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Introduction 

It is known that the neonatal chick interacts with 

both its mother and with siblings through a variety of be-

haviors. Perhaps the most prominent of these behaviors are 

the various vocalization and motoric behaviors emitted by 

the chick in various stimulus environments where the im-

printed stimulus is present or absent and the testing area 

temperature is varied. Vocalizations of the neonatal chick 

have been studied sonographically as well as situationally 

(Andrew, 1964; Collia, 1953; Collias & Joos, 1953). Other 

researchers have focused on the various motoric behaviors 

which occur in the presence.of these calls (Robinson-Guy, 

1978). It is the purpose of the present research to examine 

both vocalizations and motoric behaviors of the neonatal 

chick in a variety of environments which vary both imprinted 

stimulus availability and testing area temperature. By 

using a variety of environments the influence of these two 

factors on the production of motoric and vocal behaviors may 

be better understood. 

Types of Vocalizations Emitted 

by the Neonatal Chick 

The distinctions between the types of. vocalizations 

that are emitted by neonatal chicks have been noted by 

various researchers (Andrew, 1964; Bateson, 1964; Collias, 
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1952; Collias & Joos, 1953; Montevecchi, Gallup, & Dunlap, 

1973; Rajecki & Eichenbaum (with ducklings), 1973; Scoville 

& Gottleib (with ducklings), 1980). These types of vocali-

zations, which occur in various contexts have been assigned 

as many labels as there are experimenters who have studied 

them. For example, Lorenz (1937) referred to a loud, 

piercing call as an "abandonment call." Collias (1952) and 

Collias and Joos (1953) used a wider range of names to de-

scribe these calls by labeling them "distress calls," "dis-

tress peeps," "distress notes," or "cheeps." More recently, 

Andrew (1964) has suggested referring to these calls as 

"peeps." Andrew points out that by not using the word 

distress, there is no danger of inferring underlying states 

of presumed emotionality. Similarly, the contentment calls 

are referred to by Andrew as twitters. Collias (1953) also 

labels these calls twitterings. 

In order to study the acoustic properties of these 

previously mentioned calls, Collias and Joos (1953) sub-

jected them to sonographic analysis; sonograms visually de-

pict the physical properties of sounds such as ascending or 

descending frequency limbs, intensity, and duration. Upon 

inspection of the sonograms, they determined that peeps 

primarily consist of descending frequencies while twitters 

have frequencies of a largely ascending nature. Other 

characteristics of peeps, as noted by Collias and Joos, 
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include the observation that peeps are much louder and are 

given at a slower rate than twitters. Twitters are emitted 

at a rate of approximately four per second. Collias and 

Joos further suggest that peeps and twitters are not only 

emitted in different situations but are structurally oppo-

site. They believe that the majority of vocalizations 

emitted by chicks fall into one of the two above mentioned 

categories. They do admit that other calls occasionally 

occur, but these calls appear only when the chick is re-

moved from one situation and placed in another. In other 

words, the in between calls are seen as transitory and re-

flecting a change in situation. 

Scoville and Gottlieb (1980) investigated the possi-

bility that the vocalizations of ducklings could be dis-

tinguished on the basis of "objectively measured acoustic 

features." Their results show that duckling vocalizations 

fall into two main categories based on repetition rate and 

duration. One of the categories contains short-fast notes 

(contentment calls), while the other category is comprised 

of long-slow calls (distress calls). It was also found that 

the vocalizations become more homogeneous with advancing 

age. In reference to temporal proximity of other calls, 

they found that occasional "singleton" calls occurred 

which fell into neither of the aforementioned categories. 

Upon further analysis, however, it was postulated that 
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these singleton calls were either of the short-fast or long-

slow variety which would place them into one of the two 

main cateogries. The production of the contentment calls 

was observed to occur most often when the duckling was 

tested in the presence of a maternal call stimulation; this 

held true whether the dueling (chick) was tested alone or in 

a group of muted nonspecific peers. It appears from these 

results that distress calls were most frequent when the 

duckling was tested alone. The results from this study sup-

port the notion that different types of duckling calls can 

be distinguished based on objectively measured acoustic 

features. 

In contrast to Collias and Joos, Andrew (1964) believes 

that peeps and twitters are the extremes of a continuum of 

vocalization types. Andrew states further that elicitation 

of these extremes depends upon the degree of stimulus con-

trast encountered, ie., the greater the contrast between the 

situation usually experienced and the one presently experi-

enced, the more likely that a peeping vocalization occurs. 

This position is also supported by Fullerton, Berryman, 

and Sluckin (1970). Andrew defines three types of stimu-

lus contrast: (1) intrinsic contrast with background 

stimulation or immediately preceding stimulation, i.e., 

movement by another object or change in illumination; (2) 

contrast due to persistent discrepancy between received 
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stimulation and normal or preferred stimulation; and (3) 

contrast acquired by stimuli when they become signals an-

nouncing some event such as feeding. 

Having defined the types of contrast that Andrew be-

lieves are the precipitators of various vocalizations, it 

is now necessary to review the calls that Andrew feels 

constitute the cbick's repertoire of vocalizations. The 

four primary calls, according to Andrew are: twitters, 

peeps, shrieks, and trills. He describes the twitter as 

short and ascending steeply, with sometimes an equally steep 

descent. Peeps are louder and consist of only descending 

sound. The trill is described as a true continuous call. 

Andrew fails to describe the shriek. Andrew believes that 

twitters and peeps are the extreme variants of a continuum 

and points out that the connecting variants are as common as 

the twitters and peeps proper, and they are heard almost 

constantly during contact with the imprinting object. 

In describing the physical nature of the continuum of 

calls, Andrew states that the twitter proper is the lowest 

intensity form in the single system of responses. Increases 

in intensity of vocalization involve first a shift from em-

phasis on the ascending limb to emphasis on the descending 

limb, and then tendencies to remain longer at high pitch. 

The transition to true peeps involves mainly the first of 

the aforementioned tendencies. Andrew (1963) also 
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states that the twitter consists of a steeply ascending 

limb, which may show upper and lower inversion points at 

which transition to an incipient descending limb occurs. 

What Andrew labels the "normal peep," he describes as much 

longer and less steeply sloping, consisting of a descending 

limb. Another call, which he terms the "short peep" slopes 

as steeply as the twitter and may be given in short groups 

of two or three. 

Two types of intermediate calls which occur at times 

of transition between peeps and twitters are the chevron 

and circumflex calls. The chevron call is a combination of 

a short peep and a twitter, consisting of both ascending and 

descending limbs, while the circumflex call has an extended 

upper inversion. Andrew (1963) continues by explaining 

that trills consist of a continuous series of steep ascend-

ing and descending limbs. They tend to be emitted follow-

ing sudden disturbances such as a loud sound. Shrieks are 

described as being very long, high, irregularly trilled 

calls which are elicited by intense stimulation such as that 

due to an electric shock or being suddenly grasped. Again, 

Andrew holds that all of these calls are connected by in-

termediaries on a continuum. 

Andrew offers two supporting pieces of evidence for 

his hypothesis that all calls are on a continuum and are 

elicited by varying degrees of stimulus contrast intensity 
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and persistence. The first supporting evidence arises from 

Andrew's 1963 study concerning the effects of testosterone 

injections on chick vocalizations. This study concluded 

that testosterone affected all calls in the same way, there-

by suggesting a single control system for all chick vocali-

zations. Other evidence cited by Andrew (1964) deals with 

varying shock intensities on vocalizations. In essence, 

this study reveals that increased shock intensity produces 

the full range of calls; ranging from mild shock which pro-

duces twitters to more intense shock eliciting peeps. 

