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Abstract

Behavior can help to establish dominance in intrasexual interactions, preventing more costly aggressive interactions and im-
proving access to mates. Distinct color morphs often correlate with behavior, driving differential reproductive success between
them. The lizard Tropidurus semitaeniatus usually expresses two male color morphs, Yellow or Black. 1t is likely that morphs play
a role in reproduction, which is still unexplored. Here, we test whether there is morph-related dominance during intrasexual
interactions. We used ex situ behavioral trials to test whether a particular morph shows dominance, gathering dominance by
attributing scores to aggressive/evasive behaviors. We also tested whether winner individuals show higher performance (sprint
speed), and whether spectrophotometric measures of body coloration predict winners of male encounters. Morphs showed
differences in behaviors suggesting alternative behavioral tactics: Black males behave more aggressively and less evasively
while Yellow males show the opposite sets of behavior. Black males also tend to be dominant, but dominants do not show higher
sprint speeds than submissive males. Chest coloration, often displayed during encounters, highly predicts winnings (particularly
high yellow chroma and low lightness and UV). Our results show that lizards signal competitive condition by behaviorally
exposing their chest. Males displaying more head bobs and with darker chests are more likely to win encounters. Our results
suggest that Ye/low males might undertake a sneaker tactic, preventing aggression costs by evasiveness even though they might
perform similarly to Black males. Further studies should address whether female preference is biased in relation to male morphs
and its colorations, which would suggest selective processes towards costly signals and morph maintenance.

Significance statement

In the struggle for survival and reproduction, often, there is no single best strategy and multiple distinct tactics may evolve. Behavior,
color signaling, and performance are frequently correlated with distinct color morphs, which can coexist as alternative mating
tactics. However, studies that are able to integrate all these traits are scarce. Here, we test whether different color morphs of the lizard
Tropidurus semitaeniatus show different behaviors and dominance patterns. We also test whether these color morphs differ in their

performances (sprint speed) and visual signaling (behavioral
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traits that increases signaling in the competition for mate access
(Endler 1980). In addition to the selection on morphologies,
competition for reproduction can also select for different
behavioral tactics (Hurtado-Gonzales and Uy 2010). These
multiple tactics are often associated with distinct color morphs
(Taborsky et al. 2008). Hence, in many cases, behavior (i.e.,
either female preference or male behavioral tactics) can drive
variation in morphology and coloration. Some examples are
male ornaments (e.g., visual, chemical, acoustic, and behavioral
signaling) selected by female choice (e.g., Deere et al. 2012;
Puechmaille et al. 2014); male armaments and behavioral sig-
nals selected by male-male competition (Seddon et al. 2013);
and social hierarchy that directly influences mating success
(e.g., Hover 1985; Andersson 1994; Berglund et al. 1996).
Interestingly, selection on coloration can also influence selec-
tion of physiological traits (such as behavior and morphology),
an inverse direction of selection driven by pleiotropic effects of
some genes that define color expression (e.g., such as SPR and
BCO2 in Podarcis muralis) (Andrade et al. 2019). Even so, it is
still arguable that selection of such colorations can still be driv-
en by behavior through inter- or intrasexual social selection, if
animal coloration is used as a signal in these organisms. For
instance, mating formation of the lizard P muralis is assorted
by color morph (Pérez i De Lanuza et al. 2012). This means that
males and females of the same color class will prefer to mate
with each other instead of with an individual that expresses
another coloration.

In male-male competition, behavioral signals are im-
portant because they might convey information on indi-
vidual fighting ability (Arak 1983). This can help to es-
tablish dominance without major costs (Smith and Price
1973). Signals are expected to carry a cost to be honest
(Zahavi 1975), and behavioral signals often determine
dominance. For instance, in the lizard Urosaurus ornatus,
dominant males show distinct behaviors (i.e., perform
more aggressive behaviors such as biting, chases, lateral
compression, dewlap extension, and pushups) and have
access to more mates, and hence higher fitness (Robson
and Miles 2000). Another example is the males of
Egernia whitii. In this lizard species, individuals differ
in their consistency of behavior: in ex situ male-male tri-
als, individuals that were consistent in always performing
aggressively during consecutive trials were usually the
winner and dominant (McEvoy et al. 2013). Dominance
is often correlated to individual performance. On the bee-
tle Onthophagus taurus, physical performance, secondary
sexual trait size (horn length), and body mass were all
correlated with fighting success in male-male competition
trials (McCullough and Simmons 2016). In the teiid lizard
Tupinambis merianae, physical performance—measured
by their bite force—is correlated to aggression levels. In
this species, larger and stronger individuals also tend to be
more aggressive (Herrel et al. 2009). Dominance was also
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shown to correlate with higher locomotor performance.
For instance, male Anolis cristatellus lizards that won
intrasexual encounters also had a better locomotor perfor-
mance (Perry et al. 2004). Presumably, in lizards, individ-
uals with better locomotor performances might have ad-
vantages in defending territories (Garland Jr et al. 1990;
Robson and Miles 2000). Interestingly, in this above-men-
tioned Anolis species, winners had higher performance
and also executed more behavioral displays than losers,
being an excellent example of the relationships among
dominance, performance, and behavioral signaling.

