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Experimentally altered plumage brightness of female Tree
Swallows (Tachycineta bicolor) influences nest site retention and
reproductive success
Lisha L. Berzins and Russell D. Dawson

Abstract: That ornamental traits of females can act as signals of quality has gained empirical support, but whether and how such
ornaments of females mediate social interactions with conspecifics remains less clear. Female Tree Swallows (Tachycineta bicolor
(Vieillot, 1808)) aggressively compete for and defend nest sites, and as such, nest site intrusions by conspecific females challeng-
ing ownership of a nest may prevent territory-owning females from dishonestly displaying ornamented plumage. We tested
whether plumage brightness of female Tree Swallows influences nest site retention and reproductive success by experimentally
enhancing or reducing their plumage brightness relative to controls prior to breeding. Females with reduced brightness were
more likely to retain their nests sites and breed relative to control females and females with experimentally enhanced bright-
ness. Females displaying enhanced brightness also tended to initiate clutches later than females with control and reduced
brightness. Overall, lower nest site retention and reproductive success for females with enhanced brightness is consistent with
social costs imposed on individuals dishonestly signalling high quality. Future studies in female birds should consider whether
costs of losing a nest site to intruding conspecific females, especially in species where nest sites are limited, is a mechanism that
maintains the honesty of signals of quality.

Key words: competition, ornamentation, nest site quality, plumage manipulation, signal honesty, social interactions, Tachycineta
bicolor, Tree Swallow, usurpation.

Résumé : De plus en plus d’observations empiriques appuient l’idée que les caractères ornementaux des femelles puissent agir
comme signaux de la qualité, mais il n’est pas encore bien établi si de tels caractères modulent les interactions sociales entre
individus d’une même espèce. Les hirondelles bicolores (Tachycineta bicolor (Vieillot, 1808)) femelles se disputent et défendent de
manière agressive les sites de nidification, de sorte que l’intrusion dans des sites de femelles conspécifiques tentant de s’emparer
d’un nid pourrait empêcher les femelles qui détiennent les territoires d’afficher un plumage ornementé de manière trompeuse.
Nous avons vérifié si l’éclat du plumage d’hirondelles bicolores femelles influence la rétention des sites de nidification et le
succès de reproduction en rehaussant ou en réduisant expérimentalement l’éclat de leur plumage par rapport à celui de témoins
avant la reproduction. Les femelles dont l’éclat du plumage était réduit étaient plus susceptibles de retenir leurs sites de
nidification et de se reproduire que les femelles témoins et les femelles dont l’éclat avait été rehaussé expérimentalement. Les
femelles à l’éclat rehaussé tendaient également à initier leur ponte plus tard que les femelles témoins ou à éclat réduit.
Globalement, une rétention des sites de nidification et un succès de reproduction plus faibles pour les femelles au plumage à
l’éclat rehaussé concordent avec les coûts sociaux imposés aux individus qui signalent une bonne qualité de manière trompeuse.
Des études futures sur des oiseaux femelles devraient vérifier si les coûts de la perte des sites de nidification à des femelles
intrusives de la même espèce, particulièrement chez des espèces dont le nombre de sites de nidification est limité, constituent
un mécanisme qui maintient l’honnêteté des signaux de la qualité. [Traduit par la Rédaction]

Mots-clés : concurrence, ornementation, qualité du site de nidification, manipulation du plumage, honnêteté des signaux,
interactions sociales, Tachycineta bicolor, hirondelle bicolore, usurpation.

Introduction
Females from a wide variety of taxa possess ornamental traits,

such as elaborate coloration, vocalizations, or aggressive behav-
iours, that are hypothesized to have evolved either by a correlated
response to selection acting directly on traits in males (Lande
1980) or by sexual and (or) social selection (Clutton-Brock 2009;
Rosvall 2011; Tobias et al. 2012). Although male mate choice for
female ornamental traits has been the focus of many studies
(Tarvin and Murphy 2012), competition among females for access

