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Resumen

La variacidon intrasexual en coloracion (o en otros rasgos) puede llevar a la evolucion de
morfotipos. En muchas especies, los morfotipos representan estrategias reproductivas
alternativas. Sin embargo, estas diferencias pueden no ser discretas. Considerando que
muchas sefales de color evolucionan como rasgos dependientes de la condicién corporal,
estas deberian de mantenerse como sefiales honestas (que indiquen la calidad del individuo
poseedor) via seleccidn natural. Por lo tanto, una sefial honesta deberia estar mediada por
compromisos (trade offs) entre pigmentos y rasgos como la condicion corporal,
inmunocompetencia o vitalidad. Estos compromisos deberian de generar variacién continua
entre los individuos de cada morfotipo y en algunos casos entre los de diferente morfotipos,
lo cual nos hace preguntarnos si es mejor considerar a estos morfotipos como unidades
discretas o unidades continuas. Sceloporus grammicus es una especie polimorfica, que se
caracteriza por una mancha gular, asociada a estrategias reproductivas alternativas. En este
trabajo, nosotros analizamos si la supervivencia es mejor predictor cuando los morfotipos en
esta especie son considerados de manera continua o de manera discreta entre individuos de
una especie polimérfica. Nuestros resultados sugieren que la variacion en supervivencia es
continua con respecto a la supervivencia, y esta correlacionada con el porcentaje de
coloracion amarilla en los parches gulares, mientras que no se ajusta de manera tan
adecuada a los modelos que la analizan de manera discreta. Nosotros sugerimos que la
variacion morfotipica debe de debidamente analizada para muchas especies, con la intenciéon
de mejorar nuestro entendimiento de la evolucién y mantenimiento del polimorfismo en
coloracion.



Abstract.

Intrasexual variation in coloration (or in other traits) could lead to the evolution of
morphotypes. In many species, morphotypes represent alternative reproductive strategies,
and these may not be discrete. Considering that many color signals evolve as a trait
depending of the corporal condition, this signals should be maintained as honest signals (this
signals indicate the quality of the possessor) and these must be mediated by trade-offs
among pigments and traits like body condition, immunocompetence or stamina. Such, trade-
offs should generate continuous variation within and in some cases among morphotypes,
raising the question as to whether morphotypes are better considered discrete or continuous
units. Sceloporus grammicus is a polimorphic species, this polimorphism is characterized by a
gular coloration related to a reproductive strategy. Here we analyze if survival is better
predicted by continuous or discrete variation among individuals of this polymorphic species.
Our results suggest that variation in survival is continuous with respect to survival and is
correlated with the percentage of yellow coloration on throat patches, which cannot be
predicted by discrete variation. We suggest that morphotypic variation be revisited for several
polymorphic species to improve our understanding of the evolution and maintenance of color
polymorphism.



Introduccion.

Las sefales de coloracién son un rasgo fenotipico distribuido en muchas especies de
vertebrados e invertebrados, sobre todo en aquellas donde existe seleccion sexual por parte
de las hembras (Gross, 1991; Sinervo & Lively, 1996). En estas especies, la coloracion
puede funcionar como una sefial de calidad, de estatus, de advertencia o para atraer a los
miembros del sexo opuesto. En este ultimo caso, los machos de dichas poblaciones pueden
tener estrategias reproductivas alternativas, dando lugar a especies polimérficas donde
existen morfotipos (fenotipos alternativos genéticamente determinados y asociados a una
estrategia reproductiva; Gray & Mckinnon, 2006).

Las especies polimorficas abundan entre los lacertilios (Thompson & Moore, 1991; Sinervo &
Lively, 1996; Baastians et al., 2013) , donde estas han sido un tema de debate, debido a que
no entendemos del todo cémo son definidos los morfotipos (de manera totalmente genética o
si existe influencia del ambiente), y por ende, si estos estan sujetos a presiones selectivas de
manera discreta (ya que cada morfotipo tiene una estrategia genéticamente determinada), o
si la seleccién natural actia sobre ellos de manera continua (Teasdale et al, 2013; Sacchi,
2015; Cote et al., 2008, Vercken et al., 2008).

