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ABSTRACT

Microlophusis a lizard genus of South-America which has many species with sexual size dimorphism. An ecological
study was performed dv. atacamensisa species inhabiting the intertidal zone of the coast of northern Chile. The
following questions were addressed: (1) ddeatacamensisxhibit sexual dimorphism? (2) do individuals of different

age and sex segregate spatially? (3) do individuals of different age and sex use different type of microhabitat? and (4)
do individuals of different sexes exhibit differences in thermoregulatory characteristics? The study was conducted in
different localities from northern Chile, which include two types of rocky systems used by this species, a high and a
low type. At the moment of lizard capture, type of microhabitat, height of perch, body, air and substrate temperatures,
were recorded. Individuals were then measured and weighted, and separated by age class and sex. Results indicate th:
this species exhibits sexual dimorphism, males being larger. There were no intersexual differences in microhabitat used
and height of perch in the high type system, although adults and subadults were spatially segregated from juveniles. In
the low type system adult females shared microhabitat with juveniles, a probable consequence of behaviors related to
the burying of eggs. There were no differences between sexes in thermal characteristics, and body temperature of lizards
showed independence from external thermal conditions.

Key words: Tropiduridae Microlophus atacamensisexual dimorphism, thermoregulation, spatial segregation,
Chile.

RESUMEN

Microlophuses un género de lagartos Sudamericanos, el cual tiene varias especies que presentan dimorfismo sexual
del tamafio. Se realizé un estudio ecologicMamolophus atacamensisspecie del intermareal de la costa del norte

de Chile, para responder a las siguientes preguntas: (1) ¢présattcamensisiimorfismo sexual? (2) ¢ existe
segregacion espacial entre individuos de diferentes edades y sexos? (3) ¢ existe utilizacion diferencial de los tipos de
habitats, entre individuos de diferentes edades y sexos? y (4) ¢ existen diferencias intersexuales en las caracteristica
termorregulatorias? El estudio se realiz6 en diferentes localidades del norte de Chile, que incluyen dos tipos de sistemas
rocosos utilizados por esta especie, alto y bajo. Los individuos fueron medidos, pesados, y al momento de su captura
se determind el tipo de microhabitat y altura de la percha utilizada; se registro la temperatura del cuerpo, aire y del
substrato. Los individuos fueron separados por clases etarias y sexo. Los resultados indican que esta especie presen
dimorfismo sexual, siendo los machos mas grandes que las hembras. No hubo diferencias intersexuales en el uso de lo
microhabitats ni en la altura de la percha en el sistema rocoso alto, aunque los adultos y subadultos estan segregadc
espacialmente de los infantiles. Las hembras adultas comparten el microhabitat con los infantiles en el sistema rocoso
bajo, esto, probablemente consecuencia de las conductas asociadas a la postura de huevos. No se registraron diferenci
intersexuales en las caracteristicas térmicas y los individuos mostraron una independencia frente a las condiciones
térmicas externas.

Palabras clave Tropiduridae,Microlophus atacamensigimorfismo sexual, termorregulacion, segregacion
espacial, Chile.

INTRODUCTION whether males or females are bigger, differs be-

tween animals groups; in vertebrates males typi-

In most animal groups, sexual differences incally constitute the larger sex (Schoener et al.
morphological characters (sexual dimorphism),1982, Shine 1986, Fairbairn 1990, 1997,

