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Genetic evidence for two species of the genus Pimel odus L acépede, 1803
(Siluriformes, Pimelodidae) in the lguacu River (Brazil)

Erasmo Renesto, Claudio Henrique Zawadzki and Eloisa Revaldaves

Abstract

The existence of reproductiveisolation between two morphs of catfish, endemicto thelguacu River (Brazil), was examined by enzyme
starch gel electrophoresis. Tissues of 19 catfish (Pimel odus ortmanni) and 15 of asimilar morph (Pimelodus sp.), which differsfrom P.
ortmanni by presenting larger and more scattered dusky spotson itsskin, wereanalyzed. A Nei’'s(1978) geneticidentity of 0.551 was
determined by the analysis of 22 enzyme loci. The loci EST*1, EST*2, GDH*1, GPI*1, GPI*2, IDH*1, MDH*1, MDH*2, and
PGM* 1 werefixed for different allelesin each morph, that is, no heterozygote wasfound for theseloci. The enzymatic patterns observed
for thetwo morphsindicate both that the taxaare reproductively isolated and that they in fact represent separate species.

INTRODUCTION

Theichthyofaunaof thelguagu River, aleft bank tribu-
tary of the ParandRiver, ishighly endemic (Garavelloetal.,
1997) because of thelguacu Falls, anatural barrier limiting
fish dispersa that has existed for about 22 million years
(Severi and Cordeiro, 1994). The high declivity and veloc-
ity of itswater makesthe Iguagu River basin useful for hy-
droel ectric purposes, which has resulted in the construc-
tion of aseriesof damsaongtheriver. Thisfact hasledto
changesin the characteristics of theriver and has threat-
ened some highly endemicfish species(Julioetal., 1997).

Until 1995, only one species of the genus Pimel odus
had been known in the Iguagu River (Pimel odus ortmanni
Haseman, 1911). Garavello and Shibatta (1995) reported a
new Pimelodus species. According to Garavello et al.
(1997), Pimelodus sp. hasalarger muzzle and ataller body
than Pimel odus ortmanni. In addition, Pimelodus sp. has
larger and more scattered dusky spotson its skin than does
P. ortmanni (Figure 1). These authors distinguished thetwo
Pimel odus species on the basi s of these morphol ogical dif-
ferences. However, morphology isnot alwaysasufficient
basisfor the recognition of separate species. Morphol ogi-
cal polymorphismisobserved among populations of poly-
typic species, whereas cryptic species are sometimes mor-
phologically indistinguishable.

Thedectrophoresisof enzymeson starch or polyacry-
lamide gels provides apowerful test of the validity of pre-
sumed species. Becausethistechniqueallowsthe measure-
ment of genetic distancesamongindividuals, it can serveas
ameansfor identifying smilar species(Shakleeet al., 1982).
Thisapproach is particularly useful in cases of syntopy. In
such situations, genetically differentiated speciesareeasily
recognized when fixed allelic differences are detected
(Bernardi and Goswami, 1997).

We used enzyme horizontal starch gel el ectrophore-
sisto determine the level of genetic identity between the
two morphs of Pimel odusfrom the Iguagu River.

MATERIAL AND METHODS

Thirty-four fishes were collected from the Salto
Caxiasreservoir of the lguagu River using simplegill nets
(Figure 2). Theliver, white muscle and heart wereremoved
from freshly caught fish and frozenin liquid nitrogen. The
tissues were homogenized with plastic pestlesin 1.5-ml
Eppendorf tubeswith four drops of 0.2 M Tris/HCI buffer,
pH 7.5. Because of thelarge quantity of fat present inthe
liver, 0.5 ml of CCl, was added during homogenization
(Pasteur et al., 1988). The homogenized samples were
centrifuged at 44,720 g for 30 min at 1-5°C. The super-
natant fractionswere analyzed by horizontal electrophore-
sison 13% corn starch (Penetrose 30%) covered with an
ice pack. Two buffer systemswere used: Tris-citrate, pH
7.0 (Shaw and Prasad, 1970) and Tris-borate-EDTA, pH
8.6 (Boyer et al., 1963). Electrophoresis was performed
for 6 h at 5°C with voltage gradients of 14 V/cm for the
Tris-citrate gels, and 25 V/cm for the Tris-borate-EDTA
gels(Tablel). The gelswere sliced horizontally and then
incubated in the staining solution appropriate for each
enzyme.