Type and intensity of coloration can also signal individual
quality. For example, ultraviolet reflection, a highly conspic-
uous coloration, can inform individual’s physiological perfor-
mance (fighting ability) and aggression, as in Platysaurus
broadleyi lizards (Stapley and Whiting 2006). Pigment-
based coloration, such as from yellow to red chroma, has been
also shown to signal quality and predict individual fitness in
many species from different taxa such as fish (e.g., Poecilia
reticulata—Grether 2000; Oncorhynchus tshawytscha—
Lehnert et al. 2018), birds (e.g., Cyanistes caeruleus—
Garcia-Navas et al. 2012; Euplectes ardens—Pryke et al.
2010), and lizards (e.g., Zootoca vivipara—Fitze et al. 2009;
Liolaemus sarmientoi—Femandez et al. 2018). In addition,
morphs with distinct hues are often related to different behav-
ioral tactics (i.e., color morphs—Sinervo and Lively 1996;
Moore et al. 1998; Fernandez et al. 2018).

In some species, two distinct mating tactics can coexist
within a sex, commonly within males. In most cases, one
of the tactics would be the stereotyped male of the spe-
cies, showing either conspicuous or colorful signaling,
developed armament morphologies, and aggression (i.e.,
the dominant). The other tactic would be pale and dull,
often female-like and evasive (i.e., the sneaker male)
(Shuster and Wade 2003). In some species, melanism is
shown to correlate with aggression and dominance, with
darker coloration being presented in more aggressive and
dominant individuals (Osborne 2005; Abalos et al. 2016).
Such individuals will also likely have a better reproduc-
tive success. Other species can show a more complex
mating system, such as the side-blotched lizard. In this
species, three co-occurring distinct morphs (yellow, blue,
and orange) behaviorally outcompete one another cycli-
cally (Sinervo and Lively 1996). One hypothesis to ex-
plain the coexistence of multiple morphotypes is that they
are mediated by different behavioral tactics and correlated
to distinct physiological performances. In conclusion, sev-
eral lines of evidence suggest that there is a link among
behavior, coloration, and performance.

Here, we use pairwise male competition trials be-
tween morphs to test whether the two male color
morphs of Tropidurus semitaeniatus lizards show dis-
tinct behavioral tactics (i.e., more aggressive and less
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evasive vs. less aggressive and more evasive). Next, by
scoring agonistic behaviors, we test whether one of the
two types of male color morphs tends to win more
encounters (i.e., being dominant). Male morphs of the
lizard T. semitaeniatus have different mean body sizes
and morph relative frequencies vary greatly among pop-
ulations (Bruinjé et al. 2018a). So, we expect that they
would be socially distinct, presenting different outcomes
in between-morph encounters. Because aggression levels
and muscular performance are influenced by the same
mechanism (testosterone levels) (Regnier and Herrera
1993), we expect that dominant individuals (i.e., win-
ners) would also have better performances (faster sprint
speeds). We assess individual performance through
sprint speed trials. Next, we assess whether males signal
their aggressive condition through visual signals and
behavioral displays. We expect that aggression would
be signaled as a way of preventing escalating interaction
costs. Thus, using spectrophotometric measures of body
coloration, we explore whether the lizards’ coloration
predicts the outcome of encounters. We expect that col-
or traits that are likely to be costly (i.e., conspicuous
and pigment-based colorations) would be honest signals
of hierarchical status and therefore will predict the out-
come of the trials.

