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INTRODUCTION

Competition over limited resources is crucial for survival and reproduction. Individuals engage
in conflicts with each other to secure exclusive access to shelter, food, and mating opportunities,
even when such conflicts entail significant energetic or injury-related costs (Keddy 2012; Lane
and Briffa 2017). These competitive interactions shape fitness and evolutionary trajectories via
natural selection and sexual selection processes (Andersson and Iwasa 1996; Wade and Kalisz,
1990). Understanding the factors that shape the intensity and outcomes of competitive
interactions remains a core goal of the behavioral ecology research agenda.

The strength of sexual selection is thought to be especially pronounced in lek-mating
systems, where males congregate in a compact area with clusters of male courtship display sites
to compete for visitations by and copulations with females (Shorey 2002; Fiske et al. 1998).
Usually, males do not provide parental care, so females visit multiple displaying males at leks to
choose the one that provides the most beneficial genes to their offspring(Hoglund & Alatalo,
2014). Research on lekking behavior in insects (e.g., Hetaerina damselfly, Cérdoba-Aguilar et al.
2009), reptiles (e.g., marine iguana, Partecke et al. 2002), amphibians (e.g., bullfrog, Emlen
1976), birds (e.g., sage grouse, Gibson & Bradbury, 1985), and mammals (e.g., blackbuck
Isvaran and Jhala, 2000) has revealed high reproductive skew, where only a small proportion of
males gain the majority of mating opportunities (Gibson and Bradbury 1985; Beehler and Foster,
1988; Wiley, 1991). In general, lekking species are thought to be characterized by strong female
mate choice rather than male-male competition. However, some recent studies have shown that
resource defense behaviors are more common than scholars used to assume in lekking insects,
birds, and mammals. There is also ample evidence showing that males occupying more central

display courts in lek experience higher rates of mating success (Emlen, 1976; Shore 2002; Fiske



et al. 1998), and it is thought that there may also be competition among males for more central
courts (Isvaran and Jhala, 2000; Hoglund and Robertson, 1990; Beehler and Foster, 1988). These
and other studies on resource-defense within leks suggest that we might have been
underestimating the role of male-male competition and the influence of ecological factors on
male quality and display capacity (Alonso et al., 2012; Anderson et al., 2024; Kajiki et al., 2023).
The manakin family (Pipridae) are Neotropical passerines with an exceptional prevalence
of lekking behavior among species (McDonald, 2010). Some species have “classical leks,”
where males display at locations within acoustic or visual distance of each other, while those
with “exploded leks” have more widely dispersed display locations. Covering bigger areas,
exploded leks are more likely to contain resources favored by females, such as food and nesting
sites. Male-male interactions and social dominance hierarchy have been extensively studied in
Long-tailed Manakins (Lukianchuk and Doucet, 2014) and Lance-tailed Manakins (DuVal,
2007a,2007b). Both species have exploded leks and engage in multi-male coordinated displays
where only the dominant male mates with the female attracted to the court. To establish and
repeatedly signal their social status, older males would aggressively chase or displace younger
subordinate males from display perches (Lukianchuk & Doucet, 2014). Similar displacement
behaviors have also been reported in species with a classical lek system. For example, White-
bearded manakin (Manacus manacus) shows aggression towards the subordinate male by raising
its beard and vibrating its wings when two adult males perch closely together (Shorey 2002;
Snow 1962; Lill 1974b). White-collared Manakins (M. candei) and Golden-collared Manakins
(M. vitellinus) physically attacked and pecked the mount with conspecific plumage when it was

placed 25-50 cm away from the edge of their display arena (McDonald et al. 2001).



Despite the substantial amount of research on male-male interaction in manakins, most
studies have focused either on the hormonal mechanism or on its adaptive value in male
coordinated displays (Dakin et al., 2021; Day et al., 2007; Ryder et al., 2020), while male-male
conflicts in solitarily displaying species like the Manacus species mentioned above have received
less attention. Moreover, although these species clearly invest in establishing and maintaining
ownership over display courts, it remains unclear what specific qualities of a court males value
the most. Do they defend a court because it is closer to the lek center and receives more female
visitations, or do they value high surrounding fruit abundance that fuels their energetically costly
displays? Researchers have found evidence that central courts are richer in fruit, and that fruit
abundance increased male display rate, but defense efforts remain unexamined (Anderson et al.
2024). It is also unknown how much effort court-owning males are willing to invest in defense
against intruders. To date, none of these questions have been systematically explored or
experimentally tested.

