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Tn• tendency for birds to respoud consistently to specific "sign 
stimuli," and their al•ility to discriminate between these stimuli aud the 
many other potential stimulus objects of their enviromnent, has given 
rise to a theory that certain objects are "recognized" innately, i.e., 
responded to in a specific manner without the intervention of learning 
processes. Such a theory can be tested only by patiently examining and 
experimentally analyzing the environmental conditions in which indi- 
vidual birds develop during the periods of sensory mathration. The 
present study is concerned with the basic negative response (crouching) 
in nestlings of the Common Grackle (Quiscalus versicolor). Special 
attention was given to the schedule of maturation of the crouching 
pattern and of visual competence. Experiments were conducted with 
various naturalistic stimulus objects to explore the role of individual 
experience in the development of stereotyped, visual discrimination 
patterns. 

STUDY ARF, A AND METHODS 

Most of the data for this report were collected between 10 May and 
15 June 1958 in a colony of 21 grackle nests located in a stand of small 
red cedars on the University of Wisconsin Arboretum's Picnic Point 
at Madisou, Wisconsin. Sul)plenmntary data were obtained from other 
nests in the vicinity. 

Nests •vere visited daily or twice daily during the egg stage to deter- 
mine, as closely as possible, the time of hatching. Ages of young were 

* Financial assistance •vas provided by a grant from the National Science Foun- 
dation. University of Wisconsin Arboretum paper No. 44. 
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recorded ill hours posthatching; all age records are accurate to within 
six hours. 

Observatious of the responses of uestlings to the arrival of the parent 
birds were made from blinds at two nests. Tests of responses to arti- 
ficial stimulus objects were made at 19 other nests. In each test a 
selected object was slowly raised to the edge of the nest together with 
a light tapping to sinrelate the jarring normally accompanying the ar- 
rival of the parent. The object was then gently moved about by the 
observer as he remained quietly hidden at arm's length, his head at the 
level of or slightly below the rim of the nest. Observations were dis- 
counted in all cases where the nestlings were disturbed by a clumsy 
approach. Test objects were selected that bore superficial resemblance 
to common bird species of the region; these included: (1) a stuffed 
male grackle, (2) a stuffed male cowbird, (3) a stuffed female cow- 
bird, (4) a stuffed male cardinal (bright red plumage), and (5) a 
lifelike, brown latex model of a screech owl. 

Nestlings were individually marked as necessary and records kept of 
the responses of each. Tests were made between 0900 and 1300 hours 
each day. No more than one test was made on a nest iu a given day, 
and test objects were alternated so that no nest received the same test 
more often than once in three days. 

These field tests were supplenmnted by experimeuts designed to 
interrupt the normal course of environmental experience of nestlings. 
These were of two types: 

1. Temporary withdrawal of nestlings from the uest environment to 
small, isolation boxes where feeding was (lone by band. 

2. Temporary blindfolding of nestlings in the nest with a mask of 
acetate glue mixed with lampblack. 

Sample specimens of nestlings were brought into the laboratory at 
various stages of development for measurements of visual maturation. 

DEVELOPMENT OF THE CROUCHING RESPONSE 

The response repertoire of a nestliug grackle to the parent birds or 
other similarly large, stimulus objects appearing at the nest rim consists 
of two principal motor patterns--gaping and crouching. The former 
may be regarded as the basic positive response, the latter as the basic 
negative response. 

As in many other altricial birds, the gaping response in the grackle 
is present at hatching. At that time and for several days afterwards 
it is apparently the only major response to external stimulation and is 



April] SCltALLER AND EMLI•N, Discrimination Patterns 127 
1961 ] 

given to a great variety of stimulus objects. Studies of the stimuli 
eliciting the gaping response and its orientation have been made by 
Holzapfel (1939), Tinbergen and Kuehnen (1939), Prechtl (1953), 
Messruer aud Messruer (1956), and others on a variety of altricial 
species. The newly hatched grackles in this study gaped to such varied 
stimuli as touch. shake, sound, and air currents. 

o AOE IN DAYS I I 
AGE IN HDURS 

( po,t hatching) • II•O 2•)0 

A-MECHANICAL STIMULI 

light jarring 

strong shaking 

B-AUDITORY STIMULI 

human voice, etc. 

