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"A naturalist is the person who is inexhaustibly fascinated by biological diversity and who does 

not view organisms merely as models, or vehicles for theory, but rather as the thing itself that 

excites our admiration and our desire for knowledge, understanding, and preservation." 

D. J. Schmidly 2005 
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ABSTRACT 

 

Understanding the evolution of cooperative behaviors is a major goal of evolutionary 

biology, but the majority of research in this field has focused on why helpers assist others. 

Helpers’ reproductive costs introduce a clear paradox to our understanding of natural selection as 

helpers in cooperative systems apparently sacrifice reproductive opportunities to increase others’ 

fitness. This puzzle in cooperative behaviors has led to significant advances in our understanding 

of indirect and delayed fitness benefits for helpers. However, as cooperation results from the 

interaction of individuals that may have very different incentives for participation it is equally 

important to understand whether and how cooperation benefits the dominant recipients of this 

help. There has been relatively little attention paid to why the recipient of the apparent help 

participates in the cooperative relationship, in part because the advantage to the dominant 

individual seems apparent in many systems. Existing work reveals a variety of potential benefits 

for dominant individuals and that the benefits for dominants may be less obvious than assumed. 

To date investigations into costs and benefits of cooperation to dominant individuals have been 

largely limited to cooperative breeding behavior. My dissertation research investigates the fitness 

consequences of cooperative courtship display for dominant individuals, in the White-ruffed 

Manakin, Corapipo altera. 

Manakins (Aves: Pipridae) are small, primarily lekking passerines, and, in some species, 

males cooperate in their courtship displays. Previous work on manakin cooperative display 

behavior has focused on benefits to subordinate males. The fitness consequences of cooperation 

for dominant individuals has not yet addressed in a system with variation in cooperative 

strategies. I found strong evidence of cooperation among male C. altera. I also found that, within 

a single population of C. altera on the Atlantic slope of Costa Rica, some males participate in 

coordinated display with other males (45.4±20% were classified as cooperative in any given 

year), while other males appear to only display singly. My dissertation research investigated the 

causes and consequences of cooperation by dominant C. altera males by quantifying aspects of 

the males' fitness including how inclusive fitness benefits may facilitate the maintenance of 

cooperative display coalitions and the consequences of cooperative display coalitions for males’ 

annual reproductive success, survival, and social status — important parts of lifetime fitness for 

long-lived, iteroparous species including C. altera.  



x 

I found that cooperative males were not more closely related than expected at random 

from the population. Males that cooperated did not have higher annual reproductive success than 

males that displayed solo nor was there a significant difference in the frequency of copulations 

after a solo courtship display and a courtship display by multiple males. In a survival analysis, 

cooperation did not significantly affect the survival of dominant males. There was no consistent 

pattern of cooperation (or non-cooperation) among males across their tenure as dominant male: 

some were always cooperative, some always non-cooperative, but many males with multi-year 

tenures switched between cooperative and non-cooperative statuses. However, more males than 

expected employed strictly solo strategies across their tenure as dominant individuals, given the 

population-wide rates of survival and cooperation. The degree to which males cooperated, 

defined as the proportion of tenure classified as cooperative, was unrelated to variation in 

lifespan or length of tenure as a dominant male. Additionally, the proportion of total tenure 

classified as cooperative did not explain the patterns of lifetime reproductive success. Together, 

these results reject the hypotheses that dominant males in cooperative partnerships gain indirect 

or direct fitness benefits from their associations with subordinate males.  

Seeking to understand processes underlying patterns of fitness consequences from 

cooperative behaviors, I conducted three experiments to determine if males at sites where the 

dominant male was cooperative were faster or more intense in their response to an experimental 

stimulus. Cooperative males were not faster to respond to a female at the display site nor were 

they faster to respond to the vocalization of an unknown male conspecific at the display site. 

Cooperative males were not significantly more likely to respond to a predator model, however, 

they were significantly more likely to spend time near the snake and lizard models. There could 

be benefit of sociality in the detection of terrestrial predators.  

This research addresses previously unexplored aspects of cooperative courtship display, 

and therefore represents a significant contribution to the more general understanding of the costs 

and benefits of cooperation. The variation in the amount of cooperation expressed by different 

individuals of this species offers a unique opportunity to separate the fitness consequences of 

cooperation by comparing differences in success not only among individuals, but also those 

among displays in different cooperative contexts by the same individual.  
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CHAPTER ONE 

 

INTRODUCTION —  THE EVOLUTION OF COOPERATION  
 

Understanding the evolution of cooperative behavior is a major goal of evolutionary 

biology. Cooperation can occur in many contexts from the cellular level to intra-specific 

cooperation to inter-specific cooperation.  Here I focus on intra-specific cooperative behaviors 

related to reproductive processes. Altruism, a specific form of cooperation where a behavior is 

costly to the the helper and beneficial to the dominant individuals, introduces a clear paradox to 

our understanding of natural selection as helpers in cooperative systems by definition sacrifice 

reproductive opportunities to increase others’ fitness (Darwin 1859; Axelrod and Hamilton 1981; 

Nowak 2006; West et al. 2007b). This clear paradox has lead to a rich literature on why helpers 

help. However, much of what may appear to be altruistic at first glance only has an apparent or 

immediate fitness cost to subordinate individuals, and the persistence of these behaviors can be 

explained through kin selection (Axelrod and Hamilton 1981), reciprocity (Trivers 1971), or 

delayed benefits (McDonald 1989b; DuVal 2007a). This leads to a more general definition of 

cooperation where the helper’s behavior provides a beneficial effect on the recipient of the 

behavior (West et al. 2007b). This definition moves the focus from the helper to the benefit on 

the recipient. Yet, in contrast to the rich literature on why helper’s help, there has been less 

attention to the question of why the recipient of the cooperative help participates in cooperative 

partnerships or groups. The benefit of help to the breeder is often assumed (Cockburn 1998). Yet 

it is equally important to understand how the recipient benefits from cooperation (Buston and 

Balshine 2007). My dissertation research investigates the fitness consequences of cooperative 

display for dominant individuals, using natural variation in the level of cooperation in Corapipo 

altera (White-ruffed Manakin; Aves: Pipridae) as a model system. 

An individual’s fitness, as used in evolutionary biology, is a measure of its genetic 

contribution to the next generation (Hamilton 1964). In iteroparous species, an individual's direct 

fitness is the combination of both the reproductive success during any given reproductive effort 

and the number of reproductive bouts an individual has in their lifetime (Sober 2001). Therefore, 

to investigate direct fitness consequences in a long-lived, iteroparous species, one must 

investigate the factors influencing reproductive success in a given reproductive bout and those 

factors influencing the number of reproductive bouts an individual has in its lifetime. 
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Cooperative behaviors could influence both of these contributions to an individual's lifetime 

fitness.  

As previously mentioned, the question of why the recipient of the cooperative help 

participates in cooperative coalitions has received less attention than why the helpers help. One 

reason that less attention has been paid to why dominant individuals cooperate is that in many 

systems the advantage to the dominant individual seems apparent. For example, most theoretical 

models for cooperative breeding, where helpers may feed young or defend territories, are based 

on the assumption that helpers’ behavior increases offspring survival and therefore increases the 

reproductive success of the dominant individual (Cockburn 1998). Empirical tests of the fitness 

consequences of cooperation for dominant individuals have yielded mixed results (Manica and 

Marini 2011; Brouwer et al. 2012; Koenig et al. 2011; Krakauer 2005). In field tests, breeders 

benefited from helpers through decreased parental investment (Manica and Marini 2011; 

Brouwer et al. 2012; Koenig et al. 2011) but not via increases in reproductive success in a 

tanager Neothraupis fasciata (Manica and Marini 2011), offspring survival in the warbler 

Acrocephalus sechellensis (Brouwer et al. 2012), nor sex-specific increases in breeder survival in 

the woodpecker Melanerpes formicivorous (Koenig et al. 2011). In contrast, in the fairywren 

Malurus cyaneus helpers allowed for a reduction in maternal investment which translated to 

increases in female survival (Russell et al. 2007). The inconsistent support for the assumption 

that breeders benefit from cooperation emphasizes the need for strong tests of the benefits and 

costs of cooperation to dominant individuals. Systems with natural variation in the extent of 

cooperative behavior offer an excellent opportunity to study the fitness costs and benefits of 

cooperation for dominant individuals, and further, the mechanisms through which dominant 

individuals benefit.  

Though most research on cooperation in wild populations has focused on cooperative 

offspring care (Koenig 1981; Nonacs and Reeve 1995; Clutton-Brock et al. 2000), cooperation 

also occurs in reproductive contexts outside of classic cooperative breeding. Manakins are small, 

lekking passerines, and in some species in this family males cooperate in their displays for 

females (del Hoyo et al. 2004; Diaz-Muñoz et al. 2014). Within Pipridae, previous work on 

cooperative display behavior has focused on benefits to subordinate, or beta, cooperating 

individuals (McDonald and Potts 1994; DuVal 2007b) or the influence of coordinated display 

coalitions on reproductive success (Ryder et al. 2009; Ryder et al. 2011). However, no studies to 
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date have examined the advantages or costs of cooperation for the dominant individual in any 

manakin alliance. Dominant males may incur costs from cooperation if subordinates compete for 

resources, reduce reproductive success (via direct sneaking of copulations or disruption of 

copulations), or decrease the tenure of the dominant male. Study systems such as the obligate 

cooperative-displaying Chiroxiphia linearis (Long-tailed Manakin) are excellent systems to 

study subordinate cooperation, but all dominant individuals in these systems have subordinate 

helpers: with no variation in the dominant individual’s behavior one cannot study alternative 

strategies by dominant individuals. However, another species of manakin offers excellent 

opportunities for studying fitness costs and benefits in dominant individuals. Within a single 

population of Corapipo altera some males participate in coordinated display with other males, 

while other males appear to only display singly (Rosselli et al. 2002; Jones et al. 2014). The 

variation in cooperative display participation within a single population of C. altera offers an 

excellent opportunity to investigate the benefits and costs of cooperation for dominant 

individuals.  

Crucial to this research, C. altera is a bird that breeds in dispersed leks. In lekking species, 

males congregate in an area and display for females. Mate selection is female-driven and females 

typically observe several males before choosing a mate (Höglund and Alatalo 1995). Males 

provide no parental care, and contribute nothing more than genetic material to the offspring. 

Because of this breeding system, I can confine my focus on male reproductive success to the 

behaviors immediately surrounding the lek display sites.  

The natural variation in cooperative breeding displays within Corapipo altera presents 

both opportunities and challenges to effective study design. Within this species, dominant males 

exhibit two distinct behavioral strategies: they display with other males or display alone. Why 

does one male participate in coordinated displays while another male does not?  This variation 

allows me to directly compare the fitness of individual dominant males using each strategy. Yet, 

a true contrast of fitness consequences of solo and cooperative display must consider the fitness 

of any given male participating in both behavioral strategies. A comparison between males that 

naturally display solo and those that display cooperatively may reveal no difference in fitness 

because each individual chooses a strategy that maximizes his own fitness. Direct manipulation 

of partnership would allow differentiation of fitness consequences for the two strategies for 

individual males, but the natural history of C. altera precludes captive rearing and manipulation 
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of cooperative behavior. However, this challenge can be overcome in part in C. altera as even 

dominant males that regularly participate in coordinated displays will display solo for a female, 

creating the opportunity to assess the fitness consequences of varied behavioral strategies by 

individual males. The challenge still remains that by comparing success of individuals in solo 

and paired contexts, I am unable to ascertain the hypothetical fitness of a normally solo-

displaying male if he participated in cooperative display. A second limitation of this strategy is 

caused by patterns of female mate choice. Female Chiroxiphia lanceolata manakins repeatedly 

visit and observe displays prior to choosing a mate, and in addition females appear to visit more 

prospective mates earlier in life than later in life (DuVal 2013b). Patterns of female choice 

behavior are not known in Corapipo altera but limited resighting of color-banded females 

suggests that some individuals do return to the same lek sites several times in the same day or on 

subsequent days. As a result, a female is likely to use more than a single display bout in her mate 

choice. In the case of males that sometimes display cooperatively, a female may base her choice 

on male performance in both coordinated and solo displays. Additionally, all previous measures 

mentioned can only be interpreted as correlations between the strategy and any fitness 

consequences. Causation cannot be inferred as some unmeasured variable may be causally 

related to both cooperative strategy and fitness. When interpreting results, the potential influence 

of these limitations must be considered.  

 

Nomenclature of Corapipo altera 

 

Corapipo altera is one of the "white-throated" manakin species for which there is some 

disagreement regarding nomenclature. Corapipo gutturalis [Linnaeus, 1766] (White-throated 

Manakin) ranges across the Guianan Shield in northeastern South America and may be a 

superspecies with the other members of the genus (Snow 1975). Meyer de Schauensee (1966) 

suggested that all Corapipo belong to this single species due to minimal plumage differences and 

allopatric species ranges across the full range of the genus. C. leucorrhoa (White-bibbed 

Manakin), originally described as Pipra leucorrhoa (Sclater 1863), has a range across Venezuela 

and Colombia. The C. altera type was initially described as conspecific with C. leucorrhoa with 

the combined species range extending to southern Honduras (Hellmayr 1906). A recent 

publication still considers C. altera and C. leucorrhoa conspecifics due to lack of strong basis for 
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species classification in the technical literature (Kirwan and Green 2012). The currently 

recognized split is based on Wetmore's (1972) description of the Central American populations 

as a different species, C. altera. He differentiated them from C. leucorrhoa based on shape of the 

10th primary flight feather. The two species have an allopatric range divided in northwestern 

Columbia (C. altera in the north and west to the Rio Atrato valley and C. leucorrhoa east of the 

Rio Sinú valley). Wetmore further described a subspecies split between C. a. altera and C. a. 

heteroleuca based the pattern of white on the throat, with C. a. altera extending the full north to 

south of the range but restricted to the Caribbean (east) slope in Costa Rica and northern Panama 

and C. a. heteroleuca restricted to the west of the Talamancas in Costa Rica and the Chiriquí 

region of Panama.  

Three recent molecular phylogenies of the family included Corapipo but did not include 

specimens from all species/subspecies (1 species, Tello et al. 2009; 1 species, McKay et al. 2010; 

2 species, Ohlson et al. 2013). Interestingly, Ohlson and colleagues found that the genus was 

paraphyletic with respect to the genus Masius. All three studies placed Corapipo within a clade 

sister to the Chiroxiphia manakins from which extensive cooperative behaviors have been 

described. Therefore, if cooperative display is found to persist in C. altera, the behavior may be 

an ancestral trait and have evolved under previous conditions.  

In this work, I follow the nomenclature of the American Ornithologists' Union (1997; 

Remsen et al. 2016) that recognizes C. leucorrhoa and C. altera as separate species. The 

population I worked with in northern Costa Rica would be considered within C. a. altera 

according to Wetmore (1972). Observation of a non-color banded population of C. altera (C. a. 

heteroleuca) in the Coto Brus Valley of southwestern Costa Rica for 10 days in 2011 showed 

types and rates of behaviors similar to those described throughout this work including 

coordinated male displays (MAJ, unpublished data).  

 

Questions Addressed in this Dissertation 

 

The aims of this research are to describe for the first time the cooperative elements of the 

Corapipo altera display behaviors, to clearly define the discrete behaviors and match previous 

descriptions to each behavior to create a clear ethogram for comparative studies, and to quantify 
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the fitness costs and benefits of participation in cooperative display coalitions for dominant 

males.  

Tolerating subordinate individuals within an area may be costly to dominant individuals, 

as sharing an area with others may reduce individual access to resources. Additionally, in the 

context of cooperative displays the presence of multiple males at a display site may lead to loss 

of reproduction by the dominant male through copulations by subordinate males or challenges to 

the dominant male’s social status. Alternately, tolerance of subordinate individuals may persist if 

the cost of tolerating a subordinate is relatively low compared with the cost of evicting him. In 

clownfish (Amphiprion percula), non-breeding individuals share the anemone space with a 

breeding pair, but the non-breeders do not assist in brood protection nor do they benefit the 

breeding pair through survival, growth, or reproductive success (Buston 2004). In that system, 

the non-breeders have no measured effect on the breeding pair’s current reproductive attempt, 

yet large social groups including many non-breeders may form, perhaps largely because the costs 

of evicting non-breeders outweigh the costs of allowing them to stay. 

One potential cost to tolerating subordinate cooperators in many systems is the loss of 

resources such as food. In the C. altera system there are no food resources that are defended 

within the display area and males are seen foraging away from their defended display area. The 

primary foraging trees during the breeding season (Miconia and Psycotria) are dispersed 

throughout the forest and Miconia punctata distribution is unrelated to display log locations 

(unpublished data). The lack of food limitation is often cited as a reason for the relative 

abundance of lek-based mating systems in tropical frugivores (Bosque 1996). Therefore, loss of 

food resources does not seem to be a potential cost of cooperation for dominant C. altera and 

will not be considered further in my dissertation.  

 

Description of Cooperative Behavior in Corapipo altera 

 

In the second chapter of this dissertation, I review the behavioral descriptions previously 

published for C. altera and provide new evidence for the recognition of cooperative display 

behaviors in this species. My overall objective with this chapter is to provide a comprehensive 

description of C. altera reproductive behavior that can lay the foundation for future tests of 

hypotheses explaining causes of variation in reproductive behavior in this species and that will 

be useful in comparative studies among many species of manakins.  
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Indirect Fitness Benefits  

 

In the third chapter of this dissertation, I address reproductive effects of cooperation for 

dominant individuals, including indirect fitness effects. When previously introducing the concept 

of fitness, I focused on direct fitness, the contribution to the next generation of one's own genes. 

Fitness theory suggests that individuals may also gain fitness benefits indirectly from interacting 

with close relatives when those interactions increase the reproductive success of the related 

individual(s) beyond that expected without such involvement (Hamilton 1964). Inclusive fitness 

is the basis of kin selection and provides a compelling explanation of why helpers or subordinate 

individuals cooperate with kin (Krakauer 2005). If a dominant individual tolerates a 'helper' that 

is more related than the population average, the dominant individual may benefit from increased 

inclusive fitness later in life if experience gained during cooperation increases the subordinate's 

later reproductive success (i.e. from delayed indirect fitness). In other manakin species, 

subordinate cooperators have delayed benefits from participation in cooperative display 

coalition. This increase in reproductive success may result from learning, increased social 

contacts, or inheritance of a display site (McDonald and Potts 1994; DuVal 2007a, 2013a). When 

a subordinate benefits from cooperation through increased future reproductive success and the 

dominant individual is a relative, then the dominant will also benefit via increases in delayed 

indirect fitness. This results in increased fitness for dominant individuals through cooperating 

with a relative.  

The first step in addressing this question is to test if the males that cooperate are more 

closely related than on average in the population. If the individuals are more closely related than 

expected for the population, the second step would be to establish that subordinate males 

increase their reproductive success once they become reproductively active, and that such an 

increase results from their prior experience as a cooperative subordinate individual.  

 

Immediate Reproductive Success  

 

The third chapter also addresses direct reproductive effects of cooperation. Participation 

in cooperative display coalitions for C. altera may affect multiple fitness components. The first 

component is the success of a given reproductive bout, here considered to be one breeding 
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season (annual reproductive success). The second component is the survival and maintenance of 

social status into future years, as breeding opportunities appear to be limited to dominant males 

and males can breed in multiple years. I therefore investigated the consequences of cooperative 

display on the annual reproductive success of dominant individuals and on the number of 

reproductive bouts (breeding seasons) he was engaged in. 

Cooperative display may, alternatively or additionally, provide direct benefits for the 

dominant male by increasing his current reproductive success (McDonald 1989b). This could 

occur through several mechanisms including female preference for multi-male displays, faster 

initiation of courtship for females, or increased attraction of female to the display site when two 

males are involved in courtship. I assessed whether more females visited and copulated at 

display sites where the dominant male was in a cooperative display coalition and, for males that 

participated in cooperative displays, if more females visited for or copulated following a solo or 

multi-male displays. In addition, I tested whether cooperative or solo males were faster to detect 

a female in the area or faster to increase the intensity of their display when a female was present.  

Shortening the time to initiate courtship may increase the reproductive success of a dominant 

male. 

 

Survival and Social Status Consequences of Cooperation 

 

In the fourth chapter of this dissertation, I address how cooperation relates to dominant 

males’ survival and lifetime tenure as breeders. C. altera have a lek-mating system where only 

dominant individuals at established display courts copulate (as established by behavioral records 

in Chapter Three; with similar results found in other cooperative manakin species: Chiroxiphia 

lanceolata (DuVal 2007a), Chiroxiphia linearis (McDonald 1989b)). To increase the number of 

reproductive bouts (breeding seasons) an individual has, he must both survive to the next 

breeding season and maintain a dominant position at a display court. Therefore, I explored how 

participation in a cooperative display coalition influenced an individual’s survival or tenure as 

the dominant male at a display court.  

To test for a difference in survival between the two display strategies, I compared the 

survival in the next year by the dominant males with and without cooperative partners. Length of 

tenure as a dominant individual at a display court is directly correlated with lifetime reproductive 
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success in Chiroxiphia lanceolata (DuVal 2012b). Therefore, I also compared whether a male 

was more or less likely to remain tenured in the breeding season following a season of 

cooperative versus a non-cooperative status. I also compared whether cooperative and non-

cooperative males differed in length of tenure as dominant individuals.  

A difference in survival could be due to avoidance of predators. Increased survival from 

predator avoidance may result from increased vigilance for predators (Powell 1974) or division 

of mortality risk in the chance of a predation attempt between multiple individuals ("dilution 

effect"; Bertram 1978) or a combination of both. With the goal of assessing whether the presence 

of cooperating males affects response to perceived predators, which is a potential mechanism by 

which cooperation could increase survival for dominant males, I compared the latency and 

intensity of response to a simulated predator by solo-displaying and cooperatively displaying 

males.  

Non-cooperating conspecific males that intrude into the area surrounding a dominant 

male’s display court could pose a threat to fitness by either threatening the established 

dominance hierarchy at a display court, or by reducing reproductive success through sneak 

copulations with visiting females. With the goal of assessing whether the presence of cooperating 

males affects response to conspecific, intruding males, I compared response time and intensity of 

solo-displaying and cooperatively displaying males to a simulated intrusion by an unknown, 

conspecific male. 

Together, these analyses establish the cooperative nature of the C. altera display and 

provide information on the fitness consequences of cooperative behavior in this species. 

 

Collaboration on Data Collection 

 

The data constituting this dissertation were collected over 6 years (2008–2013) at a field 

site in northeastern Costa Rica. The data used includes two years of data collection from prior to 

my enrollment in the graduate program at Florida State University. These data were collected as 

part of research on carry-over effects of altitudinal migration on the breeding season in C. altera 

by W. A. Boyle (Boyle et al. 2010; Boyle et al. 2011). I was a field assistant, and later crew 

leader, for this project. It was during this first breeding season in 2008 that I began to suspect 
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that C. altera participated in cooperative display alliances even though previous descriptions 

stated the species was non-cooperative. Upon entering the graduate program at Florida State 

University, I continued to collaborate with W.A. Boyle and was given permission to use the 

previous years' data in addition to the data collection that I led in 2011-2013. My research on the 

cooperative display coalitions in C. altera is distinct from W.A. Boyle's continued research 

which centers on altitudinal migration in this species.  

 

Importance of this Dissertation Research 

 

This dissertation research addresses a previously unexplored aspect of cooperative 

courtship display. While there has been long and active interest in the evolution of cooperation, 

the benefits to the dominant individual in cooperative partnerships are often assumed and implicit 

in the models. The benefits of cooperation to dominant individuals are less often tested in natural 

settings and results from tests that have occurred are mixed. Furthermore, the few tests of 

benefits for dominant individuals come from cooperative breeding systems, i.e. “helpers at the 

nest”, rather than the pre-breeding cooperative behavior shown by some manakins (Buston and 

Balshine 2007). Variation in the amount of cooperation expressed by different individuals within 

Corapipo altera offers a favorable situation where I can separate the costs and benefits of 

cooperation by comparing not only differences between individuals but also differences in the 

success of displays by the same individual under different cooperative contexts.  

Understanding of how animal groups or societies function cooperatively as well as 

competitively sheds light on how cooperation may have evolved and continues to function in 

human societies (Flanagan et al. 2007). Importantly, this project also investigates the 

reproductive biology of a species in two threatened environments: dry topical forest and montane 

tropical forest. Understanding current Neotropical ecology, especially the biology of montane 

species with narrow elevational breeding ranges, like Corapipo altera, is of increasing 

importance in the face of climate change.   
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CHAPTER TWO 

 

INDIVIDUAL AND TEMPORAL VARIABILITY IN THE COURTSHIP 

BEHAVIOR OF CORAPIPO ALTERA (WHITE-RUFFED MANAKINS), A 

SPECIES WITH FACULTATIVE COOPERATIVE DISPLAYS 
 

 

"Although not so elaborate as the courtship performance of certain other manakins, those of the 

white-ruffed species are second to none in charm...." 

A.F. Skutch, Life histories of Central American highland birds. 1967 

 

Note on Previous Publication 

 

The content and figures in this chapter were previously published as Jones, M. A., E. H. 

DuVal, and W. A. Boyle (2014). Individual and temporal variability in the courtship behavior of 

White-ruffed Manakins (Corapipo altera), a species with facultative cooperative displays. The 

Auk: Ornithological Advances 131:727-742.  

In the publication, I chose to use the established terms of "alpha", "beta", and "floater" to 

distinguish between the social ranks of individual males at display courts. After publication and 

further thought, I believe that this terminology will further confuse the field given the lack of a 

tight one alpha to one (or few) beta relationship in Corapipo altera. Therefore, I have switched 

to using the terms "dominant" and "subordinate" in place of "alpha" and "beta". This usage of 

"dominant" and "subordinate" individual follows the "privileged role" definition of social 

dominance from Drews (1993). Accordingly, the dominant individual is subjectively in a 

privileged role apart from the subordinates and there is no overt aggression expressed or used in 

the determination of dominance. For consistency within this document, I have replaced "alpha" 

with "dominant" and "beta" with "subordinate" in this chapter. I have not changed the use of 

"floater" as defined. In subsequent chapters, "floater" males are not differentiated from 

"subordinate" males.  

At the time of writing the manuscript the monophyletic genus Pipra was recognized and 

used in Jones et al. 2014. However, the American Ornithologists’ Union now recognizes three 
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new genera (Chesser et al. 2013). The nomenclature in this chapter has been updated for 

consistency with the rest of the dissertation. Minor grammatical errors have also been fixed 

throughout the text.  

 

Introduction 

 

Mating systems and reproductive behaviors are central facets of a species’ life history. 