to mates or resources is often intense (e.g., Dale and Slagsvold
1995; Rosvall 2008). Females displaying ornamental traits may be
more successful at competing for mates or resources if their or-
naments signal competitive ability and (or) status to conspecific
females (Pryke 2007). Those females that successfully acquire re-
sources, such as nest sites, often are challenged by other conspe-
cific females (e.g., Leffelaar and Robertson 1985; Moreno et al.
2013); however, our understanding of how ornamentation of the
territory-owning female and that of the intruding female mediate
agonistic interactions is less clear. Most studies to date on the role
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of female ornamentation in social interactions have focused on
how the degree of ornamentation displayed by the intruding fe-
male influences the response of the territory-owning female. For
instance, in both Pied Flycatchers (Ficedula hypoleuca (Pallas, 1764))
and Common Kestrels (Falco tinnunculus Linnaeus, 1758), the inten-
sity of response by females holding territories to a decoy of an
intruding female decreased as ornamentation of the decoy in-
creased (Morales et al. 2014; López-Idiáquez et al. 2016). In con-
trast, female Collared Flycatchers (Ficedula albicollis (Temminck,
1815)) and Streak-backed Orioles (Icterus pustulatus pustulatus
(Wagler, 1829)) responded with greater intensity to more orna-
mented decoys of intruding females (Hegyi et al. 2008; Murphy
et al. 2009a). While these studies demonstrate that the degree of
ornamentation displayed by conspecific females influences the
response they receive when intruding on the territories of other
females, less is known about how the ornamentation displayed by
territory-owning females influences whether or not they receive
nest site intrusions from conspecific females.

When in possession of a resource, ornamental traits that signal
high quality may deter conspecifics from challenging resource
ownership so that costly agonistic interactions are avoided. For
example, in both American Goldfinches (Spinus tristis (Linnaeus,
1758)) and paper wasps (Polistes dominulus = Polistes dominula (Christ,
1791)), conspecific females avoided food resources guarded by fe-
males manipulated to display high-quality signals (Tibbetts and
Lindsay 2008; Murphy et al. 2009b). Conversely, conspecifics may
challenge resource owners displaying high-quality ornaments to
test that the quality signalled by their ornamentation reflects
their true quality, especially when defended resources are valu-
able (Tibbetts 2008). It is the cost of engaging in agonistic interac-
tions that enforces the honesty of ornaments that signal quality
(see reviews in Senar 2006; Tibbetts 2014). For instance, individu-
als dishonestly displaying high-quality ornaments may either be
attacked when conspecifics detect that an individual’s behaviour
and ornament do not match (i.e., incongruence hypothesis: Rohwer
and Rohwer 1978; Tibbetts and Izzo 2010) or be frequently and ag-
gressively challenged by individuals that are truly of high quality
(i.e., like-versus-like aggression: Rohwer 1977; Møller 1987). In-
deed, studies that have enhanced the quality of ornaments dis-
played by individuals have reported that those with enhanced
signals receive a greater number of attacks or increased aggres-
sion from conspecifics (reviewed in Vitousek et al. 2014). More-
over, studies of male animals have demonstrated that individuals
manipulated to dishonestly display high-quality ornaments incur
social costs, such as altered physiology (Safran et al. 2008) and a
reduced ability to acquire a breeding territory (Qvarnström 1997).
While there are fewer examples of ornamentation mediating so-
cial interactions in female birds, Moreno et al. (2013) demon-
strated that female Pied Flycatchers manipulated during incubation
to dishonestly signal high-quality ornamentation incurred social
costs, having higher oxidative damage during nestling provision-
ing compared to control females. Although the behaviour of these
manipulated females was not observed, Moreno et al. (2013) hy-
pothesized that intrusions by conspecific females competing for
limited nest sites may provide a mechanism to enforce the hon-
esty of female ornamentation, but to our knowledge, this has
never been experimentally tested in free-living birds.

In the current study, our aim was to test whether the brightness
of plumage displayed by female Tree Swallows (Tachycineta bicolor
(Vieillot, 1808)) is a signal that is assessed by conspecific females as
well as its influence on nest site retention and reproductive suc-
cess. Female Tree Swallows aggressively compete with conspecif-
ics for access to a male with a nest site (Leffelaar and Robertson
1985), and because some females are competitively excluded from
breeding, there often is a large population of nonbreeding floater
females (Stutchbury and Robertson 1985). Females successful at
acquiring a nest site frequently experience territory intrusions
from other conspecific females throughout the breeding season

and must aggressively defend their nest to avoid being usurped
(Leffelaar and Robertson 1985). Overall, competition among fe-
male Tree Swallows for nest sites is often so intense that it can
lead to injury or death (Leffelaar and Robertson 1985).

Dorsal plumage colour of female Tree Swallows is variable,
ranging from dull brown to bright iridescent blue-green, the lat-
ter being similar to plumage displayed by males. Females display-
ing dull brown plumage are generally in their first breeding
season (second year of life (SY): Hussell 1983), and this delay in
maturation of their plumage is hypothesized to signal their low
competitive threat; SY females receive less intrasexual aggression
when intruding on the territory of conspecific females and also
receive fewer nest site intrusions themselves as territory owners
from ornamented after-second-year (ASY) females (Coady and
Dawson 2013). Among ASY females, those that are more orna-
mented display plumage that is brighter, with greater ultraviolet
(UV) and blue chroma, and reflects light maximally at shorter
wavelengths (i.e., bluer hue: Bitton et al. 2008; Bentz and Siefferman
2013). Females displaying brighter plumage lay heavier eggs, sug-
gesting that plumage brightness of females may signal quality
(Bitton et al. 2008; Bentz and Siefferman 2013). Moreover, brighter
females have been shown to assortatively mate with males dis-
playing bright plumage (Bitton et al. 2008) and this pairing pat-
tern is unlikely to result from male preference for females
displaying bright plumage, since experimentally altering the plumage
brightness of female Tree Swallows does not influence male in-
vestment in parental care or their mating strategies (Berzins 2016;
Berzins and Dawson 2016). Instead, assortative mating in this spe-
cies likely occurs because females with bright plumage have
greater competitive ability and outcompete other female conspe-
cifics for access to nest sites.

