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Abstract

Male competition conforms to a cost-benefit model, because while aggression may increase reproductive prospects, it can also increase the
risk of injury. We hypothesize that an additional cost in aggressive males would be an increase in parasite load associated with a high energy
investment into sexual competition. Some of these infections, in turn, may downmodulate the level of host aggression via energetic trade-offs.
We staged dyadic male contests in the lab to investigate the relationships of multiple parasites with the agonistic behavior of lizard hosts,
Sceloporus occidentalis. We also included both color and behavioral traits from opponents in the analyses because (1) color patches of lizards
may serve as intraspecific signals used by conspecifics to assess the quality of opponents, and (2) contests between male lizards fit classical
models of escalated aggression, where lizards increase aggression displays in response to an opponent’s behavior. The results conform to
our hypothesis because male lizards displayed more pushups when they had more ticks. Moreover, some parasites may modulate the levels
of aggression because lizards infected by hematic coccidians performed fewer pushups. Interestingly, lizards also displayed fewer pushups
when both the chroma and size of the opponent’s blue patch were greater. The results thus also supported the role of the blue patch of S.
occidentalis as a sexual armament, because it contributed to the deterrence of aggression from opponent lizards. \We revealed that natural
parasitic infections in lizard hosts can contribute to their agonistic behavior. We encourage future studies to account for parasites in behavioral

tests with lizards.
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Males of a multitude of animal species perform behavioral dis-
plays that, when combined with color patches and/or fighting
structures (e.g., antlers), advertise their quality as mates and
competitors (Johnstone 1996). These behavioral traits are inter-
preted as agonistic (fighting) behavior when they are displayed
in the presence of other males and can represent a proxy for
their reproductive investment (Deutsch et al. 1990). Among the
plethora of behavioral traits performed by males during ago-
nistic contests, pushup and lateral compression displays have
evolved as part of the agonistic behavior in squamate species
(Cooper and Burns 1987; Cox et al. 2005; Assis et al. 2018).
The display of these behaviors may increase the conspicuity of
those color patches located on the chest and abdomen (Martins
1994; Calisi and Hews 2007; Baird 2013).

Although cryptic and photoprotective colorations are
expected to evolve in ecological contexts of high predation
and/or solar radiation (e.g., Reguera et al. 2014; Dunn et al.
2015; Marshall et al. 20135), sexual selection can promote the

evolution of conspicuous color patches and complex display
behaviors (Emlen and Oring 1977; Andersson 1994; Ord et
al. 2001; Stuart-Fox and Ord 2004; Griffith and Pryke 2006;
Pérez i de Lanuza et al. 2013). In this sense, color and behav-
ioral traits in lizards may broadcast health status and quality
to conspecifics (Swierk and Langkilde 2013; Assis et al. 2018,
2021) because physical displays and color patch produc-
tion are energetically demanding processes (Martins 1993;
Megia-Palma et al. 2018; Lanser et al. 2021). Thus, contest
behavior in lizards conforms to a cost-benefit model; fights
increase mating opportunities for dominant lizards, but may
also result in injuries, energy imbalance, and greater exposure
to both predators and some parasites (Christenson and Goist
1979; Lane et al. 2010).