Methods
Study species

Tropidurus semitaeniatus is a flat rock-dwelling specialist,
endemic, and widespread across Northeast Brazil. Because it
is specialized to a saxicolous habit, individuals tend to be
aggregated in the landscape within rocky patches. Due to the
high density of individuals in rocky outcrops, agonistic inter-
actions play an important role in social hierarchy, and interac-
tions for resources such as basking sites, refuges, food, water,
and mates (Martins 1994; Haenel et al. 2003). These small
sized lizards (<14 g) are assumed to be territorial and sit-
and-wait foragers (Kolodiuk et al. 2009), although its territo-
riality has not been properly studied. They have a marked
reproductive season with the onset at the end of the dry season
(around late November) lasting until the beginning of the
rainy season (late April) (Ribeiro et al. 2012). Like many
lizards, its reproductive behavior is assumed to be polyga-
mous, with males potentially harassing females that remain
in their territory. It is therefore likely that intrasexual selection
influences reproductive success due to its role in territory ac-
quisition. However, intersexual selection could also play a
role as females might choose to remain in territories of dom-
inant males. Females usually deposit clutches of two flat-
elongated eggs (Vitt 1981). They often lay eggs in communal

nests and can reproduce more than once within the same
breeding season (Vitt and Goldberg 1983; Ribeiro et al.
2012). No parental care was ever reported. Males are larger
than females and adult males have a peculiar pattern of color-
ations: to a human (trichromatic) observer, two classes of col-
orations can be distinguished at their ventral thighs and cloaca
(Fig. 1). Patches can be fully yellow (Yellow morph) or have
an intense dark color on top of the yellow coloration (Black
morph). Dorsally however, all lizards seem the same, with a
spotted, rocky-looking dorsum and a conspicuous bright lon-
gitudinal stripe from the forehead to their middle dorsum (Fig.
la). Male morphs and female coloration in different body
regions are distinguishable by their visual system (Bruinjé
et al. 2018b). Male morphs co-occur within populations and
can be found occupying the same rocky patch. Morph fre-
quencies, however, can vary among populations (Bruinjé
et al. 2018a). Morph differences in body size also vary among
populations but, in general, Black males tend to have larger
body sizes than Yellow males (Bruinjé et al. 2018a). With the
exception of body size, coloration, and population morph fre-
quencies, differences between color morphs have not yet been
investigated. It is thus unknown whether 7. semitaeniatus’
male color morphs correspond to alternative behavioral
tactics.

Fig. 1 Dorsal (a) and ventral (b—d) views of male Tropidurus
semitaeniatus showing the body regions in which spectrophotometric
measurements were taken. Dorsal (a) numbering refers to locations of
dorsal head stripe (I), dorsal stripe (II), and dorsal side stripe (III).
Ventral (b—d) numbering refers to locations of throat (I), chest (II), ventral
patch (III), femoral patch (IV), and ventral tail base (V). Adult males of
T. semitaeniatus express two color morphs that, by a human
(tetrachromat) visual system, are differentiable in their ventral color
patches (III, IV). Posterior ventral views show a Yel/low morph male (c)
and a Black morph male (d). Pictures were taken from live individuals and
the hand of the researcher partially covers the lizards (b, c). So, the
silhouettes of the lizards are delimited by white dotted lines
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Sampling and housing

We conducted male-male interaction trials in March and April
0f 2015 (within their breeding season, see Ribeiro et al. 2012).
We used a noose to collect 240 lizards from a single popula-
tion in a wild area (Jodo Camara, RN, Brazil, 05° 32’ 15" S,
35°49' 11" W). We brought the lizards to the laboratory and
kept them in individual plastic terrariums (35 % 24 x 12 cm;
width x length x height, respectively) fed every other day with
three larvae of Tenebrio molitor. Terrariums had shelter, ad
libitum clean water, and 60-W lamps as heat source timed to
natural photoperiod 12:12 h. This study complies with all
Brazilian regulations on ethical treatment of wild animal sam-
pling for scientific investigations. Permission to collect and
measure the lizards was issued by the Instituto Chico
Mendes de Conservacdo da Biodiversidade (ICMBio,
SISBIO #23164-1).

