
ORIGINAL PAPER

Sex ratio varies with egg investment in the red-necked
phalarope (Phalaropus lobatus)

Willow B. English & Douglas Schamel & Diane M. Tracy &

David F. Westneat & David B. Lank

Received: 31 December 2013 /Revised: 21 August 2014 /Accepted: 25 August 2014
# Springer-Verlag Berlin Heidelberg 2014

Abstract Fisher’s sex ratio theory predicts that on average
parents should allocate resources equally to the production of
males and females. However, when the cost/benefit ratio for
producing males versus females differs, the theory predicts
that parents may bias production, typically through underpro-
duction of the sex with greater variation in fitness. We tested
theoretical predictions in the red-necked phalarope, a polyan-
drous shorebird with sex-role reversal. Since females are
larger and therefore potentially more expensive to produce
and may have greater variation in reproductive success, we
predicted from Fisher’s hypothesis a male bias in population
embryonic sex ratio, and from sex allocation theory, female
biases in the clutches of females allocating more resources to
reproduction. We measured eggs and chicks and sexed 535
offspring from 163 clutches laid over 6 years at two sites in

Alaska. The embryonic sex ratio of 51.1 M:48.9 F did not vary.

Sex allocation

Introduction

The widespread occurrence of equal production of males and
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parents may differ in their expected payoffs for producing
male or female offspring as a result of their own condition
or environmental situation (Trivers and Willard 1973). Even
when 1:1 population sex ratios (or “population investment or
allocation ratios”, West 2009) are favored, individual parents
can obtain greater fitness returns if they are able to make
differentially competitive members of one sex, particularly a
sexually selected sex (Shuster and Wade 2003), or, conversely,
differentially larger numbers of one sex versus the other.

Vertebrate populations with diffuse local population struc-
ture and overlapping generations are not the most likely places
to detect sex ratio strategies (Frank 1990; West 2009), and
rigorous studies with negative results have been published
(e.g., Postma et al. 2011). Nonetheless, positive cases have
been reported, primarily involving individual conditional
strategies of sex allocation (Komdeur et al. 1997; Clout et al.
2002 for birds; West and Sheldon 2002 for ungulates). Fewer
population-specific differences in equilibria (e.g., Badyaev
et al. 2002), which provide the best method for testing theory’s
applicability at the species level (West 2009), have been
found.

The natural history of shorebirds makes them of interest for
testing predictions from sex ratio theory. Clutch size exhibits
little variation, with a strong mode of four. Thus, trading off
numbers of offspring against brood sex composition is not a
complicating factor. Shorebird young are precocial and thus
sex differences in parental care costs after hatch will be
smaller than in species with altricial offspring, if present at
all. Despite these common features, the group has a broad
range of mating and parental care systems (Pitelka et al. 1974;
Szekely and Reynolds 1995), and it has recently been pro-
posed that adult sex ratios drive much of this variation (Liker
et al. 2013). Biases in primary or secondary sex ratios should
both contribute towards and adapt to population equilibria,
leading to different sex allocation strategies (Pitelka et al.
1974; Szekely and Reynolds 1995). In polygynous ruffs
(Philomachus pugnax), with female-only incubation, popula-
tion sex ratios are strongly female-biased at the juvenile stage
(35–40 % male, Jaatinen and Lank 2010); this may originate
in large part from sex ratios at hatch. Breeding females appear
to bias their sex allocation towards females, the less sexually
selected sex, when in poorer body condition (Thuman et al.
2003). The socially monogamous and biparental common
sandpiper (Actitis hypoleucos) shows a seasonal trend in
clutch sex ratio, with a male bias in early broods, which was
interpreted as providing the territorial sex with the advantage
of hatching earlier in the season. In the spotted sandpiper
(Actitis macularia), a faculatively polyandrous sister species
where females are the territorial sex, an opposite bias towards
the overproduction of females in earlier clutches was predict-
ed, but no pattern was found (Andersson et al. 2003). Male-
biased sex ratios at hatch have been reported in biparental
dunlin (Calidris alpina arctica) and ruddy turnstones

(Arenaria interpres), although sample sizes were small
(Reneerkens et al. 2005).

