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Feathers are structures unique to birds that serve important functions such as flight, 
thermoregulation, and communication. Bacteria that live on the feathers, particularly 
ones that can break down keratin, have the potential to damage feathers and disrupt 
their use in communication. We predicted that birds could behaviorally manage their 
feather bacterial abundances by preening their feathers. We also predicted that indi-
viduals with lower feather bacterial abundances would have brighter and more color-
ful feathers. To test these predictions, we measured the amount of time individuals 
in a colony of captive Indian peafowl Pavo cristatus spent preening their feathers. We 
also collected feathers to determine bacteria abundance on the feather surface and to 
measure feather coloration. We found that birds had lower feather bacteria levels when 
they spent more time preening their own feathers, but only in female birds. We also 
found that bacteria abundances were not correlated with any feather color variables 
we measured. These results suggest that birds can manage feather bacterial abundances 
by preening but feather bacteria may not influence feather coloration in this species.
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Introduction

Feathers are structures unique to birds and serve important functions in flight (Rayner 
1988), thermoregulation (Schwab and Schafer 1972), and communication (McGraw 
2008, Weaver et al. 2018). Colorful and elaborate feathers are used as a signal of individ-
ual quality across avian taxa (Griggio et al. 2010, Grindstaff et al. 2012, Meadows et al. 
2012) and are used to communicate with potential mates and competitors (Hamilton 
and Zuk 1982, Fitzpatrick 1998). Therefore, the growth and maintenance of feathers 
are essential for birds’ survival and reproduction.

Because feathers are energetically expensive to grow and maintain, they can serve 
as an honest signal of quality (Lattin et al. 2011, Pap et al. 2013, Møller and Nielsen 
2018). Feathers in most species are grown once a year, and condition during feather 
growth is important for high quality feathers (Pehrsson 1987, Saino  et  al. 2013). 
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However, feathers are not static over time: physical wear, 
physical aggression, sun bleaching, feather lice, and degra-
dation by bacteria can all damage feathers and alter their 
appearance (Bonser 1995, Barbosa  et  al. 2002, Gunderson 
2008, Surmacki 2008). Some bacteria that live on feathers 
can metabolize keratin, which is the main component of 
feathers (Williams et al. 1990, Bonser 1996). These feather 
degrading bacteria (FDB) can damage feathers and impact 
their color (Gunderson  et  al. 2009, Shawkey  et  al. 2009, 
Leclaire et al. 2014).

Birds have evolved in the presence of bacteria, includ-
ing those on their feathers, and therefore they have devel-
oped adaptations to cope with them. Feather maintenance 
behaviors, such as preening, where birds clean their plum-
age with their beak, is a way birds can remove dirt, ecto-
parasites, and bacteria from their feathers (Lenouvel  et  al. 
2009, Waite et al. 2012, Vezzoli et al. 2015). Pigeons with 
experimentally increased feather bacterial abundance were 
found to increase preening behavior compared to control 
birds (Leclaire  et  al. 2014), suggesting that birds can use 
preening to control bacterial abundances on their feathers 
and perhaps preserve their color and quality. When birds 
preen, they mechanically clean feathers, but they may also 
use preen oil secreted from the uropygial gland to coat the 
feathers (but this is not used in every preening bout). This oil 
can include anti-microbial compounds which could reduce 
the abundance of FDB (Shawkey et al. 2003). The composi-
tion and use of preen oil is highly variable between species 
and much is still unknown about its functions and impact 
on fitness (reviewed by Moreno-Rueda 2017). Preening is 
a costly behavior, as it takes time away from foraging, vigi-
lance to predators, and other behaviors (Redpath 1988). 
Most species spend a significant amount of time preening, 
on average 9% of their day (Clayton and Cotgreave 1994). 
However, preening effort varies based on species ranging 
from 25% of observation time in common loons Gavia 
immer and less than 1% in ostrich (Struthio camelus; Daub 
1989, Williams et al. 1993).

