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PHYLOGENETIC ANALYSIS OF THE EVOLUTION OF ALTERNATIVE
SOCIAL BEHAVIOR IN THE MANAKINS (AVES: PIPRIDAE)
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Abstract. —Phylogenetic analyses of lekking, lek spatial organization, and cooperative and coor-
dinated lek display in the manakins (Aves: Pipridae) demonstrate that variation in social behavior
in the group has a strong, phylogenetic component. Two of the three classes of social behavior
examined also show significant phylogenetic constraints. Current adaptive plasticity models are
insufficient to explain the phylogenetic variation in these behaviors in the manakins. These findings
support the conclusion that vertebrate reproductive social behavior has an evolutionary history,
and that it is not determined solely by adaptive individual plasticity to current conditions. The
evolution of social behavior, particularly through sexual selection, can have historical consequences

that can limit subsequent behavioral adaptation.
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According to the predominant paradigm, re-
productive social behavior of animals is deter-
mined by the distribution of ecological resources,
the asymmetry in reproductive investment be-
tween the sexes, and the variance in reproductive
success within the sexes (e.g., Lack 1968; Emlen
and Oring 1977; Wittenberger 1981; Oring 1982;
Krebs and Davies 1991; Davies 1992). Most
models of the evolution of social behavior, par-
ticularly in vertebrates, are essentially ahistori-
cal. They view variations in reproductive social
behavior of populations as the result of adaptive
individual plasticity, in which each individual
has the capacity to exhibit an entire range of
social behaviors and adopts a specific behavior
in response to current ecological conditions and
social selection pressures (Emlen and Oring 1977,
Wittenberger 1981; Oring 1982; Krebs and Da-
vies 1991; Davies 1992). An alternative view is
that these traits evolve largely through natural
and sexual selection on genetic variation for be-
havior and that they are not determined solely
by adaptive plasticity.

Investigations of the correlation between ecol-
ogy and behavior of single species or a set of
populations are insufficient to document the his-
torical process of evolution of social behavior in
adiverse group. Phylogenetic methods have been
developed that can explicitly test historical pre-
dictions of alternative mechanisms of behavioral
change (Hennig 1966; Wiley 1981; Dobson 1985;
Felsenstein 1985; Coddington 1988; Donoghue
1989; Maddison 1990; Prum 1990a; Brooks and
McClennan 1991; Harvey and Pagel 1991). The

evolutionary and plasticity mechanisms of social
behavior determination yield some distinctive
predictions about phylogenetic patterns in social
behavior within clades. Plasticity models are
consistent with the observation of extensive vari-
ation in social behavior among species and pop-
ulations, and even within populations, because
(1) ecological variables may vary extensively
among species and populations, (2) individual
assessments of current conditions may vary, and
(3) behavioral plasticity is hypothesized to be
unconstrained by genetic variation for specific
social behaviors. Plasticity mechanisms could
result in coherent phylogenetic patterns in social
behavior only if there were significant, phylo-
genetically coincident uniformity in ecological
conditions among species and higher lineages.
Evolutionary mechanisms are consistent with a
wide variety of phylogenetic patterns in social
behavior. Evolutionary mechanisms could result
in very rapid diversification with little phyloge-
netic pattern or slow diversification with signif-
icant phylogenetic coherence in social behavior.
Evolutionary mechanisms could also lead to
phylogenetic constraints—a limitation in the ex-
pected amount or direction of change (McKitrick
1993)—which can limit subsequent evolution in
social behavior (Gould and Lewontin 1979;
Cheverud et al. 1985; Gould 1989; McKitrick
1993). Highly conserved phylogenetic patterns
and phylogenetic constraints would be unlikely
to occur in social behaviors that are determined
solely by adaptive individual plasticity.

In vertebrates, phylogenetic patterns in the
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evolution of alternative forms of reproductive
social behavior have just begun to be explored.
Investigations of the evolution of parental care
(Gittleman 1981; Rhijn 1984, 1990; McKitrick
1992; Ligon 1993), interspecific nest parasitism
(S. M. Lanyon 1992) and cooperative breeding
(Edwards and Naeem 1993; Ligon 1993) support
a reevaluation of adaptive individual plasticity
as an explanation for the diversity of these breed-
ing systems.

