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In polygynous birds, bright plumage is typically more extensive in the sexually competitive males 
and develops at or after sexual maturity. These patterns, coupled with the importance of male 
plumage in sexual displays, fostered the traditional hypothesis that bright plumages and sexual 
dichromatism develop through the actions of sexual selection on males. This view remains 
problematic for hummingbirds, all of which are polygynous, because their bright iridescent 
plumages are also important non-sexual signals associated with dominance at floral nectar sources. 
Here I show that female amethyst-throated sunangels [Heliangelus amethysticollis (d’Orbigny & 
Lafresnaye)], moult from an immature plumage with an iridescent gorget to an adult plumage with 
a non-iridescent gorget. This ‘reversed’ ontogeny contradicts the notion that iridescent plumage has 
a sexual function because sexual selection in polygynous birds should be lowest among non- 
reproductive immature females. Moreover, loss of iridescent plumage in adult females indicates that 
adult sexual dichromatism in H. amethysticolfzs is due in large part to changes in female ontogeny. 
I suggest that both the ontogeny and sexual dichromatism evolved in response to competition for 
nectar 
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ecology. 
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INTRODUCTION 

The status of sexual selection as an evolutionary process distinct from natural 
selection can be difficult to evaluate from a functional analysis of display 
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structures. By definition, natural selection acts on any trait that influences the 
number of offspring whereas sexual selection acts on only those traits that 
influence an individual’s ability to acquire mates. In practice, however, many 
display structures function in both mate acquisition and other contexts. These 
complications can obscure the original basis for the evolution of the trait (cf. 
Gould & Vrba, 1982). 

For example, circumstantial evidence supports both sexual and non-sexual 
origins for the brightly coloured plumages of birds. The sexual selection 
hypothesis is consistent with the observation that many birds acquire a brightly 
coloured plumage with the advent of sexual maturity, the time when 
reproductive activities and mate competition commence. Furthermore, 
immatures often wear drab plumages, whereas adults of migratory species often 
lose their colourful plumages during the non-breeding season (Lyon & 
Montgomerie, 1986). This interpretation is reinforced by the frequent 
association of the most elaborate male ornaments and pronounced sexual 
dichromatisms with polygyny, a mating system in which the intensity of sexual 
selection is believed to be greater on males. Yet the possibility exists, as with any 
correlation, that factors other than those considered actually provide the causal 
link. Indeed, predation pressures, non-sexual social interactions and diet also 
change with age, season and breeding system. One or more of these non-sexual 
factors could be responsible for the evolution of conspicuous plumage (e.g. Baker 
& Parker, 1979; West-Eberhardt, 1983; Slagsvold & Lifjeld, 1985). If a plumage 
ornament has sexual and non-sexual functions, it becomes difficult to distinguish 
its initial function from those it may have acquired subsequently. The challenge 
is to find natural experiments that serve to discriminate among causal 
mechanisms. 

Here I describe a novel moult pattern that accomplishes this aim for one 
typical hummingbird plumage ornament, the brightly coloured iridescent 
gorget. Traditionally, gorgets are considered products of sexual selection because 
they typically develop at sexual maturity and only in the males of this uniformly 
polygynous family (Aldrich, 1956; Williamson, 1956; Stiles, 1982). However, the 
male gorget functions both as a sexual display signal and as a non-sexual 
aggressive signal for defence of nectar-providing flowers (Stiles, 1982), so one 
cannot say for which function it evolved. I demonstrate that females of the 
amethyst-throated sunangel [Heliangelus amethysticollis (d’Orbigny & 
Lafresnaye)] moult from a brzght to a dull gorget at sexual maturity. I argue that 
such a ‘reversed’ ontogeny provides evidence that non-sexual selection alone is 
sufficient to explain the evolution of iridescent plumage and sexual dichromatism 
in some hummingbirds. 

