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Cytogenetical and mor phological featur esreveal significant differences
among Venezuelan and Brazilian samplesof Mugil curema
(Teleosteal: Mugilidae)

Mauro Nirchio*, Roger Cipriano**,
Margarete Cestari**, and Alberto Fenocchio***

Karyotype of M. curema from the Gulf of Mexico and Brazil have been reported as possessing chromosome complement with
2n=28 and FN=48, whereas specimens from Venezuela has been reported as possessing a diploid number 2n=24 and a con-
served FN (48). Although at first sight this variation suggests the presence of achromosomal intraspecific (interpopulational)
variability, the possibility that we are dealing with two different specieswas examined. Thiswork revisit the karyotypes of M.
curema from Venezuela and Brazil, including new data on C-banding, and NOR localization, and compares morphologic
characteristics of samples from both localities. Thus, besides diploid number, the constitutive heterochromatin distribution
and NORs location, mark other differences between M. curema Cytotype 1 (2n=28; FN=48) and Cytotype 2 (2n=24; NF=48).
Moreover, morphol ogic comparison reveal ed differencesin the scal e counts and pectoral fin rays: 35 scalesin the middle body
lineand 15 pectoral fin raysin specimens possessing the karyotype 2n=28, compared with 37-39 scalesin the middle body line
and 17 pectora fin raysin specimens with the karyotype 2n=24. These differences lead us to suggest that both cytotypes are
not related merely to geographic polytipic variations but could correspond to different species.

Os cariétipos de M. curema do Golfo do México e do Brasil possuem 2n=28 cromossomos e NF=48. Espécimes daVenezuela,
entretanto, apresentam um nimero diploide de 28 cromossomos e um NF conservado (48). Apesar desta variagdo sugerir, a
principio, uma variabilidade intraespecifica (interpopulacional), a possibilidade de estarmos perante diferentes espécies foi

investigada. O presente trabalho re-analisa os cari6tipos de M. curema da Venezuela e do Brasil, incluindo novos dados sobre
bandamento C elocalizacéo das NORs e compara caracteres meristicos e morfométricos de amostras de ambas as | ocali dades.
Assim, junto com o nimero cromossdmico, a heterocromatina constitutiva e adistribuicéo das NORs trazem outras diferencas
entre M. curema Citétipo 1 (2n=48, FN=48) e Cit0tipo 2 (2n=48, FN=48). Além disso, as comparagdes dos caracteres morfol 6gicos
revelam diferencas nas contagens, com 35 escamas nalinhamédiado corpo e 15 raios nas nadadeiras peitorai s nos espécimes
com cari6tipo 2n=28, j& o caridtipo 2n=24 apresenta 37-39 escamas e 17 raios nas peitorais. Essas diferencas sugerem que
ambos citéti pos ndo estdo rel acionados meramente avari agdes geogréficas politipi cas mas que podem corresponder adiferentes
espécies.

Key-Words: karyotype, C-band, NOR-banding, meristic and morphometric features, speciesidentification.

Introduction important differences between specimens from different

areas. Indeed specimens from Louisiana, USA, exhibit a

chromosome complement with 2n=28 and FN=48 (Le

White mullet (Mugil curema) is a wide-spread coastal ~ Grande & Fitzimons, 1976), similar to the one described
pelagic fish occurring in the Western Atlantic from in a Brazilian population by Cipriano et al. (2002). On
Massachusetts to southern Brazil (Marin et al., 2003). the other hand, specimens from Venezuela shows a re-
Cytogenetic data on Mugil curema have highlighted duced diploid number, 2n=24 and a conserved FN= 48
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(Nirchio & Cequea, 1998). Cytogenetic datareported for
samples from Venezuela (Caribbean Sea), include con-
ventional (Giemsa) staining (Nirchio & Cequea, 1998),
base-specific fluorochrome staining (Rossi et al., 2004),
and Nucleolus Organizer Regions (NORs) localization
by Ag-staining (Nirchio et al., 2001), and FISH, as well
as the chromosome localization of 5S rDNA and the
(TTAGGG), telomeric repeats (Rossi et al., 2004), while
only the conventional karyotype has been reported for
the population from USA and Brazil (Le Grande &
Fitzimons, 1976; Cipriano et al., 2002).

