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may influence mating behavior by indicating species, sex, 
or readiness to mate, and can also provide information 
about genetic characteristics (Johansson and Jones 2007). 
In particular, information about individual genetic diversity 
or genetic compatibility gleaned from chemical cues may 
be influential in mating decisions (Penn 2002; Charpentier 
et al. 2008). For free-living organisms, chemical cues often 
co-occur with visual, auditory, or tactile information that 
can also influence mating behavior (Candolin 2003). Inves-
tigating chemical communication in natural settings pro-
vides an opportunity to understand its overall importance in 
behavioral interactions.

Introduction

Chemical communication plays an important role in ani-
mal behavior across a wide variety of taxa from bacteria 
to mammals (Searcy and Nowicki 2005). Chemical cues 
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Abstract
Visual and auditory signals are well-established components of avian courtship, but the role of chemical signaling remains 
poorly understood, particularly in mating systems with elaborate courtship displays. To test how chemical cues influence 
mating behavior we conducted two experiments in the lance-tailed manakin (Chiroxiphia lanceolata). First, in a field 
experiment, we tested the response of free-living males and females to manipulation of chemical cues at male display 
perches by cleaning the perches with ethanol or a dry cloth (control) and quantified a potential chemical signaling behav-
ior (bill-wiping) in response to experimental manipulation. During bouts of dance perch maintenance and displays with 
a female present (i.e., activity relevant to female mate choice) males increased bill-wiping behavior during initial ethanol 
treatment periods. We also detected carryover effects of the ethanol treatment; in later treatment periods males bill-wiped 
more when the prior treatment was ethanol. The likelihood of a female either revisiting a display area or copulating with 
a male was unrelated to experimental treatment. Next, in captive trials, we assessed female preference for olfactory cues 
from males that differed in their genetic diversity, a trait previously identified as relevant to female mate choice. In contrast 
to similar trials in other bird species, females showed no clear preference. Together, these results provide some evidence 
for chemical signaling by males at display perches, but it remains unclear what information chemical cues convey.

Significance statement
Chemical communication is an understudied phenomenon in birds, and especially so when it occurs as part of complex 
courtship displays. We investigated chemical signaling in the mating behavior of a highly polygynous bird with elaborate 
courtship displays by experimentally altering the chemical cues at courtship sites that are actively maintained by males. 
Male lance-tailed manakins detect and respond to changes in the chemical environment on display perches, however we 
detected no response from females. Our results contrast with other studies that detected significant responses to chemical 
cues by both males and females and suggest that association time with chemical cues may be important to their detection 
in avian systems.
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In many non-resource based polygynous mating sys-
tems, males maintain individual display areas, courts, or 
bowers that are visited by females (Andersson 1991; Borgia 
1995; Schaedelin and Taborsky 2006), providing an excel-
lent opportunity for testing hypotheses about chemosensory 
communication in natural mating contexts. Males spend 
much of their time maintaining these display areas and 
respond to manipulation of objects or disruption of clear-
ings at the display area (Schaedelin and Taborsky 2006; 
Endler et al. 2010; Chiver and Schlinger 2017). As display 
courts are the location of displays for females, cues in a 
variety of signaling modalities at the display area may influ-
ence female mate choice decisions (Robson et al. 2005), 
and male court maintenance behaviors when females are 
not present may also be important. For example, in satin 
bowerbirds (Ptilonorhynchus violaceus) males add salivary 
“paint” to the inside of their bowers, and females taste these 
deposits while assessing males (Keagy et al. 2016). Experi-
mental removal of bower paint reduces the likelihood that 
a female will revisit the display area or copulate with the 
male, suggesting that the paint is a chemical signal used by 
females for mate choice decisions (Hicks et al. 2013).

Until recently, olfactory chemical cues were considered 
an insignificant part of birds’ lives. Instead, the major-
ity of research on avian sensory capacity has focused on 
auditory and visual communication (Searcy and Nowicki 
2005). We now know that chemosensory abilities, includ-
ing olfaction, can be important in avian foraging (Potier 
et al. 2019), nest identification (Bonadonna and Hesters 
2003; Caspers and Krause 2011), and social contexts such 
as kin recognition (Bonadonna and Sanz-Aguilar 2012) and 
mate choice (Whittaker et al. 2011; Grieves et al. 2019a; 
Van Huynh and Rice 2019). The uropygial gland is a pri-
mary source of chemical cues in birds (Caro et al. 2015; 
Whittaker and Hagelin 2021). Most birds have a uropygial, 
or “preen”, gland located above their tail which secretes a 
waxy substance that is spread over feathers while preening. 
Compounds in preen oil function in feather maintenance, 
and volatile components in preen oil may serve as olfactory 
cues (Caro et al. 2015; Alves Soares et al. 2023).

Y-maze trials are a commonly used method for measur-
ing avian scent preference and mating-relevant responses to 
preen gland volatiles. Such binary choice trials have dem-
onstrated olfactory preferences based on species (Krause et 
al. 2014), sex (Amo et al. 2012), and genotype (Leclaire et 
al. 2017; Grieves et al. 2019b). For example, in song spar-
rows (Melospiza melodia), the chemical composition of 
preen oil covaries with individual Major Histocompatibil-
ity Complex (MHC) genotype (Slade et al. 2016), and both 
males and females show preferences in binary choice trails 
for preen oil samples from individuals with more diverse 
and dissimilar MHC (Grieves et al. 2019b). Most research 

on avian chemical communication has focused on socially 
monogamous species, and less is known about how chemi-
cal cues influence mating behavior in highly polygynous 
species. Chemical cues may provide information about 
genetic characteristics of males, which may be important in 
highly polygynous systems where females receive no direct 
benefits from males.

