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Genetic differentiation was studied among Leporinus fiiderici, L. granti, L. lehaili and L. affinis 
stejermarki, neotropical fish of the anostomid family found in French Guiana, using starch-gel protein 
electrophoresis. Fifteen enzyrnatic proteins representing tuenty loci have been screened. This revealed 
marked genetic differences bctwcen thcse spccies, which are hardly morphologically discernablc and 
indicates they arc reproductively isolated. Diagnostic loci for unequivocal species identification have 
been found and will allow establishment of pure breeding stocks for planned aquaculture of Leporinus 
species. 

Keywords : South America, Frcnch Guiana, anostomid fish, biochemical genetics. 

,\lise en écidence de fisolement génétique entre quatre espèces morphologiques de Leporinus (Anostomi- 
due, Pisces) en Gujane fiancuise. 

La différenciation génétique a été étudiée entre Leporinus fiiderici, L. granti, L. lehaili et L. affinis 
stejermarki, poissons néotropicaux de la famille des Anostomidés trouvés en Guyane française, en 
utilisant la technique d'électrophorèse de protéines sur gel d'amidon. Quinze systèmes enzymatiques 
correspondant à vingt locus ont été analysés. Des différences génétiques prononcées entre ces cspèccs 
morphologiquement peu discernables, indiquent qu'elles sont rcproductivement isolées. Des locus, 
diagnostiques pour unc identification sans équivoque des espèces. ont été trouvés ct permettront 
I'établissement de souches d'élevage pures pour développer I'aquaculture des espèces de Leporinus. 

3lot.s-clb : Amérique du Sud, Guyane, poissons Anostomidés, génétique biochimique. 

In the neotropical region approximately 2000 spc- 
cies of frcshwater fish have bcen describcd, bascd on 
thcir morphology (Géry, 1969). The gcnus Leporinus, 
represented by 70 species, is widely distributed in 
South America (Garavello, 1979). Leporinus friderici 
is thought to occur naturally in the Amazon, Parana 
(Nomura, 1983) and Onnoco (hlago-Leccia, 1970) 
rivcr basins and in thc rivcrs of thc Guyana shield. 

In Frcnch Guiana, L. friderici is integrated in a taxo- 
nomic com plex that Géry (1 977) describcd as "the 
worst chincsc ~ U I Z I C S  of characoides systematic" and 
to which belongs L. granti, L. lehaili (Géry and Man- 
quette, 1983) and L. affinis stejermarki, a new spccies. 
Juveniles of these spccics have similar morphologies 
and markings and are difficult to distinguish. Whilc 
the adult fish differ in colouration and in some mor- 
phomeristic characters, their correct identification can 
also be difficult. 
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Table 1. - Enzjmatic systems and corresponding migration buffers. A: morpholinecitrate buffer (hlC2). after Clajton et Tretiak (1972). 
B: tris-(hydroxjmethjI)-aminodhane 0.1 h1 ajusted to pl1 7.4 with NalI,PO,. C discontinued buffer triscitrate-borate (RID), after Ridway 
et al. (1970). The molecular structure (monomeric, dimeric or tetrameric) is deduced from the phenotype of the heterozygote. (*) according 
to Allendorf et al. (1977). (m): muscle, (1): liver. 

Enzjmatic systcms Loci Buf. "Zygote" Bands hlolccule Comments 

Aspartate aminotransferase Aat-1 (m) A homo. 1 dimeric* 
Aat-2 (1) A homo. 1 dimeric* 

Alphaglycerophosphate dehydrogenase A ~ P  B homo. 4 dimeric* phenotypic 
interpretation 

Adenjlate kinase Ak (ml A homo. 1 monomerie* 
Creatine phospho kinase Cpk (ml C homo. 1 dimeric* 
Esterase Est (m) C homo. 1 monomeric 

hctero. I 
Fumarase Fum (m) A homo. 2 tetramenc 2 times 

hetero. 1 O 5 merged bands 
lsocitrate dehydrogcnase Idh-1 (m) B homo. 1 dimeric 

hetero. 3 
ldh-2 (1) A homo. 1 dimeric 

hetero. 3 
Lactate dehydrogenase Wh-l (m) A homo. 1 tetrameric* 

Mh-2 (1) A homo. I tetrameric 
hetero. 5 

hlalate dehydrogenase hldh-1 (1) A homo. 2 dimeric* merged bands 
hldh-2 (m) A homo. 1 dimeric* 

hlalic enzyme Me-1 (1) A homo. l tetrameric 
hetero. 5 merged bands 

hle-2 (m) A homo. 1 tetrameric 
hrtero. 5 merged bands 

6 Phosphogluconate dehydrogenase GPgdh (1) A homo. 1 dimeric 
hetero. 3 

Phosphogluwse isomerase Pgi-1 (m) C homo. 1 dimeric 
hctcro. 3 

P i - 2  (1) C homo. 1 dimeric 
hetero. 3 

Phosphoglucomutase I'gm (ml C homo. 1 monomeric 
hetero. 1 

Phosphomannose isomerase Pmi (m) II homo. 1 monomcric* 
Superoxide dismutase Sod (1) C homo. 1 dimeric 

hetero. 3 

into small streams. This protocol was adapted from 
Boujard and Rojas-Beltran (1988). L. fiiderici was 
captured along with L. granti, L. lebaili in the Mana 
river and along with L. aff. stejerrnarki in the Irac- 
oubo river ( f i g .  1). 