Although at a first sight this variation might indicate
the presence of a chromosomal intraspecific
(interpopulational) variability, the possibility that we are
dealing with two different species should not be discarded.
Indeed meristic and morphometric data used to establish
taxonomic relationships in mugilids gave rise to a confus-
ing taxonomy due to the conservative external morphol-
ogy of the family, a problem evidenced by the large syn-
onymy, that includes up to 233 nominal species only 80 of
which have been recognized as valid species (Pauly &
Froese, 2004). Moreover, Mugil sp. (formerly gaimardianus,
suppressed name by the International Commission on Zoo-
logical Nomenclature, ICZN 1787) and M. curema werere-
cently identified as separate species on the basis of their
karyotype (Nirchio et al., 2003), which reveal s the impor-
tance of karyotypic studiesin solving taxonomic problems
among closely related species.

All these data prompted us to investigate the chromo-
some complement of specimens of M. curema from Brazil,
analyzing the heterochromatin distribution by C-banding
and the NORs number and localization by Ag-staining,
adding new data on C-banding of specimensfrom Venezu-
ela. Moreover, we compared meristic and morphometric char-
acteristics of samplesfrom both localities. Thus, thiswork
seeks to contribute to the understanding of whether we
are dealing with karyotypic differences between different
populations (polytypism) or whether we are dealing with
two different species, as originally proposed (Nirchio &
Cequea, 1998).

Materialsand M ethods

Specimens of M. curema were collected in coastal wa-
ters of the Paranagua Bay from Parana State, Brazil (n=3)
and near La Restinga Lagoon, Margarita Island, Venezuela
(n=23). Samplesfrom Brazil (Fig 1a) and Venezuela(Fig 1b)
consist of specimens ranging in total length from 151.0 —
270.0 mm. Voucher specimens are deposited in the Genetics
and Evolution Laboratory of the Department of Aquacul-
ture, Universidad de Oriente, Margarita Island, Venezuela
(Brazil, ECAM: 000179, 000180, 000181; Venezuela, ECAM:
000034, 000035, 000037, 000069, 000070, 000073, 000149,
000153, 000158).

Morphological diagnostic features of M. curema were
compared for both samples following the keys provided by

Karyotypic and morphologic differences among Mugil curema from Venezuela and Brazil

Menezes (1983) and Cervigon (1993) for mulletsfrom Brazil
and Venezuela respectively.

Chromosome preparations were obtained using the air-
drying techniques described by Bertollo et al. (1978). NORs
were detected by chromosome impregnation with silver ni-
trate (Howell & Black, 1980), and C-bandswere obtained ac-
cording to the method described by Sumner (1972). Mitotic
chromosomes were photographed and images digitally pro-
cessed with ADOBE PHOTOSHOPV. 7.0. This softwarewas
also used for constructing the karyogram, with chromosomes
organized in decreasing size order. Chromosome morphol ogy
followed Levan et al. (1964).

Fig. 1. Specimens of M. curema from (&) Brazil and (b) Ven-
ezuelapreservedinformalin.

Results and Discussion

Comparison of diagnostic characteristic employed for iden-
tifying M. curemain Brazil (Menezes, 1983) andin Venezuela
(Cervigdn, 1993) reveal ed that both our samples shared several
key features: widely separated spiny-rayed dorsal fins, with 4
spines (1% dorsal fin) and 9 soft-rays (2™ dorsal fin); pelvic
fins subabdominal, with 1 spine and 5 branched soft rays;
anal finwith 3 spinesand 9 soft-rays; ctenoid scalesin adults;
pectoral axillary scales present, ana fin profusely covered
with small scales; small teeth, but visibleat first sight, without
aclearly curvedtip inright angle; adipose eyelid present and
adark blotch visible at the base of the pectoral fin. Differences
between both samples concern the scale counts and the
number of pectoral fin rays: Indeed, 35 scalesin the middle
body line and 15 pectoral fin rays have been counted in
specimens from Brazil, whereas 37-39 scales on the middle
body line and 17 pectoral fin rays have been counted in
specimensfrom Venezuela.

