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Synopsis 

This study aimed to investigate the competitive family dynamics of breeding Black-

faced Cormorants (Phalacrocorax fuscescens) at Outer Harbour, South Australia. 

Mating and parental care behaviours are complex yet fundamental to family dynamics. 

Family interactions are highly influenced by access to resources and the degree of 

relatedness between individuals. Competition between family members is expected to 

increase when access to resources is limited. Individuals within a family have different 

degrees of relatedness and thus compete for resources because they do not necessarily 

share the same reproductive interests. Resource limitation and relatedness are thus 

sources of intra-familial conflict that was a focus in my study.   

All family members are affected by resource shortages. Adults insure against 

reproducing in an uncertain world by laying optimistic clutches. Adults may then play 

favourites and trim the size of the brood if access to resources decreases. Hatching 

asynchrony facilitates this brood reduction because adults provide first-hatched core 

nestlings with physical and developmental advantages over later-hatched marginal 

nestlings. Core nestlings compete with marginal nestlings by begging and/or using overt 

aggression to dominate adult food supply, generally resulting in weaker marginal 

nestlings dying from starvation or siblicide. Marginal nestlings thus bear the brunt of 

resource shortages.  

Relatedness between family members cannot be assumed because social mating 

relationships do not always reflect genetic mating relationships. In populations where 

extra-pair paternity (EPP) is common, some nestlings may not be genetically related to 

the adult male or nestmates. In this case, males are known to adopt particular feeding 

patterns, including preferentially feeding core nestlings over marginal nestlings. These 

behaviours can have implications on the distribution of food within broods and can 

affect the rate of brood reduction in species such as cormorants where competitive size 

asymmetries already exist. Intra-familial conflict influences the fitness benefits obtained 

by different family members in relation to the presence and elimination of marginal 

nestlings. 

Cormorants are colonial breeding seabirds that live in a variable marine environment. 

Eggs are laid asynchronously resulting in age and size differences between nestlings 

that influence growth and survival. This is a ‘classic’ brood reduction system where 
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core nestlings survive and marginal nestlings die. It is assumed that marginal nestlings 

are eliminated due to competitive begging diminishing access to food or overt 

aggression from nestmates. However, the role of the marginal nestling is not clearly 

understood in cormorants, although it is predicted that marginal nestlings aid the 

survival of core nestlings in some species. Adults are presumed to form socially 

monogamous pair bonds, but this has not been confirmed genetically and therefore 

extra-pair paternity (EPP) could be present. The Black-faced Cormorant is thus an ideal 

model species in which to investigate the effects of competitive family dynamics on 

brood reduction.  

This study examined parental care and mating systems in the Black-faced Cormorant to 

determine how different individuals within families interact to obtain evolutionary 

fitness. I employed a contemporary behavioural and molecular ecology approach that 

drew on conceptual frameworks from life-history and behavioural ecology theories. My 

study addresses the overarching research question of whether (1) extra-pair paternity 

drives male favouritism or nestling competition and (2) whether these family dynamics 

help to explain brood reduction in the Black-faced Cormorant. The study comprised: (1) 

a brood manipulation experiment that measured levels of adult food provisioning, 

nestling begging dynamics and aggression between nestlings; (2) a morphological sex 

determination study; (3) the development of microsatellite markers; and (4) the analysis 

of the genetic family structure of Black-faced Cormorants.  

There are a number of main outcomes from the study. A practical method was 

established for determining the sex of individual Black-faced Cormorants in the field 

and it was found that adults exhibit sexual size dimorphism. Brood size was found to 

affect the begging behaviour of nestlings and food supply by adults. The study provides 

the first detailed report of overt physical aggression occurring in cormorants. Finally, I 

characterised four novel loci using 454-shot gun sequencing and successfully cross-

amplified these loci in four other cormorant species. I have also shown that there is a 

low incidence of extra-pair paternity and adoption in the Outer Harbour population of 

Black-faced Cormorants, which suggests that Black-faced Cormorant mating systems 

are largely monogamous and that most competitive interactions occur between first-

order relatives.   

While limitations of the study mean that it was not possible to provide conclusive 

evidence, it is likely that extra-pair paternity does not drive adult favouritism or nestling 
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competition and thus these family dynamics do not appear to explain brood reduction in 

the Black-faced Cormorant. The findings of the study contribute new knowledge to our 

understanding of complex mating systems and parental care behaviours in brood 

reducing seabirds. This knowledge, and the new techniques developed in the study, can 

be used as a basis for future research of the Black-faced Cormorant and brood reducing 

seabirds more broadly. 
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Chapter 1 

A general introduction to parental care and mating 

systems in birds 

1.1 Evolution of parental care and mating systems in birds 

The evolution of avian parental care and mating systems are closely linked and derive 

from mechanisms of sexual selection (Ligon 1999). Sexual selection is an evolutionary 

process in which a particular characteristic that improves the mating success of an 

individual is favoured (Krebs & Davies 2009). Specifically, sexual selection acts on 

characteristics in two key ways. It can favour the ability of one sex to compete directly 

with one another for fertilisation, such as male to male competition (i.e. intra-sexual 

selection) (Krebs & Davies 2009, p. 183). It can also enable one sex to attract members 

of the opposite sex for mating purposes, such as female mate choice (i.e. inter-sexual 

selection) (Krebs & Davies 2009, p. 183). The pressures associated with sexual 

selection, such as the need for individuals to attract or defend mates, have given rise to 

the diverse and complex parental care and mating behaviours currently evident in 

modern birds (Table 1.1) (Shuster & Wade 2003).  

My study examines the diversity of parental care and mating behaviours in a seabird 

species, the Black-faced Cormorant (Phalacrocorax fuscescens), and explores how 

these behaviours influence competitive family dynamics. The concepts of parental care 

and mating systems can themselves be ambiguous and require definition. In this study, 

parental care is defined as ‘any trait that enhances the fitness of a parent’s offspring, 

and that is likely to have originated and/or to be currently maintained for this function’ 

(Smiseth et al. 2012, p.7). This includes behaviours such as food provisioning, 

incubation, nest building and the provisioning of gametes (Smiseth et al. 2012). 

However, in this study I use food delivery from adults as a measure of parental care. 

Mating systems are defined here as a suite of genetic and social relationships that are 

constructed between males and females within a population, generally for the purpose 

of mating (Emlen & Oring 1977; Ligon 1999; Bennett & Owens 2002). Typically, 

mating systems are classified according to the number of mates that an individual has 

during the breeding period (Bennett & Owens 2002). However, it is important to note 
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that some individuals may have a social relationship with one mate but also a genetic 

relationship with another (Ligon 1999; Bennett & Owens 2002) (Table 1.1) 

 

Table 1.1 Different types of commonly exhibited parental care and mating behaviours found in birds. 

(Definitions adapted from: Ligon 1999; Shuster & Wade 2003; Cézilly & Danchin 2008; Davies et al. 

2012). 

Type of Behaviour Definition 

No parental care Nestlings are born precocial and generally do not require parental care for 

survival. Neither male nor female provides post-hatching care of nestlings. Nest 

guarding may be performed by males.  

Uni-parental care Either male or female provides post-hatching care of nestlings. Nestlings are 

generally born altricial or semi-altricial and require some parental care for 

survival. 

Bi-parental care Nestlings are born altricial and require a level of parental care for survival. Both 

male and female provide post-hatching care of nestlings. Parental care may be 

equally or unequally shared between the pair.  

Genetic Monogamy A single male and female are genetically involved in the production of nestlings 

in one or more reproductive episodes. Sexual fidelity between partners is 

implied. The male and female often provide parental care. 

Social Monogamy An association of a single male and female in the course of one or several 

reproductive episodes. Sexual fidelity between partners is not necessarily 

implied. The male and female often provide parental care. 

Polygyny An association of a single male with several females. Each female only 

reproduces with a single male during the breeding period. The female often 

provides the parental care. 

Polyandry An association of one female with several males during the same breeding 

period. The male often provides parental care. 

Promiscuity Both male and female have multiple partners during the breeding period. The 

male often provides the parental care through nest guarding. 

 

The diversity and complexity of parental care and mating systems probably evolved 

from the pressures of sexual selection within a promiscuous mating system; that is, a 

system where males only contribute gametes to the reproductive effort of females 

(Ligon 1999). Ligon (1999) explains that the transition from almost no parental care to 

obligate bi-parental care evolved due to the need for males to attract and defend 

reproductively active females. This constraint resulted in a scenario where the 

development of ancestral parental care behaviours, such as egg guarding by males, was 

favoured. In turn, this affected the development of nestlings and their dependence on 

parental care, resulting in the transition from precocial nestling development to altricial 

nestling development. 
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Precocial development is considered to be the ancestral form of nestling development 

(Ligon 1999). Precocial nestlings are born large, fully feathered, with their eyes open 

and are mobile (Gill 2007). They are highly developed, have a slow growth rate and are 

largely independent from parents. Precocial nestlings usually require parental care from 

one adult (i.e. uni-parental care) (Gill 2007). On the other hand, altricial nestlings are 

born small, naked, with their eyes closed and are not mobile (Gill 2007). They are 

highly dependent on their parents for food, shelter and warmth. Altricial nestlings 

generally require a large amount of parental care and this is usually provided by both 

adults (bi-parental care) (Ligon 1999).  

Altricial nestlings have rapid growth and high survival prospects compared to precocial 

nestlings (Gill 2007). Thus, altricial development is a more effective means of 

reproduction and this favoured an increase in the amount of post-laying parental care 

that is provided by both parents (Ligon 1999). Eventually, nestling dependence 

influenced the advancement of more complex parental care behaviours and increased 

the behavioural attributes of both adults, such as the incubation, brooding and 

provisioning effort. As a result, there was a progression away from minimal parental 

care to obligate bi-parental care (Bennett & Owens 2002). Once obligate  parental care 

was developed in both sexes, an adaptive change from promiscuous mating 

relationships towards mating systems that strongly favoured monogamous pair bonds 

was established (i.e. true monogamy) (Bennett & Owens 2002).  

After the establishment of true monogamy, as Ligon (1999) explains, mating systems 

could then affect, as well as be affected by, various forms of parental care. Moreover, 

mating systems and parental care are each susceptible to the strength of sexual selection 

and, conversely, sexual selection can influence the strength of mating systems and 

parental care. The interconnected relationship between these three distinct processes is 

fundamental to the breeding biology of birds and is important to keep in mind when 

studying parental care and mating behaviours. 

1.2 Theoretical framework: parental care and mating systems 

My study employs a theoretical framework comprising four key theories: Hamilton’s 

(1964) theory of inclusive fitness; Trivers’ (1974) intra-familial conflict theory; and 

Lack’s (1947, 1954) clutch size theory and brood reduction hypothesis. This framework 

is used to investigate how parental care and mating behaviours influence competitive 



 

4 

 

family dynamics. These theories are fundamentally influential in the field of 

behavioural ecology and are appropriate for use as a basis of the current study. Each 

theory is described below in an order that supports the development of my argument. 

Other supporting theoretical resources, such as the application of game theory in 

biological studies, are also discussed. 

1.2.1 Hamilton’s theory of inclusive fitness  

An effective way to explain the range of behavioural interactions that are associated 

with parental care and mating systems is to identify the fitness benefits obtained by 

individuals within a family unit. These interactions are best understood in terms of 

Hamilton’s (1964) theory of inclusive fitness. Hamilton’s research provides a valuable 

framework for understanding the social implications of inclusive fitness. 

In its simplest form, Hamilton’s theory addresses the relationship between three critical 

aspects of the negotiation of social behaviour: 1) the cost to one’s self; 2) the benefit of 

reproduction; and 3) the probability of genetic relatedness. These are used to explain 

how the conditions for selection of a particular trait in a population can increase in 

frequency (Mock & Parker 1997). For example, an act of altruism between siblings will 

be favoured by an individual if  

 b r > c  

where, c is the cost of self’s reproduction, b is the benefit to the relative’s reproduction 

and r is their genetic relatedness (Hamilton 1964). This equation, known as Hamilton’s 

rule, explains that “an individual’s total fitness, or inclusive fitness, is related to the sum 

of its personal fitness [i.e. direct fitness] plus a share of that achieved by kin [i.e. 

indirect fitness]” (Mock & Parker 1997, p. 14). Therefore, the probability of a certain 

action evolving is determined by the degree of relatedness between individuals, and the 

costs and benefits associated with that action (Mock & Parker 1997). 

The coefficient of relationship, r, is therefore an important determinant of behaviour 

within a family (Hamilton 1964). Generally speaking, the coefficient of relationship is 

described as one-half between parents and their offspring (0.5); one-half between full 

siblings (0.5); one-quarter between half-siblings (0.25); one-eighth between cousins 

(0.125); and zero where no relatedness exists (Trivers 1974). It is therefore more likely 

that an individual will forego a reproductive opportunity for a full sibling than for a 

cousin or a non-relative (Trivers 1974). 
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While it appears that losing an opportunity to reproduce at the expense of assisting a 

relative is not a favourable behaviour, Hamilton (1964) explains that such an action can 

spread within a population. This occurs when an individual indirectly gains 

reproductive success by sharing a common gene with the beneficiary’s offspring. For 

example, cooperative breeding birds have non-reproducing helpers that specialise in 

caring for the group’s young with whom they usually share some common genetic 

material (Elmen 1982; Crick 1992; Cockburn 1998). In this way, the degree of 

relatedness is a key driver of the evolution of parental care and mating behaviours 

within families. 

1.2.2 Behavioural interactions in the family unit 

The family unit is the basis of parental care and mating system dynamics. A family unit 

encompasses a complex web of interconnected individuals that interact with each other 

for the duration of a breeding period (Bennett & Owens 2002). Typically, it consists of 

three interacting behavioural groups: adult-adult; nestling-nestling; and adult-nestling 

(Figure 1.1.). These interactions have different temporalities and the degree of genetic 

relatedness can vary between individuals (Morales & Velando 2013). While current 

literature on parental care and mating systems uses the terminology of parents and 

offspring, for the purpose of this study it was decided that these terms would be 

replaced by adults and nestlings. This is primarily because genetic relationships 

between individuals within a family may not simply reflect the observed social 

relationships.  
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Figure 1.1 Three levels of behavioural interactions occurring within a family unit. 

(Adapted from Mock & Parker (1997)). 

 

Adult-adult interaction occurs between two adults and may take various forms. For 

example, adults may have a one-off encounter with one another for the sole purpose of 

mating (e.g. promiscuity) or form a longer relationship that may be sustained for the 

remainder of the breeding season or the rest of their lives (e.g. true monogamy) (Mock 

& Parker 1998). Generally, sexual partners are not genetically related. 

The nestling-nestling interaction is usually assumed to be influenced by the coefficient 

of relatedness, although factors other than genetics may also affect this interaction 

(Mock & Parker 1998). For example, thermoregulation is important for nestling 

survival and can affect nestling behaviour. Nestlings may huddle together to maintain 

heat regardless of their relatedness (Dunn 1975; Forbes 2007). 

Finally, adult-nestling interaction typically involves a relationship of size asymmetry 

and resultant differences in physical power. Genetic relatedness commonly associated 

with this form of interaction, but factors other than genetic relatedness may also be 

involved (Mock & Parker 1998). 

It is important to note that the family unit may also contain different types of 

relationships. This includes circumstances where adopted nestlings or extra-pair 
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nestlings are present in the brood. Adopted nestlings share no genetic relatedness with 

either adults attending the nest or with nestmates (Hamilton 1964; Pierotti & Murphy 

1987). Extra-pair nestlings are typically produced when females mate with another 

partner outside the monogamous pair-bond. This is known as female extra-pair 

copulation (EPC) (Andersson 1994; Bennett & Owens 2002). The frequency of female 

EPC affects the proportion of nestlings in the brood that are genetically related to the 

male adult (extra-pair paternity: EPP) and other nestmates. In these circumstances, the 

degree of relatedness can influence the interactions that occur between adult-nestling 

and nestling-nestling. This dimension of family dynamics is a key component of my 

study. 

1.2.3 Conflicts within the family 

Family members will not necessarily share the same degree of relatedness or 

reproductive interests (Forslund & Pärt 1995; Martin 1995; Nilsson & Svensson 1996; 

Forbes 2007). As the degree of relatedness decreases it is predicted that individuals will 

increasingly compete for resources such as parental care (Trivers 1974). In particular, 

Parker et al. (2002) explain that there are three distinct conflicts which occur within the 

family unit: (a) sexual conflict, where males and females compete over the amount of 

parental care that each adult should supply to nestlings; (b) parent-offspring conflict, 

where adults and nestlings compete over the amount of parental care supplied by adults 

to nestlings and the amount of parental care demanded by nestlings from adults; and (c) 

nestling conflict, where nestmates compete over the amount of parental care that each 

nestling receives from adults. 

Collectively, these types of conflict are known as intra-familial conflict (Trivers 1974). 

This concept was established by Trivers (1974) to explain competition over parental 

care, specifically parent-offspring conflict. Trivers’s (1974) theory complements 

Hamilton’s (1964) theory by incorporating the importance of genetic relatedness to 

evaluate the level of competition expected between each family member. For example, 

a higher level of competition is expected between non-related nestlings compared to 

related nestlings (Trivers 1974). Together, Hamilton’s and Trivers’ theories can provide 

a useful framework for exploring competitive interactions occurring within a family.  

Intra-familial conflict generates a theoretical battleground known as the conflict zone 

(Maynard Smith 1974). In this zone, the optimal level of parental care for each family 

member is different from the level of parental care that is actually provided or received 
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(Maynard Smith 1974; Godfray 1995; Royle et al. 2004). For example, the fitness costs 

and benefits of adults and nestlings in relation to parental investment and the optimal 

level of parental investment occur when each family member experiences the greatest 

benefit for the lowest cost. However, because the optimal strategy for adults is different 

from nestlings, a disparity emerges between reproductive interests and this is the source 

of parent-offspring conflict (Kilner and Hinde 2012, p.120) 

Game theory predicts that family members resolve opposing conflict by when an 

evolutionarily stable strategy (ESS) is achieved (Maynard Smith 1974; Godfray 1995). 

This is achieved by family members establishing a phenotypic strategy that, if adopted 

by all members of a population, prevents alternative strategies from persisting in the 

population (Maynard Smith 1974; Godfray 1995; Lessells 2012). Importantly, ESS is 

used as a theoretical framework for understanding conflict resolution in competitive 

family dynamics, because it “represents the level of conflict that should be observed in 

nature” (Godfray & Parker 1992, p. 474). Family members are predicted to optimise 

their reproductive success by expressing a range of competitive behavioural tactics 

which secure their optimal strategy at the lowest cost (Martin 1987; Brockelman 1975; 

Mock & Parker 1998; Parker et al. 2002; Cant 2006). Furthermore, models of ESS 

resolution account for situations where fitness consequences of one family member 

depend on the behaviour of others (Lessells 2012, p.152). For example, in the conflict 

zone an inverse relationship exists where the optimal strategy expressed by one family 

member decreases in value as the optimal strategy of the other increases (Forbes 2007). 

Resolutions of conflict according to ESS can thus predict an evolutionary end point 

where the costs and benefits of inclusive fitness are evaluated and resolved through the 

expression of competitive behaviours between family members (Trivers 1974; Hinde & 

Kilner 2007; Lessells 2012). 

 

1.2.3.1 Access to resources and mates drives competition in families 

The different types of behavioural interaction (e.g. adult-adult, adult-nestling and 

nestling-nestling) can influence the way family members compete. There are important 

similarities in behavioural interactions across these groups including competition over 

access to resources and mates (Greenwood 1980; Furness & Birkhead 1984; Martin 

1987; Clutton-Brock 1991; Westneat & Stewart 2003; Alonzo & Klug 2012; Kilner & 

Hinde 2012; Lessells 2012; Morales & Velando 2013). My study focuses on aspects of 



 

9 

 

intra-familial competition that arise from conflict over: (1) the supply of food by adults 

and demand for food from nestlings; and (2) reproductive opportunities such as mating 

frequency of adults. Competition between different family members is not necessarily 

mutually exclusive and in some instances different types of competition may overlap 

(Ligon 1999; Bennett & Owens 2002). More importantly, competition is highly 

influenced by species life-history characteristics and ecological conditions and is 

therefore expected to vary across taxa (Bennett & Owens 2002). 

1.3 Competition in seabirds 

Seabirds are defined as a group of birds which obtain all or most of their food from the 

marine environment, yet return to the land to breed (Nettleship 1991; Schreiber & 

Burger 2001). A marine environment can constitute a coastal area, island, wetland or 

estuary (Nettleship 1991; Schreiber & Burger 2001). Following Schreiber & Burger 

(2001), the following orders are defined as seabirds in this study: (a) Sphenisciformes 

(i.e. penguins); (b) Procellariiformes (e.g. albatrosses, petrels, fulmars, shearwaters); (c) 

Pelecaniformes (e.g. cormorants, pelicans, boobies, gannets); and (d) Charadriiformes 

(e.g. guillemots, terns, puffins). Numerous seabird species are known to lay a single 

egg, such as most members of the Procellariiformes, however clutches of multiple eggs 

do occur in species belonging to Pelecaniformes, Sphenisciformes and Charadriiformes 

(Nelson 1980). Thus there is potential for nestling competition in many seabird species. 

This study examines competitive family dynamics in one seabird species, the Black-

faced Cormorant. In the following sections I briefly summarise the life-history 

characteristics of seabirds and how these interact with variable environmental 

conditions to influence intra-familial competition. I then introduce two conceptual 

frameworks: (a) Lack’s clutch size hypothesis (Lack 1947); and (b) the brood reduction 

hypothesis (Lack 1954; Ricklefs 1965). Specifically, I demonstrate that brood reduction 

affects, and is affected by (a) adult favouritism and (b) nestling competition, and I show 

that these behaviours are widespread within the seabird group. Finally, I examine these 

behaviours in relation to cormorant families and outline the study aims and thesis 

structure. 

1.3.1 Life-history and ecological constraints affect competition 

Many seabirds are typically characterised as having long life-spans, colonial breeding 

behaviour, low reproductive effort, hatching asynchrony and altricial (or semi-altricial) 
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nestlings (Furness & Monaghan 1987; Ricklefs 1990). These factors can constrain 

opportunities to access resources (e.g. mates and food) and can intensify competitive 

interactions within the family (Bennett & Owens 2002).  

High breeding density and synchrony between adults are two life-history characteristics 

that can affect mating opportunities (Bennett & Owens 2002). These characteristics 

increase the proximity of reproductively receptive mates while conversely limiting the 

number of available mates (Wan et al. 2013). As a result, the likelihood of conflict 

between adults over reproductive interests can increase and females may engage in 

EPC. This can result in a higher proportion of nestlings within the brood being 

genetically unrelated to the male adult or other nestmates (Westneat & Sherman 1993). 

In turn, this can increase the level of competition between males and nestlings and 

between nestmates, affecting the division of food within the brood (Mock & Parker 

1997).  

Breeding density can also affect food competition between adults. Foraging for food 

requires a large amount of energy expenditure and colonial breeding seabirds are 

therefore predicted to forage in close proximity to the breeding colony (Bennett & 

Owens 2002). This niche restriction means that adults compete with each other for food 

(Furness & Birkhead 1984; Lewis et al. 2001). Such competition commonly results in a 

high degree of conflict between foraging adults, including between the sexes, due to 

differential reproductive demands (Selander 1966; Kokko & Jennions 2012; Harris et 

al. 2013). 

Altricial nestling development is another life-history characteristic that can affect family 

competition (Mock & Parker 1998). Altricial nestlings have slow developmental growth 

and are entirely dependent on adults for survival (e.g. food, protection and warmth). 

Adults are therefore required to forage to provide food to dependent nestlings and adults 

may compete with each other over which sex supplies most of the food (Selander 1966; 

Kokko & Jennions 2012; Harris et al. 2013). However, more importantly, prolonged 

periods of parental care reduce the availability of reproductively receptive mates within 

the breeding population. As such, this characteristic can increase competition between 

the sexes, and increase the likelihood of females engaging in EPC, especially when 

males provide a larger proportion of parental care (Bennett & Owens 2002).  

Altricial nestling development can also affect allocation of food between adults and 

nestlings (Clutton-Brock 1991; Westneat & Sherman 1993; Sanz & Tinbergen 1999; 
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Kokko & Jennions 2012; Lessells 2012). Nestlings rely on adults to supply sufficient 

food to match their growing demands, but adults must also maintain food and other 

resources for their own needs (Trivers 1974; Lazarus & Inglis 1986; Hussell 1988). This 

results in adults and nestlings competing over the optimal division of resources 

(Hamilton 1964; Trivers 1974). Conflict between adults and nestlings intensify when 

there is a higher proportion of extra-pair nestlings in the brood, because males are not 

genetically related to these nestlings (Dixon et al. 1994). 

Hatching asynchrony occurs when adults begin to incubate immediately after the first 

egg has been laid (Lack 1947; Clark & Wilson 1981) and is another life-history 

characteristic that affects intra-familial conflict. Nestlings hatch serially over a few 

days. The first-laid egg hatches first and receives an age advantage over the last-laid 

egg, which hatches last and thus incurs an age handicap (Amundsen & Stokland 1988; 

Magrath 1990; Stoleson & Beissinger 1995). Hatching asynchrony is found to occur in 

most birds that exhibit altricial development (Clark & Wilson 1981; Magrath 1990; 

Ricklefs 1993). This includes seabird species such as: Laughing Gull (Larus atricilla) 

(Hahn 1981); European Cormorant (Phalacrocorx aristotelis) (Amundsen & Stockland 

1988); Blue-footed Booby (Sula nebouxii) (Anderson 1989); Masked Booby (Sula 

dactlatra) (Anderson 1989); Gentoo Penguin (Pygoscelis papua) (Williams & Croxall 

1991); Western Gull (Larus occidentalis) (Sydeman & Emslie 1992); Imperial 

Cormorant (Phalacrocorax atriceps) (Svagelij & Quintana 2011); Brown Pelican 

(Pelecanus occidentalis) (Ploger 1997); and Black-faced Cormorant (P. fuscescens) 

(Howell 2009). 

Hatching asynchrony is an adaptive process that induces size and social hierarchies 

between nestlings (Clark & Wilson 1981; Magrath 1990; Stoleson & Beissinger 1995) 

and typically produces dominant ‘core’ nestlings and submissive ‘marginal’ nestlings 

(Mock & Forbes 1995; Mock & Parker 1997; Glassey & Forbes 2002; Forbes 2007). 

Core nestlings are early-hatched nestlings that have an age advantage over younger 

marginal nestlings. Core nestlings generally have better developed co-ordination skills 

and relatively larger body size compared to marginal nestlings (Forbes 2007). Nestling 

size asymmetry results from hatching asynchrony. 

Nestling asymmetry affects the division of food between adults and nestlings, and 

between nestlings (Mock 1987; Mock & Ploger 1987; Osorno & Drummond 1995; 

Krebs et al. 1999). Food supplied by adults is a finite resource that cannot be shared to 
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meet the requirements of all nestlings within the brood (Parker et al. 2002; Cotton et al. 

1999). As a result, nestlings use their size and physical abilities to compete with each 

other to secure the best access to available food (Mock & Parker 1997). Nestling 

competition also affects food provisioning by adults, generally resulting in the most 

competitive nestling within the brood receiving the majority of food supplies.  

Variable environmental conditions can also influence competition in seabirds. An array 

of temporal and spatial factors can reduce localised fish stocks in marine environments 

and thus influence the amount of food that is available to seabirds (Francis et al. 1998; 

Furness & Monaghan 1987; Stenseth et al. 2002). Food availability is known to affect 

the timing and frequency of breeding events, reproductive success, adult provisioning 

decisions and nestling aggression (Drummond & Gracia Chavelas 1989; Monaghan et 

al. 1989; Ricklefs 1990; Sydeman et al. 1991; Forbes & Ydenberg 1992; Phillips et al. 

1996; Quillfeldt et al. 2007).  

The amount of accessible food in the environment is predicted to influence competitive 

interactions in families (Lack 1954; Trivers 1974). For example, if food is scarce adults 

may decide not to raise nestlings or to abandon their nest and conserve their condition 

for the next breeding season (Erikstad et al. 1998). Inter-annual variability models of 

adult provisioning also show that the level of food in the environment can influence:  

(1) whether adults feed nestlings in the brood equally or favour some nestlings over 

others (Forbes & Ydenberg 1992); and (2) the intensity of nestling interactions because 

first-hatched core nestlings are less aggressive to last-hatched marginal nestlings when 

food is abundant, but may eliminate them through aggressive behaviours when food is 

scarce (Drummond & Gracia Chevelas 1989; Cook et al. 2000).  

In summary, stochastic environmental conditions and life-history characteristics can 

therefore have a major influence on the supply of food by adults and the demand for 

food by nestlings. This in turn affects the competitive interactions within the family 

(Ligon 1991; Bennett & Owens 2002). While it would be easy to assume that under 

such variable and competitive conditions family members do not gain selective 

advantages, two influential theories proposed by Lack (1947; 1954) suggest otherwise. 

These theories predict that family members can obtain adaptive reproductive success in 

circumstances where adults (a) lay optimistic clutch sizes and (b) influence the 

reduction of the brood size.  



 

13 

 

1.3.2 Optimistic clutches and brood reduction 

Seabird adults that lay more than one egg accommodate unpredictable environmental 

conditions by laying an ‘optimistic clutch’ (Forbes 1994). This is known as Lack’s 

clutch size hypothesis (Lack 1947) and predicts that adults produce brood sizes that 

maximise the number of surviving nestlings per brood (Mock & Parker 1997). When 

food is abundant adults lay larger clutches than when food is scarce, based on an 

expectation that the whole brood can be successfully raised. However, predicting future 

conditions in a marine environment is difficult and therefore adults generally lay more 

eggs than are likely to survive (i.e. an optimistic clutch) (Forbes 1994). In instances 

when ‘good’ conditions turn unfavourable, thus limiting the amount of resources 

available, adults can trim the size of their brood and ensure that the most viable 

nestlings survive (Lack 1954; Ricklefs 1965; Forbes et al. 1997).  

The process of reducing brood size so that only a sub-set of nestlings survive is broadly 

known as brood reduction (Lack; 1954; Ricklefs 1965). There are many functional 

explanations for brood reduction, including the: resource-tracking hypothesis (Lack 

1954; Ricklefs 1965); insurance hypothesis (Dorward 1962); progeny-choice hypothesis 

(Forbes & Mock 1998) and facilitation hypothesis (Mock & Forbes 1995).  

Brood reduction is a key focus of my study and a review of each hypothesis is provided 

in Chapter 4. According to Ploger (1997, p. 1063), the main difference between these 

hypotheses is their explanation of the reproductive value of the marginal nestling. For 

example, each hypothesis expresses a different view on how marginal nestlings are used 

to track resources, provide replacement for failed core nestlings, or facilitate the 

survival of core nestlings (Shaw 1985; Hunt & Evan 1997; reviewed in Drummond 

1987; Ploger 1997). The selective advantage of the marginal nestling according to the 

facilitation hypothesis provides an explanation of brood reduction that has received less 

attention than others and is an area that requires more research. This task is explored in 

Chapter 4. 

Brood reduction is widespread across seabirds and has been demonstrated in 

Sphenisciformes, such as the Fiordland Crested Penguin (Eudyptes pachyrhynchus) (St. 

Claire 1992), and Charadriiformes, such as the Black Guillemot (Cepphus grylle) (Cook 

et al. 2000) and the South Polar Skua (Catharatca maccormicki) (Young & Millar 

2003). Extensive research has been conducted in many Pelecaniformes species, 

including: Brown Pelican (Pelecanus occidentalis) (Ploger 1997); Masked Booby (S. 
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dactylatra) (Anderson 1990); and Double-crested Cormorant (Phalacrocorax auritus) 

(Hunt & Evans 1997). Brood reduction has also been demonstrated in other bird 

species, such as egrets and herons (Ardeidae) (Mock & Parker 1986; Mock 1987), and 

passerines (e.g. Curved-billed Trasher (Toxostoma curviostre)) (Ricklefs 1965). 

Researchers have described two forms of brood reduction: obligate and facultative 

brood reduction (Mock & Parker 1997). Obligate brood reducers are species where a 

single marginal nestling always dies within a few days of hatching (Drummond 2002, p. 

