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Abstract. We studied the reproductive biology of the teiid lizard Teius oculatus in 129 individuals sampled
from August 2001 to March 2004 in Dom Feliciano, State of Rio Grande do Sul, Southern Brazil. The smallest
reproductive female was 78.7 mm SVL (snout-vent length). Females containing eggs in oviducts were first
found in November, with the first mating event recorded in December. Number of vitellogenic follicles and
eggs varied from 3 to 8 (mean 5.2 + 1.5, n = 11). Egg length varied from 16.3 mm to 22.0 mm (mean 19.0 + 0.4,
n = 29). Incubation period of one clutch was 71 days. Hatchlings averaged 39.4 + 0.8 mm of SVL and 1.4 + 0.11
g in mass (n = 3). The minimum size of sexually mature males was 70.8 mm SVL. Testes volume varied

consistently during the year with maximum mean values occurring in November. We concluded that, in Dom
Feliciano, T. oculatus has seasonal reproduction that lasts from October to January with a hibernation period

from May to early October.
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Introduction

Similarly to other organisms, lizards need adapta-
tions to survive and reproduce at a given time and
environment (Fitch 1980). Reproduction is gener-
ally seasonal in species from temperate regions,
where temperature and photoperiod are the most
important determinant factors (Mayhew 1961;
Licht 1973).

Generally, teiid lizards from tropical regions
have similar reproductive characteristics to coun-
terparts from temperate regions, except for the re-
productive season, which is longer for the former
ones, probably as consequence of a longer period
of favorable environmental conditions. The length
of the reproductive season of teiids from temper-
ate regions is comparatively shorter, with ovula-
tion and oviposition occurring during spring and
summer, respectively, mainly because the cold
winter does not favor the activity of lizards (Vitt
1991).

The genus Teius comprises three species, Teius
teyou, T. oculatus and the parthenogenetic species
T. suquiensis, and presents a unique characteristic
among the teiid lizards: tetradactylous feet due to
the atrophy of the fifth finger. The species of this
genus are distributed on the lowlands of southern

South America, eastern Andes (Avila 2002). Teius
oculatus, a medium-sized teiid with relatively long
tail, is widely distributed in the central and east-
ern region of Argentina, southernmost portion of
Brazil, Uruguay and Paraguay (Cei 1993, Avila
2002).

Information regarding reproductive aspects of
T. oculatus is restricted to studies on the reproduc-
tive ecology of a population from Cérdoba, Argen-
tina (e.g. Martori & Acosta 1990, 1994, Blanco &
Acosta 1998) and to a general description of mat-
ing behavior in a population from Rio Grande do
Sul (Bujes 1998).

A population of T. oculatus analysed in the
present study lives on the grasslands and pasture
areas of Dom Feliciano region, State of Rio Grande
do Sul, which climate is temperate. Considering
the wide range of variation in the local environ-
mental temperature which is characteristic to the
region, it would be expected that the local popula-
tion of T. oculatus should present a seasonal re-
productive cycle, with a relatively definite hiber-
nation period.

This study was carried out to test the hypothe-
sis that at Dom Feliciano region T. oculatus should
respond to the seasonal environment through sea-
sonal reproduction patterns and a relatively well-
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defined reproductive season. Additionally, we
aimed to answer the following questions: (1) how
long does the reproductive period of T. oculatus
last? (2) to what extent is there an inverse correla-
tion between the reproductive activity of T. ocula-
tus and the amount of fat stored in the inguinal fat
bodies of individuals? (3) is there sexual dimor-
phism in the species regarding size and form? (4)
when does juvenile recruitment happen?

