents in the embryo.
From day 22 of incubation (5 days before hatching) the duck embryos
responded behaviourally to the maternal call uf the species; firstly with
an inhibition of bill clapping and later with an increased rate of bill-
clapping and leg movements. At all stages tested the embryos were
behaviourally unresponsive to the maternal call of other species.

Further investigation revealed that the amount of bill-clapping in
response to the maternal call was not an invariable predetermined response
entirely the function of organic maturation. The amount of bill clapping
activity during the five days before hatching was intimately related to
the amount of auditory stimulation provided by communal iﬁcubation.

"With the aim of determining the effect of normally occurring auditory
stimulation on the ducklings postnatal discrimination of its maternal
call, Gottlieb deprived embroyos of hearing their own vocalizations (by
devocalizing them) and the vocalizations of their siblings (by isolating
them) . Ducklings thus deprived of such normally occurring prenatal
auditory stimulation showed a delay in the perfection of their postnatal
discriminative response to the species specific maternal call. It is thus

apparent that species specific auditory perception'is not simply the



74
unfolding of a fixed genetic programme that occurs independently of
normally occurring sensory stimulation. Exposure to such stimulation
helps to requlate the time of appearance of perfected responses as well
as the 'latency of the perfected response.

Although the discriminative response of devocalized - isolated
ducklings to the species maternal call did eventually reach a high degree
of perfection with time, it was never completely .perfect. The devocalized -
isolated.ducklings at a later stage, could discriminate the maternal call
of its species from many other species calls, but not all. This in-
ability, however, could be reversed by exposing the ducklings to normally
occurring auditory stimulation before hatching.

Although Gottlieb's (1971) study is one of the most elegant and
convincing demonstrations of the influence of prenatal sensaory stimulatioﬁ
on prenatal and postnatal behaviour in birds it is not the only one.
Numerous other studies (e.g. Adam & Dimond, 1971 a & b; Gold, 1971, etc.)
involving the manipulation of the prenatal environment have demonstrated
a variety effects on postnatal attachment behaviour (more specifically
following and approach responses). Since many such effects are regarded
as extraneous variables in the present study, they‘have been discussed in
the chapter dealing with methodological details. In this chapter
emphasis will be placed on the auditory modality and further studies on
the effects of prenatal sound stimulation on later prenatal and early post-
natal behaviour will be examined.

Apart from the stimulation provided by self and siblings,bembryos

may be exposed to naturally occurring sounds emanatingifrom the parent.

It is surprising that parental behaviour towards the embryo and the neonate
has received so little attention.in imprinting research. It is amazing
that it was felt that such a dynamic process like imprinting could be
understood adequately by studying only one of the two classes of partici-

pants. This lack of insight is possibly the result of the over emphasis
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placed on laboratory investigations without the perspective gained from
naturalistic studies.

Until recently very little attention has been givén to the notion
that the behaviour of avian embryos is affected by parental calls and
that this parent/embryc interaction can affect later behaviour.

Incubating birds do not sit passively on their eggs. The parents of many
species of bird are extremely active, both vocally and otherwise, during
the last few days of hatching; much of this activity is directed towards
the eaqgs.

A number of studies have supplied evidence supporting the idea that
prenatal experience of parent calls is a necessary prerequisite for their
later effectiveness in eliciting %ilial responses. In one such study
Impekoven (1969, 1973) found that if crooning calls are played to l.aughing
Gull eqggs hatching in an incubator, such calls will increase the rate of
pecking at a red rod (a feeding response) by the hatched chicks.  Croon-
ing does not have this effect on the pecking response of chicks with no
experience of this call prior to hatching. Impekoven has observed that
the incidence of crooning by incubating Laughing Gulls increases markedly
when the eggs become pipped and during hatching and is associated with
times when the young in the eggs are active, vocally and otheruise.

O0f greater significance for the present study is the work which has
been done on:

l. the prenatal origin of personal.recognition in birds.
2. the influence of prenatal exposure to conspecific maternal calls

on the responsiveness of neonates to those calls after hatching.
All these studies indicate how important it is to consider the influence that
prenatal auditory stimulation has on the strength of approach and following
responses after hatching. That we do so is particularly’important when
one considers that imprinting is frequently defined in quantitative terms

i.e. in terms of the strength of responsivenss to the parental object.



Individual recognition of thé voices of the parents has been demon-
strated in Guillemots (Tschanz, 1965, 1968), Black-Billed and Ring~billed
Gulls (Evans, 1970 a & b) and Laughing Gulls (Beer, 1969, 1970 a & b).
Tschanz (1965, 1968) found, by playing recordings of calls of adult
Guillemots to newly hatched Guillemot chicks raised in the wild, that
the chicks could recognise the voices of their parents by individual
characteristics in the luring call. The fact that the bird could recognise
the parent call at hatching indicated that it acquired this ability to
recognise the parent call while still in the egqg. This finding led
Tschanz to investigate the developmental origins of this selective
responsiveness.

Tschanz incubator-hatched nearly 100 Guillemot chicks, some of which
were subjected to recordings of natural or simulated luring calls while
still in the eqg. Shortly after hatching these chicks were tested with
either simultaneous or successive presentations of two recordings one of
which was the same as that used for prénatal stimulation. Those chicks
which had had prenatal experience of a call showed preference for that call.
In those cases in which chicks had no prior experience of either call they
showed no preference and appfoached both calls with about the same frequency
and speed as experienced chicks approached unfamiliar calls. Some chicks
were exposed to two different calls prior to hatching. When tested after
hatching they showed equal response to the two calls and preferred them
both to unfamiliar calls. The results of these experiments thus confirmed
the idea that the Guillemot chicks learn (not necessarily in the traditional
sense) the individual characteristics of the luring calls of both of its
parents while still in the egg.

In a similar study Beer (1970 a & b) presented recordings of parental
calls and calls of parents from a neighbouring nest to parent-raised

Laughing Gull chicks. These chicks moved towérds the sound and called
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when the calls of their own parents were played. They tended to withdraw
from the sound and sit quietly when the calls of neighbouring parents were
played. Hand raised chicks, and therefore deprived of pfenatalexperience
of parental calls, fled from the sound and crouched in silence in response
to both calls of their parents and calls of neighbours. The fact that
chicks do not recognise, and respond to, the calls of their parents without
experience of them indicatés that‘such recognitidn is not innate. Rather,
it has been acquired during prenatal life.

How do birds recognise the calls of their parents apart from other
species specific calls? Such recognition is clearly based on individual
differences in the acoustic characteristics of vocalizations of members of
the same species. So for example, it has been shown that in thé case of
Guillemots the durations of the pulses and the durations of the intervals
between pulses vary within a call in a pattern that is characteristic
of an individual and distinct from that of other.individuals. (Tschanz,
1965; 1968). The parameter along which individual differences are found
are not the same in all species. Whereas the individual differences in
the Guillemot are differences in the length of componeﬁts of the call
individual differences in the calls of other species are differences in
frequency, amplitude, etc. It would appear that the characteristics of
individual calls can only vary within a certain range and maintain their
appeal; at least 1n some species. The results of experiments discussed in
chapter 3 and those of Heaton (1971) and Fischer (1972) indicate that
marked deviations from the optimal in some parameters render the calls
unattractive to ducklings and domestic chicks.

Although Gottlieb (1971) has demonstrated that the selectivity of the”

response in Peking ducklings is not dependent upon exposure to the maternal

call this does not preclude the possibility that prenatal exposure to that

call might have an effect on the strength of responsiveness to the maternal
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call after hatching. Indeed, Impekoven (1973) found that prenatal exposure
to the Peking materhal pail resulted in a significant increase in the
strength of responsiveness to that call after hatching, as measured by the
distance travelled towards the sound source. It is likely that an acqui-
sition process similar to that at the basis of the dévelopment of personal
recognition in birds is involved here. Such a processAcﬁuld be seen as
akin to prenatal auditory imprinting i.e. acquisition of recognition before
hatching. In this case both natural preference for the maternal call
(speéiBS'identification) and acquired recognition (imprinting) are working
together to determine the strength of the filial response.

An earlier_attempt by Hess (1959) to achieve prenatal auditory imprint-
ing failed. For 48 hours before hatching 30 Mallard eggs were exposed to
a constantly played tépe recording of a female Mallard calling her young.
Prenatal exposure ceased just before.hatching and later, when tested, the
young ducklings made no significantly greater choice of this sound than
of the "gock" call normally used Ey Hess in his imprinting procedure.

Possible explanations for these conflicting results may lie, firstly,
in the fact that auditory stimulation was presented in a differeﬁt fashion
in the two experiments. Whereas the stimulus was presented intermittently
by Impekoven (1973), Hess (1959) exposed the embryos to the stimulus
constantly for 48 hours. Constant exposure could simply lead to habitua-
tion (the waning of a response tendency under repeated stimulation).
Secondly, there might have been differences in the intensity of the auditory
stimulus. Fischer & Gilman (1969) found that there is a functional
relationship between the intensity of an auditory stimulus and following and
that this relation was a normal one for the species. In Impekoven's study
the call was played to the embryos at a level of 72 db which is in the
normal range for the Peking. The intensity used in Hess! study is unknown.

To summarize the research findings so far:
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1. Parentally naive ducklings display selective responsiveness to

- conspecific maternal calls and electronic simulatiohs of these calls.
(Gottlieb, 1965, 1971, Heaton, 1971, chapter 3 of this report).
The responsiveness to these calls was measured in terms of the
incidende, latency and duration of following and/br approach responses
to the calls.

2. There is conflicting evidence with regard to the effect of prenatal
auditory stimulation on posthatching filial responses. In an
apparently well controlled experiment Impekoven (1973) found that
prenatal exposure to the species specific maternal call resulted in a
significant increaée in the strength of the approach response to that
call after hatching. The attempt by Hess (1959) to demonstrate
prenatal auditory imprinting failed. Doubts about his methodology
have been expressed;

3. There is further evidence to support the notion that prenatal
experience of parental calls influences the later effectiveness of
these calls in eliciting filial responses. Guillemot chicks."learn",
or acquire recognition of, the individual characteristics of the
luring calls of both their parents while still in the egg. (Tschanz,
1965, 1969). A similar study by Beer (1970 a & b) suggests that
Ltaughing Gull Ehicks also acquire individual recognition of the voices
of their parents during their prenatal life.