Male-male competition between color morphs

To test whether color morphs of 7. semitaeniatus are
structured socially in relation to dominance/submissive-
ness, we staged pairwise encounters between color
morphs. We obtained behavioral data by analyzing and
quantifying agonistic behaviors from recorded trials. In
order to form pairs with a similar body size, we identi-
fied male morphs by checking their ventral colored
patches (for more information on morph categorization,
see Bruinjé et al. 2018a), measured snout-vent length
(SVL) to the nearest 0.01 mm, and paired unrepeated
lizards of different morphs by size (mean + SD male
size difference: SVL, 1.65+1.31 mm). Even though we
allowed little size differences (3.5 mm), we matched
lizards by size but allowing Yellow males to be the
larger ones as much as the Black males in order to
avoid biasing size difference. Out of our full sample
(N=240), we managed to pair 42 male lizards with
similar body sizes, with a total of 21 trials between
male pairs. We excluded four trials that we considered
“unresponsive” (individuals did not engage in interac-
tion for more than 50% of the time of the trial). We
conducted the trials in a terrarium (70 x 33 x 33 cm) di-
vided into three compartments (Fig. 2). We kept lizards
in the lab for 15 days prior to the trials to reduce stress
from capture and transportation. We deprived lizards
from gathering heat and kept them in room temperature
(26 °C) for a period of 24 h prior to the trials.
Individuals had 15 min to adjust, each in one side of
the terrarium and both separated from each other and
from the central area by removable opaque cardboard
walls (Fig. 2). We encouraged interactions by heating
a natural rock (39 °C+2.3SD) with a heat lamp and
positioning both rock and heat lamp in the central
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Fig. 2 Scheme of tank used in male-male agonistic trials between male
color morphs of Tropidurus semitaeniatus lizards with opaque removable
walls (in gray). The walls separate visually and physically both subject
compartments (left and right compartments) from each other and from
natural heated rock (at the center). After 15 min of acclimatization of
subjects, the walls are simultaneously removed, allowing subjects to get
in contact with each other. Illustrated rock at the center is a natural rock
heated with a heat lamp before the trials. Subjects were prevented from
thermoregulating for 24 h prior to trials and kept in room temperature
(26 °C). The rock is positioned at the center of the tank in order to
promote competition between subjects. A heat lamp is also positioned
above the rock at the central compartment (not shown)
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compartment of the terrarium. Male morphs do not dif-
fer in their preferred temperatures (7p..f) (ACB et al,
unpublished data) so, stimulus for interactions are sim-
ilar to both morphs. There was no visual contact and
access to the rock or lamplight, before the beginning of
the 30-min trial (adapted from Schall and Dearing
1987). In order to eliminate potential chemical traces,
we thoroughly cleaned the terrarium and replaced sand
substrate at the end of each trial. We recorded all trials
(120 fps) and used the software VC Griffin for behavior
quantification.

We analyzed each video twice, once for each focal
male. We defined winners of intrasexual competitions by
attributing scores to the agonistic behaviors: each aggres-
sive behavior counted 1 score and each evasive behavior
deducted 1 score for each individual. We then used the
sum of all displayed behaviors (aggressive and evasive)
scores of each individual as the variable tofal score. We
categorized agonistic behaviors based on the agonistic
ethogram of the species (Coelho et al. 2018). Behaviors
displayed by these lizards are easily classifiable: aggres-
sive displays consist of, at least, proactive behaviors to-
wards the opponent while evasive displays are clearly
passive and/or towards the opposite direction of the op-
ponent. Also, the majority of these displays are very sim-
ilar to several species of lizards (e.g., Fernandez et al.
2018). Displays that did not fit into any of these classifi-
cations (i.e., were not clearly agonistic) were not scored
(i.e., had score =0). Among the zero score, displays were
the behaviors that are not clearly a signal of aggression or
submissiveness (such as head bobs and head bob bouts)
and behaviors that are supposedly exploratory, collecting
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information from the environment (e.g., tongue flicks at
the substrate). The individual with the higher total score
of each competition trial is considered winner of the en-
counter (adapted from Garland Jr et al. 1990). So, each
valid pair of competing males resulted in one winner and
one loser, individual. To minimize observer bias, we used
blinded methods when all behavioral data were recorded
and/or analyzed.

Assessment of behavioral visual signaling of male
dominance

Apart from agonistic displays, lizards have also a broad diver-
sity of behaviors used in intraspecific social signaling. Among
the most common of these behaviors are head bobs, head bob
bouts, and tongue flicks, which are all common in
T. semitaeniatus (Coelho et al. 2018). Head bobs are assumed
to play a role in emitting a signal whereas tongue flicks would
collect information (chemical) from the environment (Cooper
1994). In order to assess whether individuals make use of
behavioral displays to signal their aggressive status, we count-
ed the number of head bob bouts (a sequence of head bobs that
usually consists of eight full movements or more) as a visual
signaling behavior displayed during the trials to compare with
the outcome of the trials.