Our study aims to investigate the association between food resources in proximity to a
display court and the court-owning male’s defense intensity in White-bearded Manakins. Males
of this Neotropical frugivore display on and around a small area of soil with short sapling sticks
on the edges, which is known as a court (Cestari & Pizo 2012a; Snow 1962). Typically, one
court is owned by one adult male who would frequently display at the same location during
breeding seasons (Shorey 2002; Snow 1962; Lill 1974a, b). We tested the court-owner male’s
defense intensity by observing its reaction towards an experimentally introduced simulated
territorial intrusion (STI) at its court. In addition to fruit abundance, we examined the influence
of other court properties, including lek size, distance to lek center, and nearest neighbor distance.

We hypothesized that court defense intensifies in leks because fruit adjacent to display courts is



an exceptionally valuable resource sustaining metabolically costly displays (Cestari et al. 2018)

while minimizing foraging time away from the lek, which both are factors found to be positively
correlated with high mating success in White-bearded manakins (Cestari & Pizo 2012; Anderson
et al. 2024). We predicted that the intensity of court defense in response to STI would positively

correlate with the abundance of fruit resources within a 10m radius of the court site.



METHODS
We conducted our study at Reserva FCAT (0°2222.7"N 79°39'53.6"W) (Fundacién para

la Conservacion de los Andes Tropicales), a private reserve in Esmeraldas Province,
northwestern Ecuador. The reserve area contained a variety of land types, including restored
agricultural fields, primary forests, and secondary forests. Manakins are the most common in
early and mid-successional forests. Annual average rainfall ranges from 2 to 3.5m, with the
highest amount of precipitation occurring between January and May, and is then followed by dry
season lasting from October to December (Carrasco et al., 2013). Monthly rainfall peaked in
February (309.1 mm) and March (332.0 mm) in previous years (Anderson et al. 2024).

The studied White-bearded Manakin (Manacus manacus) population belongs to the
subspecies leucochlamys (Hoglund and Shorey 2004). White-bearded manakins are small,
fruigivorous passerines inhabiting lowland Neotropical forests where they forage in the
understory (Cestari and Pizo 2013). Males display on a small area (~1m?) of forest floor
delimited by several vertical saplings (Snow 1962; Lill 1974b). This display ground is called a
court, and a cluster of adjacent courts forms a lek, which may contain 2 to 70 courts in M.
manacus (Shorey 2002; Olson and McDowell 1983). Each year, the breeding peak lasts 2~4
months when males display at higher rates and females visit courts to select only a small
proportion of males to copulate with (Cestari and Pizo 2012a; Lill 1974a; Snow 1962; Olson and
McDowell 1983). We monitored 6 leks (Figure 1) consisting of 57 active display courts, with
individual leks containing 3 ~ 27 courts. The nearest-neighbor distance between courts within a
lek ranged from 3.5m to 209.1m, with a mean of 11.43m (S.E. = 3.96). Straight-line distance
between lek centers ranged from 131.7m to 1166.5m. We performed simulated territorial
intrusion (STI) experiments at all 57 courts and received male responses at 54 courts. If no male

responded in the first STI attempt, we retested at the same court at least twice, with each attempt



spaced over a day apart. If there was no male response over these additional attempts, we
excluded the court from our analysis. Given that M. manacus exhibits a classical lek system with
courts densely aggregated, some only a few body lengths apart, we grouped courts within visual
or auditory range of each other as part of the same lek (Lill 1974a; DuVal et al. 2018; Cestari et
al. 2016). Our grouping was further supported by longitudinal clustering patterns and frequent
new court establishment within these pre-defined lek areas (Rathore et al. 2023; Anderson et al.
2024).

M. manacus displays involve elaborate movements such as acrobatic flights, jumps, wing
snaps, and wing vibrations, requiring frequent practice since the males’ juvenile days. Juvenile
males in olive green plumage usually practice in small groups on peripheral courts without
established ownership or on vacant courts when the resident adult is away during months outside
the breeding peak. (Anderson et al. 2024; Snow 1962). As the juveniles molt into the black-and-
white adult plumage in their second year, some secure the ownership of a single court and
become “resident males” (Ryder and Duraes 2005; Lill 1974b). Resident males spend most of
the day at their court, reaching up to 90% during breeding months, asserting ownership through
consistent displays and exclusion of intruders.(Cestari and Pizo 2012a; Lill 1974b; Snow 1962).
Ownership status persists for several years with an average annual turnover rate of 3.7% over 4
years (Lill 1974b). Joint ownership over the same court is rare and short-lived (Snow 1962).
Young males recently molted into adult plumage typically lack consistent court ownership and
instead display at multiple peripheral courts in the lek (Cestari and Pizo 2012b). These
nonresident males occasionally attempt to oust resident males, leading to aggressive encounters
where the resident male approaches the intruder and attempts to displace him while "cheer"

calling, often escalating into flight chases (Snow 1962; Shorey 2002; Lill 1974b; Olson and



