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ABSTRACT 

Long-tailed Mankins Chjroxjphja linearjs are frugivorous birds with a lek mating system and 

male-male cooperation in courtship display. I studied male-male networks and correlates of 

male mating success in a color-banded population in Monteverde, Costa Rica, from 1981 to 

1986. Males were organized in teams at scattered perch-zones (75 to 300 m apart) that were 

usually in aural but not visual contact. Each team consisted of 3 to 15 males (x=7.1±3.4), in an 

apparent linear dominance hierarchy, with an alpha and beta male who did most of the 

courtship display. In a study population with 50 to 60 active males per season, only 6 to 8 

males were alphas. Only betas inherited alpha status (n=3). Males appear to be 8 or more 

years of age before attaining beta status. Alpha tenure can last 4 years. 

Alpha males were rarely or never seen in zones other than their 'home' zone. Lower

ranking males maintained simultaneous affiliations with males at as many as 6 different zones. 

Each zone, therefore, was a sort of hub at which males with different affiliations around the rim 

came into contact. Each of the 6 major perch-zones shared at least one constituent with each 

of the other zones. The mean number of males shared by zones was 3.9 ± 2.7 (range=1 to 9). 

Marked changes occurred in male traits with increasing age and status. These included (1) 

Significant declines in weight throughout the lifespan, (2) a 4-year delay in plumage maturation 

with well-defined stages, (3) reduction in the number of zones with which males maintained 

affiliations, and (4) increasing probability of copulatory success (restricted to a small subset of 

the oldest males, ~1 0 years of age). 

Variance in copulatory success was the highest yet described for birds. Of 85 males 

monitored between 1983 and 1986, copulations (n=121) were distributed among only 8 
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males. Four of these males accounted for over 90% of the copulations, with 63% accruing to 

one male. The beta male of this alpha copulated twice in the absence of his partner; all the 

other copulaters were alphas. I examined correlates of male mating success. Female visitation 

correlated with the number of unison 'toledo' calls given. If a female visited, copulatory 

success correlated both with a residual effect of the 'toledo' output and with the duration of the 

'butterfly' component of the dual-male dance performance. My correlational results suggest 

that females do choose, on the basis of performance cues, among the small subset of males 

that are well-established alpha and beta partners. 

Development of alliances, as much as male combat, may determine attainment of high

performance partner status. Thus, sequential male-male interactions and female choice 

appear to produce nested subsets of successful males leading to an extreme in variance in 

male mating success. Males unsuccessful in male-male interactions are not 'eligible' for female 

choice. By requiring partnered display, females may be implicitly narrowing the subset of 

potentially successful males. In other lek systems the union, rather than the intersection, of 

the subsets produced by intra- and intersexual selection may include successful males. In that 

case, intrasexual selection via disruption of copulations may enlarge the pool of potentially 

successful males under intersexual selection and produce lower variances in male mating 

success. Students of sexual selection may need to consider the extent to which intra- and 

intersexual selection interact as union or intersecting sets to produce variance in male mating 

success. 



CHAPTER 1 

INTRODUCTION 

Long-tailed Manakins Chjroxjphja linearis are frugivorous birds with both a lek mating 

system and male-male cooperation in courtship display (Foster 1977). Sexual selection, 

perhaps best exemplified by such lekking groups as the birds of paradise (Paradisaeidae) and 

the manakins (Pipridae), and cooperation are two topics central to the study of the evolution of 

social behavior (Wilson 1975; Wittenberger 1981). Cooperative behavior, or apparent 

altruism, appears to pose a challenge to the theory of individual natural selection that is the 

cornerstone of evolutionary theory. Three major theories propose to explain cooperation: (1) 

kin selection, which posits indirect genetic benefits to the cooperator through enhanced 

success of relatives (Hamilton 1964; Brown 1978 ), (2) reciprocity, which does not require 

relatedness but has fairly stringent behavioral requirements (Trivers 1971; Brown et al. 1982), 

and (3) 'selfish' individual selection favoring cooperative behavior via enhanced survival or 

future reproductive benefits to the cooperator (Woolfenden and Fitzpatrick 1984). 

Although the term cooperative breeding has usually been applied to the phenomenon of 

helpers at the nest, it also encompasses the rare strategy of male-male cooperation in 

courtShip display exhibited by manakins in the genus Chjroxjphja. What factors favor 

cooperative breeding in birds? Possibilities include (1) direct benefits to the cooperator, due 

to very limited opportunities for present reproduction caused by habitat saturation or other 

ecological constraints (Woolfenden and Fitzpatrick 1984), or (2) the indirect component of kin 

selection (Brown 1978). Although these authors have at times implied that one or the other 

force should be sufficient to explain cooperation, Emlen and Vehrencamp (1983) have argued 

for the importance of assessing the relative contribution of each mechanism in diverse 
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ecological settings and taxa. The duration of the controversy suggests both its importance in 

the study of complex social behavior and the difficulty of obtaining data to test alternative 

hypotheses. Male manakins play no role in parental care. Thus, the study of male-male 

cooperation in Chjroxjphja may be particularly illuminating, as some of the confounding factors 

due to male-female pair bonds or parental manipulation are absent. 

Two fundamentally different views of the operation of sexual selection are (1) that sexual 

selection can oppose natural selection. Darwin himself (1871) was deeply troubled by the 

problem, and his distinction between the effects of natural and sexual selection has been 

emphasized by recent theorists (Lande 1981; Arnold 1983), and (2) that sexual selection is 

merely a subcategory of natural selection and can be reconciled with it (Huxley 1938) by 

means of a handicap principle (Zahavi 1975) or 'truth in advertising' (Kodric-Brown and Brown 

1984). These views lead to different predictions about the course of evolution: either (1) that 

sexual selection can lead to maladaptive 'runaway' evolution of sexually selected traits along 

arbitrary trajectories (Lande 1981), or (2) that sexual selection promotes traits that are 'honest 

advertisers' of genetic quality (Kodric-Brown and Brown 1984). 

What is the relative importance of female choice (intersexual selection) versus mals-male 

competion (intrasexual selection) in producing the variance in mating success that both 

characterizes and defines sexual selection (Wade and Arnold 1980)1 Recent theoretical work 

by Arnold and Wade (1984 a,b) indicates that studies of lekking birds (Payne 1984; Trail 1985) 

may be useful in clarifying the dynamics of sexual selection. Arnold and Wade link field data on 

variance in mating success to the testing of quantitative genetic models, which use variance 

terms to describe intensities of selection (Falconer 1960). Lekking species are particularly 

useful because male noncontrol of material resources valuable to females (Bradbury 1981) 

means that female choice may lead only to genetic consequences (Borgia 1979). Though the 
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consequences may be genetic, the female must use phenotypic attributes to assess potential 

mates. Assumptions about this phenotypic filter on genetic consequences may be at the root 

of much of the controversy surrounding sexual selection. 

A vital first step in understanding the dynamics of sexual selection is to understand the 

mechanisms of female choice. Only with female choice as a force to generate variance in male 

success can a genetic covariance arise between male traits and female preferences. The 

buildup of genetic covariance is the basis for the runaway process (Lande 1981; Kirkpatrick 

1982). Furthermore, 'good genes' models of female choice, such as those of Andersson 

(1982b) and Borgia (1979), depend upon genetic benefits of the choice to females. In order 

to demonstrate cues used by females in polygynous or lek species, very careful long-term 

studies have been necessary (Payne and Payne 1977; Gibson and Bradbury 1985). 

Bradbury (1981) pointed to the importance of understanding male spatial patterns when trying 

to determine general factors important to the evolution of lek systems. These patterns range 

from tightly clustered males in 'centripetal' leks of species such as the hammer-headed bat 

Hypsjgnathus rnonstrosus to more widely scattered males in the 'exploded' leks of species 

such as the Buff-breasted Sandpiper Ttyngites subrufjcollis. One advantage of studying 

'exploded' lek species, including Chjroxjphja, is that females may use one set of cues to 

decide which of a number of widely scattered male courts to visit and then use a second, 

independent set of cues for copulatory receptivity, given that they have chosen to visit. 

A major approach to the study of social systems has been to attempt to link ecological 

variables, particularly the distribution of food resources, to general patterns in mating systems 

(Orians 1969; Emlen and Oring 1977). Bradbury and Gibson (1983) used this approach to 

generate hypotheses about male dispersion and patterns of male variance in mating success. 

Few studies have provided data on patterns of resource distribution, phenology or use. 



Studies that address these questions (e.g., Stiles and WoH 1979) have provided important 

insights into potential ecological patterns that might shape mating systems. 
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The results of a five-year study of the Long-tailed Manakin indicate that this is a useful 

system for the examination of cooperative behavior, lek social systems and sexual selection. 

The juxtaposition of sexual selection, characterized by intense male-male competition, with 

cooperation among males in courtship is the central problem of my research. While ihe 

combination of sexual selection and cooperation in the social behavior of Chjroxjphia 

manakins is unusual, it is not unique. Male Wild Turkeys Meleagrjs gallopayo are known to 

perform cooperative displays, although published studies have reached diametrically opposed 

conclusions as to the potential role of indirect selection in favoring cooperation (Watts and 

Stokes 1971; Balph et aI.1980). Male-male coalitions important to reproductive success also 

occur in mammals (Packer 1977). Incipient cooperation has been reported in other manakins 

(e.g., Pima fasciicauda, Robbins 1985; Snow 1963) as well as in birds of paradise (LeCroy et 

al. 1981). The combination of lekking and cooperation is of particular interest because both 

lekking and cooperative breeding appear to be default strategies. In the former, males do not 

control resources valuable to females and fall back on a strategy of genetic, or at least 

phenotypic, self-advertisement. In the latter, young individuals face habitat or other 

constraints on present reproduction and fall back on a strategy of helping. The results of this 

study suggest that constraints favoring cooperation may include not only ecological 

conditions, such as habitat saturation, but also the demographic side effects of intense sexual 

selection. 

In Chapter 2 I describe changes in male behavior, morphology and mating success with 

age and status. The results bear upon the relationship between intra- and intersexual 

selection, the maintenance of male-male cooperation, and the significance of delayed 

plumage maturation. In Chapter 3 I quantify correlates of male mating success, and suggest 



that these provide support for the importance of female choice, based upon male 

performance, as a mechanism for sexual selection. 
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CHAPTER 2 

AGE-GRADED CHANGES IN MALE BEHAVIOR AND MORPHOLOGY: 
THE INTERACTION OF INTRA- AND INTERSEXUAL SELECTION 

Males in lek species do not control resources valuable to a female, but instead attract 

mates by phenotypic or genetic self-advertisement (Bradbury 1981). Variance in male mating 

success is often very high, providing an opportunity for strong sexual selection (Wade and 

Arnold 1980). Indeed, in lek systems, mating success may be the single most important 

component of male fitness. To understand the mechanisms that produce this variance and 

their bearing on the dynamics of sexual selection, one must first document the patterns of 

variance. The mechanisms and consequences of sexual selection have been controversial, 

particularly with reference to female choice. Both 'good genes' models (e.g., Borgia 1979; 

Kodric-Brown and Brown 1984) and 'runaway' models (e.g., Lande 1981) have assumed that 

female choice can or does occur. The controversy lies in whether choice is adaptive or 

whether both the choice trait in the females and the chosen traits in the males can evolve in 

arbitrary and nonadaptive ways. 