We manipulated plumage brightness of ASY female Tree Swallows
by experimentally enhancing and reducing brightness relative to
controls (see Berzins and Dawson 2016). We performed our ma-
nipulation once females had acquired a nest site, but prior to
having laid any eggs, to determine whether plumage brightness
influenced a female’s ability to retain her nest site. While female
Tree Swallows can be usurped from their nest site at any stage of
the breeding season (L.L. Berzins and R.D. Dawson, personal ob-
servation), most nest site intrusions occur prior to and during egg
laying (Whittingham and Schwabl 2002) and so our manipulation
of female plumage brightness occurred while females were com-
peting for nest sites. We hypothesized that if plumage brightness
is a signal assessed by conspecific females, then experimentally
altering plumage brightness would influence nest site retention
by females and consequently their reproductive success. We pre-
dicted that females manipulated to display enhanced plumage
brightness would be less likely to retain their nest site and have
lower reproductive success as a result of defending their nest site
from conspecific females challenging their signal quality. In con-
trast, if dull plumage signals low competitive threat, as similarly
demonstrated for less-ornamented SY females (Coady and Dawson
2013), we predicted that females manipulated to display reduced
plumage brightness would be more likely to retain their nest site
and have higher reproductive success if they were involved in
fewer agonistic interactions with conspecific females.

Materials and methods

Study area and general field methods
We studied Tree Swallows breeding in nest boxes near Prince

George, British Columbia, Canada (53°N, 123°W) from May to
August in 2010 and 2011. The study area consisted of open agricul-
tural areas intermixed with small wetlands and patches of conif-
erous and deciduous trees (see Dawson et al. 2005 for more
details). Shortly after Tree Swallows arrived in our study area in
early May, we began to check nest boxes daily to document nest
building. Once a nest box contained a nest with a fully formed
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cup, but before any eggs had been laid, we captured the resident
female. Each female was banded with an individually numbered
aluminum leg band and weighed using a spring balance (nearest
0.25 g). We determined the age of females using dorsal plumage
colour (Hussell 1983), and ASY females were sequentially allocated
to the enhanced, reduced, or control plumage brightness treat-
ments by capture order, after determining a treatment order ran-
domly. Full details of our experimental procedure for manipulating
the plumage brightness of female Tree Swallows are described in
Berzins and Dawson (2016). Briefly, we collected five rump feath-
ers from each female for spectral analysis (details below) and then
plumage brightness of females was either enhanced by applying
nontoxic permanent blue marker or reduced by applying silicon
paste evenly to the dorsal feathers or remained unchanged by
treating females with a marker containing water. While we did
not collect additional feathers from females following manipulation of
plumage brightness, we have shown previously that treatment of
plumage with permanent maker or silicone paste significantly
increased and decreased plumage brightness, respectively, of fe-
males within the natural range of variation (Berzins and Dawson
2016). The general appearance or quality of feathers did not ap-
pear to be negatively altered by our treatment, as similarly re-
ported by previous studies using permanent markers and silicone
paste to alter plumage colour (e.g., Ballentine and Hill 2003;
Johnsen et al. 2005; Safran et al. 2008). Moreover, Berzins and
Dawson (2016) (see also Johnsen et al. 2005) showed that feathers
of female Tree Swallows manipulated with marker were still sig-
nificantly brighter after being exposed to sunlight for 15 days than
they were prior to be treated; therefore, we were confident that
our treatment produced the desired effect throughout the exper-
imental period. Females in each treatment did not differ by age,
body mass, plumage characteristics (see below) prior to experi-
mental manipulation, or capture date (all P > 0.29). In total, we
enhanced the plumage brightness of 30 females, reduced the
plumage brightness of 31 females, and 28 females were in the
control group.