Si bien algunos autores han propuesto que los morfotipos estan determinados de manera
genética (Corl et al, 2010) puede existir efecto pleiotrépico, complicando la herencia (Sinervo
& Svensson, 1998), y recientemente se ha demostrado que esto podria no ser tan simple
como se pensaba, y que la herencia de estos morfotipos podria ser mucho mas compleja que
un solo gen actuando de manera mendeliana, pues al parecer en Podarcis muralis, son
varios los genes implicados en la determinacion de estos (Andrade et al., 2019). Por otro
lado, algunos autores han tratado de probar que existe un continuo entre los individuos de
cada morfotipo, y no solo diferencias discretas, ya que las manchas caracteristicas de cada
uno de estos, pueden variar en tamafo, haciendo que las presiones selectivas no sean
iguales entre los individuos con cada morfotipo (Teasdale et al., 2013; Paterson & Blouin-
Demers, 2017).

Si bien los morfotipos en lagartijas podrian tener estrategias genéticamente determinadas,
estos no tienen exactamente el mismo desempefio (Thompson & Moore; 1991), asi que las
manchas de colores caracteristicos de cada morfotipo podrian funcionar como sefiales de
calidad individual como ocurre en otros animales, donde los individuos que tienen manchas
mas grandes tienen una mayor capacidad para atraer parejas, son mejores competidores y
pueden tener una mayor supervivencia (Munguia-Steyer et al., 2010; Cordoba-Aguilar, 2002;
Contreras-Gardufio et al., 2006). Prueba de esto es que factores como la termorregulacion,
las hormonas y los ciclos reproductivos estan asociados a las estrategias alternativas en
reptiles (Smith & John-Alder, 1999; Robson & Miles 2000), y rasgos como la salud, la
condicion corporal y el ambiente, afectan la expresion de la coloracién (Hill & Montgomery,
1994; Fitze et al., 2009).

La supervivencia es uno de los componentes del ciclo de vida, que se puede analizar a
través de los estudios demograficos, por lo que puede permitirnos conocer el efecto que
tienen las presiones selectivas sobre las poblaciones, y de esta manera, nos permite saber
cdmo y sobre qué rasgos esta actuando la seleccion natural (Pérez-Mendoza et al., 2013).
Aunque conocer el mecanismo que determina los morfotipos es de gran importancia,
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entender como es que actia sobre ellos la seleccion natural también es de mucha
importancia, existen trabajos que han reportado pérdidas de uno o mas morfotipos en
poblaciones de especies de lagartijas polimérficas, lo que sugiere seleccion en contra y
desempeiio diferenciales entre los individuos de cada morfotipo (Corl et al., 2010).

La familia Phrynosomatidae es uno de los taxones de lagartijas donde ocurren mas especies
polimorficas, por lo que es uno de los grupos donde méas se han estudiado sus implicaciones
ecoldgicas y evolutivas (Hover, 1985; Hews et al., 1997; Cox et al., 2008; Sinervo & Lively,
1996; Baastians et al., 2013). Ademas de esto, algunas de sus especies como la lagartija del
mezquite (Sceloporus grammicus) tienen distribuciones amplias, encontrdndose en sitios
ambientalmente distintos, permitiéndonos poner a prueba distintas hipétesis sobre las
presiones selectivas que ocurren en ellas (Sites et al., 1987).

En este trabajo, nosotros construimos modelos donde la supervivencia de las lagartijas podia
variar en funcibn de la mancha gular, de manera continua o de manera discreta,
permitiéndonos conocer cOmo actla sobre este rasgo la seleccion natural.
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ABSTRACT. Intrasexual variation in coloration (or in other traits) may lead to the evolution
of morphotypes. In several species, different morphotypes represent alternative
reproductive strategies. However, these differences may not be discrete. Considering that
many color signals evolve as condition-dependent traits, their honesty must be maintained
for selection to operate. Therefore, an honest signal must be mediated by trade-offs
among pigments and traits like body condition, immunocompetence, stamina, etc. Such
trade-offs should generate continuous variation within and in some cases among
morphotypes, raising the question as to whether morphotypes are better considered

discrete or continuous units. Here we analyze if survival is better predicted by continuous
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or discrete variation among individuals of a color polymorphic species. Our results suggest
that variation is continuous with respect to survival and is correlated with the percentage of
yellow coloration on throat patches, which cannot be predicted by discrete variation. We

suggest that morphotypic variation be revisited for several polymorphic species to improve

our understanding of the evolution and maintenance of color polymorphism.

