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Abstract

Cytogenetic studies were performed on five closely related microteiid lizards (Gymnophthalmini), three
Calyptommatus species and Psilophthalmus paeminosus from the sand dunes of the middle S&o Francisco river in
the semiarid caatinga of the Brazilian state of Bahia and Tretioscincus oriximinensis from the Brazilian Amazon
region. The diploid chromosome number in Calyptommatus species was 2n = 58 in females and 2n = 57 in males due
to a multiple X X, X,X,:X,X,Y sex chromosomes system, while P. paeminosus was 2n = 44 (20M+24m): where
M = macrochromosomes and m = microchromosomes) and T. oriximinensis 2n = 42 (18M+24m). A single pair of
silver staining nucleolar organizing regions (Ag-NORs) characterizes all five species. Incorporation of 5-BrdU
(Bromodeoxyuridine) followed by replication R-banding (RBG) karyotyping allowed the identification of the larger
pairs of chromosomes through longitudinal bands and the late replicating regions. Our data reinforce the remarkable
chromosomal variability that has been found in the Gymnophthalmidae and the importance of using differential
staining for comparative cytogenetics within this group of lizards. Chromosomal evolution in Gymnophthalmini
seems to have included chromosomal fission and fusion, pericentric inversions and variation in the amount and
localization of constitutive heterochromatin and the Ag-NOR pattern. Different mechanisms of sex determination

also evolved independently in this radiation.
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Introduction

The family Gymnophthalmidae is composed of a
morphologically and ecologically diverse group of small to
medium-sized lizards referred to as microteiids. At present
35 genera are known containing about 180 species, al-
though the Gymnophthalmidae is still far from taxonomi-
cally well-described at the suprageneric, generic or specific
level (Pellegrino et al.,2001; Castoe et al., 2004) and only a
few species have been karyotyped because the members of
this family are rare, small and difficult to collect.

The tribe Gymnophthalmini consists of a group of
eight South American genera sharing several characters ap-
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parently unique in gymnophthalmids and is now consid-
ered monophyletic based on morphology (Rodrigues,
1995), DNA sequences (Pellegrino et al., 2001) and mito-
chondrial DNA restriction site data (Benozzati and Rodri-
gues, 2003). Admitted relationships (Rodrigues, 1995,
1996) for this radiation are (Tretioscincus (Micrablepharus
(Gymnophthalmus — (Procellosaurinus, Vanzosaura)
(Psilophthalmus (Nothobachia, Calyptommatus))))), the
habitats of theses species being as follows: Tretioscincus
occurs in the Brazilian Amazon; Micrablepharus and
Vanzosaura in open areas of Brazilian cerrado (woodland
savannas) and caatinga (semi-arid bush) and the Chaco
(tropical and subtropical dry broadleaf forests);
Gymnophthalmus in Central America, some Caribbean is-
lands and on the northern bank of the Amazon river in the
Brazilian Amazon; and Calyptommatus, Nothobachia,
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Procellosaurinus and Psilophthalmus are sand-adapted liz-
ards endemic to a small area of Quaternary sand dunes on
the banks of the middle Sao Francisco river in the semiarid
caatinga of the Brazil state of Bahia (Rodrigues, 1991a;
1991b; 1996; 2003). An interesting feature of members of
the Gymnophthalmini is progressive limb reduction and
body elongation associated with the habitation of sandy en-
vironments and fossoriality. Members of the genus
Tretioscincus have distinctive eyelids but all the remaining
genera of the Gymnophthalmini radiation lack eyelids.

During the last few years we have been studying the
chromosomes of the Gymnophthalmini  genera
Gymnophthalmus (Yonenaga-Yassuda et al, 1995),
Procellosaurinus and Vanzosaura (Yonenaga-Yassuda et
al., 1996), Nothobachia (Pellegrino et al., 1999a) and
Micrablepharus (Yonenaga-Yassuda and Rodrigues,
1999). As far as we know this group presents the largest
range and diversity of chromosome rearrangements de-
scribed for microteiids, with the diploid number varying
from 2n =40 (16M+24m: where M = macrochromosomes
and m = microchromosomes), in Procellosaurinus
erythrocercus,  Procellosaurinus  tetradactylus — and
Vanzosaura rubricauda (Yonenaga-Yassuda et al., 1996)
to 2n = 62-64 in Nothobachia ablephara (Pellegrino et al.,
1999a). Furthermore, an exceptional diversity in chromo-
somal repatterning also characterizes the group.

