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ABSTRACT:

By definition, social behaviors are always expressed in the context of other individuals. Because 

of this, measurements of social behaviors outside the normal social context may not be a reliable 

measure of typical behavior within it. Moreover, it is difficult to assess the repeatability of social 

behaviors because, even in the normal social context, behavior may vary with changes in the 

social context. Here, we assess the importance of social context in the expression of aggression 

in zebra finches, a social species in which aggression aids in resource acquisition and the 

maintenance of dominance hierarchies. Aggression was measured repeatedly in a familiar flock 

and was measured at least once per individual using a mirror test. Birds in a flock were recorded 

accessing a feeder, and the number and intensity of aggressive interactions, as well as individual 

dominance rank, were assessed. During the mirror test, aggressive response to the individual’s 

reflection was scored to assess their reaction to an unfamiliar but equally matched bird. 

Aggression and dominance were highly repeatable in the flock context and positively correlated 

with one another. Mirror aggression was not correlated with aggression in the flock for both 

years of data, suggesting that aggression to familiar versus unfamiliar birds were functionally 

distinct. Moreover, despite the high repeatability of aggression and dominance, dominance was 

not stable between years, although males were consistently more dominant in general. Changing 

social environments leads to unpredictability in the expression of aggression.
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INTRODUCTION

Personality is generally thought to be a stable, predictable trait. From short-lived bats to humans, 

measures of personality are usually consistent over the lifespan of the animal, and even across 

generations (Huesmann  et al 1984, Webber and Willis 2020). Yet, personality traits that are 

expressed in a social context, such as aggression, may be change in response to the social 

environment. Furthermore, familiarity with a conspecific can lead to an increase in the frequency

of aggressive behaviors when compared to strangers in zebra finches (Thiele 2018). Because 

social context is not stable over time, it can lead to variation in behavior.

Change in behaviors can influence several life history traits, but dominance hierarchies are 

especially sensitive to personality traits that are dependent on social context, such as aggression 

(Duckworth 2014). The risks of injury during aggressive encounters are balanced against 

benefits, such as increased territory quality and higher reproductive output, including larger 

clutch sizes, higher survival of young, and more breeding seasons in several taxa (Watson and 

Miller 1971, Bernstein 1976, Frank 1986). As found in Great Tits, more frequent and intense 

aggression over resources can support a higher dominance rank (Drent et al 1996, Tarvin and 

Woolfenden 1997). On the other hand, in pigtail monkeys, mountain goats, and geese, 

dominance hierarchies are determined early on and independent of future changes in aggressive 

behavior (Bernstein 1969, Lamprecht 1986, Cote 2000). These dominance hierarchies may be 

based on age or size rather than aggression. Heavier birds with longer tarsi tend to be dominant, 

either because dominant birds can control resources and grow larger, or because larger birds 

obtain a higher rank through their size (Richner 1989, Verhulst et al 2014). Thus, dominance 

hierarchies can be influenced by both stable morphological traits and behavioral traits that may 

https://www.sciencedirect.com/science/article/abs/pii/S0003347286802214
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change over a bird’s life. However, the extent of the reciprocal influences between social context

and aggression is still unknown.

There are several factors that can jointly influence social context and dominance. Social 

context may be important for birds with a hierarchy based on seniority. In many systems, older 

birds are more dominant, particularly if they have prior residence in an area (Holberton et al 

1990, Duckworth 2014). If this is the case, dominant birds do not require aggressive interactions 

to hold their rank and younger birds will generally occupy a lower dominance rank. Hierarchies 

would be more fluid if birds are leaving and entering the area at high rates. However, if behavior 

is crucial for dominance, it would be expected that more dominant birds will be more aggressive,

regardless of social context. In this case, variation in behavior over time would cause hierarchies 

to be flexible. Investment in other traits, such as parental care or immunity, may decrease 

investment in maintaining dominance.

In this study, we investigate the influence of social context on aggression. Aggression may be

independent of social context and, even if flexible over a lifespan, similar across contexts over a 

short time. However, if social context is key to frequency or intensity of aggression, breeding 

stage or the presence of a known dominance hierarchy will rapidly influence aggression. 