C-VISUAL STIMULI 

parent birds 

objects resemblin• 
parents 

objects differing 
from parents 

D-VISUAL MATURATION 

opening of eyelids 

iris response 

optomotor respOnse 

E-LEAVE NEST 

+++++++++++++4-++++++++++++++ 

++4-++ 

Figure 1. Time of appearance and development of crouching reactions to 
various stimuli and stimulus objects as related to the maturation of func- 
tional vision in nestling grackles. Plus signs (q- + q-) indicate gaping re- 
sponses; dashes (-----) indicating crouching responses. Dots ( ...... 
indicate an incomplete response. In the lower part of the figure a line 
( ) iudicates the span of variation among the tested individuals in 
acquiring the response. The row of dots opposite "opening of the eyelids" 
indicates the period during which the eyes were partially opened. 
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In contrast to gaping, the motor pattern of crouching did not appear 
in grackles until about 80 hours of age and did not fully mature until 
about 130 hours (Figure 1A). With strong shaking of the nest 
branch, newly hatched young merely rolled around in the nest cup. 
After about 80 hours a slight tensing was detected, and from then on 
the crouching response to this rather strong •nechanical stimulus de- 
veloped rapidly to about 130 hours. In young of more than 130 hours 
of age strong shaking invariably elicited intense crouching. In a full 
crouch the bird lowers its body into the nest cup, withdraws its head, 
and hunches its wings upward and forward so that they nearly cover 
the head. In this position it remains rigid, clutching the nest lining 
with its feet xvhen the observer attempts to move it. After about 250 
hours of age crouching to a disturbance was sometimes accompanied 
by a tense, partial opening of the mouth; and after 275 hours the birds 
often left the nest precipitously. Normal departure from undisturbed 
nests occurred between 275 and 340 hours of age. 

Published accounts indicate that crouching characteristically mani- 
fests itself rather suddenly in the development of passerine nestlings. 
The age at which it first appears in several species as recorded in the 
literature is presented in Table 1. These data are not strictly inter- 
comparable, however. since in most cases the nature o[ the stimulus 
producing the crouch is not indicated, and many workers have appar- 
ently recorded only responses to visual stimuli. 

•[ATURATI()N oF q'IIE VISUAL ]•QUIPMENT 

Crouching to visual stimulus objects does not appear, of course, 
until the visual equipment has become functional. The maturation of 
vision in nestling grackles was investigated by several methods. 

The opening of the lids. The eyes of nestling grackles are closed at 
hatching. The lids begin to part at about 60 hours, but the cornea is 
still covered with a watery fluid and the nictitatlng membrane. The 
slit widens to 1• min. by 130 hours, to 2 min. by 150 hours, to 3 min. 
by 200 hours, and to 4 •nm. (fully opened) by 300 hours (Figure 1D). 
Up to about 180 hours of age the eyes are opened only when gaping: 
thereafter the eyes remain opeu for increasingly longer periods to the 
time of fledging. 

Structural development of the eye. Opening of the lids is not prima 
facie evidence of complete visual function. Portmann (1938) has 
shown that the structure of the eye itself in passerines is not fully 
developed at hatching. In the House Sparrow (Passer domestic,ts) 
Slonaker (1921) found that the ciliary muscles became functional at 
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TABLE 1 

AGE OF FIRST z•PPEARANCE OF CROUCHING IN SEVERAL PASSERINE SPECIES 

129 

Hoe in 
Species days 

Crow 

(Corvus brachyrhynchos) 18 Emlen, 1942 
Blue Jay 

(Cyanocitta cristata) 14 Ivor, 1944 
Black-capped Chickadee 

(Parus atricapillus) 7 Odum, 1941 
American Robin 

( Turdus migra to rius ) 7 Kuhlman, 1909 
Blackbird 

(Tur&•s merula) 12 Messmer and Messruer, 
1956 

Wood Thrush 
(Hylocichla mustelina) 9 Ivor, 1944 

Catbird 

(Dumetella carolinenxis) 8-9 Herrick, 1901 
6 Nice, 1943 

Loggerhead Shrike 
(Lanius ludovicianus) 12 Miller, 1931 

Starling 
(Sturnus vulgaris) 6-8 Kessel, 1957 

Red-winged Starling 
(O.ychognathus toorio) 14 Rowan, 1955 

Icterine Warbler 
(Hippolais ictcriua) 7 Heinroth and Heinrotb, 

1924-33 
Ovenbird 

(Sciurus aurocapillus) 7 Harm, 1937 
5½ Nice, 1943 

Redstart 

(Setophaga ruticilla) 9 Nice, 1943 
Cowbird 

(Molothrus ater) 7 Nice, 1939 
Conimon Grackle 

( Quiscalus versicolor) 
To mechanical stimuli 3.3-5.4 This study 
To visual stimuli 8.3-9.2 This study 

Rose-breasted Grosbeak 
(Pheucticus ludovicianus) 8 Ivor, 1944 

Tree Sparrow 
(Spizella arborca) 7-7• Baumgartner, 1938 

White-crowned Sparrow 
(Zonotrichia lcucophrys) 5 Banks, 1959 

Song Sparrow 
(Mclospi:a mclodia) 6-7 Nice, 1943 

about six days. Myelinization of the optic nerve is not completed in 
starlings until the eighth day after hatching, according to Schifferli 
(1948). 