Materials and methods

Study area
The study was carried out from August 2001 to March

2004 in Fazenda Chapada (30°25'23.5"S, 052°18'41.4"W),
which encompasses an area of approximately 333 ha and
is located in Dom Feliciano municipality, Rio Grande do
Sul, Southern Brazil. The vegetation in the region includes
fields and small forest formations; fields constitute a type
of grassland with some shrubs (Porto 2002). There is no
clear dry season, with rains falling during the whole year.
During the years of study rainfall in the area varied from
50.1 to 320.6 mm, averaging 174.4 mm. Conversely, there
is a markedly seasonal variation in the mean air tempera-
ture. The temperature during the period of the study was,
in general, high in the summer (mean = 21.7° C £ 1.1) and
comparatively lower in the winter (mean = 13.5°C + 1.7)
(Source: INMET - Oitavo Distrito de Meteorologia - Porto
Alegre, for the nearest city: Encruzilhada do Sul) (Fig. 1).
The climate is characterized as an exclusive and almost
absolute Mesothermal Temperate type (IBGE 1990).

Sampling
To study the reproductive cycle of T. oculatus, 129 lizards

were collected by hand (56 females, 61 males and 12
hatchlings) from August 2001 to March 2004. Mass (to the
nearest 0.1g) was measured with a scale and snout-vent
length (SVL), head length and width (HL and HW) with a
digital caliper (to the nearest 0.1 mm). The lizards were
euthanized, being anesthetized and sacrificed with ether.
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Lizards were dissected and gonads and oviducts were
analyzed in order to evaluate maturation status of the
sexual structures during the year.

The estimation of the body size at which males and
females reached sexual maturity considered males as ma-
ture when they had convoluted efferent ducts and/or
epididymes; and females as mature when they had sec-
ondary vitellogenic follicles equal or larger than 5 mm
(Blanco and Acosta, 1998) or eggs in the oviducts.

For males, testes volume (in mm?3) was estimated us-
ing the spheroid volume formulae:

. 2
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We eliminated the effect of SVL on testes volume to
evaluate the variation during the year by calculating the
regression residuals between the SVL and testes volume;
then we analyzed the monthly distribution of the ad-
justed testes volume of adult individuals throughout the
study period.

Gravid females collected in the field were kept alive
in captivity until oviposition. Eggs found in nature and
those laid by females in the laboratory were kept (in the
laboratory, in containers with earth or vermiculite) at en-
vironmental temperature, until they hatched. Clutch size
(fecundity) was estimated, separately, based on the num-
ber of vitellogenic follicles, eggs in the oviducts and
clutches laid by the females found in nature. The mean
size of hatchlings was estimated based on the SVL of
newborns that hatched in captivity.

The variation of fat stored in the inguinal fat bodies
during the year was estimated by removing and measur-
ing those fat bodies with an electronic scale (to the nearest
0.01 g). The variation of mean mass of fat stored in the fat
bodies (size-independent residuals of fat body mass) was
evaluated during the months and correlated to reproduc-
tive parameters in order to identify a possible seasonal
variation and its correlation to reproduction. In adults,
size-independent residuals of fat body mass were corre-
lated to residuals of mean testes volume (in males) and to
size of the larger ovarian follicle (in females) through
simple regression analysis.
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Figure 1. Monthly mean temperature and rainfall in Encruzilhada do Sul municipality
(Serra do Sudeste), Rio Grande do Sul, Southern Brazil, from August 2001 to March 2004.
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Differences of SVL between the sexes were tested by
Mann-Whitney test. Existence of sexual dimorphism in
form was evaluated using covariance analysis (AN-
COVA) to test differences between males and females re-
garding HL and HW, using SVL as the covariate and sex
as the independent variable. The significance level of
these tests was 5%. Additionally, differences in coloration
of body parts among adult males and females were re-
corded.

The specimens analyzed were all deposited in the
Herpetological Collection of Museu de Ciéncias e
Tecnologia of Pontificia Universidade Catélica do Rio
Grande do Sul (MCP): MCP 12508 - 12514, MCP 12606 -
12609, 12611, 12612, 13191 -13197, 13199, 13200, 13320 -
13327, 13485 - 13496, 13822 - 13833, 14353 - 14368, 14370 -
14380, 14604, 14606 - 14617, 15897 - 15899, 15901- 11,
15913 - 15922.