338). This is found to occur in seabird species like the Masked Booby (S. dactylatra) 

(Anderson 1989) and the American White Pelican (Pelecanus erythrorhynschos) (Cash 

& Evans 1986). Facultative brood reducers are species where one or more marginal 

nestlings are more likely to die than first-hatched core nestlings, depending on the level 

of adult provisioning (Drummond 2002, p. 338). This latter type of brood reduction is 

central to my study. Species that exhibit facultative brood reduction include: the Brown 

Pelican (P. occidentalis) (Pinson & Drummond 1993); the Blue-footed Booby (S. 

nebouxii) (Drummond & Gracia Chavelas 1989); the Black Guillemot (C. grylle) (Cook 

et al. 2000); the Double-crested Cormorant (P. auritus) (Lewis (1929) in Drummond 

1987); and the Black-faced Cormorant (P. fuscescens). 

1.4 Brood reduction in seabirds 

A key determinant of brood reduction is hatching asynchrony (Mock & Parker 1997). 

The physical and developmental differences between core and marginal nestlings are 

predicted to influence the elimination of marginal nestlings. I provide functional 

explanations for the loss of marginal nestlings in Chapters 4 and 6. However, this 

process is often exacerbated by the interactions between: (a) the use of competitive 

behavioural strategies by nestlings to monopolise food supplies; (b) the provisioning 

strategies of adults; and (c) the level relatedness between family members. 

1.4.1 Nestling competition 

Core nestlings compete with marginal nestlings for adult food supply through the use of 

aggressive and/or non-aggressive strategies (Mock & Parker 1997; Drummond 2002). 

In particular, core nestlings are predicted to use dominant begging strategies to out-

compete marginal nestlings in order to receive more food. Four theoretical models 

predict how adults respond to nestling begging signals: signal of need (Godfray 1991; 

1995), signal of quality (Grafen 1990), counter-strategy (Stamps et al. 1985) and false 
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signalling (Johnstone & Grafen 1993). These models are reviewed in Chapter 4. 

However, it is predicted that nestling begging strategies often result in marginal 

nestlings dying from starvation due to the exclusion of food (Mock & Parker 1997). 

Starvation of this kind has been reported in many seabird species, such as: Laughing 

Gull (L. atricilla) (Hahn 1981); Jackass Penguin (Speniscus demersus) (Seddon & van 

Heezik 1991); Great Cormorant (P. auritus) (Hunt & Evans 1997); and Cape Cormorant 

(Phalacrocorax capensis) (Nelson 2005).  

Core nestlings can also compete with marginal nestlings using aggression that is often 

fatal, known as siblicide. Such overt physical aggression by core nestlings is predicted 

to intimidate and reduce the reception of food by marginal nestlings (Mock et al. 1990). 

Mock and Parker (1997, p.103) explain that physical aggression can take various forms, 

including face-to-face pecking, jabbing, neck seizing or chasing nestmates. Aggression 

is usually one-sided, with the submissive weaker nestlings conceding quickly or not 

retaliating. However, in some instances the weaker nestling has been reported to catch 

the aggressor’s bill, which can reduce the number of attacks (Mock & Parker 1997). 

Despite differences in the aggressive and defensive actions between nestlings, siblicide 

generally results in marginal nestlings dying from wounds or being expelled from the 

nest (Mock & Parker 1997).  

Siblicide has been documented in various seabird species, including: Black-legged 

Kittiwake (Rissa tridactyla) (Braun & Hunt 1983); American White Pelican (P. 

erythrorhynschos) (Cash & Evans 1986); Blue-footed Booby (S. nebouxii) (Drummond 

& Gracia Chavelas 1989); Masked Booby (S. dactylatra) (Anderson 1990); Brown 

Pelican (Pelecanus occidentalis) (Ploger 1997); and Brown Skua (Catharacta 

lonnbergi) (Capuska et al. 2008). Siblicide has also been extensively studied in 

members that belong to the Ardeidae family (egrets and herons) (Mock & Parker 1986; 

Ploger & Mock 1986; Mock 1987; Mock et al. 1987; Mock & Ploger 1987; Mock & 

Lamey 1991). 

With all types of competitive strategies, the level of competition between nestlings is 

expected to increase as relatedness between nestlings decreases (Hamiliton 1964; 

Trivers 1974). Competition therefore should be less intense when nestlings are related 

as full siblings compared to half-siblings (Hamiliton 1964; Trivers 1974). However, the 

proportion of nestlings within the brood that are genetically related to each adult and 

other nestmates varies in populations where EPP is common. In these situations, 
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nestmates are less likely to be full siblings and the presence of extra-pair nestlings 

increase competitive behaviours within the brood (Mock & Parker 1997; Bennett & 

Owens 2002).  

The presence of extra-pair nestlings has a number of possible implications on brood 

reduction, nestling competition and parental care, and these are reviewed in Chapter 6. 

Importantly, nestling begging and aggression is predicted to significantly increase with 

the presence of extra-pair nestlings (Mock et al. 1990; Briskie et al. 1994; Gonzalez-

Voyer 2007). This, in turn, influences the way nestlings gain access to adult food 

supplies and may affect the survival of marginal nestlings, especially if they are extra-

pair nestlings (Mock & Parker 1997). This is particularly important when competitive 

size asymmetries already affect the distribution of food, because it can exacerbate the 

rate of brood reduction and may serve as an adaptive strategy (Mock & Parker 1997).  

1.4.2 Adult favouritism 

Adults and nestlings are predicted to compete over food supplies because nestlings 

demand more food than adults can supply (Mock & Parker 1997). This reproductive 

pressure can result in adult favouritism, where adults provision food according to 

particular nestling characteristics, such as size, competitive ability or sex (Lessells 

2002). Males and females are also expected to follow different provisioning behaviours, 

feeding nestlings with characteristics that are more advantageous to their own interest 

than to those of their partners (Lessells 2012). Typically, favouritism by adults results in 

a sub-set of the brood receiving a feeding advantage while other nestlings are neglected 

(Forbes 2007). Sex-specific parental care behaviours have been demonstrated in a 

number of seabird species, such as the Black-legged Kittiwake (R. tridactyla) (Leclaire 

et al. 2010) and the Blue-footed Booby (S. nebouxii) (Velando 2002), as well as three 

tern species: the Common Tern (Sterna hirundo); the Little Tern (S. albifrons) and the 

Sandwich Tern (S. sandvicensis) (Fasola & Saino 1995). 

In circumstances where EPP is common, males are less likely to be genetically related 

to all nestlings within the brood (Westneat & Stewart 2003). This is predicted to 

intensify male-biased feeding preferences, because males are predicted to favour related 

nestlings over non-related nestlings (Hamilton 1964; Alonzo & Klug 2012). The 

implication of male favouritism in relation to brood reduction, parental care and nestling 

aggression is reviewed in Chapter 4 and Chapter 6. It is generally predicted that males 

can either (1) modify their provisioning behaviours or (2) discriminate between related 



 

17 

 

and non-related nestlings nestlings (Westneat & Sherman 1993; Alonzo & Klug 2012). 

Modifying provisioning behaviour is the most probable outcome and results in males 

preferentially feeding first-hatched core nestlings over last-hatched marginal nestlings. 

In instances where EPP is common, marginal nestlings are more likely to be extra-pair 

nestlings than core nestlings (Göttlander 1987; Slagsvold et al. 1994; Kölliker et al. 

1998) and thus modifying provisioning behaviour may also be a means for 

discriminating between related and unrelated nestlings. When competitive size 

asymmetries already determine the distribution of food, male favouritism can intensify 

nestling competition and eventually influence the rate of brood reduction (Mock & 

Parker 1997). Therefore, male-biased feeding patterns may be an adaptive strategy for 

eliminating non-related nestlings and thus managing the consequences of female EPP. 

The majority of the research on male-biased feeding preferences has been conducted in 

passerine species, such as: the Tree Swallow (Tachycineta bicolor) (Leonard & Horn 

1996); the Budgerigar (Melopsittacus undulates) (Stamps et al. 1985); the Red-winged 

Blackbird (Agelaius phoeniceus) (Westneat et al. 1995); and the Canary (Serinus 

canaria) (Kilner 2002). The implication of male favouritism on nestling competition 

and brood reduction in seabirds is therefore an area that requires further research and 

will be investigated in my study. 

1.5 The path of conflict within seabird families 

The path of conflict within the family involves a number of stages as illustrated in 

Figure 1.2. Firstly, adult supplies are influenced by variable ecological conditions and 

life-history constraints, such as hatching asynchrony and breeding density. Secondly, 

adults produce optimistic clutches by laying larger clutches when food is abundant. 

Thirdly, when ecological conditions turn unfavourable, adults limit their food supply 

and typically favour some nestlings while neglecting others. Intra-familial conflict then 

occurs in two ways. Adults and nestlings compete over the amount of food supplied by 

adults to nestlings and the amount of food demanded by nestlings from adults. Nestlings 

also compete with each other over the proportion of food that each of them receives. 

Competitive interactions are predicted to intensify when relatedness between family 

members decreases and when extra-pair nestlings are present in the brood. Ultimately, 

progression through these stages results in brood reduction and in a sub-set of the brood 

surviving. 
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Figure 1.2 The path of conflict within the family. 

(Adapted from Forbes 2007). 

 

1.6 Brood reduction in cormorants 

Cormorants and shags (hereafter cormorants) (Family Phalacrocoracidae) display life-

history characteristics typical of seabirds. There are 39 cormorant species worldwide 

and most live in variable marine environments, with a majority of species being 

distributed along coastlines (reviewed in Nelson 2005). Cormorants are long-lived 

colonial breeders with low reproductive effort and exhibit hatching asynchrony 

(Childress & Bennun 2002; Quintana et al. 2011; reviewed in Nelson 2005). Nestlings 

have altricial development and brood reduction occurs in 12 cormorant species (Shaw 

1985; Amundsen & Stokland 1988; Hunt & Evan 1997; reviewed in Nelson 2005). 

Competitive begging behaviours and overt physical aggression between nestlings has 

been documented in a few species but has not been described in detail (Shaw 1985; 

Amundsen & Stokland 1988; Hunt & Evan 1997). Furthermore, adults are assumed to 

be socially monogamous, with all individuals in the family being first-order relatives. 

However, the genetic mating structure has only been assessed in two species (Graves et 

al. 1992; Piertney et al. (2003) in Calderón 2012). It can be argued, therefore, that 

ecological and life-history characteristics of cormorants may constrain opportunities to 

access resources and affect the degree of relatedness between family members. This 

would intensify the competitive interactions in the family and, in turn, result in the 

elimination of marginal nestlings.  

There is limited available knowledge on parental care and family dynamics in 

cormorants (reviewed in Drummond1987; reviewed in Nelson 2005). Most studies 

appear to have only been explored from a single behavioural perspective (e.g. nestling-

nestling interactions) and, more importantly, under the assumption that the social 
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mating relationship reflects the genetic mating relationships (Williams & Cooper 1983; 

Shaw 1985; Amundsen & Stokland 1988; Hunt & Evan 1997). Therefore, most studies 

conducted on cormorants have not examined the entirety of behavioural dynamics that 

may occur within the family unit, such as adult-adult, adult-nestling and nestling-

nestling interactions, or interactions where extra-pair nestlings occur in the brood. 

Consequently, a broad range of differing reproductive interests between family 

members, and the dynamics through which associated competitive interactions occur, 

have not yet been adequately explored or described in cormorants. 

There are only a few studies that have examined the functional causes of brood 

reduction in cormorants (Williams & Cooper 1983; Shaw 1985; Amundsen & Stokland 

1988; Hunt & Evan 1997). The majority of these studies were conducted over 15 years 

ago and suggest that hatching asynchrony produces marginal nestlings that can be used 

to track resources and/or provide replacement for failed core nestlings (Shaw 1985; 

reviewed in Drummond 1987). There are, however, two studies which suggest that 

marginal nestlings may facilitate the survival of core nestlings (Hunt & Evan 1997; 

Howell 2009). This functional explanation for brood reduction in cormorants has 

received less attention than others and is examined in Chapter 4. 

Many of these studies also suggest that nestling size asymmetry influences competition 

between nestlings and thus increases the growth and survival of core nestlings, relative 

to that of marginal nestlings (reviewed in Drummond 1987). However, the exact 

competitive process influencing the elimination of marginal nestlings is not adequately 

described. Various reports have documented that exclusion from food provisioning 

through competitive begging behaviour of core nestlings is the main cause of death for 

marginal nestlings (reviewed in Drummond 1987; reviewed in Nelson 2005). However, 

because overt physical aggression does occur in some cormorant species (Urban 1979; 

reviewed in Drummond 1987), siblicide should not be excluded as a possibility. My 

study aims to be the first descriptive account of aggressive interactions between 

nestlings in a cormorant species.  

Different feeding patterns between males and females have been reported in cormorants 

(reviewed in Nelson 2005), but it is unclear whether males or females favour certain 

nestlings over others and thus influence nestling survival. This is another issue that will 

be examined in my study. 
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Since the earlier studies were conducted on parental care and family dynamics in 

cormorants, molecular technology has been made cheaply and readily available to 

researchers (Griffith et al. 2002; Westneat & Stewart 2003). This has enabled 

researchers to efficiently develop molecular techniques that can examine the genetic 

relationships within cormorant families. Only four genetic studies have been conducted 

in cormorants and these have been limited to two species (Graves et al. 1992; Graves 

1993; Piertney et al. (2003) in Calderón et al. 2012). These studies found incidences of 

EPC and EPP within cormorant families, although the implications of EPP on 

competitive family dynamics are not discussed. These studies demonstrate that the 

social mating system may not reflect the genetic mating system in cormorants. It can 

therefore be expected that some nestlings within cormorant broods will not be 

genetically related to the male adult or nestmates. In Chapter 5, I outline the 

development of molecular techniques that are used in Chapter 6 to explore relatedness 

within cormorant family units. 

Given the limited knowledge on genetic mating structure, competitive family 

interactions and brood reduction in cormorant species, as well as the general lack of 

published studies on male-biased favouritism in seabirds, further empirical research is 

required to expand the current understanding of competitive family dynamics in 

cormorants. New research should examine the role of marginal nestlings in brood 

reduction, including the competitive strategies of nestlings and the provisioning 

strategies of males and females, and how these relate to EPP. Specifically, it would be 

valuable to determine whether EPP drives male favouritism and/or nestling aggression 

in order to understand the adaptive value of marginal nestlings. 

Research of this kind is important because it can help determine if parental feeding 

patterns that cause brood reduction are at least partly explained by the presence of 

unrelated marginal nestlings. If male adults feed less to last-hatched marginal nestlings, 

and these nestlings are extra-pair nestlings, then brood reduction could be an adaptive 

strategy for dealing with frequent EPP. However, if EPP is rare it is unlikely to be an 

important contributor to the evolution of parental care and brood reduction in 

cormorants. While the exact genetic mating structure is undetermined, it is difficult to 

suggest functional explanations for the causes of brood reduction within cormorant 

families.  
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The Black-faced Cormorant (P. fuscescens) provides an appropriate model species to 

explore these questions relating to parental care and family dynamics in cormorants and 

seabirds more broadly. The Black-faced Cormorant is a brood reducing species that 

exhibits hatching asynchrony and nestling size asymmetry, which in turn produce 

dominant core nestlings and submissive marginal nestlings. Previous studies suggest 

that the presence of marginal nestlings will enhance the survival of core nestlings and 

that adult provisioning is correlated with nestling begging behaviour (Howell 2009). 

Overt aggression and differences in feeding patterns between adults have not been 

documented in this species, but there is reason to suspect that it may occur due to the 

occurrence of these behaviours in other cormorant species. The exact genetic structure 

of family units has never been assessed in the Black-faced Cormorant. The accessibility 

of molecular techniques means that it is now possible to develop microsatellites de-

novo and to use these to infer information about how relatedness influences competitive 

behaviours in this brood reducing species. 

1.7 Study aims and structure of the thesis 

This study aims to investigate the competitive family dynamics of the Black-faced 

Cormorant colony at Outer Harbour, South Australia. I use a contemporary behavioural 

and molecular ecology approach that draws on conceptual frameworks developed by 

Lack (1947; 1954), Hamilton (1964) and Trivers (1974). The research focuses on 

parental care, mating systems and family dynamics by exploring how competitive 

behaviours within a family are affected by (1) the access to resources (e.g. mates and 

food) and (2) relatedness between individuals within a family unit.  

My study is part of a long-term project that aims to empirically test the facilitation 

hypothesis. While I do not directly test this hypothesis, I provide the first steps in this 

process by exploring family dynamics. In particular, I develop techniques that will 

enable future studies to link food provisioning by males and females to nestlings that 

are either genetically related or unrelated (extra-pair nestlings). I also aim to indirectly 

determine if male feeding patterns that cause brood reduction can be explained by the 

presence of unrelated marginal nestlings. 

My study addresses the overarching research question of whether (1) extra-pair 

paternity drives male favouritism or nestling competition and (2) whether these family 
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dynamics help to explain brood reduction in the Black-faced Cormorant. Specifically, 

four sub-questions guide my study: 

1. Is there a difference in the morphology of male and female adults? 

2. Do males and females distribute food differently and according to characteristics 

such as nestling hatch rank or brood size? 

3. Does nestling hatching rank or size of the brood increase the competitive 

interactions, including competitive begging and overt aggression between 

nestlings? 

4. Are all individuals genetically related as first-order relatives within the family unit? 

These research questions relate to aspects of parental care, mating systems and family 

dynamics in the Black-faced Cormorant and provide the foundation for the thesis 

chapters.  

Chapter 2 provides a general description of the Black-faced Cormorant and a brief 

description of the field study site at Outer Harbour, South Australia. It begins with an 

overview of the phylogenetic relationships found within the Phalacrocoracidae family 

and then describes the basic biology of cormorants with a focus on their morphological 

and breeding biology characteristics. More specifically, the chapter reviews the limited 

published information on the parental care behaviours and mating system of the Black-

faced Cormorant, and the developmental morphological characteristics of this species. It 

also provides details of distribution of the species within Australia. 

Chapter 3 provides a technical assessment of the morphological size differences 

between male and female adult Black-faced Cormorants. It examines whether the 

pattern of sexual size dimorphism found within the Phalacrocoracidae family is a result 

of sexual selection or ecological segregations between the sexes. Importantly, this 

chapter develops a practical method for determining the sex of individual Black-faced 

Cormorants in the field. This method was subsequently used in the other aspects of the 

study. This chapter has been published in a peer-reviewed journal, Waterbirds. 

Chapter 4 investigates the competitive interactions within Black-faced Cormorant 

families through experimental manipulation of brood size. It explores the relationship 

between the distribution of food by males and females, and two aspects of competition 

in the family unit: (1) conflict between nestlings and (2) conflict between adults and 
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nestlings. This chapter also investigates how non-aggressive and aggressive interactions 

between nestlings and food provisioning strategies of adults influence the distribution of 

food in families. It provides one of the first detailed reports of overt physical aggression 

in cormorants. 

Chapter 5 is a technical discussion which describes the development of microsatellite 

markers for the Black-faced Cormorant. Microsatellite markers were isolated from 

genomic DNA using 454-shotgun sequencing. Novel loci were tested for amplification 

in four other Phalacrocorax species. These loci were used in other aspects of the study 

to determine the genetic family structure and mating dynamics of the Black-faced 

Cormorant. This chapter has also been published in a peer-reviewed journal, Australian 

Journal of Zoology. 

Chapter 6 examines the social mating relationships and genetic mating relationships of 

the Black-faced Cormorant. In particular, it discusses factors influencing mating 

dynamics of seabirds and assesses the proportion of the Black-faced Cormorant 

nestlings that are genetically related to each adult attending the nest (parentage) and to 

nestmates. This chapter also considers behavioural implications that may result from 

EPP, particularly the effects of relatedness on male favouritism and competitive 

interactions within families.  

Finally, Chapter 7 synthesises the findings of the previous chapters to infer how 

relationships between food distribution, genetic relatedness and competition affect 

individuals within Black-faced Cormorant families. The chapter highlights the 

limitations of the study and outlines plans for future research. 

This thesis comprises a series of chapters that have been written for publication and 

therefore can be read independently. Consequently, there is some unavoidable repetition 

across the text of the chapters. A list of references is provided at the end of each 

chapter.  

Ethical clearance for this research was successfully granted and all research was 

conducted in accordance with the approved protocol (E276). 
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Chapter 2 

General description of the Black-faced Cormorant 

(Phalacrocorax fuscescens) and the field site 

 

2.1 Description of study species, the Black-faced Cormorant 

(Phalacrocorax fuscescens) 

2.1.1 Phlyogentic relationships of Phalacrocoracidae  

The Black-faced Cormorant (Phalacrocorax fuscescens) belongs to the 

Phalacrocoracidae family (cormorants and shags) within the avian order 

Pelecaniformes. Although there has been considerable historical debate over the 

phylogenetic relationships of Pelecaniformes, it is now generally accepted that 

Phalacrocoracidae are closely related to darters (Family: Anhingidae) and gannets and 

boobies (Family: Sulidae), but are more distantly related to pelicans (Family: 

Pelecandiae), frigatebirds (Family: Fregatidae) and tropicbirds (Phaethontidae) (Nelson 

2005; Holland et al. 2010; Gibb et al. 2013). 

Within the Phalacrocoracidae, relationships are largely unresolved. Some researchers 

suggest that the family should be divided into two groups: (1) the true cormorants 

(Phalacorcoracinae), and (2) the shags (Leucocarbinae) (van Tets 1976; Siegel-Causey 

1988). Traditionally, however, members of the Phalacrocorcacidae are placed in a 

single genus, Phalacrocorax, using the vernacular names of cormorants and shags 

(Marchant & Higgins 1990; Nelson 2005).  

This study follows the use of a single genus name, Phalacrocorax, to describe all 

members of the Phalacrocoracidae family. For simplicity, the vernacular name of 

cormorants will be used throughout to designate this family, including cormorants and 

shags.  

2.1.2 General description and biology of cormorants 

Cormorants are aquatic birds that live in both marine and freshwater environments. 

There are 39 species worldwide, of which 19 species are found in the Australian, New 

Zealand and Antarctic regions (Marchant & Higgins 1990). Cormorants have a broad 

head, sometimes containing a tuft-like crest, with a long serpentine-shaped neck. Their 
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gular region is bare and the bill is sub-conical with a terminal hook (Nelson 2005). 

Cormorants feed primarily on small fish, crustacea and squid (Blaber & Wassenberg 

1989; Barquete et al. 2008) and have permeable plumage (Nelson 2005) that enables 

underwater foraging at depths that may exceed 50m (Cooper 1985). Some species eat 

commercial fish species (Craven & Lev 1987; Blaber & Wassenberg 1989; Eschbaum 

et al. 2003; Hobson 2009; Taylor et al. 2013). 

The breeding biology has been described in some detail for northern hemisphere species 

such as the Double-crested Cormorant (Phalacrocorax auritus) and the European 

Cormorant (Phalacrocorax aristotelis) (Coulson et al. 1969; Dunn 1975; Potts et al. 

1980; Amundsen & Stokland 1988; Amundsen & Stokland 1990; Weseloh et al. 1995; 

Hunt & Evans 1997). Basic information for some southern hemisphere species, such as 

the Imperial Cormorant (Phalacrocorax atriceps), the King Cormorant (Phalacrocorax 

carunculatus) and the Great Cormorant (Phalacrocorax carbo lucidus), is also available 

(Shaw 1985; Childness & Bennun 2000; Kato et al. 2000; Childness & Bennun 2002; 

Svagelj & Quintana 2007; Svagelj & Quintana 2011; Calderón et al. 2012). The 

following discussion of general breeding characteristics of cormorants draws heavily on 

Nelson’s (2005) review of cormorants.  

Cormorants are long-lived (10 – 30 years) colonial breeding seabirds (Nelson 2005). 

Pair-formation occurs at the breeding site and involves male displays, such as 

throwbacks and gargles, to attract females (Nelson 2005). Pairing between the sexes 

persists for the breeding season, but long-term mate fidelity is assumed to be weak 

(Nelson 2005). Pairs communicate with behavioural displays such as head and neck 

shaking, which are assumed to strengthen the pair-bonds (Nelson 2005). Copulation 

occurs at the established nest site and typically begins approximately four weeks before 

the first egg is laid (Nelson 2005). Regular copulation ( > 100 times) throughout the 

breeding season and observations of extra-pair copulations have been documented in the 

Great Cormorant (P. carbo) and the European Cormorant (P. aristotelis) (Graves et al. 

1992; Graves et al. 1993; Piertney et al. (2003) in Calderdón 2012).  

Eggs are laid asynchronously and incubation begins as soon as the first egg is laid 

(Amundsen & Stokland 1988). Modal clutch size is three eggs, but clutches with up to 

eight eggs have been recorded (Nairides & Papageorgious 1996; Nelson 2005). Males 

and females both incubate the eggs for approximately 30 days (Nelson 2005). Nestlings 

hatch asynchronously and have altricial development (Dunn 1975). Brood reduction 
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through diminished access to food and size asymmetry has been documented in a 

number of cormorant species. This includes species such as the: Double-crested 

Cormorant (P. aurtius); the European Cormorant (P. aristotelis); the Great Cormorant 

(P. carbo); the Neotropic Cormorant (Phalacrocorax brasilianus); the Crowned 

Cormorant (Phalacrocorax coronatus) and the Imperial Cormorant (P. atriceps) 

(William & Cooper 1983; Shaw 1985; Amundsen & Stockland 1988; Hunt & Evans 

1997; Kalmbach & Becker 2005; reviewed in Nelson 2005). Observations of overt 

nestling aggression have been documented in two cormorant species: the Double-

crested Cormorant (P. aurtius); and the Great Cormorant (P. carbo) (Urban 1979; 

reviewed in Drummond 1987). Observations of competitive begging behaviour in 

relation to adult food provisioning have been documented in the Double-crested 

Cormorant (P. auritus), the Cape Cormorant (Phalacrocorax capensis) and the 

Crowned Cormorant (P. coronatus) (William & Cooper 1983; Hunt & Evans 1997; 

Nelson 2005). Other studies have reported instances of mortality of the last-hatch 

nestlings due to nestling starvation; although this has not been described in detail 

(Morrison et al. 1979; Shaw 1985; Green 1997; reviewed in Nelson 2005). A summary 

of the literature therefore shows that there has been a limited amount of research on the 

occurrence of brood reduction in cormorants. Evidence suggests that the main cause of 

brood reduction is begging competition inducing starvation in the small last-hatched 

nestlings, and to a lesser extent, overt nestling aggression. However due to the lack of 

reports, overt nestling aggression can be assumed to be not widespread within the 

cormorants. This study will explore whether overt aggression is found in the Black-

faced Cormorant.  

2.1.2.1 Distribution and general description of Black-faced Cormorants 

Five cormorant species are found in Australia: the Great Cormorant (Phalacrocorax 

carbo novaehollandiae), the Pied Cormorant (Phalacrocorax varius), the Little Pied 

Cormorant (Phalacrocorax melanoleucos, the Little Black Cormorant (Phalacrocorax 

sulcirostris), and the Black-faced Cormorant (P. fuscescens). The Black-faced 

Cormorant is the only Australian cormorant to exclusively inhabit marine environments 

and is endemic to southern waters of Australia (Figure 2.1) (Nelson 2005). 
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Figure 2.1 Map of the breeding distribution of Black-faced Cormorants (Phalacrocorax fuscescens). 

(A large number of breeding colonies occur off the Eyre Peninsula, South Australia (Nelson 2005)). 

 

Adult Black-faced Cormorants have black (upper parts) and white (breast) plumage. 

The facial skin is black with black eye feathering, giving a dark-faced appearance, and 

eyes are distinctively blue-green in colour (Figure 2.2) (Marchant & Higgins 1990). 

Adults develop white nuptial feathers found on the hind neck during breeding season. 

There is no visible sexual difference in the plumage colouration between males and 

females. Sex identification is therefore difficult in the field (Nelson 2005). This study 

aims to redress this gap by developing a practical method for determining the sex of 

individual Black-faced Cormorants in the field.  

Juveniles are visually distinguished from adults by their brown-white speckled plumage 

and pale eyes (Figure 2.2). Nestlings are born naked with black coloured skin and 

develop into nestlings that have grey skin with black-brown-grey plumage and dark 

brown eyes (Figure 2.3) (Nelson 2005). 
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Figure 2.2 Plumage difference between a juvenile (left) and adult (right) Black-faced Cormorant 

(Phalacrocorax fuscescens). 

(Photos: Peter Day). 

 

 

Figure 2.3 Black-faced Cormorant (Phalacrocorax fuscescens) nestlings at various developmental stages. 

(Photograph (left) showing three newly hatched nestlings. The largest nestling is 6 days old; the smallest 

nestling is two days old. Photograph (right) showing a nestling that is 13 days old. (Photos: Kellie 

Howell). 

 

2.1.2.2 Breeding biology of Black-faced Cormorants 

There is limited published information on the breeding biology of the Black-faced 

Cormorant. Marchant and Higgins (1990), de Hoyo et al. (1992) and Nelson (2005) 

provide a review of the basic details on pair formation, male advertisement displays, 

and egg and clutch sizes. However, there are many details that remain unknown or are 

not adequately described. These include the timing and frequency of breeding, although 
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distinct seasonal peaks have been documented in parts of Australia (Nelson 2005; 

Howell 2009; Taylor et al. 2013). The Black-faced Cormorant, like most cormorants, 

are presumed to form socially monogamous pairs (Nelson 2005), although this has not 

been confirmed genetically. The clutch sizes ranges from two to five eggs, and the 

modal clutch size is three eggs (Howell 2009). Both sexes share incubation duties and 

defend the nest from intruders (Marchant & Higgins 1990). There is little data on: the 

development and behaviour of nestlings, brood reduction behaviours and parental care 

duties of adults. This lack of documentation on nestling development and behaviour, 

combined with uncertainty about adult genetic pair-bonds, constitutes a large gap in the 

knowledge of Black-faced Cormorant breeding biology. This study aims to redress 

these gaps by: (a) investigating the competitive interactions within Black-faced 

Cormorant families through experimental manipulation of brood size; and (b) 

examining the genetic family structure of the Black-faced Cormorant through the 

development and application of microsatellite markers. 

2.2 Description of field site: Outer Harbour, South Australia 

The Black-faced Cormorant is a colonially species that forms large breeding groups, 

generally ranging from 300 to 3000 individuals (Marchant & Higgins 1990, Nelson 

2005). Nests are large (40 – 50cm) and are built on cliffs, ledges, rocky breakwaters or 

narrow bridges in close proximity to others (Figure 2.4).  

 

 

Figure 2.4 Black-faced Cormorant (Phalacrocorax fuscescens) colony at Outer Harbour, South Australia. 

(Nests are built in close proximity to each other. (Photo: Peter Day)). 
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In South Australia, a breeding colony has been observed at Outer Harbour (34 46’ 

31.35”S, 138 28’ 54.97”E) since the 1960s (Waterman 1968) (Figure 2.5). Since this 

study began in 2009, the colony has numbered approximately 4000 individuals and is 

therefore the largest known breeding colony of Black-faced Cormorants (Johnston 

2005). The breeding season at Outer Harbour occurs during the winter months (April – 

August) and nests are built on a rocky breakwater that forms the entrance to the 

shipping harbour (Figure 2.6). The breakwater is approximately 2.5km long and 10m 

wide and is not connected to the mainland (Figure 2.7). The isolation of this study site 

provides breeding individuals with protection from land predators such as cats and 

foxes.  

Access to the colony was obtained by boat and was limited at times due to inclement 

weather and unsafe boating conditions. Access restriction reduced the frequency of 

sampling days and affected the sample sizes of the research. For example, during the 

field season a storm event prevented visitation to the colony for over 10 days and 

resulted in nest destruction and high nestling mortality. A number of adults did not re-

breed because the storm occurred late in the breeding season. Despite these limitations, 

this particular breeding colony provides an opportunity to observe natural breeding 

behaviours in a large number of individuals and it was therefore considered to be a 

valuable research location.  

 

 

 

Figure 2.5 Map of the study site at Outer Harbour, South Australia. 
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Figure 2.6 Satellite image of Outer Harbour, South Australia. 

(The northern breakwater (top left) is isolated from the mainland and is the location of the Black-faced 

Cormorant (Phalacrocorax fuscescens) breeding colony). 