Parasites draw resources from their hosts and some par-
asitic infections may thus reduce traits contributing to male
reproductive success (e.g., Mulvey and Aho 1993), including
agonistic behavior (Innocenti et al. 2003; Lanser et al. 2021).
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Thus, parasitic infections can have a negative effect on the host
physical performance (reviewed in McElroy and Buron 2014).
This effect has been more profusely studied in fish hosts; how-
ever, the available evidence is mixed (Hamilton and Poulin
1995; Barber 2002; Mikheev et al. 2010). Malarial parasites
and ticks can impair the male agonistic behaviors of lizards
(Schall and Dearing 1987; Lanser et al. 2021). Nevertheless,
positive relationships between parasite load and both pig-
mentation of color patches and aggression, 2 correlates of
reproductive effort in lizards, also suggest that reproductive
investment can increase the susceptibility of male lizards to
some parasites (Megia-Palma et al. 2021; Payne et al. 2021).
We analyzed male agonistic contests of Sceloporus occiden-
talis (Squamata: Phrynosomatidae), a species with a complex
communication system that combines behavioral displays
and color patches. Both males and females have blue patches
on the venter. The blue coloration has been profusely inves-
tigated within the genus Sceloporus and different aspects
of its reflectance and color patch size have been associated
with morphology, physical performance, immune response,
parasitization, thermoregulatory and sexual behavior, sig-
nal evolution, and hormonal and pigment physiology (e.g.,
Vinegar 1972; Cooper and Burns 1987; Ressel and Schall
1989; Langkilde and Boronow 2010; Megia-Palma et al.
2018; Robinson and Gifford 2019; Romero-Diaz et al. 2019;
Zuiiiga-Vega et al. 2021; Assis et al. 2022). For example, the
saturation of the blue coloration in sceloporin lizards can be
positively associated with testosterone secretion and mela-
nin deposition in the skin (Quinn and Hews 2003; Cox et
al. 2005, 2008). These color patches may be fully visible to
conspecifics when males perform lateral compressions of the
thorax. However, during pushup displays, blue patches may
also be partially visible from the front. These 2 behaviors are
sequentially performed; with pushups performed first, at a
longer distance (Martins 1994). Furthermore, pushups are
interpreted as deterrence signals when they are performed in
the presence of a male (Martins 1993). Lateral compressions
and pushups are displayed by males during both agonistic
(e.g., territorial) and courting interactions (females may per-
form pushups as well) and are part of the visual communica-
tion system of S. occidentalis (Sheldahl and Martins 2000).
We investigated the importance of color, behavior, and par-
asites on male agonistic interactions of S. occidentalis. The
investment that male lizards put into territorial behavior
may be influenced by the level of aggression from intruder
competitors (i.e., a model of escalated aggression), where
opponent behavior would significantly improve our predic-
tion of a focal male’s level of aggression (Enquist and Leimar
1983; Bohérquez-Alonso et al. 2018). Thus, we investigated
whether opponents’ traits (behavior and coloration) can
influence the agonistic behavior of focal lizards. Furthermore,
we hypothesized that parasite load can be high in aggressive
males as a cost associated with their higher activity and the
energy allocated to sexual competition. In this sense, testos-
terone was previously associated with increased tick load in S.
occidentalis (Pollock et al. 2012) and, given the link between
testosterone and aggression in lizards (Moore 1988), we pre-
dicted (1) a positive relationship between ectoparasites and
agonistic displays (Payne et al. 2021). In opposition, inter-
nal parasites endure longer than chronic infections and may
induce energetic trade-offs (Holmes and Zohar 1991), which
can downmodulate the level of host aggression. Thus, we also
predicted (2) that endoparasite infections would be associated
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with reduced aggression (Schall and Dearing 1987). Lastly,
we also predicted (3) color patch characteristics would be
important predictors of the agonistic response from opponent
lizards, which would support their role as badges of status
(e.g., Morris et al. 1995).

Material and Methods

Sampling and housing

We used a lasso to capture 42 males (SVL range between
53 and 69 mm) of S. Occidentalis in May 2014 in a shrub-
by-400-m transect (from 36.985270°, -122.061440° to
36.985287°, -122.056934°) in the Arboretum of University
of California in Santa Cruz (CA, USA) (Megia-Palma et al.
2018). The lizards were housed individually in plastic terraria
of 20 cm x 15 cm with a damp substrate of 10-cm depth of
peat moss and sand that allowed the lizards to bury themselves
(Lane et al. 1995). Water was provided ad libitum, while liz-
ards were fed 2 crickets dusted in a vitamin supplement every
2 days. The terraria were kept in an environmental chamber
with a 12L:12D photoperiod provided by natural spectrum
fluorescent and ultraviolet lights and a cycling thermal regime
(Megia-Palma et al. 2020). During the daytime (7 AM-7 PM)
and in the warmest spot of the terraria, mean = SE substrate
temperature was 31.5 = 0.09 °C (mode = 30.2 °C; maximum
=39.1 °C, minimum = 17.6 °C). In the coolest spot of the ter-
rarium, mean = SE substrate temperature was 25.6 = 0.1 °C
(mode = 24.9 °C; maximum = 38.8 °C, minimum = 16.8 °C).
Thus, the modal difference between the 2 thermal extremes in
the model terrarium evaluated was 4.8 °C. During the night
period (7 PM-7 AM), with no heat source connected, sub-
strate mean = SE temperature was 19.7 = 0.02 (mode = 19.5
°C; maximum = 29.3 °C, minimum = 16.0 °C) (Megia-Palma
et al. 2020). The lizards were released at the end of the study
to their exact point of capture.

