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WING-SHAPE VARIATION IN RELATION TO ECOLOGY AND
SEXUAL SELECTION IN FIVE SYMPATRIC LEKKING MANAKINS
(PASSERIFORMES: PIPRIDAE)
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Abstracr. Size and wing shape, measured for 103 manakins (Pipridae: Passeriformes, Aves) of five sympatric lekking species,
are analyzed using multivariate statistical techniques. Specific, sexual, and age differences are contrasted with ecological
and behavioral features. Females of each species show attenuated forms of adule male wing loading and wing shape
specialization. Immature males occupy an intermediate position berween females and adule males. Manacus manacus males
have rounded wings and high wing loading, presumably adaprations for agilc flight among dense vegeration and for wing-
snapping. Corapipo gutturalis and Dixiphia pipra males have dynamic long-hand wings and low wing loading, both required
for mancuverable, hovering, and fast agile flight. Pipra erythrocephala and especially Lepidothrix serena have narrow wings
of high aspect ratio, providing agility in fast flight. Female and male wings are presumed to be shaped by physical constraints
of the degree of openness of the birds” habitat and the height of their activity. Wings of females appear to be adapred for
higher mobility in large home ranges. Intermediate wing shapes of immature males are adapted to progressive changes in
their activity, from mobility with females to specific displays with adult males. Wing shapes of adult males provide various
flying capacities that help them to perform particular display movements in specific habitats. Accepted 6 May 1997.
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INTRODUCTION

The aim of this study is to evaluate the interplay

cuick 1972, 1975; Greenewalt 1975; Norberg 1981;
Norberg & Rayner 1987; Viscor & Fuster 1987; Ray-
ner 1981, 1988; Pennycuick 1989; Thomas 1993;
Norberg 1990, 1994, 1995). Although animal wing

design is commonly considered to be associated with

between wing design, ecology, and behavior in
lekking species. To carry out this evaluation, I have
studied size and wing shape variation, and have com-
pared predicted flight potentials with eco-echologi-
cal characteristics of females, adult males, and
immature males of the five species of manakins (Aves:

ecology and behavior, relatively few details are known
about the factors affecting wing shape. Habitar,
mating system, foraging behavior, migration, terri-

Passeriformes: Pipridace) inhabiting the tropical
moist forest of French Guiana: Manacus manacus,
Lepidothrix serena, Pipra erythrocephala, Dixiphia
pipra, and Corapipo gutturalis (nomenclature according
to Prum 1992). Manakins were selected for this ana-
lysis because all five species are lekking (reviews in
Sick 1967; Prum 1990, 1994), and sympatric, pre-
senting an ideal situation where specific display mor-
phology and mating behavior can be related to
specific habitats.

Optimal design of animal wings has long stimu-
lated considerable interest, partly in attempts to de-
velop artificial flight (e.g., Mouillard 1881; Marey
1872, 1890). Knowledge of animal flight progressi-
vely improved through the comparative study of va-
rious flying animals (reviews in Brown 1963; Penny-

toriality, and predator escape have all been regarded
as constraints acting on wing design (Savile 1957;
Norberg 1979, 1981; Leisler & Winkler 1985; Nor-
berg & Rayner 1987; Rayner 1988; Chandler &
Mulvihill 1990; Thollesson & Norberg 1991; Saun-
ders & Barclay 1992; Wickman 1992; Landmann &
Winding 1993, 1995; Norberg 1990, 1994, 1995).