Performance and male dominance

Aggressiveness is directly influenced by testosterone levels
which, in turn, affect muscle development (Regnier and
Herrera 1993; Weiss and Moore 2004; Kabelik et al. 2008).
Therefore, we expect that more aggressive and dominant indi-
viduals would also perform better. To test this hypothesis, we
compared the outcome of encounters (“winner” or “loser”)
with data on individual maximum sprint speed. To gather sprint
speed, we ran each individual in a 2-m long racetrack with
sandpaper as substrate for a proper traction (Brandt et al.
2015). Because body temperature (73,) is known to influence
performance in lizards, we allowed individuals to thermoregu-
late for a period of 90 min prior to the trials. We measured 7;,
right before the sprint trials with a cloacal thermometer in order
to assure that lizards had reached T, around their Tp.r (37 £
2 °C, ACB et al. unpublished data). Lizards ran three times with
aminimum resting period of 24 h between trials. We stimulated
the lizards to run with soft touches at the tip of the tail with a
feather. The value of maximum sprint was the fastest 25-cm
interval of all runs of each individual that we analyzed from
120-fps recordings (for studies with lizards that used similar or
lower filming speeds, see Collins et al. 2013; Brandt et al. 2015;
Wild and Gienger 2018; Winchell et al. 2018). We made the
performance measures 10 days after the behavioral trials.

Color as predictor of male dominance

In order to assess whether color traits are related to aggression
(winning/losing trials), we measured coloration in several
body parts of each lizard (Fig. 1). We obtained reflectance
spectra with an optic fiber (R400-7-UV-VIS, Ocean Optics,
Dunedin, FL) attached to a spectrophotometer (USB4000-
UV-VIS). We took three measures within eight body regions
that might be displayed during encounters: throat (Vrproar),
chest (Vepesy), ventral patch (Vpyen, the patch cloacal region),
femoral patCh (VFemoralPatch)’ ventral tail base (VTailBase)’ head
stripe (Dyeadsuripe measured within the head’s dorsal bright
stripe), dorsum stripe (Dgipe, measured within the dorsal
bright stripe), and side stripe (Dsigesiripe, measured at the dark
stripes directly at the side of Dgyipe) (Fig. 1). We derived
different color variables (Table S1) from the spectral reflec-
tance curves using the R package pavo (Maia et al. 2013).
First, we restricted spectra curves between 300 and 700 nm,
the wavelength range perceivable by lizards (Loew et al.
2002), and averaged all three measures taken at each region
of each lizard. Ultraviolet reflection, carotenoid, and melanin-
based colorations are known to relate with several individual
qualities and signaling (Stapley and Whiting 2006; Martin and
Lopez 2009; Saenko et al. 2013). So, we derived color vari-
ables that represent these different aspects of coloration:
segment-specific ultraviolet and yellow saturations (Syy and
Sveliow, respectively), hue (Hue), and mean lightness
(MLightness)'

Statistical analysis

To assess whether male color morphs of 7. semitaeniatus
adopt distinct behavioral tactics we compared the total amount
of aggressive and evasive behaviors displayed between
morphs. For that, we compared the total amount of aggressive
displays between color morphs with a chi-squared test. We
also compared the total amount of evasive displays between
color morphs with a chi-squared test. Next, to determine
whether color morphs differ in winning encounters (i.e., dom-
inance), we performed a paired Wilcoxon signed rank test
with the fotal score of individuals as response variable and
color morph (Yellow vs. Black) as fixed factor and paired the
test by each male dyad. Because body size is known to corre-
late with sprint speed performance in lizards, we corrected
maximum sprint speed for body size. So, to assess whether
color morphs differ in performance, we ran an ANCOVA
using color morph as fixed factor, maximum sprint speed as
response variable, and SVL as co-variable.

