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ABSTRACT

The significance of social foraging to the evolution of avian plumage traits has received little
attention. White plumage could increase conspicuousness against a dark background and serve
as a passive recruitment signal to attract distant foraging companions. White plumage could
thus be selected if white individuals obtain net fitness benefits by attracting conspecifics to
feeding flocks. Species that benefit little from the presence of foraging companions should have
a darker, more cryptic coloration to avoid attracting potential competitors. Flash marks – white
patches on wings or tails, often hidden until individuals take flight – could also be more com-
mon in social species if such marks serve to increase flock cohesion. In a data set including pairs
of closely related species with contrasting foraging sociality, social species possessed overall
whiter plumage than non-social species but did not exhibit a higher frequency of flash marks.
Several traits, such as habitat type, plumage dichromatism, male body mass, sexual size
dimorphism, prey type, level of prey activity and social mating system, which could all influence
plumage characteristics on their own, were not related to social foraging or to the expression of
plumage traits. This study provides empirical support across a wide range of species for a
relationship between social foraging and white plumage coloration in birds.
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INTRODUCTION

Birds show enormous variation both within and among species in the physical properties
and coloration characteristics of their plumage (Baker and Parker, 1979; Butcher and
Rohwer, 1989; Savalli, 1995). It is generally thought that plumage traits have evolved
through the action of sexual or natural selection. Sexual selection can occur if more colour-
ful or extravagantly ornamented individuals gain greater reproductive success (Ryan, 1997).
Alternatively, plumage traits can provide survival advantages, for instance through predator
avoidance by mimicry with the background or through warning coloration (Slagsvold
et al., 1995; Götmark, 1997). In general, plumage traits may be influenced by properties of
the habitat where signals are produced and by the sensory capabilities of intended receivers
such as mates or predators (Savalli, 1995).
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Certain plumage characteristics have been thought to enhance foraging efficiency
and thus provide additional survival advantages. For instance, overall white coloration
could increase conspicuousness against a dark background and operate as a passive
recruitment signal that enables individual birds to locate distant foraging companions more
efficiently, facilitating the formation of feeding flocks (Armstrong, 1971; Kushlan, 1977).
In flocks, individuals can then benefit from an increased food intake rate or decreased anti-
predator vigilance (Elgar, 1989; Beauchamp, 1998). In support of the hypothesis, heron
(Ardea sp.) models painted white attracted more conspecifics than darker models (Kushlan,
1977; Caldwell, 1981). These results suggest that, if white individuals obtain overall fitness
benefits by attracting conspecifics, this will lead to directional selection towards whiter
plumage. A possible corollary is that species that benefit little from the presence of foraging
companions should have a darker, more cryptic coloration to avoid attracting potential
competitors.

Social foraging could also influence the evolution of more specific plumage charac-
teristics. Some distinct white patterns, referred to as flash marks, occur on wings or tails and
usually remain hidden until individuals take flight. The display of flash marks in a group of
fleeing birds can create confusion and render capture of one particular individual more
difficult for a predator (Brooke, 1998). In addition, the display of flash marks may facilitate
synchronous group departure and thus increase flock cohesion. In shore birds, flash marks
occur more commonly in species foraging in flocks (Brooke, 1998), but it is not clear
whether the evolution of flash marks in these species is associated with a greater risk of
predation or a greater need to preserve flock cohesion.

We examined the generality of the association between white coloration and social
foraging in a large set of species with different morphological and ecological features. We
wished to determine the role of the evolutionary transition between solitary and social
foraging in addition to other potential confounding factors, such as habitat type, prey
detection abilities, predation risk and social mating system, which could also have
an influence on plumage coloration. We contrasted two plumage characteristics, namely
the overall proportion of white and the occurrence of flash marks, in a data set involving
a large number of closely related pairs of species with contrasting foraging sociality.
Pairwise comparisons provide a control for potentially confounding factors, since closely
related species usually show similar morphological and ecological traits due to their
common ancestry (Møller and Birkhead, 1992; Maddison, 2000). To reduce further the
effect of confounding factors, we documented plumage characteristics during the non-
reproductive season as a control for possible inter-sexual communication involving white
coloration.

METHODS

Data collection

We collected data on flocking behaviour, plumage coloration and other morphological and
ecological traits from several sources, including books on avian ecology and behaviour and
ornithological journals (see Appendix). Morphological and ecological traits included male
body mass, sexual size dimorphism, plumage dichromatism, habitat type, mating system,
diet type and level of prey activity. The criterion for data selection was a detailed knowledge
of foraging sociality during the non-reproductive season.
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Species were classified into one of three categories of flocking behaviour based on pub-
lished evidence of aggregations during foraging activities: (1) strictly solitary, birds forage
singly; (2) occasionally social, aggregations of more than two individuals occur under
peculiar circumstances but are rare and often involve small groups; and (3) strictly social,
individuals always search for food or feed in flocks. For the purpose of the analysis,
categories 1 and 2 were pooled to create a dichotomous variable.