Andrew (1964) stated that any persisting change in the 

surroundings to which the chick is accustomed would evoke 

peeps. Also, chronic pain, if not too intense will evoke 

peeps. The trill is usually elicited by a sudden marked 

change in the chick's surroundings, which is almost intense 

enough to produce freezing and inhibition of calls. The 

twitter call is said to be evoked by moderate and relatively 

transitory stimulus contrast, peeps by fairly intense and 

very persistent contrast, and shrieks by extremely intense 

contrast. Calls that are intermediate to twitters and 

peeps are evoked by contrasts intermediate in intensity and 

persistence to twitters and peeps. 

In relating attention to stimulus contrast, Andrew 

states that attention to stimuli which intrinsically con-

trast with background stimulation does wane very rapidly 
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as the stimuli cease to be novel; therefore, the contrast is 

not too intense or persistent. Attention to a stimulus an-

nouncing the arrival of food also wanes as the stimulus is 

prolonged without reward. The attention provoked by cold 

or the absence of the imprinting object is extremely persis-

tent and probably more intense; thus, the contrast is in-

tense and persistent. Intermediate intensities produce 

chevron or circumflex calls. Two major problems with the 

contrast hypotheses are: (1) an extremely intense contrast 

may produce freezing instead of peeps, and (2) there is a 

strong tendency to repeat the previous call (Andrew, 1964). 

In summary, there are two hypotheses concerning the 

types of calls made by the neonatal chick and the processes 

underlying their production. Collias (1952) hypothesized 

that a central state associated with pleasure controls 

twitters and approach behavior, while another central state 

associated with withdrawal controls peep calls and avoid-

ance behavior. In other words, both emotionality and the 

vocalizations associated with that emotionality are con-

trolled by the same central state. Andrew's hypothesis as-

serts that approach and the twitter call are independently 

evoked by more or less the same range of stimulus charac-

teristics. Similarly, avoidance and peeps are produced by 

the same range of stimulus characteristics. Also, stimulus 

characteristics that produce twitters or peeps are on a 
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continuum. Finally, Collias' hypothesis maintains an in-

ternal trigger to vocalizations, while Andrew believes that 

vocalizations are controlled externally. 

Behavior and Vocalizations 

The information transmitted between birds is a function 

of a total behavior picture including both vocalizations and 

motoric behaviors rather than a singular piece of behavior. 

However, it is vocalization and motoric behavior that are 

most often examined in relation to the transmission of in-

formation by the neonatal chick. When the chick is in close 

proximity to the hen, the soft contentment chirps are ob-

served. Also, as the distance from the hen increases, the 

incidence of loud distress chirps increases. Cullen and 

Beer (1969) suggest that this series of calls ranging from 

contentment chirps to distress peeps might function as a 

localization indicator. 

Kruijt (1964), in his study of the Red Burmese Jungle-

fowl, observed that the twitter, or pleasure calls are 

emitted by the chick when there are no threatening stimuli 

present and escape is not attempted. The shrill distress 

calls are noted to appear simultaneously to escape running 

or when the chick is hungry, cold, or isolated. When in the 

alert posture, where the chick stands still with its neck 

erect, the trill or fear trill is most often heard. This 
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last type of call is repeated only a few times, if at all 

(Kruijt, 1964). 

Other investigators have noted the manner in which spe-

cific motoric behaviors of the neonatal chick vary in the 

presence of the various vocalizations. Kahn (1973) deline-

ated the chick's response patterns to a novel stimulus en-

vironment. He found that the first phase is characterized 

by complete immobilization which he attributes to a high 

level of arousal. Similarly, Montevecchi, Gallup, and Dun-

lap (1973) have shown that chicks vocalize less frequently 

when they are inactive. A second phase is characterized by 

high levels of distress calling and general activity; this 

phase he terms the transitory phase. The final phase is the 

relevant response patterns of social and avoidance reac-

tions. Guiton (1959) has described the chick's behavior 

when isolated from their cage mates. He states that after 

a period of silence, the chick begins emitting distress 

calls with some movement and that it appears as though the 

distress calls serve a localization function, while the 

movement brings the chick into contact with its peers. Once 

the chicks find one another, distress calls are replaced by 

contentment calls. Eiserer and Hoffman (1970) found that 

one of two things happened in a novel stimulus situation: 

either the duckling crouched and emitted few distress calls 
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or it showed flight reaction away from the stimulus plus 

large amounts of distress calling. 

Pecking has been found to produce cumulative records 

similar to those of vocalization during the acquisition 

phase of operantly conditioning calls to the presentation 

of a food reward (Lane, 1960), but pecking decreased rapidly 

in extinction, while vocalizations decreased slowly. In 

general, pecking and chirping vary somewhat together both 

in acquisition and extinction. Hoffman, Newby, and Strat-

ton (1973) have shown that when pecking is operantly condi-

tioned to the imprinted stimulus presentation, few dis-

tress vocalizations were heard. Andrew (1964) found that 

naive chicks twitter while pecking at any form of a small 

object; however, more experienced chicks twitter when peck-

ing for food. He concludes that twitters are evoked when 

stimulation is received that increases the probability of 

repeating the response which provoked the stimulation. In 

another study relating motoric behaviors and vocalizations 

by the neonatal chick in an unfamiliar environment, Hogan 

(1964) has shown that moving, pecking, preening, drinking, 

and ground scratching occur less often as the surroundings 

tested in become less familiar. He also states that shrill 

calls, "escape" behavior, and defecation first increased 

and later decreased in frequency as the surroundings become 

less familiar. 
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In a series of experiments in which she looked at 

behavior of the neonatal chick in the presence of either 

conspecific peer distress or contentment calls, Robinson-

Guy (1978) found a number of correlated behaviors. The 

categories that were analyzed were vocalization (either con-

tentment or distress), pecking, orientation away from the 

stimulus, and start and run latencies to the stimulus area. 

Results from her research showed that the emission of con-

tentment calls was correlated with both start and run laten-

cies. Robinson-Guy explained these correlations by stating 

that the emission of contentment calls is associated with 

low levels of locomotor activity. Pecking was also found 

to correlate with contentment calling suggesting that sta-

tionary acts are associated with the emission of these 

calls. It has been shown by previous investigators that 

distress calls are associated with movement (Andrew, 1975; 

Kahn, 1973). In one of her experiments, Robinson-Guy found 

that more pecking is present when contentment calls are 

produced and that pecking was correlated with orientation 

away. Robinson-Guy explained this later correlation in 

terms of the mechanics of pecking which may require orien-

tation away. Perhaps the most interesting results from the 

Robinson-Guy experiments are that in one experiment both 

distress and contentment calling were shown to correlate 

positively with orientation away and negatively with start 
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latencies to approach the stimulus area. Since the emission 

of distress calls is correlated positively with orientation 

away and negatively with start latency, Robinson-Guy inter-

preted her results as not showing support for Collias' (1952) 

hypothesis that approach responses accompany contentment vo-

calizations and avoidance responses accompany distress vo-

calizations. It would appear then, especially in view of 

Robinson-Guy's (1978) results, that the relationship between 

vocalizations and motoric behaviors of the neonatal chick is 

still a question warranting further investigation. 

