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CYTOGENETIC STUDIES OF TWO FRESHWATER SCIAENIDS OF THE GENUS
Plagioscion (PERCIFORMES, SCIAENIDAE) FROM THE CENTRAL AMAZON

Eliana Feldberg, Jorge Ivan Rebelo PortoElen Bethlen Pedraca dos Saritaad Francisco Carlos Souza Valertim

ABSTRACT

Cytogenetic characterization of two freshwater sciaenid species from the genus Plagioscion (P. squamosissimus and Plagioscion
sp.) was obtained for the first time. Giemsa staining, Ag-NOR and C-banding revealed that both species presented 2n = 48
chromosomes (almost all acrocentric). Single NORs and heterochromatin were found mainly at the pericentromeric position.
Karyotypic formulae and NOR location proved to be valuable in showing both interspecific and intraspecific differences. All
chromosomes were acrocentric in P. squamosissimus. NORs were located at proximal positions on the long arms of the last
chromosome pair of the complement, and were heteromorphic due to size differences. Such heteromorphic NORs seem to be
associated with each population sampled. Plagioscion sp. presented two cytotypes: cytotype a (2M + 46A) and cytotype b
(48A). In both cytotypes, NOR-bearing chromosomes were located at the proximal position on the long arms of the first
chromosome pair of the complement. However, NOR-bearing chromosomes were metacentric in cytotype a and acrocentric in
cytotype b.

INTRODUCTION To date, 21 sciaenids have been studied cytoge-
netically. However, freshwater sciaenid species have never
The percoid family Sciaenidae is a very importartteen analyzed. LeGrande and Fitzsimons (1988) summa-
world fish resource, and includes about 70 genera and 27£ed chromosomal information about 11 marine sciaenid
species (Nelson, 1994). In South America, sciaenids apecies included in nine genera. However, this report
cur in marine, brackish, and freshwater habitats. True fredaeked the records of two South American sciaenids stud-
water sciaenids encompass three genklagioscion ied by Gomesgt al (1983a,b) and Pereiet al (1988), as
PachypopsndPachyurusPlagioscionis broadly distrib- well as three Indian sciaenids studied by Chakraborty
uted in South America, occurring from Paraguayl986) and Tripathi and Das (1988). Since then, five other
(Ringueletet al, 1967) to Venezuela (Mago-Leccia, 1970marine sciaenids have been studied (Chakraborty and
Dahl, 1971). Compared to other sciaenid gener&agwade, 1989; Khuda-Bukhsh and Nayak, 1990; Wang
Plagioscionis the most common and important fish reet al, 1994; Yuet al, 1996). Most sciaenids have a diploid
source in the Amazon basin (Sargbal, 1984). Although number of 2n = 48 chromosomes and are almost exclusively
Plagioscionis reported to be found mainly in the riveracrocentric. This paper provides the first description of
channel, it also occurs in the marginal lakes of the floo#taryotypes for two freshwater sciaenid speddegioscion
plains.Plagioscionis also considered to be one of the largsquamosissimuand Plagioscionsp. (SoaresP. monte),
est predatory forms in mid- and surface waters of thmth of which occur in the central Amazon basin.
Amazonian Rivers, feeding exclusively on fish and shrimp

(Goulding, 1979, 1980). Spawning seems to occur during MATERIAL AND METHODS
the whole year, without a well-defined reproductive peak
(Santoset al, 1984 ). Soares (1978) made a taxonomic Forty specimens oPlagioscion squamosissimus

revision of sciaenid fishes from the Amazon basin, in whickere collected from three different sites in the Amazon
she reported fouPlagioscionspecies in the Amazo®. basin (Tefé River: six males; Cataldo Lake: 17 males, eight
auratus P. squamosissimu®. surinamensignd a new females and five unsexed individuals, and Pitinga River:
species described BsmonteiHoweverP. montecannot one male and three females). Seventeen specimens of
be considered a taxonomically valid name, because Soatfekigioscionsp. (nine males and eight females) were col-
thesis has not been published. lected at Cataldo Lake in the confluence of the Negro and
Solimdes Rivers (Figure 1). Voucher specimens were de-
posited at the Instituto Nacional de Pesquisas da Amazonia.
Metaphases were obtained after yeast infection using the
Coordenagéo de Pesquisas em Biologia Aquatica, Instituto Nacional <§gChmqu_e of Lozanet a_'l' (1988). Anten_or kidney cell
Pesquisas da Amazénia, Alameda Cosme Ferreira, 1756, 69083-0684Spensions were obtained after two different treatments
Manaus, AM, Brasil. Send correspondence to E.F. Fax: +55-92-643-3292/ith colchicine:in vivo (Bertolloet al.,1978) andn vitro
013-3095. E-mall Tedberg@inpa. gov i | firporto@inpa.govbr  {Moreira Filho and Bertollo, 1990 vivotreatment con-
Programa de Pds-Graduacdo Genética e Evolugdo, Universidade (§jsted of injecting the fish with 0.025% colchicine (1 ml/