To examine whether experimentally altering plumage bright-
ness of females prior to breeding influenced reproductive success,
we monitored all nests at our study area daily to record the date of
clutch initiation (where January 1 = 1) and clutch size. Freshly laid
eggs were numbered with a nontoxic marker for identification
and weighed with a digital scale (nearest 0.01 g). We captured all
females in our study area after their eggs had hatched and re-
corded the box and band number to determine whether females
retained, left, and (or) switched nest sites after being manipu-
lated. This experimental protocol was approved by the University
of Northern British Columbia Animal Care and Use Committee
(protocol No. A2010.0412.010(1)n) and was in accordance with the
Canadian Council on Animal Care.

Spectral analysis
We quantified plumage characteristics of female Tree Swallows by

measuring the reflectance of feathers using a JAZ-PX spectro-
meter with a xenon light source (Ocean Optics, Dunedin, Florida,
USA), as described in Berzins and Dawson (2016). The calamus of
four rump feathers were taped to a piece of cardboard so that they
resembled the natural arrangement of rump feathers on a bird
(see Bitton et al. 2008). Feather samples were placed on a black,
spectrally flat surface and spectral data were recorded using
SpectraSuite software (Ocean Optics). Three measurements for
each bird were taken, moving the probe between each measure-
ment.

The R package pavo (Maia et al. 2013) was used to smooth spec-
tral curves and quantify plumage characteristics, specifically hue,
UV and blue chroma, and average brightness, as these variables
have been shown previously to reflect aspects of quality in female
Tree Swallows (Bitton et al. 2008; Bentz and Siefferman 2013). The
three measures of each plumage characteristic were averaged and

then a principal components (PC) analysis was used to reduce each
bird’s plumage characteristics to a single colour score (Cuthill
et al. 1999). Principal components analysis was performed using
all ASY females from which we collected feather samples over a
4 year period (2010–2013) at our study area. The first component
(PC1) explained 55.8% of the total variation and was heavily
weighted by hue, UV chroma, and blue chroma but not by bright-
ness (unrotated factor loadings = −0.98, 0.88, 0.70, and −0.07, re-
spectively) and so females with larger positive values had plumage
with greater UV and blue chroma and reflected light at shorter
wavelengths (Berzins and Dawson 2016). The second component
(PC2) explained 26.2% of the total variation and was heavily
weighted by brightness (0.95), but hue, UV chroma, and blue
chroma contributed little to PC2 (unrotated factor loadings = 0.12,
−0.18, and 0.30, respectively) and so females with larger positive
values had brighter plumage (Berzins and Dawson 2016).

Nest site quality
Following Potti and Montalvo (1991), we calculated “nest site

quality” as the number of years a nest site was occupied in relation
to the number of years the nest site was available for breeding by
Tree Swallows. Our study area was established in 2002, so we used
occupancy data from 2003 to 2009 in our calculations. We con-
firmed whether this measure of occupancy reflected nest site
quality in Tree Swallows by testing whether the number of years a
nest site was occupied was related to average clutch initiation
date at that site (standardized so that day 1 represented the first
clutch initiation within each year at the site) and the total number
of nestlings fledged from 2004 to 2006 (we restricted our analysis
to these years, as experimental manipulations in other years may
have influenced fledging success, e.g., Dawson et al. 2005). Overall,
box occupancy was negatively correlated with clutch initiation
date (Spearman rank correlation: rs = −0.27, N = 118 nest sites,
P < 0.01) and positively correlated with the number of nestlings
fledged (Spearman rank correlation: rs = 0.57, N = 100 nest sites,
P < 0.0001). That nest boxes used more frequently are bred in
earlier and have a greater number of nestlings fledged indicates
that occupancy provides a reasonable proxy for nest site quality.
Nest site quality did not significantly differ among treatments
prior to manipulation (Kruskal–Wallis ANOVA: H = 0.49, df = 2, P = 0.78).

Statistical analysis
We tested whether the plumage brightness treatment of female

Tree Swallows influenced nest site retention using a logistic re-
gression with nest retention (retained, left) as the binary depen-
dent variable and plumage brightness treatment as a fixed factor.
We also included the quality of the nest site and original plumage
brightness (PC2) of females as covariates as well as the interaction
between treatment and original plumage brightness. Since de-
fence of a territory by individuals may be influenced by age or
experience, as demonstrated in male birds (Hyman et al. 2004), we
included the capture status of females (previously banded at our
study area, newly captured female) as a categorical variable. We
included captured status of females rather than age because the
exact age ASY female Tree Swallows breeding at our study area for
the first time (i.e., unbanded) cannot be determined. We also used
a likelihood ratio test to test whether the proportion of females
that bred after being manipulated differed by plumage brightness
treatment.

For those females that acquired new nest sites after being ma-
nipulated, we used a repeated-measures ANOVA to test whether
the quality of nest site they subsequently occupied differed from
the site occupied before moving. In this analysis, we included
time (before and after moving) as the within-subject factor and
plumage brightness treatment as the between-subject factor and
the interaction between time and plumage brightness treatment.