Next, we attributed to each individual a final status of win-
ner (1) or loser (0), producing the binary variable outcome,
and tested whether there is an association of performance on
dominance. For that, we used outcome as fixed factor, maxi-
mum sprint speed as response variable, and SVL as co-
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variable in an ANCOVA. Then, to assess whether coloration
predicts outcome of encounters, we performed binomial logis-
tic regression analyses with the color variables as predictors of
outcome. Due to the sample size of trials (17 pairs), we per-
formed separate binomial generalized linear model functions
with a logit model using each of the four color variables (Hue,
MLightness’ SUV’ and SYellow) of each bOdY region (VThroat,
VChests VPatch’ VFemoralPatch’ VTailBasev DHeadStripe, DStripes and
Dygigestipe) as predictors. Similarly, to assess whether individ-
uals signal their hierarchical status (dominance) through visu-
al behaviors, we performed a binomial logistic regression
analysis with the visual behaviors (number of head bob bouts)
as predictor of outcome. We ran all statistical analysis in R
software (R Core Team 2017).

Data availability

The datasets analyzed during the current study are available
from the corresponding author on reasonable request.

Results

Color morphs differed significantly in the types of agonis-
tic behaviors that they displayed during male-male encoun-
ters. Yellow males performed less aggressive behaviors,
XZ(], N=267)=5.69, P<0.05 (Table 1) and more evasive
behaviors, Xz(l, n=195)=14.4, P<0.001. This resulted in
the opposite sets of behavior in Black males. Color morphs did
also differ in dominance (V =153, N=34, P<0.001), but not
in performance after controlling for body size (£ 35 =2.0944,
P =0.156). Dominant males also have not had higher perfor-
mances than submissive males when controlling sprint speed
for body size (Fy 30=0.0003, P =0.986).

Intensity of chest coloration had a strong relationship with
dominance (Table 2, Fig. 3a—c). Logistic regression showed

Table 1 Total number of agonistic (aggressive and evasive) behaviors
displayed, category of the behavior according to the species agonistic
ethogram (Coelho et al. 2018), and relative percentage (in parenthesis), by
each male color morph (Black and Yellow) of Tropidurus semitaeniatus liz-
ards during male-male competition encounters

Behavior Category Displayed by

Black males Yellow males
Approach Aggressive 53 (24%) 46 (19%)
Intimidation posture ~ Aggressive 38 (17%) 22 (9%)
Chase Aggressive 14 (6%) 13 (5%)
Bite Aggressive 31 (14%) 28 (12%)
Dorsum show Aggressive 17 (8%) 5 (2%)
Tail wave Evasive 4 (2%) 23 (10%)
Retreat Evasive 67 (30%) 101 (42%)
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Table2  Results of logistic regression of color variables on outcome of
male-male competition encounters of Tropidurus semitaeniatus lizards
between their two male color morphs. OR shows the odds ratio of an
increase of 10% in the predictor color variable with 95% of confidence
interval (CI). Bold indicates models with significant effect of the color
variables in predicting the outcome of encounters

Variable Estimate Std.error OR  95% CI P
Chest lightness -0.194 0.084 048 0.25-0.92 0.028
Chest UV saturation —38.045 17.955 0.65 0.44-0.98 0.042

46.016 1.55
0.015 1.36

1.01-2.37 0.043
1.05-1.77 0.022

Chest yellow saturation 96.605

Ventral patch hue 0.035

that low values of My jghiness and Suyv in Vicnes Were related to a
higher winning probability (Table 2, Fig. 3a, b), and also that
higher Syenow Values increased winning probability (Table 2,
Fig. 3c). At Vpyen, hue highly and positively predicted the
outcome of encounters (Table 2, Fig. 3d). In addition, logistic
regression showed that the number of head bob bouts highly
predicted wins (OR=1.69; 95% CI 1.01-2.85, N=34,
P <0.05) (Fig. 4).

Discussion

Color morphs presented significant difference between types
of behaviors that they displayed during agonistic intrasexual
encounters. Black morph males were significantly more ag-
gressive and, in addition, dominated over Yellow males more
often. These, on the other hand, behaved more evasively (and
less aggressively) and tended to end the trial as submissive.
Among the agonistic displays categorized as submissive and
evasive is tail waving, which Yellow males displayed more
often. Tail displays are usually described as anti-predatory
behaviors, but it is also observed in subordinate individuals
within social interactions, as in Chalcidis viridianus after be-
ing chased by a rival (Machado et al. 2007; Alonso et al. 2010;
Sanchez-Hernandez et al. 2012). Different behavioral tactics
are known to occur in some polymorphic species, enabling
morph coexistence (Dijkstra et al. 2009). In Podarcis muralis
for instance, a species of lizard that may express up to five
color morphs, morph distribution and their relative frequen-
cies vary among populations. Recent evidence suggests that
these morphs, that differ in several physiological traits (e.g.,
temperature-dependent locomotor performance; Zajitschek
et al. 2012), compensate physiological and occurrence differ-
ences through their behavior, mediating habitat use (Pérez i de
Lanuza and Carretero 2018). In these lizards, success in dy-
adic agonistic encounters also vary depending on which
morphs are competing (Abalos et al. 2016). In Tropidurus
semitaeniatus, Yellow males displayed higher number of tail
wave (and all evasive behaviors), fewer displays of aggressive
behaviors, and tended to be submissive. These results suggest
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Fig. 3 Plots of logistic regression models of color variables on the
outcome of encounters between males of the lizard Tropidurus
semitaeniatus. Red continuous lines show logistic model of the
probability of winning encounters (Y left axis) in relation to trait value
(X axis). Bar plots show the number of individuals (Y right axis) that won
(upper bars) and lost (lower bars) encounters distributed according to their