Results

The activity of Teius oculatus was strongly sea-
sonal, with a hibernation period from May to early
October during the studied years, during which
we did not find active individuals in nature. After
early October the individuals started activity, and
different events involving reproduction were re-
corded (mating, maximum development of testes,
of ovarian follicles and of eggs in the oviducts, be-
sides clutches laid in nature).

Reproductive Cycle of Females - the SVL of
reproductively active females of T. oculatus varied
from 78.7 mm to 110.1 mm (mean = 92.6 + 8.8, n =
40). Reproductively active females were found
from October to December (Fig. 2). Eggs in the
oviducts were found, in general, in November and
December of the studied years, whereas clutches
were found in nature in December and January.
Clutch size, based on the number of ovarian folli-
cles in vitellogenesis or gravid females varied
from three to eight eggs, averaging 5.2 + 1.5 (n =
11). Clutch size based on clutches found in nature
(n = 4) varied from four to six eggs, averaging 4.5
+ 1.0. No female had simultaneously vitellogenic
follicles and eggs in the oviducts. The correlation
between body size of females and clutch size was
not significant (F = 3.68; P = 0.08).

Two gravid females were kept in captivity un-
til oviposition. These females laid eggs in Decem-
ber and January (December female =
January female = five eggs); egg length varied
from 16.3 mm to 17.4 mm (mean = 16.9 £ 0.36; n =
11). The length of eggs found in nature varied
from 18.6 mm to 22.0 mm, averaging 20.0 + 1.1 (n
=18). The incubation period of a clutch kept in the

six eggs;
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laboratory since oviposition was 71 days; hatch-
lings (n = 3) hatched with a mean SVL of 39.4 + 0.8
mm and mean mass 1.4 = 0.11 g. Recruitment oc-
curred from January to February in the three years
of study.

The residual mass of female’s fat bodies varied
significantly among the months during the stud-
ied years (ANOVA, F = 6.67; P = 0.020, n = 12),
with the period of larger fat storage in the fat bod-
ies usually occurring near end of the reproductive
period and preceding hibernation (Fig. 3). The cor-
relation between fat body mass and length of the
larger ovarian follicle was not significant (12 =
0.000; F = 0.001; P =0.98; n = 12).

Reproductive Cycle of Males. - The SVL of
mature males varied from 70.8 mm to 118.7 mm
with mean body size of 94.9 + 13.6 mm (n = 47).
Testes volume varied among months in studied
years, with maximum values usually occurring in
October, November and December, a period coin-
cident to mating in nature (November and De-
cember) (Fig. 4). In nature, mating was observed
in the morning and afternoon (11:00 a.m. and 4:00
p-m.). One of the matings was observed from be-
ginning to end and lasted for about nine minutes.
During summer, after the mating period, testes
volume strongly decreased, reaching minimum
values in January and February. From June, dur-
ing hibernation, testes volume gradually increased
again (Fig. 4).

Mass of fat bodies in males varied signifi-
cantly during the studied months (ANOVA, F =
6.31; P = 0.02, n = 22) (Fig. 3). Correlation between
mean mass of fat bodies in each month and mean
testes volume in the same month was negative
and significant (r2 = 0.26; F = 7.09; P = 0.01; n = 22).

Maturity and Growth. - The smallest lizard
captured in nature was SVL 39.6 mm and the larg-
est one measured 118.7 mm. Males and females at-
tained the size that corresponded to sexually ma-
ture individuals at about their 11t or 12 month of
life, which was the end of the first reproductive
season after they hatched (Fig. 5). Some juveniles
(n = 4) marked and recaptured, regardless the sex,
attained about 80 mm of SVL at the end of the first
year of life, in January of the year following their
birth, which is a larger size than that of the small-
est mature individual of both males and females.