 

 

Figure 2.7 Satellite image of the northern breakwater. 

(The protruding rock platforms provided access to the breeding colony of Black-faced Cormorants 

(Phalacrocorax fuscescens)). 
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3.1 Introduction 

Identifying the sex of individual animals is fundamental to understanding many aspects 

of their behavior and ecology (Ruckstuhl & Neuhaus 2005) and has important 

consequences for management and conservation (Møller 2000). Several techniques have 

been used to determine the sex of birds where it is not externally obvious. These include 

anatomical examination (Petride 1950; Boersma & Davies 1987) and molecular sexing 

(Griffiths et al. 1998). Both of these techniques require the capture of birds and 

disturbance to their natural behaviour (Dechaume-Moncharmont et al. 2011). Although 

molecular sexing is now popular it also requires specific technical skills, access to 

expensive laboratory equipment, and time to process the samples. Conversely, analysis 

of morphometric differences between the sexes can provide an inexpensive, immediate 

and efficient method for sex determination in the field (Dechaume-Moncharmont et al. 

2011). In particular, discriminant function analysis (DFA) has been successfully used to 

determine sex in the field based on external measurements for a variety of taxa (Fox et 

al. 1981; Schnell et al. 1985; Oliveira & Almada 1995; Johnston & Bouskila 2007). 

Many polygynous species exhibit conspicuous sexually dimorphic traits (Andersson 

1994). However, external differences between males and females can also be subtle, 

especially in socially monogamous seabirds such as cormorants (Phalacrocoracidae) 

(Nelson 2005). Cormorants predominantly have monomorphic plumage and 

colouration, which is not a useful trait to identify sex (Nelson 2005). However, subtle 

morphometric differences between the sexes have been documented in seven of the 39 

cormorant species (Malacalza & Hall 1988; Glahn & McCoy 1995; Casaux & Baroni 

2000; Quintana et al. 2003; Cook et al. 2007; Svagelj & Quintana 2007; Liordos & 

Goutner 2008). These studies show that males are generally larger than females, but 

considerable overlap in measurements occurs between sexes. Vocal differences between 

male and females have also been noted in three cormorant species (Bernstein & Maxson 

1982; Brothers 1985; Svagelj & Quintana 2007), but the consistency of these 

differences is not clear.  

This study used museum specimens to describe sexual dimorphism in the Black-faced 

Cormorant (Phalacrocorax fuscescens), in order to develop a practical method for 

determining the sex of individual Black-faced Cormorants in the field.  
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3.2 Methods 

3.2.1 Specimens and measurements 

Specimens were sourced from the reference collections of the Australian Museum, 

Museum of Victoria, South Australian Museum and Western Australia Museum. A total 

of 58 Black-faced Cormorants of known sex were examined (27 male; 31 female). 

These specimens were collected throughout the geographic distribution of this species. 

Eleven measurements were recorded using the methods of Malacalza & Hall (1988). All 

measurements were recorded to the nearest 0.5 mm (Table 3.1). Vernier calipers were 

used to record measurements from bill width, bill depth, bill length, ulna length and 

tarsus length. A measuring tape was used to record total length, head length, culmen 

length, wing length and mid-toe length. A metal ruler was used to record tail length. 

Total body weight (g) and sex were sourced from museum records. Total body weight 

was only available for a subset of the specimens (14 male; 16 female). Sex had been 

determined by inspection of the gonads during preparation of the skins. One researcher 

recorded all measurements to standardise the process and maintain data integrity. 

 

Table 3.1 Definitions of the eleven variables measured from Black-faced Cormorant (Phalacrocorax 

fuscescens) museum specimens. 

(Adapted from Malacalza & Hall 1988). 

Variable Definition 

Total length The distance from the crown of the head to the tip of the longest rectrix 

Head length The distance from the nape to the anterior tip of the bill 

Culmen length The distance from the anterior edge of the cere to the tip of the upper mandible 

Maximum bill 

width 
The distance from the upper mandible, anterior to the cere 

Maximum bill 

depth 

The distance from the top of the upper mandible to the bottom of the lower 

mandible, anterior to the cere 

Bill length 
The distance from the inner join of the upper and lower mandible to the distal end 

of the bill 

Wing length 
The distance from the right proximate end of the humerus to the tip of the 

primary wing feathers of an un-flattened wing 

Ulna length The distance from the base of the right humerus joint to the distal end of the ulna 

Tarsus length 
The distance from the right mid-tarsal joint to the distal end of the 

tarsometatarsus 

Mid-toe length The distance from the base of the middle toe to the tip, without the nail 

Tail length The distance from the base of the pygostyle to the tip of the longest rectrix 
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3.2.2 Statistical analysis 

Univariate comparisons of male and female morphological features were made using 

one-way analyses of variance (ANOVA). Significance was assumed at 0.004 following 

Bonferroni correction for multiple comparisons. An index of sexual dimorphism (SD) 

was calculated for males and females (Weidinger & van Franeker 1998). 

Multivariate DFA were used to create an equation that would allow sex to be 

determined from the 11 morphological variables. Body mass was excluded from these 

analyses because it was not available for all specimens and would be expected to show 

considerable temporal variation. Two separate DFAs were performed. In the first DFA 

all variables were entered simultaneously to test whether sex could be determined using 

all variables measured. In the second DFA variables were entered stepwise to identify 

the smallest possible subset of variables that reliably determine the sex of individual 

birds. Both DFAs were validated using a jack-knife procedure in which an individual’s 

sex was predicted from the discriminant function calculated after the individual had 

been removed from the data set. The procedure was repeated until a sex was assigned to 

each individual (Tabachnick & Fidell 2007). The cut-off values of each discriminant 

function were calculated following the methods of van Franeker & ter Braak (1993) and 

allowed individuals to be assigned a sex.  

This analysis identified two variables that adequately predict the sex of Black-faced 

Cormorants, however one variable did not provide measurement reliability (see results 

and discussion). Therefore a binomial logistic regression analysis was performed to test 

whether sex (dependent variable) was significantly related to bill length (independent 

variable).  

All statistical analyses were completed using the software PASW version 18 (SPSS 

Inc.), and necessary assumptions (eg. normality and collinearity) were upheld. 

3.3 Results 

There were significant univariate differences between male and female Black-faced 

Cormorants for six of 11 body measurements and body weight (Table 3.2). In order of 

magnitude, bill length (SD = 7.8%), mid-toe length (SD = 7.6%), culmen length (SD = 

6.9%), total length (SD = 5.9%), mid-tail length (SD = 5.1%) and wing length (SD = 

3.9%) were all significantly larger in males than females. The overall impression is of 

larger, relatively robust males and smaller, relatively gracile females. 
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Table 3.2 Comparison of measurements between male and female Black-faced Cormorants 

(Phalacrocorax fuscescens). 

(Descriptive statistics are given as mean (± standard deviation) and minimum-maximum values. F 

indicates F-statistic from one-way analyses of variance. P indicates the significance of these tests.  

indicates P-values that remained significant after Bonferonni adjustment. * indicates Body weight 

measured in (g) where n =16 female; 14 male). 

Variable (mm) 
Female (n = 31) 

mean  SD 

Male (n = 27) 

mean  SD 
F P 

Total length  
641.9  30.9  

578 – 695 

682.3  37.7 

607 – 730 
20.114 ≤ 0.001  

Head length  
116.9  18.8 

90 – 172 

116.9  11.9 

99 – 147 
0.551 0.461 

Culmen length 
49.2  3.3 

41 – 56 

52.6  2.3 

46 – 55 
19.373 ≤ 0.001  

Bill width 
12.5  2.0 

10 – 19 

13.0  0.9 

11 – 15 
1.915 0.172 

Bill depth  
15.1  1.9 

11 – 20 

16.5  1.8 

11 – 20 
8.532 0.005 

Bill length  
73.9  3.4 

68 – 81 

79.4  4.1 

69 – 88 
30.946 ≤ 0.001  

Ulna length  
136.1  10.1 

119 – 168 

140.9  14.3 

114 – 176 
2.257 0.139 

Wing length  
272.4  8.1 

251 – 289 

282.7  12.7 

242 – 304 
13.824 ≤ 0.001  

Tarsus length 
59.6  3.7 

51 – 69 

61.6  2.3 

58 – 66 
5.820 0.019 

Mid-toe length 
59.4  4.7 

42 – 66 

63.9  4.1 

55 – 77 
15.450 ≤ 0.001  

Mid-tail length 
101.1  6.0 

87 – 117 

106.8  5.1 

99 – 116 
14.909 ≤ 0.001  

Body weight* 
1551.9  164.7 

1360 – 1850 

1705.4  200.8 

1500 – 2200 
5.292 0.029 

 

The simultaneous DFA produced a significant discriminant function (Wilks’ = 0.496, 

P ≤ 0.001) that correctly identified the sex of 81% of birds (with an associated cut-off 

value of 0.068; Table 3.3). Eighty four percent of females and 78% of males were 

correctly grouped. The discriminant function coefficients and their correlations with the 

discriminant function of 11 measurements for females and males are given in Table 3.3. 
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Bill length, total length, culmen length, mid-toe length and mid-tail length were all 

highly and positively correlated (r > 0.5) with the discriminant function. 

Table 3.3 Discriminant function analysis of eleven body measurements of Black-faced Cormorants 

(Phalacrocorax fuscescens). 

(Discriminant function was entered simultaneously with males and females as a priori groups (cut-off 

value = 0.068). Unstandardised discriminant function coefficients and pooled-within-groups correlations 

with the discriminant function of all measurements are ordered from highest to lowest correlation). 

Variable Coefficient Correlation 

Bill length 0.122 0.738 

Total length 0.005 0.595 

Culmen length 0.162 0.584 

Mid-toe length 0.066 0.522 

Mid-tail length 0.047 0.512 

Wing length 0.013 0.493 

Bill depth -0.740 0.388 

Tarsus length -0.003 0.320 

Ulna length 0.007 0.199 

Bill width -0.075 0.184 

Head length -0.010 -0.098 

Constant -29.102  

 

The stepwise DFA showed that only bill length and mid-tail length were required to 

produce a significant discriminant function (Wilks’ = 0.573, P ≤ 0.001) and correctly 

identified the sex of 85% of birds (with an associated cut-off value of 0.06). Eighty 

seven percent of females and 82% of males were correctly identified. The discriminant 

function coefficients and their correlations with the discriminant function of bill length 

and mid-tail length for females and males are given in Table 3.4. Figure 3.1 shows the 

separation of females and males achieved by the stepwise DFA. 
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Table 3.4 Results of a stepwise discriminant function analysis of eleven body measurements of Black-

faced Cormorants (Phalacrocorax fuscescens). 

(Males and females as a priori groups (cut-off value = 0.060). Unstandardised discriminant function 

coefficients and pooled-within-groups correlations with the discriminant function given for the two 

measurements that contributed significantly in order from highest to lowest correlation). 

Variable Coefficient Correlation 

Bill length 0.215 0.861 

Mid-tail length 0.092 0.597 

Constant -25.915  

 

 

Figure 3.1 Frequency histogram of discriminant function (DF) scores of Black-faced Cormorants 

(Phalacrocorax fuscescens). 

(DF score is based on simultaneous entry of eleven body measurements of male () and female () 

Black-faced Cormorants. Cormorants with a DF score < 0 are most probably female, whereas those with 

a DF score > 0 are most probably male). 

 

The logistic regression analysis showed that sex was significantly related to bill length 

(χ 21 = 24.761, P ≤ 0.001), confirming the results of the one-way ANOVA. The logistic 

regression equation (Figure 3.2) correctly identified the sex of 78% of specimens based 

on bill length alone. Birds with a bill length of ≤ 76 mm are likely to be females, 

whereas birds with a bill length ≥ 77 mm are likely to be males. 
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Figure 3.2 Variation in bill length in male and female Black-faced Cormorants (Phalacrocorax 

fuscescens). 

(Horizontal axis indicates bill length in males (left top) and female (left bottom) Black-faced Cormorants. 

Variation in bill lengths between sexes allow sex to be assigned correctly for 78% of individuals using a 

binomial logistic regression (right)). 

 

3.4 Discussion 

This study showed that sex in the majority of adult Black-faced Cormorants could be 

determined using body measurements. A DFA with simultaneous entry of eleven 

measurements correctly sexed 81% of adults. A DFA with stepwise entry of the same 

variables showed that two variables (bill length and mid-tail length) were necessary to 

correctly identify the sex of 85% of adults. Both multivariate analyses and univariate 

analyses of body measurements showed that male Black-faced Cormorants are larger 

than the smaller females. 

The finding that sex can be determined from two measurements appears to offer a 

promising technique for sexing Black-faced Cormorants in the field. However, it is 

important to note that mid-tail length is a critical measurement in the stepwise DFA and 

feathers are not dependable predictors because they vary in length with moulting phase 

and terminal wear (Liordos & Goutner 2008). Fortunately, bill length is able to be 

measured accurately, and the logistic regression suggests that a simple rule, females 

have bills ≤ 76mm long and males have bill ≥ 77 mm long, could be used to correctly 

determine the sex of 78% adults. 

The statistical analyses performed suggest one possible approach for assigning sex in 

the field. This study reliably sexed individual adults based on their bill length, which 

provides a dependable and practicable method throughout the year. Also, we were able 

to sex breeding individuals based on qualitative assessment of their body size and 
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shape, assuming that the adults attending the nests were a heterosexual pair. Each pair 

was sexed using the rule, that males are the larger and longer-billed of the two adults 

attending a nest, while females are smaller and shorter-billed. The reliability of this rule 

was confirmed randomly many times in the field through casual observations of mating 

behaviour. 

Sex distinct vocalisations in adult pairs were also noted. When nesting adults were 

approached, after visually attributing sex, the individual identified as male produced a 

‘honk’ and the female ‘hissed’ (unpubl. data). Previous studies of breeding cormorants 

have also noted these vocal differences between adult males and females (Bernstein & 

Maxson 1982; Brothers 1985; Svagelj & Quintana 2007). Visual assessments of 

morphology using characteristics identified by the DFA were thereby combined with 

behavioural observations to provide a useful method for determining the sex of adult 

Black-faced Cormorants in the field.  

The literature on sexual dimorphism in cormorants shows that other cormorant species 

also conform to the pattern found in the Black-faced Cormorant (Table 3.5). One 

explanation for the same pattern of sexual dimorphism across the Phalacrocoracidae 

family is that it was present in a common ancestor (Hedrick & Temeles 1989). While 

sexual selection is a plausible hypothesis for driving sexual dimorphism in cormorants, 

because many species exhibit nuptial plumage and males perform complex displays at 

the nest (van Tets 1965), there is currently only limited direct evidence for this 

hypothesis (see Childress & Bennum 2002). Conversely, sexual differences in foraging 

strategies (Quintana et al. 2011), diving patterns (Cook et al. 2007; Kato et al. 2000; 

Watanuki et al. 1996) and diet (Koffijberg & van Eerden 1995) occur in many 

cormorant species. A consequence of this ecological segregation of the sexes is that 

characteristics associated with foraging, such as body size and bill morphology, seem to 

have diverged for functionality in different environmental niches (Selander 1966), and 

this may be especially important in colonial breeding seabird populations where 

competition for local resources can be intensified by the concentration of individuals 

(Quintana et al. 2011). Ecological segregation of the sexes is currently the most 

supported explanation for sexual differences in overall size and bill morphology in 

cormorants, however further research is required to test this hypothesis in the Black-

faced Cormorant. 
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Table 3.5 Summary of published data on sexual dimorphism in cormorants (Phalacrocoracidae). 

Species Reference study Distinguishing variable/s SD Index (%) 

P. albiventer Malacalza & Hall (1988) 

body mass 

bill depth 

culmen length 

total length 

27.7 

19.1 

9.4 

6.3 

P. albiventer 

purpurascens 
Brothers (1985) 

body mass 

outer claw 

tarsus 

wing length 

17.1 - 23.0 

13.1 

4.4 - 8.2 

5.5 - 6.8  

P. atriceps Svageli & Quintana (2007) 

body mass 

bill depth 

wing length 

17.8 - 18.0 

12.8 - 13.2 

5.3 - 5.4 

P. atriceps Bernstein & Maxson (1984) body mass 17.3 

P. auritus Bédard et al. (1995) 

body mass 

culmen length 

total length 

wing length 

14.1 

7.5 

5.6 

5.4 

P. auritus auritus Glann & McCoy (1995) 

culmen depth 

culmen length 

wing length 

11.4 

7.5 

5.9 

P. bransfieldensis Casaux & Baroni (2000) 

bill shape index 

tarsus length 

wing length 

30.8 - 42.4 

5.7 - 6.5 

5.7 - 5.9 

P. carbo sinensis Liordos & Goutner (2008) 

body mass 

culmen length 

tarsus length 

wing length 

19.2 

11.1 

6.5 

6.1 

P. carbo sinensis Koffijberg & van Eerden (1995) 

bill depth 

culmen 

wing length 

17.2 - 18.5 

9.1 - 10.8 

5.7 - 36.6 

P. fuscescens this study 

body mass 

bill depth 

bill length 

bill width 

culmen length 

mid-tail length 

9.9 

8.9 

7.8 

1.6 

6.8 

5.1 

P. magellancius Quintana et al. (2003) 

bill length 

head length 

wing length 

4.8 

5.3 

4.4 

P. melanogenis Cook et al. (2007) 

body mass 

culmen length 

wing length 

tarsus length 

18.9 

8.9 

4.7 

4.5 
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Chapter 4 

An experimental brood size manipulation study of 

competitive family dynamics in the Black-faced 

Cormorant (Phalacrocorax fuscescens) 

 

4.1 Introduction 

Food is a crucial resource that can influence competitive interactions within bird 

families (Drummond 2001a). Conflict arises in relation to the optimal division of food 

between individual family members (Lack 1947; Trivers 1974; Mock & Parker 1997; 

Drummond 2001a). Adults are predicted to supply food to increase the quality and 

quantity of nestlings produced over their lifetime (Trivers 1974). Nestlings, however, 

prioritise their own needs over those of the attending adults and nestmates (Trivers 

1974). The resultant disparity between adult supply of food and nestling demand for 

food causes intra-familial conflict: (1) conflict between nestlings for food provided by 

adults within a current brood (intra-brood nestling competition); and (2) conflict 

between adults and nestlings in relation to food provision (parent-offspring conflict). 

The latter is affected by the different investments in nestlings of male and female adults 

(adult-biased favouritism) (Mock & Parker 1997; Glassey & Forbes 2002).  

This chapter explores intra-familial conflict in the Black-faced Cormorant 

(Phalacrocorax fuscescens). The chapter begins with an overview of the conceptual 

framework that drives competitive interactions within families. First, I review the 

literature on nestling competition, brood reduction and parent-offspring conflict. 

Specifically, I discuss the theoretical significance of: (a) four brood reduction 

hypotheses (resource-tracking, insurance, progeny choice and facilitation hypothesis); 

(b) four models of begging (signal of need, signal of quality, adult counter-strategy and 

false signalling); and (c) the occurrence of nestling favouritism by male and female 

adults. I then provide a review of brood size manipulation studies and discuss how 

brood size affects: (a) adult food supply and distribution; (b) nestling begging 

behaviours; and (c) the level of nestling aggression. Nestling competition, adult 

favouritism and brood size manipulation studies are then considered in relation to brood 
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reduction in cormorants. I then provide the results from a brood size manipulation 

experiment conducted in the Black-faced Cormorant and discuss the importance of the 

findings and the implications of the study for future research. 

4.1.1 Conceptual framework 

4.1.1.1 Nestling competition 

Competition between nestlings is mediated by hatching asynchrony: an adaptive 

reproductive strategy where adults produce relatively disadvantaged (handicapped) 

nestlings by incubating the first egg immediately after it is laid (Amundsen & Stokland 

1988; Anderson 1989; Mock & Forbes 1995) (Chapter 1). Models suggest that hatching 

asynchrony induces size and social hierarchies between nestlings and typically produces 

dominant ‘core’ nestlings and submissive ‘marginal’ nestlings (Mock & Forbes 1995; 

Mock & Parker 1997; Glassey & Forbes 2002; Forbes 2007). Core nestlings are early-

hatched nestlings that have an age advantage over younger marginal nestlings. Core 

nestlings generally have better developed co-ordination skills and relatively larger body 

size compared to marginal nestlings (Forbes 2007). These differences between core and 

marginal nestlings are predicted to influence the way nestlings compete over food 

resources (Forbes 2007).  

Food is a finite resource and nestlings compete to gain access to adult food supplies 

(Drummond 2001a). Nestlings can use begging behaviours to receive more food than 

nestmates (non-aggressive strategies) or overt physical aggression to intimidate and 

reduce the reception of food by nestmates (aggressive strategies) (Mock & Parker 

1997). For example, in the Double-crested Cormorant (Phalacrocorax auritus), core 

nestlings have been shown to use their superior size, coordination and vocalisations to 

exceed the begging capacities of the less coordinated marginal nestlings (Hunt & Evans 

1997). This begging behaviour can result in more food being supplied to core nestlings 

while marginal nestlings die from starvation (Price & Ydenberg 1995; Leonard & Horn 

1996; Shiao et al. 2009; Wiebe & Slagsvold 2012). In the Great Cormorant 

(Phalacrocorax carbo) and other pelecaniform species, core nestlings overtly peck and 

lunge at marginal nestlings to dominate the food supply of adults (Urban 1979; Ploger 

1997; Osorno & Drummond 2003). This behaviour intimidates marginal nestlings, 

prevents them from gaining food and can lead to siblicide, where marginal nestlings die 

from their wounds or are driven from the nest (Fujioka 1985; Ploger & Mock 1986; 

Drummond & Gracia Chavelas 1989; Anderson 1990; Mock & Lamey 1991; Evans 
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1996; Ploger 1997). Regardless of the strategy employed, core nestlings are predicted to 

be the most competitive nestlings in the brood and this allows them to monopolise food 

delivery (Mock & Parker 1997). For this reason, core nestlings are more likely to 

survive and reproduce compared to marginal nestlings, which generally die before 

fledging (Forbes et al. 1997). 

4.1.1.2 Brood reduction hypotheses 

Nestling competition can lead to a process known as brood reduction, in which only a 

subset of the brood survives (Lack 1954). Brood reduction has both a descriptive and 

mechanistic meaning in the literature (Mock 1994; Stennings 1996; Ploger 1997). 

Broadly, it has been defined by Mock (1994, p.4) as “the partial-brood loss of some, but 

not all, members of the brood dying from any and all causes”. More narrowly, it can be 

defined as the early mortality of some nestlings in a brood caused by competitive 

interactions between nestlings (e.g. begging or direct attacks) (Mock 1994, p. 4). The 

latter definition offers a clear description of the process and for this reason I will work 

with the narrow meaning of brood reduction. There are a number of functional 

explanations for brood reduction, including the resource-tracking hypothesis, insurance 

hypothesis, progeny-choice hypothesis and facilitation hypothesis (Lack 1954; Dorward 

1962; Ricklefs 1965; Clark & Wilson 1981; Mock & Forbes 1995; Stoleson & 

Beissinger 1995). Here I will provide a brief summary of each theory. 

The resource-tracking hypothesis was the first hypothesis that attempted to explain the 

cause of brood reduction. It was originally proposed by Lack (1954) and was 

demonstrated by Ricklefs (1965) in the Curved-billed Thrasher (Toxostoma 

curvirostre). The resource-tracking hypothesis is sometimes referred to as Lack’s 

(1954) brood-reduction hypothesis; however, to avoid confusion with the phenomenon 

of brood reduction, I will use the term resource-tracking hypothesis to refer to the 

theoretical explanation of the causes of brood reduction. According to the resource-

tracking hypothesis, adults induce a size hierarchy between nestlings to aid in the 

elimination of weaker nestlings when environmental conditions are unfavourable (Mock 

& Parker 1997). The hypothesis predicts that when food is scarce adults are unable to 

supply enough food to all nestlings within the brood and, as a result, nestlings which 

have received the least investment by adults (marginal nestlings) are out-competed by 

nestmates and/or neglected by adults. However, when food is plentiful adults are able to 

supply sufficient food to all nestlings and the whole brood can be successfully raised. It 
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is assumed that marginal nestlings are produced to track resources, allowing adults to 

adjust the size of the brood according to the environmental conditions and their ability 

to supply food. These theoretical assumptions have been well-supported by empirical 

studies (Shaw 1985; Anderson 1990; St. Claire 1992; Ploger 1997; Cook et al. 2000; 

Royle et al. 2004).  

The insurance hypothesis was proposed as an alternative to the resource-tracking 

hypothesis and explains that surplus marginal nestlings are there to serve as a 

replacement for weaker core nestlings (Dorward 1962). This hypothesis states that: (a) 

the average amount of food supplied by adults is insufficient to raise all nestlings; (b) 

nestlings are cheap to produce; and (c) the survival of marginal nestlings is dependent 

on the death of the core nestlings (Forbes 1990; Forbes 1991). Marginal nestlings 

replace core nestlings that unexpectedly die (e.g. from predation or congenital defects); 

however, if core nestlings survive, redundant marginal nestlings are eliminated through 

nestling competition (Mock & Parker 1997). Marginal nestlings provide adults with 

insurance against costly reproductive delays such as those demonstrated in species like 

the Flightless Cormorant (Phalacrocorax harrisi) (Harris 1979), the Masked Booby 

(Sula dactylatra) (Anderson 1990) and the American White Pelican (Pelecanus 

erythrorhynchos) (Cash & Evans 1986). Within the insurance hypothesis, it is 

sometimes predicted that the marginal nestling provides extra-reproductive value when 

conditions are favourable and enables the survival of additional nestlings (Mock & 

Parker 1986). Empirical support for the insurance and extra-reproductive value of 

marginal nestlings is provided by studies of the Imperial Cormorant (Phalacrocorax 

atriceps) and Heard Cormorant (Phalacrocorax atriceps nivalis) (Shaw 1985; Green 

1997). It is assumed that marginal nestlings can be used to: (1) take advantage of good 

environmental conditions; and (2) replace core nestlings that die (Forbes 2007).  

The progeny choice hypothesis is similar to the insurance hypothesis, but focuses on 

nestling quality and not quantity (Forbes & Mock 1998). The progeny choice 

hypothesis states that, when there is a large number of nestlings, adults are able to 

selectively invest in high-quality nestlings and low-quality nestlings are eliminated 

(Mock & Parker 1997). Adults are understood to evaluate nestling quality through 

competitive interactions and to invest in the stronger begging and/or more aggressive 

nestlings (core), while the submissive and weaker nestlings (marginal) are neglected 

(Forbes & Mock 1998). This has been demonstrated in studies of the Crowned 
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Cormorant (Phalacrocorax coronatus) (William & Cooper 1983) and Great Egrets 

(Ardea alba) (Ploger & Medeiros 2004). However, adults can redirect their efforts to 

marginal nestlings in situations where core nestlings are challenged by marginal 

nestlings and lose their dominant status (Mock & Parker 1997). Evidence for brood 

reduction through sex-biased progeny choice has also been empirically demonstrated by 

Forbes et al. (2002) in the Yellow-headed Blackbird (Xanthocephalus xanthocephalus). 

According to this hypothesis, it is assumed that marginal nestlings are used by adults to 

identify and direct food to nestlings with the highest quality. 

A hypothesis that has received less attention is the facilitation hypothesis. In contrast to 

the other theories, this hypothesis predicts that marginal nestlings provide fitness 

benefits to core nestlings rather than simply being an opponent, especially in situations 

where food supplies are reduced after brood reduction (Mock & Forbes 1995). The 

presence of marginal nestlings is understood to aid the survival of core nestlings by 

providing additional bonuses. However, this only occurs when investment is distributed 

according to a dominant linear hierarchy (Ploger 1997; Forbes 2007). For example, in 

the Double-crested Cormorant (P. auritus) the extra begging effort provided by the 

marginal nestlings is seen to increase the food supplied by adults, which, in turn, is 

exploited by core nestlings (Hunt & Evans 1997). This suggests that core nestlings 

consume more than their ‘fair share’, while marginal nestlings receive small returns for 

their high begging effort, ultimately resulting in their death (Mock & Parker 1997). 

Adults are predicted to experience additional costs because the presence of marginal 

nestlings may increase the overall brood demand and thus food supply (Forbes 2007). 

Marginal nestlings therefore provide important fitness benefits to core nestlings, but 

also increase the costs to adults.  

Given these four hypotheses, the selective advantage of brood reduction is a complex 

question. These hypotheses are not mutually exclusive and can act simultaneously; 

however, each hypothesis places a different value on the marginal nestling and the 

timing of brood reduction. As a result, the marginal gains of brood reduction by adults 

and core nestlings are different (Mock & Parker 1997). For example, adults may benefit 

if brood reduction occurs when marginal nestlings have received small amounts of food 

investment, but at a stage when the extrinsic and intrinsic impacts on the core brood are 

known (O’Connor 1978). This enables adults to ensure that their current reproductive 

effort is advantageous while also conserving their reproductive condition for the future 



 

68 

 

(Mock & Parker 1997). Core nestlings generally benefit by immediately eliminating 

marginal nestlings to remove the threat of future competitive opponents and to secure 

food supplies for their own needs (O’Connor 1978). This is predicted to occur, 

according to the resource-tracking, insurance and progeny-choice hypotheses, before 

extrinsic and intrinsic factors are evaluated by adults. This elimination improves the 

condition of core nestlings at the expense of marginal nestlings, particularly if food 

supply remains constant after brood reduction. The facilitation hypothesis will be 

supported when core nestlings gain extra food by consuming the marginal nestling 

share, and so, profit from its continued survival. However, adults reduce the amount of 

food supplied after brood reduction, resulting in core nestlings receiving less food 

(Mock & Forbes 1995; Ploger 1997). However, in each of these hypotheses, the 

presence and elimination of marginal nestlings is understood to influence adult food 

supplies and the distribution of food between nestlings, and thus produces different 

costs and benefits to adults and nestlings. It is therefore predicted that adults and core 

nestlings disagree over the value of marginal nestlings and how food is distributed 

between family members. 

4.1.1.3 Parent-offspring competition 

A theoretical model of parent-offspring conflict has been developed by Trivers (1974) 

to explain the cost and benefits associated with parental care, such as the distribution of 

food (Kilner & Hinde 2012). This model implies that adults and nestlings will disagree 

over food distribution when adults cannot supply sufficient food to satisfy the needs of 

all brood members. This results in a conflict of interests between adult supply of food 

and nestling demand for food. 

Numerous studies have demonstrated the co-adaptive benefit of parent-offspring 

conflict (Parker & Macnair 1978; Macnair & Parker 1979; Harper 1986; Parker 1985; 

Stamps et al.1985; Drummond 1987; Kölliker & Richner 2001; Kölliker et al. 2005; 

Gardner & Smiseth 2010). Importantly, these studies explain that adults and nestlings 

can both influence food supplies because a relationship exists between the begging 

behaviour of nestlings and adults responses to these behaviours, although this is a 

highly debated aspect of family dynamics (Godfray 1995; Kilner & Johnstone 1997; 

Kölliker & Richner 2001; Royle et al. 2002; Kölliker et al. 2005; Smiseth et al.2008; 

Tanner et al. 2008). Nestlings are seen to control the distribution of food if they can 

solicit extra food against the interests of adults, whereas adults are seen to control food 
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distribution if they resist nestling begging attempts to solicit extra food (Royle et al. 

2002). 

Four theoretical models predict how adults respond to nestling begging signals: signal 

of need (Godfray 1991; 1995), signal of quality (Grafen 1990), counter-strategy 

(Stamps et al. 1985) and false signalling (Johnstone & Grafen 1993). The signal of need 

model predicts that an increase in food supply will decrease the begging behaviour of 

nestlings. The false signalling and signal of quality models predict that an increase in 

food supply will increase the begging behaviour of nestlings because nestlings are 

rewarded for their begging behaviour. The counter-strategy model predicts that an 

increase in food supply to marginal nestlings will decrease begging behaviour of 

marginal nestlings but increase the begging behaviour of core nestlings. 

According to the signal of need model, the costly nature of begging (e.g. increased 

predation or energetic loss) maintains the reliability of nestling begging as an honest 

signal of need (Godfray 1991; Kilner & Johnstone 1997; Johnstone 1999). The cost to 

nestlings of exaggerated begging outweighs the benefits, especially when nestlings have 

no need for extra food (Johnstone & Grafen 1993). Nestlings that beg more intensely 

are seen to require food, while nestlings that do not require food beg less intensely. 