To visualize specific isozymes the procedures of
Aebersold et al. (1987) were followed, except for aspar-
tate aminotransferase (AAT) for which the method of
Morizot and Schmidt (1990) was used. The nomenclature
used is that proposed by Shaklee et al. (1990). The data
wereanalyzed for Hardy-Weinberg equilibrium, allelefre-
guency at each locus, frequency of polymorphic loci and
Nei’'s genetic distance using the Biosys 1 software
(Swofford and Selander, 1981). The genetic interpretation
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Figure 1 - Pimelodus ortmanni (0) and Pimelodus sp. (S) specimens.
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Figure 2 - Geographic location of Salto Caxias on the lguagu River.
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of enzymatic patterns was based on the quaternary struc-
ture of the enzymes as described by Ward et al. (1992).

RESULTS

Twenty-two putativeloci were detected based on 12
enzymatic systems analyzed for the 15 Pimelodus sp. and
19 P. ortmanni specimens(Tablell).

Theexpression of theloci MDH* 1 and PGM* 1 (see
Tablel for abbreviations) waslimited to P. ortmanni (Fig-
ure 3).

AAT: Thisdimeric enzyme showed greater activity in
theliver thanin heart or muscle. All the specimens gave
two well-separated bands. This phenotypewasinterpreted
astwo loci without heterodimer formation.

ADH: Thisdimeric enzyme showed activity only in
theliver. In P. ortmanni liver three phenotypeswere seen:
asingle cathodic band, asingleanaodic band, and amixture
of three bands (one cathodic, one anodic and one at the
origin). All the Pimelodus sp. specimens had only one ca-
thodic band which migrated farther from the origin than
the cathodic band of P. ortmanni. This pattern may be ex-
plained asasinglelocuswith three alleles; Pimelodus sp.
was monomorphic at thislocus.

EST: Thismonomeric enzymewasrestricted totheli-
ver tissue and showed two anodic bandsin both morpho-
types, athough those of Pimelodus sp. were less anodic
than those of P. ortmanni. These phenotypeswere assumed
to result from two loci monomorphic for different alleles.

GDH: Pimelodus sp. had a single band which was
more anodic than that of P. ortmanni. Both were consid-
ered monomorphic for different allelesat asinglelocus.

G3PDH: All but one of the specimens showed three
bandsfor thisenzymein muscle. Sincethisenzymehasa
dimeric structure, the three bands must result from two
loci with heterodimer formation. Only onefish (Pimel odus
sp.) gavefivebands; it waslikely heterozygousfor two al-
lelesat asinglelocus.

GPI: All of the specimens showed three bands, but
thethree bands of Pimel odus sp. werelessanodic thanthose
of P. ortmanni. Thisdimeric enzyme must be codified by
two loci with heterodimer formation. Thetwo morphotypes
were monomorphic for different alleles.

IDHP: Both liver and heart gave asingleband for this
activity. The heart enzymesin the two morphotypeswere
coincident, but those of the liver differed. The liver en-
zyme of Pimelodus sp. migrated faster than the heart en-
zymes and that from P. ortmanni liver. Only one specimen
of P. ortmanni gavethree bandsin heart tissues. The mono-
morphic activelocusintheliver isthereforedifferent from
that in the heart. Thethree-band phenotypein heart samples
isindicative of heterozygosity for two alleles.

LDH: All of the specimensgavefivebands. Sincethis
enzyme has atetrameric structure, the phenotype must re-
sult from two loci which are monomorphic in both mor-

photypes.
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Tablel - Names, abbreviations, enzyme commission numbers (E.C. No.), tissues, buffers, quaternary structure (Q.S.)

and number of loci for each enzyme assayed in tissues of Pimelodus ortmanni and Pimel odus sp. from the Iguagu

River. L =Liver; M =muscle; H = heart; TBE = Tris/borate/EDTA; TC = Tris/citrate.

