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ABSTRACT

observations of the stable family groups of Domestic

Chickens and Canada Geese have suggested the ability of

the young to recognize their offil parents by voice.

Laboralory experiments conducted with Domestic Chickens

and Canada Geese demonstrated lhat after training with a

parental call paired with visual movement ( simulating the

adult t s gait ) , the familiar call can produce a greater

number of approach responses relative to the parental calls

of other individuals. Distress vocalization j-s similarly

affected in Domestic Chicks. Th|s process of auditory

discrimination learning involving the presence of visual

movement may be a basis of individual recognition of the

parentls voice by the Young.

Investigation of the parameters of chick behavior and

parental sound in auditory discriminati-on learning showed

that a familiar parental call can cause a much earlier but

otherwise Slouler approach response than a novel parental

call from a second individual hen. A familiar call can al-so
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produce an approach response which at onsel is more

directly oriented towards the sound stimulus. An additional

series of experiments using synthetic call-s demonstrated

that call frequency appears to be the most important call-

parameter facilitating auditory discrimination learning

of individual calls. Such learning was not shown for intensity

and duration which appear, rather, to allow fine control over

chick behavior.
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GENERAL INTRODUCTION

Precocial and semiprecocial young birds (Nice, L962)

have often been observed approaching and following their

parents, for example, when initially leaving the nest, when

swimming and when walking around the breeding grounds

(cotlias, L962: 578-58f). The majority of studies of approach

and following behavior have concentrated on the responses

made to visual stimuli (Bateson, 1966; Sluckin, L965; Smith,

L969). However, parents of most precocial and semiprecocial

species also utter lparentall call-s when near their young,

when leading young and when on the nest before and duri-ng

hatching (Cotlias and Cotl-ias, L956; Hess, L972; Impekoven,

L973). This thesis is primarily concerned with the effects

such auditory stimuli have on the approach behavior of

young Domestic Chickens (Gal-lus eaff-ììjl-) and young Canada

Geese (BryLnt_a c_zuradensi_s-) .

Parental cal-ls can differ in structure between species.

Gottlieb (f968a, L97L, L973) described Nhe parental calls

of various duck species while Evans (IÇJOa, b, L973) and

Beer (t97Oa) have presented spectrograms of the parental

calls of four species of gulls. Species differences in

parental calls can produce differential effects on

embryonic behavior and may facilitate species recognition

by young on hatching (Gotth-eb, I97L, L973) . In Vrlood



Ducklings (Aj4 -sponsa), posthatch exposure to parental

calls enhances following of the species-typical call

relative to the call-s of other waterfowl (Klopfer, L959) 
"

Parental- calls also appear to infl-uence the development

of speci-es recognition by visual properties (Klopfer and

Gottlieb , 1962).

Different individuals of lhe same species may also

possess distinctive parental calls. Evans (lplOa, b) has

published spectrograms of the Bl-ack-bill-ed Gull (Larr¿s

bulleli) and the Ring-billed Gutl (LLrus delawareLs-is-)

demonstrating the individual distinctiveness of parental

calls. Individual distinctiveness of the tfishl call- of

the Sandwich Tern (Sl_eLn-a sandr¿.icensjs) has also been

shown (Hutchison, et- al, f968). Other examples were

reviewed by Beer (1970a). Individual- differences in

parental calls provide a lphysicalt basis for individual

recognition of parents by their young (Thorpe, L968).

Individual recognilion of parents by voice has

been experimentally demonstrated for young of several

speci-es, including the Common Guillemot (Uri-a aa.lee-)

(Tschanz, 1965, L968), Laughing Gul-l (Lalus q.l:-ti-ciff+)

(Beer , L969, L97Ob) , Ring-billed Gull (Evans , L97Ob) ,

Black-bitled Gull (Evans, L)JOa), Common Tern (Stelna

hirunùq) (Stevenson et Ê1, L97O) and the Domestic Chicken

(Ramsay, L95L) . Observations consi-stent with individual

recognition of parents by voice have also been reported



for the King Penguin (AJ_tenody-tes 'p_atagonic_a) (Stonehouse,

L96O), Canada Goose (Collias and Jahn, L959) and Several

other waterfowl species (Ramsay, L95L).

Klopfer (L959) found that selective responses to
particul-ar auditory stimuli in young ground-nesting

waterfowl develop when posthatch auditory exposure is
accompanied by the simultaneous movement of a human

investigator in fronl of the young bird (cf. Sluckin, L965:

107). 0n the basis of this report, Evans (L972) carried

out a laboratory experiment wi|h Domestic Chicks which

demonstrated thal pairing a swinging pendulum ( the visual

movement of which resembles to some extent the locomotory

gait of the parent) with a simul-ated parental cal-l can

subsequently enhance the number of approach responses

given to the familiar cal-l relative to a second call that

was not previously paired with the visual sti-mulus. Such

auditory discrimination learning, i-nvolving actr,ral parenlal

calls, was subsequently demonstrated by Evans and Mattson

(t972). Young chicks can give a higher number of approach

responses No a familiar parental call previously paired

with a visual stimulus, compared to a parental call from a

different individual hen. Visual stimuli may therefore be

especially effective in influencing the development of

individual- recognition by voice in young precocial birds

( cf. Evans , L972) .
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There are many aspects of indlvidual recognition of

the parental voice which remain to be elucidated. Part I

of this thesis presents three experiments to investigate

further the significant variables of auditory discri-mination

learning in Domestic Chickens. Section I tests whether a

more rnaturalisticr training procedure than that used by

Evans and Mattson (tgZZ) can result i-n chj-cks seleclively

approaching and distress calling to individual parental

calls. Distress vocalization is a new dependent variable in
the study of auditory discrimination learning of individual

calls. The second sectj-on of part I examines whether

selective responsiveness to individual calls can occur by

simple exposure in the absence of a visual stimulus i.e.

by auditory imprinting. The third section of part I presents

an experiment to test whether auditory discrimination

learning can occur in the classic revolvi-ng-wheel apparatus,

an adaptation of which has recently (gateson and Wainwright,

L972) been found useful in studies of vj-sual imprinting.
Although the Domestic Chicken is ideal biological

material for the testing and development of hypotheses

derived originatly from field studies (cf. lVood-Gush, L97L:

l), it is important lo determine if results obtained with

this species are applicabl-e to other precocial species.

Part II of this thesis extends research on the auditory

basis of lndividual- recognj-tion to a second precocial species,

the Canada Goose. Families of Canada Geese can survive

over more than one season and appear highly stable (Raveling,



L97O) which suggests that individual- recognition of voice

may be well-developed in this species under a variety of

soclal and ecological conditions. Section I of part II

describes a laboratory study to test the extent to which

goslings can selectively respond to a familiar parental

call previously paired with the movement of a pendulum.

Section 2 then presents an investigation to di-scover if

the call-s of different individual Canada Geese are

individually distinctive under alarm conditions, and

therefore potentially able to provide a basis for individual

recognition by goslings in lhe presence of predators and

intruders.
From the experiments in parts I and II of this thesis,

it became evident that 
""=B,ttårobtained with the Domestic

Chicken were similar No thos"/*ittr tt" Canada Goose. The

more readily avail-able Domestic Chickens were therefore

used for experi-ments in part III No investigate the actual

parameters of chick behavior and parental sound involved

in auditory discriminaNion learning.

An experi-ment to i-nvestigate the effect of individual
parental calls on the instantaneous speed, orientation,

direction of movement and latency of an approach response

is presented in section l- of part IIf. It should be noted

lhat instantaneous speed, although a standard measurement

in studies of animal mechani-cs ( Gray , L968; Tricker and

Tricker, L966; Alexander, 1968) , has apparently not
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been used previously to study discrimination learning Ín
young precocial birds. Sectíon 2 of part III presents

four experiments to delermine the possible call parameters

i-nvolved in auditory discrimination learning and the

individual recognition of parents by voice.

Each section of this thesis is presented in the

format of a sel-f-contained manuscript to aid future

dissemination of findings. These sections are followed

by a general discussion and the l-iterature cited.
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SECTION ONE

PARENTAL CALLS AND THE APPROACH BEHAVTOR AND DISTRESS

VOCALIZAT]ON OF YOUNG DOMESTIC CHICKENS

Introduction

Evans (tgZZ) has suggested that visual stimuli may be

an important influence on the development of individual

recognition by voice in young precocial birds. Evans and

MatNson (L97?) subsequently demonstrated that pairing a

parental call with a conspicuous visual stimulus during

training can result in one-day-old Domestic chickens

responding selectively to the individual parental call"

In the experiments on approach behavior reported by

Evans (L972) and Evans and Mattson (L972), all chicks

during Nralning received identical durations of exposure

to the two test calls, lhe difference being that one call

was paired with a familiar visual stimulus while the other

was not. This procedure appears somewhat unnatural aS

nesting in this species is secretive (l¿cgride et al, L969).

rTrainingt probably usually involves palring of maternal

calls with the visual movement of the mother alternating

with more or less silent periods rather than with equal

intensity sounds of another hen. The present study

investigated whether parental calls recorded from different



individuals affect the approach behavior and distress

vocalizaLion of young Domestic Chickens after training

with either a parental call paired with movement allernating

with silent periods ( tnatural-istict regime) , or movement

alone alternating with silent periods. The distress

vocalization of chicks, which previously has not been

studied in investigations of selective responses to individual
parental calls, consisls of relatively loud rcheepsi

descending in frequency in contrast with the qui-eter, rather

higher, rapid twittering notes cal-led contentment or

pleasure cal-Is (Sl-uckin, L965; Hoffman, f968).

Methods

App-{ratr-Ip

Two tape loops of Domestic Chicken maternal call-s

were used. Each loop was made from 9 repeti-tions of a

single call recorded from two different individual white

rock X cornish hens, as described by Evans and Mattson

(L972) . The higher call, call A, contains sound up to at

least 1700 Hz compared to only LZOO Hz for the lower call,

call- B. The rate of call presentation, ll0 calls per min,

\^ras the same for both call-s. Each call was played al about

65 decibels (0¡) scale C slow, as measured with a General

Radio Co. type 1565-Ã sound level meler. A background of

white noise, at about 60 db (C), was produced by Grason-Stadler

model 901 B noise generators. The movement of a pendulum was
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used as the visual stimulus.

Auditory lraining and testing were carri-ed out in a

modified version of the tip-floor apparatus described by

Evans (L972: 79) , which basically consists of a pen with a

tipping floor. To avoid the possibility that cl-icks of the

microswitches or movement of the tipping fl-oor in the

earlier version might lead to spurious results, a photocell
apparatus hras used equipped with a stationary, immovable

floor and silent photocells.

The photocell apparatus consisled of a grey plywood

pen (LL| x 40 x 28 cm) containing a 57 cm-Long runway. A

loudspeaker and pendulum were placed in compartments at

either end of the run and separated from the runway by a

I.26 cm-mesh screen. The loudspeakers were wi-red to Fanon

model 35L2 amplifiers which were connecled in turn No the

output of Sony model Tc 800 Solid State lape recorders. The

pendulums were controlled via eleclrj-c motors and swung to

and fro at 35 cycles per min. A white disc L5 cm in diameter

with 12 red discs, f.8 cm in diameter attached in a polkadot

pattern ( illuslrated in Evans , L972) , was fixed at the base

of each pendulum. A fine light beam and concealed photocell

were set up in the runway parallel to and L5 cm from each

screen, 3.8 cm above the runway floor. The photocells 'hrere

wired to a Hunter model 3355 photo relay and a self-holding
relay, such that as a chick approached the activated

loudspeaker and pendulum at one end of the runway, the chick
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cut the light' beam, thereby deactivating this loudspeaker

and pendul-um and simultaneously activating the

loudspeaker and pendulum at the opposile end of the runway.

In this uiay a chick could continuously run to and fro the

length of lhe runway, at all times approaching the active

loudspeaker. The photo relay was wired to an Esterline

Angus event recorder to provide an automatic record of the

number of times a chick moved the length of the runway,

i.e. the number of approach responses.

The number of distress calls gi-ven by a chick was

automatically recorded by means of a Hunter model 32OS

sound-operated relay connected to lhe event recorder.

Sensitivity of the relay was set so as to be activated by

the high intensity di-stress call-s but not by weaker chick

calls or the parental call. Owing to the often rapid

emi-ssion of distress calls, calls l^Iere counted in terms

of the number of I s periods in which at least some di-stress

vocali zaLion occurred .