Wing measurements (area, span, length, loading,
aspect ratio) are corrclated with body mass and flying
habit in several groups of flying animals (Greenewalt
1975, Lighthill 1977, Norberg 1981, James 1982,
Norberg & Rayner 1987, Viscor & Fuster 1987, Ray-
ner 1988). These corrclations provide a baseline that
enables one to identify morphological specialization
of particular species deviating from the “norm”.
Because interspecific dissimilarity may simply be
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related to body dimensions, size variation of wing
parameters should be compared with isometric re-
gression models. Scaling effects also dictate the use
of relative measurements of wing design, which
should be expressed in aerodynamic or energetic
terms. However, single variables such as wing loading
or aspect ratio arc unlikely to exphin flight ditferences
among manakins (Levey ¢r /. 1984, Moermond &
Denslow 1985) because flight performance is truly
multifactorial, involving combinations of size and
wing shape variables. Therefore, [ also analyzed wing
design using other relative measurements sclected for
their significant influence on flight performance, but
not correlated with wing loading or ratio aspects. 1
have not considered acrodynamic propertics of mana-
kin tails because the species I studied all have short
tails, and thus do not exhibit dimorphic but acro-
dynamically costly traits that could be compensated
for by sexual differences in wing design (Andersson
& Andersson 1994, Balmford ef 2l 1994).

The manakins I studied are lekking species (Prum
1990, 1994), and cxhibit marked dispersion and
habitat preferences influencing mobility ar display
sites. Males have relatively small home ranges during
the breeding season and are more sedentary than the
females, which range more widely and disperse
further when not breeding (Snow 1962a, b; Lill
1974a, b, 1976; Graves et al. 1983; Martin & Karr
1986; Théry 1992). Female home range size has been
found to be corretated with the degree of male
clustering (Théry 1992), but little is known about
sexual or specific differences in foraging behavior. All
five species studied here, and both sexes of each, are
known to snatch fruit by short flights (Snow 1962a,
b; Levey et al. 1984), while hovering in front of the
frutt (Moermond & Denslow 1983, 1985). Mana-
kins also take some insects on the wing (review in
Marini 1992), a greater proportion being fed to the
young than is eaten by adults themselves (Snow
1962a). Marini (1992) found slight sexual differen-
ces of foraging tactic and diet in the Helmeted Mana-
kin (Antilophia galeata), but similar information is
not available for the species studied here.

If intense sexual selecrion imposes constraints
on wing morphology in lekking specics, then wing
design should result in optimal adult male courtship
displays and female mobility or nest building, where-
as the acquisition of adult morphology and display
behavior may be delayed in immarture males (review
in Andersson 1994). As flight style and flight per-
formance are dependent on wing design, T used the
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ccomorphological studies of Norberg and co-workers
(Norberg & Rayner 1987; Norberg 1990: Tholles-
son & Norberg 1991; Norberg 1994, 1995) to
predict how wing shape could be expected to vary
among species and between sexes. Species flying
within dense vegetation or taking off from the ground
are hypothesized to be constrained to have short
rounded wings of low aspect ratio. Such wings should
be broad to compensate for their shortness, with
enough wing area to allow stow flight among dense
vegetation. To improve agility in slow flight and
facilitate flight path alterations among dense vege-
wation, the “arm wing” (i.e., the portion of wing
between body and humero-scapular joint, Norberg
1981) should be long in relation to total wing length.
Mancuverable flight, minimizing the radius of turn,
would be improved by low wing loading in slow and
fast flicrs. Hovering capacity and agility in fast flight
would be obrained by long “hand wings” (i.c., the
portion of wing distal to the humero-scapular joint)
and high aspect ratio.

Sexual dimorphism in body size is supposed to
be enhanced in polygamous animals, including lek-
king species, resulting in the selection of large males
for combative dominance (Darwin 1871, Hingston
1933). Association between mating system and se-
xual dimorphism has been studied in several groups
of birds, including manakins (e.g., Darwin 1871,
Lack 1968, Paync 1984, Héglund 1989, Bjorklund
1990, Oakes 1992, Webster 1992, Winquist &
Lemon 1994). According to Payne (1984), sexual
dimorphism in size is expected to vary among mana-
kins, depending on female size and mating system.
Hoglund (1989) showed thar in lekking species
where males display on the ground, males are larger
than females, while in lekking species wirh an
claborate flight display, the sexes are monomorphic
in size. However, the most recent studies rcach
opposite conclusions. Bjorklund (1990) found no
differences in dimorphism between polygamous and
monogamous species, whereas Oakes (1992) found
increased sexual size dimorphism in lekking species.