Begging is therefore considered a good indicator of need and is used by adults to 

determine which nestlings in a brood require food. 

Adults may also feed nestlings according to nestling dominance rather than need 

(Leonard & Horn 1996). The signal of quality model suggest that adults direct food to 

nestlings with a high reproductive value because more developed nestlings are assumed 

to have greater survival prospects (Grafen 1990; McRae et al. 1993; Mock et al. 2011; 

Klug et al. 2012). Nestlings communicate their value to adults and out-compete weaker 

nestlings by begging more intensely or at a greater height (William & Cooper 1983; 

Mock et al. 2011; Lee et al. 2012). As a result, large dominant core nestlings receive 

more food than marginal nestlings due to their relative body size and developmental 

advantage (Slagvold et al. 1994; Rodríguz et al. 2008; Shiao et al. 2009). 

Adults may also employ a counter-strategy by distributing food to last-hatched 

marginal nestlings that appear to have less reproductive value (Stamps et al. 1985; Klug 

et al. 2012). This occurs in the Crimson Rosella (Platycercus elegans) (Krebs & 

Magrath 2000); the Budgerigar (Melopsittacus undulates) (Stamps et al. 1985); the 

Red-wing Blackbird (Agelaius phoenicus) (Westneat et al. 1995); and the White-winged 
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Chough (Corocrax melanorhamphos) (Boland et al. 1997). This strategy may be 

beneficial if adults achieve the greatest increase in fitness by supplying food to the 

weaker nestlings, such as in situations where stronger nestlings are likely to survive 

regardless of increased food provisions (Klug et al. 2012). This may also compensate 

for the competitive differences between core and marginal nestlings induced by 

hatching asynchrony. Adult counter-strategies generally occur during periods of high 

food availability and can enable higher fledging success across the entire brood 

(O’Connor 1978; Royle 2000). 

Nestlings may use false signalling to challenge the feeding strategies of adults by 

soliciting extra food to benefit their own needs (Johnstone & Grafen 1993). This is 

achieved through dishonest signalling to adults in the form of persistent visual and 

auditory begging behaviour by nestlings (Drummond 1987; Kilner & Johnstone 1997). 

Nestlings can learn to modify their solicitation behaviour according to adult feeding 

styles. For example, nestlings may learn to actively secure the most profitable position 

in the nest to receive extra food (McRae et al. 1993; Kölliker & Richner 2001). 

Given the four models, the fitness consequences for adult supply of food and nestling 

demand for food is complex. These models suggest that a co-adaptive relationship exists 

between the signals produced by nestlings and the response provided by adults; 

however, each model places a different emphasis on the control of the distribution of 

food (Kilner & Hinde 2012). As a result, adult and nestlings receive different costs and 

benefits from this interaction (Kilner & Hinde 2012). For example, nestlings can gain 

benefits through the exaggeration of their true condition at the expense of adults (i.e. 

false signalling). Adults can gain benefits by selectively feeding the best quality nestling 

while neglecting others (i.e. signal of quality). In circumstances when a mutual 

advantage is not achieved between adults and nestlings, conflict will arise over the 

distribution of food. 

4.1.2 Review of brood size manipulation studies 

Brood size manipulation experiments have been conducted in a variety of bird species, 

including passerines species, such as swifts (Martin & Wright 1993; Pichorim & 

Monteiro-Filho 2007) and swallows (Leonard et al. 2000; Ardia 2007); woodpeckers 

(Musgrove & Wiebe 2014); raptors (Beissinger 1990; Dijkstra et al. 1990; Roulin et al. 

1999; Olsen & Tucker 2003); parrots (Budden & Beissinger 2009) and seabirds such as 

cormorants (Hunt & Evans 1997), boobies (Velando & Alonso-Alvarez 2003), gulls 
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(Haymes & Morris 1977), kittiwakes (Jacobsen & Erikstad 1995), pelicans (Ploger 

1997) and penguins (Moreno et al. 1998). Most of these studies experimentally altered 

brood size by enlarging or reducing the number of nestlings to demonstrate that the 

average clutch size is the most cost effective reproductive method for raising nestlings 

in an uncertain environment. Further, these studies showed that brood-size affects: (a) 

the amount of food delivered to the brood; (b) brood begging behaviour; and (c) the 

level of aggression in the brood. 

Evidence suggests that adult food supply varies with experimentally altered brood sizes. 

There is substantial theoretical and empirical support for the assumption that a positive 

relationship occurs between adult supply and brood size (Ploger 1997). Most of the 

studies reviewed by Ploger (1997) suggest that an increase in brood size and brood 

demand results in adults supplying more food. Conversely, a decrease in brood size and 

brood demand results in adults supplying less food (Mock & Lamey 1991). Therefore, it 

is predicted that food supply decreases after brood reduction. However, there are also 

theoretical assumptions that food remains constant across brood sizes (O’Connor 1978; 

Parker & Mock 1987; Godfray & Parker 1992) and two studies have demonstrated that, 

in some instances, adults may employ a fixed feeding strategy regardless of changes in 

brood size (Royama 1966; Ricklefs 1987). 

A model developed by Forbes (1993) explains that adult responsiveness to brood size 

has important fitness consequences for family members and provides adaptive benefits 

to species in which brood reduction occurs. More recently, the relationship between 

brood-size and adult food supply has been empirically confirmed in studies by Wright et 

al. (2002) (Pied Flycatcher, Ficedula hypoleuca); Neuenschwander et al. (2003) (Great 

Tit, Parus major); Olsen and Tucker (2003) (Peregrine Falcon, Falco peregrinus); 

Ardia (2007) (Tree swallow, T. bicolor); Budden and Beissinger (2009) (Green-rumped 

Parrotlet, Forpus. passerinus); and Musgrove and Wiebe (2014) (Northern Flicker, 

Colaptes auratus). 

Nestling begging behaviour has also been demonstrated to vary with experimental 

brood size. For example, studies that investigated begging intensity in the Tree Swallow 

(T. bicolor) and Great Tit (P. major) showed that begging intensified with an increase in 

the number of nestmates (Leonard et al. 2000; Neuenschwander et al. 2003). Nestlings 

in enlarged broods also change nest begging position more frequently than in reduced 

broods (Neuenschwander et al. 2003). 
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Brood size may also influence the begging behaviour of particular nestlings (Budden & 

Beissinger 2009; Lotem 1998; Gilby et al. 2012). Evidence suggests that nestling size 

and hatching-order are strong determinants of different begging behaviours when brood 

size is altered (Lotem 1998; Gilby et al. 2012). In particular, a study on the Zebra Finch 

(Taeniopygia guttata) demonstrated that, when brood size was increased, nestlings 

hatched from last-laid eggs begged more often than nestlings hatched from first-laid 

eggs (Gilby et al. 2012). Further, in enlarged broods of the Green-rumped Parrotlet (F. 

passerinus), smaller marginal nestlings beg more than larger core nestlings (Budden & 

Beissinger 2009). Many experimental brood size manipulation studies therefore support 

the notion that a relationship exists between nestling begging and brood size. Most 

importantly, these studies demonstrate that brood size has differential effects on the 

individual begging effort of nestlings. 

Brood size also influences overt nestling aggression (Mock & Lamey 1991; Ploger 

1997). Brood aggression has been demonstrated to decrease with smaller brood size. 

For example, studies on nestling aggression in the Cattle Egret (Bubulcus ibis) and 

Great Egret (Ardea alba) showed that a decrease in brood size reduced aggressive 

interactions within the brood (Mock & Parker 1986; Mock & Lamey 1991). However, 

in the Brown Pelican (Pelecanus occidentalis) brood aggression was found not to 

change when brood size was experimentally altered, although a small sample size may 

have influenced this result (Ploger 1997). More recently, a comparative analysis of 69 

species in seven avian families by Gonzalez-Voyer et al. (2007) suggested that 

incidences of aggression are unrelated to brood size. However, this study did show that 

small brood size was associated with higher aggression intensity, most likely because 

unstable hierarchies are created in large-sized broods (Drummond 2002; Gonzalez-

Voyer et al 2007). 

Evidence that nestling hierarchies are influential in determining the distribution of 

aggression is provided by two influential brood size manipulation experiments (Mock & 

Lamey 1991; Ploger 1997). Second-hatched Brown Pelican (P. occidentalis) nestlings 

were found to behave more aggressively in a three-nestling brood than in a two-nestling 

brood, with the majority of fights occurring at the top end of the hierarchy (i.e. between 

the first- and second-hatched core nestlings) (Ploger 1997). Aggression between the 

first- and second-hatched core nestlings continued even when brood reduction resulted 

in the mortality of the third-hatched nestling, most likely because only one nestling 
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fledges from the brood (Ploger 1997). Alternatively, in the Cattle Egret (B. ibis) most 

aggression occurred between second-hatched core nestlings and third-hatched marginal 

nestlings (Mock & Lamey 1991). In contrast to Ploger’s (1997) study, aggression was 

shown to decrease when brood reduction resulted in the mortality of third-hatched 

nestlings, most likely because two nestlings can fledge from the brood (Mock & Lamey 

1991). These studies suggest that the number of nestmates and the need to establish 

dominance is one of the major determinants of aggression within broods. 

The interaction between (a) adult food supplies, (b) nestling begging, and (c) levels of 

aggression between nestlings is known to influence nestling condition when brood size 

is manipulated (reviewed in Mock & Parker 1997). For example, nestlings in enlarged 

broods are found to be in poorer condition (Neuenschwander et al. 2003) and to have 

lower body mass (Martin & Wright 1993; Valendo & Alonso-Alvarez 2003) and slower 

growth (Pichorim & Monterio-Filho 2007) than in reduced broods. More importantly, 

the condition of some nestlings within larger broods can be affected more than others, 

generally resulting in the mortality of marginal nestlings (i.e. brood reduction) (Forbes 

2010.). This suggests that food may not be equally distributed to nestlings when brood 

size is increased and could be a result of adult favouritism or an outcome of nestling 

competition (Ratcliffe & Furness 1999; Leonard et al. 2000; Budden & Beissinger 

2009). 

Overall, brood size manipulation studies provide researchers with an experimental 

framework within which to understand the complexity of avian family dynamics. 

Altering the number individuals (i.e. competitors) that compete within the family 

provides a direct useful method by which to study the fitness implications of family 

competition in brood reducing species (parent-offspring competition and nestling 

competition). For this reason, I used a brood size manipulation experiment to explore, 

for the first time, the effects of brood size on the family dynamics of the Black-faced 

Cormorant. 

4.1.3 Family dynamics and brood reduction in cormorants 

Twelve cormorant species are known to exhibit brood reduction (Harris 1979; Morrison 

et al. 1979; Urban 1979; William & Cooper 1983; Shaw 1985; reviewed in Drummond 

1987; Green 1997; Hunt & Evans 1997; reviewed in Nelson 2005). In these species, 

small marginal nestlings die within days of hatching; primarily as a result of starvation 

induce by nestling competition and/or adult favouritism (reviewed in Nelson 2005).  
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In cormorants, competitive begging by nestlings is reported to occur more often than 

overt nestling aggression (Drummond 1987). The majority of studies suggest that larger 

core nestlings are the strongest-begging nestlings in the brood and are therefore capable 

of out-competing marginal nestlings to receive more from adults (Williams & Cooper 

1983; Hunt & Evans 1997; Nelson 2005). Less evidence is supplied for nestling 

aggression, except for two studies (Double-crested Cormorant (P. auritus) and Great 

Cormorant (P. carbo) (Urban 1979; reviewed in Drummond 1987). These studies report 

that larger core nestlings were observed to attack marginal nestlings, thereby 

intimidating marginal nestlings and reducing their access to food (Urban 1979; 

reviewed in Drummond 1987). Further, in the Great Cormorant (P. carbo), nestlings 

were documented to aggressively jab and bite the nape of nestmates and, in some 

instances, larger nestling were observed to push smaller nestlings out of the nest (Urban 

1979). Evidence of aggression in the Double-crested Cormorant (P. aurtius) has not 

been found (Hunt & Evans 1997). Overall, overt nestling aggression has been 

documented less often than non-aggressive competitive begging in cormorants. 

Adult favouritism has been demonstrated in cormorants, although uncertainty regarding 

adult feeding preferences and nestling competition is common (reviewed in Drummond 

1987; Nelson 2005). For example, adults of some species are recorded to preferentially 

feed the strongest begging nestlings (William & Cooper 1983; Nelson 2005). In other 

species, such as the Double-crested Cormorant (P. aurtius), larger nestlings are fed 

more often than smaller nestlings, although smaller nestlings were occasionally fed 

when other nestmates were not begging (Hunt & Evans 1997). This suggests that 

nestling competition rather than adult favouritism may have influenced this result (Hunt 

& Evans 1997). Ambiguity regarding adult favouritism is also found in studies on the 

Imperial Cormorant (P. atriceps) and Great Cormorant (P. carbo) (Shaw 1985; 

reviewed in Nelson 2005).  

There is limited knowledge on sex-biased adult favouritism in cormorants. However, 

the review of cormorant breeding biology by Nelson (2005) suggests that different 

feeding patterns between males and females may occur in the Great Cormorant (P. 

carbo) and Flightless Cormorant (P. harrisi). In the Great Cormorant (P. carbo) males 

were recorded to take a greater share of the feeding of nestlings, while in the Flightless 

Cormorant (P. harrisi) females were reported to desert males for other reproductive 
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males, leaving the original males to continue feeding nestlings until fledging. Further 

research is needed in this area of cormorant breeding biology.   

Nestling competition and/or adult favouritism can affect food distribution (William & 

Cooper 1983; Shaw 1985; reviewed in Nelson 2005). As a result, marginal nestlings 

generally die from starvation and the brood is reduced to a subset of the most 

competitive nestlings in the brood. Determining the value of marginal nestlings is 

therefore important to the understanding of brood reduction. Research suggests that 

marginal cormorant nestlings are generally used to: (a) track resources; (b) provide 

insurance for failed core nestlings; or (c) act as an extra-reproductive value. However, 

these dynamics may vary across different species (Harris 1979; Shaw 1985; Green 

1997; Hunt & Evans 1997). 

Providing support for the facilitation hypothesis, a brood size manipulation study in the 

Double-crested Cormorant (P. auritus) demonstrated that marginal nestlings may also 

facilitate the survival of core nestlings (Hunt & Evans 1997). This is the only cormorant 

study of which I am aware, except for Howell’s (2009) study on the Black-faced 

Cormorant, which provides evidence for the facilitation hypothesis. Importantly, this 

study combined observation and experimental manipulation of brood size, suggesting 

that this research method is useful to address questions relating to facilitation.  

Given the limited knowledge relating to competitive family interactions and brood 

reduction in cormorants and the general lack of published studies on sex-biased adult 

favouritism in seabirds, further empirical research is required to address important 

questions about brood reduction in seabirds. In particular, studies similar to that of Hunt 

and Evans (1997), which explored how brood size influences (a) begging behaviour, (b) 

nestling aggression and (c) adult favouritism, with a focus on male and females feeding 

patterns, would contribute valuable information to our understanding of how 

competitive family dynamics drive brood reduction in cormorants. Moreover, studies of 

this kind are needed to provide new knowledge that can inform the theoretical 

discussion about brood reduction, nestling competition and parent-offspring conflict. 

This would potentially open up new perspectives on the value of marginal nestlings and 

supply further evidence for the facilitation theory in cormorants and other closely 

related brood reducing species. 
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4.1.4 The need for research on parent favouritism in cormorants 

Species with bi-parental care may exhibit different male and female adult feeding 

behaviours toward nestlings (Lessells 2002). Adults selectively feed nestlings which 

have characteristics that are advantageous to their own interests compared to those of 

their mate (Johnstone & Hinde 2007; Lessells 2012). For example, male adults may 

prefer to feed female nestlings because feeding non-dispersing males can increase 

numbers of future male competitors (Klug et al. 2012). 

Males and females experience different reproductive costs and receive different benefits 

from the success of particular nestlings (Lessells 2002). Studies have shown that males 

and females distribute food differently according to nestling size (Wiebe & Slagsvold 

2012), begging behaviour (Leonard & Horn 1996), sex (Stamps et al. 1985), age (Lee et 

al. 2012), dominance rank (Ploger & Medeiros 2004) and probability of paternity 

(Westneat et al. 1995; Slagsvold 1997). Many of these studies were conducted using 

short-lived passerine species. Manipulations of hatching asynchrony, sex ratio, and 

relatedness between nestlings were used to empirically demonstrate that ‘favouritism’ 

by males and females results in sub-sets of nestlings receiving a feeding advantage 

(Stamps et al. 1985; Sheldon & Ellegren 1998; Glassey & Forbes 2002; Mainwaring et 

al. 2011).  

Fewer studies have explored the effects of brood-size and how it influences the 

distribution of food by males and females to particular nestlings (Neuenschwander et al. 

2003; Ardia 2007; Budden & Beissinger 2009; Musgrove & Wiebe 2014). Moreover, 

these studies have produced conflicting results. For example, some found that brood-

size does not influence the feeding patterns of males and females (Neuenschwander et 

al. 2003; Musgrove & Wiebe 2014), while others showed sex-biased feeding patterns 

when brood sizes were manipulated (Ardia 2007; Budden & Beissinger 2009). Green-

rumped Parrotlet (F. passerinus) females, for example, preferred to feed smaller 

marginal nestlings more frequently in enlarged broods than in reduced broods, while 

males fed smaller nestlings less often in both types of broods (Budden & Beissinger 

2009).In contrast, in the Tree Swallow (Tachycineta bicolor), neither sex showed a 

preference for particular nestlings, but males differed in their feeding effort from 

females by reducing effort to reduced broods (Ardia 2007). Further, Ardia (2007) 

showed that differences in feeding patterns can affect nestling quality: male feeding 

patterns influenced nestling body mass while female feeding patterns influenced 
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nestling growth. To the best of my knowledge, no brood size manipulation study has 

been conducted in a seabird species which explores the relationship between brood size 

and sex-biased feeding patterns of adults. 

4.1.5 Study species and experimental aims 

This chapter aims to determine the extent to which (a) aggressive and non-aggressive 

competitive interactions in the brood and (b) adult food provisioning strategies 

influence the distribution of food in families with manipulated brood sizes. The Black-

faced Cormorant (Phalacrocorax fuscescens) was used as a model species to examine 

these parental care behaviours and competitive family dynamics.  

In the Black-faced Cormorant colony at Outer Harbour, South Australia, adults produce 

clutches of 1 – 4 eggs, with 80% of clutches containing two or three eggs (Howell 

2009). Hatching asynchrony results in a significant size hierarchy between nestmates, 

and affects the survival rate of nestlings (Howell 2009). The hatching asynchrony of the 

Black-faced Cormorant is 2.65 days between the hatching of successive eggs (Howell 

2009). Core nestlings demonstrate better condition than marginal nestlings, none of 

which survive past two weeks of age (Howell 2009). Marginal nestlings appear to 

enhance the survival of core nestlings and the frequency of adult feeding is correlated 

with nestling begging (Howell 2009). Aggressive behaviours between nestlings were 

not observed during Howell’s (2009) study, although there is reason to suspect overt 

aggression may occur because it has been documented other cormorant species (Urban 

1979; reviewed in Drummond 1987). A limitation of Howell’s (2009) descriptive study 

is that it was conducted using an inadequately small number of broods containing three 

nestlings. Nevertheless, it suggests that the facilitation hypothesis may explain the 

occurrence of brood reduction in the Black-faced Cormorant. Further research is 

required to critically assess the role of facilitation in the family dynamics of the Black-

faced Cormorant. 

The current study extends Howell’s (2009) descriptive research by experimentally 

manipulating brood sizes of the Black-faced Cormorant to observe how the number of 

nestmates and relative size differences between nestlings affect (a) brood begging and 

aggressive behaviours and (b) food provisioning from adults. My study is a key 

component of a long-term study that aims to empirically test the facilitation hypothesis, 

using the Black-faced Cormorant as a model species. While I do not directly test this 

hypothesis, I provide the first steps in this process by exploring family dynamics. My 
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study aims to provide valuable new information about the importance of brood size, 

hatch rank, and nestling begging and aggression in relation to food provisioning by 

male and female adults. Specifically, this is one of the first studies using a seabird 

species to explore the relationship between brood size and sex-biased feeding patterns 

of adults. Further, it provides the first detailed report of aggression in cormorants. The 

findings are intended to inform future studies that aim to determine if marginal nestlings 

facilitate the survival of core nestlings in the Black-faced Cormorant, therefore adding 

to the theoretical discussion of brood reduction in seabirds. 

This study used a brood manipulation experiment to answer the following five 

questions: 

1. Do nestlings beg equally? 

2. Are adults responding to nestling begging behaviours? 

3. Are adults or nestlings in control of the food distribution? 

4. Are there differences in the feeding patterns of males and females? 

5. Do nestlings use aggression as a competitive tactic to access food? 

 

4.2 Methods 

4.2.1 Field data collection 

Fieldwork was conducted from April to August 2010 at Outer Harbour, South Australia. 

This fieldwork comprised brood size manipulation, behavioural observations and 

identification of nests, nestlings and adults. 

4.2.2 Brood size manipulation 

Brood size manipulations were conducted by exchanging one day old nestlings between 

nests to create experimental broods of one nestling (n = 9), two nestlings (n = 5) and 

three nestlings (n = 9). The size of the experimental broods varied from original brood 

sizes (range: 1 – 3 nestlings; median: 2 nestlings) and were created by randomly 

reducing or enlarging the number of nestlings in nests. Brood size was randomly 

assigned in relation to clutch size. This produced 11 experimentally reduced broods (9 

one-nestling broods; 2 two-nestling broods) and 12 experimentally enlarged broods (9 

three-nestling broods; 3 two-nestling broods) (Table 4.1).  
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It is important to note that two-nestling broods contained both types of manipulations 

(reduced and enlarged). Studies have demonstrated that adults and nestlings may behave 

differently to broods that have been experimentally reduced or enlarged, even when 

both types of broods contain the same number of nestlings (reviewed in Ploger 1997). 

Therefore, it was decided that preliminary comparative analyses would be conducted. 

These analyses showed that in two-nestling broods there was no significant difference 

between reduced or enlarged nests in relation to all behavioural variables. While the 

non-significant results may be an artefact of the small sample size, it does allow the data 

obtained for two-nestling broods in this experiment to be pooled for further analyses.  

Table 4.1 Brood size manipulation experiment for the Black-faced Cormorant (Phalacrocorax fuscescens) 

colony at Outer Harbour, South Australia. 

(R = experimentally reduced brood created by removing a nestling; E = experimentally enlarged brood 

created by adding a nestling). 

 Experimental brood size 

Original clutch size 1 2 3 

1 0 3E 0 

2 9R 0 9E 

3 0 2R 0 

Total 9 5 9 

 

Hatching asynchrony of Black-faced Cormorants was replicated in two and three-

nestling broods by exchanging an original one day old nestling with a new one day old 

nestling every 2.5 days until the experimental brood size was reached. Broods therefore 

contained nestlings of different ages. All nestlings were reared in a nest other than the 

original nest and were not related to other nestmates or the adults attending the nest. 

Therefore experimental broods were not confounded with relatedness. 

4.2.2.1 Brood-size treatments and definition of nestlings 

The experiment included a total of 46 nestlings in 23 experimental nests. Three brood 

size treatments were assigned. Six nestling treatments were assigned based on the new 

hatching rank of nestlings in the experimental nest, regardless of the hatching rank 

nestlings had in their original nest. Treatments and associated abbreviations are defined 

in Table 4.2. 
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Table 4.2 Definitions of assigned experimental treatments of the Black-faced Cormorant (Phalacrocorax 

fuscescens) colony at Outer Harbour, South Australia. 

(Hatching rank refers to the newly assigned age rank in experimental nest; n = indicates sample size). 

Brood size 

treatment 

Nestling 

treatment 
Abbreviation 

Nestling 

category 
Definitions 

1 One (n =9) A1c Sole A single nestling in a nest on its own. 

2 

Two (n = 5) A2c Core 
The first hatched nestling in a nest of two 

nestlings. 

Three (n = 5) B2c Marginal 
The second hatched nestling in a nest of two 

nestlings. 

3 

Four (n = 9) A3c Core 
The first hatched nestling in a nest of three 

nestlings. 

Five (n = 9) B3c Core 
The second hatched nestlings in a nest of 

three nestlings. 

Six (n = 9) C3c Marginal 
The third hatched nestling in a nest of three 

nestlings. 

 

The six nestling treatments in this experiment can be categorised into three descriptive 

groups: core, marginal and sole nestlings. The core nestling group comprises nestlings 

from A2c, A3c and B3c. These are the large first- and second-hatched nestlings in a 

shared nest environment that have a size and developmental advantage over nestmates 

and are predicted to survive until fledging (Mock & Forbes 1995; Mock & Parker 1997; 

Glassey & Forbes 2002; Forbes 2007). The marginal nestlings group comprises 

nestlings from B2c and C3c. These are the last-hatched smaller nestlings in a shared 

nest environment. These nestlings have less developed co-ordination compared to core 

nestmates and are predicted to die before fledging (Mock & Forbes 1995; Mock & 

Parker 1997; Glassey & Forbes 2002; Forbes 2007). The sole nestling group consists of 

nestlings from A1c. These nestlings do not share a nest environment with other 

nestlings and generally survive until fledging (Mock & Parker 1997). Throughout this 

chapter, these three categories and abbreviations are used to refer to nestlings. 

4.2.2.2 Behavioural observations 

The observation period began on the day that each experimental nest reached its 

completed brood size (one, two or three nestlings) and continued for 25 days, the time at 

which nestlings left the nest. During this period, the median number of days each nest 

was observed was 9 days (range: 3 – 11 days) with a mean observational period of 90 

mins/day (range: 41 – 220 mins/day). Observations were made from a viewing stage 

erected on rock platforms adjacent to the breeding colony (Figure 4.1). The stage was 
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1.8m high and located approximately 2m distant from the closest nest, allowing clear 

visibility of behavioural interactions while minimizing interference with natural 

behaviours. Nests were scanned every five minutes from the stage according to a pre-

determined order, following methods described in Ploger (1997). When focal 

behaviours were detected in a nest (Table 4.3), all relevant behaviours were recorded 

until they ceased. Scanning of the nests in sequential order then resumed. A total of 372 

observational hours were recorded ( x̄  = 11.65 hrs/nest). 

 

 

Figure 4.1 Observation stage erected on the rock platform adjacent to the Black-faced Cormorant 

(Phalacrocorax fuscescens) breeding colony. 

(Photo: Julie Riordan). 

 

4.2.2.3 Identification of experimental nests, nestlings and adults 

Nests were numbered with non-toxic paint on the rock adjacent to each nest. Paint 

marks were renewed, as necessary, when bird droppings obscured them. Nestlings in 

experimental nests were marked with non-toxic paint on the head when first placed in 

the nest and then every five days for 25 days. First hatched nestlings were marked with 

yellow, second hatched nestlings were marked with blue, and last hatched nestlings 

were unmarked. Adults were not individually distinguishable by their marking and were 

therefore visually identified based on sexual size differences between each adult 

attending each nest (Riordan & Johnston. 2013).  

4.2.3 Classification of behaviours 

I recorded three focal behaviours: nestling begging, nestling feeding and aggression 

between nestlings (Figure 4.2). These three behaviours were defined as follows: 
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 Begging occurred when a nestling raised its head in an upward position, stretched 

their neck, gaped and vocalised. 

 Feeding occurred when males or females delivered food as boluses to nestlings. 

This delivery method limited the ability to clearly observe the quality and quantity 

of food delivered.  

 Aggression between nestlings occurred when a nestling pecked, and lunges were 

made to contact the head or body of another nestling, or when a nestling grasped 

the bill of another nestling. (A detailed description of aggression behaviours is in 

the results section below). 

 

 

Figure 4.2 Focal behaviours of the behavioural experiment conducted at Outer Harbour, South Australia. 

(Nestling begging (left), nestling feeding (middle), and aggression between nestlings (right). 

(Photos: Julie Riordan). 

 

The three focal behaviours were split into separate behavioural categories for analysis. 

This produced a total of 53 behavioural variables as follows: nestling begging (N = 27 

variables), nestling feeding (N = 24 variables) and aggression between nestlings (N = 2 

variables) (Table 4.3). Table 4.3 lists categories for the different behavioural elements 

recorded (begging, feeding and aggression). Within each category, variables identify the 

sex of the adult attending the nest (Male Variables and Female Variables). 
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Table 4.3 Focal behaviours of Black-faced Cormorant (Phalacrocorax fuscescens) recorded at the 

breeding colony at Outer Harbour, South Australia. 

(N = indicates the number of variables per behavioural category; M = indicates that a male was attending 

the nest when the behaviour occurred; F = indicates that a female was attending the nest when the 

behaviour occurred). 

Focal 

Behaviour 

Behavioural 

Category 
Variable Name Definition 

Begging Begging 

Rate 

(N = 3) 

Begging Rate 

Begging Rate (M) 

Begging Rate (F) 

A nestling was observed begging to an adult 

(number of begs per unit time). 

Begging Begging 

Intensity 

(N = 6) 

Low Begging Intensity 

Low Begging Intensity (M) 

Low Begging Intensity (F) 

A nestling was observed with begging 

characteristic, except neck is only slightly 

stretched with slight movement of the head in a 

forward and backward motion. Body is in the 

seated position. 

High Begging Intensity 

High Begging Intensity (M) 

High Begging Intensity (F) 

A nestling was observed with begging 

characteristic, except neck is entirely stretched 

with rapid movement of the head in a forward 

and backward motion. Body is lifted on legs and 

wings are waving. 

Begging Begging 

Height 

(N = 9) 

Low Begging Height 

Low Begging Height (M) 

Low Begging Height (F) 

A nestling was observed begging below the 

breast of the attending adult. This observation is 

relative to the adult attending the nest and refers 

to the distance (i.e. proximity) of a nestling to 

the bill of the adult.  

Medium Begging Height 

Medium Begging Height (M) 

Medium Begging Height (F) 

A nestling was observed begging between the 

breast and throat of the attending adult. This 

observation is relative to the adult attending the 

nest and refers to the distance (i.e proximity) of 

a nestling to the bill of the adult. 

High Begging Height 

High Begging Height (M) 

High Begging Height (F) 

A nestling was observed begging above the 

throat of the attending adult. This observation is 

relative to the adult attending the nest and refers 

to the distance (i.e. proximity) of a nestling to 

the bill of the adult.  

Begging Begging 

Position 

(N = 9) 

Low Begging Position 

Low Begging Position (M) 

Low Begging Position (F) 

A nestling observed begging in the lowest 

position compared to nestmates. This refers to 

the lowest begging height relative to the other 

nestlings in the nest. 

Medium Begging Position 

Medium Begging Position (M) 

Medium Begging Position (F) 

A nestling observed begging in the second 

highest position compared to nestmates. This 

refers to the middle begging height relative to 

the other nestlings in the nest. 

High Begging Position 

High Begging Position (M) 

High Begging Position (F) 

A nestling observed begging in the highest 

position compared to nestmates. This refers to 

the highest begging height relative to the other 

nestlings in the nest. 
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Focal 

Behaviour 

Behavioural 

Category 
Variable Name Definition 

Feeding Feeding 

Rate 

(N = 3) 

Feeding Rate 

Feeding Rate (M) 

Feeding Rate (F) 

A nestling was observed being fed by an adult 

(number of feeds per unit time). 

Feeding Feed 

Length 

(N = 9) 

Short Feed Length  

Short Feed Length (M) 

Short Feed Length (F) 

A measurement of time where food was 

exchanged between an adult and a nestling, 

between zero and ten seconds. 

Medium Feed Length  

Medium Feed Length (M) 

Medium Feed Length (F) 

A measurement of time where food was 

exchanged between an adult and a nestling, 

between ten and twenty seconds. 

Long Feed Length  

Long Feed Length (M) 

Long Feed Length (F) 

A measurement of time where food was 

exchanged between an adult and a nestling, for 

longer than twenty seconds. 