Although female choice (intersexual selection) can be expected to occur in many lek 

species (Bradbury and Gibson 1983), male-male interactions (intrasexual selection) may also 

be very important in determining male mating success (Foster 1983; Trail 1985). The relative 

importance of the two forms of sexual selection has also been controversial (e.g., Huxley 

1938; Halliday 1983). The ways in which the two forms of sexual selection should interact has 

been less frequently explored. 
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The elaborate, cooperative, dual-male courtship displays of Long-tailed Manakins 

Chjroxjphla linearis have long intrigued biologists (Wagner 1945; Siud 1957; Foster 1977). 

Sexual selection is characterized by intense competition among males for mates, so the 

juxtaposition of such competition with male-male cooperation presents an apparent paradox. 

How and why should such partnerships develop? No previous studies have documented the 

ontogeny of male partnerships and the changes in male roles with age and status. Benefits to 

cooperation might include kin (indirect) selection (Hamilton 1964; Brown 1978) or reciprocity 

(Axelrod and Hamilton 1980; Ligon and Ligon 1978). Kin selection predicts that cooperators 

should be more closely related than should pairs of randomly selected males from within the 

same local populations. Reciprocity does not require relatedness. It does, however, require 

non-random associations, with a high frequency of encounter among potential cooperators 

(Brown et al. 1982). 

Males undergo a four-year delay in plumage maturation, which is unusually long for a 

passerine bird (Lawton and Lawton 1986). A number of different hypotheses have been 

advanced to explain delayed plumage maturation (Selander 1972; Rohwer et al. 1980; 

Procter-Gray and Holmes 1981; Lyon and Montgomerie 1986). In this chapter I describe 

variance in male mating success, age-graded changes in reproductive roles and the history of 

partnerships in Long-tailed Manakins. I discuss the implications of these results for the 

benefits to cooperation, for the study of delayed plumage maturation and for the interactions 

between intra- and intersexual selection. 

NATURAL HISTORY, STUDY POPULATION ANP METHOPS 

Long-tailed Manakins (Aves: Pipridae) occur from southern Mexico to northwestern Costa 

Rica in forests and second growth. The study area, in Monteverde, Costa Rica (10018'N, 
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84°48W), was 80 ha of premontane tropical moist forest (Holdridge 1966) at 1300 m 

elevation. The vegetation of the nearby Monteverde Cloud Forest Reserve was described by 

Lawton and Dryer (1980); the study area most closely resembles their Cove Forest 

vegetation type. Previous studies have been done by Foster (1976,1977,1981) on Long

tailed Manakins in the drought-deciduous lowlands of Guanacaste Province, Costa Rica, and 

the Swallow-tailed Manakin Chjroxjphja caudata in Paraguay. Snow (1971) did a brief study of 

another congener, ChjrQxjphja pareola, on Tobago. 

I color-banded 206 Long-tailed Manakins in the study area between 1981 and 1986. Of 

these, 59 were known to be females, 79 were males, and the remaining 68 were of unknown 

sex. In 1979 Michael Fogden banded nine individuals 1km from the study area. As in other 

manakins (Snow and Li1l1974), life span is probably 12 to 15 years, and females probably 

breed in their first year (Foster 1976; LiII1976). The annual disappearance rate of males in 

definitive plumage (~4 years of age) from 1983 t01986 ranged from 7% to 18%. The latter 

figure will be reduced, if birds not sighted in 1986 are resighted in succeeding years. The 

breeding season extends from March until August. 

For courtship display adult males form partnerships based on an apparent dominance 

hierarchy, wHh an alpha and beta core pair and a variable number of auxiliary attendants. 

Chapter 3 contains a brief description of the courtship displays. A perch-zone was defined as 

the area within which a particular alpha male was dominant. Alphas could be recognized by 

the following criteria: (1) They gave but did not receive a sharp 'weent' call during displays. 

(2) They remained for solo display, if a female remained long enough following a dual-male 

display. (3) They gave ~80% of the 'teeamoo' calls, which function in male-male 

communication, as partner attractants. (4) They had the highest attendance rates of any male 

in the team. Perch-zones included one to four altemative dance-perches, of which only one 

or two were generally used for display to females. Adjacent perch-zones (75 to 300 m apart) 
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were usually in aural but not visual contact. Figure 1 is a diagram of the study area, with 

alphanumeric labels marking the location of the six major perch-zones upon which the bulk of 

the results from 1983 to 1986 are based. Eight other perch-zones, shown by dashed circles 

in Fig. 1, were sampled less intensely during the four-year period, had sporadic activity levels 

and most received few, if any, female visits. 

Observations were conducted from blinds 8 to 12 m from the dance-perch. Between 

1983 and 1986, 2456 hours of formal observation were conducted in 22 blinds (6 major and 

16 minor). During that period 55 banded males and 20 banded females displayed at or 

attended perch-zones. Field seasons always extended throughout April, May, and June (the 

peak months) and in two years they lasted from March until August. Birds were weighed with a 

50-g Pesola scale. 

RESULTS 

Plumage maturation 

Male Long-tailed Manakins move through a three-year sequence of subdefinitive 

plumages before attaining definitive male plumage at age four. I have followed nine banded 

males through all or most of the the maturation sequence and have data for two successive 

years for an additional 12 subdefinitive males. I have never followed fledglings, so I am 

assuming that the first unambiguous 'male' plumage (full red cap) occurs in the breeding 

season following hatching (Foster 1987). The year after hatching males have variably red 

caps and may have somewhat elongated central rectrices (4-9 cm). Two years after hatching 

they have dark feathers on the head and a full red cap. The final subdefinitive plumage 

includes darkened body plumage, blue feathers in the back and sometimes full-length central 

rectrices (10-17 cm). The amount of green in the wings and back and body plumage is rather 

variable, but most are easily distinguished from definitive plumages. The definitive 'adult' 
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plumage is black with a powder-blue back, full red cap and long central rectrices of the tail. My 

results differ from those of Foster (1987) in concluding that the 'dark-face' plumage is a bird 

two years post-hatching, while the subdefinitive plumage that includes blue in the back is 

restricted to birds three years after hatching. Neither between-season comparisons for 

individual males, nor cross-sectional analysis of males by age-status categories, indicate that 

tail length increases with age, nor do definitive males appear to differ in plumage brightness. 

Changes in Weight 

Weights of Long-tailed Manakins showed a pronounced grading by sex, age, and status 

categories (Fig. 2). Females were significantly heavier than any class of males (P<.01; GT2-

method for unplanned comparisons of means, Sokal and Rohlf 1981, Box 9.10). The female 

weights might reflect a change due to egg-laying, which may greatly increase female weights 

(e.g., Vehrencamp et al. 1986). Weights of vascularized females (x = 20.54 ± 1.2, n=20), 

however, did not differ from those of non-vascularized females (x = 20.48 ± 1.4, n=45), 

suggesting that the sexual difference was not due solely or primarily to egg-laying. Males in 

subdefinitive plumage (s 3 yrs) were Significantly heavier than were dancer (p<.05) or 

copulater males (P<.05), and adult, non-dancer males were significantly heavier than were 

copulaters (P<.05). The lightest manakin I have ever weighed was the highly successful male 

at Zone Z, who weighed 15.9 g at the end of the 1984 season. This was only 77% of the 

mean weight for females. This male was present, and a top performer, in 1985, 1986, and 

1987, so the weight loss had no apparent effect on mortality. 

Changes in Testis Volume 

Male Long-tailed Manakins show a graded development of testicular volume (Foster 

1987). Foster's data for testis volumes of males in definitive plumage (x = 29.30 ± 16.16 
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mm3, range 7.3-104.7, n=60) do not have accompanying age data. The range, however, is 

much wider than that of the last predefinitve class (4.1-23.6 mm3). I have data on testis size 

for only one definitive male of known status. This male was either alpha or beta at Zone K in 

1982 and was killed in a mistnet by an avian predator in 1983. His testis volume was 78.5 

mm3, three standard deviations above the mean for definitive males in Foster's study. Zone K 

received female visits in 1982, but no copulations were observed. 

Age Structure of Male Teams 

Only males banded in subdefinitive plumage (S 3 years of age) could be aged. Of the 

banded males sighted at display zones each year, a growing number and proportion were of 

known age from 1983 (3 of 20) to 1986 (24 of 36). In 1985, only three of 22 males that 

danced for females were of known age; the time they spent dancing accounted for only 2% of 

the total duration of female visits. On two occasions three-year-old males danced for females. 

On both occasions these subdefinitive males were supplanted by definitive males within 30 

seconds of the beginning of the dance. In 1986 only five of the 24 males that danced for 

females were of known age (5-8 yrs). Four of. the males (5-7 yrs) danced for a female that left 

within less than two minutes, or they were replaced during a dance by dominant males of 

unknown age (two were ~7 yrs). Only the fifth male, the eight-year-old, appeared to be a beta 

at a moderately successful zone. Thus, males appear to be ~8 yrs before attaining beta 

status. 

Age of establishment and duration of tenure as an alpha will both affect the age structure 

of male teams. I have seen three inheritances of a zone, all by the beta. An alpha male 

banded and displaying outside my study area was successful in copulating in 1982,1983, 

1984 and 1985 but disappeared after the 1985 season (pers. obs.; A. LaVal and A. Law 

pars. comm.). The highly successful alpha at Z had a minimum tenure of three years 



(1984-1986). The beta inheritor of the alpha role at Zone A in 1984 disappeared between 

July 1985 and April1986. His tenure, therefore, was only one and a half seasons. If alpha 

tenure is generally between two and four years, and an eight-year-old beta must wait for 

turnover, then males may be 10 to 12 years of age before attaining alpha status. Most males 

begin at least occasional attendance at perches while still in subdefinitive plumage. 

14 

Although agonistic encounters occurred among males during displays, particularly when 

~3 males and no females were present, I have no evidence for territoriality. Thus, male 

interactions may determine ranks among auxiliary males rather than exclude males from a 

zone. Only high-ranking males have the prospect of performing for females. If a male began a 

display in the absence of a higher-ranking constituent (e.g., a gamma dancing with the alpha 

for a female), and the higher-ranking male returned during the course of the dance, he 

replaced the lower-ranking male. In all cases where a dual-male dance progressed to the solo 

stage that precedes copulation, it was always the alpha who remained (n=153, seven different 

alphas). Alphas performed all but two of 121 copulations. The two exceptions are discussed 

in the section on variance in mating success. Thus, females do not appear to have the option 

of choosing within a partnership, but do appear to be able to choose among partnerships. 

