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rare. 

True communal nesting, in which 
more than one female regularly lays eggs 
in the same nest, is known from some ten 
species of birds (1). In none of these has 
either the genetic relatedness among 
such females or the consequences of 
communal nesting on amount of in- 
breeding been identified. We report such 
data for the acorn woodpecker. These 
data are difficult to gather and some of 
our sample sizes are small; but the re- 
sults bring out significant components of 
social dynamics acting to prevent in- 
breeding and needing attention in studies 
of all cooperative breeding birds. 

In California, the acorn woodpecker 
typically lives in permanently territorial 
family groups of 2 to 15 birds (2). Only a 
single nest is attended at any one time by 
a group, and most or all group members 
help to incubate and feed the young. Un- 
like many group-living species, either 
males or females may breed in their natal 
territory (3), thus apparently presenting 
unusually great opportunities for in- 
breeding among close relatives. 
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As part of a continuing long-term 
study of the social behavior of this spe- 
cies at the Hastings Natural History Res- 
ervation, we recorded intergroup trans- 
fers of marked birds and clutch size in 
relation to group composition (3). On the 
basis of the deposition of two eggs on 
each of one or more days in a nest (4), we 
found that two females were nesting to- 
gether in at least 3 of 27 group breeding 
efforts in which the nest was found be- 
fore hatching and two or more females 
were known to be members of the group. 
Evidence from clutches of groups with 
differing compositions permits an analy- 
sis of the restrictions placed on repro- 
duction by females and the conditions 
under which more than one female may 
lay eggs in a nest. Our results suggest 
that (i) large sets of eggs are the result of 
true communal nesting rather than intra- 
specific nest parasitism by females from 
outside the group, (ii) females do not 
breed in their natal group as long as their 
known or presumed father is still in the 
group, and (iii) communally nesting fe- 
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Table 1. Relatedness of acorn woodpeckers immigrating in unisexual units of either sex. 

Origin Number Number of 
of units individuals 

Siblings from the same group 8 (42 percent) 18 (40 percent) 
Birds from the same group, two of which were 3 (16 percent) 9 (20 percent) 

known siblings* 
Birds from the same group, one or none of which 7 (37 percent) 16 (36 percent) 

was known to have been born there* 
Birds from different groups 1 (5 percent) 2 (4 percent) 

Total 19 (100 percent) 45 (100 percent) 

*These units are also likely to have been siblings. 
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within which more than one female may lay eggs communally in a single nest. Com- 
munally nesting females are usually closely related and share evenly in nesting activ- 
ities. Although birds of either sex may breed in their natal territory, reproductive 
inhibition of offspring by the presence of their parent of the opposite sex and dis- 
persal by unisexual sibling units ensure that inbreeding between close relatives is 
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males often consist of siblings that emi- 
grate as a unit from their natal group or, 
less frequently, of a mother and daughter 
in groups where the father of the latter 
has been replaced from outside the 
group. 

The maximum number of eggs in nests 
of groups with only a single female is five 
(Fig. la), whereas the minimum number 
in clutches with more than one egg de- 
posited within a 24-hour period is six 
(Fig. lb) (5). There is no significant dif- 
ference (6) between the number of eggs 
found in nests of groups with one female 
(Fig. la) and those laid by groups (Fig. 
lc) containing both of the following: (i) 
one or more females born into the group 
and (ii) the presumed or actual parents of 
(i). Moreover, in five groups with one 
adult female only, to which was added a 
female group offspring in the following 
season without change of parents, there 
was no change in number of eggs laid 
(-1,0,0,0,+ 1 eggs; mean difference = 

0.0 egg). Thus female group offspring do 
not breed when their parents are present. 

Reproductive immaturity of young fe- 
males cannot account for this pattern. Of 
the 12 pertinent groups (Fig. Ic), four in- 
cluded second-year females that did not 
breed, even though females of this age 
can do so after having emigrated out of 
their natal group. Only rarely is a first- 
year female in a group without her par- 
ents, but in the one case documented 
during this study the first-year bird laid 
eggs. 

But the effect is more specific. Our 
evidence suggests that female group off- 
spring fail to breed as a result of the fa- 
ther's presence rather than that of the 
mother. We followed two groups con- 
sisting of a single adult female and one 
female group offspring but with the fa- 
ther of the latter previously replaced by 
immigrants. The completed nests of both 
groups contained seven eggs (Fig. Id), 
significantly greater than clutches known 
to have been laid by a single female (7), 
or by a single adult female plus one or 
more female offspring when the father 
was still present (8). A third relevant 
case occurred when a third-year female 
living on her natal territory who had not 
reproduced while her parents had been 
alive laid eggs alone after both her par- 
ents disappeared. This is the first evi- 
dence to suggest that reproductive inhi- 
bition in group-living birds may be medi- 
ated by genetic relatives of the opposite 
sex (9) rather than by intrasexual domi- 
nance hierarchies (10). 