Feeding Initiation & 

Cessation 

(N = 12) 

Nestling Initiation 

Nestling Initiation (M) 

Nestling Initiation (F) 

Observation of a nestling starting a feed before 

an adult. See 4.3.2.1 for more details. 

Nestling Cessation 

Nestling Cessation (M) 

Nestling Cessation (F) 

Observation of a nestling finishing a feed before 

an adult. See 4.3.2.1 for more details. 

Adult Initiation 

Adult Initiation (M) 

Adult Initiation (F) 

Observation of an adult starting a feed before a 

nestling. See 4.3.2.1 for more details. 

Adult Cessation 

Adult Cessation (M) 

Adult Cessation (F)  

Observation of an adult finishing a feed before a 

nestling. See 4.3.2.1 for more details. 

Aggression Aggression 

(N = 2) 

Aggression Provider Observation of a nestling displaying 

intimidating behaviours to a nestmate. These 

behaviours included pecking, lunging and 

grasping the bill of nestmates. 

Aggression Recipient Observation of a nestling receiving intimidating 

behaviours from a nestmate. These included 

pecking, lunging and grasping the bill of 

nestmates. 
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4.2.3.1 Initiation and cessation of feeding events 

This study used variables relating to the initiation and cessation of feeding events by 

adults and nestlings. Specific criteria were employed to allocate feeding behaviours to 

these variables. Adult-initiated feeding was deemed to occur when the adult moved their 

open bill towards the closed bill of a nestling. Nestling-initiated feeding was deemed to 

occur when a nestling moved their open bill toward the closed bill of an adult. In both 

cases, these movements resulted in food delivery. Adult cessation occurred when the 

adult moved its bill away and the nestling continued to make contact with the bill. 

Nestling cessation occurred when the nestling moved its bill away and the adult 

continued to make contact with its bill. 

4.2.4 Exploratory analysis of behaviours 

Exploratory analyses were performed using the statistical software package SPSS 

(version 21.0). For each nestling (n = 46) and brood size (n = 23), the 53 behavioural 

variables were examined for normality and outliers using raw counts. Descriptive 

statistics such as mean, standard deviation and range were recorded. To explore 

temporal trends over the 25-day experiment, each variable for the three brood sizes and 

the six nestling categories was graphed and qualitative differences were noted in 

relation to nestling survival and age. 

It is important to note that the number of observations conducted during the experiment 

for each nestling varied. This occurred because nestlings were not necessarily observed 

for the same number of days. The two main reasons for variations in nestling 

observation were: (1) the death of nestlings due to predation, starvation or weather 

exposure; and (2) dangerous weather conditions preventing colony access on particular 

days. Differences between the numbers of days that each nestling was observed were 

therefore uncontrolled and may have affected the distribution of behavioural variables. 

Nestling survival and nestling age can affect the size of the brood and alter the nest 

environment with confounding effects on the interactions of adults and nestlings. 

Therefore, to enable genuine comparisons between nestlings, two sub-periods of the 

total experimental period were examined to identify possible confounding effects. The 

first period extended from 1 to 13 days of age for first hatched nestlings, before any 

brood reduction occurred, and included all nestlings in one- and two-nestlings broods 

(i.e. A1c, A2c, B2c nestlings). The second period extended from 1 to 8 days of age for 
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first-hatched nestlings, again before any brood reduction occurred, and included all 

nestlings in one-, two- and three-nestlings broods (A1c, A2c, B2c, A3c, B3c, C3c). 

These periods allow for a genuine comparison between nestlings of similar ages in 

comparable nest environments. 

Exploratory analysis identified a highly skewed dataset with a large proportion of zero 

values. This was in part the result of restricted access to the colony due to bad weather 

conditions, but is also a common in behavioural ecology studies where zero values are 

frequently recorded due to the unpredictable nature of behavioural observations in the 

field (Martin et al. 2005). Numerous data transformations (logarithmic and square-root) 

were examined to accommodate zero values and the lack of data normality. The 

transformed data still had a distribution with high variability (Zar 2010). 

The raw count data were therefore converted into rates. Rates were calculated as the 

average number of times a particular behaviour was observed per day. The rate was 

calculated for each begging, feeding and aggression variable (n =53) and an average 

value was obtained for each nestling (n = 46) and brood size (n = 23). Further 

exploratory analyses identified that the data was non-normally distributed and contained 

a high number of outliers and zero values, even when transformations were conducted. 

Given these factors and the small sample sizes, it was decided that the most suitable 

method of statistical inference for this data was non-parametric analysis. These 

decisions regarding statistical analysis were made in consultation with two independent 

statistical advisors. 

4.2.5 Determination of behavioural variables for comparative analysis 

Table 4.4 shows the number of broods that engaged in each of the behaviours observed 

during the experiment. Adult sex was not visually identified on all occasions and this 

limited the number of broods where data could be differentiated into adult male and 

female behaviour variables. Riordan & Johnston (2013) have since described a reliable 

method that enables the Black-faced Cormorant to be accurately sexed in the field in 

order to overcome this limitation in future studies (Chapter 3).  

Of the 53 behavioural variables, ten variables had a total frequency value of five or less 

across each of the broods: Low Beg Position; Long Feed Length; Nestling Ceased 

Feeds; Male Low Beg Position; Male Long Feed Length; Male Nestling Initiated Feeds; 
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Male Nestling Ceased Feeds; Female Low Beg Position; Female Long Feed Length; 

and Female Nestling Ceased Feeds (Table 4.4). 

These variables were considered to be low frequency variables and were removed from 

the analysis. The cut-off value of five was established because observations below this 

level in each of the three brood sizes were insufficient to enable comparative analysis. 

However, an exception was made for Low Beg Position, Male Low Beg Position and 

Female Low Beg Position, because these variables can only be analysed in three-

nestling broods and are not used for comparison with other brood sizes. Comparative 

analyses were conducted with a reduced dataset of 46 behavioural variables (Table 4.5). 

Table 4.4 Number of broods that engaged in each type of behaviour observed during the experiment. 

(Total Broods = observations of behaviour where sex of the attending adults was not visually identified; 

Male broods = observation of behaviours where the male adult was visually identified; Female broods = 

observation of behaviours where the female adult was visually identified; Med. = Medium). 

Behavioural 

Category 

Behavioural 

Variable 

Total Broods Male Broods Females Broods 

1 2 3 Total 1 2 3 Total 1 2 3 Total 

Begging Beg Rate 9 5 9 23 6 4 7 17 8 4 8 20 

Intensity 
Low Beg Intensity 9 5 9 23 4 4 7 15 7 4 7 18 

High Beg Intensity 8 5 9 22 5 4 6 15 6 3 8 17 

Height 

Low Beg Height 6 3 9 18 4 2 4 10 3 1 7 11 

Med. Beg Height 9 4 9 22 6 3 6 15 7 2 7 16 

High Beg Height 9 5 9 23 3 4 6 13 7 4 6 17 

Position 

Low Beg Position 0 0 3 3 0 0 2 2 0 0 3 3 

Med. Beg Position 0 4 9 13 0 3 5 8 0 3 6 9 

High Beg Position 9 5 9 23 5 4 7 16 7 4 8 19 

Feeding Feed Rate 9 5 9 23 5 4 4 13 8 4 7 19 

Length 

Short Feed Length 9 5 9 23 5 4 4 13 7 4 6 17 

Med. Feed Length 8 4 7 19 3 3 3 9 5 2 5 12 

Long Feed Length 1 1 2 4 1 1 0 2 0 1 0 1 

Initiation 

and 

cessation 

Nestling Initiation 3 2 6 11 0 2 0 2 2 1 5 8 

Nestling Cessation 2 1 0 1 0 0 0 0 1 0 0 1 

Adult Initiation 8 5 8 21 4 4 5 12 5 4 4 14 

Adult Cessation 8 5 9 22 4 4 4 12 6 4 5 15 

Aggression 
Provider 0 3 7 10 - - - - - - - - 

Recipient 0 3 7 10 - - - - - - - - 

 

  



 

89 

 

Table 4.5 Behavioural variables used in comparative statistical analyses. 

(N = indicates the number of variables per behavioural category; M = indicates male associated 

variables; F = indications female associated variable). 

Focal Behaviour Behavioural Category Behavioural Variable 

Begging Begging Rate 

(N = 3) 

Beg Rate  

Beg Rate (M) 

Beg Rate (F)  

Begging Begging Intensity 

(N = 6) 

Low Beg Intensity  

Low Beg Intensity (M) 

Low Beg Intensity (F) 

High Beg Intensity 

High Beg Intensity (M) 

High Beg Intensity (F) 

Begging Begging Height 

(N = 9) 

Low Beg Height  

Low Beg Height (M) 

Low Beg Height (F) 

Medium Beg Height 

Medium Beg Height (M) 

Medium Beg Height (F) 

High Beg Height  

High Beg Height (M) 

High Beg Height (F) 

Begging Begging Position 

(N = 9) 

Low Beg Position  

Low Beg Position (M) 

Low Beg Position (F) 

Medium Beg Position  

Medium Beg Position (M) 

Medium Beg Position (F) 

High Beg Position  

High Beg Position (M) 

High Beg Position (F) 

Feeding Feeding Rate 

(N = 3) 

Feed Rate  

Feed Rate (M) 

Feed Rate (F) 

 

  



 

90 

 

Focal Behaviour Behavioural Category Behavioural Variable 

Feeding Feeding Length 

(N = 6) 

Short Feed Length  

Short Feed Length (M) 

Short Feed Length (F) 

Medium Feed Length  

Medium Feed Length (M)  

Medium Feed Length (F)  

Feeding Initiation and Cessation 

(N = 8) 

Adult Initiated Feeds  

Adult Initiated Feeds (M) 

Adult Initiated Feeds (F) 

Adult Ceased Feeds  

Adult Ceased Feeds (M) 

Adult Ceased Feeds (F) 

Nestling Initiated Feeds  

Nestling Initiated Feeds (F) 

Aggression Provider  and Recipient 

(N = 2) 

Aggression Provider  

 Aggression Recipient 

 

4.2.6 Comparative analysis of behaviours 

Analyses were conducted using non-parametric methods in SPSS (version 21.0). 

Kruskal-Wallis one-way analysis of variance was used to compare between three or 

more treatment groups. Two-tailed Mann-Whitney U-tests were used for all post-hoc 

analyses and comparison between two groups. Nests which had no data recorded across 

a particular behavioural category were removed and analyses were conducted with the 

reduced sample size. When outliers were identified analyses were first conducted with 

outliers and then with outliers removed. Significant results are reported with outliers 

unless stated otherwise. Details of the statistical test used will only be provided for 

significant findings. 

Separate analyses were conducted to determine if begging, feeding and aggressive 

behaviours were influenced by: (a) the size of the brood; (b) nestling hatch rank; and (c) 

sex of the attending adult. Brood size analyses were conducted for the entire 

experimental period (i.e. for 25-days). Therefore figures 4.4 – 4.17 in results show data 

from 1 – 25 days. All behavioural variables were first compared between the three 

brood sizes. Differences between variables were compared within each of the three 

brood sizes for each behavioural category (e.g. intensity, height, position). Comparisons 
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were also conducted to identify differences between male and female behavioural 

variables within each of the three brood sizes.  

Given that nestling survival and age can influence adult and nestling interactions, 

nestling hatch rank analyses were conducted for two different periods during the 

experiment (1-13 days and 1-8 days). For the purposes of comparative analysis, 

nestlings were divided into groups according to their (a) hatch rank and (b) brood size. 

Four nestling groups were established: first-hatched nestlings (A1c; A2c; A3c); second-

hatched nestlings (B2c; B3c); nestlings in two-nestling broods (A2c; B2c); and 

nestlings in three-nestling broods (A3c; B3c; C3c). The first grouping enables 

comparison between first-hatched core nestlings across the three brood sizes. The 

second grouping enables comparisons between second-hatched nestlings in two-nestling 

and three-nestling broods. The third grouping enables comparisons between core and 

marginal nestlings in a two-nestling brood. The fourth grouping enables comparisons 

between all nestlings in a three-nestling brood, including core and marginal nestlings. 

Grouping the nestlings in this way allowed for genuine comparison to be made between 

nestlings of similar ages in comparable nest environments. 

All behavioural variables were initially compared between the different nestling groups 

for the relevant time periods. Then, for each behavioural category (e.g. intensity, height, 

position) differences between variables were compared for individual nestlings in 

groups for the relevant time periods. Comparisons were also conducted to identify 

differences between male and female behavioural variables between different nestling 

groups and for individual nestlings in groups. 

 

4.3 Results 

The results are divided into four sections which deal with: (1) nestling survival; (2) 

brood size; (3) nestling hatch rank; and (4) aggression. The first section provides a 

descriptive summary of nestling survival. The second section reports on the effects of 

brood size and sex of the attending adult on the begging and feeding behaviours of the 

three different brood sizes. The third section reports on the effects of nestling hatch rank 

and sex of the attending adult on the begging and feeding behaviours of different 

nestlings. The fourth section of the results describes the aggressive behaviours found in 

the Black-faced Cormorant.  
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To aid in the presentation of the results, details of statistical tests will only be reported 

for results that were significant. Non-significant results will be described and the lack of 

significance noted, but the statistical test will not be reported.  

4.3.1 Description of nestling survival 

Exploratory analysis identified patterns in nestling survival and age. In one-nestling 

broods, all A1c nestlings survived at least until 18-days of age and day 18 of the 

experiment (Figure 4.3). In two-nestling broods, A2c and B2c nestlings survived until at 

least 10-days of age. Across the 25 day experimental period, second-hatched nestlings 

(B2c) died on the same day as first-hatched nestlings (A2c) except in nest (Nest 81) 

where the first-hatched nestling died before the second-hatched nestling and nest (Nest 

82) where the second-hatched nestling died before the first-hatched nestling (Figure 

4.4). Excluding Nest 81, the earliest documentation of brood reduction occurred when 

A2c was 13-days of age and on day 13 of the experiment. 

In three-nestling broods, A3c nestlings survived until at least 19-days of age, B3c 

nestlings survived until at least 6-days of age and C3c nestlings survived until at least 4-

days of age (Figure 4.5). Across the 25 day experimental period, second-hatched (B3c) 

and last-hatched (C3c) nestlings generally died before first-hatched nestlings (A3c). 

Last-hatched nestlings (C3c) died before second-hatched nestlings (B3c) except in one 

nest (Nest 52) where the A3c and B3c nestling died before the C3c nestling. A3c and 

B3c nestlings survived until the end of the experiment in three nests and in one nest 

(Nest 92) all nestlings survived until day 22 of the experiment. The earliest 

documentation of brood reduction occurred when A3c nestlings were 8-days of age and 

on day 8 of the experiment. 
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Figure 4.3 Survival rate of nestlings in one-nestling broods in relation to nestling age (top) and 

experimental period shown in days (bottom). 

(Dotted line represents the 13 day analysis period; Dashed line represents the 8 day analysis period). 
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Figure 4.4 Survival rate of nestlings in two-nestling broods in relation to nestling age (top) and 

experimental period shown in days (bottom). 

(Dotted line represents the 13 day analysis period). 
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Figure 4.5 Survival rate of nestlings in three-nestling broods in relation to nestling age (top) and 

experimental period shown in days (bottom). 

(Dashed line represents the 8 day analysis period). 
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4.3.2 Influence of brood size and adult sex on brood behaviour 

4.3.2.1 Effects of brood size on begging rate 

Different sized broods of the Black-faced Cormorant do not beg equally. One-nestling 

broods were found to beg significantly less than two-nestling and three-nestling broods 

(χ2 = 7.434, d.f. = 2, p < 0.05) (Figure 4.6). The begging rate of one-nestling broods 

(mean rank = 7.22) differed significantly from two-nestling broods (mean rank = 15.80) 

(U = 6.0, p < 0.05) and three-nestling broods (mean rank = 14.67) (U = 14.0, p < 0.05). 

Two-nestling broods begged more than three-nestling broods, but this result was not 

significant. 

 

Figure 4.6 Begging rate to adults in the three different brood sizes showing median and 95% confidence 

interval (This is the same in other similar figures). 

(Treatment sample size. Brood size 1:  n = 9; Brood size 2: n = 5; Brood size 3: n = 9).  

4.3.2.2 Effect of brood size on begging behaviours and adult food delivery 

There was no significant difference in the food delivery rate between the brood sizes 

and therefore adults seemed to deliver food at similar rates to all broods. However, 

brood size did influenced different types of begging behaviour and different begging 

characteristics were rewarded differently by adults.  

There was a strong preference for begging as close as possible to the adult bill (i.e. 

proximity). This was evident in one-nestling broods, which begged at a higher height 

more often than medium or low (χ2 = 10.507, d.f. = 2,  p < 0.05) (Figure 4.7). Although 
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not significant, this pattern also occurred in two-nestling or three-nestling broods. More 

food was delivered to high begs in one-nestling broods compared to medium and low 

beg heights, indicating that this begging behaviour could have been rewarded by adults 

(χ2 = 10.262, d.f. = 2, p < 0.05) (Figure 4.8). 

 

 

Figure 4.7 Rate of food delivered to high, medium and low begging heights in the three brood sizes. 

(Treatment sample size. Brood size 1: n = 8; Brood size 2: n = 5; Brood size 3: n = 9). 

In two-nestling and three-nestling broods, more food was delivered to high begging 

positions than lower positions (Figure 4.9) (U = 0.00, p < 0.05; χ2 (2) = 17.362, p < 

0.001). However, in two-nestling and three-nestling had more medium beg heights than 

low beg heights (χ2 = 6.461, d.f. = 2, p < 0.05) (Figure 4.8). Two-nestling broods were 

found to exhibit more high positions than medium positions (U = 0.00, p < 0.05) and 

three-nestling broods to have more high positions than medium or low positions (χ2 = 

18.494, d.f. = 2, p < 0.001) (Figure 4.9; Figure 4.10).  
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Figure 4.8 Rate of food delivered to high, medium and low begging positions in two-nestling and three-

nestling broods. 

(Treatment sample size. Brood size 2: n = 5; Brood size 3: n = 9). 

 

 

Figure 4.9 Rate of high, medium and low begging positions in two-nestling and three-nestling broods. 

(Treatment sample size. Brood size 2: n = 5; Brood size 3: n = 9). 

 

Competition for closer proximity to the parent’s bill may influence begging effort. 

There were increases in begging intensity in both two-nestling and three-nestling broods 
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compared to one-nestling broods (Figure 4.11). The rate of high intensity begging was 

significantly higher for first-hatched nestlings in brood size of two and three compared 

to first-hatched nestling in brood size of one (χ2 = 10.125, d.f. = 2, p < 0.05). More food 

was delivered to high than low begging intensity in a brood size of three (U = 9.0, p < 

0.05), indicating that greater begging effort is rewarded by adults in larger broods 

(Figure 4.12). Nestlings in two-nestling and three-nestling broods that begged with 

greater intensity appear to receive a smaller proportion of food, regardless of the 

begging effort displayed.  

 

Figure 4.10 Rate of high and low begging intensities in the three brood sizes. 

(Treatment sample size. Brood size 1: n = 9; Brood size 2: n = 5; Brood size 3: n = 9). 
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Figure 4.11 Rate of food delivered to high and low begging intensities in the three brood sizes. 

(Treatment sample size. Brood size 1: n = 9; Brood size 2: n = 5; Brood size 3: n = 9). 

 

4.3.2.3 Effects of brood size on adult feeding behaviour 

Significant differences between brood sizes were found for the types of adult feeding 

behaviours, but adult food delivery rate was not significantly influenced by the sex of 

the adult. Therefore there was no significant difference in the rate of food delivery by 

males and females. Adults initiated more to two-nestling broods but less to three-

nestling broods (χ2 = 6.797, d.f. = 2, p < 0.05) (Figure 4.13). However, this difference 

was only significant after outliers were removed. Adults also initiated more feeds 

compared to nestlings in one-nestling broods (U = 3.0, p < 0.05) and two-nestling 

broods (U = 18.0, p < 0.05), but not three-nestlings broods (Figure 4.13). This indicates 

that competitive brood begging behaviour could be exerting pressure on adult feeding 

behaviour, but no differences were found between the rate of adult and nestling initiated 

feeds in two-nestling broods. 
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Figure 4.12 Rate of initiated feeds by adults and nestling in the three brood sizes. 

(Treatment sample size. Brood size 1: n = 8; Brood size 2: n = 4; Brood size 3: n = 7). 

 

Adults also appeared to prefer to give short length feeds. Overall there were more short 

feeds than medium feeds in one-nestling, two-nestling and three-nestling broods (U = 

8.0, p < 0.05; U = 0.00, p < 0.05; U = 18.0, p < 0.05, respectively), but the difference 

for two-nestling brood was only significant after outliers were removed (Figure 4.14). A 

significant difference was also found between the rate of short feeds to two-nestling and 

three-nestling broods when outliers were removed (U = 0.00, p <  0.05) (Figure 4.14). 

Therefore as brood size increased from two to three nestlings, adults generally gave less 

short feeds. This indicates that begging behaviour could be influencing adult feeding 

patterns, in that adults fed less often at their preferred shorter length. 
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Figure 4.13 Rate of short and medium feed lengths in three brood sizes. 

(Treatment sample size. Brood size 1: n = 9; Brood size 2: n = 4; Brood size 3: n = 6). 

 

4.3.2.4 Effects of brood size on male and female feeding patterns 

When sex of the adult was taken into consideration, food was delivered at a slower rate 

by males than females across all broods, although this finding was not significant. 

Therefore there was no significant difference in the rate of food delivery by males and 

females. Further, no differences were found in adult feeding behaviours relating to 

feeding length or initiation. However, differences were found in the way males and 

females responded to brood begging behaviour. More food was delivered by females to 

high than low begging intensity in three-nestling broods, indicating that greater begging 

effort could be rewarded by females in larger broods (Figure 4.15) (U = 7.0, p < 0.05). 

More food was delivered by males to high than medium beg position in two-nestling 

broods, indicating that males perhaps reward high begging position rather than begging 

effort (Figure 4.16). 

Overall, there were significantly less begs directed to males in one-nestling broods 

compared to females (U = 2.5, p < 0.05), and more generally there were greater number 

of begs directed to females than males (Figure 4.17). 
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Figure 4.14 Rate of food delivered by females to high and low begging intensity in the three brood sizes. 

(Treatment sample size. Brood size 1: n = 7; Brood size 2: n = 4; Brood size 3: n = 7). 

 

 

Figure 4.15 Rate of food delivered of males to high and medium begging positions in two-nestling and 

three-nestling broods. 

(Treatment sample size. Brood size 2: n = 4; Brood size 3: n = 7). 
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Figure 4.16 Begging rate to male and female adults in the three brood sizes. 

(Treatment sample size. Brood size 1: n = 5; Brood size 2: n = 4; Brood size 3: n = 7). 

 

4.3.3 Influence of hatch rank and adult sex on begging and feeding 

Nestling hatch rank analyses were limited due to small sample sizes and the high 

frequency of zero values in the data. This affected the distribution and variability of the 

data with implications for significance. Significant results are reported here and the data 

limitations are addressed in the overall discussion (Chapter 7). 

Nestling hatch rank may not affect begging height or position. Most nestlings showed a 

strong preference to beg close to the adult’s bill regardless of size. During the 1 -13 day 

period, A1c nestlings, A2c nestlings and B2c nestlings had a greater rate of high than 

low begging heights (A1c: U = 3.5, p < 0.05; A2c: U = 0.00, p < 0.05; B2c: U = 0.00, p 

<  0.05), and a greater rate of high than medium begging heights (U = 7.5, p < 0.05; 

A2c: U = 0.00, p < 0.05; B2c: U = 0.00, p < 0.05) (Figure 4.18). A similar pattern 

occurred during the 1 – 8 day period (Figure 4.19). Rates of high begging behaviour 

were greater than those of medium begging behaviour for A1c nestlings (U = 7.5, p < 

0.05), B2c nestlings (U = 9.0, p < 0.05) and C3c nestlings (U = 9.0, p < 0.05). More 

importantly, there were no significant difference between the rates of high begging 

position of A2c and B2c in two-nestling brood, and A3c, B3c and C3c in a three-

nestling brood (Figure 4.20; Figure 4.21) .This finding was also found to occur in 

relation to begging height(Figure 4.18; Figure 4.19).  
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Figure 4.17 Rate of high, medium and low begging heights for A1c nestlings, A2c nestlings and B2c 

nestlings during the 1 – 13 day experimental period. 

(Treatment sample size. A1c nestling: n = 8; A2c nestlings: n = 3; B2c nestlings n = 3). 

 

 

Figure 4.18 Rate of high and medium begging heights for all nestlings during the 1 – 8 day experimental 

period. 

(Treatment sample size. A1c nestling: n = 6; A2c nestlings: n = 2; B2c nestlings n = 2; A3 nestlings: n = 

9; B3c nestlings: n = 9; C3c nestlings: n = 9). 
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Figure 4.19 Rate of high and medium begging positions for A1c nestlings, A2c nestlings and B2c 

nestlings in 1 – 13 day experimental period.  

(Treatment sample size. A1c nestling: n = 8; A2c nestlings: n = 4; B2c nestlings n = 4). 

 

 

Figure 4.20 Rate of high and medium begging positions for all nestlings during the 1 – 8 day 

experimental period. 

(Treatment sample size. A1c nestling: n = 6; A2c nestlings: n = 2; B2c nestlings n = 2; A3 nestlings: n = 

9; B3c nestlings: n = 9; C3c nestlings: n = 9). 
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Nestling hatch rank may have influenced begging intensity because the smallest 

nestlings in two-nestling and three-nestling broods only did high intensity begging 

whereas core nestlings in all brood did both low and high intensity begging. During the 

1-8 day period, there was a significant difference in the low begging intensity 

performed between A3c, B3c and C3c nestlings (χ2 = 17.362, d.f. = 2, p < 0.001), but 

this was significant only after outliers were removed. This difference was found to 

occur between A3c and C3c nestlings (U = 10.5, p < 0.05). C3c nestlings did not beg at 

low intensity and as a result C3c nestlings had a significantly greater rate of high 

begging intensity (U = 19.0, p < 0.05). B2c nestlings also did not beg at low intensity; 

however, this finding was not significant (Figure 4.22). 

 

 

Figure 4.21 Rate of high and low begging intensities for all nestlings during the 1 – 8 day experimental 

period. 

(Treatment sample size. A1c nestling: n = 7; A2c nestlings: n = 2; B2c nestlings n = 2; A3 nestlings: n = 

9; B3c nestlings: n = 9; C3c nestlings: n = 9). 

 

During the 1 – 13 day period, B2c nestlings had more food delivered in response to high 

begging intensity than to low begging intensity, indicating that these nestlings generally 

get ignored unless they beg at high intensity (U = 0.0, p < 0.05) (Figure 4.23). However 

this was not the case for first-hatched nestlings (A1c and A2c). This is because first-

hatched nestlings appeared to be fed regardless of whether they begged with high or low 

intensity. During the 1- 8 day time period, adults were found to deliver more food to 
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A2c nestlings compared to A3c nestlings when nestlings begged with low intensity (U = 

0.0, p < 0.05) or at high begging heights (U = 0.0, p < 0.05). This suggests that begging 

effort is rewarded to core nestlings more often than marginal nestlings, however brood 

size may affect this finding.  

No nestlings were found to vary their begging behaviour in relation to adult sex in either 

time period, except for B2c nestlings during the 1 – 13 day time period. These nestlings 

were found to have significantly different begging behaviour in relation to differently 

sexed adults attending the nest. Nestlings A2c and B2c begged less frequently to males 

compared to females, but this finding was only significant for B2c (U = 0.0, p < 0.05) 

(Figure 4.24). This begging behaviour was also significantly less intense (U = 0.0, p < 

0.46) and at a lower height (U = 0.0, p < 0.05) when a male was attending the nest 

compared to a female, indicating that B2c nestlings may be displaying a sex-biased 

begging preference. 

 

 

Figure 4.22 Rate of food delivered to high and low begging intensity for A1c nestlings, A2c nestlings and 

B2c nestlings during the 1 – 13 day experimental period. 

(Treatment sample size. A1c nestling: n = 8; A2c nestlings: n = 3; B2c nestlings n = 3). 
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Figure 4.23 Rate of begging to males and females by A1c nestlings, A2c nestlings and B2c nestlings 

during the 1 – 13 day experimental period. 

(Treatment sample size. A1c nestling: n = 8; A2c nestlings: n = 3; B2c nestlings n = 3). 

 

The food delivery rate to nestlings did not significantly vary with hatch rank. There was 

also no difference in the food delivery rate in relation to adult sex. These findings were 

most likely affected by the small sample sizes. However, during the 1- 13 day period 

feeds initiated by an adult were significantly greater than those initiated by nestling in 

A1c nestlings (U = 0.0, p < 0.001), A2c nestlings (U = 0.0, p < 0.05) and B2c nestlings 

(U = 0.00, p < 0.05) (Figure 4.25). A1c nestlings also had a greater rate of short feeds 

compared to medium feeds during the 1 – 13 day period (U = 1.0, p < 0.001) and during 

the 1 – 8 day period (U = 0.0, p <  0.05). This suggests that adults initiate more feeds 

than nestlings. 
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Figure 4.24 Rate of initiated feeds by adults and nestlings for A1c nestlings, A2c nestlings and B2c 

nestlings during the 1 – 13 day experimental period. 

(Treatment sample size. A1c nestling: n = 8; A2c nestlings: n = 3; B2c nestlings n = 3). 

 

4.3.4 Influence of brood size and hatch rank on aggression 

Aggressive behaviours were documented in two-nestling and three-nestling broods. A 

total of 65 instances of aggression occurred in two-nestling broods. A total of 85 

instances of aggression occurred in three-nestling broods. Table 4.6 summaries the raw 

counts of aggression observed for each nestling. The first documentation of an 

aggressive behaviour occurred in a three-nestling brood (Nest 92) when A3c nestling 

was seven days of age, B3c nestling was five days of age and C3c nestling was three 

days of age. This aggressive interaction occurred between A3c and C3c nestling. 

In this study, aggression I observed included a peck, head-lunge and bill grasps. 

Aggressive exchanges were rapid (i.e. less than 10 seconds) and occurred between two 

nestlings in the following way. One nestling would raise its head to full neck extension, 

moving its head in a sideways motion while vocalising. Another nestling would then 

also raise its head to full neck extension, vocalise and move its head in a sideway 

motion. Nestlings would be facing each other with their bill slightly tilted upwards. A 

peck occurred when one of the nestlings moved with a lunging motion towards the other 

nestling and made contact with its head or neck region. Single or multiple pecks were 

delivered and these included unilateral (a single aggressor attacking a motionless 



 

111 

 

nestlings) or bilateral (both nestlings pecking at one another). A bilateral exchange 

resulted when contact occurred between the two bodies by both nestlings. 

An exchange ended when one of the nestlings lowered its head and stopped vocalising. 

No wounds or blood were visually identified on nestlings during the experiment. In 

some instances, one of the nestlings would grasp the other’s bill and a head-shaking 

action would occur. It was unclear if this action was another form of aggression or 

aggression avoidance, resulting from a peck from one nestling being intercepted by the 

other. 

Comparative analyses showed that brood size and nestling hatch ranks did not 

significantly influence the aggressive behaviour between or within brood sizes. 

However, descriptive analyses showed that between broods, two-nestling broods 

generally had less aggressive interactions than three-nestling broods. Within broods, 

core nestlings were also found to be more aggressive than marginal nestlings (Table 

4.6). 

Table 4.6 Summary of the aggression observed in two-nestling and three-nestling Black-faced Cormorant 

broods.  

(n = number of nestlings; percentages are supplied in brackets; Total number of aggressive acts are 

presented without brackets; Percentage of aggressive acts are presented within brackets). 

Nestling Provided (%) Received (%) 

A2c (n = 3) 35 (53.85) 30 (46.15) 

B2c (n =3) 30 (46.15) 35 (53.85) 

Total: Brood Size 2  65 65 

A3c (n = 6) 51 (60.00) 26 (30.59) 

B3c (n = 6) 24 (28.24) 27 (31.76) 

C3c (n = 5) 10 (11.76) 32 (37.65) 

Total: Brood Size 3 85 85 

 

4.4 Discussion  

This study provides evidence on the relationship between brood size and nestling hatch 

rank in relation to the begging, feeding and aggression behaviours exhibited by the 

Black-faced Cormorant. The influence of adult sex on the feeding patterns of adults and 

the begging behaviour of nestlings in different sized broods was also documented. In 

neither case is the evidence provided totally conclusive. Further, it was not possible to 
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verify whether adults or nestlings are in control of the food distribution in Black-faced 

Cormorant broods. The small sample sizes and the high frequency of zero values within 

the dataset affected the distribution and variability of the data, and thereby the 

significance of the results. However, my study identifies complex patterns in relation to 

the competitive family dynamics of the Black-faced Cormorant. These merit further 

discussion. 