Color-based signals are common in nature and can provide various types of information to
signal receivers, such as species identity, body condition, social status, and degree of
toxicity (Stevens, 2013). As a signaling trait, colors often differ between males and
females, and in some cases can vary among individuals of the same sex (Bastiaans et al.,
2013; Allender et al., 2003; Alexander & Breden, 2004). Intrasexual variation in coloration
(or in other traits) may lead to the evolution of morphotypes (alternative phenotypic,
genetically-determined forms) (Gray & Mckinnon, 2006). In several species, different
colored spots on specific body parts distinguish morphotypes, and morphotypes may vary
in fitness as a consequence of intermorph trait variation (Sinervo & Lively, 1996). Several
studies have documented the presence of morphotypes in fishes, amphibians, and reptiles
(avian and non-avian); reptiles have been the most widely studied, particularly lizard
species (Crispo et al., 2006; Hoffman et al., 2006; Gross, 1984; Lank et al., 1995;
Alexander & Breden, 2004; Ryan & Causey, 1989; Howard, 1984). Among lizards,
phrynosomatids and lacertids are considered model groups, and morphotypic variation has
been documented in several species (e.g. Hover, 1985; Baastians et al., 2013; Hews et
al., 1997; Sandrine et al., 2007; Sacchi et al., 2007; Cox et al., 2008; Sinervo & Lively,
1996; Sacchi et al., 2015). Most color signals used in lizard-lizard communication are
located on the ventral region and the throat. Throat coloration in lizards is perhaps the
most well-studied case of polymorphic species because of the influential work of Sinervo

et al., on frequency dependent selection, and several studies in Lacerta vivipara (Vercken
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et al., 2007; Sandrine et al., 2007; Sacchi et al., 2015; Sinervo & Lively, 1996; Sinervo et
al., 2000; Sinervo & Svensson, 2002; Sinervo & Calsbeek, 2006; Corl et al., 2010;
Baastians et al., 2013 Cote et al., 2008).

However, color signaling can be affected by several factors such as maternal effects,
incubation conditions, post-hatching conditions, diet, and even social context. Considering
that many color signals evolve as condition-dependent traits, their honesty must be
maintained to be selected efficiently (Enquis & Leimar, 1983; Mikami, et al 2004;
Seehausen & Schluter, 2004). Therefore, an honest signal must be mediated by trade-offs
among pigments and traits like body condition, immunocompetence, stamina, etc (Bajer et
al., 2012). Such trade-offs should facilitate the evolution of continuous variation within and,
in some cases, among morphotypes, raising the question if individuals should be
considered as discrete or continuous units (Teasdale, et al., 2013; Paterson & Blouin-

Demers, 2017).

The widespread use of morphotypes as discrete units in lizard studies has been supported
by a few observations: 1) morphotypes are genetically determined (based on heritability
analyses); 2) morphotypes represent alternative reproductive strategies (Vercken et al.,
2007); and 3) alternative reproductive strategies of morphotypes are also often coupled
with other social behaviors (home range, aggressiveness, and social status). This pattern
has been documented in Uta stansburiana, Urosaurus and L. vivipara, and might occur in
Podarcis muralis where morphotypes have either solid colors (presumably homozygous)
or a combination of colors (presumably heterozygous, Sinervo & Lively, 1996; Hews et al.,
1997; Vercken et al., 2008; Calsbeek et al., 2010). However, delimitation of morphotypes
can be problematic when individuals share several colors, as colors are typically not in the
same proportion or area in different individuals in the same combination (Healey et al.,