Two photocell apparatuses were set uPr each in a

separate sound-proofed room maintained under identical

conditions, thereby allowing two chicks to be trained or

tested simultaneously. Use of rooms was balanced within

experimental groups. Temperature in al-l the experimental

and holding rooms was maintained at 25.60 C.

were briefly handled when being placed in, and during

removal- from, the covered cardboard box used to move chi-cks
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belween incubator and holding pens, and between holding

pens and experimental apparatus.

Initial visual training (Evans, L972) was carried

oul in separate grey plywood pens (38 x 52 x 20 cm). Each

pen was fitted with an overhead l5-w tight and a single,

conlinuously movi-ng pendulum identical to that described

above. The pendulum was situated in an end compartment

behind a wire mesh screen.

S_ub j e_cNs

Incubated eggs were col-lected from a commerci-al

hatchery about one day before pipping and hatched in the

laboratory. After hatching lhe chicks were group reared

in holding pens equipped with a wire floor and 25'w light

bulb. No food or water were provided. A total of

twenty-four white rock X cornish Domestic Chickens were

used as subjecNs.

Proc edure

After hatching, chicks were randomly allocated into two

groups of twelve. All chicks of both groups l^Iere individually

given the initial- visual training with a swinging pendulum

beginning at 6 !3 h posthatch. At this time chicks were

exposed to the pendulum for an initial 2 h, returned to the

hotding pen for 2 h and then brought back for a final 2 h

of visual training. Training in photocell- pens began at

27 ll h posthatch. Group I chi-cks I^Iere individually

exposed to call A paired with an active pendulum for J mi-n,
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followed by 5 min of sil-ence and no pendulum activity" This

l-0 min period was immediately repeated I times for a total-

of 80 min. Group 2 chicks, the control-s, had identical

treatments to group I birds except that no parental cal-ls

were played during training. Three min after training, the

chicks v\rere tested. Testing consisted of presenting each chick

singly and successively with 5 min each of call A and call B.

The test sequence was carried out twice and in a balanced

order. In testing, the pendulums remained immobile for both

groups of chi-cks.

SelecNed e p_ti_o_rl comparisons were statistically

analyzed using the one-tailed t test or the one-tailed

paired t test (Goldstein, L96l+) unless otherwise índicated.

Results and conclusions

The mean number of approach responses and the mean

number of I s periods with distress vocalization in training

and tesNing are shown in Fig. I. During the first test period,

chicks trained w-ith call A gave significanlly more approach

responses to call A than lhe parental call-naive chicks and

approached cal-1 A significantly more frequently than call B

(table l, Fig. l, comparisons L>3, L)2). The lack of a

statistically significant difference between calls in test

period 2 agrees with Evans and Mattsont s (L972) suggeslion

that response selectivity may not be parti-cularly stable

when repeated testing is done in the absence of additional
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FIGIIRE I

The mean number of approach responses and distress

calls to Domestic Chicken calls A and B during

training and testing. A : parental call A; B : parentâl

call B; A+V: call A and visual- movement of pendulum;

V : visual movement of pendulum; No Stim : no experimental

stimuli. Numbers in brackets aid identification of

statistical comparisons (see text and Tabtes 1 and 4).
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TABLE 1

(r)
Statistical comparisons of approach responses and

disLress calls during testing

Statisti cal

comparisons

(see Fig. I)

Approach responses

Tesl period

l2

Distress calls
Test period

I
3vsl+
t
2 vs 4

^ ^ñ-r--r-1.Y ¡"-'"

NS

L.97'i'

NS

NS

NS

f .86'l'

NS

2.64't'

NS

t.Y ¡'"

NS

NS

NS

NS

NS

I t test or paired t test where appropriate

'i.p< 0.05; >i<>i.p( 0.01
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training. Similarlyr chicks traj-ned with call A gave

significantly more distress calls to call A than the

parental cal-I-naive birds during the first test period,

and also gave significantly more dislress cal-ls to call A

than to call- B (ta¡te 1, Fig. 1, L>3, I>2) . Clearly,

after training the famil-iar call A has a distinct effect
on both approach behavj-or and distress vocalizati-on

producing a greater number of approach responses and

distress calls than the novel call B. In all except one

comparison there was a significant positive correlation
between the number of approach responses and the number

of distress cal-ls given by a chick in testing (Tabl-e 2)

which suggests the infl-uence of a relatively individual
chick-specific factor.

Correlations between the total number of approach

responses made during the 5-min auditory training periods

and the number of approach responses during testing were

significant for the call A trained birds (Table 3). These

correlations also suggest the influence of a relatively
individual-specific factor, perhaps anatomi-cal or

physiologicalr oh approach behavior (see Sluckin, L)6J:

32) " 0n1y one compari-son 'r^ras significant for the

correlation of lhe number of di-stress calls in the

training periods with no stimulation and the number of

distress calls in testing (tabte 3).
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TABLE 2

(1)
Rank correlatj-ons between approach responses and

dislress cal-ls during testing

To tesl To test
call A call B

Test
period

Call A
exp eri enc ed
( n:fZ )

Parental
cal-l naive
( n:r2 )

ns 'ro .55't'

+O.52,i, +O.75,i<>i<

i-0.J$rl, +O.57,i,

+o .7 5>i<>i< *Q . $!>i.>i

I Spearmant s coefficient of rank correlation
,1.p4 0.05 ; ,i<>i.p( 0.01



(1)
Rank correlations of

between

TABLE 3

approach responses and distress cal-ls
training and testing

Call A
ex'o eri enc ed
( nlre )

Test
period

APPROACH

To test
call A

I

Q)
RESPONSES

To test
call B

Parental
call naive
( n:12 )

+0.88,i.'1.

t Spearmanr s coefficient
2 Based on total number
I Based on total number
'1.p4 0.05; >i<>i<p( 0.01
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To test To test
call A call B
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Statistical compari-sons of the training results

are given in Table 4. The presence of call- A not only

increased the number of approach responses in the 5-min

periods with call A and visual movement (ta¡te 4, Fig. l,

comparisons 5 >7, also 5>6) ¡ut it also increased the

number of approach responses in the 5-min periods with

no stimulation (6>8) . Exposure to call A resul-ted in

an increase in the number of distress cal-ls in the periods

with no stimul-ation (6 > 8) but the comparisons (5> 7)

fof the periods with call- A present were not significant.
Significantly fewer distress calls were given to call A

when it ïras paired with a visual slimulus than in the

periods with no stimulalion (5<6). Comparisons 7 vs I

demonstrate that visual pendulum movement also enhanced

the approach behavior and inhibited the distress

vocalization of parental cal-}-naive chicks.

Discuss ion

This experiment demonstrates that auditory

discriminati-on learning can occur under the more

naturalistic training regime of pairing maternal calls
with visual movement alternating with silent periods

rather than alternaling with the same intensity call of

a different hen. The call of the second hen in training

does not appear essential for auditory discrimj-nation

learni-ng.
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Stat,istical comparisons of approach responses and

distress calls during training

Training
period

Statistical comparisons (see Fig. f)
Approach responses Distress calls

5>6 7>8 5>7 6>8 5<6 7<8 5>7 6>g
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3

l+

5

6

7

ð

6 .l¡!'i,'i,
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The learning of individual parental calls can

clearly invol-ve both distress vocalization and approach

behavior. The finding that the number of approach responses

and dislress calls in testing were highly correl-ated

suggests furlher experiments involving physiological

recordings, to relate these factors (cf. Rajecki, L973).
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SECTION T\^IO

SELECTIVE RESPONSES TO THE PARENTAL CALLS OF DIFFERENT

INDIVIDUAL HENS BY YOUNG DOMESTIC CHICKENS: AUDITORY

DISCR]MINATION LEARNING VERSUS AUDITORY IMPRINTING

Introduction

Laboratory studies have suggested that experience

with a parental call- paired with movement of the adult

results j-n individual recognition of the parentts voice

by young precocial birds (Evans and Mattson, L972;

Part I, sect. l). Selective responsi-veness to individual

calls might also develop as a result of auditory

imprinting (Klopfer, L959; see also Beer, I)JOa; 29,

Bateson, 1972: 310).

An experimenl r^ras carried out to j-nvestigate

whether posthatch exposure to a parenlal call in the

absence of a visual stimulus in training i-s sufficient
for the development of selective responsiveness by

chicks to the parental cal-ls of different individual
hens. The first experimental group of chicks received

the parental call paired with the visual stimul-us in
training while the second group received the parental

call alone. The experiment also investigated whether
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training with a parental call and visual movement,

interspersed with periods of no stimulation have a

different effect on test behavior than training wiNh the

experimental stimuli continuously and whether the presence

of the call of a second hen in training, as used by Evans

and Mattson (L972) (see also Part Ir secl. l), has any

effect on test behavior.

Methods

A'pparat_us-

Details of the experimental stimuli and apparatus

were as described elsewhere (Part I, sect. l; see also

Evans and Mattson, L972), except that training and lesting

were carried out in the standard tip-floor apparatus

(Evans, L972). A photocell apparatus (Part Ir sect. l)

converts to a tip-floor apparatus simply by releasing

the tip-floor and removing photocell-s. Both apparatuses,

which differ solely in the count transducer, produce

equally valid counts of the number of approach responses

(eg. compare dala in Part I, sect. I and in Evans and

Mattson, L972),

Sub i ec_Þs-

Incubated eggs were collected from a commercial-

hatchery about one day before pipping and hatched in

the laboratory. After hatching, chicks ulere group-reared

in lighted holding pens with no food or water. A total of
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sixty white rock X cornish Domestic Chicks were used as

subjecls.

Procedure

After hatching chicks were randomly all-ocated into

four groups of L5. The first 50 min of training for all

groups commenced at 23 !3 h posthatch while a second

20 min of training started at l+7 ll h poslhalch.

Group I chicks received call A paired with an active

pendulum for 5 mín, followed by 5 min of silence and no

pendulum activity (procedure I). This l0 min period was

repeated successively throughout training. The l0 min

periods for groups 2 lo 4 differed as fol-lows. Group 2

chicks received catl A with no pendulum movement for 5 mi-n

followed by I min of silence and no pendulum movement

(procedure II). Group 3 chicks received 5 min of call- A

paired with pendulum movement followed by 5 min of call B

with no pendulum movement (procedure III), whilst group 4

\^rere presented with call A and the moving pendulum

throughout training (procedure IV) .

Testing, which slarted about 5 min after the final

training session, consisted of presenting each chick

singly and successively with 5 min each of call A and

call B " The test sequence was carried out three times and

in a balanced order. Pendulums remained immobile during

testing.
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Unless otherwi-se slated, selected a priori

comparisons were statistically analysed using the

one-tailed t test or one-tail-ed paired t test, where

appropriate.

Results and conclusions

The mean number of approach responses are shown

in Fig. 2. For procedure I call A eliciled significanNly
more approach responses than cal-l- B in each test period

(t:2.5L, 2.34¡ p( 0.05 i L:2.77, p( 0.01, respecti-vety) .

In contrast, differences in the number of approach responses

in testing for procedure II between call A and call B was

not significant in any lest period. The number of responses

to call A uras significantly greater for chicks trained

with procedure I than procedure II, 1n each test period

(L:3 .72 , 3 .10 , 2 .87, p( 0.01, respectively ) . Clearly,

after training with visual- movement the famil-iar call A

has a distinct effect on approach behavior produci-ng a

higher number of approach responses than call B. Chicks

whieh receive call A alone in training do not appear to

respond selectively to the fami-liar call. Sj-mple

posthatch exposure to adult calls appears insufficient
for the development of seleclive responsiveness by chicks

to the parental call of different individuals.



FIGURE ?

The mean number of approach responses given during

training and testing for training procedures I-IV.

A : parental call A; B : pareritâl call B; A+V : call A

andvisual movement; V : visual movement; No Stim : rÌo

experimental stimuli.
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Chicks trained with procedure III approached call A

significantly more often than call B in each test period

(N:2"08, 2.38, 2.L7 r p( 0.05, respectively). Differences

in lhe number of responses between chicks lrained with

procedures I and III were not significant for either call

in any tesl period (two-tailed comparison). The presence

of a call of a second hen in training does not appear to

aff ect lhe selective responsi-veness to calls in testi-ng.