Amazonas, Instituto de Biociéncias, Departamento de Biologia, Estra . . ; - .
do Campus Universitario, 69077-000, Manaus, AM, Brasil. 100 g body weight) and letting the animal retain this alka-
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loid for 40-60 min, whereas in the vitro treatment, kid- 2A). NORs of different size, located at the proximal posi-
ney tissue was minced in 10 ml of 0.075 M KCI, incution on the long arms, were noted in the homologous chro-
bated at 37C for 15 min, and then 5@ of 0.017% colchi- mosomes and were assigned to the 24th chromosome pair.
cine was added. The sample was then incubated for @ne of the homologous chromosomes presented a stron-
additional 15 min. Cell suspensions obtained in both treater affinity to Ag-NOR staining. Specimens from the Tefé
ments were fixed three times in fresh methanol-acetic agdpulation (Figures 1 and 2B 1) presented less variable
(3:1) fixative. These suspensions were subsequently dropd0R size differences. Specimens from the Pitinga popu-
on clean warm slides (BD) and stained by 5% phosphatdation (Figures 1 and 2B 3) presented the greatest size het-
Giemsa solution. Nucleolar organizer regions (NORs) weezomorphism, while the Cataldo population seemed to be
visualized after silver staining following Howell and Blackintermediate (Figures 1 and 2B 2).

(1980), and the constitutive heterochromatin was detected Plagioscionsp. presented two cytotypes. Cytotype
following Sumner (1972). Chromosome morphology waa (n = 15) is characterized by two metacentric and 46 acro-
determined on the basis of arm ratios, as proposed by Lewamtric chromosomes (AN = 50), while cytotypé = 2) is

et al (1964). Secondary constrictions, however, were noharacterized by 48 acrocentric chromosomes (AN = 48).

considered in the measurement. In both cytotypes, NORs are located at the proximal posi-
tion on the long arms of the first chromosome pair of the
RESULTS complement. NOR-bearing chromosomes are distinct in each

cytotype, since the first pair is metacentric in cytotgpe
Different karyotypes were observed in the two spgFigure 3A) whereas it is acrocentric in cytotypé-igure
cies studiedPlagioscion squamosissimysesented 48 3B). Heteromorphic NORs due to size differences within
acrocentric chromosomes (arm number (AN) = 48) includhe same pair were observed in both cytotypes, but were not
ing a single pair of NOR-bearing chromosomes (Figur@s conspicuous as those observed sguamosissimus

65°W 60°W

i 0°S
AMAZONAS -
NGy = -
L '?/O a “%
\‘ .4 ”
Z,
<
S

‘\‘\ e 2.
|\

\

© Stumg

RIO Ko /
Marchantario. SwAnavilhanas
archan or \\\', MANAUS % ‘\vf’
y > ‘@\\ 1/0
- " 4 ; P“P

~ Catalao 2

L7
5%
)

508

<$
N O
[\
&(«
4/
7 :

1:6.000.000

Figure 1 - Map of central Amazon showing capture localities and idiograms of NOR phenotyplegjioscion squamosissimus
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Figure 2 - Karyotype ofPlagioscion squamosissimUusOR-bearing chromosomes appear in the square inset as evidenced by Giemsa-staining (A) and

silver nitrate (B). B1, B2, and B3 correspond to NOR heteromorphisms detected in Tefé River, Cataldo Lake, and PitingspBotimely. Scale bar
corresponds to fm.
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Figure 3- Karyotype ofPlagioscionsp. A) Cytotypea and B) cytotypd. NOR-bearing chromosomes appear in the square inset. Scale bar corresppnds to 5
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Figure 4 - Constitutive heterochromatin of (Alagioscion squamosissimasd (B)Plagioscionsp. (cytotypea). Arrowheads indicate NOR-bearing
chromosomes.

Constitutive heterochromatin patterns obtained farnly acrocentric chromosomes (Figure 3). In both
P. squamosissimuandPlagioscionsp. (only cytotype) cytotypes, the NOR-bearing chromosomes correspond to
show that heterochromatin blocks are located exclusivelye largest pair, and the relative chromosomal length did
in the pericentromeric region of all chromosomes, excepot differ significantly among them. Thus, we suggest that
in the NOR region, where a conspicuous heterochromatfey are the homologous chromosome pair. The different

block was observed (Figure 4). morphology of NOR-bearing chromosomes seems to be
the only distinction between the two cytotypes, and was
DISCUSSION probably induced by pericentric inversion.

