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INTRODU CTION

Statement of hypo th eses

Recent work in several species of precocial birds 

(Gottlieb, 1966, 1971, 1975a, 1975b, 1975c, 1978,

Impekoven, 1971a, 1976a, Tschanz, 1968, N o r t o n - G r i f f i t h s , 

1969) suggests that post ha tching behavior in a natural 

brood of chicks has antecedents in preha tching interactions 

between the embryos and the incubating hen. It is well 

known that domestic  chicks and their pa ren tal hen can 

form a social unit if they interact during the period 

that follows immediate ly  after hatching (Wood-Gush, 1955, 

Hess, 1973). The inter actions establ ish social bonds 

insuring that the young birds and hen continue to associate 

and interact for an extende d period. While chicks readily 

develop a filial att achment if they interact with the hen 

early in life, they lose the tendency to show filial 

behavior if they are isolated. It is possi ble that some 

types of vocal in teractions  between the newly hatched 

chicks and the hen orig in ate prior to hatching. In 

addition, the na t u r e  and extent of pr eha tchin g exposure 

to materna l s ti mu lation  could determin e the pattern 

of pos thatch in g intera ctions by influencing the response 

of ne wly ha tched chicks to social stimuli. Until now 

these hypot hes es have been difficult to evaluate because
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there were no a d e qu ate de scriptions of the behaviors 

which occur during incubation in either embryos or the 

parental hen. To dem onstrate that prehatching interactions 

^influ enc e later behavior it is ne c e s s a r y  to describe 

parental and embryonic behaviors during incubation, 

deter min e whethe r interactions occur prior to hatching 

and then inv estigate the effects of these interactions.

In this study, the behavior of embryos and the incubating 

hen during the period before hatchi ng is described. The 

temporal pat tern in g of behavior is analyzed for the 

prese nce  of interactions. Finally, in order to determine 

whether p re ha tching interactions influence later behavior, 

the behaviors of embryos and chicks with different 

pre ha tchi ng  exp er ience are compared.

Background

The effects of early exper ience on the development 

of social behavior in chicks usually have been inferred 

from isolation type experiments (Hess and Petrovich, 1973). 

Typically, chicks are ar ti fic ially incubated, isolated 

at hatching and then tested for responsiveness to different 

forms of st imulation  after various isolation treatments 

(Hess, 1973, Hess and Petrovich, 1973, 1977). Most of 

these experi men ts have been per formed without taking into 

account the influence that prehatchi ng experience may 

have on po sthatc hi ng behavior. Lately, however, 

investigators have begun to realize that the egg does not
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is ol a t e  the embryo  f r o m  e x t e r n a l  st imuli. L igh t and 

s ound st im u l i  p e n e t r a t e  the egg and the em br yo appe a r s  

to react to t h e m  (Gottlieb, 1968). It m a y  be that 

p r e h a t c h i n g  e x p e r i e n c e  i n f l u e n c e s  the later r e s p o n s e s  of 

ch ick s to socia l stimuli.

G o t t l i e b  (1975a, 1975b, 1975c, 1978) and ot hers 

(Im pekoven, 1976a, Tschanz, 1968, N o r t o n - G r i f f i t h s , 1969, 

G r e e n  and A d k i n s ,  1975) h a v e  r e p o r t e d  r e c e n t l y  that 

e m b r y o n i c  s e l f - s t i m u l a t i o n ,  p a s s i v e  e x p o s u r e  to p a r e n t a l  

s t i m u l a t i o n  and i n t e r a c t i o n s  b e t w e e n  the embry o and the 

i n c u b a t i n g  p a r e n t  each can m o d i f y  the r e s p o n s i v e n e s s  of 

the n e w l y  h a t c h e d  b ir d to s o c i a l  stimuli.

That e m b r y o n i c  s e l f - s t i m u l a t i o n  i n f l u e n c e s  p o s t h a t c h i n g  

b e h a v i o r  was d e m o n s t r a t e d  by G o t t l i e b  in a series of 

el eg an t e x p e r i m e n t s  p e r f o r m e d  on d u c k l i n g s  (Gottlieb,

1975a, 1975b, 1975c, 1978). He s u r g i c a l l y  d e v o c a l i z e d  

duck em br y o s  b e f o r e  they s t a r t e d  to call and i n c u b a t e d  

them in sound a t t e n u a t e d  i n c u b a t o r s .  G o t t l i e b  found 

that af te r hat c h i n g ,  fewe r d e v o c a l i z e d  d u c k l i n g s  r e s p o n d  

to the m a t e r n a l  call than c o n t r o l s  w h i c h  are i s o la te d  

but not d e v o c a l i z e d .  The a b i l i t y  of d e v o c a l i z e d  

d u c k l i n g s  to d i s c r i m i n a t e  the spec i e s  m a t e r n a l  call from 

o th er  ca lls is also impa ired.  When d e v o c a l i z e d  d u c k l i n g s  

are ex po s e d  to s i b l i n g  c o n t e n t m e n t  calls d u r i n g  i n c u b a t i o n  

the p r o p o r t i o n  of d u c k l i n g s  that r e s p o n d  to the sp ecie s 

m a t e r n a l  call a p p r o a c h e s  that of n o r m a l  con tr ols. G o t t l i e b  

c o n c l u d e s  that e m b r y o n i c  s e l f - s t i m u l a t i o n  w i t h  c o n t e n t m e n t
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calls enhances po s t h a t c h i n g  re spons i v e n e s s  to the species 

maternal call.

Passive exposure to stimul a t i o n  from outside the egg 

during in cubation also in fluences the posthatching 

behavior of some precocial birds. Impekoven (1971a,

1976a) found that the responses of laughing gull chicks 

to parental calls are influenced by pre ha tc hing exposure 

to such calls. N a turall y in cubated gull chicks show 

increased act ivity when exposed to the parental "croon" 

call and s. ^.ild decrease in act iv ity when exposed to 

the parental "kow" call. In contrast, ar tif ici ally 

incubated naive chicks show no increase in activity when 

exposed to "croons" and strong b e hav io ral inhibition to 

"kow" calls. Impekoven dem onst ra ted that the differ ences  

in behavior are due to di fferences in prehatching 

experience with the par ental calls. She exposed artific ially 

incubated gull embryos to r e c orded parental calls and then 

observed their post ha tching b e h a v i o r  during the playback 

of the calls. The be havior of the "ex per ienced" chicks 

was similar to that of n a t u r a l l y  incubated birds.

Postha tc hing effects of p r e h a tchin g exposure to auditory 

stimulation are also known in other species of pr eco cia l 

birds (Green and Adkins, 1975, Evans, 1973).

Pr eha tching int eractions  be twe en embryos and the 

incubating parent also have a marked influence on 

postha tc hing behavior. Tschanz (1968) found that the 

vocalizati ons emitted by guillemot embryos after the
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p en et ration  of their air sac induce the incubating parent 

to rise and utter the precur sor of a feeding call. 

Conversely, parent al v o c a lizatio ns  and other act ivities 

during incuba tion stimulate the embryos to vocalize.

Later, during incubation, the embryo responds mainly  to 

the pa rental food call w hi ch  is the most frequently 

occurr ing  call when the embryo is active. After hatching, 

the guillemot chick responds only to the familiar food 

call of its own parent. A similar effect of prehat chi ng 

interactions was found by Norton-Grif fi ths (1969) in 

o y s t e r c a t c h e r s . Before hatching, embryos move and vocali ze 

following pa re ntal movement s on the nest. In response to 

embryonic vo cal i z a t i o n s  and movement s the incubating 

adult emits the parental food call. After hatching 

o y s t er ca tcher chicks respond to the parental food call 

the first time the parent utters it. In these two 

instances, the inv est igators concluded that the pre hatching 

vocal interactions between embryos and the incubating 

parents influenc e the de vel opmen t of responsiven ess to 

parental food calls. In guillemots, pre ha tc hing interactions 

increase chick respons iv eness to the calls of their own 

parents while in oystercatchers they insure the reaction 

to the parental call immediately after hatching.

It appears that there are several ways in which 

embryonic self-stimulation, exposure to parental stimu lation 

and interactions wit h  the incubating parent influence the 

behavior of the ne wly  hatched bird. Embryonic self-
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stimulation may influence the young b i r d ’s ability to 

respond d i f fer en tially to the species m a t ernal  call.

Passive exposure to parental stimuli during incubation 

increases fa mili a r i t y  with such stimuli and may facilitate 

the expression of appropriate responses immedi ately after 

hatching. Prehatc hi ng interactions with the incubating 

parent permit the embryos to perceive the effect of their 

own behaviors on outside stimulation. They provid e a 

foundation for the dev elopment of interactions after 

hat c h i n g .

It is not known whether or not similar factors 

influence the behavior  of newly hatched chicks. For 

chickens, there is no thorough d es criptio n available 

of pre hatching behavior in either the incubating hen or 

the embryos. It is known that chicken embryos start 

vocalizin g long before hatching (Guyomarc'h, 1966).

Most of the vo cali za tions are identical to those emitted 

by chicks after hatching. It is also known that the 

incubating hen vocalizes prior to hatching and that the 

vocaliza ti ons are the same before and after hatching 

(Baeumer, 1962, Guyomarc'h, 1974b, 1975a). This evidence 

suggests then, that embryos sel f-stimula te and that embryos 

and the inc ubating hen stimulate each other. It is 

possible, therefore, that prehatching  inter actions occur 

and that they influence the later behavior of chicks.

In this study I describe the patterns of mat er nal and
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s e lf-s ti mulatio n to wh ich embryos are exposed. I analyze 

the ass oc ia tion be tw een embryo nic  and mate rnal behaviors 

to dete rmine  what kinds of interactions occur. I 

determine how the pa tte rn of embryonic sel f-sti mu lation 

is affected by the interactions. Finally, I investigate 

the influence of p rehat ch ing interactions on the later 

behavior of embryos and newly hatched chicks.

Expe rim ental plan and object ives

The study is compri sed of four experiments:

1. The object ives of the first experiment are the 

following: identify the patter n of embryonic exposure 

to ma ternal behavi ors  and embryonic seI f-sti mu lation

in natural broods; dete rm ine whether or not interactions 

start before hatching; de scrib e the types of 

interactions. For this purpose, natu rally incubated 

broods were observed and the embryonic and m a t ernal 

behaviors unde r normal conditions of incubation were 

described. The assoc iations between embryonic and 

maternal behaviors were then analyzed and the types 

of interactions described.

2. The o b je ctive of the second experiment is to det ermine  

how stimulati on  from an incubating hen alters

the pattern of embryo nic s e l f - s t i m u l a t i o n . The 

prehatching be haviors of n a tural ly  and artificial ly 

incubated embryos were observe d and compared.
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3. The objective of the third expe r i m e n t  is to investigate 

the effects of prehat ch ing intera ction s on embryonic 

responses to mate rn al stimuli later in incubation. 

Ar ti fi cially  incubated embryos were tested wi th  

recorded m a t e r n a l  stimuli and their responses were 

compared wit h those of n a t u r a l l y  incubated embryos.

4. The ob jective of the fourth ex periment is to investigate 

the effects of p rehat ch ing in teractions on the responses 

of ne wly  hatched chicks to the materna l hen. The 

approach and followin g beh avior of natu rally  and 

artificially incubated chicks during nest leaving was 

observed and compared.
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EXPERIMENT I

INTERACTIONS BE TWEE N EMBRYOS AND THE INCUBATIN G HEN IN 

NAT UR AL LY INC UBATE D BROODS

Previous investigators have repor t e d  that chicken 

embryos start vocal i z i n g  several days before hatching, 

shortly after they pene tr ate the air space of the egg 

(Collias, 1952; Gottlieb, 1965b; Oppenheim, 1973;

G u y o m a r c ’h, 1966). It is also known that broody hens 

start emitti ng mat er nal calls well before hatching 

(Guyomarc'h, 1974b). Althou gh previous research has 

provided no direct evidence that the m a t er na l and 

embryonic be hav ior s are related or that they influence 

each other the p ossibil it y exists that interactions 

between an incubating hen and her young start prior to 

h a t c h i n g .

There are several patterns in wh ich matern al  and 

embryonic beh aviors may occur in relation to each other:

a) there may be no systematic a sso ci ation between 

embryonic and ma ternal behaviors. In this case the 

frequency of associ ation s between maternal and embryonic 

behaviors should approx imate that expected by chance 

a l o n e .

b) sequencing of materna l and embryonic behaviors may 

occur due to common causal factors (Hinde, 1970). In 

this case a common factor may activa te simultane ously
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embryonic and ma ter n a l  behaviors,

c) embryoni c and ma te rn al behaviors may be associated

because the hen responds to embryonic sti mu lation  and 

embryos resp ond to the hen. That is, embryos and 

the incuba tin g hen interact. The interaction is 

an exchange of be hav ior s bet ween different individuals 

(Dingle, 1969).

To dem on strate that interactions occur it must be 

shown that: 1) relevant behaviors of the hen and embryos 

are closely ass ociated in time, 2) the temporal 

as so ciation s bet ween the beh avioral events occur more 

or less often than would be expected by chance alone and 

3) recipr ocal stimu la tion occurs between the hen and 

embryo s .

The aim of this expe ri ment is to describe the ma ter nal 

and embryonic be hav ior during the later stages of incubation,

and to det er mine if int eractions occur between embryos and

the incubating hen. Specif ic ally I sought to:

- describe the patterns of embryonic and maternal 
v o c a li za tions and the changes during the last days 
before hatching;

- determin e if there are n o nran do m temporal associations 
between ma ternal behaviors and embryonic vocalizations;

- analyze the types of beh avi or al associations during 
the hours before hatching;

- determine, by using infor ma tion analysis, if 
co mm un icatio n takes p la ce between the incubating hen 
and e m b r y o s .
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METHODS

Subjects and hous ing

In the no rmal course of reprodu ction a hen lays a 

series of fe rt i l i z e d  eggs at 1 day intervals and gradually 

starts i n cubati ng  them. The nu m b e r  of fertile eggs that 

are incubated varies from 1 to 13 or more. Chicks hatch 

after about 20 to 21 days of incubation. The hen 

remains on the nest almost continuously with only short 

breaks for eating and drinking. Peri odically she rises, 

turns the eggs and resettles (Olsen, 1930). About one 

day before h a t c h i n g  she. s.tarts to v o c al iz e ( G u y o m a r c ’h, 

1974a, 1974b). Embryos also move and v o c al ize during 

incubation (Oppenheim, 1973, Guyomarc'h, 1966). Em bryonic 

m o t ility starts at about 4 days of incubation. Up until 

a p p r o x i m a t e l y  the 17th day of incubation most embryonic 

be hav ior consists of jerky, apparently u n c o ordin at ed 

movements. Smooth, c oor di nated movement s begin at day 

17th of incu bation  and increase in frequency until hatching 

(Provine, 1973, Oppenheim, 1973). Embryonic vocaliz at ions  

start a p p r o x i m a t e l y  one day before hatching, a few hours 

before pipping. In pippin g the chick breaks a small 

opening in the egg shell during the last day of incubation 

(Oppenheim, 1973).

The embryos used in the project develo ped from fertile 

White Leghorn eggs p r o cured from a com mercial breeder.
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Minorea x Rose Comb Banta m hens were used as maternal  

subjects. Hybrids of this type reliably incubate eggs 

and care for the young. Four hens with previous ma ter n a l  

e x peri en ce were chose n from a flock housed in a 2.4m x 

3 .6m .x 2.2m high indoor pen. The bird colony room was 

kept on a v a r i a b l e  10-14 hour light period at a temper ature  

b et ween 24-30°C. The hens laid and incubated eggs in 

65cm x 35cm x 60cm nest cages mounte d on the walls of 

the pen (Fig. 1). Each nest cage had a wood frame with 

walls and cei ling made of pl umbing screen which per mi tted 

one-way viewin g of the interior. The botto m of the cage 

was made of plywood out fi tted with a glass nest cup 

20cm in diameter and 3cm deep. A mi rror and light were 

set be nea th  the nest cup permitting ob ser vatio n of the 

hatching process.

Procedure

Broody hens ne st i n g  in the experimental cages were 

monitored daily. A p p r o x i m a t e l y  15 to 18 days after the 

start of incubat ion a hen's own eggs were replaced with 

6 fertile eggs that had been incubated in a com merci al -type 

incubator for 16 days. On day 17 the nest cage with the 

incubating hen was moved to the observ ation room. Sound 

recordings were started on day 18 of incubation and were 

continued with only brief interruptions until hatching.

The rec ordings were obtained by placing microp ho nes on 

the floor of the nest cage within 2cm of the incubating
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Fig. 1. Nesting Unit
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RESULTS

Behavioral acts that occur prior to hatchi ng

Tables I and II show seven embryonic be hav iors and 

nine matern al behaviors w h i c h  occurred frequentl y during 

the last days of incub ation  (embryonic m o ve me nts and 

rarely occurring events are not included). Other than 

the embryonic phioo and soft peep and the maternal  

intermediate call the re mai ning embryonic  and mat er nal 

calls have been described  by previous investigators  

(Collias, 1952; Collias and Joos, 1953; Konishi, 1963; 

Guyomarc'h, 1966, 1974a). They are presente d here for 

purposes of comparison. The n o m e n clatu re  of the sounds 

uses onomato po etic terms whenever possible. In some 

cases where ono mato po etic exp ressions were difficult 

to apply, descript iv e terms based on the usual behavi oral  

context were used instead. The term used for the maternal 

"intermediate" call describe s the relation between its 

frequencies and those of the mate rn al cluck and food call. 

Some problems associa ted wit h sound n o m e n c l a t u r e  are 

discussed in A p p end ix  I where a brief descr ip tion of each 

behavior is provided.

