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ABSTRACT. The parrotfishes (family Scaridae) are comprised of the sub-
families Sparisomatinae and Scarinae. They are important agents of marine
bioerosion, which rework the substrate with their beaklike jaws. Despite
their importance, there are no published cytogenetic data on this group. We
made cytogenetic analyses of Sparisoma axillare (Sparisomatinae) and Sca-
rus coelestinus (Scarinae) from the Brazilian coast. Differentiation in the
diploid number in S. axillare compared to the basal karyotype of the Per-
ciformes apparently occurred due to a Robertsonian fusion, combined with
pericentric inversions. S. coelestinus presented a conserved diploid number,
but showed considerable structural karyotypic changes, resulting mainly
from pericentric inversions. The Ag-NOR sites were unique and located on
the short arm of the 1st subtelocentric pair in both species (possibly home-
ologous), corresponding to the 11th pair in S. axillare and the 9th pair in
S. coelestinus. The constitutive heterochromatin is reduced in these species
and is distributed in centromeric and pericentromeric regions in most of the
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chromosomes. The low fundamental number compared to the Scarus genus
suggests a more basal condition for Sparisoma. The chromosome formula
in S. coelestinus was more diversified, deriving from large-scale pericentric
inversions. Karyotypic evolution patterns observed for these representatives
of the Sparisomatinae and Scarinae subfamilies, added to new data from a
larger number of species, would allow us to determine if there is a tendency
among the Sparisomatinae for centric fusion events.

Key words: Sparisomatinae, Scarinae, Scaridae, Fish cytogenetics,
Robertsonian rearrangements

INTRODUCTION

The Scaridae family is among the best-known groups of typical coral reef fish, with
two subfamilies (Sparisomatinae and Scarinae), totaling 10 genera and 90 species, popularly
known as parrotfishes (Sale, 1991; Parenti and Randall, 2000). The Sparisoma (Sparisomati-
nae) and Scarus (Scarinae) genera stand out from both an evolutionary and an ecological stand-
point, because of their capacity to modify coral reefs by ingesting specific algae and because of
complex social systems, including highly differentiated sexual stages, territoriality and defense
of harems (Choat and Robertson, 1975; Bonaldo et al., 20006).

These genera are among the most representative groups of the Scaridae, aggregating al-
most 70% of all species. Sparisoma, recorded only from the Atlantic, is the most speciose scarid
genus in the Atlantic (Bernardi et al., 2000; Streelman et al., 2002). The species presently know
from Brazil are S. amplum, S. axillare and S. frondosum (Moura et al., 2001), and more recently a
new species, S. tuiupiranga (Gasparini et al., 2003). Surveys on reef fish in the Atlantic show the
Scaridae as one of the main representatives of reef environments (Floeter et al., 2001). In spite of
the importance of the Scaridae, there are no karyotypic data on this group.

The phylogenetic position of the Sparisoma genus has been considered intermedi-
ary within the family, based on analyses of mitochondrial DNA with ribosomal gene probes
12S and 16S (Bernardi et al., 2000). To date about 8% of the species in the Perciformes have
been karyotyped, revealing a modal diploid number of 2n = 48 chromosomes (Ohno, 1970; Le
Grande and Fitzsimons, 1988; Affonso et al., 2001). However, karyotypes different from the
typical Perciformes pattern have frequently been detected, indicating Robertsonian rearrange-
ments as the preferential process in some groups, such as the Labridae and Pomacentridae
subfamilies (Ueno and Takai, 2000; Molina and Galetti Jr., 2002).

Our objective was to obtain the first cytogenetic data for the Scaridae family by analy-
sis of S. axillare (Sparisomatinae) and Scarus coelestinus (Scarinae), using conventional stain-
ing, Ag-nucleolar organizer regions (NORs) and C-banding.

MATERIAL AND METHODS

Specimens of S. axillare (three males, three females) were collected from the coast of
Rio Grande do Norte State (Natal - 5° 46° S, 35° 12° W), and of S. coelestinus (four, sex unde-
fined) from coastal reefs in Salvador (12° 58” S, 38° 31° W), Bahia, Brazil. The individuals were
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submitted to mitotic stimulation overnight (Lee and Elder, 1980; Molina, 2002), before obtaining
mitotic chromosomes (Gold et al., 1990). The heterochromatic pattern and the NORs were visual-
ized by the methods described by Sumner (1972) and Howell and Black (1980), respectively.

RESULTS

A diploid number of 2n = 46 chromosomes (6m + 14sm + 4st + 22a, fundamental
number, FN = 70) (Figure 1A) was observed in S. axillare. The first pair of the karyotype con-
sisted of large metacentrics, twice the size of the second pair. Ag-staining showed single NOR
sites located on the short arm of the 11th pair (larger subtelocentric pair, Figure 1). Hetero-
chromatic centromeric and pericentromeric regions were observed on the long arm of various
chromosome pairs.