Experiment 4 in this series was designed to ascertain whether prenatal
experience of an artificial call, for which naive Peking X Aylesbury

Ducklings show the greatest preference, affects the strength of responsiva-

ness to that call, 20 : 2 hrs. posthatching.
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Experiment 4: The Effect of Prenatal Stimulation with an Optimal
Artificial Call on the Postnatal Responses of Pekinn X Aylesbury Ducklings
to _that Call.

Method:

The subjects for experiment 4 were 40 Peking X Aylesbury ducklings.
Half of these ducklingé were incubated and hatched in the control incubator
in a sound attenuated room. The other 20 birds were incubated and hatched
in the experimental incubator in a separate sound attenuated room.
Commencing on the 18th day of incubation the eggs in the experimenfal
incubator were subjected daily to six half hour spells of exposure to the
intermittently presented optimal call (12 seconds on time: 6 seconds off-
time). The optimal call used in this experiment was the same call for
which naive ducklings in Experiment 3 had shown the greatest ﬁreference.
Prenatal auditory stimulation was maintained until the day of hatching.
Further details of incubation, prenatal stimulation and brooding are
provided in chapter 2.

Ducklings from the experimental and control groups were tested indi-
vidually at 20 : 2 hrs. posthatching for responsiveness to the same
optimal call used in prenatal stimulation of the experimental group.

Each subject was subjected to a 12 minute following test and a 5 minute
approach test. As usual the birds were allowed a 5 minute pretest
acclimatization period.

The latency and duration of following and approach responses of
experimental and control subjects were evaluated statistically by.means
of the Mann Whitney U test. The proportions of birds responding in each
group was evaluated by the Chi sguare test.

Results:

The incidence of responses, mean scores and standard deviations of
the experimental and control groups are shown in Table 13. As shown in
Table 13 the prenatally stimulated experimental group responded more often

and displayed the strongest mean responses (shortest latency, longest
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TABLE 13
Experiment 4 : Response Measures of Prenatally Stimulated Peking

X Aylesbury Ducklings (Experimental Subjects) and Non Stimulated
Control Subjects in Following and Approach Tests with the Optimal

Call.
Response Measure Experimental Control
- Group (N = 20) P Group
(N = 20)
Following Response
Incidence (%) 85 ns 75
Mean Latency (in seconds) 180.0 <05 2986.8
S.D. 237.7 267.9
Mean Duration (in seconds) 220.1 <-05 131.9
S.D. 157.0 ' 106.6
Approach Response
Incidence (%) 95 ns 85
Mean Latency (in seconds) 35.7 ns 81.9
S.D. 71.0 104.3
Mean Duration (in seconds) 256.9 {002 170.5
S.D. 70.9 166.8

Note: The p-values in the table refers to data in the columns Lo
which they are interposed.

ns = non-significant statistical difference (two tailed p .05)




TABLE 14

Experiment 4: Response Measures of Prenatally Stimulated Peking

X Aylesbury Ducklings (Experimental Subjects) and Non Stimulated

Control Subjects in Following and Approach Tests with the Optimal
Call : Responders Only.

Response Measure Experimental ‘ Control
Group Group

Following Respanse

Incidence (%) 85 75
Mean Latency (in seconds) 847 158.4
S5.0. 52.8 113.7
" Mean Duration (in seconds) 258.9 175.9
5.0. | 136.4 84.5

Approach Response

Incidence (%) 95 85

Mean Latency (in seconds) 21.8 43,4
S.D. - 35.2 49,0

Mean Duration (in seconds) 270.5 200.5
S.D. 38.1 75.3
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duration) to the optimal call.

The results of the Mananhitney U testS_indicated that there were
significant differences between the two groups with respect to latency
- of following (u = 117.5, n3 nyp = 20, p<.05), duration of following
(u = 125.5, n} ny = 20 p<.05) and approach duration (q = 70,5, n; ny, = 20,
p<{.002). In the case of approach latency the differences between £he
two groups did not prove to be reliable (u = 133, 5, n; = 20,n, = 20,
p>.05).

With regard to incidence of response there was no significant
difference between the experimental and control groups in the proportion

of birds that followed (X2 = 0.625, df = 1, p>.05) and approached

(x2 = 1.11, df = 1, p>.05) the model emitting the optimal call.

Discussion

The fact fhat the proportion of birds in each group to fespond to
the optimal call in following and approach tests did not differ signifi-
cantly was not unexpected. Earlier experiments have indicated that the
large majority of birds respond to the optimal call even without prenatal
experience of the call i.e. they show a natural preference for the call.
In fact, a low incidence of response in the control group would have been
an indication of something amiss.

O0f greater concern is the strength of response of subjects in each
group. The results of statistical analyses indicate that in three out
of the four main response measures the experimental group showed signifi-
cantly stronger responses than the control group. It is therefore
concluded that prenatal auditory stimulation with an optimal artificial
call resulted in enhanced responsiveness to that call at 20 : hrs. post-
hatching. The lack of a statistically significant difference ih latency

of appfoach was not regarded as sufficient grounds for negating the

finding of positively modified responsiveness in other measures.
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The implications of these findings for imprinting theory and research
should not be missed. . Since imprinting is most frequently discussed,
and even defined, in quantitative terms (incidence or strength of follow-
ing and approach responseé) it is essential that workers in this field
take into account the factors which affect the strength of responses of
birds in imprinting situations. It is proposed that greater cognisance
be taken of the natural and acquired preferences which birds bring to
the imprinting situation. Too few workers view imprinting from a |
developmental viewpoint. On the whole the tendency has been to con-
centrate on the initial exposure to the object of attachment in the post-
natal imprinting situation as the event of major importance in the
establishment of long term filial bonds. However, the classical notion
of imprinting that compares the imprinting process to the impressing of a
pattern upon a tabﬁla rasa is clearly inadequate in the light of this and
other recent research. Imprinting can no longer be construed as a
simple process of "acquisition of recognition" during a "critical" post-
hatching period. In the wider sense of the term, "imprinting", parti-~
cularly in natural situations, is a complex process involving the dynamic
interaction of organismic, sensory stimulative and situational factors.

In the present study a start has been made in the attempt to determine
Jjust how much of fesponsiueness of duckling in the initial imprinting situ-
ations is the result of natural stimulus preferences and how much can
be credited to prenatal stimulative factors. Although it would be un-~
wise to speak, at the present stage, in quantitative terms it is not
unreasonable to suggest, tentatively, that the difference in response
strength between the experimental and control groups in Experiment 4 may
be seen as a measure of the influence of prenatal experience of the call.

To summarise, it has been demonstrated so far that:
1. nalive birds respond selectively to certain calls. That is,they

display natural or innate preferences, which to the best of our
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knowledge cannot be related to any known stimulative factors.
2. but, it has also been shown that the strength of response to the
preferred call is enhanced by prenatal experience of this call.
The results of Experiment 4 thus add support to a probabalistic inﬁer—
pretation of the epigenesis of stimulus preferences in ducklings.
That is, this study provides evidence that sensory stimulation plays a
regulative role in the development of stimulus preferences in ducklings
and that preferential responses are not simply the fesult of the passive
translation of genetic material. It would appear that a species specific
génetic complement underlies the existence of preferences for certain
classes of stimulus. But it is also evident that the strength of pre-
ferential responsiveness is regulated, in part, by auditory stimulation
ofiginating from the embryos themselves, their siblings and their parents.
The notion that prenatal stimulation with the parental call influences
postnatal responsiveness to that call is consistent with naturalistic
observations of the dynamic relationship which exists between the parent
and the embryo inthe eqg. (Impekoven, 1969, Hess, 1972).

The findings of the present study, although being mainly of relevance
to the general theoretical issues discussed in the preceding paragraphs,
alsoc raise some guestions concerning the "critical period" concept.

Over the years the "all-or-nothing" conception of the critical periaod

has largely beenvreplaced in the literature by the notion of a "sensi-
tive period", a period during which the strongest impriﬁting is likely to
occur. Nevertheless it is widely accepted that the period when the bird
is most receptive occurs some time after hatching. Such an assumption
is implicit in Hess' (1973) definition of imprinting as a "...process in
which there is an extremely rapid attachment, during a specific critical
period, of an innate behaviour pattern to specific objects which there-

after become important elicitors of that behaviour pattern (p.65)."
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Since the "behavinurpattern" Hess is réferring to is most frequentiy a
locomotor résponse this definition automatically disallows the possibil-
ity that imprinting‘might occur prenatally. It follous, thérefore, that
this definition also excludes the possibility tHat there might exist some
time during embryological development a period when birds are particularly
receptive to becoming attached to auditory stimuli. Yet the studies of
Tschanz (1965, 1968) and Beer (1970 a & b) have shown that birds "acquire
recognition” of their parental calls before hatching. Birds with pre-~
natal experience of their parents calls respond positively to these calls
but avoid the calls of neighbouring parents. Surely these are examples
of prenatal auditory imprinting.‘ And if a sensitive period for imprint-
ing does exist in these birds then it must be some time before hatching.
These conceptual problems will continue to arise so long as imprint-
ing is conceived of as necessarily involving locomotor behaviour responses.
(Sﬁggestions for establishing wider and more precise behavioural criteria
of imprinting are discussed in Chapter 5). The results of the present
study indicate that Peking X Aylesbury ducklings are receptive to an
optimal artificial call some time before hatching but they provide no
indication of the period when birds were most sensitive. Since pre-
natal stimulation commenced before the functional development of the
auditory system and was continued intermittently until hatching, it is
not possible to delineate any sensitive period. Future research, in
which prenatal auditory stimulatipn is presented at specified times only,

may throw some more light on this issue.
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Experiment 5: The Effect of Prenatal Exposure to an Altered Optimal
Call on Postnatal Responses to the Altered and Optimal Calls.