The embryonic vo calizat io ns are grouped into "distress" 

type calls and "pleasure" type calls accord ing to the 

system used by G u y o m a r c ’h (1966). Althou gh "pleasure" 

type calls have been assoc iated with "ap proach" processes



TABLE I. Embryonic vocalizations in naturally and 
artificially incubated broods

Distress type 
calls_____

Phioo
Soft peep
Peep
Screech

Pleasure type 
calls

Twitter
Food call
Huddling call

TABLE II. Maternal behaviors during incubation

3ody Movements 
Undetermined move 
Egg turn 
Resettle

Head Movements 
Peck
Beak clan

Vocalizations
Cluck
Intermediate call
Food call
Mild alarm call
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and "distress" type calls with  "with dra wal" processes 

(Schneirla, 1965), there is no attempt in this study to 

assume any un der lying  m o t i v a t i o n a l  state. The grouping 

is based on the spectral char ac teristi cs  of the sounds 

and is consistent with conventions currentl y used in the 

literature. The "distress" calls group contains 

vo c a lizati on s characterized by a sp ect rum of desc ending  

fre quencies while the "pleasure" calls group contains 

voc ali zati on s with ascending frequencies. This scheme for 

categorizing chick distress and pl easu re  calls was 

pr oposed by Collias and Joos (1963) and mo difie d by 

Guy om arc' h (1966). Ma ternal behaviors were grouped into 

three categories: body movements, w hich could stimulate 

the embryo tactually, v o c a l i z a t i o n s , a n d  head movements 

pr oducing tapping sounds w hi ch could stimulate the 

embryo auditorily. The spectral characte ri stics of the 

m at ernal and embryonic vo ca lizatio ns  are shown in Figs.

2,3 and 4.

Lon git ud inal changes in embryonic and mat ernal behaviors

There is a notable increase in the occu rrence of 

embryonic and ma ternal v o c a li zation s as hatching approaches. 

The changes in total durations of m a t e r n a l  and embryonic 

behaviors are shown in Fig. 5 through Fig. 9. The plotted 

values are durations estima ted  by the average nu mber of 

1 s intervals during wh ich  the behavi ors occurred per
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Fig. 2a,b,c,d. Embryo nic "distress" type calls. The 

sonograms were made with a Kay Sona-Graph 7029A, 

5-16,000 Hz spectrum analyzer set at the 80-8,000 

Hz fr equ ency range.
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Fig. 3a,b,c. Embryonic "pleasure" type calls. The

sonograms wer e made with a Kay Sona-Graph 7029A,

5-16,000 Hz spectrum analyzer set at the 80-8,000 

Hz frequency range.
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Fig. 4a,b,c,d. Matern al vocal iz ations.  The sonograms 

were made w ith a Kay Sona-Graph 7029A, 5-16,000 Hz 

spectrum analyzer  set at the 40-4,000 Hz frequency 

range .
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30 min sample. One sample per brood was taken at each 

stage before hatching. The embryonic vo cal iza tions that 

appear first are distress calls (Fig. 5). As hatching 

approaches there is a modera te  increase- in screeches and 

soft peeps. Peep calls remain at a relatively low level 

at all stages. Pl easure calls (Fig.6) originate later 

in development and their duration per sample increases 

sharply as hatching approaches.

Of the mat er nal behaviors, some change in relation 

to embryonic be haviors whil e others do not. Maternal 

vo calizati ons appear after the onset of embryonic 

distress vocal i z a t i o n s  and their total durati ons increase 

sharply as ha tc hi ng approaches (Fig. 7). The start of 

maternal v o c a li zation s coincides with the onset of 

embryonic pl easure calls. The movements of the hen on the 

nest change in an irregular pattern except for undeter mined 

movements ("move") which increase near hatching (Fig. 8).

The same irr eg ularity  is seen in the changes of matern al 

pecks and beak claps (Fig.. 9).

Embryonic responses to mate rn al stimuli

Overall em bryonic respons iveness to ma ternal s t i m u l a t i o n . 

The data were analyz ed to highlight the stimul us- response 

relationship between m a t ernal and embryonic behaviors.

In order to pe rf o r m  the analysis first it was necessa ry  

to establish a criterion for a response. A pr eliminary 

analysis of the temporal distri bution  of embryonic
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Fig. 5. Embryonic "distress" type calls (during the 

33 hrs before hatching) in broods incubated by a 

hen. The mean total du ration of each behavior is 

estimated by the average number of 1-s intervals 

in wh ich the behavior occurred during a 30-min 

s a m p l e .



ME
AN

 
TO

TA
L 

DU
RA

TI
O

N 
(S

E
C

.)

-30-

8 0 -

60  -

—O PHIOO  
—A SOFT PEEP CALL

- A  PEEP CALL 
- +  SCREECH

4 0  -

20 -

33 29 25 21 17 13 9 5 3 1
HOURS BEFORE HATCHING



-31-

Fig. 6. Emb ryonic  "pleasure" type calls (during the 

33 hrs before hatching) in broods incubated by a 

hen. The mean total duratio n of each behavior  is 

estimated by the average number of 1-s intervals 

in wh ich  the behavior occurred during a 30-min 

s a m p l e .
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Fig. 7. Mat er nal vocali 
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Fig. 8. Maternal moveme nts during the 33 hrs before 

hatching. The mean total duration of each behavior 

is est imated by the average nu mb er of 1-s intervals 

in wh ich the behavi or occurred during a 30-min 

sample.
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Fig. 9. Mater nal pecks and beak claps during the 33 hrs 

before hatching. The mean total duration of each 

behavior is estimated by the average number of 1-s 

intervals in wh ich  the behavior occurred during a 

30-min sample.
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vo cal iz ations fo llowing  m a t er na l acts re veale d that 

during the two hours before ha tch ing  more than 80% of 

the embryonic calls occur within 15 s after the start 

of a matern al act. Based on this ob s e r v a t i o n  a 15-s 

interval was used  as the criteri on for ide ntifying 

embryonic responses to m a t erna l stimuli.

Embryonic res ponsi ve ness to m a t er nal sti mulation  

increases ra pi dly as hatching approaches. Fig. 10 shows 

a steady increase in the pro p o r t i o n  of embryonic 

vocaliza ti ons that meet the criter io n as hatching 

approaches. There is also an increase in the total numb er 

of vo caliza ti ons that meet the respon se criter ion  (Fig.

I D -  .

In order to det er mi ne if the increase in number of 

embryonic vocal i z a t i o n s  me eting the response criterion 

is due me rely to the increased frequen cy  of embryonic and 

matern al behaviors, the observ ed n u m b e r  of responses is 

compared with  the number expected by chance alone (Fig. 11 

and Table III). To calculate the expected number of 

embryonic responses, the total nu m b e r  of vocalizati on s 

was mu lt i p l i e d  by the ratio between the time included in 

15-s intervals m e a s u r e d  from the start of each ma ter nal 

act and the total sample time (Fig. 12 and Appendix XI).

At 21 hrs bef ore hatching, the number  of embryonic 

voc ali za tions that meet the cr iteri on for a response is 

about equal to the num be r expect ed by chance alone. But
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Fig. 10. Perce ntage of embryonic v o c a liza ti ons that 

occur wi thin 15 s after the start of a mat er nal 

behavior at various stages before  hatching.
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Fig . 11. Changes in the number of embryonic voc aliz at ions  

that occur wi t h i n  15 s after the start of a ma ter nal 

be ha vi or at various stages be fore hatching. Totals 

obtained from four 30-min samples are plotted.
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TABLE III. Comparisons between the number of embryonic 
responses observed and the number expected 
due to chance alone.

Mean number of Mean number of 
Hours before vocalizations responses per sample *
hatching per sample Observed Expected X2 p

1 177 151
5 58 49

13 33 23
21 7 2

132 10.69 < 0.001
31 22.25 <0.001
15 8.20 <" 0.01
2 0.00 n.s.

*d.f. = 1 for all comparisons
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Fig. 12. Num be r of embryonic vocaliz at ions expected 

to fo llow a maternal act wit hin 15 s from its 

s t a r t .
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nearer hatching em bryonic calls are associate d with 

ma te rn al acts in much higher numbers than expected. While 

the general trend near hatching is that of an increase 

in the number of embryonic vo ca lizat ions ass ociated 

with mater nal behaviors (Table III and Fig. 11) the 

freque ncy  of a ss oc iation  varies with the type of embryonic 

v oc al izatio n (Table IV). During the hour before hatching 

distress type calls such as phioos, soft peeps and 

screeches follow ma terna l behaviors as often as would 

be expected by chance, while peeps follow  significant ly 

less frequent ly than expected. In contrast, all types 

of pleasu re calls follow matern al  behaviors significantly 

more often than expected by chance. The non sign ifican t 

value of the h e t e ro ge neity indicates that there is a 

un if or m depar ture from the expected values for all types 

of pleasure  calls.

The latency of embryonic responses decreases as 

hatchin g approaches. Fig. 13 shows the number of embryonic 

responses that occur at various time intervals after 

the start of a ma ternal behavior during the hour before 

hatching. Most embryo nic responses occur within 5 seconds. 

The propor tion of responses that occur wi thin this interval 

increases gr adu all y as hatching approaches (Fig. 14).

Specific embryonic responsiveness to ma ter nal 

st imulat i o n . Embryonic vocaliz ations are temporally 

assoc iat ed with ma terna l behaviors in disti nc tive patterns



TABLE IV. Comparisons between the number of embryonic responses observed
and the number expected due to chance alone during the hour before 
hatching. The tabulated values were obtained from four samples.

Embryonic
Vocalization

Total 
Number of 

Vocalizations
Embryonic Responses

X2 PObserved Expected

Phioo 43 33 32.0 0.121 n.s.
Peep 18 8 13.4 8.50 1 < 0.005
Soft Peep 66 50 49.1 0.06 1 n.s.
Screech 119 97 88.6 3.II1 n.s.

TOTAL 11.7964 < 0.05
246 188 183.1 POOLED 0.511 n.s.

HETEROGENEITY: 11.283 3 < 0.01

Twitter 201 177 149.6 19.621 <0.001
Food Call 248 225 184.6 34 .58 1 <0.001
Huddling Call 13 13 9.7 4.421 < 0.05

TOTAL 58.623 <0.001
462 415 343.9 POOLED 57.501 < 0.001

HETEROGENEITY: 1.12 2 n.s.

3d.f. = 1, 2d.f. = 2, 3d.f. = 3, 4d.f. = 4

I
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Fig. 13. Cumulative number of embryonic responses as a 

function of time from the start of a m a t er nal act. 

The plo tted values are based on four 30-min samples 

and include only the first response of each type 

that follows a ma ter nal act.
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Fig. 14. Changes.in the pro porti on  of embryoni c responses 

that have a latency of 5 s or less. The plo tted 

values are based on four 30-min samples at each 

stage and include only the first response of each 

type that follows a mat er nal act.
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and the as sociat io ns change as hatching approaches 

(Fig. 15). During  early stages, a higher propor tio n 

of responses follo w m a t er nal movements, whereas nearer 

hatching the pro po rtions  of responses that follow 

ma ternal v o c a l i z a t i o n s  and movements are almost equal.

A "t" test for p er ce ntages  (Sokal and P.ohlf, 1969, p.

607) shows that the dif ferences be tween  embryonic 

responses to m o v em ents and vo caliz at ions at 1 hr before 

hatching is signif ic antly lower than at 5 hrs before 

hatching (tg = 1. 982, p <  0.05).

During the hours before hatching the type and number 

of embryo nic responses depend on the type of the preced ing 

ma te rn al behavior. The distr ibu tions of embryonic responses 

following va ri o u s  m a t erna l behaviors are shown in Fig. 16. 

The plotted values are ratios giving the nu mber of 

embryonic acts per ma ternal act. Only the first 

embryonic response following a mater nal behavior was 

counted because subsequent responses would not ne ce ssarily  

be ind ependent of the first.

Em bry onic distress type calls occur with a relatively 

low frequency after all mat ernal behaviors. In contrast, 

pl easur e type calls such as food calls and twitters 

have higher frequencies  and an uneven distribution. 

Embryonic food calls are associ ated most often with 

maternal vocal i z a t i o n s  wherea s twitters most often follow 

maternal movements.

The observed dis tri butio ns were compared with those
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Fig. 15. Change in embryonic responsivenes s to maternal  

movements and vocalizations. Each va lue  is a ratio 

of the number of embryonic responses divided by the 

number of maternal  acts. Only the first embryonic 

response following a ma terna l act was used to 

compute the ratios.
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Fig. 16. The dis trib ut ion of embryonic responses

following di ffe rent types of mat er n a l  stimulation 

during the 4 hrs before hatching. The values for 

each type of embryonic response are computed as 

follows: the number of responses in one category 

that follow ed a certain type of ma ter na l behavi or  

was divided by the total number of m a t er na l acts 

of that type. The procedure was re pea ted  for 

each of the maternal behaviors. The data are based 

on eight 30-min samples.
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expected to occur by chance (Table V and Ap pend ix  III) 

by us ing a X^ for goodness of fit test. The expected 

fr equencies  for each type of embryonic vocaliz at ion 

were computed by mu lt ip l y i n g  the total number of 

v o c a li za tions of that type by the coefficient of 

d i s t r ibut io n for the various materna l behaviors 

(Appendix IV). For example, the 12.2 phioos expected to 

fo llow mat er nal moves were obtained by m ult ip lying the 

total num be r of phioos (53) by the proportion of 

ma te rn al behaviors that are moves (0.231). The largest 

di ffe re nces were found for pleasure  type calls. Observed 

di str ib ut ions of both twitters and food calls show a 

highly sig nificant difference from the expected 

distributions. Among distress type calls only the 

di str ibut io n of phioo calls differs signific antly from 

that e x p e c t e d .

Several types of maternal  behavior  have a marked 

influence on the type and frequency of embryonic 

vo cal iz at ions that follow (Table V I ) . The influence of 

each type of mat ernal behavior is determined by an 

internal goodness of fit test (Appendix X ) . It appears 

that large amplit ude moveme nts such as egg turning and 

resettling on the nest have a strong direct ive  effect on 

embryonic twitters but tend to inhibit embryonic food calls. 

Mat ernal  voc al iz ation s have a strong directive effect on 

embryonic food calls but tend to inhibit screeches and 

soft peeps. (Note: The terms "directive" and "inhibitory"



TABLE V. Comparison between the observed and
expected number of embryonic responses 
to any maternal act during the 
four hours before hatching. Only the 
first embryonic response following a 
maternal act is included. The data are 
based on eight 30-min. samples. (See 
Appendix IX for the complete table.)

Embryonic
Vocalization n 2* P

Phioo 53 17.73 0.05
Peep 7 5.88 n.s.
Soft Peep 101 13.49 n.s.
Screech 175 6.04 n.s.
Twitter 247 38.45 0.001
Food Call 324 51.38 0.001
Huddling
Call 9 2.78 n.s.

*d.f. = 8 for each comparison



TABLE VI. Analysis of the effects of maternal behaviors on each type of 
embryonic vocalization.

Embryonic Response

Maternal
Behavior Phioo Peep

Soft
Peep Screech Twitter

Food
Call

Huddling
Call

Move

Egg
Turn directive inhibitory

Reset directive inhibitory

Beak
Clap directive directive inhibitory inhibitory

Peck inhibitory

Cluck inhibitory directive

Intermediate
Call inhibitory directive

Food
Call inhibitory directive

Mild
Alarm directive
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do not n e c e s s a r i l y  imply direct causality.)

Information a n a l y s i s . Having dem onstra te d that 

embryos respon d to behavi ors of the incubating hen, I 

p ro ceeded to analyze their commu n i c a t i o n  system by using 

infor mat ion theory (see Ap pendix II). The use of 

inf ormation theory has two important advantages: It makes

po ssi ble the m e as ur ing of the extent to which the hen and 

embryo commun ic ate in units that pe rmit comparisons with 

other species of pr eco cial birds and it provides a means 

to estimate the signal role played in com mu n i c a t i o n  by 

each type of mate rn al behavior.

To find out if co mm un ication  takes place between the 

hen and embryos one has to de ter mine whether or not the 

di stributi on of embryonic v o c a liz at ions differs from one 

expected by chance alone due to information transmitted 

by the ma ternal behaviors. I therefore calculated the 

amount of information (degree of uncertainty) present in 

the distr ibuti on of embryonic acts (H) and the information 

transmission value (T ) . The amount of information present 

in the di st ributi on  of embryonic acts reaches its ma xi mum  

(Hm a x ) when the distribu ti on is random. The difference 

between the cal cula te d value and its m a x i m u m  value measures 

the effect of maternal  beh aviors on the di str ibuti on of 

embryonic vocalizatio ns. Tra nsmis si on is a me as ur e of the 

constraints imposed by the materna l behaviors on the 

embryonic vo cali za tions that follow. It is defined as
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the mutual reduct ion of un ce rtainty  and is the amount of 

information that embryos rec eive from the incubating hen.

The occurrence  of co mmunicatio n is tested with two 

null hypotheses:

H  =  H  “ nmax
T = 0

Using the data on two act sequences of ma terna l and 

embryonic behaviors (Appendix V) the following infor mation 

measu res  are ca lcu lated  (For details see Ap pendix  I I ) :

a) The amount of information present in the 

dis tribution of embryonic acts according to the 

type of mat er na l behavior and o v e r a l l  m at ernal 

b e h a v i o r s :

H(X) = 2.6098 bits

b) The amount of informatio n contained in the 

distri but ion of the embryonic behaviors accordi ng 

to the type of embryonic behavior and over all 

embryonic behaviors:

H (Y) = 2 . 3970 bits

c) The amount of inf ormation present in the individual 

cells of the transition table: H(X,Y) = 4.9080 

bits
d) Based on the H values I obtained the following 

tr ans miss io n value: T(X,Y) = 0.099 bits

A mul tiple test using "Miller's X^" is performe d in 

order to test the null hypotheses:
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H(X) = H(X ) max where: H(X)m a x  = 3.1699 bits

H(Y) = H(Y ) max H(Y ) max = 3.000 bits

T(X,Y) = 0

The X^ values obtai ne d (Table VII) in dicate that 

a significant amount of in for matio n is transferred. This 

means that infor mat ion is comm un icated by the inc ubating 

hen to the embryos.

In order to determine which m a t erna l behavio r  

transmitted the most informati on to the embryos, pa rt ia l 

information measur es (J) are used (Appendix I I ) . These 

estimate the effectivenes's of each m a t e r n a l  b e h av ior 

as a signal. The most ef fective signals are those for 

which predict a b i l i t y  of the following behavio r is 

highest. Among mater na l vo cal izati ons, the intermed ia te 

call and the cluck appear to be the most effici ent signals 

(Table VIII). Among the ma te rn al movements, egg turning 

is the most effect ive signal.

