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Introduction: 

Darwin proposed that secondary sexul ornaments, such as the elaborate tail feathers of 
the male peacock, evolved due to selection for enhanced mating success (Darwin 1859).  While 
subsequent authors have demonstrated that male ornaments do indeed enhance mating success 
across species (Brooks, 2000, Ligon et al., 1990, Hebets et al., 2000), we have less information 
about the abundant presence of ornamental traits in females, especially in birds (Clutton-brock 
2009). One explanation for the presence of ornamental traits in females is that they are 
genetically restricted to produce similar physiological and developmental mechanisms as males 
(Fisher, 2013). Therefore, female ornaments may exist as byproducts of selection that has led to 
male ornamentation.    

In males, secondary sexual characteristics, such as ornamentation and behavioral changes 
are associated with increased testosterone levels (Hau, 2007). Females are also capable of 
producing testosterone, but it typically circulates at lower levels than males. (Lindsay, 2016). 
Additionally, females sometimes produce versions of male behavioral and ornamental traits, 
such as song, social aggression, bare part coloration and elaborate plumage that are presumably 
testosterone-dependent (Amundsen, 2000; Burley and Coopersmith, 1987; Odom et al., 2014; 
Rosvall, 2013). If males and females are both capable of producing testosterone, and females are 
occasionally able to demonstrate similar behaviors and ornamental features as males, then it's 
possible that increased testosterone levels are the stimulus in females as well. Perhaps the 
difference between the sexes, in terms of behavior and ornamentation, depends on the amount of 
testosterone they are able to produce.  

The Red-Backed Fairy-wren (Malurus melanocephalus) is a small Australian songbird 
species that displays both seasonal and sexual dimorphism. It molts twice a year. Females 
maintain “dull” plumage throughout the year, while male plumage varies. Both males and 
females molt once at the end of the breeding season when most males take on a “dull” plumage 
type, and again at the beginning of the breeding season, when many males develop “bright” 
plumage characterized by black/red coloration (Karubian 2002). However, variation in molting 
time leads to many males having bright plumage during the nonbreeding season as well (Lindsay 
et al. 2009; Lantz and Karubian 2016). Testosterone is the primary mechanism regulating 
plumage color and breeding phenotype in male Red-backed Fairy-wrens (Lindsay, 2011). Males 
with low testosterone levels at time of molt will develop dull plumage, while those with high 
testosterone levels will molt into bright plumage (Lindsay et al., 2009). Not only do bright males 
tend to have higher testosterone levels, but they also tend to have larger home range sizes than 



those with dull plumage (Lantz. et al., 2017). Although we understand many patterns of 
testosterone- influenced behavior in males, it is unclear if testosterone regulates physical and 
behavioral factors in the same way in females. (Lindsay, 2016).  

When female Red-backed Fairy-Wren testosterone levels are elevated artificially, they 
are able to show male-typical traits, including carotenoid-pigmented body plumage (red), shorter 
feathers, darkened bill and enlarged cloacal protuberance. However, they do not fully express 
male coloration in melanin-pigmented plumage (black) (Lindsay, 2016). Manipulating 
testosterone levels in females will provide us with more information on female coloration change 
as well as some behavioral changes linked to testosterone.  
  In order to explore the general hypothesis that females have very similar developmental 
potential as males, I will experimentally simulate a male-like testosterone profile in females and 
examine whether this triggers male-like plumage ornamentation and behavior. Specifically, I will 
implant female Red-backed Fairy-wrens with testosterone capsules and monitor the alteration of 
their plumage and social behavior through changes in groups composition and home range size.  
I predict that if testosterone operates in females in the same capacity as males, then T-implanted 
females will have larger home ranges than those with normal T levels.  
 