Our previous cytogenetic findings based on analyses
of fibroblast cultures suggested the occurrence of species-
specific karyotypes in the Gymnophthalmini. The
Gymnophthalmus  species leucomystax, vanzoi and
underwoodi share the same diploid number (2n = 44,
20M+24m) but exhibit three different karyotypes. The spe-
cies G. leucomystax and G. vanzoi are very similar but can
be distinguished after conventional staining by the differ-
ence in morphology of two macrochromosomes, which are
subtelocentric in G. leucomystax but submetacentric in G.
vanzoi. Furthermore, G. vanzoi has more biarmed micro-
chromosomes than G. leucomystax and the C-band patterns
of the microchromosomes differ in the two species. The
karyotype of the unisexual G. underwoodi shows chromo-
some differences that cannot be explained by simple struc-
tural rearrangements in relation to the other two species.
These three Gymnophthalmus species also differ with re-
spect to the number and position of their nucleolar orga-
nizer regions (NORs) (Yonenaga-Yassuda et al., 1995).
Yonenaga-Yassuda et al. (1996) have shown that P.
erythrocercus, P. tetradactylus and V. rubricauda have a
similar 2n =40 (16M+24m) karyotype but each species can
be easily differentiated by the position and amount of
C-heterochromatin and silver staining NORs (Ag-NORs).
Variation in diploid number due to a supernumerary chro-
mosome system was detected in Nothobachia ablephara
(2n = 62-64) (Pellegrino et al., 1999a) and in
Micrablepharus maximiliani and M. atticolus (2n = 50-53)
(Yonenaga-Yassuda and Rodrigues, 1999). The two spe-
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cies of Micrablepharus have the same basic diploid number
of 2n = 50 without distinction between macro- and micro-
chromosomes, but with differences in the number of bi- and
uniarmed chromosomes. Sex determination of the XX:XY
type has also been observed in both species of
Micrablepharus and in Nothobachia ablephara.

In order to complete the cytogenetic study of the
Gymnophthalmini we are present data for the remaining
genera and species of this interesting monophyletic radia-
tion, i.e. Tretioscincus oriximinensis, Psilophthalmus
paeminosus and the three Calyptommatus species leiolepis,
nicterus and sinebrachiatus.

Materials and Methods

Cytogenetic analyses were performed on the follow-
ing specimens: seven male and one female
Calyptommatus leiolepis (Figure 1); two female and two
male C. nicterus; three male C. sinebrachiatus; five
males, two females and five embryos of Tretioscincus
oriximinensis; and five male, one female and two imma-
ture Psilophthalmus paeminosus. Voucher specimens are
deposited in the collection of the Museu de Zoologia da
Universidade de Sao Paulo (MZUSP), Universidade de
Sao Paulo, Sdo Paulo, Brazil. Table 1 lists the localities
and identification numbers of the specimens that were
cytogenetically studied for each species. For some males
only meiotic data were obtained.

For the majority of specimens mitotic chromo-
somes were obtained from fibroblast cultures grown at
29 °C in Dulbecco’s modified Eagle’s medium supple-
mented with 20% fetal calf serum. Giemsa staining,
Ag-NORs and C-banding followed routine protocols.
For some males, testicular material was analyzed to char-
acterize meiotic phases. Replication R-banding (RBG)
was obtained after treatment with 5-BrdU at a final con-
centration of 25 g/mL for 9-22 h prior to cell harvesting.
Cultured cells are stored in liquid nitrogen in the Cell
Collection of Departamento de Genética e Biologia
Evolutiva, Instituto de Biociéncias, Universidade de Sao
Paulo (IBUSP).