For poorly-known species, understanding the nature of reproductive tactics is a prerequisite for 

tackling a wide suite of ecological or evolutionary questions. Cooperative mating systems can 

pose particular challenges to accurately characterizing interactions because multiple individuals 

are involved and individual roles may vary considerably. Cooperation is intriguing because 

cooperating individuals engage in activities that increase another individual’s fitness at an 

immediate cost to their own fitness (Hamilton 1964; West et al. 2007a; Axelrod and Hamilton 

1981; Akçay et al. 2012). One form of cooperation occurs in the context of displays that function 

in mate attraction, and Neotropical manakins (Aves: Pipridae) provide some of the best-known 

examples of cooperative display (Diaz-Muñoz et al. 2014). Understanding the factors that lead to 

variation within and among species in cooperation is critical for understanding the evolutionary 

history of cooperation within a clade and addressing comparative questions about the evolution 

of cooperative behaviors.  

While formal definitions of cooperation involve actions that impose fitness costs, in 

practice, quantifying individual fitness costs is rarely feasible. Therefore, empirical studies often 

use operational definitions of cooperative display behaviors based on coordination and temporal 

synchrony during activities related to mate choice (Gilliard 1959; Foster 1977). Display 

coalitions have been defined as those involving (i) two or more individuals at the same time at 

the same court, and (ii) synchronization between males in the timing, location, and nature of the 

displays. Furthermore, for coalitions to be deemed cooperative, the males must (iii) attract and 

(iv) mate with female during these multi-male displays (Diaz-Muñoz et al. 2014). These criteria 

provide a more tractable basis for identifying cooperation when directly estimating the fitness 

payoffs of different behaviors is impractical.  
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Courtship behaviors of species in Pipridae include obligate solitary displays, facultative 

cooperative displays, and obligate cooperative display coalitions. Thus, the family is an excellent 

clade in which to understand the causes of variation in reproductive strategies (Prum 1990, 

1994). Cooperative displays are exemplified by the genus Chiroxiphia in which two or more 

males form long-term partnerships and perform highly coordinated displays. Those displays 

culminate in copulation for only the dominant partner (Foster 1981; McDonald 1989b; DuVal 

2007b), although subordinate Chiroxiphia do derive future benefits from cooperation (McDonald 

2009; DuVal 2007a, 2013a). However, the extent of cooperation in many other Piprid species is 

not known. In at least one other species (Pipra filicauda) there appears to be some individual-

level variation in coordinated display; 90% of males partnered, at times, with other males and 

31% of displays were coordinated (Ryder et al. 2009; Ryder et al. 2011). Published records of 

detailed information on whether other species exhibit individual variation in cooperation are 

lacking. Elucidating the conditions under which individuals chose to cooperate vs. display 

solitarily would offer a novel perspective on the selective forces shaping cooperative behavior. 

The existence of cooperation in Corapipo altera, the White-ruffed Manakin, is a matter 

of debate. C. altera displays have been categorized differently by different authors,  ranging 

from solitary displays (Aldrich and Bole 1937; Slud 1964) to multiple male groups (Skutch 

1967) or a combination thereof (Ridgely and Gwynne Jr. 1992; Rosselli et al. 2002). Likewise, 

studies differ in their characterization of the incidence of male-male coordination and the 

contexts in which males display together. A likely reason for these discrepancies is that all 

previous descriptions of C. altera courtship summarized observations of very few display courts 

in studies of short duration (≤ 8 courts, ≤ 1.25 mo; Table 2.1). Furthermore, while many 

behavioral elements have been described, the lack of audio or visual behavioral vouchers makes 

it difficult to reconcile different authors’ accounts or make comparisons with better-known 

species. Thus, despite hints that the behavioral repertoire of this species includes individual 

variation required to understand the selective forces shaping cooperative behavior in manakins, 

the nature of mating behavior in this species has remained elusive. 

Our objectives in this study were fourfold. Using a dataset spanning six breeding seasons, 

72 display courts, and 2688 hr of observation, I first reconciled new observations with past 

descriptions of reproductive behavior where possible and documented behaviors with vouchered 

audio and video files (permanently archived with the Macaulay Library). Second, I evaluated the 
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evidence for cooperation and coordination in courtship displays of C. altera by describing (a) 

novel behaviors and behavioral contexts, and (b) quantitative summaries of behavioral patterns. 

Third, I updated and expanded descriptions of the attributes and landscape configuration of 

display courts, including quantitative summaries of physical and geographic parameters. Fourth, 

I described the inter-annual variability in this system with regards to transience of display courts 

themselves and the males that display upon them. My over-arching objective in providing this 

comprehensive description of C. altera reproductive behavior is to lay the foundation for future 

tests of hypotheses explaining causes of variation in reproductive behavior in this species.  

 

Methods 

 

Corapipo altera is a small (9–13 g) frugivorous bird distributed from southern Honduras 

to northern South America (Skutch 1969; Stiles and Skutch 1989; Ridgely and Gwynne Jr. 

1992). On the Atlantic slope in Costa Rica, the breeding season lasts from late February to mid–

June, peaking in late March (M. A. Jones personal observation). Peak capture rate of recently-

fledged young occurs in June (Boyle 2010). During the non-breeding season, Atlantic slope 

populations are partially migratory; many individuals descend to lower elevations for 3–8 mo 

(Boyle et al. 2010). Courtship consists of complex flight displays by males including visual and 

auditory components. Display courts consisting of a horizontal, moss-covered log and nearby 

plants (Rosselli et al. 2002) are loosely clustered in an "exploded” (or dispersed) lek in which 

most displaying males have some auditory contact with other displaying males (Prum 1994; 

Höglund and Alatalo 1995; Rosselli et al. 2002). Here I define the lek as a spatial cluster of 

multiple display courts; one or more males may display regularly at each court.  

We observed C. altera from 2008–2013 on the adjacent private reserves of Rara Avis 

Rainforest Lodge and Reserve and SelvaTica on the Caribbean slope of Costa Rica 

(10°16'54.27"N, 84° 2'41.75"W). We studied C. altera both within a 11.5 ha research plot, 

gridded with narrow paths every 50 m, and more opportunistically along ~10 km of trails 

traversing the 485 ha combined reserves between 650 and 850 meters above sea level (Figure 

2.1). During the breeding seasons we identified suspected C. altera display courts by listening 

for display-specific sounds. Within the plot, we also systematically searched for groomed 
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vegetation on moss-covered logs (see “gardening”; Table 2.2). We considered a court to be 

active when we observed a definitive-plumaged male displaying on the log. At the beginning of 

each breeding season, we visited all courts that had been active in any previous year. We deemed 

courts inactive if they were very overgrown, had decayed beyond recognition, or had been 

destroyed by tree fall. We conducted 4–6 hr of observations at courts suspected to be abandoned 

but that appeared useable. If no definitive-plumaged males displayed on or near the court during 

that time, we considered it to be inactive. 

 

 

 

Figure 2.1: Map of research area on the Rara Avis and SelvaTica reserves in Costa Rica (inset 

map). The grey polygon delimits the research plot that was systematically searched from trails 

placed ~50m apart and was used for all spatial distribution analyses. Only the main river and 

streams are portrayed on the map; there are numerous small streams throughout the reserves. 

Elevation reported in meters.  
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We captured C. altera in mist nets placed near display courts as well as at fixed capture 

locations monitored as part of a long-term study of the bird community. We marked each C. 

altera with a unique combination of one numbered aluminum and one-three colored plastic leg 

bands (n=771 individuals; 517 males, 237 female, and 17 birds of undetermined sex). We sexed 

birds based on plumage (Skutch 1967), molt limit (Ryder and Duraes 2005), and interpubic bone 

distance (Mendenhall et al. 2010). The plumage of males in their first 13–14 months of life and 

females of all ages is very similar, being largely green with a grey throat. After the first complete 

molt as second-year (SY) birds in Jul–Nov, young males have a black mask and a partial white 

ruff but retain a mainly green plumage. Not until their third-year (TY) molt in Jul–Oct do males 

achieve the glossy blue-black definitive plumage with the full white ruff. Thus, during the Feb–

Jun breeding season, we were able to age males as SY, TY, or after-third-year (ATY) by 

plumage. We inferred the sex of unbanded green-plumaged individuals at display courts from the 

reaction of definitively-plumaged (i.e., ATY) males. We assumed that birds were females if they 

did not display, and if they elicited an intensification of male displays. In contrast, we assumed 

birds were SY males if they performed male-typical display components, did not elicit an 

intensification of the display, or were chased by the ATY male. These criteria were verified 

during observations of known-sexed (i.e., color-banded) green birds; females always elicited an 

intensification of display (n=18 displays with banded females in 2011–2013) whereas young 

males elicited little or no reaction from ATY males, or actively performed male-typical displays 

(n=31 displays with banded SY males in 2011–13). 

 

Observations at Display Courts 

 

We conducted observations from camouflaged blinds placed 8–10 m from display logs. 

Observers noted display types, number and identity of displaying and attending individuals, and 

the timing of all components of reproductive behavior. In 2008 and 2009 we conducted 3-hr 

observations starting at 0700 and 1200. In 2010–2013 we conducted 2-hr observations starting at 

0700, 1000, and 1300. We observed active display courts at least once per week throughout the 

breeding season except in 2010 when we observed display courts twice per month. We observed 

each active court for 8–18 hr each year (mean 15 hr ± 1.6 SE) for a total of 2688 hr of 

observations. We recorded an additional 316 hr of video at 10 courts in 2009. We placed the 



17 

camera 4–8m from courts and camouflaged it with green shade cloth and local vegetation. We 

recorded continuously for 5–6 hr and minimized human activity near courts being recorded. We 

deposited audio and video vouchers of display behavior excerpted from these recordings and 

accessioned them to the Macaulay Library of the Cornell Lab of Ornithology (Table 2).  

 

Characterization of Social Rank 

 

Our preliminary observations revealed that males at some display courts appeared to 

display only solitarily, whereas at other courts, we typically observed several displaying males. 

Thus, within each season at each display court, we characterized all males present at each display 

court as having one of three social ranks. The “dominant” was the male that spent the most time 

at the court, was most often present in the absence of other males, and vocalized most in the 

absence of other males. “Subordinate” were males that spent a substantial amount of time (mean 

= 42 ± 38% of observation time, range = 5–100%) at display courts and participated in displays 

with the dominant male on at least two different dates within a season. However, subordinate 

males displayed and called less frequently than dominant males and were rarely present in the 

absence of dominant males. I classified males as “floaters” if they did not participate in multi-

male displays but visited display logs on at least two dates within a season. Observers assigned 

social ranks following each observation session based on an integrated but subjective 

interpretation of the relative activity, behavior, and the duration that each male was present 

during the observation. At each display court I identified a season-long dominant male (and, 

when applicable, subordinate male) based on the proportion of observations each male was 

ranked as the dominant male at that court. In addition to this qualitative assignment, I 

quantitatively assigned status categories in 2011–2013. I based quantitative ranks on the same 

presence and activity criteria, but I summed quantitative ranks across observations within each 

season. In all instances the qualitative and quantitative rankings matched during the 3-yr period 

during which I employed both methods.  

I noted the number and type of all elements of C. altera displays, assigning elements to a 

new display bout when one minute passed without activity at the court. I classified displays as 

“multi-male” displays when two or more ATY males performed simultaneously on the court. 

"Displays for female" were those occurring any time a female C. altera was detected at the 



18 

display court. Although I only include displays by ATYs in this assessment of cooperation and 

coordination, I also discuss the incidence of display behaviors by younger males. Displays of a 

SY or TY male occurred alone or in the presence of other males of any age but never in the 

presence of a female.  

 

Criteria Defining Cooperative Display Coalitions 

 

To address the second objective of assessing the evidence for cooperation in C. altera, I 

summarized the types and social context of display behaviors. I evaluated these behaviors in 

light of a total of seven proposed criteria for identifying cooperative display coalitions: (i) two or 

more males are involved, (ii) synchronization between males in coordinated displays that 

function in (iii) mate attraction and (iv) copulation contexts (Diaz-Muñoz et al. 2014). I 

evaluated whether (v) unique behaviors were performed only when two or more males interact 

(Prum 1990), (vi) there were established dominance hierarchies between males (Prum 1990), and 

(vii) multi-male displays were an obligate part of copulation (McDonald 1989b). I tested for 

differences in the likelihood that single vs. multi-male displays ended in copulation using a 

generalized linear mixed model with male identity as a random factor, implemented in the lmer 

of package lme4 in R (Bates et al. 2015). This and all subsequent models used an unstructured 

variance-covariance matrix for the random effects with each variance and covariance estimated 

from the data. 

 

Characteristics of Display Courts 

 

I quantified the attributes and persistence of display courts of C. altera by measuring the 

log diameter (at the location where displays were concentrated) and classifying log type (dead 

woody log, living woody trunk, dead palm, living liana, or living root). To document change in 

the logs over time I photographed all active and inactive logs in each year of the study. 

Additionally, in 2011 I quantified the attributes of active and inactive (formerly active) courts 

relative to physical resources available in the area by pairing active courts with randomly-

selected non-display logs. I selected non-display logs by following a random compass direction 

from the display court until encountering a log ≥ 10 cm diameter, ≥ 0.75m length, and ≤ 30º 
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slope. These size and slope criteria were based on minimum dimensions and maximum slopes of 

60 actively-used logs measured in prior years. Several courts were located along the reserve 

trails. In such cases, I did not follow a random direction but paired display logs with the nearest 

log meeting the size and slope criteria along the same trail in a randomly selected up- or down-

trail direction. At paired display and non-display logs I measured diameter and slope, and 

measured canopy cover using a concave spherical densiometer (Lemmon 1956). Because the 

display for C. altera involves flight from above the canopy to the display log, I also estimated an 

index of the size of the largest canopy gap visible from the log by counting the number of square 

units that reflected the gap on the spherical densiometer (hereafter densiometer units). A key 

food for C. altera during the breeding season is Miconia punctata (Melestomatacea; Boyle 

2010). Thus, I measured the distance from log to the closest M. punctata of reproductive size. To 

calculate an index of visual obstruction and vegetation density surrounding the court, I used a 0.5 

x 0.5 m board painted in a 5 x 5 cm black and white grid held vertically at the point of 

concentrated display on the log. I estimated the area of the board visible at 1 m above the ground 

from distances of 2 m and 6 m in the four cardinal directions. I then averaged the four directional 

estimates separately for the 2 m and 6 m distances to obtain two indices of vegetation density 

surrounding the log. I measured attributes of display logs from the center of the area used most 

heavily by males during display (aka, the “landing pad”). I measured non-display logs at the 

center of the log.  

Males alter the vegetation on and near display logs by trimming moss and other 

vegetation with their bill. To determine the magnitude of the effect of this behavior on log 

characteristics, I compared the difference in height of moss and other vegetation on display logs 

and randomly paired logs in 2012. I used different random logs than those used for vegetation 

sampling, but selected random logs using the methods described above.  

 

Density and Distribution of Courts  

 

Rosselli et al. (2002) reported a density of 0.5 courts/ha and described courts as being 

spatially aggregated. To the best of my knowledge, Rosselli et al.’s (2002) eight display courts 

constitute the only spatial data available characterizing C. altera as having an exploded lek 

mating system. Consequently, I determined the coordinates of each display court using a Garmin 
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eTrex GPS, averaging > 250 readings to achieve an accuracy of ≤ 3 m. I calculated the density of 

courts only within the research plot because we did not exhaustively search off trails outside of 

this area (Figure 2.1). I quantified the spatial aggregation of the courts using Ripley's K in 

ArcGIS 10.0 (Environmental Systems Research Institute, Redlands, CA) to detect deviations 

from spatial homogeneity by comparing the distribution of nearest neighbor distances to a 

Poisson distribution which is the null expectation for randomly (non-clumped) points in space 

(Ripley 1988).  

 

Persistence of Display Courts and Male Tenure 

 

In many species of Pipridae, display courts are active for multiple years, even when the 

individuals attending them change (Durães et al. 2008). In Chiroxiphia lanceolata, display areas 

can be active for more than 15 yr even if individual display perches within that area are only 

active for a few years (E. H. DuVal unpublished data), and Manacus manacus lek sites may be 

active for 42 yr or longer (Berres 2002). Because no similar information was available for courts 

of C. altera, I calculated annual turn-over of the display logs themselves and characterized the 

patterns in log attributes and possible causes of abandonment (e.g., tree fall or decay). I also 

characterized the temporal patterns of male tenure at individual display courts. These estimates 

represent minimum values of court persistence and male tenure duration because many courts 

were active before the start or remained active at the conclusion of the study.  

To estimate turnover rates of display courts, I calculated the mean proportion of active 

courts in each year that ceased to be active in the following year. For active courts, I then 

summarized the proportions of transitions from active to three types of inactive courts: those 

abandoned by ATY males but used by younger males, those abandoned by all C. altera but still 

apparently intact, or those destroyed. I also constructed Kaplan-Meier survival curves for display 

logs to estimate mean log persistence times, accounting for the fact that logs still active at the 

conclusion of this study represent censored observations.  

I characterized patterns of male tenure in several ways. First, for males that were 

observed as dominant males in one or more years, I calculated total or minimum tenure duration 

(for males whose dominant status overlapped the beginning or end of the study). I estimated 

turnover rates as the proportion of active courts having a different dominant male than in the 

previous year. I then quantified the proportions of these transitions in which the new dominant 
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male was (a) previously a dominant male at a different court, (b) subordinate at the same court, 

(c) subordinate at a different court, (d) a floater, or (e) an unknown individual. Finally, I 

determined the average length of subordinate male tenure prior to becoming a dominant male 

and the proportion of subordinate males that I eventually observed to become dominant males.  

 

Results  

 

Over the six years of this study, we found a total of 72 courts (Figure 2.1) and conducted 

2688 hours of observation. In each year, 21–38 courts (mean 29 ± 2.5) were deemed “active” 

(i.e., used by a displaying ATY male). Sixty-seven courts were used by ATY males in > 1 year. 

During the six years we observed 221 banded males and 34 banded females at display courts 

(mean 59.7 ± 11 males and 8.7 ± 3 females per year); most females observed at display courts 

were not banded. However, female visits were not uncommon; we observed 436 individual visits 

lasting a combined total of 35.9 hr (1.6 % of total observation duration) and we witnessed 43 

copulations. Individual ATY males visited an average of 1.24 ± 0.49 display courts each year 

(range 1–3 display courts). At each log, we observed on average 1.52 ± 1.59 ATY males (range 

1–7) in each year. These estimates are minimum values as we calculated them based on 

observations of known males at known display courts; at each display court where ≥ 1 unbanded 

males were observed only a single male was included in the calculation even though more than 

one unbanded male may have been observed. Younger males (i.e., SY and TY) regularly 

displayed on logs alone (0.18 displays per hour of observation in 2011–2013), with other young 

males (0.13 displays 
−hr

), or in groups of both younger and ATY males (0.07 displays
−hr

). We 

never observed females at display courts while young males were displaying.  

 

Updated and Amended Ethogram of Male Display 

 

Table 2.2 provides a list of the courtship behaviors of C. altera and a reconciliation of the 

various terminology, details, and attributed function of behavioral elements used by previous 

authors. We observed two previously undescribed behaviors. First, males performed the same 

non-vocal 'flap' sound that occurs during the flap-chee-wah at the low point of the dive when still 

high in the canopy (Macaulay Library Catalog Number 190865, 473508). These aerial flaps 

occurred at varying heights ranging from just above the display log, to mid-canopy or in a 
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canopy gap near the court. As in the flap-chee-wah, display seew-seew calls generally preceded 

the aerial flap. Males typically perched near the display court but did not land on the log 

following an aerial flap. Second, we confirmed rare female vocalizations (Macaulay Library 

Catalog Number 190867). We noted calls by banded, known females in three contexts: (1) 

occasionally during banding while a female was being handled by a researcher; (2) twice when a 

female was perched on display log but no male was present; and (3) and ≥ 3 times while a female 

was apparently interacting with an ATY male at a fruiting tree.  

Our observations of C. altera behavior differed from previous reports in four key respects 

(Table 2.2). (1) We never heard a ‘plop’ or ‘flap’ sound associated with rapid flights or butterfly 

flights (contra Aldrich and Bole 1937; Rosselli et al. 2002). (2) During a throat flag, the bird’s 

body was generally oriented perpendicular to the direction of the log, not parallel as described in 

Rosselli et al. (2002) although the male's head was frequently rotated toward a nearby bird on the 

log (Figure 2.2A). (3) We never observed males making a 'flap' sound while perched (contra 

Skutch 1967). (4) No previous authors had described direct observations of birds while they 

produced seew-seew calls. Although rare, we observed displaying males producing these calls 

through gaps in the canopy. Males produced the seew-seew calls generally ≥ 4 m above the 

canopy and sometimes up to 2x canopy height. The flight dynamics appeared labored with a 

body position similar to, but not as pronounced as, the butterfly flights. Males produced the calls 

while flying in a horizontal plane above the canopy, not on the ascent or descent as noted in 

Davis (1982). We infrequently heard seew-seew calls away from display areas, contra Rosselli et 

al. (2002). 

Our interpretation of some displays involving multiple males also differs from previous 

accounts. First, Skutch (1967) and Rosselli et al. (2002) interpreted partner pursuits as an 

aggressive chase by a dominant male. Partner pursuits involved two males flying very rapidly at 

a near-constant elevation, weaving through and around understory vegetation in ~20 m radius 

around the display court. We interpret these flights as a component of multi-male displays rather 

than aggressive interactions for several reasons. First, they were common; we observed 0.24 ± 

0.21 partner pursuits
-hr 

. One male followed the other at a distance of ~1–1.5 m in rapid flights 

lasting from a few seconds to up to 5 min. Second, individuals frequently changed roles. While  
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Figure 2.2 Corapipo altera display behaviors. The progression of C. altera courtship displays is 

variable, but typically begins with rapid flights (RF) or butterfly flights (BF; shown in (A)), then 

proceeds to log landings (LL) and throat flags (TF; shown in (B)). Any of these elements may 

revert to BF or proceed to seew-seew calls (SS). Aerial flaps (AF) or flap-chee-wahs (FCW) 

follow SS and copulations are almost always preceded by FCW. The typical progression of 

courtship displays is shown with solid arrows in (D), and observed alternative transitions 

between display elements are shown by dashed arrows. Areas near display logs often have 

ragged leaves due to males biting at vegetation surrounding the display court (gardening; (C)).  

 

 

we could rarely determine the identity of both leading and following individuals, some partner 

pursuits involved both a green pre-definitive male and a blue-black ATY male (e.g., see 

Macaulay Library Catalog Number 473515). Thus, we were able to determine that individuals 

switched between ‘leading’ and ‘following’ roles. Third, individuals appeared to tolerate each 

other when not engaged in partner pursuits; following such flights, both males often perched 

near to one another in the display court, apparently not agitated by the other’s presence. Another 

line of evidence suggesting that partner pursuits did not function in agonistic interactions came 

from the observations of aggressive pursuits. Aggressive pursuits were characterized by the 
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dominant male chasing another, presumably intruding, male in rapid, direct flights up and away 

from the log. These aggressive pursuits occurred very infrequently (0.02 hr
-1

), and we were 

never able to determine the identity of the male being chased away. Following aggressive 

pursuits, only the dominant returned to the display court. Aggressive pursuits appear to be 

analogous to what Rosselli et al. (2002) termed “attack behavior”, but we never heard the 

“grraaahh” or “cuaak” sound accompanying such attacks. 

 

Coordination and Cooperation 

 

We observed behaviors involving multiple males that were consistent with the definition of 

cooperative display coalitions (criteria i–iv, as listed in methods) and previously described 

cooperation in Pipridae (criteria v–vii). First, we frequently observed two or more ATY male  

C. altera displaying together in a court (criterion i) and landing on the log simultaneously or 

sequentially without apparent antagonistic interactions (Figure 2.3 and Macaulay Library 

Catalog Numbers 4713511, 473517). In 2011–2013, we observed multiple ATY males 

displaying together during 12.2% of 498 observations during which at least one individual was 

seen, and 57.5% of 106 observations during which we detected ≥2 ATY males. All 

precopulatory behaviors performed by a single male were also performed together by two males, 

with the exception of gardening.  

Consistent with the second major criterion for cooperative displays, we observed males 

performing display behaviors synchronized in time and place. Two or more males performed 

butterfly flights to, from, and across the display log in the presence of females and without a 

female present. These flights occurred either at the same time in different directions, or in 

succession, frequently with both males flying in the same sequence of directions. Multiple males 

also landed on the log and throat flagged simultaneously (see Macaulay Library Catalog Number 

473517). Displaying males often alternated roles in a series of flap-chee-wah displays during 

which one male would flap-chee-wah over or next to another male and then remain on the log 

while the other male would do the same (also described in Rosselli et al. 2002). During the final 

component of the flap-chee-wah display, males hopped from the initial point of contact with the 

log to another location along the log (within ~30cm of first). If a female was present on the log, 

the males leaped over the female. The videos of multi-male flap-chee-wah displays reveal that 
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the “stationary” male often coordinates a leap in synchrony with the diving male in the opposite 

direction along the log (see Macaulay Library Catalog Number 473517).  

Importantly, multi-male displays also function in the context of mate attraction. The 

extensive observational dataset revealed that multi-male displays do frequently occur in the 

presence of females (criterion iii) and can result in copulations (criterion iv, Figure 2.3). Displays 

performed by two males were not more likely than one-male displays to end in copulation 

(GLMM with random effect of male identity, intercept −0.46 ± 0.84, z=-0.32, P=0.59; Figure 

2.3). Disruption of copulation by another ATY male was rare (1 instance in addition to the 45 

successful copulations observed).  

We also observed a unique cooperative behavior (criterion v). Partner pursuits only 

occurred when two or more males were present; we did not witness analogous flights of single 

males. Partner pursuits occurred both in the presence and absence of females. Consistent with the 

sixth criterion, many males maintained stable dominance hierarchies with other males as 

assessed by social status category, at least within breeding seasons. We observed males 

interacting in season-long dominant-subordinate relationships at 24.6% of 167 court-year 

combinations. Most (90% of 41) partnerships between males lasted only a single season while 

four partnerships lasted two seasons. In the year following each of these four 2-yr partnerships, 

at least one male in each partnership disappeared (i.e. was never subsequently captured or 

observed).  

The only behavioral criterion describing other highly cooperative species in Pipridae that 

C. altera did not display was that cooperation was not obligatory for copulation to occur 

(criterion vii; Figure 2.3). Solitary male displays were frequent and effective in attracting 

females to display courts. Thus, cooperative display occurs, but is highly facultative in this 

species. 

 

Characteristics of Display Courts  

 

 C. altera used a variety of substrates for display (Figure 2.4). Of the 62 courts used by 

ATY males, 44 (72.6%) were fallen dead trunks of angiosperm trees as described previously 

(Skutch 1967; Rosselli et al. 2002). However, C. altera also displayed on dead fallen palms (7 

courts, 11.3%), exposed living tree roots (7 courts, 11.3%), and horizontal live woody tree trunks 
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(3 courts, 4.8%). The diameter of logs active in 2011 averaged 19.5 cm (median 16.5 cm, range 

7-52 cm, n=31). At 2 m distance, 80.2% (median 81.6%, range 40-100%) of the primary display 

portion of active courts were visible, declining to 36.1% (median 36.3%, range 0.5-82.5%) at 6 

m. The mean slope of active logs was 10º (median 9º, range 0–35º). Canopy cover was nearly 

complete (median 93.8%, range 83.5-97.7%). The average largest gap in the canopy was 1.8 

densiometer units (median 1.3, range 0-8).  