Although alphas chase away any male that appears in the vicinity of the perch during solo 

display, I had no evidence for disruption of copulations. Foster (1983) found a similar lack of 

disruption among Long-tailed Manakins, but noted disruptions among the congeneric 

Swallow-tailed Manakin. 

Variance in Male Mating Success 

Between 1983 and 1986 121 copulations were observed. Thirty-nine of these were 

excluded from certain of the analyses, including computation of male copulatory success for 

one or more of the following reasons: (1) they occurred outside the study area (n=4), (2) they 
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did not occur during a formal observation period (n= 33), (3) they could have been 

copulations between the same individuals, on the same day (n=5). Based upon the observed 

rate of copulations, the alpha at Zone Z performed 63% of all the copulations in the study area 

between 1983 and 1986 (Table 1). Since I did not monitor Zone Z in 1983, this may be an 

underestimate. Only 8 of 85 males monitored during the four years of intensive coverage 

were known to have copulated. Four of these males accounted for 91% of all the copulations. 

I estimate that the most successful alpha male (at Zone Z) mated with as many as 50 different 

females during each of the 1984 and 1985 seasons. The 1986 season was unusually windy, 

misty and wet. All measures of performance were greatly reduced and birds of many species 

in the study area may have curtailed breeding effort. Because visitation was accompanied by 

high levels of unison calling (Chapter 3), I am confident that I sampled all males with even slight 

probabilities of copulating. 

On two occasions in 1985 the beta male at perch Z2 copulated with a female in the 

absence of the alpha male. These copulations followed solo 'butterfly' flights and were not 

immediately preceded by dual-male display. For the seven instances of solo copulations by 

alpha males, I had evidence in three cases, from bands or morphological peculiarities of the 

females, that these females had copulated at that perch-zone earlier that day or on the 

preceding day. Thus, I suspect that the beta copulated with females who had recently 

copulated with the alpha, and thus effected only partial fertilizations of a clutch. Nevertheless, 

occasional copulations may be a powerful short-term incentive to cooperation in a species 

with such high skew in mating success. 

Spatial Affiliations of Males 

To be listed as a constituent of a display zone, a male had to have displayed in the perch

zone with another male. Male display related to courtShip comprised three categories: (1) 



Table 1. Copulatory Success of Male Long-tailed Manakins. 

Percentage of total copulations is based upon share of observed rate (per 2-hr Obs.). because sample sizes were unequal. 
The estimate of the number of unbanded males was computed by summing records of unbanded males zone by zone and then 
dividing by the mean number of zones attended by banded males. Dashes mark males not monitored in that year; plus signs 
mark males that are presumed to have died. Numbers in brackets are copulations excluded for reasons given in the text. 

Year 1983 1984 1985 1986 TOTAL 

Sampling effort 210 hrs 510 hrs 1216 hrs 520 hrs 2456 hrs 
Zones covered 3 6 6 (+5 minor) 6(+8 nin.) 6 (+8 min.) 
Males active 
a. Banded 20 33 36 34 55 
b. Unbanded (est.) 8 15 19 24 30 

Male Zone Rate No. % Rate No. % Rate No. % Rate No. % % TOTAL 

1 Z .309 17(15) 83 .355 43(6) 75 .088 3(2) 55 67 
2 A .111 3(6) 100 .021 1 6 + + + + + + 12 
3 Y 0 0 0 .056 5(1) 12 .030 1 19 8 
4 A 0 0 0 .021 1 6 .032 3(1) 7 + + + 5 
5(unb.) Calial --- -- 0 0 0 .042 1 26 4 
6 02 0 0 0 .020 1 (1) 5 0 0 0 0 0(1) 0 2 
7 T 0 0 0 .017 1 (1) 3 0 0(1) 0 1 
8(as beta) Z (0) (0) (0) .017 2 3 + + + 1 

All other males 0 0 0 0 0 0 0 0 0 0 0 0 0 

successful! 
total number males 1/28 4/48 5/55 3/48 8/85 

...... 
0\ 
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unison calls, (2) dances for a female and (3) dances, sometimes involving as many as six 

males, in the absence of any female. Figure 3 shows the constituents of just two of the six 

major perch-zones during the years 1983-1986. Note that the dotted and dashed lines tend 

to radiate out from one male, the alpha, to the beta and perhaps one or two other regulars. 

The vertical ordering of males does not attempt to reflect the dominance lineage. At K in 

1984, the alpha disappeared part-way through the season, so the lines radiate out from two 

males. 

The number of constituent males at the six major perch-zones averaged 7.1 in any 

particular year (N=21 perch-zone years, SO=3.4, range= 3-15). Most of the 55 banded males 

that attended zones between 1983 and 1986 were constituents of two or more zones, some 

of as many as six zones. Males of greater age and status associated with fewer zones (Fig. 4). 

Younger males tended to be seen infrequently (1-10 observation periods per season), with 

the sightings distributed over a number of zones. Older males were seen more frequently (5-

80 observation periods per season), but at fewer zones. An exception to the general rule of 

multiple perch-zone affinities for males was alpha males, particularly copulaters. In four years 

and over 2400 hours of formal observation, only one alpha male displayed or was even 

sighted at a zone other than his 'home' zone. 

No pairwise combination of the six major perch-zones in the study area had completely 

non-overlapping constituencies (Fig. 5). The mean number of males shared by any two of the 

six major zones was 3.9 (N=15 possible pairs, SO=2.7, range=1-9). Adjacent perch-zones 

tended to share a higher number and proportion of constituents (Fig. 6). Each zone, 

therefore, was a sort of 'wheel hub', at which non-alpha males with different affinities around 

the rim came into contact. From Figure 6 it appears that the radius of the 'wheel' of male

sharing around each zone was as much as 850 m. That is, all zones within any given area of 

225 ha (1t*[850 m]2) of suitable habitat should share at least one male. Because males could 
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Perch-zone V Perch-zone K 

Year Year 

'83 '84 '85 '86 6 males 
~hered by 

'83 '84 '85 '86 

1 + + + the two 18 + + + 
2? 2 ~ m zones 19 19 19+ + 
3 3 3 3 ( ) 3 3 3 3 

4 4 ( ) 4 4 4 4 
5 5 ( ) 5 

6 6 20 20 
7 7 21 

8 8 8 ( ~ 8 8 
9 9 22 22 22 + 
10 10 23 

11 11 11 ? + ( ) 11 + 
12 12 12 ? ( ) 12 12 

13 24 24 + 
14 25 

15 26 
16 27 

17 28 

Total number 
5 6 1 1 10 .- ... 1 9 1 1 3 males/year 

Figure 3. Male Constituents of Perch-zones Y and K between 1983 and 1986. 

Males are identified by numbers. Horizontally, therefore, the chart follows a male through 
time. Vertically, the chart shows the number of males at a zone in a given year, with the totals 
in bold type at the bottoms of the columns. Males whose numbers are underlined, danced for 
one or more females in that year. Males whose numbers are boxed, copulated. The dashed 
lines link males that danced together for a female. The dotted lines indicate that one or more 
dances by that combination of males led to a copulation. The arrow points from the dominant 
male (usually the alpha) to the beta or lower-ranking male. Plus signs mark males that 
disappeared and were presumed to have died. The solid, double-headed arrows between 
the zone-boxes link records for males that were affiliated with both zones. 
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have different sets of interactants at the different zones, it is also of interest to ask with how 

many males a male interacted. Males in definitive plumage that were sighted 10 or more times 

(n=32) displayed with 6.63±3.97 (median= 5; range= 2-18) other banded males during the 

course of the study. 

Individual cases are illustrative. Male number 5 in Fig. 3 was noted only at Zone Y in 1983 

and 1984, at Zone K in 1985 and at Zone F (one of the minor, dashed zones in Fig. 1) in 

1986. This sort of serial constituency in space and time was not atypical. Despite changing 

spatial affiliation, this male interacted with several of the same males at the successive zones. 

The beta at Zone Y displayed with at least 18 different banded males during the course of the 

study. In 1985 he danced for females at Y, T and K, with three different alphas. The great 

majority of his time was spent at Y, less at T and least at K. He appeared to hold beta status at 

Y, gamma status at T and an indeterminate status (gamma or lower) at K. This male was 

unusual only in still maintaining affinities with three zones after having reached beta status at a 

zone that received numerous female visits. Males in subdefinitive plumage (~3 years of age) 

participated in male-only displays early and late in the seasons, but were less frequently seen 

at successful zones at the height of the seas.on. 

Male calling effort was not confined to the six major perch-zones. These were, however, 

the only zones with consistent levels of performance throughout the four years of intensive 

coverage. In some cases combinations of males called at high rates for brief periods (2-6 

weeks). In one case, a new zone may have arisen that will remain stable in future years. This 

zone (located at the southwest edge of the study area and listed as Canal Zone in Table 1) 

showed consistent, elevated calling rates toward the close of the 1985 season. Relative 

activity levels remained high in 1986 and the alpha (the only unbanded alpha in the study 

area) copulated at least once in 1986. 
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Spatial Scale of Patterns of Male Mating Success 

Although intensive coverage ocurred only in the 80-ha study area, casual coverage 

indicated that no highly successful zones existed immediately adjacent to the study area. 

Since highly successful zones could be identified by persistent, high rates of dual-male 

calling, I could subjectively assess performance over a much larger area. Two 'top' zones were 

known outside the study area. The first was 1.5 km NNE of Zone Z, the 'top' zone in the study 

area, and had a banded alpha male known to have copulated frequently in four consecutive 

years, from 1982 to 1985 (R. Law, R. LaVal pers. comm; pers. obs.). The second was 750 m 

west of Zone Z. Judging only from persistent calling and casual observations of dances for 

females, this zone may have been highly successful in both 1985 and 1986 (8. Guindon 

pers. comm.). These observations place 'top' male zones at a mean distance of 1125 m from 

each other. Using a radius of 560 m, as the sphere of influence for a 'top' male, generates an 

estimate of 99 ha as the area for repetition of the pattern of success. The study area, 

therefore, should be representative of the range of male success. 

DISCUSSION 

Only the oldest males are successful. Long Iifespans, high survival, and lack of 

opportunities for present reproductive success mean that young males should undertake 

long-term strategies that enhance future reproductive success. Such evolutionary strategies 

include delay in plumage maturation and behaviors directed toward establishing a future 

alpha-beta partnership. Top alphas reach a point where spatial concentration of effort 

replaces wide-ranging associations. Subdefinitive males, with the greatest temporal leeway 

for establishing future prospects, have the greatest number of associations with different 

perch-zones (Fig. 4). Foster's (1987) data on testis size reinforce the finding of this study that 

variance in male mating success is extreme and is skewed toward older males. Although 
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some subdefinitive males may produce viable sperm, their testes are much smaller than those 

of older males, particularly alphas or betas. I suspect that the upper range of testis volumes 

will always, and only, occur among the top alpha and perhaps beta males (~9 yrs). 