Figure 1 - Calyptommatus leiolepis, Bahia, Brazil.
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Table 1 - Specimen identity code, voucher number, sex, species and locality of microteiid lizards sampled in this study.

Spec Cat Sex Species Locality Spec Cat Sex Species Locality

LG160 68428 M Calyptommatus ~ Manga, BA LG563 76224 F Santo Inacio, BA

LGl6d 68435 M leiolepis Manga, BA LG568 76236 M Santo Indcio, BA

LG288" 71270 M Alagoado, BA LG581 76225 N Santo Inacio, BA

LG294" 71413 M Ibiraba, BA LG587 79756 M Santo Indcio, BA

LG305 71273 F Alagoado, BA LG589 79753 M Santo Inacio, BA

LG385 71424 M Ibiraba, BA LG606 76235 N Santo Inacio, BA

LG602 75311 M Queimadas, BA LG694" NA M Tretioscincus ~ Vai-quem-quer, PA

LG605 75312 M Queimadas, BA LG697" NA M orwiminensis pocig pA

LG237 70442 F Calyptommatus  Vacaria, BA LG712" NA M Pocao, PA

LG277 70448  F nicterus Vacaria, BA LG713" NA M Pocdo, PA

LG383 70452 M Vacaria, BA LG725" NA M Pogéo, PA

LG388 70437 M Vacaria, BA LG736 79761 F Pocgao, PA

LG251 70386 M Calyptommatus  Santo Inacio, BA LG739 79760 F Pocao, PA

LG309° 70396 M Sinebrachiatus guy nacio, BA LG741 NA E Vai-quem-quer, PA

LG310° 70397 M Santo Inacio, BA LG745 NA E Vai-quem-quer, PA

LG361 71903 M Psilophthalmus ~ Santo Inacio, BA LG746 NA E Vai-quem-quer, PA

LG560 76233 M paeminosus g0 Indcio, BA LG747 NA E Vai-quem-quer, PA
LG748 NA E Vai-quem-quer, PA

Key: NA = not available; F = female; M = male; N = not determined; E = embryo; BA = Bahia state; PA = Para state; IBUSP = Instituto de Biociéncias,
Universidade de Sao Paulo (USP); MZUSP = Museu de Zoologia da Universidade de Sao Paulo. *Meiotic data only. Spec: Specimen identity code

(IBUSP). Cat: Catalog number (MZUSP).

Results

Calyptommatus leiolepis (2n = 57, male; 2n = 58,
female), Calyptommatus nicterus (2n = 57 male;

2n = 58, female), Calyptommatus sinebrachiatus
(2n =57, male)

Female specimens of Calyptommatus leiolepis present
a karyotype comprised of a metacentric pair 1, distinctly
larger than the remaining chromosomes, 26 pairs of
acrocentric autosomes decreasing gradually in size and a
small pair of submetacentrics (pair 27). Two pairs of
acrocentric chromosomes of different sizes, morphologi-
cally indistinguishable from autosomes of similar sizes, cor-
respond to the X; and X, pairs. The karyotypes of male
specimens present an odd medium-sized submetacentric rep-
resenting the Y chromosome. This male specific biarmed
chromosome results from a translocation rearrangement be-
tween chromosomes of different sizes, X; and X, The reduc-
tion of the chromosome number in male cells is due to an
XX X,X, female : X;X,Y male or XXAA female : XAA/Y
male sex chromosome system (Figure 2b). Analyses of
testicular material showed 27 bivalents and one trivalent cor-
responding to the X;X,Y chromosomes in diplotene cells
and metaphases II with 29 (Figure 3b) or 28 chromosomes.

In the majority of the chromosomes C-banding re-
vealed telomeric heterochromatin blocks in both arms (Fig-
ure 4a). The Ag-NOR is located on the telomeric region of
the short arms of the small submetacentric pair 27. Analy-

ses of 47 Ag-stained metaphases from five animals re-
vealed the presence of only two NORs (Figure 5a).
RBG-banding allowed the identification of some chromo-
somes including the Y and the putative chromosomes in-
volved in the translocation rearrangement. A marker pair of
chromosomes always showed a typical pattern with three
evident bands (pair 4) and some homologous pairs could be
identified by their late replicating pattern. Positive CBG-
bands proved to be late-replicating DNA regions
(Figure 4b).