particularly in body size, is a common phenom- Andersson 1994). Several proximate mechanisms
enon. The direction of this difference, i.e., have been proposed to explain sexual dimor-
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phism, such as differential mortality of sexesclimatic characteristics, respectively (Di Castri
(Stamps 1993) and different growth rates of sexek968).
(Watkins 1996). However, natural or sexual se- Sites were continuously walked along parallel
lection remain the ultimate mechanisms explain30 m transect lines (perpendicular to the coastal
ing sexual dimorphism (Shine 1986, Anderssotine), during the whole daily active period of
1994, Watkins 1998). lizards, in both months (09:45 to 18:30 h).
Many species of the lizard gentcrolophus Transects were walked in opposite directions to
show sexual dimorphism (Dixon & Wright 1975, minimize the probability of repeatedly observing
Ortiz 1980a, Snell et al. 1988, Watkins 1994the same individual. Two types of rocky systems
1996, 1997, 1998). In the case Mf occipitalis can be distinguished in the habitat of.
the mechanism determining this dimorphism isatacamensis(a) high type system, characterized
the differential growth rates of sexes (Watkingy the presence of rocks with heights from 0.20 to
1996). Six species d¥licrolophuslive in Chile 3 m, in contact with the sea, behind which there is
(Ortiz 1980a), most of them associated to intersand with boulders with heights from 0.10 to 0.20
tidal zones (Donoso-Barros 1966Jlicrolophus m; (b) low type systemconsisting of a stripe of
atacamensisnhabits from Antofagasta (23°39’ boulders with heights from 0.20 to 0.35 m, in
S, 70°24’ W) to Huasco (28°28’ S, 71°14’ W)contact with the sea, behind which there is sand
(Ortiz 1980b}, and feeds on algae, crustaceangFig. 1).
mollusks and insects in the intertidal zone For each lizard observed, the type of substrate
(Donoso-Barros 1948, 1966, Heisig 1993). Previused (rocks, boulders or sand) and its height (m)
ous studies suggest thht. atacamensishows were recorded. A total of 86 individuals were
sexual size dimorphism and that individuals mightollected (high type system n = 54, low type
spatially segregate by age class and sex (Donossystem n = 32). Immediately after capturing a
Barros 1966, Flores et al. 1977, Ortiz 1980aljzard, the following temperatures were recorded:
Heisig 1993); males use microhabitats with highebody (cloacal, J), air (10 cm above the substrate,
availability of sunny perches and closer to foodr ), and substrate (in contact with the surfacg, T
resources, than do females (Heisig 1993). Givewith a UNI-T M-890C thermometer£(0.1 °C).
that in the intertidal zone wheM. atacamensis Lizards were weighed (g) and measured (mm);
is found (Donoso-Barros 1948, 1966, Heisigsome individuals were sacrificed, fixed in 70 %
1993), is a low temperature microhabitat (Baez &lcohol, labeled, and donated to the herpetologi-
Cortés 1990), the sexual spatial segregation may
be reflected in differences in thermoregulatory
strategy. To clarify if previous suggestions ON g
some ecological characteristicsMf atacamensis
(Donoso-Barros 1966, Flores et al. 1977, Orti
1980a, Heisig 1993) have support, we addressed -
the following questions: (1) dod4. atacamensis - ik auss i
have sexual dimorphism? (2) do individuals of _~ -
different age and sex segregate spatially? (3) do
individuals of different age and sex use different
types of microhabitats? and (4) do individuals o Lam ippr
different sex exhibit differences in thermoregulatr
tory characteristics?

MATERIAL AND METHODS i

The study was performed during April and De
cember 2000, in eight intertidal localities of the
north of Chile located between the Loa riverFig, 1: Substrates used By. atacamensishigh
(21°26’ S, 70°04’ W) and Tres Playitas (28°28' Sand low systems.

7:!-014’ W). These localities are.situate.d in areagystratos utilizados pdicrolophus atacamensisistemas
with coastal desert and perarid Mediterraneagio y bajo.