McDowell 1983). Cestari 2017 has reported an incident of a resident male mounting juveniles
while dancing, suggesting that dominance establishment may begin before adulthood during

practice displays.

Fruit Survey

White-bearded manakins feed on the fruit of at least 58 understory plant species from 30
different families in Restinga forests in Brazil (Cestari and Pizo 2013). Based on this published
diet identified using seeds collected from manakin feces and regurgitation, we identified
important plant species based on direct observations of foraging behaviors at our study site in
Ecuador (Anderson et al. 2024). We collected approximately 20 ripe berries from each plant
species and weighed at least two samples of 5 berries to calculate the average weight for an
individual fruit.

To estimate fruit abundance surrounding each display court, we conducted one fruit
survey before the experiment day and another after, each within 10 days of the experiment. For
each court, we established a circular survey plot centered at the display court with a radius of 10
meters. We visually tallied all ripe fruits, ripeness distinguished based on coloration, from
species on manakin diet within the plot using the methods described in Anderson et al. (2024).
The total fruit biomass at every court site was calculated by summing the product of fruit count

and individual fruit weight by species.

Simulated Territorial Intrusion (STI) Experiment

We conducted 54 simulated territorial intrusion (STI) experiments at distinct display
courts in 6 leks to record responses from court-owning males. All trials were executed between

8:00 and 15:00 under good weather conditions without rain. Data collection was completed from


https://www.zotero.org/google-docs/?6Ve13h
https://www.zotero.org/google-docs/?6Ve13h
https://www.zotero.org/google-docs/?6Ve13h

February 12 to March 2, 2025, during the population’s annual breeding peak when adult males
display at higher rates. All leks were identified in 2022, and 34 courts were monitored by camera
traps for at least 6 months before the experiment. In the rest 20 courts, we had at least one field
observation of an adult male dancing at each location one week before or during the
experimental period.

For each replicate of the experiment, we placed a white-bearded manakin bird mount (black
and white adult male plumage) at the center of the display court. The mount was a taxidermized
adult male that had previously been collected from the project area. The court center is
designated as the midpoint of the cleared ground patch, positioned horizontally closest to the
copulation stick. The mount was then covered by a piece of camouflage fabric attached to a
string, which the experimenter would later pull to reveal the mount. A SONY SRS-XB100
Compact Bluetooth speaker was placed right next to the mount and camouflaged by leaves at the
site. During each trial, two experimenters conducted experimental manipulations and recorded
data. One stayed 4-5 meters from the mount and the other 10 meters away. Both experimenters
wore full-body camouflage ponchos to minimize human influence on manakins’ response
towards the experiments.

Each experimental trial lasts 6 minutes, consisting of a 1-minute pre-mount-presentation
period followed by a 5-minute mount-presentation period (McDonald et al. 2001; McClelland et
al. 2019). In the pre-mount-presentation period, the experimenter broadcast from the Bluetooth
speaker a one-minute playback of 10 “cheepo” calls, each spaced 5 seconds apart. The “cheepo”

call repeated in the playback was extracted from a recording (https://xeno-canto.org/169424)

from the same subspecies (M. manacus leucochlamys) (Hoglund and Shorey 2004) recorded


https://xeno-canto.org/169424

~146 kilometers away from the studied population to prevent focal males from recognizing the
caller’s identity.

At the end of the pre-mount-presentation period, we pulled the string to reveal the mount
while playing the one-minute playback again. If no adult males were detected visually or
acoustically within a 10-meter radius of the court by the end of this playback, the experimenters
would terminate this trial. When at least one adult male was detected within the first two
minutes, we continued to record behavioral variables for the next four minutes with the
taxidermy still present but no additional playbacks. When multiple males responded (11 cases),
we used data from the one that remained the longest and responded most actively to the stimulus.