The two other Calyptommatus species present the
same karyotype as C. leiolepis. The karyotype of the C.
nicterus females is presented in the Figure 2a. The male C.
sinebrachiatus specimens (Figure 3a) exhibited a 2n = 57
karyotype and probably a X;X;X,X,: X;X,Y type sex de-
termination mechanism, although this needs to be verified
by the analyses of female specimens which were missing
from our sample. The odd Y chromosome is metacentric
and differs from the submetacentric Y found in C. leiolepis
(Figure 2b and Figure 4) and C. nicterus. Both species pres-
ent Ag-NORs on the telomeric region of the short arms of
submetacentric pair 27.

Psilophthalmus paeminosus, 2n = 44 (20M+24m)

This species exhibited a 2n = 44 (20M+24m) karyo-
type formed by five pairs of metacentrics and submeta-
centrics and five pairs of acrocentric macrochromosomes.
The microchromosome complement includes 12 pairs of
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Figure 2 - Giemsa stained karyotypes of (a) Calyptommatus nicterus (2n = 58) and (b) C. leiolepis (2n = 57).

Figure 3 - Meiosis in Calyptommatus. (a) C. sinebrachiatus, diplotene cell with 27 bivalents and one trivalent (arrow) and (b) C. leiolepis, metaphase 11

with 29 chromosomes.

acrocentrics and metacentrics (Figure 6a). The C-banding
patterns included weakly stained small regions in some
microchromosomes (Figure 7a). R-banding patterns al-
lowed the macrochromosomes to be paired and revealed
that the distal end of the long arm of pair 2 is a late replicat-
ing region (Figure 6b and c). Ag-NORs were located on the
telomeres of short arms of a microchromosome pair in 31

metaphases from eight specimens analyzed after Ag-
staining (Figure 5b). Abnormal chromosomes occurred in
some P. paeminosus specimens but were probably a fibro-
blast culture artifact. Polyploidy, chromosomal aberrations
including trisomy and other kinds of rearrangements were
present but do not represent the standard karyotype of that
species (Figure 6b).
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Figure 5 - NOR-bearing chromosomes. (a) Calyptommatus leiolepis
giemsa and silver stained chromosome pair 27. (b) Psilophthalmus
paeminosus Ag-NOR bearing microchromosome pair showing associa-
tion on the right side. (c) Tretioscincus oriximinensis Ag-NOR bearing
microchromosome pair showing association on the right side.

Tretioscincus oriximinensis, 2n = 42 (18M+24m)

In this species the diploid number is 2n = 42
(18M+24m) and the karyotype comprises seven pairs of
metacentric and submetacentric (pairs 1-3, 5-8) and two
pairs of subtelocentric (pairs 4 and 9) macrochromosomes
and 12 pairs of acrocentric and submetacentric microchro-
mosomes (Figure 8a). Positive C-bands at the distal end of
the long arms of a few microchromosomes were observed
(Figure 7b). The RBG-banding patterns allowed precise
identification of the nine pairs of macrochromosomes (Fig-

ure 8b). Silver staining of 17 metaphases from three speci-
mens revealed Ag-NORs on the short arms of a pair of
microchromosomes (Figure 5c).

Discussion

The genus Calyptommatus, has four species, three of
them isolated in opposite margins of the Sdo Francisco
river, with C. leiolepis occurring along the left bank of the
river where it is limited to two geographically isolated dune
fields while C. sinebrachiatus and C. nicterus are restricted
to adjacent sandy areas of the right bank of the river.
Rodrigues et al., (2001) have recently described a fourth
species, Calyptommatus confusionibus, occurring in Par-
que Nacional da Serra das Confusdes in the Brazilian state
of Piaui, and although this site is not too distant from the
Sao Francisco dunes this species seems to be isolated from
the other three species because it is in a sandy area belong-
ing to a different drainage system.

