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CHAPTER 1 

ABSTRACT 

 
In zebra finches, dominance behavior can be beneficial to determine rank within a social group. 

These behaviors allow stronger and physically fit individuals to benefit from prime selection of 

food, mates, shelter, and other resources. In this species, fitness is measured by indices such as 

age, mass, tarsus length, wing chord length, and plumage but it is not entirely clear how these 

factors may contribute to agonistic behaviors. A group of captive male zebra finches were observed 

during and after a feeding context with birds that were familiar and unfamiliar to each other. The 

following hypotheses were tested: (1) Birds in the familiar social group will initiate more 

aggressive behaviors and have more individuals feeding at food dish as compared to the unfamiliar 

group; (2) Birds with the greatest amount of fitness indicators in both social groups will initiate 

the most aggressive behaviors, spend more time at the food dish, and prefer the higher perch 

location. Results indicated that familiar birds initiate more dominant behaviors than unfamiliar 

birds. Age and tarsus length significantly influenced the number of initiated aggressive behaviors, 

while mass and wing chord length had no effect. Furthermore, dominant birds spent more time at 

the food dish as compared to the subordinate bird, however, birds in neither group exhibited a 

spatial perch preference. This study highlights the social dynamic differences amongst familiar 

and unfamiliar birds as well as dominant and subordinate individuals.   

Key words: dominance behavior; social behavior; zebra finch; fitness 
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CHAPTER 2 

INTRODUCTION  

 
Zebra finches (Taeniopygia guttata) are native to Australia yet are a common bird in labs 

worldwide as they are great models for research. They are easily handled and bred in captivity for 

medicinal or behavioral studies (Paz-y-Miňo-C., et al., 2013). They also exhibit similar behaviors 

to humans such as monogamy and high social interactions. Social dominance, which can include 

hierarchies, are a widespread phenomenon seen in many species including zebra finches (Trainor 

et al., 2006; Paz-y-Miňo-C., et al., 2013). Dominance is usually measured through aggressive 

behaviors, the individual initiating the most agonistic behaviors being dominant over the other(s) 

(Ardia et al., 2010), but can also be exhibited in less aggressive displays, such as threats. Threats 

in zebra finches are through direct eye contact and standing erect over another individual 

(Guillermo et al., 2018). Because fighting is costly, animals will often engage in non-physical 

dominant behaviors (i.e. threats and other displays) as a first measure of engagement. More 

physical aggressive behaviors are used only in extreme circumstances (Huntingford, 2018).  

 During agonistic interactions there is always a dominant and subordinate individual. In 

zebra finches, dominant behaviors are characterized by pecking and displacement (Zann, 1996). 

Displacement is when an individual occupies the close vicinity of another, forcing them to move. 

The initiators of these behaviors are considered the dominant individuals while the recipients are 

subordinate. Subordinate behaviors may include being displaced or a submissive bowing of the 

head. In this study, the most dominant individual was determined by the highest number of initiated 
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aggressive behaviors (displacement, pecking, and threats) while the least dominant, or subordinate, 

exhibited the fewest aggressive behaviors.   

 In previous studies, to determine dominance, individuals were monitored for aggressive 

behaviors between dyads of group members (Paz-y-Miňo-C., et al., 2013; Sasaki et al., 2016). 

Traditionally studies would pair individuals in a competitive setting where there was a single 

winner and loser during a task. This task could be in a feeding context or exploration of a novel 

place or item (Beauchamp, 2000). In many species, feeding is often used to measure dominance 

because it naturally promotes competition. Dominant individuals typically have first choice of 

food and are the first to reach a food source (Beauchamp, 2006; David, et al., 2010). Individuals 

who explore new places or items are considered to be less anxious, which is positively correlated 

with high testosterone levels (Cornwell-Jones & Kovanic, 1981; Zhang et al., 2011), and in turn, 

is associated with dominance (Ardia et al., 2010). This traditional technique of measuring 

dominance has been effective but does not account for more complicated relationships amongst 

group members (Lahti et al., 1994).  

