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ABSTRACT. Starch gel electrophoresis was used for examining 
the transferrin gene locus (Tf) and two esterase gene loci (Est-1 
and Est-D1) of a pirarucu (Arapaima gigas) population sample 
collected from Santa Cruz Lake, Tefé River, Amazonas, Brazil. The 
Tf locus was tentatively classified as being polymorphic, showing 
two double-banded patterns (Tf 12 and Tf 22) of the three theoretically 
expected ones (Tf 11, Tf 12 and Tf 22), presumably controlled by two 
co-dominant alleles, Tf 1 and Tf 2. The monotony detected in pirarucu 
Tf locus genotypes showing a very high proportion of the double-
banded heterozygote pattern Tf 12 (95% of the sampled individuals) 
may indicate the possibility of their having come from representatives 
of the same brood begotten by a pair of fish, where a single-banded 
Tf 11 homozygote pattern male would have crossed with a single-
banded Tf 22 homozygote pattern female, or vice versa. One zone 
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of electrophoretic activity was detected in esterase, presumably 
controlled by a monomorphic Est-1 locus with the fixed allele Est-11 
where all individuals showed the single-banded Est-111 homozygote 
pattern. Esterase-D also displayed one zone of electrophoretic 
activity, presumably controlled by a monomorphic Est-D1 locus 
with a fixed allele Est-D11 where all individuals revealed the single-
banded Est-D111 genotype pattern. The monotony comprised by 
single-banded genotype patterns in both esterase systems tested 
may also indicate the possibility of the individuals from the sample 
examined having come from representatives of the same brood 
begotten by a pair of fish with both the male and female having the 
same genotypes. 
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INTRODUCTION

The family Arapaimatidae consists of only two species, the Neotropical arapai-
ma, Arapaima gigas (Schinz, 1822), and the African bonytongue, Heterotis nilotticus, 
which in the recent past have often been placed within the family Osteoglossidae (Ferraris 
Júnior, 2003). Pirarucu is considered one of the largest freshwater scaled fish in the world, 
with adult individuals likely to surpass 2 m in length and often reach a weight of 125 kg or 
more (Goulding, 1980; Santos et al., 2006). This species displays a widespread geographi-
cal distribution in the Amazon, being one of the region’s most important fishery resources 
and appearing among the world’s most valuable freshwater fish species (see Queiroz and 
Sardinha, 1999). Presently, pirarucu is considered to be a vulnerable resource, due to 
being subjected to a heavy fishery effort since the early colonization of the Amazon re-
gion (Santos et al., 2006). Despite the legal measures already being taken for its protec-
tion, such as forbidding fishing them under gonadal maturation size, as well as banning 
their capture during their reproductive period (known in Brazil as defeso) (Queiroz and 
Sardinha, 1999), this species still continues to be exploited indiscriminately as seen by 
their sale in local fairs and markets the year round (Santos et al., 2006). Although it oc-Although it oc-
cupies a prominent position as one of the most landed species in several Amazon fishery 
harbors (see Queiroz and Sardinha, 1999), it is still not possible to determine its annual 
catch yields in tons in Brazil (Queiroz and Sardinha, 1999).

So far, little research has been carried out on pirarucu towards understanding its re-
productive aspects. At first, research was only on individuals in captivity (Oliveira, 1944, 
cited by Imbiriba, 2001, p. 301; Fontenele, 1948, 1953). However, its reproductive behavior 
is quite complex involving the formation of monogamous couples and nest building, as well 
as offspring and nest parental care (Fontenele, 1948, 1953). For a more comprehensive review 
on this subject, see Imbiriba (2001). 

In addition to the above research, other studies on pirarucu have been carried out 
in the Mamirauá Sustainable Development Reserve in the State of Amazonas, on preser-
vation and sustainability (Queiroz and Sardinha, 1999) and yielding system in captivity 
(Imbiriba, 2001). More recently, there have been other studies on population genetics, 
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based on mitochondrial DNA sequences (Hrbek et al., 2005), gonadal morphology and 
reproductive traits (Godinho et al., 2005), feeding analyses (Olivera et al., 2005), and mi-
totic chromosomes (Marques et al., 2006), in wild-fish samples from several sites in the 
Amazon region. All of these studies without exception have yielded valuable information 
for the management and conservation policies of this species.