Maternal beak clapping and pecking also have relatively 

high transmiss ion values. This is because periods of 

embryonic silence follow so often after each act 

(Appendix V). A uniform d i s t r ib ut ion of fre qu encies  

between the cells of a row will result in minimal 

transmission values whereas the maximal is o b t aine d when 

a single cell deviates from the overall distribution. In 

the case of beak claps and pecks the "silent" cells have 

di sp ro portio na tely large frequency values ex pl a i n i n g  their
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t a b l e  V I I .  " M i l l e r ' s  X2 " v a l u e s  f o r  t h r e e  n u l l  h y p o t h e s e s :  
H (x)  =■ H (X )m ax ,  H (X) = H (X)m ax a n d  T ( X ; i )  = 0 .  
E m b r y o n i c  r e s p o n s e s  t o  m a t e r n a l  s t i m u l a t i o n .

I n f o r m a t i o n
M e a s u r e E s t i m a t e X2 d . f . p

H (X) 2 . 6 0 9 1 , 0 5 4 . 4 3 <  0 . 0 0 1

H (y) 2 . 3 9 7 1 , 1 3 5 . 2 7 < 0 . 0 0 1

T (x;y) 0 . 0 9 9 1 8 6 . 4 56 < 0 . 0 0 1
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t a b l e VIII. Amount of information transmitted by 
maternal behaviors.

Maternal
Behavior J (x;y) Tp (xjy)

Move 0.0049 0.0012

Egg Turn 0.4361 0.0183

Reset 0.0316 0.0078

*Beak Clap 0.0649 0..02

*Peck 0.076 0.0127

Cluck 0.0844 0.0105

Intermediate Call 0.2635 0.0142

Food Call 0.5905 0.0065

Mild Alarm 0.2057 0.0074

TOTAL 0.0986 =: 0.099

♦The transmission values for beak claps and pecks 
are high due to the high incidence of embryonic 
silence following their occurence (see Appendix III) .
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re lat ively large transmiss io n values.

The extent to which the type of a two act sequence 

can be pr edi cte d by knowing the initial m a t e r n a l  behavior 

or th e. fol lowing embryonic v o c a liz at ion may be deter mined 

by computing the redundancy coefficient:

R = 1 - H/Hmax 

The resulting values R(X) = 0.1767 and R(Y) = 0.201 are 

re latively low indicating limited predict ab ility. This means 

that one matern al behavior may be followed by several 

different embryonic responses.

Maternal responses to embryonic stimuli

Overall ma te r n a l  re sp onsiv eness to embryonic s t i m u l a t i o n . 

Maternal respo nsi veness to embryo nic vo calizat io ns increases 

rapidly as hatching approaches parall el ing the increase 

in embryonic responsiven ess (Fig. 17 and Fig. 18). Using 

the same 15-s interval as the response criterion, there is 

a ma rked increase in the number of mater na l responses as 

hatching approaches. The prop ortion  of m a t e r n a l  behaviors 

that are responses also increases (Fig 17).

The difference between the observed number of responses 

and the number  expected by chance alone increases toward 

hatching (Fig. 18). At 21 hrs before hat ching few of the 

maternal behavior s are responses to the embryos: the

observed number does not differ signific an tly from that 

expected by chance alone (Table IX). Near hatching, 

maternal behaviors follow embryonic calls significan tl y
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Fig. 17. Perc en tage of m a t er na l be haviors that occur 

w it hi n 15 s after the start of an embryonic 

v o c a l iz ation at various stages before hatching.
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FIG. 12 CHANGES IN MATERNAL RESPONSIVENESS 
TO EMBRYONIC STIMULATION
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Fig. 18. Changes in 

occur wi t h i n  15 

vo c a l iz ation at 

Totals obta ined

the nu mber of mat er nal behavi ors  that 

s after the start of an embryonic  

various stages before hatching, 

from four 30-mi-n samples are plotted.
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TABLE IX. Comparison between the number of maternal responses 
observed and the number expected due to chance 
alone.

Hours before 
hatching

Mean number of 
maternal acts 
per sample

Mean number of 
responses per sample 
Observed Expected 2*X P

1 247 196 168 14.34 <  0.001
5 120 56 32 25,52 <  0.001

13 101 30 17 11.87 <0.001
21 105 6 5 0.08 n.s.

* d.f. = 1 for all comparisons



more often than expected.

The depa rt ure of observed from expec ted frequencies 

for each m a t er na l beha vi or is ta bulated  in Table X. Among 

the body mov e m e n t s  only egg turning follows embryonic 

vocalizations significantly more often than expected. All 

ma ternal v o c a l i z a t i o n s  occur significantly  more often than 

expected. Among them, clucks show the highest level 

of' significance. Both pecks and beak claps follow more 

often than expected. However, in the case of beak claps 

this may be due to their frequent ass oc iatio n with soft 

clucks and pecks. N o n -s ig nifican t values of the 

he te ro geneit y indicate that embryonic vo ca liz ations have 

similar effects on m a t er nal behaviors that belong to the 

same category.

The latency of matern al  responses, me as ured by the 

pr oportion of the respon ses  that follow within 5 s from the 

start of an em bryonic act, shows no consistent change as 

hatching app roac he s (Fig. 19).

Specific m a t e r n a l  responses to embryonic s t i m u l a t i o n . 

During the hours before  hatching, the type and number of 

ma ter nal respons es depend on the type.of the preceding 

embryonic voc alization. The distribution s of maternal 

responses fol low in g var ious embryonic vocalization s are 

shown in Fig. 20. The plotted values are ratios giving 

the number of m a t e r n a l  behaviors per embryonic act. Only 

the first matern al  response was taken into account because 

subsequent responses may not be independent of the first.



TABLE X. Comparisons between the number of maternal responses observed
and expected due to chance alone during the hour before hatching. 
The data were obtained from four 30-min samples.

Maternal
Behavior

Total Number 
of Acts

Maternal Responses
x2 PObserved Expected

Move 213 156 144.5 2.851 n.s.
Egg Turn 37 34 25.1 9.811 < 0.01
Reset 17 13 11.5 0.611 n.s.

TOTAL 13.273 < 0.01
267 203 181.1 POOLED 8.2321 < 0.01

HETEROGENEITY: 5.0382 n.s.

Beak Clap 281 217 190.6 11.37 3 < 0.001
Peck 182 140 123.4 6.941 < 0.01

TOTAL 18.312 < 0.001
463 357 314.0 POOLED 18.31 <0.001

HETEROGENEITY: 0.011 n.s.

Cluck 131 116 88.8 25.861 < 0.001
Intermediate Call 85 67 57.6 4.761 < 0.05
Food Call 9 9 6.1 4.281 <0.05
Mild Alarm 34 30 23.1 6.431 <0.05

TOTAL . 41.334 <0.001
259 222 175.6 POOLED W CO o 00 H <0.001

HETEROGENEITY: 3.253 n.s.

1d.f. = 1, 2d.f. = 2, 3d.f. = 3, 4d.f. = 4
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Fig. 19. Changes in the prop or tion of mat er nal responses 

that have a latency of 5 s or less. The plotted 

values are based on four 30-min samples at each stage 

and include only the first response of each type that 

follows an embryo nic vocalization.
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Fig. 20. The di st r i b u t i o n  of maternal  responses following 

different types of embryo nic vo ca li zation s during 

the 4 hrs before hatching. The values for each type 

of matern al  behavior are computed as follows: the 

numbe r of m a t e r n a l  respon ses in one category that 

followed a certain type of embryo nic  v o c a l izati on  

was divided by the total numbe r of v o c a liz at ions of that 

type. The p r oc edure was repeat ed for each of the 

embryonic vocalizations.. The data are based on eight 

3 0-min samples.
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The results show few common trends among ma terna l behaviors 

that belong to the same category. U n i d ent if ied materna l 

movements follow somewhat more often After screeches and 

embryonic food calls while egg turns follow very, often 

after huddling calls. In the voc al ization s category, 

clucks most often follow embryonic peeps or screeches 

wh ere as intermed iate calls follow mostly after screeches.

The comparison between the observed and expected number 

of maternal  responses to embryonic v o c a lizatio ns  shows 

that only egg turns, clucks and mild alarm calls depart 

from their expected dis tributions (Table XI and Appe ndix 

VI). The distributions for the expected values were 

obtained by using the distribution coeff icients of embryonic 

vo cal izations (Appendix VII). Analysis of the ma t r i x  by 

an internal goodness of fit test shows that the type of 

embryonic voc al izatio n influences the type of materna l 

response (Table XII). Distress type calls tend to elicit 

maternal vocal ization s and pleasur e type calls to inhibit 

t h e m .

Inf ormation a n a l y s i s . To find out if com muni cation 

takes place between embryos and the incubating hen it is 

de termined whether or not the dis tribut io n of maternal  

behaviors differs from random due to infor mat ion transmitted 

by the embryonic vocalizations (see Appendix- II) . First 

the amount of information (degree of uncertainty) present 

in the distr ibution of mate rnal behaviors (II) is calculated. 

The difference between the calculated value and its ma xi mu m



TABLE X-X. Comparison between the observed and
expected number of maternal responses 
to embryonic vocalizations during the 
four hours before hatching. Only the 
first maternal response following an 
embryonic act is included. The data 
are based on eight 30-min samples.
(See Appendix VI 
table.}

for the complete

Maternal
Behavior n 0 *X2 P

Move 189 7.95 n.s.
Egg Turn 88 44.05 <0.001
Reset 17 5.34 n.s.
Beak Clap 212 9.37 n.s
Peck 96 12.13 n.s.
Cluck 92 20.34 < 0.01
Intermediate
Call 55 7.94 n.s.

Food Call 11 1.91 n.s.
Mild Alarm 26 13.63 < 0.05

•ff d,f. = 6 for all comparisons



TABLE XII. Analysis of the effects of embryonic vocalizations on each type 
of maternal behavior. Brackets indicate groupings required by 
the presence of small values in individual cells. Asterisks in­
dicate borderline values.

Maternal Response

Embryonic
Vocalization Move

Egg
Turn

Beak
Reset Clap Peck Cluck

Inter­
mediate
Call

Food
Call

Mild
Alarm

Phioo ‘directive inhibitory

Peep

Soft
Peep

| ‘inhibitory jdirective
inhibitory

|inhibitory

Screech inhibitory directive ‘directive directive

Twitter directive directive inhibitory

Food
Call ‘directive inhibitory inhibitory

Huddling
Call directive
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value measures the effect of embryoni c v o c a liz at ions on 

the di st ributio n of m a t ernal behaviors. Second, the 

inf ormation tr ans mis sion value (T) is calculated. This 

is a me as u r e  for the amount of information that the 

incubating hen receives from the embryos. Finally, these 

infor mat ion measur es are used with the following null hypo­

theses to d e t erm in e whether or not communi cation occurs:

H = ^max 
T ■* 0

From the data on two-act sequences of embryonic and 

mat ernal  beh aviors (Appendix VIII) we calcula te several 

infor mat ion mea su res (see Ap pe nd ix II):

a) The amount of infor mation present in the 

dis tri bu tion of ma te rn al behavi ors  according to 

the type of embryonic vocal izati on  over all 

embryonic vocalizations:

H(X) = 2.346 bits

b) The amount of informa tion contai ned  in the 

distribut io n of maternal behaviors according to 

the type of m a t er na l behavior over all maternal 

behaviors:

H (Y) = 2.842 bits

c) The amount of informat ion present in the individual 

cells of the transitio n table: H(X,Y) = 5.082 bits

d) Based on the H values we calculate the trans mission 

value: T(X,Y) = 0.106 bits

The following null hypotheses are tested with a
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mul ti pl e "Miller's X^" test:

H(X) = H (X)max where: H( X ) max = 2 .807 bits

H(Y) = H (Y)max H(Y ) max  = 3.322 bits

T(X,Y) = 0
The resulting X^ values (Table XIII) indicate that 

a significant amount of information is tr an sm i t t e d  to the 

incubating hen and therefore commun ication occurs.

The effect iveness as signals of various embryonic 

vo cal ization s is estimated by their individual transm iss ion 

values (Appendix II). The relative amounts of inf ormation 

transmitted by each type of embryonic voc al ization  are 

listed in Table XIV. According to these values twitters, 

peeps and' screeches are the most effect ive  transmitters  

of information among embryonic signals. Phioo calls and 

soft peep calls are the least effect ive signals.

The pr ed ict a b i l i t y  (reduction of uncertainty) of a two- 

act sequence when the embryonic voc al ization  is known can 

be estimated by:

R(X) - 1 - H(X ) / H ( X ) max 

= 0.164

The pr e d i c t a b i l i t y  of the sequence when the following 

maternal act is known is estimated in a similar manner:

R(Y) = 1 - H ( Y )/H(Y) max 

= 0.144

Both values are relatively low indicating that it is 

difficult to predict the type of sequence, when either the 

embryonic or the mat ernal behavior is known. This means 

that one embryonic voc alization  may be followed by several
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TABLE X X I I .  "Miller's X ^ "  values for three null hypotheses: 
H(x) = H(x)max, H{Y) = HJY)max and T ( X ; Y )  =  o .  
Maternal responses to embryonic stimulation.

Information
Measure Estimate X2 d.f. P

H (X) 2.346 681.26 6 <0.001
H m 2.342 709.34 9 < 0.001
T (X;X) 0.106 156.65 54 < 0.001
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t a b l e XIV. Amount of information transmitted by 
embryonic vocalizations.

Embryonic
Vocalization J (x;y) Tp (x;y)

Phioo 0.1406 0.0117

Peep 1.0087 0.017

Soft Peep 0.082 0.0107

Screech 0.0855 0.0173

Twitter 0.0845 0.0205

Food Call 0.0505 0.0158

Huddling Call 1.0787 0.0132

TOTAL 0.1062 a: 0.106 b H
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diffe ren t m a t ernal behaviors. For example, an embryonic 

screech may be followed by either a ma ternal  movement, a 

beak clap or a cluck.
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DISCUSSION

My results co nfirm previous findings that in domestic 

fowl, embryonic vo ca lizatio ns  and matern al  behavi ors occur 

frequently during the hours that precede hatching.

Temporal as sociations  among these behaviors strongly 

suggest that ma tern al  acts and embryonic vocaliza tions are 

reciprocal ly  related. A temporal associa tion between maternal  

and embryonic behavi ors may be explained in several ways:

a) maternal  and embryonic behaviors may become 

temporally associ ated by chance alone.

b) both embryonic and maternal behaviors could occur 

in response to commonly perceived stimuli such

as external noises.

c) embryonic behaviors occur in response to maternal 

behaviors .

d) maternal behaviors occur in response to embryonic 

behavior s .

The first ex pla nat ion is un likely because ma ternal and 

embryonic behavi ors are temporally associated much more 

often than would be expected by chance (Table III and Table 

IX). While there are no specific data to refute the 

second explanation, causal observation s reveal that 

irregularly occurring  noises in the laboratory (e.g., door 

closing, footsteps, etc.) tend to inhibit matern al activity 

but not embryonic vocalizations.
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Embryonic responses

That the temporal associations occur because embryos 

respond to maternal be havior is supported by several types 

of evidence. First, the onsets of embryo nic  and maternal 

vo caliz at ions are closely associated in time (Fig. 5, 6 

and 7). Second, ma ternal v o c a li zation s and embryonic 

pleasure calls have a similar pattern of increase as 

hatching approaches. (Figs. 6 and 7). Third, as hatching 

app ro ac hes the synchrony of emb ryonic vocaliza ti ons and 

mat ernal  acts increases. A higher pr opo rti on of embryonic 

calls follow imm ediately after a mat er nal act and their 

latencies decrease (Figs. 10 and 14). Finally, specific 

assoc iat ions betwee n certain embryonic calls and ma ternal 

behaviors occur near hatching (Figs. 15 and 16, Appendix 

III, Table V I ) .

These lines of evidence taken together indicate that 

the hen elicits embryonic vocal responses. The stimulating 

effect of her behaviors is limited to embryonic pleasu re 

type calls (Table IV), specificall y twitters and food 

calls. There is no sti mulatory effect on embryonic 

distress type calls and some appear to be inhibited.

The influence on embryonic vo calizations suggests that 

maternal  behaviors stimul ate the embryos d i f f erenti al ly and 

do not simply induce a general arousal. The analysis of 

as soc iations betwee n individual maternal and embryonic 

behaviors yields more evidence supporting this suggestion.
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Embryonic twitters, food calls and, to a lesser extent, 

phioo calls have di st ributio ns  that differ signi ficantl y 

from those expected to follow mat ernal behaviors by 

chance (Table V) . The selectiv e nature of ma ternal  

stimulation is furthe r demons trated  by the specific 

influence that each type of ma terna l behavi or has on 

embryonic v o c a lizati on s (Table VI). Strong materna l 

moveme nts  such as egg turning and res ettling on the nest 

have a directive effect on embryonic twitters but inhibit 

food calls. Mat ernal vo ca li zation s have a direct ive effect 

on embryonic food calls but inhibit some distress type 

calls. It is clear then, that embryos res pond selectively 

and specificall y to ma ter nal  stimulation.

Information a n a l y s i s . The analysis of information 

transfer from the incubating hen to the embryos indicates 

that communication  is in itiated prior to hatching. The 

value of the overall transmis si on is si gn ifi cantly different 

from 0 which shows a depar ture in the dis tri butio n of 

embryonic calls from random. The m a t e r n a l  behaviors most 

effective in eliciting embryonic responses are egg 

turning, intermed ia te calls and clucks (Table VIII).

Some of these tr ansmission values may not reflect 

the total amount of inform ation transmitted. The tra nsmission 

values are just mi ni mu m estimates of the transferred 

information. The actual values of the transferred 

information may largely exceed the values computed above.

The fact that the types of distress calls are roughly equal
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in number to the types of pleasur e calls 

u ni fo rmity in responsi veness and lowers t 

estimates of transmission. Tr ansmission 

as uni for mi ty among responses (uncertaint 

In the case of mat er nal interme diate call 

transmiss io n values would be much higher 

different embryonic distress calls (which 

was not similar to the number of differ en 

(which were activated).