In Experiment 4 it was shown that prenatal exposure to a call with
the acoustic characteristics for which naive ducklings show the greatest
preference results in strengthening of their responsiveness to that call.
One of the aims of the last experiment in this series was to ascertain
whether it is similarly possible to enhance following and approach
responses to a call with a repetition rate at the upper limits of the
attractive rate range through prenatal stimulation with this call.

The results of Experiment 2 indicated that a rate of 8/second, although
by no means ineffective, was generally less effective than the optimal
rate of 4/second, as reflected in response measures.

A number of related questions were now asked:

1. Can this difference in responsiveness be reduced or eliminated
through prenatal stimulation with the optimal call altered to a
rate of 8/second? In other words, is it possible through sheer
exposure to a non-optimal call increase the responsiveness of
birds to that call until it equals or surpasses the natural
responsiveness of naive birds to the optimal call? That is, can
natural preferences be overriden by prenatal experience of a call
for which naive birds usually show less preference?

Essentially the same question,but viewed from anmother angle, is:
Does prenatal stimulation only have the effect of strengthening responses
to calls to which the birds are already attuned or will it enhance
responsiveness to less attfactive calls as well? That. is, does the
existence of natural preferences decrease the probability that birds will
become imprinted prenatally on birds of another species through experience
of their call?

So far the guestions have been concerned with whether it is possible

to -enhance the responsiveness of birds to non optimal calls through
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prenatal stimulation. A second group of questions now needs to be asked:
2. Will exposure to a non optimal call result in a weakening of
responsiveness to the optimal call? In other words, will
experience of an altered call interfere with the natural pre-
ference of ducklings.
The object of Experiment 5 was to provide answers to these questions.
Published studies of related problems provide little basis for
confident prediction of the outcome of a study designed to answer these
guestions. Gottlieb (1965), on the one hand, found that natural pre=-
ferences could not be overriden or interfered with by postnatal experience
of a'non-preferred call. Ducklings exposed early in postnatal 1life to
the call of another species still showed preference for the conspecific
maternal call in a choice test. In Gottlieb's study, however, thé
hatéhlings were exposed to the call of the strange species for only a
short period of time posthatching before being tested. The birds in
Gottlieb's study did not have experience of the strange call extending
as far back in time as the functional develcpment of the auditory system.
It was the aim of Experiment 5 to determine uhethef such extended
experience of a call altered from the optimal would override, or inter-
fere with, natural preferences.
fn a similar study dealing with a different sensory mode Simner
(1971) did succeed in modifying the responsiveness of chicks to a stimulus
presented at a non preferred rate. Simner first established that naive
chicks preferred a 4/second rate of intermittent visual flicker to a
2D/second rate. He then subjected chicks to 24 hours of perinatal
exposure to the non preferred rate. His results indicated positively
modified approach promoting propertieé for the 2D/seéond rate.
In a study involving prenatal auditory stimulation Grier, Counter
and Shearer (1967) exposed chicken embryos to 1 second beeps of a 200 Hz

tone from the 12th to the 18th day ofvincubatipn. A second batch
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received no such stimulation. Uithin 6 hburs of hatching all birds were
tested for approach énd Foliowing responses to sources emitting 200Hz

and 2000Hz tones. Grier et al found that the chicks exposed previously
to the 200Hz tons chose to respond to it while inexperieﬁced chicks were
indifferent in their choice of one or the other. Rajecki (1972),
however, was only able to replicate this research when responsiveness

was measured in terms of the absence of distress calling. The influence
of prenatal experience of the 200Hz call did not manifest itéelf in the
approach response.

In another experiment Rajecki (1972) was unable to achieve prenatai
auditory imprinting with a 2000Hz tone. It would thus appear that
chickens are only sensitive to prenatal stimulation with stimuli in a
certain range, a range into which 2000Hz does not fall.

It is of importance to the present study to note that the acoustic
characteristics of the call with which Grier et al achieved success differs
widely from the characteristics of the natural call i.e. a 770Hz funda-
mental frequency presented at a rate of 2,5/second. They thus succeeded
in enhancing responsiveness to a non-optimal call (200Hz at a rate of
1/second). The results of Rajecki's (1972) study indicates, however,
that, aithough not optimal, this call does have characteristics in a
generally attractive range.

In neither of the studies described above did the researchers
compare the responsiveness of prenatally stimulated birds to the non-
preferred call with their responsiveness to a preferred call.

In an attempt to answer the questions posed earlier in this intro-
duction the following completely randomized block design (Kirk, 1968) was

employed:
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POSTNATAL TESTING WITH EITHER:

Dptimal call Altered call
EXPERIMENTAL GROUP
Exposed Prenatally to Eopt Ealt
Altered Call
CONTROL GROUP
Incubated in Silence v Copt Calt

The optimal call used in this experiment for postnatal testing was the
same call for which naive ducklings in Experiment 3 had shown the
greatest preference (500, 800, 1600Hz, 50msec, 4/sec). The non pre-
ferred call used for prenatal stimulation and postnatal testing was the
same optimal call but with the repetition rate altered to a non-optimal
rate of 8/second. (Hereafter referred to as the "altered call").

One group of birds, the experimental gfoup, was subjected to prenatal
stimulation with the altered call and tested with either the optimal
call or the altered call, Another group, the control group, received
no prenatal auditory stimulation and was tested with either the optimal
or altered call.

This experimental design allows the following compariscns to be made:

1. Response strength of Ealt vs Calt.

The results of this comparison will indicate whether prenatal stimulation
with an altered call produced enhanced responsiveness to that call after

hatching.

2. Response strength of (a) Eopt vs Ealt (b) Copt vs Ealt.
The result of this comparison will indicate whether responsiveness to an
altered call can be increased, through prenatal stimulation with that

call, to the extent of approaching, equalling or surpassing the natural
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responsiveness of (a) the stimulated birds to an optimal call (b) naive
birds to an optimal call.
3. Response strength of Eopt vs Copt.
The results of this comparison will indicate whether prenatal stimulation
with an altered call interferes with the natural responsiveness of
ducklings to an optimal call.
Method:
The subjects for Experiment 5 were 60 Peking X Aylesbury ducklings.
Half (30) the subjects were incubated in the experimental incubator and from
the 18th day oF_incubation were subjected daily to six half hour spells
of exposure to the intermittently presented altered optimal call (500, 800,
1600Hz, 8/sec., 50msec) . The procedure of prenatal auditory stimulation
was the same as that followed in Experiment 4 and described in chapter 2.
The other 30 birds were incubated in the control incubator in a
separate sound attenuated room. Apart from self and sibling vocalizations
and the background noise of the airconditioner control,subjects received
no prenatal auditory stimulation.
Subjects from each group were randomly divided into a further itwo
groups. Fifteen experimental subjects and 15 control subjects were
tested with £he optimal call, while 15 subjects from each group were tested
with the altered call.
At 20 £ 2 hrs. posthatching each bird was individually subjected to
a 12 minute folloping test and a 5 minute approach test with either the
optimal or altered call. In all cases the following test was preceded
by a 5 minute pretest period of acclimatizatiaon. |
Latency and duration scores were transformed by means of‘a V;—:—TE
transfbrmation (Kirk, 1968) and evaluated statistically by means of a non
parametric two way analysis of variance,Hartley's Fmax. test for homoc~
geneity of variance (Viner, 1962) was employed and individual compari-

sons utilized Tukey's HSD test. (Kirk, 1968). The incidence of birds



82

responding in each group was evaluated by means of the Chi sguare test.
The rationale for employing these procedures is discussed in chapter 2.
Results:

The means and standard deviations of test scores of all groups are
shown in Table 15. In the upper portion of Table 15 thé means and stan-
dard deviations of transformed scores of all subjects in each group are
given in brackets. | As shown in the profiles of means (Figures 18 - 21)
responsiveness to the optimal call was clearly stronger (shorter latency,
ionger duration) than to the altered call irrespectivé of prenatal rear-
ing conditions. Two way analyses of variance indicated that the latency
and duration of following and approach responses of both experimental and
control subjects tested with the optimal call were significantly stronger
than responses of experimental and contrﬁl subjects tested with the
altered call. (Table 16).

As shown in Figures 18 - 21 the responses of experimental subjects were
generally slightly stronger than responses of control subjects except with
regard to approach latency in which case the experimental subjects
responded more slowly to the altered call than control subjects. That
these differences were not significant was indicated by the two way
analyses of variance which revealed_that there was no significant differ-~
ence in overall responsiveness between the experimental and'control
groups. There was no evidénce of interaction (Table 16).
The results of important pairwise comparisons shown in Table 17 may be
summarized as follows: with regard to latency and duration of following
and approach responses
i, Both Eopt and Copt differed significantly with Ealt and Calt.
ii, There was no significant difference between Eopt and Copt in all
measures. The same finding held for comparisons between Ealf and

Calt.