Lance-tailed manakins (Chiroxiphia lanceolata) are 
a highly polygynous passerine bird species that ranges 
from southern Costa Rica to northern Venezuela. Males 
of this species maintain display areas that are within audi-
tory, but not visual, contact of other display areas, cryptic 
females visit prospective mates which exhibit brightly col-
ored plumage and conspicuous displays, and females raise 
young with no paternal assistance (DuVal 2007a). Male 
lance-tailed manakins are highly social and form long-term 
cooperative partnerships, consisting of a dominant “alpha” 
male and a subordinate “beta” male (DuVal 2007b). Alpha 
males perform the solo components of the courtship display 
that immediately precede copulation and sire almost all off-
spring in the population (DuVal and Kempenaers 2008). In 
addition to the alpha-beta partners, display areas are also 
frequently attended by “non-territorial” adult males and 
juvenile males, however these males do not participate in 
courtship displays when females are present at the display 
area (DuVal 2007b). Previous research in this system found 
no obvious link between specific display components and 
mate choice, highlighting the need to consider traits that are 
less salient to human observers in systems characterized by 
elaborate courtship displays (Vanderbilt 2019). In lance-
tailed manakins, male age and experience are the best known 
predictors of male reproduction (DuVal and Kempenaers 
2008) and male multi-locus heterozygosity also correlates 
with genetic siring success and offspring survival (Sardell 
et al. 2014). The relationship between male heterozygos-
ity and reproductive success appears to result from active 
female choice for males based on heterozygosity or traits 
associated with heterozygosity. Male heterozygosity does 
not predict which males in the population a female will visit 
while searching for a mate, but females tend to mate with 
the most heterozygous male out the set of males they assess 
(EHD, unpubl. data). Olfactory cues from preen oil volatile 
compounds may provide close-range information on male 
genetic characteristics relevant to female mate choice in this 
system, as the composition of volatile compounds in male 
preen oil is correlated with male multi-locus heterozygosity 
(Whittaker et al. 2019a).

Much male activity and all courtship displays in this spe-
cies center on a “dance perch,” a low horizontal branch that 
is the candidate venue for chemical communication such 
as the transmission of olfactory cues. Males maintain their 
preferred dance perches by clearing surrounding vegetation 

1 3

69 Page 2 of 15



Behavioral Ecology and Sociobiology (2024) 78:69

and frequently wiping their bill on or pecking at the perch 
(DuVal 2007a). Bill-wiping may transfer uropygial gland 
secretions (Whittaker et al. 2015), or other potential chemi-
cal cues such as saliva, to the perch and may also manipu-
late chemical cues already on the dance perch, providing an 
olfactory cue that could be used by females when assessing 
males. Female lance-tailed manakins perch on the dance 
perch while males perform many of the components of the 
highly complex courtship display, and copulation occurs on 
the dance perch (DuVal 2007a), therefore display perches 
are a likely candidate region for the deposition and reception 
of chemical cues in this system. Mate choice is an impor-
tant component of reproduction in this system: females visit 
multiple males prior to choosing a mate and often repeat-
edly visit a particular male before copulating (DuVal and 
Kapoor 2015). Females are also observed regularly wiping 
their bills on the display perch as they attend male displays. 
Female bill-wiping could function in manipulating the preen 
oil that males have applied to dance perches to release vola-
tile compounds, allowing the female to “smell” the males 
she is assessing (Whittaker et al. 2015). Females may also 
be adding preen oil or other chemical signaling compounds 
to the display perch for male assessment. Alternatively, bill-
wiping by both females and males could instead or also be 
an indication of general excitement that is unrelated to the 
scent profile of the perch (Clark 1970).

To understand the role of chemical, and specifically 
olfactory, signaling in mating behavior in this species, we 
conducted two controlled field experiments. We first hypoth-
esized that males manipulate the olfactory environment at 
display perches for visits by females, and chemical cues at 
the display perch influence female mate choice. We experi-
mentally manipulated potential chemical cues at male dis-
play perches by cleaning them with ethanol and monitored 
male behavior in response to the manipulations. Cleaning 
the display perch with ethanol should remove compounds 
applied to the display perch by males, and more generally 
alter the chemical environment of the perch. We predicted 
that if males are adding or manipulating scent cues on the 
display perch, then they would increase scent communica-
tion behaviors after the ethanol treatment. We also predicted 
that if chemical cues primarily function in intersexual sig-
naling, then male responses would be more pronounced in 
contexts relevant to courtship than during male-male inter-
actions. Finally, we predicted that if females are attending 
to chemical cues at the display perch, then they would be 
less likely to revisit a male or copulate with a male after the 
ethanol treatment. In the second experiment, we tested the 
hypothesis that females use olfactory cues from preen oil to 
assess male genetic diversity, as previous work in this system 
suggests that females prefer males with greater multi-locus 
heterozygosity (Sardell et al. 2014) and that scent cues may 

indicate male heterozygosity (Whittaker et al. 2019a). We 
presented wild-caught female lance-tailed manakins with 
samples of male preen gland secretions from high- versus 
low- heterozygosity males in a Y-maze, an approach that has 
been applied with success in previous studies of avian olfac-
tory preferences (Whittaker et al. 2011; Grieves et al. 2019a, 
b). We predicted that females would spend more time with 
the preen oil from the high-heterozygosity male, as hetero-
zygosity is positively related to male reproductive success. 
By testing key predictions about the effects of chemical cues 
on male and female behavior, this study tests the importance 
of olfactory communication in mating contexts.

Materials and methods

We conducted two experiments investigating chemical 
communication in a population of lance-tailed manakins on 
a 46 ha section of dry tropical forest on Isla Boca Brava, 
Chiriquí Province, Panama (8°12’45"N 82°12’47"W). This 
population has been monitored annually during the peak 
breeding season (~ February to June) since 1999 and the 
majority of individuals in the population are color-banded, 
allowing for individual recognition in the field (DuVal 
2007a). The work presented here was conducted in 2019–
2022, with the scent manipulation experiment taking place 
in March-June 2019, and Y-maze trials conducted through-
out the breeding season in 2021-22.

Experiment 1: scent manipulation experiment

To test whether display perches are a source of chemical 
cues used in mate choice contexts by lance-tailed manakins, 
we manipulated chemical cues at male display perches dur-
ing the 2019 field season (March-June). To record male and 
female behavior and response to the manipulation, we used 
continuous video monitoring at one display perch at each 
of 14 display areas. A camera (Canon Vixia HF500 high-
definition cameras) was set up on a tripod placed perpen-
dicular to and 3–5 m from each dance perch. Recording 
started between 0700 and 0800 daily, and cameras recorded 
continuously for approximately 9.5 h each day, capturing 
most daylight hours and the majority of manakin activity. 
Each monitored display perch was attended by a different 
alpha male. Males use up to four display perches within an 
area (Vanderbilt et al. 2015), and we placed the camera at 
the perch on which we observed the most activity during in-
person behavioral observations at display areas prior to the 
start of the experiment. To confirm that we were monitoring 
an actively used display perch, we video-recorded baseline 
behavior at dance perches for a minimum of 5 consecutive 
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autoclaved 100% cotton cloth with 2-3mL of 95% ethanol 
added to remove chemical signaling compounds. To control 
for daily human interaction with the display perch, the “con-
trol” condition consisted of wiping the display perch with 
a dry cloth. A fresh cloth was used at each display perch 
on each day of the experimental treatment. During both 
treatment conditions a researcher wiped the display perch 
by wrapping the cloth around the perch and wiping firmly 
across the perch 5 times. The manipulation took approxi-
mately 45 s to 1 min to complete. Ethanol is a universal 
solvent that readily dissolves hydrophobic compounds and 
is often used to clean behavioral testing equipment between 
trials to remove chemical compounds (Whittaker et al. 
2011; Krause et al. 2014; Grieves et al. 2019a, b). The small 
amount of ethanol used to clean the dance perches evapo-
rated quickly and it is reasonable to assume that it left no 
residue.