Diagnosis of parasites

Upon arrival at the lab, we weighed the lizards to the nearest
0.01 g using a digital scale and measured them to the near-
est 1 mm from the tip of the snout to the cloacal opening
(snout-to-vent length, SVL) using a ruler. We used sterile nee-
dles to bleed the tail of lizards, at least 2 cm from the cloaca,
carefully avoiding the area of the hemipenes, and collected a
small sample of blood (<5 pL) with a heparinized microcap-
illary tube (BRAND, Wertheim, Germany; 75 mm x 1.1 mm,
Na-heparinized). The blood sample was used to make a thin-
layer blood smear. The dried blood smears were fixed with
methanol and stained for 40 min with Giemsa 1:10 at pH 7.2.
A single, trained observed screened 15,000 red blood cells of
each lizard at x1,000 magnification for diagnosing the pres-
ence (binary coded yes/no) of any possible types of parasites in
the blood (i.e., chronic infections) (Megia-Palma et al. 2017).
Fecal samples were collected directly into 1.5-mL micro-cen-
trifuge tubes by briefly massaging the abdomen of the lizards
or from individual cages when dropped by the lizards during
the following days. These fecal samples were stored in 1 mL
potassium dichromate. We applied Sheather’s sugar flotation
technique to concentrate intestinal parasites. Each sample was
screened at 600x magnification and diagnosed for the pres-
ence/absence of intestinal coccidians (i.e., chronic infection)
(see Megia-Palma et al. 20135). Prior to each dyadic contest, we
checked for ectoparasites (i.e., temporary infestation), namely
mites (binary coded yes/no) and the number of ticks.
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Color patches

Color measurements of all the lizards were performed during
the 7 days before the dyadic contest took place. We calcu-
lated the area of the blue patches on the right part of the
abdomen of the lizards by multiplying its maximum length
by maximum width, which was measured with a ruler to the
nearest 1 mm. The blue patch area correlated with SVL (F,
w0 = 7-20, P = 0.010; R? = 0.13), in line with a recent study
(Zufiga-Vega et al. 2021). We calculated a residual patch area
variable from the regression of patch area on SVL. Thus, neg-
ative values corresponded to lizards with blue patches smaller
than average for a given body length. We measured the spec-
tral reflectance of the blue color patches by using an Ocean
Optics 2000 spectrophotometer connected to a glass fiber
probe with a constant 45° angle and from 400 to 700 nm
(Megia-Palma et al. 2018). Our spectral measurements did
not include the ultraviolet range because the ultraviolet lamp
was not working properly in the spectrophotometer used (see
also Megia-Palma et al. 2018). We used a continuous strobe
frequency of 10 ms, and a boxcar width of 4 to take 3 consec-
utive measurements in the color patch. We standardized the
spectral measurements by comparing them to a white stand-
ard (also provided by Ocean Optics). Spectral measurements
were averaged and collapsed into bins of 1 nm that we pro-
cessed with the software CLR 1.1 (Montgomerie 2008). The
chroma of the blue patch was calculated as the light reflected
from 400 to 475 nm divided by the total reflectance from 400
to 700 nm (Endler 1990; Grill and Rush 2000). Prior to the
spectral measurements and to reduce the potential effects of
temperature on their body coloration, the lizards were set at
room temperature (~24 °C) waiting for 20 min to ensure that
all the lizards were at a similar temperature when color meas-
urements were performed (Megia-Palma et al. 2018).

Neutral arena setup

We staged pairwise dyadic contests 7 days after the lizards
were captured (Bohdérquez-Alonso et al. 2018). These were
staged in a neutral arena in order to remove the effect of res-
idency (Sacchi et al. 2009; Abalos et al. 2016). Contests took
place in a room free of noises and with no human presence.
We paired the 42 males by similarity in body mass (mean
mass difference = 0.64 g) and never exceeded an SVL differ-
ence of 2 mm (mean SVL difference = 0.72 mm) (Bastiaans
et al. 2013). This pairing strategy minimizes the body size
effect (Seddon and Hews 2016), which can be an important
predictor of dominance in lizards (e.g., Sacchi et al. 2009).
However, these matching criteria forced us to use males in
1 contest only. After the acclimation period in the lab, con-
testant males were transferred into the neutral arena, which
was 60 cm width x 80 cm length x 48 cm height with sandy
substrate covering the bottom. The arena was composed of
acrylic sheets and covered on 3 sides while the fourth side
was left uncovered for behavioral recording using a Flip
Video digital camera (Cisco Systems). A 75-W thermal lamp
was set up to shine directly above a central rock (14 cm x
12 cm x 12 cm), thus providing an incentive for the lizards
to approach the rock and engage in agonistic interactions
(Garland et al. 1990). The arena was divided into 3 parts
at the beginning of each trial using 2 removable partitions
of opaque plastic (Figure 1). The trials took place between
10:00 AM and 6:30 PM for 5 consecutive days between May
30th and June 3%, 2014. Each lizard was placed at oppo-
site ends of the partitions and allowed 5 min to acclimate
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to its space (Sheldahl and Martins 2000). After this quick
acclimation period, the partitions were removed, allowing
the lizards to physically interact (Bastiaans et al. 2013). The
behavior of the lizards was filmed for 20 min (Bastiaans et
al. 2013). Before each subsequent trial, the sand substrate
was changed to avoid the effects of any olfactory cues from
the previous trial (Duvall 1979). No lizard suffered injuries.