Feather bacterial abundance, preening, and feather color-
ation are interrelated but, to our knowledge, these variables 
have not been assessed simultaneously. To better under-
stand the relationships among these variables, we exam-
ined the natural variation in feather coloration, preening, 
and both total bacterial abundance and the abundance of 
FDB in captive Indian peafowl Pavo cristatus. Peafowl were 
chosen for this study due to their colorful plumage that 
is important for conspecific signaling (Yasmin and Yahya 
1996, Loyau et al. 2007, Earl et al. 2022). They also spend 
a substantial amount of time maintaining this plumage 
through preening (2.02–14.9%, on average; Walther 2003, 
Harikrishnan et al. 2010). Peafowl are also generally ground 
dwelling, which may make them particularly susceptible to 
FDB, many of which are derived from soil (Burtt and Ichida 
1999, Lucas et al. 2003). We predicted that individuals that 
spent more time preening would have lower abundances of 
FDB on their feathers and that they would have brighter 
and more colorful feathers.

Material and methods

This study was conducted in College Station, Brazos County, 
TX (30°37′40.717″N, 96°20′3.864″W) on a population of 
captive Indian peafowl (11 males and 19 females) during the 
summer of 2021 (May–August). The birds were originally 
captured as adults (exact age unknown) from feral popula-
tions in Florida and California between 2009 and 2019. The 
birds have lived as a single flock in an outdoor enclosure (18.3 
× 24.4 × 2.1 m) since capture but have occasionally been 
separated for other studies (Yorzinski 2019). Individuals had 
a metal band on one leg and a plastic band on the other leg, 
both with unique identification codes which allowed us to 
record individual-level behavioral observations. Individuals 
were given food and water ad libitum. All methods were 
approved under the Texas A&M University’s Institutional 
Animal Care and Use Committee (no. 2022-0072).

Preening observations

Each bird was observed for a total of 4 h in 15 min intervals 
over multiple days between May and August 2021. The order 
the birds were observed in was determined at random, but 
a given bird was never observed for more than a single 15 
min interval on the same day. All sampling occurred during 
the hours of 07:00 and 11:00 h and were performed by one 
individual (KMD). During each sampling period, the focal 
individual was identified by their leg bands and the observer 
maintained at least a 3 m distance while still being able to 
see the focal bird. Humans enter the peafowl enclosure for 
daily feeding and maintenance and the birds are acclimated 
to their presence. Therefore, the observer’s presence likely did 
not change the peafowl’s behavior. The observer recorded 
each instance of the bird performing maintenance behav-
iors towards themselves (when the beak comes into contact 
with their own feathers; referred to as preening) or towards 
other bird (the beak of another bird comes into contact with 
the focal bird’s feathers; referred to as allopreening). Once a 
maintenance behavior began, the observer recorded the start 
time, the location on the body where preening or allopreen-
ing occurred, and the time the behavior ended. We defined 
the different areas of the body in Fig. 1. If allopreening was 
observed, the bird that the focal individual was interacting 
with was recorded as well as if the focal individual gave or 
received this maintenance behavior. A maintenance behav-
ior event began when the bird non-aggressively brought their 
beak into contact with their own or another bird’s body and 
ended when the contact ceased. A maintenance behavior 
event was scored as a single event so long as any pauses in 
preening did not exceed 10 s. In addition to preening and 
allopreening, we recorded dustbathing, which is when the 
bird lays on the ground and tosses dirt onto their wings and 
back. All times were recorded with a stopwatch. The num-
ber of seconds spent preening, allopreening, and dustbathing 
over all the observation periods were summed for each indi-
vidual. We ultimately excluded allopreening and dustbathing 
from our analyses because these events occurred rarely (both 
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these activities account for less than 1% of the time birds 
spent on maintenance behavior). Therefore, the maintenance 
behavior described in the subsequent analysis and results is 
preening.

Feather collection

During the final week of peening observations, we collected 
feathers from each bird to measure color and bacterial abun-
dances on three days in August 2021. We clipped 40 feathers 
from the neck of each bird, about 10 cm down from the top of 
the head (Fig. 2): we collected 10 feathers each from the dor-
sal, ventral, left lateral, and right lateral regions of the neck. 
The neck feathers were chosen for analysis because the bright-
ness of these feathers positively correlates with dominance in 
female peafowl (Earl  et  al. 2022). Alteration by bacteria of 

these neck feathers may therefore impact intra-specific com-
munication. The feathers were removed by clipping the rachis 
near the skin below the feather barbs with scissors. We han-
dled the feathers with gloved hands to avoid contamination. 
In the field, the feathers were stored within opaque envelopes. 
In the lab, six of these feathers from each side of the neck 
(24 feathers from each bird total) were mounted on matte 
black card stock and stored in an opaque envelope in room 
temperature (20°C) until used for color analysis. The four 
additional feathers from each side of the neck (16 feathers 
from each bird total) were immediately stored in a −20°C 
freezer before microbial analysis (the feathers were stored in 
the freezer within 6 h of collection). At this time, we also 
weighed each bird and measured the length of the metatarsus. 
We used these variables to calculate the scaled mass index, a 
measure of body condition, using the method described by 
Peig and Green (2009).