Comparison between call A and call B for procedure IV was

significant for test periods I and 2 (t:2.08, 2.27 r p( 0.05)

but noN test period 3. Differences in the number of responses

to call A and call B belween procedures I and IV were not

significant (two-tailed comparisonl.

The mean number of responses in training are also

shown in Fig. 2. Comparison between procedure I and II

for periods with experimenlal stimuli was significant

for periods 6 and 7 only (p< 0.01) . Corresponding

compari-sons between the periods with no experimental

stimulation were significant for periods 3, 6 (p< 0.05) ,

and d.and 7 (p<0.01). Differences in the number of

responses between periods with and without experimental

slimuli for both procedures I and II were significant in

each period (p< 0.01). The comparison between call B

in procedure III and the no stimulation periods for

procedure I were also highly significant (p< 0.0I).
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Comparisons for procedure III between responses to call- A

plus visual movement and responses to call B were

significant for periods I (p< O.Ol) , 3, Lt, 5 (p< 0.05) .

The training results indicate that responses are greater

during periods of stimul-ation and that visual stimuli

can enhance responsiveness during training.

Discussion

Posthatch auditory imprinting to individual parental

vocalizations was not demonstrated and would not appear

to be involved in the development of individual recognition
i-n chicks.

of parents by voicef fne role of visual movement in the

development of selective responsiveness to these calls

was confirmed. Auditory discriminalion learning, involvi-ng

training with visual stimuli which are known to have

reinforcing properties (Bateson and Reese, L969) t may

therefore be the basis of individual recognition by voice

of parents by young. It is of interest that although

call- B affects training behavior, âo effect of call B in

training on tesl behavior was not demonslrated even

though it was presented in equal amounts to call A in

training. This suggests that calls of other adul-ts either

on nearby nests or ¡ for example, feeding nearby will not

affect the young bird t s development of individual

recognition of its parent.
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In the present experiment, call A paired with

visual movement was used in trai-ning. Evans and Mattson

(t972) found that both calt A and call B, when paired

with visual- movement, can produce selective responsiveness

to the famil-i-ar call. There were no significant
differences due to call- type per se (Evans and Mattson,

L972). It would be of interest to test whether auditory

imprinting is sufficient for individual recognition of

parents by voice in the very different biological
situation where both familiar and novel calls are present

simultaneously (cf. Gottlieb, L973: 367; Beer, L)JOa: 38).

The possible role of prehatch auditory imprinting in the

development of posthatch selective responsiveness to

individual calls also requires investigation ( see General

Discussion).
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SECTION THREE

PARENTAL CALTS AND THE LOCOMOTOR BEHAVIOR OF YOUNG

DOMEST]C CHICKENS IN A REVOLVING-\^IHEEI APPARATUS

fntroduction

The experiments presenled in sections I and 2 of

Part I investigated effecls on approach behavior. Many

experiments designed No study visual imprinting in young

precoci-al birds have been concerned with following

behavior (see Sluckin, L965). The Hess-type, ci-rcular-runway

imprinting apparatus (Schaefer and Hess , L959; see also

Shapiro, L97O) has commonly been used to facilitate the

recording of foll-owing behavior. More recently, specially
adapted running wheels have been employed i-n vi-sual

imprinting research (gateson and lilainwright, 1972). I
carried ouN an experiment to i-nvestigate whether parental

calls recorded from two different individual hens can

differentially affect the locomotor behavior of parental

call-experienced and parental call-naive Domestic Chicks

in the classic revolving-wheel apparatus (Munn, L)JO:

tr¡ r r \))-))1.
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Methods

A_pJaratus

The experimental- stimuli, call A, call B and the

movement of a pendulum were described in Parl I, secl. 1.

Catls were played at about 72 db (C) and at a rate of 78

calls per mi-n.

Training and testing u¡ere carried out in

revolving-wheel apparatuses (wheet diameter 35.5 cm).

For training, wheels without a one-way attachment were

used. Two wheels were set up side by side at one end of

the rurir¡rây of the large goose photocell apparatus

(described in Part II, sect. 2). The direction of

movement of the wheels was perpendicular to that of the

pendulum in the end compartment so that chicks could run

towards the experimental stimuli. A wire was atlached to

each wheel such that an electri-c ci-rcuit was closed once

every wheel revolution. The circuit was connected to an

Esterline Angus event recorder to provide an automatic

record of the number of wheel- revolutions. ltlith two

wheels facing the pendulum and with two more wheels

facing a pendulum in a second sound-proofed room under

identical conditions, four chicks could be trained

simultaneously. The two chicks faclng a pendulum T\Iere not

allowed visual eontact between the wheel-s. The wheels were

quiet running. Auditory testing was carried out in a



revolving-wheel- apparatus with a one-way cog attachment,

Although chicks in training only very rarely moved away

from the experimental stimuli, the one-way attachment

ensured that all recorded locomotion in testing was

towards the loudspeaker and pendulum.

Sub.-ie_ctj;

Incubated eggs were collected from a commercial

hatchery about one day prior to pipping and hatched

the laboratory. After hatching, the chicks were group-reared

in holding pens equipped with a wire floor and a 25-w

light bulb. No food or water were provided. A tolal of

thirty white rock X cornish chicks were used as subjects.

P_roc_e{ure

After hatching chicks rrere randomly allocated into
two groups of L5. Group I chicks recei-ved 50 min of

training with call- A and a swinging pendulum according

to a J min on, 5 mi-n off schedule, beginning at about

22 h posthatch. Starting at approximately 46 h posthatch

group 1 chicks received this treatment for another 30 min.

Group 2 chicks received identical- lreatmenl except that

no call was presented during either training session.

After traini-ng all the chicks were given auditory

testing which consisted of ? min of call A and call B

successively, twice over, ifl a balanced order. The

pendulum was immobile throughout lesting.
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Results and conclusions

The mean number of wheel revolutions in training

and testing are shown in Fig. 3. Chicks trained with

call A gave significanlly more revolutions to caII A

than the parental- call-naive chicks ( Table 5 , Fig. 3 ,

1>3). Call A, however, did not produce significantly

more revolutions in testing than call B for the call A

trained birds (ta¡le 5, Fig. 3, comparison l>2). In

fact, call B produced significantly more revol-utions

than catl A in the second test period for parental

call-naive chicks (Table 5, Fig. 3, 3 vs 4). Clearly,

catl A in training affects later test behavior but a

preferentiat response to the familiar call in testing

could not be demonstrated. Rank coruelati-ons between

the number of wheel revolutions in training and testing

were highly significant for the call A trained birds

(Table 6) .

Statistical comparisons of the number of revolutlons

in training are given in Table 7. Call A affects

following behavior in training both during the periods

wilh experimental stimul-i (Table 7 , Fig. 3 , i >iii ,

-. ..\also i>ii), and the periods with no stimul-ation

(ii>iv). There was no significant difference between

periods with visual movement and with no stimulation

for lhe parental call-naive birds (iiiliv).
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FIGURE 3

The mean number of revoluti-ons during training and

testing for Domestic Chlckens in a revolving wheel.

A : parental call A; B : parental call B; A+V : call A

and visual movement; No Stim : flo experimental stimuli.

Numbers in brackets aid identification of statistical

comparisons ( see text and Tables 5 and 7) .
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TABLE 5

(r)
Statistical comparisons of the number of

wheel revolutions in testing

S tal ist i cal
comoarisons
(seä Fis. 3)

Revolutions

Test period

t

3vsl+

I

2 vs b

NS 1tÐ

o ¡ lt.
4 . Lt)1-

2.J$rirr,, 2.1-0ri.

NS

I t test or paired t test where appropriale

'l.p( 0.05; >l<>i<p< 0.01



Rank correlatio."( 1)

revolutions in

Call- A
exp eri enc ed
( n:15 )

TABLE 6

between the number of wheel
training and testing

Test
p eriod

Training periods hrith
experimental stimulation

To test To test
call A caII B

Parental
call naive
( n:15 )

+0.63>i<>i<

I Spearmant s coefficient of rank correl-ation
,l.p< 0.05 i >i<>l<p< 0.01

*0 .60'1. *0 . $]'1.'¡.

Training periods wit_hout
experimental- stj-mulation

To test To test
call A call B

' ^ 
ñ^\l-\l-fv. lY1-4'

NS NS NS NS

NS NS

+0 .63 )i<>i.

f O .63,i.'1. +O .65>i,>i,

+0.70>i<>i,

NS NS

o\

L

it,
',1 

:.

1...

ir]

i,
i:::,
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TABLE 7

Statistical comparison= 
( t) of the number of wheel

revol-utions during training

Training
p eri od

Revol-utions

Statistical comparisons (see Fig. 3)

i >ii iii> iv i >iii ii >iv

I
a

))

4

5

6

B

NS

h.L9,i,,1,

a , ) l"-

5.)$,i""'
I 

^^-r--r-4 o 41''"¡

a nd-r-.¡-
/, . ¡ Ct+'t

r 
^-.r-.r-

I a 
^.t--t-4. )Ut't-

NS

ns

NS

rLÐ

NS

NS

NS

NS

3.6|r'i"i'

3.6)'i"i'

3 .63,i,,',,

3.J7'i"¡'

3.]-f'l"i'

2 . Blri.ri.

^ 
õa .r--t-

á . ( Lt't'

NS

NS

'l d'l >l<

^ r r -r--r-4 . ) 4''"'-

2 .6L.i.'i'

NS

NS

NS

I t test
,i.p ( 0.05 ;

or paired t test where appropri-ate

'i.'i.p( 0.01-
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Di-s cussion

An obvious difference between the resul-ts

reported here and the results for approach behavior

(Parl I, sect. l änd 2) is the lack of an apparent

habitualion effect in lraining. The number of revolutions

in each period with stimulation continually increased up

to and including the final training period. This hlas

paralleled by the resul-ts for periods with no stimulatj-on"

The lack of a significant effect of visual movement in

lraining for the parental call-naive birds suggests that

the presence of the rapidly rotating wire mesh rfloort

of the wheel, between the chick and the swinging

pendulum, to some extent negales an effect of visual

movement ( tobscures the chickis view of the pendulumr ).
There is a possibility that operant reinforcement

from the revolving wheel- may have been a rel-evant factor.

Kavanau (ry04) suggested that kinesthetj-c feedback is

involved in the reinforcing effectiveness of wheel

running. Deermic e ( P eror-nyscus qanijulqþ-us-) preferred to

run in a large round wheel- containing hurdles or in a

square twheelr, rather than in simple round wheels, which

suggested that one of the reinforcing aspects of wheel

running is the requirement for split-second timing,

co-ordination of movements and quick reflex action

(Kavanau, L966) "
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Another feature of the tnumber of wheel revolutionst

which detracls from íts being a perfect index of

locomotor behavior, is that a small- portj-on of this total
is accumul-ated by the chick riding for short distances.

The chick partially ascends the wheel then stops. The

wheel- returns the chick to its starting position adding

to the chickls recorded score.

In summary, the classic revolvj-ng-whee1 apparatus

would appear to be an inadequate count transducer for the

recording of locomotor behavior as it clearly influences,

in an unnatural manner, the young chickts ongoing

behavior.
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SUN$4ARY OF PART I

Studies of sefective responsiveness to familiar

auditory stimuli were conducted with young Gal-lus gallurs

to elucidate aspects of individual recognitlon of

parents by voice. l¡lhen Domestic Chicks are trained with

a parental call paired with vi-sual movement, the famili-ar

call can have a distinct effect on approach behavior,

produci-ng a greater number of approach responses

refative to the number produced by the parental call of

a different individual hen. Distress vocalization is

similarly affected. The addition of a call from a second

hen in training¡ âs present in the regi-me used by

Evans and MatNson (L972), has no apparent effect on

test behavior. Auditory training in which the visual

stimulus was withel-d, showed that posthatch auditory

imprinting appears insufficient for Nhe development of

sel-ect j-ve responses to individual parental calls.

Selective responsiveness was not shown for birds trained

and lested in the classic revol-ving-wheeI apparatus.