Behavioral analyses

Social behaviors of S. occidentalis are easy to observe and
have been thoroughly described by previous authors (Schall
and Dearing 1987; Schall and Sarni 1987). Given that we
were interested in whether the blue patches can contribute
to explain the intensity of the agonistic responses from oppo-
nents, we focused on analyzing the data on pushups and lat-
eral compressions, which are associated with the display of
the blue patches. Pushups were counted every time a lizard
extended 2 or 4 legs and raised its chest from the ground.
Lateral compressions were counted every time a lizard com-
pressed its thorax laterally. We analyzed:

(1) The difference in distance between the lizards during
the performance of pushups or lateral compressions
using a non-parametric Mann—Whitney U test for inde-
pendent groups because the data violated assumptions
of parametric tests.

(i) We calculated a y? to compare the frequencies of aggres-
sive and submissive behaviors (Table S1) displayed by
opponents after the performance of pushups and lateral
compressions by focal lizards.

(iii) The number of repetitions of pushups and lateral com-
pressions were tested using linear mixed models (LMM)
in the R-package “Imer.” Log, -transformed number of
pushups and cubic-root-transformed number of lateral
compressions performed by each lizard best fit LMM
with Gaussian distributions. Lizards were tested in
dyadic contests; hence, every pair of lizards should be
nested in a single contest. This was coded by including
the contest pair ID as a random term in the analysis
(Millar and Anderson 2004). Fixed predictors included
in this LMM were the time of the day and a combina-
tion of variables from a focal lizard and its opponent.
From focal males, we included the number of ticks and
the presence of mites, and the presence of infections by
intestinal and hematic coccidians. We also included,
as a predictor, the blue chroma of the belly patch of
the opponent as a measure of color saturation, which
correlated with parasitic infections in a previous study
investigating these same individual lizards (Megia-
Palma et al. 2018). We also included the (residual) blue
patch area of the opponent as covariate. The spectral
variables and behavioral traits were z-standardized to
improve computational stability (R Core Team 2021).

We made a priori comparisons between 2-way models (with
interactions) and the 1-way model described above to deter-
mine the most statistically parsimonious model. We used
Akaike’s information criterion corrected for a small sample
size (i.e., AICc) (Bedrick and Tsai 1994). The 1-way model
was the most parsimonious in explaining variation in the
number of pushups (it had an AAICc_pushup = -11.10, as
compared to the 2-way model). However, the model contain-
ing the interactions between lateral compressions performed
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Figure 1 Scheme of the experimental design employed in the laboratory
to analyze the agonistic behavior of male Sceloporus occidentalis during
dyadic contests. (A) Lizards were allowed to acclimate for 5 min to

the arena with no visual contact with the opponent lizard prior to the
contests. (B) We removed opaque partitions after this first period, which
allowed the lizards to physically interact. Their behavior was filmed with
no human presence in the room during the next 20 min.

by the opponent and both chroma and area of the opponent’s
blue patch was the most parsimonious in explaining varia-
tion in the number of lateral compressions (AAICc_lateral
compressions = -16.66, as compared to the 1-way model).
Parametric assumptions were tested on the residual distribu-
tion of these 2 models and collinearity was assumed to be low
based on variance inflation factors (all VIF coefficients <4.1),
which were calculated using the R-package “performance”
(Ludecke et al. 2021).

We used multimodel inference and model averaging (Hegyi
and Garamszegi 2011; Symonds and Moussalli 2011). This
methodology compares all likely models derived from the com-
bination of the variables in the initial model. We included all
models in the computation with AAICc < 4 relative to the best fit
model (Burnham and Anderson 2004). Model selection was per-
formed using the R-package MuMIn (Barton 2018). We summed
the AICc weights of all the models where the predictor appeared
(i.e., conditional average) to calculate the relative importance of
each predictor. We calculated the significance of each effect based
on the z-standardized f coefficient and adjusted standard error.