2007; Scali et al., 2013; Teasdale, 2013; Paterson & Blouin-Demers, 2017).
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Variation in color may also be coupled with other traits that vary continuously among and
within morphotypes. For example, colors on different morphotypes can vary in size,
reflectance or intensity (Cote et al., 2008; Bajer et al., 2012). Color morphs are also often
designated simply by the eyes of human researchers, who are not the intended receivers
of these signals. Some studies have suggested that reflectance or RGB analysis be used
to determine if color variation is a discrete or a continuous trait, although resuits using
such approaches can be mixed (Cote et al., 2008; Teasdale et al., 2013; Paterson and
Blouin-Demers, 2017). To determine whether variation among morphotypes is discrete or
continuous, it is essential to characterize how conspecifics perceive color variation, and
more importantly, how natural selections acts upon morphotypic variation. Here we ask
whether survival is better predicted by continuous or discrete variation among individuals
of a color polymorphic species.

MATERIALS AND METHODS.

Study system.- Sceloporus grammicus is a species complex of viviparous lizards widely
distributed from southern USA throughout most of mainland Mexico to Oaxaca (Sites et
al., 1992). Mean size is 48.9 mm snout-vent length (SVL) and 50.7 tail length. Sceloporus
grammicus is a polymorphic lizard in which both males and females have three and four
color morphs, respectively. Morphs are identified by a throat patch with 4 main colors:
white, blue, yellow and orange (blue is not present in females, neither are color
combinations) and combinations of each one of these colors. However, blue and white
male morphs never co-occur within the same population (Bastiaans et al., 2014). Males
reach sexual maturity at 6-7 months of age, whereas females mature sexually at 8-9
months, although the minimum age to reach sexual maturity is among 5 to 14 months of
age (Pérez-Mendoza et al., 2013). The mating season occurs between October and

November, and birthing from February to May; thus, gestation lasts five to eight months
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(Guillete & Bearce, 1986; Ramirez-Bautista et al., 2004; 2011; Pérez-Mendoza et al.,

2013).

Study sites.- Study sites are located on the volcano “La Malinche National Park” (LMNP).
The LMNP is a temperate subhumid site with a summer rainy season. The temperature
range recorded from the “La Malinche” Research Station is -2.8 to 21.8 °C, and the mean
temperature is 7 °C in winter and 11 °C in summer. The first study site is located near the
volcano top (hereafter site 1; 19.24°N, 97.93°W, 4150 m above sea level), and the
vegetation is sub-alpine grassland (Diaz-Ojeda, 1992). However, lizards occur on rocks
among grasses (Festuca tolucensis, Calamagrostis toluscensis) at ground level. The third
study site was located near San Cristobal (hereafter site 2, 19.24°N, 98.03°W at 2500 m
above sea level), on the lower slope of LMNP. This site is primarily composed of croplands
that change seasonally based on the crop cycle and can be dominated by Zea mays,
Phaseolus vulgaris or Cucurbita sp. At site 2, lizards primarily occur on the walls of

abandoned buildings (personal observation).

Field methods.- At each study site, we delimited a single study plot in which lizards were
relatively abundant (where we could capture at least 20 lizards per sampling occasion
during a working day). We conducted mark-recapture experiments at these sites during 10
months making one-day bimestral visits (five in total) to each site from May 2017 to
February 2018. During each visit, we searched for lizards from 0900 to 1600 h. During this
sampling period, we attempted to capture as many lizards as possible. Individuals were
captured by hand or noose. Upon first capture, individuals were marked individually by
cauterization following the code in the figure 1. We refrained from toe clipping, as this
marking technique has been shown to reduce the survival of this species in a few
populations (Olivera-Tlahuel, et al., 2017). The following information was recorded for

each captured individual: sex (was determined by examination of the postanal scales,
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enlarged in males), SVL, mass, morphotype, and a ventral photograph for posterior
analysis. Ventral photographs were all taken under similar conditions, and we used the
same ruler for every photo (Figure 1). Individuals were released immediately after
measurements were taken at the site where lizards were captured. Repeated visits to the
study sites allowed us to record individualized encounter (recapture) histories which
consisted of data on when lizards were captured or not captured over the course of the
study. Later, in the laboratory, we used the program Image J 1.47 (Abrémoff et al., 2004)
to measure the yellow area of the throat patch on each lizard. We took the total throat area
and the yellow area of the patch to obtain the percentage of yellow in the throat of each
lizard (Figure 1). We chose to measure this color because it was the most abundant on all

among individuals.

