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NATURALISTS AND EVOLUTIONARY biologists have long been in-
trigued by traits that are seemingly maladaptive (Gould and Lewontin
1979, Zahavi and Zahavi 1997, Kriiger et al. 2001). The brightly col-
ored eggs laid by many species of birds provide a particularly striking
example of such a trait (Wallace 1889, Lack 1958, Lancaster 1964, Un-
derwood and Sealy 2002, Moreno and Osorno 2003, Kilner 2006).

Conspicuous eggs are thought to be costly because they can
attract the attention of nest predators and brood parasites (Lan-
caster 1964, Montevecchi 1976, Gotmark 1992, Yahner and Mahan
1996, Castilla et al. 2007, Magige et al. 2008, Westmoreland 2008).
As with all visual signals, conspicuousness is not an absolute trait
of the egg but depends on the reflectance characteristics of the egg
and nesting background, the ambient light in which the egg is per-
ceived, and the visual sensitivity of the signal receiver (Endler 1990).
Thus, when referring to conspicuous eggs, we mean eggs that do
not match their nesting background in either coloration or pat-
tern. Such eggs could range in color from immaculate blue-green
to white, to pink, as opposed to brown or heavily speckled eggs that
should be relatively cryptic to visually orienting enemies (Bertram
and Burger 1981, Castilla et al. 2007).

Although avian eggs exhibit a great diversity of colors and pat-
terns (Fig. 1), conspicuous eggs are taxonomically widespread, ranging
from tinamous (Tinamiformes) to ibises (Ciconiiformes), poorwills
(Caprimulgiformes), doves (Columbiformes), and thrushes (Passeri-
formes) (Cabot 1992, Baicich and Harrison 1997). Here, we develop
an alternative to previous hypotheses for the evolution of conspicu-
ous eggs: the blackmail hypothesis proposes that conspicuous egg
coloration coerces males into providing additional parental care to
offset the increased risk of nest predation or brood parasitism.

Previous HYPOTHESES FOR CONsPIcUOUS EGG COLOR

Early hypotheses for the taxonomically broad occurrence of con-
spicuous eggs included aposematism (Swynnerton 1916, Cott
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1948), thermal regulation (Mcaldowie 1886, Bakken et al. 1978),
increased visibility in cavities (von Haartman 1957, Holyoak 1969),
and camouflage in the greenish light transmitted and scattered by
vegetation (Lack 1958). Despite much work on the subject, the evo-
lutionary explanation for conspicuous eggs remains unclear (Un-
derwood and Sealy 2002, Kilner 2006).

A morerecent hypothesis concentrates on blue-green eggshell
coloration specifically, rather than conspicuousness in a broader
sense. This sexual-signaling hypothesis has garnered the most
research attention in recent years (e.g., Moreno et al. 20064, b;
Hanley et al. 2008; Soler et al. 2008; Hanley and Doucet 2009).
It proposes (1) that blue-green egg pigmentation acts as a signal
of female quality (Moreno and Osorno 2003) and (2) that males
base investment decisions on this trait. Several studies have found
that within species that lay blue-green eggs, males provide more
parental care at nests with more chromatic eggs (Moreno et al.
2004, 2006b; Hanley et al. 2008; Soler et al. 2008), and there is
some indication that higher-quality females lay eggs that are more
intensely blue-green (Moreno et al. 2005, 20064; Siefferman et al.
2006; Hanley et al. 2008). However, support for the sexual-signaling
hypothesis is not universal (Krist and Grim 2007, Lépez-Rull et al.
2007, Hanley and Doucet 2009), and the plausibility of a signaling
function, especially in cavity-nesting species, has been questioned
(Reynolds et al. 2009). In fact, any universal explanation seems
unlikely, given that many of the proposed hypotheses are non-
exclusive, and their relevance will probably depend on a species’
natural history.