Delayed Plumage Maturation. The results of this study are not consistent with the 

hypothesiS that subdefinitive males mimic females in order to gain immediate copulations 

(Rohwer et at 1980) because: (1) second and third year plumages are distinct from female 

plumages; (2) males appear to recognize females partly or largely on the basis of behavioral 

cues (pers. obs.) as noted by Chapman (1935) for the Golden-collared Manakin Manacus 

vitellinus; (3) direct observation suggests that subdefinitive males (and many definitive males) 

rarely or never copulate; and (4) the small testiS volumes of subdefinitive males and the 

pronounced grading of size by age indicate very low prospects for copulations by 

subdefinitive males. 

Nor do the results support the juvenile mimicry hypothesis of Foster (1987). This 

hypothesis suggests that later subdefinitive plumages mimic those of prereproductive 

immature males that are incapable of fertilization. Established males, deceived by the 

apparently immature plumages, would allow access to copulations with females. Evidence 

against this hypothesis includes: (1) sharply graded transitional plumages that clear1y 

distinguish 'immature' males from subdefinitive males in the later stages; (2) even definitive 

males of age four to seven appear to be little threat to the prerogative of alphas in gaining 

access to females. All males are tolerated in the perch-zone except during female visits, when 

both subdefinitive and definitive males are chased by either the alpha or beta or both. 

Furthermore, rates of intrusion by either subdefinitive or definitive males during female visits 

are very low. 

Graded subdefinitive plumages seem likely to serve as badges among younger males and 

as an honest Signal of status (Lyon and Montgomerie 1986), rather than as deceptive mimicry. 
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The signal conveyed by the plumage may be directed at a male's own cohort and at 

neighboring cohorts, rather than at alphas. Established males danced with subdefinitive 

males, in the absence of females, early and late in the season. These dances may be an 

important scouting and learning opportunity for young males. The sharply graded plumages 

distinguish cohorts at a stage that may be crucial to the development of both dominance 

relationships and alliances that will only bear fruit four to six years in the future. Both tolerance 

toward subclefinitive males and the potential benefits of participation and observation to 

younger males were noted by Lilt (1976) for Golden-headed Manakins .EiQr.a erythrocephala. 

Experiments with presentation of models in graded subdefinitive plumage to males of various 

age-status categories would do much to resolve the question of what signal is conveyed and 

which are the 'targets' of the signal. The physiologically 'capable' testes of younger males may 

be a correlated effect of selection for male plumage and behavior under hormonal control. 

Variance in Male Copulatory Success. The variance in male copulatory success that I 

have reported appears to be the extreme for birds, both within seasons (Payne 1984) and 

over lifetimes. Lifetime coverage, although not considered in Payne's treatment, could 

greatly affect estimates of the variance, depending upon factors such as longevity and 

turnover. Although copulatory success does not necessarily equal reproductive success 

(Howard 1979), the extreme variance observed in this case implies that the alpha at Zone Z 

must also have had high reproductive success. The determinants of reproductive success 

are a combination of survivorship and the variance within age-classes, since some young, 

unsuccessful males are destined for very high future success. Consider a local population of 

85 males during a period corresponding to an expected maximum lifespan of 12 to 15 years. 

Yearling males (year after hatching) can expect annual survivorship to exceed 80%. With my 

present demographic information, I estimate that as many as 60% of the yearlings in most 

cohorts may never copulate. Only three or four males will be extremely successful, with 
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perhaps 20 other males enjoying moderate success. Cohorts a year or two behind 'top' males 

may have very low mean lifetime reproductive success. 

Spatial and Temporal fluidity of Male-male Associations. A 'perch-zone' is dependent, 

by definition, upon the presence of a fixed alpha with rather high performance levels. My 

reliance on sampling by zones may to some extent underemphasize the fluidity of male 

associations in space and time. The rise of a new, successful alpha in a location other than a 

traditional perch-zone (the alpha at Canal zone) suggests that establishment of a high 

performance partnership, rather than inheritance of a particular location, may be the key to 

success. The fluidity of male alliances for lower-ranking males was not readily apparent 

without intensive, long-term study of marked individuals. Lower-ranking males sometimes 

appeared only rarely at dance perches, and hundreds of hours of observation were needed 

to ascertain the relative status and apportionment of effort of a male such as the beta at Zone 

Y. I believe the difficulty of demonstrating fluid male affiliations may partly explain the 

differences in the description of team structure between the present study and those of 

foster (1977,1983) in the lowlands of northwestern Costa Rica. foster described smaller 

teams and did not observe multiple affiliations. foster's study was based upon a relatively 

small sample of banded males watched by a single observer. Habitat differences between the 

drought-deciduous forest of her study and the moist forest of this study might also produce 

differences in social structure. 

Male-male Interactions. Male-male interactions (intrasexual selection) appeared to limit 

eligibility for female visits to the subset of 6 to 8 alpha males and their partners among 

approximately 55 males in the study area in any particular season. With very rare exceptions, 

the only males seen to copulate were alphas. Intrasexual selection is often equated with 

male-male combat and sexual size dimorphism. In mating systems where male-male combat is 

vital to male mating success, males are usually larger than females (Jehl and Murray 1986). 
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Nevertheless, in Sage Grouse Centrocercus urophasianus. a lek species showing sexual 

size dimorphism, successful males are not necessarily larger than unsuccessful males (Gibson 

and Bradbury 1985). Several factors suggest that direct male-male combat is relatively 

unimportant in Long-tailed Manakins, or that greater weight does not aid in combat: (1) 

females were significantly heavier than males, (2) significant deClines in weight accompanied 

increasing age and status among males, (3) direct agonistic encounters among males were 

rare. Weight loss may reflect (1) time spent in male-only displays that help to establish 

dominance, and (2) a considerable energetic drain from courtShip display for top males. 

Lighter weight may also promote maneuverability and improve display performance (Jehl and 

Murray 1986). Lack of size dimorphism should not be taken as evidence that intrasexual 

selection is unimportant. The requirement of dual-male display in courtShip in this species 

means that intrasexual selection entails development of a partnership, as in lions (Packer and 

Pusey 1982). Furthermore, reproductive effort is expected to increase with age (Curio 1983). 

Changes in reproductive effort could counterbalance or outweigh differences in weight, or 

even condition, between younger and older males. Differences in weight and condition 

might be more important to relative success among males of the same cohort, with similar 

reproductive values. 

Intra- and Intersexual Select jon. The establishment of dominance and partner 

relationships produces a subset of males 'eligible' for female chOice. In Chapter 3, I present 

correlational evidence suggesting that females do choose, on the basis of display 

performance, among the limited subset of teams with well-established partnerships in any 

particular year. By restricting their visits to the partnered males with the highest levels of 

cooperative display, females may be indirectly promoting an extended process of intrasexual 

selection. This indirect influence of female choice is analogous to the female 'incitation' of 

male-male combat in elephant seals Mjrounga angustjrostrjs (Cox and LeBoeuf 1977). In 
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elephant seals, despite the 'incitation', success depends upon classical intrasexual selection, 

via male combat. In Long-tailed Manakins, however, success depends upon entering the 

subset of partnered alphas from which females choose their mates. The attainment of partner 

status and the establishment of the dominant alpha role are rather subtle forms of intrasexual 

selection that differ from simple male-male combat. 

Each of the two forms of sexual selection acting separately should create a subset of 

successful males and lead to an increase in the variance in male mating success. Figure 7 

shows a range of hypothetical ways in which the two forms could interact. If males can be 

succesful by being in either of the two subsets, the variance in success might actually be 

lower than the variance produced by one form acting alone (Fig.7a). If males can succeed 

only by excelling in both forms (Fig.7b), or if lack of entry into one subset precludes entry into 

the other (Fig.7c), the variance in male mating success should be high. Male-male 

interactions in other lek species, via disruption of attempted copulations, may significantly 

affect the outcome of female choice, and hence copulatory success (LiIl1976; Trail 1985; 

Foster 1981,1983). Such cases may most closely resemble the case in Fig. 7a and result in 

relatively lower variances. 

Sequential Choice Cues; Further Subsetting. The scattered spatial pattern of male 

display and the apparent cues for female choice may accentuate the subsetting process. In 

Chapter 3 I show that calling performance narrowed the field of perch-zones visited to a 

subset of two or three top performing teams; a dance display appeared to served as a cue for 

narrowing the subset of visited perch-zones to one or two at which females copulated. Males 

-
that were not visited on the basis of unison calling were not 'eligible' to dance for females. 

Thus, the two forms of sexual selection acted sequentially, as nested subsets, to promote the 

extreme variance in male copulatory success. In some other lekking species, where males are 

spatially clumped, all the males in the display zone may have the opportunity to 'dance' for 
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Figure 7. Interaction between Intra- and Intersexual Selection. 

Circles show subsets of males with traits selected by the two forms of sexual selection. 
Areas in black denote subset of males successful in mating. 
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females visiting or revisiting a rival. The processeses that create sequential subsets in Long

tailed Manakins may promote the extreme variance in copulatory success. The results are not, 

however, a suitable test of whether the subsetting results from a 'runaway' process or from 

culling for males with 'good genes'. 

Male tail length and possibly plumage brightness in Long-tailed Manakins appear to be an 

exception to the rule that age-graded changes in sexually dimorphic traits continue beyond 

the assumption of definitive plumage. Males may need to assume bright plumage and long 

tails in order to be eligible for choice, but the degree of brightness or length of tail may need 

only to surpass a certain threshold. Quantitative comparison of the coloration of definitive 

male plumages would test this threshold hypothesis. 

Costs and BenefHs to Cooperation. The fundamental requirement for the evolution of 

cooperative behavior is that benefits outweigh costs. Temporal lags and the determination of 

the equivalence of different evolutionary currencies (survivorship, inclusive fitness effects, 

etc.) create difficulties in asseSSing the balance of costs and benefits. Certain alpha males 

gained clear immediate benefits from the cooperation of betas, in the form of copulations. 

The benefHs to cooperation for betas are less clear. The extreme variance in male copulatory 

su~cess meant that reproductive opportunities for young males were virtually non-existent. 

Two potential direct benefits to cooperation by the beta are apparent from the results: (1) rare 

opportunities for copulations by the beta. In a species with such high variance even rare 

copulations at an age (8-10) when may males rarely copulate may have been of considerable 

importance. (2) Inheritance of the perch-zone. If beta males generally inherit zones, and if 

'reputations' are important, then a beta may help establish his own future success by 

enhancing that of his alpha. 