Model set and model selection.- We built a priori models that represented different
hypotheses about variation in survival (¢) and probability of recapture (p). We then
calculated the strength of evidence for each competing model in our data sets. We
constructed models where @ and p could be (1) unaffected by time or morphotype
(“constant” model, indicated with a “.”); (2) varying among sampling occasions (“Time”
model, indicated with a “1"); (3) discrete variation in survival among morphotypes with or
without a yellow patch (“group” model, indicated with a “g”); (4) continuous survival varying
as a linear function of the area percentage of the yellow patch (“Continuous” model,
indicated with the letters “COV”); (5) survival varying as a quadratic function of the
percentage of area occupied by the yellow patch in the throat of each lizard, this model
adjusts when we have two different slopes in the model (“Quadratic” model, indicated with
the letters “COV2”); and (6) survival affected by the interaction between sampling occasion
and groups (yellow morphotype and the other morphotypes, “Interaction” model, indicated

with “g*t").
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Model selection was based on the corrected Akaike s information criterion (AlCc), which is
a measure of model likelihood and parsimony (Akaike 1973) for small sample sizes
(Sugiura, 1978). The lowest AlCc score indicated the best-fitting model. However, models
with a difference in their AICc scores (A AICc) smaller than 2 units were considered as

having a similar fit to the data (Burnham & Anderson; 2002).

RESULTS.

In both study sites, a single model had a greater relative support than the rest (a AAICc >
2; Table 1). The best models indicate that survival varies among sample occasions and as
a quadratic function of yellow coloration percentage. However, they differ on how
recapture probability varies. In site 1, recapture probability is best explained by the
presence or absence of yellow coloration on the throat patch. In contrast, in site 2,
recapture probability is constant (Table 1). At both study sites, there was no evidence that
survival depended on yellow coloration as a discrete variable.

Given the continuous nature by which yellow coloration percentage affects survival
estimates, survival should be analyzed continuously in the form of survival functions. At
site 1, survival was unimodal, favoring individuals with intermediate values of yellow area
between 48% and 58% of the head covered with yellow coloration (Fig. 2). At site 2,
survival was bimodal—individuals with low and high percentages of yellow coloration, less
than 10% and more than 60% yellow had high survival (Fig. 2).

DISCUSSION.

Researchers have a tendency to classify things discreetly out of convenience, but variation
in nature is often continuous. In our study populations of S. grammicus, best-fitted models
included the quadratic effect of yellow coloration on throat patch over survival, while the
models with discrete variation among morphotypes were not supported by our data. This

indicates that survival variation is better explained by color patch as a continuous trait as
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opposed to discrete variation as has been previously suggested by other studies

(Teasdale, etal., 2013; Paterson & Blouin-Demers, 2017).

Continuous variation makes sense in the context of the sexual selection, as secondary
sexual characters evolve as signals of indivual quality (Andersson, 1994), and his
expression is more variable among individuals than the expression in other traits
(Klingenberg, 1996). Therefore, the cost of having exaggerated traits, like conspicuous
color patches, must be higher for individuals in poor body condition (Rowe & Houle, 1996;
Kotiaho, 2001; Bajer et al., 2012). This trend has been reported in monomorphic species,
where the size of the color patches functions as an honest signal. For example, in some
species of dragonflies, individuals with the largest wing patches are better at defending
territories and have higher survival (Munguia-Steyer et al., 2010; Cdrdoba-Aguilar, 2002,
Contreras-Gardufio et al., 2006). For polymorphic species, continuous variation does exist
on individuals with the same morphotype, as color patches vary in size and covary with
individual body condition in guppies (Hughes et al., 1999). Patch size seems to be
important in other polymorphic species (even more than patch color), such as Urosaurus
ornatus (a Phrynosomatid species), where it has been observed to be more dominant in

individuals with larger throat patches (Thompson and Moore, 1991).

