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about the performer's behavioral state. 

Male and female carib grackles, Quis- 
calus lugubris, perform a complex coordi- 
nation, the song-spread display, both when 

courting the opposite sex and when near ri- 
vals of the performer's own sex. Early 
ethologists recognized the importance of 
such discrete classes of actions in the social 
behavior of many animals. These action 

patterns sometimes attain surprising de- 

grees of stereotypy in repeated perform- 
ances by one individual or within a popu- 
lation, although most vary substantially in 
both respects (1-3). Because many of these 
discrete action patterns serve primarily for 
communication with social partners, the 
variation or stereotypy in displays requires 
examination in the framework of the spe- 
cies' requirements for social communica- 
tion. 

The information available to social part- 
ners will depend in part on the variability 
of an action pattern and on the covariation 
of its elements with the performer's behav- 
ioral tendencies, as indicated by the social 
circumstances or by preceding and follow- 

ing actions (4). This report, a multivari- 
ate analysis of a communicatory display, 
documents for the first time an action pat- 
tern with independently varying com- 

ponents, each associated with different so- 
cial contexts. This evidence suggests that 

patterns of variation in this display in- 
crease the information available about the 
performer's behavioral state. 

The carib grackle's song-spread display, 
probably homologous with similar displays 
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of the mean square field of the response to the 
mean square field obtained on noise trials is equiv- 
alent to the F ratio of classical statistics. For these 
figures, 500 sweeps at twice the stimulus period, 
used in signal averaging, correspond to 500 degrees 
of freedom; therefore F > 1.2 has a probability 
P < .01 of occurring if only noise is present. Re- 
sponses with a power greater than 65 are consid- 
ered highly significant. 
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of related species, such as the familiar 
common grackle, Q. quiscula (5), involves 
synchronized movements of all of the ani- 
mal's extremities. It comprises at least 
eight motor elements (Fig. 1): (i) a vocal- 
ization, (ii) dorsad rotation of the cranium 
so that the beak is lifted, (iii) elevation and 
slight extension of the wings, (iv) rapid 
fluttering of the wings in periodic bouts, (v) 
dorsad rotation of the deeply keeled tail so 
that the outer edges of the tail slightly pass 
vertical, (vi) alternating extension and flex- 
ion of the legs to impart a bouncing motion 
to the body, (vii) irregular movements of 
the gray nictitating membrane across the 
yellow iris, and (viii) partial erection of the 
ventral and anterior contour plumage. The 
last seven components all vary consid- 

erably from performance to performance 
by the same individual, to the extent that 

Fig. 1. Male carib grackle performs a song- 
spread display (left) while facing another male 
in a weak version of the bill-up display (right). 
Photographed at Fundo Pecuario Masaguaral, 
Guairico, Venezuela. 
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this variation greatly exceeds any consist- 
ent differences between individuals. The 
observations reported here pertain to per- 
formances by a number of individuals in 
one nesting colony. The position of the tail 
during the display varied considerably less 
than did the orientation of the beak and 
the movements of the wings. Conse- 
quently, the following discussion primar- 
ily deals with variation in the elevation of 
the beak and wings. Females performed 
song spreads much less frequently than did 
males. 

For these studies I observed male and fe- 
male grackles from distances of 5 to 10 m 
while they displayed on the low branches 
of an isolated tree used by the grackles for 
nesting. The study was conducted 3 km 
west of Arima, Trinidad, West Indies, in 
July 1971. For every song spread observed 
in clear view during hour-long watches, I 
systematically dictated the performer's 
sex, the maximum wing elevation (in inter- 
vals of 15? above the resting position), the 
maximum beak elevation (in intervals of 
10? with respect to horizontal), the per- 
former's social context (whether a male, a 
female, or no other bird was less than 1 m 
away), and temporal context (whether or 
not the bird performed bill-up displays, in- 
dicative of aggressive tendencies, immedi- 
ately before or after the song spread). I 
was close enough to the displaying 
grackles to see the movements of the beak 
and wings clearly. In any one minute, I re- 
corded data only once from the same indi- 
vidual. 

These observations allowed me to deter- 
mine the frequencies with which each sex 

performed song-spread displays with dif- 
ferent combinations of beak elevation, 
wing elevation, social context, and tempor- 
al context. Because the extremes of either 
beak or wing elevation occurred relatively 
infrequently, for the following analyses I 
condensed each of these parameters into 
two classes, higher and lower elevations, 
divided as near the median as possible (6). 
The complete data for song-spread dis- 

plays by each sex thus constituted a contin- 
gency table in four dimensions: beak and 

wing elevation (each with two categories), 
social context (with three categories), and 
temporal context (with two categories). 

To test for associations among beak ele- 
vation, wing elevation, and social context 
in males' displays, I required a non- 

parametric analysis of independence for 
the corresponding three-dimensional (2 by 
2 by 3) matrix, for which the G statistic 

provides an appropriate procedure (7). A 
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three-way analysis with the G statistic es- 
tablished, with negligible chance of error, 
that these three variables lacked joint inde- 

pendence (Table 1). The levels of both 
beak and wing elevation depend strongly 
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Multidimensional Variation in an Avian Display: 

Implications for Social Communication 

Abstract. An analysis of song-spread displays performed in social communication by 
carib grackles, Quiscalus lugubris, revealed that two components of this motor coordina- 
tion, beak elevation and wing elevation, varied independently. Variation in each depended 
strongly on the performer's social context, an indication that these components simulta- 
neously reflected different behavioral tendencies of the performer. Independent variation 
in the elements of a display can permit transmission of more information per display 
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on social context. These two elements of 
the song-spread display, however, varied 
independently, regardless of social context. 