The fluidity of the male networks makes it appear unlikely that the eventual alpha-beta 

combinations at perch-zone were more closely related than would be pairs randomly selected 



from within the population. A kin selection hypothesis should, however, be tested by 

electrophoretic or other genetic analysis. 
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In conclusion, intra- and intersexual selection acted to produce sequential subsetting of 

male Long-tailed Manakins, such that only a few of the oldest males in a local population were 

successful in mating during a four-year period. Changes in male behaviors, weights, and 

testis volumes with increasing age may be a response to the extreme skew in mating success. 

The results support the hypothesis that subdefinitive plumage is an honest signal of status. 

Lack of sexual size dimorphism should not be taken as evidence that intrasexual selection is 

unimportant; instead, other considerations, such as a need for cooperative display, may 

contribute to intrasexual selection without selecting for large male size. Given present levels 

of variance in mating success, the maintenance of male-male cooperation may be explained 

by present and future direct benefits to cooperators in the face of extremely limited prospects 

for reproductive success. Whether high variance preceded cooperation and acted as a 

driving force in its evolution may best be addressed by comparative studies of other species 

of manakins, particularly those with 'inCipient' cooperation, such as the Band-tailed Manakin 

.Eirua fasciicauda (Robbins 1985). Students of sexual selection may need to consider the 

ways in which intra- and intersexual selection can interact. Pronounced patterns of age

grading in behavior and morphology may be a clue to species in which W sexual selection is 

strong. 



CHAPTER 3 

CORRELATES OF MALE MATING SUCCESS 

In many lek mating systems female choice (intersexual selection), as well as or instead of 

male-male combat (intrasexual selection), apparently determines male success (Bradbury and 

Gibson 1983). Few studies, however, have verified that female choice occurs or 

demonstrated correlates of male success that might indicate male attributes that are subject 

to female choice. The assumption that female choice occurs underlies both 'runaway' models 

of sexual selection (Fisher 1958; Lande 1981; Kirkpatrick 1982) and 'good genes' models. 

Furthermore, 'good genes' models, such as those of , Andersson (1982b), and Kodric-Brown 

and Brown (1984), posit that female choice as providing genetic benefits derived from a 

correlation between the chosen traits and the genetic quality of the males. Thus, 

substantiating the existence and nature of female choice is of considerable theoretical 

interest. Correlations between male attributes and male success may shed light on whether 

mate choice is occurring. The major anematives to female choice are 

(1) that females mate haphazardly or randomly, 

(2) that interactions among males determine access to females. The effects of dominance 

interactions, in particular, might be difficult to distinguish from the effects of female choice. 

For example, males' displays might appear to serve as cues for choice, but a male's 

performance might be conditioned by his relations to neighboring males, 

(3) that female-female interactions, including interference or copying, preclude or 

influence female choice. 
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Correlates of male mating success can serve as the basis for experimental studies (e.g., 

Andersson 1982a), as well as providing data for broad comparative studies of sexual selection 

or leks (Wells 1977; Payne 1984). Which traits determine male mating success is also of 

theoretical interest. Are the traits energetically expensive, as predicted by good genes 

models? Although the 'cost' of the traits does not serve as a critical test between good genes 

and runaway models (Soake 1985), it should be useful in comparative approaches to the 

patterns of selected traits across taxa or habitats. Do the selected traits, for example, change 

with or reflect the age or condition of their bearers? Do individual males show tradeoffs 

between investments in different components of male success? Studies of reproductive 

success related to nesting in birds have yielded conflicting conclusions as to whether 

success and survival are positively or negatively correlated (e.g., Smith 1981). The 

suggestion that survival might be positively correlated with success is intriguing. Given 

conSiderations of lifetime reproductive success, such correlations could yield a situation in 

which successful males become doubly successful, by also enjoying enhanced survival. 

An understanding of the correlates of male mating success is also vital to an 

understanding of the dynamics of lek mating systems. Bradbury (1981) suggested that an 

understanding of the spatial distribution of displaying males, and their relation to female use 

of space, may be crucial to understanding lek systems. Long-tailed Manakins Chjroxjphja 

Iinearjs are frugivorous birds of the neotropics with a lek mating system. Males gather in widely 

scattered clusters (an 'exploded' lek) to display for females. One advantage of studying a 

species with such 'exploded' leks is that, if females are choosing, they may use one cue, or 

set of cues, to decide which of a number of widely scattered male courts to visit and then, 

given that they have chosen to visit, use a second, independent cue to decide whether to 

copulate with the displaying male. Such a separation of cues may facilitate the elucidation of 
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correlates. Further, the lack of visual contact among display courts means that male 

performance in the presence of females is relatively free from the influence of rivals. Another 

feature of the mating system is that courtship consists of dual-male cooperative displays. 

Thus, an interesting additional problem in this species is that the potential target of female 

choice may be the combined traits or cooperative display of a pair of males, rather than those 

of a single individual. It is of interest to know what characteristics of a partnership are 

potentially subject to female choice, as an avenue for exploring the evolution and 

maintenance of the male-male cooperation that characterizes this genus (Foster 1977,1983). 

In this chapter I restrict my focus to assessing the evidence for female choice. I first describe 

phenotypic correlates of male success in receiving female visits and then, given a visit, 

success in copulation. 

NATURAL HISTORY AND STUPY POPULATION 

The study area, in Monteverde, Costa Rica (10018'N, 84°48'W), is 80 ha of pre montane 

tropical moist forest (Holdridge 1966) at an elevation of 1300 m. I color-banded 206 Long

tailed Manakins in the study area between 1981 and 1986. Of these, 59 were known to be 

females, 79 were males and the remaining 68 were of unknown sex. In 1979 Michael Fogden 

banded nine individuals in an area 1 km from the study area. Between 1983 and 1986 55 

banded males displayed at and 20 banded females attended perch-zones. 

For courtship display adult males form partnerships based on an apparent dominance 

hierarchy, wHh an alpha and beta core pair and a variable number of auxiliary attendants. 

Chapter 2 describes the structure of male teams. For much of each day throughout the 

breeding season two males, usually the alpha and the beta, but occasionally another 

combination of males, give an advertising call in IJ.Di.S2D from the subcanopy. This call 

phonetically resembles the word 'toledo'. Upon the arrival of a female, all three move to the 
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dance-perch, a horizontal branch or vine within 2 m of the ground. The males then perform a 

dance bout comprising sets of cartwheel or backwards leapfrog 'hops' alternating with labored 

'butterfly' flight. During 'butterfly' flights the males move as much as 20 m away from the 

perch, returning to the perch simultaneously or sequentially at intervals of a few seconds. 

After two to eight sets of hops (usually 20 to 40 hops per set) and two to eight 'butterfly' flights 

(usually 10-50 seconds total per flight), the beta male leaves the immmediate area of the 

perch and the alpha continues with a solo 'butterfly' flight for one to eight minutes. If the 

female is receptive, the alpha performs a rapid ending flight followed by copulation on the 

dance-perch. Even when more than one female attended a dance, only one female 

copulated. I have no evidence for non-perch copulations. Neither dance hops nor extended 

'toledo' bouts were ever performed by a lone bird. 

METHOPS 

I banded males and females with individual combinations of colored plastic bands from 

A.C. Hughes, Ltd., England. Perch-zones were defined as the area (S2.5 ha) in which a 

particular alpha male was dominant. Sampling effort concentrated on six major perch-zones 

upon which the bulk of the results from 1983 to 1986 are based. Eight other perCh-zones, 

sampled less intensely during the four-year period, had sporadic activity levels and most 

received few, if any, female visits. I erected blinds at 22 dance-perches of males (6 major and 

16 minor perches) in the study area. Blinds were 8 to 12 m from the dance-perch. When 

possible, blinds were placed at an oblique angle to the axis of the perch, so as to avoid 

interference with the path of 'butterfly' display. The basiC sample unit was a 2-hr period of 

observation from a blind. The dual-male 'toledo' calls were counted and 22 variables 

describing male and female attendance and behavior were recorded. Males vocalize with 

each hop during dances. Thus, stereo recordings of observers' voice notes overlying male 



calls allowed precise timing of the temporal sequence of male dance displays. When 

possible, simultaneous observations by two to six observers took place at two or more 

different perches. The movements of five different females were monitored with 2 gm radio 

transmitters from Custom Electronics, Urbana, Illinois. Transmitters were attached to the 

feathers of the dorsum wnh poly acrylate glue. 

Analysis of Data on Visitation. I used one dependent (V) and eleven independent 

variables: 

D: the number of displays on the dance-perch involving only males. 
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A: the number of agonistic encounters among males. These included supplantings and very 

brief chases. 

W: the number of 'wee nt' calls; the 'wee nt' is a sharp call given at the end of a set of hops. 

The alpha male directs the call at his partner, with his tail toward the female (if present). 

Following the call the beta male often, but not invariably, leaves the perch area, while the 

alpha begins a solo 'butterfly' display. 

E: the number of extra males observed, in excess of two partners (alpha and beta). 

T: the number of sample blocks in which a 'teeamoo' call was recorded; every fifth minute 

during a 2-hr observation was a sample block during which certain counts were 

conducted. Values could range from 0 to 24. The 'teeamoo' call was never heard when 

the partner was known to be present. It appears to function in male-male communication, 

as a partner attractant. Most (;~80%) are given by the alpha and often result in the 

eventual return of the beta. 

0, 1, 2, 3: the number of sample blocks during which exactly zero, one or two males, or three 

or more males was heard or seen in the vicinity of the dance perch. 



B: the number of bouts of 'toledo' calls during an observation. A bout was defined as a 

sequence of 'toledos' with no gap greater than 30 seconds. 

G: the number of 'gap' minutes during which males were neither giving 'toledo' calls nor 

dancing for a female. 

N: adjusted 'toledo' count. Males did not 'toledo' while dancing. The 'toledo' rate (per 

minute) during the remainder of the observation was multiplied by the duration (minutes) 

of female visitation. This estimate was then added to the unadjusted total count of 

'toledos'. 
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R: the residuals of a regression of B against N-- a measure of whether toledos were delivered 

in long or short bouts. 

V: visitation, the dependent variable; its value was 0 (UNV) if no females visited, 1 if one or 

more females visited. V was highly correlated with another measure of success, the 

number of distinguishable females visiting during an observation (I' = 0.86). 

For the 1984 data, I omitted the variables G (gap), B (bouts) and R because of large numbers 

of missing values. 

Because many of the independent variables were correlated, I used principal 

components analYSis to reduce the number of variables. I made correlation plots (Strauss 

1985) of the principal components against both the independent variables that constituted 

the components and the dependent variable (V) measuring visitation. Because few of the 

variables were normally distributed, even after Box-Cox transform procedures (Sakal and 

Rohlf 1981), I used a nonparametric analog of multivariate analysis of variance (Zwick 1985). If 

the overall test statistic, V· (N-1), is significant, one can make multiple contrasts with an overall 

experiment-wise error rate in order to assess the influence of particular variables on group 

differences (Katz and McSweeney 1980). The test statistic is the difference in mean ranks 

between groups (which I will report as the variable name followed by an asterisk; e.g., 
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PC 1* for difference in mean ranks between groups on principal component 1). This value is 

contrasted with a critical value computed from the sample sizes of the contrasted groups and a 

Bonferroni chi-square statistic (Kres 1983, Table 22). 