The influence of m a t ernal acts on th 

of embryonic vo cali za tions is further demon str ated by the

be twe en the values of H and Hm a x . 

/Hm a x ) is relatively high resulting 

This means that it is rather 

type of embryonic vocali zatio n  

in materna l behavior. The implication 

in a similar way to a number  of 

the same category. In other words, 

easure call may be stimulated by 

al calls. Clucks and intermediate 

ryonic food calls. Egg turning 

embryonic twitters. Similarly, 

educe the incidence of distress 

c a l l s .

sign ificant differen ces

The uncertaint y ratio (H

in 1ow redundancy va lues

dif ficult to predict the

that will follow a c erta

is t hat embryos resp ond

mate rnal stimuli wit hin

one type of embryoni c pi

seve ral different ma t ern

call s both stimulate emb

and resettling stimu late

all mat er na l behavio rs r

increases the 

he overall 

values decrease 

y) i n c r e a s e s . 

s and clucks the 

if the num ber of 

were inhibited) 

t pleasur e calls

e dist ribution

Ma ter nal responses

The analysis of sequences in which maternal behaviors
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follow embryonic v o c a lizatio ns  show that the incubating 

hen responds to embryo nic stimuli and that res pon si ve ness 

increases toward hatching. An increasing pr op o r t i o n  of 

m at ernal beh avi or s follow embryonic voc ali za tions as 

hatchi ng approaches; many more than would be expected 

by chance alone (Table I X ) . The number of maternal 

behavi ors  that follow embryonic vo ca lizati on s also 

increases toward hatchi ng and the d i fferenc e between 

the ob ser ved and expected numbers widens (Fig. 17).

M ate rnal respo nsiveness  develops more rapidly than 

embryonic responsive ness. Ma te rnal responses reach a 

r el atively  constant latency soon after their onset 

(Fig. 19). The latency of embryonic responses continues 

to decreas e until hatching (Fig. 14).

Embryonic vo caliz at ions have a general stimulatory 

effect on the hen. Most ma ternal behaviors are activated 

by embryonic v o c a li zation s (Table X). This includes all 

kinds of vocalizations, egg turning, beak claps and pecks.

When only the first maternal behavior following an 

embryonic v o c a l iz at ion is considered, the responses appear 

rather selective (Fig. 20 and Table XI). In this case only 

egg turns, clucks and mild alarm calls differ sig nificantly 

in their overall distri bution from that expected by 

chance alone. Clucks and mild alarm calls depart from the 

expected distributi on s ma inly because of the strong 

directive effect of embryonic screeches (Table XIV) .

The responses of the incubating hen are similar to
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those observed after hatching. Clucks are known to be 

emitted by the broody hen for ma i n t a i n i n g  and reest ablis hing 

contact with chicks (Collias and Joos, 1953) wh en the chicks 

distress call (Bruckner, 1933) . Taken together these 

findings lead to the conclusion that the hen begins 

responding selectively  to chick vocalizat io ns before 

hatching .

Information a n a l y s i s . A c co rd ing to the results the 

total transm ission value is significa nt ly differ ent  from 

zero indicating that infor mat ion is commu nicated by the 

embryos to the incubating hen. Among the most effective 

embryonic signals are the intense distress type calls such 

as peeps and screeches (Table XI.V) . Screeches stand out 

due to their ac tiv ati ng effect on ma ternal clucks, beak 

claps and undet ermin ed  mo vem ent s (Appendix VIII). Peeps 

have a high signal value, mostly because they inhibit 

maternal responses or, to a lesser extent, stimulate clucking. 

The main effect of embryonic twitters, which also have a 

relatively high signal value, is to inhibit maternal 

activity. The hen seems to listen.

The measures for the amount of inf ormation present in 

the response dis tri bu tion (H) are si gnificantly different 

from their ma ximum values but estimates of redund ancy (R) 

are quite low. So althou gh inform ation  is commun icated by 

the embryos to the incubating hen, embryonic vocalizations 

and maternal  responses are quite variable  in their association 

patterns. Predicting the mater nal response based on the 

preceding embryonic vocal iz ation is difficult.
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CONCLUSIONS
i

It is con cluded that commu nicatory interactions 

between chicks and the maternal hen start prior to 

hat c h i n g :

1) Embryos and the incubating hen respond to each 

other.

2) Both embryo nic and ma ter nal re sp onsiv eness 

increase as hatching  approaches.

3) Em bryonic and ma terna l responses are influenced 

by the type of stimulus re cei ved although the 

specific type of response is difficult to predict.
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EXPERIMENT II

PREHAT C H I N G  V O C A LIZA TI ONS OF A R T I F I C I A L L Y  INCUBATED 

EMBRYOS

The results ob tained from my observa tions of nat ur ally 

incubated broods suggest that m a t er na l sti mulation 

influences the pat te rning of embryonic vocalizations. 

Embryonic pl eas ure calls follow maternal behaviors 

significan tly more often than expected, whereas distress 

type calls follow either less often or as often as expected 

(Table I V ) . It appears that maternal  behaviors elicit 

embryonic pleasu re calls and either inhibit or have no 

effect on distress calls. If this is the case, the 

patterning of embryonic voc alizat io ns should change when 

embryos are depriv ed of the normal stimulation from the 

incubating hen. Ar t i f i c i a l l y  incubated embryos, which lack 

maternal stimulation, should emit fewer pleasu re type calls 

and, possibly, mo re distress calls than naturally incubated 

embryo s .

The aim of the present experiment is to det erm in e the 

types and freque ncies  of embryonic vo cal iza tions in 

artificial ly  incubated embryos and compare them with those 

observed in natur ally incubated embryos.
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METHODS

Subjects we re embryos d e v el op ed from eggs of the 

same strain used in the previous study. The'handl ing 

procedures and in cubating schedules were similar except 

that the eggs were  ar ti ficial ly  incubated. On the 17th 

day of incubation, six fertil e eggs were moved to the 

observation  room and placed  in the nest cup of a ne st in g  

cage (Fig. 1). They were covered with a transparent 

incubating bell 30 cm in diamet er and 14 cm high equipped 

with a 30 W heating unit. Recordi ngs of the embryonic 

vocalizati ons started on the 18th day of incubation and 

continued until hatching. The m ic ro phones  were placed 

near the eggs un der the incubator. Data collec tio n and 

analysis were per fo rmed in a manner identical to that 

described earlier for the n a tu rally incubated embryos.

RESULTS

Longitudi na l changes in embryonic v o c a l i z a t i o n s . The 

types of vo ca lizatio ns  recorded from artifi ciall y incubated 

embryos are identical to those of naturally incubated embryos 

(Table I). Distress type calls appear early and become 

frequent as hatchi ng approaches (Fig. 21a). The values 

plotted in the graphs are durati ons estimated by the average 

number of 1-s intervals during w hi ch  the behaviors occurred 

per 30-min sample. Peeps and soft peeps show a moderate 

increase at earlier stages, and near hatching become the



-98-

Fig. 21.

a) Embryonic "distress" type calls during the hours 

before hatching in naturally and artificially 

incubated embryos.

b) Embryonic "pleasure" type calls during the hours 

before ha tching in naturally and ar tificially 

incubated embryos.

The mean total duration of each behavior is estimated 

by the averag e number  of 1-s intervals in which the 

behavio r occurred during a 30-min sample.
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NATURALLY INCUBATED EMBRYOS
6 0  i

0 — 0 PHIOO 
A______ A SOFT PEEP CALL
▲--------- A  PEEP CALL
+ --------- + SCREECH

4 0 *

20 -

5 3 I13 91725 2133 29
HOURS BEFORE HATCHING

ARTIFICIALLY INCUBATED EMBRYOS8 0  -

O------------O PHIOO
A ------ A SOFT PEEP CALL

▲------------A PEEP CALL

+ ----------- +  SCREECH

6 0  -

4 0 -

20 -

 A

13 5 3 I29 21
HOURS BEFORE HATCHING

FIG. 21 a. EMBRYONIC VOCALIZATIONS IN ARTIFICIALLY 
AND NATURALLY INCUBATED BROODS. DISTRESS TYPE 
CALLS.
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4 0 -

20 -

N A T U R A L L Y  I N C U B A T E D  E M B R Y O S

x-------- x TWITTER CALL
0 --------o  F000 CALL
•  ■— ■+ HUDDLING CALL

I
o

/ /
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AO I

a

i/
X

 .-x*',x---

? - ----- 9 — o' ^
----------- 1----- r-----r

3 3  2 9  2 5  21 17 13 9
H O U R S  B E F O R E  H A T C H I N G

5 3 I

60 i A R T I F I C I A L L Y  I N C U B A T E D  E M B R Y O S

X ------ X TWITTER CALL

O -----------O FOOD CALL

• ------------ •  HUDDLING CALL
40 -

20 -

x»
13 5 3 I2 9 21

H O U R S  B E F O R E  H A T C H I N G

FIG. 2 1 b . E M B R Y O N I C  V O C A L I Z A T I O N S  IN A R T I F I C I A L L Y  
A N D  N A T U R A L L Y  I N C U B A T E D  B R O O D S .  P L E A S U R E  T Y P E  
C A L L S .
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dominant vocalizations.

The onset of pleasur e type calls is late during 

in cubation (Fig. 21b). Food and huddling calls show a 

small increase near hatching while twitters remain at a 

low level.

Embryonic vocalizations in artifi cia lly and naturally

in cubated emb ryos . The pat tern of embryonic; vo ca liza t ions

in broods incubat ed artific ially differs mat■kedly f ro m that

of broods inc ubat ed by hens (Fig. 5, 6, 2 la, and 21b) •
In natura iiy incuba ted broo ds the most fr equent

VO calizat ions are p leasure type calls whi le distr ess. type

ca 11s are the mo st frequent v oc ali zat ions in artifici ally

in cubated bro ods . Near hat ching, embryon i c food call s

and twitters dominate in natura lly  incubated broods, peeps 

and soft peeps in art ificially  incubated broods. Huddling 

calls, which are very rare in naturally incubated embryos, 

occur more often in artifi ciall y incubated embryos.

Screeches and phioo calls exhibit similar patterns of 

o c c u r r e n c e .

The total durations per sample of embryonic vo ca li zations  

(Fig. 22) are ma rk edly different in naturally and 

artif ici ally incubated broods. A chi-square test for 

independence was ap plied  to the mean number of one-second 

intervals covered by each type of vocali zation during the 

30-min sampling time (Table XV). The test shows that 

altho ugh  the total duration per sample of all embryonic 

vo cal izat io ns  taken together is similar for the two groups,
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Fig. 22. Embryonic vocal izations during the 4 hrs before 

hatching in naturally and art ifici al ly incubated 

broods. The mean total duration of each beh av ior is 

estim ate d by the average nu mber of 1-s intervals in 

which the behavi or occurred during a 30-min sample. 

Two samples were taken for each brood.
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BY HEN 
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L“J ARTIFICIALLY

60

40-
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PHIOO PEEP SOFT PEEP SCREECH FOOD 
CALL CALL CALL

TWITTER HUDDLING 
CALL CALL

EMBRYONIC VOCALIZATION



TABLE XV, Number of 1-s Intervals covered by embryonic vocalizations 
during the 4 hrs before hatching in naturally and 
artificially incubated broods. The tabulated values are 
means per 30-min sample based on eight samples, two for 
each brood. The values in parentheses are expected 
frequencies.

Vocalization •

Type of 
Incubation Phioo Peep

Soft
Peep Screech Twitter

Food
Call

Huddling
Call Total X2 p

Natural 14
(12.83)

3
(34.38)

26
(41.05)

40
(40.02)

60
(32.33)

69
(43.10)

3
(11.29)

215

Artificial 11
(12.17)

64
(32.62)

54
(38.95)

38
(37.98)

3
(30.67)

15
(40.90)

19
(10.71)

204

TOTAL 25 67 80 63 84 78 22 419 163.4 <0.001

104
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there are highly significa nt d i f f e r e n c e s  between the 

relative durations per sample in indivi dua l categories.

Each type of vo c a l i z a t i o n  was anal yz ed separately 

by using a "t" test for p e r c e nt ages (Sokal and Rohlf,

1969, p. 607). As shown in Table XVI, the total durations 

per sample of most v o c a l i z a t i o n s  are sig nif icant ly 

different. Near hatching, n a t u r a l l y  incubated embryos 

emit p r e d omi na ntly food calls and twitters while 

ar ti fi cially  incubated embryos emit ma i n l y  peeps, soft 

peeps and h u d dl in g calls.

D I SCUS SI ON

These results support the h ypothes is  that ma ter nal 

behaviors elicit embryonic ple as ure type calls while 

inhibiting distress type calls. Wit h  mater n a l  sti mulation 

embryos emit frequent food calls and twitters and very few 

peeps. The reverse is true when m a t e r n a l  stimulation is 

absent. To a lesser extent, soft peeps are also inhibited 

by the presence of the hen. This last effect was not as 

apparent earlier when assoc ia tions be tween ma ter nal  and 

embryonic be haviors were an alyzed  in nat urally incubated 

broods. Embryonic screeches and phioo calls remain 

unchanged whe ther mat ernal s timu la tion is present or not, 

which is con sistent with my earlie r findings.

There is an obvious s imila ri ty be tween the factors that



TABLE XVI. Comparison between the total durations
per sample of embryonic vocalizations in 
naturally and artificially incubated 
broods. Tabulated figures represent 
1-s intervals per 30-min sample.

natural Artifical
Vocalization Incubation Incubation ts p

Phioo 14 10 0.827 n.s.

Peep 64 8.930 <0.001

Soft Peep 26 54 3.216 <0.001

Screech 40 38 0.229 n.s.

Twitter 60 8.565 <0.001

Food Call 69 15 6.335 <0.001

Huddling Call 19 3.72 <0.001
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influence embryonic voc alizations and those that influence 

chick vo cali z a t i o n s  after hatching. Twitters and food calls 

are emitted in response to stimulatio n nor mally provided 

by social companions. After hatching, twitters and food 

calls occur typically during group activity, such as 

foraging, when interactions between members of the group 

are frequent. Before hatching, these calls are emitted 

during in teractions wi th the incubating hen. Peep calls 

seem to be emitted in the absence of social stimulation 

(Andrew, 1964, G u y o m a r c ’h, 1966, Collias, 1952, Mo ntevecchi 

et a l . , 1973, Kaufman and Hinde, 1961). Chicks reared in 

isolation cease emitting peeps and start emitting pleasure 

calls when pr ese nted with stimulation  of the type 

normall y provid ed by the social companions. That peeps 

occur in the absence of adequate stimulation is suggested 

also by the finding that chicks are more active and emit 

more peeps in an environment that pr ovides a low level of 

stimulation than in a stimu lus-rich environ ment (Bateson, 

1964d, M on te vecchi  et al., 1973). Similar causal factors 

are suggested for embryonic peeps. The absence of matern al 

stimulation during incubation results in an increased rate 

of peep i n g .

The factors that influence screeches before and after 

hatching are also similar. After hatching, screeches are 

induced by forcibly pre ve nt ing a chick from moving. In 

embryos, screeches appear to be closely connected with the 

process of hatching. They accompany strong embryonic
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movements that eventually br eak the shell (Guyomarc'h,

1972) . It seems then that screeches are rela ted to 

ph ysical restraints imposed on embryos by the shell and 

the surrounding membranes. Such restrain ts have no 

systematic relationship to ma ternal behaviors. This may 

account for the similar frequencies of screeches in 

naturally and artifi cia lly incubated embryos.

The higher incidence of hu ddling calls in artifi ci ally  

incubated embryos may be explained by the absence of proximal 

stimuli from the incubating hen. After hatching, huddli ng  

calls accom pa ny attempts by the chick to approach and 

establish direct physical contact with the hen. Their 

higher frequency in art if icially  incubated embryos suggests 

similar contact searching behavior  by the embryo.

It is concluded that the major differences between the 

patterns of vocali zatio ns  emitted by nat u r a l l y  and 

artificially incubated embryos indicate that maternal  

stimulation has a marke d influence on the emission of 

embryonic vocalizations.
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EXPERIMENT III

ANALYSIS OF EM BRY ONI C RESPONSES TO M A T ER NA L STIMULI

I. A r t i f i c i a l l y  incubated embryos.

My ob se rvatio ns  of natural ly  incubated broods revealed 

that the selective respo nsiven es s to ma ternal stimuli 

exhibited by chicks after hatching is already pr ese nt prior 

to hatching. Two important experiential factors that could 

influence embryonic resp onsivenes s are maternal stimulation 

and embryonic s e I f - s t i m u l a t i o n . To investigate the role of 

mat ernal  stimuli I tested the resp onsivenes s of art ifi ciall y 

incubated embryos to record ed ma ter nal v o c a li za tions and to 

movements imitating those of an incubating hen.

METHODS

The eggs were incubated for the first 16 days in the 

com merci al -type incubator. On the 17th day of incubation, 

the eggs were moved to the experimental room and placed 

under bell shaped plastic incubators (see earlier description). 

Testing began after the embryos reached the pipping stage. 

Pipping occurs about 6-16 hours before  hatching when the 

embryo breaks a 3-5 mm hole in the shell near its beak.

(For a more co mpl ete description see Oppenheim, 1973). The 

hole in the egg shell facilitates the recording of embryonic 

vocalizations.

The embryos were tested for responsiveness to four 

different stimuli: tape-recorded  ma ter nal  clucks and food
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calls plus slow and fast movements  applie d to the egg. Each 

embryo was tested once with only one type of stimulus. The 

prerec ord ed mater n a l  v o c a li zations  were presen ted  using a 

Sony Model 800 B recorder. The sound pressu re level 

at the location of the embryo was 60-65 dB as measured 

by a Triplett Model 370 sound p r e ss ure level meter. 

Measu rem ents were taken on the B weigh te d scale. The 

movement stimuli were applied with an "egg rocker" (Fig.

23). A foam pa dde d ring surrou ndi ng the egg was moved back 

and forth with a pu sh-ro d system driven by an electric motor. 

Two types of mov em ent were applied: a slow, large amplitude

movement and a fast, lower am plitude movement (see App endix 

I X ) . The slow mov ement simulates egg turning by the hen 

while the faster movement approximates the stimulation 

during resettling.