 Dominance behaviors are common and can influence an individual’s survival and 

reproductive success. They allow the stronger and more fit individuals to benefit from prime 

selection of food, mates, shelter, and other resources. Fitness in male zebra finches is typically 

evaluated by measuring tarsus length, wing chord length, and mass as well as plumage, beak, and 

cheek patch vibrance (Zann, 1996). Tarsus is the arrangement of bones within the pes or foot of 

an organism from the knee to toes (Roberts et al., 2017). The growth of the tarsus is positively 

correlated with a high-quality diet as well as cognitive abilities (Bonaparte et al., 2011). Wing 

chord is the measurement from the wing-torso attachment to the tip of the most prominent feather 

(Baldwin et al., 1931). Longer wing chord is indicative of higher fitness (Bergtold 1925; Krause 
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et al., 2015). Additionally, greater body mass has been correlated with fitness in studies on multiple 

species including the zebra finch (Deslippe et al., 1990; Bolund et al., 2006). Male zebra finches 

are also known for their vibrant plumage, red beak, and orange cheek patches. These traits have 

been selected for by females and thus is another fitness indicator (Zann, 1996; Bolund et al., 2006; 

Ardia et al., 2010; Paz-y-Miňo-C., et al., 2013). All of these fitness measurements contribute to 

reproductive success, which in turn, can influence dominance behaviors since the main goal of 

these behaviors is to acquire resources, especially mates.  

 Zebra finches are a social species of bird, thus age is often another important indicator of 

dominance since the eldest will typically have the greatest amount of life experience. However, 

due to fitness degradation over time, old age is not necessarily the most beneficial. Adulthood in 

zebra finches is 100 days after hatching while the life expectancy of captive zebra finches is 

approximately 5 years old. The individuals of this study ranged from 1-5 years of age.  

 Most studies that examine dominance and fitness test only a small group of animals at a 

time, thus little is known about how these behaviors manifest in animals that are interacting in 

larger groups. Some birds may have a stronger relationship if they are familiar to each other while 

unfamiliar birds that have not been previously housed together will probably take longer to form 

relationships. To further explore this concept, the aim of this thesis was to examine dominant 

behaviors within a larger group of captive zebra finches in familiar and unfamiliar contexts, in an 

effort to better understand how well fitness indices predict the display of dominant behaviors in 

this species. The following hypotheses were tested: (1) Birds in the familiar social group will 

initiate more aggressive behaviors and have more individuals feeding at the food dish as compared 

to those in the unfamiliar group; (2) Birds with the greatest amount of fitness indicators in both 
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social groups will initiate the most aggressive behaviors, spend more time at the food dish, and 

prefer a higher (more dominant) perch location. 
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CHAPTER 3 

METHODOLOGY 

 

3.1 DATA COLLECTION  

 
Data were collected using captive male zebra finches housed in the animal facility at Kent State 

University. A group of familiar and unfamiliar adult male birds greater than 100 days of age (N=10 

in each group) were separately housed and observed in flight cages (77 x 154 x 187 cm). Birds in 

the familiar group had been previously housed together for at least 3 months while unfamiliar birds 

had not been housed together before. Adults of evenly distributed ages (1-5 years) were used in 

this study. At the time of capture birds were randomly chosen, some from the highest perches with 

stereotypical plumage and bright beak color while others were chosen from the ground with high 

feather loss and plumage mutations. Every individual’s mass, tarsus length, wing chord length, 

and overall physical appearance were noted immediately after capture. For easy identification 

individuals were marked with different colors on the top of their head using Apple Barrel acrylic, 

water-based paint.  