Analysis oLPata on Copulatory Success. I used one dependent and three independent 

variables: 

N: 'toledo' count for the associated 2-hr observation period, as above. 

HOP: the mean number of hops per set during a dance bout. A dance bout was defined as all 

the sets of hops and 'butterfly' flights by the males, from the time at which a female arrived 

in the immediate vicinity of the dance perch until she either copulated or left. 

FLY: the mean duration of dual-male 'butterfly' flight for the sets in a dance bout. I included 

only 'butterfly' flights that were unequivocally sandwiched between sets of hops, since 

'butterfly' display sometimes simply tapered off and could not be assigned a meaningful 

duration. 

COP: the dependent variable for multivariate tests. Its value was 0, if no female copulated, 

and 1, if a female did copulate. 

The nonparametric tests by Zwick and by Katz and McSweeney were then run on the 

ranked data matrix. 

RESULTS 

Correlates of Female Visitation with Male Display 

Samples Pooled across Zones. I pooled samples from all zones within years to look for 

differences between observations with and without female visits. Figure 8 shows correlation 

plots for 11 performance variables and the first three principal components (PC1, PC2, PC3) 

in 1985, and eight performance variables in 1984. An advantage of correlation plots is that 
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Figure 8. Correlation Plots for Principal Components Analysis of Measures of Male 
Performance. 
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Variables with solid vectors were entered in the PC analysis (see Methods). Dashed vector 
shows the dependent variable V (female visitation), which was not entered in the PC analysis. 
Note that only Nand 2 always lie in the same quadrant as V, and that 0 always points away from 
V. 
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they allow simultaneous portrayal of variables not entered in the PC analysis. Thus, I plotted 

the dependent variable V (visitation), as well as the independent variables included in the PC 

analysis. 

Loadings on principal components should be interpreted cautiously, since one is looking 

at the data in only one dimension. For the 1985 data the three highest positive loadings on 

PC1 (45% of the variance explained) are B ('toledo' bouts), 2 (attendance of exactly two 

males) and N ('toledo' count); the correlation vectors of the last two are very closely aligned 

with the vector for V in Fig. 8. PC1 loads negatively on G (gap) and on the highly correlated 

measure 0 (zero males). PC1 therefore appears to measure partner attendance and calling 

effort. PC3 (16% of the variance) loads negatively on N, and is negatively correlated with V. It 

loads strongly positively on the variables T ('teeamoo' calls) and 1 (attendance of one male). 

PC3 , therefore, appears to reflect lack of response, by a beta, to his alpha's partner attraction 

calls and attendance. PC2 (17% of the variance) loads positively on E (extra males), 3 (3 or 

more males present), and R. It loads negatively on T and 1. PC2 appears to measure male

only dances and multiple-male interactions ('excess males') that were uncorrelated with 

success in attracting females. The interpretation of the 1984 loadings is similar. 

Table 2 shows the results of tests for differences among observations in which females 

visited versus those in which they did not. In both 1984 and 1985 the overall difference was 

significant. In Fig. 8, the degree of positive or negative correlation between the PC axis and 

the vector for V corresponds to the contribution of that principal component to group 

differences. Thus, for example, in Fig. 8a the vector for V is positive on PC1 but only slightly 

negative on PC2. For the 1985 data multiple contrasts indicated that PC1 and PC3 

contributed significantly to the difference, while PC2 did not. The 1984 data also showed 

significant differences for PC1 and PC3. In 1984, however, PC2 ('excess males') made a 

significant negative contribution to success. Thus, two aspects of male performance, 



Table 2. Comparison of Observations with and without Female Visits on the Basis of 
Principal Components Analysis Measuring Male Performance. 

1984 1985 

Sarrple sizes 

N (2-hr obs.) 235 463 

Visited Unvisited Visited Unvisited 

n (2-hr obs.) 45 190 123 340 

Overall test for heterogeneity (Zwick 1985): 

X2[a=.001. df=3] = 16.3 

V* (N-1) 53.92*" 111.46*** 

Multiple comparisons tests (Katz and McSweeney 1980). df=1: 

1984 critical values 

[cx=.01] = 41.32 

[cx=.005] = 44.26 

PC1 2 (calling) 54.48** 

PC22 (excess males) -42.66* 

PC32 (solitary alpha) -56.84** 

*= P<.01. **= P<.005. ***=: P<.001 
Q= difference between mean ranks for visited and 

unvisited groups. 

1985 critical values 

[a=.1] = 29.96 

[cx.=.005] = 35.43 

143.72** 

-22.24. N.S. (P>.3) 

-45.25** 

41 



dual-male attendance and unison calling, correlated positively and consistently with female 

visitation. 
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Differences among Zones. Given that vis~ation was correlated with dual-male 

performance it is of interest to ask whether performance differed among zones. Female 

visitation rates at perch-zones "accorded well with the seasonal mean for 'toledo' counts at the 

six major perch-zones in both 1984 and 1985 (Fig. 9). Figure 10 depicts the difference 

among perch-zones for the performance characteristics correlated with visitation in the PC 

analysis. Each zone's deviation from the mean rank is plotted for PC1 and PC3. As noted 

above, PC1 and PC3 contributed significantly to the difference between observations with 

and without female visits in both years. In both years Z was the only zone whose values lay in 

the same quadrant (+ for PC1, - for PC3) as that for the 'visited' group. Significant differences 

existed among zones for the first three principal components in both years (Table 3). Thus, 

zones did differ in performance and these differences correlated with differences in female 

visitation. 

Response Lags. On a time scale of months and even seasons, a lag existed between 

male performance and female visitation. Thus, at Zone Y high levels of 'toledo' performance 

toward the close of the 1984 season preceded success in both visitation and copulation in 

1985. A similar phenomenon occurred at the Canal Zone (not one of the six major perch

zones) between 1985 and 1986. Conversely, at Zone A, female visitation rates remained 

high at the close of the 1984 season despite plummeting 'toledo' rates. The reason for the 

drop in performance was the disappearance and presumed death of the highly successful 

alpha male. The beta, who inherited the alpha role, appeared unable to develop a stable 

partnership; performance at Zone A never returned to its previous levels. Female visitation 

eventually declined, despite the initial, apparently residual response. At least one banded 
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Figure 10. Scores of Male Performance Related to Female Visitation. 

Scores are listed as the deviation from the mean ranked PC score for PC1 and PC3. Each of 
the six major perch-zones is shown, as well as the mean rank for those observations with 
female visits at all zones (V) and all those during which no female visited (Unv). Dashed lines 
separate the"quadrant in which deviations are positive for PC1 and negative for PC3. 
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Table 3. Comparisons of Male Perfonnance among Zones. 

Numbers represent the difference in mean rank between the zone in the row and that of the 
zone in the column, for a multiple comparisons test (Katz and McSweeney 1980). Thus, for 
1984 on PC1 the mean rank at Zone Z, minus that at Zone 0 was 37.21 (N.S.). Since the 
scores would be symmetrical about the diagonal (but of opposite sign), PC1 differences are 
entered in the upper diagonal and PC3 differences in the lower diagonal. 

a. 1984. N=235 2-hr observations. Test for overall heterogeneity: V * (N-1 )=218.8, 

X2[CX=.001, d1=15)=37.7, P«.001 (Zwick 1985). 

ZONE Z 0 A Y K T 
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Z (n=54) 37.21 40.70 46.15 69.88** 103.15** 

o (n=50) 56.15** 3.49 8.94 32.67 65.94 

A (n=48) 61.91** 5.76 5.45 29.18 62.44 

Y (n=29) 25.49 -30.66 -36.42 23.73 57.00 

K (n=37) 40.30 -15.85 -21.61 14.81 33.27 

T (n=17) 17.53 -38.62 -44.38 -7.96 -22.77 

b. 1985. N=463 2-hr observations. Test for overall heterogeneity V * (N-1)=251.7, 

X2[CX=.001, d1=15)=37.7, P«.001 (Zwick 1985). 

ZONE Z 0 A Y K T 

Z (n=117) 164.61** 109.19** 58.08 212.81** 128.33** 

o (n=51) 59.99 -55.42 -106.53** 48.20 -36.28 

A (n=92) 129.95** 69.96 -51.11 103.62** 19.14 

Y (n=90) 99.30** 39.31 -30.65 154.73** 70.25 

K (n=53) -19.96 -79.95 -149.91** -119.26** -84.48 

T (n=60) 79.59* 19.60 -50.37 -19.72 99.55* 

* P<.05 

** P<.005 



female known to have copulated at Zone A with the preceding alpha in 1983 was seen to 

return for a visit to the new alpha in 1984, although she was not seen to copulate. 

Opportunity for Females to Canvass Males 
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Data from mistnetting, resighting, and limited radiotracking indicated that females ranged 

widely, both within and between seasons. We resighted or recaptured 44 females. The 

maximum distance between resightings or recaptures for each of 23 of these females was 

more than 300 m. The maximum distance for each of 14 of the females was more than 500 m, 

including two distances> 1 km. Since I netted and observed infrequently outside the study 

area, the maximum may be limited more by observer effort than by the movements of the 

birds. On four occasions females have been recaptured or resighted at locations more than 

700 m apart, within the space of six days. Most of the returns separated by short distances 

occurred in the vicinity of Zone Z, the most successful zone. These returns suggest that we 

intercepted or Sighted females revisiting the zone, rather than that we found more heavily 

used cores to female home ranges. Greg Murray (pers. comm.) radiotracked frugivorous birds 

of four species in the Monteverde area. No comparably sized frugivore regularly showed such 

wide-ranging movements. I estimate that female home ranges were as large as 80 ha, with 

~ery high overlap among females. Thus, females should have the opportunity for auditory 

comparison of all the zones within the study area. Nevertheless, only one banded female was 

recorded as visiting more than one zone within a season. The proportion of the total potential 

display time observed at any zone was small, even in 1985 (e.g., 180 hours of observation at 

Zone Y in 1985 during a season of 1120 hours). Furthermore, of those females that visited 

perCh-zones, the proportion that were banded was small (~3%). Each of these factors 

decrease the probability of noting visits to several sites by a single female within a season. 

The lack of resightings for banded females also indicates very large home ranges. In contrast, 



partnered males had very high resighting rates within the limited confines of the zone or 

zones with which they were affiliated (Chapter 2). 

Correlates of Copulatory Success 

Between 1983 and 1986,121 copulations were observed. Copulatory success was at 

least partially independent of visitation success. That is, copulations did not accrue as a 

simple proportion of visits received, since differences in proportions of dances leading to 

copulations existed both among perch-zones within years, and between years within perch

zones (Table 4). 