Our study investigates sex ratios in the red-necked phala-
rope, Phalaropus lobatus, and due to shared life history fea-
tures, we can contrast patterns in phalaropes most directly
with the species mentioned above. Female phalaropes are
more brightly colored, approximately 20 % larger than males,
and compete aggressively for mates (Hildén and Vuolanto
1972; Reynolds 1987; Schamel et al. 2004a, b). Although
lifetime variation in reproductive success has not been quan-
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Nome Blood samples from live chicks were stored on filter
paper and dried. Tissue samples from failed embryos were
kept in ethanol and frozen at −40 °C. DNA was isolated from
blood samples using Instagene Matrix (Bio-Rad, Hercules,
CA); tissue samples were treated with proteinase K and am-
monium acetate. All DNAwas resuspended in TE buffer. PCR
was run on both blood and tissue samples using primers
2669R and 2602F. The products of PCR were run on agarose
gel, and visualized with SybrSafe (Life Technologies,
Carlsbad, CA).

Cape Espenberg DNA was extracted using a salt extraction
procedure (modified from Miller et al. 1988), and cleansed of
excess protein from DNA using phenol/chloroform. PCR was
run using primers 2917F and 3088R (Ellegren 1996). PCR
products were run on agarose gel, stained with ethidium
bromide, and photographed under UV light.

Analyses

We express sex ratio as the perc498l3seTD
[(pa)15.6.3999932(t)0(h)18.8mph-



70, LR χ2=3.90, df=1, p=0.048; volume: n=70, LR χ2=
3.06, df=1, p=0.038). This relationship between sex ratio and
egg size was independent of initiation date. Egg size increased



hatching sex ratio=52.6 % male, n=251), but any such bias
would not be due to sex allocation by females, if this is defined
as processes affecting the primary sex ratio.

Population sex ratio

We found no support for the predicted overall male bias in
embryonic sex ratio. Two classes of explanations may account
for this. First, sex ratio theory may be insufficiently developed
to apply to this system as we predicted. Parental investment in
phalaropes occurs in two stages: first, during egg-laying by
the female, and second, during incubation and chick-rearing
by the male. Our egg measures only capture female invest-
ment, and complementary strategies by males could theoreti-
cally alter our predictions. Whether males could or would
invest differently by sex during incubation and parental care
was not addressed.

Alternatively, our assumptions about the costs of biased sex
allocation may need reexamination. The most general possi-
bility is that the temporal or energetic costs of biasing sex
ratio, which are currently unknown, outweigh any potential





In species with asynchronous hatching, adjusting sex with
laying order can affect the level of competition between
chicks, which may differ greatly in size (e.g., Genovart et al.
2003; Lezalova et al. 2005). Precocial phalarope chicks hatch
within 24 h of each other, likely making hatching asynchrony
and the size disparity between chicks that this can create less
important compared to species where chicks hatch over
the course of several days and are fed by their parents. We
found no relationship between laying sequence and an egg’s
sex, but our power to test this was limited.

Re-examining assumptions about fitness variance and sex
allocation



higher proportion of yolk would make chicks less vulnerable to
starvation, as yolk is an energy source not only for the embryo,
but also for precocial chicks. If the maternal costs and benefits
for providing the components of an egg differ with the sex of
the embryo, there may be different optimal amounts of each
component for each sex.

Why might female phalaropes benefit from more albumen,
and males from more yolk? Domestic chicken eggs with
albumen experimentally removed produced smaller and ligh-
ter chicks than control eggs (Hill 1993). Larger initial struc-
tural chick size might be more important to female chicks,
which achieve larger adult size, whereas male chicks may
prioritize higher survivorship. Sex-role reversal would favor
such allocation. Additionally, there may be sex differences in
the survivorship probabilities of chicks due to the composition
of the egg. In barn swallows (Hirundo rustica), males appear
to be more affected by the amount of albumen in an egg:
chicks of both sexes were smaller when hatched from eggs
with albumen removed; however, only male chicks suffered
from lowered immune response (Bonisoli-Alquati et al. 2008).
Our results are consistent with another study of sex-based
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