 

 

Figure 2.3  Displays by solo males and cooperative display coalitions. Adult male Corapipo 

altera primarily displayed solo for females (76.3% of displays for females) and in cooperative 

partnerships. There was no significant difference in the likelihood of a solo male display and 

multi-male display ending in a copulation (GLMM with random effect of male identity, intercept 

0.46 ± 0.84, z=−0.32, P=0.59). 
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To determine if C. altera males select logs having non-random attributes, we compared 

active (n=11, 5 on trails), formerly active (n=15, 7 on trails), and paired random logs. Log 

diameter, slope, vegetation at 2m and 6m, canopy density, and size of largest canopy gap did not  

 

 

 

 

Figure 2.4  Photo series of three Corapipo altera display courts showing changes in display logs 

over time. (A) Example of a log that remained active for six years (photos taken in 2008, 2011, 

and 2013). (B) Example of a log that became inactive after being overgrown by vegetation 

(photos taken in 2009, 2011, and 2013; log last active in 2009). (C) Example of a log that 

became inactive after advanced decay (photos taken in 2009, 2011, and 2012; log last active in 

2010).  
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differ between active, formerly active, or random logs (all comparisons, Welch's t-tests, P > 

0.18). Active C. altera display logs were covered with moss that was on average 2.4 mm shorter 

than on inactive logs (Kruskal-Wallis test, χ2
 = 10.4, df = 1, P =0.001) and 4 mm shorter than on 

random logs (Kruskal-Wallis test, χ2
 = 4.2, df = 1, P = 0.04). These results suggest that 

gardening behavior of males is effective at modifying moss and vegetation height on the display 

pad, but that males are not highly selective for the log characteristics we measured.  

 

Spatial Density and Distribution of Courts 

 

 Over 6 yrs, we found 16 display courts within the 11.5 ha research plot resulting in a 

density of 1.4 courts/ha (Figure 2.1). The mean density of active logs in each yr was 0.6 ± 0.1 

courts/ha, or 0.7 ± 0.1 courts/ha when we included logs used only by young males. The 

distribution of distances between display courts was above the 95% confidence envelope of a 

Poisson distribution for distances of 10–13m and 30–33m, demonstrating significant clustering at 

these distances (Ripley's K10=28.45, K30=56.91, P<0.05). Within the research plot we visually 

identified four clusters of 3, 4, 5, and 6 logs each active in ≥ 1 yr. Within each cluster the average 

nearest neighbor distance between courts was 26.3 m (range 11.8-47.4 m), within the range 

predicted from Ripley's K. The average distance between clusters was 145.9 m (range 132.5–

165.6 m).  

 

Persistence of Display Courts 

 

 Between 60.5% (2009–2010) and 80.8% (2011–2012) of courts used by ATY males in 

one year were active in the subsequent year. When logs ceased to be used by displaying ATY 

males (i.e., became “inactive”), they met one or more of three fates. Some logs were used 

exclusively by groups of younger (i.e., SY and/or TY) males. Other logs were destroyed; they 

were overtopped by dense understory vegetation, were covered by large fallen palm fronds, 

decayed beyond recognition, were washed away in floods, or were obliterated by catastrophic 

tree falls that are common at this location (Figure 2.4B). However, many logs were abandoned 

for no obvious reason, still being apparently suitable as display logs. No log characterized as 

having been destroyed was ever reclaimed by displaying males (Figure 2.5). Active logs had a 
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71.9% chance of being active in the next year. We did observe three transitions back to active 

ATY use following a year of inactivity or use by only younger males. Display logs of C. altera 

were relatively transient. On average, logs remained active for 2.98 ± 0.20 yr based on Kaplan-

Meier survival curves. Only seven logs (11%) remained active over all six years of the study. 

This dataset included too few logs to model mean survival time as a function of log type (i.e., 

root, living trunk, palm, or dead log) or log fate.  

 

 

 

Figure 2.5 Summary of the fates of display logs “active” during this study (i.e., displayed upon 

by after-third-year (ATY) males). Numbers beside arrows depict the proportion of transitions 

between states; active, inactive but apparently intact, abandoned by ATY males but used by 

younger males, and complete destruction. No logs ever returned to active use by males of any 

age following destruction. Widths of arrows are proportional to the raw number of each type of 

transition we observed out of a total of 233 possible transitions (consecutive log-years, excluding 

logs once they were destroyed). 
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Persistence of Male Ownership  

 

We identified 119 color-banded males holding the rank of either dominant male (n=86) 

or subordinate male (n=33) in at least one year and a total of 210 transitions in social status 

(Figure 2.6). Males held dominant status at a given log for an average of 1.69 years with 56.8% 

of males being dominant for only one season. Tenure duration ranged from 1.5 months to ≥ 5 

years. Because many birds were dominant males at the beginning and/or end of the study, these 

values may underestimate tenure duration of successful males. Mean tenure duration of males for 

which we knew the start and end of their status as dominant males was 1.35 years. Most 

dominant males remained at a single court for all years of their tenure. Of 109 individual-year 

transitions where the display court was observed in year prior, annual turnover in the dominant 

social status at a given log was 56%. However, this includes transitions from 9.2% of dominants 

that switched courts; nine males were dominant males at two courts, and two males were 

dominant males at three courts.  

Over half of the subordinate males (57.9% of 38 subordinate transitions) and nearly half 

of the dominant males (44.5% of 128 dominant male transitions) observed in a given year were 

never observed again. Status of birds both increased (n=86 birds) and, more rarely, declined (9 

of 87 transitions where social status was known before and after transition; dominant male to 

subordinate, two birds; dominant male to floater, five birds; subordinate male to floater, two 

birds). Only 5% of known-rank individuals (five dominant males and two subordinate males) 

were captured or observed following their final year of known dominant or subordinate status. 

These individuals may have moved to display courts out of the study area or returned to floater 

status. Most transitions occurred between breeding seasons. However, within a breeding season 

three dominant males switched courts, two subordinate males assumed the rank of dominant 

male, and one dominant male became a subordinate male at a different court.  

Of the 41 males initially identified as subordinate males, 23% (n=10) eventually became 

dominant males, but only three of those transitions occurred at the same log (Figure 2.6). Among 

males that later became dominant males the average length of subordinate male tenure was 1.3 ± 

0.6yrs, which does not differ significantly from the subordinate male tenure of subordinate males 

that did not become dominant males (1.1 ± 0.3yrs, n=28, Wilcoxon signed-rank test, W = 139, P 

= 0.55; results did not change when restricted to individuals with exact tenure known). Average 

dominant male tenure also did not differ between those that had been observed as subordinate  
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Figure 2.6 Corapipo altera males frequently transitioned between social ranks between breeding 

seasons. The transition type (social rise, stasis, or decline) is shown by the narrow, outer semi-

circle and the social status in the following year is shown by the inner circle of each chart. Males 

of dominant status were most likely to retain their current status (grey outer circle); however, 

there were rare incidents of social decline (black outer circle). Males that were subordinate were 

most likely to increase in status (white outer circle) or remain at the same status (grey outer 

circle). Regardless of status or transition type, males were most likely to remain at the same 

display court instead of moving courts. Males not seen in the subsequent year (grey inner circle) 

were not assigned a transition type (no outer circle). 

 

 

males (2.04 ± 1.1yrs, n=11 dominant males) and those that were never observed to be 

subordinate male (1.63 ± 1.0yrs, n=76 dominant males, Wilcoxon signed-rank, W =324, P = 

0.19; results did not change when restricted to individuals with exact tenure duration known). 

 

Discussion 

 

Accurate description of complex behavior is required to ask detailed comparative 

questions about the evolution and ecological context of such behavior. This study represents the 

most comprehensive investigation of C. altera reproductive behavior to date, and provides novel 
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insight into the details and contexts of male-male interactions in a species with facultative 

cooperative displays. I report extreme variability in virtually all aspects of the examined 

reproductive biology, which may account for some of the discrepancies among previous studies 

in this species. This work increases by an order of magnitude the data assessed to characterize 

reproductive displays (i.e., number of display courts, number of individuals, number of years, 

hours of observation; Table 2.1). 

 

Differences in Descriptions of Display Behavior among Studies 

 

A primary goal of this study was to reconcile previous, conflicting behavioral 

descriptions of C. altera behavior. My attempts were hampered in some cases by confusion over 

terms and differences in the detail of those descriptions. Technology now exists for future studies 

to provide behavioral vouchers in the form of video, still photography, and audio recording to 

facilitate species-level and comparative research. We encourage other researchers to accompany 

new descriptions of behavior with similar behavioral vouchers to allow direct comparison of 

behavioral differences among populations and species.  

A striking and important difference between my findings and previous descriptions of C. 

altera behavior lies in the interpretation of multi-male displays. We described coordination 

between males, and evidence that multi-male displays occurred in a cooperative mate-attraction 

context. The basis for this interpretation stems from the frequency, stability, and synchrony of 

multi-male displays, interpretation of partner pursuits as cooperative rather than aggressive 

behaviors, and the mate attraction context of multi-male displays. While it seems certain that 

multi-male behavior is coordinated and functions in a cooperative context, we acknowledge that 

some of the same behaviors may also function in a competitive context, especially in maintaining 

or establishing dominance hierarchies. 

While we excluded displays of young males from most analyses, three aspects of young 

male behavior merit discussion. First, multi-male displays are common in young birds (Figure 

2.3, Macaulay Library Catalog Number 473519). My data do not shed light on the function of 

such behavior, but we hypothesize that displays of SY and TY birds may serve to perfect 

elements of displays and develop social bonds. Young males often performed incomplete or 

faulty displays (e.g., missing the log, incomplete or quiet auditory components of the FCW). 

Interestingly, ATY males often participated in or observed these multi-male, mixed-age displays, 
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suggesting the possibility of social learning. Although anecdotal evidence suggests that practice 

may be common in other species of manakins, the process by which young males learn displays 

is a largely neglected area of research.  

Second, even though pre-definitive plumaged males have been characterized as sexually 

mature based on developed gonads (Aldrich and Bole 1937), we never observed young males 

displaying in the presence of females. Differences in migratory tendency among young males of 

different ages also suggest that until males achieve definitive plumage, they have little or no 

chance of mating (Boyle 2008; Boyle et al. 2011); migration away from breeding sites is least 

common among males in their TY that, for the first time in the subsequent breeding season, will 

have definitive adult plumage. Because residency appears to be associated with elevated risk of 

mortality, these age-related differences in migration suggest that reproductive benefits of 

residency are strongest for young adult males (Boyle et al. 2011). Third, like previous authors 

(Aldrich and Bole 1937; Slud 1964; Skutch 1967), we observed groups of adult males and green 

birds moving and foraging together in small flocks. These groups were previously interpreted as 

mixed groups of females and males. Indeed, Skutch (1967) first supposed these “drifting bands” 

to be courtship gatherings. Incidental observations of color-banded birds suggest that although 

females may forage in the same trees as males, “drifting bands” consist only of males of varying 

ages. Slud (1964) mentions males and females giving 'sree' or 'sreeir' vocalizations (emphatic 

trill in Table 2.2). However, given other details of Slud's (1964) description, we think it likely 

that these observations were of a mixed group of ATY and young males rather than females, a 

behavior we commonly observed both close to display courts and distant from them in fruiting 

trees. The female vocalizations we observed were more similar to the male trill than to the 

emphatic trill. 

Authors of previous descriptions of C. altera behavior describe several instances of hearing 

other sounds during the displays that we did not observe during my study, though the sampling 

effort was an order of magnitude greater than in previous studies (6 breeding seasons vs. up to 6 

weeks; see Discrepancies, Table 2.2). Most of the behaviors we did not observe involved an 

apparent non-vocal sound produced (“hum” or “snap”) while the bird was perched or just 

approaching a perch. That some behaviors were not detected despite thorough sampling during 

the breeding season suggests that some fine-scale aspects of the display may vary among 
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Table 2.1  Previous publications that present original observations of Corapipo altera male courtship display behavior. Other 

publications mention C. altera courtship behavior, but the list here is limited to those that present original observations.  

 

Source Location N Logs 

Study 

Duration 

Color-banded 

birds? Multi-male description  

Aldrich & Bole 1937 Azuero Peninsula, 

Panama 

0 Few days No Solo only 

Slud 1964 Costa Rica- location 

unknown 

Unknown Few days No Two males that never share space 

Skutch 1967 Southwestern Costa 

Rica 

4 Few days No Extensive, non-coordinated 

Skutch 1969 Costa Rica- location 

unknown 

Unknown Few days No Simultaneous behavior but not 

coordinated 

John Rowlett (in Davis 

1982) 

Cerro Azul, Panama 0 1 day No 3 males together; coordination not 

mentioned 

Stiles & Skutch 1989 Costa Rica- location 

unknown 

Unknown Unknown Unknown Log shared by 3-4 males, but display 1 

at a time 

Ridgely & Gwynne 

1992 

Panama Unknown Unknown Unknown Multiple males at display court 

Rosselli et al. 2002 Caribbean slope, Costa 

Rica 

8 (intensive 

obs. at 4) 

34 days Few Multiple males but not coordinated; 

subordinates did not display for female 

This study Caribbean slope, Costa 

Rica 

72 6 

breeding 

seasons 

Yes; 771 

birds 

Solo males and multi-male display 

coalitions that display cooperatively 

 



 

35 

C. altera populations. Given the suggestion that Fisherian processes may account for some of the 

diversity of the manakin clade (Prum 1997), population-level variation in the targets of sexual 

selection could be an interesting area for future work. However, we note that during limited 

observations in a separate population in southwestern Costa Rica we also failed to detect the 

sounds reported elsewhere. 

One behavior we observed but did not systematically study was a 'wing-shiver' most often 

performed by males perched on a branch or the display log, and often while in the throat flag 

position (observable in Macaulay Library Catalog Number 473512; Prum 1990). Anecdotal 

observation suggests that these wing flicks may be more common when displays are increasing 

in intensity.  

 

Attributes of Display Courts and Leks 

 

Results of spatial analyses were consistent with C. altera having exploded leks. Males 

were typically in auditory but not visual contact between display courts, as suggested but not 

quantified by previous studies (Prum 1994; Rosselli et al. 2002). This is similar to other 

coordinated and cooperative species within Pipridae (Foster 1981; McDonald 1989b; DuVal 

2007b). 

C. altera used a wide variety of log types, diameters, and slopes. We found no evidence 

that log attributes at display courts differed from other logs in the forest understory. Obstructing 

vegetation directly over the display court was not measured but may be more important than log 

characteristics in determining display locations. A remarkable lack of selectivity of C. altera was 

shown when a maintenance crew removed a trail-side display log, and males readily displayed 

on a new log we placed in the same location. Personal observations suggest that C. altera courts 

are not in areas of the densest understory vegetation at the study area. These methods restricted 

comparisons to a relatively small area of forest around the active display courts and therefore 

these inferences are limited to this scale. While C. altera appear not be choosing logs based on 

the attributes we measured, they may choose locations of courts based on larger-scale landscape 

attributes or forest structure. 
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Table 2.2: Primary behavioral elements of Corapipo altera display as described in this paper and matched to descriptions in previous 

papers. Numbers denote description references:
 
[1] Aldrich and Bole 1937, [2] Slud 1964, [3] Skutch 1967, [4] Davis 1982, [5] Prum 

1990 (numbers, <x>, refer to characters as specified in [5]), [6] Prum 1998, and [7] Rosselli et al. 2002. Here we present a concise 

description of each behavior (Description), the context in which it occurs (Context), and note where previous publications differ from 

these descriptions (Discrepancies). Catalog numbers refer to video or audio clips of each behavior archived with and accessible 

through the Macauley Library. 

 

Display 

element 

Terms used in previous 

papers 

Description  Discrepancies  Context Accession 

numbers 

Trill (TR) “See” [3], 

advertisement call or 

trill [7] 

  Males; many contexts; 

primary call of 

dominant male at 

display court 

190863 

Emphatic trill 

(ET) 

“Sree or sreeir” [2], 

little squeals [3], 

warble or “nuurt” call 

[7] 

 Given by either sex 

[2] 

Males; typically in 

presences of other males 

at or away from display 

court.  

190864 

Seew-seew 

calls (SS) 

Flight song display [4], 

above-the-canopy flight 

display [5, <38>], 

canopy calls [7] 

A series (2-9) of thin, high-

pitched calls performed above 

the forest canopy while male 

flies in a large loop 

 Males; preceding AF or 

FCW 

190865, 

190866, 

473506, 

473507, 

473508 

Flap-chee-wah 

(FCW) 

“tsee-ruck” [2], flap-

cheee-waaa[3], log 

approach display [5, 

<31, 34, 35>], flap-

chee-wah [7] 

Appears to combine a 

mechanical flap sound just 

before landing on the log with 

a “chee-wah” vocalization that 

occurs while the bird makes a 

short hop along the log while 

turning about face. Hop occurs 

over the female if she remains 

on log. 

 Males; alone or in 

presence of males or 

females. Preceded 44 of 

45 copulations  

190866, 

473506, 

473507 
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Display 

element 

Terms used in previous 

papers 

Description  Discrepancies  Context Accession 

numbers 

Aerial flap 

(AF) 

 Probable mechanical sound 

produced at low point of dive 

from above canopy in the 

vicinity of the display log 

Males give “flap” 

sound while perched 

[3] 

Males; when alone or 

with males 

190865, 

473508 

Butterfly flight 

(BF) 

Retarded flutter [2], 

bouncing flight [3], 

butterfly display [5, 

<26, 37>], butterfly 

flight & undulating 

flight [7] 

Short flights around the 

display court in which the 

bird’s body position is in a 

near vertical orientation 

Humming sound and 

periodic “tiny 

explosions” [1], 

“tseee” when 

landing on log; 

performing FCW (or 

tsee-ruck) upon 

landing on the log 

[2] 

Males; in presence of 

females or other males 

473509 

Log landing 

(LL) 

Described but not 

specifically named 

Individual (male or female) 

lands on log, most often on 

groomed landing pad  

 Males; solo or in 

presence of males or 

females; accompanies 

BF, TF, or gardening. 

Females; usually results 

in escalation of male 

display; required for 

copulation  

473510, 

473511, 

473512 

Throat flag 

(TF) 

described [2, 3]; 

hunched posture [5, 

<5>], wing-shiver log 

display [5, <3, 16>], 

and throat feathers 

erect [5, <6>]; throat 

flagging [7] 

The male performing a 

stylized crouch while erecting 

his white throat feathers 

 Males; alone or in 

presences of males or 

females 

473513 

Rapid flights 

(RF) 

Seen performed by SY 

bird [3], “modulated 

mechanical sound 

during noisy flights” 

[6], rapid flights [7] 

Low, quick, short flights 

between near perches; flights 

often audible as steady whirr 

RFs with a subdued 

snap or pop in flight 

on landing [7] 

Males; most often in 

presence of females 

before rest of display 

initiated  

473514 
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Display 

element 

Terms used in previous 

papers 

Description  Discrepancies  Context Accession 

numbers 

Partner 

pursuits (PP) 

described [2, 3], chases 

[7] 

Two males engage in rapid, 

low stylized “chase” around 

court separated from each 

other by ~1 m. Males perch 

next to each other after flight  

interpreted as 

aggressive behavior 

[5,7] 

Two males 

simultaneously; in 

presence of males or 

females.  

473515 

Aggressive 

pursuits (AP) 

attack behavior [7] Dominant male chases another 

male in a straight, upward 

flight away from display court; 

dominant male returns alone  

Included a “grraah 

or cuaak” 

vocalization [7] 

Males; dominant male 

chases other male away 

from court, other male 

does not return 

 

Gardening Gardening [7] Male uses bill to trim or groom 

vegetation and moss on or 

around the display log  

  Male; when solo 473516 
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Temporal Dynamics of Display Courts 

 

Display courts remained active for relatively short duration (<3 years, with only 11% of 

logs active for ≥6 years). There are limited data on longevity of individual display courts in other 

species of Pipridae, but in Chiroxiphia linearis 82.8% of dance perches were active for >7 years 

(McDonald 1989b). In contrast to the variability lifespan of the display courts, the leks were 

stable across the years, a pattern seen in other Pipridae species (Snow 1962; McDonald 1989b; 

Tello 2001; Loiselle et al. 2007). We observed three instances of birds holding dominant or 

subordinate status at an overgrown or decayed log moving to a new log within a few meters of 

the original one. Displays for females in the first year of activity at the new log were often 

initiated on the previously-active log before moving to the new log. The tenure of Corapipo 

altera dominant males at display logs was also highly variable (0–5+ years). The average 

duration of male tenure was shorter in C. altera than in several species of Chiroxiphia manakin 

(McDonald 2010). Additionally, yearly turnover rates (66.5%) of dominant male C. altera were 

higher than that of other manakin species including Ceratopipra erythrocephala (25-50% per 

year; Lill 1976) and Lepidixthrix coronata (32% turnover in ownership; Durães et al. 2008) 

indicating a relatively dynamic social hierarchy among male C. altera.  

 

Variability in C. altera Reproductive Behavior 

 

Virtually all aspects of C. altera behavior, social dynamics, attributes and persistence of 

display courts, and male social status were remarkably variable compared to other well-

characterized species in the Pipridae. For example, the succession of events leading up to 

copulation varied to some degree (Figure 2.2D); one copulation was preceded not by the typical 

flap-chee-wah display but by a butterfly flight. Displays for females were more likely to follow 

the progression outlined in Figure 2.2D and to include all or most of the display elements. In 

contrast displays where only males were present were often limited to few display elements, 

included extended pauses between elements, or transitioned between display elements without 

progression toward a flap-chee-wah culmination. This suggests that displays in the absence of 

females may function as practice of the individual display elements or that individual elements 

are more important for maintenance of social hierarchy than is the complete display.  
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Males displayed on logs that varied widely in physical attributes; from roots of living 

trees to large, decaying tree trunks or palms, and these of varying slopes, heights above the 

ground, and diameters. Active display courts were transient in space and time with high inter-

annual variability in which courts were used by ATY males, and high rates of log decay and 

destruction.  

The causes of high variability in this system are not known. We offer two possible 

explanations, both related to environmental differences between the montane, pluvial forest 

inhabited by this population and the drier and/or lower elevation forest in which the majority of 

other studies of manakin behavior have taken place. The first explanation relies on the 

consequences of high rainfall (i.e., > 8000 mm−yr) for forest structure and dynamics. High 

rainfall results in prolific epiphyte growth which, in combination with steep slopes, results in 

high rates of branch and tree falls. Tree falls and branch falls accounted for the demise of several 

display courts during the study, and light gaps created by nearby tree falls resulted in growth of 

understory vegetation that overtopped other display logs. High rainfall also likely speeds rates of 

decay that accounted for the destruction of remaining logs. Thus, climatic factors may create 

variability in the system by reducing the temporal and spatial predictability of display courts 

themselves.  

A second possible explanation for variability in this system lies in the survival costs of 

living in an extremely wet montane environment. Partial migration in this population of C. altera 

is thought to result from starvation risk during heavy rainfall events during the non-breeding 

season (Boyle et al. 2010). We thus predict that adult survival is likely to be lower in this 

population than in many other species of Pipridae. A shorter lifespan may select for a more 

flexible mating system. Furthermore, migration may limit the benefits of or ability to establish 

and maintain lasting partnerships and stable social hierarchies among males. Thus, it is possible 

that environment could constrain the evolution of highly cooperative behaviors. Few other well-

studied species of Pipridae live in such wet, montane environments as do C. altera. It would be 

valuable to test the association between mating system and environmental selective pressures in 

both intra-specific and comparative contexts.  

The insights resulting from this study highlight the value of extended studies of 

reproductive behavior. In dynamic systems like that of C. altera, short-term studies fail to 

capture the full extent of behavioral variability, limiting their value for comparative studies. 
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Additionally, multi-year studies provide the basis for hypothesis-driven tests of the relationship 

between reproductive behavior and climate or population size.  

One main objective of compiling this comprehensive description of C. altera reproductive 

behavior was to lay the foundation for future tests of hypotheses explaining the causes of 

variation in reproductive behavior in this species. In the genus Chiroxiphia, the future fitness of 

subordinate males is increased through their current cooperative partnership (McDonald 2007; 

DuVal 2007a). Yet questions remain regarding the fitness consequences of cooperation to 

dominant individuals as well subordinates (Buston and Balshine 2007). Facultative cooperative 

displays, such as those observed in Corapipo altera, are ideal systems in which to elucidate the 

costs and benefits to both partners.   
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CHAPTER THREE 

 

COOPERATIVE MALES AND CRYPTIC FEMALES:  

DO MALE ALLIANCES INCREASE DETECTION AND ATTRACTION 

OF POTENTIAL MATES IN THE MANAKIN CORAPIPO ALTERA? 

 

 

Introduction 

Phenotypes, including behaviors, that produce greater fitness than others are expected to 

predominate in populations under natural selection. Cooperative behaviors appear paradoxical to 

this evolutionary understanding as the individual performing the cooperative action decreases its 

own immediate reproductive success while increasing the success of another (Trivers 1971). It 

should be noted that other definitions of cooperation exist based on the benefit to a recipient 

without specifying costs to the donor (Axelrod and Hamilton 1981; West et al. 2007b). Though 

apparently contradictory to evolutionary understanding, cooperative behaviors are not rare and 

are found in many different contexts including hunting (e.g. chimpanzees; Pan troglodytes; 

(Boesch 2002)), vigilance (e.g. meerkats; Suricata suricatta; (Clutton-Brock et al. 2000)), and 

alloparental care (e.g. in many bird species, Koenig 1981). Cooperation during reproductive 

behaviors can also take the form of cooperative courtship display without subsequent 

alloparental care (Diaz-Muñoz et al. 2014). Cooperative display coalitions consist of two or more 

males that gather and coordinate their behaviors in order to attract and mate with females. Within 

these coalitions often only the dominant individual copulates while the subordinate male(s) forgo 

current reproductive success (Diaz-Muñoz et al. 2014).  

Two fitness-related hypotheses explain how these cooperative display coalitions could be 

maintained. First, the indirect fitness hypothesis proposes that the apparent loss of fitness to 

individuals that cooperate can be mediated if the two cooperating males are related (Hamilton 

1964). Such indirect fitness benefits have been found to be sufficient to explain the maintenance 

of the cooperative display coalitions within wild turkeys (Meleagris gallopavo, (Watts and 

Stokes 1971; Krakauer 2005)). Second, the direct fitness benefits hypothesis states that 

cooperation increases the reproductive success (direct fitness) of the cooperating individuals. 

Direct fitness benefits may occur in the immediate time period (over an annual breeding cycle) 
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or via delayed direct fitness benefits gained later in life. These delayed benefits are a reason that 

the apparent initial loss of benefits is not as paradoxical as initially considered. Delayed direct 

benefits have been found to compensate for the loss of immediate reproductive opportunities for 

males that act as subordinates in some cooperative display coalitions (McDonald and Potts 1994; 

DuVal 2012a). The combination of the indirect and direct fitness benefits explains how 

cooperative display coalitions can persist as a behavioral strategy.  