There is a pressing need for generating information concerning the most diverse 
types of pirarucu protein and enzyme variants, to be used as an important tool in detecting 
and defining independent pirarucu fish stocks in the Amazon; this is also applicable to all 
other commercial fish species in the region. Thus, a thorough knowledge regarding allele 
frequency distributions with possible detection of statistical deviations (significant ge-
netic heterogeneity among the population samples examined) in the most varied pirarucu 
protein and isoenzyme markers is a basic requirement for attaining this objective. 

Due to the simplicity of inheritance and the low coefficients of selection, the co-
dominant alleles which segregate at the transferrin single gene locus (Tf) can be widely 
used as genetic markers (Monostory et al., 1984). On account of demonstrating a high evo-
lutionary change rate in its molecular structure and a high degree of genetic polymorphism 
in many vertebrate species, the Tf gene locus has been very helpful in studies regarding the 
characterization of population genetic structure for several commercial fish species, mainly 
the marine ones (Jamieson and Turner, 1978; Jamieson and Birley, 1989). The distribu-
tions of genotypes and alleles at that locus have already provided some information on the 
population genetic structure of Amazonian aquatic species, such as tambaqui, Colossoma 
macropomum, in a native population (Teixeira and Jamieson, 1985) and hatchery stocks 
(Calcagnotto and Toledo-Filho, 2000), two jaraqui species, Semaprochilodus taeniurus and 
S. insignis (Teixeira et al., 1990), one turtle species, Podocnemis expansa (Teixeira et al., 
1996), and one pescada species, Plagioscion squamosissimus (Teixeira et al., 2002). How-
ever, at the moment there is no available information on electrophoretic Tf locus genotypes, 
applied to the study of pirarucu and its natural stocks. 

The high degree of polymorphism at their gene loci in a large number of organisms 
of the most varied species stands out among the main advantages shown by the esterase en-
zymes (Ferguson, 1980). Apart from recent evidence identifying a supposed natural hybrid 
of peacock bass (Teixeira and Oliveira, 2005) and a preliminary investigation on the Central 
Amazon piranha (Teixeira et al., 2006), no other data on Amazonian fish esterase loci based 
on electrophoretic patterns have yet been published. 

The present paper reports, for the first time, data on transferrin and esterase genotype 
patterns of pirarucu. It also discusses the possibility of the sampled material caught from Santa 
Cruz Lake, Tefé River, Amazonas, Brazil, as having originated from representatives of the 
same brood. 

MATERIAL AND METHODS 

A population sample of pirarucu (Arapaima gigas) comprised of 19 juvenile 
specimens was collected at Santa Cruz Lake, Tefé River, Amazonas, Brazil, in Septem-
ber 2001 (Figure 1). All the fish were caught together at a confined site, i.e., in a stretch 
of Santa Cruz Lake that was totally isolated from the main lake on account of the low 
water period. 
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The starch-gel electrophoresis technique was used to analyze the transferrin (Tf) 
gene locus in blood plasma samples and two loci of esterases (Est-1 and Est-D1) detected 
in skeletal muscle protein extracts, from the above pirarucu specimens. The differential 
precipitation method with rivanol described by Jamieson and Turner (1978) was used for 
isolating blood plasma transferrin prior to the electrophoretic tests. The gel buffer was 
prepared with 0.03 M Tris (hydroxymethyl-aminomethane) and 0.005 M citric acid, and 
the electrode buffer with 0.06 M lithium hydroxide and 0.30 M boric acid, according to 
the method described by Ridgway et al. (1970), both for transferrin and esterases. Sigma 
starch at 13%, dissolved in 280 mL of the gel buffer containing 2.80 mL of the electrode 
buffer, was used for preparing the gels. The starch suspension was heated to the boiling 
point in a two-liter round-bottomed flask resting on a heating mantle, using continuous 
shaking with the aid of a mechanical shaker. The protein supernatants were absorbed on 
8 mm x 6 mm Whatman filter papers which were then inserted along a slot cut into each 
slab of gel approximately 4 cm from the cathodic wick end. For the analysis of the es-
terases, the gel was submitted to 150 V for the initial 45 min. The paper inserts were then 
removed and the electrophoretic run continued for 4 h. For the transferrin analysis, the 
gel was submitted to 125 V for the initial 45 min. The paper inserts were then removed 
and the electrophoretic run continued at 225 V for approximately 3 h and 30 min more. 
Electrophoretic migrations both for transferrin and esterases took place towards the an-
ode. Gel staining for transferrin was done with 1% amido black for 5 min (Jamieson and 
Turner, 1978) and its destaining lasted for nearly 15 h (Teixeira et al., 1996). α-Naphthyl 