MATERIALS AND METHODS 

The nine currently recognized sunangel species (Peters, 1945; Fitzpatrick, 
Willard & Terborgh, 1979) are common residents of forested and scrubby 
Andean habitats. My study of H. amethysticollis is based on an examination of 
museum skins collected from Ecuador to Bolivia. I follow Peters (1945) and 
Fitzpatrick et al. (1979) in considering populations from Venezuela and central 
Colombia to comprise a distinct species, H.  clarisse. Most specimen labels 
contained gonad information (95 of 146 adults and 37 of 65 immatures). I sexed 
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the remaining specimens by application of discriminant function analysis (DFA), 
which is a powerful tool for sexing hummingbirds from various linear 
measurements (Bleiweiss, 1992). I used a jackknife validation procedure on a 
stepwise analysis of four measurements that proved sexually dimorphic in adult 
birds sexed by their gonads: length of outer primary (P), length of exposed 
culmen (EC), length of culmen from base of nasal operculum (CB) and length of 
outer tail feather (OT) (Baldwin, Oberholser & Worley, 1931). The inclusion of 
specimens sexed by DFA augments substantially both the sample size and 
geographic coverage of my study. Further details of these analyses are given 
elsewhere (Bleiweiss, 1992). 

Hummingbirds can be aged by external characters of the bill. Immatures have 
minute corrugations that are lost in adults, whose bills are smooth (Ortiz- 
Crespo, 1972; Stiles & Wolf, 1974; Ewald & Rohwer, 1980). In several North 
American hummingbirds, Stiles (1972) found that the bills of fledged immatures 
are shorter than those of adults, presumably because the bills of immatures have 
not completed growth. To further validate ageing by bill corrugations for 
H. amethysticollis, I examined correlations between bill texture and bill length. I 
also tested whether individuals with textured bills have smaller gonads (noted in 
millimetres on many specimen labels), as would be expected if the corrugations 
are an accurate guide to reproductive stage. The relative ages of immatures can 
be determined roughly from the number of bill corrugations (Ortiz-Crespo, 
1972; Ewald & Rohwer, 1980), which disappear gradually during the bird’s first 
year (Ortiz-Crespo, 1972; Stiles & Wolf, 1974). I estimated the number of 
corrugations with the aid of a camera lucida. Individuals that lacked 
corrugations outside the nasal depression were considered to be adult. 

Structural modifications of the feather barbules determine the presence and 
intensity of iridescent colours in hummingbird feathers, and provide a physical 
basis for qualitative descriptions such as ‘bright’ and ‘dull’. I used Greenewalt’s 
terminology ( 1960) : “glittering” refers to the most intense mirrorlike reflection, 
“shining” to a duller metallic lustre. Colour terminology used here follows that 
of Smithe (1975). I quantified the amount of glittering colouration by counting 
camera lucida tracings of the glittering feathers on the gorget of each specimen 
(for details see Bleiweiss, 1985). Females were divided into four plumage colour 
classes based on the percentage of the average number of glittering feathers in 
adult males of the species (X = 86.6; class I = Oyo, class I1 = < 25%, class 
111 = < 50%, class > 50%). 

I determined the moult pattern of the gorget by noting patterns of feather 
replacement. Incoming feathers could be recognized by the presence of a sheath 
entirely surrounding the new feather, or at the base of an unfurling feather. New 
feathers were identified as either glittering (purple to magenta) or non-glittering 
(rufous or rufous with a shining green dot). Feathers hidden within a sheath 
could not always be identified, but the sheath could be teased apart in some 
cases, revealing the identity of the nascent feather. 

The four skin measurements (P, EC, CB, OT) adhered to the assumption of 
normality and homogeneity of variance for parametric uni- (Student’s t )  and 
multi- (DFA) variate statistical tests. Appropriate non-parametric methods were 
used for variables that did not meet these assumptions (gonad size, bill 
corrugations, glittering gorget feathers). All statistical analyses were conducted 
using SPSSx (SPSSx Inc., 1988) or BMDP (Dixon, 1983). 
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RESULTS 

Sexing 

The discriminant function constructed for each age group (adults, immatures) 
was highly significant, and accurately classified most individuals of known sex 
(BMDP P7M, Dixon, 1983; Table 1) .  Posterior probabilities of assignment to sex 
for immatures lacking gonad data exceeded 0.95 for 22 of 25 specimens or 
88.0%. The results of DFA on adults, which gave similar levels of reliability, are 
discussed elsewhere (Bleiweiss, 1992). Subsequent analyses conducted with and 
without individuals whose sex was less certain (P < 0.95) gave qualitatively 
similar results. I discuss the more inclusive analyses. 