The results of the experiments presented in Part I

suggest that the process of auditory discrimination

learning, involving bolh auditory and visual el-ementsr flâY

be a basis of individual recognition of the parental voice

by young Domestic Chicken.
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CALLS BY YOUNG CANADA GEESE
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SECTION ONE

INDIV]DUAL PARENTAL CALLS AND THE APPROACH BEHAVIOR

OF YOUNG CANADA GEESE

Introducti-on

ParenNs of many precocial bird species vocalize

when near their young, when leading their young and when

sitting on eggs in the nest before and during hatching

( Collias and Collias , L956; Hess , L972) . Parental cal-ls

typically differ between species and appear to facilitate

species recognition (Gotttieb, L97L; General Introduction)

Parental calls can also differ between individual adults
(General Int,roduction) . Laboratory studies have suggested

that experience with the parental cal-l paired with a

visual stimulus, movement of the adult, results in
individual recognilion of the parental voi-ce by young

DomesNi-c Chickens (Evans and Mattson, L972; Part I,

sect. l- and 2). However, relatively littte attention has

been paid to the effects of variations in parental calls

between individuals of other precocial species such as

the waterfowl.

A laboratory experiment uias carried out to test

whether various individual parenlal calls of the Canada

Goose have different effects on the approach behavior of
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parental- call-experienced (pre- and posthatch exposure)

and parental call-naive young Canada Geese. Such

differentiat responsiveness, if present, could be the

basis of individual recogni-tion in Canada Geese which

are characterised by highty stable, interacting, family

groups (Raveling, I97O). This experiment also investigated

the effect of the parental call of a different species,

the Ring-billed Gullr ofl goslings. The Canada Goose

somelj-mes nests adjacent to breeding colonj-es of the

Ring-billed Gult (Klopman, L95B).

Methods

Apparatus

Parental calls were tape recorded at the nests of

five Canada Geese at Island Park, Portage La Prairie,

Manitoba. The calls uiere recorded using a microphone

placed at the edge of the nest connected by an extension

cord to a concealed Uher 4000 Report L tape recorder

several hundred feet away. The recordings were of calls

by females brooding hatchlings, or incubating pipped or

about to pip eggs. Over the microphone goose embryos

could sometimes be heard vocali zing, apparently in

response to the low intensity parental calls.

From the large number of recordings a selection

of spectrograms was produced for each goose using a

model 675 Kay Electric MisslLyzer. Individual
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dislinctiveness was suggested by visual inspection of

the spectrograms (see Beer, L)JOa: 36). In particular,

the shape of notes, maximum frequency and distribution

of sound intensily were relatively stable between calls

of the same individual. Tape recordings of three

different calls, A, B and C, were selected, each from a

different female goose sitting on unhatched eggs.

Naruow band spectrograms of lhese call-s are reproduced

in simplified form in Fig. 4. The parental mew call of

the Ring-billed Gutl used in the experiment (¡'ig. 4 )

was recorded at a colony near Rogers City, Michigan.

A tape loop was made for each cal-l-. Since calls

with the same duration were selected and the lengths of

the tape loops were identi-cal, the duration of the

intercall interval, I.86 s, and the rate of call

presentation, 26 calls per mi-n, were the same for each

call. The caJls were played at approximatety ó8 db (C)

with a background of white noise at about 63 db (C).

Auditory training and testing were carried out in

a giant photocel-l apparatus. This apparatus consisted

of a grey plywood pen (3.O5 x 0.76 x 0.46 m) containing

a ?.28 m-long runway" A fine tight beam and concealed

photocell were set up in the runway, parallel to and

L2"7 cm from each end screenr 3.S cm above the runway

floor. 0ther details of the photocell apparatus

including pendulums were as described in Part I, sect. l.
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FTGURE l+

Canada Goose parenlal call A, call B, call C and

Ring-billed Gull mew parental call. The durati-on of

each call- is 0.4 s whil-e the maximum frequency of each

call is L22O Hz, t0l¡0 Hz, 1400 Hz and l¡J6O Hz, respectively.





l+6

An Industrial Acoustics Co. model AC-1 sound

attenualed chamber hlas used when playing calls to the egg.

The training session at LZ h posthatch took place in a

standard tip-floor apparatus ( 0 .JJ m-Long tip-floor)

similarly equipped with pendulums and loudspeakers (Evans,

L972; ParN I, sect . 2) .

Sub i ects-

Fresh or slightly incubated Canada Goose eggs

were collected at the Delta \¡Iaterfowl Research Station

and the East Meadow Ranch, Lake Manitoba. A few eggs

were al-so obtained from the Canada Cement Co. Reserve,

Fort lVhyte, Manitoba. The birds nesling at these sites

and at Island Park are Giant Canada Geese (8. c-. mjlx-im-a)

(Hanson, L965). The eggs were artificially incubated at

the Delta IrVaterfowl Research Station. After 20 to 27 days

of incubation the eggs 'hrere transferred to and incubaled

at the behavior laboratories, Department of Zoology,

University of Mani-toba. After hatching, goslings were

group reared in pens (56 x 56 x 56 cm). Each pen

hras equipped wiNh a wj-re floor , 25-w light bulb, food

and water. A total- of thirty goslings were used as

subjects.

Procedure_

At the onseN of pipping, the goose eggs were

randomly assigned to lwo groups. Group I eggs were played

catl A for 10 min soon afNer pipping. At L2 + 3 h posthatch
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group I goslings ( n:15 ) received call- A paired with an

active pendulum continuously, for 50 min. At 24, 48, 7?

and 96 h ( each + 3 h) posthatch these goslings received

call A paired w-ith an active pendulum for 5 mín followed

by 5 min of silence and no pendulum activity. This 10 min

period was immediately repeated five times, for a total

of 50 min at each age. 0n reaching LzO ! 3 h posthatch,

the group l birds were gi-ven two further l0 min training

periods as above and then tested immediately. Testing

consisted of presenting each gosling with J mín each of

calls A, B, C and the mew cal-l. The test sequence T^Ias

earried out twice and balanced according to a Latin square.

Group 2 goslings (n:15), the conlrols, had identical-

treatmenls to the group I birds except that no parenlal

cal-l-s 'hrere played during lraining. In testing the

pendulums remained immobile for both groups of goslings.

Results and conclusions

The median number of approach responses made to each

call during testing is shown in Table 8. Comparison of the

number of approach responses made in testing showed that

goslings trained w-ith call A approached lhis call more

frequently than call- C (Witcoxon matched pairs, signed-ranks

test , T:L6r p( 0.05). Comparison between cal-l A and the

mew call and call B and the mew call was also significant
(T:20, 2L respectlvelyr p( 0.05). There were significantJ-y
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TABLE B

The median number of approach responses during testing
to Canada Goose and Ring-billed Gull- parental calls

Group

Parental- call'1.

ABCMew

Call A experienced (n:lJ ) t+5 33 L3 L6

Parental call-naive (n:lf) Zl 26 20 20

>i< A, B and C refer to individual ma|ernal calls of the
Cánada Goose. Mew refers to a parental call of the
Ring-billed Gull.
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fewer responses to the mew call- in bo|h cases. The

number of responses made to call A in testing was

significantly greater for goslings trained with call A

than those with no prior experience with parental calls
(t test, L:2.L6, p< 0.05). Other comparisons were not

significant.
Inspection of Table B suggests that, after training

with call A, this call has a greater effect than call B

but the corresponding statistical comparison (T:26.5)

was not significant. However, the significant differences

between call A and call- C, and cal-l- A and the Ring-bill-ed

Gull mew cal-f clearly demonstrate that, after training,

the parental- calls of different individual geese and

the Ring-billed Gull can have distinct effects on

goslings.

The remainder of the analysis consisted of correlating
performance during training lv"ith performance during

lesling. For birds trained with call A, Spearmants rank

correlations between the lotal number of approach

responses made during training with call A and the

number of approach responses during testing were

significant for the responses to call A (r:+O.62, p< 0.05),

call B ( p:+0 . l8 , p< 0 .05 ) and the mew call (r:+0 .l+5 ,

p4 0.05). Rank correlations between the total number of

approach responses in the 5 min silent periods in each

photocell pen training session and the number of approach
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responses during testing hrere significant for call A

(r:+O.JJ, p< 0.05), call- B (r:+O.Jta, p< 0.O5), call C

(r:+0.48, p< O.O5) and the mew call (r:+O.J), pa 0.05).

Clearly, the performance of a gosling during training

is a good indicator of test performance and suggests

that varj-ation in the number of responses between

goslings was the result of factors, perhaps anatomical

or physiological, which were relatj-vely individual

gosling-specific (see Sluckin, L965: 32). None of the

performance corr:elations was significanl for the goslings

which did not recei-ve the parental call- in training.

Discussion

The results of this experiment, though not designed

to test for effects of visual movement in training, are

consistent with those of Evans and Maltson (lgZZ) and

Part I on the Domeslic Chicken, After training with a

Canada Goose parental call ( in the experiment paired

with visual movement), young goslings can respond

selectj-vely to the familiar call. This mechanism,

probably involvi-ng both visuaf and auditory elements,

may be a basis of individual- recognition by Canada Geese.

The reason for the r:elatively high response level

to call- B is unclear. Perhaps, after training with a call,

some unfamiliar calls are more lattractiver than others.
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Certainly, just as the familiar call A, cal-l B has a

different effect from the Ring-billed Gull mew cal-l on

gosling behavior.

The goslings in this study were tested ab

approximately 120 h posthatch. A preliminary experiment

using four goslings only, showed no apparent sefective

responsiveness at 24 h posthatch. Individual recognition

by young Canada Geese would appear to develop at a

later age than in the Domestic Chicken (cf. Kear, in

Scott , L972; Cotlias and Jahn, L959) .

In lhe experiment proper, rate of call presentation

and intercall interval- were held constant and therefore

properties of the cal-ls themselves rather than the

patterni-ng of call presentation must affect approach

behavior. Collias and Joos (L953) suggested that frequency

is an imporlant factor influencing approach behavior

of Domesti-c Chicken and the results of this experiment

suggest that even seemingly slight di-fferences in

sound frequency may affect gosling behavior.
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SECTION T\ifO

INDIVIDUAL DIFFERENCES IN THE PARENTAL ALARM CALLS

OF CANADA GEESE TEADING BROODS

The Canada Goose is characterised by highly stable,

interacting family groups (Raveling, I97O) . Observations

of family group behavior suggest that goslings selectively

respond to their own parents (Col-lias and Jahn, L959: 496).

In undisturbed situations, one basis of individual

recognition of parents by goslings appears to be the

low-pitched call given by the parents when leading young

(Parl II, sect. l). In an alarm situatùon, as when the

famity party or group of family parties is approached

on the breeding grounds by an intruder, adult geese give

high-pitched loud t alarm? calls that also appear to

elicil approach and following by the young (pers. obs.).

Goslings may therefore respond selectively to the alarm

calls of their o¡n parents. If sor the calls of parents

must be individualty distinctive (White and Vrlhite, I97O;

Beer, LÇJOa). This possibility was examined by analysing

a large sample of alarm calls obtained from B-. c-. iryberior

in the Churchill region, Manitoba, in L97L.

At Churchill, after the young hatch, the geese

desert their nestì_ng grounds along the treeline and
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move toward the coast where they congregate in large

flocks (.leirt and Smith, L97O: 24). The flocks I sludied

were composed of one or more famil¡r parties and probable

non-breeders. By approaching and following individual

family parties, I was abl-e to record alarm cal-ls from

el-even different geese, each leading a brood of young

goslings. The second parent, which by behavi-or and voice

was apparently the male, nearly always separated early

from the family party in a distraction attempt, and its

calls were not recorded. From 6 to f90 calls, a mean of

70 calls, were recorded for each brood-leading goose.

All records were made l^rith a Uher 4000 Report L tape

recorder and Uher M J)) microphone. For analysis, six

calls for each goose were selected randomly and converted

lo spectrograms using a model 675 Kay Electric MissiLyzer

(narrow band; flat shape). Visual inspection of spectrograms

for shape difference was used to detect call variatj-on

(see Beer, L97Oa: 36; Thompson, L97O) ,

Figure I shows 5 alarm cal]s from a single goose

selecled at random. The results in Fig. I are typical of

al-l the geese analysed in that the shape of each call-

and in particular the second half of each call was

relatively stable between calls of the same individual.