Stimulus and Temperature Influences 

on Vocalizations 

Most of the studies dealing with neonatal chick vocali-

zations have been performed when the subject is in the pres-

ence of an imprinting stimulus. Once a chick has imprinted 

to a stimulus, it has been observed that peeping occurs when 

the chick falls behind the stimulus (Andrew, 1964; Hoffman, 

1968; Montevecchi, et al., 1973). Further, the amount of 

peep vocalizations has been used as a measure of imprinting 

strength, where peeps occur when the stimulus is removed and 

cease when the stimulus is represented (Collias & Joos, 1953; 

Salzen & Tomlin, 1963). 

Similarly, Hoffman, Searle, Toffey, and Kozma (1966) 

demonstrated that peeps occur readily in ducks when the 

stimulus to which they have imprinted is removed. Hoffman 
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(1968) studied the effects of imprinting stimulus, sociali-

zation, and restricted movement on vocalization patterns in 

Peking ducks. Analysis of his results shows that peeps were 

observed more frequently when. the imprinting stimulus was 

removed for both the normal imprinting condition and the re-

stricted movement condition. When analyzed for socializa-

tion effects, he found that birds imprinted in groups emit 

many fewer peeping calls when the imprinting stimulus is re-

moved. A summary of Hoffman's study states that socializa-

tion and familiarity with the stimulus determines the vocali-

zations made in the presence or absence of the imprinting 

stimulus. 

In another study investigating stimulus control over 

distress vocalizations in the duckling, Hoffman, Eiserer, 

Ratner, and Pickering (1974) tested the birds in a familiar 

or unfamiliar environment. They found that ducklings placed 

in an unfamiliar setting distress called until the imprint-

ing stimulus was presented and then only distress called 

when the imprinting stimulus was withdrawn. They interpret 

these results as the stimulus having suppressive control on 

distress vocalizations. Hoffman et al. (1974) promote an 

opponent-process theory of motivation where the presence of 

the imprinting stimulus causes process A (a primary motiva-

tional condition) which in turn arouses process B (an ef-

fective process); where process Bis hedonically opposite 
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to process A. When the stimulus is removed, process A dif-

uses quickly, while process B dissipates slowly. Therefore, 

process A occurs when the stimulus is present, and process B 

occurs when the stimulus is absent. 

Hoffman (1968) further concluded that visual rather than 

auditory stimuli have more control over amount of distress 

calling in its absence. These results are supported in a 

study using chicks and socialization factors by Fullerton, 

et al. (1970). Fullerton et al. also found that isolated 

birds peep called more in the absence of the imprinted 

stimulus than did those tested in groups of four. 

Montevecchi et al. (1973) have stated that any "suffi-

cient and persistent change in accustomed homeostatic levels 

should elicit the peep responses" (p. 116). To expand on 

this notion, it has been found that sufficient decreases in 

temperature are accompanied by increasing numbers of peep 

vocalization (Fischer, 1970; Kaufman & Hinde, 1961; Salzen 

& Tomlin, 1963). Fischer (1970) found that the rate of peep 

calling to experienced cold increases as the temperature 

drops. Peeps were found to virtually disappear at warmer 

temperatures. 

Salzen and Tomlin (1963) suggest that cold produces 

fear and anxiety which in~ibit the following response. They 

found that cold delays the appearance of the following 

response but does not prevent its ultimate occurrence. 
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Cold chicks do not follow as well as warm chicks, but they 

do produce contentment calls as the stimulus approaches. 

Thus, cold does not interfere with imprinting; however, it 

does interfere with one of the behaviors (following) asso-

ciated with imprinting. Zajonc, Markus, and Wilson (1974) 

investigated the effects of stimulus familiarity in supres-

sing distress calls in an environmentally stressful (low 

temperature) situation. They found that fewer distress 

calls were emitted in the presence of the more familiar 

stimuli. 

In their 1961 study, Kaufman and Hinde found that 

chicks tested below 80°F showed a high rate of peep vocali-

zation when compared to those tested at 100°F. Another ob-

servation was that chicks tested at 100°F vocalized very 

little on the first two days but showed a marked increase 

when tested on later days. Conclusions drawn by Kaufman 

and Hinde include: (1) the number of peep calls given in-

creases as the temperature decreases; (2) previous experi-

ence of the test situation leads to a decrease in ?eeps if 

tested at warm temperatures and an increase in peeps when 

tested at a cold temperaturep and (3) if tested at lower 

temperatures daily, more calls were observed when compared 

to chicks without previous experience in the test situation 

but less calls than naive chicks at warm temperatures. 

Further, Rajecki, Eichenbaum, and Heilweil (1973) have also 
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found that more distress calls are exhibited by the chick in 

sessions where the imprinted stimulus is present if the 

chick has been pre-exposed to temperatures lower than that 

in which they are housed. 

From these studies, it is obvious that temperature 

change does in fact have the potential to influence vocali-

zations in chicks. While little mention is made of the 

twittering response, it could be assumed, on the basis of 

Andrew's (1964) stimulus contrast hypothesis, that these 

would occur in a familiar test situation where the tempera-

ture is not different from the maintenance temperature. 

While peeps have been shown to be produced by a number 

of variables, the information on twitters is somewhat less 

consistent (Robinson-Guy, 1978). Bermant (1963) noted that 

twitters are likely to be heard when the chick is placed in 

its home cage after experiencing some aversive environment. 

Andrew (1964) reported that twitters can be elicited from 

any conspicuous stimulus such as illumination, moving ob-

jects, or a slight squeeze. It has also been reported by 

Guiton (1959) that twitters are more likely to occur in 

large, mobile groups as opposed to small, non-mobile groups. 

It is evident that the presence or absence of the im-

printed stimulus and appreciable changes in temperature have 

significant effects on the vocalization and motoric behav""". 

iors of the neonatal chick. A wealth of prior research has 
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focused on either stimulus availability or temperature 

changes but not their interaction on chick behavior. The 

intent of the present study is to delineate the vaious vocal 

and motoric behaviors of the neonatal chick in environments 

comprised of changes in both stimulus availability and tem-

perature. More specifically, focus will be on the range of 

vocalizations, from twitters to peeps emitted in the various 

testing environments and their relation to orientation by 

the chick to the stimulus area as well as movement within 

the testing cage. It is considered inappropriate to advance 

formal hypotheses at this point concerning the expected be-

havior patterns of the neonatal chick since research inves-

tigating the interaction of stimulus availability and tem-

perature has yet to be studied sufficiently and in light of 

the fact that there consist opposing theories as to the pro-

duction mechanisms existing in the chick. The resulting 

data will be discussed in the context of these various 

theories with the intent of gaining further insight as to 

the mechanism(s) underlying the production of vocal and 

motoric behavior in the neonatal chick. 

Method 

Subjects 

Thirty-two random bred White Leghorn chicks, Gallus 

gallus domesticus were used as subjects. The eggs were ob-

tained from the Depa-rtment of Poultry Science at Virginia 
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Polytechnic Institute and State University. For the first 

18 days of incubation, the eggs were kept in a Humidaire 

incubator (model no. 50) at a constant temperature of 32.5°C 

with relative humidity between 93-98%. On Day 19 the eggs 

were transferred to a hatcher (Leahy Manufacturing Co., 

model no. 416) maintained at 75-80% relative humidity. 