Experiment 5

TABLE 15

¢ Response Measurss of Peking X Aylesbury Ducklings Exposed Prenatally to the Altered Call

(Experimental Subjects) and Non-Stimulated Control Subjects in Following and Approach Tests with the

Altered and Optimal Calls

Following Response Approach Response
Test Call N Incidence Latency,Sec Duration,Sec Incidencs Latency,Sec. Duration,Sec.
% Mean S.D. Mean S.D. % Mean 5.D. Mean S.D.
Response Measures of All Subjects - Transformed Means and S.D. in ( )
Experimental
Group
Optimal Call 15 87 204.9 220.3 189.3 200.4 87 71.7 105.2 205.9 107.8
(12.9) (6.5) | (11.6) (7.6) (6.6) (5.6) | (13.3) (5.7)
Altered Call 15 67 370.8 275.3 46.0 52.8 73 184.9 102.8 73.9 84.3
(17.9 (7.5) (5.5) (4.2) (12.8) (4.8) (6.9) (5.2)
Control Group
Optimal Call 15 87 209.3 216.0 169.8 130.5 73 96.1 129.3 172.3 121.1
(13.2) (6.2) {(11.6) (6.3) (7.7) (6.3) | (11.3) - (6.9)
Altered Call 15 60 433.2 266.3 34.3 42.9 73 174.9 96.1 59.0 62.5
(19.7) (5.9) | (4.5) (3.9) (12.7)  (4.1) ]| (6.4) (4.5)
Response Measures of Responders Only
Experimental
Group
Dptimal Call 15 87 125.7 95.0 218.4 199.9 87 36.5 53.7 237.6 73.4
Altered Call 15 67 192.2 127.7 69.0 50.8 73 143.0 86.9 100.8 83.5
Control Group
Optimal Call 15 87 130.8 65.5 195.9 119,7 73 22.0 26.8 234.9 . 65.9
Altered Call 15 60 242.0 145.7 57.1 42,0 73 125.4 66.3 80.5 59,7

g6
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TABLE 16

Summary Table for Two Way Classification Analyses of Variance on
Response Measures of Experimental and Control Groups (Factor A)
Tested with an Optimal or Altered Call (Factor B).

Source df ms F p
Latency of Following
A (Experimental vs Control 1 17.7 .382 ns
Group)
B (Optimal vs Altered Calls) 1 495 10.6 <.01
AB (Interaction) 1 8.36 .180 ns
Within 56 46.4
Duration of Following
A (Experimental vs Control 1 4.05 .124 ns
Group)
B (Optimal vs Altered Calls) 1 655 20.0 <.01
AB (Interaction) 1 2.77 .008 ns
Within 56
Latency of Approach
A (Experimental vs Control 1 3.79 134 ns
Group)
B (Optimal vs Altered Calls) 1 469 16.9 <.01
AB (Interaction) 1 6.38 .230 ns
Within 56 ?27.6
Duralion of  Approach
A (Experimental vs Control 1 24.4 .767 ns
Group)
B (Dptimal vs Altered) 1 472 14.8 <.01
AB (Interaction) 1 7.25 . 227 ns
Within 56 - 31.8
Note: ns = non significant statistical difference (p>.05)

96
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TABLE 17

Experiment 5: Summary table of Pairwise Comparisons of Following. and

Approach Measures of Experimental Subjects tested with the Optimal
(E0) and Altered calls (EA) and Control Subjects Tested with the Optimal
(CO) and Altered Calls (CA) (Tukey's HSD test).

Following Latency Foliowing Duration
{
E0 (X = 204.9) E0 (X = 189.3)
{
EO - EO - -
EA (X = 370.8) EA (X = 46.0)
2.84 , 4.18
- - ‘ EA - —_
FA p = .05 CO (X = 209.3) : p<.01 CO0 (X = 169.8)
.184 2.64 .006 4.12
Co - - co -
ns ns CA(X= 433.2) ns p<.01 CA(X=34.3)
3.88 1.04 3.69 4.83 .643 4,77
CA - CA : -
p<.01 ns pd.01 p<.01 ns p{.01
Approach Latency Approach Duration
E0 (X = 71.7) E0 (X = 205.9)
i - :
EQ - _ - EQ - _
' EA (X = 184.9) EA (X = 73.9
. 4.59 ! 4.32 _
EA - - EA - -
p<.01 Co (X = 96.1) p<.01 CO (X = 172.3)
i .851 3.74 1.35 2.97
co - co - -
) ns p<. 05 CA(X =174.9) ns pl.05 CA(X =59.0)
4.48 .110 3.63 4.72 .308 3.37
CA - CA -~
: p<.01 ns p<.05 p<.01 ns p{.05
Notes: 1. Key EO0 = Experimental group tested with Optimal call.
EA = Experimental group tested with Altered call.
CO = Control group tested with Optimal call.
CA = Control group tested with Altered call.
2. In all cases degrees of freedom = 2/56.
3. ns = non significant statistical difference (p>.05)




98

The chi square analyses revealed no statistically significent difference
between any of the four groups with respect to the incidence of following
(x2 = 4.53, df = 3, p».05) and approach responses (X2 = 1l.12, df = 3,
p>.05).

Discussion:

Since both calls uséd in this experiment were generally attractive
the insignificant differences in inecidence of response were expected.

Of major concern were any alterations in the strength of responding which
may have occurred.

The results of this study indicate that there was no significant
alteration of latency and duration of approach and following responses
to the optimal or altered call as a result of prenatal stimulation with
the altered call. Specifically, there was no marked increase in the
strength of response of prenatally stimulated experimsntal subjects to
the altered call and no evidence of interference with responses to the
optimal call. Both experimental and control subjects showed a strong
preference for the optimal call.

As shown in Table 15 and Figures 18 - 21 there was a slight, but
generally consistent, decrease in latency scores and increase in duration
scores in the groups with prenatal experience of the alterea call ( i.e.
Eopt, Ealt). The change in responsiveness of the Ealt group did not
appear to be related to experience of the unique characteristics of the
altered call since the change was found in the Eopt group as well. This
- suggested that a factor or factors common to both calls might be responsi-
ble for the slightly stronger responsiveness of prenatally stimulated
birds. It is possible that prenatal experience of any sound at the
optima; intensity might positively influence postnatal responses to sounds

at the same intensity. (Both altered and optimal calls were presented at

the same intensity). The mechanism operative here might be analogous to
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a priming mechanism.
With regard to the questions posed earlier it is now possible to
6oncluda that:
1. Prenatal stimulation with a non-preferred call did not result in
a significant increase in the strength of postnatal responsiveness
to the non-preferred call.
2. It thus proved impossible to alter ducklings' natural preference
for the optimal call.
3. Prenatal stimulétion with a non-preferred call did not interfere

with the natural responsiveness of the ducklings to the optimal call.
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CHAPTER 5

CONCLUSIONS AND SUGGESTIONS FOR FUTURE RESEARCH

Conclusions.

The results of the present series of experiments indicate that
naive Peking X Aylesbury ducklings react selectively to certain classes
of stimuli and that their differential responsiveness takes place without
the benefits of any known form of learning. The species specificity
of their responsiveness suggests that ducklings inherit a highly attuned
response predisposition directed towards specific‘stimulus complexes.

In natural circumstances this predisposition is for the conspecific
maternal call. The beneficial value of this ability to respond selecti-
vely to certain classes of stimuli is clear. In natural situations
precocial ground nesting hatchlings may be prevented from enjoying con-
stant visual contact with the parent because of the terrain. However,
by means of calling the hen is able to maintain a high degree of social
control over her hatchlings, directing them towards sources of food and
away from predators.

This ability does not represent merely the unfolding of a fixed or
predetermined organic substrate independent of normally cccurring sensory
stimulation. The results of Gottlieb's (1971) elégant study indicaté
that the epigenesis of species specific auditory perception is a proba-
balistic phenomenon, the threshold, timing and Qltimate perfection of
such perception being regulated jointly by orgénismic and sensory stimu~
lative factors originating from the embryo's and sibling vocalizations.

That the strength of postnatal responses is influenced as well by
prenatal auditory stimulation from other sources is indicated by the
results of experiment 4 in the present study. Duckling exposed pre-
natally to a preferred artificial call displayed stronger postnatal
responses (shorter latency, longer duration) to that call than ducklings

incubated in silence. This finding provides further support for a



101
- probabalistic interpretation of the épigenesis of differential responding
in ducklings.

The results of the final experiment have shown that prenatal stimu-
lation only enhances responsiveness to calls for which ducklings shouw a
natural preference. It proved impossible to alter the preferences
of ducklings by extended prenatal stimulation with a non preferred call.
Again the biological significance of this evident.r The presence of a
predisposition for specific classes of calls would seem to greatly reduce
the likelihood of the birds' becoming imprinted to species other than

their own while still in the egg and after hatching.
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Suggestions for future research

Approximatioh of experimental conditions to the natural situation

In natural situations auditory stimulation emanating from the parent
does not oécur independently of other parental activities. For example,
it has been observed that egg shifting goes together with exposure to
light and lowering of temperatures and parental calling either precedss
or follows shifting. (Impekoven, 1973). The close temporal correla-
tion of these activities may prove to have an important influence on the
later behaviour of the bird. It is possible that there is some sort |
summation of effectiveness of different sensory modalities.

One way in which such influences might be detectéd would be to
simultaneéusly vary stimulation in various sensory modalities and obserﬁe
for differences in.postnatal Tesponses. For exahple, one group of
embryos could be exposed to auditory stimulation at the same time the
eqggs are turned while anﬁther group could be stimulated at times when the
eggs are still. Similarly exposure to light and cooling could be varied
with different combinmations of calling and turning patterns. Experi-
mental studies of this kind combined with naturalistic field observations
might provide the investigator with information about the most natural

way of presenting experimental stimuli.

The importance of approximating the natural conditions in experi-
mental research may have been underestimated. If a researcher uses
unnatural types and patterns of stimulation it would not be inappropriate
to question statements about the biological significance of resultant

behaviour.
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The Quantitative Analysis of Vocalization Patterns:
Emergence of an Additional Index of Social Attachment.

Apart from following and approach behaviour,that aspect of the
behaviour répertoire of ducklings which appeared to be most closely
related to social attachment was the vocalization patterns. The
impression was gained that those ducklings which showed strong locomotor
responses displayed a fairly characteristic pattern of calling which
differed markedly from the vocalization pattern of poor or non-responders.

On introduction into the test apparatus most birds would start
emitting a stream of intense, high pitched cheep-like sounds. This has
been identified as a distress call which is emitted in natural circum-
stances a variety of aversive situations e.g. reduction of body tempera-
ture, during threat from predators, during painful stimulation (Hafez,
1962). Distress calling tended to continue, with short interruptions,
for the duration of the 5 minute pretest period in spite of the presence
of the silent, stationary model.