Although discrete morphotypical differences have been related to differences in
reproductive strategies and traits like agonistic behavior and mating among individuals
(Sinervo & Lively, 1996), if individuals of the same morphotype have the same mating
strategy, there may be individual variation in their ability to defend territories and mating
success. Therefore, individual differences within morphotypes may lead also to survival
differences along a continuum (Teasdale et al., 2013), covarying with patch size or color

percentage.

12



203

204

205

206

207

208

208

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

In site 1, we observed that selection is stabilizing and favors intermediate percentages of
yellow (between 48 and 58%). Which is expected for a trait acting as an honest signal,
whereas low and high percentages of yellow may be costly. In site 2, selection is disruptive
and favors low and high percentages of yellow. Differences in survival curves may reflect
environmental and ecological selective pressures, as these have been suggested to be
drivers of variation in the form of selection among populations due to differences in
resource availability (food and shelter) or interactions (competition and predation)
(Siepielski et al., 2011; Olivera-Tlahuel et al., 2017). Therefore, the strength, direction and
shape of selection over the sexual traits can be differential and even contrasting at

different sites (Cornwallis & Uller, 2010).

Our results demonstrate that throat patches and particularly the percentage of yellow
coloration are better predictors of survival than when this trait is treated as a discrete
(presence/absence) variable. This finding is consistent with previous studies that have
examined morphotypic coloration as a continuous trait (Cote et al., 2008; Sacchi et al.,
2013; Paterson & Blouin-Demers, 2017). Also, the coloration of morphs has been shown
to result from multiple gene interactions associated with carotene metabolism. In addition,
there is no genetic structue in this trait among morphotypes in wall lizards (Podarcis
muralis; Andrade et al., 2019), which questions previous claims that throat coloration is
genetically determined by a single gene. With this evidence, we suggest that morphotypic
variation be revisited for several species to better understand the evolution and

maintenance of color polymorphism.
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Fig 1. A. Marking code. Every cauterized dot is placed on the lizard ventral surface. The
right arm is used to mark units, the Ieft arm is used to mark decens, and the right leg is
used to mark hundreds. B. Photoghraphy of the throat patch. All photographs were taken
under the same conditions, and we used the same ruler as reference of the size. C.
Measurement of the throat size and the percentage occupied by yellow color on the throat
patch. Throat was considered from the jaw tips to the single converging scale downwards

diagonally.

Fig. 2. Survival curves and throat percentages occupied by the yellow color on throat patch
for each site during the study period. The black lines represent the mean survival, and red

lines represent standard error.

Table. 1. Results of model selection from 3 study sites. Survival rates (“ ") were affected
by: percentage of the dominant color (yellow) on throat patch as a linear function (CQV),
percentage of the dominant color on throat patch as a quadratic function (COV2). Variable
among sampling occasion (t), by the presence/absence of yellow coloration (g), by the
interaction of t and g, or to be constant trough time (.). Recaptures rates were affected by
the same parameters (“COV”, “COV2", “g", “t", “g*t" or “.”). The fit of each model (AlCc) is
provided. AAICc represents the difference among models. W is a measurement of the
relative support of the data by each adjusted model. We present the best five models for

each study site.
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Discusion.

Existe una tendencia por parte de los humanos a simplificar los fendmenos naturales, sin
embargo, esto no siempre ayuda a entenderlos mejor. Un ejemplo de categorizaciones
discretas de los morfotipos son las que se han hecho en varios trabajos clasicos con
especies de lagartijas polimorficas (Sinervo & Lively, 1996; Bastiaans et al, 2013). Si bien la
categorizacion discreta ha funcionado para explicar ciertos fendmenos, los modelos que
usamos para analizar la supervivencia, que tuvieron un mejor ajuste a nuestros datos, fueron
los que la modelan como una covariable del porcentaje de amarillo en las gargantas de
nuestra especie de estudio (Sceloporus grammicus), lo cual indica que podria ser mejor
considerar la variacion en rasgos asociados a la coloracién de manera continua, como han
indicado estudios con otras especies de lagartijas (Teasdale et al., 2013; Paterson & Blouin-
Demers, 2017).