(4) We used a 1-way Anova to compare the chroma of the
blue ventral patch of the lizards that climbed the central rock
on the arena with those that did not. This behavior was also
extracted from the observations of the videos and was inter-
preted as a bold behavior in dominant individuals (Pounds
and Jackson 1983; Plavicki et al. 2004; Shanbhag et al. 2006).
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Results

Parasitic infections

Ticks I. pacificus infested 52% of the lizards with mean = SE
abundance of 1.90 = 0.34 (range = 0-7). Mites Geckobiella cf.
texana infested 35.7% of the lizards. We only found 1 species
of blood parasite Lankesterella occidentalis and 1 intestinal
parasite Acroeimeria sceloporis (Megia-Palma et al., 2015,
2017). Prevalence of L. occidentalis in the blood was 42.8%
and A. sceloporis in feces was 38.0%.

Behavioral traits

We registered 1,217 behavioral events in 21 videos (Table
Sirial). Pushups were registered in 42.8% (9/21) of the trials.
We registered 416 pushups in 39 independent pushup events
with a mean = SE 10.67 = 0.72 pushups per event (range =
1-23). A pushup event is a group of pushups performed close
in time and it was considered an independent event when
the lizards performed a different behavior between pushup
events. Pushup events were performed by the lizards at a mean
+ SE distance of 26.82 + 4.58 mm between opponents. 33.3%
(13/39) of the pushup events were followed by an aggressive
response from the opponent male.

Lateral compressions were registered in 23.8% (5/21) of
the tournaments. We registered 88 instances of lateral com-
pression. The mean = SE distance between opponents was
10.61 = 3 mm. These were considered aggressive interactions
because 76.1% (67/88) of the lateral compressions were fol-
lowed by an aggressive response from the opponent lizard
(Table S1).

There were significant differences in the distance between
opponents when performing pushups or lateral compressions
(U =762, P < 0.0001—lateral compressions were displayed
at closer distance, see above), and also an individual was sig-
nificantly more likely to receive an aggressive response after
performing a lateral compression than after a pushup (32 =
21.24, P < 0.0001).

The multimodel inference approach produced 27 equally
likely models (with AAICc < 4) explaining the variation in
the number of pushups. An averaged model indicated that
the number of pushups performed by focal males was best
predicted by the opponent’s traits such as both blue chroma
(estimate = SE = -6.58 = 2.90), patch area (estimate = SE =
-0.02 = 0.01), and the number of pushups performed by the
opponent (estimate = SE = +0.48 = 0.23) (Table 1). This indi-
cated that males performed more pushups when the opponent
lizard also performed more pushups. However, lizards per-
formed less pushups when an opponent male had more intense
or proportionally larger blue patches in the abdomen. The
males that did climb the central rock under the light source
had significantly higher chroma in the blue patch (0.29 = 0.01
vs. 0.27 £ 0.02) (x?, ,, = 2.15, P = 0.038; Figure 2).

Infections by ticks (estimate = +0.30 = 0.12) and hematic
coccidians (Lankesterella sp.) in focal males also entered the
final model, although with less importance (Table 1). This
indicated that lizards that had more ticks performed more
pushups, while those lizards infected by hematic coccidians
performed less (Figure 3).

Two equally likely models explained the number of lat-
eral compressions. We found the terms patch size x lateral
compressions and chroma x lateral compressions, all from
the opponent, important predictors of the number of lateral
compressions performed by focal lizards (Table 2). Thus, the
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display of lateral compressions from opponents elicited more
lateral compressions in focal lizards if the former had larger
patch areas and lower blue chroma (Figure 4).

Discussion

Pushup and lateral compression displays are fundamental
components of the agonistic and courting behavior of S.
occidentalis (Carpenter and Ferguson 1977; Sheldahl and
Martins 2000). The number of these 2 behavioral traits
was explained by both the behavioral and color traits of
the opponent lizards during staged contests in the lab. This
conforms to previous analyses of contest behavior in liz-
ards where behavior and color were important outcome
predictors (Bohorquez-Alonso et al. 2018). Males of S.
occidentalis in our study performed more pushups in the
presence of males that displayed more pushups but both
the opponent’s patch size and blue chroma had a negative
effect on the number of pushups displayed by focal lizards.
Similarly, the number of pushups displayed by the oppo-
nent was also associated with fewer lateral compressions
in focal lizards. These relationships suggested that pushup
displays, and color traits of blue patches, serve as deter-
rence signals that would reduce the potential costs of con-
frontations and thus conform to the definition of a sexual
armament (Martins 1993; Morris et al. 1995; Berglund et
al. 1996). In support of this interpretation, pushups were
performed at a greater distance between contestants and
were more frequently followed by nonaggressive responses
than lateral compressions.