Feather color measurements

Using UV-Vis spectrometry, we measured the reflectance of 
the collected feathers. We quantified the color reflectance 
of feathers using the avian visible spectrum (300–700 nm) 
using a Maya2000-pro spectrometer and a DH2000-DUV 
light source (output 190–2500 nm). Each feather was mea-
sured individually instead of grouped as recommended by 
Meadows et al. (2011) to minimize potential error in mea-
surement. We mounted collimating lenses onto the ends of 
230 um optical fibers for both illumination and measurement 
of a spot approximately 2 mm in diameter. The spectrom-
eter illumination probe was placed at 60° to the right of the 
feather and collection probe at 90o to mimic how the feathers 
would be viewed by other peafowl (Dakin and Montgomerie 
2013, Earl  et  al. 2022). Reflectance was measured relative 

Figure  1. Body regions used to define where preening on a bird 
occurred.

Figure 2. Photograph of a female (A) and male (B) peafowl from our study population demonstrating the species’ sexual dimorphism. The 
white ‘X’s indicate the locations where the right dorsal feathers were collected.
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to a calibrated white (99%) reflectance standard (Spectralon 
WS-1-SL diffuse reflectance standard; Labsphere, Inc.). The 
mounted feathers were elevated to be measured at the same 
distance from the probes as the standard. Dark standards were 
also taken by removing the collection probe and capping the 
spectrometer. Dark and white standards were recalibrated 
approximately every 15 min to minimize drift. We collected 
reflectance data using the OceanView software (ver. 2.0.8). 
One experimenter (MRF) measured the feathers without 
knowledge of their preening behavior and all measurements 
were taken in a darkroom to minimize ambient light.

We analyzed the reflectance data using the avian visual 
models for peafowl tetrachromatic vision (R package ‘Pavo’; 
Maia  et  al. 2013, ver. 2.7.1). Following prior work in this 
species (Dakin and Montgomerie 2013, Earl  et  al. 2022), 
we used a visual model with peafowl chromatic visual sen-
sitivity, the achromatic receptor stimulation for double cone 
sensitivity of Gallus gallus (a close relative of peafowl), and 
illumination set to ‘ideal’ which is the homogenous illumina-
tion across all bird sensitive wavelengths (Stoddard and Prum 
2008). Using this visual model, we quantified four color space 
variables per feather: brightness, chroma, hue phi (hereafter 
‘hue UV’) and hue theta (hereafter ‘hue VIS’; Stoddard and 
Prum 2008).

We calculated the mean of each color space variable 
(brightness, chroma, hue UV, and hue VIS) for each of the 
four sides of each bird’s neck. These color variables are com-
monly used to describe feather color in the avian visual sys-
tem (Stoddard and Prum 2008). Male and female birds have 
different feather colors and therefore were analyzed separately.

Bacteria culture

To collect bacteria on the feathers, we removed the feathers 
from the freezer and placed four feathers from each individual 
(one from each side of the neck) in a falcon tube with 1.3 ml 
of sterile water. The tube was then shaken and vortexed for 15 
min to dislodge bacteria from the feathers’ surface into solu-
tion. Then, 200 ul of this solution was plated onto four agar 
plates: two plates of generalist media, tryptic soy agar (TSA), 
and two plates of selective media, feather meal agar (FMA; 15 
g l−1 feather meal, 0.5g l−1 NaCl, 0.3 g l−1 K2HPO4, 0.4 g l−1 
KH2PO4, 15 g l−1, agar; Sangali and Brandelli 2000). Feather 
meal agar is made with feather meal, or ground up feathers, 
which selects specifically for bacteria that can use feathers as 
a nutrient source. TSA plates were then incubated for 24 h at 
35°C. Growth is slower on FMA plates (Shawkey et al. 2009), 
so they were included for 48 h at 35°C. Positive or negative 
control plates were not included in the incubation. However, 
plates were prepared using standard aseptic lab techniques, 
following methodology from previous studies on this topic 
(Møller et al. 2009, Shawkey et al. 2009). Once the plates 
were finished incubating, they were photographed against a 
standard black background with a digital camera. All plates 
were incubated in October 2021. The photos were opened 
with ImageJ (ver. 1.53) and the point tool was used to count 
the individual colonies, which are distinct visible clusters of 