1ORTIZ JC (1980b) Revisién taxonédmica del género
Tropidurus en Chile. Primera Reunidn Iberoamericana de
Zoologia de Vertebrados, La Rabida: 355-377.
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cal collection of the Museo de Zoologia ofanimals are completely thermodependent (Baez
Universidad de Concepcion (MZUC, see Appen& Cortés 1990).
dix 1). The morphological measurements obtained
from each animal were: snout-vent length (SVL),
head length (HL), head width (HW), and right RESULTS
hindlimb length (RHL), with a Mitutoyo caliper
(¥ 0.01 mm). Thereafter, and following Flores efThe morphometric measurements obtained for
al. (1977) and Ortiz (1980b), lizards were classithe different age classes (excluding juveniles)
fied as adults, subadults or juveniles, accordingnd sexes are shown in Table 1. A two-way
to body size (SVL). ANOVA, considering age and sex as factors on
The sexual dimorphism index (SDI) was calcuSVL, indicated that males were significantly
lated for adults and subadults (Lovich et al. 1990pnger than females (E, = 30.81, P = 0.001).
Lovich & Gibbons 1992, Watkins 1996), where:Significant differences in SVL were observed
between adults and subadults (= 59.23, P =
SDI =(mean body size of the larger semean 0.001). The interaction of both factors was not
body size of the smaller sex) - 1 significant (F ;= 2.49, P = 0.12), although the
dimorphism index in adults (SDI = 0.18) was
Results were defined as positive when males wetegher than in subadults (SDI =0.12). There were
larger than females. significant differences in weight between sexes
Since the final sample size per locality wagF, ., = 14.53, P = 0.001), males being heavier
small, data were pooled. Analyses of the differthan females. There were differences in weight
ences between sexes and ages in SVL, weighietween age classes (F= 59.19, P = 0.001),
microhabitat use, and perch height, were perlthough the interaction between factors was not
formed by two-way analysis of variancesignificant (F . = 3.18, P = 0.08).
(ANOVA), followed by Tukey tests (Zar 1996). Males had longer hindlimbs and heads, and
Comparisons of HL, HW and RHL between sexesvider heads than females, either at the adult or
were performed using analysis of covariancesubadults stage (Table 1 and 2). HL and WH, but
(ANCOVA), with SVL as covariate (Sokal & not RHL, of males and females correlated posi-
Rohlf 1981); data were previously normalizedtively with SVL (Table 2, Fig. 2). However, the
using log, A one-way ANOVA was used to interaction with the covariate does not show a
determine differences between sexes in cloacdifference of slopes for HL and HW, but it does
temperature in relation to air and substrate tenfor RHL (Table 3).
peratures. The thermoregulatory ability was esti- Table 4 shows the use of microhabitat by differ-
mated from the variances of ,Tand from the entage classes and sexes, in both rocky systems.
slopes of the linear regressions (Sokal & RohlA two-way ANOVA considering age and sex as
1981, Dytham 1999) between dnd T and be- factors, indicated that only age affected the sub-
tween T andT_(Huey 1982, Pérez- Mellado & de strate used, in the high system, (F= 44.60, P =
la Riva 1993) A slope equal to one indicates tha.001); juveniles were observed only in the sand,

TABLE 1

Morphometry of adults and subadultsMfcrolophus atacamensifata are meat standard
deviation (mm). Key to abbreviations: n = sample size, SVL = snout-vent length, HL = head
length, HW = head width, and RHL = right hindlimb length

Morfometria de adultos y subadultos Blécrolophus atacamensid.os datos se presentan como promesio
desviacion estandar (mm). Clave de abreviaciones: n = tamafio de la muestra, SVL = longitud hocico-cloaca, HL =
longitud de la cabeza, HW = ancho de la cabeza, y RHL = longitud de la extremidad posterior derecha

Group n SVL HL HW RHL

Adult males 12 114.1& 12.9 24.34+ 2.2 19.59+ 2.5 82.97+ 8.8
Adult females 12 96.0& 6.8 20.26+ 1.3 15.74+ 1.4 72.25+ 6.1
Subadult males 13 90.684.6 20.61+ 2.9 1543+ 1.1 73.50+ 4.8

Subadult females 24 80.579.5 17.34+ 1.8 13.31+ 1.4 62.93+ 9.2
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TABLE 2

Three covariance analyses for head length (HL), head width (HW), and right hindlimb length
(RHL), using snout-vent length (SVL) as covariate and sex as factor. Data came from adults
and subadults oflicrolophus atacamensis

Tres analisis de covarianza para la longitud de la cabeza (HL), ancho de la cabeza (HW) y la longitud de la
extremidad posterior derecha (RHL), utilizando la longitud hocico-cloaca (SVL) como covariable y el sexo como el
factor. Los datos son de adultos y subadultoMdaolophus atacamensis

Variable Source of variation Degrees of Mean square F-value P-value
freedom

HL Between sexes 1 0.006 9.58 0.003
Error 54 0.006

HW Between sexes 1 0.002 6.4 0.010
Error 54 0.004

RHL Between sexes 1 0.002 3.14 0.080
Error 54 0.009

while adults and subadults of both sexes basicallyersus T(F, ;,=1.37, P = 0.24). The slopes of the

did not use this substrate (P < 0.001). Table Eegressions of Jversus Tand T versus T, were

shows the height of the perch used by the five ageot different from zero, in both sexes (Fig. 3).