METHODS

Study sites. Between February 1985 and November
1994 I studied manakins at two sites in the tropical
moist forest of French Guiana: (1) the “Nouragues”
natural reserve (4°05'N, 52°42'W) around a granite
dome 100 km from the coast, and (2) the “piste de

Saint-Elie” site (5°04'N, 53°18'W) along a track



20 km from the coast. Both study sites, located 130 km
apart in the same unbroken forest block, show similar
climate, annual rainfall (Boyé¢ et al 1979), and
dominant plant families (Sabaticr & Prévost 1990,
Poncy e+ a4l 1997). At Nouragues, free of human
disturbance since the early 1700s, vegetation types
vary from high densc terra firme old-growth forest to
swamp forest, liana forest, banboo savanna, low fo-
rest surrounding the inselberg and rock-savanna
(Poncy et al. 1997). At Saint-Elie, vegetation types
are high densc terra firme old-growth forest, swamp
forest, and sccondary forest. Moderate slopes and
forest physiognomy are similar at both sites, except
for steeper slopes on the sides of the Nouragues
inselberg.

Manakin habitats. The five species of manakins are
sympatric at both study sites, and | have previously
described their preferred display habitats (Théry
1990a). Male Manacus manacus display on and close
to the ground, in low insclberg vegeration at Nou-
ragues and in secondary vegetation along the track
at Saint-Elie. Their display activity requires a per-
manent water flow near the lek. Lepidothrix serena
displays at mid-level of wet understory on slopes
of old-growth forest. Pipra erythrocephala displays
under the canopy of medium and tall trees in old-
growth, liana, and secondary forests. Male Dixiphia
pipra form leks in old-growth and swamp forest,
around old gaps or under the canopy of medium and
tall trees. Male Corapipo gutturalis display on mossy
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fallen logs on ridges and on tops of slopes in old-
growth forest, their display-site approach beginning
from above the canopy (Davis 1982, Prum 19806).

Wing measurement. Data were collected on 103
individually banded manakins, mist-netted in the
understory. I measured body mass (BM, to the
nearest 0.5 g), wing length (WL, distance from the
humero-scapular joint to the tip of the longest pri-
mary feather, to the nearest 0.5 mm on the flattened
wing), and body width between wings (BWI, along
a line perpendicular to the body sagittal axis, to the
nearest mm). Contour of the flattened wing was
drawn aligning the leading edges with a line per-
pendicular to the median body sagittal plane (Penny-
cuick 1989, Fig.1). Maximal wing width (MWW)
and maximal wing length (MWL) were measured to
the nearest mm on the wing contour (Fig. 2). Using
these measurements, I computed (Table 1):

® Wing span: the distance between wing tips with
wings extended laterally, WS = 2 MWL + BWI,
measured to the nearest mm.

® Total wing area: the area of both wings plus area
of body berween wings as projected on the wing
chord plane, WA in cm?. Mcasured by planimetry.
Relarively large wings are advantageous for highly
maneuverable slow flight, whereas small wings bring
agility at high speeds (Brown 1963, Norberg & Ray-
ner 1987, Rayner 1988, Norberg 1990, Thollesson
& Norberg 1991, Norberg 1994).

