
HI unit, grandchildren (L, M, N,  0 )  
were helpers for their grandfather's (B) 
nestlings as well as for their cousins and 
half-sibs. Other relationships not found 
in nuclear families were also found, such 
as cousins, aunts, uncles, nieces, and 
nephews (units HI, BY, and UC in Fig. 
1). 

In 1979 the average relatedness of unit 
members to the nestlings in their units 
was low compared to that of singular- 
breeding species (10). It varied from 0.08 
to 0.34 (Table 1). When parents of the 
nestlings concerned are excluded, the 
relatedness values ranged from 0 to 0.28. 
The values are low for several reasons. 
We have mentioned the presence of 
third-generation relatives and others 
more distant than the nuclear family, but 
perhaps the main cause is the typical 
presence of immigrants as breeders. In 
the six units, across 6 years, about 30 of 
41 male breeders and 30 of 39 female 
breeders were immigrants. A third factor 
is the rarity of yearling full-sibs because 
of the underrepresentation of the 1978 
class in 1979. 

Communal birds, in addition to serv- 
ing as nest helpers, also benefit their unit 
by calling alarm and harrassing preda- 
tors. Therefore, it is appropriate to con- 
sider the relatedness of unit members ex- 
clusive of nestlings (Table 1). Again, av- 
erage relatedness is low, ranging from 
0.02 in the RC unit to 0.22 in the SW 
unit. In this case there are many more 
full-sib and parent-offspring relation- 
ships (see columns for relatedness = 112 
in Table 1) than with nestlings included, 
but their effect on the averages is re- 
duced by the immigrants. 

The variability in average intraunit 
relatedness is striking (11). The two ex- 
tremes are the SW unit, with high relat- 
edness, and the RC unit, with low relat- 
edness. The principal origin of these dif- 
ferences is the frequency of immigration: 
there are many immigrants in the RC unit 
but few in the SW unit. Conversely, 
many of the members of the SW unit 
were hatched in the same unit, reflecting 
the generally higher rate of reproductive 
success in this unit over the years. 

The relatively low relatedness in social 
units of Mexican jays suggests that the 
indirect component (12) of inclusive fit- 
ness (3) might be less important in the 
evolution of communal breeding in jays 
than previously hypothesized (4). How- 
ever, the low relatedness might be par- 
tially offset by three factors. First, indi- 
viduals might choose to aid recipients 
that are more closely related than the av- 
erage (13). Second, the number of re- 
lated recipients in a unit is often larger 
than in nuclear families. In trait groups 

Fig. 1. Genealogies of the six social units of 
Mexican jays. All individuals present in May 
1979 are indicated by symbols with solid lines. 
Selected ancestors no longer alive or in anoth- 
er unit are indicated by dashed symbols. Sym- 
bols: (0) male, (0) female, (0) sex unknown, 
(o) nest with young, (@) immigrant, (+) pres- 
ent at  start of study (1971), ancestry un- 
known, and (x )  in neighboring unit. 

the intensity of selection for alarm-call- 
ing and territorial defense increases in 
direct proportion to the number of re- 
cipients carrying the gene in question (14). 
Third, reproductive success might be 
above average in units with higher re- 
latedness (13). 

Our estimates of relatedness do not 
take into account the general level of in- 
breeding in the population, which, in the 
absence of pure outbreeding, must be 
greater than zero. However, since we 
have not yet discovered any inbred off- 
spring. we defer consideration of the ef- 
fects of inbreeding. Another factor 
whose significance cannot yet be eval- 

uated is the degree of relatedness be- 
tween neighboring units. Some members 
of the BY, HI, and UC units came from 
the SW unit (Fig. 1) and were related to 
members of the SW unit in 1979. 
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Hemispheric Specialization for Language Processes 

Although ". . . in studies of dichotic 
listening, the superior performance of 
the right ear has been explained as a re- 
flection of the left cerebral hemisphere's 
subserving linguistic abilities" (1, p. 
1380), shifts in the degree of right ear su- 
periority, with variations in the acoustic 
structure of competing syllables, cannot 
be safely interpreted as reflecting shifts 
in the degree of left hemisphere engage- 
ment. This limitation exists because an 
ear advantage in dichotic listening is not 
a simple index of hemispheric special- 
ization. 

Two conditions are necessary for an 
ear advantage: (i) hemispheric special- 
ization, and (ii) some degree of ipsilateral 
loss. Ipsilateral loss has been attributed 
either to suppression of the ipsilateral 
signal because of the greater number of 
contralateral fibers (2) or to attentional 
mechanisms associated with spatial ori- 
entation toward the side contralateral to 
the activated hemisphere (3). 