Aggression can in turn impact dominance rank, along with morphology and age.

Zebra finches are an ideal system to test the reciprocal influences of social context on 

aggression and dominance. As a social species, they maintain a dominance hierarchy and exhibit 

frequent aggression while foraging at communal feeders. During nesting, individuals, especially 

males, become more aggressive to defend their nest location and ward off intruders (Case 1986). 

Social context can be easily manipulated in controlled behavior trials and by changing the 

number of birds in communal flocks. Here, we use a combination of aviary observations and 
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controlled experiments to examine how aggression is expressed in two distinct social contexts: 

an aviary flock and isolated trials where birds respond to their own image in a mirror. 

MATERIALS AND METHODS:

The variable social contexts in this experiment were designed to mimic those found in nature for 

zebra finches. While congregating at scarce watering sites, zebra finches form flocks including 

thousands of individuals, many of which will be completely unfamiliar. At the same time, zebra 

finches will nest colonially with around 50 pairs, and form a loose hierarchical social structure. 

They recognize kin and mates by their song, and mostly forage with their mates or in small 

groups of 3-10 individuals, and therefore repeatedly interact with the same birds and can learn 

and establish dominance ranks (McCowan et al. 2015). Birds were housed in an 8.78m by 1.52m 

by 2.4m aviary that was open to the environment on two sides and had bare branches as natural 

perches. Finches were provided with spray millet, cuttlebone, grit, ad libitum seed and water, and

nest boxes with nesting material. Colony numbers varied between 50 and 100 individuals 

depending on survival, breeding, and removal of offspring into neighboring non-breeding cages. 

During the experiment, focal birds were allowed to switch mates and breed freely. Focal 

individuals were only removed from the colony due to behavior testing (see below) or illness.

Aggression during mirror trial

Zebra finches do not recognize themselves in a mirror. Therefore, to measure an individual’s 

aggressive response to an unfamiliar, but same-sized bird, we used a mirror test. Behavior testing

was conducted in a manner similar to Wuerz and Kruger 2015. Groups of four individuals were 

removed from the main colony and housed together between trials. Trials were conducted 

between 7 am and 1 pm to avoid excessive heat and minimize changes in behavior across the 
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day. Birds were released into a 76cm by 45.7cm by 45.7m cage that had a feeder with chopped 

hard-boiled egg in it placed in front of a covered mirror. After five minutes of habituation, the 

mirror was uncovered. The birds’ number of attacks, bill-wipes, and resource defense and 

consumption were recorded for another 15 minutes using a Panasonic HC-V180 on a sunpak 

tripod. The mirror used in 2018 was rounded, 18 inches long and only 15.2 cm at its highest, so 

not every individual saw the reflection. The mirror was enlarged in 2019 to cover the entire back 

wall of the cage, and, when possible, the birds were retested. Although mirror size was used as a 

factor in mirror aggression, it did not influence attack frequency, so data from both years were 

combined. Groups were reintroduced at the same time to limit changes to the dominance 

hierarchy due to behavior testing. In 2018, the behavior tests of 22 individuals were used. In 

2019, 23 birds were behavior-tested.

Dominance and aggression in flock context

Chopped spinach or hard-boiled egg was placed in the communal aviary twice a week over June-

August of 2018 and 2019. I used the same camera (Panasonic HC-V180) to remotely record the 

interactions between the zebra finches for an hour. This was done to minimize observer 

disturbance and provide greater behavioral notation accuracy, as several interactions often 

occurred simultaneously. In 2018, two feeder locations were used to ensure that differences in 

aggression were not due to distance from the bird’s nest to the feeder, as individuals may be 

territorial over their chosen nest space. Changing the feeder location attempts to balance nest 

defense with habituation to location, to minimize the effects of boldness. Trials were removed 

from the video analysis when clear nest-building behaviors were expressed, as these birds 
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completely prevented other birds from using the feeder, unlike typical foraging aggression. Once

the recording was over, the food was left out and consumed by the next morning in all trial days. 