CoNspPicUuOUS EGGS AS BLACKMAIL

As an additional hypothesis, we propose that conspicuous egg
coloration may force males to provide additional parental care
to offset the increased risk of nest predation or brood parasitism.
This hypothesis can explain multiple forms of conspicuous egg
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Fic. 1. Birds exhibit extensive variation in the coloration and patterning of their eggs. Here are photographic examples of 20 species that illustrate
some of this variation. Voucher numbers from the University of Michigan Museum of Zoology (UMMZ): (A) Cyanocorax yucatanicus, UMMZ 191441;
(B) Cuculus solitarius, UMMZ 238514; (C) Gavia immer, UMMZ 34030; (D) Oriolus chinensis, UMMZ 191880; (E) Spizella arborea, UMMZ 191836;
(F) Myiarchus tyrannulus, UMMZ 191355; (G) Uria lomvia, UMMZ 191176; (H) Tinamus major, UMMZ 191600; (1) Cynanthus latirostris, UMMZ
198641; ()) Eudromia elegans, UMMZ 233501; (K) Quiscalus major, UMMZ 191738; (L) Crypturellus soui, UMMZ 233500; (M) Agelaius phoeniceus,
UMMZ 198690; (N) Corvus brachyrhynchos, UMMZ 198417; (O) Campylorhynchus brunneicapillus, UMMZ 191487; (P) Aphelocoma ultramarina,
UMMZ 198736; (Q) Cathartes aura, UMMZ 238578; (R) Myiobius atricaudus, UMMZ 191387; (S) Ploceus cucullatus, UMMZ 237206; and (T) Calidris

maritima, UMMZ 231836.

coloration and might even explain unusual nesting strategies (see
below). In the sections below, we describe the blackmail hypoth-
esis, generate a set of testable predictions, and provide several ex-
amples that appear to be consistent with this hypothesis.

We propose that sexual conflict load (Houston et al. 2005)
may be imposed on males if females produce brightly colored, im-
maculate eggs in open nests. Highly conspicuous eggs create an
increased risk of detection by nest predators or brood parasites
(Montevecchi 1976, Castilla et al. 2007, Muiioz et al. 2007) that
potentially forces males into providing additional parental care to
keep the conspicuous eggs hidden from view. This form of black-
mail is similar to the predation risk imposed by nestlings that beg
loudly (Zahavi and Zahavi 1997); however, in this situation, con-
flict arises between the sexes rather than between parents and
offspring. Conflict between the sexes occurs because the evolu-
tionarily optimal level of parental investment for either parent is
always lower than that of its partner (Houston et al. 2005, Lessells
2006). This sexual conflict results from the fact that the cost of
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parental investment (either gametic or through parental care) is
paid by one parent, whereas the benefits of that investment are ac-
crued by both parents.

When confronted with conspicuous eggs, males could be se-
lected to either share in incubation or feed incubating females at
the nest, thereby minimizing the amount of time that the nest is
left unattended with its visually conspicuous contents. A third op-
tion is also available to males: resistance, by partial or complete
reduction in parental investment. For many species, however,
the relative benefits of resistance would be lower than the cost of
increasing the level of investment in the current clutch because
other mating opportunities in the current breeding season are un-
likely (in species with a single clutch per year or with a low breed-
ing density), or because investing in current reproduction is more
beneficial than saving energy for future reproductive efforts (in
species with low survivorship or in which mate-searching effort is
high). It is important to note that although resistance to manipu-
lation is a reasonable alternative in certain breeding strategies, the
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initial evolution of manipulative behavior depends on the costs
and benefits associated with the manipulation itself and not on the
resistance of manipulation (Lessells 2006). Moreover, although
manipulation of parental investment is believed to be rare because
of large opportunity costs associated with manipulating a mating
partner (e.g., time lost from other activities that would increase
fitness) and because manipulation itself may be difficult (Lessells
2006), female birds have the ability to alter egg and clutch charac-
teristics, thereby providing a mechanism for the direct manipula-
tion of males into providing additional care (Schwabl 1996, Smith
and Hardling 2000, Komdeur et al. 2002, Groothuis et al. 2005).