A A

sl WA AR BA AA AA AR AN
i 5 [ ¥ B

& T

s AR AN

Lhl LF 3

8A AR M A AN AA A8 AN
'] T 1" F 1] 18 EL

18

AR Al s

a a2 n

] L AA LN

L] b 1

sm| AKX AR Aa In Ap. AR B A

4 * i T a ] [

ST AR R}

1" ]

AARARS A8 A0 A . aa As

& 13 14 4 i | ] Ll a

a4 I

Figure 1. Karyotypes of Sparisoma axillare. A. Conventional staining by Giemsa. The Ag-NOR pair (11th) is
shown in the highlighted box. B. C-banding pattern. M = metacentric; SM = submetacentric; ST = subtelocentric;
A = acrocentric. Bar =5 pum.
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The S. coelestinus karyotype presented a diploid number of 2n = 48 chromosomes (6m
+ 10sm + 24st + 8a, FN = 88, Figure 2). NOR sites were visualized on the short arm of the 9th
pair, the largest subtelocentric pair, as in S. axillare (Figure 2, box). Heterochromatic regions
were distributed in centromeric and pericentromeric positions. The NOR regions were mark-
edly heterochromatic in both species (Figures 1B and 2B).
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Figure 2. Karyotypes of Scarus coelestinus. A. Conventional staining and the nucleolar organizing pair (9th).
B. Centromeric and pericentromeric heterochromatic regions evidenced by C-banding. M = metacentric; SM =
submetacentric; ST = subtelocentric; A = acrocentric. Bar =5 um.

DISCUSSION

The behavioral, physiological and biological diversity of some reef fish has derived
from events that occurred within a relatively long period since the development of modern
environments, such as coral reefs; it is partially a consequence of the many historic rises and
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falls in sea level (Bellwood, 1996). This evolutionary diversity is also reflected in some chro-
mosome characteristics.

A karyotype consisting of 48 acrocentric chromosomes has been considered the basal
pattern for the Perciformes (Ohno, 1974; Brum and Galetti Jr., 1997). This tendency has been
observed in most of the species of this order. This karyotypic constitution seems to be more
commonly found in marine than in freshwater species (Brum et al., 1995; Galetti Jr. et al.,
2000; Affonso et al., 2001).

Robertsonian rearrangements, although they are rare events, have been pointed to as an
important source of karyotypic diversification in some groups of fish, such as in some Labridae
and Pomacentridae subfamilies (Ueno and Takai, 2000; Molina and Galetti Jr., 2002). How-
ever, a high FN indicates that pericentric inversion occurred widely in the karyotypic evolution
of these species. Pericentric inversions have been considered to be the main factor responsible
for the divergences among the Perciformes (Molina, 2006).

S. axillare presented a different chromosome number (2n = 46), indicating numerical
reduction compared to S. coelestinus (2n = 48). The presence of a large metacentric pair (1st
pair) in S. axillare, added to a reduced chromosome number (compared to the base karyotype
2n = 48a, symplesiomorphic for the Perciformes) suggests a Robertsonian fusion event, which,
associated with pericentric inversion, may have molded the karyotype of this species. The
distribution of the ribosomal sites apparently located on homologous pairs (1st subtelocentric
pair) in S. axillare and S. coelestinus, which remained constant throughout the evolution of the
family, reinforces the phylogenetic relationship between the Sparisomatinae and the Scarinae.

Characteristics such as reduced heterochromatin content located in centromeric position in
both species were similar to those observed in other Perciformes, such as the Pomacentridae (Mo-
lina and Galetti Jr., 2002; Molina, 2006), as well as the Priacanthidae and the Gerreidae (Molina and
Bacurau, 2006). Heterochromatin blocks coinciding with NOR sites in these species followed the
pattern established previously for many groups of fish, mainly within the Perciformes.

Additional cytogenetic data for other representatives of this family will allow us to
determine whether the characteristics observed in these representatives of the Sparisomatinae
and Scarinae are individual and random, or reflect patterns for these subfamilies. In the face of
the structural aspects of the karyotypes of these two species, a unique cause of differentiation
among the groups could not be established; however, a marked prevalence of pericentric inver-
sions was observed.

ACKNOWLEDGMENTS

The authors are grateful to Dr. Paulo Roberto Antunes de Mello Affonso (UESB) for
field help. Research supported by CAPES and CNPq, Proc. No. 55.7280/2005-2/CNPq, Brazil.

REFERENCES

Affonso PRAM, Guedes W, Pauls E and Galetti PM Jr (2001). Cytogenetic analysis of coral reefs fishes from Brazil
(Families Pomacanthidae and Chaetodontidae). Cytologia 66: 379-384.

Bellwood DR (1996). The Eocene fishes of Monte Bolca: the earliest coral reef fish assemblage. Coral Reefs 15: 11-19.