We tested whether altering the plumage brightness of females
influenced their reproductive success using general linear mod-
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els. First, we tested whether clutch initiation date, standardized to
a mean of 0 and a standard deviation of 1 for experimental nests
in each year, differed by plumage brightness treatment. In this
model, we also included female nest site status (retained, switched
nest sites) as a categorical variable, female body mass as a covari-
ate, and the interaction between treatment and nest site status.
Second, we also tested whether clutch size and average egg mass
differed by the plumage brightness treatment of the female. We
included year as a categorical variable and standardized clutch
initiation date as a covariate to control for the seasonal decline in
clutch size that occurs in Tree Swallows (Winkler et al. 2014).

Nine females were manipulated in both years of the study, and
we randomly selected data from one year to use in all analyses. We
took this conservative approach to ensure, for example, that our
results for nest site retention were due to the effects of plumage
brightness manipulation and not a tendency for some individual
females to abandon their nest site after being captured prior to
breeding. For all analyses, variables that did not approach signif-
icance (P ≥ 0.10) were removed from models in a backwards, step-
wise fashion. We checked the residuals of models for normality
and heteroscedasticity (Cleasby and Nakagawa 2011). All statistical
tests were two-tailed and results were considered significant at
P ≤ 0.05. Unless stated otherwise, we report least squares means
from models ±1 SE (lsmeans: Lenth 2016). The overall significance
of omnibus tests was examined using post-hoc tests with false
discovery rate adjustment for multiple comparisons (Verhoeven
et al. 2005). All statistical analyses were performed using SPSS v20
(IBM Corp. 2011) and R v3.2.3 (R Core Team 2015) statistical soft-
ware.

Results

Nest site retention, breeding success, and nest site quality
Logistic regression showed that plumage brightness treatment

influenced nest site retention by female Tree Swallows (��2�
2 = 8.24,

P = 0.02) (Fig. 1). Post-hoc comparisons between treatment groups
showed that females with enhanced plumage brightness were no
more likely to leave their nest site following manipulation than
controls but were more likely to leave their nest site after being
manipulated than females with reduced plumage brightness
(Table 1). Control females were also more likely to leave their nest
sites than females whose plumage was experimentally reduced
(Table 1). The logistic regression also showed that females that
bred in our study area in previous years were more likely to retain

their nest site than newly captured females (estimate = 1.49 ± 0.57,
��1�

2 = 2.60, P = 0.009, odds ratio = 4.43, 95% confidence interval =
1.51–14.60). Quality of the nest site and original plumage bright-
ness (PC2) of females as well as the interaction between treatment
and original plumage brightness were not significant predictors
of nest site retention (all P > 0.33) and were removed from the final
model. Since plumage brightness treatment influenced nest site
retention of female Tree Swallows, we performed additional anal-
yses to test whether females that retained their nest sites were
heavier, in better body condition, or originally displayed brighter
plumage than females that left their nest site; these analyses
showed no significant differences between females that retained
versus left their nest site (all P > 0.10).

Although some females in each treatment that lost their nest
site were found breeding at new nest sites (Fig. 1), a likelihood
ratio test showed that overall the proportion of females that bred
successfully following manipulation differed by plumage bright-
ness treatment (G[2] = 7.67, P = 0.02) (Fig. 1). Subanalyses between
pairs of treatment groups showed that a lower proportion of
females with enhanced and control plumage brightness bred fol-
lowing manipulation than females in the reduced treatment (G1 =
10.00, P = 0.002; G[1] = 4.42, P = 0.04) (Fig. 1).

For females that switched nest sites following manipulation,
repeated-measures ANOVA showed that the quality of the new
nest site occupied by females was not significantly influenced by
plumage brightness treatment (F[2,13] = 0.53, P = 0.78); however, the
newly acquired nest sites were overall of lower quality than the
nest sites occupied by the females prior to manipulation (F[1,15] =
5.01, P = 0.04) (Fig. 2).

Reproductive success
Clutch initiation date tended to differ by the plumage bright-

ness treatment of the female (F[2,53] = 2.74, P = 0.07) (Fig. 3a), and
post-hoc tests showed that this was due to females in the en-
hanced plumage brightness treatment tending to initiate clutches
approximately 3 days later than females in the control (estimate =
−0.64 ± 0.31, t[53] = −2.04, P = 0.07) (Fig. 3a) and reduced plumage
brightness treatment groups (estimate = −0.63 ± 0.30, t[53] = −2.13,
P = 0.07) (Fig. 3a). This analysis also showed that females that
switched nest sites after being manipulated initiated clutches ap-
proximately 3 days later than females that retained their nest site
(estimate = −0.71 ± 0.28, F[1,53] = 6.62, P = 0.01) (Fig. 3b), and there
was some suggestion that females with lower body mass when
captured prebreeding also bred later (estimate = −0.14 ± 0.08,
F[1,53] = 3.26, P = 0.08).