Sexual Dimorphism. - Teius oculatus presented
sexual dimorphism in coloration, mainly during
the reproductive season. Adult males emerged
from hibernation being bright green with tur-
quoise blue on the sides of the body (first longitu-
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Figure 2. Size of the larger ovarian follicles (in mm) and eggs in oviducts of females of Teius
oculatus sampled from August 2001 to March 2004 in Dom Feliciano, Rio Grande do Sul,
Southern Brazil. Open circles correspond to non-vitellogenic follicles; closed circles corre-
spond to vitellogenic follicles; triangles correspond to eggs.
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Figure 3. Monthly distribution of abdominal fat storage
(mass residuals of fat bodies in g. regardless of snout-
vent length) of males (closed circles) and females (open
circles) of Teius oculatus sampled from August 2001 to
March 2004 in Dom Feliciano, Rio Grande do Sul,
Southern Brazil.

dinal rows of ventral scales), on the inner portion
of the thighs of hind limbs and on the lateral and
anterior portions of the tail (transition region be-
tween dorsal and subcaudal scales). Females had
on this same region a whitish coloration.

There was no significant difference between
the SVL of sexually mature males and females (U
= 839.0; P = 0.29; n = 88). Adult males had signifi-
cantly wider heads (mean = 14.6 + 2.5 mm) than
adult females (mean = 12. 8 + 1.1 mm) (ANCOVA:

Fiso = 52.50; P = < 0.001). Among juveniles, head
width was not significantly different between
sexes. Head length of adult males was signifi-
cantly larger than that of adult females (AN-
COVA: Fis = 28.86; P = < 0.001). Mean mass of
females was 21.5 + 6.6 g (n = 35), and mean mass
of males was 24.3 + 11.3 g (n = 37) and were not
significantly different (ANOVA, F = 3.18; P = 0.07).

Discussion

This study confirmed seasonal patterns of Teius
oculatus reproductive cycle at Dom Feliciano, with
reproductive season from October to January. This
corresponds to the period with higher environ-
mental temperatures in the region. The reproduc-
tive cycle of T. oculatus in this study area is similar
to other oviparous lizards from temperate regions
(Fitch 1970, Cruz et al. 1999, Rezende-Pinto et al.
2009, Balestrin et al. 2010). Teiid lizards from
Chaco habitats and other temperate zones present
cyclic reproductive activity, and those cycles may
depend on rainfall, food availability and days with
favorable environmental conditions (Martori &
Aun 1993, Martori & Acosta 1994). It has been
suggested that T. teyou from Argentinean Chaco
does not start activity before the rainy months
start and that reproductive activity is positively
correlated to mean monthly rainfall (Cruz et al.
1999).
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Figure 4. Seasonal variation of adjusted testes volume (in mm?3) of adult males of Teius ocula-
tus sampled from August 2001 to March 2004 in Dom Feliciano, Rio Grande do Sul, South-

ern Brazil.
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Figure 5. Distribution of size (snout-vent length, in mm) of Teius oculatus sampled from Au-
gust 2001 to March 2004 in Dom Feliciano, Rio Grande do Sul, Southern Brazil. Open trian-
gles represent young males; closed triangles represent adult males; open circles represent
young females; closed circles represent adult females.

The T. oculatus clutch size found in the present
study accords to that for a population of this lizard
species in Cordoba Province, Argentina, found by
Blanco & Acosta (1998), who suggested maximum
of eight and minimum of two eggs per clutch.
These authors found a higher percentage of gravid
females during the first fortnight of December and
only post-reproductive females after mid-
December. Data in this study suggest that in the
study area the oviposition period of T. oculatus is

longer than that found by Blanco & Acosta (1998).

The smallest T. oculatus adult found in the
study area had SVL 39.6 mm, which is very close
to juveniles of Teius teyou in Argentina (38.9 mm)
(Cruz et al. 1999). Eggs in the oviducts appeared at
the same time as mean annual high temperatures
in the environment occurred , when environ-
mental conditions were potentially more favorable
to development of juveniles. The absence of simul-
taneous occurrence of vitellogenic follicles and
eggs in the oviducts suggests that females of T.
oculatus produce only one clutch per reproductive
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season in the area.