While there has been sustained interest in the fitness benefits of cooperation to 

subordinate individuals, there has been limited focus on the other side of the display coalition: 

the dominant individual's perspective. In order to understand the evolution of cooperative 

behaviors one must understand the fitness consequences of the behaviors for both the 

subordinate (donor) and dominant (recipient) individuals (Buston and Balshine 2007). Even in 

the language used to describe cooperation it is implicit that the cooperative behaviors are helpful 

– for example, subordinates are often referred to as “helpers” in cooperative systems - but 

subordinate individuals may also be competitors for food or mates (Buston and Balshine 2007). 

For dominant individuals there may be costs, as well as benefits, associated with cooperation. An 

understanding of the balance between these is essential to understanding how cooperative display 

coalitions have evolved and continue to be maintained.  

Within the Neotropical manakins (Aves: Pipridae) several of the nearly 50 species have 

coordinated display or cooperative display coalitions (Prum 1992; Diaz-Muñoz et al. 2014). The 

variation in the amount of coordination or cooperation within the different species has allowed 

for the examination of the evolution of coordinated and cooperative displays. This includes the 

evolution of cooperation in a phylogenetic context (Prum 1992), the function of coordinated 

display between lekking males (Ryder et al. 2009), and an understanding of delayed fitness 

benefits for subordinate individuals within cooperative display coalitions (McDonald and Potts 

1994; DuVal 2007a). In order to tease apart the cost and benefits of cooperative display behavior 

for the dominant individuals in the partnership, a system where not all dominant males cooperate 

is needed.  

Corapipo altera (White-ruffed Manakins), originally described as a species with solo 

courtship displays, has recently been reclassified as exhibiting facultative cooperative display 

coalitions (Jones et al. 2014). Within a single population of this species, some dominant 

individuals display alone, while other dominant individuals sometimes display with a 
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cooperative partner. This variation allows for the direct assessment of the fitness consequences 

of cooperative or non-cooperative strategies for dominant individuals. Additionally, in C. altera, 

dominant males that cooperate will occasionally display solitarily, allowing for comparisons of 

the consequences of cooperation for the same individual in varied social contexts. Here I tested 

two non-exclusive hypotheses about fitness consequences of cooperation to dominant males, 

investigating whether dominant males receive indirect fitness benefits by associating with close 

relatives, and whether dominant males increase their immediate direct fitness benefits through 

cooperative alliances.  

For dominant males in cooperative display coalitions to attain fitness benefits through 

indirect fitness, two conditions must be met. First, the two individuals must be related to one 

another so that they share genetic material. Second, the subordinate individual must experience 

increased reproductive success because of his participation in the cooperative display coalition. 

The indirect fitness benefit to the dominant individual is the relative's reproductive success 

mediated by relatedness (Hamilton 1964). To test the key prediction that cooperators are closely 

related, I calculated the relatedness between cooperating males and compared this to the mean 

relatedness for male pairs drawn at random from the population. Based on the lack of relatedness 

between cooperative pairs in all other species of manakins studied (Chiroxiphia linearis, 

McDonald and Potts 1994; Chiroxiphia lanceolata, DuVal 2007; Chiroxiphia pareola, Loiselle 

et al. 2007; Chiroxiphia caudata, Francisco et al. 2009; Pipra filacauda, Loiselle et al. 2007; 

Lepidothrix coronata, Loiselle et al. 2007), I predicted that the pairs of Corapipo altera males 

cooperating would not be more closely related than the population average.  

Second, I tested the prediction that cooperative behaviors influence dominant individuals’ 

fitness through a direct increase in reproductive success. I predicted that measures of 

reproductive success would be higher for males that cooperated than for males that did not. In 

addition to understanding the pattern of fitness consequence, I am interested in further 

elucidating potential processes underlying these patterns. Therefore, I experimentally tested 

differences in response to females at display sites. I predicted that males that cooperated would 

respond more quickly to a simulated female visitor at the display site than males that did not 

cooperate. This work aims to understand how cooperative display coalitions can be maintained 

within C. altera. 
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Methods 

 

Corapipo altera are small neotropical passerines that range from southern Honduras to 

northern Venezuela. They are altitudinal migrants that breed in pre-montane forests and have a 

lek mating system (Kirwan and Green 2012). Display courts are centered around a horizontal 

moss-covered log, and displays consist of a combination of physical and vocal displays 

components (Rosselli et al. 2002; Jones et al. 2014). I define the lek as a spatial cluster of 

multiple display courts; one or more males may display regularly at each court. Audio and video 

vouchers of display behavior are publically available through the Macaulay Library at the 

Cornell Lab of Ornithology (Jones et al. 2014).  

I studied a population of C. altera on the Atlantic slope of Costa Rica (N10º17', W84º03') 

between 2008 and 2013. I captured individuals with mist-nets and marked them with a unique 

combination of one numbered aluminum and 1–3 colored plastic leg bands (n=771 individuals 

banded; 517 males, 237 female, and 17 birds of undetermined sex). Data from a separate study, 

with captures between 2004 and 2007, provided information on age and lifespan for some of the 

color banded birds in the population (Boyle and Conway 2007; Boyle et al. 2011). Individual 

birds were sexed based on plumage (Skutch 1967), molt limits (Ryder and Duraes 2005), 

interpubic bone distance (Mendenhall et al. 2010), and, for some individuals, genetic sex 

(Griffiths et al. 1998). Delayed plumage maturation occurs in this species: males progress from 

an overall green (hatch year and second year, SY), to green with a black mask (third year, TY), 

to the definitive glossy blue-black plumage (after-third year, ATY) (Jones et al. 2014). This 

progression allowed me to identify the exact age of many males (n=417 of 718 banded males).  

Pre-definitive plumage C. altera males do not appear to be reproductive competitors for 

several reasons. In other species of manakins, males in pre-definitive plumage may produce 

sperm (Sardell and DuVal 2014) , but they have not been described to be consistently active in 

display coalitions or displays for females (McDonald 1989a; DuVal 2012a). I have observed a 

young third-year C. altera male land on the display court during a single-male display for 

female, but the dominant male twice chased the young bird away, resuming the courtship display 

each time (personal observation, site in southern Costa Rica). In this study, young males were 

occasionally seen on the periphery of a display, but given the lack of active courtship 

involvement by pre-definitive plumaged males (in 2688 hrs of observation), and the information 
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from closely related species, all analyses and conclusions in this paper are limited to definitive 

plumage males.  

Display courts were actively searched for each year (see details in Chapter Two) and 

every court identified in a previous year was monitored for activity at the start of each year. I 

defined an active display court as one where an ATY-male was observed displaying on the log. 

All observations occurred from a blind located 8-10m from the display log. We observed a total 

of 67 active display sites across the six years of the study for a total of 174 log-years. Each active 

display court was observed for 8–18 hr each year (mean 15±1.6 hr; all reported means in chapter 

are mean± SD) for a total of 2688 hr of observations (for details see Ch. 2, Jones et al. 2014). 

During each observation session, researchers recorded the identity of displaying and observed 

individuals, the display types performed, and the timing of reproductive behaviors. Displays for 

females were defined as occurring any time a female C. altera was detected at the display court 

during a male display.  

 

Determination of Cooperative Status 

 

Questions pertaining to the costs and benefits of cooperative display behavior require 

clear classification of social and cooperative status.  To do this with the C. altera males, I first 

assigned individuals a social rank of dominant or subordinate at each site and then classified the 

dominant individuals as cooperative or non-cooperative depending on their level of interaction 

with other males.  

I defined as dominant those males that spent the most time at the court, were most often 

present in the absence of other males, and vocalized most often in the absence of other males. I 

defined males as subordinate if they were present less frequently than the dominant male but still 

spent a substantial amount of time (mean = 42 ± 38% of observation time, range = 5–100%) at 

display courts and participated in displays with the dominant male on at least two different dates 

within a season. Subordinate males were rarely present in the absence of dominant individuals 

and displayed and vocalized less frequently than dominant males at the same display court. 

Based on this information, I identified one dominant male for each display court, and in most 

cases, that male retained his social status for an entire breeding season (n = 167 log-years); in 
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seven additional cases there was a clear mid-season change in which the dominant male was 

replaced. 

Males that were identified as dominant males at a display site were classified as 

cooperative or non-cooperative based on their interactions with other males throughout the 

breeding season.  Even males that were regularly seen with alliance partners were often alone, 

and so males were classified as cooperative if they showed regular affiliation with other males. 

Given differences in data available in 2008-2010 and 2011-2013, I used two related association 

metrics to classify cooperative status. In 2008-2010 the association metric was calculated as the 

proportion of observation sessions the male was observed with other males. In 2011-2013, when 

data included display-by-display behaviors, association was calculated as the proportion of 

individual displays the male was observed with other males (see Appendix B for detailed 

comparison of indices). In both cases, males displaying with other males in more than 27% of 

sessions or displays were classified as cooperative. This break was chosen to represent a natural 

break in the distribution of association metrics and indicates that a male spends more than one 

quarter of this displays (or observations) with other males.  

To fully capture the variation in the degree of interactions by a dominant male and how 

cooperation influences the fitness of the individual, it would be ideal to use the continuous scale 

of cooperative tendency in all of my models. However, the smaller sample sizes and the number 

of relevant factors in the models of interest preclude using a continuous scale and make a 

categorical determination of cooperative status necessary.  

Usage here of dominant and subordinate to describe the social position of individuals 

follows the "privileged role" definition of social status in cooperative settings (Drews 1993). 

This is a non-agonistic definition of dominance based on the observation that the dominant 

individual is subjectively in a privileged role from the subordinates, as judged by differences in 

resource acquisition. 

 

Indirect Fitness 

 

I tested the prediction that males cooperate with close relatives by comparing pairwise 

relatedness between males observed displaying together to the distribution of relatedness of 

random pairs from the population, as determined by microsatellite genotypes at 14 loci. The 
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second component of indirect fitness, that subordinates increase their reproductive success 

through interaction with the dominant individual, would have been assessed only if a higher 

partner relatedness than expected from the population mean had been found between the 

partners.  

The genetic data used for the study came from two sources: individuals captured between 

2010 and 2013 and genotyped by the author at Florida State University (FSU, n=152) and 

genotyping results from E. A. MacDougall-Shackleton from individuals captured in 2008 as part 

of separate research by W. Alice Boyle and processed in the University of Western Ontario 

facilities (UWO, n=182). Using microsatellites identified by Barnett et al. (2008), samples from 

individuals processed at FSU were genotyped at 15 loci (only 13 used in the analysis, details 

below) and those from UWO were genotyped at seven of the same loci (six used in the analysis, 

details below).  As allele calls from different genetic analyzers are not directly comparable (pers. 

comms. EH DuVal), I used 17 individuals (15 males, 2 females) that were in both data sets to 

determine the locus-specific correction factor. Locus CoAl02 did not have a consistent correction 

factor and so this locus was excluded from the UWO data set. The combined data set (FSU and 

UWO) had 317 individuals and the FSU-only set had 152 individuals.  

I extracted genomic DNA from blood preserved in Queen's lysis buffer (Seutin et al. 

1990) or dried blots preserved with EDTA (Kawasaki 2012), using E.Z.N.A. Blood DNA Kits 

(Omega Bio-tek, Inc, Norcross, Georgia). DNA was amplified in four multiplexed PCR reactions 

each consisting of up to four fluorescently labeled primer pairs (see Appendix C for full PCR 

programs), run on Applied Biosystems Veriti Fast Thermal Cyclers (see Appendix C for full 

PCR programs). The samples were genotyped on an Applied Biosystems 3730 Genetic Analyzer 

and profiles scored using GeneMapper 4.1 analysis software (Applied Biosystems/Life 

Technologies).  Locus CoAl56 did not amplify and locus CoAl65 produced data that led to 

unreliable peak calls and so these loci were excluded from the analysis. Each sample was 

amplified and sequenced twice. All loci were variable (Table 3.1).  

Prior to the calculation of relatedness, assumptions necessary for the relatedness 

calculations were tested. In the combined and FSU data sets, one locus, CoAl24, was not in 

Hardy-Weinberg equilibrium (GENEPOP v4.2, Raymond and Rousset 2013; Table 3.1). Two 

loci may have had low frequencies of null alleles (CoAl06, frequency 0.23 and CoAl24, 
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frequency 0.13). As the locus CoAl24 was not in Hardy-Weinberg equilibrium, it was excluded 

from further analyses.  

To assess whether cooperative partners were more closely related than expected by 

random pairing, I first calculated pair-wise Queller and Goodnight's relatedness (R) values 

(Queller and Goodnight 1989) using SPAGeDi v1.5 (Hardy and Velkemans 2002) for all 

genetically sampled adult individuals captured or observed in the given year at the 12 loci. I 

assessed relatedness between two types of male pairs: males seen displaying together for a 

female (Paired Displays with Females, PDF; see Table 3.5 for sample sizes) and all males seen 

displaying together without a female present (Paired Displays No Female present, PDNF; Table 

3.5 for sample sizes). PDF were recorded in 2008-2013 and PDNFs additionally were recorded 

in 2010-2013. I used these display types to identify separate partnership categories as some 

apparent partnerships may have been unsuccessful in attracting females or, conversely, partner 

interactions may be less clearly defined when females are not present to best represent the range 

of cooperative behavior displayed.  

 

 

Table 3.1 Characterization of polymorphic microsatellite loci in a population of Corapipo altera 

from northern Costa Rica (Combined data set, n=332). Hobs is the observed heterozygosity and 
Hexp is the expected heterozygosity. All loci and primers are those originally described in Barnett 
et al. 2008.  
 

Locus No. of Alleles Size range (bp) Hobs Hexp H-W p-value 
CoAl01 15 158-186 0.86 0.87 0.45 
CoAl02 18 189-225 0.92 0.91 0.95 
CoAl06 5 334-344 0.50 0.49 0.08 
CoAl21 18 235-269 0.81 0.81 0.98 
CoAl24 5 352-360 0.43 0.56 <0.001 
CoAl32 9 135-177 0.66 0.66 0.98 
CoAl33 12 210-254 0.80 0.78 0.13 

CoAl39 12 220-252 0.84 0.82 0.51 
CoAl45 6 251-263 0.68 0.74 0.08 
CoAl68 8 194-210 0.65 0.64 0.16 
CoAl85 24 242-290 0.92 0.93 0.20 
CoAl86 4 218-230 0.67 0.66 0.97 
CoAl87 15 199-245 0.90 0.85 0.11 
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To test if the male display partners were more closely related to each other than expected 

from random pairing given the genetic diversity of the population, I used a randomization 

procedure that compared mean relatedness of observed pairs (Rpair) to a distribution of mean 

relatedness values for random pairs drawn from adult males in the population (Rrand) on a year-

by-year basis (Sardell et al. 2014). The distribution of mean Rrand values was created by 

subsampling from all possible adult plumaged males observed or captured in a given year, in sets 

with a sample size equaling the number of observed pairs in that year. The subsampling was 

repeated 10,000 times, giving a distribution of mean Rrand values. Partners were considered to be 

significantly more closely related than the population mean if Rpair was higher than the 97.5th 

percentile of the distribution of Rrand, or significantly less related than average if Rpair was lower 

than the 2.5nd percentile (Figure 3.1).   

 

Immediate Direct Fitness 

 

To test the hypothesis that males in cooperative display coalitions increase their direct 

fitness, I examined the relationship between cooperative display and reproductive success. 

Because cooperation varies both among and within males, I first assessed differences in 

reproductive success between males based on the categorical assessment of cooperative status 

described above. Second, I examined the difference in the relative reproductive success for the 

same male when he participated in two-male vs. one-male displays.  

I used two proxies for annual reproductive success: (1) the number of female visitations 

per year (times when male(s) were observed displaying for a female that was on or in close 

proximity to the display log) and (2) the number of observed copulations per year. The number 

of copulations observed within a single breeding season per male was small (mean:0.46 

copulations per male, range: 0–5). Given the difficulty in finding and accessing nests in this 

species at this site, I was unable to quantify genetic reproductive success. However, female 

visitation and copulatory success are frequently used proxies of siring success in lek mating 

system (Alatalo et al. 1991; Gibson et al. 1991) . Furthermore, female visitation and copulatory 

success were correlated with genetic reproductive success in one study of another bird species 

with a non-resource-based mating system (Reynolds et al. 2007), supporting the assumption that 

these are reasonable fitness proxies. 
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To compare the annual reproductive success of dominant males with different 

cooperative or non-cooperative display strategies, I used two nested datasets to balance the 

constraints of sample size and confirmed individual identity. The first, hereafter referred to as 

Known ID, contained only data from males identified by resighting of complete color bands.  

However, bands were often not completely observed during displays leading to a smaller number 

of attributed reproductive success measures. Therefore, the second dataset, Dominant Male, 

included all female visits and copulations observed at a display site that were then attributed to 

the dominant male at the site. The Dominant Male data set had fewer male-years with no 

observed reproductive success measures than the Known ID data set (female visits: 18 and 37, 

respectively; copulations: 78 and 84, respectively).  In addition, the range in the reproductive 

success measures was greater in the Dominant Male data set than in the Known Male data set 

(max. female visits: 37 and 20, respectively; copulations: 11 and 5, respectively). Given previous 

work showing that only dominant individuals were observed copulating at a specific display site 

(Jones et al. 2014), the Dominant Male data set allows for all observed female visits and 

copulations to be included in the analysis.  

I used generalized linear mixed models (GLMMs) to test whether a male’s display 

strategy (solo or cooperative) influenced his annual reproductive. Cooperative status and 

observation effort (total hours observed each breeding season) were fixed effects in the analysis, 

and male identity and year were included as random effects to account for repeated measures and 

natural variation among years, respectively. The models with female visitations as the response 

variable were analyzed in the glmer function from the lme4 package (Bates et al. 2015) using 

Poisson distributions and log link functions. The models with copulations as the response 

variable had a large number of zeros in the data and so were analyzed using a zero-inflated 

Poisson distribution with log link function in the glmmadmb function from the glmmADM 

package (Skaug et al. 2016). All models were checked for over- and under-dispersion using the 

residuals from the GLMM model and all models used an unstructured variance-covariance 

matrix for the random effects with each variance and covariance estimated from the data.  

To assess whether the same individual was more successful following solo vs. multi-male 

displays, I also analyzed reproductive outcomes of displays by males classified as cooperative in 

a given year. I used a GLMM to test whether a male’s display type (solo or multi-male) 

influenced whether or not the display ended in a copulation. In the model, display type and 
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observation effort (total hours observed each breeding season) were fixed effects and identity 

and year were included as random effects to account for repeated measures of males across years 

and natural variation among years, respectively. The model was analyzed in the glmer function 

from the lme4 package (Bates et al. 2015) using binomial distributions and log link functions.  

 

Female-detection Experiment 

 

Cooperation may influence reproductive success by allowing males to better detect 

females and more quickly initiate display when females visit or pass by display courts. To 

experimentally test if males that cooperated were quicker to respond to or responded more 

intensely in the presence of females that pass near their display site than were solo males, I 

presented a live female at the display site and measured latency of male response. Females were 

captured near the location of the display site and transferred to a wire birdcage placed adjacent to 

the main display site (~0.25m from the center of the display pad). A different female was used at 

every display site. The experiment lasted for 25 minutes, consisting of a 10-min. pre-trial where 

the birdcage was covered with an opaque, brown cloth and a 15-min. trial once the cloth was 

removed. The cloth cover was removed remotely by pulling a string attached to the cloth cover, 

and the birdcage was painted brown to minimize visibility of the wire. Observations during the 

trials were recorded from blinds placed in the same location as the regular behavioral 

observations at the sites to minimize disturbance to the males. 

To analyze whether cooperative males were more responsive than non-cooperative males, 

I first assessed which behaviors changed in the presence of the caged female. Then, because 

variables were correlated, I combined those responsive behaviors using a principal components 

analysis, and examined differences in relation to male cooperative status using t-tests. Unsure 

how males would respond to a caged female near the display site, I recorded 14 behavioral 

response variables. Response variables included four variables measuring the activity of the 

male(s) in the area adjacent to the cage, three latency variables measuring response, and the 

counts of seven courtship display behaviors. Only nine behavioral responses were retained for 

the analyses (Table 3.2). The courtship behaviors trills (TR) and butterfly flights (BF) were 

retained; the other five courtship behaviors (FCW, LL, ET, SS, and AF) were removed as they 

occurred in two or fewer trials (see Jones et al. 2014 for descriptions of courtship behaviors). 
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Latency variables were calculated from the start of the pre-trial or trial period. For the latency to 

respond variable, "response" is a qualitative measure determined by the observer based on 

behavioral cues including tilting head to orient its head in the direction the covered or uncovered 

cage containing the female and rapid use of several perches adjacent to cage. 

All response variables were recorded during both the pre-trial and trial. If no adult-

plumaged male was observed during the course of the experiment, the experiment was repeated 

at a later date and the original data not included in the analyses (n=1 location). 

To determine which male behaviors indicated response to the female, I performed a two-

tailed paired Wilcoxon signed rank test comparing pre-trial behavior to trial behavior (Table 

3.2). P-values from the Wilcoxon signed rank test were not exact given the number of zeros, 

particularly during the pre-trial, in the data sets (R Core Team 2016). Given the difference in 

duration of the pre-trial (600 seconds) and trial (900 seconds), all behavioral response variables 

were truncated at 600 seconds for the trial period for comparison between pre-trial and trial 

periods. Males showed a difference in six measured behaviors when a female was visible: 

latency to apparent response, latency to approach, time spent within 2 to 5 meters of display log, 

the number of approaches inside 5m, the number of sightings outside 5m, and number of 

butterfly flights (Table 3.2).  

 
 
Table 3.2  Behaviors recorded during female-detection experiments. Wilcoxon signed-rank test 
used to determine if males responded to the caged female with a given behavior during the trial 
phase of the experiment. W is the sum of the ranks when the pre-trial data is greater than the trial 
data, therefore, W can equal zero. P-values are normal approximations as the dataset includes 
many zeros, especially in pre-trial periods. The data set includes 12 trials at 12 display sites. 
 
Behavior Response Variable W p-value 

Time 2-5m of stimulus Yes 1.5 0.02 

Approaches within 5m of stimuli Yes 0 0.01 

Sightings outside 5m of stimuli Yes 0 <0.01 

Latency to approach <5m of stimuli Yes 52 0.01 

Number of Butterfly Flights (BF) Yes  0 0.03 

Latency to Respond Yes 45 0.01 

Time within 2m of stimulus No 0 0.37 

Latency to Vocalization No 32 0.96 

Number of Trills No 20.5 0.15 
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Because these five response variables were correlated (10 of 15 pairwise Pearson’s 

correlations > 0.3, six > 0.5), I used principal components analysis (PCA) to create a single 

response variable from these correlated responses using, the prcomp function in R, using the 

correlation matrix to scale for the range in the data. I did not include the variable latency to 

apparent response in the PCA as it a combination of many other behaviors, including ones that 

were already captured in the PCA, that the observer reduced to a single response variable while 

in the field. The first principal component (PC1) accounted for 52% of the variation and can be 

interpreted as an increase in activity in the area of the stimulus (Table 3.3). The second principal 

component (PC2) accounted for an additional 21% of the variation and can be interpreted as 

segregating the amount of time active within 5m to the stimulus and the amount of time active 

outside of 5m from the stimulus (Table 3.3). Note that butterfly flights typically occur close to 

the display site, however, during this experiment all the butterfly flights observed occurred at or 

outside the 5m perimeter. To address the research question of whether cooperation status 

influences the timing of or intensity of display in the presence of a female, I used both PC1 and 

PC2 as response variables. Given the positive loading of all the variables on the first two 

principal components, the first component could be interpreted as “display intensity” given the 

increase behavior in all variables. The second component could be interpreted as “closeness of 

approach” given the negative loading of those variables that occur near (within 5m) of the caged 

female and those variables that occur farther away from the caged female.   

 

 

Table 3.3  Principal component analysis loadings for male Corapipo altera responses to a caged 
female.  
 

  PC1 PC2 PC3 PC4 PC5 

Time <5m 0.39 -0.49 0.59 -0.47 0.20 
Approaches <5m 0.52 -0.25 0.10 0.81 -0.02 
Sightings >5m 0.47 0.53 -0.17 -0.10 0.68 
Butterfly Flights 0.51 0.43 0.08 -0.22 -0.71 
Latency to Approach <5m 0.31 -0.48 -0.78 -0.25 -0.08 
Cumulative Variance 0.52 0.73 0.89 0.95 1.00 
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I compared the behavioral responses of cooperative and non-cooperative males using a 

two sample t-test (t.test function) after checking model assumptions including normality of 

distribution. As this comparison was made using behavior from only the trial period, data used 

were from the full 900 seconds of the female presentation. 

All statistical analyses were conducted in R v3.3.1 (R Core Team 2016). Means are 

reported as mean ± the standard deviation.  

 

Results 

 

On average 29 display sites were active each year in the study population (range: 21-38 

sites, 6 years; Table 3.4). Of those active sites for which cooperative status could be determined, 

46.1±18% were classified as cooperative in any given year. The year 2008 was an outlier with 

79% of display sites classified as cooperative. If 2008 is excluded, the average proportion of sites 

where males cooperated in their display was 39.5±9%.  

 

 

Table 3.4  The number of active and cooperative display sites each year. On average 46.1% of 
display sites were cooperative among those where cooperative status could be determined 
(39.5% if excluding the 2008 outlier). There was an average of 29 active logs each year.  
 

Year Active 
Sites 

Cooperative 
Sites 

Solo 
Sites 

% Cooperative 
of total active 

% Cooperative  
of total classified 

2008 34 15 4 44.1 79 
2009 38 13 16 34.2 44.8 
2010 29 6 10 20.7 37.5 
2011 26 5 15 19.2 25 
2012 26 7 9 26.9 43.8 
2013 21 7 8 33.3 46.7 

 

 

Indirect Fitness 

 

Males that displayed together were not more closely related to each other than expected 

from random pairing in the population in any year (Table 3.5). This was true for pairs in either 

social context: those that displayed together for a female or displayed together without a female 

present. In 2008, those males that displayed together for males were significantly less related to 
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each other than expected from random pairings in the population in any year (Table 3.5A).  

There was also no substantial difference in the mean relatedness when using the larger combined 

genetics data set and the smaller data set except for males in 2008 that displays together with 

females present (Table 3.5B). These males were less closely related than the population average 

(partner mean R=-0.178±0.14; population mean R=-0.002±0.18).  

 
 

Table 3.5:  Pairwise Queller and Goodnight relatedness values in Corapipo altera for observed 
pairs (Robs), restricted to those that full color-band identity was observed, and possible pairs 
(Rexp) based on all adult males potentially in the population each year. The two-tailed p-value 
indicates the likelihood that the observed relatedness value differs from a distribution of random 
draws (10,000) of the equivalent sample size from all possible pairs of adult-plumaged males in a 
given year. A. Population relatedness values calculated from genetic data combining samples 
processed at both Florida State University & University of Western Ontario (n=334). B. 
Population relatedness values calculated from genetic data processed at Florida State University 
(n=152).  
A.  