The presence of conspicuous eggs has been bewildering be-
cause it is difficult to imagine why a female would lay conspicu-
ous eggs if this behavior is damaging to its partner and increases
predation risk to its own clutch. However, theoretical models have
shown that damaging mating tactics can be advantageous in gen-
eral (Johnstone and Keller 2000), especially if direct manipulation
can create a situation in which the individual’s partner will invest
more (Lessells 2006). In some situations, it can prove advanta-
geous for an individual to handicap itself if that behavior results in
compensatory effort from its partner (Barta et al. 2002, Houston et
al. 2005). For example, a female may elicit more care from its part-
ner if it produces a clutch size beyond its optimum, leaving its own
energetic resources too low to sufficiently care for the offspring
(Smith and Hardling 2000). Females can also impose conflict load
on their partners by increasing the steroid content of eggs, which
results in increased begging behavior (Schwabl 1996, Kitaysky et
al. 2001, Groothuis et al. 2005) and a potentially greater demand
for paternal care (Dickens and Hartley 2007, Dickens et al. 2008).
Similarly, males can manipulate females by molting during the
nestling period, lowering their foraging ability and forcing fe-
males to compensate with higher levels of investment than would
otherwise be optimal for them (Hemborg 1999). In some species,
sexual conflict is so intense that one or both partners may desert
their clutch, and thereby cause the death of all offspring because
they skirted their parental duties (Pogdny et al. 2008, Eldegard and
Sonerud 2009). A recent comparative analysis showed that sexual
conflict may even explain the evolution of mating systems and pa-
rental care in shorebirds (Thomas and Székely 2005). Consider-
ing the magnitude of existing empirical and theoretical work on
sexual conflict, a blackmail mechanism for conspicuous egg color
seems plausible.

If males respond to conspicuous eggs by sharing in incuba-
tion or by feeding females during incubation, this could reduce
the risk of nest predation in two ways. First and most obviously,
the conspicuous eggs would be concealed from the view of poten-
tial predators. Second, the increased nest attendance can lead to
higher and more consistent egg temperatures (Martin etal. 2007),
a shorter incubation period (Lifjeld and Slagsvold 1986, Nilsson
and Smith 1988, Martin et al. 2007) and lower total predation risk
(Bosque and Bosque 1995). More optimal incubation tempera-
tures should also increase the quality or condition of offspring
(Vleck et al. 1980, Booth 1987, Hepp et al. 2006). Consequently,
both parents could experience direct fitness gains from increased
male effort during incubation. Furthermore, this increase in off-
spring quality could result in high levels of investment during the
nestling period because males should invest more in higher-quality
offspring (Leonard and Horn 1996).
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PREDICTIONS AND CONSEQUENCES OF THE
BLACKMAIL HYPOTHESIS

The first prediction of the blackmail hypothesis is that in species
with conspicuous eggs, parents should spend more time conceal-
ing their eggs. In species with uniparental male care, this would
be accomplished by an increase in the amount of time that the
male spends incubating. In species with biparental care, the mode
of concealment should depend on the relative conspicuousness of
male and female plumage: where males are drab, they could help ei-
ther by incubating or by feeding females during incubation; where
males are more colorful than females, they should help mainly via
incubation feeding. That is, we do not expect conspicuous males to
sit on conspicuous eggs, because this would be just as costly from
a visual-detection standpoint. Previous work has shown that in-
cubation feeding is beneficial to the female (Smith et al. 1989) and
energetically expensive for the male (Lifjeld and Slagsvold 1986),
which makes it a likely currency for manipulation.

A second prediction is that species with conspicuous eggs
should have shorter incubation periods (controlling for biologi-
cally relevant factors) because of the higher, more consistent
incubation temperature associated with keeping eggs covered. In-
terestingly, dramatically low predation risk, compared with that
in species with cryptic eggs, might not be expected to result from
blackmail driven nest attendance: visual conspicuousness of nest
contents is offset by high rates of nest attendance in blackmail spe-
cies and offset by egg crypsis in non-blackmail species.

A third prediction is that conspicuous egg coloration should
be more common in species that are more susceptible to visually
oriented predators or parasites. There is already support at the
family level for the idea that conspicuous eggs are laid in conspic-
uous nests (Gotmark 1993), and a recent review that controlled
for the influence of shared ancestry showed that blue egg color-
ation is more prevalent in open-cup nests, which are at higher risk
of nest predation than cavity nests (Kilner 2006). In nest-build-
ing species, the nest itself may also influence conspicuousness to
predators (Solis and de Lope 1995). It seems reasonable to assume,
however, that the active or passive detection of a nest with con-
spicuous contents would be more likely than the detection of a
nest with cryptic contents (Yahner and Mahan 1996, Svagelj et al.
2003).