Video analysis

To quantify behaviors recorded at the dance perch during 
the experiment we used Movie Studio Platinum (v13.0; 
Sony Creative Software Inc., 2013) video-editing software 
to view the recordings. All video processing was conducted 
blind to treatment. To quantify male response to the experi-
mental manipulation, we recorded all bouts of activity longer 
than 5 s at the display perch on the first day of each treat-
ment period. To quantify female response to the experiment, 
we recorded all displays with a female present across the 
15 days of manipulation (5 days of each treatment period) 

days before any manipulation. Bouts of activity during the 
baseline period were not included in analyses.

After the baseline monitoring period, we randomly 
assigned each display perch to a manipulation sequence 
(Fig. 1). The manipulation phase consisted of three sequen-
tial 5-day treatment periods, in which one treatment was 
repeated either at the beginning or the end of the manip-
ulation sequence. This experimental design allowed us to 
use each display area as its own control and test for order 
and period effects without confounding these two potential 
contributors to behavioral responses (Kunert and Stufken 
2002). Here, “order” refers to the sequence in which experi-
mental treatments were applied (e.g., control first, ethanol 
second, ethanol third) and “period” refers to the point in 
the sequence during which an experimental treatment was 
applied (i.e., first treatment, second treatment, third treat-
ment). With this experimental design each treatment was 
preceded equally by all treatment options (i.e. control treat-
ment periods were preceded by both ethanol and control 
treatment periods) meaning that we could test for prior treat-
ment effects without these effects being confounded with 
order effects. Additionally, because monitoring and manipu-
lations were started at different dates among display areas, 
treatment and baseline periods overlapped at different sites 
and allow for tests of time-of-year decreases in mating or 
other activity. Activity at display perches peaked in the mid-
dle of the field season (Supplemental information; Fig. S1).

Manipulation occurred once daily immediately after each 
day’s video recording was started. During the treatment (or 
“ethanol”) condition, display perches were wiped with an 

Fig. 1 Diagram of the four treat-
ment orders applied to video-
monitored display perches. We 
used a strongly balanced design 
to account for carry-over effects, 
which included treatment orders 
in which each treatment type was 
preceded by itself and the other 
treatment type. The experimental 
design consisted of 3 consecu-
tive 5-day treatment periods. 
To investigate male response to 
experimental manipulation, we 
recorded all bouts of activity 
on the first day of each treat-
ment period (indicated by the 
green square). To investigate 
female response to experimental 
manipulation we recorded all dis-
plays for females throughout the 
experiment, i.e., on all 15 days of 
experimental manipulation
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performance of display components when females visit a 
display area.

To quantify behavior that may function to add and/or 
manipulate chemical cues on the display perch, we recorded 
the total number of bill-wipes and pecks performed by all 
males that landed on the display perch during a bout of 
activity. Bill-wiping is a common behavior that may serve 
a variety of functions, including cleaning food or debris off 
the bill (Clark 1970), honing the shape of the bill for food 
handling (Cuthill et al. 1992), and chemical communication 
(Whittaker et al. 2015). A bill-wipe is a movement in which 
the bird lowers its head and draws the side of its beak across 
the perch; pecks involved striking the perch with the closed 
beak or opening the beak to grasp a part of the perch. We 
recorded the number and, where possible, the identity of all 
individuals that landed on the display perch during the bout 
of activity. Because we were interested in the response to 
the experimental manipulation of the chemical environment 
on the display perch, the number of individuals involved in 
an activity bout did not include birds that did not land on the 
display perch. We excluded two bouts in which no males 
were recorded landing on the display perch; in these two 
bouts a female was observed perching on the display perch, 
but no male was seen on or near the display perch.

During displays with a female present, we recorded the 
number of females present, the identity of all females that 
landed on the display perch (where possible), the number of 
bill-wipes or pecks by all females that landed on the display 
perch, and whether there was a copulation.

Statistical analysis

To test the prediction that manipulating olfactory cues at 
display perches affects male behavior we constructed two 
separate generalized linear mixed effects models, using a 
negative binomial error distribution and a log link function 
in both cases. In both models, we used the total number of 
bill-wipes and pecks by all males during the bout as the 
response variable. In the first model, we tested for the initial 
effects of experimental manipulation on male behavior and 
included only bouts of activity from the first day of experi-
mental manipulation in the first treatment period at each 
display area. This first model included bout type (display 
for female, display with no female present, maintenance, or 
perching), treatment (ethanol or control), and their interac-
tion as predictor variables. To test for carryover effects of 
the experimental manipulation, our second model included 
bouts of activity from the second and third treatment periods 
at each display area. This model included bout type, current 
treatment, prior treatment (i.e., the treatment in the imme-
diately preceding treatment period: ethanol or control), and 
the interaction between bout type and current treatment as 

at each display perch. Females frequently return to display 
perches over the course of several days (DuVal and Kapoor 
2015) and recording displays for females over several days 
was necessary to capture the female search process.

For each bout of activity, we recorded duration as the 
start and end time of activity on the display perch. The bout 
start time was recorded to the nearest second of a bird land-
ing on the display perch. A bout ended when all individuals 
left the dance perch and did not land on it again for at least 
15 s. The bout end time was recorded to the nearest second 
of the final bird’s feet leaving the dance perch.