During 5 minutes of mount presentation, the experimenters recorded the focal male’s (1)
latency (sec) to move in the direction of the taxidermy for the first time, (2) minimum horizontal
distance (cm) to the taxidermy, (3) total time (sec) spent inside the court, and (4) total number of
vocalizations (cheer, cheepo, and gurgle), mechanical sounds (snap, roll-snap, grunt) and dive-
bombs. At the beginning of every minute, the experimenters recorded an estimated distance (m)

between the focal male and the taxidermy.

Statistical Analysis

We recorded UTM coordinates of all studied courts in the field with the GPS Tool Box
application. We imported the data points and completed all mapping and spatial analyses in
QGIS v. 3.42. We used minimum bounding geometry to estimate 6 lek polygons based on the
GPS coordinates of all 54 courts. To describe properties relevant to male-male interaction, for
each court, we calculated (1) its distance (m) to the centroid of its respective lek polygon, and (2)

its distance (m) to its nearest neighboring court.
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We performed all statistical analyses and created all figures in R v. 4.4.1 (R Core Team
2023). To reduce dimensionality and summarize behavioral patterns observed in STI trials, we
conducted a principal component analysis (PCA) of all 7 behavioral parameters (Table 1) after
scaling and standardization. Since principal component 1 (PC1) captured the majority of
behavioral variation and positively covaried with signals of aggression, we used PC1 as a
composite indicator of defense intensity.

To evaluate the relationship between court-owner defense intensity and the court’s
ecological properties, we employed the Imer() function in the Ime4 package to build generalized
linear mixed-effect models (GLMMs) (Bates et al. 2015). The models included PC1 as the
outcome variable, lek as the random effect predictor, and the courts’ fruit biomass, distance to
lek center, distance to nearest neighbor, and respective lek size as the fixed effect predictors. We
transformed PC1 using log(PC1 + 4) to improve residual normality. Adding a constant shifted all
PC1 values to the positive range, thus avoiding undefined log values while optimizing data
normalization. We assessed collinearity between all predictors using variance inflation factors
(VIF). To select the best-fitted model, we used dredge() from MuMIn package (Barton 2017) to
rank models based on Akaike information criterion (AICc). Since lek explained the main
variance in all the best models, we conducted one-way ANOV A and Tukey’s post hoc tests to

compare defense intensity across leks.
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RESULTS

We conducted a total of 54 successful Simulated Territorial Intrusion (STI) experiments
at 6 total leks for this experiment (Figure 1). Each STI was conducted on a different display

court, and each display court was only sampled once in the experiment.

Fruit Biomass

Leks varied substantially in fruit availability, y*(5) = 26.36, p < .001, with mean biomass
per court ranging from 0g to 947.51g. Notably, 37% of courts had no fruit in both surveys.

Sampled courts had a median fruit biomass of 1.06g (0 — 4.65g) in the first round of
survey, and a median of 2.68g (0 — 15.22¢) in the second round. Melastomataceae dominated
fruit biomass in both survey rounds, composing 98.0% and 94.1%, respectively, followed by

Rubiaceae at 1.9% and 5.9% and Solanaceae at 0.1% in the first survey.

Behavioral Response to STI

The first two principal components explained 64.85% of the variance observed in the 7
behavioral variables we recorded. Summarizing 50.12% of the variation, PC1 had high loadings
for total time in court defending and total number of vocalizations, thus reflecting sustained
defense effort and high acoustic signaling rates towards the intruder (Figure 2). Loadings of total
dive bombs and distance to the taxidermy on PC1 reflected the court owner’s tendency to
interact. Overall, 6 out of 7 behavioral variables loaded substantially on PC1. Total number of

wing snaps was the sole factor dominating PC2.

GLMM Model Selection

Random effect predictor lek explained 34.1% of the variance in defense intensity in the

best fitted model (AAICc = 0.00, R?,=0.076, R%. = 0.417). With AAICc values smaller than 2,
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all the top four models were equally supported given our data (Table 2). The best model
indicated a marginally significant positive relationship between fruit biomass and defense
intensity (B = 0.0005, SE = 0.0003, #(24.27) = 1.76, p = 0.091). Defense intensity varied

significantly across leks, F(5,48) =3.60, p =0.008 (Figure 3).
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DISCUSSION

There is currently a lack of understanding about the factors shaping variation in the
intensity of lekking males’ defense in-lek resources. To address this knowledge gap, our study
investigated how food resources and other environmental attributes in proximity to display areas
influenced defense intensity in White-bearded Manakins, a solitarily displaying, lekking
Neotropical passerine. We expected to see males defending fruit-rich courts, central courts, and
courts with closer neighbors significantly more intensely. We also predicted defense intensity to
be higher in bigger leks. Our results partially contradicted our predictions and indicated that
court-owners who defended more intensely were not always located in fruit-rich courts, despite
the weak positive correlation we observed. Instead, we found that males’ defensive response to
simulated intrusion varied substantially based on the lek to which they belonged, suggesting that
other unmeasured properties differentiating lek dynamics (e.g., male density or numbers, habitat
composition, female visitation rate) might have played a more dominant role in shaping male
defense than fruit abundance.