The embryo was placed in the experimental incubator at 

least 15 min before  the beginning of the test. At the 

end of this int rod uc to ry period, the tests proceed ed as 

f o l l o w s :

(a) Pla yb ack of recorded ma ter na l vocalizations. The 

test started with a 2-min pre-stimulation period.

It contin ued with four 30-s periods of stimulation 

separ ate d by 30-s silent intervals. The test ended 

with a 2-min post -s t i m u l a t i o n  period.

(b) Mo vements applied to the egg. The test started 

with a 2-min pre - stimulation period and continued 

with three 30-s per iods of stimulation separated
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Fig. 23. Ex per ime ntal apparatus for recording embryonic 

r e s p o n s e s .



Becoming tape recorder

Emitting taoe recorder

Timer

Microphone

Egg rocker

Heated plastic 
dome

TOP ¥IEW

EXPERIMENTAL SET-UP FOR RECORDING EMBRYONIC RESPONSES.



-113-

by 40-s intervals. The test ended with a 2-min 

po s t - s tim ul ation period.

Embryonic vocali z a t i o n s  and large amplitude movements 

were recorded. Re cordings started at the beginning of 

the pr e-stimulation period and were continued until the end 

of the p o s t - s timu la tion period. Embryo nic voc aliz ations 

were recorded through a micr op hone placed about 1 cm from 

the egg, close to the pipping hole. The microphon e was 

attached to a Sony Model 800 B tape recorder. The 

occur ren ce of embryonic movements was recorded  by direct 

o b s e r v a t i o n s .

The analysis of responses to recorded maternal 

vo cal iz ations was per fo rmed on the number of embryos that 

moved or vo calized in the 2-min interval before, during, and 

after stimulation. The analysis of responses to movements 

applied to the eggs was per fo rm ed on the number of embryos 

that vocalized  in the 1-min interval before, during, and 

after stimulation. In most cases a chi-square test was 

used to test for independence. In bo rderline cases and 

in cases where expect ed values  were too low, independence 

was tested by using the binomial distribution. Embryonic 

vocal iza tions were treated per category, as pleasure type 

or distress type calls, accord ing  to their ascending or 

descending frequency spectrums.

RESULTS

The number of embryos that emit pleasure calls during
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the sti mulation periods with recorded clucks is signif icantl y 

higher than the number calling before of after- sti mulation 

(Table XVII). A l t h o u g h  more embryos emitted pl easure calls 

during st imulation than outside the stimul ation period 

only 39% of all embryos called. The number of embryos that 

emit distress calls is sig nif icantly lower during stimulation 

than be for eha nd and remains low afterwards. There are no 

significant differences between the number of embryos that 

move during stimulation as compared to before and after.

The influence of matern al food calls on embryonic 

move ments  and voc aliz ations is more limited (Table XVIII).

The number of embryos emitting pl eas ur e calls during 

stimu lat ion is signi ficantl y higher than before or after but 

only 28% of them called. Neither the number of embryos that 

move nor the number that emit distress calls change 

sign ifi cantly over the 3 periods.

Only the fast movem ents applied to the eggs have a 

n ot ic eable effect on the embryonic vocal ization s (Table X I X ) . 

There is a signif icantly  smaller number of embryos that 

emit distress calls during the stimulation period as compared 

to before and after.

DISCUSSION

None of the stimuli has a strong effect on the behavior 

of inexpe rienc ed embryos. The most notice able effect is 

produced by recorded clucks. Their enhancement of embryonic 

pleasure calling and inhibition of distress calling is
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t a b l e XVII. Number of artificially incubated embryos that 
move or vocalize during the test with recorded 
clucks (n = 18).

TEST PERIOD

TYPE OF BEHAVIOR
BEFORE DURING AFTER 

STIMULATION STIMULATION STIMULATION 
(2 min ) (2 min ) (2 min )

MOVEMENT 16 16 15
n.s. n.s.

PLEASURE 
TYPE CALL

2
p <0.05

7 2 
p <0.05

DISTRESS 
TYPE CALL

11
p <0.05

6 7 
n.s.
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t a b l e XVIII, Number of artificially incubated embryos that 
move or vocalize during the test with recorded 
maternal food calls (n = 18).

TEST PERIOD

TYPE OF BEHAVIOR
BEFORE DURING AFTER 

STIMULATION STIMULATION STIMULATION 
(2 min ) (2 min ) (2 min )

MOVEMENT 13 12 15 
n.s. n.s.

PLEASURE 
TYPE CALLS

2 5 1 
p <0.05 p <0.05

DISTRESS 
TYPE CALLS

5 4 4 
n.s. n.s.
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t a b l e XIX. Number of artificially incubated embryos that
vocalize during the test with movements applied 
to the egg (n = 30).

TEST PERIOD

TYPE OP 
STIMULUS

TYPE OF 
VOCALIZATION

BEFORE DURING 
STIMULATION STIMULATION 

(1 min ) (1 min )
AFTER 

STIMULATION 
(1 min )

FAST
MOVEMENT 
n = 15

PLEASURE 
TYPE CALLS

DISTRESS 
TYPE CALLS

0 2
n.s. n.

5 1
p <0 .05 p <0

1
s.

4
.05

SLOW
MOVEMENT 
n = 15

PLEASURE 
TYPE CALLS

DISTRESS 
TYPE CALLS

0 0
n.s. n.

4 3
n.s. n .

0
s

2
s.
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similar to the effect of ma ter nal clucks on nat ur al ly  

incubated embryos. The effect of recorded food calls is 

also comparable to that of m a t er nal food calls in nat ural ly  

incubated broods, sti mulating embryoni c pl easure  calls and 

slightly depressing distress calls.

Fast mov em ents applied to the eggs have an inhibitory 

effect on distress type calls. Al tho u g h  I found no 

comparable effect of mat ernal m o veme nt s in na tur ally 

incubated embryos it may be that the ove rall level of 

distress calling was so low that no pa rt i c u l a r  inhibition 

by individual moveme nts could be detected.

The results indicate that the artifi ci ally incubated 

embryos show some selective res pons ivenes s to matern al 

behavior even though they had no prior experience with it. 

The low overall responsi venes s does suggest that prior 

exposure to maternal behaviors pr omotes the develo pme nt of 

selective responding.

II. Nat urall y incuba ted embryos.

The limited influence of the record ed  maternal 

vo ca li zation s on the behavior of naive embryos suggests that 

prior experience with m a t er na l stimuli is important for the 

development of embryonic responsive ness. This experiment 

was design ed to invest igate that po s s i b i l i t y  by testing the 

response of n a tur al ly incubated embryos to recor ded matern al 

clucks. I chose clucks because of their effect ive ness in 

eliciting responses as de mo nstrat ed  in our previous 

exp eriment s .
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METHOD S

Fertile eggs were incubated for 16 days in a commerci al 

incubator. On day 17 of incubation the eggs were removed 

from the incubator and placed under an incubating hen. When 

the embryos reached the pip ping stage three days later they 

were tested for responsiveness to recorded clucks. The 

embryos were tested ind ividually in the dome-shaped 

incubator des cribed earlier (Fig. 23). The testing p r o ce du re 

and data analysis were identical to those used for 

ar tificial ly incubated embryos.

RESULTS

There i„s a significant increase in the number of embryos 

that emit pleasure calls during the stimulus period as 

compared to the periods before and after sti mulation (Table 

XX). There is a nonsig n i f i c a n t  increase in the number of 

embryos that emit distress calls. The number of embryos that 

move is high in all three periods but remains unchang ed  

during the entire test.

Significantly more na turally incubated embryos emitted 

distress calls during stimulation with clucks than did 

artificially incubated ones (Table XXI). There is no 

significant difference in the number of embryos that emitted 

pleasure calls or moved during the stimulation period.
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t a b l e XX. Number of naturally incubated embryos that 
move or vocalize during test with recorded 
clucks (n = 18).

Test Period

Type of Before During After
Behavior Stimulation Stimulation Stimulation

(2 min ) (2 min ) (2 min )

Pleasure 1 6  0
Type Calls p <  0.05 p <  0.05

Distress 7 10
Type Calls n.s.

Movement 17 18 18
n.s. n.s.
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t a b l e  XXI. Number of artificially and naturally incubated 
embryos that move or vocalize during stimula­
tion with recorded hen clucks (n = 18).

TYPE OF 
BEHAVIOR

TYPE OF INCUBATION
NATURAL ARTIFICIAL P

PLEASURE 
TYPE CALL 6 7 n.s.

DISTRESS 
TYPE CALL 10 6 inooV

MOVEMENT 18 16 n. s .
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D I SCUS SI ON

rThe testing of n a t u r a l l y  incubated embryos yielded some 

unexpected results. A c c ord in g to the hypothesis that prior 

experience with m a t ernal stimuli enhances embryonic 

re sp onsiven ess to such stimuli it was pr edi cted that clucks 

would have a stronger dir ective effect on embryonic 

pleasure calls and an inhibiting effect on distress calls. 

Neither of these predi ct ions was confirmed. In fact, more 

of the nat urally incubated embryos distress called during 

stimulation than ar tificia ll y incubated ones. These 

results contrast w it h my previo us findings which show that 

maternal behaviors inhibit embryonic distress calls. A 

possible explana tion is that natura ll y incubated embryos 

detect a diffe ren ce between the recorded clucks and those 

produced by their own hen. The pla yb ack cluck used in the 

test was not that of the hen incubating the eggs. Moreover, 

there is always a certai n amount of change inherent in the 

tape recording of a sound. That embryos are able to 

disc rim inate between different clucks is confirmed by the 

findings of G u yomar c' h (1974a, 1975b). Chicks that were 

exposed to a part icular cluck prior to hatching showed a 

significant p r ef erence  for the familiar cluck in a choice 

d is cri min ation test wi th a different cluck.

The emerging hy pothesis is that chicken embryos interact 

with the incubating hen and, near hatching, are capable 

of discr im in ating the calls of their own mother from those
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of an unf ami li ar hen. The relative influence of maternal 

stimulation and embryonic s e l f - s ti mu lation  on the develo pment  

of such di sc rim i n a t i o n  abilities deserves further 

investigation.
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EXPERIMENT IV

THE INFLUE NCE OF PR E H A T C H I N G  INTERACTION S ON THE BEHAVIOR 

OF THE CHICKS AT NEST LEAVING

A po ssib le  con se quence of early interactions between 

embryos and the incubating hen is enhanced res pons ivene ss  of 

the chicks to m a t er nal vocali za tions after hatching.

Increased re sponsiveness  to vocal stimuli could, in turn, 

influence re sponsiveness  to ass ociated visual stimuli. This 

stimulus ass oc i a t i o n  might facilitate filial attachment 

( i m p r i n t i n g ) .

The aim of this experiment is to determine if prehatchinj 

interactions increase the responsiveness of ne wly hatched 

chicks to m a t e r n a l  stimu latio n during nest leaving. Nest 

leaving is the first instance when filial responses are 

expressed by appro a c h  and following behavior. During nest 

leaving, chicks have to make a choice between following 

the hen and con tinu in g to stay near the familiar nest and 

siblings. This event provides a good op portunity for 

observ ing  differenc es  between natura lly and art ificially 

incubated chicks.

METHODS

I used hens of the same Mi nor ca x Rose Comb variety 

as in the previous experiments. The hens layed and incubated
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eggs in nest cages suspended from the walls of the colony 

pen (see earlier description). After 15-20 days of 

incuba tio n one nest cage was moved to the ob servation 

room and attached to an open field arena (Fig. 24). The 

bo t t o m  of the cage was higher than the floor of the arena 

and the conne ct ion was made by a ramp. The ramp facilitated 

ob servation s of the hen and chicks during nest leaving. I 

observ ed six di fferent broods each containing three 

ar ti f i c i a l l y  incuba ted and.three natura lly incubated chicks.

P r o c e d u r e . Fertile, Wh ite Leghorn eggs were incubated 

for 16 days in the laboratory incubator. On the 17th day 

five eggs were removed and placed under the incubating hen. 

Be gi nnin g on the 20th day, we mo nitored  chicks hatching under 

the hen and in the incubator by direct observations. When 

a chick hatched under the hen, an additional chick that 

had ha tched in the incubator was color marked for ide ntification 

and placed under the hen. The incubator hatched chick was 

chosen  so that its hatching time was within one hour of 

that of the n a t ur al ly hatched chick. The pr ocedure was 

re peated until six chicks, three of each type, were obtained. 

When the last incubator hatched chick was placed under the 

hen, all unhatche d eggs were removed from the nest and 

the obse rvations were begun.

Data c o l l e c t i o n . The order and latency of nest leaving 

for each chick were recorded beginning the moment the hen 

passed the thresh old  of the nest cage and entered the arena.

Nest leaving was m o n itored  by direct observations and by
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Fig. 24. Experi mental  enclc*sure for observat ions of nest 

leaving behavior.
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filming wi th a Super 8 mm  Mi nolta camera at a speed of one 

frame per second.

RESULTS

Naturally incubated chicks have a tendency to follow 

the hen out of the nest sooner (Table XXII). The differ ence  

between their po si ti on in the group and that of art ifici al ly 

incubated chicks barely misses signi fic ance in a Wilcoxon 

two-sa mpl e test (Us = 190, p = 0.065) and is significant if 

a Ko lm o g o r o v - S m i r n o v  test is applied (D = 0.375, p <  0.05; 

Sokal and R o h l f , 1969, page 393, 573). The latency for 

nest leaving is signi ficantly lower in natura lly incubated 

chicks than in a r t i f ici al ly incubated ones (X = 159.3 s 

for artificially incubated and X = 106.8 s for natu ra lly  

incubated chicks; F = 3.01; d.f. = 17, 15; p <  0.05). The 

data for two naturally incubated chicks were discarded 

because they had great dif ficulties locomoting. Both chicks 

had been ac cident al ly injured by the hen prior to their 

departure from the nest.

DISCUSSION

While these results are consistent with the hypothesis 

that prehatchi ng interactions influence the behavior of 

chicks during nest leaving, our obs ervations  suggest that 

other factors have an important influence as well. First, 

even among normal chicks there are dif ferences in their 

locomotory abilities. Such differ ences seem likely to
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t a b l e XXXI. Comparison between the order of nest 
leaving by naturally and artificially 
incubated chicks.

Number of Chicks
Order at 

Nest Leaving
Naturally 
Incubated 
n = 16

Artificially 
Incubated 
n = 18

1st 3 3
2nd 5 1
3rd 4 2
4th 1 5
5th 1 5
6 th 2 2
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affect the order of chicks following the hen. Second, the 

order of nest leaving appears to be in fluenced by w h i c h  birds 

are out of the nest cup when the hen leaves the nest cage.

The chicks may come out of the nest cup and move around the

hen before the hen leaves the nest cage. I ob ser ve d that in

three out of six broods the hen left the nest when a r t i f icial ly  

incubated chicks had come out of the nest cup an d had 

approached the entrance to the arena. This ha ppene d in two

of the three cases when the first chick to follow the hen was 

artificially incubated. In most broods, the first chicks to 

come out of the nest cup were na tur all y incubated chicks.

After a few minutes of locomoting and pec king around the hen, 

these chicks crawled back under the hen to be brooded. At 

about the same time, ar tificially incubated chicks would 

start to come out of the nest. Soon after their emergence 

the hen would rise and walk away from the nest, leaving the 

naturally incubated chicks behind. Finally, during the 

period between their placement in the nest and nest leaving, 

the artif icially incubated chicks were exposed to intensive 

maternal stimulation. This, probably, helped increase their 

responsiveness to ma te rn al stimuli at nest leaving.

The tests show that art ifi ciall y and nat u r a l l y  incubated  

chicks respond diffe ren tly to the hen at nest leaving.

However, my ob se rva tions revealed that in addition to 

prehatchin g experien ce several other factors may be important. 

Further tests are required to determine the relative 

influence of these factors.
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GENERAL DISCUSSION

The study reveals that embryos and the Incubating hen 

stimulate each other and interact prior to hatching. 

Pr ehatchin g vocal interactions are similar to those that 

occur after hatching. Exposure to matern al stimuli and 

int eractions with  the hen influence the patterns of 

voc ali zati on s in naturally incubated embryos and affect 

their re sp ons iveness to ma terna l stimuli. Artifici al ly 

incubated embryos respond selectively to materna l stimuli 

but their r e spon se s differ from those of natura lly incubated 

embryos. Also, during nest leaving, chicks from the two 

groups exhibit differences in filial behavior.

These findings suggest the following hypotheses:

1) Differen t p re hatchi ng  experiences produce chicks that 

react d if fe rently to certain posth atc hing stimuli. The 

responsiveness of newly hatched chicks to social stimuli 

is de termined by their prehatching experience  with 

ma te rn al and self-produced stimulation. For instance, 

pre ha tchi ng  experien ce with the hen facilitates the 

co ordin at ion of the social unit after hatching. At 

hatching n a tur al ly incubated chicks are already 

familiar with mat ernal stimuli and respond to them in 

ways similar to those observed later on. Coo rdination 

in behavior between the young and their parent is 

already apparent before hatching.

2) Embryonic responsiveness to matern al vocalizati ons
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develops even in the absence of pr e h a t c h i n g  interactions 

with an incub ati ng hen. S e l f - s ti mu lation  wi th distress 

calls may influence the dev elopment of selective 

responses to the mater na l cluck.

3) Althou gh  re sp on sivenes s to m a t er nal stimuli may develop 

in the absence of an incubating hen, exposure  to maternal 

s ti mulatio n can affect responsiv eness in three different 

w a y s :

a) it can increase the chick's f am iliari ty  with certain 

types of stimuli

b) it can improve the chick's ab ili ty to discr imina te  

among stimuli

c) it can enhance the at tractivene ss of some stimuli 

The present findings also lend support to the following

h y p o t h e s e s :

4) Em bryonic res po nsiven es s to tactile stimulation develops 

first followed by respo nsivene ss to au ditory stimulation. 

This sequence parallels the m a t u ra tional processes of 

the resp ective sensory systems.

5) P re ha tching in ter act ions influence the development of 

ma t e r n a l  beha vior in the incubating hen.