 In each testing aviary (familiar and unfamiliar) there were three levels: high perch (~180 

cm), intermediate perch (~100 cm), and ground (0 cm) (Figure 1A). This was to observe each 

bird’s spatial preference as well as agonistic behavior. On the ground three zones were 

constructed—food, intermediate, and beyond. Within the food zone, a small food dish (7.5 cm 

wide x 3.4 cm deep) was placed in the center (Figure 1B). A circle was drawn around this dish 

with a radius of approximately 8 cm marking the intermediate zone. Everything on the ground   
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outside of this circle was considered the beyond zone. The night before data collection all food 

was removed from the aviary just before lights-out (9pm). Since zebra finches do not feed in the 

dark, this was done primarily to control when they would start eating the next morning. By 

delaying the presentation of food after lights-on (when they typically start feeding), this would 

affect the rigor of their feeding behavior. On the mornings of data collection, the aviaries were 

checked to confirm there was no random seed on the ground from the day before or from nearby 

aviaries. Commencement of data collection began at approximately 11am about 3 hours after 

lights-on.  

       

 

Figure 1.A Layout of ground in feeding phase with the black circle representing the food dish that 

can feed approximately three birds at once.  

Figure 1.B Schematic of aviaries during activity phase with three zones: ground, intermediate 

perch, and high perch.  
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 There were two fifteen-minute phases of data collection: feeding and activity. Five trials 

were conducted over the course of a week totaling 75 minutes of observations for each group. All 

trials were video recorded as well as observed in person. During the feeding phase a single food 

dish was put in the center of the feeding zone allowing approximately three birds to feed at once. 

Order of feeding, duration spent in each zone, and any agonistic behaviors that occurred on the 

ground during this time were recorded for each social group. Feeding duration began once an 

individual entered the intermediate zone (where seeds may have been discarded by birds already 

feeding at the food dish) and was actively feeding. Once this phase was completed, the food dish 

was removed from the aviary and replaced with larger hanging feeders which allowed multiple 

birds to feed at once. This second, activity phase, did not start until at least fifteen minutes after 

the feeding phase. The activity phase consisted of recording each bird’s duration of time spent at 

each perch level within the aviary as well as any agonistic behaviors.  

 

3.2 STATISTICAL ANALYSES 

Student t-tests was utilized to test hypothesis 1 (Birds in the familiar social group will initiate more 

aggressive behaviors and have more individuals feeding at food dish as compared to the unfamiliar 

group). A two-way ANOVA was used in hypothesis 2 to test how well various indicators of fitness 

in both social groups determined the number of aggressive behaviors. Student t-tests were also 

used in hypothesis 2 when comparing time spent at food dish and high perch between dominant 

and subordinate birds.  
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CHAPTER 4 

RESULTS 

 

4.1 HYPOTHESIS I 

 
Over the five days of observation, birds that were previously familiar with each other initiated 

more agonistic encounters (Figure 1.1, t=3.61, p=0.002), and had more individuals feeding (Figure 

1.2, t= 3.24, p=0.012) as compared to the unfamiliar birds. 

 

4.2 HYPOTHESIS II 

Across the four fitness indices (age, tarsus length, mass, and wing chord length), data revealed 

significant variation in the number of initiated behaviors. More specifically, the age of animals in 

familiar and unfamiliar groups influenced the number of aggressive behaviors. Intermediate aged 

birds (2-3 years old) initiated more aggressive behaviors than older (4-5 years) and younger (1 

year) individuals (Figure 2.1, F=7.85, p=0.006). Similarly, tarsus length also influenced the 

number of aggressive encounters (Figure 2.2, F=4.25, p=0.04) with birds of shorter tarsus length 

initiating more agonistic encounters than those with longer tarsus bones. Surprisingly, there were 

no effects of mass (Figure 2.3, F=0.99, p=0.32) and wing chord length (Figure 2.4, F=1.02, 

p=0.32). There was one dominant and one subordinate individual within each social group. The 

dominant individual was defined as the bird with the most initiating behaviors while the 