Thus, only after the father has been re- 
placed can female group offspring breed 
in their natal territories. This may occur 
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and also result in communal nesting in 
two ways. First, a mother-daughter com- 
bination may result if the father dies and 
is replaced from outside the group (ob- 
served once). Second, loss of both par- 
ents of a female group offspring "re- 
leases" her to breed in her natal territory 
along with a newly immigrated, unre- 
lated female (observed once). More com- 
monly, communal nesting may result 
when two or more females immigrate to- 
gether and replace the former breeding 
female in another group. The number of 
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Fig. 1. Number of eggs laid in the completed 
nests of groups with differing compositions. 
(a) One female only in the group. (b) Nests in 
which two eggs were deposited within a 24- 
hour period on one or more days. (c) Groups 
containing an adult female, one or more fe- 
male group offspring, and the presumed or 
known father of the offspring. (d) Groups with 
an adult female and one female group off- 
spring whose father was no longer in the 
group. (e) Groups containing two female im- 
migrants. 

eggs laid in groups containing immigrant 
pairs of females averages 6.8 (Fig. le), 
significantly larger than and not over- 
lapping with the number laid by single fe- 
males (11). In four of these five cases, 
the two females were known or likely to 
have been siblings. 

The circumstances under which more 
than one female breeds in a group are 
thus predictable on the basis of group 
composition and history. In addition, in 
no instance was any overt sign of com- 
petition observed between communally 
nesting females, who in one intensively 
watched case cooperated nearly evenly 
in incubation and feeding of young. 
Thus, true communal nesting, rather 
than intraspecific nest parasitism (12), 
best describes this phenomenon. 

When all available data are used, the 
frequency of communal nesting can be 
estimated. Of 42 nests discovered during 
incubation between 1975 and 1978, 11 (26 
percent) contained six or seven eggs. Of 
131 eggs sets of Californian acorn wood- 
peckers we examined in museum collec- 
tions, 48 (37 percent) contained six or 
more eggs; the most eggs found in any 
set was 13. Thus, on the average in any 1 
year, 26 to 37 percent of all nests are the 
product of two or more females and at 
least 41 to 54 percent of all breeding fe- 
males nest communally. 

In addition to reproductive inhibition 
of offspring in their natal territory by par- 
ents of the opposite sex, the probability 
of inbreeding in the acorn woodpecker 
is further reduced because intergroup 
transfer, although frequently done by 
groups, is always by unisexual units of 
either sex. Male units average 1.7 indi- 
viduals (range 1 to 4), whereas female 
units average 1.3 individuals (range 1 to 
2). Sixty-five percent of males (N = 65) 
and 50 percent of females (N = 48) immi- 
grate in the company of at least one other 
individual of the same sex. These units 
are nearly always composed of siblings 
(whether full or half is usually unknown) 
born in the same group, though not al- 
ways in the same year. Among 19 immi- 
grating units of either sex and of known 
origin (Table 1), most were known or 
suspected to be composed entirely of 
siblings. 

Despite this high incidence of related- 
ness, the observed patterns of reproduc- 
tive inhibition and unisexual sibling dis- 
persal ensure that inbreeding is rare. 
Furthermore, it is significant that exo- 
gamy is not merely an automatic con- 
sequence of dispersal; instead, parent- 
offspring incest is actively avoided de- 
spite ample opportunity for it to occur. A 
set of three behavioral rules accounts for 
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this pattern: (i) If a female is in her natal 
group and a male who was reproduc- 
tively active when the female was born is 
still in the group, the female does not 
breed. (ii) Once a female disperses, she 
breeds. (iii) Birds disperse alone or in 
unisexual units only. 

That these rules may also be sufficient 
to account for the pattern of inbreeding 
avoidance is suggested by two types of 
rare anomalies which have led to pos- 
sible inbreeding. First, by rule (i) above 
group offspring are inhibited from repro- 
duction by their parent of the opposite 
sex. But siblings may inbreed if the par- 
ents of a bisexual set of offspring both 
die at about the same time (observed 
once). Second, by rules (ii) and (iii), the 
probability of relatives of both sexes 
moving to new groups and breeding to- 
gether outside their natal territory is re- 
duced. But, individuals of common 
group origin have been observed to im- 
migrate separately to the same group and 
subsequently to breed together (ob- 
served twice). A mating between siblings 
is presumably as deleterious as that of 
parent-offspring incest (both result in an 
equivalent degree of inbreeding). How- 
ever, the conditions leading to the 
former are apparently so unusual that no 
mechanism has evolved to avoid it on the 
rare occasions when the opportunity 
arises. 