As expected, there was a significant decline in clutch size with
later dates of clutch initiation (estimate = −0.42 ± 0.12, F[1,53] = 11.19,
P < 0.01) as well as a decline in average egg mass with initiation
date (estimate = −0.06 ± 0.02, F[1,55] = 8.59, P < 0.01). Neither clutch
size nor average egg mass significantly differed by the plumage
brightness treatment of the female (F[2,54] = 0.54, P = 0.58 and
F[2,55] = 0.68, P = 0.51, respectively), but clutches tended to be
smaller in 2011 than in 2010 (estimate = −0.45 ± 0.24, F[1,54] = 3.44,
P = 0.07).

Discussion
We manipulated the plumage brightness of female Tree Swal-

lows to test whether brightness is a signal assessed by conspecific
females that influences nest site retention and reproductive suc-
cess. Our results showed that females in the enhanced plumage
brightness treatment were less likely to retain their nest site and
breed than females with experimentally reduced plumage bright-
ness (Fig. 1). Control females were also less likely to retain their
nest site and breed compared to females with reduced plumage
brightness (Fig. 1). These results suggest that our experiment
altered social interactions among female Tree Swallows, as sim-
ilarly reported in male Collared Flycatchers following the ex-

Fig. 1. A higher percentage of female Tree Swallows (Tachycineta
bicolor) with experimentally reduced plumage brightness retained
their nest site and bred following manipulation compared to females
with control and enhanced plumage brightness. Also shown is the
percentage of females in each plumage brightness treatment that
left their nest site and found a new nest site after being usurped.
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perimental enlargement of the size of their forehead patch
(Qvarnström 1997). Since nest usurpation by intruding female
conspecifics occurs frequently in Tree Swallows (Leffelaar and
Robertson 1985), females that left their nest site after being ma-
nipulated were likely unable to defend their nest site from other
females; male Tree Swallows are rarely involved in defence against
intruding females (see Leffelaar and Robertson 1985; Whittingham
and Schwabl 2002; Coady and Dawson 2013). Overall, our finding that
plumage brightness influenced nest site retention suggests that so-
cial interactions among female Tree Swallows may enforce the hon-
esty of bright plumage, and the cost of dishonestly signalling high
quality may be nest usurpation. Since the average life expectancy of
Tree Swallows is 2.7 years (Winkler et al. 2011), females unable to
retain their nest site may have to forego breeding, thereby imposing
fitness costs on unsuccessful females.

Although our results are consistent with altered social interac-
tions influencing nest site retention, three alternative possibili-
ties also exist that may explain why females manipulated to
display bright, presumably high-quality plumage ornamentation
(enhanced) were less likely to retain their nest site than females
with dull, low-quality plumage (reduced). First, lower nest site
retention may have occurred if females in the enhanced plumage
brightness treatment were more likely to be depredated due to
their increased conspicuousness of their plumage (Huhta et al.
2003). If our results for nest site retention were due to predation,
then females in the enhanced plumage brightness treatment
should have been less likely to retain their nest site than control
females, but there was no difference between these treatment
groups (Table 1). Second, females in the enhanced plumage bright-
ness treatment may have left their nest site to obtain a higher
quality nest site or mate (Otter and Ratcliffe 1996) after being
manipulated to signal high quality, but we find it unlikely that a

female would relinquish a limited resource essential for breeding
after intense competition with conspecifics (Leffelaar and Robertson
1985; Rosvall 2008). This explanation also cannot account for why
control females were more likely to leave their nest site than
females in the reduced plumage brightness treatment. Moreover,
we found that females that switched nest sites were observed
breeding in poorer quality sites than the nest site they originally
occupied (Fig. 2) and they initiated their clutches later (Fig. 3b), so

Table 1. Experimentally altered plumage brightness (enhanced or reduced or unchanged)
of female Tree Swallows (Tachycineta bicolor) influenced nest site retention.

Plumage brightness
treatment Estimate SE z P

Odds ratio (95%
confidence interval)

Control vs. enhanced 0.27 0.58 0.46 0.65 1.30 (0.41−4.15)
Reduced vs. enhanced 1.65 0.63 2.59 0.027 5.19 (1.56−19.29)
Reduced vs. control 1.38 0.64 2.15 0.047 3.98 (1.17−14.98)

Note: Results of post-hoc comparisons from a logistic regression show that females with reduced
plumage brightness were more likely to retain their nest sites compared to females with control and
enhanced plumage brightness. See the Materials and methods for details of the plumage brightness
manipulation.