bacteria cells. We did not attempt to identify colonies or dis-
tinguish them morphologically, so it is possible some of the 
colonies were fungal rather than bacteria. The effect of fungi 
on feathers is not as well characterized but there is some evi-
dence that certain strains may also degrade feathers (Kaul and 
Sumbali 1999, Robicheau  et  al. 2019). One experimenter 
(MRF) counted all plates without knowledge of preening or 
feather coloration. We then averaged the number of colonies 
on the duplicate TSA and FMA plates to get one average 
colony count per individual per plate type. The values of the 
duplicate plates were generally similar (Pearson correlation p 
< 0.0001).

Statistical analysis

All statistical analyses were performed using R (ver. 4.1.2, 
www.r-project.org). Due to the ecological and physical dif-
ferences between the sexes of this species, we analyzed male 
and female data separately. Because we measured bacteria 
from the neck region, we used the time birds spent preening 
the neck in our analyses, which was highly correlated with 
the time birds spent preening overall in both sexes (Pearson 
correlation: females p < 0.01; males p < 0.001). First, to 
determine the relationship between preening and total bac-
teria and FDB abundances, we fit linear models with colony 
counts from TSA or FMA plates as the response variable. The 
explanatory variables were scaled mass and time spent preen-
ing the neck region. And second, to determine which factors 
predict feather color score, we fit linear models with bright-
ness, chroma, hue UV, or hue VIS as the response variables. 
The explanatory variables were the total bacteria or FDB 
abundances, amount of time spent preening the neck, and 
scaled mass index. A previous study on peafowl neck orna-
mentation found the color variables from all regions of the 
neck to be similar and used the average of colors from all 
neck regions in their analysis (Earl et al. 2022). However, we 
did not find a similar correlation so we included the region of 
the neck feathers, as well as individual ID, as random effects 
in the models.

Results

We found that males and females had similar bacterial col-
ony counts when grown on TSA (mean colonies: female: 
328.6, male: 384.9; 1; p = 0.25) and FMA plates (mean 
colonies: female: 163.6, male mean: 194.1; p = 0.45). There 
were marginally significant differences between the sexes in 
the amount of time spent preening with females spending 
more of their time preening (female: 2441 s, male: 1715 s; 
p = 0.05). Females also spent significantly more of their time 
preening the neck region than males (female mean: 313.2 s, 
male mean: 185.1 s; p < 0.01). The neck feathers of male and 
female birds are distinct in color space (Fig. 3).

We found that preening was correlated with the number 
of bacterial colonies grown from feathers in females, but 
not males. We found that female birds that spent more of 
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their time preening their neck had statistically significant 
lower bacteria colony counts when measuring total bac-
teria and marginally statistically significant lower bacteria 
colony counts when measuring FDB (TSA: F value = 5.96, 
p-value = 0.02, Pearson’s r = −0.50; FMA: F-value = 3.64, 
p-value = 0.07, Pearson’s r = −0.41; Table 1; Fig. 4). However, 
there was no relationship between preening and colony 
counts in males (TSA: F-value = 0.21, p-value = 0.65; FMA: 
F-value = 0.01, p-value = 0.96; Table 1; Fig 4). Total bacteria 
or FDB abundances did not significantly predict any of the 
feather color variables in males or females (Table 2). We did 
find that scaled mass was correlated with Hue Vis in females, 
such that smaller birds had greener feathers (F-value = 5.01, 
p-value = 0.04; Table 2).

Discussion

We found that the time spent preening correlated with 
feather bacterial abundances in female but not male peafowl. 
Despite this, we did not find relationships between feather 
color scores and feather bacterial abundances nor feather 
color scores and preening. These results suggest that preening 
may be able to control the abundances of bacteria on female 

birds’ feathers, but this may have little influence on the color 
of their feathers and the signals that they communicate.