Age and gonad condition 

Bill length and gonad size correlate with age/reproductive class as defined by 
the presence (immature) or absence (adult) of bill corrugations. For both sexes, 
immatures have shorter bills than adults for each of the two different measures of 
bill length (P < 0.05 in three of four comparisons; Table 2). Moreover, analysis 
of gonad data bears out the a priori expectation that the gonads’ mean largest 
dimension among individuals with smooth bills is significantly larger than those 
with textured bills [males: X adults = 2.11, X immatures = 0.90 
(Mann-Whitney U = 44.5, one-tailed P < 0,0001); females: X adults = 3.64, X 
immatures = 2.19 (Mann-Whitney U = 51.5, one-tailed P < 0.0005)]. Size of 
ovarian follicles was minute (physiologically quiescent) in all immatures where it 
was noted on the specimen label. Thus, individuals with textured bills are indeed 
physiologically immature. 

TABLE 1. Results of jackknifed stepwise discriminant function analysis on 
immature and adult ff. arnethysticollis. Percentages refer to the proportion of 

individuals classified as male or female 
~ 

Actual group 

Immatures 
sex 
Male 
Female 
Unknown 

Adults 
Sex 
Male 
Frmale 
Unknown 

Predicted groupa 
x2 

N Male Femalc (d.f.) 
______ 

23 21 (91.3%) 2 (8.77,) 36.78*** 

25 I 1  (44.Oo/b) 14 (56.0%) 
14 1 (7.1y0) 13 (92.9,/,) ( 2 )  

54 49 (90.7%,) 5 (9.37,) 119.10*** 
41 1 (2.4%) 40 (976*&) (4) 
51 35 (68.696) 16 (31.4OiO) 

~~ 

“Equality of the covariance matrices was verified by non-significant values (P > 
0.05) for Box’s modification of Bartlett’s test (Williams, 1983) and by insensitivitv ol 
results to analysis on log transformed measurements (Pimental & Frey, 1978). 

’The statistical significance of each discriminant function was tested by transform- 
ing Wilks’ lambda into a x2 statistic (Marascuilo & Levin, 1983). ***P < 0.001. 
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Figure 1. Difference in the amount of glittering iridescence between immature and adult females. 
The iridescent colour classes (11-IV) are significantly more frequent among immatures. Black 
histograms represent females from a population whose adults are predominantly male-like (see text). 

Female ontogeny 
Geographic variation among populations of adult H. amethysticollis has been 

discussed in a survey of the entire genus (Bleiweiss, 1992). The gorgets of adult 
males are glittering magenta to rose, whereas those of adult females are typically 
non-iridescent rufous, sometimes with shining green dots. Although adult 
females of many Hetiangelus species often have glittering gorgets, such 
polychromatism is greatly reduced in H. amethysticollis (only 11 of 57 specimens, 
or 19.3%, have glittering gorget feathers; Fig. 1 ) .  I n  contrast, most immature 
females have a few to many glittering gorget feathers (24 of 28 specimens or 

TABLE 2. Age-related bill length differences in male and female 
H.  amethysticollis: EC = exposed culmen; CB = culmen from base of nasal 

operculum 

Character Age class mm (XfSE)  t“ d.f. P 

Male 
EC Immature 

CB Immature 

Female 
EC Immature 

CB Immature 

Adult 

Adult 

Adult 

Adult 

*** 15.39f.19 4.85 104 
16.48f. 1 1 
18.61k.18 2.66 107 ** 
19.12 * .09 

*** 15.95f.20 3.36 72 
16.74+ . I2  
19.06+.17 1.32 74 * 
19.34 +. 11 

“Unpaired Student’s t-test. 
*Significance levels are one-tailed on the a priori assumption that immatures have 

shorter bills than adults. 
* P  < 0.1; **P < 0.01; ***P < 0.001. 
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Figure 2. Gorget ontogenies of immature females and males. The amount of glittering iridescence 
clearly increase with age in males. Absence of the expected negative trend among females is due to 
geographic variation in the relationship between numbers of bill corrugations and glittering 
feathers. 0, Ecuador-northern Peru; X, central Peru; 0,  southern Peru-Bolivia. Males from all 
localities plotted as filled dots. 