La coloracién sexual secundaria es un rasgo morfolégico que funciona como sefal para los
demas individuos dentro de una poblacion (Andersson, 1994), esta puede indicar la calidad
del individuo poseedor al estar correlacionada con la condicién corporal, por lo que individuos
con manchas menores tendrian una condicion corporal no tan buena, por lo que
esperariamos que tuvieran menor supervivencia, debido a no poder evitar a los
depredadores, 0 por tener compromisos en uso de recursos y no poder costear estas sefiales
(Rowe & Houle, 1996; Kotiaho, 2001). Este tipo de compromisos se ha reportado en especies
monomorficas como algunas libélulas, donde los individuos que tienen manchas alares de
color mas grandes, también son mejores defendiendo sus territorios y tienen una mayor
supervivencia (Munguia-Steyer et al., 2010; Cordoba-Aguilar, 2002; Contreras-Gardufio et
al., 2006). Bajo este contexto, una curva de supervivencia como la que se observa en el sitio
2 de la figura 1, seria explicada por individuos que tienen la capacidad de mantener una
sefal de calidad relacionada con su supervivencia, mientras que los individuos que tienen
manchas intermedias quiza no tengan tan buena condicion corporal, mientras que los
individuos que no tienen manchas de color amarilla podrian tener una estrategia alternativa,
permitiéndoles tener supervivencias con valores mayores.

En especies de lagartijas polimoérficas como Liolemus sarmientoi, los colores no soélo se
asocian con conductas mas o menos agresivas, sino también con diferentes cantidades de
testosterona, sistema inmune y tamafos de extremidades y cabeza diferenciales (Fernandez
et al., 2018). Sin embargo, el sistema inmune responde también a otros factores como la
densodependencia, al menos en hembras de Uta stansburiana, donde la coloracion también
estd asociada a una estrategia de historia de vida (Svensson et al., 2001). Por lo tanto,
podriamos esperar que la supervivencia variara en individuos enfermos, con mala
alimentacion o que no tengan una buena respuesta a factores de estrés como una densidad
alta.

Los colores caracteristicos de los morfotipos (amarillo, anaranjado, azul y blanco) son
recurrentes en las especies polimorficas, sin embargo se ha observado que taxones
cercanos pueden no tener la misma asociacion estrategia-color, asi que esta parece ser labil,
aunque también se ha reportado que en una misma especie, esta asociacion parece ser igual
en sitios relativamente cercanos (Baastians et al., 2013). En Podarcis muralis y Uta
stansburiana también se han reportado diferencias en las frecuencias de cada morfotipo,
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estas, posiblemente promovidas por diferencias ambientales como disponibilidad de
microhdabitat, refugios y alimento (Calsbeek et al., 2010; Corl et al., 2010). Nuestros sitios de
estudio se encuentran a una distancia corta (relativa a la distribucion total de la especie), sin
embargo existe una diferencia considerable en cuanto al impacto del viento y la temperatura,
asi que un analisis de su impacto y de la disponibilidad de microh4bitats, nos ayudaria a
comprobar si este de verdad es distinto entre ambos sitios, y si esta relacionado con las
diferencias en las curvas de supervivencia en ambos sitios, mientras que analizar la
asociacion entre el nivel de agresividad y el color entre nuestros sitios de estudio seria Util
para determinar si la asociacion es similar, con lo que podriamos profundizar en su efecto en
la supervivencia.

En Urosaurus ornatus, especie cercana a Sceloporus grammicus y donde también ocurre un
polimorfismo en coloracion gular, se ha reportado una asociacion entre este parche de
coloracion y la agresividad de los machos, sin embargo parece ser mas importante el tamafio
del parche que su color; pues individuos con parches mas grandes (independiente de la talla)
son mas dominantes (Thompson & Moore, 1991). Si bien los individuos de cada morfotipo se
han analizado como unidades discretas, en las que la seleccion natural actia de manera
similar (Sinervo & Lively, 1996), variaciones como la reportada en Urosaurus deberian llevar
a variacion continua en la supervivencia, posiblemente relacionada a rasgos de coloracion
como los observados en otras especies (Teasdale et al., 2013), lo que apoyaria también que
los modelos continuos tuvieran un mayor apoyo, y que se generen funciones como la que
observamos en la figura 2, donde observamos una mayor supervivencia en valores
superiores al 52%, pues morfotipos mas agresivos como en el caso de Urosaurus, podrian
defender territorios con mejores microhabitats, incrementando su supervivencia.