Female

Corapipo gutturalis

Manacus manacus

D
_/

-

10c¢cm

FIG. 1. Examples of wing contours of Corapipo guituralis and Manacus manacus measured in French Guiana from February

1985 to November 1994,
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FIG. 2. Measurements of the wing contour of five mana-
kin species studied in French Guiana from February 1985
o November 1994. WL = wing length (longest primacy
feather), MWL = maximal wing length, MWW = maximal
wing width, BWI = body width benween wings, WS = wing
span (see text for furcher deails).

weighting all variables equally (Leisler & Winkler
1985, Norberg & Rayner 1987). The accepted level
of significance for statistical tests is 95%. Principal
components analyses were performed berween me-
an values for females, adult males and immature
males. | computed specific means as the average of
adult male and female means, which may have been
calculated on different sample sizes. First-year males
having the same plumage as females, 1 considered
green birds as “females” if they remained in female
plumage for more than one year, or if they typically
behaved as females when visiting leks. Among ma-
les, adults were distinguished from intermediate-
plumaged immature males.

RESULTS

Lometric dimensional relationships and patterns of wing
shape variation. The five species in the group do not
conform to the main isometric relationships found
between wing morphology and body weight in other
bird species (Greenewalt 1975, Viscor & Fuster 1987,
Rayner 1988). Only wing span is correlated with
wing area:

WS = 3.673 WA®375
(WS =2.221 WA®33! for 139 Passeriformes, Greene-
walt 1975).

WING-SHAPLE VARIATION IN SYMPATRIC MANAKINS

Body mass, wing loading, aspect ratio, and wing
length are independent of dimensional scaling, and
the computed equation deviates from the geometric
similarity hypothesis. Therefore, no global trend of
size variation emerges from interspecific comparison.
Multiple analyses of variance, computed among spe-
cies and berween sex and age classes within species,
provide statistical evidence of consistent variation
among studied groups (all P values < 0.001). These
results justify focusing on variation in size and wing
shape among sex and age classes, and allow one to
proceed with principal component analysis, keeping
wing area and wing loading as size descriptors.

Wing size and shape for females, adult males and
immature males of the five species. The two principal
components, collectively, explain 73.5% of the total
sample variance. The first component, PC1 which
accounts for 40.2% of the total variance, essentially
expresses variance in wing loading and wing dyna-
mism (Table 2, Fig. 3). The second axis, PC2 (33.3%
of the total variance), contrasts wing area with aspect
ratio. These two principal components reveal two sig-
nificant associations between variables: wing loading
is positively correlated with wing dynamism index
(r=0.749, n = 15, P < 0.01), and aspect ratio is
negatively correlated with wing area (r = -0.578,
n =15, P < 0.05). The first association makes sense
in aerodynamic terms: dynamic wings and low wing
loading are both advantageous for the hovering flight
and fast aerial displays of Corapipo gutturalis and
Dixiphia pipra, whereas long arm wings allow the
slow agile flights of Manacus manacus wichin dense
vegetation. The second correlation reveals that large

TABLE 2. Contributions (in percent) to the princi-
pal components of the five variables selected in the
multivariate analysis of wing design of five manakin
species studied in French Guiana from February 1985
to November 1994.

% conrtribution

Variable PC1 PC2
Total wing area 29 45.2
Aspect ratio 12.8 37.7
Wing loading 40.7 1.4
Wing elongation index 10.7 6.5
Wing dynamism index 32.9 9.2




THERY

wings are wide instead of long (Manacus manacus,
Dixiphia pipra), and that small wings are narrow
rather than short (Lepidothrix serena).

The first component separates Manacus manacus,
characterized by high wing loading and long arm
wing, from Cormapipo gutturalis and Dixiphia pipra,
with low wing loading and long hand wing (Fig. 3).
Females of each species show attenuated forms of
adult male specialization in wing loading and wing
shape (Tables 1 and 3): C. gutturalis and D. pipra
show low wing loading in females, and even lower
values in males (14-16 % lower than in femalcs).
These two species also exhibit the longest hand wings
(lowest WD). Contrary to Corapipo, Manacus shows
high wing loading in males and females. In males of

Manacus manacus, wing loading is 32% higher than
in females (Table 3), and cwice as high as Corapipo
males (Table 1), Manacus males are also characterized
by longest arm wings (highest WD).