sex classes defined. A two-way ANOVA indi-

cated that only age in the high system, had an

effect on the height of the perch; juveniles used DISCUSSION

significantly lower perches than the other catego-

ries (P <0.01). Inthe low system, the significanc®esults indicate thal. atacamensisxhibit sexual

of the effect of age was marginal,(F=3.00, P = size dimorphism. The snout-ventlength, the length

0.068), because perches of similar height weref hindlimb and head, and the width of the head,

used by juveniles and females (P = 0.095). were larger in males. The existence of species
The mean body temperature df atacamensis with sexual dimorphism has been documented in

was 24 °C, and sexes had similar temperaturesany lizard families, such as Tropiduridae

(F,¢=0.18, P = 0.65). Body temperature showegSchoener et al. 1982, Pérez-Mellado & de la

similar ranges and standard deviations in botRiva 1993, Duarte 1996) and Iguanidae (Schoener

sexes (Table 6). There were no significant differd967, Cooper & Vitt 1989, Anderson & Vitt 1990).

ences between males and females in the relatiohe fact thatMicrolophusand species of other

ships T versus T(F = 2.84, P = 0.09) and,T genus of the family Tropiduridae show sexual

TABLE 3

Test of parallelism of interaction of the factor (sex) with the covariate (SVL) for head length (HL), head width
(HW), and right hindlimb length (RHL). Data came from adults and subadultiablophus atacamensis

Prueba de Paralelismo de interaccién del factor (sexo) con la covariable(SVL) para la longitud de la cabeza (HL),
ancho de la cabeza (HW) y la longitud de la extremidad posterior derecha (RHL). Los datos son de adultos y
subadultos déicrolophus atacamensis

Variable Source of variation Degrees Mean square F-value P-value
of freedom
HL Between sexes 1 0.0002 0.33 0.566
Error 54 0.0006
HW Between sexes 1 0.0011 2.26 0.138
Error 54 0.0005
RHL Between sexes 1 0.0030 4.04 0.049

Error 54 0.0008
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Ay 1S size dimorphism (Schoener et al. 1982, Snell et
f_]-f‘ﬁ L L al. 1988, Pérez-Mellado & de la Riva 1993, Duarte
- 1996, Watkins 1996, 1998), strongly suggests
_E_ L4t that this character may be ancestral in the family.
= In Microlophusthe degree of sexual dimorphism
EJ shows intrageneric variation, abl atacamensis
1.3p is one of the species with the smallest dimor-
i phism indexes, even if only the values obtained
- for adults are considered (Watkins 1996). This
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TABLE 4

Microhabitats used (%) bWicrolophus atacamensiis two rocky systems, high and low type;
n = sample size

Microhabitats utilizados (%) pavlicrolophus atacamensisn dos sistemas rocosos, alto y bajo; n = tamafo de la

muestra
Group High type Low type
n Rocks Boulders n Boulders Sand

Adult males 6 100 0 6 100 0
Adult females 10 100 0 3 67 33
Subadult males 6 100 0 7 71 29
Subadult females 12 92 8 11 55 45
Juveniles 20 20 80 5 0 100

sexual dimorphism iM. atacamensigare weaker Because head size is related to the size of prey
than for otheMicrolophusspecies. Additionally, consumed (Schoener 1967, Schoener et al. 1982),
the differences in SDI observed between adultsiorphometric results dfl. atacamensimay sup-
and subadults oM. atacamensissuggests that port the hypothesis of trophic segregation be-
the proximal mechanism of this sexual size ditween sexes. To date, there is no information
morphism is a differential growth rate betweerabout the nature and availability of the prey con-
sexes, as was proposed koroccipitalis(Watkins sumed by this species, or whether sexes consume
1996). different prey.