I'ish were identified according to the keys estab- 
lished by Géry (1977) and Lc Bail et al. (1983); 
labelled according to the nomenclature of Géry et al. 
(1988). The morphomeristic characters, the number 
of scales along the maximum vertical, longitudinal 
axes, around the criudal pcduncle and colouration 
(distribution of black and rcd marks), have proved 
to bc the most useful. Around thirty morphomeristic 
data were taken for each specimcn for futurc study. 
In uncertain cases, the specimens were preserved in 
70% alcohol for re-examination after removal of 
tissue for electrophoretic analyses. 

Starch-gel electrophoresis of muscle and liver tissue 
!vas employed to examine enzymatic variability. The 
tissue srimplcs tvcrc rcmovcd from each fish, preserved 

in liquid nitrogcn and thcn tvcrc transfcrrcd to the 
Iaboratory and storcd at -40AC. 

After thawing, the samples were homogenized in 
an equal volume of Tris/EDTA buffer (pH 6.8). The 
muscle homogenate \vas then centrifuged at 5000 g 
for 30 minutes, whilc the liver was first mixed with 
an equal volume of carbon tetrachloride, considerably 
improving the en7.ymc migration and the pattern defi- 
nition. The supcrnatant can bc frozcn for storagc 
without subsequent alteration. The samples were then 
processed by routine electrophoresis. 

The enzyme examincd and the corresponding buf- 
fers used are presented in table 1. Gels were developed 
according to Guyomard and Krieg (1983) and I'asteur 
et al. (1987). The nomenclature used to denote the 
locus and alleles is that proposcd by Allendorf and 
Utter (1979) and hlay et al. (1979). The electro- 
morphs, indicating alleles and characteristic of each 
system, are numbered in order of increasing electro- 
phoretic mobility. Leporinus fiiderici from the Irae- 
oubo river is considered as the reference population. 
The most frequent alleles a1 each locus of this populn- 
tion were arbitrarily designated as 100. The othcr 
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Table 2. - The allelic frequences and between parentheses the number of the obsened allele in the samples of L. jriderici from the Iracoubo 
(FI) and the Mana (FM) rivers. L. granri from the Mana (GM) river, L. lebaili from the Mana (LM) river and L. aff. s t e j m a r k i  from 
lracoubo (SI) river. 

Loci All. R FM GM LM SI Loci All. FI FM GM LM SI 

Mdh-1 

Mdh-2 

Me- 1 

Ak 

Ck 

Est 

Fum 

Sod 

allelcs are given according to their relative positions The allelic frequencies are given in table 2 and al1 
after migration. the alleles obtained of the four species are represented 

in figure 2. In each species population, the Hardy- 
Weinberg equilibrium among genotype frequencies is 

RES ULTS found for each locus, indicating that the population 
in each case is likely to be panmictic. 

Twenty one putative loci common to the four spe- 
cies were examined. No difference in genctic determi- The loci for which one or more alleles exist, and 

nism of the species examined was round in the 15 of which the total frequencies equal 1 in One group 
systems studied (table 1). For &pdh several bands and 0 in another (alternative aileles), are considered 
appear consistently without intraspecific polymor- as the diagnostic loci of the s~ecies. The pro~ortion 
phism. No reference showing several loci in muscle is of diagnostic loci among those loci studied and which 
known in fish, this zymogramme is considered to be loci are diagnostic for separating each spccies from 
a phenotype, without any genctic intcrpretation. the others are given in table 3. 

Aquat. Living Resour. 
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tigure 2. - Representation of al1 the alleles from different loci, from the four species. placed in the following order: L. jriderici (A).  
L. grunii (B) ,  L. lebaili (C), L. aîf. stejumarki (D). n i e  alleles labelled 100 are indicated by an arrow. the heterozygotic phenotypes are 
indicated by a star (al1 are not represented). 
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The genetic variability in cach population spccies varies from 0.21 (L. granti) to 0.33 (L.  friderici, Irac- 
is estimatcd by the proportion of polymorphic loci oubo) and (H) from 0.08 (L. granti) to 0.12 ( L .  
(P) and by the rates of heterozygosity obsened (II)  fiiderici, Iracoubo) (table 3).  
which indicates the mean frequency of heterozygotes The Nei genetic distances (1971) between each spe- 
in a population. A locus is considered as polymorphic cies arc always greater than 0.201, while it is only 
in a population when the common allele has a ire- 0.004 between the two L. fridcrici populations (jig. 3 
quency lower than 0.95. Among the four spccies (P) and table 4). 
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Table 3. - Diagnostic loci for separating each species from the others, and prcentage. In each species, P. proportion of polymorphic loci 
(a locus is considered polymorphic ahen the incidence of the most frequently occurring allele is less than 0.95), H: mean heterozygosity 
obsened in a population (1: lracoubo river. M: Mana river). 