The Calyptommatus multiple sex chromosome deter-
mination X;X;X,X,:X;X,Y system described in this paper
is the first report of such a sex chromosome mechanism
among gymnophthalmids. Multiple sex chromosome sys-
tems usually arise as a result of rearrangements involving
sex chromosomes and autosomes, either by centric fusion,
reciprocal translocation between metacentric chromo-
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Figure 7 - C-banding patterns in metaphases of (a) Psilophthalmus paeminosus and (b) Tretioscincus oriximinensis.
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somes or centric fission, although tandem fusions may also
be involved in this process.

The somatic and meiotic data collected by us for the
three Calyptommatus species support the occurrence of a
multiple sex chromosome system with 2n = 58 in females
and 2n = 57 in males. The male specific Y chromosome is
easily identifiable and appears to be the result of a
translocation rearrangement between different-sized chro-
mosomes (one is the X chromosome) in C. leiolepis and C.
nicterus and two similar-sized chromosomes in C.
sinebrachiatus (the Y is a metacentric).

In male meiosis, the X;X,Y sex chromosomes occur
in the expected trivalent configuration and probably the
X;X,Y trivalent segregates in the alternated disjunction
during anaphase I. Chromosomally balanced sperm nuclei
are formed, with the X; and X, chromosomes and a comple-
ment of 28 autosomes passing to the same pole of the divid-
ing cell while the fused Y chromosome and the same 28
autosomes are pulled to the opposite pole.

Heteromorphic sex chromosomes were not found ei-
ther in the P. paeminosus or T. oriximinensis specimens de-
scribed in this paper nor in the previously studied

Gymnophthamidae karyotypes and multiple sex chromosomes

microteiids of the same radiation, G. leucomystax and G.
vanzoi (Yonenaga-Yassuda et al, 1995) and P.
erythrocercus, P. tetradactylus and V. rubricauda,
(Yonenaga-Yassuda et al., 1996). However, a XX:XY sys-
tem has been reported in M. atticolus and M. maximiliani
(Yonenaga-Yassuda and Rodrigues, 1999), Nothobachia
ablephara (Pellegrino et al., 1999a) and Gymnophthalmus
pleei (Cole et. al., 1990).

It has been pointed out that sex chromosomes have
arisen recently and independently many times in lizard lin-
eages (Bickham, 1984). The occurrence of different sex de-
termination mechanisms in the Gymnophthalmini clade
and their absence in the putative basal genus Tretioscincus
suggests that such mechanisms evolved independently at
least twice in this microteiid radiation.

The multiple sex chromosome systems X;X;X,Xy:
X1X,Y or XXAA:XAA/Y have been reported in some spe-
cies of neotropical freshwater fish (AlmeidaToledo and
Foresti, 2001) and coexistence of homomorphic XY sex
chromosomes and a derived Y-autosome translocation are
known to occur in the amphibians Eleutherodactylus
maussi (Schmid et al., 2002) and Eleutherodactylus riveroi
(Schmid et al., 2003), the first examples of a such a mecha-
nism in the class Amphibia.

Several chromosomal sex determination mechanisms
(XX:XY, ZZ:ZW) involving both macrochromosomes and
microchromosomes are found in lizards. The multiple sex
chromosome system X;X;X,X,:X;X,Y is found in
Polychrus marmoratus (2n =29, male; 2n =30, female) and
Polychrus acustirostris (2n = 19, male; 2n = 20, female)
where a large subtelocentric chromosome is involved in the
translocation with the Y chromosome. After RBG banding
this chromosome exhibits a heterochromatic and conspicu-
ous late replication region, which probably bears the Y
chromosome because it was only observed in males. The
use of differential staining allowed the identification of the
Y-autosome translocation whereas the X; and the Y chro-
mosomes were indistinguishable in conventional-stained
metaphases (Bertolotto ez al., 2001).