The second component shows that males of Pipra
erythrocephala, and especially of Lepidothrix serena,
present high aspect ratios, through reduction of wing
width in L. serena, which induces higher wing
loading. Despite having the highest aspect ratio,
L. serena males show relatively little wing dynamism
but long arm wings. Female L. serena and P erythro-
cephala show little wing shape or wing area specia-
lization.

Immature males are all positioned benween
females and adult males of their respective species.

SMALL WING LONG POINTED

[pC2]

LONG ARM
WING

HIGH
WING LOADING

WING
CgIM
. CEAM LOW
WING LOADING
LONG HAND
WING

BROAD ROUNDED LARGE WING

WING

[PC1]

FIG. 3. Bivariate plot of the principal components, PC1 and PC2, in the sex and age dimorphism analysis of five manakin
species studied in French Guiana from February 1985 to November 1994, Dashed lines are connecting subgroups of the
five species. Cg = Corapipo gurturalis, Dp = Dixiphia pipra, Ls = Lepidothrix serena, Mm = Manacus manacus, Pe = Pipra
erythrocephala; ¥ = female, IM = immarure male, AM = adult male; WA = total wing area, WLO = wing loading, AR =

aspect ratio, WE = wing elongation index, WD = wing dynamism index. Notes indicate wing shapes in different sections

of the plor.
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TABLE 3. Mean body mass and wing characteristic ratios (adult males/females) of five manakin species studied
in French Guiana from February 1985 to November 1994.

Ratio adult males/females

Wing Body Wing Toral Aspect Wing Wing Wing

Species length nass span wingarea  ratio loading  clongation  dynamism
index index
Corapipo gutturalis 1.04 0.93 1.05 1.10 1.01 0.84 0.96 1.02
Manacus manacus 0.96 1.18 0.97 0.89 1.06 1.32 0.92 1.02
Pipra crythrocephaka 0.96 0.93 1.03 0.99 1.08 0.94 1.02 1.07
Dixiphia pipra 1.00 0.85 0.99 0.99 0.99 0.86 0.98 0.99
Lepidothrix serena 0.94 0.98 1.01 0.91 1.12 1.08 1.07 1.07

Wing design and ccological factors. Wing loading and
wing shape variations were compared with heighes of
male displays and female nests in an atempt to
identify ccological factors constraining wing design.
Although differences in vegetation density were not
measured, descriprions of lek habitar and extensive
field obscrvations show that M. manacus displays in
the densest habitac, L. serena and P erythrocephala in
more open sites, and C. gutturalisand D. pipra in the
most open sites. In each species, male and female
show a preference for display or nesting height which
may be related to habitac openness. Thus, I compared
wing loading and wing shape, as expressed by PCI1
(Fig. 3), with mean height of nests and displays
(Fig. 4). Principal components scores of adult males
and females are positively correlated with nest or
display heights (Spearman rank correlation rs = 0.745,
n =10, P < 0.05). In M. manacus, characterized by
long arm wings and high wing loading (low PCl1
score), males display close to the ground and
females build che lowest nests. In C. guttnralis and
P pipra (high PCI score), long hand wings and low
wing loading are correlated to elaborate aerial displays
in more open space, and to higher nests.

DISCUSSION

Dimensional relationships. 'I'he sizes of the studied
manakins are consistent with the correlation of wing
area with wing span found by Greenewalt (1975)
among other Passeriformes. Wing area is the most
efficient size descriptor and may be used to scale
species and sexes.