L lebaili L. a f j  sreyermarki L granri 

Aat-1 A ~ P  Aat-1 
L. friderici Est Ldh-1 Fum 

Fum Ldh-2 Mdh-2 
(1) H=0.12 P=0.33 Mdh-2 Me-1 h i  

(M) 11=0.11 P=0.29 20% 19% 20:< 

h i  Aat-1 Ld h-2 
L. granri Sod AD Mdh-2 

Est Me- 1 
H - 0.08 Fum h i  
P=0.21 10"/,h-1 45% 

Aat-1 Me- 1 
Id. aff. sreyermarki Agp Mh-1 

Est 
II=0.12 Fum 
P=0.27 Mdh-2 

L. lehaili 

. 1. friderici 11) 
, L. frideric/ [Ml 

O 60 0.50 0.40 0.30 0.20 ' 0.i0 ' O ' 

kigure 3. - The dcndrogram (UFGMA) deduced from the Nei genetic distances between the four species. 

Table 4. - Nei genetic distances between the species; L. friderici 
from the Iracoubo (FI) and the Mana (FM) rivers, L. panri from 
the Mana (CM) river, L. lebaili from the Mana (LM) river and 
L. aff. sreyermarki from lracoubo (SI) river. 

DISCUSSION 

The presence of loci with alternative allele, among 
sympatric populations of L. friderici, L. lehuili, and 
L. granti from thc Mana rivcr, and L. friderici L., 

aff. steyermarki from thc Iracoubo river is dcmonstra- 
ted. Loci with alternative alleles within two popula- 
tions, show that there is not any heterozygote result- 
ing from an hybridation. In nature this clearly proves 
the existence of an isolation in the reproduction. If 
two populations are both in sympatry and have alter- 
native alleles, it means they bclong to two biological 
species (Mayr, 1974). Loci with alternative allelcs 
can be used to identify the species they characterize 
(diagnostic loci). L. aff. steyermarki was not able to 
be studied in sympatry with L. granti and L. lebaili. 
However, its reproductive isolation is indicated by 
the large number of diagnostic loci obscrvcd and by 
the large genetic distances which scparate it from the 
other species. The four species studied are thus true 
biological species. 

Cytogenetic analysis has been used by Galetti et al. 
(1984) to characterize eight species of Anostomidae. 

Aquat. Living Resour. 
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Thc slight diffcrcnccs in karyotypc found among spc- 
cics bclonging to  thrcc gcncra of anostomid fish, 
including L. friderici, indicate a n  evolution of the 
karyotype tvhere the number and morphology of the 
chromosomes is conserved (Galetti et al., 1981). In 
contrast, the present results reveal well markcd intcr- 
spccific gcnctic diffcrcnces with protein loci. Ncvcr- 
thclcss a strong chromosomic polymorphism, both 
intcr and intraspccific, has bcen observed in scvcral 
diffcrcnt groups of ncotropical fishcs (Foresti et al., 
1983; Schccll et al., 1971). 

Givcn the rcproductivc isolation of the four species, 
brceding stocks, starting from gcnitors caught from 
the studied gcographic zone, can bc cstablished 
\vithout the risk of introducing wild hybrids o r  using 
misidentified species. The management of populations 
crossing within the samc spccics, o r  of interspccific 
hybridations, should be done taking in considcration 
gcnctic markcrs of crossed forms in ordcr to  idcntify 
the exact gcnctic charactcristics of fry obtained during 
the succcssivc gcncrations. Thc  uscfulness of isozymc 

and protcin markers in idcntifying spccics and their 
hybrids \vas dcmonstrritrd by hlacaranas e t  al. (1986) 
with tilapia. 

The genetic variability rcprcscnts the potentialities 
that could bc rcvcalcd undcr varioiis culture condi- 
tions (Chourrout et al., 1956). In cold \vater finfisli, 
for 33 loci studied the avcragc hcterozygosity among 
twenty populations of masu salmon (0ncorhj.nchiu 
masorc)  vas 0.05 (Okasaki, 1956). and the average 
heterozygosity among 6 populations of brown t ro i~ t  
(Salmo trutta) was 0.09 (Guyomard and Krieg, 1983). 
In  L. friderici, the mcan gcnetic variability intrapopul- 
ation rcach 0.12 (Iracoubo population) and thus 
allo\vs us to  considcr a genctic improvcmcnt pro- 
gramme. Ilo\vever, a genetic study of a n  higher num- 
ber of populations of  1,. fiiderici would cnablc us to  
apprccinte the interpopiilation gcnetic variability and 
thus to  rcoricntatc or  raise the polymorphism of 
brecding stocks. This would be by the addition of 
spawncrs from nature, posscssing ncw gcnetic 
markers, o r  those which have disappeared during the 
brccding proccss. 

The study translated by Karen Black, wascarried out with the aid of a grant from the research fund of the hlRES and 
supported by the AII'(INRtZ), "Diologie et Ecologie des poissons guyanais d'intérêt aquacolc". 
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