1. Pr ehat c h i n g  processes that influence later b e h a v i o r .

The study of p rehatc hi ng exper ien ces that could influence 

the de vel opmen t of behavior in embryos proceeds in stages.

To demonstrate that prehatchi ng  exposure  to sti mulation 

affects later behavior, it is necessary to de scribe the 

parental  and em bryonic behaviors during incubation,
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de ter mine the factors that ma y  influe nce  embryonic 

stimulation and then establish the influence of these factors. 

After p reh at ching stimu la tion is shown to influence later 

behavior it becomes possib le to inv es tigate  proces ses that 

mediate develo pment of the s t i m u l us-res po nse relations.

The present study shows that the prehat ch ing experience 

of domestic chicks is influenced by the same three factors 

which act in other species of pre coci al  birds (Gottlieb,

1975a, 1975b, 1975c,' 1978, Impekoven, 1971a, 1976a, Tschanz, 

1968, N o r t o n - G r i f f i t h s , 1969). First, matern al  stimulation  

induces embryonic responses that change the patter n of 

embryonic self-sti mulation from one dominated by distress calls 

to one which is largely p l e asure calls. Secondly, passiv e 

exposure to ma te rn al stimuli expands the embryo's exp erience 

in both the tactile and audito ry modalities. A r t i f icially  

incubated embryos totally lack this exposure. Thirdly, 

na tur ally incubated embryos interact with the incubating 

hen arid percei ve the influence of their own behavior on the 

pattern of outside stimulation. Art i f i c i a l l y  incubated 

embryos do not have that experience.

Based on current theories of development (Kuo, 1967, 

Schneirla, 1965, Sluckin, 1970, Hinde, 1970, Gottlieb, 1976a, 

1976b, Bateson, 1976) one would predict that such differ ences 

in prehatching experience would lead to differenc es in 

behavior later on. The results of my experiments show that 

this is indeed the case. Embryonic experience with parental 

stimuli alters the way embryos respond to maternal  clucks
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and the readiness of chicks to follow the hen at nest 

l e a v i n g .

Previous res earch suggests two ways in which early 

experiences can influence later behavior. In processes 

akin to conditioning, a stimulus acquires eliciting 

properties throug h systematic ass oc iation  with an effec tive  

stimulus or with the response. In processes akin to 

pe rceptual learning, repeated exposure to a stimulus is 

enoug h to affect the response (Zajonc, 1971, Hinde, 1970). 

Schneirla (1965) hyp othe si zed that the maternal cluck 

becomes attractive to the newly hatched chick through a 

conditioning process. The cluck may become effective in 

eliciting embryonic responses th rough ass oc iatio n with 

effective embryonic s elf -s timulat io n or with maternal 

tactile stimulation. At the present time we have no direct 

support for Schneirla's hypothesis, but we have evidence 

that the factors n e cessary  for conditioning are present 

during incubation. My ob servations  show that chick embryos 

respond to maternal tactile stimuli and interact vocally 

with the incubating hen. There is also eviden ce that 

conditioning can occur in chick embryos (Reviewed by Gottlieb, 

1968 and Impekoven, 1976b).

In addition to effects through conditioning, effects of 

mere repetitive exposure to clucks or to similar low 

frequency sounds could enhance respo nsiveness  to these 

stimuli and attrac tio n towards their source (Zajonc, 1971). 

According to Gottlieb (1976a) early exp erience may influence
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development in three different ways: it could ma int a i n  

ongoing development, facilitate the rate of dev elopment 

and/or induce dev elopment along certain channels. Evidence 

for the m ai nt ianing  and facili tative roles of pre ha tching 

ex perience with auditory stimuli is provided by Gottlieb's 

work on devocalized ducklings that was de scribed earlier 

(Gottlieb, 1975a, 1975b, 1975c, 1978).

Prehatching  ex per ien ce has similar influence in 

chickens al tho ugh  it- is not clear wh ether the effects are 

the result of maintenance, facilitative or inductive 

processes. The results of my experiments show that 

ar ti ficiall y incubate d embryos ap pro ach and follow  the 

clucking hen less readily during nest leaving than chicks 

incubated by the hen. Impekoven (1976b) found that chicks 

emit more pleasure calls when exposed to clucks if they 

experienced the same clucks prior to hatching. Moreover, it 

was reported by Guyo marc'h (1974a, 1975b) that newly hatched

chicks dis crimin at e between a particular cluck that they 

experience before hatching and a different cluck. It is 

conceivable that in some of these instances conditioning 

occurs too but the possi bility that clucks are systematically 

associated with other effective stimuli is remote.

Pr eha tching experiences of chick embryos may have 

effects which are not apparent right after hatching. According 

to the primacy concept (Reviewed by Hess, 1973) early 

experiences have a determining influence on later behavior.

This influence may be due either to "foundational" experiences
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(primordial experi ences  wh ich lay the grounds for 

reactivit y to future experiences, Sluckin, 1970), or to 

early, experi ences that occur during certain sensitive 

periods (Scott, 1962). My study shows that, during 

artificial incubation, the absence of a hen and of the 

hen-induc ed  changes in embryonic self -s timula ti on coincides 

wit h a period when embryos are quite respon siv e to 

stimulation. As a result, di ffe rence s in experience with 

mater nal  and se lf -produc ed  stimuli may have lasting effects 

on later behavior.

The results of the study show that the prehatchin g 

experiences of art ifi ci ally and n a t ur al ly incubated chicks 

are very different. A r t i f ic ially incubated chicks could 

be considered deprived subjects because they lack experiences 

with materna l stimulation and with their own pleasure calls. 

They also experience an ab nor mally  high nu mber of distress 

calls. Art ific ia lly incubated embryos also lack the 

opportunity to interact with the hen and do not experi enc e 

changes in the environment linked to their own behavior.

It appears then, that art if icially  and n a t ura ll y incubated 

embryos follow different developmental paths because of 

different stimulus experiences. Whether or not the behavior 

of art ificially  incubated chicks i~> re pr ese n t a t i v e  of that 

following developm ent under natura l conditions is open to 

serious question.

2. S e l f - s tim ul ation and the development of selective 

responses to the h e n . Chicks respond selectively to maternal
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vo ca li zation s even in the absence of previous interactions 

with the incubating hen (Collias, 1952, Baeumer, 1962, 

Impekoven, 1976b, Snapp, 1969). One factor that could 

dete rm ine the d evelopm en t of select ive re sp onsiv eness 

without expos ure to ma ternal calls is vocal sel f ­

stimulation. Schneir la (1965) and Guyo ma rc'h (1973) 

suggested that embry on ic self-stim ul ation with pleasure calls 

determines the dev el opment of responsivenes s to the materna l 

cluck. Eviden ce provided  by my study indicates that embryonic 

pleasure type calls are not likely to influence the 

development of embryonic  responsiveness. It is possi ble 

though that early ex posure to distress calls influences 

later responses to ma tern al  voc alizations.

The results of my experiments show that art ificially 

incubated chicken embryos respond to ma ternal vocal izations 

in a selective fashion. Similar evidence has been obtained 

by other investigators. Collias (1952) reported that 

artificial ly  inc ubated chicks having no previous experience 

with m a t erna l calls tend to approac h and stay near a 

speaker emitting m a t e r n a l  clucks. There is no difference 

between the propo r t i o n  of artif icially and naturally  

incubated chicks that approach the speaker (Impekoven,

1976b). Collias (1952) also found that artificially  

incubated chicks start emitting ple as ure calls when exposed 

to clucks. If n aiv e chicks are exposed to clucks as they 

distress call, their vocalizat io ns change to pleasure calls 

(Baeumer, 1962).



The selectivi ty of chick respo ns iv eness has been 

dem onstrated by -Ramsay (1951) who repo rted that naive, 

freshly hatched chicks, tend to appr oa ch a voc al iz ing 

broody hen rather than a mal lard or m u s c o v y  duck in a 

simultaneous choice test. That the selectiv e approach  of 

the hen is due to the cluck stimulus and not to the hen's 

visual configu ra tion is supported by the finding that naive 

chicks approach a speaker emitting clucks more readily 

than a stuffed materna l replica (Gottlieb, 1971). Gottlieb 

(1971) also o b s e r v e d ‘that chicks follow only objects that 

emit clucks when subjected.to a choice test with objects 

emitting ma ter na l calls of other species.

Earlier, Schneirla (1965) proposed that embryonic 

self-stimulatio n with  con tentment calls plays an important 

role in the development of re sp on sivene ss  to mate rnal calls. 

Schneirla's hy pot hesis  is supported by Gottli eb (1965, 1965a, 

1966, 1971, 1976) and Reynolds (1977) who found that 

artificially incubated ducklings respond selectiv ely to the 

species maternal call. After investig at ing the experiential 

factors that may de ter mine the develo pment of respo nsiveness  

to the maternal call, Gottlieb (1975a, 1975b, 1975c, 1978) 

concluded that s e l f - s t im ul ation with conten tment calls by 

the duck embryo plays a major role.

That embryonic s e If-stim ul ation with pl easure calls 

may play a similar role in chicks was suggested by Schneirla 

(1965) and Guy omar c' h (1973). Gu yo m a r c ' h  compared the 

frequency spectrum of the m a t er na l cluck with that of the
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chick twitter and concluded that there are enough 

similarities be tw ee n the two calls to support this 

hypothesis. He even suggested that twitters are precursors 

of clucks (Guyomarc'h, 1972).

My observ ations  caw!, some doubt on the valid it y of the 

self-st im ulation  hypo thesi s for chicks. Art ific ia lly 

incubated chicks have little experie nce with pleasu re calls 

and yet they are strongly attracted to the cluck call of the 

mother. Pl eas ure  type calls appear late in incubation and 

are seldom emitted by ar tificially incubated embryos. It 

is th ere fore quite unlikely that pleasu re calls play an 

es sen tial role in the initial developme nt of a prefer ence 

for the matern al cluck.

It appears from my observations that the only form of 

vocal self-s t i m u l a t i o n  that could pr omo te the development 

of selective responsiv eness are distress calls. Distress 

calls start quite early and occur very frequently  after 

the 18th day of incuba tion when embryos are already 

respo ndi ng to external st imulation (Vince, 1973, Hamburger, 

1973). These calls however are very different in spectral 

qualities from the cluck and there is evidence suggesting 

that chicks can not perceive their high frequencies until 

the 19th day of incubation  (Saunders et a l ., 1973, Saunders 

et al., 1974). This is pr ima rily because the middle ear is 

filled with fluid and does not transmit high frequency 

vibrations. Lower frequencies, on the other hand can be 

detected much earlier.
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One way in wh ich  distress calls could be detected by 

the embryo is th ro ugh di stortion freque ncies of the 

original sound that fall within a lower range. Distortion 

fre quencies are caused by com bi nation  tones transmi tted  

by the mi ddl e ear fluids and the bony l a b yr in th (Wever 

and Lawrence, 1954). Exp eriments on transm ission of sound 

vi br atio ns  throug h resonance of the audito ry meatus and 

the skull p e rforme d on ear models (Von Bekesy, 1960) reveal 

that there is a sound pressure peak on the ea rdrum produced 

by sounds within the .1,800 to 2,500 freque ncy  range. A 

similar pressure peak may occur on the eardrum of the chick 

embryo as a result of combinatio n frequencies produced by 

embryonic distress calls. Vibration s of the eardrum in 

response to these high frequ ency sounds would probably be 

in a muc h lower range. There is eviden ce from other species 

that the ear str uctures transmit low frequency vibrations. 

Thus, the audito ry meatus of the cat transmits frequencies 

around 1,000 Hz w hich are in its resonance range (Wever 

and Lawrence, 1954). Vibration s in a similar low range 

could be transmit ted by the chick embryo's audit ory meatus 

and detected by its cochlea. Embryo nic detec tion of 

co mbination frequen cies around 1,000 Hz may help to explain 

the dev elopment of se nsi tivit y and p ref er ence for ma ternal 

clucks.

It appears that the auditory sti mu lation  provided  by 

pr eha tc hing in ter act ions betwee n the embryo and the 

incubating hen is not n e ce ssary for the initial development
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of resp onsivenes s to the maternal cluck. It is still not 

known wh ethe r or not vocal s e l f - s timula ti on by the chick 

embryo contr ibute s to the initial devel opm ent of this 

responsiveness, but a mec h a n i s m  is propose d in wh ich  

se lf -stimul at ion by distress calls could enhance 

responsiveness to ma ter nal clucks.

3. Possib le  effects of pr ehatching e x pe rience wi th mate rnal 

st imulat i o n . A l t hough naive chicks are capable of respon ding  

selective ly  to spec ies -specific  stimuli, their responses 

are different from those of n a t ur al ly incubated chicks.

There are' three possib le explanations for these differences. 

The int eractions that occur during na tural incubation could 

permit fami liariz at ion with maternal stimuli; they could 

influence the selectivi ty of responsiveness; or they could 

enhance the attract iveness of some stimuli.

The results of my experiments show that exposure to 

ma te rn al v o c a li za tions changes the behavior of embryos.

It seems that the change in behavior is due largely to 

increased familiarity wi th the stimulus and not just to 

the att ract iveness  of the stimulus as is often assumed.

For instance, the results show that in na turally incubated 

embryos u nfa mi liar recorded clucks tend to elicit distress 

calls while familiar clucks of the incubating hen tend to 

inhibit them. These findings are consistent with results 

obtained in several earlier investigations. Impekoven

(1976) found that chicks exposed to clucks prior to hatching



-142-

emit sig nific an tly more pleasure calls than naive chicks 

when they hear clucks after hatching. This also applies 

to stimuli other than the species specific ones. In 

separate experiments  Grier (1967) and Rajecki (1974) 

exposed chick embryos to a 200 Hz sound and tested their 

response after hatchin g to the famili ar 200 Hz sound and a 

novel 2,000 Hz sound. More chicks appr oached the speaker 

and emitted pl easure calls to the familiar than to the 

novel sound. In contrast, naive chicks behaved the same 

towards the two sounds. Lien (1976) and Evans and Knapton

(1977) performed similar experiments and found that newly 

hatched quail chicks behave differently  towards familiar 

and unf ami li ar sounds.

Changes in beh avior produced by increased familiarity 

with -he stimulus have their counterpart in the behavior 

shown by chicks when exposed to novel stimuli. There is 

some evidence that novel stimuli have a generalized 

inhibitory effect on chick ac tivity (Montevecchi et al., 

1973, Andrew, 1963). When introduced into a novel 

environment chicks show very low levels of activity. With 

repeated ex perience in the same environment their activity 

increases. Ru sso ck (1971) reported that chicks show a 

"freezing" reaction when exposed initially to materna l food 

calls played thr ough a loudspeaker. Only after two or 

three exposures do chicks start ap pr oac hing the speaker. A 

similar reaction to novel stimuli is shown by embryos at an 

early stage. Gottli eb (1971) reported that the first
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pr e s e n t a t i o n  of m a t er na l calls inhibits embryonic beak 

claps and v o c a li za tions in duck embryos. On subsequent 

presentations, the maternal call enhances embryonic 

activity. Similar inhibitory effects were found in wood 

ducklings by Heaton (1972) and in herring gull chicks by 

Evans (1973). Impekoven (1976a) found that the effects 

of parent al calls on the activi ty of newly hatched laughing 

gulls depend on whet her or not they had previous exper ience 

with the c a l l s .

It is clear then that nov elty influences the response 

of the young bird regardless of how po ten tiall y att ractive 

is the stimulus. However, due to the limited number of 

crite ria  currently used for jud ging responsiveness, it 

is diffic ult to separate the effects of stimulus fa mil iar ity 

from those of stimulus attractiveness. A newly hatched 

bird, that otherwise shows locomotory competence, may not 

approach a stimulus because of inhibition, lack of 

attr act iveness  or both. In this case, using the locomotory 

response as a sole criterion limits the ability of the 

inv estigator to di ff erenti at e among the effects. Increased 

resolving power could be obtained by extend ing the range 

of beh avioral criteria used in measur ing responsiveness. If 

v o c a li za tions are considered with locomotory responses the 

larger number of combinations will permit more precise 

det erminations. For example, a chick that distress calls 

and does not ap pr oa ch a source of stimulation is probab ly  

not attracted to it. But, if the chick remains immobile
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and silent it is pr ob ab ly inhibited by the stimulus.

Increased familia ri ty with the stimulus is only one of 

the effects of p re hatchin g interactions. Another major 

effect is on the selectivity of embryonic responsiveness  

to different maternal stimuli. The results of my observat ions 

show that during the hours before hatching natural ly 

incubated embryos respond selectively to various maternal  

stimuli. I also found that natural ly incubated embryos 

respond differen tly to the clucks of the incubating hen 

than to those recorded from a different hen. There is also 

evidence that, after hatching, chicks dis crimi na te between 

the individual cluck of their parental hen and the clucks 

of other broody hens. Ramsay (1951) observed that chicks 

are able to recognize their parental hen from other 

broody hens on the first day after hatching. Collias (1952) 

found that chicks from different broods that are mixed in 

the dark show a tendency to appro ach their own parental hen. 

That prehatch ing int eractions influence this discrim ination 

ability is also suggested by the findings of Guyomar c'h 

(1974a). Guyomarc' h exposed different groups of embryos 

to clucks recorded from different hens and then tested the 

responses of the newly hatched chicks to the familiar and 

un fam iliar clucks. He found that most chicks approached 

the source of the familiar cluck. A similar effect was 

found by Tschanz (1968) in guillemots. Guillemot chicks 

learn to recognize the individual call of their parent as 

a result of prehatchi ng interactions.
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At the species level, p r e h a tc hing interact ions influenc e 

the ability of the newly hatched bird to discri minate the 

calls of their own species from those of other species. 

Gottlieb (1971, 1975a, 1975b, 1975c) demons trate d that 

exposure to species specific calls prior to hatching 

enhances the ability of the newly hatched ducklings to 

discrimina te  between their species maternal call and calls 

of other species.