Behayior of Males and Females. Males were never seen to follow or harass females. 
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Females could leave at any stage of the dance, including attempted mounting following a 

dual-male display and solo by the alpha lasting more than 20 minutes. Although more than 

one female watched some of the dance displays (66 of 285), at most one female copulated 

per display (n=32). Almost invariably, females that copulated moved actively on the perch 

during at least the latter stages of the display. Movements included side-to-side shuffle and 

upward hops with the wings held high above the back (resembling the male's wing 

movements immediately prior to copulation). Females often, but not invariably, followed the 

alpha male to his landing-spots away from the dance perch during the solo display. Even 

females that were known to have copulated previously at a zone within or between seasons 

were seen (n=11) to watch a full dance display without making rapid movements, and to leave 

without copulating. 

Measures of Performance. Figure 11 shows three measures of performance that might 

serve as correlates of copulatory success: the 'toledo' count (N), the mean number of hops 

per set (HOP), and the mean duration of dual-male butterfly flight (FLY). Excludinging dances 

with missing values, successful and unsuccessful dances showed Significant multivariate 
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Table 4. Proportion of Female Visits Leading to Copulations. 

Year Zone Copulations Total Number Proportion 
Females Visiting 

1983 A 3 7 0.43 

1984 Z 17 49 0.35 
0 1 3 0.33 
A 2 8 0.25 
Y 0 6 0 
K 0 2 0 
T 0 1 0 

1985 Z 42 102 0.41 
0 0 3 0 
A 3 12 0.25 
Y 5 50 0.10 
K 0 6 0 
T 1 6 0.17 

1986 Z 2 14 0.14 
0 1 1 1.0 
A 0 1 0 
Y 1 9 0.11 
K 0 0 0 
T 0 6 0 

Canal 1 3 0.33 
Holl. 0 7 0 
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differences in both 1984 and 1985 (Table 5). In 1984 only one of the three variables 

contributed significantly to this difference. This was mean duration of butterfly flight (FLY). In 

1985 two of the three performance variables contributed significantly to the group difference: 

the 'toledo' count (N) and the mean duration of butterfly flight (FLY). The mean number of 

hops per bout (HOP) did not differ significantly between successful and unsuccessful dances 

in etther year. 

The results for the correlation between mean duration of 'butterfly' flights (FL Ys) and 

copulatory receptivity are inherently conservative: short FL Ys before copulations may reflect 

increased receptivity of the female due to prior exposure to long FL Ys. For successful 

dances at Zone Z in 1985 six of the 10 shortest FL Ys represented known or suspected short

term return visits by females. The earlier 'unsuccessful' dances included FL Ys 36% longer 

than those in a" unsuccessful dances and 6% longer than those in a" successful dances. The 

three shortest FL Ys for successful dances were at zones other than Z. It was not known 

whether other dances preceded these short FL Ys, but the females may have been 'naive' 

choosers. I discuss the topic of 'naive' choice below. 

The FLY-COP correlation might arise because of a male response to female excitedness: 

reverse causation from the hypothesis that male performance determines female response. 

Females show a decided progreSSion of movement activity in dances preceding copulation. 

Females that do not become active leave the zone without copulating. If males responded to 

increasing female excitedness by increasing the duration of butterfly flights, we would expect 

durations of 'butterfly' flights in a sequence to increase within dance bouts leading to 

copulations. No such trend is evident in duration of 'butterfly' flight within successful bouts 

(Fig. 12). This suggests that the duration of 'butterfly' flight (or an unmeasured, highly 

correlated cue) does promote copulatory receptivity in the females. 



Table 5. Comparison of Observations with and without Copulations on the Basis of 
Male Performance. 

1984 1985 

Sarrple sizes 
N (dance bouts) 36 106 

Copulation No copulation Copulation No copulation 

n (dance bouts) 20 16 36 70 

Overall test for heterogeneity (Zwick 1985): 
X2[ <X=.05, d1=3) = 7.82 

X2[<x=.001, d1=3) = 16.3 

V. (N-1) 9.3* 18.6*** 

Muttiple comparisons tests (Katz and McSweeney 1980), d1=1 

1984 critical values 
[CX=.05] = 8.44 

1984 

N° (calling) 4.73, N.S. 

FL yr;. ('butterfly') 9.45* 

HOPr;. (hops) 4.73, N.S. 

*= P<.05, **= P<.01, .. *= P<.001 
2= difference between mean ranks for dance bouts 

with and without copulations. 

1985 critical values 
[CX=.05] = 15.06 

[CX=.01] = 18.50 

1985 

19.29** 

20.74 .. 

4.46, N.S. 
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Switching among Zones by Females. Altogether, Zone Z accounted for 86% of the 

observed copulations with dance data in 1984 and n% in 1985. The few females that 

copulated at zones other than this 'top' zone may have been naive females with relatively 

undeveloped powers of discrimination. With greater experience, such females might switch 

preferences to 'top' zones and then become site-, or more properly, team-faithful. Support 

for this hypothesiS comes from the fact that 14 banded females visited perch-zones other 

than Z. Of these, 5 made switches in attendance between seasons. Of the females switching 

zones 3 females switched to Zone Z. Of 17 banded females that visited zone Z, none 

switched to another zone, 3 returned in successive seasons, and 5 others returned within a 

season at intervals long enough to represent fertilization of a second clutch. 

Lack of Tradeoffs between Components of Success. Note that the partners from Zones 

Z and Y performed at the highest levels for 'toledo' display in both 1984 and 1985 (Fig. 8). 

Also, in 1985 these were the only zones with positive mean deviations on PC1 (Fig. 10). 

Further, these two pairs danced more often, and at higher levels (as measured by total 

number of hops and duration of butterfly display), than males at any other perch-zone (Fig. 

13). These two teams received 79% of all female visits in 1984 and 78% of all female visits in 

1985. For 'tol~dos', 'butterfly' duration and number of hops the levels at Z and Y were 

significantly higher than at any other zone (P<.05, Kruskal-Wallis test with multiple 

comparisons, Hollander and Wolfe 1973, p. 125). This result suggests that no tradeoff 

occurred between the components of male display. Instead, levels of performance for calling 

were positively correlated with danCing levels. 

Effect of 'Toledo' QualUy. A natural experiment in 1986 suggested that both visitation 

levels and copulatory success depend upon 'toledo quality' as well as number. Between the 

1985 and 1986 seasons the beta male at Zone Z disappeared. The replacement beta 

appeared to have a damaged or substandard syrinx. His 'toledo' calling contributed little to the 
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overall volume and resonance of the partnership's 'toledo' output. The quality of the team's 

dance display did not appear to be affected, except that the beta male's vocalization given 

during a hop was noticeably fainter than the alpha's. The alpha's effort remained the same, 

regardless of the quality of his partner's contribution. Female visitation to the zone was 

reduced both absolutely and relative to other zones. The lag effect may have played some 

role in ameliorating the effects of poor 'toledoing', in that a relatively high proportion of the 

female visitants had previous histories of visitation at the zone. Copulatory success per 

female visiting was lower in 1986 (17%) than in 1985 (41%) or 1984 (35%). Most established 

partnerships do not appear to differ perceptibly in the 'quality' of 'toledos', but the rate of 

'toledoing' varied and apparently affected the probability of a visit by females. 

Solo Djsplay. Dances that led to copulations, including return visits, normally involved full 

dual-male displays and a solo 'butterfly' display by the alpha (n=108). Rarely, solo 'butterfly' 

display by a male, without preceding dual-male hops and 'butterfly', led to copulations (n=9). 

We had evidence in three of the nine cases, from bands or morphological peculiarities of the 

females, that the solos by alphas were performed for females that had copulated at that perch

zone earlier that day or on the preceding day,' following a full dual-male and solo display. On 

two occasions the beta male of the most successful alpha performed a solo display and the 

copulation, in the absence of the alpha. I suspect that these two females had recently 

copulated with the alpha, following a full display. On four occasions a solo display by a beta 

was interrupted by the return of the alpha. Full dual-male display followed, and two of the 

dances led to copulations. 

Other Possible Factors Affecting Male Success 

MQrphologjcal Traits. Another possible cue for female choice is a morphological trait. An 

obvious candidate would be tail length, which affects male success in the widowbird 
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Euplectes progne (Andersson 1982a). I have found no relationship between tail length and 

success. Indeed, the highly successful alpha at Zone A in 1983 and 1984 ranked thirty-sixth 

out of thirty-seven adult males in tail length and his tail was noticeably shorter than that of his 

beta partner (10 cm beyond tail vs. 12.4 cm). Conversely, the male with the longest tail yet 

measured (an alpha of unknown age) has not yet been notably successful in attracting visits 

and did not succeed in copulating during our observations. In contrast, a pronounced 

negative correlation exists between weights and the age and status of males in Long-tailed 

Manakins (see Chapter 2). This negative correlation, however, is likely to be a cost of male 

exertion in performance rather than a basis for female choice. 

Location of Food Resources Relatiye to Male Perch-zones. Location of fruit resources 

could affect male success either by minimizing foraging time and maximizing energy intake or 

by attracting females to the general area. A preliminary survey of the 1-ha gridded plots 

surrounding the primary dance-perch in the most successful perch-zone (Z) and a less 

successful perch-zone (02) showed that the density of Hampea appendiculata (>8 cm 

diameter) was greater at 02 (48/ha) than at Z (17/ha, X} = 14.8, d!=1, P<.001). The 17 trees 

at Zone Z may be a more than sufficient resource, but it is clear that 02 is not deficient relative 

to the more successful zone. Furthermore, another frequently used fruit, Citharexylum 

doooell-smithii. was present at pasture edges within 75 m of 02 but none was within 150m of 

Z. Seeds of these two species are those most frequently collected from feces or 

. regurgitation under perches during the height of the mating activity in April and May. These 

results suggest both that successful males are not necessarily close to feeding resources 

and that females are not attracted to the area by food resources. 

Limited Display Sites and Location Effects. Perches themselves did not appear to be a 

limited resource. At least four previously active primary dance-perches became overgrown or 

destroyed by treefalls during this study. In each case, the males immediately transferred to a 
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previously unused or little-used perch in the immediate vicinity, without apparent reduction in 

success. Further preliminary evidence against an intrinsic effect due to location lies in the lag 

between performance and female response. High output of the 'toledo' call in the preceding 

months or even the preceding season predated success in visitation, as noted for Zones Y 

and Canal. Success shifted within the study area in concert with performance but without 

apparent relationship to resources or to the physical configuration of the habitat (e.g., habitat 

bottlenecks that would tend to concentrate females moving through the area). The physical 

configuration did not change during this study, nor during the preceding thirty years (A. 

Hoge, pers. comm.). 