I calculated time spent on feeder, as more dominant birds are less likely to be displaced, 

and the order of the first appearance of an individual, to use as dominance measures. Aggressive 

behaviors recorded include hops, pecks, or bill-fighting, which reflect increasing intensity of 

aggression. The number of displacements caused were also totaled, which were used to create a 

dominance hierarchy. In 2018, the data from 22 focal individuals was analyzed. In 2019, 23 focal

individuals were used, including 16 also used in 2018. Focal individuals appeared on at least 10 

different trial days to ensure that the social behavior measured was consistent over time.

Breeding and body size

Throughout the study, nests were checked daily for eggs, nestlings, and parents incubating or 

feeding nestlings. Pairs were determined from nest book information, and individuals sharing the

same nest were assumed to be together, which was usually confirmed by allopreening. Breeding 

stage was recorded as incubation, nestlings, fledglings, or no active nest from nest cards 

maintained throughout the experiment. Number of days since egg laid was used as a continuous 

measure of breeding stage. If a new nesting attempt was started before fledglings reached 

independence, the timeline was restarted. The number of eggs, chicks, and fledglings were 

recorded, as well as instances of nest takeovers by other breeders and mortality.

To measure adult morphology, tarsus size, wing chord, tail length, body mass, bill length,

depth, and width were measured for every focal bird. Age was calculated as the numbers of days 

since hatching.
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Statistical analysis

Analysis of variance was used to calculate repeatability of social aggression and dominance 

variables, and principal component analysis was used to create separate aggression and 

dominance scores based on the annotated behavioral data. PC1 was used in further analysis from 

the principal component analyses, including for breeding stage. Linear regression was used to 

test the hypotheses that behaviors and rank, age, and measurements of birds are positively 

correlated.

RESULTS:

Only 22% of males (2/9) and 20% of females (3/15) attacked the mirror directly, although the 

majority displayed bill-wiping and resource acquisition. Male and female aggression towards the

mirror was not significantly different (p=0.538). 

Principal component analysis demonstrated that aggressive interactions correlated with 

one another, regardless of intensity (PC1, all positive, explains 71.87% of variation). For 

dominance, time spent on feeder was negatively correlated with order to feeder, meaning that the

birds that arrived first also spent the most time on the feeder (Table 1, PC1 explains 84.25% of 

variation).

Wing chord and tarsus length were negatively correlated with male dominance (wing 

chord, p=.005; tarsus, p=.031). No other morphological measurements had any significant 

relationship with dominance on either sex. Older individuals of both sexes tended to have longer 

wings (p=.013), so male dominance may be negatively correlated with age. 
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Females had a lower proportion of interactions resulting in displacement of the receiving 

individual than males in both summers (2019, p=0.006). However, win proportion in 2018 did 

not predict win proportion in 2019 (Figure 1). In 2018 and 2019, social aggression and mirror 

trial aggression had no significant correlation (2018p = 0.077, 2019p = 0.33). Similarly, there 

was no correlation between mirror aggression and dominance (p=0.076), although there was a 

positive relationship between social aggression and dominance in 2018, regardless of sex (Figure

2, p <0.001). 

DISCUSSION:

Aggression has been described as both an intrinsically stable behavior and one that is dependent 

on social context. Understanding the circumstances under and ease with which aggression 

changes can distinguish between these two hypotheses. However, this requires explicitly 

examining variation in aggression across distinct social contexts in which familiarity with 

conspecifics and their dominance status can be controlled. This can be accomplished through 

assessing aggression during flock interactions in which individuals are familiar with one another 

and also during mirror trials in which the individual is “meeting” a conspecific equal in all 

morphological and behavioral attributes. This study compared aggression to a mirror with 

aggression in a social context. In the social context, dominance hierarchy, breeding status and 

morphology were assessed, allowing us to differentiate the effects of social context from these 

other variables on behavior.

In mirror trails, for both male and female birds, aggression was not correlated with 

dominance or aggression expressed in a typical flock context. This was unexpected, as previous 

studies have found a positive correlation between mirror aggression and dominance (Branch et al

2015). The rapid shift in behavior suggests that social context, which could include breeding 
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status, flock composition, or prior familiarity, is key to modulating behavior. This supports our 

hypothesis that aggression is dependent on external context. Besides male tarsus and mass, there 

was no relationship between morphological measurements and dominance, indicating that 

aggression, rather than body size, is key to establishing dominance. Social aggression was 

strongly correlated with dominance, as expected because the hierarchy was formed in the 

presence of these regular expressions of aggression. 