While previous studies on resource defense by lekking males primarily focused on
exploded lek systems, our study is among the first to examine it in a classical lek system. In
exploded lek systems such as cichlid fish (Kotrschal and Taborsky, 2010), little bustards (Jiguet
et al., 2002), great bustards (Alonso et al., 2012), and helmeted manakins (Kajiki et al., 2023),
food resources or optimal habitats defended by males provided direct benefits to females and, in
turn, increased female visitation. Compared to exploded leks, classical leks have more closely
clustered display areas, and thus are less likely to contain resources other than the court-holding
males and their ‘good genes’ (Emlen and Oring, 1977). Males in classical leks are well known to
compete for central courts or higher social status, which conveys a message to females that they

are likely the one with the highest attractiveness (Beehler and Foster, 1988; Shorey, 2002).
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However, recent work on our manakin population suggested that defending fruit resources could
be another competitive strategy males in classical leks employ to directly fuel high display rates
and ultimately increase mating success (Anderson et al. 2024). Year-round fruit biomass sampled
at the same location suggested our study period as a time with the lowest fruit abundance
(Anderson et al., unpublished data). General scarcity of fruit might have limited the amount of
variation across courts that we were able to detect, and it might be useful to assess fruit over
longer time periods. We found a marginally significant positive correlation between fruit and
defense intensity, yet the effective size was too small for us to confidently conclude that fruit
shapes male defense intensity. A meaningful increase in fruit biomass (e.g., 20g), which is
approximately 10 times of median fruit biomass per court, only resulted in a 0.5 unit increase in
PC1. Therefore, our findings highlighted the impact of other environmental attributes and were
inconclusive when it comes to the possibility that males in classical leks may have flexibly
employed the strategy of resource defense to enhance their mating success.

Moreover, the directionality of causal links between fruit abundance and strong males
was unclear. Although resource defense may offer reproductive advantages, the decision to
engage in it likely involves complex trade-offs. Energy investment in court defense can benefit
males by ensuring consistent ownership and uninterrupted display activity, but it also imposes
costs (Cestari & Pizo, 2012b; Fiske et al., 1998; Théry, 1992). For example, allocating more
energy towards defense may reduce display quality due to fatigue or limit time and spatial range
for effective foraging (Ciuti et al., 2011; Ord, 2021; Cestari et al. 2018). In our study, 11 out of
54 males (20.4%) responded within 10s of playback initiation, and 33 (61.1%) responded within
30s. Such short reaction times correspond with previous findings that manakin males spend up to

80% of their daytime near their court in breeding season (Cestari and Pizo, 2012a). Benefits
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outweigh costs for males at fruit-rich courts who can effectively refuel themselves to sustain both
defense and display. Another possibility is that genetically superior males are capable of intense
defense regardless of surrounding food availability. Males in our study likely represent a mixture
of these two possibilities, with individuals in Lek C and Lek 6 evidencing the first one, and
individuals in Lek 7E evidencing the second (Figure 4). When genetic factors interact with
environmental factors, individual differences in defense behavior are likely reinforced via a
feedback loop. If an innately stronger male happens to claim a fruit-rich court, the environment
will further promote his ability to defend. However, further investigation of the genetic material
is needed to confirm these causal links.

Environmental metrics such as lek centrality, nearest neighbor distance, and lek size only
represented a small proportion of the key properties underlying the prominent lek-level
differences in defense. We were surprised to find no correlation between fruit biomass and court
centrality within the lek, contrasting with previous studies that reported a positive association
between the two (Anderson et al. 2024). Neither nearest neighbor distance nor lek size
significantly predicted defense intensity, but both were responsible for explaining a small
amount of variance in defense, which presumably represented mediated effects from the
influence of male density per lek. Similar to exploded leks, males in our study also defended
more intensely when having closer neighbors (Alonso et al., 2012; DuVal et al., 2018) or when
belonging to a bigger but intermediate-sized lek (Cestari et al., 2016; Emlen, 1976; Widemo &
Owensi, 1995).