En el sitio 1 pudimos observar seleccion estabilizadora, pues los individuos con porcentajes
intermedios de amarillo (52% de amarillo) son los que tienen una mayor supervivencia, lo que
podria sugerir que este atributo es costoso de producir; mientras que los individuos que no lo
producen podrian no ser de tan buena calidad, los individuos que lo producen en exceso no
tienen buena supervivencia (arriba del 61%), posiblemente debido a un compromiso entre
supervivencia y coloracion como ocurre en otras especies (Cordoba-Aguilar, 2002; Bajer et
al., 2012). Por otro lado, en el sitio 2, la seleccion es mas bien disruptiva, favoreciendo los
menores y mayores porcentajes de amarillo (Fig. 4, valores abajo de 26% y arriba de 52% de
amarillo), la seleccion disruptiva puede llevar a especiacién sin aislamiento geografico,
ademas de permitir la colonizacion de nuevos nichos (Allender et al., 2003).

Las diferencias en la forma de las curvas de supervivencia pueden reflejar presiones
ecolégicas y ambientales diferenciales, como disponibilidad de recursos o interacciones
(Siepielski et al., 2011; Olivera-Tlahuel et al., 2017), pues estos afectan directamente la salud
y la condicion corporal de los individuos, y ya se ha reportado que existe una correlacion
entre estos atributos y la coloracion (Fitze et al., 2009). De esta manera, el efecto de la
seleccién sobre los rasgos sexuales secundarios, puede ser diferencial e incluso contrastante
en sitios distintos (Cornwallis & Uller, 2010), sin dejar de lado que las estrategias alternativas
en reptiles estan ligadas a ciclos reproductivos y hormonales, fisiologia térmica, respuesta
inmune y eficiencia de locomocion (Smith & John-Alder, 1999; Robson & Miles, 2000).
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La seleccién de modelos (Tabla 1.) muestra que los parches, y en particular, el porcentaje de
amarillo en la garganta, funciona mejor como predictor de la supervivencia que la
categorizacion discreta, lo cual coincide con trabajos que en los Ultimos afios han tratado de
categorizar a los morfotipos de una manera continua (Cote et al., 2008; Sacchi et al., 2013;
Paterson & Blouin-Demers, 2017). Ademas de esto, recientemente se demostré que en
Podarcis muralis, el control genético del polimorfismo se da por varios genes actuando de
manera pleiotropica y que no existe estructura genética en los morfotipos (Andrade et al.,
2019). Si bien no podemos generalizar a todas las especies polimorficas, esto demuestra que
aun hay mucho que entender de estas especies, y que la dinamica poblacional y los
mecanismos que controlan y determinan el polimorfismo que estas presentan pueden ser
mucho méas complejos e incluso diversos de lo que se ha propuesto hasta el momento, por
ello es indispensable continuar estudiandolas y poniendo a prueba nuevas hipétesis para
entender mejor los procesos que generan y mantienen el polimorfismo.
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Conclusiones.

Hacer categorizaciones a priori quiza no sea la mejor manera de analizar a las especies
polimorficas, debido principalmente a que la seleccion natural parece no actuar sobre estas
de manera discreta. Este trabajo es un ejemplo de que no siempre esta categorizacion es
adecuada, asi que analizar la variacion usando métodos mas objetivos podria ayudarnos a
entender la respuesta de estas especies a la seleccion natural y el comportamiento de su
dindmica. Por otro lado, investigar factores como la disponibilidad de habitat, alimento y el
papel de carotenoides y pteridinas nos ayudaria a entender los costos de producir la
coloracion en especies polimorficas, mientras que analizar durante tiempos mas largos las
tendencias en crecimiento, fecundidad y supervivencia, nos ayudaria a proyectar escenarios
de pérdida o fijacion de morfotipos, en los que podrian ocurrir eventos de especiacion
morfica.
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