4.4.1 Begging and feeding behaviour 

In many bird species, the nestlings that beg closest to the adult and higher than their 

nestmates are more likely to be fed (Smith & Montgomerie 1991; Teather 1992; Mc 

Rae et al. 1993; Leonard & Horn 1996; Glassey & Forbes 2002; Neuenschwander et al. 

2003; Budden & Wright 2005; Wiebe & Slagsvold 2012). In Black-faced Cormorants, 

like these other species, nestlings that begged in higher position than their nestmates 

were fed more often. Unlike most other studies, height to the adult didn’t affect feeding 

rates, except in one-nestling broods where nestlings were more likely to get fed if they 

were close to the adult bill. These nestlings were also found to beg significantly more 

closer the adult, suggesting that in larger broods, competition with nestmates might 

have prevented nestlings from obtaining a closer position to the adult. Alternatively, in 

larger broods maybe nestlings compete by begging higher position than nestmates 

instead trying to get closer to the adult. In Black-faced Cormorants it might be more 

important for nestlings with nestmates to beg in a higher position instead of getting 

closer to the adult, since height did not increase the rate of feeding in two-nestling and 

three–nestling broods.  

Nestlings in larger brood sizes and more competitive environments have been shown to 

beg more conspicuously and with greater effort to signal their needs to adults (Kacelnik 

et al. 1995). My finding show that two-nestling and three-nestling broods had higher 

rates of begging than one-nestling broods suggests that nestling competition influences 

begging effort. A brood manipulation study of the Great Tit (Parus major), which 

showed that an increase in the number of competitors (i.e. brood size) increased the 

begging intensity of nestlings, provides additional support for this finding 

(Neuenschwander et al. 2003). Begging intensely has been demonstrated to be a 

competitive strategy used by nestlings in larger sized broods to redistribute food, but is 

less important as a mechanism affecting food provisioning in smaller sized broods 

where food may not be limiting (Cotton et al. 1999; Leonard et al. 2003). This is 
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because begging is energetically demanding and increased begging effort is an 

unprofitable strategy for nestlings that do not require extra food from adults (Godfray 

1991). The lower begging effort observed in one-nestling Black-faced Cormorant 

broods, therefore, is likely to be due to the lack of competition for resources which 

enabled nestlings to beg honestly and with less effort (Harper 1986; Godfray 1991; 

Royle et al. 2002; Quillfeldt et al. 2004).  

Begging effort is used by nestlings to distinguish themselves from nestmates and to 

attract resources from adults (Kacelnik et al 1995).The more intense begging effort of 

two-nestling and three-nestling broods likely reflects nestling needs, and also their 

behavioural response to the begging of nestmates (Smith & Montgomerie 1991; Dreiss 

et al. 2010). This could explain why some marginal Black-faced Cormorant nestlings 

(e.g. C3c) begged with higher intensity than core nestlings (e.g. A3c). However, studies 

have shown that food gain is not always positively correlated with need or begging 

intensity (Price & Ydenberg 1995; Cotton et al. 1999; Parker et al. 2002). The extra 

effort required to beg intensely comes with high metabolic demands for smaller and 

vulnerable nestlings (Godfray 1995). While this was not shown by my study, if this 

begging effort is not rewarded by adults, it can affect nestling survival (Mock & Parker 

1997). This may have been a factor influencing the survival of marginal Black-faced 

Cormorant nestling in my study. Starvation of marginal nestlings has been documented 

in other cormorant species and this could be a possible cause of brood reduction in 

cormorants (Williams & Cooper 1983; Hunt & Evans 1997; Nelson 2005).  

When brood reduction occurred, core nestlings may have received extra food. This is 

because adults maintained the same rate of food delivery regardless of brood size and 

this suggests that changes in the number of nestlings may not decrease adult food 

delivery rates. However, my study was unable to ascertain whether food supply varied 

before and after brood reduction, but other studies have shown that a decrease in adult 

food supply occurs after brood reduction (Mock & Lamey1991; Forbes 1993; reviewed 

in Ploger 1997). Given these precedents, it is unlikely that the quantity of food delivered 

remained constant after brood reduction in my study. Ploger’s study (1997) on the 

Brown Pelican (P. occidentalis) showed that core nestlings gained extra food by 

monopolising the food delivered by adults, directing it away from marginal nestlings 

when they were alive. This may also be the case in my study. However, I found no 

significant differences between the feeding rates to core and marginal nestlings. Further 
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research is thus required to address whether the presence of marginal nestlings in Black-

faced Cormorant broods increase food supplies to core nestlings (i.e. facilitation 

hypothesis). 

4.4.2 Adult feeding patterns 

The facilitation hypothesis was not supported by my results because adult food delivery 

remained constant across the different brood sizes. However, my study only tested the 

differences in delivery rates and not the amount of food delivered and therefore, for this 

reason, I cannot completely rule out facilitation hypothesis. Subtle differences in adult 

feeding patterns in response to begging behaviour did, however, occur. For example, 

adults of one-nestling broods fed nestlings more often when they were closest, but fed 

nestlings in larger broods that were in the highest position relative to their nestmate. In 

the Black-faced cormorant, brood size and the corresponding begging behaviour of 

nestlings appeared to exert some control over the distribution of food. Nestlings have 

been shown to use begging behaviour to manipulate adults and control the distribution 

of food in a number of species (Kilner 1995; Kacelnik et al. 1995). This generally 

occurs when adult food supply does not match brood demands (e.g. when food 

deliveries do not increase with brood size). Nestlings that control food distribution are 

able to skew food distribution within the brood to meet their own needs and divert it 

from nestmates by signalling their quality or need to adults (Grafen 1990; Godfray 

1991). At the same time, this control over food delivery also increases their fitness 

benefits at the expense of the future reproductive benefits of adults (Johnstone & 

Godfray 2002; Kilner & Johnston 1997). This has been demonstrated in the Double-

crested Cormorant (P. auritus), where larger core nestlings are fed more often than 

marginal nestlings, and marginal nestlings are only fed when core nestlings are not 

begging (Hunt & Evans 1997).  

My study was unable to determine if parental favouritism does occurs in Black-faced 

Cormorants due to the low sample sizes. Although, there is some indication that adults 

may reward first-hatched nestlings in one-nestling and two-nestling broods regardless of 

their begging effort, whereas second-hatched nestlings in two-nestling broods may have 

to beg more intensely for their food. Therefore adults might provide more food to core 

nestlings than marginal nestlings, suggesting that parental favouritism could be 

exhibited in Black-faced Cormorants. However, further research is required.  
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Adults can also control food distribution if they allocate food according to their own 

reproductive interests (Royle et al. 2004). Species with bi-parental care have been 

shown to exhibit sex-biased feeding patterns (Stamps et al. 1985; Ploger & Medeiros 

2004). This is because adults supply food according to their own reproductive interests 

(Lessells 2002; Johnstone & Hinde 2007; Lessells 2012). Overall, in my study there 

were no significant differences in the feeding patterns of male or female Black-faced 

Cormorants. Males do appear, however, to preferentially feed nestlings that are reaching 

higher than its nestmates, thus are rewarding nestlings that are winning competition in 

terms of stretching highest, but only in two-nestling broods. Females, by contrast, are 

rewarding any nestlings that beg with high intensity, regardless of which nestling is 

reaching the highest. Less begs were also directed to males than females, although this 

was significant only for B2c. These findings may have resulted from differences in nest 

attendance of males and females or sex-biased begging behaviour of nestlings (Roulin 

& Bersier 2007). However, it cannot be ruled out that males and females may be using 

different feeding strategies. Such sex-biased favouritism has been reported in the Great 

Cormorant (P. carbo) and Flightless Cormorant (P. harrisi), although it has not been 

adequately described (Nelson 2005). The reason for this difference in the feeding 

strategy of males and females is unclear. However, males could be directing less 

parental effort toward nestlings as a means to accommodate uncertain parentage in 

larger sized broods (Westneat & Sherman 1993; Westneat et al. 2005; Chapter 6).  

Adult responsiveness to brood size and nestling begging behaviour has important fitness 

consequences for family members and provides adaptive benefits to species in which 

brood reduction occurs. The evolutionary advantage of adult-nestling interactions is 

balanced between adults and nestlings behaviours (Maynard Smith 1974; Godfray & 

Parker 1992; Mock & Parker 1998; Forbes 2007). However, in my study the marginal 

gains obtained by either adults or nestlings are unclear. It is thus difficult to determine 

whether adults or nestlings control food distribution in different sized Black-faced 

Cormorant broods and how these behaviours affect the feeding patterns of males. 

Further research is needed to assess this adequately, especially in relation to the fitness 

benefits of marginal nestlings and brood reduction. 

4.4.3 Aggression 

This study documents the first detailed observations of overt aggression in the Black-

faced Cormorant and cormorants more generally. Nestlings were observed to peck and 
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lunge at nestmates and, on some occasions, to grasp the bill of nestmates. However, it 

was difficult to determine if these behaviours can be classified as siblicide because I 

was unable to provide a direct link between aggression and nestling survival. It was also 

difficult to assess how aggressive interactions affect nestling begging behaviour and 

adult food supplies in relation to nestling hatch rank and brood size. However, attacks 

were distributed according to a hierarchical dominance, with larger core nestlings 

delivering more aggression than marginal nestlings, although this finding was non-

significant.  

Support for my findings of aggression occurring in cormorants is supplied by the 

documentation of aggressive behaviours in the Double-crested Cormorant (P. auritus) 

and the Great Cormorant (P. carbo) (Nelson 2005). Furthermore, in other seabirds 

aggression has been demonstrated to be an intimidation tactic used to reduce the ability 

of nestmates to signal more effectively to adults (Ploger 1997; Drummond 2001b). 

Aggressive limits access to food supplies and can affect the distribution of food between 

nestlings, generally in the favour of core nestlings (Drummond & Osorno 1992). 

However, although I was unable to be confirmed in this, my study did demonstrate that 

cormorant nestlings may use direct overt aggressive behaviours to compete with 

nestmates for resources. More importantly, my findings suggest that aggression in other 

cormorant species may have been previously overlooked and should be considered as an 

important factor when exploring how adult feeding patterns and begging behaviours 

influence food supply in relation to brood reduction. 

4.5 Concluding remarks 

Black-faced Cormorant nestlings compete directly (pecks and lunges) and indirectly 

(begging) for food from adults. My results indicate that brood size influences 

competitive interactions (1) between nestmates (2) and between adults and nestlings. 

The majority of nestlings preferred to beg in closer to adults. However, one-brood 

nestlings that have no competitors and expend limited energy acquiring food from 

adults beg honestly. In broods with two and three nestlings, begging behaviours reflect 

the competitive environment and result in nestlings begging with more effort. In these 

larger broods it was unclear whether core nestlings out-compete marginal nestlings to 

obtain more food. However, results suggest that begging effort is not always rewarded 

by adults and thus may have influenced the survival of marginal nestlings. Core 

nestlings do, however, appear to use aggression to intimidate marginal nestlings, 
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because marginal nestlings are subjected to aggressive behaviours by core nestmates. 

My study provides the first detailed report of such aggression in cormorants. 

This experiment demonstrated that adults and nestlings respond to each other in ways 

that influence the distribution of food resources among broods of different sizes. 

Nestlings in different sized broods appear to use different begging strategies to elicit 

feeding responses from male and female adult Black-faced Cormorants.  

In summary, the findings of this experiment provide new information about how parent-

offspring competition and nestling competition within Black-faced Cormorant families 

can influence the distribution of food in a brood-reducing seabird. It also highlights the 

need for additional research. Further research should be examine the effects of nestling 

hatch rank on adult food supplies and whether unequal food provisioning by males and 

females occurs as a result of male uncertainty in their paternity. Furthermore, future 

studies should take into consideration the occurrence of overt nestling aggression as a 

potential factor for influencing family dynamics in cormorants. This would further our 

understanding of the evolutionary benefits conferred by the presence of marginal 

nestlings in species that exhibit brood reduction.   
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5.1 Introduction 

The Black-faced Cormorant (Phalacrocorax fuscescens) is a brood reducing seabird 

endemic to southern Australian waters (Nelson 2005). Changes in food availability can 

influence the dynamics of seabird families (Forbes & Ydenberg 1992; Phillips et al. 

1996). Food shortages increase the frequency and intensity of competitive nestling 

interactions and mortality rates for weaker nestlings (Mock & Parker 1998). This brood 

reduction negatively affects population viability by reducing overall reproductive 

success (Proffitt 2004) and may be influenced by genetic relatedness (Trivers 1974). 

This study developed microsatellite markers for the Black-faced Cormorant to 

determine genetic family structure and to explore nestling relatedness, in order to 

further quantify how relatedness influences competitive nestling behaviours. 

5.2 Methods 

Genomic DNA was isolated using the Puregene Tissue Gentra kit (QIAGEN Inc., 

Valencia, California), from the liver tissue of a Black-faced Cormorant (SAMAB48263) 

obtained from the Australian Biological Tissue Collection (Accession number 

ABTC02809) held by the South Australian Museum. The DNA was sent to the 

Australian Genomic Research Facility (AGRF, Brisbane) for shotgun sequencing on a 

Titanium GS-FLX (454 Life Sciences/Roche FLX) following Gardner et al. (2011). The 

sample was sequenced on 12.5% of a plate and produced 99594 individual sequences 

(Accession Number doi:10.5061/dryad.f1cb2/39). Raw sequences were analysed for the 

presence of dinucleotide, trinucleotide, tetranucleotide, pentanucleotide and 

hexanucleotide microsatellites over eight repeats long using MSATCOMMANDER 

(version 0.8.2, Faircloth 2008). Primers were designed using the default parameters of 

Primer3 within MSATCOMMANDER (Primer 3.1.1.1, Rozen & Skaletsky 2000). All 

potential microsatellite sequences were then analysed using MICROFAMILY (version 

1.2, Meglécz 2007) to identify and eliminate microsatellites with similar flanking 

regions. Thirty-one loci were selected for further development following procedures 

outlined in Gardner et al. (2011). 

Initially, loci were tested for amplification in five individual nestlings from different 

focal nests at a single breeding colony at Outer Harbour, South Australia (Johnston & 

Wiebkin 2008). DNA was extracted from FTA cards following Smith and Burgoyne 

(2004). PCR amplification of the thirty-one loci followed the multiplex-ready PCR 
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(MRT) method as described by Hayden et al. (2008). The PCR reactions (total of 6µl) 

contained 1X MRT buffer, 40-60nM of forward and reverse locus-specific primers (see 

Table 5.1 for primer concentrations of characterised loci), 75nM of HEX-labelled 

forward primer tag, 75nM of reverse primer tag and 0.30U of Immolase DNA 

polymerase. The PCR cycling conditions followed Hayden et al. (2008).  

PCR products were visualised on a 1.5% agarose gel stained with GelRed (Biotium. 

Hayward, CA). All loci amplified an unambiguous product of the expected size and 

were therefore assessed for polymorphism in six individuals on a 5% polyacrylamide 

gel. Of the 31 loci, 16 loci were polymorphic, 13 were monomorphic, and two did not 

amplify reliably in all individuals. Nine of the 16 polymorphic loci were removed from 

the analysis to enable the remaining seven loci to be pooled in a single capillary for 

genotyping. These seven loci were screened in 42 unrelated adults from a single 

breeding population at Outer Harbour, South Australia. Again, the methods of Hayden 

et al. (2008), as described above, were followed except with 12µl PCR reaction 

mixtures. All other reaction conditions were as described in Hayden et al. (2008). 

Genotyping was performed on an AB3730 DNA Analyser (Applied Biosystems) at 

AGRF (Adelaide, Australia) and electropherograms were interpreted using 

GENEMAPPER version 3.7 (Applied Biosystems).  

For each locus, the number and range of alleles, observed and expected heterozygosity, 

polymorphic information content and estimated null allele frequencies were calculated 

using CERVUS (Kalinowski 2007) (see Table 5.1). Each locus was checked for 

deviation from Hardy-Weinberg Equilibrium (HWE) and loci pairs were checked for 

linkage disequilibrium using GenePop version 4.1.10 (Raymond & Rousset 1995). 

MICRO-CHECKER version 2.2.3 (van Oosterhout et al. 2004) was used to check each 

locus for further evidence of null alleles, scoring error due to stuttering and large allele 

drop out. The combined statistical power of each locus was analysed using the average 

non-exclusion probability (identity) in CERVUS (Kalinowski 2007), which indicates 

the probability that the genotypes at a single locus do not differ between two randomly 

chosen individuals. The GenBank accession number for these seven loci can be found in 

Table 5.2. 
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5.3 Results and Discussion 

The number of alleles per locus ranged from three to eight with an average of five (s.d ± 

2.16). The mean observed and expected heterozygosity across all loci was 0.66 (s.d. ± 

0.249) and 0.62 (s.d. ± 0.178) respectively. The average non-exclusion probability 

(identity) varied from 0.0616 to 0.4048. No loci showed evidence for large allele drop 

out, or evidence of scoring error due to stuttering. However, one locus pair (Pf11 and 

Pf33) showed evidence (p < 0.01) for linkage disequilibrium but after sequential 

Bonferroni adjustment this was not significant (Holm 1979).  

Deviations from HWE were found in three loci (Pf11, Pf33, and Pf39). One locus 

(Pf11) appeared to be sex-linked with heterozygotes found only in the homogametic 

(male) sex. Evidence for significant null alleles was found at locus Pf33 that showed a 

homozygote excess. The reason behind these significant HWE findings is unclear. It is 

suspected the small sample size may be a contributing factor and suggesting that further 

testing with a larger sample size is needed, although null alleles cannot be ruled out in 

locus Pf33. 

The four novel loci were quantified for amplification in seven individuals from four 

other cormorant species (Table 5.3). Amplification success varied between loci and 

species. For the Great Cormorant (Phalacrocorax carbo) and Little Black Cormorant 

(Phalacrocorax sulcirostris), all loci amplified and were polymorphic except for Pf13, 

which was monomorphic in the samples tested. For the Little Pied Cormorant 

(Phalacrocorax melanoleucos) all loci amplified, although only in a single individual 

for locus Pf7. Locus Pf13 showed no variability for this species. In the Pied Cormorant 

(Phalacrocorax varius) amplification failed in one individual for both Pf7 and Pf35; 

Pf13 and Pf36 were monomorphic.  

These microsatellites will be used to investigate genetic family structure in the Black-

faced Cormorant and will also be useful for inferring information about how relatedness 

influences competitive behaviours of brood reducers. 
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Table 5.3 Cross-amplification of four loci in cormorant species related to the Black-faced Cormorants 

(Phalacrocorax fuscescens). 

(Allele size range and number of alleles are summarised for the Phalacrocorax taxa tested. The number 

of samples tested for each species is included in brackets after species name). 

Species Alleles Pf 7 Pf 13 Pf 35 Pf 36 

P. carbo (1) Size range (bp) 205 -207 225  312 - 316 206 - 219 

Number (Na) 2 1 2 2 

P. melanoleucos (2) Size range (bp) 205 – 207 219  261 - 302 156 – 161 

Number (Na) 2 1 4 2 

P. sulcirostris (2) Size range (bp) 201 – 205 229  283 - 291 167 – 191 

Number (Na) 3 1 3 3 

P. varius (2) Size range (bp) 205  223 - 240 283 - 287 147 - 167 

Number (Na) 1 3 2 2 

 



 

137 

 

5.4 References 

Faircloth, B 2008, ‘MSATCOMMANDER: detection of microsatellite repeat arrays and 

automated, locus-specific primer design’, Molecular Ecology Resources, vol. 8, pp. 92 – 

94. 

Forbes, S & Ydenberg, R 1992, ‘Sibling rivalry in a variable environment’, Theoretical 

Population Biology, vol. 41, pp. 135 – 160. 

Gardner, M, Fitch, A, Bertozzi, T & Lowe, A 2011, ‘Rise of the machines – 

recommendations for ecologists when using second generation sequencing for 

microsatellite development’, Molecular Ecology Resources, vol. 11, p. 1093 – 1011. 

Hayden, M, Nguyen, T, Waterman, A, & Chalmers, K 2008, ‘Multiplex-ready PCR: A 

new method for multiplexed SSR and SNP genotyping’, BMC Genomics, vol. 9, pp. 80. 

Holm, S 1979 ‘A simple sequentially rejective multiple test procedure’, Scandinavian 

Journal of Statistics, vol. 6, no. 2, pp. 65 – 70. 

Johnston, G &Wiebkin, A 2008, “Birds of Gulf St Vincent”, in S Shepherd, S Bryars, I 

Kirkegaard, P Harbison & J Jennings (eds), Natural History of Gulf St Vincent, Royal 

Society of South Australia, Adelaide, pp 324 – 338.  

Kalinowski, S, Taper, M & Marshall, T 2007, ‘Revising how the computer program 

CERVUS accommodates genotyping error increases success in paternity assignment’, 

Molecular Ecology, vol. 16, pp. 1099 – 1006.  

Meglécz, E 2007, ‘MICROFAMILY (version 1): a computer program for detecting 

flanking-region similarities among different microsatellite loci’, Molecular Ecology 

Notes, vol. 7, pp. 18 – 20. 

Mock, D & Parker, G 1998, ‘Siblicide, family conflict and the evolutionary limits of 

selfishness’, Animal Behaviour, vol. 56, pp. 1 – 10.  

Nelson, B 2005, Pelicans, cormorants and their relatives: The Pelecaniformes, Oxford 

University Press: Oxford. 

Phillips, R, Caldow, R, & Furness, R 1996, ‘The influence of food availability on the 

breeding effort and reproductive success of Arctic Skuas Stercorarius parasiticus’, Ibis, 

vol. 138, pp. 410 – 419. 



 

138 

 

Proffitt, F 2004, ‘Reproductive failure threatens bird colonies on North Sea Coast’, 

Science, vol. 305, pp. 1090. 

Raymond, M & Rousset, F 1995, ‘GENEPOP (version 1.2): Population genetics 

software for exact tests and ecumenicism’, Journal of Heredity, vol. 86, pp. 248 – 249.  

Rozen, S & Skaletsky, H 2000, “Primer3 on the WWW for general users and for 

biologist programmers”, in S Krawetz & S Misener (eds), Bioinformatics Methods and 

Protocols: Methods in Molecular Biology, Humana Press, Totowa, pp. 365 – 386.  

Smith, L & Burgoyne, L 2004, ‘Collecting, archiving and processing DNA from 

wildlife samples using FTA databasing paper’, BMC Ecology, vol. 4, pp. 4. 

Trivers, R 1974, ‘Parent-offspring conflict’, American Zoology, vol. 14, pp. 249 – 264.  

van Oosterhout, C, Hutchinson, W, Will, D & Shiply, P 2004, ‘MICRO-CHECKER: 

Software for identifying and correcting genotyping errors in microsatellite data’, 

Molecular Ecology Notes, vol. 4, pp. 535 – 538.  

  



 

139 

 

Chapter 6 

Extra-pair paternity, adoption and the implications of 

reduced male parental care in the Black-faced 

Cormorant (Phalacrocorax fuscescens) 

 

6.1 Introduction 

Complex competitive relationships exist in mating systems where both sexes provide 

parental care, because each adult is more related to their nestlings than they are to each 

other (Alonzo & Klug 2012). This disparity in relatedness between adults may influence 

conflict between the sexes over mating frequency and levels of parental investment, 

often resulting in females adopting alternative reproductive strategies such as extra-pair 

copulations (EPC) (Lessells 2012). Females that seek EPC may increase their fitness by 

producing a large number of nestlings or improving the quality of nestlings produced 

(Petrie & Kempenaers 1998). The proportion of EPC will affect the proportion of 

nestlings in a brood that are genetically related to the male adult (extra-pair paternity 

(EPP)) and other nestmates (Alonzo & Klug 2012). The degree of genetic relatedness 

can influence the inclusive fitness benefits of parental care and nestling competition 

within families. 

Conflict is predicted to increase when relatedness between individuals decreases 

(Hamilton 1964; Trivers 1974). When there are differences in the level of EPP within 

the brood, males are seen to direct parental effort preferentially to related nestlings 

rather than unrelated nestlings (Dixon et al. 1994; Ewen & Armstrong 2000; Alonzo & 

Klug 2012). Further, selection should favour increased competition in broods where 

nestmates are not genetically related as full siblings (Royle et al. 1999). Any unequal 

distribution of resources by males between nestlings also has the potential to increase 

competitive interactions between nestlings (Mock & Parker 1997). The pressure created 

by relatedness, nestling competition and male favouritism can each, or in combination, 

exacerbate the effects of brood reduction in asynchronous hatching species (Mock & 

Parker 1997).  
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This chapter addresses the frequency of EPP in the Black-faced Cormorant to assist 

future research on whether EPP is driving nestling aggression and/or male favouritism 

in this species. The chapter comprises of: (a) an overview of current literature 

concerning different types of mating systems, some causes of extra-pair copulations, 

and the effects that relatedness has for male feeding strategies, nestling aggression and 

brood reduction; (b)  the methods and results of my study; and (c) discussion of the 

pattern of EPP and adoption in the Black-faced Cormorant and consideration of possible 

implications of adoption and EPP for the competitive family dynamics seen in 

cormorant colonies. 

6.1.1 Social mating relationships 

Social monogamy is strongly associated with species that exhibit bi-parental care 

(Møller 2003) and occurs when one male and one female form a pair bond for one or 

more breeding seasons (Davies et al. 2012). Monogamy is considered to be the ancestral 

state in birds (Gotway 1996). Species are thought to exhibit social monogamy because 

females require male assistance to provide successful post-hatching care of altricial 

nestlings (i.e. bi-parental care) (Bennett & Owens 2002).  

Advancement in the use of molecular genetic markers, such as microsatellites, has 

demonstrated that socially monogamous mating systems are not always reflected in the 

genetic mating system (Griffith et al. 2002; Westneat & Stewart 2003). In particular, 

Griffith et al. (2002) showed that less than 25% of species that were assumed to be 

socially monogamous exhibited true genetic monogamy. These findings suggest that 

adults of some species are employing alternative mating strategies, such as maintaining 

a social bond with one mate while copulating with another mate (EPC) (Bennett & 

Owens 2002). Deviation from monogamy results in nestlings that vary in their genetic 

relatedness. This in turn, may affect the distribution of resources within the family and 

the inclusive costs and benefits of competitive interactions between individuals. 

6.1.2 Alternative mating strategies 

Alternative mating strategies are influenced by mechanisms of sexual selection and 

sexual conflict (Emlen & Oring 1977; Andersson 1994). Mate selection exploits 

opportunities to produce nestlings and increase direct fitness (Bennett & Owens 2002). 

This is achieved typically through EPC (Shuster & Wade 2003). Research in this area 

has explored the female’s role in EPC, because females are considered to be the limiting 
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factor in a breeding population and since they require male parental care to successfully 

raise nestlings (Andersson 1994). The ‘good gene hypothesis’ (Magrath et al. 2009, p. 

792) proposes that EPC typically occurs when females mate with extra-pair males that 

are perceived to have higher genetic qualities than their social mate, in order to improve 

the quality of their nestlings. It is argued, therefore, that females which mate with extra-

pair males will increase their direct fitness benefits while maintaining the parental care 

benefits provided by the social male (Petrie & Kempenaers 1998).  

6.1.2.1 Adoption and intraspecific brood parasitism 

Nestling adoption and intraspecific brood parasitism (IBP) are mating behaviours that 

do not involve EPC but result in a brood containing nestlings which are unrelated 

(Smith 1988; Sheldon 1994; Double & Cockburn 2000; Sardell et al. 2012). Adoption 

occurs when a nestling is not the biological nestling of either adult (i.e. foster adult) 

attending the nest (Pierotti & Murphy 1987). These incidences are highly linked to 

breeding density and are found to occur in many colonial breeding species (Brown 

1998). Complex inclusive fitness costs and benefits are associated with this behaviour, 

because the adopted nestling shares no genetic relatedness with the foster adults 

(Hamilton 1964; Pierotti & Murphy 1987). The occurrence of adoption is relatively 

rare, most likely due to the difficulty in detecting it, and therefore has received less 

research attention compared to EPC (Hébert 1988). 

IBP occurs when a female lays eggs in the nest of another individual without investing 

in parental care (Calderón et al. 2012). This mating strategy can increase the female’s 

reproductive success and is a similar behaviour to males that seek EPC (Petrie & Møller 

1991). IBP occurs in many bird species, including in altricial species such as members 

of Hirundinidae (MacWhirter 1989; Whittingham & Dunn 2001); however, it is 

generally thought to be uncommon in birds that have altricial development (Yom-Tov 

2001; Yom-Tov & Geffen 2006) and will not be a focus in this study.  

6.1.3 Causes of extra-pair copulation in birds 

Multiple environmental, behavioural and genetic factors affect levels of EPC in birds 

including breeding ecology, life-history characteristics and parental care behaviours 

(Westneat & Stewart 2003; Wan et al 2013). The following sections will discuss how 

these factors can influence the rate of EPC within populations. 
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6.1.3.1 Influence of breeding ecology on extra-pair copulation 

The breeding density and synchrony exhibited by colonial-breeding birds (e.g. seabirds) 

are likely to increase the opportunities for EPC (Birkhead & Biggins 1987; Stutchbury 

& Morton 1995). Breeding colonies produce a concentration of reproductively active 

individuals within limited areas where males often perform elaborate sexual displays to 

advertise their reproductive fitness to females (Bennett & Owens 2002). It is theorised 

that such behaviours promote certain male traits that are correlated with genetic fitness 

and, as such, females are seen to assess and compare the traits of the social mate against 

those evident in the displays of other males (Wan et al. 2013). This is assumed to 

increase the likelihood of females engaging in EPC when better quality males are 

identified (Wan et al. 2013). However, an analysis of 72 bird species found no evidence 

that fertilisation from EPC increased with breeding density or synchrony behaviours 

(Westneat & Sherman 1997). Other factors may therefore play a significant role in EPC. 

6.1.3.2 Influence of life-history characteristics on extra-pair copulation 

EPC is influenced by species mortality rate and life-span (Wan et al. 2013). Species 

with high adult mortality and short life-spans (< 5 years) are predicted to have reduced 

reproductive opportunities compared to long-lived species (> 15 years) (Mauck et al. 

1999). Tolerance of EPC is considered to be higher in short-lived species (e.g. 

passerines) than long-lived species (e.g. seabirds) (Arnold & Owens 2002; Westneat & 

Stewart 2003), since opportunities to find reproductively receptive mates are fewer 

(Mauck et al.1999). However, there is little empirical evidence confirming this 

assumption (Arnolds & Owens 2002), most likely due to the complexity of conducting 

in-depth longitudinal field studies (Westneat & Stewart 2003). 

6.1.3.3 Influence of male parental care on extra-pair copulation 

The amount of parental care provided by males can influence levels of EPC. Theory 

suggests that when females require a high level of male care there will be a lower 

occurrence of EPC (Wan et al. 2013). Females in some species are capable of 

successfully raising nestlings without the assistance of males, even though they engage 

in bi-parental care (Gowaty 1996; Møller 2000). These females may engage in more 

EPC because, when compared to females that require male parental care to successfully 

raise nestlings, the loss of their social mate due to infidelity would have no impact on 

their reproductive success (Arnold & Owen 2002). A negative relationship is therefore 
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predicted to exist between the costs of EPC (i.e. retaliatory desertion of the social mate) 

and the benefit obtained through producing nestlings of better genetic quality (Wan et 

al. 2013). Møller and Birkhead (1993) earlier demonstrated this negative relationship in 

a study of 52 species that showed high levels of EPC were correlated with low levels of 

male parental care. Currently, the negative relationship between EPC and male parental 

care provides the most satisfactory explanation of the causes of increased levels of 

female EPC.  