The ultimate mechanisms proposed to explain On the other hand, sexual selection proposes
sexual dimorphism are natural and sexual selethat females select larger males given the strong
tion (Darwin 1871), and the degree of elaboratiomelationship between body size and competitive
of a trait would be determined by a balance beefficiency, which leads to larger males having
tween the costs and benefits associated with theksrger or higher quality territories (Manzur &
two mechanisms (Shine 1989, Pérez-Mellado &uentes 1979, Heisig 1993). Moreover, males
de la Riva 1993). Natural selection involves armwith larger head show higher success during
ecological segregation of sexes in at least oniatrasexual agonistic interactions (Cooper & Vitt
niche axes, in which resources are limited, thu§989, Anderson & Vitt 1990, Watkins 1998).
reducing intraspecific competition. Dietary nicheConsidering thaM. atacamensitasa polygynic
partitioning between sexes has been discussed sacial system (Heisig 1993), sexual selection
a possible selective force underlying evolution oeems to be the most likely hypothesis to explain
sexual size dimorphism in lizards, in cases whergexual dimorphism in this species (Martins 1994).
food resources are limited (Shine 1986, Camilleri The sexual size dimorphism observed in adults
& Shine 1990, Fairbain 1990, Andersson 1994)and subadults ofl. atacamensiswas not corre-

TABLE 5

Perch height (m) used by the different age classes and seXtisrofophus atacamensiis
two rocky systems, high and low type. Data are given as miedandard deviation (meat
SD) and range (R); n = sample size

Altura de la percha (m) utilizadas por las diferentes clases etarias y de seMisrdl®phus atacamensisn dos
sistemas rocosos, alto y bajo. Los datos corresponden a mediesviacion estdndar (meanSD) y rangos (R); n =
tamafio de muestra

Group High type Low type

n Meant+ SD R n Meant SD R
Adult males 6 2.0t 1.04 1.0-35 6 0.1& 0.04 0.10-0.20
Adult females 10 241.01 1.0-3.5 3 0.0& 0.06 0.00-0.12
Subadult males 6 2.30.98 1.5-4.0 7 0.02 0.03 0.04-0.12
Subadult females 12 1#70.66 0.5-2.5 11 0.08 0.04 0.00-0.12
Juveniles 20 0.2 0.63 0.0-2.5 5 0.04 0.04 0.00-0.08
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TABLE 6

Temperature values (meanstandard deviation, interquartil range, and in parenthesis the
temperature ranges) measured for adults, subadults and juveniles of both skhesotifphus
atacamensisKey to abbreviations: T= body temperature, F air temperature, J= substrate

temperature, n = sample size

Temperaturas (promedib desviacién estandar, rango intercuartil, y rangos de temperaturas en paréntesis) medidas
en adultos, subadultos e infantiles de ambos sexddidelophus atacamensisClave de abreviaciones; ¥
temperatura cloacal, [F temperatura ambiental  F temperatura del substrato, n = tamafio de la muestra

Sex Ty T, Ts n
Males 24.35: 2.9 19.85+ 3.6 23.60t 3.6 40
4.0 6.0 4.0
(17-30) (13-28) (16-32)

Females 24.1% 3.3 20.70t 3.7 23.77+ 3.8 46
5.0 5.0 4.0
(18-30) (15-32) (16-33)