Either or both of these mechanisms 
are compatible with repeated demonstra- 
tions that the magnitude of the right ear 
advantage (REA) for dichotically pre- 
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sented speech signals may be significant- 
ly increased by embedding both signals 
in noise (4), by reducing their duration 
(5), by selective filtering (6), by reducing 
the spectral distance between competing 
signals (5), by increasing the relative in- 
tensity of the right ear signal (6, 7), by 
delaying the onset of the right ear signal 
relative to that of the left (8),  and by vari- 
ously manipulating the acoustic struc- 
ture of synthetic syllables (9). Thus, the 
manipulation of transition duration by 
Schwartz and Tallal was simply one of 
a class of acoustic manipulations that 
seem to affect the relative discrimina- 
bility of contralateral and ipsilateral rep- 
resentations in the left hemisphere. Un- 
certainty as to whether variations in 
REA should be attributed to variations in 
degree of lateralization, degree of ipsila- 
teral loss, or both, is one reason the early 
promise of dichotic listening as a means 
of unraveling the processes of speech 
perception has not been fulfilled (10). 

Finally, relatively slow changes in 
spectral structure-as in diphthongs, 
semivowels, liquids, and fricative transi- 
tions-are no less ". . . critical for the 
processing of fluent speech . . ." than 
the ". . . rapidly changing acoustic 
events . . ." (I ,  p. 1381) of stop con- 
sonant transitions. It would be odd, in- 
deed, if the neural structures for process- 
ing speech had been reared on a capacity 
for handling a class of events that ac- 
counts for perhaps no more than one- 
fifth of a typical utterance (I I). 
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The claim that ear advantage in dichot- 
ic listening may not be solely an index of 
hemispheric specialization, but also may 
reflect degree of ipsilateral suppression, 
is a reasonable concern that would bear 
on the interpretation of all dichotic stud- 
ies. 

However, Studdert-Kennedy et al. 
have themselves concluded that "inhibi- 
tion of the ipsilateral signal under dichot- 
ic stimulation occurs not in the pathway 
to the cerebral hemispheres, but after 
central auditory analvsis, either at the 
auditory-phonetic interfacing or during 
phonetic analysis" ( I ,  p. 465). Thus, 
rather than limit the promise of dichotic 
listening as a means of unraveling the 
processes of speech perception, careful 
investigation of conditions influencing 
both ipsilateral suppression and hemi- 
spheric specialization have enhanced our 
understanding of the neural mechanisms 
involved in speech perception. The re- 
sults of our study (2), which demon- 
strated that the rate of acoustic change, 
rather than the linguistic nature of the 
stimuli, may underlie the right ear advan- 
tage (REA) for speech perception is only 
one of many examples of how the dichot- 
ic listening paradigm has been used to 
enhance our understanding of the central 
mechanisms involved in speech per- 
ception. 

An entire body of literature supports 
the claim that stimuli incorporating rap- 
idly changing spectra are more critical 
for the processing of speech (are more 
highly encoded and perceived more cate- 
gorically and produce larger REA's) than 
those characterized by relatively slow 
changes in spectral structure (3, 4). Lib- 
erman et al. stated that "the second for- 
mant transition is a major cue for all the 
consonants except, perhaps, the frica- 
tives 1st and 151, and is probably the 

single most important carrier of linguistic 
information in the speech signal" (4, p. 
434). It is precisely for this reason that 
we chose to manipulate (extend) this par- 
ticular acoustic cue in our study (2). Fur- 
thermore, recent studies demonstrate 
why the analysis of rapidly changing 
spectral patterns may play such an im- 
portant role in speech perception. While 
the first function of transitions is to carry 
phonemic information, and the second is 
to carry it by parallel transmission, a 
third and critical function is to bind to- 
gether phonemic segments so that, at 
rapid transmission rates, the temporal 
order of speech may be preserved (5). 
Thus, these functions, rather than ac- 
count for only one-fifth of an utterance, 
as suggested by Studdert-Kennedy and 
Shankweiler, would play a critical role in 
the segmentation and sequencing of the 
entire speech stream. 

Finally, there is considerable neu- 
rophysiological evidence from animal 
studies that there exist special neural 
mechanisms for processing ecologically 
salient, albeit rare, events (6). Thus, fre- 
quency of occurrence does not seem to 
be either a necessary or sufficient ex- 
planation for the evolutionary develop- 
ment of neural structures. 
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