Upon hatching, chicks were randomly assigned to indi-

vidual cages measuring 17 cm x 17 cm x 24 cm. In order to 

permit locomotion about the cage, each floor was lined with 

0.6 cm2 hardware cloth. All chicks were housed in social 

isolation with minimal visual stimulation. Visual depriva-

tion was accomplished by covering each cage with a double 

layer of beige polyethylene. No attempt was made to control 

auditory experience. The colony room was maintained on a 

schedule of constant illumination at a temperature of 32.5° 

C (heat was provided by a Titan heater model T7608). 

Starter feed and water were available ad lib beginning on 

Day 1 posthatch. All chicks were tested individually for 4 

days beginning at 24±6 hours posthatch. 

Apparatus 

The testing area consisted of a testing box, a cage 

within the testing box, a 6 nun thick piece of plexiglas, 

and a stimulus box. The testing box was 46 cm x 27.2 cm x 

27 cm. The inside of this box was painted in black. On one 

wall of the testing box was an opening 8 in. x 8 in. in 
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front of which was the plexiglass. Placed inside the test-

ing box and against the plexiglass was a wire cage made 

from .25 in. wire. The cage was three-sided with the open 

side facing the stimulus area. Two sides were 30.2 cm high 

and 18. 0 cm wide; the back side was 30. 2 cm high and 27. 0 cm 

wide. The floor of the cage was 5.0 cm above the floor of 

the testing box to allow for the ice pack. The stimulus 

box was also three sided; the open side against the testing 

box was separated by the plexiglass. All three sides were 

25.0 cm high and 18.8 cm wide. All three sides and the 

floor were white. The stimulus, a bobbing bird with a red 

paper circle glued to it for added visibility, was placed in 

the stimulus area on all 3 pretest days and on the testing 

day in only the stimulus present environments. 

Procedure 

Beginning at 24±6 hours posthatch, each chick was 

tested for 10 minutes. During the first 3 days of the ex-

periment, a chick was removed from its home cage and put 

into a cardboard box for transportation to the stimulus area 

located in another room. Once in the stimulus area, which 

for these first 3 days was kept at 32.5°C, the chick was 

placed in the cage facing the imprinting stimulus. The 

chick remained in the apparatus for 10 minutes, after which 

it was placed once again in the cardboard box to be carried 

back to the colony room and returned to the home cage. 
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Chicks were tested in the same order for 3 days at approxi-

mately the same time. 

On Day 4 posthatch, each chick was assigned to one of 

four sequences of four environmental situations. These 

four situations were: (1) warm with stimulus present, (2) 

warm with the stimulus absent, (3) cold with the stimulus 

present, and (4) cold with the stimulus absent. In the 

warm conditions, the testing area was maintained at 32.5°C 

by means of a Titan heater (model T7608). The heater was 

connected to a Thermistemp temperature controller (Yellow 

Springs Instrument Co. model 71A), the probe of which was 

attached to the outside of the wire cage at approximately 

the head height of the chicks. The Therrnistemp was set at 

32.5° c. In the cold conditions, temperature was main-

tained between 18°C and 19°C by means of a frozen Blue Ice 

pack fitted beneath the floor of the cage. The ice pack 

was covered with brown paper towel, also placed beneath the 

cage whenthe ice pack was not present, in order to keep the 

color beneath the cage floor consistent between environmen-

tal situations. Also, in the cold conditions a cassette 

tape recording of the Titan heater was played in order to 

simulate the background noise of the warm conditions. Tem-

perature readings in all environmental conditions were made 

before and after testing each chick by means of a Cole-
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parmer Minigraph (model M00910A4-148), the attached thermis-

ter of which was placed in the cage. 

In the imprinting stimulus conditions, a bobbing bird 

was visible behind a plexiglass partition. The area hous-

ing the imprinting stimulus was white on three sides and on 

the bottom. The top of this area was open to permit use of 

an overhead light source. This light source was the only 

illumination in the room. In the no-stimulus conditions, 

the white background was visible and the light source 

remained on; the bobbing bird, however, was not present. 

The sequencing of these four conditions followed a Latin-

square design (Winer, 1962). Two hatches of 16 chicks were 

used; in each hatch four chicks were assigned randomly to 

one of the four sequences, thereby controlling for hatch ef-

fects. Thus, for a total of 32 chicks, there were eight 

chicks in each of the sequences. 

On Day 4 posthatch, testing day, the four chicks as-

signed to a sequence were tested individually in the first 

condition of that sequence. A test consisted of the ex-

perimenter noting the behavior(s) in which the chick was 

engaged every 10 seconds of the total 5 minute testing 

period in each environment (Slater, 1978). To signal when 

the observation should be made, the experimenter wore an 

earphone connected to a tape player on which an endless tape 

with the word "now" repeated every .10 seconds was played. 
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Viewing the behavior was accomplished by looking in a mirror 

placed over the stimulus area. This measure yielded the 

frequency of behaviors for each chick in each of the condi-

tions. The total time of testing per chick was 20 minutes. 

After each of the four chicks had been tested and returned 

to the maintenance room, there was a 5 minute interval be-

fore they experienced the second condition of their sequence. 

This delay was necessary in order to change the temperature 

of the testing area, and the delay was constant between each 

condition. When these chicks were finished being tested, 

the next set of four chicks began their sequence. 

Results 

Frequencies for the resulting behavior(s) were col-

lapsed across sequence and means were derived for each be-

havior in each of the four environmental conditions. Again, 

the four conditions were: (1) warm with the stimulus 

present; (2) warm with the stimulus absent; (3) cold with 

the stimulus present; and (4) cold with the stimulus ab-

sent. Sampled observations sometimes consisted of only one 

behavior and at other times of two or more behaviors oc-

curring simultaneously. The behaviors were either vocaliza-

tion, motoric, or a combination of the two. Figure 1 dia-

grams the testing cage and the various motoric orientations 

observed with respect to the stimulus area. A criterion was 

set that in order for a behavior to be considered for 
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Figure 1. Diagram of testing cage and the various 
orientations about the cage observed. A: 
facing the stimulus area; B: location in one 
of the front corners of the cage; C: orienta-
tion parallel to the stimulus area; and D: 
orientation away from the stimulus area. 
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analysis, it must have a mean occurrence of at least 3 in at 

least one of the four conditions. This criterion was set in 

order to eliminate those behaviors emitted by only a small 

number of chicks. The resulting 12 behaviors are shown in 

Table 1 with the abbreviations Bl-Bl2; the abbreviations 

will be used when referring to these individual behaviors. 

A 2 X 2 (stimulus availability X temperature) within 

subjects analysis of variance was performed on each of the 

12 behaviors. The resulting source tables for these analy-

ses appear in Appendix A. Figures 2 and 3 illustrate 

graphically the mean frequency in each of the four condi-

tions of all the 12 behaviors. 

A factor analysis was performed on the 12 behaviors 

which resulted in six factors (see Table 2). A 2X2 (stimu-

lus availabilityXtemperature) analysis of variance was per-

formed on each of the factors (see Appendix B). Where sig-

nificant interactions occured, Duncan's multiple range test 

was used to determine simple effects between conditions. 