After laying eggs, females of T. oculatus
tended to remain active for some additional pe-
riod of time, when they rapidly accumulate fat in
the fat bodies again. Supposedly, the energy
stored in this period is used during hibernation on
metabolic maintenance and development of folli-
cles for the following reproductive season (which
was observed by Blanco & Acosta 1998). However,
fat storage in lizards from temperate regions is
usually related to the demand for energy involved
in reproduction (Derickson 1976).

The inverse correlation between testes volume
and the amount of fat stored in fat bodies of males
indicates that a substantial portion of fat storage is
used on development of reproductive tissues. The
maximum testes volume of T. oculatus occurred at
the same period when matings were observed in
nature in this study, which has been recorded for
other species of lizards from temperate areas (e.g.
Acanthodactylus erythrurus in Spain - Castilla et al.
1992). The observed mating behavior was similar
to what has already been described for teiids
(Anderson & Vitt 1990) and for a population of
Teius oculatus by Bujes (1998) from southern Brazil.

Changes in abdominal fat mass are usually
correlated to seasonal changes in the reproductive
activity in males of several lizard species, with fat
being primarily used for maintenance during
dormancy and/or as a source of energy in early
spring, during establishment of territories and
home ranges (McKinney & Marion 1985). For both
sexes of T. oculatus, the abdominal fat seemed to
increase rapidly after the mating period and, in
general, reached maximum values at the end of
the activity period. This reinforces the idea that
males and females use this source of energy stor-
age during hibernation and for spermatogenesis
and vitellogenesis, respectively, given that both
sexes emerge from dormancy in an advanced
maturation status, similar to what happens with
Cnemidophorus cf ocellifer and T. teyou in the Ar-
gentinean Chaco (Cruz 1996, Cruz et al. 1999).
However, Castilla et al. (1992), studying Acantho-
dactylus erythrurus in Spain, did not find decrease
of abdominal fat mass during hibernation, sug-
gesting that energy demands for maintenance dur-
ing winter corresponds to a small fraction of total
energy storage. It is probable that most lizards
from temperate regions show a moderate con-
sumption of fat storage during hibernation (winter
pause) and the reduction of fat bodies mass tends
to be more related to reproduction, mainly to vitel-
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logenesis in females (Derickson 1976).

Our data suggest that some individuals of T.
oculatus attained a size that corresponds to that of
mature individuals during the first year of life,
even though they remain inactive during the
colder period of the year. Probably some early-
born individuals (January) could have more time
to accumulate resources before winter and tend to
attain larger size, which would not occur to late-
born individuals (February). Teius teyou from
Chaco region in Argentina does not reach sexual
maturity during its first year of life and this may
be a consequence of inactivity of juveniles during
the dry season (April to September) (Cruz et al.
1999). It has been suggested (Andrews 1982) that
individuals with late growth may not be able to
reproduce during the first reproductive season af-
ter their birth. Young females of Lacerta vivipara in
Belgium reproduce somewhat later than older fe-
males because they spend more energy on growth
before reproduction (Bauwens & Verheyen 1985).

Our data indicated sexual dimorphism in
body coloration between males and females of T.
oculatus, which potentially favors sexual recogni-
tion among conspecific individuals, similar to
what occurs in Cnemidophorus lacertoides (Feltrim
2002). Our data also indicated that adult T. ocula-
tus have sexual dimorphism in form (head width
and length), but not in body size (body length was
not different among sexes). Cruz et al. (1999)
found similar results for the teiid lizard Teius teyou
in Argentina. Thus, males with larger heads po-
tentially can be more efficient during aggressive
interactions and more skilled during mating. Re-
garding teiid lizards, males with larger head char-
acteristics may have better opportunities to repro-
duce because these features facilitate the segrega-
tion of conspecific
(Anderson & Vitt 1990).

We conclude that at Dom Feliciano T. oculatus
has seasonal reproductive cycle lasting from Octo-
ber to January with recruitment of juveniles occur-
ring from January to March and hibernation from
May to early October.

competitors for females
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