Payne (1984) contrasted male combative domi-
nance, selecting males for larger size, with female
choice, selecting males for smaller size and increased

agility in aerial displays. Using male vs. female rati-
os of wing length and body mass, Payne showed that
sexual dimorphism in size varies among specics of
manakins with female size and mating system. My
results are not consistent wich Payne’s (1982) con-
clusions, ncither for female size (wing length: r =
0.163, body mass: r =0.588; n =5, P> 0.05 in both
cases) nor for male dispersion (with female long wings
either in concencrated leks or in dispersed leks). Using
a difference of more than 5% in mean wing length
and more than 10% in mcan body mass to define
dimorphism, Hoglund (1989) showed that in lekking
species where males display on the ground, males are
larger than females. This is confirmed by M.
manacus males being 18% heavier than females
(Table 3). Morcover, my results fit Hoglund's pre-
diction that size monomorphism may be explained
by the selection of small agile males with elaborate
flight display: C. guetturalis and P erythrocephala are
monomorphic for wing length and body mass, D.
pipra for wing length. Hoglund stated that size
dimorphism never evolved among the manakins. Ne-
vertheless, his appendix presents five size-dimorphic
manakins. In addition, analyses of size dimorphism
from the literature give different results (e.g., M.
manacus shows more than 10% body mass dimor-
phism in Snow & Snow 1963). Using Hoglund’s
criterion for size dimorphism, my study of sympa-
tric living individuals shows that three of the five
species can be considered to show size dimorphism
(Table 3).

Ecomorphology and male displays. Wing design appears
to be primarily related to the physical constraints of
the degree of habirat openness and activity heighe,
which constitute selective pressures on male and

15



THERY

50—

Y
o
|

Height (m)
8
|

¢

81095 |Dd

=T II '
e S

¢
¢
0 =T =5 - 3
Manacus Lepidothrix Pipra Dixiphia Corapipo
manacus serena  erythrocephala pipra gutturalis

FIG. 4. Height ranges for nests and displays of the five lekking species of manakins, compared with wing designs (PC1
scores) as measured by principal component analysis of sexual dimorphism of the same species studied in French Guiana
from Fehruary 1985 to November 1994. Height ranges compiled from Snow (1961, 1962a, b), Lill (1974a, b, 1976),
Davis (1982), Prum (1985, 1986), Dujardin (1987), Tostain (1988a, b), Théry (1990a, b, and unpubl. personal obser-
vation), are figured as bars for cach species and sex, except for the only nest-heighe data known in Corapipo guetnralis (X).
¢ represents female and male values of PC1 on the x axis of Fig. 3, which contrast low wing loading and long hand wing

of Corapipo with high wing loading and long arm wing of Manacus.

female wing morphology (Savile 1957, Brown 1963,
Kokshaysky 1973, Rayner 1988). Manakins with
elongated wings occur in more open spaces, whereas
those with broad rounded wings live in closed habi-
tats. Long hand wings are present in species perfor-
ming agile aerial displays or hovering, long arm wings
in species that fly slowly among dense vegeration. All
these wing shapes bring various display potentials to
males in their display site habitat, and appropriate
flying capacities to wider-ranging females building
nests and feeding young alone. The intermediate
wing shapes of immature males may represent an
adaptation to progressive changes in their activity,
from mobility with females to specific displays with
adult males.

Males of each lekking manakin species display in
a particular habitat, which can be defined by vege-
tation structure, height, and number and diameter
of display perches. Courtship behaviors consist of
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rapid movements, combined in certain species with
slower elements (e.g., butterfly-flight display of D.
pipra and C. gutturalis) or mechanical noises (e.g.,
wing “pop” of C. gutturalis and snap-jump of M.
manacus), which all involve specialized wing shape
or modified flight feathers. Among the studied
species, L. serena and especially D. pipra show
relatively simple display repertoires, whereas M.
manacus, I erythrocephala and C. gutturalis exhibit
more complex courtship behaviors (Prum 1990).
What is the relationship berween male display
and wing configuration? C. gurturalis produces a wing
“pop” withourt the wing-feather specialization used
by some other manakin species (c.g., M. manacus),
performs like 2. pzpra a butterfly-flight display with
deep, slow exaggerated wing beats (Prum 1986, 1990;
Théry 1990b), and is the only manakin species to
begin its display-site approach from above the canopy.
The wing “pop” is produced by rapidly snapping the