The behaviors which load positively on the first factor 

are twitter calls at the stimulus area and pecking accom-

panied by twitter calls at the stimulus area, while orienta-

tion in one of the front corners accompanied by peep calls 

loads negatively on this factor. The percent of the total 

variance accounted for by this factor is 21%. Figure 4 

illustrates the mean frequencies for this factor in each of 
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Table 2 

. Behavior Loadings Comprising the Six Factors 

Factor Behavior Loadings 

1 B2 .76 
B6 .77 
BlO -.59 

2 B4 .89 
BS .72 

3 BlO .49 
Bl2 .47 
Bl -.87 

4 B3 .84 
B9 .71 

5 Bll .94 

6 B7 .81 
BB .71 
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Figure 4. Mean frequencies of Factor 1 in each 
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the four environmental conditions. The analysis of vari-

ance performed on this factor yields a stimulus availability 

main effect, ! (1, 31) = 30.04, E ~ .001; a temperature main 

effect,! (1, 31) = 89.00, E <. 0.001; and a significant 

stimulus availability X temperature interaction, F (1, 31) = 

38.99, £<. 0.001. The test for simple effects shows that 

the mean frequency of factor 1 in the warm with stimulus 

present condition is greater than that of any other condi-

tion (£ ~ .OS); also, the warm with stimulus absent condi-

tion is greater than either of the cold environmental con-

ditions (£ ~ .005). From the results of the test of simple 

effects, it can be seen that factor 1 occurs most frequently 

when the chick is in a warm environment and the stimulus is 

present. It should be noted that the chick had experience 

with this environment for 10 minute periods on each of the 

previous 3 days. 

Factor 2, which accounts for 18% of the total vari-

ance, is comprised of two behaviors which load positively: 

(1) orientation parallel to the stimulus area and (2) ori-

entation parallel to the stimulus area accompanied by peep 

calls. Figure 5 shows the mean frequencies of factor 2 in 

each of the four environmental conditions. The analysis of 

variance performed on this factor shows a main effect for 

stimulus availability, F (1, 31) = 18.15, E ~ 0.01. No 

main effect was found for temperature, ! (1, 31) = 2.59, E 
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> 0.05. The stimulus availability X temperature interac-

tion was not significant for factor 2, F (1, 31) = 3.16, E 

~ 0.05. 

Orientation in one of the front corners of the cage 

accompanied by peep calls; and twitter calls, pecking, and 

lateral movement at the stimulus area are the two behaviors 

which load p9sitively on factor 3. Loading negatively on 

this factor is orientation facing the stimulus area accom-

panied by no other behavior. Factor 3 accounts for 16% of 

the total variance. Figure 6 illustrates the mean frequen-

cies of factor 3 in each of the environmental conditions. 

Both stimulus availability, ! (1, 31) = 68.09, E ~ 0.001, 

and temperature, ! (1, 31) = 13.65, E < 0.01, main effects 

were significant. Factor 3 is seen more often when the 

stimulus is present than when the stimulus is absent. The 

temperature main effect is that the mean occurrence of f ac-

tor 3 is higher in the cold environmental conditions. The 

stimulus availability X temperature interaction was not 

significant, F (1, 31) = 1.18, £>0.05. 

The two behaviors that load positively on factor 4 are 

vocalizations not distinguished as twitters or peeps and 

pecking at the stimulus area. The percent of the total 

variance accounted for by factor 4 is 15%. Figure 7 shows 

the mean frequencies of factor 4 in each of the environmen-

tal conditions. Analysis of variance on this factor yields 
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a main effect for stimulus availability, ~ (1, 31) = 17.98, 

£ ~ 0.01, where the behaviors in this factor occur more of-

ten in environmental conditions where the stimulus is 

present. The main effect for temperature was not signif i-

cant, ~ (1, 31) = 2.12, £>0.05. A significant stimulus 

availability X temperature interaction,~ (1, 31) = 8.73, £ 

< o.al was found. The test for simple effects shows the 

mean frequency of factor 4 'in the environmental condition of 

cold with stimulus present is higher than any of the other 

three conditions (£ ~ o.as). Also, factor 4 occurs more of-

ten in the condition of warm with stimulus present than in 

the condition of cold with stimulus absent (£ ~ 0.05). 

Factor 5 is comprised of only one behavior which is 

orientation away from the stimulus are. This fifth factor 

accounts for 13% of the total variance. Figure 8 shows the 

mean frequencies of factor 5 in each of the four environmen-

tal conditions. The main effect for stimulus availability 

was significant for this factor, F (1, 31) = 11.38, E. ~ a.al. 

This factor occurs more often when the stimulus is absent 

than when the stimulus is present. The main effect for tem-

perature was not significant, ~ (1, 31) = a.65, £>a.as. 

The interaction between stimulus availability and temperature 

was found not to be significant,~ (1, 31) = 0.53, E.> 0.05. 

There are two behaviors that were found to load on the 

final factor. These two behaviors were: (1) peep calls at 
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the stimulus area and (2) orientation away from the stimulus 

area accompanied by peep calls. The percent of the total 

variance accounted for by this factor is 17%. Figure 9 il-

lustrates the mean frequencies of factor 6 in each of the 

environmental conditions. Main effects were significant for 

both stimulus availability, f (1, 31) = 50.81, E ~ 0.001 and 

temperature, F (1, 31) = 22.48, E ~ 0.001. The mean oc-

currence of factor 6 is higher when the stimulus is absent 

rather than present and also when the environment is cold 

rather than warm. The stimulus availability X temperature 

interaction was not significant, f (1, 31) = 0.67, £70.05. 

Discussion 

Of the six resulting factors, it appears that factors 

1, 4, and 6 are primarily comprised of vocalizations, while 

factors 2, 3, and 5 are primarily concerned with motoric 

orientation about the testing cage. 

The behaviors loading positively on factor 2, orienta-

tion parallel to the stimulus area and orientation parallel 

accompanied by peeps, suggest searching behavior by the 

chick. This assumption is supported by the significant 

stimulus availability main effect; the highest mean fre-

quencies of factor 2 occur when the environment is such that 

the imprinting stimulus is not present. Chicks in this 

environment may be searching for the stimulus with which 

they have had experience previously in the testing cage 
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(Montevecchi et al., 1973). The o.ccurrence of peeps as part 

of one of the behaviors loading on this factor further sug-

gests that conditions in which this factor are found are 

significantly different from-those which the chick has 

experienced in the past, i.e., the imprinting stimulus is 

not present (Andrew, 1964; Montevecchi et al., 1973). These 

behaviors may also serve as a locating response (Cullen & 

Beer, 1969). The absence of a temperature main effect on 

this factor suggests that the availability of the imprinting 

stimulus exerts control over these behaviors regardless of 

the testing area temperature. 

A second of the motoric orientation factors, factor 5, 

also shows only a stimulus availability main effect. Factor 

5 is made up of only behaviors when the chick is oriented 

away from the stimulus area. Again, this behavior, similar 

to the behaviors loading on factor 2, occur most often in 

conditions where the imprinting stimulus is not present re-

gardless of the testing area temperature. Also, like fac-

tor 2, this behavior appears to be some sort of searching 

behavior by the chick in an attempt to locate the missing 

imprinting stimulus. Unlike factor 2, factor 5 does not 

suggest any distress by the chick due to the fact that peep 

vocalizations are not a part of the behavior loading on 

this factor. 
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At first sight, factor 3 appears somewhat confusing in 

that vocalizations are at the opposite extremes; twitters 

and peeps, accompanied by different motoric orientations 

load positively on this factor. The behaviors are orienta-

tion in one of the front corners accompanied by peep calls 

and twitters, pecking, and lateral movement in front of the 

stimulus area. Therefore, it is important to note the be-

havior which loads negatively on this factor, namely facing 

the stimulus area accompanied by no other behavior. It ap-

pears then that this factor is associated more with activi-

ty as opposed to voca~izations. The stimulus availability 

main effect shows that factor 3 occurs more often in condi-

tions where the imprinting stimulus is present. The tem-

perature main effect reveals that factor 3 appears more 

frequently in cold testing environments. The appearance 

of these main effects suggests that the chick can see the 

imprinting stimulus and by emitting these behaviors is 

attempting contact. It may be that the chick has formed 

some association betwen the presence of the imprinting 

stimulus and a warm environment, thus explaining the more 

frequent occurrence of this factor in cold environments. 