We used recent phylogenetic information based on molecular or morphological traits to
form closely related pairs of species with contrasting foraging sociality. Hence, the analysis
focused on evolutionary transitions from solitary to social foraging. A lack of variance
in social foraging within clades often limited the number of species pairs that could be used
for comparison. One phylogenetic tree could yield several pairs as long as pairs failed to
share common branches. When several species were available as sister taxa, we selected,
if possible, species that occurred in the same geographical area. When phylogenetic
information was unavailable, we formed pairs by selecting two species from the same genera
with a preference for species occurring in the same geographical area. We selected pairs
from as many families as possible to reduce the problem of sampling repeatedly in the same
clades.

We used descriptions of plumage coloration and colour pictures from the above sources
to obtain an estimate of the proportion of white in the plumage of each species included
in the data set. For each sex separately, the same observer (G.B.) estimated visually the
proportion of white present on the ventral and dorsal sides of adult birds in the non-
reproductive season. Scores could take one of six values, ranging from 0 (total lack
of white) to 5 (all white). Values for the ventral and dorsal sides were averaged and the
resulting scores for each sex were also averaged for an overall species score. In addition, the
presence of flash marks was also noted. We defined flash marks as conspicuous dorsal white
stripes or patches on the wings, lower back, rump or tail (Brooke, 1998). Ventral white
patterns were not considered as flash marks except in some species in which the tail is raised
and constantly wiggled to reveal white under tail feathers. The amount of white contributed
by flash marks was removed from the plumage scores to provide an estimate of white
coloration independent of the occurrence of flash marks.

We recorded male body mass, if available, during the non-reproductive season to provide
a uniform assessment of body mass across species. We assessed presence or absence
of sexual size dimorphism from comparisons of differences in body dimensions between
the sexes. We coded species for the presence or absence of plumage dichromatism based
on a description of plumage differences between the sexes during the non-reproductive
season. We distinguished between preferences for open or closed habitats for each
species on the basis of the amount of tree cover. Closed habitats included forested
areas, while open habitats included areas mostly devoid of tree cover such as savannas,
lakes or coastal shores. Mixed habitats included a mixture of the above two categories.
We classified species into one of four categories of social mating system: (1) monogamous,
one male and one female associate for reproduction; (2) polygynous, most males in
the population associate with more than one female; (3) polyandrous, most females
in the population associate with more than one male; and (4) lekking, males aggregate at
communal display sites where females select mating partners. Diet type was classified
as mostly vegetarian (including foliage, fruits and seeds) or mostly carnivorous, with
a mixed category overlapping the above two classes. Finally, we classified level of
prey activity as either passive, when prey cannot actively evade a predator (e.g. carrion,
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hibernating invertebrates, soil and mud invertebrates, plant matter), or active, when prey
can locate a predator visually and initiate evasive manoeuvres (e.g. flying insects, birds,
fish, cephalopods).

Phylogenetic analysis

We used the pairwise comparative method to control for possible similarities among closely
related species due to a common ancestry (Møller and Birkhead, 1992; Maddison, 2000).
The Wilcoxon signed ranks test was used to test the hypothesis of consistent changes across
the set of species pairs in the states of morphological and ecological variables associated
with the two degrees of sociality. For each test, we only included pairs where the analysis of
morphological or ecological variables revealed different values for each pair member (Read
and Nee, 1995). We used the sequential Bonferroni test procedure to determine which of
the various tests made with the same data set remained significant (Rice, 1989). For clarity,
we present the P-values of the tests before performing the Bonferroni and also describe
whether the correction modified their significance. Two species exhibited two stable, adult
colour morphs. In these cases, we selected for analysis the morphs that differed from those
occurring in the sister species.

RESULTS

The search in the published literature provided a total of 80 pairs of species with con-
trasting foraging sociality distributed among 38 families (Appendix). The white plumage
score did not vary among social and non-social species in 24 pairs. Among the remaining
56 pairs with contrasting values for white plumage score, the social species possessed
a whiter plumage than the non-social species in 45 pairs (80%) [mean difference in
plumage score (standard deviation) = 0.92 (1.52), S = 518, P < 0.0001, significant after
Bonferroni].

Flash marks occurred in both social and non-social members of a pair in 15 pairs and did
not occur at all in 38 pairs. Among the 27 pairs with contrasting values for the presence
of flash marks, flash marks occurred in the social species but not in the non-social species
in 19 pairs (70%, S = 77, P = 0.03, non-significant after Bonferroni). In the 16 pairs with
contrasting values for habitat type, social species in 15 pairs showed a greater preference
for open habitats than non-social counterparts (S = 59.5, P = 0.0005, significant after
Bonferroni).