We categorized bouts of activity into four categories: dis-
plays for a female (DFF), displays with no female (DNF), 
maintenance, and perching. Displays for females were char-
acterized by the presence of a female on or visible near the 
display perch and the presence of one or two males perform-
ing display components. Displays for females often started 
with a female outside of the video frame, however we used 
male behavioral cues (e.g. males directing attention at a 
point out of frame while performing a display component 
that is used to attract females to the display perch, “up and 
downs”, “quick-downs”, etc.) and the presence of a female 
within frame later on in the bout of activity to label a bout 
of activity as a display for female. Displays with no female 
present were characterized by one or more males present 
and performing components of the courtship display (e.g. 
leapfrog, slow flight, etc.; DuVal 2007) with no female pres-
ent on or visible near the display perch. During bouts cat-
egorized as “maintenance”, most behaviors observed were 
those manipulating the perch or its immediate surroundings, 
such as clearing of leaves on or around the display perch. 
Finally, bouts were categorized as “perching” if one or more 
males spent most of the bout stationary on the display perch 
with no maintenance or display behaviors, though the males 
could be singing the male duet song. These four categories 
of behavior can be grouped into behaviors most relevant to 
female mate choice (displays for females and maintenance 
bouts) and behaviors most relevant to male-male compe-
tition and maintenance of social bonds (displays with no 
female present and perching bouts). During maintenance 
bouts, we expected that males are preparing the display 
perch for visits by females, and behaviors performed during 
these bouts of activity may function in adding or manipu-
lating chemical cues on the display perch. During displays 
with no female present and during perching bouts (both of 
which could include duet singing), we expected that males 
were more focused on establishing and maintaining social 
status with other males. These assumptions about the pri-
mary functions of these four types of behavior are not 
mutually exclusive; for example, perch maintenance also 
prepares the display perch for displays with no female pres-
ent and displays with no female present likely influence the 
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a continuous display. However, 8% of 121 grouped bouts 
occurred over a period of two or more hours, possibly indi-
cating multiple visits by the female on the same day. All 
analyses of female response to experimental manipula-
tion only included visits to display perches where female 
identity was confidently assigned: 41% of 206 displays for 
females were excluded from the analysis because the female 
was unbanded or could not be clearly identified. To assess 
the effect of this analytical decision, we also conducted the 
analysis including all females.

All models were fit with restricted maximum likeli-
hood and were constructed using the ‘glmmTMB’ function 
in the glmmTMB package (Brooks et al. 2017). We tested 
for predictor significance using the ‘Anova’ function in 
the car package (Fox and Weisberg 2019) and conducted 
post-hoc comparisons for significant predictors using the 
emmeans package (Lenth 2021). Estimated marginal means 
calculate the mean value of the response variable for each 
level of a categorical predictor, accounting for other vari-
ables included in the model. All analyses were performed 
in RStudio (v2023.3.1.446; RStudio Team 2023) using R 
Statistical Software (v4.3.0; R Core Team 2023).

Experiment 2: scent discrimination aviary trials

To test whether females use olfactory cues alone to distin-
guish between individual males differing in heterozygos-
ity, we conducted scent discrimination trials in a Y-maze 
(Fig. 2). Trials were conducted on the Isla Boca Brava field 
site during the 2021 and 2022 field seasons.

Preen oil sample collection

We collected preen oil samples from adult males represent-
ing the upper and lower quantiles of heterozygosity in the 
population (Low = 0.42–0.60, High = 0.70–0.83) during the 
breeding season. In the first few weeks of the 2021 field 
season, we identified banded adult males during behavioral 
observations at display areas. We defined the heterozygos-
ity cutoffs based on these observations of individuals that 
had been previously genotyped at 20 microsatellite loci 
using established protocols for this population (DuVal and 
Kempenaers 2008), and we used the same cutoffs in both 
the 2021 and 2022 field seasons. We calculated multi-locus 
heterozygosity (MLH) as the proportion of typed loci that 
were heterozygous (Sardell et al. 2014). In 2021 and 2022, 
respectively, 87% (26 of 30) and 84% (26 of 31) of adult 
males captured were previously banded individuals (i.e., of 
known heterozygosity). We then set up mist-nets in areas 
of high manakin activity and areas where males of known 
high- or low- heterozygosity had been observed during 
behavioral observations.

predictor variables. To test whether the effect of the experi-
mental manipulation diminished over the course of the day, 
we included the time since the treatment was applied (in 
minutes) in all models. To correct for the logical expectation 
that longer bouts and bouts with more males present should 
include more total bill-wipes, we included bout length (sec-
onds) and a categorical variable indicating the number of 
males present (one, two, or three + males) as fixed effects in 
both models of male bill-wiping behavior. Bout length was 
strongly right-skewed, so we used a natural-log transfor-
mation to improve model diagnostics. Finally, display area 
was included as a random effect in all models to account for 
repeated measures at each display area. While each moni-
tored display area was attended by only one alpha male, we 
do note that non-alpha individuals were sometimes observed 
at more than one display area.

To test the prediction that experimental manipulation of 
chemical cues at display perches would make females less 
likely to revisit a display area, we constructed a generalized 
linear mixed effects model with a binomial error distribution 
and a logit link function. The response variable was a bino-
mial (Y/N) variable indicating whether a female returned to 
the display area on a subsequent day. We included two key 
predictor variables: (1) the experimental treatment that was 
applied on the day of the female’s initial visit to the display 
perch, and (2) the time since treatment on the day of the 
female’s initial visit to the display perch (minutes) to test for 
diminishing effects of the experimental treatment over the 
course of the day. We also included the number of monitor-
ing days after the female’s first visit (i.e., 14 − 0) as a fixed 
effect to control for the logically decreased detectability of 
repeated visits when first visits occurred late in the monitor-
ing period. Female ID and display area were included as 
random effects to account for repeated sampling.

Finally, to test the prediction that experimental manip-
ulation of chemical cues at display perches would make 
females less likely to copulate with a male, we constructed a 
generalized linear mixed effects model with a binomial error 
distribution and a logit link function. We used the binomial 
outcome (copulation Y/N) of display for a female as the 
response variable, indicating whether a female copulated 
at least once on that day. We included experimental treat-
ment (ethanol or control) and the time since the treatment 
was applied (minutes) as predictor variables. We included 
display area and female ID as random effects to account 
for repeated sampling. Displays for females frequently had 
breaks where no individual was on the display perch for 
> 15 s, but where the same female returned after a break 
of several minutes, so we grouped all bouts with the same 
female together by day to generate the total display time 
for a female. Of these, 88% of 121 grouped bouts occurred 
over a period of less than one hour, and so likely represented 
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trials were transported in a cloth drawstring bag to a central 
test site for the Y-maze trials.