We predicted that preening would be negatively correlated 
with bacteria abundance on the feathers as preening behavior 
can remove bacteria (Leclaire  et  al. 2015). We found sup-
port for this prediction in female but not male birds. The 
region of the body we measured bacteria abundance from, 
the neck feathers, is likely used for communication in females 
(Earl  et  al. 2022) but it is not known if this region has a 
similar function in the males of this species. Therefore, female 
birds may have more incentive to remove potentially harm-
ful bacteria from these feathers than males do. Female birds 
spent more time preening (both overall and the neck region 
specifically) than males. It would be interesting to test if 
preening correlates with bacterial abundance in the tail feath-
ers of this species, which are important signals in mate choice 
in males (Yasmin and Yahya 1996, Yorzinski et al. 2013). In 
females, we found that the correlation between preening and 
abundance in total bacteria is strongly significant but the cor-
relation between preening and the abundance of FDB was 
only marginally significant. This suggests that preening is 
removing bacteria indiscriminately and not specifically tar-
geting the potentially damaging feather degrading bacteria.

Despite the relationship between bacterial abundances 
and preening effort, we did not find relationships between 
bacterial abundances and feather color variables, suggesting 
that removing FDB from feathers does not preserve feather 
color signals in this species. Several studies have found 
FDB are related to feather color (Gunderson  et  al. 2009, 
Shawkey et al. 2009, Kilgas et al. 2012, Leclaire et al. 2014), 
however, other studies have found no effect (Cristol  et  al. 
2005, Jacob et al. 2014). Blue and iridescent feathers colors, 
like those in peafowl, are produced by complex structures in 
the feather barbules composed of keratin, melanin, and air 
pockets (Prum 2006) that may be disrupted by FDB. Female 
bluebirds Sialia sialis with higher abundance of FDB on their 
feathers had duller plumage, as well as lower body condition 
(Gunderson et al. 2009). Iridescent color in pigeon feathers 
Columba livia with higher abundances of (FDB) was duller 
(Leclaire et al. 2014). The complex and varied structures of 
feathers may be why not all studies have found the same 
results. A study in male bluebirds found that birds with higher 
abundances of FDB had brighter plumage (Shawkey  et  al. 
2007) and in great tits Parus major experimentally increasing 
FDB had no effect on feather color (Jacob et al. 2014). FDB 
may not have degraded the color of the iridescent feathers in 
this study due to the melanin in their feather matrix. Melanin 
may prevent FDB degradation by binding to keratinases that 
hydrolyze keratins (Gunderson et al. 2008). Understanding 

Figure 3. Distribution of male and female neck feather color plotted 
in tetrahedral color space. Male feathers are represented by open 
square points and females as filled circular points.

Table 1. Results from a model investigating the relationship between total bacteria and FDB abundance and time preening the neck region 
and scaled mass index in peafowl. F-values and their associated p-values (in parentheses) are reported.

Female Male
df Total bacteria FDB Total bacteria FDB

Time preening neck 1 5.96 (0.02*) 3.64 (0.07) 0.21 (0.65) 0.01 (0.96)
Scaled mass index 1 0.66 (0.42) 0.27 (0.60) 1.01 (0.34) 0.21 (0.65)
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Figure 4. Relationship between time spent preening the neck and total bacteria abundances (A: females; B: males) and FDB abundances (C: 
females; D: males).

Table 2. Results from a model investigating the relationship between the color scores and feather bacteria abundance (A: total bacteria; B: 
FDB), preening, scaled mass index. F-values and their associated p-values (in parentheses) are reported.

Sex df Brightness Chroma Hue UV Hue VIS

(A) Total bacterial
Females Total bacteria 13 2.45 (0.14) 0.08 (0.77) 0.03 (0.84) 0.12 (0.72)

Preening 13 1.94 (0.18) 0.08 (0.77) 0.15 (0.70) 0.06 (0.80)
Total bacteria × Preening 13 0.07 (0.78) 2.02 (0.17) 0.55 (0.46) 0.01 (0.98)
Scaled mass index 13 0.20 (0.65) 1.23 (0.28) 0.89 (0.36) 4.08 (0.06)

Males Total bacteria 6 0.78 (0.41) 2.21 (0.18) 0.01 (0.91) 0.13 (0.72)
Preening 6 0.41 (0.54) 2.22 (0.18) 0.03 (0.86) 0.08 (0.78)
Total bacteria × Preening 6 0.51 (0.50) 2.09 (0.19) 0.01 (0.94) 0.19 (0.67)
Scaled mass index 6 0.35 (0.57) 1.97 (0.20) 0.74 (0.42) 1.29 (0.29)

(B) FDB
Females FDB 13 0.09 (0.76) 0.18 (0.67) 0.07 (0.78) 0.29 (0.59)