Interestingly, there were opposing effects of the oppo-
nent’s blue chroma and patch size on lateral compressions.
Focal males responded with more lateral compressions
when the opponent males had larger patch areas and lower
blue chroma. The results thus suggest that pushups, lateral
compressions, as well as the size and spectral properties
of the blue patch of S. occidentalis can provide comple-
mentary visual information to conspecifics at different
stages during male agonistic interactions (Carpenter and
Ferguson 1977; Martins 1993, 1994). This conforms to the
multiple message model, proposed as the best fit for the
communication system of S. occidentalis (Megia-Palma et
al. 2018; Zaniga-Vega et al. 2021).
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Although previous studies failed to find a significant rela-
tionship between the blue coloration and male aggression
indices in S. occidentalis (Seddon and Hews 2016; Lanser
et al. 2021), blue chroma in the genus Sceloporus increases
with increasing melanin in the skin (Quinn and Hews 2003),
which in turn, increases with testosterone levels (Cox et al.
2008 but see Zuniga-Vega et al. 2021). As in other animals,
testosterone levels and melanin are positively associated with
aggression and physical performance in lizards (Huyghe et al.
2005; Raia et al. 2010; Abalos et al. 2016, but also see Seddon
and Hews 2016). The reason why lizards reduced the number
of pushups in the presence of males with bigger and more
intense blue patches during agonistic interactions will require
further investigation. Nonetheless, males that climbed on top
of the central, lighted rock in the arena had blue patches with
significantly higher chroma. We interpret this fact as a poten-
tial behavioral correlate of the dominance status of the liz-
ards, similarly as it occurs in other iguanian lizards (Pounds
and Jackson 1983; Plavicki et al. 2004; Shanbhag et al. 2006).
Moreover, a previous study showed that spectral components
of the blue patches in a similar species correlated with the
physical performance of the lizards across different temper-
atures (Robinson and Gifford 2019). Therefore, males with
higher blue chroma might be perceived by opponent lizards
as more vigorous rivals.

Nevertheless, the dual function of the blue patch both as
an armament and ornament, the latter serving as a visual cue
used for sex recognition, is also plausible because several spe-
cies in this genus may use blue patches for sex discrimination
(Vinegar 1972; Cooper and Burns 1987; Lemos-Espinal et al.
1996; Swierk and Langkilde 2013). Furthermore, the degree
of sexual dimorphism in a species, that is, a phenotypic differ-
ence between sexes, is generally associated with the strength
of sexual selection (Stuart-Fox and Ord 2004; Fairbairn et al.
2008; Hoops et al. 2022; Van Niekerk et al. 2022). In support
of the sexual discrimination function hypothesis, the males in
the population investigated had blue patches that were 94%
larger (104.84 + 6.57 mm?, n = 42) than those of the females
collected for a different study (53.95 = 5.98 mm?, n = 21)
(Megia-Palma et al. 2018). This sexual dimorphism suggests
that this trait might evolve by sexual selection (e.g., Swierk
and Langkilde 2013). The functionality of the blue patch in
this population as a trait used for sex discrimination, and

Table 1 Linear mixed model based on model averaging analyzing number of pushups performed by males of S. occidentalis during dyadic contests

Importance Estimate Adj. SE z Value P-value
(Intercept) 1.83 1.20 1.522 0.128
Patch chroma opponent 1.00 -6.58 2.90 2.265 0.024
Patch area opponent 0.87 -0.02 0.01 2.870 0.004
Tick abundance 0.60 0.30 0.12 2.490 0.013
Mite presence 0.59 0.36 0.21 1.735 0.083
Hemococcidian presence 0.43 -0.37 0.18 1.990 0.047
Time of day 0.31 1.38 1.64 0.842 0.400
Pushups opponent 0.29 0.48 0.23 2.100 0.036
Lateral comp. Opponent 0.24 0.47 0.26 1.817 0.069
Intestinal coccidian presence 0.06 -0.24 0.22 1.095 0.273