Behavioral trials were conducted in a modified Y-maze 
aviary (Fig. 2). Each arm of the maze measured 40 cm x 
20 cm x 20 cm (length x width x height). The sides and base 
of the Y-maze were constructed from plexiglass to prevent 
the scent cues from mixing. The sides of the Y-maze were 
covered with opaque material to minimize visual distrac-
tion to the bird in the Y-maze, and to reduce attempts by the 
focal birds to escape through clear plastic walls. The top of 
the Y-maze was constructed from black plastic mesh screen, 
which allowed for airflow and regulated temperature while 
discouraging focal birds from attempting to escape through 
a clear plastic top. Small computer fans attached at the end 
of the choice arms (Fig. 2) were placed to blow over the 
preen oil sample placed at each end to circulate the scent 
through the arm. Because most passerine birds are more 
comfortable on perches than on flat surfaces and lance-tailed 
manakins do not normally walk on the ground, we placed 6 
wooden perches in the Y-maze. Each perch was a 9.5 mm 
diameter wood dowel placed 10 cm from one end of an arm, 
and 5 cm up from the floor of the Y-maze. This allowed the 
females to hop or make short flights between the perches. 
The Y-maze was placed under a string of “daylight” white 
LED strip lights (Jun Wen, 6500–7000 K, 1500 lm) to pro-
vide standardized lighting for the females. A similar Y-maze 
design has been used in other studies investigating prefer-
ences for olfactory cues in passerine birds (Whittaker et al. 
2011, 2015; Grieves et al. 2019a, b).

Trials lasted 45 min. Immediately before each trial, preen 
oil samples from one low- and one high-heterozygosity 
male were brought to room temperature. Each sample was 
then dissolved in a small amount of acetone in either a plas-
tic (n = 2 trials) or glass (n = 8 trials) screw-top vial, and 
then transferred to a small aluminum foil tray. The trays 
were placed on the floor of the Y-maze at the ends of the 
two choice arms, directly in front of the fans. During the 
first trial each year, we flipped a coin to decide on which 
side to place the sample from the low-heterozygosity male 
and alternated the placement of the samples in subsequent 
trials. A control tray with no sample was placed at the end of 
the starting arm to allow the female to habituate to the tray 
and to prevent the female from remaining in the starting arm 
to avoid a novel object. After allowing the acetone to evapo-
rate, we placed the female in the Y-maze on the perch at the 
end of the “no choice” arm (Fig. 2). While previous studies 
investigating olfactory preferences in passerine birds have 
allowed the focal birds time to habituate in the Y-maze prior 
to adding the scent samples, we decided to place the bird 
and the scent samples in the Y-maze at the same time to min-
imize disturbance to the bird. When held in captivity, lance-
tailed manakins typically remain motionless when disturbed 

Upon capture of a previously banded male of known 
heterozygosity, we collected small preen gland secretion 
samples by gently rubbing the uropygial gland with the 
open end of a capillary tube. Birds were handled with nitrile 
gloves during sample collection. Samples were wrapped in 
aluminum foil, sealed in a plastic o-ring vial, and stored at 
-20˚C. Uropygial gland secretion samples from 19 males 
were used in Y-maze trials. Only one sample per male was 
used in a trial, except for one male from which preen oil 
samples were collected during two separate capture events 
and each preen oil sample was used in one trial.

Y-maze trials

Females were captured for Y-maze trials using mist nets 
placed in areas of manakin activity that were not directly 
adjacent to active nests. Upon capture, we assessed breed-
ing condition by examination of the brood patch. To mini-
mize disturbance to females with active nests, only birds 
with a pre-laying (n = 3 females) or a post-incubation (n = 7 
females) brood patch were used in Y-maze trials. Lance-
tailed manakin females regularly renest within a breeding 
season (Norton and DuVal 2023), and the minimum number 
of days between nest failure and egg-laying in a re-nesting 
attempt is 8 days (DuVal and Kapoor 2015). Females with 
a post-incubation brood patch may be reasonably expected 
to be in breeding condition. Females used in the behavioral 

Fig. 2 Diagram of the plexiglass Y-maze used for preen oil preference 
trials. Preen oil samples from one high- and one low- heterozygosity 
male were placed at the ends of the left and right “choice arms” of the 
Y-maze. Females were placed at the end of the “No choice” arm at the 
beginning of the trial. Small computer fans at the ends of the choice 
arms were used to circulate olfactory cues through the choice arms 
during the trials
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we included a categorical predictor variable for male hetero-
zygosity (high or low). Female ID was included as a random 
effect to account for the paired nature of the response vari-
able. Residuals passed visual inspection for normality. We 
tested for predictor significance using the ‘Anova’ function 
in the car package (Fox and Weisberg 2019).

Results

Experiment 1: scent manipulation experiment

Male response to manipulation

We recorded 744 bouts of male activity across 42 days 
of recording at 14 display areas. During bouts of activ-
ity recorded on the first day of experimental manipula-
tion at each display area (n = 274 bouts), male bill-wiping 
behavior differed by the type of activity (χ2 = 36.65, df = 3, 
p < 0.0001), the experimental treatment applied (χ2 = 6.63, 
df = 1, p = 0.01), and the interaction between these predictors 
(χ2 = 8.91, df = 3, p = 0.03; Fig. 3, Table S1). Time since the 
treatment was applied was not a significant predictor of male 
bill-wiping in the initial treatment period (χ2 = 1.35, df = 1, 
p = 0.25). During bouts of maintenance behavior males 
bill-wiped on average 3.3 times more at display perches 
that initially received the ethanol treatment compared to 
the control treatment (ethanol mean ± SE = 9.47 ± 2.53 
bill-wipes, control mean ± SE = 2.89 ± 0.71 bill-wipes, 
pairwise contrast p < 0.0001; Table S2). During dis-
plays for females, males tended to bill-wipe more at dis-
play perches that initially received the ethanol treatment 
compared to the control, however this difference was not 
significant (ethanol mean ± SE = 4.75 ± 2.02 bill-wipes, 

and may remain motionless for > 30 min after disturbances 
such as disruption by humans (EHD, personal observation). 
We therefore decided that it was crucial to minimize distur-
bance to the focal female during the trial.

Female behavior throughout the trial was recorded with a 
video camera. At the end of the trial the female was released 
at the capture location. Females were held for no longer than 
2 h after initial capture time. Between trials, the Y-maze was 
cleaned thoroughly with 90% ethanol.

Video analysis

To quantify female choice, we recorded the time that the 
female spent in each arm of the Y-maze (right, left, no 
choice arm) during the final 10 min of the trial (i.e., begin-
ning 35 min after the trial started). We chose the final 10 min 
of the trial as the choice period to allow females time to 
acclimate to the Y-maze and investigate both scent samples, 
while also standardizing the time point at which we mea-
sured female preference. All females visited both choice 
arms of the Y-maze prior to the 10-minute choice period. 
Videos were scored in Movie Studio Platinum (v13.0; Sony 
Creative Software Inc., 2013) by marking each time the 
female moved from one arm to another arm.