In other words, by gaining contact with the imprinting 

stimulus, warmth would be provided. 

The behaviors loading on factor 6 are concerned with 

the peep vocalization emitted by the neonatal chick. Sono-
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graphic analysis of calls typical of this factor resemble 

the peep calls found by Andrew (1964) and the distress call 

found by Collias and Joos (1953) (Figure 10). The analysis 

of this factor shows that these behaviors occur in environ-

ments predicted by both Andrew's theory and Collias' (1952) 

_theory. Andrew would predict that peep calls would occur 

when the chick is placed in an environment showing persis-

tent discrepancy from normal or preferred stimulation. Re-

sults have also been found by Hogan (1964) supporting this 

theory. This, in fact, is the case for factor 6. Factor 

6 occurs more frequently in cold environments and in en-

vironments where the imprinting stimulus is not present. 

Kaufman and Hinde (1961), Salzen and Tomlin (1963), and 

Fischer (1970) have all found that peeps occur with in-

creasing frequency as the temperature drops, while Andrew 

(1964), Hoffman (1968), and Salzen and Tomlin (1963) have 

found that the removal of the imprinting_stirnulus produces 

peep calls. Again, it should be stated that the chick had 

experienced the testing cage with the imprinting stimulus 

present and the temperature at 32.5°C for 10 minutes on each 

of the 3 days prior to testing. Collias' central state hy-

pothesis is also supported by the analysis of factor 6. 

Environments suggested by Collias to produce both peeps and 

avoidance behavior, i.e., orientation away from the stimu-

lus area accompanied by peep calls, do in fact produce these 
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behaviors. Factor 6 appears to be concerned with distress 

on the part of the chick upon encountering strange and aver-

sive conditions. As noted by other researchers, peep calls 

may serve as a locating signal to the mother hen in a 

natural environment (Cullen & Beer, 1969). The motoric be-

havior associated with this factor suggests that some attempt 

at locating the missing imprinting stimulus is made by the 

chick. 

Twitter calls at the stimulus area and pecking accom-

panied by twitter calls at the stimulus area (the behaviors 

loading positively on factor 1) suggest that factor 1 is 

associated with contentment in the chick. Sonographic 

analysis of this call resembles the twitter of Andrew and 

the contentment call of Collias (see Figure 11). Further 

support for this factor as a contentment factor is that ori-

entation in one of the front corners accompanied by peep 

vocalizations loads negatively on factor 1. The highest 

mean frequency of factor 1 occurs in the warm with 

imprinting stimulus present in the environment. This find-

ing agrees with Andrew's assumption that twitter calls oc-

cur in preferred environments or environments with some 

conspicuous (movement) stimulation. Collias' hypothesis is 

also supported by two pieces of evidence: (1) the behaviors 

loading positively on this factor concern twitter (content-

ment) calls, and these behaviors occur most often when the 
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Figure 11. Sonograrns of Twitter vocalizations 
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chick is experiencing the imprinted stimulus; and (2) the 

motoric behaviors associated with this factor, pecking at 

the stimulus area, are approach behaviors that occur with 

contentment calls. Other investigators who have also found 

twitters and pecking to occur simultaneously are: Andrew 

(1964), Hoffman et al. (1973), Lane (1960), and Robinson-

Guy (1978). 

The third of the vocalization factors, factor 4, is the 

most interesting of the factors. As noted earlier, Collias 

(1952) suggests that all vocalizations of the neonatal chick 

can be classified as either twitters or peeps. Andrew 

(1964), on the other hand, asserts that intermediate calls 

to pure twitters or peeps occur. The vocalization that 

loads on factor 4 has been described until now as calls not 

distinguishable either as twitters or peeps based on the 

experimenter's auditory perception. The other behavior 

loading on this factor is pecking at the stimulus area. 

Sonographic analysis of the calls loading on factor 4 

resembles what Andrew describes as the short peep (Figure 

12). These calls also closely resemble the true peep call 

but vary slightly in intensity and do not show as long a 

descending limb as peep calls. Collias also admits to 

other calls than the twitter or peep calls but would proba-

bly group the short peep with peeps in general. If this 

were the case, then results of the analysis on this 
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Sonagraphic analysis 
from Andrew (1964). 
Sonagraphic analysis 
loading on factor 4. 

\ 

of the short peep call 
(Magnified 4x) 
of the vocalization 
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behavior would resemble those of factor 6 (the peep factor). 

In fact, however, the results of factor 4 resemble neither 

those of factor 6 or factor 1. The highest mean frequency 

of factor 4 occurs in a cold environment (as in factor 6) 

but with the imprinting stimulus present (as in factor 1). 

This suggests that the behaviors of factor 4 are emitted in 

a somewhat inconsistent environment in relation to what has 

previously been experienced by the chick. It may be that 

the short peep signals some confusion on the part of the 

chick; confusion in that it has associated the warm environ-

ment with the presence of the imprinting stimulus and then 

experiences the imprinting stimulus in a cold environment. 

This environment is in fact intermediate to the environment 

in which twitters occur and the environment in which peeps 

occur. 

The motoric behavior of the neonatal chick in this 

study seems to be largely a function of the availability of 

the imprinted stimulus. It must be noted that two of the 

three motoric factors are comprised of behavior directed 

away from the stimulus area (factors 2 and 5) and that these 

behaviors occur most frequently when the imprinted stimulus 

is not available. It is quite possible that in environments 

where the chick has grown accustomed to seeing the imprinted 

stimulus, it will search about the area if that stimulus is 

no longer visible. Further support for this explanation is 
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derived from the remaining motoric factor (factor 3) whose 

behaviors are directed toward the stimulus area, no search-

ing, and the imprinted stimulus is present. The results of 

these three factors support the conclusion that upon being 

imprinted to a stimulus a majority of the chick's behavior 

will be directed toward that stimulus when it is present. 

Contrarily, if after being imprinted the chick is placed in 

the same environment but with the stimulus absent, the mo-

toric behavior is largely directed to other aspects of the 

cage, with the chick possibly searching for the stimulus to 

which it has been imprinted. 

As has previously been stated, two of the three fac-

tors dealing with vocalizations agree with both Andrew's 

(1964) and Collias' (1952) theories sonographically as well 

as in the situations in which they occur. In other words, 

both theories would predict and explain the occurrence of 

factors 1 and 6. It is also evident from the vocal behav-

iors observed in this study that twitters and peeps, the 

calls making up factors 1 and 6 respectively, are the promi-

nant vocalizations in the neonatal chick's vocal repetoire. 