   Robs Rexp  
Year Partner Type n Pairs Mean SD Mean SD p-value 
2008 Display with Female 6 -0.178 0.14 -0.002 -0.18 0.01 
2009 Display with Female 0 --  -- -- -- -- 
2010 Display with Female 1 -0.011  -- -0.004 0.17 0.98 
 Display No Female 3 -0.013 0.11 -0.004 0.17 0.18 
2011 Display with Female 7 -0.037 0.19 -0.016 0.16 0.72 
 Display No Female 0  --  --  --  --  -- 
2012 Display with Female 2 -0.136 0.05 -0.021 0.17 0.34 
 Display No Female 2 -0.137 0.16 -0.021 0.17 0.34 
2013 Display with Female 2 -0.091 0.01 -0.022 0.16 0.56 
 Display No Female 2 -0.076 0.2 -0.022 0.15 0.46 

 
B.  

   Robs Rexp  
Year Partner Type n Pairs Mean SD Mean SD p-value 
2008 Display with Female 1 -0.033  -- -0.005 0.15 0.86 
2009 Display with Female 0  --  --  --  --  -- 
2010 Display with Female 1 -0.013  -- -0.015 0.15 0.97 
 Display No Female 2 -0.096 0.12 -0.015 0.15 0.40 
2011 Display with Female 5 -0.016 0.21 -0.016 0.15 0.97 
 Display No Female 0  --  --  --  --  -- 
2012 Display with Female 1 -0.171 0.01 -0.020 0.17 0.39 
 Display No Female 2 -0.141 0.16 -0.020 0.17 0.32 
2013 Display with Female 2 -0.094 0.02 -0.024 0.16 0.57 

 Display No Female 2 -0.078 0.05 -0.024 0.16 0.64 
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Figure 3.1  Pairwise Queller & Goodnight relatedness values of Corapipo altera males. The 
actual mean pair-wise relatedness for male pairs that displayed together for females (solid line) is 
shown against the background of possible pairwise relatedness for any adult males alive in the 
given year with the 95% confidence interval of the random sample (dashed lines) shown. The 
genetic dataset that the relatedness values are derived from is the combined dataset with all 
possible males alive in each year.  

 

 

Immediate Direct Fitness 

 

To address the first question of whether the annual reproductive status of a male varied 

with the male’s cooperative status, I used a total of 111 male-years for which cooperative status 

could be determined from a total of 67 unique males during the six years of the study. The 

Known ID and Dominant Male data sets vary in the number of visitations and copulations that 

could reliable assigned to each male-year. Across all models the annual reproductive success of 

an individual did not significantly differ depending on his cooperative status, regardless of the 

reproductive success proxy or the Known ID or Dominant Male dataset used for calculating a 

male’s reproductive success, (Table 3.6). From the model estimates, there were 0.8±1.22 fewer 

female visits at display sites with a cooperative male than at display sites with a solo males 
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(Table 3.6, Known ID). Likewise there were 0.65±1.49 fewer copulations by cooperative males 

than by solo males.  

 

 

Table 3.6  Male Corapipo altera that displayed in cooperative coalitions attracted no more 
females and were no more likely to be observed copulating than males that displayed solo. I used 
a GLMM to test whether a male’s display strategy (solo or cooperative) influenced his annual 
reproductive success (female visitations or copulations). Cooperative status and observation 
effort (total hours observed each breeding season) were fixed effects, male identity and year 
were included as random effects, and the assumed error distributions were Poisson distribution 
(female visits) or zero-inflated Poisson (copulations). Both data sets include 111 male-years from 
67 unique individuals, the data sets vary in the number of visitations and copulations that could 
reliable assigned to each male-year.  

 

Response Data Set Parameter Estimate±SE z P-value 

Visitation Known ID Intercept  0.73±0.3 2.4 0.02 
  Cooperative Status  -0.21±0.2 -1.1 0.29 
  Effort  -0.01±0.01 -0.9 0.37 

Visitation Dominant Male Intercept  1.27±0.2 5.6 <0.001 
  Cooperative Status 0.03±0.2 0.2 0.87 
  Effort  -0.01±0.01 -1.1 0.26 

Copulations Known ID Intercept  0.03±0.6 -0.1 0.96 
  Cooperative Status  -0.42±0.4 -1.0 0.34 
  Effort  0.00±0.02 -0.1 0.93 

Copulations Dominant Male Intercept 0.66±0.6 1.1 0.29 
  Cooperative Status  -0.5±0.4 -1.4 0.16 

    Effort  0.00±0.2 -0.2 0.84 
 

 

Table 3.7 Male Corapipo altera were equally likely to copulate after solo vs. multi-male 
displays. The analysis was limited only to displays involving those males classified as 
cooperative in a given year (n=237 displays). Model estimates are from a GLMM with number 
of copulation as the response variable and display type (solo or multiple males) and observation 
effort (total hours observed each breeding season) as fixed effects. Identity and year were 
included as random effects, and the error distribution was binomial.  
 

Parameter Estimate±SE z P-value 

Intercept  -2.7±0.8 -3.51 <0.001 

Display Type (multi-male)  -0.08±0.6 -0.13 0.89 
Effort  0.01±0.03 0.33 0.74 
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I tested whether males that were classified as cooperative, copulated more following 

multi-male or solo male displays using 237 observed displays for females performed during the 

six years of the study (Figure 3.2).  Males were no more likely to copulate after a two-male 

display than a multi-male display (GLMM, binomial distribution, estimate=-0.08±0.6, p=0.89; 

Table 3.7). There was no support for the hypothesis that males that cooperate had a higher annual 

reproductive success. 

 

 

 

Figure 3.2  Displays with multiple males were no more likely to end in copulation than were solo 
displays for males classified as cooperative (GLMM, binomial distribution, estimate=-0.08±0.6, 
p=0.89). Displays for females by Corapipo altera cooperative males that did not end in 
copulations (grey) and did end in copulation (black). Data is limited to those involving dominant 
males that were classified as cooperative in the given year.  

 

 

Female-detection Experiment 

 

The female detection experiment was conducted at 16 of 21 display sites where an adult-

plumaged male was seen during the first two weeks of observations in 2013. We were unable to 

n=17	 n=220	
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capture a female for use in the experiments at the five remaining display sites during the peak of 

the breeding season. Cooperative status of the dominant male at each display sites was 

determined based on observations from the entire breeding season and therefore was determined 

after the experiments were conducted. Seven display sites had dominant males classified as 

cooperative and five display sites had dominant males classified as non-cooperative. Cooperative 

status was not able to be determined at four of the display sites where the experiment was 

performed due to low occurrence of observed display activity throughout the breeding season. 

Only the data from trials at display sites where cooperative status could be determined were 

retained in the analyses (n=1 trial at each of 12 display sites). 

 

 

 

Figure 3.3 Plots of behavioral responses of Corapipo altera males to female stimuli. Left and 
Center: No significant difference was found between the behavioral responses of cooperative and 
non-cooperative males (PC1 t=1.45, df = 6.3, p=0.2; PC2 t=-1.3, df=9.6, p=0.22). Right: 
However, cooperative males responded more slowly to the presence of caged females than did 
non-cooperative males (t=-2.8, df=8.4, p=0.02).  

 

 

Males that were classified as cooperative did not respond more intensely nor more 

quickly to a caged female than males that did not cooperate (PC1 “display intensity”, t-test: 
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t=1.45, df = 6.3, p=0.19; PC2 “closeness of approach”, t-test: t=-1.3, df=9.6, p=0.22; Figure 3.3). 

When I analyzed latency to respond independently from the other variables, I found that males 

classified as cooperative responded significantly slower than males classified as solo (t-test: t=-

2.8, df=8.4, p=0.02; Figure 3.3). Except in two instances, I found that only the dominant male 

responded during these trails. In one trial, a subordinate male was also observed and trilled twice, 

then left.  In another trial, a third-year male was observed but did not perform any courtship 

display behaviors. The difference in response time by males of different cooperative status 

therefore reflects a measure of the dominant male’s behavior, not the aggregate behavior of the 

cooperative group. 

 

Discussion 

 

Cooperation in the context of courtship display is a paradox as one individual appears to 

give up reproductive success while helping another. This paradox focuses the attention on the 

subordinate individual that sacrifices his reproductive success. And yet, the act of cooperation 

may also be costly to the dominant individual in the partnership if having a cooperator around 

reduces his overall fitness. The variation in the display strategies within this population of 

Corapipo altera allowed me to compare the reproductive success of males that cooperated and 

those that did not in order to test the prediction that reproductive success of dominant males is 

influenced by the presence of a subordinate helper.  

A frequently invoked explanation of cooperative behaviors is kin selection. While kin 

selection does explain some eusocial (Wilson 1975) and cooperative display behaviors (Krakauer 

2005), it has yet to explain cooperative behaviors in any Pipridae species. This study also found 

that male C. altera were not more closely related than expected at random in the population. 

Interestingly, the average relatedness for the known partners was always below zero. This value 

of relatedness centers on 0 or average relatedness for the population and ranges from -1 to 1 with 

positive values being more closely related than the population average (Queller and Goodnight 

1989). The preponderance of negative values suggest that male partners are less related than the 

population average. One explanation for this pattern could be that at least one male in the 

cooperative display coalition was an immigrant into the population. However, this study was 

limited by the small number of observed male pairs for which the identity of both males was 
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known and genetic material was available. Given the small sample size of known and genotyped 

pairs in each year of the study, the relatedness of known pairs could unreliably estimate the 

relatedness of pairs in the population. In 2008, the mean relatedness between pairs that displayed 

with females present together differed significantly from the mean relatedness of random pairs in 

the population, however, they had a lower mean relatedness suggesting the result is more likely 

kin avoidance than partnering with kin.  

This study adds Corapipo altera to the growing list of manakins for which inclusive 

fitness does not explain the existence of cooperative display coalitions (Chiroxiphia linearis, 

McDonald and Potts 1994; young Chiroxiphia linearis, McDonald 2009; Chiroxiphia lanceolata, 

DuVal 2007; Chiroxiphia pareola, Loiselle et al. 2007; Chiroxiphia caudata, Francisco et al. 

2009; Pipra filacauda, Loiselle et al. 2007; Lepidothrix coronata, Loiselle et al. 2007) or lek 

formation (Dixiphia pipra, Loiselle et al. 2007; but note the potential role of relatedness in lek 

formation in Manacus manacus, (Shorey et al. 2000; Höglund and Shorey 2003)). While indirect 

fitness is a long-standing and elsewhere very informative hypothesis, the paucity of support in 

any species of Pipridae suggests that it is not a viable explanation of the complex social behavior 

of cooperation in the manakins.  

So if not kin selection, what are other possible explanations for why dominant males 

tolerate subordinates? As cooperation in C. altera occurs during courtship displays, I initially 

considered cooperation to be integral to mate selection by females, and that it may therefore 

influence patterns of male success. However, I found no support for effects of cooperation on 

male success, either when comparing between males with different strategies (Table 3.6) or 

when comparing between different strategies employed by the same male (Table 3.7). These 

immediate direct fitness consequences also do not appear to explain why dominant males tolerate 

subordinates.  

The cooperative aspect of the courtship behaviors observed in this species may not 

function as part of the pre-copulatory behavior, but instead may function in the establishment or 

maintenance of dominance relationships among males, or in the development of courtship 

displays. In the examination of the displays with females present performed by cooperative 

males (Figure 3.2), it is striking that even for males classified as cooperative, the vast majority of 

displays (over 92%) were solo. Yet, there was no significant difference between the proportion 

of solo vs. multi-male displays that ended in copulation. This suggests that females did not 
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change their behavior based on the number of males in the display. Cooperative males performed 

most of their displays for females without their partner, yet to be classified as cooperative the 

male must display with another male at least 27% of the time. The vast majority (67%) of multi-

male displays were performed when only males were present. Cooperative or multi-male 

displays without females present occur in all other Pipridae species for which multi-male display 

has been described (Slud 1957; Gilliard 1959; Ryder et al. 2008; Rosselli et al. 2002).  

I found no evidence of strong selection for or against cooperative behavior when 

considering only annual reproductive success. Both the cooperative and non-cooperative display 

strategies may be maintained in the population because costs of cooperative display are low for 

dominant males. An alternate explanation of these patterns comes from examining the behavior 

of other cooperative manakin species. In Chiroxiphia species the typical pre-copulatory display 

starts with a dual-male display between dominant male and subordinate male, upon a vocal 

signal by the alpha, the beta leaves and the display continues as a single-male display (Holt 

1925; Slud 1957; Gilliard 1959). While cooperation is near-ubiquitous in the courtship display 

for these species, the final phase of the pre-copulatory display is solo and it is unclear if females 

are basing their choice on an aspect of the cooperation or specifically on the dominant male.  

Contrary to my hypothesis, I found faster response times to a caged female at sites where 

the dominant male was not classified as cooperative than that at display sites where the dominant 

male was cooperative. This is counterintuitive given that at cooperative sites one would expect 

an additional male or males to be present and, therefore, more individuals to detect and quickly 

respond to a female. We know from observations that subordinate males do participate in 

displays for females (Chapter Two), therefore, the explanation of this counterintuitive finding is 

not that subordinate males do not perform display behaviors for females.  Instead, it is plausible 

that male-male interactions are such that subordinate males do not initiate displays to females 

and therefore their presence wouldn’t decrease the response time. This however, only explains 

the lack of a faster response by cooperative males and is contrary to finding in another manakin 

species, Chiroxiphia linearis, where subordinate, or beta, individuals do initiate displays for 

females (Trainer and McDonald 1995). To explain the slower response time, it is possible that 

dominant males are more attentive at a display site when they do not display with others than are 

dominant males that do display with other males and may leave the site to forage or do other 

behaviors. Further research is needed to elucidate these patterns of response.   
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While the reproductive success of an individual is the major component of an 

individual’s fitness, for an iteroparous species fitness is a combination of annual reproductive 

success and lifetime accumulation of reproductive bouts. It is possible that fitness benefits of 

cooperation for dominant C. altera individuals lie in difference in survival or maintenance of 

social dominance from year to year instead of in variation in reproductive success within 

individual reproductive bouts. Additional work within this system will explore these 

possibilities. 
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CHAPTER FOUR 

 

WHY DO DOMINANT MALES COOPERATE? 

THE INFLUENCE OF COOPERATIVE BEHAVIOR ON 

SURVIVAL AND MAINTENANCE OF SOCIAL STATUS IN 

CORAPIPO ALTERA (WHITE-RUFFED MANAKINS) 
 

 

Introduction 

 

Cooperation between entities occurs across biological scales: genes interact in genomes 

organelles cooperate in cell function within eukaryotic cells, organs interact for the proper 

function of individual organisms, and multi-cellular individuals will interact and cooperate with 

each other. Across all scales, the interaction of unique components is interesting as each 

component involved may not receive the same benefit from the action. In this paper, I focus on 

cooperation between individuals. Cooperation can be defined as behaviors where an individual 

acts in such a way as to benefit another individual’s fitness (West et al. 2007b).  

While the apparent paradox of cooperation naturally leads to questions of why 

subordinates cooperate, the two-party nature of cooperative interactions means that it’s also 

necessary to ask why dominant individuals participate in these cooperate interactions (Buston 

and Balshine 2007). Field studies in cooperative breeding birds have frequently found that 

benefits to the parents, the beneficiaries of the cooperation in these systems, extend beyond 

merely increasing survival of offspring. For example, the load-lightening hypothesis (Crick 

1992) suggests that helpers reduce the stress of offspring care for parents and therefore increase 

their survivorship (in Ceryle rudis (Reyer and Westerterp 1985); in female Crotophaga 

sulcirostris (Vehrencamp et al. 1988)).  

Cooperative display coalitions, where two or more males congregate and coordinate their 

behaviors to attract and mate with females, are another form of cooperation within a breeding 

context (Diaz-Muñoz et al. 2014). The rearing of offspring is removed from this context, but the 

load-lightening hypothesis may still apply to cooperative display coalitions. In these coalitions, 

the helper or subordinate individual may assist in defense against or awareness of predators. This 

could benefit the dominant male through an increase in survival. A separate non-exclusive 

possibility is that subordinate individuals could assist in detecting unknown conspecific males 
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that could encroach on the cooperative pair’s display territory and either steal copulations with 

females or usurp control of the area. Either of these potential functions of cooperation has a clear 

benefit for the dominant male through the maintenance of access to reproductive opportunities.  

The neotropical avian Pipridae family consists of about 50 species of which nearly all 

have a lek-based courtship (Sick 1967; Kirwan and Green 2012). Within this family, many 

species display in discrete leks where individual males court females. However, some species 

display in a coordinated fashion. These coordinative displays ranges from simultaneous display 

between male Pipra filicauda on adjacent display sites within a lek (Ryder et al. 2011) to highly 

coordinated, cooperative display coalitions of alpha-beta pairs that cooperate for multiple 

breeding seasons in Chiroxiphia species (Foster 1987; McDonald 1989b). Long-term studies 

within Chiroxiphia have found that subordinate (beta) individuals benefit from cooperation 

through delayed fitness benefits (McDonald 1993; McDonald and Potts 1994; DuVal 2007a, 

2013a). However, in these systems, cooperation is either obligatory (McDonald 1989a) or 

characterizes >90.5% of dominant males (DuVal 2007c). Given the obligatory, or near 

obligatory, nature of cooperation in these Chiroxiphia species, it is challenging to ask questions 

about the fitness consequences of cooperation for the alpha male that is the direct beneficiary of 

the cooperation. Those individuals that are beneficiaries are also the only ones to breed (with the 

exception of occasional sneaker copulations, see McDonald 1989a). However, the variation in 

participation in cooperative display coalitions by dominant Corapipo altera (White-ruffed 

Manakin) males allows for comparison between dominant males that do cooperate and those 

males that do not (Jones et al. 2014). From this we can better understand the fitness 

consequences for dominant individuals in facultative cooperative display coalitions.  

Individual fitness is derived from a combination of mating ability, fertilizing ability, 

fertility, fecundity, and/or survival (Endler 1986). Chapter Three of this dissertation focuses on 

the aspects of fitness related to mating ability. I found no evidence that cooperative strategy (solo 

or cooperative) significantly influenced an individual male’s mating ability. Limitations of the 

study system, including the inability to find active nests, precluded the study of the fertilization, 

fertility, and fecundity components. The focus of this paper is to address whether participation in 

cooperative display coalitions influences a male's overall survival or ability to maintain a 

dominant position at a display site, which in many lekking species determines mating ability 

(Höglund and Alatalo 1995). These two factors both contribute to a male's lifetime fitness in 
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conjunction with annual reproductive success (the focus of Chapter Three). Using both 

observational and experimental data, here I test several hypotheses for why cooperation may 

influence a dominant male’s survival and ability to maintain social dominance at a display site.  

If individual C. altera males maintain the same cooperative status (either cooperative or 

non-cooperative) throughout the duration of their tenure, then I can directly quantify lifespan or 

total tenure for the dominant males to investigate the influence of cooperation. However, I found 

that individual males may switch their cooperative status from year to year (Figure 4.1), 

therefore I use both annual and lifespan measures for investigating the fitness consequences of 

cooperative display coalitions.  

Here, I first test the hypothesis that dominant individuals benefit from cooperative 

partnerships through increased likelihood of survival. I test this by comparing the survival of a 

male to the next breeding season and the lifespan of dominant males that cooperated with those 

that did not. Increased survival may result from increased vigilance for predators (the "many-

eyes" hypothesis, Powell 1974) or division of mortality risk among multiple individuals in the 

event of a predation attempt ("dilution effect", Turner and Pitcher 1986). Either hypothesis 

predicts that the probability of survival of the individual involved will increase in the presence of 

a cooperative conspecific. In addition to the pattern of survival in this population, I am interested 

in the processes that may lead to the observed pattern.  Therefore, to test a possible mechanism 

for differences in survival, I experimentally tested for differences in vigilance between the 

display sites with cooperative display coalitions and those without. I presented a predator model 

at the display site and recorded male response time and behavior. I used both a model snake 

(Psuestes sp.) and a small raptor (Accipiter superciliosus) to account for different types of 

predators that are potential sources of mortality.  

Second, I tested the hypothesis that dominant individuals in cooperative partnerships 

benefit from cooperation through more effective detection of conspecific intruders. Non-

cooperating males within a dominant males’ territory may pose a serious risk to that male’s 

social dominance at a display site, or the intruder may sneak copulations with visiting females 

thereby decreasing the dominant male’s reproductive success (as in Symphodus ocellatus, 

(Striver and Alonzo 2013)). Dominant C. altera males may benefit from cooperation if the 

presence of multiple males at a single display site increases the probability of detecting non-

cooperating males in the area. This hypothesis predicts that response time to simulated territorial 
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intrusion will be shorter when multiple males are present. I tested this prediction using a 

playback experiment in which I broadcast calls of conspecific males at multi-male display sites 

and at solo-male display sites, and recorded males’ latency to respond to the stimulus.  

This research will round out our understanding of the fitness consequences of cooperative 

behavior in C. altera and provide more insight into fitness consequences other than indirect 

fitness and immediate direct fitness for dominant individuals in cooperative display coalitions. 

Having found no evidence for kin selection nor for effects of cooperation on annual reproductive 

success of dominant male C. altera that cooperate (Chapter Three), here I address whether 

cooperative strategies influence male survival and if cooperation influences the ability of a 

dominant male to maintain his dominant social status to retain access to mating opportunities. 

Together, answers to these questions provide greater insight into the fitness consequences of 

cooperation in a species where cooperation is facultative.  

 

Methods 

 

Corapipo altera, the White-ruffed Manakin, is a small (9–13 g) frugivorous bird that has 

a range from southern Honduras to northern Colombia (for species nomenclature details see 

Chapter One). On the Atlantic slope in Costa Rica, the breeding season lasts from late February 

to mid-June, peaking in late March (Jones et al. 2014). Courtship consists of complex flight 

displays by males including visual and auditory components centered on a display courts 

consisting of a horizontal, moss-covered log and nearby plants (Rosselli et al. 2002; Jones et al. 

2014). Display courts are clustered in an "exploded” (or dispersed) lek in which the one or more 

males displaying at each court has some auditory contact with the male(s) at a neighboring court 

(Prum 1994; Jones et al. 2014).  

During the breeding season from 2008–2013, I observed C. altera on the two adjacent 

private reserves on the Atlantic slope of Costa Rica: Rara Avis Rainforest Lodge and Reserve 

and SelvaTica. The focal area of the research was located 650 to 850 meters above sea level 

(10°16'54.27"N, 84° 2'41.75"W). Display sites were located within an 11.5 ha research plot and 

opportunistically along ~10 km of trails traversing the 485 ha combined reserves (Figure 2.1). C. 

altera display courts were identified by listening for display-specific sounds or by searching for 

groomed vegetation on moss-covered logs. A display court was considered active in a given year 
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when a definitive-plumaged (Figure D.1) male was seen displaying on the log. At the beginning 

of each breeding season, the field team visited each display site identified as active in any 

previous year of the study. We deemed a display site inactive if it was very overgrown, had 

decayed beyond recognition, or had been destroyed by tree fall. For all potentially active logs, 4–

6 hr of observations were conducted at the court, if no definitive-plumaged males displayed on or 

near the court during that time, it was considered to be inactive for that year and not observed 

further. Display courts that were active were observed throughout the season as described below.  

Each year, we captured, color-banded, aged and sexed C. altera on the study site (see 

Chapter Two for more details) to be able to track known individuals across the duration of the 

study. Data from a separate study provided information on age and lifespan from 2004 – 2007 

for some of the color banded birds in the population (Boyle and Conway 2007; Boyle et al. 

2011). I was able to utilize delayed plumage maturation in males (Skutch 1967) and molt limits 

(Ryder and Duraes 2005) to calculate the known age or estimate a minimum age for all males 

(for details on aging see Determination of Lifespan and Survival below). Observations noting 

display types, number and identity of displaying and attending individuals, and the timing of all 

components of reproductive behavior were conducted from camouflaged blinds placed 8–10 m 

from display logs. In 2008 and 2009 the observations were 3-hr in duration, in 2010–2013 they 

were 2-hr in duration. Active display courts were observed at least once per 7 days throughout 

the breeding season except in 2010 when display courts were observed twice per month. Active 

courts were observed 8–18 hr each year (mean 15 hr ± 1.6 SD) for a total of 2688 hr of 

observations.  

 

Determination of Lifespan and Survival 

 

In this paper, I assumed a bird to be alive in a given year if an individual was captured 

(once or more) or observed (twice or more, to remove spurious reporting of color-band 

combinations) in that year. Hereafter, birds that do not meet this definition of alive in a given 

year will be referred to as “dead”. This study is on an open population of partially-migratory 

birds, and so it is possible that an individual could still be alive but not return to the study area 

and therefore not be counted as alive. However, given that the focus of this paper is on dominant 

males that frequently remain at a display site across breeding seasons and infrequently switch 
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display locations (see Chapter Two), it is likely that this assessment adequately captures the 

actual patterns of survival of dominant males in the population. Bird age was calculated with the 

first year of life as age one (as opposed to age zero as is common in human ages). Exact ages are 

reported for those males for which I could determine age based on initial capture during one of 

the plumage stages prior to the definitive plumage (see Chapter Two for plumage details). If the 

male was initially captured when in definitive plumage, then only minimum age (3+ years since 

first capture) is reported (for more details see Appendix D). The lifespan of an individual was 

determined only if the exact age of an individual is known and the bird was missing from the 

population for at least one year (presumed dead).  

 

Determination of Cooperative Status 

 

In each year, males at each display court were assigned to one of two social ranks based 

on behavior (for details see Chapter 2, Jones et al. 2014). I defined as dominant those males that 

spent the most time at the court, were most often present in the absence of other males, and 

vocalized most often in the absence of other males. I defined males as subordinate if they spent a 

substantial amount of time (mean = 42 ± 38% SD of observation time, range = 5–100%) at 

display courts and participated in displays with the dominant male on at least two different dates 

within a season. Subordinate males were rarely present in the absence of dominant individuals 

and displayed and vocalized less frequently than dominant males at the same display court. 

Based on this information, I identified one dominant male for each display court, and in most 

cases, that male retained his social status at the same display log for an entire breeding season (n 

= 167 log-years); in seven additional cases there was a clear mid-season replacement of the 

dominant male. The total number of breeding seasons that an individual was classified in a 

particular status is defined as his tenure in that status. The tenure of a male was only considered 

to be a full, known tenure if the individual was not dominant in 2008 (the study’s first year) and 

not dominant in 2013 (the study’s last year). This assumes that a dominant male did not lose 

dominant status for a year and then regain it; a pattern which was not observed during the six 

years of the study. This method does limit the analysis to a maximum of four years of tenure and 

bias the results by not including those birds that have longer tenures, as observed in this 

population.  