Statistical analysis

To test for female preference based on male heterozygosity, 
we constructed a linear mixed effects model using the ‘lmer’ 
function in the lme4 package (Bates et al. 2015). We included 
time spent in an arm of the maze as the response variable, 
log transformed to achieve a normal error distribution. To 
test whether females spent more time in the arm with the 
preen oil sample from the high- or low-heterozygosity male, 

Fig. 3 Effect of experimental treat-
ment on the number of bill-wipes 
by males during the different types 
of activity in the first experimental 
treatment period. Boxplots indi-
cate median, quartiles, and range 
of model predicted values from 
a negative binomial generalized 
linear mixed effects model that also 
includes the number of males pres-
ent and bout length as fixed effects, 
and display area as a random effect; 
points are raw data values from 274 
bouts of activity at 14 display areas. 
DFF indicates displays for females, 
and DNF indicates displays with no 
female present. Asterisks indicate the 
level of significance in the pairwise 
comparison of ethanol and control 
treatments within the different bout 
types: ‘***’ indicates p < 0.001

 

1 3

69 Page 8 of 15



Behavioral Ecology and Sociobiology (2024) 78:69

pairwise contrast p = 0.02, Fig. 4B). In these later treatment 
periods, male bill-wiping behavior also depended on the 
type of activity (χ2 = 66.41, df = 3, p < 0.0001), the experi-
mental treatment applied (χ2 = 4.87, df = 1, p = 0.03), and 
the interaction between these predictors (χ2 = 23.40, df = 3, 
p < 0.0001; Fig. 4A). During displays for females and bouts 
of maintenance behavior, males bill-wiped significantly less 
on the ethanol treatment day compared to the control treat-
ment day, a reverse of the pattern found in the initial test-
ing period (Table S3, S4). During displays with no female 
present and perching bouts, experimental treatment again 
did not influence bill-wiping behavior (Fig. 4A, Table S3, 
S4). In addition to the effects of treatment and bout type, 
we also found a significant negative effect of time since the 

control mean ± SE = 1.92 ± 0.67 bill-wipes, pairwise con-
trast p = 0.08; Table S2). During displays with no female 
present and perching bouts, experimental treatment did not 
influence bill-wiping behavior (Fig. 3, Table S1, S2).

We found evidence for carryover effects during bouts of 
activity recorded on the first days of the second and third treat-
ment periods (n = 470 bouts): there was a significant effect 
of prior treatment on male bill-wiping behavior (χ2 = 5.46, 
df = 1, p = 0.02). Males bill-wiped on average 1.4 times more 
when the display perch had received an ethanol treatment in 
the immediately preceding treatment period, compared to 
males at display perches that had previously received the 
control treatment (prior ethanol mean ± SE = 2.77 ± 0.46 
bill-wipes, prior control mean ± SE = 1.96 ± 0.33 bill-wipes, 

Fig. 4 (A) Effect of experimental 
treatment on the number of bill-
wipes by males during the differ-
ent types of activity in the second 
and third experimental treatment 
periods. DFF indicates displays 
for females, and DNF indicates 
displays with no female present. 
(B) Effect of prior treatment on 
the number of male bill-wipes. In 
both panels the boxplots indicate 
median, quartiles, and range of 
model predicted values from a 
negative binomial generalized 
linear mixed effects model that 
also includes the number of 
males present and bout length 
as fixed effects, and display area 
as a random effect; points are 
raw data values from 470 bouts 
of activity at 14 display areas. 
Asterisks indicate the level of 
significance in the pairwise 
comparison of ethanol and con-
trol treatments either within the 
different bout types in (A) or for 
the comparison of prior ethanol 
and prior control in (B): ‘***’ 
indicates p < 0.001, ‘*’ indicates 
p < 0.05
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the experimental treatment applied or the time since the 
treatment was applied (Supplemental Information).

Experiment 2: scent discrimination aviary trials

In 8 of 10 Y-maze trials the focal female spent more time 
in the arm of the Y-maze with the preen oil sample from 
the high heterozygosity male compared to the arm with the 
preen oil sample from the low heterozygosity male. How-
ever, on average there was no significant difference in the 
amount of time females spent with the sample from the high 
or low heterozygosity male (χ2 = 1.16, DF = 1, p = 0.28; 
Fig. 6).

Discussion

Using two controlled field experiments, we tested key pre-
dictions of the hypothesis that chemical cues on display 
perches play a role in the mating behavior of lance-tailed 
manakins. We expected to find evidence of chemical signal-
ing in this system because the volatile composition of male 
preen oil covaries with individual multi-locus heterozygos-
ity (Whittaker et al. 2019a) and heterozygosity is correlated 
with reproductive success in males (Sardell et al. 2014). 
Additionally, the relationship between specific components 
of the courtship display and reproductive success remains 

treatment was applied on male bill-wiping behavior in these 
later treatment periods (χ2 = 10.34, df = 1, p 0.001; Table 
S3): males bill-wiped less later in the day.

Female response to manipulation

We scanned 210 days of recording at 14 display areas and 
recorded 76 initial visits and 121 total visits to display 
perches for 49 confidently identified females at 10 of the 
display areas. Whether a female revisited a male after an ini-
tial visit was unrelated to experimental treatment (χ2 = 2.07, 
df = 1, p = 0.15; n = 76 initial visits; Fig. 5A, Table S5). 
However, time since treatment was a significant positive 
predictor of whether a female revisited a male (χ2 = 7.78, 
df = 1, p = 0.005; Fig. 5B, Table S5). Females were more 
likely to ever revisit a male if they first visited the male later 
in the day (i.e., longer since the treatment was applied). 
Neither experimental treatment (χ2 = 1.29, df = 1, p = 0.26; 
Fig. 5C, Table S6) nor time since treatment (χ2 = 0.90, df = 1, 
p = 0.34; Table S6) were significant predictors of whether a 
female copulated with a male on any given day in which she 
visited a display area. When we included all banded females 
in the copulation model, the effect of treatment on the prob-
ability of copulation remained not significant (χ2 = 2.62, 
df = 1, p = 0.11). The duration of displays for females and 
female bill-wiping behavior were both unrelated to either 

Fig. 5 (A and B) Relationship 
between the experimental treat-
ment applied (A) or time since 
the treatment was applied (B) 
on the day of a female’s initial 
visit to a display perch and 
whether she revisited the perch. 
(C) Relationship between the 
experimental treatment applied 
and the likelihood of copulation. 
Both binomial generalized mixed 
effects models included Female 
ID and display area as random 
effects. Box plots show median, 
quartiles, and range of predicted 
values in (A) and (C), while (B) 
displays model-predicted values 
(black line) and confidence 
intervals (gray lines) with raw 
binomial outcomes as points in 
all figures
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perch maintenance, and the second most bill-wipes during 
displays for females. We also observed a significant effect 
of treatment in initial and later treatment periods. Mainte-
nance behaviors likely prepare the display perch for visits 
by females, and bill-wipes and pecks may add preen oil and 
other olfactory cues to the dance perch, while bill-wipes 
during displays for females may additionally function 
to release the volatile components for the visiting female 
(Whittaker et al. 2015). Bill-wiping in lance-tailed mana-
kins may serve other functions, and future research in this 
system will investigate individual differences in bill-wiping 
behavior among alpha, beta, and other males to test for 
potential male-male signaling. Together, these results sup-
port our hypothesis that chemical signaling occurs during 
reproduction in this system.