Some limitations of our study point to important directions for future research. First,
many male individuals in our study have never been color-banded or measured for

morphological traits, making it impossible to determine whether male quality or fruit abundance
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better explains variation in defense intensity. Moreover, a single male can display on multiple
courts (Cestari & Pizo, 2012b); making it possible we might have some pseudo-replications in
our data; however, we consider it unlikely that this was widespread. Continuous tracking of court
owners will not only help reveal relationships between response intensity with male age,
physiology, and longer-term fruit trends, but will also eliminate the possibility of pseudo-
replication. Second, leks differ in a wide array of characteristics and are an important random
effect factor to account for. Future studies can include male density at every lek as a main
predictor and further examine the habitat composition of each lek. Another predictor that might
differ across leks is their location relative to female home range or foraging hotspots (Sheehy et
al., 2025; Théry, 1992). Third, little is known about the temporal variation in male defense as
ownership establishment and turnover occur. Our pilot data indicated suppressed adult male
defense during non-breeding periods like May and June, when court owners allowed juvenile
males to use their courts for practicing courtship dances in small groups of 3 to 7. Only 11% of
STI experiments during our pilot work at such times received responses from a single adult male.
Most trials were responded to by juveniles arriving in groups and doing frequent wing snaps.
Repeating the experiment while monitoring court ownership dynamics will further inform the
interpretation of resource defense in classical leks.

In summary, our study adds to the growing body of research suggesting that males in
classical leks may flexibly adopt resource defense as a strategy to enhance mating success. But
because this relationship was weak, we highlight the need for future research to better understand
these relationships. We also highlight the need to refine our understanding of how fruit
abundance may be related to other factors like the number of males at a lek, court centrality, and

individual-level attributes that we were unable to adequately account for in the current study.
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Figure 1. Study area map of six lek sites located in northwestern Ecuador, Esmeraldas province
(highlighted in green). Each black dot represents an active display court (n = 57), grey polygons
are lek areas estimated by convex hull, with names of the lek labeled nearby.



18

min_dist_to_mount ; .
% latency_approach i total_divebombs , time_in_court

o o
d . .

S °
OO _________________ > T ===
i o total_vocalizations
avg_dist_to_mount . °
__-02 L
X
™
™~
v
Z
N
O -04
o
% °
, total_wingsnaps
0.6 :
I
I
I
I
L I
I
-0.2 0.0 0.2

PC1 (50.12%)
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behavioral reactions to STI. Arrows represent loadings of the 7 directly measured original
behavioral variables, indicating their contribution to the first two principal components (n = 54).
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Figure 3. Boxplots showing variation in defense intensity by lek (n = 54). Lek maps are
proportional to lek size, with the total number of courts increasing from 3 to 24 along the
horizontal axis. Results of Tukey’s tests indicate marginally significant differences in PC1
between leks (ps < .1).
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Table 1. PCA loadings of owner males’ behavioral variables measured during STI on the first
two principal components. Total vocalizations combined counts of cheepo, cheer, and gurgle

calls, and total wing snaps combined counts of roll-snap, snap, and grunt.

Behavior Variables PC1 PC2
Average distance to taxidermy -0.49 -0.09
Total time in court 0.47 0.10
Minimum distance to taxidermy -0.46 0.17
Total number of vocalizations 0.44 0.00
Latency to approach taxidermy -0.26 0.09
Total number of divebombs 0.25 0.07
Total number of wingsnaps 0.00 -0.97
Variance Explained 50.12% 14.73%
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Table 2. The top 5 best-fitted GLMMs predicting defense intensity based on AICc automated

model selection. Lek is the random effect predictor, while Fruit, NND (nearest neighbor

distance), and LS (lek size) are all fixed effect predictors. Bolded predictors are marginally
significant (p <.1).

Rank Model df logLik AICc AAICc  Weight R?%, R2,

1 Lek + Fruit 4 -32.530 739 0.00 0.207 0076 0417
2 Lek 3 -33.736 74.0 0.08 0.199 0.000 0.240
3 Lek + Fruit + NND 5 -32.266 75.8 1.91 0.080 0.081 0435
4 Lek + NND 4 -33.527 759 1.99 0.076 0.007 0.263
5 Lek + Fruit + LS 5 -32.364 76.0 2.10 0.072 0.087 0.498
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