A sex determination mechanism involving partheno-
genesis occurs among gymnophthalmids. A triploid karyo-
type (3n = 66, 30M+36m) was found in some Leposoma
percarinatum specimens (Pellegrino et al., 2003) and in the
unisexual diploid G. underwoodi (2n = 40) from Roraima,
Brazil (Yonenaga-Yassuda et al., 1995) that is unequivo-
cally very different from the hybrid-origin G. underwoodi
studied by Cole et al. (1989: 1990).

Ag-NOR staining is an essential part of the character-
ization of a species karyotype, but although NOR chromo-
some distribution is considered to be species specific, the
location of NORs could also result from convergent evolu-
tion. The localization of NORs studied by silver staining in
the family Gymnophthalmidae showed remarkable vari-
ability.
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In the present study, all species have a single pair of
NOR-bearing chromosomes, although their position varies.
In Calyptommatus the NORs are located on the easily iden-
tifiable small submetacentric pair 27, while in T.
oriximinensis and P. paeminosus the NORs are associated
with a microchromosome pair.

In the unisexual G. underwoodi (2n = 44), two Ag-
NORs are located on the telomeric region of an acrocentric
macrochromosome pair while in G. leucomystax (2n = 44)
and G. vanzoi (2n = 44) microchromosome pairs bear mul-
tiple Ag-NORs (Yonenaga-Yassuda et. al., 1995). In P.
erythrocercus and P. tetradactylus a single pair of
NOR-bearing microchromosomes was described and in V.
rubricauda Ag-NORs occur on one pair of microchro-
mosomes and one pair of macrochromosomes (Yonenaga-
Yassuda et. al., 1996). A remarkable variation in number
and location of Ag-NORs involving small and larger chro-
mosomes allowed the characterization of five different
NOR patterns in M. maximiliani (2n = 50, 51) and M.
atticolus (2n = 50, 51, 52, 53) (Yonenaga-Yassuda and
Rodrigues, 1999).

Similarly, a considerable variation in number (two to
six) of positive signs including a small entirely stained pair
27 was found in N. ablephara (2n = 62, 63, 64). It is possi-
ble that some of the positive Ag-stained regions are repre-
senting C-banding regions rather than NORs in this species
(Pellegrino et al., 1999a).

In other gymnophthalmids, Ag-NORs were only
identified in Leposoma species, where they were located on
the telomeres of a microchromosome pair in Leposoma
guianense (2n = 44) and on the telomeric region of the long
arms of a large pair of submetacentric macrochromosome
in Leposoma osvaldoi (2n = 44), a small pair 19 with a con-
spicuous secondary constriction harbored the Ag-NORs in
Leposoma scincoides (2n = 52) (Pellegrino, et al., 1999b).

Although NOR localization has proved to be an im-
portant marker for lizards, very different NOR banding pat-
terns occur among Gymnophthalmidae species and more
data on NOR variability are needed to understand their role
in the chromosomal evolution of this family. In some cases,
Ag-NORs represent an important tool for karyotype char-
acterization, especially when different NOR-bearing chro-
mosomes support taxonomic relationships. Differences in
the chromosomal distribution of NORs in evolutionary
closely related species are attributed to karyotypic rear-
rangements accumulated since divergence from the com-
mon ancestor.

The chromosome data so far known for gymno-
phthalmids have revealed remarkable chromosome vari-
ability among these lizards with, except for
Calyptommatus, all species presenting species-specific
karyotypes mostly after comparative analyses of banded
karyotypes (C-bands and identification of Ag-NORs).

According to the phylogenetic scheme based on 71
osteological and morphological characters suggested by
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Rodrigues (1995) widely congruent with phylogenetic rela-
tionships inferred from mitochondrial DNA restriction-site
data (Benozzati and Rodrigues, 2003) and mitochondrial
and nuclear DNA sequences (Pellegrino et al., 2001),
Nothobachia is closely related to Calyptommatus. They are
sister genera and considered the most derived of this eye-
lid-less radiation. A Robertsonian rearrangement mecha-
nism explains the largest metacentric pair in the karyotype
of Calyptommatus. These two genera are also characterized
by showing the most striking adaptations to fossoriality, es-
pecially related to limb reduction. It is noteworthy that the
highest chromosome numbers in this radiation are shared
by Nothobachia and Calyptommatus followed by
Micrablepharus, while all the remaining genera are charac-
terized by lower diploid numbers.