Fig. 2. Female Tree Swallows (Tachycineta bicolor) that were usurped
from their original nest site bred in lower quality nest sites than
their original nest site (mean ± SE). See Materials and methods for
details of calculating nest site quality. Sample sizes are given above
the error bars.

Fig. 3. Clutch initiation date (mean ± SE) of female Tree Swallows
(Tachycineta bicolor) (a) tended to be later for females with experimentally
enhanced plumage brightness compared to those females with
reduced and control plumage brightness and (b) was later for females
that were usurped and switched nest sites after their plumage
brightness was manipulated compared to females that retained
their nest site. Clutch initiation dates were standardized to a mean
of 0 and a standard deviation of 1 for experimental nests separately
for each year. Negative values indicate that clutches were initiated
early, while positive values indicate that clutches were initiated
later in the breeding season. Sample sizes are given above the error
bars.
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there appears to be little advantage for females that leave their
nest site. Third, the differences in nest site retention that we
observed could be due to using two different methods to alter
plumage brightness; however, both treatments have been suc-
cessfully used previously with no reported adverse effects on be-
haviour or feather quality (e.g., Ballentine and Hill 2003; Johnsen
et al. 2005). Consequently, it seems unlikely that the actual applica-
tion of treatments themselves would differentially alter nesting
success of females.

That fewer female Tree Swallows in the enhanced plumage
brightness treatment retained their nest site, and were able to
breed, compared to females with reduced plumage brightness
(Fig. 1) is consistent with social mechanisms enforcing the honesty
of elaborate ornaments. Although we have no behavioural data to
confirm this, our results for nest site retention are consistent with
social interactions among conspecifics of similar quality (e.g.,
high quality versus high quality) enforcing the honesty of orna-
mentation displayed by individuals (reviewed in Tibbetts 2014).
In Gouldian Finches (Erythrura gouldiae (Gould, 1844) = Chloebia
gouldiae (Gould, 1844)), red-headed females engaged in agonistic
interactions more aggressively with other red-headed females
than with females with other colour morphs (Pryke 2007). Such a
social mechanism may operate in female Tree Swallows, if fe-
males in the enhanced plumage brightness treatment were chal-
lenged aggressively by naturally bright females to test signal
quality and were less able to defend their nest site from high-
quality intruders of greater competitive ability. Moreover, engag-
ing in agonistic interactions with superior competitors may use
resources required for breeding (Fitzpatrick et al. 1995), and pro-
vide an explanation for why those females in the enhanced plum-
age brightness treatment that retained their nest site tended to
initiate their clutches later than females in the control and re-
duced treatments (Fig. 3a).

The finding that control females also lost their nest sites is
consistent with pervious observations in Tree Swallows (Leffelaar
and Robertson 1985) and provides further evidence that plumage
brightness of females is a signal of quality that is social enforced
by conspecific females. Social interactions occurring among indi-
viduals of similar apparent quality would also explain the results
for females with reduced plumage brightness if they were better
able to defend and retain their nest site if they were challenged
by females of lower quality with poorer competitive ability. Al-
though this explanation suggests that dishonestly signalling low
quality is advantageous for female Tree Swallows because they are
more likely to breed, and reflects the classic “Trojan sparrow”
strategy modelled by Owens and Hartley (1991), there may be costs
associated with dishonestly signalling low quality in other con-
texts, such as on wintering roost sites, that were not measured in
our study. Because it is not possible to differentiate differences in
plumage brightness among interacting female Tree Swallows by
observation alone, future studies could use proximity loggers on
marked individuals to quantify social interactions (e.g., Levin
et al. 2016) and test behavioural mechanisms that enforce the
honesty of displaying bright plumage in Tree Swallows and in
female birds more generally.

An alternative explanation for why most females in the reduced
plumage brightness treatment were able to retain their nest site
and breed (Fig. 1) following manipulation is that they were in-
volved in fewer agonistic interactions overall with conspecific
females. At our study area, Coady and Dawson (2013) reported that
SY female Tree Swallows received less aggressive responses when
intruding on the territories of other females and received fewer
nest site intrusions as territory owners, suggesting that less-
ornamented plumage of SY females signals their low competitive
threat. These results were in contrast with Stutchbury and Robertson
(1987), who reported that territory-owning female Tree Swallows
were equally aggressive to SY and ASY females; however, nest site
occupancy at our study area is low (approximately 47% from 2003

to 2009, L.L. Berzins and R.D. Dawson, unpublished data), and so
signalling low competitive threat to conspecific females may be
beneficial when competition for nest sites is less intense (Coady
and Dawson 2013). Consequently, if ASY females displaying re-
duced plumage brightness were also perceived by conspecifics as
a low competitive threat, it would explain why most of these
females bred following the manipulation (Fig. 1). It would be in-
teresting to determine whether female Tree Swallows displaying
reduced plumage brightness would similarly have higher nesting
success in areas with more intense competition for nest sites.