subordinate had the least. When  comparing the amount of time at the food dish between the 

dominant and subordinate individuals, data revealed significant differences between the familiar 
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 (Figure 3.1, t= 3.86, p=0.001) and unfamiliar (Figure 3.2, t=2.69, p=0.015) groups. In both social 

groups, the dominant bird fed the longest while the subordinate did not feed at all, revealing a clear  

social rank. In contrast, time spent at the high perch between the dominant and subordinate 

individual of each social group was found to not be significantly different (Figure 4.1, t=1.73, 

p=0.12 & Figure 4.2, t=0.68, p=0.51).  

 

4.3 RESULTS FIGURES 

 

 

 

Figure 1.1 Average number of aggressive behaviors that occurred during the feeding and activity 

phases for five trials within familiar and unfamiliar social groups (t= 3.61, p=0.002). Error bars 

represent standard error of the mean. 
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Figure 1.2 Average number of feeding individuals during feeding phase across five trials within 

the familiar and unfamiliar social groups (t= 3.24, p-value=0.012). Error bars represent standard 

error of the mean. 

 

 

 
Figure 2.1 Each bird’s initiated behaviors compared to age (years) in familiar and unfamiliar social 

groups (F=7.85, p=0.006). 
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Figure 2.2 Each bird’s initiated behaviors compared to tarsus length (mm) in familiar and 

unfamiliar social groups (F=4.25, p=0.04). 

 

 

 

Figure 2.3 Each bird’s initiated behaviors compared to mass (g) in familiar and unfamiliar social 

groups (F=0.99, p=0.32).  
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Figure 2.4 Each bird’s initiated behaviors compared to wing chord length (mm) in familiar and 

unfamiliar social groups (F=1.02, p=0.32). 

 

 

 

 
Figure 3.1 Amount of time spent (s) actively feeding at food dish across five trials of data collection 

for the dominant versus subordinate individual of the familiar social group (t= 3.86, p-

value=0.001). Error bars represent standard error of the mean. 
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Figure 3.2 Amount of time spent (s) actively feeding at food dish across five trials of data collection 

for the dominant versus subordinate individual of the unfamiliar social group (t=2.69, p-

value=0.015). Error bars represent standard error of the mean. 
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Figure 4.1 Amount of time spent (s) at the high perch across five trials of data collection for the 

dominant versus subordinate individual of the familiar social group (t=1.73, p-value=0.12). Error 

bars represent standard error of the mean. 

 

 

 

Figure 4.2 Amount of time spent (s) at high perch for the dominant versus subordinate individual 

of the unfamiliar social group (t=0.68, p-value=0.51). Error bars represent standard error of the 

mean. 
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CHAPTER 5 

DISCUSSION 

 

Results of this study support the hypothesis that birds in the familiar social group initiate more 

aggressive behaviors and have more individuals feeding at the food dish as compared to the 

unfamiliar group. This was expected due to possible prior relationships within the familiar group 

while the unfamiliar birds may take longer to decide who is dominant. Most birds in the familiar 

group came to feed for various durations, while very few unfamiliar birds fed at all. Individuals in 

the unfamiliar group rarely came to the food dish despite several hours without food suggesting 

that zebra finch social arrangements take time to develop.  

 The second hypothesis that the birds with the greatest amount of fitness indicators in both 

social groups will initiate the most aggressive behaviors and spend more time at the food dish was 

also supported by the data. However, there was no significant difference related to perch 

preference. Results indicated that age and tarsus length significantly affected the amount of 

aggressive initiating events that occurred. Adulthood in zebra finches is 100 days after hatching. 

The individuals of this study ranged from 1-5 years of age with animals of an intermediate age 

demonstrating more agonistic behaviors. This would suggest that 2-3 years old is an optimal age 

for feeding and mating in this colony due to perceived fitness. Older birds initiated fewer agonistic 

behaviors, most likely due to decreased fitness. 