After Bonferroni corrections, no other traits analysed were found to be significantly
associated with foraging sociality (male body mass: S = 39, P = 0.82, n = 70; social
mating system: S = 1.5, P = 1.0, n = 6; prey type: S = 18, P = 0.30, n = 15; prey activity:
S = 40.5, P = 0.078, n = 18; sexual size dimorphism: S = 27.5, P = 0.057, n = 13; plumage
dichromatism: S = 52.5, P = 0.04, n = 20).

We tested whether preference for more open habitat types could have inflated the
differences in plumage coloration in the 56 pairs with contrasting values for white plumage
score. The mean difference (standard deviation) in plumage score in the subset of data
including pairs where the social species preferred more open habitats [1.46 (1.61), n = 10]
was not different from that in the subset including pairs living in the same habitat type
[0.80 (1.49), n = 46; Wilcoxon Mann-Whitney test, S = 344, P = 0.25].
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DISCUSSION

Our results indicate that, across a wide range of avian species, the evolutionary transition
from solitary to social foraging is associated with the proportion of white plumage. Species
foraging in flocks possessed an overall whiter coloration but did not exhibit flash marks in
significantly higher frequencies than closely related, non-social species.

With respect to overall coloration, the results support the hypothesis that white plumage
may serve as a passive recruitment signal to attract distant foragers (Armstrong, 1971;
Kushlan, 1977). The white plumage of several species of herons has long been thought
to act as a recruitment signal (Kushlan, 1977; Caldwell, 1981; Smith, 1995). Among
petrels and albatrosses, more social species showed a larger proportion of white in the
plumage (Bretagnolle, 1993). In herons or sea birds, species often share similar ecological
features and it is conceivable that traits unrelated to foraging sociality, such as predation
risk, habitat type and social mating system, accounted for the selection of a whiter
plumage. Here, we controlled for ecological similarities among closely related species and
found strong support for the purported advantage of white plumage to socially foraging
species.

Alternative hypotheses for the evolution of white plumage appear unlikely to explain
differences in plumage related to social foraging. A higher risk of predation may select for
more cryptic plumage (Bretagnolle, 1993; Slagsvold et al., 1995; Haskell, 1996; Rytkonen
et al., 1998). Social species and non-social counterparts, however, showed similar body
masses, suggesting that predation risk, which is often thought to covary as a function of
body mass (Bretagnolle, 1993; Thiollay and Jullien, 1998), cannot provide a full explanation
of the results. More direct correlates of predation risk are required to assess the role of
predation risk in the evolution of white coloration in social species. Overall white coloration
may be selected in species with more skewed social mating systems, as conspicuous
coloration could enhance male displays (Snow, 1982; Savalli, 1995). However, we did not
detect significant differences between social species and non-social counterparts in social
mating system, sexual size dimorphism or plumage dichromatism.

Closed habitats may favour the evolution of brighter plumage to increase conspicuous-
ness to conspecifics (Marchetti, 1993). In our study, non-social species occurred more
frequently in closed habitats, suggesting that increased conspicuousness, if present, may
only be useful in non-foraging contexts such as territorial displays. In addition, differences
in white coloration between pairs of species were not related to differences in habitat type.
Finally, choice of more active prey may select for more cryptic plumage to reduce predator
detection (Götmark, 1987). However, in our study, level of prey activity was not related to
foraging sociality.

Not all pairs of species with contrasting foraging sociality showed differences in overall
white coloration. In addition, a few non-social species exhibited whiter plumage than their
social counterparts. Obviously, ecological factors other than foraging sociality will influence
the evolution of white plumage in birds. Selective forces may include factors such as
predation risk, which may force smaller, more vulnerable species to adopt a more cryptic
plumage regardless of foraging sociality. In such cases, natural selection could favour the
evolution of other types of recruitment signals, such as food calls (Elgar, 1986; Brown
et al., 1991), that are not based on plumage coloration. Such recruitment signals only
increase predation risk during emission, in contrast to the continuous display of informa-
tion provided by feather coloration.
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Social foraging was only weakly associated with the expression of flash marks. Although
flash marks have been documented to a greater extent in social shorebird species, it would
appear that the association between flocking and flash marks may be tied to specific clades
that forage in similar, open habitats (Brooke, 1998). In our study, flash marks occurred in
several asocial species, suggesting a role for non-social factors. For instance, displays of
flash marks have been shown to flush out prey in one bird species (Jablonski, 1999). Flash
marks could also be used for territorial displays, especially in closed habitats that restrict
communication range (Marchetti, 1993). Clearly, more information on the social foraging
behaviour of bird species is required to clarify the nature of ecological and social factors
that shaped the evolution of flash marks.

Functional analyses of plumage coloration have mostly focused on inter-sexual com-
munication and interspecific signals to predators or prey. Here we have shown an associ-
ation between plumage coloration and foraging sociality across a broad range of avian
species. It remains to be determined whether social foraging selected for the evolution of
white plumage traits or whether the presence of white plumage facilitated the evolution
of social foraging.
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