If displaying less-ornamented plumage is beneficial for female
Tree Swallows as our results (Fig. 1) and those of Coady and
Dawson (2013) suggest, then this raises the question of why female
Tree Swallows display bright, presumably high-quality plumage,
especially since there appear to be costs associated with the ex-
pression of this trait (this study; Coady 2011; Bentz and Siefferman
2013). Although it is currently unknown whether plumage bright-
ness of ASY female Tree Swallows functions as a status signal, the
pattern of assortative mating in this species for plumage bright-
ness (Bitton et al. 2008) may suggest that brighter females have
greater competitive ability, since plumage brightness does not
appear to be used by males in mate choice (Berzins 2016; Berzins
and Dawson 2016). Consequently, brighter females may have
greater nesting success if they outcompete conspecific females for
access to nest sites, especially in high-quality or fully occupied
habitats. Moreover, since male Tree Swallows displaying brighter
dorsal plumage are preferred as extra-pair mates by females and
have higher reproductive success than duller males because they
sire more offspring (Bitton et al. 2007; Whittingham and Dunn
2016), females displaying bright plumage that mate with such
males also may have greater reproductive success if they produce
sons that inherit the bright plumage of their father (e.g., sexy son
hypothesis: Weatherhead and Robertson 1979). Overall, the selec-
tive advantage to female Tree Swallows displaying bright plumage
warrants further investigation, especially in areas that differ in
their habitat quality and intensity of female competition (Cain
and Langmore 2016).

Several studies have reported that the response of territory-
owning females to intruding conspecific females is related to
their own ornamentation; for example, female Pied Flycatcher
territory owners displaying a forehead patch were more likely
than females without forehead patches to attack female intruder
decoys (Morales et al. 2014). If plumage brightness of female Tree
Swallows is related to how intensely they defend their nest site
against intruders, then we expected original plumage brightness
of females to influence nest site retention, but this was not ob-
served. While we acknowledge that the degree of incongruence
between a female’s manipulated plumage brightness and behav-
iour may have better predicted nest site retention than original
plumage brightness, it is alternatively possible that nest site de-
fence by female Tree Swallows is related to other factors, such as
prior ownership or the value of the nest site for the female. Our
results showed that previously banded female Tree Swallows were
more likely to retain their nest site than newly captured females;
it is unclear whether females that were previously banded at our
study area are older because the exact age of newly captured ASY
females cannot be determined, but banded females had previous
experience breeding at our study area. Since only 5 of 18 of the
banded females in our study bred at the same nest site as the
previous year (L.L. Berzins, unpublished data), it is unlikely that
banded females retained their nest site simply because of owner-
ship in the previous breeding season. Prior ownership of a nest
site also did not influence nest site retention by Tree Swallows
from competing Mountain Bluebirds (Sialia currucoides (Bechstein,
1798)) (Wiebe 2016). Dale and Slagsvold (1995) reported that the
outcome of contests over nest sites in female Pied Flycatchers was
determined by the value of the breeding opportunity to the fe-
male and not asymmetries in body size, age, or previous owner-
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ship. Moreover, Elias et al. (2010) reviewed the few studies on
contest behaviour in female animals and similarly reported that
success at winning is determined by resource value and not re-
source holding potential. Our results for female Tree Swallows
may similarly suggest that nest sites are perceived as more valu-
able to returning breeders, but clearly, further research on con-
test rules in female animals is warranted.

Social costs imposed on dishonest signalers may include in-
creased aggression from conspecifics and lower reproductive suc-
cess (Kotiaho 2001). Although we were unable to directly observe
social interactions among females, manipulating the ornamenta-
tion of wild female Tree Swallows prior to breeding allowed us to
examine whether conspecific females assess the quality of plum-
age brightness displayed and whether females displaying en-
hanced or reduced plumage brightness incurred social costs
associated with dishonest signalling (Laubach et al. 2013). Indeed,
females in the enhanced plumage brightness treatment that dis-
honestly signalled high quality suffered costs, since fewer of them
were able to retain their nest site and breed (Fig. 1), and those that
did breed tended to initiate their clutches later than females in
the control and reduced plumage brightness treatments (Fig. 3a).
Consequently, females that engage in social interactions with
conspecific females may face trade-offs between ornament dis-
play and reproduction (Fitzpatrick et al. 1995), as our results sug-
gest. Future studies should examine whether ornamental traits
displayed by females mediate social interactions that influence
trade-offs with parental care, which may provide insight into why
ornamented females of some species produce low-quality off-
spring (Nordeide et al. 2013).
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