6.1.4 Effects of relatedness on parental care, nestling aggression and brood 

reduction 

The frequency of EPC will affect the proportion of nestlings in a brood that are 

genetically related to each adult (i.e. parentage) and other nestmates (Alonzo & Klug 

2012). Relatedness may thus drive male favouritism and aggression between nestlings 

which, in turn, can influence the rate of brood reduction in asynchronously hatching 

species. Here, I briefly discuss the effects of relatedness on male favouritism, nestling 

aggression and brood reduction. 

6.1.4.1 Effects of relatedness on male favouritism 

EPC results in broods that contain nestlings from different males and this reduces the 

proportion of nestlings that are genetically related to the social male (EPP) (Alonzo & 

Klug 2012). The capacity of males to assess their paternity is an area of on-going 

research (Beecher 1989; Westneat & Sherman 1993; Kempenaers & Sheldon 1996; 

Leonard et al. 1997; Komdeur & Hatchwell 1999; Mateo & Holmes 2004; Stickler 

2013). However, it appears that discrimination cues, such as parent-offspring call 

recognition, may enable males to distinguish related nestlings from unrelated nestlings 

(Westneat & Sherman 1993; Alonzo & Klug 2012).  

In broods where paternity is uncertain, males have been demonstrated to decrease their 

level of parental care compared to broods where paternity is known, and in extreme 

cases male desertion may occur (Møller & Birkhead 1993; Westneat & Sherman 1993; 

Cézilly & Nager 1995). Decreased parental care has been shown to occur in the Reed 

Bunting (Emberiza schoeniclus), where broods containing a higher proportion of extra-

pair nestlings receive less paternal care compared to other broods (Dixon et al. 1994). 

Further, nestling favouritism can also occur with males directing parental care effort to 

related nestlings over non-related nestlings (Alonzo & Klug 2012). Generally, it has 
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been found that EPP does not decline with laying and hatching order (Krist et al. 2005; 

Magrath et al. 2009; Ferree et al. 2010); although some studies have found that the 

extra-pair nestling is the last-hatched marginal nestling (Göttlander 1987; Slagsvold et 

al. 1994; Kölliker et al. 1998). In these circumstances, it can be argued that males may 

preferentially feed larger core nestlings over marginal nestlings as a way of 

discriminating against extra-pair nestlings. 

In populations where EPC are sufficiently common, males may not always be able to 

actively distinguish extra-pair nestlings from their own. A high rate of EPC generally 

results in males having unreliable information on their paternity within the brood 

(Westneat & Sherman 1997). Therefore, instead of discriminating against non-related 

nestlings from related nestlings and incurring additional costs, males may be selected to 

adopt behavioural rules based on their amount of mating access with the female 

(Kempenaers & Sheldon 1996). For example, if a male receives less access to the 

female during the mating period, then a general rule-of-thumb may be followed 

whereby less parental effort is contributed than that supplied by the female 

(Kempenaers & Sheldon 1996). Further, if extra-pair nestlings are more likely to be the 

last-hatched nestling, a male may follow a rule-of-thumb to preferentially feed first-

hatched nestlings over last-hatched nestlings (Slagsvold et al. 1994). Such feeding 

strategies have been demonstrated in the Dunnock (Prunella modularis) and the Alpine 

Accentor (Prunella collaris) (Davies et al. 1992; Hartley et al. 1995). Although, some 

studies suggest that males do not adjust their feeding strategies when there is evidence 

of partial paternity loss (Westneat et al. 1995; Dickinson 2003).  

6.1.4.2 Effects of relatedness on nestling aggression 

According to Hamilton’s (1964) theory of inclusive fitness, levels of competition 

between nestlings are expected to increase as relatedness decreases (Chapter 1). 

Nestlings are more related to themselves than nestmates and therefore compete to obtain 

adult food supplies (Trivers 1974). Models predict that the level of competition within 

broods containing extra-pair nestlings will be more intense, because a higher proportion 

of nestlings are related as half siblings (Trivers 1974; MacNair & Parker 1978; MacNair 

& Parker 1979; Lessells & Parker 1991). On the other hand, competition between 

nestlings is predicted to be less intense when nestlings are related as full siblings 

(Parker & MacNair 1978; MacNair & Parker 1979; Godfray 1991; Lessells & Parker 

1991; Godfray & Parker 1992). Mock and colleagues (1990, p. 438) propose that 
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“siblicide [overt physical aggression] is likely to involve full siblings”, although the 

level of physical aggression experienced by nestlings will intensify when genetic 

relatedness between nestlings is reduced (Mock & Parker 1997). Furthermore, in 

asynchronous hatching species where nestlings have important physical and 

developmental differences, the degree of relatedness between nestlings can intensify the 

competitive asymmetries within the brood, especially if the extra-pair nestling is the 

last-hatched marginal nestling (Mock & Parker 1997). 

The role that EPP has on overt nestling aggression is an area of family dynamics that, 

according to many researchers, requires further empirical investigation (Royle et al. 

1999; Mock et al. 1990). However, some studies do support the notion that degree of 

relatedness between nestlings can influence competitive behaviours, particularly 

nestling begging behaviour (Briskie et al. 1994; reviewed in Mock & Parker 1997; 

Royle et al. 1999; Boncorglio & Saino 2008).  

For example, empirical research by Briskie et al. (1994) demonstrated that the loudness 

of nestling begging behaviour was positively associated with the level of EPP in 11 

passerine species. Another study by Boncorglio and Saino (2008) showed that Barn 

Swallow (Hirundo rustica) nestlings beg louder, and nestling survival was reduced, in 

broods where relatedness was artificially reduced compared to broods where relatedness 

was not manipulated. Further, in a comparative study of 40 species, Royle et al. (1999) 

found broods that contained a high level of EPP experienced faster growth rates than 

broods that had reduced levels of EPP which had slower growth rates. This was thought 

to be due to closely related nestlings aggressively competing with less related nestlings 

for adult food supplies. A comparative analysis of avian brood aggression by Gonzalez-

Voyer et al. (2007) also indicated that EPP can influence the evolution of aggressive 

behaviours between nestmates and can affect the indirect fitness costs associated with 

nestling competition. 

6.1.4.3 Effects of relatedness on brood reduction 

When both parents are required to successfully raise nestlings the amount of food 

provided to nestlings within the brood can be affected by: the frequency of EPC within 

populations; the level of male certainty regarding paternity; and the corresponding 

amount of parental care provided by males. Further, the degree of relatedness between 

nestlings has implications for the level of competition within the brood, thus potentially 

affecting the way nestlings monopolise adult food supplies. Closely related nestlings are 
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more likely to access adult food supplies and have increased growth and survival rates 

compared to less related nestlings. It can be argued, therefore, that selection is acting on 

both adults and nestlings to favour more related nestlings over less related nestlings, 

which can lower the inclusive fitness cost of the increased competition (Royle et al. 

1999).  

It has been postulated that brood reduction threshold is variable in response to the 

degree of relatedness between individuals within a family (MacNair & Parker 1979; 

Godfray 1991; Lessells & Parker 1991; Godfray & Parker 1992), because relatedness 

can affect the way individuals within families moderate their own needs over those of 

other family members (Hamilton 1964). Therefore, in broods where competitive size 

asymmetries already determine the unequal distribution of food (Mock & Parker 1997), 

the presence of an extra-pair nestling may stimulate extra competitive behaviours within 

the family and increase the likelihood of nestling aggression and adult favouritism 

(Royle et al. 1999). These actions have the potential to expedite the elimination of the 

marginal nestling, particularly if the extra-pair nestling is the last-hatched marginal 

nestling and not the first-hatched core nestling. The greater size and co-ordination of 

core nestlings already provides a competitive advantage over marginal nestlings and, 

furthermore, adults favour larger sized nestlings over smaller sized nestlings (Mock & 

Parker 1997). In such circumstances, an extra-pair nestling that hatches last may receive 

less food from males, but more aggression from nestmates, thereby exacerbating the 

hierarchical structure of the brood and the onset of brood reduction. However, more 

research is required to determine the frequency of EPP and the hatching order of extra-

pair nestlings within populations that exhibits brood reduction, before questions relating 

to the role of EPP on competitive family dynamics can be fully understood.  

6.1.5 Extra-pair copulation and extra-pair paternity in cormorants 

The three published studies on genetic mating systems of cormorants found incidences 

of EPC and EPP. Observations of EPC and the presence of extra-pair nestlings have 

been documented in two cormorant species, the Great Cormorant (Phalacrocorax 

carbo) and the European Cormorant (Phalacrocorax aristotelis) (Graves et al. 1992; 

Piertney et al. (2003) in Calderón et al. 2012). Further research by Graves and 

colleagues (1993) indicates that frequency of EPP in the European Cormorant was 

correlated with brood size and relative reproductive success of pairs in the colony. Pairs 

with smaller broods were more likely to exhibit EPP and a higher frequency of EPC is 
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evident in females with poor breeding success compared to more successful breeding 

females. One recent study, however, found no evidence of EPP in Imperial Cormorant 

(Phalacrocorax atriceps) broods containing three nestlings (Calderón et al. 2012). This 

study suggests that life-history characteristics, the need for male parental care and brood 

size are the main factors limiting the occurrence of EPC and EPP in this species 

(Calderón et al. 2012). 

Overall, these studies on the genetic mating system of cormorants provide important 

insights into the causes of EPC by identifying patterns of breeding ecology, life-history 

characteristics and male parental care behaviours that affect the levels of EPC and thus 

the incidence of extra-pair nestlings within a brood reducing taxa. However, greater 

understanding of family dynamics require future research that expands on current 

knowledge about the genetic mating structure in cormorants by examining how 

relatedness between adults and nestlings influences competitive interactions. In 

particular, it would be useful to determine if EPP is driving both male feeding patterns 

and nestling aggression and how this, in turn, influences brood reduction in cormorants. 

To date, studies of this kind have not been conducted. Therefore, further research in 

another cormorant species, such as the Black-faced Cormorant (Phalacrocorax 

fuscescens), can contribute important new knowledge by combining an investigation of 

the genetic mating system with behavioural observations of family dynamics.  

The Black-faced Cormorant is a long-lived colonial-breeding seabird (Nelson 2005) that 

exhibits brood reduction (Howell 2009). They are assumed to be socially monogamous, 

with all individuals in families being first-order relatives (Nelson 2005). However, the 

exact genetic mating structure has never been assessed. The Black-faced Cormorant 

displays complex competitive interactions and seems to have some level of parental 

favouritism, suggesting that larger, more developed, core nestlings receive more food 

compared to smaller, less developed, marginal nestlings (Chapter 4). These factors 

make the Black-faced Cormorant an ideal study species to explore the role of EPP on 

nestling aggression, male feeding patterns and how interactions between them influence 

the rate of brood reduction.  

6.1.6 Experimental aim 

My study, for the first time, aims to document in the Black-faced Cormorant: (a) the 

incidences of EPP; (b) the hatching order of extra-pair nestlings, and (c) the rate of 

adoption of unrelated nestlings. Most importantly, if EPP is found to be frequent within 
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the population, then it may be an important factor driving male feeding patterns and 

aggressive behaviours in nestlings. However, if EPP rarely occurs within the 

population, then it may be a less important determinant of male feeding patterns and 

nestling aggressive behaviours. My study therefore aims to provide information about 

the frequency of EPP, which would inform future research on the implications of EPP 

for the competitive family dynamics in species that exhibit brood reduction. 

 

6.2 Methods 

6.2.1 Fieldwork 

Fieldwork for this aspect of the thesis was conducted from April to August 2010 at the 

Black-faced Cormorant colony at Outer Harbour, South Australia. This fieldwork 

focused on collecting blood samples from nestlings and feather samples from adults to 

conduct parentage analysis. 

6.2.1.1 Field data collection 

Twenty-five nests were selected from different parts of the colony and, where possible, 

each individual that was observed to be socially associated with each nest (i.e. complete 

social families) had either a blood or feather sample taken. A single sample was 

collected from each individual once during the sampling period, which ranged from 

when the first-hatched nestling was 5 days old to 25 days old. Beyond the age of 25 

days, nestlings joined crèches and were no longer associated with a nest. On some 

occasions it was not possible to collect blood or feathers from all individuals associated 

with each nest. Complete family samples could not be collected in cases where: (a) only 

one adult (either male or female) was found incubating/brooding the nest on collection 

days; or (b) the early death of nestlings due to predation, starvation or weather exposure 

occurred before the nestling was large enough to be sampled (i.e. > 5 days old). In these 

cases, not all members of the social family associated with each nest were sampled.  

6.2.1.2 Classification of nestlings and adult identification 

Nestlings were classified according to their hatching order in the brood, and where 

possible, hatch-order was determined for all nestlings in each nest. This was achieved 

through daily observations of nests and by recording the sequence in which nestlings 

hatched. First-hatched nestlings are referred to as Ac (i.e. A chick); second-hatched 
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nestlings are referred to as Bc; and third-hatched nestlings are referred to as Cc. When 

nestling hatch order was not certain, due to weather conditions limiting access to the 

study site, nestlings were assigned a hatch order according to their size in the brood. 

Adults were not individually distinguishable by their marking and therefore were 

visually identified based on sexual size differences between each adult attending each 

nest. This method is described in Riordan and Johnston (2013) (Chapter 3) and ensured 

that genetic data were collected from the male (M) and female (F) adult.  

6.2.1.3 Blood and feather collection 

A small bead of blood was collected from the brachial or jugular veins of nestlings (> 5 

days old) using a 0.5ml insulin syringe (29-gauge needle). The blood was then placed 

on FTA paper for later DNA extraction in the laboratory. Pressure was applied on the 

puncture wound for 30 seconds or until the bleeding stopped. Blood samples 

represented no more that 0.05% by volume of the total mass of the nestling sampled and 

this procedure did not cause any injuries to the nestlings sampled. 

As blood could not be collected from all individuals, feathers were collected in some 

instances. Two tail feathers were gently plucked, by hand, from the tail of the adults 

attending each nest. The collected feathers were stored in a sealed plastic bag for later 

DNA extraction. Care was taken when approaching nests to minimise disturbance to 

adults or nestlings. Feather collection is less obtrusive than hand-capturing to obtain 

blood samples and has been documented in various projects as an effective method for 

obtaining DNA data (Taberlet & Bouvet 1991; Segelbacher 2002; Horváth et al. 2005; 

Boonseub et al. 2012).  

6.2.2 Laboratory analysis 

Genotyping was performed on the collected blood and feathers. Nestling DNA was 

extracted from FTA cards following the method described by Smith and Burgoyne 

(2004). Adult DNA was extracted from feathers following methods described in the 

DNeasy blood and tissue kit for purification of DNA from feathers (QIAGEN 2006). 

All individuals were genotyped using the four polymorphic microsatellite loci (Pf7; Pf 

13; Pf35; Pf36) developed for Black-faced Cormorants (Riordan et al. 2012). Details of 

PCR reactions, cycling conditions, genotyping and scoring are provided in Riordan et 

al. (2012), along with summary statistics of the four polymorphic markers used 

(Chapter 5). 
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6.2.3 Parentage analysis 

Initially, CERVUS (Kalinowski et al. 2007) was tested as a method for parentage 

assignment. However, confidence in parentage assignment was low, with a combined 

non-exclusion probability for the first parent of 0.326 and a combined non-exclusion 

probability for the second parent of 0.128. Three factors most likely contributed to the 

low discrimination power of the dataset: (1) small brood sizes; (2) the incomplete 

sampling of parental populations; and (3) the small number and diversity of loci (Jones 

& Ardren 2003; Jones et al. 2010; Harrison et al. 2013). While these factors reduced the 

discrimination power of the dataset, using microsatellites developed for other cormorant 

species was not a suitable alternative because the phylogenetic relationship of 

cormorants (Phalacrocoracidae) has not been adequately resolved (Chapter 2). Cross-

species microsatellite amplification success is directly dependent on the evolutionary 

divergence between the source species and target species (Kennedy et al. 2000; 

Primmer et al. 2005), and thus it was determined that the best option was to develop 

microsatellites de-novo for Black-faced Cormorants. However, the low discrimination 

power of the dataset did affect the ability of CERVUS to accurately resolve parent-

nestling pairs from simulated data (Harrison et al. 2013). It was decided that this 

method of parentage assignment was not suitable. 

PARENTE is a more appropriate parentage analysis method that does not use 

simulation data (Cercueil et al. 2002). This form of analysis “calculates the probability 

of successfully allocating an individual nestling to its parents by using the principle of 

genetic compatibility: for each locus, an individual should inherit one of its alleles from 

one parent and the other allele from the other parent” (Cercueil et al. 2002, p. 458). 

Analyses to allocate maternity, paternity and parent pairs from the dataset were 

conducted using PARENTE for each of the 25 nests. These results were then confirmed 

manually by comparing genetic similarities (matches) and dissimilarities (mismatches) 

between the alleles of the social adult and each of the nestlings in the 25 nests. 

Confidence in the manual parentage assignment occurred when, of the four loci being 

analysed, a nestling had two or more loci where one of their alleles matched the social 

adult (i.e. mother or father). No confidence occurred when no allele matches were found 

across all four loci between a nestling and the social adult. 
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6.3 Results 

The first section of the results describes the sample population and reports on the 

individuals that were successfully genotyped. The second section reports the parentage 

assignment using PARENTE. The third section reports the manual parentage 

assignment that compares allelic similarities (matches) and dissimilarities (mismatches) 

between the social adult and each nestling. The final section documents the proportion 

of EPP and adoption in the Black-faced Cormorant population at Outer Harbour. 

6.3.1 Sample population and genotypic information  

Blood was collected from 44 individual nestlings across 25 nests and a feather sample 

was collected from 38 individual adults across 25 nests (N = 82). The sample 

population consisted of 13 complete-family groups, 11 female-only family groups, and 

one male-only family group (Table 6.1). Complete-family groups comprised an adult 

social male and female with a brood of one to three nestlings. Female-only family 

groups comprised a social female adult with a brood of one to two nestlings. The-male 

only family group comprised a social male with a brood of three nestlings.  

DNA was extracted from all 82 individuals, across the 25 nests. These individuals were 

successfully genotyped and a table of the raw genotype data is provided (Table 6.2). 

Missing alleles at one or more loci occurred in 43 individuals (52.45%) and likely 

resulted from the genotype failing to amplify during the PCR process. Of these 43 

individuals, locus Pf7 did not amplify in 33 individuals, locus Pf13 did not amplify in 

17 individuals, locus Pf35 did not amplify in 11 individuals, and locus Pf36 did not 

amplify in one individual. No individuals contained the same genotype and therefore no 

re-sampling occurred. The discriminant power of the loci (average non-exclusion 

probability (identity)) varied from 0.0616 to 0.4048 (Riordan et al. 2012).  

6.3.2 PARENTE parentage assignment 

The probability of assigning the social male and female as the genetic parent of 

nestlings was low for all parent-nestling pairs using PARENTE (<1%) (Table 6.3). The 

probability of allocation ranged from 0.0001 – 0.00055 for parent pairs; 0.003 – 0.032 

for paternity; and 0.004 – 0.032 for maternity. Even though these values are low, 

subsequent manual parentage analysis of the four loci demonstrated that, for majority of 

these cases, nestlings had one allele inherited from the social adult (male or female or 

both) (Table 6.2). No allocation was recorded for 21 parent-nestling pairs across 10 
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different nests, likely due to the high number of missing alleles across the parent-

nestling pairs. 

 

Table 6.1 Summary of the social family groups of the 82 individual Black-faced Cormorants 

(Phalacrocorax fuscescens) sampled in the field for parentage analysis. 

(C indicates complete-family group comprising one male and one female adult (n = 13); F indicates 

female-only family group comprising one female adult (n = 11); M indicates male-only family group 

comprising one male adult (n = 1); brood size indicates the number of nestlings associated with the family 

group.) 

Nest No. Family Type Brood size 

19C Complete 3 

20C Complete 3 

69C Complete 3 

10C Complete 2 

15C Complete 2 

52C Complete 2 

62C Complete 2 

76C Complete 2 

97C Complete 2 

02C Complete 1 

51C Complete 1 

55C Complete 1 

68C Complete 1 

58F Female only 2 

65F Female only 2 

82F Female only 2 

86F Female only 2 

99F Female only 2 

09F Female only 1 

22F Female only 1 

23F Female only 1 

48F Female only 1 

49F Female only 1 

50F Female only 1 

63M Male only 3 
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Table 6.2 Raw genotypes of the 82 Black-faced Cormorants (Phalacrocorax fuscescens) sampled using 

four polymorphic loci. 

(M indicates a male adult; F indicates a female adult; Ac indicates first hatched nestlings; Bc indicates 

second hatched nestlings; Cc indicates third hatched nestlings; a indicates first allele; b = second allele). 

Nest Individual 
Locus Pf7 Locus Pf13 Locus Pf35 Locus Pf36 

a b a b a b a b 

2 

2Ac 0 0 228 228 283 283 181 191 

2F 0 0 228 230 283 283 191 196 

2M 0 0 0 0 0 0 181 191 

9 
9Ac 0 0 228 230 0 0 201 201 

9F 0 0 0 0 0 0 191 201 

10 

10Ac 203 207 228 230 279 279 181 181 

10Bc 207 207 0 0 279 287 177 181 

10F 0 0 228 228 279 287 177 181 

10M 0 0 0 0 0 0 177 181 

15 

15Ac 207 207 228 228 279 283 177 181 

15Bc 205 205 228 228 287 287 186 191 

15F 205 207 228 228 279 287 181 186 

15M 203 207 228 230 283 287 177 191 

19 

19Ac 207 207 228 228 279 283 186 191 

19Bc 207 207 230 235 279 295 186 191 

19Cc 203 207 228 228 279 283 186 191 

19F 0 0 228 230 283 295 181 186 

19M 207 207 0 0 279 279 191 201 

20 

20Ac 0 0 230 230 283 287 0 0 

20Bc 0 0 228 230 279 287 181 201 

20Cc 0 0 0 0 279 279 196 206 

20F 207 207 0 0 279 287 181 186 

20M 207 207 228 228 279 283 186 191 

22 
22Ac 207 207 228 228 279 279 181 201 

22F 0 0 0 0 0 0 177 196 

23 
23Ac 0 0 228 228 283 291 186 191 

23F 0 0 228 230 283 287 186 186 

48 
48Ac 207 207 228 228 279 287 177 181 

48F 207 207 228 228 279 283 177 186 

49 
49Ac 0 0 230 230 287 287 181 186 

49F 0 0 228 228 279 287 181 186 
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Nest Individual 
Locus Pf7 Locus Pf13 Locus Pf35 Locus Pf36 

a b a b a b a b 

50 
50Ac 207 207 0 0 279 283 177 181 

50F 0 0 228 230 279 283 181 196 

51 

51Ac 205 207 0 0 279 287 181 191 

51F 205 207 228 228 279 287 177 191 

51M 207 207 228 228 279 287 181 186 

52 

52Ac 203 205 230 232 283 291 181 181 

52Bc 203 205 228 228 279 291 181 191 

52F 0 0 228 232 279 291 181 196 

52M 0 0 230 230 0 0 181 191 

55 

55Ac 0 0 0 0 0 0 191 196 

55F 0 0 228 228 279 291 181 196 

55M 207 207 228 228 279 279 181 191 

58 

58Ac 207 207 228 228 279 287 181 181 

58Bc 207 209 228 230 279 283 181 181 

58F 0 0 228 228 279 287 181 181 

62 

62Ac 203 207 228 228 283 287 177 196 

62Bc 0 0 228 228 283 283 181 186 

62F 203 205 228 230 279 287 181 196 

62M 207 207 228 228 279 283 177 186 

63 

63Ac 207 207 228 228 279 279 181 196 

63Bc 207 207 230 232 279 291 177 181 

63Cc 207 207 230 232 279 283 181 196 

63M 0 0 228 228 279 291 177 196 

65 

65Ac 207 207 228 228 274 287 186 191 

65Bc 203 207 228 228 274 291 186 191 

65F 203 207 228 230 287 291 186 191 

68 

68Ac 0 0 228 230 287 287 186 196 

68F 0 0 0 0 0 0 196 196 

68M 0 0 228 230 279 287 186 191 

69 

69Ac 203 207 228 228 279 287 196 196 

69Bc 203 207 230 230 279 287 196 196 

69Cc 207 207 228 228 279 279 196 196 

69F 203 207 230 230 279 287 181 196 
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Nest Individual 
Locus Pf7 Locus Pf13 Locus Pf35 Locus Pf36 

a b a b a b a b 

76 

76Ac 203 207 228 228 279 279 181 196 

76Bc 203 207 0 0 0 0 181 196 

76F 0 0 228 230 279 287 191 196 

76M 0 0 0 0 0 0 181 181 

82 

82Ac 203 207 228 228 283 283 181 191 

82Bc 203 207 228 228 279 287 181 191 

82F 207 207 228 228 0 0 181 191 

86 

86Ac 203 203 228 228 287 287 181 201 

86Bc 0 0 228 228 279 279 181 186 

86F 203 211 228 228 279 287 181 186 

97 

97Ac 207 207 228 230 283 287 181 201 

97Bc 0 0 228 230 287 287 181 186 

97F 203 207 228 228 283 287 186 201 

97M 203 207 0 0 287 287 181 196 

99 

99Ac 0 0 0 0 283 283 177 186 

99Bc 203 207 228 230 283 283 186 191 

99F 0 0 230 230 283 283 177 191 

 

Table 6.3 Probability of successful allocation of maternity, paternity and parentage of Black-faced 

Cormorant (Phalacrocorax fuscescens) nestlings to social adult(s) using four polymorphic loci. 

(C indicates complete families; F indicates female-only families; M indicates male-only family; n/a 

indicates parentage assignment not possible because of the lack of adults sampled). 

Nest Nestling Maternity Paternity Parent Pair 

02C 2Ac 0.007 — — 

09F 9Ac — n/a n/a 

10C 10Bc 0.005 — — 

 10Bc 0.009 — — 

15C 15Ac 0.009 0.018 0.00021 

 15Bc 0.025 0.016 0.00055 

19C 19Ac 0.004 0.010 0.00005 

 19Bc 0.008 0.011 0.00013 

 19Cc 0.004 0.009 0.00005 

20C 20Ac 0.005 0.017 0.00010 

 20Bc 0.006 0.012 0.00008 

 20Cc 0.005 0.019 — 

22F 22Ac — n/a n/a 
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Nest Nestling Maternity Paternity Parent Pair 

23F 23Ac 0.006 n/a n/a 

48F 48Ac 0.015 n/a n/a 

49F 49Ac 0.006 n/a n/a 

50F 50Ac 0.005 n/a n/a 

51C 51Ac 0.017 0.024 0.00051 

52C 52Ac 0.008 0.005 0.00004 

 52Bc 0.005 0.003 0.00001 

55C 55Ac — — — 

58F 58Ac 0.011 n/a n/a 

 58Bc 0.006 n/a n/a 

62C 62Ac 0.009 — 0.00039 

 62Bc 0.005 — 0.00019 

63M 63Ac n/a 0.010 n/a 

 63Bc n/a 0.013 n/a 

 63Cc n/a 0.006 n/a 

65F 65Ac 0.011 n/a n/a 

 65Bc 0.020 n/a n/a 

68C 68Ac — 0.011 — 

69F 69Ac 0.012 0.013 0.00016 

 69Bc 0.032 0.014 0.00043 

 69Cc 0.009 0.014 0.00013 

76C 76Ac 0.005 — — 

 76Bc 0.005 — — 

82F 82Ac 0.007 n/a n/a 

 82Bc 0.007 n/a n/a 

86F 86Ac 0.015 n/a n/a 

 86Bc 0.012 n/a n/a 

97C 97Ac 0.015 — 0.00016 

 97Bc 0.011 0.012 0.00014 

99F 99Ac 0.008 n/a n/a 

 99Bc 0.009 n/a n/a 

 

6.3.3 Manual parentage assignment 

Genetic parentage and social parentage were assigned for all parent-nestlings pairs 

when the dataset was analysed manually (i.e. nestlings had allelic matches in two or 

more loci with the social adult). Less than reliable matches were found in 15 parent-

nestling pairs across 10 different nests. This was due to only one locus showing an 
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allelic match with a social adult. Thirteen of these parent-nestling pairs were the same 

parent-nestlings pairs not allocated by PARENTE.  

In the 15 parent-nestling pairs with less than reliable matches, missing alleles occurred 

at one or more loci for each pairs (Table 6.2.). Allelic mismatches also occurred in six 

parent-nestling pairs from three different nests. A mismatch was found between the 

social male in nest 20 and nestling one (Pf13), nestling two (Pf36), and nestling three 

(Pf36). The social female in this nest also had a mismatch at locus Pf36 with nestling 

three. A mismatch occurred between the social male in nest 52 and nestling two (Pf13), 

and between the social female in nest 22 and nestling one (Pf36). Three other parent-

nestling pairs, which were determined to have a confident manual parentage 

assignment, had allelic mismatches. These occurred between the social male in nest 63 

and nestling two (Pf13) and nestling three (Pf13), and between the social female in nest 

62 and nestling two (Pf35).  

Five parent-nestling pairs were homozygous at the mismatching locus for the social 

adult and/or nestling (Table 6.2). Null alleles were therefore possible. For the remaining 

four parent-nestling pairs (20M – 20Bc; 20M – 20Cc; 20F – 20Cc; F22 – 22Ac), both 

adult and nestling were heterozygous at the mismatching loci. These mismatches 

therefore cannot be explained by null alleles, and assuming there was no mutation, this 

provides evidence that the adult attending the nests was not the biological parent of the 

nestling in the following four pair-nestling pairs: 20M – 20Bc; 20M – 20Cc; 20F – 

20Cc; F22 – 22Ac. 

6.3.4 Result of PARENTE and manual assignments  

In the case of these four parent-nestling pairs, when missing alleles and mismatches 

were taken into account, one pair (20M-20Bc) showed support for the incidence of EPP 

and the other three pairs showed support for the potential occurrence of adoption (20M-

20Cc; 20F-20Cc; 22F-22Ac). Therefore, in this study population, 2.27% of nestlings (1 

nestling out of 44 nestlings) resulted from EPP and 6.80% of nestlings (3 nestlings out 

of 44 nestlings) were adopted. These values could be an underestimate and more 

discriminant power (i.e. more loci) could show a greater proportion of extra-pair adults 

or adoption. However, these analyses indicate that both EPP and adoption do occur in 

the Black-faced Cormorant population of this study. 
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6.4 Discussion 

6.4.1 Extra-pair paternity and adoption in the Black-faced Cormorant 

This study documents incidences of EPP and adoption in the Black-faced Cormorant. In 

total, 4% of nests (one out of 25 nests) contained at least one extra-pair nestling and 8% 

of nests (2 out of 25 nests) contained at least one adopted nestling. One nest (nest 20) in 

particular contained both the extra-pair nestling and one of the adopted nestlings. Nest 

20 was a three-nestling brood. The extra-pair nestling was the second-hatched nestling 

while the adoptee was the last-hatched and youngest nestling in the brood. The other 

adopted nestling was found in single-nestling nest (nest 22) and was therefore the only 

nestling in the brood. 

The principle of genetic compatibility was violated between four parent-nestling pairs. 

This was evidence that at least one of the adults attending the nest was not the 

biological parent of the nestling (when the combined effects of missing alleles and 

allelic mismatches were considered). One parent-nestling pair (22F – 22Ac) occurred in 

a single-nestling brood (nest 22), where the female attending was the only adult 

sampled. This nestling (22Ac) did not share alleles with the female attending the nest, 

but it is not known if it shared alleles with the male attending the nest. Therefore, it is 

unclear if this nestling resulted from EPC or adoption.  

The other three parent-nestling (20M – 20Bc; 20M-20Cc; 20F-20Cc) mismatches 

occurred in two nestlings from the same three-nestling brood (nest 20), where both the 

attending male and female were sampled. The second hatched nestling in this brood 

(20Bc) shared alleles with the female, but not the male attending the nest. This nestling 

was more likely to be an extra-pair nestling resulting from the female engaging in EPC 

rather than adoption. However, no observations of EPC were documented. The other 

nestling (20Cc) was a third hatched nestling, and did not share alleles with either the 

attending male or female. This suggests that this nestling may have resulted from 

behaviours other than EPC, such as adoption. 