It was during the presentation of the auditory stimulus that the
characteristic patterns emerged. Whereas the poor responders emitted
distress calls almost continuously, interspersed with brief periods of
exhausted silence, the strong responders did so only at particular times
during testing.

These abservations raised the possibility that vocalization patterns
might prove to be a sensitive indicant of social attachment. Further
observations suggested that it might be even more sensitive than the
standard index of imprinting used by most investigators i.e. locomotor
responses. In the present study it was noticed that many ducklings in
the initial stages of following did so in a laboured and uncoordinated
way . Amazing as it is to altricial observers, precocial birds do
possess the ability to walk shortly'after hatching. However it is possi-

ble that their walking abilities are not as perfectly developed as other
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behaviour patterns. Since birds begin vocalizing well before hatching
it seems likely that vocalizing abilities will be at a greater level 6?
perfection, shortly after hatching, than locomotion. If this is indeed
the case vocalization might prove to bé, not only a sensitive index of
-imprinting, but also a more sensitive one than locomotor responses.
That a relation between imprinting and distress vocalizations exist has
been demonstrated by Hoffman (1968). He found that ducklings which had
been imprinted ona moving cbject in the first two days posthatching
emitted distress calls when the imprinting object was withdrawn. The
distress calling almost invariably terminated when the imprinting object
was again presented.

Similar responses were observed in the present study. In this case,
however, withdrawal of the aﬁditory stimulus alone was sufficient to
evoke distress calling. | It was observed that a fairly characteristic
pattern of distress and contentment vocalization occurred in relation to
the presentation of the auditory stimulus. This pattern is clearly
illustrated in the results of running spectrum analyses of duckling
vocalizations emitted in relation to the 12 second on-period and the 6
second off period of the auditory stimulus.  The running spectrum analyses
were performed using the Spectral Dynamics Model S.D. 301 Real Time
Analyser, as modified by the Electrical Engineering Department, University
of Cape Town (Semmelink, 1974). The spectra were displayed on a storage
oscilloscope and photographed using a Polaroid land camera. In Figures
22 and 23, which are reproductions of photographs of the oscilloscope
screen, the frequency dimension is represented on the vertical scale and
time on the horizontal scale. Although a separate scale for amplitude
is not included in the present analyses, the relative intensity of the
vocalizations con be guaged from the widlh of Lhe signals. The rous of
repetitive signals seen in the two lower divisions are those of the

optimal call which was used as the auditory stimulus. The large gaps in
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more objective.grounds. Future research findings might support the
hybothesis that vocal interaction patterns between the duckling and the
parent or surrogate mother is a sensitive and valuable index of saocial
attachment.

If it is correct that the absence of distress calls is an indication

of attachment and that distress is evoked by'mithdramal of the imprint-
ing stimulus,then saome interesting facts emerge from the present study.
It wyould then appear thét those birds imprinted in this study were

" imprinted solely on the auditory stimulus and not on the object since
brief withdrawals of sound evoked distress vocalizations in spite of the
fact that the object was nmot removed i.e. the visual and tactile attri-
butes of the model alone did not prevent distress calling.

Whilst many authors have commented on the vocalizations of birds in
imprinting situations few have gone so far as to attempt quantitative
analyses. Those workers that have attempted quantification such as
Hoffman, Stratton, Mewby & Barrett (1970), have concentrated on recording
the total time of distress calling and not on vocalization interaction
patterns. Observations made during the present study indicate that such
interaction patterns warrant attentian. It is proposed that future
research be directed towards establishing, more objectively, the relation-
ship between the patterns and proportions of distress and contentment
vocalizations, locomotor responses and long term effects of early social
attachment. Until this is done the validity of using vocalizations as

a criterion of long term attachment will remain suspect.
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RESPONSE MEASURES IN FOLLOWING AND APPROACH

TESTS (RAW DATA).
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Pre-Test Approach Following Response Approach Response
g Response
Latency,5ec | Duration,Sec Latency, Sec | Duration,Sec Latency, Sec} Duration, Sec
Experiment 1 : Response measures to Complex Call 1.

1 - - 120 88 63 81
6 - - 316 106 300 0
11 - - 720 0 129 37
16 - - 20 188 3 254
21 - - 156 175 44 22
26 192 3 126 146 12 182
31 - - 88 306 11 188
36 - - 318 106 40 122
41 - - 720 0 300 0
46 - - 56 ' 74 44 154

Experimgnt 1l: Response measures to Complex Call 2.

2 - - 720 0 300 0

7 - - 496 14 300 0
12 - - 320 51 139 36
17 - - 720 0 258 16
22 73 11 194 88 95 110
27 - - 278 24 23 123
32 - - 720 - 0 300 0
37 - - 720 0 300 0
42 9 4 159 71 . 156 76
47 - - 211 45 131 141
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Pre~-Test Approach Following Response Approach Response

Response

Latency,Sec Duration;Sec Latency,Sec | Duration,Sec Latency,Sec | Duration, Sec

Experiment 1 : Response measures to Complex Call 3.

3 422 21 - 191 43

8 242 81 83 137
13 274 16 12 168
18 720 0 300 0
23 720 0 202 9
28 497 18 134 48
33 720 0 178 21
38 720 0 300 0
43 177 20 74 90
48 720 0 300 0

Experiment 1l: Response measures to Complex Call 4.

4 209 27 126 28

9 88 105 17 180
14 720 0 300 0
19 24 184 78 93
24 375 70 149 26
29 720 0 300 0
34 720 0 300 0
39 720 0 300 0
44 234 58 214 14
49 476 21 34 173
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Pre~Test Approach

Following Response

Approach Response

S . Response
.atency,Sec | Duration, Sec Latency, Sec | Duration,Sec Latency,Sec Durétion,Sec
Experiment 1 : Response measures to Silent Control
5 - - 720 0 300 0
10 281 6 720 0 300 0
15 - - 720 0 300 0
20 - - 346 11 300 0
25 - - 720 0 300 0
30 - - 720 0 300 0
35 - - 720 0 300 "0
40 - - 416 13 223 7
45 - - 720 o 300 0
S0 - - 720 0 300 0
Experiment 2 : Response measures to Repetition Rate l/Sec

1 147 6 720 0 300 0

6 - - 324 34 228 33
11 - - 494 8 300 8]
16 - - 720 0 300 0
21 - - 720 0 300 0
26 - - 370 21 37 184
31 - - 720 0 236 28
36 - - 192 27 191 46
41 91 47 720 0 300 0
46 - - 210 33 88 22
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Pre-Test Approach
Response

following Response

Approach Response

Latency,Sec

Duratien,Sec

Latency,Sec

Duration, Sec

Latency, Sec

Duratien, Sec

Experiment 2 :

Response measures to Repetition Rate 4/Sec

2 - - 68 137 31 201

7 46 3 144 59 87 46
12 - - 44 145 27 273
17 - - 720 0 26 154
22| - - . 720 0 300 0
27 - - 183 113 122 178
32 192 7 284 140 55 221
37 8 5 76 131 70 193
42 - - 184 97 14 237
47 - - 184 91 63 247

Experiment 2 : Response measures to Repetition Rate B/Sec

3 - - 720 0 300 0

8| - - 418 6 300 0
13 - - 272 40 101 171
18 -~ - 246 151 46 216
23 - - 373 47 154 16
28 - - 720 0 300 o
33 - - 197 101 141 48
L:] I - 720 0 300 0
43 - - 201 37 93 107
48 - - 54 38 a9 142
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Pre-Test Approach

Following Response

Approach Response

Response
S
Latency,Sec | Duration,Sec | Latency,Sec | Duration, Sec Latehcy,Sec Duration,Sec
Experiment 2 : Response measures}to Repetition Rate lﬁ/Sec

4 - - 720 0 300 0

9 - - 720 0 300 0
14 - - 720 0 © 300 0
19 261 3 518 7 211 11
24 - - 720 0 300 0
29 51 9 720 0 300 1]
34 - - 720 0 300 0 |
39 - - 311 15 300 0
44 - - 720 0 300 0
49 - - 720 0 173 23

Experiment 2 : Response to Silent Control

5 - - 720 0 300 0
10 201 18 416 22 300 0
15 - - 720 0 300 0
20 - - 720 0 300 0
25 - - 720 0 300 0
30 - - 720 0 300 0
35 - - 720 0 300 0
40 - - 720 0 300 0
45 - - 720 0 300. 0
50 - - 720 0 300 0




115

Pre-Test Approach Following Response Approach Response
5 Response
Latency,Sec | Duration, Sec Latency,Sec | Duration, Sec Latency,Secv Duration,Sec
Experiment 3 : Response measures to Duration 25msec.

1 17 7 121 125 30 | 217

6 - - 362 77 166 4
11 - - 221 43 23 244
17 - - 720 0 300 0
22 - - 202 96 101 98
27 - - 356 92 36 175
32 - = 720 0 12 125
37 - - 143 231 90 181
42 - ~ 720 0 300 0
47 - ~ 197 141 182 14

*¥516 died before testing.
! : 1
Experiment 3 : Response measures to Duration 50msec.

2 - - 76 291 3 262

7 - - 132 184 100 . 110
12 184 3 158 60 26 229
18 79 7 720 0 300 0
23 - - - 40 404 66 52
28 - - 720 0 21 261
23 - - 62 158 31 171
38 - - 116 196 3 294
43 - - 143 121 10 286
48 - - 243 197 18 279
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Pre-~Test Approach

Following Response

Approach Response

Response
S
Latency,Sec| Duration,Sec| Latency,Sec | Duration,Sec Latency,Sec| Duration,Sec
Experiment 3 : Response measures to Duration 100Omsec.
3 - ~ 720 0 300 0
8 - - 303 ‘48 149 24
13 - - 577 57 300 0
19 - - 466 37 153 12
24 - - 720> 0 300 1]
27 - - 720 0 172 40
34 - - 246 24 148 49
39 - - 317 63 107 124
44 - - 720 0 300 D
a| - - 191 111 73 133
Experiment 3 : Response measures to Duration 150msec.

