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Abstract.—Alternative mechanisms of intersexual selection yield distinct macroevolutionary
predictions about the magnitude and patterns of trait and repertoire diversity in clades exposed
to persistent intersexual selection. Phylogenetic analyses of the evolution of lek display elements
and secondary sexual plumages in manakins (Aves: Pipridae) were conducted to test these
predictions and determine which sexual selection mechanisms may have had a predominant role
in the evolution of traits within a clade of lekking species. The diverse trait repertoires of
manakins are composed of independent, hierarchically distributed (historically nested), behav-
ioral, and morphological novelties. In comparison with the closely related, predominantly mo-
nogamous tyrant flycatchers (Tyrannidae), the diversity of manakin traits and trait repertoires
is explosive, indicating that manakin traits have evolved by an unconstrained evolutionary
mechanism. The macroevolutionary patterns in manakin traits are consistent with the predic-
tions of the Fisherian and broad sensory bias mechanisms, but they are not consistent with the
predictions of the indicator, direct selection, species isolation, or sensory drive mechanisms.
The diverse repertoires and hierarchically distributed traits in the lekking manakin clade indicate
that Fisherian selection may have played an important role in diversification of secondary sexual
traits in other groups of polygynous animals.

Recent research on intersexual selection has contributed both theoretical and
empirical insights into the evolution of secondary sexual traits and preferences
in populations (reviewed in Kirkpatrick and Ryan 1991; Maynard Smith 1991;
Andersson 1994). However, the microevolutionary emphasis of most current re-
search on sexual selection has diverted attention from critical macroevolutionary
questions: How do mate preferences lead to the diversification of secondary sex-
ual traits among species? How do diverse repertoires of traits evolve? Which
sexual selection mechanisms contribute to phylogenetic patterns in secondary
sexual traits within a clade?

Proximate tests of alternative intersexual selection mechanisms have proven
difficult in populations of many organisms (e.g., Kirkpatrick and Ryan 1991).
Alternative mechanisms of intersexual selection yield testable predictions about
macroevolutionary patterns in traits and preferences that can evolve within and

* E-mail: prum@falcon.cc.ukans.edu.

Am. Nat. 1997. Vol. 149, pp. 668-692.
© 1997 by The University of Chicago. 0003-0147/97/4904-0003$02.00. All rights reserved.



PHYLOGENETIC TESTS OF SEXUAL SELECTION 669

among lineages as a consequence of sexual selection. Explicit methods of phylo-
genetic reconstruction and macroevolutionary character analysis are now avail-
able to document patterns in diversity and test alternative mechanisms of evolu-
tionary process (Hennig 1966; Wiley 1981; Coddington 1988; Prum 1990a; Brooks
and McLennan 1991; Harvey and Pagel 1991; Maddison and Maddison 1992).
Comparative investigations have already been employed to examine whether spe-
cific preferences evolved prior to traits (Ryan et al. 1990; Basolo 1991; Ryan
1991; Hill 1993) and to analyze the historical relationship between sexual selection
and the origin of sexual size dimorphism (Emerson 1994).

Here, 1 apply phylogenetic methods to examine macroevolutionary patterns
in male secondary sexual traits in a polygynous group of birds—the manakins
(Pipridae). First, I present macroevolutionary predictions about secondary sexual
trait evolution within clades based on the major, alternative intersexual selection
mechanisms. Following Kirkpatrick and Ryan (1991), I categorize current models
of intersexual selection and trait evolution into six classes: Fisherian, quality
indicator, direct selection on mate choice efficiency, species isolation, sensory
bias, and sensory drive mechanisms. The macroevolutionary predictions focus
on the magnitude of differentiation, the diversity of trait repertoires, and the
phylogenetic patterns in traits that can evolve as a consequence of these sexual
selection mechanisms.

In the second portion of the article, I test these predictions by examining
phylogenetic patterns of trait diversity in the manakins (Aves: Pipridae). Rather
than focus on the microevolutionary origin of traits and preferences within popu-
lations, these tests examine the historical consequences of persistent, intense
sexual selection on trait evolution subsequent to the initial origin of traits and
preferences within the ancestor of a clade. The manakins include 42 species of
frugivorous, Neotropical perching birds that are well known for their lek breeding
systems, elaborate display behavior, and striking, colorful sexually dimorphic
plumage (Snow 1963; Prum 1990a, 1990b, 1992, 1994). In previous research, I
have established a well-resolved phylogeny for the manakins, based on syringeal
morphology (Prum 1992), that was largely congruent with a phylogenetic analysis
of manakin display behavior elements (Prum 1990a). Lekking is primitive to the
manakin clade (Prum 1994), which may be 40 million yr old (Sibley and Ahlquist
1990), and a significant pair bond has evolved secondarily in only a single species
in the family (Marini and Cavalcanti 1993).