Interestingly, male tarsus size and wing chord were negatively correlated with 

dominance. The negative relationship was surprising, as we hypothesized that larger and older 

individuals would be more dominant, as commonly reported in birds (Watt 1986, Funghi 2015). 

There was no relationship between mass and dominance, so condition-dependence of dominance 

status does not seem to explain this negative correlation (Duckworth et al 2004). Instead, the 

negative relationship between body size and aggression may indicate a tradeoff between growth 

and dominance, where more dominant individuals are more stressed and cannot grow longer 

wings. Senescence in birds may lead to diminished dominance, as both morphological 

measurements were positively correlated with age. 

Breeding stage did not significantly correlate with aggression level. This conflicts with 

our hypothesis that breeding is an important social context in moderating aggression. Prior 

research has demonstrated that aggression is heightened during the breeding season of captive 

Zebra Finches, especially over the nest space (Case 1986). The abundance of nest boxes and 

ability to breed year-round may have diminished this effect in our colony. In a side study, 

placing a caged individual over an active nest box in our colony did not elicit aggressive 

responses from the parents (AB, pers obs), which supports the idea that competition over 

breeding is low in our captive flocks.
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Dominance and social aggression changed unpredictably between years, suggesting that 

Zebra Finch hierarchies are loose and, although temporarily stable, are variable over longer 

periods of time. This agrees with the findings of Zann (1996) conducted in the field, and 

contrasts with the dyadic laboratory tests of Bonoan et al (2013). Future research could 

investigate if dominance changes during specifically sensitive time periods, such as during 

courtship or when new birds fledge. 

A potentially important social effect left untested is flock composition. I moved juvenile 

birds into another, equally large cage once they molted into adult plumage. These changes to 

flock composition were sudden and usually drastic, but juvenile birds were not assigned 

dominance levels, and aggression in focal birds remained repeatable. This may be because group 

composition does not have a large impact on behavior, or because the number of composition 

changes was not great enough. Along with the impact of familiarity on aggression, these are both

promising areas of future research.

Aggression is dependent on social context, which may incorporate a variety of cues. 

Within a flock with a known dominance hierarchy, social aggression correlates with dominance, 

although dominance hierarchies are prone to change over long periods of time. Breeding stage 

and most morphological measurements are not correlated with levels of aggression. In the future,

researching the effects of familiarity and group composition on aggression would be crucial, 

especially as many studies use unfamiliar dyadic groups to test aggression and dominance in 

birds.
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FIGURES

Figure 1. Social hierarchy is not stable, and dominance in 2018 did not predict dominance in

2019 for either sex.
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Figure 2. Mirror aggression does not significantly correlate with dominance. Dominance

predicts social aggression well, and more aggressive individuals are more dominant.

Table 1. 2018. Aggressive variables correlated positively together. For dominance, birds that

spent more time on the feeder were more likely to join earlier. Repeatability is split between

females and males.

Aggression Variables PC1 PC2 PC3 PC4 Repeatability

Number of jumps 0.49 -0.62 0.20 0.58 F:0.164

M: 0.12

Number of pecks 0.49 0.41 −0.72 0.27 F:0.241
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M: 0.174

Number of bill-fights 0.44 0.61 0.66 0.04 F: 0.221

M: 0.24

Number  of  birds

displaced

0.57 -.29 -0.06 -0.77 F: 0.256

M: 0.146

Eigenvalue 2.87 0.77 0.35 0.00

% of variance explained 71.87 19.34 8.77 0.02

Cumulative % variance 71.87 91.21 99.98 100

Dominance Variables PC1 PC2

Time 0.71 0.71 F: 0.227

M: 0.243

Order -0.71 0.71 F: 0.381

M: 0.361

Eigenvalue 1.68 0.32

% of variance explained 84.25 15.75

Cumulative % variance 84.25 100