The best indicators of fuuctional vision are behavioral. Accordingly, 
tests were made of the pupil reflex and the optomotor response. 
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The pupil reflex. The pupil reflex in grackle nestlings was tested in 
a darkened room by holding the eyelids apart and shining a narrow 
beam of light from a microscope lamp into the eye. In grackles no 
response of the iris was noted before 120 hours. Between 120 and 150 
hours slight movements were detected, but the pupil did not accommo- 
date. Good light accommodation, presumably related to the attainment 
of integrated neuro-muscular control, appeared quite suddenly. In 41 
tests the earliest definite response occurred at 154 hours and the latest 
herore 163 hours (Fig'ure 1D). 

The optomotor response. Tests for optomotor responses probably 
provide the best available indicator of pattern discrinfination. In this 
study the test bird was placed on a stationary platform, and a cylinder, 
marked with alternating, •-inch, black and white, parallel, vertical 
bands, was revolved around it at a constant speed of 12 or 24 rpm. 
The bird was stimulated to gape and to open its eyes by lightly tapping 
the apparatus. A following of the moving bands bv the head was 
interpreted as a positive optomotor response; a failure to follow was 
assumed to indicate lack of pattern vision. In 38 optomotor tests on 
grackles in the laboratory the earliest positive response occurred at 150 
hours and the latest before 163 hours (Figure 1D). The acquisition 
of the optomotor response thus corresponds closely to the acquisition 
of light accommodation. 

Together these data suggest that functional vision for form or pattern 
discrimination is attained in the Common Grackle between about 150 

and 163 hours of age. 

THE DEVELOPMENT O1½ VISUAI, DISCRIMINATION 

Tests with Models 

In all observations responses to the principal natural stimulus object 
at the nest, the parent bird arriving at frequent intervals with food, 
were positive (gaping) and continued to be positive until the young 
fledged. Responses to the various test objects presented experimentally 
at the nest rim were also invariably positive at first and remained 
positive until the birds were from 200 to 220 hours of age, several days 
after the attainment of patteru vision (Figure 2). A change from the 
positive to the negative (crouching) response eveutually occurred, how- 
ever, to all test objects and in nearly all test birds. The shift to a 
negative response, once made with respect to a given test object, re- 
mained negative in all cases where test repetitions were made. The 
time of shifting varied with the nature of the stimulus object, occurring 



April] SCHALLER ^Nl) EML•, Discrimination Patterns 131 
1961 ] 

AGE m .OUR,S 

STIMULUS OBJEOT RE- 14.0 PRESENTED SPONSE I,• 

MALE GRACKLE MOUNT (33) GAPE 
GROUGH • I I II I I 

GAPE MALE COWBIRD MOUNT (23) GROUCH 

FEMALE COWBIRD MOUNT (27) CROUCH'•"-' 

MALE CARDINAL MOUNT (24} CROUCH 

SCREECH OWL MOUNT (30) GAPE •:; II I III I II 
CROUC. I I I II Ill III 

Figure 2. Record of gaping and crouching reactions of nestling grackles 
to various naturalistic models presented at the nest rim during the last seven 
days of nest life. The figures in parentheses indicate the number of tests 
made with each model. Nestlings were tested no more often than once per 
day and never more than once in three days with the same model. The 
shaded band designates the age (150-163 hours) at which functional pat- 
tern vision was attained. Each vertical marker represents one to four birds. 

first for objects that resembled living adult grackles (stuffed grackles 
and cowbirds) and last for the stuffed cardinal and screech owl model. 

'I'he occurrence of crouching to the stuffed grackle mount calls for 
special comment, since, in theory, a perfect model of a grackle, perfectly 
presented, should give the same consistently ?ositive response as that 
shown to the parent birds up to the time of fiedging. In practice the 
artificial presentatiou departed from perfectiou in a number of ways. 
Advanced nestlings were alert to minor disturbances in the nest vicinity, 
and even the most cautious approach by the observer'may well have 
been detected and served to waru the birds in advance of the test presem 
tation. In some cases, furtberlnore, there was evidence that the parents 
regularly arrived in a particular manner at one side of the nest; devia- 
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tions from this norm in the artificial presentation could xvell influence 
tlm response. Soft calls or other warning signals may have been given 
by the approaching parent, although in our intimate observations from 
the blind at two nests we did not detect any. 