85.7%; Fig. 1).  This significant age-related difference in colour (Pearson x2 = 
39.7, d.f. = 3, P < 0.0001) demonstrates that most females moult from a 
glittering to a duller non-glittering gorget a t  sexual maturity. The feather 
replacement pattern in moulting individuals supports this conclusion; 
significantly, only non-glittering feathers were found growing on the gorgets of 
moulting females (65 emerging feathers from among 17 individuals). 

Among females, the progressive loss of glittering feathers is indicated also by 
the fact that most older (by fewer bill corrugations) immatures have duller non- 
glittering gorgets. One might expect an overall negative relationship between the 
numbers of bill corrugations and glittering throat feathers because glittering 
feathers are lost in adults. The absence of such a relationship in the pooled 
sample is apparently due in part to geographic differences in the relationship 
between bill and feather development (Table 3, Fig. 2). Numbers of glittering 

TABLE 3. Spearman’s coefficients of rank correlation between 
numbers of glittering male-like feathers and of bill corrugations 

Sex Groupings“ rs P x 

33 Males Pooled 0.5339 *** 
Females Pooled 0.010 28 

6 Females LOC. 1 
LOC. 2 -0.4087 9 
LOC. 3 -0.4231 13 

0.8117 ** 

* 

“Pooled: all samples; Locality 1: Ecuador and northern Peru; locality 2: 

*One-tailed significance levels: *P < 0.1; **P < 0.05; ***P < 0.01. 
central Peru; locality 3: southern Peru-Bolivia. 
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Figure 3. Plumage ontogeny of immature females (top) and males (bottom) as indicated by a series 
collected at Chuspipata, Bolivia from 1979 to 1981 (Louisiana State University Museum of 
Zoology). In each grouping, the youngest bird is on the left, and the moult stages advance to the 
right. 
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feathers and bill corrugations are negatively correlated in the larger Peruvian 
and Bolivian samples, but positively correlated in the northernmost sample from 
Ecuador and northern Peru. The aberrant relationship in the north may reflect 
the small size of the sample available for this region, or a different ontogenetic 
trajectory among these subspecifically distinct (Zimmer, 195 1)  populations. 

Comparison with males 

Immature females with few or no rufous gorget feathers are very similar in 
appearance to immature males (Fig. 3) .  In  both, glittering gorget feathers are 
restricted to the chin and upper half of the throat. The remaining lower portion 
of the throat is dark shining green, bordered below by the light coloured chest 
band present in both immatures and adults (which varies clinally from white in 
Ecuador to rufous in Bolivia). 

In  marked contrast to the pattern among females, however, the number of 
glittering feathers in the gorgets of males increases with age (Table 3, Fig. 2), 
and only glittering feathers were observed to be growing on their gorgets (40 
emerging feathers from among ten individuals). Glittering feathers appear on the 
upper portion of the gorget first and subsequently develop in the lower border. 
These are the usual patterns of moult in male hummingbirds with an iridescent 
adult gorget (Aldrich, 1956; Williamson, 1956). 

DISCUSSION 

Evidence that female H. amethysticollis moult from a brighter glittering to a 
duller non-glittering gorget a t  maturity is supported by two patterns: most 
immature females have glittering gorgets whereas most adult females have duller 
non-glittering gorgets; all feathers emerging on the gorgets of immature females 
are non-glittering. This moult apparently is not unique to H. amethysticollis 
among hummingbirds, as Elgar (1978) reports that an immature female white- 
necked jacobin (Florisuga mellivora) in his aviary molted over a 14-week period 
from an iridescent blue plumage typical of males to a white and shining green 
one. Inadequate nutrition or other unnatural conditions might produce an 
anomalous moult in a captive bird. The existence of the same pattern in a 
natural population, however, cannot be so readily dismissed. 

