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Sex Ratio Manipulation and Selection for Attractiveness 

Abstract. Laboratory experiments performed on a monogamous estrildid, the ze- 
brajinch (Poephila guttata), indicate that sex ratio of offspring is affected by non- 
genetic markers (colored plastic leg bands) that vary in attractiveness to birds. Re- 
sults suggest that natural selection favors individuals that produce offspring of the 
sex of the more attractive parent within a breeding pair. 

Trivers and Willard (1) advanced the 
provocative hypothesis that natural se- 
lection favors parental control over the 
sex of offspring, but empirical support 
for their idea is limited (2). I now report 
that the sex ratio of progeny is affected 
by nongenetic (human-made) "attrac- 
tive" traits in a social estrildid, the zebra 
finch (Poephila guttata). 

Zebra finches are nomadic opportun- 
istic breeders that reach sexual maturity 
quickly (3) and form long-term pair 
bonds (4). They are principally graniv- 
orous and breed in loose colonies of vari- 
able size (5). Both sexes contribute to 
all phases of offspring care. Size dimor- 
phism is slight, but plumage dimorphism 
is striking, with males much more color- 
ful than females. 

Experiments have indicated that zebra 
finches are sensitive to the color of plas- 
tic leg bands worn by opposite sex con- 
species (6). To measure preferences for 
bands, individuals are permitted to perch 
next to any of four birds, three of which 
wear color bands, while the fourth is un- 
banded. Preference is measured as rela- 
tive time spent with each bird during a 
30-minute test interval. In an experiment 
in which males had red (R), orange (O), 
or light green (g) bands, females perched 
most often in view of R males and least 
often in view of g males. In a sequence in 
which females had black (Bl), pink (P), 
or light blue (b) bands, males preferred 
to perch in view of B1 and P and spent 
least time perching near b females. Thus 
B1, P, and R are attractive colors (pre- 
ferred to bandless) to at least one sex, 
whereas b and g are unattractive (band- 
less preferred). The natural leg color is 
orange. 

To determine whether band color in- 
fluences reproductive success, I released 
30 adults of each sex into an aviary (8 by 
5 by 2 m) containing abundant food and 
nesting sites. Ten females each were 
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banded B1 (attractive), b (unattractive), 
and 0 (intermediate). Ten males each 
were banded R (attractive), g (unattrac- 
tive), and 0 (intermediate). Birds were 
permitted to select mates and reproduce 
freely. Data were collected on the repro- 
ductive patterns of each color type. 

The nine possible pair combinations 
produced 125 offspring that reached sex- 
ual maturity between December 1979 
and July 1980 (7). Mortality during the 
interval between fledgling and molting 
into adult plumage was about 6 percent, 
so the figures presented below approxi- 
mate relative parental investment and 
secondary sex ratios. 

By 1 January 1980, 49 offspring had 
hatched that survived to adulthood. Of 
these, 29 were fathered by R males 
(x2 = 17.8, P < .005), and 36 had 0 
mothers (x2 = 36.6, P < .005). This 
trend continued through July, so that, 
overall, R males and 0 females achieved 
disproportionate reproduction (Table 1) 
(male x2 = 8.9, P < .05; female 
x2 = 26.9, P < .005) (8). 

Sex ratio varied according to pair com- 
bination (Table 1). Attractive (Bl) fe- 
males that were mated with less attrac- 
tive 0 and g males produced a lower 
fraction of male offspring than did attrac- 
tive (R) males mated with less attractive 
( 0  and b) females (6 males, 11 females 
versus 30 males, 16 females; P = .03 by 
the Fisher exact test) (Table 1). This 

trend is more-striking when only the ex- 
tremes are considered (g males with B1 
females versus R males with b females; 
P = .003). Overall, R males produced a 
higher proportion of sons than g males 
(P = .03), and B1 females produced a 
higher proportion of daughters than b 
females (P = .007). Thus, individuals 
wearing colors that were found to be at- 
tractive in preference experiments were 
more likely to produce offspring of that 
sex than were those judged unattractive. 
Pairs with traits of similar attractive- 
ness produced a balanced sex ratio (Ta- 
ble 1). 

A determination of the overall associa- 
tion between disparity in attractiveness 
within pairs and sex ratio of the clutches 
produced was made with a rank-order 
correlation test (9), performed by rank- 
ing individuals from 1 (unattractive) to 3 
(attractive). For each pair, the female's 
rank was then subtracted from the 
male's, with resulting pair rankings that 
varied from + 2(R X b) through -2(g x 
Bl). The correlation between this mea- 
sure and the sex ratio for all clutches is 
significant (gamma = .334; P = .03 by a 
two-tailed test) and reinforces the con- 
clusion that birds adjust the sex ratio to 
reflect differences in attractiveness with- 
in pairs. At present the mechanism of 
sex ratio manipulation is unknown, but 
observations suggest that adults may 
recognize the sex of young shortly after 
hatching. 

These results suggest that epigamic se- 
lection (mate choice) (10, l l )  has con- 
tributed to the evolution of dimorphism 
in zebra finches, but they do not exclude 
the possibilities that intrasexual com- 
petition (1 0 ,  12) and ecological special- 
ization (13) by the sexes have also oc- 
curred. A possible function of prefer- 
ences for attractive traits is enhanced 
confidence of appropriate mate selection 
when related species occur sympat- 
rically (14). Zebra finches breed in sev- 
eral habitats and have by far the widest 
distribution of any Australian estrildid 
(15). The array of species encountered 
by individuals is variable and somewhat 
unpredictable (16). 