The effect of experimental manipulation of chemical 
cues at display perches carried over across treatment peri-
ods. Prior ethanol treatment led to significantly more bill-
wipes in the subsequent treatment period compared to prior 
control treatment (Fig. 4B). However, during displays for 
females and bouts of perch maintenance in these second 
and third treatment periods, males bill-wiped less during 
current ethanol treatment periods compared to the control 
treatment (Fig. 4A). The effect of the experimental manipu-
lation changed over time, suggesting that chemical cues are 
not easily replaced or returned to their baseline conditions. 
One possible explanation for this result is that males are 
habituating to the change in the chemical environment on 
the display perch from the ethanol treatment, and thus the 
ethanol treatment in the second and third periods is elicit-
ing a weaker response compared to the ethanol treatment 
in the first period. On average, males bill-wipe less during 
later ethanol treatment periods, compared to initial ethanol 
treatment periods, but the average number of bill-wipes 
during control treatment periods was relatively consistent 
across the experiment. Another possible explanation is 
that the males reduce their investment in bill-wiping dur-
ing the later treatment periods and spend less time at dis-
play perches during the later treatment periods. We saw the 
opposite trend, however: we recorded more bouts of activ-
ity during final ethanol treatment periods (i.e. ethanol treat-
ment applied in the third period, n = 177 bouts of activity) 
compared to initial ethanol treatment periods (n = 77 bouts 
of activity). Future analyses investigating the attenuation of 
bill-wiping over time would provide further insight into the 
delayed effects of the experimental manipulation.

The ethanol treatment may have influenced the bacte-
rial community on the display perch, which could explain 
the carry-over effects of the ethanol treatment. The bacte-
rial community on the uropygial gland directly influences 
the volatile components of preen oil in birds (Whittaker et 
al. 2019b), and the olfactory environment of lance-tailed 

unclear, highlighting the need to consider traits that are less 
obvious to human observers (Vanderbilt 2019). In the first 
experiment we found that manipulating the chemical envi-
ronment on male display perches influenced male behavior 
in contexts expected to be relevant to female mate choice. 
However, we measured no female response to these experi-
mental changes in the chemical environment at male display 
perches. Furthermore, females did not show a preference for 
olfactory cues indicating male genetic diversity in aviary 
trials. The results presented here add to the growing body of 
literature demonstrating avian chemical signaling, an under-
studied signaling modality in birds, and underscore com-
plexity in assessing behavioral responses to chemical cues.

We hypothesized that bill wiping by males was a chemi-
cal signaling behavior: bill-wiping may function to add 
or manipulate chemical cues at perches (Whittaker et al. 
2015). Alternatively, bill-wiping could be a displacement 
behavior when birds are excited (Clark 1970; Whittaker et 
al. 2015) or an aggressive signal in male-male competitive 
contexts (Magdaleno et al. 2022). These alternative func-
tions would predict that males should bill-wipe the most 
during displays for females and displays with no females 
present, and that there would be no difference in bill-wip-
ing behavior between the ethanol and control treatments. 
Finally, bill-wiping may function in cleaning the bill and 
honing the shape of the bill for better food handling (Clark 
1970; Cuthill et al. 1992), which would predict that males 
should bill-wipe consistently across behavioral contexts, or 
primarily when perched or performing perch maintenance. 
Instead, we observed the most bill-wipes during bouts of 

Fig. 6 Time that each female spent in the choice arm with the preen 
oil sample from the either the high or low multi-locus heterozygosity 
male. Boxplots indicate median, quartiles, and range of model pre-
dicted values from linear mixed effects model that included female 
identity as a random effect. Gray points represent individual trials, 
with lines connecting points from the same female
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the 15-day experimental period we were unable to directly 
test whether male bill-wiping prior to a visit by a female 
influenced her likelihood of copulation or of revisiting. The 
increased likelihood of a female revisiting when her initial 
visit occurred later in the day likely reflects other patterns of 
behavior in lance-tailed manakins. Displays for females that 
occur later in the day may be indicative of greater female 
interest in the male, and therefore the female may be more 
likely to revisit that male, compared to females that initially 
visit a male earlier in the day.

In contrast to other studies testing for avian olfactory 
preferences in Y-maze trials, we did not find evidence 
that female lance-tailed manakins can detect olfactory 
cues from male preen oil or use these cues to distinguish 
between males differing in multi-locus heterozygosity. In 
the Y-maze experiment, there was no significant difference 
in the amount of time that females spent with the preen oil 
sample from the high heterozygosity male, compared to the 
preen oil sample from the low heterozygosity male (Fig. 6). 
Other studies have successfully detected significant prefer-
ences for olfactory cues of sex, species, and genetic charac-
teristics in birds using a modified Y-maze aviary (Whittaker 
et al. 2011; Krause et al. 2014; Leclaire et al. 2017; Grieves 
et al. 2019a, b; Van Huynh and Rice 2019). Our results 
are constrained by a limited sample size and the behav-
ioral responses of female lance-tailed manakins to captiv-
ity. A post-hoc power analysis revealed that we had limited 
power to detect an effect of the magnitude found in a pre-
vious investigation of preference for cues of immune gene 
diversity (Supplemental Information). Additionally, we had 
moderate power to detect an effect size of the magnitude 
found in a previous analysis of cues of sex (Supplemental 
Information). Together, the results of the post-hoc analysis 
suggest that we may have detected a significant preference 
for cues of male heterozygosity with more y-maze trials. In 
addition to low power, we also had logistical constraints that 
may have influenced our ability to test for female preference 
for olfactory cues of male heterozygosity. Previous Y-maze 
experiments were able to allow females time to habituate to 
captivity in the Y-maze prior to the test period. However, 
lance-tailed manakins do not respond well to longer-term 
captivity and we therefore decided to place the odor samples 
in the Y-maze at the same time as the female was introduced, 
to minimize captive time and disturbance to the female. It 
is possible that the volatile components of the preen oil had 
dissipated by the final 10 min of the trial and female behav-
ior in this period did not reflect their true choices. How-
ever, analysis of female behavior at an earlier time-point in 
the trials also showed no evidence of female preference for 
olfactory cues of male heterozygosity (Supplemental Infor-
mation). Finally, we chose to use females that were captured 
with either a pre-laying or post-incubation brood patch in the 

manakin display perches may similarly be influenced by the 
bacterial community on the display perch. The microbiome 
can have a strong influence on host biology, including influ-
encing reproductive traits (Rowe et al. 2020). Investigating 
how perch maintenance by multiple males influences the 
microbial community and the olfactory profile of the dis-
play perch, and how these characteristics influence mate 
choice, may provide insight into the evolution of coopera-
tive display and sociality in this system.