Therefore, the results of factors 1 and 6 are not surprising 

and attention will turn to the other vocalization factor~ 

factor 4. Although the call loading on factor 4 occurs less 

often than the other vocalizations, it did meet the criteri-

on set for inclusion in the analysis. 
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As has previously been stated, the call of factor 4 

sonographically resembles the intermediate short peep shown 

by Andrew. Perhaps the sonographic analysis alone is enough 

to support Andrew's theory that the vocalizations of the 

neo-natal chick fall on a continuum where intermediate calls 

to twitters and peeps are possible, but the results of the 

analysis of this factor are more convincing. If, as Collias 

suggests, intermediate calls are really either twitteers or 

peeps, it would follow that analysis of these calls would 

resemble either that of twitters or peeps. In fact, how-

ever, results of factor 4 resemble neither those of factor 

1 or 6. It is also important to make note of the facts 

that: (1) twitters were observed most often in the warm 

with stimulus present environment, the most familiar environ-

ment; (2) peeps were observed most often in a cold with 

stimulus absent environment, the most unfamiliar environ-

ment; and (3) the intermediate calls were observed to occur 

most often in a cold with the imprinted stimulus present 

environment, an environment intermediate in familiarity to 

that in which twitters occur and that in which peeps occur. 

The results of the sonographic analysis in conjunction with 

the 2 X 2 analysis of variance direct the interpretation of 

this study toward supporting Andrew's theory of the neonatal 

chick's behavior. 
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It is feasible that an opponent-process interpretation 

(Hoffman et al., 1974) of Collias' two mechanism theory 

could explain the occurrence of intermediate vocalizations 

to twitters and peeps. The opponent-process theory has been 

explained earlier in this thesis and its central theme holds 

that there are two processes effecting behavior in response 

to a stimulus. Only one of the processes is dominant at a 

given time in response to a given stimulus but as the stimu-

lus changes so too may the dominant process. In terms of 

Collias' theory, process A may be the central mechanism con-

trolling twitters in response to an appetitive environment, 

while process B is the central mechanism controlling peeps 

in response to an aversive environment. Further, as the en-

vironment becomes intermediate to an appetitive or aversive 

one, the dominance of the controlling process changes making 

it possible that both processes are acting together but 

neither one completely dominating the other. If this were 

to occur, it is possible that intermediate calls would be 

produced. 

In order for this interpretation to be tested it would 

be necessary that the chick be continually observed as the 

environment changed; this would allow the facing of one 

process' dominance and resurgence of the other. The neces-

sary condition of continued observation was not implemented 

in the present research, and, therefore, its results cannot 
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be interpreted in terms of this theory. The opponent pro-

cess interpretation of Collias' theory is offered here only 

as a possibility and suggestion for future research. The 

results of this study remain as support for Andrew's theory 

of a vocalization continuum. 

Summary and Conclusions 

The present study investigated imprinted stimulus 

availability and temperature effects on the motoric and 

vocal behaviors of the neonatal chick. Each of the 32 

chicks was exposed to four different environmental situa-

tions that varied on the availability of the imprinted stimu-

lus (either present or absent) and the ambient temperature 

(either 32.5°C or 18°C). It was concluded that: 

1. The motoric and orientation behavior of the neo-

natach chick is mainly influenced by the availability of the 

imprinted stimulus. In environments where the imprinted 

stimulus is not present, most of the chick's behavior is 

directed to other areas of the cage than the stimulus area. 

2. The bulk of the neonatal chick's vocal behavior is 

comprised of twitter or peep calls, with twitter occurring 

most often in the more familiar environments and peeops oc-

curring most frequently in unfamiiiar environments. 

3. Factor analysis of the neonatal chickrs behavior 

reveals a factor made up of calls that sonographically re-

sembled the intermediate "short peep" call as shown 
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previously by Andrew (1964). The 2 X 2 analysis of vari-

ance on this factor resembled neither one of the other call 

categories. These sonographic and analysis of variance re-

sults are viewed as support for Andrew's vocal continuum 

theory. 
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ANOVA ON Bl 

(Orientation Toward the Stimulus Area 

Accompanied by No Other Behavior) 

Source df SS MS 

s 31 32 9. 2 4 12.65 

Stimulus Av. 1 96.26 96.29 

S X Stimulus Av. 31 209.49 6.76 

Temperature 1 217.88 217.88 

S X Temperature 31 265.87 8.58 

Stimulus Av. x Temp. 1 33.01 33.01 

s x Stimulus Av. x Temp. 31 111. 74 3.60 

Total 127 1326.49 10.44 

**E. ~ 0. 01 

F 

14.24** 

25.41** 

9.16** 
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ANOVA on B2 

(Twitters While Facing the Stimulus Area) 

Source df SS MS F 

s 31 782.74 25.31 

Stimulus Av. 1 1063.76 1063.76 47.24** 

s x Stimulus Av. 31 697.99 22.52 

Temp. 1 1075.32 1075.32 77.09** 

S X Temp. 31 432.43 13.95 

Stirn Av. x Temp. 1 599.45 599.45 37.22** 

s x Stimulus Av. X Temp. 31 499.30 16.11 

Total 127 5150.99 40.56 

**£ ~ 0.01 
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ANOVA on B3 

(Vocalizations Not Distinguished as 

Twitters or Peeps) 

Source df SS MS 

31 498.38 16.08 

Stimulus Av. 1 78.13 78.13 

s x Stimulus Av. 31 507.38 16. 37 

Temp. 1 19.53 19.53 

s x Temp. 31 506.97 16.35 

Stimulus Av. x Temp. 1 69.03 69.03 

s x Stimulus Av. x Temp. 31 273.47 8.82 

Total 127 1952.88 1952.88 

*E < 0.05 

**E < 0.01 

F 

4.77* 

1.19 

7.83** 
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ANOVA on B4 

(Orientation Parallel to the Stimulus Area) 

Source df SS MS F 

s 31 1035.80 33.41 

Stimulus Av. 1 130.01 103.01 6.09* 

s x Stimulus Av. 31 661.24 21.33 

Temp. 1 4.88 4.88 . 31 

s x Temp. 31 489.37 15.79 

Stimulus Av. x Temp. 1 41. 62 41.63 2.73 

s x Stimulus Av. x Temp. 31 473.62 15.28 

Total 127 2836.55 22.34 

*£ ~. 0.05 
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ANOVA on BS 

(Orientation Parallel to the Stimulus Area 

Accompanied by Peep Calls) 

Source df SS MS 

s 31 292.47 9.43 

Stimulus Av. 1 220.50 220.50 

s x Stimulus Av. 31 172.50 5.56 

Temp. 1 136.13 136.13 

s x Temp. 31 250.86 8.09 

Stimulus Av. x Temp. 1 9.03 9.03 

s x Stimulus Av. x Temp. 31 160.97 5.19 

Total 127 1242.47 9.78 

**E ~ 0.01 

F 

39.63-** 

16.82** 

1. 74 
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ANOVA on B6 

(Pecking and Twitter Calls at the Stimulus Area) 

Source df SS MS F 

s 31 278.22 9.07 

Stimulus Av. 1 242.00 242.00 38.77* 

s x Stimulus Av. 31 195.50 6.31 

Temp. 1 171.13 171.13 19.06** 

s x Temp. 31 278.38 8.98 

Stimulus Av. x Temp. 1 101. 53 101. 53 11.92** 

s x Stimulus Av. x Temp. 31 263.97 8.52 

Total 127 1530.72 12.05 

**E ~ o. 01 



64 

ANOVA on B7 

(Peep Calls at the Stimulus Area) 

Source df SS MS F 

s 31 925.50 29.85 

Stimulus Av. 1 666.13 666.13 30.90** 

s x Stimulus Av. 31 668.38 21. 56 

Temp. 1 270.28 270.28 11.33** 

s x Temp. 31 739.22 23.84 

Stimulus Av. x Temp. 1 0.03 0.03 o.oo 
s x Stimulus Av. x Temp. 31 506.47 16.34 

Total 127 3776.00 29.73 

**.E < 0.01 



s 

65 

ANOVA on BB 

(Orientation Away from the Stimulus 

Area Accompanied by Peep Calls) 