It is apparent from the examples cited above that a third 

major influence of p rehatc hi ng inter actions  is that they may 

enhance the attr activenes s of certain stimuli. Some of 

the auditor y stimuli perceived during incubati on become 

not only familiar but also more attractive. Newly hatched 

chicks approach more readily the source of a cluck heard 

previously than that of a novel cluck (Guyomarc'h, 1974a, 

1975). While it is not p o s sib le  to show that attractiven ess 

can be increased without increa sin g familia ri ty the opp osite 

can be shown. There are stimuli wh ich  fail to become 

attractive even though they are freque ntly per ce ived during 

incubation. For instance, chick distress type calls wh ich 

occur fre quently before hatching are not at tra cti ve to 

newly hatched chicks (Gottlieb, 1966).

I conclude with the sugges tion that there are three 

different factors that influence the responsive ness of 

newly hatched chicks to au dit ory stimuli: the familiarity

with the stimulus, the ability to discri minate between 

different stimuli and the attracti on to the stimulus.



U n f o rt un ately in many instances the effects of these factors 

have been confounded. It will be helpful in future 

investigations to d i s t i nguis h among the different factors.

4. Development of embryonic r e s pon si veness parallels 

m a tura ti on of sensory s y s t e m s . I found ev ide nce that 

embryonic res pons ivene ss  to tactile and au dit ory  stimuli 

develops as the r e sp ec tive sensory systems mature (Reviewed 

by Gottlieb, 1968, Impekoven, 1973, 1976, Vince, 1973).

In chic k embryos, s en si tivity to cutaneous tactile 

stimulation may be shown as early as the 6th day of 

incubation. Overt responses to ta ctile stimuli however 

appear much later. It is bel ie ved that tactile stimuli 

start influencing embryo nic movem en ts by the 16th to 17th 

day of incubation (Vince, 1973, Hamburger, 1973, Provine,

1973). Onset of the au di to ry fu nctio n is later in 

development than that of the tactile function (Saunders 

et a l . , 1973, Saunders, 1978). A l t h o u g h  the cochlea becomes 

functional by days 11-13 of inc ubation there is no clear 

evidence of sound effects on emb ryo ni c motil i t y  before the 

18th day of incubation. My results show that at early 

stages the largest p r opo rt ion of the embryonic vocal 

responses are given to tactile sti mu lation from the hen. 

Later, during the hours just before hatching, the propor tion 

of responses given to mat ernal v o c a l i z a t i o n s  increases. A 

similar type of ch ronolo gi cal sequen ce in embryonic 

responsiveness was observ ed by Tschanz (1968) in guillemots
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and Impekoven (1976) in laughing gulls.

It was sugges ted by Schneirla (1965) that stimuli of a 

later maturing  sensory system may become effective through 

a ssoci at ion with stimuli of a sensory system that matured 

earlier. Embryonic responsiveness to certain calls may 

develop through their associ ation  with familiar tactile 

stimuli. Several investigators (Impekoven, 1976, Clements 

and Lien, 1976) have attempted to test S c h n e i r l a ’s 

hypothesis but the evidence is still unclear. To test the 

hypothesis, I am exposing artif icial ly  incubated embryos 

to m a t ernal vo calizat io ns while simultaneously moving the 

eggs. Subsequentl y I test the effect of the ma ter nal calls 

on embryonic vocal responses. To isolate the effect of 

mere arousal caused by tactile stimulation, I am using an 

altern ate  way of arousing the embryos, wit h loud noises, 

before presenting the maternal calls.

5. Prehatc hing intera ctions and the development of maternal 

b e h a v i o r . Evidence provided by this study supports the 

hypothesis that pre ha tching vocal interactions between 

embryos and the incubating hen influence the development of 

m ate rnal behavior. My observations reveal that the hen 

starts emitting mater n a l  calls after the onset of embryonic 

voc ali zati on s and frequently in respons e to them. The 

number of m a t ernal  responses increases steadily as hatching 

a p p r o a c h e s .

The incubating hen responds to embryonic calls in a



manner similar to that in which broody hens respond to their 

chicks after hatching. For instance, embryonic distress 

calls have a strong stimula tory effect on maternal clucks.

There is additional evidence that supports this hypothes is 

(Baeumer, 1962, Collias, 1952, Maier, 1962, Guyomarc'h,

1975a). Ac cor ding to Baeumer (1962), Collias (1952) and 

to my obser vatio ns  the hen continues to incubate long 

after the usual pe riod if the eggs are not fertile and 

embryos do not develop. Moreover, the hen attacks and 

kills n ewly  hatche d chicks if not exposed first to embryonic 

stimuli. Maier (1962) showed experi mentally that chick 

voc ali za tions can induce mate rnal behavi or in nonbroody 

hens. These pieces of evidence suggest that the end of 

in cubation and the initiation of maternal  behavior are 

determ ine d by stimuli provided by the embryos and the newly 

hatched c h i c k s .

Prehatchi ng  vocal interactions wi th the embryos may help 

the hen learn the calls of individual chicks within her 

brood. Maier (1962) observed that hens becoming broody 

as a result of being exposed to chicks show maternal 

behavior only toward familiar chicks. Ramsay (1951) report ed  

that hens are capable of recognizing the calls of their 

own chicks the first day after hatching. Unf amiliar chicks that 

are tr ans ferre d to the brood are attacked by the hen only if 

they start vocalizing.

Additional research is nece ss ary in order to clearly



-149-

identify the effects of p reh at ching interactions on the 

initiation of mat er nal beha vior and the develo pment  of 

individual att ac hm ents between the hen and the newly 

hatched chicks.



SUMMARY

Evidence from several species of precocial birds 

suggests that the. be havior of newly hatched chicks is 

influenced by emb ryonic self-stimulation, passive exposure 

to maternal stimuli and pre ha tching  interactions w ith the 

incubating hen. In this study p reh at ching intera ctions in 

naturally in cub ated broods are analyzed  and the influence 

of the incubating hen on the later behavior of the chicks 

is investigated. In the first experiment natur al ly 

incubated broods wer e  observed and the behavior of embryos 

and the incubating hen was described. The association s 

between embryonic and ma tern al  behavi ors were analyzed.

The embryos and the incubating hen were found to interact 

and the type of interaction s were identified. In the second 

experiment the beha viors of natu ra lly and artifi ciall y 

incubated embryos were compared. The incubating hen was 

found to influence embryonic se lf -stimulation by increasing 

the frequency of p l e a s u r e  type calls and dec reasing the 

frequency of distress type calls. In the third experiment, 

the responses of ar ti f i c i a l l y  and na turally incubated 

embryos to record ed maternal  vo cali za tions were compared.

It appears that interac tions with the incubating hen influence 

subsequent embryonic responses to maternal calls. A higher 

propor tio n of n a t ur al ly incubated embryos distress called 

when exposed to unfa mi liar recorded clucks. In the fourth
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experiment, filial responses of newly hatched artifi ci ally 

and nat ura ll y incubated chicks were compared. The results 

show that, during nest leaving, n a turally  incubated chicks 

fo llow the hen more readily than arti fi cially incubated ones.

It is concluded that, as a result of different pre hatching 

experience, the behaviors of n a t u r a l l y  and ar ti ficiall y 

incubated chicks might not be comparable. Alt hough 

artificiall y incubated chicks are capable of responding 

se lectivel y to the spe cies- speci fi c maternal stimulation, 

preha tc hing exposur e to the incubatin g hen leads to 

familiarization, increased attract iv eness and d i f f e r e ntiatio n 

between stimuli. - It is hyp o t h e s i z e d  that embryonic sel f ­

stimulation with distress type calls could influence the 

development of selective res pon siven ess to materna l calls 

in ar ti fic ially incubated chicks.



A P P EN DIX I

A d escrip ti on of embryonic and maternal  behaviors that 

occur during incubation.

Embryonic and ma terna l v o c a liz at ions are describe d by 

using on oma to poetic expressi ons or contextual c h a r a c t e r i s ­

tics. O n o m at opoetic  nom e n c l a t u r e  has the advantage of 

avoiding m o t i v a t i o n a l  or functional connotations. However, 

many times it is di ffi cul t to provide onomatopoetic 

expressions that accu rately  describe certain sounds. This 

is espe ci ally .true when different sounds have close 

frequency spectrums. In such cases the use of similar 

ono mat opoe ti c expres sio ns for the different sounds may 

imply fun ct ional  relationshi p. Another dif ficulty is 

presente d by the fact that different people may not 

interpret a partic ula r expres sion in the same way. In 

addition, one sound may have different functions depending 

on the context. The use of n o m e n cl at ure that describes the 

context in which a sound is usu ally emitted provides 

v a l uable inform ation  for its identification. When 

on om at opoeti c expressions are difficult to find short-hand 

no m e n c l a t u r e  by context seems to be a reasonable substitute.

In order to best identify the recorded sounds brief 

descrip ti ons are provi ded which include: acoustic 

characteristics, names used by other investigators, 

descr ip tion of the usual context, and, if known, possible 

functions .



Em bryonic vocali za tions

Phioo: This is a low intensity w h i s t l e - l i k e  sound of

very short duration (Fig. 2a). Its freque ncy range 

is limited to the 2,4 00 -2 ,600 Hz.band. Although 

it occurs at a slightly lower frequency, it is

similar to the first part of a soft peep (Fig. 2b).

It appears early during incubation, increases in 

frequ enc y as hatching approaches, but then decreases 

in frequency right before hatching. This embryonic 

v oc al izatio n has not been descri bed  previously. The 

context in which it usually occurs, the factors 

that trigger it and its functio n are unknown.

P e e p ; This is a high intensity, high pi tch call of short

duration, with a spectrum  of sharply descending

fr equencies  (Fig. 2c). It is repetitive, with a 

va ria ble nu mber of repeti tions  at app roxim at ely 0.5s 

intervals. This call was descri bed  pr evi ous ly as 

"distress" call or "cheep" by Collias and Joos 

(1953). Guy om arc' h (1966) described it as the 

"searching call of the isolated chick". It appears 

early, well before pipping (Guyomarc,h, 1966). Before 

hatch ing  it occurs mainl y in the absence of external 

st imulatio n and in response to low environmental 

temperature. After hatching, it is triggered by 

a va rie ty of factors such as: isolation from social



co mpanions, lowering of the envir o n m e n t a l 

temperature, a decrease in the level of light in 

the environm ent and u nf am iliar surroundings. It 

is b e l iev ed  that its function is to elicit vocal 

responses in social companions that may serve as 

cues for their location (Guyomarc'h, 1966).

Soft p e e p : This is a low intensity call with a short

spectrum of descending freque nci es (Fig. 2b). It 

is close to a subdued "screech" or "peep" call but 

its frequenc y range is different and it is not 

repetitious. This embryonic voca li zation has not 

been pre vi ou sly described. The call starts early 

during incuba ti on and it occurs frequently 

e sp ec ially in artifi cially incubated embryos.

It seems to occur more often in the abs en ce of 

external stimulation. The function of this call 

is u n k n o w n .

S c r e e c h ; This is a high intensity call with a sp ectrum of 

descending frequencies similar to the "peep" 

call. It is longer in duratio n than the peep due 

to an initial portion of ascending frequencies 

(Fig. 2d). This is the most intense call during the 

period that preced es hatching. It was pr eviously 

de sc ri bed by Guyo ma rc'h (1966, 1972) as the "escape-

predation" call. Its emission often coincides with 

po we rf ul embryonic movements accompanie d by shell 

cracking noises. After hatching the voca li zation is
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emitted by chicks that are forcibly preven te d from 

mo ving (Guyomarc'h, 1966). The function of this 

call remains obscure al tho ugh  G uy omarc'h  (1966) 

suggested that its role is to elicit brood defense 

behavior in the hen and escape behavior in the 

s i b l i n g s .

T w i t t e r : This is a low intensity call with a spectrum  of

gradually ascending frequencies  (Fig. 3a). It 

appears r e la tively  late during incubation and its 

frequency of occurrence increases after pipping.

It was first identified in newly hatched chicks 

as a "pleasure note" or "twittering" by Collias and 

Joos (1953). G u y o m a r c ’h (1972) described it as 

a call of "psycho- physio lo gical equilibrium". The 

call may be elicited in the embryo by movements 

applied to the egg. After hatching, it is the 

dominant type of v o c a lizatio n when the chick is in 

a group of social c o m p a n i o n s . The function of the 

call is not known.

Food c a l l : This is a moderate intensity call with a

spectrum of sharply ascending fre quencies followed 

by a short descending por tion (Fig. 3b). The call 

appears during the last period of incubation. In 

artificial ly incubated embryos (Guyomarc'h, 1972) 

it often follows after strong moveme nts and shell 

cracking noises. Previo us investigators (Collias 

and Joos, 1953, Guyomarc'h, 1966, 1972) did not



di ff e r e n t i a t e  between twitters and food calls 

and classified them together as pleasu re calls.
V

They acknowledged, however, the presence of calls 

with different frequency spectrums in the pleasure 

calls category. After hatching this vo caliza ti on  

is emitted frequently during foraging and is 

usually associated with feeding bouts. The 

function of the call is not known.

Huddling c a l l : This is a modera te intensity call with a

spectrum containing both ascending and descending 

frequencies, the ascending portion being more 

pr ono unced (Fig. 3c). Guyoma rc' h (1972) named 

it "cri de blottissement " which translates as 

"huddling call". This call appears very late, 

right before hatching. At hatching 

there is a sudden increase in its frequency and 

it becomes the dominant call during the hours 

following hatching. After hatching this call 

ac companies  approac h and contact seeking movements 

by the ch ick toward the ventr um of the hen. Its 

functio n is not known.

Ma ternal voc ali zati on s

C l u c k : This is the characteristic call of a broody hen

(Fig. 4a). It has been described by several 

in ves tigators (Collias and Joos, 1953, Baeumer, 

1962, Guyomarc'h, 1972, Rush, 1978). It consists
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of low frequency pulses wi th the loudest frequencies 

at the low end of the spectrum. Broody hens start 

emitting low intensity clucks long before hatching. 

Clucks become more frequent after hatching and are 

usually intense when the brood is moving  and 

exploring the environment. The clucks reach their 

highest intensity when a chick is isolated from the 

hen and emits peep calls (Guyomarc'h, 1972). The 

apparent function of the cluck is to m a i ntai n the 

contact betwee n the hen and the chicks.

Food c a l l : This is a brief, repetitive, high intensity call

w ith  a wide frequency range (Fig. 4c). The onset 

of this call is during the last few hours before 

hatch ing  and its frequency remains rela tively low 

until after hatching. The food call has been 

described repeatedly by various investigators 

(Collias and Joos, 1953, Konishi, 1963, Guyomarc'h,

1974). It is always ac companied by tid bitting 

mov ement s or head lowering and functions to attract 

the chicks when the hen discovers a source of food 

(Stokes, 1971, Guyomarc'h, 1974).

In termediat e c a l l s : This call ranges in spectral

characteris ti cs between the cluck and the food call 

(Fig. 4b). Its upper frequencies are intermediate 

between those of the cluck and food call. It is a 

frequent call during incubation. After hatching it



is emitted when the hen sits br ooding the chicks.

It is not accompa ni ed by tidbitti ng m o v ement s or 

head lowering and does not appear to be related 

to feeding or en vi ronme ntal exploration. This 

call has not been pr evi ous ly described. Its 

function seems to be to attract the chicks when 

the hen is sitting to brood them.

Mild a l a r m : This is a relati vely short call composed of

successive pulses that closely follow each other 

and form a blurred spectral image (Fig. 4 d ) . This 

vo ca li zation  was describe d by Collias and Joos 

(1953) under the name of "alerting call" while 

Rush (1978) called it the "chirr". It is emitted 

under a variety of conditions, most often when the 

hen is pecking at an unusual object or when the brood 

is approached by a person. The function of this 

call is pr obabl y to alert the chicks to a change 

brought by a novel object in the environment.

Maternal moveme nts

Egg t u r n : This is the egg rolling mo vement per fo rmed by

the hen during incubatio n (Olsen, 1930). The hen 

catches the egg with her bea k and through a ploughing 

motion of the head induces egg rolling. The mo vement 

of the eggs produces an intense rasping sound.
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R e s e t t l e : This is a brief waggling m o v eme nt  used by the

hen to adjust its p o s i t i o n  on the eggs. Olsen 

(1930) des crib ed  it as "a kind of sh uff ling motion " 

of the body. It often follows after egg turning 

bouts. This mo ve ment produces a cha ract erist ic  

rhythmic scrat ching  sound.

M o v e : Under this des ig nation are grou ped those low

amp li tu de move me nts of the hen on the nest that 

could not be clearly identif ied or assigned to the 

other categories. These movem en ts pr od u c e  brief 

scratching sounds of m o d e r a t e  intensity.

P e c k : Pecks that are delivered to the ground or to objects

in the vi ci nity by the sitting hen produce a tapping 

sound when the beak hits the target.

Beak c l a p : This is a rapid closing of the m a n dible that

occurs in c o nn ec tion with such ac tiv iti es as 

feeding on large and hard pieces of food and 

preening. In addition, beak clapping is often 

associated with very soft, almost im pe rcepti bl e clucks. 

The movement of the m a n dib le  produces a clattering 

s o u n d .
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APPENDI X II

A summary of informatio n theory based on m a t e r i a l  pu bli she d 

by Dingle (1969, 1972), Steinberg and Conant (1974),

Steinberg (1977) and Losey (1978) .

The amount of information received by an ob ser ver  when 

one event occurs, out of n equally p r o bable  events is 

computed with the formula:

H(X) = lo g2n (bits)

This may also be written:

1
H(X) = logo (-) 

c P

where: p is the probabi lity of one event; H is the amount 

of inf ormation that is provided by the event and it 

represents the degree with which u n c e r ta in ty is red uced by 

the event.

Inf ormation is measured in "bits". A bit is the amount 

of information required in order to choose between two 

equally pr obable events.

If the events are not equally probable and the pro ba bi lity 

of an event X^ is:

P (i) =
N

where: n^ is the nu mber of occurrenc es of event



-161-

N is the total n u m b e r  of occur re nces of all events

then: H(X) = 2 P (i) log 2 (-^rv) = "2 P ( i ) l o g 2 P(i)1=1 p u ; i=1

or: H(X) = 1N
n

[ Nl og 2N - £ n-j. log2 ni] 
i= 1

In cases where the event is defined by the joint 

occurrence of two different acts such as a two act sequence 

of a contingency table the in formation is:

where: n^j are the individual cell entries 

This formula gives the value of the "joint" information 

based on the number of two act sequences found in the cells 

of the contingency table.