Methods: 
Behavioral Observations: 

We studied a group of color-banded Red-backed Fairy-wrens at Lake Samsonvale near 
Brisbane, Australia ( -27.258562 S, 152.853000 E). Our data collection took place between July 
1st, 2017 and August 3rd, 2017. The field site consisted of young eucalypt trees growing in rows 
in a large field with grasses taller than one meter, and a mowed path along the perimeter. Outside 
of the perimeter were wooded areas with dense lantana (Lantana camera) patches. One long side 
of the rectangular site had a two-lane highway visible from the site, but separated by large trees. 
The other long side bordered Lake Samsonvale. We recorded observations between the hours of 
7:00 and 13:00. These dates fall within the non-breeding season in which clear territories are not 
defined and groups consist of bright males, dull males, and females (Rowley and Russell 1997). 

We collected data on three focal females in different groups. A group was defined as 
“collection of individuals that were moving and vocalizing together in a coordinated manner, 
generally within a diameter of ~20 m” (Lantz et al., 2017). Each group had between 4 and 6 
members, including one bright male. We followed the group on foot and used binoculars to read 
color bands and make behavioral observations. We maintained a distance of at least 20m from 
the group in order to minimize influencing their behavior. Each observation period was five 
minutes long, with data recorded every one minute, including the first moment of observation (6 
points total). Beginning at the first moment of observation and every minute after, we recorded 
the group members in sight (within 20 meters). After the five minute observation was finished 
and the group had moved on, we took a waypoint of the estimated center of the group for each 
minute of observation using (Garmin GPS 72H). We determined the the center according to the 
density of group members present as well as how far apart the outermost birds were located. We 



also recorded whether the focal female displayed plumage color changes. We collected at least 
thirty points of data (5 observation periods) before and after manipulation (T-implantation) for 
each focal female.  

Testosterone implants were inserted under the skin on the right flank of the three focal 
females. The opening was then closed with veterinary glue. Each implant weights between 19.8 
to 20.7mg and is approximately 2mm by 3.2mm. They are composed of about 14.6mg beeswax, 
4.9mg peanut oil, and 0.5mg T. The T was dissolved in 500 uL ethanol prior to being added to 
the mixture.  

Observations on the same group were conducted at least 30 minutes apart to ensure that 
each observation location was independent of the previous location. Observations were 
terminated if we were not able to track the birds for the entire five minute period or if birds from 
another group began interacting with the group being observed. We ended the observation period 
if we couldn’t locate the bird for 3 consecutive observation points, however we continued the 
observation when birds were temporarily out of sight in foliage, but could be identified auditorily 
or by foliage movement. We collected this data with two people; one person used their 
binoculars to identify birds by their band combinations, and the other person recorded data in a 
notebook and took waypoints. 
 
Statistical Analysis: 
 In order to determine home range size for each focal female before and after 
manipulation, we created a diurnal home range (DHR), which represents the 50% and 90% 
kernel density estimations. This was determined using least-squares cross-validation (LSCVh). 
For greater detail, refer to Jirinec et al. 2016.  
 
Results: 
Coloration: 
 Experimental females in two of the groups had noticeable plumage variation at 18 days 
after implantation 
Home Range Size:  
 Two of the birds (VZW and HGL) had larger home ranges after manipulation, while one 
of them (VVH) exhibited a smaller home range post-manipulation (Figure 1, Figure 2).  
Group Size: 
 The average group size decreased after manipulation in two groups (VZW (4.0 to 3.4) 
and HGL (3.57 to 2.82)), while the average group size increased in one group (VVH (4.0 to 4.4)) 
(Figure 3).  
 
 
Discussion:  

Our findings indicate that altering testosterone levels does impact the behavior and 
ornamentation of females, but not identically to males. Therefore, since females do not respond 



identically to males when testosterone is increased, we can predict that testosterone is not the 
only distinguishing factor between behavior and ornamentation of the sexes. If behavior and 
coloration are byproducts of male selection, they are not fully accessed by increased testosterone. 
The changes we observed in female plumage coloration are consistent with the belief that it has 
similar effects on males as females, however the effect on behavior produces more variation in 
females rather than consistent directional change 