 

71 

Males identified as dominant males at a display site were classified as cooperative or 

non-cooperative based on their interactions with other males throughout the breeding season. In 

2008-2010 association was calculated as the proportion of time multiple males where observed 

during the same observation session. In 2011-2013, the association metric used to determine 

cooperative status was calculated as the proportion of displays involving more than one male. In 

both cases, if the respective association metric was greater than 0.27 the male was classified as 

cooperative (see Appendix B for details on comparison between indices and justification of 

cutoff values).  

 

Pattern of Cooperation  

 

Previous work has shown that males in this species can have multi-year tenures as 

dominant individuals (Jones et al. 2014). Males that have a tenure of greater than one year have 

to opportunity to retain the same cooperative status as in the previous year or to switch the 

cooperative status. Cooperation may occur randomly, without each male choosing to cooperate 

or not. Or a male’s cooperative tendency (solo or cooperative) may be consistent.  

To test to see if males exhibited a pattern of cooperative status different from what is 

expected from a given survival and cooperative rate, I used a simulation analysis. The simulation 

included a population the same size as my population of dominant males (n=78 males), the 

average rate of cooperation across all years (0.4613, Table 3.4), and the average survival rate for 

this population (0.4706; pers. comms. A. Boyle and B. Sandercock). The proportion of all males 

in the simulated population that fell into two categories were calculated: solo males and male 

that had ever cooperated.  The calculations were limited to males with a tenure greater than one 

year. This simulation was repeated 10,000 times, giving a distribution of mean expected 

proportion of males in each cooperative strategy. I then compared the known proportion of males 

that were solo for their full tenure and the proportion that had ever cooperated to these 

background distributions. The population was considered to be significantly different than 

expected if the known proportion fell outside the 2.5th and 97.5th percentile of the distribution.  

 

 

 



 

72 

Survival Analyses 

 

To test the hypothesis that being in a cooperative partnership influences dominant male 

survival, I conducted a survival analysis using a Cox Proportional Hazards model (Cox 1972). 

This approach allows for the inclusion of individuals that would otherwise be censured as they 

were still alive at the end of the study. This method has been used extensively in medical 

research (Collett 2014) and is increasingly used in behavioral research (Smith and Blumstein 

2010; Rolshausen et al. 2015). The inclusion of a time invariant covariate (age in first year as a 

dominant male) and a time-variant covariate (cooperative status) allow for the estimation of the 

effect of those factors on dominant male survival. Survival, the timing of death, and cooperation 

status were measured on the interval of a breeding season. Therefore, six intervals (breeding 

seasons in 2008 to 2013) were considered. The model was analyzed in R (version 3.4.0) using 

the coxph function from the survival package (Terborgh et al. 1984).  

 

Model Predator Experiment 

 

One mechanism by which males may increase survival through cooperative behavior is 

by predator avoidance through faster detection of predators. In order to test this hypothesis in C. 

altera, I quantified variation in response to artificial predators by males that varied in 

cooperative status. I used three different experimental stimuli: the first, a rubber snake painted to 

mimic a common avian predator (Psuestes sp.); the second, a model falcon painted to resemble 

Micrastur ruficolis (Barred Forest Falcon); and a model Ameiva festiva lizard, a medium-sized 

ground-dwelling lizard. These three species were chosen to represent a ground dwelling predator, 

an aerial predator and a common species that is not predatory on small birds but is of similar 

visual size to the other model (snake coiled diameter = 29.5 cm, falcon length = 31 cm, lizard 

length = 28 cm). At all display sites active in 2013, I presented each of these three models in 

different trials. The same stimuli were used across trials. The order in which the stimuli were 

presented was randomized using a random number generator and there was a minimum of 2 days 

between different trials at the same site.  

Each experiment lasted 30 minutes consisting of a 15-minute pre-trial and a 15-minute 

trial. Prior to the start of the trial, the observation blind was set up in the location consistent with 
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all other behavioral observations at that site (8-10 meters from the display log) and the observer 

placed the stimulus object on the log within a half meter of the main display area on the log for 

both the snake and lizard stimuli. The raptor stimulus was mounted on a camouflaged tripod and 

positioned 1.5 meters from the display site in an area with no vegetation within 0.5 meter of it. 

The experimental stimulus was covered with a dark brown cloth for the 15-minute pre-trial. The 

observer waited five minutes between entering the blind and the start of the pre-trial time period.  

During the pre-trial and trial periods, the observer recorded 14 behavioral response 

variables (Table 4.2, see Jones et al. 2014 for detailed descriptions of all behaviors). Latency 

variables were calculated from the start of the pre-trial or trial period. For the latency to apparent 

response variable, "response" is a qualitative measure determined by the observer based on 

behavioral cues including tilting head to orient their head in the direction the covered or visible 

stimulus and rapid use of several perches adjacent to the stimulus. Behaviors were eliminated 

from the analysis if they did not occur during the experiments (LL) or had less than 2 

occurrences across the trials (SS, AF, BF).  

I conducted the analysis in three stages: I first assessed which male behaviors changed 

once the stimulus was revealed, second I used these behavioral responses to determine whether 

males responded differently to the stimuli as compared to the control object, and third 

determined whether males classified as cooperative responded more quickly or intensely to the 

stimuli. To determine which recorded behaviors represented male responses to the stimulus, I 

compared pre-trial behavior to behavior during the trial using paired Wilcoxon signed-rank tests 

(Table 4.2). Males showed a difference in behavior for two of the possible responses: latency to 

apparent response and time spent within 2m of stimulus. These behavioral responses therefore 

were retained as the response variables in the analysis of whether males that cooperate respond 

more strongly or more quickly to a potential predator. I compared the trial-phase behavior 

toward different stimuli for each response variable using a Kruskal-Wallis test, which provides a 

non-parametric analysis of variance (Zar 1998) to determine if male response was to a potential 

predator or simply a response to a novel object. If the males are responding to the model as a 

potential predator, I expected no change in behavior during the presentation of the control model 

(lizard) but a difference in behavior during the presentation of the predator (falcon and snake) 

models. If there is a marked behavioral response to all models, then the males may be responding 
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to the models as novel objects and not predators or responding to the lizard as a predator even 

though the species is not known to depredate small birds.  

To test if cooperative status influences male response to a predator, I used generalized 

linear mixed models (GLMM) with the response variables of latency to apparent response and 

time spent within 2m of stimulus. Cooperative status and stimulus (falcon, snake, or lizard) were 

fixed effects in the analysis, and location of the trial was included as a random effect to account 

for repeated trials at each site. Unable to fit a continuous distribution to either response variable, 

I converted both to a binomial distribution (latency to respond: response within 900 seconds or 

no response; time within 2m: time spent within 2m in the 900 seconds of the trail or no time 

spent within 2m). The model was analyzed in the glmer function from the lme4 package (Bates 

et al. 2015) using a binomial distribution and log link functions. This and all subsequent GLMM 

models used an unstructured variance-covariance matrix for the random effects with each 

variance and covariance estimated from the data. 

 

Tenure Retention Analyses 

 

As reproductive success is dependent on a male maintaining dominant status at a display 

site, the duration of a male’s tenure may affect his lifetime fitness.  If cooperation influences an 

individual’s fitness one path may be through influence on the tenure of a dominant male. 

Subordinate males may reduce tenure if they are in direct competition with the dominant male 

and regularly challenge the social structure. Alternatively, subordinate males could lengthen 

tenure by helping maintaining a male presence at the display site to discourage other males from 

attempting to usurp the dominant status. As retention of the dominant status requires a male to be 

alive, I expected survival and tenure to be highly correlated. However, some males in the 

population lived beyond the end of their tenure (see Chapter Two), therefore, the interpretation 

of tenure and survival are separate.  

To determine if retention of dominant status across years was different between the 

display strategies (solo or cooperative), I used a generalized linear mixed model (GLMM) with 

the binary response whether the male retained dominant status in the subsequent year. The model 

included cooperative status and age in the current year as fixed effects. Male identity and year 

were included as random effects to account for repeated measures of males across years and 
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natural variation in survival between years, respectively. The model was analyzed with the glmer 

function from the lme4 package (Bates et al. 2015) using a binomial distribution and log link 

functions. The male-years included in the data set were limited to those prior to 2013 as status in 

the next year could not be determined for males observed in 2013 due to termination of the 

study.  

 

Conspecific Male Detection Experiment  

 

Subordinate males could lengthen the tenure of a dominant male by maintaining a male 

presence during times when the dominant male is absent through vocalizations and behavior at a 

display site and therefore discouraging other males from attempting to usurp the dominant status. 

In order to test the hypothesis that males at sites where the dominant male is classified as 

cooperative detect and respond faster to the presence of a male intruder than do solo males, I 

conducted playback experiments with simulated male intruders. To create a library of playback 

stimuli to avoid pseudo replication problems (Kroodsma 1986; Kroodsma et al. 2001), I recorded 

C. altera trills from 4 different males throughout the study area (TASCAM HD-P2 and 

Sennheiser ME67 long shotgun microphone with windscreen and K6 power supply). A fifth 

stimulus was created from Macaulay Library, Cornell University recording no. 74167 of a C. 

altera (Ross 1988). All recordings were imported into Adobe Audible and a single trill note was 

extracted for the sampled male and used to create a track with the trill repeated every 30 seconds 

for 15 minutes. This trill rate approximates a natural trill rate within the species (A. Boyle, 

personal communication). As a control vocalization, I used a trill from Dixiphia pipra (White-

crowned Manakin), a mature-forest species also found at the study site (Olmstead 2010). I 

extracted a single call and again used a 30 second call rate. There was only one exemplar of the 

control track. Recordings were played back from an iPod or iPod mini with speakers (Accurian 

40-159 or Dynex DX-PS1-G). A consistent volume on the speakers was used for all trials and 

estimated to be of similar volume to the natural trill vocalization as heard from the observation 

blinds. Speakers were positioned next to the display log, covered with a cloth, and camouflaged 

with leaves. At all display sites active in 2012, I presented the five C. altera playbacks and the 

control playback. The presentation order of the stimuli was randomized using random number 

generator and at least 18 hours elapsed between each trial.  
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The experimental set up matched that of the model predator experiment. During the pre-

trial and trial periods, the observer recorded 13 behavioral response variables (Table 4.2, see 

Jones et al. 2014 for detailed descriptions of all behaviors). Latency variables were calculated 

from the start of the pre-trial or trial period. The latency to apparent response variable, included 

in the female detection experiment (Chapter Three) and the predator response experiment (this 

chapter) was not recorded for this experiment.  

Like the analysis for the model predator experiment, I used three main steps: first, I 

determined behavioral responses induced by the stimulus, second, I assessed whether the control 

stimulus acted as a control, and third, I determined if males that cooperated responded more 

quickly or intensely to the stimuli than males that did not cooperate. To determine which 

recorded behaviors represented male responses to the stimulus, I compared pre-trial behavior to 

behavior during the trial using paired Wilcoxon signed-rank tests (Table 4.2).  Given the number 

of behaviors that were responses to the stimuli (n= 5) and the high correlation between the 

variables (r=0.23–0.67, mean=0.24±0.7), I used principal components analysis to reduce the 

number of responses (prcomp function in R) using the correlation matrix to scale for the range in 

the data. Second, to determine if the D. pipra vocalization playback acted as a control, I used 

GLMM to test for a difference in behavior response to C. altera and D. pipra playback.  The 

analysis used the glmmadmb function in the glmmADMB package (Skaug et al. 2016) with a 

negative binomial distribution with a log link function. Third, to test if cooperative status 

influenced male response to a conspecific intruder, I used two generalized linear mixed models 

(GLMM) with the first and second principal component as the response variable of each. 

Cooperative status and stimulus identity were fixed effects in the analysis, and location of the 

trial was included as a random effect to account for repeated trials at each site. The data was 

limited to the trial phase in those experiments with C. altera playback. The analysis used the 

glmmadmb function in the glmmADMB package (Skaug et al. 2016) with a negative binomial 

distribution with a log link function.  

 

Lifetime Reproductive Success 

 

Due to limitations on collecting genetic paternity data, I used two proxies for male 

reproductive success: the number of observed copulations and the number of observed visits to 
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the display site by females (see Chapter Three for justification for use of these proxies). For 

those males with known tenure duration, I calculated lifetime reproductive success as the total 

number of copulations or female visits attributed to a given male in all years of the study. As 

cooperative status can vary across an individual’s lifetime, I calculated the proportion of a male’s 

tenure that he was classified as cooperative. To test if cooperative status of a male influenced his 

lifetime reproductive success as measured by copulations, I used a linear regression of the total 

copulations observed for a male during his lifetime on the proportion of tenure classified as 

cooperative. Given the large number of males that never copulated, I refined the analysis to only 

include those males that copulated (15 of 66) in order to determine whether there was a 

difference in lifetime reproductive success by males that had achieved a minimum threshold of at 

least single copulation. To test if cooperative status of a male influenced his lifetime 

reproductive success as estimated from female visitations, I used a GLM with total female visits 

as the response and proportion of time cooperative as the fixed effect. The model was analyzed 

in the zeroinfl function in the pscl package (Jackman and Zeileis 2015) using a zero-inflated 

poisson distribution with a log link function.  

All statistical analyses were done using R v3.3.1 (R Core Team 2016). All means are 

reported with the mean ± standard deviation.  

 

Results 

 

From 2008 – 2013, 78 male Corapipo altera were identified as a dominant display-site 

holding male in at least one breeding season. The mean tenure length for a dominant male was 

1.71±1 breeding seasons and 47.4% of dominant males were classified as cooperative in at least 

one of the years of their tenure. Most males (59%, n=46) were dominant at a display site for a 

single breeding season. For males that had a tenure greater than one season the mean tenure 

length was 2.67±0.9 seasons (n=33). Of those males that had tenures greater than one year, 13 

males never cooperated (five of these had one year where cooperative status could not be 

classified) and seven males were cooperative in all years (four of these had at least one year 

where cooperation could not be classified). For the 13 males that switched cooperative status  
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Figure 4.1  The pattern of cooperative display participation by dominant Corapipo altera males 
varies among individuals. Data is limited to dominant males with tenure greater than one year 
and that were classified as both cooperative and non-cooperative in different years. Each color 
represents a unique male.  
 
 

 

Figure 4.2 Individual dominant male Corapipo altera exhibited lifetime patterns of cooperative 
or solo display strategy that different from the expected patterns given the cooperation and 
survival rate for the population. Lef:. The proportion of observed males that were only classified 
as solo were higher than expected in the population.  Right: The proportion of observed males 
that were classified as cooperative in at least one year was lower than expected.  
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across the duration of their tenure, I found no clear pattern of switching to or away from a 

cooperative display status (Figure 4.1). In addition, the proportion of males that remained solo 

throughout their tenure (39%) was significantly more than expected given the average population 

cooperation and survival rates (Figure 4.2). The proportion of males that ever cooperated (61%) 

was lower than expected given the population averages (Figure 4.2). 

 

Survival Analysis 

 

Cooperative status did not appear to significantly affect the survival of dominant males. 

In the survival analysis, both age and cooperative status had non-significant contributions to the 

overall model of survival (Table 4.1). Cooperation reduced a male’s yearly hazard by a factor of 

0.9±0.3SE or about 10%. With each increase in year of age at the start of his tenure as dominant 

male, a male’s hazard of death increases on average by 1±0.1SE or by 0.4%. However, both of 

these contributions are non-significant and the confidence intervals overall zero. This pattern was 

true if all dominant individuals were included (n=91 male-years) or if the data set was limited to 

those males with exact age was known (n=35 male-years).  

 

Table 4.1 Cooperation status did not significantly influence survival in dominant Corapipo 

altera males. The Cox proportional hazards model included age at first year as dominant male as 
a time invariant factor and cooperative status as a time variant factor. The table reports the model 
hazard coefficient (β), the 95% confidence interval (C.I.), the hazard ratio (eβ), z statistic, and p-
value. There is no large difference in the result if the data set included all dominant males, 
including those where age was a minimum estimate (n=91 male-years) or was limited to those 
males where the exact age was known (n=35 male-years).  
 

Data Set Covariates β ± SE C.I.  Hazard  z p-value 
Estimated Age Cooperation -0.10±0.3 0.53-1.54 0.90 -0.37 0.79 

 Age 0.003±0.1 0.80-1.25 1.00 0.03 0.97 

Overall significance of model: χ2=0.14, p=0.93 
       

Exact Age  Cooperation -0.16±0.5 0.78-1.68 0.85 -0.35 0.73 
 Age 0.85±0.2 0.35-2.08 1.15 0.69 0.49 

Overall significance of model: χ2=0.62, p=0.73 
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Model Predator Experiment 

 

The model predator experiment was conducted at 21 display sites in 2013. Of these, eight 

were display sites where the dominant male was classified as non-cooperative, seven were 

classified as cooperative, and another six were not classified due to low manakin activity. Only 

trials at display sites where cooperative status could be classified were kept for the analyses (n= 

44 trails at 15 display sites).  

Comparisons of pre-trial activity to behavior when the stimuli were present revealed that 

male C. altera responded to a model placed near their display site in two ways: they increased 

their time spent within 2m of the display site (Wilcoxon signed-rank, W=9, p=0.05) and they 

decreased the time to apparent response (latency to respond; Wilcoxon signed-rank test, 

W=165.5, p=0.02; Table 4.2).  

 
 
Table 4.2 Response variables in the model predator and conspecific male vocalization 
experiments. Male Corapipo altera only showed a substantial response to two recorded 
behaviors in the predator model experiments (n=15): latency to apparent response and the 
amount of time spent within 2m of the stimulus. They showed 5 behavioral responses to the 
conspecific male vocalization experiments. W is the sum of the ranks when the pre-trial data is 
greater than the trial data, therefore, W can equal zero. P-values are normal approximations as 
the dataset includes many zeros, especially in pre-trial periods. 
 
 Model Predator Conspecific Male 
Behavior W p-value W p-value 

Latency to respond 165.5 0.02 NA NA 
Time <2m of stimulus 9 0.05 169.5 0.004 
Time 2-5m of stimulus 105 0.5 440 <0.001 
Approaches <5m of stimuli 79 0.53 283 <0.001 
Sightings >5m of stimuli 140 0.55 239 <0.001 
Latency to approach  196 0.19 17056.5 <0.007 
Latency to vocalization 479 0.74 1488.5 0.25 
No. of Trill 401 0.53 1378 0.81 
No. of Emphatic Trills (ET) 71 0.9 425 0.84 
No. of Seew-Seew Calls Excluded Excluded 7.5 1 
No. of Aerial Flaps Excluded Excluded 5 1 
No. of Flap-Chee-Wahs Excluded Excluded 6 0.15 
No. of Log Landings Excluded Excluded 27 1 
No. of Butterfly Flights Excluded Excluded 0 0.37 
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There was a significant difference in the male behaviors during the trial phase in how 

much time the males spent within 2m of the model (Wilcoxon signed-rank test, W =6.0, df =2, 

p=0.05). No male approached within 2m of the falcon stimulus, but males spent similar amounts 

of time within 2m of the lizard and snake models (Figure 4.3). The latency to an apparent 

response did not differ significantly between the three models (Kruskal-Wallis test, χ2 =1.2, df 

=2, p=0.54; Figure 4.3).  

 

 

  

Figure 4.3 Male Corapipo altera response to potential predators. The two response variables, 
time spent within 2m of the stimuli and latency to apparent response to the stimuli, showed 
different patterns by stimuli. (Left) The males did not spend time within 2m of the falcon model 
suggesting the model was perceived as a potential predator, but males did not differentiate 
between the lizard or snake (Kruskal-Wallis test, χ2 = 6.0, df =2, p=0.05). (Right) Males 
responded no more or less quickly to any stimulus type (Kruskal-Wallis test, χ2 =1.2, df =2, 
p=0.54). 
 

 

The cooperative status of the dominant male at a display site may change the behavioral 

response of the males to a potential predator (Table 4.3). Given an alpha of 0.05, there was no 

significant difference between the time to an apparent response by a male at locations where the 

dominant male was classified as cooperative and those where he was not cooperative (GLMM, 
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binomial distribution, estimate=1.45±0.8, p=0.06). However, a less conservative alpha value 

would result in results showing that cooperative males respond more quickly to potential 

predators. Males at sites where the dominant male was classified as cooperative spent 

significantly more time within 2m of the stimulus model than did males at non-cooperative sites 

(GLMM, binomial distribution, estimate=39.61±11.1, p<0.001).  

 

 

Table 4.3  Male Corapipo altera classified as cooperative were not more likely to respond to a 
potential predator than were non-cooperative males. However, they more likely to approach in 
close proximity to the stimulus (within 2m). The GLMM models included the binomial response 
indicated, the fixed effects of cooperation status and stimulus type, and location of experiment is 
a random effect. The data set includes 44 trials at 15 display sites. 
 

Response Parameter Estimate±SE z p-value 

Response (Y/N) Intercept  -1.84±0.8 -2.19 0.03 
 Cooperative status 1.45±0.8 1.86 0.06 
 Lizard 0.36±0.9 0.42 0.67 
 Snake 0.89±0.8 1.03 0.31 
     

Approach (Y/N) Intercept  -682.44±42.5 -16.07 <0.001 
 Cooperative status 39.61±11.1 3.56 <0.001 
 Lizard 653.97±41.9 15.65 <0.001 

  Snake 668.73±42 15.94 <0.001 
 

 

Tenure Duration Analysis 

 

Tenure duration was correlated with lifespan (considering only males with known age and 

complete tenure; Pearson’s product-moment correlation r=0.62, p=0.002). Cooperative status 

was unrelated to the duration of time that a dominant male retained the dominant status at his 

display site (Table 4.4). Males that cooperated in a given year were no more likely to retain 

dominant status in the next year than those males that did not cooperate (Minimum tenure 

estimate: GLMM, binomial distribution, estimate=0.60±0.5, p=0.23). This was true if all 

dominant individuals were included (n=72) or if the data set was limited to those males where his 

full tenure duration was known (n=20).  
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Table 4.4 Male Corapipo altera that cooperate were no more likely to retain dominant status in 
the next year than males that did not cooperate. This analysis uses a data set including all 
dominant males with minimum tenure estimates (n=72), the same pattern was shown when 
limited to males with known tenure duration (n=20).  
 

Parameter Estimate±SE z p-value 

Intercept  -1.33±1.0 -1.30 0.10 

Cooperative status 0.60±0.5 1.19 0.23 
Age 0.21±0.2 1.17 0.24 

 

 

Conspecific Male Detection Experiment  

 

The conspecific male detection experiment was conducted at 23 display sites in 2012. Of 

these, eight were display sites where the dominant male was classified as non-cooperative, seven 

were classified as cooperative, and another eight could not be classified due to low activity. Only 

trials at display sites where cooperative status could be classified were retained for the analysis 

(n= 73 trials at 15 display sites). During the trial phase when the conspecific male vocalization 

stimulus was broadcast, male C. altera changed five of their behaviors (Table 4.2). The first 

principal component accounted for 58% of the variance in the response variables (Table 4.5).  

For the first principal component, the male response to the control (heterospecific) 

vocalization was significantly different from the response to the experimental (conspecific) 

vocalization (GLMM: estimate= -1.56±0.4, p<0.001, N=73 trials at 15 display sites), such that 

males responded more intensely to conspecific than heterospecific stimuli as expected if the 

playback was perceived as a territorial intrusion. However, for the second principal component 

there was no difference in response (GLMM: estimate=-0.03±0.14, p<0.83). Therefore, the male 

response represented by the first principal component can be interpreted as a response to a 

conspecific and not just a novel sound in the environment. However, the second principal 

component cannot be used to distinguish conspecific response from a novel sound, and so was 

dropped from further analysis. Males that were classified as cooperative did not respond more 

intensely nor more quickly to a vocalization by a conspecific male than males that did not 

cooperate (GLMM: estimate=-0.13±0.4, p=0.73).  
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Table 4.5 Principal component analysis loadings for male Corapipo altera responses to a 
conspecific male vocalization. The cumulative variance for each principal component is listed in 
the last row. The data set includes 73 trials at 15 display sites.  
 

  PC1 PC2 PC3 PC4 PC5 
Time <2m of stimulus -0.35 0.72 0.59 -0.02 0.09 
Time 2-5m of stimulus -0.41 -0.60 0.44 -0.49 0.20 
Approaches <5m of stimuli -0.51 0.01 -0.18 -0.08 -0.83 
Sightings >5m of stimuli -0.49 0.25 -0.65 -0.34 0.45 
Latency to approach  -0.50 -0.24 -0.01 0.80 0.23 
Cumulative Variance 0.58 0.75 0.87 0.94 1.00 

 

 

 

Figure 4.4  Lifetime reproductive success of male Corapipo altera. There was no significant 
difference in the number of female visits (left) nor copulations (right) between those males that 
consistently cooperated and those that did not. The copulation data shown was limited to those 
males that ever copulated (n=15), while the female visits data included all dominant males 
(n=66).   
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Lifetime Reproductive Success 

 

Of the 66 males that were classified as dominant individuals during the study, 15 were 

observed copulating at least once (range: 0-4 copulations observed per male). Males that were 

cooperative a greater proportion of years while dominant were no more likely to copulate than 

non-cooperative males (linear regression, estimate of cooperative status =-0.03±0.37, p=0.94).  

The result was similar when the data were limited to only those males that had copulated 

at least once (linear regression, estimate of cooperative status =-0.41±0.68, p=0.55; Figure 4.4). 

Across all years of the study, 53 dominant males were visited by at least one female during 

observation session (mean=5.02±5.86 visits, min = 0, max=21 visits). There was no difference in 

the number of female visits a male had based on the proportion of years cooperative (GLM, zero-

inflated Poisson distribution, estimate of cooperative status =-1.05±0.74, p=0.16, Figure 4.4).   

 

Discussion 

 

Contrary to my hypotheses, I found no evidence that dominant male C. altera that 

cooperated were able to increase lifetime fitness through access to additional breeding 

opportunities, through greater survival, nor through longer tenure as a dominant male. The 

cooperative status of a male also did not appear to influence his lifetime reproductive success. In 

the experiment to elucidate any potential differences in survival of cooperative and non-

cooperative individuals, I found no significant contribution of cooperative status to male 

survival.  However, there was a 10% reduction in the hazard ratio for cooperative males, yet the 

estimated error fully overlaps zero. Therefore, there could be no reduction or even an increase in 

hazard for cooperative males. With a larger sample size of dominant males, the influence of 

cooperative status on survival would be more precise. However, if the reduction in the hazard of 

death is 10% for males that cooperate, the results from the model predator detection experiment 

provide a mechanistic explanation for why cooperators have higher survival.  

Dominant Corapipo altera males can maintain dominant status across multiple breeding 

seasons and individuals may or may not participate in cooperation in a given year. Interesting the 

finding that the proportion of males that with a particular strategy is different than expected, 
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suggests that there are consistent patterns across an individual’s lifetime. Participation in 

cooperation is not random from year to year. This may reflect underlying differences in the 

preferred sociality of each male.  