The data reveal that elevation of the 
beak is more prominent when a displaying 
male is near another male, while elevation 
of the wings is more prominent when a.dis- 
playing male is near a female. Higher ele- 
vation of the beak, owing to its similarity 
in form to the bill-up display, probably re- 
flects stronger agonistic tendencies in 
males, and thus beak elevation is under- 
standably more pronounced when males 
are close together. 

Two-way comparisons of social contexts 
(Table 2) showed that the distribution of 
beak angles was similar when males per- 
formed near females or alone. Hence the 
higher beak elevations near other males 
evidently resulted from elicitation of this 
variant by nearby males, rather than inhi- 
bition of beak elevation by nearby females. 
Similarly, the distribution of wing angles 
was similar when the male performed near 
a male or alone. Evidently, higher wing ele- 
vation was evoked by proximity to a fe- 
male, rather than inhibited by proximity to 
another male. 

The occurrence of bill-up displays short- 
ly before or after the song-spread display 
was associated with higher beak elevations 
during song spread, although this trend 
reached statistical significance only when 
the male displayed alone or near a female 
(G = 4.40, P < .05, N = 60). Males dis- 
playing near other males evidently raised 
their beaks, regardless of whether they per- 
formed agonistic displays such as the bill- 
up (G = 0.74, P > .3, N = 55). The oc- 
currence of bill-up displays had no signifi- 
cant influence on wing elevation during 
song spreads (G = 2.02, P > .1, N = 115). 
When the performer was near a female, 
there was a trend toward reduced wing ele- 
vation in song spreads associated with bill- 
up displays, but these displays occurred so 
infrequently in this social context that reli- 
able conclusions are not possible. 

My data on song spreads performed by 
females when alone show that their beak 
elevations, but not wing elevations, were 
significantly higher than in displays per- 
formed by males alone. I observed too few 
displays by females in other social contexts 
to allow analysis, although my few obser- 
vations suggest that elevation of the beak 
was even higher when the female performs 
near a male. The female precopulatory dis- 
play in many passerine birds involves dor- 
sad rotation of the cranium, so that in- 
creased beak elevation in female song- 
spread displays might indicate increased 
sexual tendencies. Beak elevation thus 
might indicate different behavioral tenden- 
cies in males and females. 

This study has revealed that the song- 
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Table 1. Three-way analysis of independence of beak elevation (BE), wing elevation (WE), and social 
context (SC) in song-spread displays by males (N = 115); d.f., degrees of freedom. 

Variables Test G d.f. P 

BE x WE x SC Independence 25.84 6 < .001 
BE x WE Independence 0.40 1 > .5 
BE x SC Independence 12.80 2 < .01 
WE x SC Independence 9.93 2 < .01 
BE x WE x SC Interaction 2.70 3 >.2 

Table 2. Comparison of social contexts, taken two at a time, for differences in beak angles and 
wing angles in song-spread displays by males. Each G statistic is for a 2 by 2 contingency table for 
two social contexts and two classes of beak or wing elevation. 

Beak angle Wing angle 

Null hypothesis P G N Null hypothesis P G N 

Near female = alone > .5 0.36 60 Near male = alone > .8 0.02 89 
Near male = near female < .01 9.64 81 Near female = near male < .02 6.10 81 
Near male = alone < .01 7.24 89 Near female = alone < .05 4.42 60 

spread display is a unitary coordination 
only in the sense that certain classes of 
movements of the extremities are triggered 
nearly simultaneously. Once triggered, the 
beak and wing movements, at least, require 
separate control. 

The separate associations of each ele- 
ment with distinct social and temporal 
contexts suggest that they vary with differ- 
ent behavioral tendencies of the displaying 
male. It has been suggested that the ele- 
ments of certain action patterns might cor- 
relate with different behavioral tendencies 
of the performer, for example, tendencies 
to escape, attack, or perform sexual behav- 
ior (3, 8). In any one context, such tenden- 
cies, or elements that reflect them, are not 
necessarily independent variables. How- 
ever, displays that include independently 
varying elements have the potential for 
conveying more information about the ani- 
mal's behavioral state than do those with 
covarying elements. 

The information in a display about the 
performer's behavioral tendencies depends 
on the multivariate frequency distribution 
of individuals' behavioral tendencies in a 
specified context and on their combination 
in controlling each component of the dis- 
play. A display with two components, for 
instance, includes maximum information 
about the performer's tendencies in a par- 
ticular context when the components re- 
flect those orthogonal combinations asso- 
ciated with most of the variance. Whenever 
natural selection favors signals with maxi- 
mum information about behavioral ten- 
dencies, we might thus expect the elements 
of communicatory displays to have low 
covariation. In other situations, natural se- 
lection might favor redundant signals, with 
covarying components, to minimize errors 
in communication, even at the expense of 
encoding less information at one time 
about at least some of the signaler's behav- 
ioral tendencies. Previous studies have pro- 

vided a few examples of both sorts of vari- 
ation in communicatory displays (2, 3). 
The present study is the first to document a 
display with independent variation of two 
components and to provide initial evidence 
that these components reflect different be- 
havioral states of the signaler. 

R. HAVEN WILEY 

Department of Zoology, University of 
North Carolina, Chapel Hill 27514 
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