Among the most interesting classes of alter-
native social behavior are lek breeding, and co-
ordinated and cooperative lek display, which oc-
cur in animals undergoing extreme sexual
selection. In a lek breeding system, males con-
tribute only gametes to reproduction and may
form territorial aggregations where they display
to attract potential mates (Bradbury 1981; Wiley
1991). In general, the phylogenetic history of the
evolution of lek behavior and variations in lek
spatial organization are poorly understood. Only
recently have attempts been made to identify the
number of independent origins of lek behavior
in behaviorally diverse groups such as birds
(Payne 1984; Hoglund 1989; Oakes 1992). Phy-
logenetic patterns in the variation in lek spatial
organization have not yet been documented in
any groups. In birds, the overwhelming pattern
is that most species of lekking birds belong to
clades of species which also breed in polygynous
arena systems, strongly indicating a phylogenetic
component to this form of breeding behavior
(Payne 1984; Hoglund 1989).

Most current models hypothesize that lekking
and lek spatial organization are determined by
proximate individual strategies that are adaptive
solutions to current ecological and sociobiolog-
ical conditions (Emlen and Oring 1977; Brad-
bury 1981; Oring 1982; Bradbury and Gibson
1983; Foster 1983; Beehler and Foster 1988; Wi-
ley 1991). All of these models are ahistorical in
view, and none considers whether the evolution
or distribution of this alternative social behavior
is influenced by phylogenetic or genetic com-
ponents. Alternatively, Quellar (1987) has pro-
vided a nonadaptive genetic model for the evo-
lution of lek size through arbitrary or “Fisherian
female mate preferences. Documenting the his-
tory of the origin and diversification of lek breed-
ing systems is an important part of a general
solution to the ‘“‘paradox of the lek,” which is
central to current research on sexual selection
(Kirkpatrick and Ryan 1991).

Another alternative social behavior found in
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a few polygynous species with extreme sexual
selection is coordinated display, in which pairs
or groups of males engage in synchronized, mu-
tual display that can be competitive or cooper-
ative in function (Sick 1942; Slud 1957; Gilliard
1959; Snow 1963a,b, 1971a; Hogan-Warburg
1966; Skutch 1969; Rhijn 1973; Watts and Stokes
1971; Foster 1977a,b, 1981, 1985; Balph et al.
1980; LeCroy et al. 1980; Avery 1984; Prum
1985; Robbins 1983, 1985; Bradbury and Davies
1987; Prum and Johnson 1987; McDonald
1989a,b; Wiley 1991). In fully cooperative sys-
tems, the subordinate males in a partnership or
group contribute to the attraction of females to
the group, but the dominate males in these as-
sociations receive most or virtually all the cop-
ulations (Rhijn 1973; Foster 1977a, 1981, 1985;
McDonald 1989a,b). This form of premating co-
operation is distinct from other forms of com-
munal or cooperative breeding in which there
are long-term social relationships among a re-
productive pair and other individuals (e.g., Brown
1987). Previous investigations of coordinated
display and premating cooperation in polygy-
nous species have modeled this behavior on the
basis of individual plasticity and have not con-
sidered the historical patterns in the evolution
of the behavior (Foster 1985; McDonald
1989a,b).

In this paper, I analyze phylogenetic patterns
in the evolution of these alternative social be-
haviors in a clade of polygynous, Neotropical
passerine birds: the manakins (Pipridae). Many
of the 40 or more species of manakins are known
for their strongly, sexually dimorphic plumage,
lek breeding behavior, and elaborate male court-
ship displays (Snow 1963c; Sick 1967; Prum
1990a,b, 1992). The display repertoires vary
among manakin species, but most display ele-
ments are homologues shared by groups of spe-
cies or genera (Prum 1990a). Manakins also vary
extensively in the social and spatial organization
of their leks. In previous papers, I have produced
a well-resolved phylogenetic hypothesis for the
manakins based on morphology of the syrinx,
the avian vocal organ (Prum 1992), and I have
analyzed the phylogenetic patterns and evolution
of manakin display elements (Prum 1990a). Here,
I analyze the evolution of three classes of alter-
native social behavior within the family: (1) lek-
king, (2) lek size and spatial organization, and
(3) coordinated and cooperative display. I will
compare the phylogenetic patterns of variation
in these behaviors to the expected patterns based
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on the plasticity and evolutionary mechanisms
to determine which models provide a better ex-
planation of social behavior determination in
manakins.