A fourth prediction concerns brood parasitism. Brown-
headed Cowbirds (Molothrus ater; hereafter “cowbirds”) are gen-
eralist brood parasites with hundreds of host species, most of
which are smaller than cowbirds in adult body size (Friedmann
and Kiff 1985). This size difference makes it difficult for hosts to
physically prevent cowbirds from laying eggs in their nests (Elli-
son and Sealy 2007). In a detailed study of a common small-bodied
host, the Yellow Warbler (Dendroica petechia), high levels of nest
attendance by host females did not prevent a cowbird from lay-
ing its parasitic egg, but it usually prevented the cowbird’s normal
behavior of removing a host egg in association with parasitic lay-
ing (Tewksbury et al. 2002). In other words, nest attendance had
no effect on parasitism, but it prevented a reduction in host clutch
size. If cowbirds respond similarly to nest attendance in other host
species, we can predict a consequence of the increased nest atten-
dance that should result from conspicuous-egg blackmail: across
species of cowbird hosts, the difference in the number of host eggs
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in parasitized and unparasitized nests should be smaller in species
with conspicuous eggs.

Our final prediction is that as a consequence of the risk as-
sociated with conspicuous eggs that are left exposed, species with
conspicuous eggs should begin the incubation period earlier to
keep their nest contents concealed. Thus, incubation or egg shad-
ing in these species are more likely to begin when the antepenulti-
mate or penultimate egg is laid.

CONSISTENT EXAMPLES

Our goal in this section is to generate enough curiosity that read-
ers might be encouraged to pursue robust tests of the blackmail
hypothesis, through modeling, experiments, or comparative anal-
yses. To that end, we offer several examples of studies that appear
to be consistent with the blackmail hypothesis.

One intriguing example comes from an experimental study
of nest attendance by Mourning Doves (Zenaida macroura), a
sexually monochromatic species in which males provide most of
the daytime incubation (Baicich and Harrison 1997). Westmore-
land and Best (1986) compared the fates of continually incubated
nests and intermittently incubated nests (achieved by deliber-
ately flushing the incubating bird), crossed with a second factor
of eggs being either naturally white or artificially colored to be
more cryptic. They found that naturally colored white eggs were
depredated significantly more than cryptic eggs in nests with in-
termittent incubation; however, there was no difference between
naturally colored and cryptic eggs when both were continually in-
cubated (Westmoreland and Best 1986). Nest concealment, nest
height, relative light intensity, and age of eggs at discovery did not
differ among the treatments. Interestingly, 85% of clutch failures
resulted from visually oriented avian nest predators. The authors
suggested that columbids may have evolved constant incubation
in response to their conspicuous nest contents (Westmoreland
and Best 1986). Interestingly, subsequent work has shown that
Columbiformes have a shorter incubation period than would be
predicted by body weight (Westmoreland et al. 1986).

A second form of consistent evidence comes from studies of
nest attentiveness, mate-feeding behavior, and risk of nest pre-
dation. In a comparative analysis, incubation feeding was nega-
tively related to observed nest predation rates in open-cup-nesting
species (Martin and Ghalambor 1999). Although egg conspicu-
ousness was not considered in the analysis, the underlying phe-
nomenon may be that incubation feeding allows a cryptic female
to spend more time covering conspicuous eggs. In general, there is
strong evidence that female nest attentiveness is positively related
to male incubation feeding in several species (von Haartman 1958,
Lyon and Montgomerie 1985, Moreno and Carlson 1989, Smith et
al. 1989, Halupka 1994). These findings may explain how male help
via incubation or incubation feeding in open-cup nests can miti-
gate the cost of conspicuous nest contents by increasing nest at-
tendance when the risk of predation is high.

A third point of interest comes from tests of the sexual-
signaling hypothesis. Several studies have found correlations
between egg color and male feeding of nestlings (Moreno et al.
2006b, Hanley et al. 2008, Soler et al. 2008). Such data are con-
sistent with the sexual-signaling hypothesis but also with the
blackmail hypothesis. As described earlier, increased incubation
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attendance (caused by a sexual-signaling mechanism or by black-
mail) can lead to better conditions for embryonic development
and thus to higher-quality nestlings. Consequently, males that
were blackmailed into helping keep conspicuous eggs covered
during incubation might then be selected to increase their effort
to feed the resulting high-quality brood (Leonard and Horn 1996).
This relationship between egg color and paternal care of nestlings
should be thought of not as a direct effect of blackmail but as an
optimal male strategy if incubation feeding leads to an increase in
chick quality.