Multimodel inference produced 27 likely models. Important predictors are shown in bold together with estimate + adjusted standard error.
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Figure 2 (A) Spectral profiles and (B) examples of the blue patches of lizards that climbed (n = 13) and did not climb (n = 29) the central rock in the
arena during dyadic contests. (C) GLMM plot showing mean + SE chroma of the blue patch of these males. Body size was included as covariate in the
analysis. Asterisk indicates significant differences (see Results).
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observed scores (raw data) are displayed together with the mean + standard errors. Asterisk indicates significant differences (see Results).
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Table 2 Linear mixed model based on model averaging analyzing number of lateral compressions performed by males of S. occidentalis during dyadic

contests

Importance Estimate Adj. SE z value P-value
(Intercept) 0.45 0.17 2.600 0.009
Lateral compressions opponent 1.00 1.41 0.15 9.574 <0.001
Pushups opponent 1.00 -0.33 0.08 4.196 <0.001
Patch area opponent: Lateral comp. opponent 1.00 -0.25 0.03 8.121 <0.001
Patch chroma opponent: Lateral comp. opponent 1.00 -0.35 0.13 2.688 0.007
Patch area opponent 0.00 -0.08 0.06 1.235 0.217
Time of the day 0.31 0.48 0.45 1.088 0.277
Patch chroma opponent 0.00 -0.12 0.07 1.703 0.089
Tick abundance 0.00 0.03 0.05 0.499 0.618
Mite presence 0.00 -0.02 0.05 0.397 0.691
Hemococcidian presence 0.00 -0.03 0.04 0.686 0.493
Intestinal coccidian presence 0.00 -0.01 0.05 0.099 0.921

Multimodel inference produced 2 likely models. Important predictors are shown in bold together with estimate + adjusted standard error.
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Figure 4 Relationship between the number of lateral compressions performed by male lizards and (A) the size and (B) chroma of the ventral blue patch
of opponents. The models predict that males responded with more lateral compressions to those opponents (A) with relatively larger blue patches and
that performed few lateral compressions, and (B) with less intense blue patches that performed more lateral compressions. Dots represent raw data.

hence involved in mate choice, will require further research
because we did not conduct any behavioral trials with females.
Nevertheless, our results suggest that the blue patch of S. occi-
dentalis can act as a visual signal during male contests.

Our study faced a limitation because, as commented, the
spectral measurements of the blue coloration only included
the electromagnetic range of the human visual spectrum
(400-700 nm) (Endler 1990). The ultraviolet (UV) region of
the visual spectrum seems to play an important role in the
communication system of lizards in the families Lacertidae
and Cordylidae (Whiting et al. 2006; Martin and Lopez
2009; Bajer et al. 2011). However, this has not yet been
demonstrated in phrynosomatids. Moreover, previous stud-
ies on the blue coloration of lizards from taxonomic families
other than Phrynosomatidae suggest that the “blue” color-
ation is actually UV, only looking blue to the human eye

(e.g., Font and Molina-Borja 2004). It peaks within the UV
wavelength range (i.e., 300-400 nm) and has a spectral tail
that enters the human visible spectrum above 400 nm (Pérez
i de Lanuza and Font 2010; Megia-Palma et al. 2016a,
2016b). In contrast, the available spectral evidence of the
blue coloration in species of the genus Sceloporus (fam.
Phrynosomatidae) peaks between 400 and 500 nm and,
hence, has a low influence of the UV spectrum range (Stoehr
and McGraw 2001; Ossip-Drahos et al. 2018; Goodlett and
Stephenson 2019; Zuniga-Vega et al. 2021). In support of
this argument, a recent comparative study showed a low
influence of the UV spectral range in the male blue ventral
coloration in 11 out of 12 species of the genus Sceloporus
(including S. occidentalis), all of which having spectral peaks
between 400 and 500 nm—that is, non-UV reflectance (see
fig. 2 in Romero-Diaz et al. 2019).
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Lizards infested by ticks performed more pushups. Moderate
to severe infestations by black-legged ticks can impair physi-
ological and behavioral traits of S. occidentalis (Dunlap and
Mathies 1993; Megia-Palma et al. 2020; Lanser et al. 2021).
However, infestations of 5-7 nymphal ticks may have only a
moderate impact on the lizards (Dunlap and Mathies 1993;
Megia-Palma et al. 2020). Nonetheless, lizards performing
more aggressively may not necessarily gain greater access to
reproduction. For example, those males of the rainbow trout
(Actinopterygii: Salmonidae) experimentally infected by eye
flukes were more aggressive but they also lost contests more
often than uninfected males (Mikheev et al. 2010). In this sense,
natural infestation by black-legged ticks can explain an aver-
age reduction in body mass of 11.61% in the lizards from our
sampled population (Megia-Palma et al. 2020), and it has been
shown that an experimental increase in tick load significantly
reduces the hematocrit of S. occidentalis as well as impair male
fighting performance (Lanser et al. 2021). However, the pos-
itive relationship found in our study between unmanipulated
tick load and aggression might mirror a component of the
male reproductive strategy. More active males increase expo-
sure to parasites during seasonal peaks of ectoparasite abun-
dance (e.g., Moore 1988; Barrientos and Megia-Palma 2021).
However, male lizards may also maximize access to females
via increased activity (Marler and Moore 1988). Moreover, the
positive relationship found here between aggression and ticks
conforms to predictions of the ecological immunology the-
ory (EIT) (Sheldon and Verhulst 1996). EIT posits that males
would suffer an increase in parasites in response to increased
reproductive effort (e.g., Salvador et al. 1996). This reproduc-
tive strategy can increase the fitness of those males in better
physical condition, at least in the short term because the net
fitness of parasitism on hosts should be evaluated throughout
the host’s life (Sorci et al. 1996; Bower et al. 2019).