Another consequence of the acorn 
woodpecker's mating system is that 
group offspring are frequently not full 
siblings, even when all have fledged from 
the same nest. This will be the case 
whenever communal nesting occurs, 
even if the females themselves are close- 
ly related. This diminution of relatedness 
between siblings will be further accentu- 
ated if more than one male breeds in a 
group. Such promiscuity within groups 
means that nonbreeding nest helpers 
(group offspring still in their natal group) 
are less closely related to subsequent 
siblings whom they help to feed than a 
hypothetical helper in a permanently ter- 
ritorial monogamous species, where sib- 
lings more often share both parents even 
when born in successive broods (13). 
Similarly, individuals in unisexual sibling 
units of the acorn woodpecker who im- 
migrate together and ultimately nest 
communally are likely to share fewer of 
their genes than siblings in monogamous 
societies. Thus, our data reveal mecha- 
nisms that lower the genetic relatedness 
between cooperating individuals by pro- 
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group offspring are inhibited from repro- 
duction by their parent of the opposite 
sex. But siblings may inbreed if the par- 
ents of a bisexual set of offspring both 
die at about the same time (observed 
once). Second, by rules (ii) and (iii), the 
probability of relatives of both sexes 
moving to new groups and breeding to- 
gether outside their natal territory is re- 
duced. But, individuals of common 
group origin have been observed to im- 
migrate separately to the same group and 
subsequently to breed together (ob- 
served twice). A mating between siblings 
is presumably as deleterious as that of 
parent-offspring incest (both result in an 
equivalent degree of inbreeding). How- 
ever, the conditions leading to the 
former are apparently so unusual that no 
mechanism has evolved to avoid it on the 
rare occasions when the opportunity 
arises. 

Another consequence of the acorn 
woodpecker's mating system is that 
group offspring are frequently not full 
siblings, even when all have fledged from 
the same nest. This will be the case 
whenever communal nesting occurs, 
even if the females themselves are close- 
ly related. This diminution of relatedness 
between siblings will be further accentu- 
ated if more than one male breeds in a 
group. Such promiscuity within groups 
means that nonbreeding nest helpers 
(group offspring still in their natal group) 
are less closely related to subsequent 
siblings whom they help to feed than a 
hypothetical helper in a permanently ter- 
ritorial monogamous species, where sib- 
lings more often share both parents even 
when born in successive broods (13). 
Similarly, individuals in unisexual sibling 
units of the acorn woodpecker who im- 
migrate together and ultimately nest 
communally are likely to share fewer of 
their genes than siblings in monogamous 
societies. Thus, our data reveal mecha- 
nisms that lower the genetic relatedness 
between cooperating individuals by pro- 
moting multiple parentage of nest help- 
ers, a phenomenon not previously pre- 
dicted to occur among cooperative 
breeders (14). 
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These results support the findings of 
others in pointing out some of the com- 
plexities underlying social organizations 
that superficially seem to entail consid- 
erably reduced gene flow and low ef- 
fective population sizes (15). In the case 
of the acorn woodpecker, the apparent 
stability of family groups is deceiving; 
specific behavioral mechanisms, detect- 
able only in long-term study of banded 
individuals, act to reduce inbreeding. 
Genetic heterogeneity within social units 
is thus maintained despite their commu- 
nality in nesting. 
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Many sensory channels provide infor- 
mation about body orientation. Normal- 
ly, these representations are concordant 
and specify the same relations of the 
body to the environment. We describe 
here the dynamic sensory interactions 
that determine apparent posture when 
the body is exposed to increases and de- 
creases in gravitoinertial force while hor- 
izontal and being rotated about its long 
body axis, the Z axis. These observa- 
tions indicate that when touch and pres- 
sure stimulation and vision are denied 
during exposure to free fall, all sense of 
orientation to the environment may be 
lost. They also provide a basis for under- 
standing many of the postural and sen- 
sory illusions experienced by astronauts 
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and cosmonauts during orbital space 
flight. 

Several receptor systems transduce in- 
formation about acceleration. The semi- 
circular canals respond to angular accel- 
erations and are activated minimally or 
not at all when one is rotated at constant 
velocity about his horizontal Z axis. The 
otolith organs respond to linear accelera- 
tion and are dynamically active during 
horizontal Z-axis rotation under normal 
gravitational conditions, because they 
are being continually reoriented in rela- 
tion to the gravitoinertial force vector. 
The pressure on the surface of the body 
also changes systematically during rota- 
tion as a consequence of the contact 
forces of support provided by the me- 
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Parabolic Flight: Loss of Sense of Orientation 

Abstract. On the earth, or in level flight, a blindfolded subject being rotated at 
constant velocity about his recumbent long body axis experiences illusory orbital 
motion of his body in the opposite direction. By contrast, during comparable rotation 
in the free-fall phase of parabolic flight, no body motion is perceived and all sense of 
external orientation may be lost; when touch and pressure stimulation is applied to 
the body surface, a sense of orientation is reestablished immediately. The increased 
gravitoinertial force period of a parabola produces an exaggeration of the orbital 
motion experienced in level flight. These observations reveal an important influence 
of touch, pressure, and kinesthetic information on spatial orientation and provide a 
basis for understanding many of the postural illusions reported by astronauts in 
space flight. 
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