BROADER IMPLICATIONS

Although we explored the blackmail hypothesis as a way to explain
conspicuous egg coloration, and we recognize that blackmail could
also operate in non-avian species with conspicuous eggs, the hy-
pothesis itself need not be this limited in scope. There may also be
implications for egg coloration in some species of brood parasites.
If male songbirds provide more incubation care for nests with con-
spicuous eggs, a blackmail mechanism might provide a selective
advantage to conspicuous eggs of brood parasites. For example, de-
spite extensive variation in the coloration and pattern of host eggs,
the eggs of the Bronzed Cowbird (Tangavius aeneus) are immacu-
late; likewise, Shiny Cowbirds (M. bonariensis) often lay immacu-
late eggs (Lowther 1995, Baicich and Harrison 1997, Lowther and
Post 1999). This absence of egg mimicry has often been attributed
to a limited history of host—parasite coevolution: hosts that have
not evolved egg rejection and parasites that have not experienced
selection for egg mimicry (Davies 2000). Yet even if hosts are under
pressure to evolve egg rejection, it is possible that a blackmail re-
sponse could cause an increase in incubation attendance at cryptic-
egg nests that have been parasitized by cowbirds with conspicuous
eggs. In other words, there may be fewer obstacles to the evolu-
tion of increased nest attendance (via blackmail) than to the evolu-
tion of egg recognition and rejection behavior, particularly if host
species also benefit through decreased egg ejection by the parasite
as outlined in our fourth prediction. In the long run, however, the
evolution of rejection would still be advantageous in that it would
eliminate the high costs associated with rearing the brood-parasitic
nestling (Dearborn and Lichtenstein 2002).

Another extension of the blackmail hypothesis is that threats
of egg destruction need not be based solely on conspicuousness
to enemies: a similar threat may be incurred through the use of
precarious nest sites, as documented in White Terns (Gygis alba),
which usually lay their egg on a small branch without building a
nest (Niethammer and Patrick 1998). In this situation, increased
nest attendance reduces the chance that wind or contact will cause
the egg to fall and break. Similarly, blackmail may be instigated
through egg placement in potoos, which lay a single conspicuous
white egg precariously in a slight depression of a branch or stump
(Stiles and Skutch 1989).

SYNTHESIS

Despite decades of interest and inquiry, the evolution of con-
spicuous eggs remains something of a mystery. Our hypothesis
proposes that conspicuous egg coloration may evolve as a form
of sexual conflict. Thus, conspicuous eggs, which require higher
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parental investment to remain concealed, may be at a selective
advantage in some species. The blackmail hypothesis may help ex-
plain interspecific variation in male incubation feeding in birds
(Ricklefs 1974, Jawor and Breitwisch 2006). Moreover, a blackmail
outlook on parental care might be expanded to other seemingly
maladaptive traits such as precarious egg placement and nonmi-
metic brood-parasitic eggs.

It is important to note that blackmail and other hypotheses
for the evolution of conspicuous egg coloration are not mutually
exclusive. Across species, a particular trait can vary in the adaptive
function it serves or in the constraints that limit its evolution, and
conspicuous eggs certainly could be present in different species
for different reasons (Kilner 2006). Indeed, multiple hypotheses
may even reinforce each other in certain situations. For example,
if paternal investment and egg conspicuousness have increased
through blackmail, this mechanism may have produced enough
intraspecific variation for other selection pressures to operate in
some species (e.g., evaluation of relative female quality).

We are not suggesting that risk associated with egg detectabil-
ity explains all occurrences of conspicuous eggs, but simply that it is
a plausible hypothesis in certain situations. This idea presents a test-
able scenario for the presence of conspicuous egg coloration. In ad-
dition to perhaps explaining intriguing nesting behaviors in birds,
this idea creates a new avenue for egg color research and may ex-
plain, at least in part, seemingly maladaptive egg coloration, which
has perplexed naturalists for more than 100 years.
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