Given the paucity of consequences, negative or positive, to survival or tenure for 

dominant males that cooperate with other males in their courtship displays, why might some 

individuals have cooperated while others did not during a breeding season? Several non-

exclusive hypotheses arise. It is possible that fitness consequences are neutral for all individuals 

involved (dominant and subordinate males) and that the differences seen in the number of males 

that display together is simply a matter of individual variation in social preference not under 

current selection. Sociability has been found to vary between individuals in other organisms. In 

bighorn ewes (Ovis canadensis), individual females tended to associate more closely with 

specific other females regardless of age, social, or reproductive status (Vander Wal et al. 2015). 

Both captive and wild populations of zebra finch (Taeniopygia guttata) show individual variation 

in sociality (McCowan et al. 2015). Similar variation in sociality may occur between individuals 

in Corapipo altera. Variation could also occur due to population size and available partners. As 

cooperation is formed by a dyad it is possible that a low male population in some years could 

limit the potential partnerships despite individual preferences.  

It is also possible that the fitness consequences are neutral for the dominant individual but 

fitness benefits from cooperation to the subordinate male allow for the evolution and 

maintenance of the cooperation in this species. In both Chiroxiphia lanceolata and C. linearis 

subordinate individuals appear to received delayed benefits from an increase in probability of 

later becoming a breeding individual (McDonald and Potts 1994; DuVal 2007a, respectively). 

The questions addressed here focus exclusively on the dominant individuals and not on the 

subordinate partners. Further research into the subordinate individuals may elicit new 

explanations for how cooperation is maintained in this species.   

An alternate explanation for the persistence of cooperative display tendencies in the 

species is the retention of an ancestral trait.  Corapipo and sister taxa Masius are in a clade sister 

to Chiroxiphia (Tello et al. 2009; McKay et al. 2010; Ohlson et al. 2013). Species within 

Chiroxiphia demonstrate the strongest cooperative partnerships in the entire family (Kirwan and 

Green 2012). Cooperation could have originally been adaptive under conditions that no longer 

exist. Cooperative tendencies could be retained by each species if there is no strong selection for 
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the behavior. Like Corapipo altera, Chiroxiphia lanceolata show variation in the degree of 

dominant male participation in cooperative display coalitions where up to 10% of alpha 

(dominant) males do not have beta (subordinate) partners (DuVal 2007a).  

One limitation of this study is its short duration compared to the possible lifespan of the 

individuals. It is possible that patterns for the longest lived individuals have not been fully 

examined as they would behave been excluded from data sets where the full lifespan needed to 

be known.  However, given the lack of influence of cooperative status on survival or  the 

maintenance of tenure in the next year between the non-cooperative and cooperative individuals 

it is unlikely that the duration of the study strongly influenced the conclusion that cooperative 

display status does not influence lifespan or duration of tenure as a dominant individual.   

The predator model experiment was specifically set up to test the response to two types 

of predators. However, the lack of difference in the time to an apparent response by the males 

among all three models (the control and two predator models), suggests that the results may best 

be interpreted as response to an equally and similarly threatening predator. Alternatively, this 

could be interpreted all though the responses were to a novel object instead of response to a 

perceived predator. In this experiment, males at sites with a cooperative dominant male were 

significantly more likely to spend time within 2m of the stimuli than were the males classified as 

not cooperative.  Unlike in the caged female experiment (Chapter Three), both dominant and 

subordinate males were observed responding during these experiments. The increased intensity 

of the response could play a role in increasing the survival of the individual, however, the effect 

would be on a timescale longer than this study or with a low effect size not detected here.   

The differences in Corapipo altera behavioral response to the different models during the 

predator model experiment also offers interesting insights into how this species may respond to 

different types of predators. The models represented different types of predators (an avian, flight-

based predator and a reptilian ground-based predator) as the prey are known to respond 

differently to different types of threats (Seyfarth et al. 1980; Ducheminsky et al. 2014).  I found 

that, while males were significantly likely to spend time within 2m of the lizard and snake 

models during the trail phase than the pre-trial phase, no male approached within 2m of the 

falcon stimulus. There are several possible explanations. First, it may be that only the falcon 

model was perceived as a predator and therefore avoided, while both the snake and lizards were 

perceived otherwise and investigated. Second, the response by C. altera may differ among 
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stimuli because response to threats by avian predators that hunt in flight are different to those of 

ground-based predators.  Mobbing behavior is common in small birds (Altmann 1956) and the 

increased behavior around the snake and lizard could be related to mobbing behavior. While 

mobbing behavior is also well documented around avian predators, especially owls, the forest 

falcon that the model represented is an especially quick predator.  This could explain for the 

reduced behavior during the experiments with the falcon model. Mobbing behavior directed 

toward snakes, or other ambush predators, may increase survival of the individual as timber 

rattlesnakes (Crotalus horridus) have been shown to move to a new location after having 

received a display(Clark 2005). 

This study offers little support that the cooperative display behavior observed in C. altera 

is maintained in the population due to an increase in opportunities to breed in successive 

breeding seasons for those males that cooperate.  These results in conjunction with previous 

work showing a lack of an increase in annual reproductive success for males that cooperate, 

support the conclusion that there is no fitness benefit of cooperation for dominant male C. altera. 

Likewise, there is not apparent fitness cost of cooperation for dominant males in the species.  

Future research in the species may elucidate more about manakin sociality, personality 

differences, or other mechanisms for evolution and maintenance of cooperation in the species.  
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CHAPTER FIVE 

 

CONCLUSIONS 

 

 

Understanding the evolution of cooperative behaviors has been a major puzzle in 

evolutionary biology. The puzzle of cooperative behavior has led to significant advances in our 

understanding of indirect and delayed fitness benefits for helpers. It is equally important to 

understand whether and how cooperation benefits the dominant recipients of this help, as 

cooperation results from the interaction of individuals that may have very different incentives for 

participation. My dissertation research first described cooperation in White-ruffed Manakin, 

Corapipo altera and then investigated the fitness consequences of cooperative courtship display 

for dominant individuals. 

My description of the cooperation during the display behavior was based on seven 

criteria for identifying cooperative display coalitions (Jones et al. 2014): (i) the involvement of 

two or more males in displays, (ii) coordination of those displays featuring synchronization 

between the males and that these displays were performed in (iii) mate attraction and (iv) 

copulation contexts (Diaz-Muñoz et al. 2014). In addition, I evaluated whether (v) unique 

behaviors were performed only when two or more males interact (Prum 1990), (vi) there were 

established dominance hierarchies between males (Prum 1990), and (vii) multi-male displays 

were an obligate part of copulation (McDonald 1989b). I found that the coordinated courtship 

displays conformed to the first six criteria, but that cooperative courtship display was not 

obligatory in C. altera.  

Based on similar cooperative courtship display in related species, including Chiroxiphia 

manakins, I predicted that dominant males that cooperated in displays would have higher fitness 

either through indirect fitness benefits or through increased direct fitness as measured through 

annual reproductive success or survival.  However, I found no such support for any increase in 

individual fitness for dominant individuals that cooperated. In fact, I detected no fitness 

consequences – positive or negative – of participation in cooperative display coalitions for 

dominant Corapipo altera males.  



 

90 

My efforts to experimentally assess behavior of cooperative and non-cooperative males 

in different contexts were successful in evoking context-specific behaviors. When females were 

present, the males responded with key elements of the courtship display behaviors, in particular 

the butterfly flight display element (Chapter 3). When model predators and vocalizations of 

unknown male conspecific were present, males responded with changes in the level of activity 

near the display site (Chapter 4).  Assessing the behavior of cooperative and non-cooperative 

males in the contexts of potential mates (female mate choice), potential predators, and 

conspecific intruders allowed me to investigate possible responses to selective pressure from 

female choice, survival, and male-male competition respectively.  I found that cooperative males 

responded more slowly to experimentally presented females than did non-cooperative males 

(Figure 3.3). However, I found a non-significant tendency that males at cooperative sites were 

more likely to respond to, and a significant increase in the likelihood of close approach to, 

predators than those at cooperative sites (Table 4.3). These opposite patterns suggest that 

cooperation may be more pertinent to survival and male-male interactions than to female mate 

choice even though the dual male behavior occurs during courtship displays.  

Given that the dual strategies of solo and multi-male displays persistent in this population 

of C. altera, it is not surprising that there is no significant contribution of cooperation to 

individual fitness. If there was a strong fitness benefit or cost of cooperative display behavior, 

directional selective pressure from this cost or benefit would lead to either single male display or 

dual male display becoming the sole strategy. It is possible that fitness consequences are neutral 

for all individuals involved and that the differences seen in the number of males that display 

together are simply a matter of individual preference.  

Sociability has been found to vary between individuals in other organisms (Vander Wal 

et al. 2015; McCowan et al. 2015) and Corapipo altera appears to similarly vary in sociality 

between individuals. From the simulation analysis is Chapter 4, I found that the proportion of 

males employing a particularly strategy (solo or tendency to cooperate) across their multi-year 

tenures is different from expected given the cooperation and survival rates. This suggests that 

individual males differ in their strategy and may be consistent with respect to a given strategy. 

Some males do switch between a solo and cooperative strategy from year to year, however, this 

may be due to difference in opportunity for cooperation. In years with a smaller male population, 

or smaller population of non-dominant males, there may not be sufficient number of males to 
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partner with and take the subordinate role. The unpaired males would then display solo 

throughout the breeding season.  Further research into variation in annual population size and 

cooperation rate, or experiments changing the density of males would help us understand more 

about the role of individual variation in cooperative tendency.  

In this species, there are two options for any courtship display: the dominant male can 

display alone or the dominant male can display with another male. Game theoretic approaches 

may be useful for understanding the maintenance of cooperation in this system (Von Neumann 

and Morgenstern 1944). With a mixed strategy males choose between different behavioral 

strategies depending on the probable respective payoff of the situation (Nash 1951). However, 

the results from the patterns of cooperation simulation analysis (Chapter 4) suggest that there 

may be two discrete patterns of participation in cooperative display by different males, with 

some never participating and others facultatively switching to cooperation under certain 

circumstances. If so, then this appears to be a population with a combination of a pure strategy 

exhibited by those males that only display solo and a mixed strategy by those that employ the 

cooperative strategy. Males classified as cooperative employ the cooperative strategy on a 

display-by-display basis with many displays during a given breeding season being solo, while 

others are cooperative (Figure 3.2). Additional information about the payoff structure for 

subordinate individuals would help to more fully understand the individual variation in 

participation within cooperative display coalitions.  

 

Limitations and Opportunities for Future Research 

 

This research has several limitations resulting from the methodologies used. Importantly, 

the conclusions drawn in this study depend heavily on the estimates of reproductive success 

being unbiased and representative of the actual fitness of the dominant males.  The measures of 

reproductive success used here were based on the number of copulations and female visits 

observed during a limited number of hours of observation. While these proxies have been used in 

previous research and strong correlation exists between female visits, copulations, and genetic 

siring has been supported in several species (Alatalo et al. 1991; Gibson et al. 1991; Reynolds et 

al. 2007), they are not direct measures of reproductive success. I did attempt to find nests of C. 
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altera at the field site, after receiving encouraging accounts of nests being found in southern 

Costa Rica (pers. comms. C. Mendenhall). Seven weeks of nest searching and the use of radio 

transmitters attached to incubating females (as determined by condition of the brood patch), 

yielded one active nest 7.1m above the ground (i.e. a height intractable for monitoring and 

sampling). Given the loose structure of the nest cup, I was able to monitor the eggs through the 

nest, and note that the nest was depredated within 24 hours of the second egg hatching. The 

natural history of C. altera (high nests and high nest predation) and the steep terrain and dense 

forest of the study location therefore precluded the use of genetic siring success for this research.  

Researchers working with this species in other locations may have better success at acquiring 

genetic materials from chicks to calculate reproductive success.  

An additional complication for the fitness estimates presented here is that my estimates of 

reproductive success relied on the observation of female visits and copulations. To minimize any 

systematic bias, the observation periods and duration in 2011-2013 were based on the patterns of 

display behavior and female visits observed in 2008-2010.  The daily timing of observations at a 

given site was rotated so that temporal differences in displays or female visits as described by 

Rosselli (1994) would not bias the reproductive success estimates for males at different sites. 

With advances in technology since the start of this project, subsequent research carried out on 

this species could increase the observation effort several ways. Video recording could be used to 

capture the copulations by focusing on the display log itself, as copulations were never observed 

off of the log. This method would allow for near-continual monitoring and by having a close 

field of view could still allow for the resighting of color-banded individuals. However, the close 

field of view would preclude the recording of all female visits in the area given that not all 

female visits include behavior on the display log. Given the height and density of the canopy in 

many of the forests where this species occurs, the recent advances in light gathering capability of 

small cameras would make this a viable option. PIT or RFID tags offer an alternative way to 

record each individual that landed on or approached the display site. Several sizes of PIT tags are 

now available that could be directly attached to the bands already placed to the bird.  The 

limitation of this technology in this field setting is establishing a sufficient power source and size 

of the receiver needed to detect activity in an open area. While the observational sampling that 

collected this data was designed to minimize any bias and to correctly estimate the reproductive 

success of males, newer technology could increase sampling success for future researchers.  
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Another limitation of the research is that to examine the evolutionary basis of cooperation 

in this species, I would need to compare the fitness of a dominant male when he cooperates 

against his fitness when he did not cooperate. This would directly compare the same individual’s 

fitness under both strategies to control for any inter-male differences. However, it is simply not 

possible to have a single male both cooperate and not cooperate at the same time. Therefore, in 

my research I have attempted to capture as close to this ideal as possible by comparing the 

fitness of the males of one strategy against males of the other strategy. Further, I compared the 

reproductive success gained by a given dominant male from multi-male displays against his 

success from solo displays.  While I found no difference in the reproductive success of the 

cooperative or non-cooperative strategy, I acknowledge that both these methods were proxies for 

the ideal.  

The ultimate value of this research comes in its application in a comparative context.  Six 

years of field data went into the conclusions laid out in this document and the subsequent 

increase in our understanding of Corapipo altera behaviors and life history, providing depth of 

knowledge of a single species that will enhance our understanding of complex social behaviors. 

The data collected through this dissertation research has been and will continue to be available to 

a consortium of researchers working on increasing our understanding of the ecology and 

evolution of cooperation, complex display behavior, leks, and many other topics (NSF DEB-

1457541 RCN: Enabling comparative studies of the process and products of sexual selection in a 

genomic context). The data generated by this project will enable inter-species comparisons for a 

broader understanding and more generalizable conclusions than those possible from work a 

single species.  

 

Defining Cooperation, Revisited 

 

Within C. altera, dominant males exhibited two distinct behavioral strategies: they 

displayed with other males and they displayed alone. As laid out in Chapter Two, the broad 

definition of cooperation that I used hinges on fitness consequences of behavior: cooperation 

occurs when the cooperating individual(s) engage in activities that increase another individual’s 

fitness at an immediate cost to their own fitness (Hamilton 1964; Axelrod and Hamilton 1981; 

West et al. 2007a; Akçay et al. 2012). Yet application of this formal definition of cooperation is 
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in practice rarely feasible, particularly for long-lived species, given the difficulties in quantifying 

individual fitness costs. Therefore, my working definition of cooperation followed other 

empirical studies that identify cooperative display behaviors based on coordination and temporal 

synchrony during activities related to mate choice (Gilliard 1959; Foster 1977). In Chapter Two, 

I defined cooperation in Corapipo altera as having display coalitions involving two or more 

individuals at the same time at the same court, with synchronization between males in the timing, 

location, and nature of the displays. Furthermore, for coalitions to be deemed cooperative, the 

males had to have attracted and mated with female during these multi-male displays (Diaz-

Muñoz et al. 2014). These criteria were more tractable for the identification of cooperation when 

directly estimating the fitness payoffs of different behaviors was challenging.  

This approach yields a logical problem. I have now attempted to estimate the fitness 

payoffs for dominant individuals in this C. altera population in Costa Rica. Having found no 

significant difference in the fitness of males with different cooperative strategies, I find a 

contradiction in my defining cooperation based on the patterns of behavior (Chapter 2) and in 

defining cooperation based on fitness gain for a dominant male. How to resolve this 

contradiction between a behavioral-based version of cooperation and a fitness-based version of 

cooperation? Perhaps authors on the subject should refrain from talking about “cooperative 

partnerships” and instead employ “dual-individual phenotype” or “dual-male phonotype” 

(Trainer and McDonald 1995; Vanderbilt et al. 2015) to refer to those behaviors that outwardly 

appear as cooperative until the fitness component of the behavior can be assessed. Yet, simply 

because I did not find a fitness benefit of cooperation in this population, does not mean that the 

dual male courtship behavior did not arise under adaptive circumstances. I could have failed to 

measure a fitness difference that does exist in this population due to sampling techniques or lack 

of power in my analyses, or the behavior could have previously been selected for due to fitness 

benefits and with relaxed selection the behavior persists. Discussing these dual-male behaviors in 

the context of cooperative evolution theory allows for a solid theoretical foundation on which to 

understand the behavior. Therefore, I recommend basing the theoretical underpinnings of ones 

research within a fitness and selection-based understanding of cooperation and yet using a 

behavioral based approach when needing to describe patterns of behavior in individual species.  
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Climate and Demographic Stability  

 

Compared to other species, C. altera seem to have higher rates of turnover at display sites 

(44.5% of dominant males did not retain tenure in the subsequent year) than other species (Jones 

et al. 2014). One reason for this may be the climate in the Costa Rican pre-montaine Atlantic 

slope region where these species occur. The population is partially migratory, with males more 

likely than females to migrate in a given year (Boyle 2008).  Migratory behavior is driven by 

heavy rain events in the non-breeding season (Boyle et al. 2010).Given this, one might 

reasonably expect that patterns of surival, and therefore, tenure as a dominant male to be driven 

more by factors in the non-breeding season than in the breeding season. Within a non-migratory 

manakin species, Pipra filicauda, it has been shown that variation in climate, in particulalar the 

El Niño Southern Oscillation (ENSO), resulted in cyclical differences in dominant male turnover 

at display sites and body condition (Ryder and Sillett 2016). In particular they found reduced 

rates of survival following the wet years associated with the La Niña periods. Ryder and Sillet 

posit that a combination of climate-mediated resource limitation and direct causes of mortality, 

including predation, cause these increases in mortality following the La Niña periods. The 

particularly high levels of rainfall that are experienced my field site (8267mm annual from, 

Boyle et al. 2010) may lead to the short tenures and high turnover of the dominant individuals in 

this population.  

These higher turnover rates may be one reason that I found no lifetime fitness differences 

between cooperative and non-cooperative males. It may further explain why cooperative 

partnerships have looser affiliations and interact with more individuals than reported in 

Chiroxiphia species (McDonald and Potts 1994; DuVal 2007c). High turnover of dominant 

males provides increased opportunity for non-dominant males to attain dominant status at display 

sites. Given that I found no fitness consequences of cooperation for dominant individuals, 

sociality or cooperation in this species may be driven by benefits to subordinate males. Female 

manakins in Chiroxiphia lanceolata return to mate with the same male in repeated years, 

although they do not show fidelity to mating sites once the male has been replaced (DuVal 

2013b). However, for Chrioxiphia linearis McDonald and colleagues (McDonald 2007) posited 

that young males that interact with many males are more successful later in life because they 

form a larger social network including potential future mates.  With no fitness costs of 
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cooperation for dominant individuals, cooperative behaviors may be maintained in this 

population through fitness benefits to subordinate individuals.   

Further research into the cooperative display behavior of Corapipo altera would benefit 

from a detailed understanding of the fitness consequences of cooperation for non-dominant 

individuals. While young males were not discussed in the context of the research questions asked 

in this dissertatation, a better understanding of the frequent, simultaneous displays that included 

several young males could also provide greater understanding of the development of social 

behaviors in C. altera.  

In sum, my efforts to assess the costs and benefits of cooperative display coalitions for 

dominant male Corapipo altera have led to greater insight into the complex display behaviors of 

this species and our understanding of how cooperative display behaviors evolve.  I found support 

for the observation that some C. altera males perform dual male displays for females and that 

these displays can end in copulations. However, a lack of realized fitness differences for males 

observed in different types alliances (solo vs cooperative), provided no support for the 

hypothesis that dominant males cooperate with other males to increase the success of their 

courtship displays. Given the apparently low effect of cooperative display coalitions on dominant 

male survival and success, it seems likely that any selection favoring cooperation may act 

primarily on the subordinate members of the partnerships, though the possibility that effects of 

cooperation vary across dominant males’ lifetimes is also an intriguing possibility for future 

research. 
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APPENDIX A 

 

PERMITS & PERMISSIONS 

 

Institutional Animal Care and Use Committee Approvals 

 

All data collected for this dissertation were conducted under the approval from 

Institutional Animal Care and Use Committees. Data from 2008–April 2010 were collected 

under approval to W. A. Boyle's supervisor C. Guglielmo at the University of Western Ontario 

(2008-013). Data from May 2010-2013 were collected under approval to E. H. DuVal and M. A. 

Jones at Florida State University (#s 1002 and 1304).  

 

Permission for Research on Premises 

 

Permission to conduct research on the Rara Avis Lodge and Reserve, S.A. property was 

granted by A. Bien, President, on 17 December 2009 and renewed annually with V. Gutiérrez, 

General Manager, Rara Avis, S.A.  

Permission to conduct research on the SelvaTica property was granted by J. I. 

Richardson, Research Coordinator, Rainforestry, Inc. on 1 March 2010. Permission was granted 

for 2010, 2011, and 2012. On 2 February 2012, S. Salas, Administrator, Rainforestry, Inc., 

granted an extension for research in 2013.  

 

Research Permits in Costa Rica 

 

All research in Costa Rica was conducted under permits from the appropriate 

governmental authorities: Sistema Nacional de Áreas de Conservación (SINAC) within the 

Ministerio de Ambiente, Energia y Telecomunicaciones. All research permits were valid for 6 
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months from the date of issue. All export permits were valid for two months from the date of 

issue. 

 

Table A.1: All Costa Rican research and export permits under which this research was 
conducted. 

 
Permit Number Type Date of Issue Permittee 

034-2008-SINAC Research 22-Feb-08 W.A. Boyle 
DGVS-390-2008 Export 24-Apr-08 W.A. Boyle 
176-2008-SINAC Research 09-Sept-08 W.A. Boyle 
041-2010-SINAC Research 03-Mar-10 W.A. Boyle 
061-2010-SINAC Research 30-Apr-10 M.A. Jones 
DGVS-434-2010 Export 29-Jun-10 M.A. Jones 
027-2011-SINAC Research 01-Mar-11 M.A. Jones 
DGVS-347-2011 Export 23-Jun-11 M.A. Jones 
049-2012-SINAC Research 27-Feb-12 M.A. Jones 
DGVS-303-2012 Export 09-May-12 M.A. Jones 

005-2913-ACCVC-PI Research 05-Mar-13 M.A. Jones 
DGVS-216-2013 Export 14-May-13 M.A. Jones 

 

 

Importation of Samples into USA 

 

Blood samples used for the relatedness study that were collected in 2008 were collected, 

exported, and imported to Canada by W.A. Boyle (Canada Food Inspection Agency #A-2008-

01340-3). The data from these samples were shared with M.A. Jones by W.A. Boyle and E. 

MacDougall-Shackleton. No samples from the year 2008 were ever imported into the USA or 

handled by M.A. Jones as part of this dissertation.  

Blood samples used for the relatedness study that were collected from 2010 - 2013, were 

collected, exported, and imported to the USA by M.A. Jones. The importation was conducted 

under USDA Import License # 105248 Research to E.H. DuVal (renewed annually with same 

license number). In all years, samples were declared to Customs and US Fish and Wildlife 

Service officials upon arrival at the US port of entry (Orlando International Airport, all years).  
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APPENDIX B 

 

COMPARISON OF COOPERATIVE STATUS METRICS 

 

 

Questions pertaining to the costs and benefits of cooperative display behavior require 

clear classification of cooperative status. As with many behavioral phenomena, participation in 

multi-male displays is variable in Corapipo altera males. In Chapter Two of this dissertation, the 

research goal was to describe the social interactions of male C. altera as being cooperative 

displays using criteria previously used in other species. Therefore, the focus of the chapter was 

on the patterns of the multi-male vs. solo-male displays by dominant individuals in general. The 

research goals of Chapters Three and Four were to determine fitness consequences of the 

cooperative and non-cooperative strategies used by individual male C. altera. Therefore, I had to 

determine the cooperative status for individual males.  

In this appendix, I explain how I classified individuals to cooperative or non-cooperative 

status. I provide details on alternate metrics (Table B.1), the correlation between these metrics, 

and why I chose to use the ones that I did in my research. Cooperative status was only 

determined for those males that were already identified as dominant males.  

 

Social Status Classification 

 

I classified individual males as a specific social status (dominant, subordinate, floater) at 

a display site in a given year. I assigned individuals to one of three social ranks based on 

behavior, assessing males separately at each display court and in each season. Dominant males 

were those that spent the most time at the court, were most often present in the absence of other 

males, and vocalized most often in the absence of other males. Subordinate males spent a 

substantial proportion of time (mean = 42 ± 38% of observation time, range = 5–100%) at 

display courts and participated in displays with the dominant male on at least two different dates 

within a season. All subordinate males displayed and vocalized less frequently than dominant 

and were rarely present in the absence of dominant. Based on this information, I identified a 

breeding-season-long dominant male for each display court, except where there was a clear shift 
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in the dominant male mid-season (n=7 of 174 site-years). This social status classification was 

used in Chapters Three and Four as the way to determine that was the dominant male at a given 

site in a given year.  

 

Classification by Cooperative Status 

 

In Chapters Three and Four, the focus of my research questions is on the fitness 

consequences of cooperative behavior, therefore, I needed to classify dominant individuals as 

having a cooperative or a non-cooperative status. The basis of the cooperation in this species, as 

defined in Chapter Two, is based on multi-male participation in display behaviors, as part of 

courtship of a female and in displays with no female present. Therefore, my determination of 

cooperative status is based on the interaction of two definitive-plumaged males. Interactions as 

measures of sociality have been defined differently in different species including belonging to 

the same social group (Lusseau 2003), sharing of a communal space (Chaverri 2010), perching 

within 10 cm of each other on a display perch (McDonald 2009), participation in antagonistic 

interactions (Drews 1993), or activity in a display at the same time (DuVal 2007c). In all 

association metrics mentioned below, I define an "interaction" is any time two males perform 

display behaviors (Table 2.2) at the same display site at within a single display bout. Display 

bouts were separated gaps in display behaviors lasting greater than one minute. Displays for 

females and displays with no females present are combined in the analysis.  

In this next section, I describe how each metric is calculated, then I describe how a 

cooperation status criterion was chosen, and finally, I provide the correlations between the 

metrics. These alternate methods were considered due to constraints on the sample size, the 

consistency of correct identification of identity based on color-bands, and differences in the data 

between the years.  
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Table B.1  Methods of classifying sociality in Corapipo altera.  