Spectrograms of one alarm call from each of the other

ten geese are shown in Fig, 6. The marked dj-fferences

between these calls of different individual-s (pig. 6)
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FIGURE 5

Five alarm calls of a Canada Goose with brood.
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FIGI]RE 6

Alarm calls of ten Canada Geese each leading a brood.
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compared to the relatively slight intra-bird variation
(Fig. 5¡ indicate that alarm calls are individually

distinctive, and hence could provide a basis for

individual recognition of parents by goslings during

alarm situations.
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ST]}fl\4ARY OF PART I]

\nlhen young Canada Geese are traj-ned with a parental

cal-l, the familiar call can have a distinct effect on

approach behavior producing a greater number of approach

responses to the familiar call than to calls of other

individual geese and the parental call of another species,

the Ring-billed Gull. In this experiment the parental-

call in training was paired with visual movement. The

results, compared with those of Part I, sect. f and 2,

suggest that auditory discrimination learning occurrs

in a simil-ar manner in both the Canada Goose and the

Domestic Chicken.

In an alarm situation, adult Canada Geese with

broods give high-pitched alarm calls rather than the
(ì

low-pitched broody call. For young to be able to respond

selectively to the alarm calls of their parents, the calls

must be indivldually distinctive, Analysis of sound

spectrograms of alarm calls recorded from female Canada

Geese l-eading broods demonstrated marked differences

between the call strucNure of different individual

females and relatively slight intra-bird variation.
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PART III

PARAMETERS O{ CHICK BEHAJIOL}ND PARENTA!- SOUND IN

A uprToRy prscRLMrNATrON LEARNTLG _By yOuNG D0MESUC__CIr_CKEN_S
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SECTION ONE

INDIVIDUAL PARENTAL CALLS AND THE PARAMETERS OF

AN APPROACH RESPONSE

Inlroduction
The investigations of auditory discrimination

learning reported in Part I, sect. I and 2, Part II,

sect" I and by Evans (tgZZ) and Evans and Mattson (L972)

involved using either a tip-floor apparatus or a

photocell apparatus to record approach behavior. Both

types of apparatus produce a record of the number of

approach responses over a period of time and, therefore,

alfow conclusions about approach behavior per se. It is

not known from these studies whether parental calls

affect the instantaneous speed (Tricker and Tricker,

L966) , orj-entation and direction of movement of the

young bird during, or the latency of, an approach response.

An experiment was carried out to detect, by cinematography,

which of these approach variables are affected by individual

parental vocali zations .

Methods

Apparatus

The experimental stimul-i and training apparatus

(photocell apparatus) are fully described in Part I, sect. l.
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Testing was carried out in a pen i-dentical- in

dimensions to the standard pholocell pen (Part I, sect. 1).

For testing, a loudspeaker and pendulum were placed in

the compartment at one end of the pen only. A small

black mark was located on the runway floor, 53.4 cm from

the speaker compartment at the opposite end of the runway,

to indicate the chickts starting position. A Nikon Super

Zoom-8 cine camera wilh a Cine-Nikkor Zoom lens fixed at

the wide angle setting (8.8 mm) was firmly supported

L22 cm above the runway such that the whole run\^Iay

entered the fiel-d of view. Kodak Eklachrome t60 Super I

film was used and shot at 12 frames per sec. A cabfe

release al-lowed the camera to be electrically triggered

at a distance. In order to record the instant when each

parental call occurred, a Kyoritsu VU meter was placed

at the edge of the runr^ray in the fiel-d of view of the

camera. The meter was connected to a sound-operated relay.

The relay microphone was located next to a loudspeaker

in parallel- with the loudspeaker in the test apparatus

but localed in a separate soundproof room. This aruangement

allowed parental call-s but not chick vocalizations to

individually deflect lhe needle along lhe meterrs scale.

A small black spot was marked on each chickrs back

adjacent to the nape and a second spot marked on the

rump to facilitate film analysis.
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Developed fil-ni was analysed by projection (Tricker

and Tricker, L966). The instantaneous speed, direction
of movement and orientation of a chick during an approach

response were measured at every twelfth of a second for

a period of just over one and one hal-f seconds from the

start of the approach response. During this period chicks

reached posilions varying from the middle to the end

of the runway adjacenl to the speaker. The chickrs speed

at a particular frame (x) was measured by recording the

straight-line dj-stance from j-ts position on the previous

frame (x-l) to that on the subsequent frame (x+1) i.e. over

tf 6th s. The chickrs position was l-ocated by the black

spot on the chickis back. The direction of movement of lhe

chick (0 Oeg to fBO deg) at a particular frame (x) hras

recorded by measuring the angle between lhe straight line

connecting the positions of the chick used for speed

measurement and a direclion perpendicular to the

loudspeaker end of the pen. A reading of 0 deg thus

indicated movement directly towards the loudspeaker

compartment while f80 deg would indicate movement directly

away. The orientation of the chick was ascertained at a

frame (x) by measuring the angle between the chickls axi-s,

taken as the line connecting back spot to rump spot, and

the direction perpendicular to the loudspeaker end of the

pen.
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The latency of response was measured by counting

lhe number of frames from the first call to the start

of approach. The number of frames from the onset of

approach and its finish when the chick reached the

opposite end of lhe p€nr was the measure of the duratj-on

of the response.

Subiects-

Incubaled eggs were col-lected from a commercial

hatchery about one day before pipping and hatched in the

laboratory. After hatching, the chicks were group-reared

in holding pens equipped with a wire floor and 25-w light

bulb. No food or \^Iater were provided. A lotal of twelve

white rock X cornish Domestic Chickens were used as

subj ects .

Proc_e{r¿.le

All chicks received parental call A, paired w-ith

visual- movement, in training. This Nraining procedure

is fully described in Part I, sect. l-. Three min after

completion of auditory training, the chicks were given

6O s of either call A followed by 60 s of call B or vi-ce

ve_rs-a in balanced order. The pendulum was immobile throughout

the test " Test procedure involved placing the chick at

the start position, triggering the camera from a distance

and lhen playing the appropriate tape loop. The chick was

filmed for 60 s from the first cal-}. The chick was then
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placed in a holding box for a few seconds, then returned

to lhe start position and the film procedure repeated

using the second cal-l.

Results and conclusions

Of the twelve chùcks tested, ten approached call A,

eight approached call B and two did not approach either

call-, in the 60 s of filming. The median latency of the

approach responses to call A and cal-l B was f0.01+ s and

L9.75 s respectively. Chicks started to approach the

familiar call A significantly earl-ier than call B (paired

t test, L:L.97, p< 0.05). The median duration of the

approach responses to call A and call B was 3.LZ s and

3.87 s respectively. There was no significant difference

in approach response duralion to lhe two calls.

The mean speed of the approach response lo each

call at successive L/L?Lb s intervals afler the onsel

of approach locomotion is shown in Fig. 7. The distribution

of the mean instantaneous speeds during approach responseS

suggests that call B elic,ited faster approach response

speeds than call A for at least the first L/2 s after the

start of locomotion. Using the two-tailed paired t test,

t:1.60 (O s), 2.81 (afrer rfLzth s), 2.6L (Z/n* s),

L.gr+ (3/tztn s), r.66 (tr/tztn s¡, L.92 (5/L2Nh s) and

2.Ot (6/LzLn s). The comparisons at L/Lzt'L1 s and zftztn s

uiere statistically significant (p< 0.05). Comparisons at
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FIGURE 7

Mean speed of the approach response to Domeslic Chicken

calls A and B during testing.
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3ftZtn s, S/ntn s and 6/LZLb s were only significant

using one-tailed crileria whilst comparisons at 0 and

U/n* s were not statisticatly signíficant on either

basis. The familar cafl- causes an earlier but initially

slower approach response than cal-l B.

The median direction of movement and orientation

of chicks during the approach response are shown in

Fig. 8. Chicks oriented significantly more directly towards

the speaker compartment to call- A than call B at the

onset of the approach response (two-tailed, paired t test,

t:3.o), p< o"o5) and after L/L?Lb s (t=2.9L, p< 0.05).

0lher compari-sons for orientation and the direction of

movement were nol significant " The direction of movement

and orientation of a chick appear restricted to within

narrohr limits during an approach response.

Spearmanls rank correlations between the total

number of approach reponses in traj-ning peri-ods with call A

and approach response latency in testing were significant

for responses lo call A (r:-O.67, p( 0.05) and call B

(r:-O.)2, p< 0.01). The more approach responses in

training, the shorter the approach response latency in

Nesting. Other rank correlations between number of responses

in training and tes| variables were not significant.

Dis cussion

The resul|s of the present experiment are consistent

with those presented earlier (Part I, sect. I and 2; Part II,
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FIGURE 8

Median direction of movement and orientation of the
approach response to Domestic Chicken parental calls
A and B during testing.
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sect. l-). Even though chicks initially approach at a

slower speed, they reach the loudspeaker compartment,

from call onset, earlier to the familiar call A than to

call B because of the much shorter latency to call A 
"

In a photocell or tip-floor apparatus this process, when

repeated, would lead to a higher number of approach

responses to the familiar call over a fixed period of

time as found for the Domestic Chicken (Part I, sect. I

and 2) and young Canada Geese (Part II, sect. l).

Prior to lhe approach response, as observed by

cinematography, the chicks appeared to show behavioral

characteristics of the orientation reaction (Lynn, L966).

The latency measuresr therefore, probably reflect the

duration of an orientation reaction prior to approach.

If, under approach conditions, duration of the orientation

reaction and performance (i.e. speed) are indirect measures

of physiological arousal (Hokanson, L969) then the

experimental results are consístent with what is known of

the effects of tnoveltyt and the habiluatj-on of arousal

(Lynn, 1966). The onset of familiar catl A is followed by

lower arousal ( shorter orientation reaction) than the

novel call B. The initial more direct orientation during

an approach to call A is also consistent with this

interpretation. Even after the termination of the simple

orientation reaclj-on, the chickls arousal is apparently
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stitl higher to call B (trigher initial approach speed)

than call A. A completely satisfactory model relating

neurophysiology to approach behavior has yet to be

devised though a neuronal model hypolhesis involving

arousal habituation appears a good prospect (na¡ecki,

Lg73) .
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SECTION T\^IO

SYNTHETIC PARENTAL CALLS AND AUDITORY DTSCRIMINATION

LEARNING BY YOUNG DOMESTIC CHICKENS:

FREQUENCY, INTENSITY AND DURATION

Introduction

Individual recognition of parents by voice has

been demonstrated in the young of several species of

precocial and semiprecocial birdsr e.B. the Domestic

Chicken, Laughing Gull, Black-billed Gull, Ring-billed

Gull, Common Tern and the Common Guillemot (reviewed

in Beer, L97Oa; General Inlroduction). Observations

consi-stent with individual- recognilion of parents by

young on the basis of voice have been reported for the

King Penguin, Canada Goose and other waterfowl species

(see General f ntroduction) . Indivi-dual distinct j-veness

of parental calls given in the parent-young situati-on

has also been described for the alarm cal-l of Canada

Geese l-eading broods (Part II, sect. 2) and the fish-call

of Sandwich Terns (Hutchison et- a,-1 , L968) . Laboratory

studies suggest that experience with the parental call

paired with a visual stimulus, movement of the adult,

results in individual recognition of lhe parental voice



7o

by young precocial birds (Evans and Mattson, 1972;

Part I, sect. 1 and 2; Part II, sect. l). The properties

of parental calls which provide the basis for such

auditory discrimination learning in young precocial

birds, however, have not been experimentally demonstrated

( cf. Thorpe, 1968) .

Owing to lhe rel-atively complex structure of parental

calls, it is technically difficult, if not impossible at

the present, to identify natural calls that could serve

as suitable controls to discover directly the properties

of parenlal calls which are important for auditory

discrimination learning. In the present study, simple

synthetic tcallst tvere used to investigate the effects
of training and testing with various call properties on

the approach behavior and distress vocalizaLion of young.

Approach behavior and distress cal-fs (peeps) are i-mportant

factors in individual parent-young interactions (McBride

e_t al- , L969) .

Simple calls, containing properti-es found in parental

calls, were synthesized from basic components (Busnel , L)68:

37). The first experiment used pure tones to investigate

the effects of training with a sound frequency on

the subsequent responsiveness of young DomesNic Chickens

to the training frequency and to a series of novel

frequencies. Experiments 2 lo 4 used sounds composed

of two tones played simultaneously, referced to as

ldouble tonesf. Experiment 2 tested whether chicks respond
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more oflen to a familiar combi-nation of frequencies

than to other frequency combinations. The experiment was

controlled to determine whether varyi-ng either frequency

in the double tone would affect approach behavior and

distress vocalization. Experiment 3 investigated

whether chicks respond more frequently to combinations

of sound intensities used in traj-ning, while experiment 1,,

tested whether chicks respond more often to familiar
tone durations.