The ma ximum va lue of H, de signated Hmax, is reached when 

all events are equally proba b l e  (uncertainty is maximal). 

Therefore, as shown above:

Hmax = l o g 2n

where n is the nu mber of eq uip rob able events 

The mi nim um va lue of H is zero and is obtained when 

only one out of n events always occurs. A high value of 

H then indicates little p r e di ct abilit y of the specific 

event that is going to occur. In the latter case the 

occurrence of one specific event provides a large amount

m n
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of informati on (thus reducing the high uncertainty).

The .ratio H/Hmax represents the relative u n c e r tai nt y or 

re lative in for matio n present. This ratio can be used to 

m ea s u r e  the extent to which di versity (some events occur 

more often than others) in the occurrence of different 

events is used to carry information. When diversity 

increases the ratio decreases.

Red un danc y (R) is defined as:

R = 1 - H/Hmax

and is zero when all events are equally probable. A high 

r e dund an cy  value (close to 1) is an indication of strong 

predi cta bility.  In the analysis of two act sequences 

an increased value of R would indicate better pre dict abilit y 

of the second act when the first act is known.

"C onditiona l information" is the infor mation provided 

by an event when another event has already occurred.

H is defined by:

H (Y/X) = E P ±J lo g 2P j/;L

where: Pj/i is the p rob ab ility of occ urrence of event

Y^ given that event has just occurred

Pj_j is the joint probabili ty  of oc cur ren ce of events 

X-j_ and Y j .

In the analys is of two act sequences performed by two 

different animals the conditional information estimates the 

amount of inf ormation provided by the second act when the
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first act in a sequence is already known. The higher the 

value of E(Y/X) the smaller is the effect of the first act 

on the occurrence of the second act in a sequence.

The difference between the amount of inf or ma tion 

provided by an act in a succession without knowledge of the 

act preceding it and the inform ati on provid ed by the same 

act when the act pre ceding it is known, is the information 

transmitted or communica ted (or simply "transmission"):

T ( X :Y) = H(Y) - H(Y/X) = H(X) - H(X/Y)

Transm is sion is a me asure of the co nstraints between acts 

in a succession and equals zero when the acts succeeding 

each other are independent or H when the acts are totally 

dependent on each other. T(X:Y) is a mini m u m  estimate of 

the information transmitted per act. In the case of 

communicating animals the transmis si on value is a measure 

for the effects that the behavio r (X) of one animal has on 

the subsequent behavior (Y) of another animal. The value 

of transmission may also be computed with the following 

formula:

T (X ; Y) = H (X) + H (Y) - H(X,Y)

The relative co ntribution of each event (X^) to the 

overall transmission between events X and Y is determine d 

by the weighted average of the inform ati on carried by each 

event. Partial trans missi on is computed as:

Tp (x;y) =. E P (x) J (x;y) 
x
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where: P(x) is the p robab il ity of event X

and J ( x ; y ) = E P(y/x) log, ffXl A?.).
y z P ( y )

where: P(y/x) = ■?. (x ? y )
P(x)

In a con tingency table with behaviora l sequences that result 

from co mmu nic ation between two animals the Tp(x;y) values 

indicate the degree to which each initial behavior (row 

heading) is an effecti ve  signal. A behavior al act is an 

effect ive  signal when the act follow ing it is highly 

p r e d i c t a b l e .

Hypothesis t e s t i n g :

There are two null hypotheses that could be tested to 

d et ermine whethe r communi cation occurs:

a) T = 0

b) H = Hmax

In both instances, "Miller's Chi-Square" can be used:

a) X 2 = 1.3863 NT, d.f. = (Nx-1)(Ny-1)

b) X 2 = 1.3863 N (H-Hmax), d.f. = N x , y-1

where: T is "transmiss ion"

H is the amount of inform ati on present 

Nx is the number of rows 

Ny is the nu mber of columns 

A significant X^ value resulting from the testing of the 

first null hyp oth es is (T = 0) would indicate that the amount 

of information tra nsmitted is signi fican tly larger than zero
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(T^O) and that co mm un ication  is occurring. Similarly, 

one can conclude that communi ca tion is occurri ng  when 

H/Hmax. A value of H w hi ch  is si gnif ic antly lower than 

Hmax indicat es that the amount of u n c e r t a i n t y  present is 

re duc ed by communication.

Embryonic respon ses to m a t er nal b e h a v i o r s . The data on 

two act sequences of matern al and embryonic behaviors 

(Appendix V) can be used to calcul ate various parame ters  

of informati on  transfer and sharing be tween  the incubating 

hen and embryos. The first me as u r e  deter mined is the 

amount of in fo rmation  (degree of uncertainty) present in 

the dist ri bution of the embryonic acts according to the 

type of the initial maternal act:

H(X) = lo g 2N - i  1 n 1lo g 2n jL
i=l

where: N is the grand total

n_̂  are the row totals

The result ing va lue is:

H(X) - 2.6098 bits

The amount of information containe d in the distri bution  

of the following acts according to the type of following 

act is dete rm ined in a similar manner:

H(Y) = log N - i  £ l o g 2m iN j = 1 J J

where: mj are the column totals

The resulting va lue is:
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H(Y) = 2.3970 bits

The "joint" information, that is the infor ma tion present 

in the in dividual cells of the matrix, is computed next:

H(X,Y) = i  [ N 1 o g2N - | ^ | i n^j lo g 2 n ^  ]

where: n^j are the individual cell entries 

The res ulting value for the "joint" in formation is:

H ( X ,Y) = 4.9080 bits

Based on the information measures computed above, the 

"t ra nsmissi on" is deter mined as:

T ( X :Y) = H(X) + H(Y) - H(X,Y)

The tr an smissio n measures the amount of inf ormation that 

embryos receive from the incubating hen.

The resulting tra nsm is sion value is:

T ( X ;Y) = 0.0990 bits 

This value may be compar ed with zero in order to establish 

if a significan t amount of informatio n is transmitted.

It can also be compared with tr ansmission values obtained 

from other species of precocia l birds.

In order to determ ine which ma te r n a l  behavior transmitt ed 

the most information to the embryos pa rtial information 

measures are used:

J(x;y) = | P(y/x) log2

where: P(y/x) = cell .̂ .SJLEX.
row total

P(y) = column total
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J(x;y) measures the in formation transferre d by each kind 

of matern al  behavior. This permits an estimate of signal 

eff ect iveness for each type of ma ternal behavior, that is, 

the effectiveness in tra nsmitting information. The most 

effective signals are those for which p r e d i c t a b i l i t y  of 

the following be hav ior is highest.

The p artia li zed tra nsmi ss ion values (Table VIII) are 

obtained as follows:

Tp ( x ;y ) = Z P(x) J(x;y) 
x

where: P(x) = LSL2L— to t.aj-.
N

The tr an smi ssion values are weighted with the coefficient 

P(x) in order- to eliminate the dis cre panci es created by 

events that are very rare. If not weighte d by their, 

pro ba bili ty  of occu rr ence coefficient, rare events will 

carry large trans missi on  values of doubtful statistical 

validity. The sum of the weighted partial transmissions 

should equal the v alu e of the overall transmission.

The occurr enc e of commun icatio n between the incubating 

hen and the embryos can be de mon str ated by testing several 

null hypotheses:

H(X) = H(X) max

H(Y) = H(Y) max and

T(X;Y) = 0

A multip le test using "Miller's X 2 " can be performed in 

order to test these hypotheses:
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x 2H(X) = I-3863 N [ H(X) - H(X)max ]

X 2H (y ) = 1-3863 N [H(Y) - H(Y)max ]

X 2X = 1.3863 NT(X;Y)

where: H ( X ) , H(Y) are the information measures for

rows and columns

Hmax = log2n, n being the number of rows or 

columns

T(X;Y) is the overal transmission 

N is the matrix grand total 

In our case: H(X)max = 3.1699, H(Y)max = 3.0000 

The X 2 values obtained (Table VII) indicate that a 

significant amount of information is transferred to the 

embryos and therefore commu nication is occurring.

Maternal r e s p o n s e s . The amount of inf ormation (degree of 

uncertainty) present in the distr ibuti on  of maternal acts 

is determi ned from the data on two act sequences of maternal 

behaviors following embryonic vocaliza ti ons (Appendix VIII). 

The first measur e det ermined is the amount of information 

present in the distribution of matern al acts according to 

the type of the precedin g embryonic vocalization. From 

row totals is obtained:

n
H(X) = log2 N - A  £ n^ l°g2 

= 2.346 bits

The amount of information contained in the distribution 

of the maternal acts according to the type of maternal act



is obtained from column totals:

H(Y) = l o g 2 N - 1 | _m. log 2 m.

= 2.842 bits

The joint information present in the individual cells 

of the matrix is computed as:

HOt.Y) = i  [K lo g 2 H - ? J X o g , n 1:i]
N j = l i=l * 13

= 5.082 bits

The amount of information transferred by embryonic 

vo calizati ons to the incubating hen is determined as follows

T (X; Y) = H (X) + H(Y) - H (X , Y)

= 0.106 bits

This value represents the amount of information 

received by the hen as indicated by the behaviors performed 

by the hen.

The relative amounts of information transmitted by 

each type of embryonic vocali zation  are calculated using 

the expression:

Tp (x; y ) = | P (x) J (x;y)

where: J(x;y) = | P(x/y) lo g 2

The resulting values are listed in Table XIV.

In order to determin e if the values obtained for the 

measures of information are due to communicati on between 

embryos and the incubating hen the following null hypotheses
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are tested using "Miller's X^":

E(X) = H(X)max where: H( X)m ax  = log27

H(Y) = H(Y )max = 2.807

H(Y)max  = l o g 2 10

T ( X ;Y) = 0  = 3.322

The resulting X^ values (Table XIII) indicate that 

information is indeed commu nicat ed  by the embryos to the 

incubating hen.



APPENDIX III. Comparison between the observed and expected number (in parentheses) 
of embryonic responses to various maternal acts during the 4 hrs 
before hatching (only the first embryonic response following a 
maternal act is included). The data are based on eight 30-min 
samples.

Maternal Act

Embryonic
localization Move

Egg
Turn Reset

Beak
Clap Peck Cluck

Inter­
mediate
Call

Food
Call

Mild
Alarm I X2 P

Phioo 14
(12.2)

5
(2.2)

1
(1.2)

24
(16.1)

0
(9.1)

5
(6.7)

4
(2.8)

0
(0.7)

0
(2.0)

53 17.73 <0.05

Peep 3
(1.6)

2
(0.3)

0
(0.2)

0
(2.1)

1
(1.2)

1
(0.9)

0
(0.4)

0
(0.1)

0
(0.3)

7 5.88 n. s .

Soft Peep 25
(23.3)

5
(4.2)

4
(2.2)

42
(30.7)

11
(17.3)

11
(12.8)

1
(5.3)

0
(1.3)

2
(3.8)

101 13.49 n.s.

Screech 45
(40.4)

7
(7.4)

3
(3.9)

55
(53.2)

32
(29.9)

14
(22.2)

8
(9.1)

1
(2.3)

10
(6.7)

175 6.04 n .s.

Twitter 54
(57.0)

22
(10.4)

13
(5.4)

50
(75.1)

46
(42.2)

32
(31.4)

11
(12.8)

3
(3.2)

16
(8.9)

247 38.45 <0.001

Food Call 77
(74.8)

8
(13.6)

2
(7.1)

73
(98.5)

48
(55.4)

63
(41.1)

35
(16.8)

9
(4.2)

9
(12.3)

324 51.38 <0.001

Huddling Call 2
(2.1)

2
(0.4)

0
(0.2)

3
(2.7)

2
(1.5)

0
(1.1)

0
(0.5)

0
(0.1)

0
(0.3)

9 2.78 n.s.



APPENDIX IV. Coefficients for the distribution of various maternal 
acts. The coefficients are the proportion from the 
total number of maternal behaviors represented by each 
type of behavior.

Maternal Behaviors
Inter-

Egg Beak mediate Food Mild
Move Turn Reset Clap Peck Cluck Call Call Alarm

361 65 35 475 268 198 82 20 59 1 , 5 6 3

0 . 2 3 1  0 . 0 4 2  0 . 0 2 2  0 . 3 0 4  0 . 1 7 1  0 . 1 2 7  0 . 0 5 2  0 . 0 1 3  0 . 0 3 8  1
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APPENDIX V. Frequency distribution of maternal-embryonic two act sequences from eight
30-min samples taken during the 4 hrs before hatching.

Following Behavior
Initial
Behavior Phioo Peep

Soft
Peep Screech Twitter

Food
Call

Huddling
Call Silent Total

Move 14 3 25 45 54 77 2 97 317

Egg
Turn 5 2 5 7 22 8 2 6 57

Reset 1 0 4 3 13 2 0 9 32

Beak
Clap 24 0 42 55 50 73 3 172 419

Peck 0 1 11 32 46 48 2 87 227

Cluck 5 1 11 14 32 63 0 43 169

Intermediate
Call 4 0 1 8 11 35 0 14 73

B'ood
Call 0 0 0 1 3 9 0 2 15

Mild
Alarm 0 0 2 10 16 9 0 12 49

Total 53 7 101 175 247 324 9 442 1,358



APPENDIX VI. Comparison between the observed and expected number (in parentheses) 
of maternal responses to embryonic vocalizations during the 
4 hrs before hatching. The data are based on eight 30-inin samples 
and include only the first responses.

Embryonic Vocalization

Maternal
Act Phioo Peep

Soft
Peep Screech Twitter

Food
Call

Huddling
Call E x2 P

Move 12
(16.5)

1
(3.4)

19
(24.8)

43
(36.4)

40
(45.5)

72
(60)

2
(2.4)

189 7.95 n.s.

Egg Turn 7
(7.7)

2
(1.6)

18
(11.5)

10
(16.9)

33
(21.2)

12
(28)

6
(1.1)

88 44.05 < 0.001

Reset 2
(1.5)

0
(0.3)

0
(2.3)

2
(3.3)

8
(4.1)

5
(5.4)

0
(0.2)

17 5.34 n.s.

Beak Clap 25
(18.5)

0
(3.8)

34
(27.8)

45
(40.8)

42
(51.1)

65
(67.4)

1
(2.7)

212 9.37 n.s.

Peck 8
(8.4)

0
(1.7)

7
(12.6)

13
(18.5)

34
(23.1)

34
(30.5)

0
(1.2)

96 12.13 n.s.

Cluck 2
(8)

3
(1.6)

10
(12)

30
(17.7)

13
(22.1)

34
(29.2)

0
(1.2)

92 20.34 < 0.01

Intermediate
Call

4
(4.3)

0
(1)

5
(7.2)

16
(10.6)

8
(13.2)

22
(17.5)

0
(0.7)

55 7.94 n.s.

Food Call 0
(1)

0
(0.2)

3
(1.4)

4
(2.1)

0
(2.6)

4
(3.5)

0
(0.1)

11 1.91 n.s.

Mild Alarm 0
(2.3)

0
(0.5)

4
(3.4)

11
(5)

9
(6.3)

2
(8.3)

0
(0.3)

26 13.63 <0.05
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a p p e n d i x VII. Coefficients for the distribution of
embryonic vocalizations. The coefficients 
are the proportion from the total number 
of embryonic vocalizations represented by 
each type of vocalization.

Embryonic Vocalizations

Phioo Peep
Soft
Peep Screech Twitter '

Food
Call Huddle I

103 22 162 238 298 393 16 1,237
0.087 0.018 0.131 0.192 0.241 0.318 0.013 1



APP1SNDIX VIII. Frequency distribution of embryonic-maternal two act sequences from eight
30-min samples taken during the last 4 hrs before hatching.

Following Behavior

Initial
Behavior Move

Egg
Turn Reset

Beak
Clap Peck Cluck

Inter­
mediate
Call

Food
Call

Mild
Alarm Silent Total

Phioo 12 7 2 25 8 2 4 0 0 29 89

Peep 1 2 0 0 0 3 0 0 0 12 18

Soft
Peep 19 18 0 34 7 10 5 3 4 39 139

Screech 43 10 2 45 13 30 16 4 11 42 216

Twitter 40 33 8 42 34 13 8 0 9 71 258

Food
Call 72 12 5 65 34 34 22 4 2 83 333

Huddling
Call 2 6 0 1 0 0 0 0 0 4 13

Total 189 88 17 212 96 92 55 11 26 280 1,066
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APPENDIX IX

Characteristic s of the movements applied to the embryo

Fast m o v e m e n t . One movement co nsisted of pushing the egg 

forward for a distance of a p p r oximate ly  1.5 cm in 0.6 s 

and then pushing it back to its or igina l location in 0.3 s. 

Stimul ati on was applied in three series of three movements 

each. The total time for each series was approximat el y 

8 s. The interval betw een series was 40 s.

Slow m o v e m e n t . A complete movemen t consist ed of pushing the 

egg forward for a distance of 3 cm in a p p r oximat el y 2 s, 

then 4 s later, pus hing it back to its original location in 

2 s. Three complete mo vements we re applied. They were 

separated by 40-s intervals.



APPENDIX X

Internal goodness of fit test for a transi tion table 
(Bishop et al., 1975, p. 136; Fagen and Young, 19,78)

The influence that each initial act of a transition 

table has on each of the following acts can be determined 

with the expression:

where: Y x . . - m
13ij LI

x ij = Observed frequency in cell(i,j)

m ij = expecte d frequency in cell (i,j) 
oR = number of cells in the table

When Y > 0 the initial act is directive to the following 

act whereas

When Y < 0 the initial act tends to inhibit the following
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APPENDIX XI

Co mputation  of the number of behaviors expect ed to 

w it hi n 15 s in two-act sequences

Let us assume that 13 m a t e r n a l  behaviors took p 

within the S = 30 min sample (See Fig. 12). The t 

covered by these behaviors according  to the 15 s c 

is £ c = 195 s. This represents

= 10.83%

of the total sample time. If 30 embryonic behavio 

place during the sample time one would expect

■-gjL_x_N = 30 x 0.1083 = 3.2 S

of them to follow ma ter nal be haviors wi thin 15 s b 

a l o n e .

follow

lace

otal time 

riterion

rs took

chance
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