Quantitative models of the evolution 

Table 1. Number of offspring of each pair combination to reach maturity by 30 June 1980. Band 
colors: R, red; 0, orange; g, light green; Bl, black; and b, light blue. 

Male parent 

Female parent R (attractive) 0 g (unattractive) 

Male Female Male Female Male Female 

Bl (attractive) 5 6 5 3 1 8 
0 21 14 4 4 13 13 
b (unattractive) 9 2 9 6 1 1 
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of dimorphism through epigamic selec- 
tion assume that offspring inherit attrac- 
tive traits in Mendelian proportions (17). 
So, for example, one-quarter of all off- 
spring of a male that is heterozygous for 
a dominant attractive allele with sex-lim- 
ited expression displays the father's 
trait. However, if individuals are able to 
practice facultative sex ratio manipula- 
tion, a larger fraction of the progeny of 
attractive individuals will display the at- 
tractive trait and enjoy enhanced mate- 
getting abilities. One effect of this pro- 
cess should be that the rate of evolution 
of sexually selected traits is accelerated. 

Patterns of sex ratio manipulation for 
attractiveness probably vary among mat- 
ing systems and as a function of the ge- 
netics of inheritance of attractive traits. 
In promiscuous and moderately polyg- 
ynous mating systems, females may ben- 
efit from biasing their offspring's sex as 
a reflection of their mate's attractive- 
ness. In monogamous or somewhat po- 
lygamous mating systems, where males 
as well as females exert selectivity of 
mates, the attractiveness of both part- 
ners may be important, thus complicat- 
ing the problem of optimal production. 
For example, while it may be relatively 
clear that an unattractive female mated 
to an attractive male should produce an 
excess of sons, it is less evident, a priori, 
what two attractive individuals should 
produce. If males' reproductive opportu- 
nities are more affected by attractiveness 
than are females', then (i) it may benefit 
females mated to attractive males to pro- 
duce sons regardless of their own attrac- 
tiveness, and (ii) it may be less advanta- 
geous for males to reproduce with attrac- 
tive individuals. The latter possibility is 
supported by data indicating that attrac- 
tive males have a reproductive advan- 
tage over other males, whereas attrac- 
tive females have fewer offspring than fe- 
males of intermediate attractiveness 
(Table 1). Under these circumstances se- 
lection for attractiveness in females 
should be more constrained, and female 
attractiveness should evolve more slow- 
ly. 

These results indicate that birds can 
respond to novel nongenetic traits. Pre- 
sumably they would display a similar ca- 
pacity if mutations altered leg coloration 
or other aspects of species appearance. 
Thus by manipulating artificial indices of 
attractiveness, it would seem possible to 
investigate behavioral processes that af- 
fect the evolution of species traits. 

NANCY BURLEY 
Department of Ecology, 
Ethology, and Evolution, 
University of Illinois, 
Urbana 61801 
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Neural Correlates of a Nonjammable Electrolocation System 

Abstract. The detection of objects by the electrosensory system of weakly electric 
fish is subject to electrical interference such as that produced by the electric organ 
discharges emitted by neighboring electric fish. Most electric Jish species have a 
behavioral reflex, the jamming avoidance response, which protects their elec- 
trolocation system againstjamming. Sternopygus is unique in that it has no jamming 
avoidance response, yet can electrolocate even in the presence of jamming. It ap- 
pears that Sternopygus protects electrolocation not by a behavioral strategy but by 
first-order central processing mechanisms that can distinguish between localized 
changes in the amplitudes of electric organ discharges caused by objects and large- 
field amplitude modulations caused by jamming. This mechanism acts as a local 
contrast detector and is functionally similar to the one used by retinal cells to re- 
spond to local contrast in light but not to overall changes in illumination. 

Weakly electric fish (Gymnotiformes 
and Mormyriformes) perceive objects in 
their immediate surroundings by emit- 
ting electric signals and evaluating small 
distortions of these signals as they are 
bent by objects. The emission of electric 
organ discharges (EOD's) generates an 
electric field around the animal. Elec- 
troreceptors, the primary sensory organs 
of the electrosensory system, detect ob- 
jects as a local change in the amplitude of 
the electric field. Any extraneous signals 
that can distort the electric field (includ- 
ing EOD's emitted by a neighbor) can 
therefore alter the amplitude modula- 
tions caused by objects and "jam" elec- 
trolocation. Various behavioral modifi- 
cations minimize this interference. The 
most studied is the jamming avoidance 
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response (JAR), in which a fish shifts the 
frequency of its electrolocating signal to 
maximize the difference between it and 
the jamming frequency (1). Since the 
JAR protects an individual's elec- 
trolocation against interference by its 
neighbors, it is not surprising to find that 
it is a widespread behavior within the 
weakly electric fish. With the exception 
of the gymnotiform Sternopygus , all 
weakly electric fish so far tested demon- 
strate JAR's (2). 

Behavioral experiments have shown 
that, even without JAR's, Sternopygus 
can electrolocate even in the presence of 
unnaturally strong jamming stimuli (3). 
In contrast, electrolocation in all other 
species tested, including the Eigen- 
mannia spp, studied here for com- 

SCIENCE, VOL. 211, 13 FEBRUARY 1981 