-4 - - 720 0 300 0
] - - 720 0 300 0
14 - - 329 13 204 23
20 - - 423 g 177 48
25 - - 720 0 300 0
30 - - 720 0 300 0
35 - - 720 0 245 12
“ 40 116 6 720 a 300 0
45 - - 298 18 118 27
S0 203 20 720 0 300 0
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Pre-Test Approach

- Following Response \

Approach Response

Responses
S
Latency,Sec | Duration,Sec]| Latency,Sec | Duration, Sec Latency,Sec | Duration, Sec
Experiment 3 : Response measures to Silent Control

5 - - 720 0 300 0
10 201 11 720 0 300 0
15 - - 720 0 300 0
21 - - 720 0 300 0
26 - - 493 18 209 13
31 - - 720 0 300 0
36 - - 720 0 300 0
41 - - 720 0 300 0
46 - - 511 12 300 0
51 - - 720 0 300 0
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Pre~Test Ap
Respo

proach
nses

Following Response

Approach Response

Latency, Sec

Duration,Sec

Latency,Sec

Duration, Sec

Latency, Sec

Duration, Sec

Experiment 4 : Experimental Group
1 - - 75 389 5 268
2 - - 118 96 68 232
3 - - 24 302 11 280
4 - - 46 278 5 292
5 - - 720 0 10 290
6 - - 21 568 2 298
7 - - 174 240 4 296
8| - - 94 274 8 292
9 - - 117 118 28 231
10 101 27 57 216 12 273
11 - - 33 372 3 297
12 - - 39 329 4 296
13 - - 720 0 11 281
14 117 11 99 151 71 200
15 209 7 66 436 5 295
16 - - 73 191 15 278
17 - - 54 268 3 288
18 - - 203 18 141 159
19 - - 147 156 7 293
20 - - 720 0 BOb 0
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Pre-Test Approach
Responses

Following Response

Approach Responss

Latency,Sec | Duration, Sec| Latency,Sec

Duration,Sec

Latency, Sec

Duration, Sec

Experiment 4 :

Control Group

10
11
12
13
14
15
16
17
18
19

20

86 3
263 14
191 - 2

162
274
205
720
68
214
91
42
136
110
720
156
720
720
100
206
488
720
76

48

95

115

184

189

181

368

232

116

176

148

273

126

14

258

164

300

96

153

62

18

136

74

16

300

43

11

18

84

300

13
147
224
201
294
288
252

78
260
120

262

230 .
241
166

200

218

215
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Pre~-Test Approach Following Response Approach Response

Response
S . .
Latency,Sec | Duration,Sec | Latency,Sec | Duration,Sec Latency,Sec | Duration,Sec
Experiment 5 : Experimental Group - Response to Optimal Call
£l - - 720 0 194 106
E3 - - 212 176 2 298
ES - - 58 372 3 297
E7 - - 100 22 300 0
E9 - . - 156 | 118 79 101
£11 182 14 163 76 | 48 236
E13 - - 59 179 3 297
E£15 - ' - 22 533 3 297
£17 - - 213 158 54 238
£19 - - ¥ 137 287 3 297
E21 54 4 e 197 15 261
E£23 - - | 62° 668 3 297
E25 - - | 720 0 300 0
E£27 - - 143 ' 22 22 163
£29 - '— 263 31 46 201
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Pre-Test Approach

Fellowing Response

Approach Response

Responses
5 ,
Latency,Sec | Duration,Sec | Latency,Sec | Duration,Sec Latency,Sec | Duration,Sec
Experiment 5 : Experimental Group - Response to Altered Call

£2 - - 720 0 300 1]
E4 - - 433 34 239 61
E6 - - 720 s O 300 0
E8 63 17 21 109 11 257
E10 - - 720 0 162 138
E12 - - 720 0 196 14
Ela - - 99 81 73 98
E16 - - 233 47 241 21
E18 S 4 720 0 154 71
E20 148 7 327 20 300 0
E22 - - 324 14 300 0
£24 - - 96 181 247 31
E26 - - 67 73 101 143
£28 - - 104 86 142 42
E30 - - 188 35 7 233
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Pre-Test Approach

Following Response

Approach Response

5 Response
Latency,Sec | Duration, Sec| Latency,Sec | Duration,Sec Latency,Sec | Duration, Sec
Experiment 5 : Control Group - Response to Optimal Call

Cl - = 34 292 3 297

C3 - - 78 293 6 294

C5 - - 720 o 300 o

C7 - - 184 89 16 87
c9 111 9 102 28 300 0
c11 - - 73 381 7 293
C13 - - 222 171 11 207
C15 - - 186 83 47 194
C17 - - 161 301 14 274
C19 - - 247 24 300 0
c21 - - 720 0 300 o]
€23 - - 98 177 94 184
€25 - - 88 349 5 295
c27 - - 152 157 17 211
C29 - - 75 202 22 248
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Approach Response

Pre-Test Approach Following Response
S Response
Latency,Sec | Duration,Sec | Latency,Sec | Duration,Sec Latency, Sec { Duration,Sec
Experiment 5 : Control Group - Response to Altered Call

C2 - - 720 0 197 103
C4 - - 720 0 300 0
C6 - - 264 47 84 31
c8 - - .142 94 20 226
C10 - - 720 0 191 41
€12 - - 102 119 43 93
Cl4 - - 534 17 113 64
£le - - 343 9 300 0
€18 - - 153 12 201 895
C20 - - 256 57 79 63
' C22 - - 720 0 300 0
£24 9 43 67 110 127 125
£26 - - 317 49 173 12
€28 - - 720 0 300 0
€30 - - 720 0 195 32




APPENDIX 6

NOTES DN AUDID~VISUAL ILLUSTRATIONS.

The following films are available at the Department of Psychology,

University of Cape Town.

1.

2.

16mm Colour film:

A 300 ft. (£ 12 minutes), 16mm colour film has been produced. In this
film neonatal Peking X Aylesbury ducklings are shown performing the
characteristic following and approach responses on the circular
imprinting apparatus. A short sequence in which a duckling attempts
and finally succeeds in mounting and balancing on top of the moving
object is included.

The definition of this film is good but, unfortunately, it lacks sound.
Consequently the characteristic vocalization patterns which emerged are
not illustrated.

Black and white video~tape film:

A 30 minute video tape film is available in which all characteriétic
behaviour patterns are illustrated. In this film the lack of crisp
definition obtained in the colour film is compensated for by the good
recordings éf vocalizations emitted in relation to the presentation of

the auditory stimulus.



128

REFERENCES

Abbott, U.K. & Craig, R.M. The laboratory preparation of normal
avian embryos. Poultry Science,
1963, 42, 429-437,

Adam, J. & Dimond, S.J. The effects of visual stimulation at
‘ different stages of embryonic develop-
ment on approach behaviour.
Animal Behaviour, 1971, 19, 51-54. (a)

Adam, 3. & Dimond, S5.3. Influence of light on the time of
hatching in domestic chicks.
Animal Behaviour, 1971, 19, 226-229. (b)

Aronson, L.R., Tobach, E., Development and eveolution of behavior:
Lehrman, D.S., & Rosenblatt, Essays in memory of T.C. Schneirla.
J.5. (Eds.) San francisco : Freeman, 1970

Bateson, P.P.G. Effects of similarity between rearing

and testing conditions on chicks'
following and avoidance responses.
Journal of Comparative and Physiclogical
Psychology, 1964, 57, 100-103. (a)

Bateson, P.P.G. Relation between conspicuousness of
stimuli and their effectiveness in the
imprinting situation. Journal of
Comparative and Physiological Psychology,
1964, 58, 407-411. (b)

Bateson, P.P.G. The characteristics and context of
imprinting. Biological Review, 1966
41, 177-220

Bateson, P.P.G. The formation of social attachments in

young birds. Proceedings of the 15th
International Ornithological Congresse.
Leiden : Brill, 1972.

Bateson, P,P.G. & Reese, E.P. The reinforcing properties of conspicuous
stimuli in the imprinting situation.
Animal Behaviour, 1969, 17, 692-699

Bateson, P.P.G. & Wainuright The effects of prior exposure to light

A.A. on the imprinting process in domestic
chicks. Behavior, 1972, 42(3-4),
279-290.

Beer, C.G. ' Laughing gull chicks : Recognition of

their parents! voices. Science, 1969,
166, 1030-1032. '

Beer, C.G. On the responses of Laughing gull

: chicks (Larus atricilla) to the calls of
adults. I. Recognition of the voices
of the parents. Animal Behaviour
1970, 18, 652-660. (a)




sy

Beer C.G.

Beer, C.G.

Bonnet, L.

Boyd, H. & Fabricius, E.

Carter, T.C. & Freeman, B.M.
(Eds.)

Collias, N.E. & Collias, E.C.

Craig, W.

Drent, R.H., Postuma, K. &
Joustra, T.

Evans, R.M.

Evans, R.M.

Farbi, K.

Fischer, G.J.

Fischer, G.

1259

On the responses of Laughing gull

chicks (Larus atricilla) to the calls

of the adults. II. Age changes and
responses to different types of call.
Animal Behaviour, 1970, 18, 661-677.(b).

Individual recognition of voice and
its development in birds.

Proceedings of the 15th International
Ornithological Congress, 1972, pp.
339-356.

Practical duck~keeping. London: Land
Books, 1960.

Observations on the incidence of
following of visual and auditory
stimuli in naive Mallard ducklings.
Behaviour, 1965, 25, 1-15.

The fertility and hatchability of the
Hen's eqg. Edinburgh: Oliver & Boyd,
1969.

Some mechanism of family integration
in ducks. Auk, 1956, 73, 378-400

The voices of pigeons regarded as a
means of social control. American
Journal of Sociology, 1908, 14,
86-100.

The effect of egg temperature on
incubation behaviour in the Herring
Gull. Behaviour, Supplement, 1970,
17, 239-~258.