Both 2n = 48 and AN = 48 seem to be the plesio-
Of 23 nominal sciaenid species examined cytogeiorphic chromosomal state. This means that cyto#ype
netically (including the present study), two did not havehould derive from cytotypb, thus leading to two hy-
2n = 48 chromosomes, and three did not have AN = 4®thesis: either the pericentric inversion is a recent
(exclusively acrocentric structure). NOR data on sciaeni#tgryoevolutionary process, since cytotypmight corre-
had been reported previously only in a preliminary maspond to a few individuals in the population that have re-
ner (Brumet al, 1996). However, secondary constrictionsained the ancestral chromosomal state, or cytcygel
had been reported in some sciaenid species. One negjotypeb may correspond to two cryptic species (same
speculate that NOR-bearing chromosomes are locatedmorphology and geographic distribution, but genetically
a proximal position on the long arms of the largest acrdistinct). To test the first hypothesis, additional sampling
centric pair ofMicropogonias furnieriandMenticirrhus  (including other sites in the Amazon) is necessary to check
americanu§Gomest al, 1983a,b) and on the third acro-if cytotypea is not yet fixed in the whole population. To
centric pair ofNibea albiflora(Yu et al, 1996) because test the second hypothesis, molecular biology or other ge-
secondary constrictions and NORs are usually coincidenetic tools must be employed in order to look for other
Two of the three karyotypes described here for thaifferences. Except fdBairdiella chrysoura(Gregoryet
freshwater genuBlagioscionhave retained the hypotheti-al., 1980; Le Grande and Fitzsimons, 1988)ntlrnieri
cal plesiomorphic sciaenid (and perciform) karyotype, i.e(Brum et al, 1996), different karyotypic formulae in the
2n = 48 acrocentric chromosomes; apparently no majpame nominal species is an uncommon feature in the
chromosomal changes have been related to this gen8siaenidae family.
adaptation process from marine to freshwater environments In P. squamosissimushromosomal differences
during chromosomal evolution. Chromosomal differencegdetected also involved NOR-bearing chromosomes (Fig-
detected in the first chromosome pairRb@gioscionsp. ure 2B). These chromosomes were considered the main
led to the recognition of two cytotypes: cytotypethe chromosomal marker among the populationsPof
most common one, with one metacentric pair herein cosguamosissimugudied, since heteromorphic NORs were
sidered to be the chromosomal marker and cytdiypgth  observed in each population sampled (Figure 1). NOR size
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differences, as those observedPisquamosissimusave ACKNOWLEDGMENTS
been reported in the marine sciaekidfurnieri (Brumet
al., 1996) and a few other perciforms (for example, Rossi We thank Drs. Orlando Moreira Filho, José Gomes,

et al, 1997). Differential transcriptional activity of rDNA Aylton Teixeira and Elizabeth Le&o for helpful comments on an

genes is commonly evoked to explain such heteromorpl§igrlier version of the manuscript. This work was supported by
NORs. However, rather than only transcriptional activitycNPd (grants to E. Feldberg and J.I.R. Porto), and INPA (PPI-
an alternative explanation is that squamosissimuare 3270 and 3370). E.B.F_’. Santos and F.C.S. Valentim are recipi-
carriers of unequal crossing-over between homologo§8ts ©f CNPa fellowships.

NOR-bearing chromosomes, which now are fixed in each

population. Therefore, a genetic basis might rule such RESUMO
population differentiation. Migratory patterns Bf L
squamosissimuare not well known, but seasonal migra- Foram estudados, pela primeira vez, os cariotipos de duas

. . espécies de sciaenideos de agua doce, pertencentes ao género
tions have been reported (Goulding, 1980). In the Am§1 gioscion(P. squamosissimusPlagioscionsp.), através de

zon basin, a large and open water system in which mostgipicas de coloracdo convencional (Giemsa), NOR e banda C.
the commercial fish species are widely distributed (inclutodos os individuos apresentaram 2n = 48, NOR simples e banda
ing Plagioscionspecies), it is extremely difficult to deter-c preferencialmente pericentromérica. Porém, a férmula
mine how many distinct populations or stocks of a givetariotipica e a localizagéo das NORs permitiram-nos evidenciar
species are present throughout the area (Goukdird, diferencas inter- e intra-especificas. Prsquamosissimysis
1996). Heteromorphic NORs detected Rnsquamo- NORs estdo localizadas em posi¢édo proximal nos bracos longos
sissimussuggest that such phenotypes may be valuapsle ultimo par do complemento e séo heteromorficas em relagéo

for genetical recognition of different populations in thé® tamanho das marcacgfes. Aparentemente, esse heteromorfismo

central Amazon. Variations in copy number and site di le NOR esta associado com diferencas populacionais. Por outro

tribution of rDNA clusters/NORs have been describe&do’Plag'osc'onSD' apresentou dois citotipos. O citotpe