Methods

Apparåtrls_

An RCA audio generator IVA-44C was used to produce

pure tones (sine wave). For experiment l, tones were

tape recorded and lhen spliced with sil-ent gaps between"

Each tone had a duratj-on of 0.12 s and was played at about

ItO tones per min" The intertone interval- was consNant.

Tape loops were constructed for 2OO Hz, 50O Hz, 600 Hz

and L3OO Hz tones for experiment 1. Tape loops for
experiment 2 consisted of JOO Hz/600 Hz, 500 Uz/$OO Hz

and 600 Hz/800 Hz doubl-e tones, obtained by re-recording

two tones simultaneously. Each double tone had a

duration of 0.12 s and was played at aboul ll0 tones per

min with a constant intertone interval. Tape loops for
experiment 3 were made as for experiment 2 except that
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the intensity of lhe component tones was varíed. Tapes

of 600 Uzf t+OO tlz double tones wiL:h 65 db/60 db,

65 db/65 db, 60 db/6o db and 60 db/65 db inrensiry
combinations itrere produced. Each double tone had a

duration of 0.07 s and was played at about 96 calls per

min. To ensure that the appropriale volumes were occurring

during playback, their calculated combination products

(Peterson and Gross, L967: 208) were produced as measured

with the sound level meter. For experiment 4, tape loops

of 600 Uzf|OO Uz double tones were also used. Tones had

durations of 0.07 s, 0.1 s, O.? s and 0.4 s respecti_vely

and each was spaced equally on i_ts own loop. The rate
of presentation was about 96 Lones per min. The tones in
experi-ments 1, 2 and 4 were played at about 6 j db (C ) ,

each component having idenNical intensi_ties. fn all
experiments a background of white noise was produced at

59 db (C). The movement of a pendulum was used as the

visual- stimulus.

Auditory training and testing were carried out

in a photocell apparatus (Part f , sect. l_). Owing to a

relay failure, half of the chicks in each experimental group

in experiments 2 lo l+ received their auditory training and

testing in a tip-floor apparatus (Evans , L97Z; part I,
sect . 2) 

"

The number of distress calls given by a chick was

automaticalry recorded by means of a sound-operated relay
(Part I, sect. l).
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Initial visual training was carried oul in grey

plywood pens, one chick per pen, each fitted with an

overhead 15-w light and a single, continuously moving

pendulum (Part I, sect. l).
Sub-i e_c_ts

Each experiment used 24 white rock X cornish

Domestic Chickens. Incubated eggs were col-lected from a

commercial- hatchery about one day before pipping and

hatched and raised in the laboratory as described in
Part I, sect. I.
Plo_ce_dqre

Afler hatching, the chicks for a given experiment

\^rere randomly assigned to two groups of L2. Bot,h groups

of chicks, in all the experiments, received initial
visual training with a swinging pendulum at 6 ll h

posthaNch. Chicks r^rere exposed to the pendul-um for an

initial 2 h, returned to the holding pen for 2 h and then

brought back for a final 2 h of visual trai-ning.
At 27 ll h posthatch the group I chicks in

experiment I received the 6O0 Uz tone paired with an

active pendulum for 5 min, followed by ! min of sil-ence

and no pendulum activity, This l0 min period was

immediately repeated I times for a total of 80 min.

Group 2 chicks had idenlical treatments to the group I
birds except that a 1300 Hz tone was played during

auditory training. Three mj-n after training the chicks were
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tested. Tesling consisted of presenting each chick singly
and successively with 5 min each of the 200 Hz, JOO Hz,

600 Hz and L3oo Hz tones in a Latin square balanced order.
In experiment 2, group t chicks were trai_ned with

the 5oo Hz/600 H z Lone while group z chicks received the

5OO Hz/800 Hz tone. Testing consisted of presenting

each bird wirh 5 min of the 5oo Hz/600 Hz, 5oo uzfgoo Hz

and 600 Hz/800 Hz tones in balanced order. rn experiment 3,
group I chicks were trained with the 6O db/65 db tone

while group 2 chicks recei-ved the 65 db/6o db tone. Testing
consisted of presenting each chick with the 60 db/65 db,

65 db/65 db, 60 db/60 db and 65 db/6o db tones for 5 min

each in a balanced order"

Chicks in experiment 4 were traj_ned with either
the 0.07 s duration tone (group 1) or the O.l s tone
(group 2). Testing consisted of presenting each chick with
5 min of the 0.07 s, 0.1 s, O.Z s and 0.4 s tones in
balanced order.

rn experiments 2 to 4 chicks, after auditory training,
were returned to their holding pens for l_00 min in
anticipation of enhancing any discrimi-nation. They were then
broughN back and given auditory training for an extra 5 min

period, and then immediately tested. The procedures in all
experiments were otherwise identj-car. Throughout testing
pendulums remained immobile in all experiments " statisticat
analysis of selected g priori comparisons hras carried out
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using the one-tailed t test or the one-tail-ed paired

t test unless otherwise stated.

Results and conclusions

Experi_ment_ l-

The mean number of approach reponses and the mean

number of I s periods wi|h distress vocalization, in testing,

are shown in Fig. p. Comparison of Nhe number of approach

responses showed that chicks trained with the 6OO Hz tone

approached this tone significantly more often than the

2OO Hz, 5OO Hz and 1300 Hz tones (l:2 "62, 2.58, 2.67 ,

p(0,05, respectively). Chicks trained wilh the 1300 Hz

tone approached this tone significantly more often than

the 5O0 Hz tone only (L:L.97, p< 0.05). The number

of approach responses to the 600 Hz tone was significantly
greater for chicks trained with 600 Hz than for those

trained with 1300 Hz (L:2.53, p< 0.01) . Similarly, the

number of approach responses to the f300 Hz tone was

significantly grealer for chicks trained with 1300 Hz

(t:2"o3, pa0"05).

Comparison of the number of distress calls showed

that chicks trained with the 600 Hz tone gave significanlly

more distress cal-l-s to this tone than to the 2O0 Hz,

500 Hz and I3OO Hz lones (L:2.)+9, ?.L3 r p( 0.05 i L:2"79,

p<0.01, respectively) " Chicks trained with the t300 Hz
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FIGURE 9

The mean number of approach responses and distress calls
to pure tones of different frequency in training and

testing (experj-ment 1). 6OO+V : 600 Hz and visual

movement; 1300+V : f300 Hz and visual movement ; 2OO, 5OO,

600, 1300: test frequencies (in Hz). No Stim: no

experimental stimuli.
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tone gave significantly more distress calls to this lone

than lhe 200 Hz and 6OO Hz tones (L:2.43, 2.22, p( 0.05).

The number of distress calls given to the 600 Hz tone

r^ras significantly greater for chicks trained with

ó00 Hz compared w'ith chicks trained with 1300 Hz (t:l.86,

p< 0.05). The number of distress calls to the L3OO Hz

lone was significantly greater for chicks trained with

f300 Hz than for chicks trained with the 600 Hz tone

(t:2"08, p( 0.05). Clearly, after training both 600 Hz

and 1300 Hz have distincl effects on the approach behavior

and distress vocalizai-ion of young Domestic Chickens

compared to varj-ous novel frequencies.

There was a significant positive correlati-on
(spearman?s rank) between the number of approach responses

and the number of dislress cal-ls given in tesling for

responses to 600 H z and 5OO Hz for birds trained wilh
600 Hz (r:+0.75t p( 0.01; r:*o.J2, p< 0.05, respectively).
Other correlati-ons between the two responses were not

significant.
The mean number of approach responses and distress

cal-ls in training are shown in Fig. 9. The periods wilh
experimenlal stimuli producedsignificantly more approach

responses than the periods without stimulation for 600 Hz

trained chicks (p< 0.01) and for chicks trained vü1th

1300 Hz (p< 0.0f). In many cases the periods with

experimental stimuli produced significantly fewer distress

calls than the periods with no stimulation for 600 Hz
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trained chicks (periods l-, 2, 4, 5, p1 0.05 or better)
and for chicks trained with 1300 Hz (periods l, 2,6 to 8,

p< 0.05 or better). A differential effect of ó00 Hz

and L3OO Hz in training on approach responses or distress

vocalization was not demonstrated.

ExpeI]i-melrl_ 2

The mean number of approach responses and the mean

number of I s periods with distress vocalizaLion in testing
are shown in Fig. 10. Compari-son of lhe number of approach

responses in testing showed that chicks trained with the

5OO Hz/600 Hz tone approached this tone significantly
more often than either the 5OO Hz/800 Hz (t:2.46, p< 0.05)

or 600 UzfBOO Hz tone (L:2.38, p< O.O5). The number of

approach responses to the JOO Hz/600 Hz tone u¡as

significantly greater f,or chicks trained w-ith this tone

than for those trained with the 5OO Hz/800 Hz tone

(t:l.82, p< 0.05). Clearly, after training the familiar

JOO Hz/600 Hz combination has a distinct effect on approach

behavi-or such that if either component frequency of the

combination is changed, a smaller number of approach

responses is eliej-ted. Bolh frequencies of the double

tone affect approach behavior.

The results for birds trained with JOO Hz/800 Hz

were less consistent. Statistical comparison of the number

of approach responses in testing showed that chicks
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FIGURE TO

The mean number of approach responses and distress
calls to double tones of different frequencies in training
and testing ( experiment 2) . 5OOf6OO+v : 5OO Hz/6OO Hz and

visual movement; 5OO/}OO+V : JOO Hz/}OO Hz and visual
movement ; 5OO/6O0, 500/800 , 600/8OO : test frequency

combinalions (in Hz). No Stim : no experi-mental stimuli.



TRAINED

. n=12

5OO Hzl8OO Hz

o^
o93o 9o(o ()^-
o- u)õ

ï

50O/8OO*V

n= 12

ioo.

o

n=12

o-n'n

NooSt imc-\ -a

Oooo
@co

o-òoon()

b-o/\

(J
LJ
(o

o
(J
r)

oo
(o

o
n oo^

cO !2
^\(J!¿ co
LJ-
r.c) O

(J
¡(o

\ooie o o* V

\
'qo\P

\,,o

ff
o

.{o r.'-

20

lc

10

ÃJ

o

ô=12

Test
Per i od

\
\ r.ro st im

tn
r!
v)z
0_
Ø
UJ
t
I
U

o
nr
o_
0-

2468
Troining
Peniods

î
E
U

Ø1 6O
tJ)

.^ 0)v)L
J€) .Ø12C-<aUs

PØ.:Ø Jgo
Lù ,¡¡
tp
FOtn-_(oõ40

a-

U)

r

bo
c;z ïest

Per i od

246
Troining
Peniods



80

trained with this tone approached it significantly more

often than the 5OO Hz/6OO Hz tone only (L:2.O7, p< 0.05).

The birds trained with the JOO Hz/800 Hz tone did not

respond significantly more to this tone than Nhose trained

with the 5OO Hz/600 Hz Lone.

Although the distribution of means in Fig" l0

suggests otherwise, differences in the number of distress

calls given to the familiar and novel test stimuli hlere

not statistically significant except for the 5OO Hz/8OO Hz

and 500 H zf6OO Uz comparison for birds trained with the

5OO Hz/iOO Hz tone (t:l.91-, p< 0.05). Spearmanrs rank

correlations of the numbers of approach responses and

distress calls in testing for both groups of chicks were,

however, significant (p< O.05 or better). The more approach

responses given by a chick to a frequency combination in

testing, the more distress calls are uttered at the same

ti-me.

The mean number of approach responsessârrd distress

calls in training are shown in Fig. 10. The training

peri-ods with experimental stimuli produced significantly

more approach responses than the periods with no

stimulation for both the 5OO Hz/600 Hz trained birds

(periods 2 to 8, p< 0.01) and birds traj-ned with

JOO Hz/}OO Hz (periods 2 to 8, p( 0.05 or better) . A

differential effect between JOO Hz/6OO Hz and JOO Hz/800 Hz



81

in training, though statistically significant in a few

comparisons (two-tailed t test), r^ras not conclusively

demonstrated for either approach behavior or distress
vocal-i zaLion.