Male-male interactions. Male-male interactions are important in establishing male ranks 

within zones. Only the top males in a team, usually the alpha and beta, are eligible for female 

choice. I discussed the interaction between intra- and intersexual selection in Chapter 2. The 

alpha and beta roles appear to determine which male within a partnership will remain for the 

solo display that precedes copulation. Of 121 copulations observed, alphas performed all but 

two. In the latter cases the alpha was temporarilt absent from the perc area. In all cases where 

a dual-male display continued to the point where one male left and the other began solo 

'butterfly' flight, it was the alpha who remained (n=153, seven different alphas). Thus, females 

do not appear to have the option of choosing within a partnership. Although alphas chase 

away any male that appears in the vicinity of the perch during solo display, I had no evidence 

for disruptions of a male's copulations by other males. While male-male interactions 

(intrasexual selection) may be crucial to a male's success they do not appear to affect the 

opportunity for females to choose among teams displaying at different perch-zones. 

Female-female Interactions. Female-female interactions might decrease the opportunity 

for female choice in three ways: (1) if females were to restrict access of females to certain 

males, (2) if females were to copy another female's choice, or (3) if females were more likely to 
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copulate when in the presence of other females. During hundreds of dances we saw an 

agonistic interaction among females only once. One banded female that watched another 

female copulate was seen to return to the same zone for a later copulation. Two other banded 

females returned for copulations after watching dances for another female that did not 

copulate. These observations do not rule out copying, because a relatively small proportion 

of females were banded. 

Using the data for success of dances when just one female was present as the basis for 

'independent' probability of success, I calculated the probability that neither of two females, or 

none of three or four females visting simultaneously, would copulate. The proportion of 

single-female dances that were successful was 0.265. Thus, with females arriving 

simultaneously the probability that none will copulate is (1-0.265)n, where n is the number of 

females. With two females the expected frequency of 'failure' is 0.459. With three females the 

expected frequency is 0.397 and for four females, 0.292. We observed 60 dances for two 

females, 4 for three and 2 for four females. This generated an expected 31.4 copulations; 

the observed number was 32. Thus, I conclude that dances with multiple females were not 

more likely to lead to copulations than were dances for single females. 

DISCUSSION 

Can Female Long-tailed Manakins Exercise Choice? 

That females can choose mates has long been disputed. Early criticisms rested on the 

grounds that chOice required a sophisticated aesthetic sense that seemed improbable in non

human animals (e.g., Huxley 1938). More recent criticisms have invoked a lack of genetic or 

neurological bases for chOice. Both the genetiC (Majerus et al. 1986) and neurological 

(O'Keefe and Nadel 1978) bases for such choice now have support, though neither involves 

study or experiment in the field. O'Keefe and Nadel's work suggests that cognitive maps, with 



59 

a neurological base in the hippocampus, may account for the sort of spatial memory 

responsible for caching behavior (Bunch and Tomback 1986), 'traplining' (Feinsinger1976) 

and canvassing of potential mates by females in lekking species. The data from this study are 

consistent with a hypothesis of male performance as a basis for female choice. Females have 

home ranges of as much as 80 ha that would allow canvassing of 55 or more males per 

season, including five or six well-established zones with consistent levels of performance. 

Such canvassing would not require appearance within the immediate area of the perch, 

because the 'toledo' call carries 50-200 m, depending upon wind conditions. Although 

females may have little opportunity for mate choice within a zone, they appear to have the 

opportunity to choose among five to eight major perch-zones. The alpha at each zone, in 

turn, stands at the apex of an extensive system of male-male interactions (Chapter 2). 

Correlates of Male Mating Success 

Aspects of male performance were correlated with male mating success. That such 

correlates exist indicates that, if females are choosing, they are using the same sets of cues. 

Principal components analysis indicated that dual-male attendance and calling effort were 

correlates of female visitation. Calling effort and a measure of dance performance correlated 

with copulatory success, given that a female chose to visit. The correlation between 'toledos' 

and copulatory success may reflect both long- and short-term monitoring of male performance 

by females. Significant differences existed among zones in measures of performance. 

Performance levels were positively correlated within zones, such that the top team at Z 

performed at the highest level for every measured performance variable that correlated with 

success in visitation and copulation. Only on rare occasions did females forego the dual-male 

display and copulate following solo display. That females with histories of copulation later 
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watched full displays without copulating suggests that each copulation requires considerable 

stimulation of the female. 

Two caveats are necessary when examining such correlative data. The first is that female 

response may promote male output rather than, or in addition to, the reverse. Males might, for 

example, adjust long-term 'toledo' rates as a response to their level of success. For the 

'toledo' calls, playback experiments in a drought-deciduous environment such as the 

lowlands of Guanacaste Province, Costa Rica, might be feasible. Approaching females would 

be more visible than in the dense vegetation at Monteverde and any effects on male behavior 

would be less important. The second caveat is Gibson and Bradbury's (1985) suggestion that 

the critical cue may not have been quantified but was simply correlated with the measure of 

performance tested. The second caveat may be particularly applicable to the 'butterfly' flight 

correlate, because of the multiplicity of visual and auditory stimuli available as potential cues. 

Male Traits Selected 

High levels of 'toledo' calling require the almost constant presence of the male partners, 

reducing the amount of time available for maintenance behaviors. 'Butterfly' flight appears 

labored, inefficient and energetically expensive. Data on weight loss as a function of 

increasing male age and status of males (Chapter 2) suggest that display may bs a 

considerable energetic drain. 'Butterfly' flight may have a further cost in 'riskiness' for the 

alpha male. On seven occasions, at three different perches, we saw an attempted copulation 

by the beta male during the dual-male phase of 'butterfly' display. In five cases the female 

appeared to be receptive, but the alpha chased the beta away, probably before any 

transmission of sperm. An alpha male, therefore, may have to weigh increasing probability of 

female receptivity against increasing risk that a proportion of the paternity will accrue to his 

partner rather than himself. Under an 'honest advertising' system (Kodric-Brown and Brown 
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1984) a male could signal the extent of his dominance by undertaking a 'risky' behavior. The 

riskiness of butterfly flight might help explain why it, rather than number of hops, is correlated 

with success. Further, good genes models predict a positive covariance between such costly 

traits and male success in mating. Under a 'runaway' model the traits would simply represent 

the arbitrary exaggeration of traits covarying with the evolution of female choice. 

The phenotypic correlates that may be subject to female choice involve only the top 

displaying males. It should be remembered, however, that a male's being able to display as a 

member of a team with top levels of performance is conditional upon a number of factors. 

First, he must survive for eight or more years. Second, he must establish a ranking within a 

zone. Third, he must form an alliance that can generate a considerable quantity of jOint 

display, perhaps involving extensive practice. This preparatory stage depends almost 

exclusively upon male-male interactions (Chapter 2). The most successful males, therefore, 

have established a position that is conditional upon long survival, male-male interactions 

(intrasexual selection) and upon maie performance subject to female choice (intersexual 

selection). 

Alternative Determinants of Male Success 

Morphological Traits. The data do not support the hypothesis that mate choice is based 

upon the most obvious morphological cue, tail length. This trait has served as the paradigm of 

a sexually selected trait (Arnold 1983). A more critical test of the importance of morphological 

traits will require a larger sample of measurements in alpha males (~11 yrs), holding age, or at 

least duration of alpha status, constant. Morphological characters such as tail length or 

plumage brightness may prove to be threshold traits. Although brightness of male definitive 

plumage appears to be uniform, quantitative comparisons of alpha male plumages would be 

instructive. 
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Mate Chojce Cogyjng. The data concerning copying are insufficient for a conclusive 

resolution of the question. The fact that the expected and observed totals for multiple female 

visits were virtually identical suggests that females were not more likely to copulate in the 

presence of other females. Only one female copulated per dance. Thus, the effect of 

copying would need to be assessed by comparing the receptivity of females that watched 

copulations with females that did not, or at least were not known to have watched. The 

category of females 'not known to have been watchers' may have included copiers. A 

difference between known watchers and this 'not-known' class would be a conservative test 

of the hypotheSiS that watching promotes later copulatory receptivity. Given that male-male 

interactions produce a small subset of alphas that are 'eligible', and that significant differences 

in display performance exist even among alphas (or more strictly their partnerships), it is 

probably not necessary to invoke copying in order to explain acute discrimination of females 

among potential mates. The data do, however, fit the conditions for copying in a recent model 

by Losey et aJ. (1986) in which copying is likely to evolve if (1) some females are capable of 

acute discrimination, (2) fecundity is low, and (3) prolonged assessment and multiple visits are 

possible. 

Location Effects. The residual success of male inheritors and of previously successful 

zones following declining performance suggests the importance of male location in 

determining success. This location effect, however, appears to be due to an effect of long

term levels of performance and a female tendency for site- or team-fidelity rather than to any 

intrinsic feature of the location. Thus, male performance seems to define the mating centers. 

This result echoes both recent reevaluation of mating success within clusters of Sage Grouse 

Centrocercus uroghasjanus (Gibson and Bradbury 1985) and work on Guianan Cock-of-the

rock Bugjcola rugjcola by P. W. Trail (pers. comm.). 
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'HotSpot' Model. On a larger scale, Bradbury et aJ. (1986) have modeled 'hotspots' for 

male settlement. A 'hotspot' represents an area with high overlap of female use of space. 

Display zones of long-tailed Manakins appear to be rather uniformly spaced. The model of 

Bradbury et aJ. predicts uniform spacing with extremely large female home ranges. If females 

have very large home ranges, and if resources tend to be unpredictable in space and time, no 

location may qualify as a 'hotspot'. Building a 'reputation' as a top performing team probably 

requires remaining in the same, predictable location. The location of male clusters may, 

however, be arbitrary with respect to the distribution of resources or the location of 

nonreproductive activities by females. It may, indeed, depend largely on preceding histories 

of male team formation and performance. The establishment of new zones by males not 

inheriting zones might not represent adjustment to female denSities. Rather, it might 

represent an alternative strategy of slowly building a de novo 'reputation' as a young team 

rather than working into an established zone. The model of Bradbury et aJ. predicts that 

female long-tailed Manakins should have larger home ranges than other manakins with more 

clumped patterns of male display. Do resource patterns create the conditions for abnormally 

large female home ranges or are these epiphenomena of the mating system? Comparative 

studies of female use of space in other species of manakins would serve both as tests of the 

model and to elucidate the nature of the interaction between resource distribution and the 

mating system. 

Correlates of male mating success suggest that females may be discriminating rather 

finely among five to seven alpha males in a group of approximately 50 displaying males per 

season. Freedom from disruption may allow unimpeded female choice among the subset of 

top males. The correlates of male success suggest that dual-male performance of a far

carrying call promotes visitation, while a dual-male dance display promotes copulatory 

receptivity in females that visit perch-zones. That significant differences in performance exist 



even among the very few top teams, indicates that considerable phenotypic, if not also 

genetic, variance exists even among the small subset of males that have reached a stage 

where they are 'eligible' for female choice. 
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