MACROEVOLUTIONARY PREDICTIONS OF ALTERNATIVE INTERSEXUAL
SELECTION MECHANISMS

Fisherian Mechanisms

In Fisherian models, traits and preferences evolve through a genetic correlation
between genes for extreme traits and preferences (Fisher 1958; Lande 1980, 1981;
Kirkpatrick 1982; Pomiankowski and Iwasa 1993). This correlation results in the
evolution of arbitrary traits that are highly variable in direction of elaboration
and that lack any correlation with male viability or condition. Because of the lack
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of deterministic processes, Fisherian selection should produce limited conver-
gence in secondary sexual traits.

The most rapid mechanism for the elaboration of a Fisherian trait is a ‘‘run-
away,”’ which may occur with extreme correlation between trait and preference
(Fisher 1958; Lande 1980, 1981; Kirkpatrick 1982). At the macroevolutionary
level, runaways should result in rapid differentiation in secondary sexual traits
among lineages in a clade with little convergence among lineages.

In the absence of direct selection on female preferences, the Fisherian mecha-
nism creates a stable polymorphism in trait and preference in populations at
equilibrium (Lande 1980, 1981; Kirkpatrick 1982). Perturbations from equilibrium
through drift, isolation, or dispersal will result in the rapid evolution of traits and
preferences in arbitrary directions determined by the displacement from equi-
librium and the strength of the trait/preference correlation (Lande 1980, 1981;
Kirkpatrick 1982). Direct selection on female preferences will collapse the stable
equilibria to a single point and constrain subsequent trait evolution (e.g., Pomi-
ankowski et al. 1991).

The Fisherian mechanism can result in the evolution of multiple secondary
sexual traits and complex trait repertoires even when there are high, combined
preference costs to females (Mgller and Pomiankowski 1993; Pomiankowski and
Iwasa 1993). At intermediate rates of differentiation, a Fisherian process should
yield a hierarchical, or historically nested, distribution of characters that are
shared among various lineages within a clade (fig. 1A). In complex hierarchical
distributions, trait repertoires are composed of independent traits that have
evolved at various nodes in the history of a lineage. If diversification among
lineages is extremely rapid, each lineage will be characterized by a diverse reper-
toire of unique traits (autapomorphies) in a nonhierarchical distribution that is
skewed toward the tips of the phylogeny (fig. 1D).

Quality Indicator Mechanisms

The quality indicator mechanisms function through selection on preferences
for those traits that indicate high-quality mates (Zahavi 1975, 1977; Andersson
1982, 1986; Hamilton and Zuk 1982; Kodric-Brown and Brown 1984; Kirkpatrick
1986; Pomiankowski 1987; Heywood 1989; Grafen 1990a, 1990b6; Iwasa et al.
1991; Price et al. 1993; Schluter and Price 1993; Andersson 1994; Iwasa and
Pomiankowski 1994). Quality indicators can evolve through direct selection on
preferences that confer viability and fecundity advantages to females or through
indirect selection on heritable fitness advantages to the offspring.

Variation in quality-indicating traits are the sum of a component of variation
that is correlated with quality, a genetic component, and a random environmental
component (e.g., Nur and Hasson 1984; Price et al. 1993). Indicator traits should
be costly to produce or incorporate limited resources from the diet, to prevent
counterfeiting of the trait by low-quality individuals (Zahavi 1977; Andersson
1982; Nur and Hasson 1984; Grafen 1990a, 19905; Hill 1991, 1992, 1994; Price et
al. 1993). An indicator trait can also communicate quality by conferring a direct
survival cost to males, but such viability-based indicators require unrealistic fit-
ness variation among males to evolve and are considered unlikely (Iwasa et al.
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A. Hierarchical Distribution B. Non-hierarchical Distribution
C. Trait Distribution Skewed D. Trait Distribution Skewed
toward Basal Branches toward Tips

FiG. 1.—Hypothetical distributions of character changes on a phylogenetic hypothesis. A,
A hierarchical distribution of traits is composed of historically nested character states that
have evolved independently along different nodes in the history of lineages within a clade.
B, A nonhierarchical distribution of traits is composed of nonnested character state changes
that have evolved along only a single node in the history of any lineage. C, A distribution
of trait character state changes that is skewed toward the basal branches, or trunks, of a
clade, as may result from a constrained evolutionary mechanism. D, A distribution of trait
character state changes that is skewed toward the terminal branches, or tips, of a clade as
may result from an unconstrained evolutionary mechanism.