Experiments with Experience Deprivation 

The delay in the establishment of a negative response to the experi- 
mental stimulus objects until several days after they could be seen by 
the birds suggests that these objects acquired negative valence as sign 
stimuli only after a period of visual learning. To test this hypothesis 
a few simple experiments were performed, designed to deprive nest- 
lings of the normal visual experiences of the nest environment during 
critical periods of development. 

In one experiment 12 young grackles were withdrawn from their 
nests just before the attainment of pattern vision at 150 hours of age, 
isolated individually in sinall, solid-walled, open-topped boxes in the 
laboratory and hand fed for one or two days. They were then returned 
to their nests and their responses to the test models compared with 
those of their undisturbed nest mates. 

The objective of a temporary deprivation of visual experience was, 
of course, not completely achieved in this crude experiment; rather, 
there was a substitution of an unnatural environmental situation (labo- 
ratory room with human attendant) for the natural, species character- 
istic situation (nest vicinity with pareutal attendants). The possible 
significance of specific features of the unnatural laborator 5, situation 
cannot be evaluated at this time. 

The results are presented in Figure 3. Although the data are rather 
meager, it is clear that the appearance of the crouching response was 
delayed by this procedure by an amount roughly comparable to the 
period of withdrawal. The effect was strikingly apparent in comparing 
the responses of experimentals and controls in the same nests; the 
intense crouching of the uormal birds to test objects in no way influ- 
enced the uninhibited gaping of their experimentally retarded nest 
mates. 

In the second experiment seven nestlings were blindfolded with a 
preparation of glue and lampblack, a procedure well tested in our 
laboratory on various other animals of comparable size. Blindfolded 
birds continued to gape to all mechanical stimuli at the uests. They 
were well fed and suffered no apparent injury or disturbance other 
than that of visual deprivation. 

Three birds kept blindfolded from about 60 to about 150 hours of 
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200 220 240 260 2so 3oo 

AGE IN HOURS I I ' I I I I 

WITHDRAWN (35) 

CONTROLS (137) 

Figure 3. The effect of an experimental interruption of normal nest 
experience (temporary removal from the nest) on the time of appearance 
of crouching reactions to morlels in young grackles. Gaping reactions are 
indicated by dots, crouching reactions by bars. 

age showed no delay in the appearance of the crouching response to 
strong jarring of the nest or, after removal of the blindfold, in the 
development of visual discrimination to test objects. Another bird. 
blindfolded from 150 to 275 hours of age, showed complete and normal 
optomotor response when tested tipon removal of the blindfold. The 
experimental procedure thus had no detectable effect on the maturation 
of the basic response equiplnent. 

Three nestlings blindfolded from 150 hours to 267-295 hours of age 
gaped strongly and unhesitatingly to the screech owl model upon re- 
moral of the mask, while their tintreated nest mates (controls), in 
striking contrast, crouched tensely on the nest floor. This gapin,<' 
response to the owl persisted even when these experhnental birds were 
removed from the nest and held in the hand. Discrimination developed 
rapidly, however, and two of these birds crouched to the owl model 
within 24 hours: the third continued to gape to the test models until 
it fledged the next day. 

These deprivation experiments, xvhile crude in several respects, sug'- 
g'est that the visual experience ordinarily obtained by nestling grackles 
in the natural nest environment may be necessary for the normal (level- 
opment of discrimination between parent hirds and other stilnulus 
objects that may appear at the nest rim. 

DISCUSSION 

The ability to distinguish natural enemies as specific sthnuh•s ob- 
jects for avoidance responses has been examined in various altricial 
birds by Nice and ter Pelkwyk (1941), Rand (1941), Kranler 
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and St..Paul (1951), Hinde (1954), and others; and attention has 
been called to a well-defined ability .by some species to discriminate 
between potentially injurious and harmless forms. Little attention, 
however, has been given to the early ontogeny of these discriminations 
and to the relative role of learned and unlearned contributions to their 

development. Crouching in the nest is a rather specialized form of 
avoidance behavior with a limited functional duration in the life of the 

bird. It does, however, bridge the important stage of development 
(luring which the motor and sensory mechanisms of avoidance are 
maturing, and displays in its later phases some clear evidence of object 
discrimination. Crouching, fnrthermore, possesses the essential ele- 
ments of motivation, stereotypy, and adaptiveness that characterize 
behavior patterns commonly referred to as instinctive. 