Preening 13 0.23 (0.63) 0.01 (0.92) 0.10 (0.74) 0.17 (0.68)
FDB × preening 13 0.01 (0.89) 1.29 (0.27) 0.20 (0.60) 0.03 (0.86)
Scaled mass index 13 0.77 (0.39) 2.17 (0.16) 0.55 (0.46) 5.01 (0.04*)

Males FDB 6 0.01 (0.92) 4.03 (0.09) 0.05 (0.82) 0.33 (0.59)
Preening 6 0.01 (0.94) 4.28 (0.08) 0.14 (0.71) 0.76 (0.41)
FDB × Preening 6 0.01 (0.99) 4.03 (0.09) 0.03 (0.85) 0.29 (0.60)
Scaled mass index 6 0.12 (0.74) 5.83 (0.05) 0.84 (0.39) 1.91 (0.21)
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how FDB impacts the keratin structure of feathers on a 
microscopic level may explain variation in the results that 
have been found across studies.

The birds used in this study were in a captive environ-
ment and may be exposed to lower abundances of micro-
organisms than what could cause damage to the feathers. 
However, a study with wild house finches found a range of 
bacterial abundances as well as differences in feather color-
ation that were similar to our captive peafowl (Shawkey et al. 
2009). We also found that the birds spent approximately 7% 
of the observation time preening, which is within the range 
found of wild and free-ranging peafowl populations (Walther 
2003, Harikrishnan et al. 2010). We collected preening data 
over the course of the breeding season but collected bacterial 
abundance and feather color data only at one time point. This 
may have obscured the relationship between bacterial abun-
dances and feather color, and it would be interesting to inves-
tigate if bacterial abundance and color change correlate over 
the course of the breeding season or the lifetime of a molt.

We also note that in female birds, the hue of the feath-
ers was correlated with bird size. Smaller female birds had 
greener plumage that was unrelated to preening or feather 
bacteria. This is likely not related to dominance, as body size 
and hue were not found to be related to dominance in female 
peafowl (Earl et al. 2022). The birds had ad libitum access 
to feed, which makes nutritional stress an unlikely cause of 
variation in hue and body size. The birds in this study were 
captured from the wild as adults and therefore we do not 
know their specific ages, so we cannot determine whether age 
may be a factor. Therefore, future studies would be needed to 
determine why hue is correlated with body size in females.

Removal of bacteria on the feathers may have important 
functions other than impacting feather color. A study in zebra 
finch Taeniopygia guttata castanotis found that feather bac-
teria influenced reproductive performance. Experimentally 
reducing feather bacterial abundances increased fledging suc-
cess due to decreased mortality of the chicks (Burley  et  al. 
2022). Our measurements took place during the breeding 
season, so female birds may be removing bacteria not to pre-
serve their feathers but to prevent spreading bacteria to eggs 
or chicks. The peafowl population sampled in this study do 
not raise offspring (eggs are removed after laying), therefore 
we are unable to compare our results with hatching or fledg-
ing success. However, because males do not raise offspring 
in this species, this could contribute to differences we found 
between the sexes (Petrie and Williams 1993).

While we measured the amount of time the birds spent 
preening, we did not account for possible variation of usage of 
preen oil during preening. Preen oil is spread on the feathers 
during preening and provides benefits such as waterproofing 
feathers and controlling bacteria via antimicrobial compounds 
(Shawkey et al. 2003, Giraudeau et al. 2010, Alt et al. 2020). 
Preen oil is not used during all preening bouts and its chemi-
cal make-up can vary among individuals of the same species 
(Whittaker et al. 2010, Tuttle et al. 2014). Therefore, varia-
tion in preen oil usage as well as variation in composition may 
have impacted the relationships between preening, bacteria 

abundances, and feather color. Accounting for the variation in 
preen oil usage and composition between individuals would 
be a valuable addition to futures studies on this topic.

Overall, we found partial support for our prediction that 
preening would correlate with abundances of bacteria on pea-
fowl feathers, but our prediction that bacterial abundances 
would correlate with feather color was not supported. More 
time spent preening correlated with lower abundances of 
bacteria on female but not male peafowl, possibly due to dif-
ferences in their use of feathers as signals or their roles in repro-
duction. We did not find relationships between feather color 
and bacterial abundances. These results suggest that preening 
may modify feather bacterial abundance, but these bacteria 
may not significantly impact feather coloration in this species.
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