lated with a differential use of substrate. This Males and females dfl. atacamensitad simi-
result is interesting because different studies inar body temperature during activity in the field,
dicate a strong relationship between morphologiaround 24 °C. Interestingly, Heisig (1993) indi-
cal characteristics and type of substrate used (i.ecated that individuals ofl. atacamensisare ac-
Vitt et al. 1997). Nevertheless, there is a cleative only when the substrate temperature exceeds
spatial segregation between adults and subadul2® °C. Considering that males and females did not
in relation to juveniles, mainly in the high sys-show differences in the use of the substrate, prob-
tem, as was previously suggested (Donoso-Barr@bly they had the same availability of thermal
1966, Flores et al. 1977, Ortiz 1980a, Heisigesources, and therefore similar body tempera-
1993). Our present results clearly indicate thatures are to be expected. On the other hand, body
adults and subadults of both sexes use highéemperatures showed independence from the ther-
perches which are closer to the sea than do juveial environmental condition, since they did not
niles, and these latter were observed frequently icorrelate either with air or with substrate tem-
the sand, far from the sea. However, during thperatures; therefore, this species can be consid-
oviposition period (November-December) female®red a thermoregulator (Huey 1982, Baez & Cortés
were found using sand, as juveniles did, particut990). This thermal independence, also reported
larly in the low system. This switch in substratefor M. quadrivittatus another species inhabiting
use by females might reflect the fact that pregnarihe intertidal zones of the north of Chile (Baez &
females bury their eggs in the sand (Donosocortés 1990), should allow those species forag-
Barros 1966, Ortiz 1980a, Olivares et al. 1987)ing actively in the intertidal zone or close to it,
Adults and subadults dfl. atacamensigctively not to loose heat fast by conduction or convec-
forage in the intertidal zone, and adults and suliton. This thermal independence acquires even
adults use perches more exposed to insolation thamore relevance considering that a wet lizard will
juveniles (Yafiez 1951). Therefore, these two agose heat even faster than a dry one by convec-
groups use areas with better thermal and trophicon (O’Connor 1999). On the other hand, in other
resources, than do juveniles. This would explainthBlicrolophus species it was shown that
highly territorial behavior reported at least for adulantipredator responses depend on body tempera-
males (Heisig 1993). If food and thermal resourceture (Watkins-Colwell 1997); thus, in the case of
are limited, probably adults and subadults exhibiM. atacamensispredation would be another se-
aggressive behavior towards juveniles; hence, juvéective factor favoring thermal independence.
niles with lower competitive abilities use subopti- Microlophus atacamensifad body tempera-
mal substrates, thus showing a spatial segregatioares significantly lower than those reported for
in relation to the other age classes (Ruby & Bair€hileanLiolaemuslizards, which are around 35
1993). However, Donoso-Barros (1948, 1966) an8iC and range from 31 to 37 °C (Fuentes & Jaksic
Ortiz (1980a) proposed that this spatial segregatiot®976, Marquet et al. 1989, Carothers et al. 1998,
could be a consequence of cannibalism by adultsabra 1998, Labra et al. 2001). Since there are no
and subadults on juveniles. Liolaemusspecies using microhabitats similar to
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those ofM. atacamensigDonoso-Barros 1966), DARWIN C (1871) The descent of man and selection in
it is not possible to determine if this difference in  relation to sexMurray, London, United Kingdom.
body temperatures is a consequence Nof o Cf’AgssTpRPI-F (1968) Esqui oaicue du Chili |
mensi in X nstrain for ther- squisse ecologique au Hi. In:
atacamensibeing exposed to constraints for the Delamare-Deboutteville C & T Rapoport (eds)

moregulation (Huey & Slatkin 1976), or that there Biologie de I’Amerique austral 4: 7-52. Edition du

is a phylogenetic component determining this Centre National de la Recherche Scientifique, Paris,
difference between genera. However, consider- france.

ing that the selected body temperatures (SENSUXON JR & JW WRIGHT (1975) A review of the lizards
Gans & Pough 1982) d¥l. heterolepisare 32.4+ of the iguanid genudropidurusin Peru. Contribu-
1.23 °C (meart SE, n = 6, unpublished results), tion Science Natural History Museum (Los Angeles)
it is possible to suggest that the low body tem-  271: 1-39.

perature ofM. atacamensiss aconsequence of PONOSO-BARROS R (1948) Alimentacién deopidurus
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APPENDIX 1

List of the individuals oMicrolophus atacamensiwith their geographic coordinates, used in
this study and deposited in the herpetological collection of the Museo de Zoologia of
Universidad de Concepcién (MZUC):

Lista de los individuos d#licrolophus atacamensison sus distribuciones geograficas, utilizados en este estudio y
depositados en la coleccion herpetolégica del Museo de Zoologia de la Universidad de Concepciéon (MZUC):

Desembocadura Rio Loa (sur) Il Regién, (25°45’ S, 70°27" W) MZUC 26165-167; Isla Santa Maria,
Antofagasta, Il Region (23°26’ S, 70°37’ W) MZUC 26168-194; Coloso, Playa Rocosa and Jardin la
Escondida, Antofagasta, |l Region (23°45’ S, 70°27' W) MZUC 26152-164, MZUC 26195-202, 35 km
N Tal-Tal, Il Regién (25°05’ S, 70°30’ W) MZUC 26127-133, 17 km N Tal-Tal, Il Regién (25°14’ S,

70°27' W) MZUC 26124-126; Tres Playitas, Huasco, Il Regién (28°29’ S, 71°17’ W) MZUC 26209-
224.