The observations and experiments described in this report indicate 
that individual experience played an important role in the development 
of early visual discriminations shown by nestling' grackles in their 
crouching responses. They suggest, furthermore, that the visual stimu- 
lus situations of the natural nest environment, and particularly those 
associated with the parent birds in their frequent visits with food, could 
provide the basis for development of the characteristic discrimination 
patterns displayed by advanced nesting grackles in nature. 

Two alternate explanations can be offered for the inhibitory effects 
of experience deprivation shown by our withdrawn and blindfolded 
birds: (1) a delay in the development of an ahility or readiness to 
respond to specifi• sign stimuli of innately determined releasin.7 signifi- 
cance or (2) an interference with the process of discrimination learning 
by blocking the input of sensory information. 

The first of these explanations cannot be properly evaluated at this 
time, since we do not yet have adequate data on the specifii:ity of the 
stinmlus object necessary to release the initial, visually determined, 
crouching responses. Knowing the ease with which nestlings of several 
other species will accept foster parents, however, we ten•l to douht that 
the implied specificity exists. 

We therefore favor the second explanation and the view that the 
crouching (avoidance) response of our grackle nestliu7s to certain 
visual stimulus objects was acquired only after several days of experi- 
ence with pattern vision had provided a basis for distinguishing the 
consistently rewarding stimulus object (the parent) from other 
(strange) objects. 2'hereafter, with a basis for re:ognizing strangeness 
in terms of lack of familiarity, the response to new objects as they were 
encountered tended to be negative until their positive or neutral nature 
had been established through experience. 
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This interpretation of our data on grackles differs from that of tra- 
ditional instinct theory in attributing the delay in visual avoidance 
responses to the insertion of a learning period in which the bird acquires 
a basis for distinguishing visually betxveen rewarding and nonrewarding 
stimulus objects. More work is obviously needed to clarify the sig- 
nificance of the first consistently rewarding stimulus object (the parent) 
in its functional relation with other objects on their first presentation. 
According to our interpretation, however, new or strange objects are 
responded to negatively only because they differ essentially from the 
one (or several) that have come to be accepted. All objects seem to be 
accepted (gaped to) by the nestling grackle until after the initial, visual 
learning period in which the basis for familiarity is established; there- 
after, all new o1' strange (unfamiliar) ol•jects elicit a negative response. 
Many authors (Nice, 1943; Kramer and von St. Paul, 1951) have 
noted the role of familiarity and strangeness in determiuing avian re- 
sponses; the view here presented merely adds the concept that strange- 
ness is relative and exists ouly in opposition to familiarity, a character- 
istic that nmst be acquired through experieuce. This theory shares 
elements with that of Hebb (1946) in whii:h fear (the motivational 
basis for avoidance behavior) is regarded as arising from the disruption 
of established behavior (neural) patterns. 

The uniformly consistent positive response of advanced nestling birds 
to the parent on the one hand, and the equally consistent negative 
response to a strange and potentially dangerous object, such as an o•vl, 
on the other, suggests a basic discrimination that one is tempted to 
regard as innate. The data obtained in this study, however, support 
a learned basis for the phenomenon in the Colinnon Grackle. The 
interpretation proposed recognizes a very geueral basis for avoidance 
response based on familiarity and strangeness as derived and elaborated 
in individual birds through experience. It is proposed that the stereo- 
typy and specificity of the stimulus selection patterns characteristic of 
advanced nestling birds may well be due to the basic stereotypy and 
specificity of the nest environment rather than to similarities of genetic 
constitution. 
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SUM MARY 

Nestlings of the Common Grackle in 2l nests at Madison, Wisconsin. 
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showed crouching (respouses) to mechanical stimuli well before the 
maturation of pattern vision, but did not crouch to visual stimuli until 
two or three days after pattern vision has been acquired. 

Experimental withdrawal of nestlings from their nests for one or 
two days produced a comparable delay in the acquisition of crouching 
responses to visual models. 

Temporary blindfolding of nestlings did not affect the maturation of 
crouching to mechanical stimuli or of the optomotor response to moving 
patterns. When extended into the visual discrimination period (after 
maturation of the optomotor response), however, it did postpone the 
onset of crouching to visual models. 

It is proposed that in graclde nestlings crouching- responses are given 
to visual stimuli only after a period of visual learning has provided a 
basis for discriminating between the consistently rewarding parent and 
other objects. 
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