In opposition, lizards chronically infected by hematic
coccidians, L. occidentalis, performed fewer pushups.
Interestingly, Lanser et al. (2021) did not find any signif-
icant effect of L. occidentalis on the contest behavior of
males of S. occidentalis. Chronic infections by blood par-
asites have been previously associated with physiological
and behavioral alteration in lizard hosts (e.g., Schall et al.
1982; Dunlap and Schall 1995; Oppliger et al. 1996; Zagar
etal.2022). These effects included that male lizards infected
by malarial parasites (gen. Plasmodium) did not dominate
agonistic interactions as often (Schall and Dearing 1987).
As indicated in Lanser et al. (2021), the prevalence of L.
occidentalis in their study population was low (12%) com-
pared to the population studied here (42.8%). This suggests
that (1) the higher prevalence of L. occidentalis afforded us
greater statistical power; (2) the results reflect differences
across populations in the vulnerability of the lizards to the
effects of infection by this parasite (Piecyk et al. 2019); (3)
and/or the effect of the experimental manipulation of the
tick load performed by Lanser et al. (2021) accounted for
most of the variance of the behavioral traits quantified in
the lizards. The parasite genus Lankesterella infects hosts
of various taxa and regions of the world (lizards: Megia-
Palma et al. 2017; birds: Merino et al. 2006; Martinez et
al. 2018; and amphibians: Netherlands 2019). However, its
pathogenic effect is poorly described as compared to other
parasites (Chagas et al. 2021). Here, the lower behavioral
performance of infected lizards suggests a negative effect of
Lankesterella on the agonistic behavior of S. occidentalis
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and partially supports the initial prediction of energetic
trade-offs between aggression and infections by endopar-
asites. However, intestinal coccidians and mites had no
effect on the behavioral traits evaluated. The number of
mites per lizard host was low in the sample (Megia-Palma,
pers. obs). The lower volume of blood drawn by mites as
compared to ticks might also explain their lack of effect
(but see Klukowski and Nelson 2001). Intestinal coccidians
also had no effect on the behavior of the lizards despite the
expected negative effect (Megia-Palma et al. 2018, 2020).
This suggests that some parasites may interfere in physio-
logical processes leading to specific trade-offs but not oth-
ers (Xu et al. 2010).

In conclusion, the role of male blue patches as a badge
of status was supported because the size and chroma of the
opponents’ blue patches were negatively associated with
the number of pushups and lateral compressions performed
by focal males during pairwise contests. Our results also
revealed a comparatively smaller influence of some parasites
on lizard agonistic behavior and thus a rather limited sup-
port for a parasite-mediated cost-benefit model of aggres-
sion. The lower number of pushups performed by lizards
infected by Lankesterella partially supports the prediction
that parasitic infections can contribute to explain host con-
test behavior in lizards (Lanser et al. 2021). Interestingly,
the results also showed that the relationship between tick
abundance and aggression can be positive in unmanipu-
lated lizards (but see Lanser et al. 2021), suggesting that
more aggressive lizards can incur higher costs in terms of
increased ticks (Payne et al. 2021). This may occur via a
higher exposure to parasites of more aggressive (dominant)
males moving more in a territory (Moore 1988; Bouma et
al. 2007) and/or via energetic trade-offs between aggression
and immunity (Pryke et al. 2007). This is a clear indication
that further experimental testing of the mediation of para-
sites in the cost-benefit hypothesis is still needed in agonistic
contests.
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