Imprinting and mobility in young Ring-
billed gulls, Larus delawarensis.
Animal Behaviour Monographs, 1970,

3, 193-248. (a)

Parental recognition and the "meuw
call" in Black-billed gulls (Larus
bulleri). Auk, 1970, 87, 503-513. (b)

Imprinting and conditioned imitative
reaction in domestic chicks.
Zeitschrift fur Psychologie, 1971,
179(2), 217-225.

Auditory stimuli in imprinting.
Journal of Comparative and Physiological
Psychology, 1966, 61, 271-273.

Arousal and impairment : Temperature
effects on following during imprinting.
Journal of Comparative and Physiological
Psychology, 1970, 73, 412-420.




Fischer, G.J.

Fischer, G.3. & Gilman, S.C.

Geldard, F.A.

Gold, P.S.

Gottlieb,

Gottlieb,

Gottlieb,

Gottlieb,

Gottlieb,

Gottlieb,

Gottlieb,

Gottlieb,

. 130

Sound stimuli and following in a
domestic fowl: Frequency, rate and
duration. Journal of Comparative
and Physiological Psycholoqgy, 1972,
81, 183-190.:

Following during imprinting as a
function of auditory stimulus inten=-
sity. Developmental Psychology,

1969, 1, 216-218.

The human senses (2nd ed.) New
York : John Wiley, 1972.

The effects of sensory stimulation
during embryogeny on growth, hatch-~
ing and imprinting in the domestic
chick. Unpublished doctoral
dissertation, New York University,
1971. '

Refrigerating eggs prior to incubation
as a way of reducing error in calcula-
ting developmental age in imprinting
experiments. Animal Behaviour, 1963,
11, 290-292. (a)

"Imprinting" in nature. Science,
1963, 139, 497-498. (b)

Imprinting in relation to parental

and species identification by avian
neonates. Journal of Comparative

and Physiological Psychology, 1945,
59, 345-356. (a) \

Prenatal auditory sensitivity in
chickens and ducks. Science, 1965,

147, 1596-1598. (b)

Species identification of avian
neonates : Contributory effects of
perinatal auditory stimulation.
Animal Behaviour, 1966, 14, 282-290.

Prenatal behaviour of birds.
Quarterly Review of Biology, 1968,
43, 148-174.

Conceptions of prenatal behavior.

In L.R. Aronson etal (eds.)
Development and evolution of
behavior. San francisco : Freeman,
1970.

Development of species identification
in birds: An inguiry into prenatal
determinants of perception.

Chicago: Univ. of Chicago Press, 1971.




131

Gottlieb, G. Neglected developmental variables in
the study of species identification
in birds. Psychological Bulletin,
1973, 79, 362-372 (a).

Gottlieb, G. ‘ Introduction to behavioral embryology.
In G. Gottlieb (Ed.), Behavioral
embryology: Studies on the development
of behavior and the nervous system.
Vol. I New York: Academic Press,
1973. (b)

Gottlieb, G. On the acoustic basis of species
identification in Wood ducklings
(Aix Sponsa). Journal of Comparative
and Physiological Psycholoqgy, 1974,
in press.

Gottlieb, G. & Klopfer, P.H. The relation of developmental age to
' auditory and visual imprinting.
Journal of Comparative and Physiologi-
cal Psychology, 1962, 55, 819-826.

Gottlieb, G. & Kuo, z-y Development of behaviour in the duck
embryo. Journal of Comparative and
Physiological Psychology, 1965, 59,
183~-188.

Gottlieb, G. & Simner, M.L. Auditory versus visual flicker in
directing the approach response of
domestic chicks. Journal of Compara-
tive and Physiological Psychology,
1969, 67, 58-63.

Graves, H.B. ' Early social responses in gallus:
A functional analysis. Sciences,
1973, 182, 937-938.

Graves, H.B. & Siegel, P.B. Prior experience and the approach
response in domestic chicks. Animal
Behaviour, 1968, 16, 18-23.

Gray, P.H. The releasers of imprinting: Differ-
ential reactions to color as a
function of maturation. Journal of
Comparative and Physionlogical Psycho-
logy, 1961, 54, 597-601.

Grier, J.B., Counter, S.A. & Prenatal auditory imprinting in
Shearer, W.M. chickens. Science, 1967, 155, 1692-
1693.
" Guilton, P. Socialization and imprinting in Brown

Leghorn chicks. Animal Behaviour,
1959, 7, 26-34

Hafez, E.S.E. The Behaviour of Domestic Animals.
London: Balliere, Tindall, & Cox, 1962.




Heaton, M.B.

Heinz, G.

Hess,

Hess,

Hess,

Hess,

Hess,

Hess,

Hess,

Hess,

Hess,

Hess,

E.H.

EOHI

E.H.

E.H.

E.H.

E.H.

E.H.

E.H.

E.H. & Hess, D.B.

. 132

Stimulus coding in the species-
specific perception of Peking
ducklings: An analysis of critical
elements and their prenatal
emergence. (Doctoral dissertation,
North Carolina State University,
1971).  Ann Arbor, Mich.: University
Microfilms, 1971: No. 71-24,332.

Responses of Ring-necked pheasant
chicks (Phasianus colchicus) to
conspecific calls. Animal Behaviour,
1973, 21, 1-9.

Natural preferences of chicks and
ducklings for objects of different
colors. Psychological Reports,
1956, 2, 447-483.

Imprinting in animals. Scientific
American, 1958, 198(3), 81-90.

Imprinting: An effect of early
experience, imprinting determines
later social behavior in animals.
Science, 1959, 130, 133-141. (a)

Two conditions limiting critical age
for imprinting. Journal of Compara-
tive and Physiological Psychology,
1959, 52, 515-518. (b) ‘

Ethology: An approach toward the
complete analysis of behavior.

In B. Brown, E. Galanter, E.H. Hess,
& G. Mandler, New directions in

psychology. New York: Holt, _
Rinehart & Winston, 1962. Pp. 157-266.

Imprinting in birds. Science, 1964,
146, 1128-1139.

Imprinting and the “critical period"
concept. In E.L. Bliss (Ed.) Roots
of behavior New York: Hafner, 1968,

"Imprinting" in natural laboratory.
Scientific American, 1972, 227(2),
24-31.

Imprinting : Early experience and
developmental psychobiology of attach-
ment. New York: Van Nostrand
Reinhold, 1973.

Innate factors in imprinting.
Psychonomic Science, 1969, 14, 129-
13a.




Hinde, R.A.

Hoffman, H.S.

Hoffman, H.S5., Barrett, 3J.,
Ratner, A. & Singer, D.

Hoffman, H.S. & Boskoff, K.J.

Hoffman, H.S. & Kozma, E.

Hoffman, H.S., Ratner, A.M. &
Eiserer, L.A. :

Hoffman, H.S., Searle, J.L.
Toffey, S. & Kozma, R.

Hoffman, H.S., Stratton, J.U.,

Newby, V. & Barrett, J.E.

Hurd, L.M.

Immelman, K.

Impekoven, M.

Impekoven, M.

133

Animal behaviour ¢ A synthesis of
ethology and comparative psychology.
(2nd ed.) New York: MeGraw-Hill,
1970.

The control of distress vocalization
by an imprinted stimulus. Behaviour,
1968, 30, 175-191.

Conditioned suppression of distress in
imprinted ducklings. Journal of
Comparative and Physiological Psychol-
ogy, 1972, 80, 357-364.

Control of aggressive behaviour by an
imprinted stimulus. PBsychaonomic
Science, 1972, 29, 305-306

Behavioral control by an imprinted
stimulus: Long term effects. Journal
of the Experimental Analysis of

Behavior, 1966, 9, 177-189.

Role of visual imprinting in the
emergence of specific filial attach-
ments in ducklings. Journal of
Comparative and Physiological
Psychology, 1972, 81, 399-409.

© Behavioral control by an imprinted

stimulus. Journal of the Experimental
Analysis of Behavior, 1966, 9, 177-189.

Development of behavioral control by
an imprinting stimulus. Journal of
Comparative and Physiological Psych~
ology, 1970, 71, 229-236.

Modern poultry farming. (4th ed.)
New York: Macmillan, 1956.

Sexual and other long term aspects of
imprinting in birds and other species.
In D.S5. Lehrman, R.A. Hinde, & E. Shaw
(Eds.), Advances in the study of
behavior, IV. New York: Academic
Press, 1972.

Prenatal experience of parental calls
and pecking in the Laughing gull chick
(Larus atricilla). Animal Behaviour,
1971, 19, 471-476.

Response-contingent prenatal experience
of maternal calls in the Peking ducke.
(Anas platyrhynchos. Animal Behaviour,
1973, 21, 164-168.




Impekoven, M. & Gold, P.S.

Ivinskis, A. & Kelly, R.

James, H.
James, H.

Jaynes, J.

Jaynes, J.

Jaynes, J.

Jaynes, J.

Joffe, J.M.

Keenan, M.G.

Kilham, P. Klopfer, P.H. &
Oelke, H.

134

Prenatal origins of parent-young
interactions in Birds: A naturalistic
approach. In G. Gaottlieb (Ed.)
Behavioral Embryology: Studies in the
development of behavior and the nervous
system. Vol. 1. New York: Academic
Press, 1973.

The effect of early enviromental
manipulation on the peck-order hier-
archies in domestic chickens.
Psychonomic Science, 1972, 28, 152-
154.

Flicker:An unconditioned stimulus for
imprinting. Canadian Journal of

Psychalogy, 1959, 13, 59-67,

Social inhibition of the domestic
chick's response to visual flicker.
Animal Behaviour, 1960, 8, 223-224.

Imprinting: The interaction of learned
and innate behavior. I. Development
and generalization. Journal of
Comparative and Physiological Psycholo-
gy, 1956, 49, 201-206. ‘

Imprinting: The interaction of learned
and innate behavior. II The critical
period. Journal of Comparative and
Physiological Psychology, 1957, 50,
6-10.