Figure 1. Collecting site of pirarucu (Arapaima gigas) population sample, at Santa Cruz Lake, Tefé River, 
Amazonas, as indicated by the arrow.
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acetate was used as the substrate for esterase staining according to the method described 
by Shaw and Prasad (1970), whereas the 4-methyl umbelliferyl acetate was the substrate 
for esterase-D staining according to the method described by Hopkinson et al. (1973). 

RESULTS 

Transferrins

The transferrin gene locus (Tf) in the pirarucu (Arapaima gigas) population sample was 
tentatively classified as being polymorphic with the presence of two double-banded genotypes 
(Tf 12 and Tf 22) (Figure 2, Table 1) of the three theoretically expected ones (Tf 11, Tf 12 and Tf 22) 
presumably controlled by two co-dominant alleles, Tf 1 and Tf 2. Nevertheless, definition of the 
gene control mechanism enabling a precise calculation of allele frequencies at the Tf locus in 
this species would only have been possible if population samples comprised of individuals with 
Tf 11, Tf 12 and Tf 22 genotypes were found in nature, segregating the two detected co-dominant 
alleles Tf 1 and Tf 2, following the Mendelian rules of inheritance.

Figure 2. Transferrin genotypes shown by starch gel electrophoresis technique on a population sample of pirarucu 
(Arapaima gigas), collected at Santa Cruz Lake, Tefé River, Amazonas. In this gel the number 5 profile represents 
the single banded Tf 22 homozygote individual found in the sample, whereas the other specimens represent the Tf 12 
heterozygote individuals.
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Genotype Observed

Tf 11     0
Tf 12  18
Tf 22    1
Est-111 19
Est-D111 19

Table 1. Genotype distribution observed in transferrin (Tf), esterase (Est-1) and esterase-D (Est-D1) loci in one 
population sample of pirarucu (Arapaima gigas) collected at Santa Cruz Lake, Tefé River, Amazonas. 