Enzyme (abbreviation) E.C.No. Tissue Buffer Qs Loci
Aspartate aminotransferase (AAT) 2611 L TBE Dimeric 2
Alcohol dehydrogenase (ADH) 1111 L TBE Dimeric 1
Esterase (EST) 3111 L TBE Monomeric 2
Glucose dehydrogenase (GDH) 11147 L TBE Dimeric 1
Glycerol-3-phosphate dehydrogenase (G3PDH) 1118 M TC Dimeric 2
Isocitrate dehydrogenase (IDHP) 11142 L,H TC Dimeric 2
Glucose-6-phosphateisomerase (GPI) 5319 L,H TC Dimeric 2
L actate dehydrogenase (L DH) 11127 H TC Tetrameric 2
Malate dehydrogenase (MDH) 11137 L,H TC Dimeric 3
Malicenzyme (MEP) 11140 L,H TC Tetrameric 2
Phosphoglucomutase (PGM) 5422 L,H TC Monomeric 3
Superoxide dismutase (SOD) 11511 L TBE Dimeric 1
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Tablell - Allelefrequency estimatesfor Pimel odus ortmanni
and Pimelodus sp. from the Iguagu River.
Locus Allele P. ortmanni Pimelodus sp.
N=19 N=15
*AAT-1 a 1.000 1.000
AAT-2 a 1.000 1.000
ADH-1 a 0.000 1.000
b 0.562 0.000
c 0438 0.000
EST-1 a 1.000 0.000
b 0.000 1.000
EST-2 a 1.000 0.000
b 0.000 1.000
G3P-1 a 0.000 0.033
b 1.000 0.967
G3P-2 a 1.000 1.000
GDH-1 a 1.000 0.000
b 0.000 1.000
GPI-1 a 0.000 1.000
b 1.000 0.000
GPI-2 a 0.000 1.000
b 1.000 0.000
IDH-1 a 1.000 0.000
b 0.000 1.000
IDH-2 a 1.000 1.000
LDH-1 a 1.000 1.000
LDH-2 a 1.000 1.000
MDH-1 a 1.000 0.000
MDH-2 a 1.000 0.000
b 0.000 1.000
MDH-3 a 1.000 0.967
b 0.000 0.033
MEP-1 a 1.000 1.000
MEP-2 a 1.000 1.000
PGM-1 a 1.000 0.000
PGM-2 a 1.000 1.000
OD-1 a 1.000 1.000

*See Table | for abbreviations.

MDH: For thisenzyme, Pimel odus sp. exhibited two
bandsand P. ortmanni had four. These phenotypes may be
explained by two loci without heterodimer formation in
theformer morphotype and by threeloci with heterodimer
formation between the more anodic forms in the latter
morphotype. Only locus MDH*3 of Pimelodus sp. was
polymorphic.

MEP: Theexpression of thisenzymein liver wasdif-
ferent from that in the heart in both morphotypes. Both of
the tissues gave four bands. In the heart the most intense
band wasthe most anodic and inliver themost intense band
wastheleast anodic. These phenotypeswereinterpreted as
resulting from two monomorphicloci.

PGM: A single band in Pimel odus sp. and two bands
in P. ortmanni were detected for thisenzyme. In both mor-
photypesthere were secondary bands. These patternsindi-
cate asingle monomorphiclocusin theformer morphotype
andtwo loci inthelatter.

SOD: All specimensgave asingle band indicative of
asinglelocus.

P. ortmanni was polymorphic only at ADH*1 and
IDH*2, and Pimelodus sp. only at G3P* 1and MDH* 3. More-
over, the two species werefixed for different alelesat nine
of the22loci (Tablell). The unbiased estimated mean het-
erozygosity per locus (Nei, 1978) was0.006 for Pimelodus
sp. and 0.024 for P. ortmanni. All polymorphic loci as-
sayed werein Hardy-Weinberg equilibrium. Nei’sunbiased
genetic identity and unbiased genetic distance (Nei, 1978)
between thetwo specieswas 0.551 and 0.597, respectively.

DISCUSSION

The biological species concept is based on the re-
productiveisolation of groups of true-breeding populations
from other such groups (Mayr, 1970). From conventional
definitions under the biological species concept, two
syntopic, conspecific morphs should have the same gene
frequenciesat each locus (Thorpe and Solé-Cava, 1994).
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If two morphsor populations shareno common alleleat a
locus, they must be reproductively isolated and considered
true biological species.