The one caveat to this ‘reversed’ pattern in female H. amethysticollis is that a 
few adult females have glittering gorgets. This raises the possibility that two 
different ontogenies exist; the predominant ontogeny is from glittering to 
non-glittering, while less frequently, gorgets remain glittering into adulthood. 
Most adult females with glittering male-like plumage (Fig. 1) were collected 
from a small region in southern Ecuador and northern Peru, an area from which 
immature females were not obtained. Therefore, the ontogenetic sequence that 
ends with a glittering adult female plumage remains undocumented. 
Nevertheless, moult from a glittering to a duller non-glittering gorget is clearly 
the norm over most of the species’ range. Below, I consider the significance of the 
female ontogeny for understanding the evolution of iridescent plumage and the 
development of sexual dichromatism. 
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Evolution of the immature stage 

Although glittering plumages are typical of many male hummingbirds, the 
immature plumage described here adds to the variety of glittering plumages 
documented in female hummingbirds. Previous work has shown that adult 
females of many species develop monomorphic or polymorphic glittering male- 
like plumages (Wolf, 1969; Wolf & Stiles, 1970; Bleiweiss, 1985, 1992). These 
plumages are unlikely to be products of sexual selection acting on females 
because hummingbirds are polygynous, a breeding system in which females 
should enjoy low levels of mate competition (Darwin, 1871). Nonetheless, as 
these are adult plumages and thus occur in reproductively mature birds, a sexual 
origin cannot be ruled out. 

The reversed ontogeny provides conclusive support for a non-sexual function 
for glittering female gorgets because the bright plumage develops in non- 
reproductive immature females, which should enjoy the lowest levels of sexual 
selection (West-Eberhardt, 1983; Lyon & Montgomerie, 1986) and disappears 
when they mature. Moreover, the apparent rarity of reversed plumage 
ontogenies implies that the bright immature stage evolved for this non-sexual 
function. Thus, speculations as to the possible non-sexual origin of the glittering 
immature plumage are justified. 

Among non-sexual factors, predation may account for the origin of some 
bright colours that are hard to explain as products of sexual selection (Baker & 
Parker, 1979). The bright colours of immature invertebrates and small terrestrial 
vertebrates, for example, appear to serve as warning or distraction signals to 
potential predators (e.g. Cooper & Vitt, 1985). I exclude predation as an 
important influence on the bright plumage of immature H. amethysticollis, 
however, because predation levels are very low on non-breeding hummingbirds 
(Miller & Gass, 1985). Diet per se can influence plumage colour because the 
amount of pigment deposited in feathers can depend on the quantity of pigment 
present in the bird’s food (Slagsvold & Lifjeld, 1985). However, iridescent 
colours are produced by structural modifications to the feather, so their 
development is independent of the ingestion of specific biochromes. 

Alternatively, the glittering gorget of immatures may serve as an aggressive 
signal associated with the defence of nectar resources. Field studies have 
demonstrated a direct relationship between iridescent plumages in adult 
hummingbirds and socioecological behaviours associated with foraging. 
Specifically, females of sexually dichromatic species are usually less territorial 
nectar feeders than their more highly iridescent male conspecifics, whereas 
females of monochromatic species with iridescent plumage are as territorial as 
their respective males (Wolf, 1969, 1975; Wolf & Stiles, 1970; Stiles & Wolf, 
1970, 1979). One would predict, therefore, that immatures with glittering 
plumage are more aggressive than the relatively dull-coloured adult females in 
their exploition of nectar sources. 

Two lines of indirect evidence make this an attractive explanation for the 
reversed ontogeny. First, male Heliangelus are notably aggressive and territorial 
(Fitzpatrick et al., 1979; Moynihan, 1979; Snow & Snow, 1980), so the glittering 
gorget is presumably an important territorial signal in this genus. Second, 
immature hummingbirds, unlike the immatures of many vertebrates, are widely 
reported to exhibit aggressive behaviours and territoriality associated with 
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exploitation of nectar (Stiles, 1973; Feinsinger, 1976; Gass, Angehr & Centa, 
1976; Gass, 1978, 1979; Ewald, 1985). 