Name How Calculated Data Used 
Male ID 
Known Threshold Years  Chapter  

Pairwise 
Association 
Index 

(A+B)/ 
([A+B]+ 
[A+others]+ 
[B+others]) 

# of displays 
shared,  
limited to those 
involving 
dominant male 
 

Yes-All 
Males 

>1 session 2011-
2013 

NA 

Individual-
based 
Sociality 

(A+others)/ 
([A]+ 
[A+others]) 

# of displays 
shared, limited 
to those 
involving 
dominant male 
 

Yes-
Domina
nt Male 
only 

>6 
displays 
observed 

2011-
2013 

3,4 

Site-based 
Association 
Metric 

(displays >1male)/ 
(total # of displays) 

# of displays 
shared, limited 
to those 
involving 
dominant male 
 

No >6 
displays 
observed 

2011-
2013 

NA 

Session-
based 
Association 
Metric 

(sessions >1male)/ 
(total # of sessions) 

counts of # adult 
males in an 
observation 
session 

No > 500 
mins of 
observatio
n sessions 

2008-
2013 

3,4  
(only 
2008 - 
2010) 

 

 

Pairwise association index  

 

A pairwise association index (AI) has been used to classify cooperative dyads in several 

cooperatively displaying species, including the cooperative manakins Chiroxiphia lanceolata 

(DuVal 2007c). This half-weight index, with higher values for pairs that interact more 

exclusively with each other, was used to differentiate between closely affiliated individuals and 

individuals that floated between display sites. This index is the ratio of the instances of two birds 

interacting compared to how often each interacts with any other individual.  

 

Pairwise AI = (A+B interactions) /([A+B interactions]+ 

[A+all interactions with others]+[B+all interactions with others]) 

Where A and B are two individuals, an interaction is as defined for the system, and "all 



 

103 

interactions with others" is any interaction A or B has with any different individual. For 

Chiroxiphia lanceolata with duet participation as the interaction, 65 alpha-beta pairs were 

identified in 4 years (90.5% of 63 site-years; 11.1% were one alpha with multiple betas) were 

classified as cooperative with this method.  

I calculated the Pairwise AI for Corapipo altera with an interaction as defined as dual 

participation in simultaneous display behavior with both male identities known with the 

dominant individual involved. I was able to classify 37 pairs in 3 years of data but these 37 pairs 

only accounted for 27% of the 73 site-years and 78% of the partnerships identified were one 

dominant male with multiple subordinate males. The cooperative partnerships appeared to be 

more varied in Corapipo altera than in Chiroxiphia lanceolata. Instead of stable dyads, some 

individual males consistently interacted with many males throughout the season and others 

interact with few or no other males.  

 

Individual-based Sociality  

 

As few cooperative display coalitions involved stable dyads, individual males interacted 

with many males throughout the season, and others interact with few or no other males, I sought 

an alternative association index that would capture the range of interactions.  

 

Individual-based Sociality = (A in displays with other male) / (A's total displays) 

 

An individual-based association index, essentially the proportion of time that a male 

interacts with other males in displays, allowed me to quantify how frequently a dominant 

individual interacting with any other male. Identity of individual C. altera were determined using 

unique combinations of colored leg bands. Only individuals for which the full color combination 

was read, and identity was confirmed, were included in this individual-based association index. 

The small size, quick movements, and complexity of the forest environment all reduced the 

number of positive identifications. The lack of identification of individuals participating in many 

of the displays and researcher differences in the ability to read color-bands at specific display 

sites (due to male perch preference, vegetation density, or location of observation blind) could 
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lead to misclassification of males due to proportionately few observed displays being included in 

this association index.  

 

Site-based Sociality  

 

Dominant individuals remain at a display court across a full season and are the primary 

male to display at a display site throughout an observation session. Therefore, I calculated a third 

association metric on the assumption that the vast majority displays at a given site involved the 

dominant individual. This assumption allowed me to negate the previous concern about biasing 

the classification based on differences in visibility at different display sites. In this site-based 

sociality metric, I include all displays observed at a display site regardless of color-band (or lack 

of) identity. The index is a ratio of the number of total displays at a site that involve two or more 

males. I attribute the resultant score to the dominant individual attending that site.  

 

Site-based Sociality = (# displays at site with 2+ males) / (all displays at site) 

 

This method minimizes any color-band detection bias between the display courts as some 

sites were more challenging to determine individual identity due to individual behavior, favored 

perches, and surrounding vegetation. 

 

Session-based Sociality Metric 

 

In 2011-2013 data from observation sessions was entered for each individual active in 

each display or, however, in 2008-2010 data entered from observation sessions were totals for 

behaviors that occurred in that session. The only display specific data entered was for displays 

for females.  

I did not calculate the individual or site-based sociality metric using only the displays for 

females data in 2008-2010 for three reasons. First, cooperative display behaviors are not limited 

to interactions with females. While I show that copulations occur at the same rate after two-male 

displays as after solo displays (Chapter Two), there are considerably more solo displays observed 

than cooperative display. Second, displays for females only occurred at 45 of 68 display sites 
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with an active status in 2008-2010. Therefore, cooperative status would only have been 

determined for dominant males at 56% of sites-years. And third, of these 45 courts only 17 had 

more than 7 displays in a given year, below the threshold for determination of cooperative status 

using those methods and further reducing the number of males for which cooperative status 

could be determined. Therefore, neither the pair-wise association index nor the individual-based 

sociality metric nor the site-based sociality metric can be calculated for these years.  

Therefore, I calculated a proportion cooperative status is determined by an analogous 

index that calculated the proportion of observation sessions at a display court where two or more 

males were present.  

 

Session-based Sociality Metric = (# sessions with 2+ males) / (total # sessions) 

 

This metric allows me to measure the sociality of a dominant male with other definitively-

plumaged males.  

 

Association Index Score for Classification 

 

To fully capture the variation in the degree of interactions by a dominant male and how 

cooperation influences the fitness of the individual, it would be ideal to use the continuous scale 

of cooperative tendency in all of my models. However, the smaller sample sizes and the number 

of relevant factors in the models of interest precludes using a continuous scale and make a 

categorical determination of cooperative status necessary. Therefore, using the sociality metrics 

described above I used a threshold value to determine cooperative and non-cooperative status for 

dominant male C. altera. My goal in choosing a cutoff for the determination of cooperative 

status is to choose one that best matches the patterns of behavior apparent in the population.  

To avoid characterizing dominant male cooperative status on rare behavior, a minimum 

threshold for behavioral activity or the level of effort to observe behavior was needed. For the 

individual- and site-based sociality metrics, I limited cooperative status determination to those 

display courts where at least seven displays were seen throughout the early March – late May 

breeding season and the display site was classified as active based on all activity (see Chapter 

Two). For the session-based sociality metric, the minimum threshold was that at least 500 
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observation minutes had to be conducted at the court over the course of the season (the majority 

of three separate observations must have been completed) for cooperative status to be calculated. 

The threshold value on which to classify cooperative status was chosen based on the 

distribution of sociality metric values. For the individual-based sociality metric and the site-

based sociality metric, there is a natural gap in values between 0.20-0.27 (Figure B.1). Therefore, 

a dominant male with an association metric value greater than 0.27 was classified as cooperative 

and a dominant male with a value below 0.20 was classified as non-cooperative (Table B.3). This 

means that, for an individual to be considered cooperative more than 25% of all displays were 

performed with another male. Five individuals had values in the range of 0.20–0.27; in these 

instances, I classified the cooperative status of the dominant male based on his individual-based 

association metric score (cooperative n=2, non-cooperative n=3). For the observation-based 

association metric, cooperative status was also determined by a 0.27 threshold. As there was no 

secondary index to compare values to, all males (n=16) with scores between 0.2 and 0.27, were 

classified as non-cooperative.  

Of the 50 site-years for which both individual-based association metrics and observation-

based metrics were calculated, 14 were inconsistently classified (28%). There were eight male-

years classified as non-cooperative by the individual-based metric but not by the observation-

based metric and six were misclassified in the opposite direction.  

Given that I am using different metrics to classify cooperative status in different years 

and that the level of uncertainty varies between the metrics, I want to ensure that the cooperative 

status determination is consistent across all years. All three indices are correlated (Table B.2).  

 

 

Table B.2  Correlation between association metrics for Corapipo altera males. All metrics were 
significantly correlated (Pearson’s Product Moment Correlation).  

Metric A Metric B r t df P-value 

Individual Site 0.64 5.8 48 <0.001 
Individual Session 0.31 2.27 48 0.03 
Site Session 0.47 4.5 70 <0.001 

 

 

This correlation between all three metrics allows me to use the session-based metric for those 

years in which I cannot use the individual- and site-based metrics due to data limitations. 
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However, it should be noted that the metrics are not perfectly correlated and that there were 14 

individuals classified differently by the metrics using in 2008-2010 and 2011-2013.  

Throughout Chapters 3 and 4, a male's cooperative status was determined by the session-

based metric for years 2008-2010 and the site-based metric for years 2011-2013.  

 

 

 

Figure B.1: Histograms showing sociality and association metric values for Corapipo altera.  

 

 

Table B.3: Association index values from three methods of determining cooperation status in 
Corapipo altera males.  
 

Site Year 
Dom. 
Male 

Coop. 
Status 

Individual 
Sociality 

Site-based 
Association 

Session 
Association 

Active 
Status 

Effort 
(mins.) 

I 2008 O-SV yes   0.33 yes 1127 
I 2009 O-SV no   0.04 yes 3257 
II 2008 V-SG yes   0.63 yes 1564 
II 2009  NA   0.00 no 3310 
II 2010 Y-WS NA   0.50 no 720 
III 2008 P-SO NA   1.00 yes 178 
III 2009 P-SO no   0.25 yes 735 
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Site Year 
Dom. 
Male 

Coop. 
Status 

Individual 
Sociality 

Site-based 
Association 

Session 
Association 

Active 
Status 

Effort 
(mins.) 

IV 2008 B-CS yes   0.83 yes 1082 
V 2008 Y-SC no   0.17 yes 1080 
V 2009 Y-SC yes   0.40 yes 1080 
V 2010 Y-SC no   0.00 yes 600 
V 2011 YB-SB no 0.00 0.00 0.11 yes 1200 
VI 2008 O-YS no   0.17 yes 1115 
VI 2009 O-YS no   0.00 yes 906 
VI 2010 O-YS no   0.00 yes 847 
VI 2011 Y-VS yes 0.38 0.29 0.20 yes 1200 
VI 2012 PO-SR no  0.00 0.00 yes 960 
VI 2013 PO-SR no 0.00 0.00 0.00 yes 960 
VII 2008 B-SY yes   1.00 yes 1363 
VII 2009 Y-DS yes   0.55 yes 3091 
VII 2010 G-BS yes   0.50 yes 825 
VII 2011 G-BS no 0.00 0.07 0.50 yes 1320 
VII 2012 G-BS no 0.07 0.24 0.43 yes 1007 
VII 2013 WS-W yes 0.50 0.11 0.33 yes 1080 
VIII 2008  yes   0.63 yes 1401 
VIII 2009 B-SP yes   0.53 yes 2762 
VIII 2010 G-SO no   0.25 yes 600 
IX 2008 CP-S no   0.25 yes 1508 
IX 2009 CP-S no   0.04 yes 3331 
IX 2010 D-SP NA   0.00 yes 360 
X 2008 P-OS yes   0.29 yes 1125 
X 2009 P-OS no   0.25 yes 900 
X 2010 V-GS NA   0.50 yes 360 
XI 2008 PP-S NA   1.00 yes 365 
XIII 2010   NA   0.00 no 240 
XIV 2008 P-VS yes   0.50 yes 1396 
XIV 2009 C-GS yes   0.40 yes 655 
XIV 2010 C-GS no   0.00 yes 860 
XIV 2011 C-GS NA  0.00 1.00 yes 480 
XV 2008 GV-S yes   1.00 yes 1045 
XV 2009 GV-S yes   0.28 yes 3224 
XV 2010 SR-Y NA   0.00 yes 480 
XVI 2008 C-SD yes   1.00 yes 1113 
XVI 2009 C-SD yes   0.53 yes 3246 
XVI 2010   NA   0.00 no 240 
XVII 2008 D-WG yes   0.33 yes 555 
XVIII 2008 Y-BS yes   0.86 yes 1360 
XVIII 2009 O-GS no   0.10 yes 3108 
XVIII 2010   NA   0.00 no 360 
XIX 2008 Y-PS yes   0.67 yes 1082 
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Site Year 
Dom. 
Male 

Coop. 
Status 

Individual 
Sociality 

Site-based 
Association 

Session 
Association 

Active 
Status 

Effort 
(mins.) 

XIX 2009 B-SG no   0.25 yes 2729 
XX 2008 OB-S yes   0.29 yes 1215 
XX 2009 OB-S yes   0.40 yes 1080 
XX 2010 B-SG no   0.25 yes 720 
XX 2011 SD-B no 0.00 0.00 0.00 yes 1320 
XX 2012 SD-B no 0.13 0.14 0.50 yes 1080 
XX 2013 SR-R no 0.00 0.00 0.00 yes 1120 
XXI 2008  NA   0.00 yes 120 
XXI 2009 SW-R no   0.00 yes 900 
XXI 2010 C-SD no   0.20 yes 865 
XXI 2011 SR-Y yes 0.62 0.67 0.67 yes 1080 
XXI 2012 SR-Y yes 0.36 0.53 0.67 yes 864 
XXI 2013 SR-Y NA 0.67 0.00 0.00 yes 1050 
XXII 2008 B-SO no   0.00 yes 1107 
XXII 2009 B-SO no   0.00 yes 1080 
XXII 2010  NA   0.00 no 240 
XXIII 2009 B-SG yes   1.00 yes 903 
XXIV 2009 SY-B no   0.00 yes 900 
XXIV 2010  NA   0.00 yes 360 
XXV 2009  no   0.00 yes 520 
XXV 2010 Y-BS NA   0.25 yes 480 
XXV 2011 Y-BS yes 0.00 0.65 0.50 yes 1440 
XXV 2012 Y-BS no 0.00 0.22 0.29 yes 1128 
XXV 2013 Y-BS no  0.00 0.14 yes 1080 
XXVI 2008 B-SD yes   1.00 yes 1295 
XXVI 2009 B-SD no   0.24 yes 3456 
XXVI 2010 B-SD no   0.14 yes 815 
XXVI 2011 S-WG no 0.00 0.00 0.00 yes 1320 
XXVI 2012 S-WG no 0.11 0.13 0.17 yes 1080 
XXVI 2013 S-WG NA  0.00 0.00 yes 1090 
XXVII 2009 D-WG no   0.00 yes 900 
XXVIII 2009  yes   0.33 yes 1095 
XXIX 2008  yes   0.50 yes 1140 
XXIX 2009 Y-SW yes   1.00 yes 1090 
XXX 2009   NA   1.00 no 729 
XXXI 2009 SB-Y yes   0.33 yes 540 
XXXI 2010   yes   1.00 yes 600 
XXXI 2011 SO-Y no 0.41 0.07 0.00 yes 1140 
XXXI 2012 PY-DS yes 0.11 0.43 0.40 yes 830 
XXXI 2013 R-S no 0.00 0.03 0.00 yes 1090 
XXXII 2009 R-SG no   0.00 yes 900 
XXXII 2010 YS-O no   0.00 yes 520 
XXXII 2011 P-SR no 0.00 0.08 0.43 yes 1200 
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Site Year 
Dom. 
Male 

Coop. 
Status 

Individual 
Sociality 

Site-based 
Association 

Session 
Association 

Active 
Status 

Effort 
(mins.) 

XXXII 2012 P-SR NA  0.00 0.00 yes 840 
XXXII 2013   NA   0.00 no 120 
XXXIII 2009  yes   0.33 yes 900 
XXXIV 2009 P-SR yes   0.67 yes 915 
XXXIV 2010 P-SR yes   0.33 yes 600 
XXXIV 2011 OV-SW  NA  1.00 0.33 yes 960 
XXXIV 2012   NA  0.00 0.00 no 480 
XXXV 2009 B-SO no   0.00 yes 720 
XXXVII 2011  NA   0.00 no 120 
XXXVIII 2010  NA   1.00 no 120 
XXXVIII 2012 OS-B yes 0.26 0.36 0.25 yes 533 
XXXVIII 2013 OS-B yes 0.60 0.38 1.00 yes 1200 
XL 2009 P-SO no   0.25 yes 915 
XL 2010  no   0.00 yes 720 
XL 2011  NA  0.00 0.00 no 840 
XL 2012  NA  0.00 0.50 no 755 
XLI 2010 Y-WS yes   0.33 yes 840 
XLI 2011 S-YG NA  0.33 0.30 yes 1200 
XLI 2012 YS-W yes 0.50 0.36 0.00 yes 840 
XLII 2009   NA   0.00 yes 180 
XLII 2010 V-SB no   0.00 yes 605 
XLIV 2010 OS-R no   0.00 yes 580 
XLIV 2011 OS-R no 0.00 0.10 0.10 yes 1320 
XLIV 2013 BO-SY NA 0.46 0.00 0.00 no 840 
XLVI 2010 VY-S NA   0.33 yes 362 
XLVI 2011 RD-SY yes  0.25 0.44 yes 1208 
XLVI 2012 S-PD NA  0.00 0.25 yes 850 
XLVI 2013 RS-OD NA  0.00 1.00 no 1060 
XLVII 2010  NA   0.00 yes 240 
IL 2009 GS-D NA   0.50 yes 360 
IL 2010  NA   0.00 yes 240 
IL 2011 S-PW no 0.00 0.00 0.14 yes 1080 
IL 2012   NA  0.00 0.00 yes 840 
IL 2013 D-S no 0.00 0.11 0.60 yes 960 
L 2010 SP-G NA   0.00 yes 130 
L 2011 SP-G no 0.17 0.11 0.13 yes 1099 
L 2012 SP-G yes 0.45 0.21 0.33 yes 850 
L 2013 S-Y no  0.00 0.00 yes 1080 
LIII 2010 SR-V yes   0.50 yes 720 
LIII 2011 PB-GS NA 0.00 0.00 0.29 yes 1200 
LIII 2012   NA  0.00 0.00 yes 960 
LIV 2010   NA   0.50 no 260 
LV 2010 Y-CS NA   0.00 yes 480 
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Site Year 
Dom. 
Male 

Coop. 
Status 

Individual 
Sociality 

Site-based 
Association 

Session 
Association 

Active 
Status 

Effort 
(mins.) 

LVI 2010 S-VB yes   0.80 yes 540 
LVI 2011 SR-V NA  0.00 0.22 yes 1200 
LVI 2012 BG-SP NA 0.00 0.00 0.00 yes 730 
LVI 2013   NA  0.00 0.00 yes 970 
LIX 2011 VR-SG no 0.17 0.06 0.14 yes 1342 
LX 2010   NA   0.00 yes 120 
LX 2011 G-SB no 0.00 0.00 0.00 yes 952 
LX 2012 BS-B NA  0.00 0.00 yes 705 
LX 2013 BS-B no 0.00 0.00 0.25 yes 960 
LXI 2011 G-SO no 0.05 0.05 0.20 yes 1320 
LXI 2012 G-SB yes 0.80 0.87 0.29 yes 972 
LXI 2013 G-SB yes 0.31 0.48 0.22 yes 1230 
LXII 2011 BS-P yes 0.50 0.29 0.22 yes 1080 
LXII 2012 BS-P no 0.00 0.16 0.57 yes 889 
LXII 2013 BS-P yes 0.39 0.70 0.67 yes 1305 
LXIII 2011 SR-RG no 0.07 0.09 0.10 yes 1361 
LXIII 2012 OP-YS NA  0.00 0.00 yes 631 
LXIII 2013 OP-YS yes 0.71 0.68 0.57 yes 1040 
LXIV 2011 OY-S NA 0.00 0.00 0.00 no 1080 
LXV 2012 OY-S no 0.00 0.00 0.00 yes 881 
LXVI 2011 V-GS no 0.00 0.00 0.11 yes 1140 
LXVI 2012 V-GS no 0.13 0.27 0.33 yes 845 
LXVI 2013 RW-SY NA  0.00 0.00 yes 960 
LXVII 2011 DO-SV no 0.00 0.00 0.00 yes 1080 
LXVII 2012   no   0.00 yes 630 
LXVII 2013 S-W  no 0.00 0.13 0.20 yes 960 
LXX 2012 P-SR yes 0.47 0.41 0.67 yes 360 
LXX 2013 P-SR yes 0.52 0.52 0.13 yes 1080 
LXXII 2013 DG-SB yes  0.86 0.60 yes 960 
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APPENDIX C 

 

PCR PROGRAM FOR MICROSATELLITES – 

DETAILS OF MICROSATELLITE GENOTYPING 

 

The polymorphic microsatellites used in this study were originally described by Barnett 

and colleagues (Barnett et al. 2008). I also used a primer pair  (P2/P8) amplifying regions of the 

W and Z chromosomes to genetically determine sex (Griffiths et al. 1998). I combined the 14 

primers into five mixes, with fluorescent tags added to one primer of each pair for visualization 

of PCR products. The five mixes contained the following combinations of primers (with 

fluorescent tag indicated): Mix 1, CoAl6-FAM, CoAl21-PET, CoAl87-HEX; Mix 2, CoAl86-

PET, CoAl56-HEX, CoAl85-FAM, CoAl32-HEX; Mix 3, CoAl02-FAM, CoAl68-PET, CoAl39-

NED, P2/P8-FAM; and Mix 4, CoAl01-FAM, CoAl24-FAM, CoAl33-TET, CoAl65-HEX, and 

Mix 5: CoAl45-TET.  

All PCR reactions were completed Applied Biosystems Veriti Fast Thermal Cyclers. The 

specific programs used for each mix are details in Table C.1.  

 

Considerations for Future Work  

 

I recommend not using the TET fluorescent tag employed here, as I found there to be 

considerable saturation from this primer into the other colors. Instead I recommend the NED 

fluorescent tag. With this change, CoAl45 could be included in Mix 1.  
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Table C.1 Polymerase Chain Reaction (PCR) program used to amplify C. altera microsatellites. 
Time indicates the duration for which the sample was held at the specified temperature. 
 

Mix Temperature (°C ) Time Cycles 
Mix 1 & 5 95 15 min 1 
 94 30 s 5 
 62 90 s  
 72 60 s  
 94 30 s 7 
 60 90 s  
 72 60 s  
 94 30 s 18 
 56 90 s  
 72 60 s  
 72 30 min 1 
 4 ∞ 1 
    
Mixes 2 & 4 95 15 min 1 
 94 30 s 7 
 62 90 s  
 72 60 s  
 94 30 s 22 
 56 90 s  
 72 60 s  
 72 30 min 1 
 4 ∞ 1 
    
Mix 3 95 15 min 1 
 94 30 s 4 
 62 90 s  
 72 60 s  
 94 30 s 5 
 61 90 s  
 72 60 s  
 94 30 s 18 
 56 90 s  
 72 60 s  
 72 30 min 1 
 4 ∞ 1 
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APPENDIX D 

 

MOLT PATTERNS AND PLUMAGE IN CORAPIPO ALTERA 

 

 

The molt and plumage cycles of many neotropical birds are poorly known (Wolfe et al. 

2009). Here I provide an overview of previous literature on the molt and plumage patterns in 

Corapipo altera, add photos to the plumage cycles, and provide details of how the plumage cycle 

was used in aging birds for this research.  

The molt cycle of C. altera occurs between the breeding season and possible migration in 

this portion of their range.  Working in the same area as the study population, Rosselli (1994) 

found that those C. altera that migrate return to the higher, breeding elevation between January 

and June (peaking in March and April) for females and between January and April (peaking in 

February) for males. Boyle (2006) found similar patterns, refining the downhill migration to July 

to December, the uphill migration to February to March and the breeding season April to June. 

While the field seasons in the current season all started in mid- to late-February, these return 

periods and peaks correspond to the peaks in display behavior that were observed between 2008 

and 2013. In the duration of this study, I found that the breeding season started in late February 

and display rates had tapered off by late May but with occasional displays were observed in 2010 

in June and early July. Rosselli (1994) reported that the molt of flight feathers occurred 

immediately followed the breeding season and peaked in July. Body molt followed the initiation 

of flight feather molt in individuals and lasted two to three months. The molt cycle and 

subsequent change in plumage allows for aging of individuals captured after the first year of life 

in this species.  

Male C. altera have a pattern of delayed plumage maturation. Young males and females 

had an olive green plumage with a grey throat (Figure D.1). In the second complete molt after 

hatching, males retained the green body plumage but the throat feathers are white and the facial 

feathers (lores, eye ring, and supercillium) were black. These males also had occasional blue-

black body feathers characteristic of the male definitive plumage. In the following year, males 

grew the definitive blue-black plumage with a white throat (Figure D.1).  
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Figure D.1  Typical plumage of Corapipo altera. Left: Females, hatch year, and second year 
males have an all-over green plumage with a grey throat. Center: Third year males have a white 
throat and black feathers around the eyes to form a mask but retain mostly green body plumage 
with occasional blue-black feathers. Right: Definitive plumage for males (after third year male).  
 

 

These age-specific plumages allowed me to categorize the age for individuals in the 

population (Table D.1). Such calendar-based age codes are commonly used throughout North 

American including by the USGS Bird Banding Laboratory (Pyle 1997). The delayed plumage 

maturation in males allowed for the exact aging of any males that were initially captured in any 

plumage other than the definitive blue-black plumage (after third year, ATY). Males initially 

captured in the definitive plumage were aged as a minimum of four years old and subsequent 

years alive were added to this base age.  

In 2013, I implemented the use of molt limits to identify second year birds as outlined by 

Ryder and Duraes (2005) for other species of manakins. A molt limit in the secondary feathers 

was evident in some green individuals, and we did not find molt limits in any of the green 

females recaptured from previous years. However, as 2013 was the final year of the study I was 

unable to confirm the development of second-year birds with molt limits into third-year 

plumaged males or green plumaged females without molt limits. I encourage others working 

with this species to use molt limits as a way to more precisely age female C. altera and to 

separate second-year birds from older females with a green plumage.  
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Table D.1  Plumages used in determination of age status for Corapipo altera males and females. 
The age codes (HY: Hatch Year, AHY: After Hatch Year, SY: Second Year, ASY: After Second 
Year; TY: Third Year, and ATY: After Third Year) are used by the Bird Band Laboratory 
(USGS). Age represent exact age for any individual captured in a plumage prior to the ultimate 
plumage, age represents a minimum age for any individual initially captured with the ultimate 
plumage.  
 

Sex	 Interval	 Plumage	 Age	Code	 Age	

Male July - January Green, grey throat HY 1 
 January - July  Green, grey throat SY 2 
 July - January Green, grey throat AHY 2 
 January - July  Green, white throat, black facial feathers TY 3 
 July - January Green, white throat, black facial feathers ASY 3 
 January - July  Blue, white throat ATY 4 
 July - January Blue, white throat ATY 4 
     

Female July - January Green, grey throat HY 1 
 January - July  Green, grey throat AHY 2 

  July - January Green, grey throat AHY 2 
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