MATERIALS AND METHODS

The analysis includes 12 genera in the restrict-
ed, monophyletic family of manakins (Pipridae;
Prum 1990b, 1992). Six genera from the tradi-
tional, polyphyletic manakin assemblage are ex-
cluded: Schiffornis, Piprites, Tyranneutes, Neo-
pelma, Neopipo, and Sapayoa (e.g., Snow 1975,
1979). These six genera are not manakins, and
their inclusion in the family has confounded pre-
vious analyses of the behavioral evolution of the
group (Snow 1963c, 1975; Sick 1967; Prum and
Lanyon 1989; Prum 1990b, 1992). The imme-
diate sister group of the manakins is the mono-
phyletic cotingas (Cotingidae), and the next out-
group is the tyrant flycatchers (Tyrannidae)
(Sibley and Ahlquist 1985, 1990; Prum 1990b).
The cotingas and tyrannids will be used as out-
groups in the analysis, but the monophyly of the
tyrannids will not be assumed (Sibley and Ahlqu-
ist 1985, 1990; Prum 1990b). Here, I use a re-
vised phylogenetic classification of the Pipridae
in which there are several taxonomic changes
(Prum 1992): (i) Xenopipo is expanded to include
four species in the paraphyletic genus Chloro-
pipo, (ii) the serena species group is removed
from the polyphyletic genus Pipra and placed in
Lepidothrix, and (iii) the species pipra is also
removed from Pipra and placed in the presently
monotypic genus Dixiphia.

For the phylogenetic analyses of character evo-
lution within the manakins, I use an independent
hypothesis of phylogeny for the manakins based
on characters from the morphology of the syrinx
(Prum 1992). Syringeal morphology was used in
that analysis because syringeal characters are
phylogenetically informative in suboscine birds
(Lanyon 1984a,b, 1985, 1986, 1988a,b,c; Prum
and Lanyon 1989; Prum 1990b, 1993), and sy-
ringeal characters were hypothesized to be more
independent of display behavior than other mor-
phological character systems such as plumage
(which is prominently featured during display)
and osteology and limb musculature (which may
be correlated with physical aspects of display).
The syringeal hypothesis of phylogeny was highly
congruent with an independent data set of de-
rived manakin display elements (Prum 1990a).

Behavioral information for this analysis was
gathered from the literature and from my own
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field observations (table 1). The sources of be-
havioral information about each manakin spe-
cies are summarized in the Appendix. I super-
imposed variations in three classes of social
behavior on the syringeal hypothesis of phylog-
eny: (1) lekking, (2) lek spatial organization, and
(3) coordinated and cooperative male display.
The most parsimonious hypotheses for the evo-
lution of each trait were identified visually and
confirmed using MacClade (Maddison and Mad-
dison 1992) with the syringeal hypothesis of phy-
logeny as an input tree. All conclusions about
the evolution of social behavior classes were un-
affected by accelerated or delayed transition as-
sumptions.

Although similarities in these social behavior
traits could be treated as homologues among some
species at a finer level of analysis, I have defined
these behaviors as distinct classes that are char-
acterized by thresholds of organization. These
behavioral grades are not strictly historical en-
tities (i.e., ontological “individuals” sensu Hull
1976) and would not be appropriate as system-
atic characters for phylogenetic reconstruction.
Including these social behavior traits in the orig-
inal data set used in phylogenetic reconstruction
as if they were appropriate systematic characters
does not alter the phylogenetic hypothesis used
in these analyses.

Adaptive plasticity models are consistent with
the observation of extensive intraspecific and in-
terspecific variation in these social behaviors
within a clade, but they are inconsistent with the
observation of significant phylogenetic coher-
ence or phylogenetic constraints in behavior.
Evolutionary models are consistent with a di-
versity of historical patterns including strongly
coherent phylogenetic patterns and phylogenetic
constraints, which are not expected through plas-
ticity mechanisms. A highly variable pattern of
social behavior could arise by either plasticity or
evolutionary mechanisms, whereas highly con-
served phylogenetic patterns or phylogenetic
constraints in social behavior could not arise by
plasticity mechanisms alone.

RESULTS
Lek Behavior

In a lek breeding system, males do not estab-
lish any lasting pair bond with females. Rather,
they defend nonresource-based, display territo-
ries and contribute only gametes to reproduction.
A lek has been defined as an aggregation of such
advertisement territories (Bradbury 1981).