The reason why nestling 20Cc is not biologically related to either the male or female 

attending the nest is unclear, although IBP (egg-dumping) is unlikely. During this study 

I always observed one adult on the nest brooding until nestlings formed crèches at 

approximately three weeks of age. Similar nest brooding strategies (i.e. nest guarding) 

have been employed by other cormorant species and is likely to reduce the occurrence 
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of IBP, which has been recorded in the European Cormorant (P. aristotelis) at Isle of 

May, Scotland and the Imperial Cormorant (P. atriceps) at Punta León, Argentina 

(Graves et al. 1992 & Calderón 2012). 

An alternative explanation is that the close nestling proximity in the colony may have 

led to a nestling being adopted from a neighbouring nest (Brown 1998). Flightless 

Black-faced Cormorant (Phalacrocorax harissi) nestlings were observed moving from 

the natal nest to other nests by climbing and hopping over the rocks (Nelson 2005). No 

neighbouring parent-pairs had matches with this nestling; however, this study did not 

sample the entire colony population and therefore may have missed sampling the ‘true 

parents’. Regardless, nestling adoption is known to occur in over 150 bird species 

(Reidman 1982) and is the most plausible explanation for this nestling (20Cc). 

Nestling adoption may also explain the mismatch between the parent-nestling pair (22F 

– 22Ac) from the single-nestling brood (nest 22), but this assumption cannot be 

confirmed because the male was not sampled.  

6.4.2 Extra-pair paternity in cormorants and other seabirds 

This study supports the finding that low incidences of EPP occur in cormorants. My 

results are consistent but have lower incidences than other cormorant studies where 

extra-pair nestlings were found (Graves et al. 1993; Piertney et al. (2003) in Calderón et 

al. 2012). These studies showed that 12.6% of European Cormorant (P. aristotelis) 

broods and 16.1% of Great Cormorant (P. carbo) broods contain extra-pair nestlings, 

with the majority of incidences occurring in broods of one. For the Imperial Cormorant 

(P. atriceps), Calderón et al. (2012) found no three-nestling broods which contained an 

extra-pair nestling. It is possible that cormorant pairs that have smaller broods are more 

likely to have extra-pair nestlings compared to those with larger sized broods as noted 

in Graves et al. 1993. My study found that an extra-pair nestling occurred in a three-

nestling brood (nest 20), and potentially in a single-nestling brood (nest 22), although 

adoption cannot be ruled out. This may contradict the assumption that brood size affects 

the level of EPP in cormorants.  

Cormorants, like most seabirds, are long-lived, colonial-breeding species that exhibit bi-

parental care (Nelson 2005) and it was therefore expected that the Black-faced 

Cormorant would have a low level of EPP in conformity with other cormorant species 

studied to date. Across the range of seabird species that have been studied (approx. 10% 
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of total seabirds species), the range of EPP per nestlings is found to be 1.1% – 20.6% 

and the range of EPP per brood is 1.1% – 33% (Quillfeldt et al. 2012). My results, and 

the results of the two other cormorant studies, are consistent with these values (Graves 

et al. 1993; Piertney et al. (2003) in Calderón et al. 2012). The combined effects of the 

breeding ecology, life-history and parental care characteristics are likely to constrain the 

frequency of EPP and the likelihood that females will engage in EPC (Wan et al. 2013). 

Therefore, the low levels of EPP found in my study population could have involved 

such factors, like females requiring male assistance to successfully raising nestlings.  

In the Black-faced Cormorant and the Imperial Cormorant (P. atriceps), nest building, 

incubation and provisioning duties are equally shared between male and female for 

about two months (per. obs; Calderón et al. 2012). This suggests that females require 

male assistance to successfully raise nestlings and that there is a high risk to the 

female’s fitness benefits if the male abandons or reduces parental effort because of 

uncertain paternity (Griffith et al. 2002). The need for bi-parental care indicates that 

females are less likely to pursue EPC (Møller & Birkhead 1993). However, in 

populations where there is a large number of unpaired males, but a limited number of 

reproductively receptive females (i.e. unpaired females), unpaired males may force 

females to copulate outside of the pair-bond, even though EPC is not solicited by the 

female (Cheng & Bruggers 1984; Birkhead & Biggins 1987; Jouventin et al. 2007). 

Forced EPC resulting from male-biased sex ratio in adults occurs in many species, such 

as the Wandering Albatross (Diomedea exulans) (Jouventin et al. 2007) and the Black-

legged Kittiwake (Rissa tridactyla) (Helfenstein et al. 2004). This behaviour benefits 

the male, but has no apparent benefit for the female because the risk of the male 

abandoning the breeding attempt (i.e. male retaliation) is high (Jouventin et al. 2007). 

The sex-ratio of cormorants in the Outer Harbour study population is unknown; 

however, in other cormorant species a male-bias sex-ratio has been documented (van 

Eerden & Munsterman 1995; Frederiksen & Bregnballe 2001). If a male-biased sex 

ratio exists in the Outer Harbour Black-faced Cormorant population, this may provide a 

possible explanation for why EPPs occur in this and other cormorant species, even 

though females require male parental care to successfully raise nestlings. 

6.4.3 Nestling adoption in cormorants and other seabirds 

Adoption of the smallest nestling in a three-nestling brood has been observed in one 

cormorant species: the European Cormorant (P. aristotelis) (Graves et al. 1992). The 
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one nestling which likely to have been adopted in my study was also the smallest in a 

three-nestling brood (20Cc). Adoption is relatively common in colonial breeding 

seabirds, such as gulls and terns (Sternidae), auks (Alicidae) and penguins 

(Spheniscidae) (Birkhead & Nettleship 1984; Carter et al. 1986; Morris et al. 1991; 

Saino et al. 1994; Jouventin et al. 1995; Busacinski et al. 2000). This is likely 

associated with the ecological characteristics of colonial breeders. For instances, high 

breeding density results in multiple nests in close proximity, which enables nestlings to 

move readily between natal and foster nests (Birkhead & Biggins 1987; Redondo et al. 

1995). In contrast to EPP, adoption is influenced by species breeding characteristics and 

is less constrained by life-history and parental care behaviours.  

The fitness costs and benefits associated with adoption are complex (Pierotti & Murphy 

1987; Pierotti 1991; Williams 1994; Brown 1998; Oro & Genovart 1999). Cormorant 

nestlings may use adoption as a strategy to increase survival, even though moving away 

from a natal nest incurs risks (predation or falling) (Brown 1998). Size differences 

between nestlings can produce a competitive nest environment (Mock & Parker 1997). 

Smaller nestlings may move to foster nests where they become the larger and more 

dominant nestling, thereby reducing their disadvantage and increasing their probability 

of survival. Last-hatched, smaller nestlings in asynchronous hatching gulls (Sternidae) 

and storks (Ciconiidae) have also been demonstrated to exhibit this behaviour to 

increase their likelihood of survival (Morris et al. 1991; Redondo et al. 1995). 

Adoption may well have occurred in my study because nests were built in close 

proximity and, on many occasions, the same breakwater rock. However, the adopted 

cormorant nestlings in my study, and those in the study of Graves et al. (1992), were the 

smallest nestlings in a three-nestling brood. Adoption of this kind can be explained if 

the foster nest contains nestlings which have a relatively lower size asymmetry 

compared to the natal nest. Even if the adopted nestling does not increase its position in 

the nestling hierarchy, this move would be beneficial by reducing the competitive 

disadvantage of the nestling. However, given the lack of knowledge about natal nest 

dynamics in the Black-faced Cormorant this explanation is difficult to confirm.  

Adoption appears to be maladaptive for adults, because neither males nor females 

benefit from raising an unrelated nestling (Hamilton 1964; Triver 1974). Foster parents 

have lower reproductive success than non-foster parents (Roldàn & Soler 2011). This 

suggests that adoption occurs because of reproductive error by the foster parent, rather 
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than because foster parents gaining benefits through kin selection, reciprocal altruism, 

nestling facilitation or increased parental experience (Brown 1998). Nestlings are 

generally adopted when the foster brood is less than a week old and potentially before 

discriminant cues such as parent-offspring recognition, are possible, (Brown 1998; 

Roldàn & Soler 2011). 

During this study I observed Black-faced Cormorant nestlings, which were greater than 

15 days old, being frequently (>5 counts) being attacked by the brooding adult and 

nestlings. This may indicate that adults and nestlings are capable of detecting intruder 

nestlings. Intruder nestlings that were not accepted into a foster nest generally died 

within a few days unless they returned to their natal nest. The timing of adoption and 

rejection therefore indicates that cormorants are unable to directly discriminate between 

their nestlings and that of conspecifics, and familiarity due to learned call discrimination 

may be more important (Roldàn & Soler 2011; Colombelli-Négrel et al. 2012). 

Other factors including kin selection, reciprocal altruism, and nestling facilitation may 

also influence the rate of adoption in cormorants. For example, an adopted nestling may 

provide fitness advantages to the foster parent and nestmates by facilitating additional 

heating or cooling benefits. This is because metabolic cost associated with 

thermoregulation has been predicted to supply an insulating effect when broods have 

more nestlings (Royama 1966; O’Connor 1975; Dunn 1976; Dunn 1979; 

Neuenschwander et al. 2003). Therefore, it can be argued that in species which exhibit 

brood reduction, the extra adopted nestlings may eventually be eliminated when 

nestlings are capable of thermoregulation independent from adults (Mock & Parker 

1997).  

Further research is required in this area. However, from the evidence currently 

available, reproductive errors by foster parents, combined with a nestling’s prospect of 

increasing their survival, appear to be the two most likely factors driving adoption in 

cormorants.  

6.4.4 Behavioural implications of extra-pair paternity in cormorants 

This study demonstrates that EPP and adoption occur in Black-faced Cormorants. The 

behavioural outcomes of adoption are complex because neither adult is related to 

adopted nestlings (Hamilton 1964; Triver 1974; Roldàn & Soler 2011). A detailed 

explanation of this phenomenon in the Black-faced Cormorant is beyond the scope of 
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this study. EPP and the lack of male certainty in paternity is important and generally 

results in: cessation of parental care and nestling favouritism (Møller 2000; Griffith et 

al. 2002). For example, when males are not related to nestlings they may either: (a) stop 

providing parental care completely when paternity is uncertain, resulting in brood loss; 

or (b) reduce care to non-related nestlings when paternity is uncertain, resulting in 

favouritism (Westneat & Sherman 1993).  

6.4.4.1 Brood loss as an outcome of extra-pair paternity 

Brood loss occurs when males reduce their overall parental effort to the entire brood 

due to uncertain paternity (Bart & Tornes 1989). Females are then forced to 

accommodate for the lack of male effort by increasing their own parental effort, but this 

may not always be possible (Osorno & Székely 2004; Johnstone & Hinde 2007). 

Females that cannot supplement the reduction of male care generally fail to raise the 

brood successfully (Beissinger 1990). Brood loss from the reduction of male parental 

care was not investigated in the present study. 

6.4.4.2 Male favouritism of related nestlings as an outcome of extra-pair 

paternity 

If paternity is uncertain, males may direct parental effort towards related nestlings rather 

than non-related nestlings (Trivers 1974; Westneat & Sherman 1993; Kempenaers & 

Sheldon 1996). Unlike the complete reduction of parental care, this strategy enables 

males to modify care over time and allows for future redirection of parental care 

(Forbes 2007). This is a useful strategy because nestling paternity is not always 

confirmed immediately through the use of discriminant cues; it may take a few days 

before parent-offspring recognition is possible (Roldàn & Soler 2011; Colombelli-

Négrel et al. 2012). The differential allocation of parental care provided by males, such 

as food provisioning, is generally based on relatedness and influences the distribution of 

resources within the brood such that within-pair nestlings are favoured over extra-pair 

nestlings (Westneat & Sherman 1993). This favouritism can increase competitive 

interactions between nestlings (Forbes 2007). In asynchronous hatching broods, 

competitive size asymmetries already result in unequal food allocation, with larger, 

more developed, core nestlings receiving more food compared to smaller, less 

developed marginal nestlings (Mock & Parker 1997). Black-faced Cormorant nestlings 

hatch asynchronously and the resulting competitive size difference seems to affect the 

distribution of food allocated by adults, suggesting that parental favouritism may occur 



 

164 

 

in this species (Chapter 4). Although there is no evidence that males deliver less food 

than females (Chapter 4). However, if nestlings resulting from low EPP are more likely 

to be the second-hatched nestlings in three-nestling broods of the Black-faced 

Cormorant, and if males skew food to favour first-hatched nestlings, it can be suggested 

that males are biased against extra-pair nestlings and are, perhaps, following a 

behavioural rule-of-thumb. As such, this could potentially further intensify the 

competitive interaction already observed between nestlings (Forbes 2007; Alonzo & 

Klug 2012). This study was unable to confirm this assumption and additional research is 

needed to explore the behavioural implication of EPP, particularly in relation to male 

feeding patterns in asynchronous hatching broods.  

6.5 Concluding remarks on relatedness and parental care  

The occurrence of low EPP and adoption in the Black-faced Cormorant has important 

implications for the inclusive fitness costs and benefits of competition interactions 

within the family. This study provides an initial indication of the low rates of EPP and 

adoption in the Black-faced Cormorant. 

The small number of microsatellite loci available for the Black-faced Cormorant, 

limited the statistical power to assign parentage and estimate relatedness between 

nestlings adequately during this study. The absence of alleles from one or both social 

adult in some nests provided evidence that EPP and adoption does occur. However, the 

study was unable to unequivocally define the overall mating systems of the Black-faced 

Cormorant. 

Further molecular and behavioural studies are required. Future work should develop and 

characterise additional microsatellite loci for the Black-faced Cormorant to statistically 

confirm the mating system dynamics and genetic relationships within the family. Once 

this is achieved, it would be useful to experimentally test what role genetic relatedness 

has on interactions within the family during the time when nestlings are confined to the 

nest and brood reduction occurs. In particular, future research should aim to (a) identify 

the hierarchal position of extra-pair nestlings with the brood, and (b) whether males 

preferentially feed the older first-hatched core nestlings rather than last-hatched 

marginal nestlings. A study of this kind would help to identify male feeding patterns 

and to determine whether there is a bias against extra-pair marginal nestlings, even if 

adult males have no way of discriminating extra-pair nestlings from their own nestlings. 
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Further, field observations could help to identify the costs and benefits associated with 

nestling adoption and to determine if forced EPC is the main cause of EPP in this 

species. Future research should therefore focus on understanding the mechanisms 

behind the genetic mating systems and the behavioural implications for competitive 

interactions between families. 
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Chapter 7 

Parental care and mating systems influence 

competition in the Black-faced Cormorant 

(Phalacrocorax fuscescens) 

 

7.1 The big ideas of parental care and mating systems 

Parental care and mating systems are fundamental components of the breeding biology 

of birds. The diverse and complex range of parental care and mating systems currently 

evident in modern birds evolved due to pressures associated with sexual selection 

(Ligon 1999). The establishment of an effective means of reproduction, such as bi-

parental care and altricial nestling development, gave rise to the individual need to 

attract and defend mates (Ligon 1999; Bennett & Owens 2002; Shuster & Wade 2003). 

There is thus an interconnected relationship between parental care, mating systems and 

sexual selection, and each of these processes can be affected by the others (Ligon 1999; 

Bennett & Owens 2002). This study sought to contribute to our understanding of these 

relationships by exploring the competitive family dynamics in the Black-faced 

Cormorant. 

Research on competitive family dynamics is especially important in seabird populations 

(Proffitt 2004). Seabirds have a combination of distinctive life-history characteristics — 

including colonial breeding, low reproductive effort, altricial nestlings and hatching 

asynchrony — and are exposed to environmental conditions where food is not always 

readily available (Bennett & Owens 2002). These factors can limit access to resources 

and intensify competitive interactions (Mock & Parker 1998; Wan et al. 2013). Despite 

our knowledge of behaviours associated with parental care and family dynamics, many 

seabird studies have explored family dynamics from a single behavioural perspective 

(i.e. nestling-nestling interactions) (Amundsen & Stokland 1988; Drummond & Gracia 

Chavelas 1989; Hunt & Evans 1997; Ploger 1997; Machmer & Ydenberg 1998; 

Drummond 2001). Fewer studies have been conducted from the perspective of the 

whole family, except in some non-seabird species (Kilner 1995; Krebs & Magrath 2000; 

Ploger & Medeiros 2004). Regardless, the majority of these studies have tended to 

overlook the effects of genetic relatedness on competitive interactions. The range of 
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different reproductive interests between family members and the dynamics of 

competitive interactions driven by these interests have not been sufficiently explored in 

seabirds.  

Cormorants are colonial breeding seabirds that live in a variable marine environment 

(Nelson 2005). Eggs are laid asynchronously and nestlings are born in staggered order 

over a few days (Nelson 2005). Brood reduction resulting from diminished access to 

food and size asymmetry has been recorded in cormorants (Nelson 2005) and in some 

species it is predicted that marginal nestlings aid the survival of core nestlings by 

providing a food bonus (Hunt & Evans 1997; Howell 2009). Adults are presumed to 

form socially monogamous pair bonds, although this has not been confirmed genetically 

in majority of species (Nelson 2005) and therefore extra-pair paternity (EPP) could be 

present. These factors made cormorants an ideal taxon in which to investigate brood 

reduction in relation to competitive family dynamics. The Outer Harbour population of 

Black-faced Cormorants (Phalacrocorax fuscescens) was used as a model species to 

examine the diversity of parental care and mating behaviours and to explore how these 

influence intra-familial competition. Specifically, the study addressed important 

questions about EPP driving adult favouritism or nestling competition and whether 

these family dynamics can help to explain brood reduction processes in the Black-faced 

Cormorant.  

Of central importance to family dynamics research is the identification of inclusive 

fitness benefits (the sum of direct and indirect fitness) obtained from particular 

behavioural interactions by different individuals within a family unit (Hamilton 1964; 

Trivers 1974). Behavioural interactions are affected by the degree of relatedness 

between individuals and the costs and benefits associated with the action (Hamilton 

1964). Individuals within a family will not necessarily all share the same reproductive 

interests and higher levels of competition are expected between unrelated individuals 

compared to related individuals (Trivers 1974; Forbes 2007). The effects of relatedness 

on behavioural interactions drive family dynamics and the intra-familial conflict that 

was the focus of my study (Trivers 1974).  

Family members are predicted to compete for access to resources such as parental care 

to optimise their reproductive success (Trivers 1974; Maynard Smith 1974; 

Godfray1995). In this study, food provisioning from adults was used as a measure of 

parental care and I examined aspects of intra-familial competition that arise from 
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conflict over: (1) the supply of food by adults and the demand for food from nestlings; 

and (2) reproductive opportunities, such as the mating behaviour of adults. I explored 

three distinct competitive interactions within cormorant families: sexual conflict, 

parent-offspring conflict and nestling conflict (Ligon 1999; Bennett & Owens 2002). 

Black-faced Cormorant family members may be affected by resource shortages. Adults 

may insure against reproducing in an uncertain world by laying optimistic clutches 

(Lack 1947; Lack 1954). An optimistic clutch size provides opportunity for adults to 

play favourites and trim the size of brood if access to resources unexpectedly changes 

(Forbes et al. 1997). Adults may favour quality over quantity of nestlings according to a 

‘less is sometimes more’ brood reduction strategy (Lack 1947; Lack 1954; Ricklefs 

1965; Forbes 1994). Hatching asynchrony facilitates brood reduction because adults 

provide core nestlings with physical and developmental advantages over their nestmates 

(Forbes 2007). Marginal nestlings thus generally bear the brunt of resource shortages 

because of their dependence on adults to supply food and competition for food between 

nestmates (Mock & Parker 1998). Brood reduction was a key focus of my study and the 

selective advantage of marginal nestlings, as predicted by the facilitation hypothesis, 

was an area of specific interest. 

Physical and developmental differences between core and marginal nestlings are 

predicted to influence the elimination of marginal nestlings (Mock & Parker 1997). 

According to the facilitation hypothesis, marginal nestlings provide fitness benefits to 

core nestlings by increasing their survival because core nestlings obtain extra food by 

consuming the marginal nestlings’ share and therefore profit from its continued 

existence (Mock & Forbes 1995; Ploger 1997). Core nestlings compete with marginal 

nestlings by begging and/or using overt aggression to dominate adult food supply 

(Mock & Parker 1997; Drummond 2002). Core nestlings are thus expected to consume 

more than their fair share of food, while marginal nestlings receive smaller returns for 

their begging effort. This dynamic generally results in weaker marginal nestlings dying 

from starvation or siblicide (Hunt & Evans 1997; Mock & Parker 1997). However, in 

my study support for the facilitation hypothesis was not found because adults seemed to 

deliver food at similar rates to broods of all sizes. Although, I cannot rule it out 

completely because I did not directly compare amounts of food delivered to broods of 

different sizes. 
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Relatedness between family members cannot be assumed because adults may engage in 

extra-pair copulation (EPC) to increase their fitness benefits and this can affect the 

dynamics of brood reduction (Westneat & Sherman 1993). In populations where female 

EPC and EPP are common, it is predicted that some nestlings may not be genetically 

related to the adult male or their nestmates (Mock & Parker 1997; Westneat & Stewart 

2003; Alonzo & Klug 2012). In this case, the level of competition within a family is 

expected to increase as the degree of relatedness between family members decreases 

(Hamilton 1964; Trivers 1974). Importantly, when EPP is common males may adopt 

adaptive feeding patterns, such as preferentially feeding core nestlings over last-hatched 

marginal nestlings, because in certain cases the latter are more likely to result from EPC 

(Slagsvold et al. 1994). These behaviours can have implications on the distribution of 

food within broods and can affect the rate of brood reduction in species where 

competitive size asymmetries already exist (e.g. cormorants) (Mock & Parker 1997). 

These behaviours influence the fitness benefits obtained by different family members in 

relation to the presence and elimination of marginal nestlings (Royle et al. 2004). 

7.2 Competition in Black-faced Cormorant families 

This study used an indirect approach to determine whether the presence of EPP helps to 

explain parental feeding patterns that cause brood reduction. While limitations of the 

study mean that it was not possible to provide conclusive evidence, it is likely that 

extra-pair paternity does not drive adult favouritism or nestling competition and thus 

these family dynamics do not appear to explain brood reduction in the Black-faced 

Cormorant. The study provides new knowledge on Black-faced Cormorant parental care 

and mating systems. The major findings are summarised below. 

7.2.1 There are morphological differences between males and females 

The study developed a reliable method to sex adult Black-faced Cormorants in the field 

(Chapter 3). I determined that males are larger and longer-billed compared to females, 

which are smaller and shorter-billed. Males and females thus differ in their morphology 

and similar morphological patterns were shown to occur in other cormorant species 

(Table 3.5). I speculated that ecological niche-partitioning between males and females 

could explain this difference. Ecological segregation may have evolved to enable each 

sex to function in different environmental niches and thus may reduce localised 

competition between sexes for food resources. I proposed that males and females may 
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forage in different environments to reduce competition created by the colonial breeding 

behaviour of cormorants. However, this hypothesis could not be confirmed because data 

were not collected to demonstrate that males and females feed differently. The method 

for sexing adults that was developed as part of the study will enable future researchers 

to visually identify differences between male and female in the field using their bill 

length and to further explore the possibility of ecological niche segregation in this 

species. This method for sexing adults in the field was also used in my study to explore 

patterns of male and female food supply to nestlings. 

7.2.2 Males and females have similar feeding patterns  

My study found that males and females do not distribute food differently according to 

nestling characteristics and/or brood size. Both sexes thus demonstrate similar feeding 

pattern (Chapter 4). However, there are some differences that are worth noting. Males 

preferentially feed the nestling that is reaching the higher than its nestmates, thus males 

are rewarding nestlings that are winning competition in terms of stretching highest, but 

only in a two-nestling broods. Females, by contrast, are rewarding any nestling that 

begs with high intensity, regardless of who is reaching higher. I speculate that the 

female feeding patterns observed in my study may be caused by nestlings begging more 

to females than males. However, due to the small sample sizes and high frequency of 

zero values within the dataset this hypothesis could not be confirmed statistically and 

remains untested. Differences between male and female feeding patterns have been 

reported in other cormorant species (Nelson 2005) and I cannot rule out that male and 

female Black-faced Cormorants may be using different feeding strategies. These 

ambiguous findings highlight the need for more research to clearly determine whether 

males and females do demonstrate sex-biased feeding of nestlings and what factors are 

driving this feeding pattern. 

7.2.3 Brood size influences competitive interactions between nestlings 

My study found that nestlings use begging strategies and aggressive behaviours to 

compete with each other (Chapter 4). Brood size influenced begging behaviours and 

three begging characteristics were identified as most important: position, intensity and 

height. Begging with greater effort, and higher than other nestmates, appears to increase 

the possibility that individual nestlings will receive food from adults. Nestlings in one-

nestling broods have no competitors and expend limited energy to acquire food from 

adults. Nestlings in larger sized broods beg with more effort and this reflects the 
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pressures of a more competitive nest environment. Most importantly, greater begging 

effort in larger broods did not appear to result in adults supplying more food to the nest 

and, therefore, I speculated that this could affect the survival of marginal nestlings when 

they are out-competed by core nestmates. However, I was unable to confirm that core 

nestlings out-compete marginal nestlings or whether nestling hatching rank influences 

begging competition.  

My study also provides the one of the first detailed description of aggression in the 

Black-faced Cormorant and cormorants more generally (Chapter 4). Aggression was not 

found to vary significantly with brood size or nestling hatching rank. However, a non-

significant pattern of aggressive attacks, distributed according to hierarchical 

dominance, was observed and I suggested that core nestlings may use aggression to 

intimidate marginal nestlings and monopolise food supplies. Further, I questioned 

whether overt aggression may have been previously overlooked in other cormorant 

species and proposed that it should be taken into consideration when exploring intra-

familial conflict in cormorants.  

7.2.4 Not all family members are related as first-order relatives 

My study developed microsatellite markers for the Black-faced Cormorant in order to 

determine genetic family structure for this study (Chapter 5). I found low incidences of 

extra-pair paternity (EPP) and adoption in the Outer Harbour population (Chapter 6). 

Adults are not necessarily the biological parent to all nestlings in their brood and 

nestmates are not necessarily genetically related as full siblings. The low incidences of 

EPP and adoption found in my study are consistent with the findings of other cormorant 

studies (Graves et al. 1992; Piertney et al. (2003) in Calderón et al. 2012). Due to these 

low incidences, I suggest that EPP and adoption are rare in cormorants and most likely 

occur from high breeding density and a male-biased sex ratio in the colony. Adoption 

may result from reproductive errors by foster parents combined with nestlings moving 

to nest environments that may increase their chances of survival. Nestling facilitation, 

such as providing thermal benefits, could also be a potential factor driving adoption in 

cormorants. 

EPP was considered as a potential influence on how adults compete in relation to the 

care provided to nestlings. Males may follow a behavioural rule-of-thumb by skewing 

food to favour core nestlings over marginal nestlings, which may be more likely to be 

extra-pair nestling or adopted nestling (Slagsvold et al. 1994). However, I was unable to 
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identify whether core or marginal nestlings were extra-pair nestlings due to the small 

sample size and low discriminant power of the microsatellite loci used. Furthermore, I 

was unable to clearly address whether males preferentially feed core nestlings over 

marginal nestlings. Therefore, I was unable to test for male favouritism. Further 

research is needed in this respect. 

7.3 A need for further research 

While this study has generated new knowledge about Black-faced Cormorant parental 

care and mating systems, it does not provide conclusive evidence to determine whether 

EPP drives adult favouritism or nestling competition and whether these factors 

influence brood reduction in the Black-faced Cormorant. This was due to the small 

sample size and the limitations of the behavioural data (Chapter 4), as well as the 

limited statistical power to assign parentage and adequately estimate relatedness 

between nestlings (Chapter 5). 

The pressures driving brood reduction in the Black-faced Cormorant, and cormorants in 

general, remain unclear. My study did not confirm the value of marginal nestlings in 

terms of the evolutionary fitness benefits obtained by adults and nestmates and thus 

there is need for further research in this area. The techniques that I developed during the 

study will support future studies because I have established tools that will enable 

researchers to link food provisioning by males and females to nestlings and to determine 

biological relatedness between family members. My study thus opens up opportunities 

for future researchers to extend the theoretical discussion about brood reduction in the 

Black-faced Cormorant and seabirds more generally. 

7.4  Some directions for future research 

There are a number of directions that future studies of the Black-faced Cormorant could 

productively pursue. First, ecological segregation is assumed to influence the 

morphology of adult Black-faced Cormorants (Chapter 3). To confirm if males and 

females do occupy different environmental niches, as a strategy for avoiding conflict 

over access to food resources, additional behavioural and dietary research is required. 

GPS data loggers and depth recorders could be used to identify sexually distinct 

foraging and diving patterns of the Black-faced Cormorant. Analysis of prey items 

would determine whether the sexes have different food preferences and would generate 

further data about their foraging environment.  
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Secondly, brood size was found to influence the behaviour of nestlings and most likely 

affects food supply from adults (Chapter 4). However, it was unclear if nestling 

hatching rank influenced competition between nestlings or whether adult food supply 

decreased in response to brood reduction. It would be also useful to confirm whether or 

not males and females do exhibit different feeding strategies and apply a direct 

approach of linking behavioural observations with the genetic relatedness of family 

members. This could be done by observing the behaviours of birds for which genetic 

information is known. All new behavioural research should be designed to take into 

consideration the problems that were identified in the present studies. Research 

pursuing the directions outlined above should focus on (a) increasing the number of 

observations for relevant behaviours (i.e. reducing zero data) and (b) controlling 

nestling age to allow for genuine comparisons between nestlings of similar ages in 

comparable nest environments. These objectives could be achieved by conducting 

intensive observations of nests on the same day for time periods that exceed at least 7 

hours per day, which is a feasible number of daylight hours for observation during 

breeding season, and by experimentally inducing the reduction of brood size.  

Thirdly, genetic analysis of the family structure shows that individuals in Black-faced 

Cormorant families are not always first-order relatives (Chapter 6). Incidences of 

adoption and EPP were found in the Outer Harbour population, but the degree to which 

this affects competitive interactions could not be determined due to the low discriminant 

power of the loci used and the small sample size (Chapter 5 and Chapter 6). 

Development of additional loci for Black-faced Cormorants would enable the rate of 

adoption and EPP in the study population to be determined more exactly. This 

information could then be used in conjunction with the behavioural experiment outlined 

above. 

Finally, in situ observations of the courting and mating behaviour of the Black-faced 

Cormorant would further our understanding of the mechanisms behind the mating 

system in the Outer Harbour colony. These observations should be directed towards 

identifying whether there is a male-bias sex ratio, whether males force females to 

engage in EPC or whether females seek EPC to increase their indirect fitness benefits at 

the expense of their social mate. 
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7.5 Conclusion 

This study employed a contemporary behavioural and molecular ecology approach, and 

drew on conceptual frameworks developed by Lack (1947; 1954), Hamilton (1964) and 

Trivers (1974), to generate new knowledge about the competitive family dynamics of 

Black-faced Cormorants. Specifically, my study explored the complexity of parental 

care and family dynamics by examining how competitive behaviours within a family 

are affected by (a) the availability of resources and (b) relatedness between individuals. 

There are a number of main outcomes from the study. First, I developed a practical 

method for determining the sex of individual Black-faced Cormorants in the field and 

found that adults exhibit sexual size dimorphism. Secondly, I identified that brood size 

affects the begging behaviour of nestlings which in turn may influence adult food 

supply; although adult food supply was confounded with begging behaviour. I have also 

provided the one of the first description of overt aggression occurring in cormorants. 

Finally, I characterised four novel loci using 454-shot gun sequencing and successfully 

cross-amplified these loci in four other cormorant species. I have also shown that there 

is a low incidence of extra-pair paternity and adoption in the Outer Harbour population 

of Black-faced Cormorants, which suggests that Black-faced Cormorant mating systems 

are largely monogamous and most of the competitive interactions occur between first-

order relatives.  

Overall, this thesis demonstrates that male and female adults exhibit morphological 

differences; brood size influences the begging behaviour of nestlings and likely affects 

the food they receive; and that low relatedness is unlikely to explain nestling 

competition in the Black-faced Cormorant even though EPP and adoption were 

documented. This information provides another glimpse into the complex world of 

parental care and mating systems in birds and can be used to inform future research of 

the Black-faced Cormorant and brood reducing seabirds more broadly.  
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