an occurrence of alternative behavioral tactics in the species,
with Yellow males showing an evasive and submissive tactic
while Black males, a dominant and aggressive tactic. Further
studies should explore whether male color morphs of
T. semitaeniatus also differ in behaviors in other contexts such
as testing them for boldness, which could characterize male
morphs within a proactive-reactive axis of a behavioral syn-
drome (Sih et al. 2004). In such situation, aggression and
boldness are correlated, and a selected increase in one trait
drives the other. This correlation could buffer the selection
towards aggressiveness since extremely aggressive individ-
uals would also be extremely bold. Exacerbated boldness
would increase natural selection by predation of such individ-
uals, buffering the selection towards aggressiveness.

Color morphs differed in dominance with Black males win-
ning more encounters. Dominants did not, however, differ in
body size-controlled sprint speed. Dominant males also did
not differ in performance from submissive males. Namely,
sprint speed performance is not related to agonistic dominance
in intrasexual interactions in 7. semitaeniatus. Interestingly,
this result goes against our expectations based on studies of
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other lizard species in which performance was found to be
correlated to dominance. For instance, dominance is highly
associated with sprint speed and stamina performances in
Urosaurus ornatus (Robson and Miles 2000). Likewise, sprint
speed is significantly higher in winner males of Sceloporus
occidentalis. However, stamina does not relate with wins in
this species (Garland Jr et al. 1990). Although maximum
sprint speed is commonly used as a proxy for performance
in lizards, it is possible that it does not capture whole organism
performance and is influenced by ecological habits of the spe-
cies. Tropidurus semitaeniatus lizards are sit-and-wait for-
agers that tend to remain in the same rock outcrops for long
periods of time during the day, moving short distances inter-
mittently to capture prey, and thermoregulate and hide in rock
crevices nearby (Kolodiuk et al. 2009). Sprint speed might
play a role in retreating from threats and patrolling and
defending a territory, but may not capture a performance mea-
sure related to intrasexual dominance mediated by agonistic
interactions in this species. As an alternative in these lizards, it
would be interesting to explore other physiological variables
as a proxy of performance and its relationship with
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number of displays of head bob bouts. Purple circles at the top indicate
number of bouts displayed by each winner lizards whereas circles at the
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dominance. Bite force would be a good example, as the be-
havior bite was very common in the trials (Table 1) and it is
discussed to be a better physiological performance predictor
of dominance due to its direct influence on agonistic interac-
tions (Herrel et al. 2009).

The intensity of coloration at the chest of the lizards had a
strong relationship with dominance. Low values of lightness
predicted greater probability of winning encounters and, in ad-
dition, higher values of yellow saturation also increased win-
ning probability. For instance, an increase in 10% of chest yel-
low saturation increases the chances of winning by 55%
(Table 2). In other words, lizards with darker and more intense
yellow saturation in their chests were more likely to win. This is
an interesting finding since the expression of both dark and
yellow colors are often related to pigment-based coloration
(e.g., melanin and carotenoid) (Steffen and McGraw 2009),
being both costly and indicative of individual quality (Grether
2000; Martin and Lopez 2009). In addition, ventral yellow col-
oration was also found to correlate with increased aggression in
Zootoca vivipara (Vercken and Clobert 2008). The underlying
mechanisms of the expression of darker-yellow coloration in
T. semitaeniatus were not yet studied. However, it is known that
melanism is often correlated to testosterone-mediated aggres-
sion (McGraw et al. 2003; Osborne 2005), dominance status
(Evans et al. 2000), and to configure cost to the bearer in several
contexts (Evans et al. 2000; Jawor and Breitwisch 2003;
Tanaka 2009; Qi et al. 2011).