Our results support the idea that similar regulatory processes are in place for plumage 
coloration in both sexes, however it is simply not visible in females due to low testosterone 
levels. This is consistent with research on Moorhens, which demonstrated an increase in 
secondary sexual characteristics of both when implanted with testosterone (Eens, Duyse, 
Berghman, & Pinxten, 2000). A previous study on Red-backed Fairy-wrens recognized that 
females were able to display male-typical carotenoid-pigmentation, but were not able to produce 
melanin-pigmented plumage in the same capacity as males (Lindsay, 2016). An earlier study by 
the same author showed that young male Red-backed Fairy-wrens given T implants produced 
plumage similar, but not identical to naturally bright males (Lindsay, 2011). While red and black 
crown feathers were similar, black breast feathers revealed differences in UV chroma, hue, and 
brightness (Lindsay, 2011). Our rudimentary observations support this differential color 
expression, as the red/orange on the back of our implanted females was much more noticeable 
while observing with binoculars than the black chest feathers. The molt progression of back 
feathers coming in before chest feathers is typical from our observations in implanted and 
naturally molting males. 

One potential explanation of why females have lower testosterone levels is the costs that 
may be associated with high levels. In males, testosterone is thought to lower 
immunocompetence, which is why it is often thought of as in indicator for quality, meaning that 
only the healthiest males can afford to be bright (Folstad & Karter, 1992). This phenomena is 
revealed again in the same study on moorhens where researchers found that implanted birds 
(both male and female) had higher parasite levels than control birds (Eens et al., 2000).With this 
in mind, we can predict that perhaps the costs of testosterone, potentially of survival or 
fecundity, are too high for females to warrant additional ornamentation .  

While testosterone has clear links to color change, it does not appear to drive behavior as 
directly. All of the females experienced a shift in their home range, however the shifts occurred 
in both directions (larger and smaller areas). This result is varies from the results of a study on 
male Red-backed Fairy-wrens, which reported an increase in home range size in bright males as 
compared to dull males (Lantz 2017).  

In response to these results, we can predict that the direct increase in male home range is 
not due to testosterone alone. Perhaps male behavioral changes are a correlate of testosterone 
change rather than a result of it. The same study on Red-backed Fairy-wrens also found that 
bright males were more socially connected and engaged in more courtship displays than dull 
males (Lantz, 2017). From this we may predict that perhaps increased home range size is a result 
of a shift in social patterns in bright males rather than directly from increased testosterone levels. 



To support this idea, the female that experienced a decrease in home range size was a member of 
the largest group (Figure 3). Perhaps the greater socialization opportunities within this group 
affected the direction of space use.  

One clear conclusion from our research is that given increased testosterone, females do 
show ornamentation similar to that of males, suggesting that male and female developmental 
processes are highly correlated. Therefore, one reason why females are brown in color is simply 
because they have less testosterone. In terms of behavior, we see that while testosterone does 
have an affect on female behavior, it does not mirror the effects we see in males.  

In the future, it would be valuable to study color change in implanted females in detail 
(eg. The order of plumage change on the body, the extent to which it changes, whether there are 
behavioral alterations observed) and compare with data from implanted and naturally molting 
males. Additionally, a large range of topics exist in determining  the costs of increased 
testosterone and comparing them with the benefits of secondary sexual characteristics in hopes 
of understanding why female’s with the capacity for ornamentation do not utilize it. Finally, 
critically examining and differentiating the direct and indirect effects of testosterone. For 
example, studying social networks and connectivity in females with implants could help 
determine whether hormonal or behavioral factors (group size, composition, and proximity to 
other groups) contribute to the direction of home range size shift. 
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Figures and Tables: 
 



Figure 1.  50% and 90% isopleths depicting the home range changes in all three females pre 
and post manipulation 
 
 
 
 
 

Bird  Area Before Implantation       
(������2) 

Area After Implantation         
(������2) 

VZW 7,689 19,959 

HGL 7,532 15,452 

VVH 34,786 16,883 
 
Figure 2.  Two birds, VZW and HGL, show increased home range area after manipulation. VVH 
shows a smaller home range area after manipulation.  
 
 



 
 Figure 3.  The average group size of HGL and VZW’s groups decreased after 
implantation, while VVH’s group average increased 
 
 
 
 
 