Imprinting: The interaction of learned
and innate behavior: III. Practice
effects on performance, retention and
fear. Journal of Comparative and
Physiological Psychology, 1958, 51,
234-237.(a)

Imprinting: The interaction of learned

and innate behavior. IV Generaliza-
tion and emergent discrimination.

Journal of Comparative and Physiologi
cal Psychology, 1958, 51, 238-242.(b)

Prenatal determinants of behavior.
Braunschwelg : Pergamon, 1969.

The effects of housing conditions on
imprinting. Dissertation Abstracts
International 1972, 33(1-B), 464.

Species identification and color
preferences in chicks. Animal
Behaviour, 1968, 16, 238-244.



Kirk, R.E.

Klopfer,
Klopfer,

Klopfer,

Klopfer,

Klopfer,

P.He

P.H.

P.H.

P.H.

P.H,

Kovach, J.K.

Kuo, Z-Y

Lorenz, K.

Lorenz, K.

Lorenz, K.

Lundy, H.

& Hailman, J.P.

Marais, C.L. & Joubert, 3J3.3.

Marler, P.

135

Experimental design: Procedures for
the behavioural sciences. Belmont,
Calif.: Brooks/Cole, 1968.

Is imprinting a Cheshire cat?
Behavioral Science, 1967, 12, 122-129.(a)

Stimulus preferences and imprinting.
Science, 1967, 156, 1384-1396. (b)

Stimulus preference and discrimination
in neonatal ducklings. Behaviour,
1969, 32, 3058-314.

Imprinting: Determining its perceptual
basis in ducklings. Jouyrnal of
Comparative and Physiological Psychology,
1971, 75, 378-386.

Perceptual preferences and imprinting
in chicks. Science, 1964, 145,
1333-1334.

Interactiaon of innate and acquired:
Color preferences and early exposure
learning in chicks. Journal of
Comparative and Physiological Psycho-
logy, 1971, 75, 386-398.

The dynamics of behavior development:
An epigenetic .vieuw. New York: Random
House, 1967. :

Der Kumpan in der Umwelt des Uogels.
Journal fiUr Ornithologie, 1935, 83,
137-213, 289-413.

The companion in the bird's world.
Auk, 1937, 54, 245-273.

Studies in animal and human behaviour.
Vol I Translated by R. Martin.
Cambridge, Mass. : Harvard University
Press, 1970.

A review of the effects of.temperature,
humidity, turning and gaseous environ-
ment in the %ﬁcubator on the hatcha-
bility of the hen's eqgg. In T.C. Carter
& B.M. Freeman (Eds.) The Fertility
and hatchability of the hen's egg.
Edinburgh: O0liver & Boyd, 1969.

Department of Agricultural Technical
Services Bulletin No. 366: Waterfowl
Pretoria: Government Printers, 1964.

Characteristics of some animal calls.

. Nature, 1955, 176, 6-7



Marler, P.

Matthews, W.A. & Hemmings, G.

Millikan, G.C.

Moltz, H.

Moltz, H.

New, D.A.T.

Oppenheim, R.W.

Oppenheim, R.W.

Oppenheim, R.U.

Polt, J.M. & Hess, E.H.

Polt, J.M. & Hess, E.H.

Proudfoot, F.G.

Rajecki, D.U.

136

Specific distinctiveness in the
communication signals of birds.

Behaviour, 1957, 11, 13-29.

A theory concerning imprinting.

Nature, 1963, 198, 1183-1184.

The development of filial behaviour
in ducklings. Behaviour, 1972,

43, (1-4), 13-47,

Imprinting: Empirical basis and
theoretical significance.
Psychological Bulletin, 1960, 57,

291-314.

Imprinting: An epigenetic approach.
Psychological Review, 1963, 70(2)

123,-138.

The culture of vertebrate embryos.

‘New York: Academic press, 1966.

L ight responsivity in chick and duck
embryos just prior to hatching.
Animal Behaviour, 1968, 16, 276-280.

Prehatching and hatching behaviour in
birds: A comparative study of altricial
and precocial species. Animal

Behaviour, 1972, 20, 644-655.(a)

The embryology of behavior in birds:

A critical review of the role of

sensory stimulation in embryonic move-
ment. Proceedings of the 15th Interna-
tional Ornithological Congress, 1972.
Pp. 283-302. Leiden: Brill, 1972.

Following and imprinting: Effects of
light and social experience.

Science, 1964, 143, 1185-1187.

Effects of social experience on the
following response in chicks.
Journal of Comparative and Physiclogi-~

cal Psychology, 1966, 61, 268-270.

The handling and storage of hatching
eggs. In T.C. Carter & B.M. Freeman
(Eds.) - The fertility and hatchability
of the hen's egg. Edinburgh: Dliver &

Boyd, 1969.

Effects of prenatal exposure to

auditory and visual stimulation on

social responses in chicks. (Doctoral

dissertation, University of Michigan,
1972) Ann Arbor, Mich: University
Microfilms, 1973. No 73-11236.(a)



Rajecki, D.U.

Ramsay, A.O.

Ramsay, A.0. & Hess, E.H.

Romanoff, A.

Salzen, E.A.

Salzen, E.A. & Sluckin, UW.

Salzen, E.A. & Tomlin, F.J.

Schein, M.

Schneirla, T.C.

Schulman, A.H., Hale, E.B. &
Graves, H.B.

Schutz, f.

Semmelink, A.

Shapiro, L.J.

137

Imprinting in precocial birds: Inter-
pretation, evidence and evaluation.
Psychological Bulletin, 1973, 79(1),

48-58. (b)

Familial recognition in domestic birds.
Auk, 1951, 68, 1-16.

A laboratory approach to the study of
imprinting. Wilson Bulletin, 1954,

66, 196-206. In B.H. Klopfer &

J.P. Hailman (Eds.) Control and Develop-
ment of behavior. Reading: Addison
Wesley, 1972.

Pathogenesis of the avian embryo.
New York: John Wiley & Sons, 1972.

Imprinting and enviromental learning.
In L.R. Aronson et al (Eds.) Develop-
ment and evolution of behavior.

San Francisco: freeman, 1970.

The incidence of the following response
and the duration of responsiveness in
domestic fowl. Animal Behaviour,
1959, 7, 172-179.

The effect of cold on the following
of domestic fowl. Animal Behaviour,
1963, 11, 62-65.

On the irreversibility of imprinting.
Zeitschrift flr Tierpsychologie, 1963,
20, 462-467.

Behavioral development and comparative
psychology. Quarterly Review of
Biolaogy, 1966, 41, 283-302.

Visual stimulus characteristics for
initial approach response in chicks
(Gallus domesticus). Animal Behaviour,
1970, 18, 461-466.

Sexulle Praegung bei Anatiden.
Zeitschrift fir Tierpsychologie, 1965,
22, 50-103. -

The use of a real time spectrum analyser
in speech analysis. Paper presented at
the Eight Internation Congress on
Acoustics, l.ondon, 1974.

Experimental control and automation in
a laboratory for imprinting research.
Journal of Comparative and Physiological

Psychology, 1970, 73, 421.




138

Siegel, S. Non parametric statistics for the
behavioral sciences. New York:
Mcgraw-Hill, 1956.

Simner, M.L. Relationship between cardiac rate
and vocal activity in newly hatched
chicks. Journal of Comparative and
Physiological Psychology, 1966, 61,
1966, 61, 496-498.(a)

Simner, M.l. Cardiac self-stimulation hypothesis
and the response to visual flicker
in newly hatched chicks: Preliminary
findings. Proceedings, 74th Annual
Convention, Amercian Psychological
Association, 1966, 1, 141-142.(b)

Simner, M.L. ' Effects of prehatch exposure to inter-
mittent visual stimulation on post-
hatch preferences for intermittent
visual stimulation in chicks. Paper
presented at the Eastern Psychological
Association Convention, New York, 1971.

Sluckin, W. Early learning in man and animal.
Cambridge, Mass. : Schenkman, 1972.

Sluckin, W. & Salzen, E.A. * Imprinting and perceptual learning.
Quarterly Journal of Experimental

Psychology, 1961, 13, 65-77.

Smith, F.V. & Bird, M.UW. Varying effectiveness of distant
intermittent stimuli for the approach
response in the domestic chick.
Animal Behaviour, 1963, 11, 57-61.

Spalding, D. Instinct: With original observation on
young animals. Macmillan's Magazine,
1893, 27, 282-293. Reprinted in:
British Journal of Animal Behaviour,
1954, 2, 2-11

Steel, R.G.D. A multiple comparison rank sum test:
Treatments versus control. Biometrics,
1959, 15, 560-572.

Thorpe, W.H. Learning and instinct in animals.
Cambridge: Harvard Univ. Press, 1956.

Tschanz, B. Beobachtungen und Experimente zur
Entstehung der "personlichen"
Beziehung Zwischen Jungvogel und
Eltern bei Trottellummen.
Verhandl Schweiz. WNaturforsch.
Gessellschaft, Zurich, 1964, 211-216.

Tschanz, B. Trottellummen. Zeiltschrift fir -
Tierpsychologis, 1968, 1-103 (Supple 4)




Verplanck, W.S.
Vince, M.A«

'Uince, M.A.
Vince, M.A.
Vince, M.A.

Vipce, M.A.

Winer, B.J.

138

An hypothesis on imprinting.
British Journal of Animal Behaviour,
1957, 5, 123.

Artificial acceleration of hatching
in Quail Embryos. Animal Behaviour,
1966, 14, 389-394.

Effect of rate of stimulation on
hatching time in Japanese Quail.
British Poultry Science, 1968, S,
87-91.

Embryonic communication, respiration
and the synchronisation of hatching.

In R.A. Hinde, (Ed.) Bird vocalizations
Cambridge: University Press, 1969.

The retardation of hatching in Japanese
Quail. Animal Behaviour, 1570, 18,
210-214.

‘Communication between Quail embryos

and the synchronisation of hatching.
Proceedings of the 15th International

Ornithological Congress. Leiden:

‘Brill, 1972.

Statistical principles in experimental
design. New York: McGraw-Hill, 1962.