In addition to visual communication by the expression of
coloration, we showed that visual behavioral displays also
play a role in the outcome of agonistic interactions in this

@ Springer

species. The number of head bob bouts displayed during the
encounters highly predicted wins. With an increase in 10% of
head bob bouts, for instance, the chances of winning are in-
creased by 69%; thus, meaning that individuals signaled their
fighting ability through head bobbing, making use of this be-
havior to reinforce dominance status. Head bob bouts are se-
quences of rapid up-and-down movements of the head. While
performing it, the lizard extends its neck and often stretches its
forearms in a way that the head is positioned as high as pos-
sible (Coelho et al. 2018). During such a display to conspe-
cifics, it is likely that its opponent visually assesses both throat
and chest areas of the behaving individual. Therefore, together
with a high correlation between darker-yellowish colors and
wins, it suggests that lizards tend to expose these colorations
during contests. Although our results are not a proof of a
costly signal of chest coloration, they suggest that the ventral
parts of the body play a role in conspecific communication. In
addition, the increased head bob bouts related to aggression
also supports this suggestion.

It is likely that both behavior and color function as signals
of male quality (Osborne 2005). Different signals may convey
the same, or supplementary, information, thus reinforcing
each other (e.g., back-up hypothesis; Johnstone 1996).
Further studies should explore physiological mechanisms of
the production of structural and pigment-based coloration in
these lizards. Both ultraviolet reflectance and lightness—types
of coloration liked to signal cost by conspicuousness—had a
negative effect on the probability of winning (Fig. 3a, b). So,
notably, individuals with lower ultraviolet reflectance at their
chest tended to win encounters (Fig. 3b). This finding is con-
trary to our expectations based on previous studies:
intrasexually, UV reflection is known to correlate with
(Lacerta viridis, Bajer et al. 2011), and inform (Platysaurus
broadleyi, Stapley and Whiting 2006), fighting skills in liz-
ards; whereas intersexually, males choose females with high
ventral UV (Ctenophorus ornatus, LeBas and Marshall 2000)
and UV-deprived males are also less likely to be chosen by
females (Ameivula ocellifera, Lisboa et al. 2017). Therefore,
although there is evidence that 7. semitaeniatus lizards reflect
UV at their throats (Bruinjé et al. 2018b), UV signaling does
not appear to determine male social dominance. Hence, with
the conjoined results of UV and lightness on winnings, we
conclude that dominance is signaled through the expression
of darker chests. Further, at the ventral patches—a colored
patch common to several Tropidurus species—hue highly pre-
dicted the outcome of agonistic interactions (Fig. 3d).
Although behaviors that exhibit the patches are not displayed
very often (Coelho et al. 2018), it appears that coloration at the
patches plays a role in the probability of winning, as darker
yellow-to-greenish color is expressed at the patch (Fig. 1;
Bruinjé et al. 2018b).

We did find a strict social status relationship of dominance/
submissiveness between 7. semitaeniatus color morphs, in
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which Black morph males tended to dominate over Yellow
males. In addition, we found a higher proportion of aggressive
against evasive displays in Black males, while the opposite
was found in Yellow males. Together, these results suggest that
morphs behave consistently as alternative behavioral tactics in
this species. In addition, we found that chest coloration plays a
significant role on dominance in intrasexual context. We
found strong association of low lightness and yellow colora-
tion to dominance, which suggests that individuals signal their
intrinsic quality—fighting ability—through their coloration.
Future steps would be to explore the physiological mecha-
nisms responsible for the production of color of the chest
and ventral patch areas. Coloration of ventral patches in
Tropidurus species is supposed to be linked to the occurrence
of glandular scales (Carvalho et al. 2016), which was not
studied yet. Hormone levels might be responsible for mediat-
ing high melanin in the tissue. Thus, pigment-based coloration
promoted by hormone levels could characterize these patches
as multi-modal signaling badges. Also, this information would
allow inferences on the costs of this signal and its function in
social interactions. In addition, it would be interesting to ma-
nipulate coloration at the chest during female choice experi-
ments. Here, we show that chest coloration is a strong predic-
tor of male dominance and such experiments could reveal
whether this trait also influences reproductive success through
differential female preference for alternatives as mates.
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