Based on the chromosome numbers, samples can be
identified and classified as Cytotype 1 and Cytotype 2.
Cytotype 1, consisting of 2n = 28, 20M + 4ST + 4A, was
detected in al individualsfrom Brazil (fig. 2A) and corre-
sponds to the karyotype originally described for the spe-
ciesby Le Grande & Fitzsimons (1976). Cytotype 2 corre-
sponds to specimens from Venezuela (Fig. 2 d) and con-
sistsof 2n=24,22 M + 2 SM.
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Fig. 2. Karyotypes of Mugil curema and metaphase plates after C-banding (b and d) and Ag-NOR (c and f) in samples from
Brazil (a-c) and Venezuela (d-f). An enlargement of the NOR-carrying chromosome pair isshownin theinset in c and f.

After C-banding specimenswith the Cytotype 1 (Fig. 2 b)
display only pericentromeric heterochromatin whereas speci-
menswith the Cytotype 2 (Fig. 2 €) show the heterochromatin
distribution at pericentromeric and telomeric regions of all
chromosomes with some chromosomes displaying interca-
lary heterochromatic blocks, some being more conspicuous
than others.

The specimens with the Cytotype 1, have Ag-NORs lo-
cated on the telomeric region of the short arm of the
subtel ocentric chromosome pair N° 11 (Fig. 2 ¢). The speci-
mens with the Cytotype 2 show the NORs located on the
telomeric region of the long arm of the metacentric chromo-
somepair N° 1 (Fig. 2f), as previously described (Nirchio et
al., 2001; Rossi etal., 2004).

The terminal position of NORs on the largest pair of
acrocentric chromosomes has been suggested to be the
plesiomorphic condition in the genus Mugil, afeature shared
by M. cephalus (Rossi et al., 1996), M. platanus (Jord&o et
al., 1992) and M. liza (Nirchioet al., 2001; Rossi et al., 2004),
but not by M. trichodon, which possesses the only intersti-
tial NORs observedin Mugilidae (Nirchio et al., 2004). Rossi
et al. (2004) have proposed that the NOR pattern of of M.
curema from Venezuela (Cytotype 2) would reflect the in-
volvement of the largest ancestral NOR-bearing acrocentric
chromosome in the centric fusion that produced the meta-
centric pair number 1 in the species. On the other hand, the
NOR localization in Cytotype 1 of M. curema from Brazil, on
the short arm of one subtel ocentric pair, might have arisen
from apericentric inversion or by areciprocal translocation
from the ancestral acrocentric chromosome.

The classical morphological species concept, widely
accepted and still pertinent today, takes into account that

members of a species are individuals that ook similar to
one another. Accordingly, could the differences in meris-
tic and morphometric characters be great enough to sug-
gest the existence of two different species?. By comparing
meristic and morphometric characteristics, differences
concerning the scale counts in the middle body line and
the pectoral fin rays were observed between samples from
both localities. On the other hand, the biological species
concept, establishes that two individuals belong in the
same speciesif their respective gametes can join in amphi-
mixisunder natural conditionsto producefertile offspring.
If these two morphs definitely belong to the same species,
we should expect to observe individuals in the wild with
an intermediate karyotype between Cytotype 1 and
Cytotype 2 (i.e: 2n=26). In spite of having analyzed in our
laboratory over 150 samples of M. curema since 1998, we
have not been able to unearth any individual with this
intermediate karyotype and no report supporting this pos-
sibility appears to have been published so far. So, the cy-
togenetic and morphologic differences lead us to suggest
that the two cytotypes are not merely related to geographic
polytipic variations but, indeed, will be consistent with
different species.
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