Experiment 3

Figure 11 presents the mean number of approach

responses and the mean number of t s periods with
distress vocalizaLíon during testing. Comparison of Nhe

mean number of approach responses in testing between

tones was significant for a single comparison only, between

the number of responses to the 60 db/65 db tone and the

65 db/60 db tone for 6O av/65 db rrained birds (t:L.92,
a 'orl_orl_

pcO.05). None of the corresponOln!/ãôñþ-arisons for
distress calls was significant. However, the 65 db/60 db

combination did produce significantly more approach

responses and distress cal-ls for chicks trained with this
combinatj-on than for chicks trained with 60 db/65 db

(l:L.75 , p( 0.0f; t:3.o3 t p( O.Ol, respectively) . This

comparison, and inspection of the mean number of responses

to tones in testing between the two groups of chicks
(Fig" 1l)r suggests that training with rhe 65 db/6o db

combination enhances the general response level to both

familiar and novel- double tones in testing, compared to
chicks trained with the 60 db/65 db combination. Rank

correlations of the number of approach responses and

the number of dÈstress calls given by chicks in testing
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FIGURE 1I

The mean number of approach responses and distress

calls to double tones of different intensilies in
training and lesting ( experiment 3) . 6O/65+V : ó0 db/65 db

and visual- movement, 65/6O+v : 65 db/6o db and visual

movemenr; 60/60, 60/65, 65/65, 65/60 : test intensity
combinations ( in db ) . No Stim : no experimental stimuli.
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were significant for both groups of chicks (p< 0.05 or

better) except for the 65 db/60 db tone comparison for

chicks trained w1th that combinati-on.

The mean number of approach responses and distress

calls in training are shown in Fig. 11. The periods

with experimenlal stimul-i initially produced significantly

more approach responses but significantly fewer distress

calls than periods with no stimulation for birds

trained with 60 db/65 db (approach responses: periods

I to 4, p< 0.05 or betler; distress cal-l-s: periods L, 2,

p< 0.01). Periods with experimental stimuli also

produced significanlly more approach responses but

significantly fewer distress calls than periods with no

stimulation for the birds trained with 65 db/6o db

(approach responses: periods I to 8, p( 0.01; distress

calls: periods I to t+, 7, p< 0.05 or better). Although

the distribution of means shown in Fig. 11 suggests that

65 db/60 db el-icits more approach responses and dislress

calls than 6O aA/65 db in training, the slatistical

comparisons (two-tailed t lest) were not significant.

Experiment Jl

There hrere no significant differences in the number

of approach reponses or distress calls to the 0.07 s or

0.1 s tones between chicks trained with 0.07 s and 0.I s

(see Fig" LZ). In the absence of such trainJ-ng effects,

the data were further analysed on the basis of Fischerr s
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FIGURE T2

The mean number of approach responses and dj-stress

calls to doubl-e tones each of a different duration i-n

training and testing (experiment 4). 0.07+V : O.O7 s and

visual- movement; 0.1+V : 0.1 s and visual movement i O.O7,

0.1, O.2, 0.4 : test durations (in s). No Stim : no

experimental stimuli.
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(1972 ) results for tone-naive chicks, to determine

whether decreasing the tone duration increases the number

of approach responses and dj-stress calls regardless of

the training tone. The data were consequently combined

( n:24) .

Chicks gave significantly more approach responses

to the O.O7 s tone than the 0.1 s tone (L:2.O2, p< 0.05).

They also gave significantly more approach responses

to the 0.1 s tone than the O.? s tone (L:2,76, p< 0.0f ).
Although the compari-son between 0.2 s and 0.4 s \^ras not

significant, the difference between 0.1- s and 0.4 s was

significant (L:2"95, p<0.0f). The shorter lhe None duration,

the more approach responses are produced.

Chicks gave significantly more distress calls to

the 0"1 s tone than the O.2 s tone (L:3.42, p< 0.01).

Comparisons between 0"07 s and 0.1 s and between 0.2 s

and 0.4 s for distress calls were not significant but

comparisons were significant for distress cal-ls between

0.07 s and O.2 s and between 0.1 s and 0.4 s (t:1 .68,

3,58r p( 0.01, respectively). Tones of 0.07 s and 0.1 s

duration produce more distress calls than tones of 0.2 s

and 0.4 s duration. Spearmanls rank correl-ations were

significant for correlations between the number of approach

responses and di-stress calls in testing (p< 0.0I).
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The mean number of approach responses and distress

calls in training are shown in Fig. L2. Periods with

experimental- stimuli produced significantly more approach

responses than the periods without stimulation for both

Nhe O.O7 s trai-ned birds (p< 0.05 or better) and lhe birds

trained with 0.1 s (p< 0.05 or better). Peri-ods wilh

experimental- stimuli initially produced significantly

fewer distress calls than periods with no stimulation

for both the 0.07 s trained birds (periods I to 4, p< 0.01)

and the birds trained with 0.1 s (periods f t.o 3, p< 0.01).

No differential effect during lraining between 0.07 s and

O.l- s could be shown (two-tailed t test).

Discussion

Experi-ment I demonstrated that, after training, a

familiar frequency can affect approach behavior and

distress vocali zat,ion producing more approach responses

and distress cal-ls than other, novel frequencies.

Experiment 2 showed that a familiar frequency combination

can produce a higher number of approach responses lhan

other, novel combinations. Alter either frequency, and

the response level is lowered. In a comparable experiment

(Part I, sect. l), it was demonstrated that chicks trained

with a parental call- can approach and distress call more

frequently to this call compared with a parental call

tape recorded from a different individual hen. Comparison
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of the number of responses to the familiar sound shows,

however, that the parental call used in the experiment

described in Part I, sect. I elicited more approach

responses and fewer distress call-s than the familiar
tones of experiments t and 2 (nig.13). Not only did

the absolute number of responses consistently differ but

also the relative difference between the number of

responses to familiar and novel- stimuli i^ias distinct
(see Fig. 13). In terms of thls ldiscriminationr score

(rig. l-3), the results for pure tones (6oo Hz trained

chicks) and natural parental calls were similar. Scores

for the chicks trained with a 1300 Hz pure tone and for
the chicks trained and tested with double tones were

considerably smaller (Fig. 13). The low discri-mi-nation

scores for the 1300 Hz tone may simply mean that this
frequency is not particularl¡r suitable for discri-mination

learning, though as the training data show, it does

appear as effective as 600 Hz on training behavior.

Fischer (L97?) has found that pure tones of 375 Hz to

625 Hz produce considerably more following by tone-naive

chicks than higher or lower tones,

Unlike the single tone experiment in which

different frequencies were used for each test tone, each

doubl-e tone test ?calll contained a frequency in coÍÌmon

with each other test call. This overlap of frequencies



88

FIGURE L3

Median ?discríminationf scores and the mean absolute

response level to the familiar sound for young Domestic

Chicks to pure and double tone frequencies and parental

call-s ín testing. The discrimination score (/") is

calculated by divi-ding the numerical difference between

iesponses lo the famil-iar and novel calfs by their sum

and multiplying by f00 (cf. Evans, L972). Dala for

responses to parental calls are taken from a comparable

experiment described in Part I (sect. l) " Tesl

comparisons listed along the abscissa are in Hertz

divided by 100 except for A and B which refer to parental

calls. >:greaterthan.



-l m u) { o o F ry Ø o z (n

dv
o

l\)
V

o}

uV
o)

!0
 v

>

A
P

P
R

O
A

C
H

J

c'
lo

S
u$

$u
S

I I I i 
-=

"-
-ó

"1
__

- 
_ 

__
__

_:
:::

=
__

=
._

 __
" 

gf
;

'Æ
* 

$o
,/-

 
f 

>
^g

 
^Ë

 
iñ

Q
rr

0¡
ûi

-c
Ù

$v
$

ro
V

d

o'
rv

ô

cn
V

d

å-
--

- 
":

- 
-3

R
E

S
 P

O
N

 S
E

S

,/ 
I 

>
 

g 
_f

, 
al

m

\ 
."

.o
 -g

g 
îf;

 
g"

'
\ 

""
" 

õF
 

=
z 

o

þ 
í 

õi
q 

>
>

r 
g

/ 
: 

-o
 

H
: 

É
r

,ó
 

,-
--

b 
- 

é 
Y

9 
30

,/ 
--

--
:' 

-G
S

 
N

 ft
 

5'
Ë

ii-
. 
eä

Ë
 g 
gË

 i'
 

s;
ii 

, 
É

sä
 ë

F
g 

ê
åb

 
ñ 

"n
oñ

'&
,:

('l
oc

ño

D
IS

C
R

IM
IN

A
T

IO
N

 S
C

O
R

E
 

O

ut
t\) o

N (¡
(¡

) o

(N
o.

 o
f 

1 
s

-l m Ø -{ o o f 4 (n o z Ø

(,
V

o)

r!
 v

o)

(¡
vo

)

D
IS

T
R

E
S

S
 C

A
LL

S
pe

rio
ds

 w
ith

 d
is

tr
es

s 
co

lls
)

1\
)

ur

(p
v>

S
u$

Q
 r

rO
co

 'o
ì

$u
$

(n o

?? å! z9 96
' ô

o-
,

;3 19
3

tlo lé o:
'

3v Jø ;q øô o o J l¡ o (D

$u
$

ru
 V

d

or
 V

d

r¡
 V

d

\¡ (n
o o

-l 9 fì(
Jr i8
8

i c
oc

( 
c)

tD
20

r F
Ï o

-o
z

C
 

fr
l

A
ul n

>
F

F
{Þ

ñ

"1
¡'

{6
'æ

ci
om

I o

$s

9 ) o o.

o) o o I N

--
{ o z rr
t

U
1

o"
-

I I I o I I I o

D
IS

C
R

IM
IN

A
T

IO
N

 S
C

O
R

E

+ f\) (¡
{+ O

\¡
o$

O
a

rl ål zo oõ
'

'ô O
 

-1
.

5
g5 9? ;Þ It 

u\

sq =
O

6

+ o o



B9

may have contributed to their low discrimination scores.

The lower scores for double Nones suggest that the voi-ces

of different indivldual hens would be most easily

di-scriminated if they possessed combinations of

frequencies with no, or few, shared or common components.

Inspection of spectrograms of parental calls

indicates that the calls of different individuals

probably share at least several frequ-encies, although

the frequency range and maximum frequency can be quite

different (".g. Evans and Mattson, L972; Part II, sect. 1).

A possible call structure which could both facilitate

individual recognition and contain shared frequencies,

involves variation in the presence of frequencj-es with

time. For example, a call might"possess only a few,

individually distinctive, frequncies in the beginning

section or segment, have a central lbodyl composed of a

range of frequencies that are not individually

distinctive and have a final section which perhaps again

is individually distinctive. Clearly, many other varj-atlons

are also possible. Detailed inspection of spectrograms

of parental calls suggests that particular temporal

segments of a call may indeed have individually

distinctive frequencies (see spectrograms in Part II,

sect " 2; Evans , L97Ob; Beer , L97@.; Hutchison 9! Ê!t

rg6B).
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The lowest frequency of the central segment of

the fish call of the Sandwich Tern, which usually only

possess a fundamental and two harmonics, appears

individually distinctive (Hutchison qt_ al, 1968). Similarly,

White and üIhite,(L97O) have demonstrated that lhe

beginning secNion of the tlanding callt of male Gannets

(S_lL]_q bqsj¡_aJla) is individually distinctive 1n terms of

amplitude.

Parental calls usually possess more than two

component tones. The greater the stimulus complexity

perhaps the greater altraetion (cf. Matthews and Hemmings,

L963). Clearly, the double tones of experiment 2 elicited

more approach responses than the pure tones. The results

of experiment 3 suggest that lhe distribution of

intensity in a call may also, after trai-ni-ng, enhance

overall response levels. Call amplitude allows fine

control over the young chickls behavior (see Fischer and

Gilman, L969) and hence, as found here (experiment 3)

might not be expected to be involved in discrimination

learni-ng p€I s_e.