The electrophoresis data revealed alow genetic di-
versity inthetwo morphs of Pimel odus. The heterozygosi-
tiesestimated for Pimelodus sp. (0.006) and for P. ortman-
ni (0.024) were both below that estimated for Pimelodus
maculatus (0.06) from the Tibagi River (another river in
the ParanaRiver basin) by Almeidaand Sodré (1998) and
below the overall mean of 0.051 estimated for fishes by
Ward et al. (1992).

The two morphs were fixed for different alleles at
nineloci. No heterozygote wasfound for theseloci. If the
morphswere conspecific, afew heterozygotes should have
been encountered in the population. Since 15 Pimel odus
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sp. and 19 P. ortmanni were analyzed, 68 allelesfor each
locus were screened. Thus, the expected allele frequen-
cieswould bep = 30/68=0.44 for the alelesof Pimelodus
sp. and q=38/68 =0.56 for the allelesof P. ortmanni. The
expected proportion of heterozygoteswould therefore be
2pg=2x0.44x 56 =0.493 for eachlocus. The probability
of not obtaining a heterozygote for one of the seven loci
would be 1-0.493 =0.507. The probability of not obtain-
ing any heterozygotesin asampleof 34individualswould
be (0.507)*. For nine loci, this probability would be
(0.507)**° =(0.507)%%, |n other words, it would beimpos-
sible not to obtain any heterozygousindividua for thenine
loci. Thenull hypothesisof asingle random breeding popu-
lation istherefore rejected.

Based on published data on the frequency of differ-
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ent valuesof Nei’s(1972) | for different levelsof system-
atic divergence, Thorpe (1982) calculated empirical curves
for probability against | values between confamilial gen-
era, congeneric species and conspecific populations and
concluded that if populations of uncertain status have ge-
netic identities between 0.35 and 0.85, they should not be
considered conspecific. The genetic identity between
Pimelodus sp. and P. ortmanni was estimated to be 0.551,
which is below the critical value of 0.85 established by
Thorpe (1982). Thus, Pimelodus sp. could be considered a
speciesthat isactualy distinct from P. ortmanni.

Taxonomically and ecologically, the lguagu River is
still a poorly studied fluvial system. As aresult, littleis
known of how these specieswereformed and why they are
endemic to this basin. However, recent studies have pro-
vided someinformation on this subject. Whileworking on
the Iguacu River around the Segredo reservoir (250 km
upstream the Caxiasdam, not shownin Figure 2), Suzuki
and Agostinho (1997) noted intensive reproductive activ-
ity of Pimelodus sp. downstream from the Segredo dam,
aswell asmassive reproductive activity of P. ortmanni in
the Iratim River (atributary of the Segredo reservoir, 60
km upstream the Segredo dam). This could mean that the
two species require different reproductive sites, which
could haveled totheextensive genetic differentiation found
between them. The recognition of the two populationsand
their presumed different reproductive sites needs to be
taken into account by the Brazilian authoritieswhen con-
structing new hydroel ectric damsin thelguacu River basin
to guarantee the genetic diversity of thesefishesand their
ecological importance.
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RESUMO

Eletroforese deenzimasem gel deamidofoi utilizadapara
verificar aexisténciadeisolamento reprodutivo entre duasformas
de mandi endémicas do Rio Iguagu (Brasil). Foram analisados
tecidos de 19 mandis (Pimel odus ortmanni) e 15 deumaforma
semel hante (Pimelodus sp.), quedifere de P. ortmanni por apre-
sentar manchas escuras maiores e maisespagadas sobreapele. A
analise de 22 |ocos enziméticos exibiram umaidentidade genética
de 0,551. Os locos EST*1, EST*2, GDH*1, GPI*1, GPI*2,
IDH*1, MDH*1, MDH*2 e PGM* 1 se mostraram fixos para
adosdternativosem cadaforma, isto €, nenhum heterozigoto para
esteslocosfoi encontrado. Os padrdes enzimati cos das duasfor-
masindicaram que el as sdo reprodutivamenteisoladase que elas
representam, defato, duas espécies separadas.
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