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Sex Ratios of Fledgling Golden Eagles 

GARY R. BORTOLOTTI 1 

Edwards et al. (1988) examined sex ratios of fledg- 
ling Golden Eagles (Aquila chrysaetos) over a 15-yr 
period in Idaho. Their analysis addressed potential 
deviations from a 1:1 sex ratio each year and for all 
years combined, and the potential relationship be- 
tween prey abundance and eagle sex ratios. The ratio- 
nale was that in times of food shortage brood reduc- 
tion commonly occurs; large siblings restrict access 
to food of small siblings. The relative size of nestling 
eagles, and hence the probability of siblicide, de- 
pends in part on each bird's sex (females are larger 
than males [Bortolotti 1984, Edwards and Kochert 
1986]) and order in the hatching sequence (Bortolotti 
1986a). Edwards and Collopy's (1983) measurements 
of nestlings, and Bortolotti's (1986b) more theoretical 
argument, both suggest that brood reduction in two- 
chick broods of Golden Eagles is most likely to occur 
when a female hatches before a male (F-M). There is 
less of a size difference between siblings for other 
combinations of sex and hatching sequence (M-F, F-F, 
M-M) (Bortolotti 1986). 

Edwards et al. (1988) stated correctly that the ß'ten- 
dency for the occurrence of siblicide in F-M broods 
should be manifest in population-level fledgling sex 
ratios." However, some statistical considerations cast 
doubt as to whether Edwards et al.'s analyses can test 
effectively sex ratios at the population level. 

In the original analysis, sample size was a major 
problem. The number of fledglings ranged from 4 to 
48 per year, and the number of broods varied between 
3 and 28 per year. Analysis of the sex ratio of each 
year's cohort was tested against a 1:1 ratio using nest- 
lings from broods of all sizes (Edwards et al. 1988: 
table 1). The hypothesis that brood reduction results 
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in an excess of females might have been better tested 
by examining broods with only a single fledgling. 
The sex ratio of one-chick broods should be biased, 
but that of two-chick broods should not. Limited sam- 

ple size may have been a problem for such an analysis; 
however, inclusion of broods in which no mortality 
from brood reduction has occurred makes matters 

worse. 

Consider the following possible, although extreme, 
example. All broods initially contain two offspring, 
and sex and hatching sequence are independent. All 
F-M broods experience brood reduction but mortality 
of nestlings in other broods is independent of sex. If 
such were the case, the population's true sex ratio 
would be 0.75 (male/female). In an analysis that lumps 
one- and two-chick broods, 0.75 is the most strongly 
female-biased sex ratio possible (excluding stochastic 
events), and is the easiest to test statistically. The min- 
imum sample size required to find a significant dif- 
ference between a ratio of I and 0.75 would be about 

193 birds (i.e. 4-28 times larger than the sample sizes 
tested by Edwards et al.). If single-chick broods re- 
suiting from the hatching of only one egg or from 
random sources of mortality unrelated to siblicide are 
included, as was presumably done by Edwards et al., 
the sex ratio increases and the analysis requires even 
larger samples. Therefore, a test of the sex-biased sib- 
licide hypothesis using sex ratios of cohorts requires 
a reanalysis, larger sample sizes, or both. 

Edwards et al. also tested the sex ratio of all years 
combined (n = 320 birds). This is a poor test of the 
hypothesis of sex-biased siblicide because mortality 
in F-M broods would be expected only in times of 
poor food resources (9 of the 15 years in their study). 
The sex ratio of the combined sample would be some 
unknown degree greater, presumably much greater, 
than 0.75. It may have been more profitable to ex- 
amine the distribution of the sexes in two-chick broods 
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(i.e. whether there was a less than expected number 
of mixed-sex versus single-sex broods [see Bortolotti 
1986b] in years of low food abundance). 

Edwards et al. (1988) present some interesting and 
provocative results: in particularß recognition of the 
coincidence in temporal patterns of prey abundance 
and sex ratios. However, sex ratios and prey numbers 
do not appear to coincide as closely as one might 
expect if brood reduction were the causal factor. In 
the first few years of study, prey abundance declinedß 
yet the proportion of males increased. Similarlyß in 
the last few yearsß prey numbers were low, yet the 
percentage of males was very high. A time-lag be- 
tween prey abundance and proportion of males may 
even be evident (see their fig. 1). 

The data presented by Edwards et al. (1988) allow 
additional statistical analyses. If a food shortage in- 
creased the frequency of brood reductionß then the 
mean brood size in low-food years should be less than 
in high-food years. A one-tailed Mann-Whitney U 
test of this is significant (U = 10.5, P < 0.05). Ac- 
cording to the sex-biased siblicide hypothesisß the 
percentage of males that fledge in the population 
should be inversely related to the average brood size. 
A Kendall rank correlation was nearly significant (r 
= 0.289ß P = 0.069ß one-tailed), offering weak support 
for the general conclusions in the original paper. 

One advantage of the previous analysis is that it 
does not require a prediction of what the sex ratio 
should be in the absence of siblicide. The assumption 
of a 1:1 sex ratio is problematic for Edwards et al. 
(1988) because their population has a disproportion- 
ate number of males. They propose that siblicide de- 
presses the male bias, but they do not offer an expla- 
nation for why the bias exists in the first place. The 

strongly skewed sex ratios could be artifacts of small 
samplesß or the result of a bias in assigning sex to 
fledglings on the basis of size (Edwards and Kocheft 
1986). It seems plausible that something out of the 
ordinary is happening with eagle sex ratios; howeverß 
testing only the sex-biased siblicide hypothesis seems 
too limited for this phenomenon. 

I thank L. Oliphant and J. K. Schmutz for comments 
on the manuscript. My research is supported by the 
Natural Sciences and Engineering Research Council 
of Canada. 
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Sex Ratios of Fledgling Golden Eagles and Jackrabbit Densities 

TODD W. ARNOLD • 

Edwards et al. (1988) documented significant (P < 
0.05) male-biased deviations from a 1:1 sex ratio among 
fledgling Golden Eagles (Aquilo chrysaetos) during three 
years (1979, 1981, 1983) and throughout their study 
(1970-1984). They suggested that biased sex ratios re- 
suited from higher frequencies of facultative siblicide 
in mixed-sex broods. Female offspring are larger than 
similar-age males; siblicide should thus occur most 
frequently among mixed-sex broods in which the fe- 
male hatches firstß because nestling size disparities 
are largest in such broods (Edwards and Collopy 1983, 
see also Bortolotti 1986). Edwards et al. predicted that 
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if facultative siblicide is directed disproportionately 
towards male offspring and if it occurs most frequent- 
ly when prey are scarce (but see Mock 1985, Simmons 
1988), then the proportion of males in the fledgling 
population should increase with prey abundance. 

Edwards et al. claimed that they found support for 
this predictionß but this support came by a very cir- 
cuitous route. They fitted sine curves with 10-yr per- 
iodicities to 14 and 15 yr of data on black-tailed jack- 
rabbit (Lepus californicus) abundances and fledgling 
sex ratios (proportion of males)ß respectivelyß and ob- 
served that both curves were explanatory (P < 0.05), 
and furthermoreß that the two curves were not sig- 
nificantly different (P = 0.57). They therefore con- 
cluded that "fledgling sex ratio was highly correlated 
with jack rabbit density" (p. 795). 