Effects of training with different tone durations

on test behavior vìrere not demonstrated. This contrasts

with Tschanzrs (f968) work on guillemots in which call

duration was thought to be an essentj-al factor for

recognition by the young.
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Although tone duration does not appear to provide

a basi-s for auditory discrimination learning in chicks,

the results of experiment 4 are of interest. The shorter

the dura|ion of the tone presented to chicks, the more

approach responses and to some extent distress calls

elici-ted. Variation in the duration of a parentrs call

may result in young approaching faster or slower, sooner

or l-ater, thereby allowing further fine control of the

chickis behavior.

In studies of tone-naive chicks Fischer and Gilman

(L969) and Fischer (tgZz) found the optimal pure tone

intensity and duration to be most effective in producing

following. Frequency, by comparison, l^Ias less relevant.

In contrast, on the basis of the experimenls presenled

here, it appears that sound frequency, whether singly or

in combination with other frequencies, may be the most

important call parameter facilitating auditory discrimj-nation

learning as involved in individual recognition of the

parental voice by young.
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SUNA4ARY OF PART III

Investigation of the parameters of chick behavj-or

in audi|ory discrimination learning showed that a

familiar parental cal-l can cause a much earlier but

initially slower approach response than a parental call

from a second individual hen. A familiar cal-l can also

produce an approach response which, ât onset, is more

directly oriented towards the sound stimulus. These

results were discussed in terms of arousal habituation.

A seri-es of four experiments using synthetic call-s

were carried out to investigate the parameters of parental

sound in auditory discriminati-on learning. Call frequency

appears to be the mosl inrportant call parameter

facititating auditory discrimination learning of individual

cal-ls. Such learning was not shown for intensity or

durati-on which appear, rather, to al-Iow fine control

over chick behavior. The relevance of these parameters

for individual recognition of the parental voice by

young precocial birds was discussed.
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GENERAL DISCUSSION

The experimental findings have been fully

discussed in the appropriate sections of Parts I to III.
Some more general points arising from these findings
are presented and discussed below.

A model of ptrgnt:y?ung interacti?+
The results of the experiments reported in this

thesis suggest the following model of parent-young

interaclion in precocial birds.
1) In the absence of relevant stimulation from

the parent, e,g. a lost chick in high grass

some distance from its mother, a chick utters
a stream of di-stress calls and remains

relatively still.
2) A stream of di-stress calls cause the mother

to return to the chick.

3) 0n making contact with the mother again,

distress calls give way to contentment

chirps and the young bird approaches and

follows the qother.

4) In the absence of relevant visual- but not

auditory stimulation from the mother, e.g.
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a chick in high grass but close enough to

hear its molheris call, the chick increases

its rate of distress calling somewhat and

l-ocornotes toward the sound source, its parent.

An j-ncreased rate of distress calling causes

the mother to halt, slow down or approach the

chick allowing reunion.

Parental- calls from a strange adult conspecific

in the absence of relevant stimulati-on from

a chickl s own parent, cause the chick to

reduce its rate of dislress calling and to

remain relatively still.
A low level of distress calling and movement

reduces the likelihood that a lost chick will
be approached, attacked or adopted by a

strange adult.
If a strange parental call persists for some

ti-me in the absence of stimulation from the

l-ost chickis own parent, the young bird will
gradually increase its rate of distress calling

and will locomote toward the strange adult

thereby enhancing chances of adoption.

When young chicks and ducklings become separated

from their parent and are lost, they emitt a stream of

distress cal-Ls (Sluckin, L965; 16; Hoffman, 1968) . Distress

5)

6)

7)

8)
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calls terminate with the parent?s return (Hoffman et_ al,
L97O: 23O). When separated from the reqrainder of the brood,

young Canvasback ducklings (Ay_t_hv_a vaJ-isnetia) atso give

distress cal-ls; on rejoining the brood they give

contentment notes (Coltias and Col-lias, L956; see also

Kear, L968) . These findings are consistent with hypotheses

I and 3 of the present model-. Observations recorded in

the literature also demonstrate the effect of distress

vocalizai-ion on parents (hypotheses 2, 5 and 7). Bruckner

(as described by Smith, L969) demonsNrated that a

Domestic Chicken hen woul-d fail to come to the re scue of

her chick visibly struggling under a glass bell. \iVhen

the bell was raj-sed slightly, permitting the chi-ckts

distress calls to be heard, the hen responded immediately.

In ducks, lrthe normal functions of di-stress cries are to

attract the mother who goes to the duckling if it is lost,

broods it if it is cold, leads it to safety if il is

frightenedr or perhaps leads it to food if it is hungryrr

(Cotlias, I962t 579; see also Hoffrnan et al , L966a, b).
McBride et a.-t (f969 ) observed hens retrieving lost,

distress-calling chicks. Hens return with the whole brood

before moving off again.

McBride el al (L969) observed that of the members

of a brood following their parent, those furthest from

the mother gave the loudest chirps. This might, explain
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whlr even when auditory and visual- contact are made with

the lparentt j-n the laboratory experiment, a low l-evel-

of distress vocalization at a rate of about 3 calls per

min is stil-l present. Each time the parent moves to the

opposite end of the photocell pen, the parent-young

distance is automalj-cally increased.

Although hypotheses li and 6 are supported by the

results of experiments in this thesis, no rel-evant

lnaturall observations appear to have been recorded in

the literature. Hypothesis B was suggested by the

increased responsiveness of chicks to novel calls in the

second test period of the experiment presented in

Part I, sect. 1 and by the comparable findings by Evans

and Mattson (tgZZ) and Evans (pers. comm.).

lVhat is the response of adults to strange young?

Alley and Boyd (L95O) observed adult Coots (tr'i¿Ii-c-a at-ra)

attacking and driving away chicks conspicuously older

or younger lhan their own. These allacks were often

extremely vi-gorous, adults returning again and again

to attack, sometimes persisting unti-l the death of the

strange chick. Adult gulls attack and injure, often

critically, strange young that trespass on lheir

territories (Tinbergen, 1953; Emlen, L956). However,

adoptions of young can also occur. Where wandering Coot

chicks resemble very closely the offspring of the pair
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into whose terrilory they have strayed, the strange

chicks may be not only accepted but adopted (Altey and

Boyd , L95O). Fostering of young is apparently quite

conmon in Common Guillemot colonies (Pickup, L973 -- this
author described in detail the adoption of a guillemot

chick by an adult Gannet). In the Canada Goose, brood

mixing has been recorded especially for geese nesting

under confined seminatural conditions (Collias and Jahn,

L959; Sherwood, L967). Ryder (L967) noted that hunting

pressure may break up family groups of Rossts Geese

(A_rts_eq rojsii). Dzubin (L965) suggested rhat, in
Saskatcheuian late hatching geese are not physiologically
capable of mi-gration at the time thej-r parents depart

but are adopted by families that leave later.
Evans (t97On ) has pointed out that, in gulls,

if a chick has lost its parent its only hope of survival
may 1ie in the chance that it can get itself fostered and

fed by other adults. Since young gulls rely on adults

for food it would not be in the chickts tinterestr to
persist in discriminating against strange adul-ts 

"

Presumably, in precocial species the need for direction
to food and predator protection would similarly favour

adoption for survival (hypot,hesis 8).
In relation to these observati_ons, the parent-young

inleractj-on model presented above at least appears

plausible. However, the effects of distress vocalization
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on both familiar and strange adults requi-res much further
experimental investigatj-on" Similarfy: much detail is
missing from the model-. Consider hypothesis 3. Parental

call-s do not just simply cause approach or following.
The parental cal-l is also abl_e to exert finer cont,rol

over the chickrs behavior. Varialions in duration of the

call may cause chicks to approach sooner or later,
faster or slower (Part fII, sect, 2). Varj-ations in
overall amplitude may have similar effects (Part Iff,
sect. 2; Fischer and Gilman, L969).

The classification ditorv discrimination I

Ln young l) re c o_cåal ! i_rds_

Learni-ng may be defined as a change in the strength

of an act lhrough Nraining procedures as distinguished

from changes in the strength of the act by factors not

attributabl-e to lrai-ning (Hilgard and Marquis, 19¿f0).

Clearly, many of the conclusions reached in this thesj-s

refer to t learni-ngr .

According to several- conventional treatments

(e.g. Kimble, L96L; Thorpe, 1963; Hinde, L97O) most forms

of learning can be referred to one of three classes:

habituation, classical conditioning and operant conditioning.
Can the audiNory discrimination learni-ng described here

be classified as one of these types? Visual reinforcement
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is probably involved (Part I, sect. l- and 2), hence

habituation, which involves a waning of response in the

absence of reinforcement, is nol sufficient to account

for the results. The number of responses to parental

calls previously paired w-ith visual movement was

consistently higher lhan lo those not previously associated

with visual- movement in training (erg. Part I, sect. 2).
Call A and visual- movement hrere presented

according to a classical- conditioning paradigm. They

were not response contingent as required for operant

conditioning. Can lhe results be classified as cl_assical

conditioning? Tn t,his form of conditioning, the conditioned

response resembl-es the uncondilioned response. The

number of responses given to the familiar cal-l A in
teslì-ng, after prior training paired with visual movement,

differs considerably from the number given to call A and

visual movement in traì-ning in periods of the same

duration, although this may refl-ect latency differences

rather than speed or lformt differences (Part I, sect. I
and 2; Part IfI, sect. 1). However, in classical
conditioningr âs in operant conditioning, the conditioned

stimulus is usually neutral before conditioning takes

place. Call A, even at the onset of auditory training,
is clearly not a neutral stimulus vis-a-vis approach

behavior or distress vocali zaLi-on ( see especially Part I,
sect . 2).
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Although the learning shown in the experiments

reported in this thesis resembles cl-assical conditioning
more lhan the other forms, it is evident that it cannot

be neatly pigeon-holed as one of the simple learning

types outlined above. The attempt to fit, particular
examples of learning into a cl_assificatory scheme rrâI¡

in the long run, be detrimental in that a majority of
workers may tend to investigate classified forms to the

exclusion of other, perhaps biologically more i_mportant

variations.

r e c_ogni t ion _o_f p_qr entjs bv_ _v_o Lcj
Goose embryos used in the experiment described in

Part II, sect. l- received a short period of prehatch

exposure to a parental call of lhe Canada Goose. The

remainder of the experimenls in this thesis did not

employ prehatch exposure to parental call-s. The experimental

results clearly indicate that prehatch exposure to the

famil-iar call is not essentj-al for the development of
selctive responsiveness to indlvidual parental calls.

There are four main sources of sound which might

affecN the developing embryo namely, the parent(s),
other embryos in the nest (s_e_e-Vince, L96t+, L969), the

1968b:
embryo itsel-f (Gottlieb, L965,/CotttieU and Vandenbergh,

exþosure and th ment of



101

1968), and the general environment (""g. wind noise,
thunderclaps) " Parent birds have often been observed

calling quietly over unhatched eggs both before and after
pipping (Collias and Collias, L956; Gottlieb, t963;

Hess , L972 i Part If, sect . 2) . Parental catl-s can affect
embryonic responsiveness (Gottlieb, L965; fmpekoven,

L973). For the pekin duck there is evidence that perinatal
exposure to auditory stimuli can enhance posthatch

responsiveness to species-typical calls ( Gottlieb, L966) .

The Common Guill_emot nests in crowded coloni_es on

cliff ledges. As woul-d be expected, lhe development of
individual recognition of parents by voice, by young

guillemots, occurrs parNicularly early -- prehatch

exposure to calls of the parent appears sufficient for
posthatch individual recognition (Tschanz, L965, 1968).

However, the resul-ts of a series of experiments in
which individual parental calls ( calls A, B ) were played

for considerable peri-ods to Deass¡1s Chicken embryos

were inconclusive (Evans, pers" comm.). Posthatchr the

chicks did nol selectively approach or vocali-ze Lo the

familiar individual calls. Prehatch exposure to the

parental f me'vrrr cal-l of the Herring Gull (Lq.rqs_ argerltat_us)

does noN selectively facilitate responses to t,his call
by young Herring Gulls. They prefer the mew call of the

Ring-billed Gull (Evans, L973) , An effect of prehatch

exposure to the famili-ar parental call- on the test behavior
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of chicks to individual calls, after one or more days

posthatch, remains to be demonstrated.

Presumably, sounds due to the embryo itself and

incubator-sharing embryos occurred duri-ng al-l- the

experiments carried out for this thesis. A possible

effect of these sounds on test behavior was not

investigated.
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