The chromosomal rearrangements in the Gymno-
phthalmini seems to have included events of chromosome
fission of a hypothetical ancestral Tretioscincus
oriximinensis-like 2n = 42 (18M+24m) karyotype. A simi-
lar 2n =42 karyotype is found in Colobosaura modesta and
Iphisa elegans, two Heterodactylini genera, considered the
sister group of the Gymnophthalmini (Pellegrino et al.,
2001). Episodes of chromosome fusion, pericentric inver-
sion as well as amplification or deletion of heterochromatin
and shifts in Ag-NOR distribution, probably also followed
speciation of these South American microteiids.

Two different types of karyotypes have been found in
gymnophthalmids: 1) those with a clear distinction be-
tween macrochromosomes and microchromosomes where
most species present 24 microchromosomes and a variable
numbers of macrochromosomes (16, 18, 20, 22). Up to now
Bachia is the only exception in this assemblage, revealing
conspicuous chromosome variability with 2n = 32
(18M+14m) in Bachia dorbignyi and 2n = 46 (18M+28m)
in Bachia bresslaui (Pellegrino, 1998; Pellegrino et al.,
2001). 2) karyotypes with high diploid numbers without
distinction in macro and microchromosomes and chromo-
somes decreasing gradually in size.

The presence of such distinct chromosomal comple-
ments in the same radiation, of species-specific karyotypes
and chromosome markers (localization of Ag-NORs, pat-
terns of constitutive heterochromatin and morphologies of
both macro and microchromosomes) suggest that some of
these characters could represent useful synapomorphies.
Intrageneric chromosome variability also occurs in gymno-
phthalmids as demonstrated by the presence of very distinct
karyotypes in closely related species of the genera
Gymnophthalmus, Placosoma, Leposoma and Bachia
(Yonenaga-Yassuda et al., 1995; Pellegrino, 1998; Pelle-
grino et al, 1999b; Pellegrino et al., 2001).

The highest diploid numbers in the Gymno-
phthalmidae were found in species of Calyptommatus,
Nothobachia, Micrablepharus and in Leposoma scincoides
and Placosoma glabellum and are not associated with the
presence of macro and microchromosomes but with chro-



708

mosomes of gradually decreasing size. A clear distinction
between macro and microchromosomes was found in G.
leucomystax 2n = 44 (20M+24m), G. vanzoi 2n = 44
(20M+24m), in the unisexual G. underwoodi 2n = 44
(20M+24m), P. erythrocercus 2n = 40 (16M+24m), P.
tetradactylus 2n = 40 (16M+24m), V. rubricauda 2n = 40
(20M+24m), L. guianense 2n =44 (20M+24m), L. osvaldoi
2n = 44 (20M+24m), Psilophthalmus paeminosus 2n = 44
(20M+24m), T. oriximinensis 2n = 42 (18M+24m),
Anotosaura vanzolinia 2n = 46 (22M+24m), B. bresslaui
2n = 46 (18M+28m), B. dorbignyi 2n = 32 (18M+14m),
Cercosaura ocellata 2n = 42 (18M+24m), C. modesta 2n =
42 (18M+24m), Neusticurus bicarinatus 2n = 44
(20M+24m), Pantodactylus albostrigatus 2n = 44
(20M+24m) and Placosoma cordylinum 2n = 44
(20M+24m) with the great majority of the species present-
ing 24 microchromosomes.

We have demonstrated in this paper that an extensive
karyotype differentiation characterizes the monophyletic
radiation of the Gymnophthalmini and the other gymno-
phthalmids. We are aware that comparative R-banding pat-
terns must reveal putative homologies among chromosome
segments and that this is crucial to the better understanding
of the mechanisms of chromosomal evolution in this group
of South America microteiids.
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