wing tips against the air, creating something like a
“whip” of low pressure behind the wing (Prum 1986),
at a speed of 100-120 km/h (Théry & Vehrencamp
1995). In adult, but not immature males, the owo
outermost primary feathers are lanceolate; i.c.,
narrow and pointed along both webs. This feather
specialization, combined wich a long hand wing and
high-speed flight, is responsible for the wing “pop”.
Indeed cthis noise is much softer in immacure males
and the removal of these feathers, or even only the
single outermost, renders the adult male unable to
produce the usual “pop” (pers. observ.). Multivariate
analyses showed that C. gutturalis and D. pipra are
characterized by low wing loading and a long hand
wing. Maneuverability in fast flight and hovering are
typical display features in these species, and are
dependent upon this wing design. Following the
wing "pop", males of Conpipo perform an about-face
in flight above the female before copulation (Théry
1990b), and both C. gutturalis and D. pipra hover
in their butterfly-flight display. Therefore, it is con-
sistent that males of these two species have evolved
lower wing loading than females and other males,
given their frequent aerial displays. As predicted from
observations of ccology and behavior, low wing
loading and long hand wings were found in C. gus-
turalis and D. pipra, in accordance with requirements
for mancuverable, hovering or fast and agile displays.

M. manacus is the only manakin species known
to exhibit a snap-jump display (Prum 1990), the re-
sult of hypertrophied muscles holding the wings suff
and rigid in order to form a fixed support for still
more specialized movements of the highly modified
secondaries (Lowe 1942). This hypertrophied mus-
culature, specialized to produce wing noises, increases
wing loading. High wing loading also helps to create
strong pressure under the wing to aid the snapping
of suff secondaries and the whirring of primaries.
Contrary to Payne (1984:31), the wing feathers of
immature males and females are not modified and
give softer wing noises (Snow 1962a, pers. observ.).
My predictions of rounded wings and high wing loa-
ding are verified in Manacus. Similarly, short flights
and perching are typical of Manacus displays (Snow
1962a), and were expected from the low flight per-
formance inherent in this wing design. I also found
long arm wings, as expected, since they improve
agility among dense vegetation,

As predicred, L. serena is characterized by high
aspect ratio, particularly in males which also exhibir
high values of wing elongation and wing dynamism

WING-SHAPE VARIATION IN SYMPATRIC MANAKINS

indices. These values are higher in males than in
females, as is wing loading. High aspect ratio and
wing loading increase agility in fast flight for to-and-
fro displays and also make a wide range of speeds
available. Similarly, long arm wings improve agility
in the slow flight required for S-curve flight displays
in dense understory before copulation (Théry
1990b).

Like L. serena, I erythrocephala males show in-
creased aspect ratio, which was expected to make a
wide range of speed available and to increase male
agility in fast flight when exccuting S-curve flight

displays.

Conclusion. In manakins, the evolution of lelking and
lek spatial organization are strongly constrained by
phylogeny, limiting the influence of adaptive indi-
vidual plasticity and subsequent behavioral evolution
(Prum 1994). Secondary sexual characters, display
clements, and specialized wing morphologies all
evolved and diversified following the evolution of
lekking in the group. Prum (1990) also showed that
“derived male plumage traits in manakins have evol-
ved subsequent to the behavioral novelties in which
they are prominently featured”, and that “the oppo-
sing hypothesis that novel plumage results in the
evolution of derived displays can be rejected”. If
behavioral diversification is indeed "driving” male
morphological specialization, then lekking and
courtship behaviors adapted to specific lek sites be-
fore the evolution of derived morphological charac-
ters. Therefore, courtship displays, plumage colors
(Endler & Théry 1996), and wing shapes were all
constrained under sexual selection to evolve in a
specific Ik habttat. The same process applies at the
ontogenetic level, with the specialized wing shapes
and flight feathers involved in courtship appearing
in males long after displays and meolt into adult
plumage, as does male coloration.
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