When compared with those of adults, the shorter bills of immatures are 
intriguing in view of a general correlation among hummingbirds between bill 
length and feeding strategy (Paton & Collins, 1989). Across adults of many 
species, shorter bills are associated with more aggressive feeding strategies both 
between the sexes (male bills are shorter) and interspecifically (Wolf, Stiles & 
Hainsworth, 1976; Feinsinger & Colwell, 1978; Feinsinger et al., 1979). This 
association may be a causal one, as bill length affects how much and how fast a 
hummingbird can extract nectar from a flower. Specifically, shorter-billed 
hummingbirds can probe only short flowers efficiently and legitimately (through 
the flower’s natural opening). Conversely, longer-billed hummingbirds have 
access to nectar of long flowers that shorter-billed individuals cannot fully 
exploit. Thus, short-billed individuals must defend their food plants against 
longer-billed competitors if they are to secure an adequate nectar supply 
(Feinsinger et al., 1979). The economics of foraging may also dictate these 
pat terns among different age classes; shorter-billed immatures may defend 
flowers against adults on some occasions. Though seemingly small, the age- 
related differences in bill length (1-2 mm) are of the same magnitude as some 
sex-related differences in bill length (Paton & Collins, 1989). 

Finally, feeding ecology provides a plausible basis for the remarkably similar 
form of the glittering gorget in immatures of both sexes. Species of birds that 
compete aggressively for food have often converged on the same aggressive signal 
(Cody, 1969; Cody & Brown, 1970; Moynihan, 1979). I t  is, therefore, 
potentially significant that immature male and female hummingbirds often 
forage in the same habitat where they interact aggressively (Feinsinger, 1976; 
Gass, 1978). This association could lead both sexes to evolve similar aggressive 
signals. 

Evolution of the adult stage 

Sexual selection theory leads to the expectation that sexual dichromatism in 
polygynous species develops through the elaboration of male morphology 
(Darwin 1871). It is remarkable, therefore, that in H.  amethysticollis, adult sexual 
dichromatism develops in part because immature fernales lose their iridescent 
gorgets at sexual maturity. 

Analysis of the underlying basis for this colour change in adults is complicated 
because one is again faced with the possible roles of sexual and natural selection. 
For example, females sporting aggressive releasers may have difficulty attracting 
a mate (Nobel, 1936; Robertson, 1985). Predation might select for dull-coloured 
adult plumage in females because they conduct all of the duties associated with 
nesting, a time when they are probably most vulnerable to predators (Miller & 
Gass, 1985). However, the evolution of permanent bright plumages in adult 
females of many hummingbird species implies that other factors take precedence. 
In  view of these facts, I propose that feeding ecology is the most reasonable and 
unifying explanation of the entire ontogeny. As emphasized above, there are 
many reasons to expect the social milieu of hummingbirds to permit immature 
females to develop aggressive non-sexual signals. Moreover, dull-coloured 
plumage may benefit a hummingbird that exploits nectar by a non-territoriaI 
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strategy (Rohwer, 1982; Ewald, 1985), as do the dull-plumaged adult females of 
many species (Wolf et al., 1976; Feinsinger & Colwell, 1978; Snow & Snow, 
1980). 

CONCLUSIONS 

The most important question raised by the reversed ontogeny described here is 
whether it represents an interesting exception, or a key to the underlying causal 
basis for the evolution of bright colour. Ontogenies characterized by a bright 
social signal restricted to immatures are not unique to hummingbirds, but are 
also found in coral reef fishes (Lorentz, 1966; Barlow, 1974) and woodpeckers 
(Bent, 1939; Goodwin, 1968; Short, 1982). These other groups share with 
hummingbirds a social system characterized by heightened aggression among 
immatures (Myrberg & Thresher, 1974; Short, 1982). This basic similarity 
suggests that the development of bright colours through non-reproductive 
competition is taxonomically widespread. 

Although bright colours and aggression are equated traditionally with greater 
age because older individuals are usually dominant, some recent theories suggest 
that aggression and dominance may be selected whenever the net value of 
resource defence outweighs its cost. Such an asymmetry does not necessarily 
favour the development of bright colours and aggression in older individuals 
(Ewald, 1985). Indeed, immature hummingbirds have been observed to 
dominate adults in contests over nectar resources (Ewald, 1985). The evolution 
of reversed ontogenies suggests that foraging behaviour provides a potent 
selective force whose role in shaping patterns of colouration among animals has 
not been fully appreciated. 
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