Bernardi G, Robertson DR, Clifton KE and Azzurro E (2000). Molecular systematics, zoogeography, and evolution-
ary ecology of the atlantic parrotfish genus Sparisoma. Mol. Phylogenet. Evol. 15: 292-300.

Genetics and Molecular Research 6 (3): 575-580 (2007) www.funpecrp.com.br



D.C.S. Sena and W.F. Molina 580

Bonaldo RM, Krajewski JP, Sazima C and Sazima I (2006). Foraging activity and resource use by three parrotfish
species at Fernando de Noronha Archipelago, tropical West Atlantic. Mar. Biol. 149: 423-433.

Brum MJI and Galetti PM Jr (1997). Teleostei plan ground karyotype. J. Comp. Biol. 2: 91-102.

Brum MJI, Corréa MMO, Oliveira CC and Galetti PM Jr (1995). Cytogenetic studies on the Perciformes Ortho-
pristes ruber (Haemulidae) and Scartella cristata (Bleniidae). Caryologia 48: 309-318.

Choat JH and Robertson DR (1975). Protogynous hermaphroditism in fishes of the family Scaridae. In: Intersexual-
ity in the animal kingdom (Reinboth R, ed.). Springer-Verlag, Heidelberg, 263-283.

Floeter SR, Guimaraes RZP, Rocha LA, Ferreira CEL, et al. (2001). Geographic variation in reef-fish assemblages
along the Brazilian coast. Global Ecol. Biogeography 10: 423-431.

Galetti PM Jr, Aguilar CT and Molina WF (2000). An overview on marine fish cytogenetics. Hydrobiologia 420: 55-62.

Gasparini JL, Joyeux JC and Floeter SR (2003). Sparisoma tuiupiranga, a new species of parrotfish (Perciformes:
Labroidei: Scaridae) from Brazil, with comments on the evolution of the genus. Zootaxa 384: 1-14.

Gold JR, Li C, Shipley NS and Powers PK (1990). Improved methods for working with fish chromosomes with a
review of metaphase chromosome banding. J. Fish Biol. 37: 563-575.

Howell WM and Black DA (1980). Controlled silver-staining of nucleolus organizer regions with a protective col-
loidal developer: a 1-step method. Experientia 36: 1014-1015.

Le Grande WH and Fitzsimons JM (1998). Chromosome numbers of some gulf coast scianid fishes. Copeia 2:
491-493.

Lee MR and Elder FF (1980). Yeast stimulation of bone marrow mitosis for cytogenetic investigations. Cytogenet.
Cell Genet. 26: 36-40.

Molina WF (2002). An alternative method for mitotic stimulation in fish cytogenetics. Chromosome Sci. 5: 149-152.

Molina WF (2006). Chromosome changes and stasis in marine fish groups. In: Fish Cytogenetics (Pisano et al., ed.).
Science Publisher, Enfield, 69-110.

Molina WF and Galetti PM Jr (2002). Robertsonian rearrangements in the reef fish Chromis (Perciformes, Pomacen-
tridae) involving chromosomes bearing 5S rRNA genes. Genet. Mol. Biol. 25: 373-377.

Molina WF (2006). Chromosomal changes and stasis in marine fish groups. In: Fish cytogenetics (Pisano E, Ozouf-
Costaz C, Forest F and Kapoor BG, eds.). Science Publishers, Enfield, 69-110.

Moura RL, Figueiredo JL and Sazima I (2001). A new parrotfish (Scaridae) from Brazil, and revalidation of Spa-
risoma amplum (Ranzani, 1842), Sparisoma frondosum (Agassiz, 1831), Sparisoma axillare (Steindachner,
1878) and Scarus trispinosus (Valenciennes, 1840). Bull. Mar. Sci. 68: 505-524.

Ohno S (1970). Evolution by gene duplication. Springer-Verlag, New York.

Ohno S (1974). Genome size changes and enigma of 48 acrocentrics. In: Animal cytogenetics (Ohno S, ed.). Ge-
brueder Borntraeger, Berlin, 32-46.

Parenti P and Randall JE (2000). An annotated checklist of the species of the labroid fish, families Labridae and
Scaridae. Ichthyology Bull. 8: 1-97.

Sale PF (1991). The ecology of fishes on coral reefs. Academic Press Inc., San Diego.

Streelman JT, Alfaro M, Westneat MW, Bellwood DR, et al. (2002). Evolutionary history of the parrotfishes: bioge-
ography, ecomorphology, and comparative diversity. Evolution Int. J. Org. Evolution 56: 961-971.

Sumner AT (1972). A simple technique for demonstrating centromeric heterochromatin. Exp. Cell Res. 75: 304-306.

Ueno K and Takai A (2000). Chromosome evolution involving Robertsonian rearrangements in Xirichthys fish
(Labridae, Perciformes). Cytobios 103: 7-15.

Genetics and Molecular Research 6 (3): 575-580 (2007) www.funpecrp.com.br