Source df SS MS 

31 333.97 10.77 

Stimulus Av. 1 108.78 108.78 

s x Stimulus Av. 31 150.22 4.85 

Temp. 1 94.53 94.53 

s x Temp. 31 186.47 6.02 

Stimulus Av. x Temp. 1 13.78 13.78 

s x Stimulus Av. x Temp. 31 136. 22 5.39 

Total 127 1023.97 8.06 

**E. < 0.01 

F 

22.45** 

15.72** 

3.14 
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ANOVA on B9 

(Pecking at the Stimulus Area) 

Source df SS MS F 

s 31 940.00 30.32 

Stimulus Av. 1 472.78 472.78 21. 50** 

s x Stimulus Av. 31 681. 72 21.99 

Temp. 1 15.13 15.13 .97 

s x Temp. 31 484.38 15.63 

Stimulus Av. x Temp. 1 47.53 47.53 3.43 

s x Stimulus Av. x Temp. 31 429.97 13.87 

Total 127 3071.50 24.18 

**E~ o. 01 
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ANOVA on BlO 

(Orientation in One of the Front Corners of 

the Cage Accompanied by Peep Calls) 

Source df SS MS 

s 31 571. 47 18.43 

Stimulus Av. 1 66.13 66.13 

S X Stimulus Av. 31 388.38 12.53 

Temp. 1 457.53 457.53 

S X Temp. 31 479.97 15.48 

Stimulus Av. X Temp. 1 84.50 84.50 

S X Stimulus Av. X Temp. 31 334.00 10.77 

Total 127 2381. 97 18.76 

*£ ~ 0. 05 

**.E~ 0.01 

F 

5.28* 

29.55** 

7.84** 
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ANOVA on Bll 

(Orientation Away from the Stimulus Area) 

Source df SS MS F 

s 31 442.37 14.27 

Stimulus Av. 1 92.82 92. 82 11. 38 ** 

s x Stimulus Av. 31 252.93 8.16 

Temp. 1 6.57 6.57 0.65 

s x Temp. 31 312.18 10.17 

Stimulus Av. x Temp. 1 10.69 10.69 0.53 

s x Stimulus Av. x Temp. 31 627.05 20.23 

Total 127 1744.62 13.74 

**£ < 0.01 
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ANOVA on Bl2 

(Twitters, Pecking, and Lateral Movement 

at the Stimulus Area) 

Source df SS MS 

s 31 589.62 19.02 

Stimulus Av. 1 717.26 717.26 

s x Stimulus Av. 31 545.99 17.61 

Temp. 1 103.32 103.32 

s x Temp. 31 451. 93 14.58 

Stimulus Av. x Temp. 1 89.45 89.45 

s x Stimulus Av. x Temp. 31 443.80 14.32 

Total 127 2941.00 23.16 

*£ ~ 0.05 

**£ ~ 0.01 

F 

40.72** 

7.09 

6.25 
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ANOVA on Factor 1 

Source df SS MS F 

s 31 1947.55 62.82 

Stimulus Av. 1 1603.20 1603.20 30.94** 

s x Stimulus Av. 31 1606.05 51.81 

Temp. 1 4524.38 4524.38 89.00** 

s x Temp. 31 1575.87 50.83 

Stimulus Av. x Temp. 1 1914.25 1914.25 38.99** 

s x Stimulus Av. x Temp. 31 1521.99 49.09 

Total 127 14693.30 115.69 

**£ ~ 0.01 
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ANOVA on Factor 2 

Source df SS MS F 

s 31 1751.68 56.51 

Stimulus Av. 1 689.13 689.13 18.15** 

s x Stimulus Av. 31 1177.12 37.97 

Temp. 1 89.45 89.45 2.59 

s x Temp. 31 1066.80 34.48 

Stimulus Av. x Temp. 1 89.45 89.45 3.16 

s x Stimulus Av. x Temp. 31 877.80 28.32 

Total 127 5743.00 45.22 

**E. ~ 0. 01 
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ANOVA on Factor 3 

Source df SS MS F 

s 31 2414.88 77.90 

Stimulus Av. 1 2000.28 2000.28 68.09** 

s x Stimulus Av. 31 910.72 29.38 

Temp. 1 675.28 675.28 13.65** 

s x Temp. 31 1533.72 49.47 

Stimulus Av. x Temp. 1 36.13 36.13 1.18 

s x Stimulus Av. x Temp. 31 951.88 30.71 

Total 127 8522.88 67.11 

**E < 0.01 
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ANOVA on Factor 4 

Source df SS MS F 

s 31 1817.38 58.63 

Stimulus Av. 1 935.28 935.28 17.98** 

s x Stimulus Av. 31 1612.22 52.01 

Temp. 1 69.03 69.03 2.12 

s x Temp. 31 1007.47 32.50 

Stimulus Av. x Temp. 1 231.13 2 31.13 8.73** 

s x Stimulus Av. x Temp. 31 820.38 26.46 

Total 127 6492.88 51.13 

**E ~ 0.01 
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ANOVA on Factor 5 

Source df SS MS F 

s 31 442.37 14.27 

Stimulus Av. 1 92.82 92.82 11.38** 

s x Stimulus Av. 31 252.93 8.16 

Temp. 1 6.57 6.57 0.65 

s x Temp. 31 312.18 10.07 

Stimulus Av. x Temp. 1 10.69 10.69 0.53 

s x Stimulus Av. x Temp. 31 627.05 20.23 

Total 127 1744.62 13.74 

* *.E <. 0.01 
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ANOVA on Factor 6 

Source df SS MS F 

s 31 1622.97 52.35 

Stimulus Av. 1 1313.28 1313. 28 50.81** 

S X Stimulus Av. 31 801.22 25.85 

Temp. 1 684.50 684.50 22.48** 

s X Temp. 31 944.00 30.45 

Stimulus Av. X Temp. 1 15.13 15.13 0.67 

S X Stimulus Av. X Temp. 31 698.38 22.53 

Total 127 6079.47 47.87 

**E ~ o. 01 
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THE EFFECTS OF IMPRINTING STIMULUS AVAILABILITY AND 

TEMPERATURE ON VOCALIZATION AND MOTORIC BEHAVIORS 

OF THE NEONATAL DOMESTIC CHICK 

by 

Walter J. Harper 

(~BSTRACT) 

Each of 32 neonatal White Leghorn chicks (Gallus gal-

lus domesticus) experienced each of the four environmental 

situations and motoric and vocal behaviors were observed. 

The four environments were derived from a 2 X 2 (stimulus 

availability X temperature) factorial design. The levels of 

stimulus availability were either present (visible) or ab-

sent (not visible) while the two temperature levels were 

32.5°C or 18°C. A factor analysis of the observed behaviors 

yielded six factors; three of which concerned motoric behav-

iors and three of wich concerned vocalizations. A 2 X 2 

(stimulus availability X temperature) within subjects analysis 

of variance for each factor was also performed. These re-

sults show that motoric behavior was largely affected by the 

availability of the imprinted stimulus. Results from the 

vocalization factors revealed one factor comprised of twit~ 

ter calls, a second factor comprised of peep calls and a 

third factor comprised of calls that sonographically resem-

bled an intermediate call. The analysis of variance on 



these factors revealed that the situational occurrence of 

the intermediate call factor resembled neither of the other 

two, more traditional, vocalization categories. 
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