We also found a significant effect of time since the treat-
ment was applied on bill-wiping behavior in these com-
bined later treatment periods: males bill-wiped less as the 
time since treatment increased. However, the effect size 
for time since treatment was very small. The distribution 
of different bout types over the course of the day is a likely 
explanation for bill-wiping decreasing with time of day. All 
different types of activity occurred throughout the day, how-
ever maintenance bouts and displays with no female pres-
ent occurred more frequently in the morning while displays 
for females occurred more frequently in the afternoon (Fig. 
S2). On average, the most bill-wiping occurred during bouts 
of perch maintenance, therefore the slight decrease in bill-
wiping over the course of the day could be explained by 
fewer bouts of perch maintenance occurring later in the day.

Repeated visits to male display areas by females have 
been observed in several non-resource based polygynous 
bird species (Trail and Adams 1989; Uy et al. 2001) and the 
factors influencing the decision to revisit a male may vary 
with female age and prior experience (Coleman et al. 2004). 
These repeat visits may be an important part of the search 
process and may function in narrowing down the mating 
options (Janetos 1980; Real 1990; Wiegmann et al. 2010). 
Despite evidence for chemical signaling behaviors by males, 
we found no evidence that females perceived or responded 
to changes in the chemical environment at the display perch. 
Experimental treatment was unrelated to the likelihood of 
females revisiting a display area or copulating on any given 
visit to a display area. Our results contrast with a similar 
study conducted with satin bowerbirds, where experimental 
removal of bower paint had a significant effect on the likeli-
hood of females revisiting display areas (Hicks et al. 2013). 
However, in satin bowerbirds, females actively sample the 
paint on the bowers (Keagy et al. 2016), suggesting a role 
for taste rather than olfactory chemical communication. We 
did find that females were more likely to revisit a male when 
their initial visit was later in the day (Fig. 5B). One possible 
explanation for this result is that the effect of the experi-
mental manipulation changed over the course of the day, 
i.e., that males were able to compensate for the removal of 
potential chemical cues as the day progressed. Because we 
only recorded male bill-wiping behavior on one day of each 
treatment period, but we recorded female response over 
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affiliation between males and females may also be impor-
tant for chemical communication in mate choice. Most of 
the research on the role of chemical communication in avian 
mating behavior has focused primarily on socially monoga-
mous species (e.g. Whittaker et al. 2011; Krause et al. 2012; 
Leclaire et al. 2017; Grieves et al. 2019b; Jennings and 
Ebeler 2020) where males and females form close social 
bonds and may spend much of their time together, com-
pared to non-resource based polygynous systems. Affiliative 
behaviors between mates, such as allogrooming, may facili-
tate detection of chemical cues, and these types of behaviors 
are not observed in lance-tailed manakins.

We demonstrated that male lance-tailed manakins respond 
to manipulation of chemical cues at their display perches and 
that the response is strongest when males are preparing their 
display perches for visits by females or during displays for 
females. Despite this evidence for male response to chemi-
cal cues present at display perches, we found no evidence 
that females distinguish between olfactory cues from males 
that differed in a mating-relevant genetic characteristic, or 
that females detected and responded to changes in the chem-
ical environment on the display perch. Chemical signaling 
is found across the tree of life, and while it has historically 
been a neglected aspect of the rich perceptual world of 
birds, growing evidence indicates that it may be influential 
in avian mating and social behavior (Caro et al. 2015; Whit-
taker and Hagelin 2021). The results presented here indicate 
that the influence of chemical signaling in birds is nuanced, 
suggesting fruitful areas for research investigating the driv-
ers of variation in chemical signaling across species.

Supplementary Information The online version contains 
supplementary material available at https://doi.org/10.1007/s00265-
024-03477-0.
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Y-maze trials. While female lance-tailed manakins readily 
renest within a breeding season (Norton and DuVal 2023), 
and frequently renest rapidly after a nest failure (DuVal and 
Kapoor 2015), we cannot exclude the possibility that some 
of the females we tested in the Y-maze trials were not recep-
tive to male cues. More research is needed to understand 
the information conveyed by chemical cues in lance-tailed 
manakins.

In this study we assumed that preen oil was the primary 
source of chemical cues in lance-tailed manakins. How-
ever, individual chemical profiles are also influenced by 
immune genetic characteristics (Slade et al. 2016; Jennings 
et al. 2022), as well as sex (Grieves et al. 2019a), and social 
affiliations (Whittaker et al. 2016). There are also alter-
native sources of chemical cues, such as saliva. If saliva 
functions in chemical signaling in lance-tailed manakins it 
could explain why we saw the male response to the chemi-
cal manipulation experiment but no clear female response 
in the y-maze trials where we used preen oil samples as 
the potential chemical cue. In satin bowerbirds males add 
a visible saliva-based paint to the inside of the bower that 
females can taste when visiting the bower (Keagy et al. 
2016). We did not observe any visible clumps on the lance-
tailed manakin display perch, suggesting that males are not 
adding large amounts of saliva to display perches, however 
future research will investigate other potential sources of 
chemical cues in this species.

While sexual selection through female choice is typically 
expected to be consistent over time, studies suggest that the 
magnitude and direction of female preferences can vary over 
time (Chaine and Lyon 2008). The lack a significant differ-
ence in the amount of time spent with the high- vs. low-
heterozygosity male sample may be due to a lack of female 
preference for male heterozygosity in the breeding seasons 
during which the Y-maze trials were conducted. Previous 
research in this population has demonstrated female pref-
erence for male multi-locus heterozygosity (Sardell et al. 
2014), however the magnitude of the effect of male hetero-
zygosity on male reproductive success varies significantly 
over time (PRR and EHD, unpubl. data). Future research 
in this system will investigate how variation in population 
level preferences for male traits predict individual behav-
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