Caracterizado por 2 cromossomos metacéntricos e 46 acrocén-

extensively in fish species, and have allowed the Charqﬁéos, enquanto o citétigmé caracterizado por 48 cromossomos

terization of intraspecific stocks or populations in soMgeqcantricos. Em ambos citétipos, as NORs estéo localizadas
fish groups (Phyllipet al, 1988; Castret al, 1996), but em posicao proximal nos bragos longos do primeiro par de
to our knowledge the present study is the first to show thifomossomos do complemento. Porém, no citétipessas
situation in Neotropical Perciformes. marcacdes localizam-se em um par de cromossomos nigtasgn
Concerning C-banding patterns, no major differenquanto no cit6tipb em um acrocéntrico.
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cies, since only small heterochromatin blocks were detected REFERENCES
in pericentromeric regions (Figure 4). Low amounts of
constitutive heterochromatin, mostly confined to perigertollo, L.A.C., Takahashi, C.S.andMoreira Filho, O. (1978). Cyto-
centromeric regions, have also been detected in marine tsxonémic ‘é’”Sifjte:laéi;qsz g*ﬁp"as lacerdagPisces, Erythrinidae).
. . . . . ev. bras. Genet. - .
sciaenidsM. fum_len (Gomeset al" 19833" Brumet al" Brum, M.J.1., Corréa, M.M.O., Purcell, C.A., Ribeiro, V.P. andMuratori,
1996), M. americanus(Gomeset al, 1_983b)1 andB. R.S. (1996). Andlise cromossomica e¢enomelaniris brasiliensis
chrysoura(Gregoryet al, 1980). C-banding data strongly (Atherinidae),Micropogonias furieri(Sciaenidae) @athygobius
suggest that heterochromatinization processes did not Soporator(Gobiidae) do litoral do Estado do Rio de Janelfb.
. . . . Simpédsio de Citogenética Evolutiva e Aplicada de Peixes Neotro-
evqlve during smaemd_chromosomal evolution, becaus_e picais 101 (Abstrac).
no intercalar or telomeric C-bands could be detected. Thigstro, J., Vifias, A., Sanchez, LandMartinez, P. (1996). Characteriza-
also indicates a highly conserved karyotype with minor tion of an atypical NOR site polymorphism in brown trogaimo
restructuring. However, botR. squamosissimuand trutta) with Ag- and CMAsstaining, and fluorescein situ hybrid-
Plaai . tot h d iati fC ization. Heredity 75: 234-239.
39'_05C'0”5P- (cytotypen) .S owe . an association o “Chakraborty, S.K. (1986). Chromosome countsibea semiluctuosand
positive band and NOR size, as is usually demonstrated Johnius belangeri{Pisces: Sciaenidagpdian J. Fish33: 115-118.
by Ag-NOR and C-banding analyses. Chakraborty, S.K. andKagwade, P.V.(1989). Somatic chromosomes of
; ; ; two marine teleosts. Irffish Genetics in India: Proceedings of the
Al.thoth c_)nIy a few S.Claemd .SpeCIeS were Symposium on Conservation and Management of Fish Genetic Re-
karyologically _'StUd|Ed with _bandmg _technlques, thesedata goyrces of IndiaDas, P. and Jhingran, A.G., eds.). Today and
suggest that, in the evolution of this group, chromosome  Tomorrow's Printers and Publishers, New Delhi, India, pp. 63-68.
Changes first occurred in NOR location or NOR size, or fpahl, G. (1971).Los Peces del Norte de ColombMinisterio de Agri-

. . ima_  Cultura, Inderena, Bogota.
both. This means that ribosomal genes may play an I@omes, V., Vazzoler, A.E. de MandPhan, V.N. (1983a). Estudos

portant role in th(‘?‘ I_<ary_otypic F_’Ia_-Sti(_:ity of this group. Fur- cariotipicos de peixes da familia Sciaenidae (Teleostei, Perciformes)
ther analyses usinig situ hybridization, fluorochromes, da regidio de Cananéia, SP, Brasil. 1. Sobre o caridtipdicie-

and endonucleases will allow a better understanding of pogonias furnieriiDesmarest, 1823Bol. Inst. Oceanogr. 32.37-

the mplecglar StrUCtu,re gﬁlagmscmr’s Chromosomes Gomes, V., Vazzoler, A.E. de MandPhan, V.N. (1983b). Estudos
_eSpeF_'all)’_ in the |_Oca||zat|0n of IDNA CI_USterS and inthe  cariotipicos de peixes da familia Sciaenidae (Teleostei, Perciformes)
identification of different heterochromatin classes. da regido de Cananéia, SP, Brasil. 2. Sobre o caridtidedcirrhus