 Contrary to previous findings, birds with longer tarsi initiated significantly fewer 
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aggressive behaviors than did birds with shorter tarsi. This was the opposite of what was predicted 

since prior research indicated that longer tarsus is correlated with higher fitness (Bonaparte et al., 

2011). According to results from the current study, shorter tarsus length was a better predictor of 

higher amounts of initiated aggression. It is not clear why this discrepancy exists, but it is possible 

that this is just an exception seen in this captive population due to differences in supplier. Previous 

studies have revealed differences in supplier involving behavior and physiology (Lundberg et al., 

2017). Mass and wing chord length were found not to be associated with dominant behaviors which 

may indicate that they are not the best ways to determine fitness in zebra finches. This may be 

because larger birds are not as agile as smaller birds. Additionally, wing chord length has been 

studied as a fitness indicator in captive and wild animals, but may be less useful in captivity with 

reduced space. 

 Feeding duration was found to be significantly different between the dominant and 

subordinate individuals in both the familiar and unfamiliar group. The subordinate individuals 

within both social groups did not approach nor feed at or near the food dish at all, further enforcing 

the ability of a feeding context to depict social rank. Even the dominant individual of the unfamiliar 

group did not feed very long at the food dish with an average of 0.7 seconds while in the familiar 

group the dominant individual fed for an average of 9 seconds. In the familiar group there was one 

individual that always came first to feed while the unfamiliar group had various first-comers over 

the five days of data collection. Again, this supports the idea that familiar animals seem to have 

established relationships that allow them to feed more readily with minimal confrontation.  

 Duration spent at the high perch location resulted in non-significant differences amongst 

the dominant and subordinate individuals in both social groups. This suggests that social rank does 

not play a key role in spatial preference in zebra finches. In fact, subordinate individuals seemed 
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to prefer the higher perch versus dominant. A larger data set and a longer collection period may 

find a more direct spatial preference as there would be fewer choices to make with a larger group 

taking up more space.  

 For future studies, I would like to explore in more detail the spatial preference of dominant 

and subordinate individuals of the zebra finch species. From observation alone, it seems that less 

fit animals (age exceeding 4 years and poor physical appearance including high feather loss or 

non-stereotypical plumage) are on the ground most of the time while more fit animals (median age 

of 2 years, longer tarsus and wing chord length, and stereotypical plumage) were on the 

intermediate or high perches. With more data collection, I  may uncover a spatial preference with 

dominant individuals choosing perches rather than the ground. This could reveal the type of social 

hierarchy within zebra finches, as it is unknown.  

 Hierarchies within a social group are also heavily based on dominant interactions amongst 

conspecifics. If the initiating aggressive behaviors of all individuals could be mapped out the 

hierarchy type within zebra finches could also be determined (Figure 5). During data collection a 

Complex hierarchy type seemed to be present by observation alone, but was never tested in this 

study. This hierarchy is seen in large, social populations forming multiple triangular schemes thus 

creating a convoluted pattern. A complex hierarchy type has an underlying linear model with some 

exceptions. For instance, individual A may be dominant to B and B dominant to C, but C is 

dominant to A (Figure 5). There is little known about the type of hierarchy zebra finches form thus 

further investigation into this question would be beneficial. 
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Figure 5 Types of social dominance hierarchies (Haynes & Moore-Crawford, 1996) 
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CHAPTER 6 

CONCLUSIONS 

 

Dominance behaviors were clearly observed within the familiar social group when compared to 

the unfamiliar group due to previous formed relationships. This was evident in the high amount of 

aggressive behaviors and feeding durations. Spatial preference did not appear to be related to 

dominance in this study. Age is still considered an efficient fitness measurement with intermediate 

individuals considered the more fit. Shorter tarsus length was found to indicate a more dominant 

individual versus longer tarsus. Mass and wing chord length were not efficient indicators of 

dominance in this species.  
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