356 Feldberget al.

americanugLinnaeus, 1758)Bol. Inst. Oceanogr. 321.87-191. Pereira, A., Bedd, G.and Pereira, J. (1988). Estudio cromosomico
Goulding, M. (1979).Ecologia da Pesca do Rio MadeirdNPA, Manaus. preliminar deMicropogonias furnierDesmarest, 1823 (Perciformes,
Goulding, M. (1980).The Fishes and the Forest: Explorations in Amazo- Sciaenidae)Bol. Soc. Zool. Uruguay 22 epoda23-26.

nian Natural History University of California Press, Berkeley. Phillips, R.B., Pleyte, K.A.andHartley, S.E. (1988). Stock-specific dif-
Goulding, M., Smith, N.J.H. andMahar, D.J. (1996. Floods of Fortune: ferences in the number and chromosome positions of the nucleolar

Ecology and Economy along the AmazZoolumbia University Press, organizer regions in arctic chaBdlvelinus alpinys Cytogenet. Cell

New York. Genet.48: 9-12.

Gregory, P.E., Howard-Peebles, P.N., Ellender, R.Cand Martin, B.J. Ringuelet, R.A., Aramburo, R.H.andAramburo, A.A. (1967).Los Peces
(1980). C-banding of chromosomes from three established marine  Argentinos de Agua Dulc€om. Invest. Cient., La Plata.

fish cell lines Copeia 4 545-547. Rossi, A.R., Gornung, EandCroseti, D. (1997). Cytogenetic analysis of
Howell, W.M. andBlack, D.A. (1980). Controlled silver staining of nucleolus Liza ramada(Pisces, Perciformes) by different staining techniques
organizer regions with a protective colloidal developer: a 1-step and fluorescenin situ hybridization.Heredity 79: 83-87.
method.Experientia36: 1014-1015. Santos, G.M., Jégu, M.and Merona, B. (1984).Catalogo de Peixes
Khuda-Bukhsh, A.R. andNayak, K. (1990). Karyotypic studies in six spe- Comerciais do Baixo Rio TocantinBrojeto Tucurui. Eletronorte/
cies of brackish water fishes from Indi@omosomd8: 1955-1960. CNPg/INPA, Manaus.
LeGrande, W.H. andFitzsimons, J.M. (1988). Chromosome numbers of Soares, L.H.(1978). Revisdo taxondmica dos sciaenideos de agua doce da
some Gulf Coast sciaenid fish&opeia 2 491-493. regido amazonica brasileira (Osteichthyes, Perciformes, Sciaenidae).
Levan, A., Fredga, K.andSandberg, A.A.(1964). Nomenclature for cen- Master’s thesis, PPG-BTRN, INPA, Manaus.
tromeric position on chromosomesereditas 52 201-220. Sumner, A.T. (1972). A simple technique for demonstrating centromeric
Lozano, R., Rejon, C.RandRejon, M.R. (1988). A method for increasing heterochromatinExpl. Cell Res75: 304-306.
the number of mitoses available for cytogenetic analysis in rainboWripathi, N.K. andDas, C.C.(1988). Karyotypes of five Indian perciform
trout. Stain Technol. 63335-338. fishes.Copeia2: 231-233.
Mago-Leccia, F.(1970).Lista de los Peces de Venezueinisterio de Wang, J., Zhao, X., Wang, XandTian, M. (1994). Karyotype analysis for
Agricultura e Cria, Oficina Nacional de Pesca, Caracas. seven species of clupeiform and perciform fisgesl. Res15: 76-
Moreira Filho, O. andBertollo, L.A.C. (1990). Uma técnica alternativa para 79.
preparagdes cromossdmicas em peikeSimpdsio de Citogenética Yu, Z., Kong, X. andXie, Z. (1996). Studies on the chromosomes of five
Evolutiva e Aplicada de Peixes Neotropicdi® (Abstract). species of marine fisll. Ocean Univ. Quingdad6: 44-48.

Nelson, J.S(1994).Fishes of the World3rd edn. John Wiley & Sons Inc.,
New York. (Received February 27, 1998)