The pirarucu reproductive behavior involving the formation of monogamous pairs dur-
ing the species’ mating and spawning period (Fontenele, 1948, 1953), may explain the monotony 
displayed by its Tf locus genotypes which showed a very high proportion of the double-banded 
heterozygote pattern Tf 12 (95% of the sampled individuals), i.e., 18 of 19 fishes examined (Table 
1), therefore indicating the possibility of their having come from representatives of the same 
brood begotten by a pair of fish, where a single-banded Tf 11 homozygote pattern male would 
have crossed with a single-banded Tf 22 homozygote pattern female, or vice versa. Yet, a theoreti-
cally expected double-banded Tf 12 heterozygote pattern would also be possible, if the sampling 
individuals had been begotten by a pair of fish with both the male and female involved in three 
more possible types of mating (Tf 12 vs Tf 12; Tf 12 vs Tf 11, and Tf 12 vs Tf 22) (Table 2). The single-
banded Tf 22 homozygote individual pattern detected in the sample may be considered as fortui-
tous, presumably generated by a different pair of fish with the male and female having the same 
single-banded Tf 22 homozygote pattern, or by a pair of fish with the male and female involved 
in two more types of mating (Tf 12 vs Tf 22 and Tf 12 vs Tf 12). This deflected single-banded Tf 22 
homozygote fish in the sample is within the expected statistical error margin, i.e., 5%. This indi- within the expected statistical error margin, i.e., 5%. This indi-
vidual may be taken for what we usually call “the odd one in the nest”. Other indications that the 
majority of the individuals examined might have originated from a single offspring are the size 
and weight classes of the individuals that show quite close values, ranging from 61-72 cm (67.84 
± 3.087) and 1.93-4.0 kg (3.05 ± 0.526), respectively. Furthermore, the only Tf 22 fish found in 
the sample, the smallest size (61 cm) and weight (1.93 kg) compared to the others, may be ex-
plained as possibly having come from another cohort. Yet, one cannot discard the possibility of 
this single Tf 22 homozygote fish as being found in the sample as result of an extra-pair paternity. 
In avian mating systems, the application of molecular genetic techniques has revealed, contrary 
to prior expectations, that birds are rarely sexually monogamous, with extra-pair offspring found 
in approximately 90% of species, i.e., cuckoldry (Griffith et al., 2002). 

Type of mating   Progeny genotypes

   Tf 11  Tf 12  Tf 22

  Observed Expected Observed Expected Observed Expected

Tf 11 vs Tf 22 0.00 0.00 0.95  1.00  0.05 0.00
Tf 12 vs Tf 12 0.00 0.25 0.95 0.50 0.05 0.25
Tf 12 vs Tf 11 0.00 0.50 0.95 0.50 0.05 0.00
Tf 12 vs Tf 22 0.00 0.00 0.95 0.50 0.05 0.50
Tf 11 vs Tf 11 0.00 1.00 0.95 0.00 0.05 0.00
Tf 22 vs Tf 22 0.00 0.00 0.95 0.00 0.05 1.00

Table 2. Observed and expected genotype proportions at the transferrin gene locus (Tf) in all theoretically 
possible types of mating in pirarucu.
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Esterases

One zone of electrophoretic activity was detected in pirarucu esterase, presumably 
expressed by the action of a monomorphic Est-1 locus, which showed the fixed allele Est-11, 
where all 19 individuals analyzed exhibited a single-banded Est-111 homozygote pattern (Table 
1). Esterase-D also presented one zone of electrophoretic activity supposedly expressing the 
action of a monomorphic Est-D1 locus, with a fixed allele Est-D11, where all 19 individuals 
exhibited a single-banded Est-D111 homozygote pattern (Table 1). The monotony shown by 
single-banded genotype patterns revealing just homozygote individuals in pirarucu esterases 
(Est-111 and Est-D111) may also indicate the possibility of the individuals sampled having come 
from representatives of the same brood begotten by a single pair of fish, with the male and 
female possessing the same homozygote patterns. Apart from the above fish sample examined, 
three extra pirarucu adult specimens collected from the Mamirauá Sustainable Development 
Reserve, when screened for esterase and esterase-D, also displayed the same single-banded 
esterase homozygote patterns (Teixeira AS, unpublished data). Moreover, the finding of the 
deflected fish, i.e., the one with smallest size and weight in the sample (see transferrin results), 
showing the same single-banded esterase homozygote pattern, may reinforce the assumption 
of Est-1 and Est-D1 as being monomorphic loci in the species as a whole. Nevertheless, other 
possibilities of the pirarucu offspring showing the same single-banded genotype pattern for 
these two esterase enzymes screened here, or for any other protein and/or enzyme system to be 
examined, would be possible if a given pirarucu sample was begotten by a single pair of fish 
with the male and female possessing the same allele of any polymorphic locus (homozygote 
genotype male would have crossed with a heterozygote genotype female, or vice versa; or a 
heterozygote genotype male crossed with a heterozygote genotype female, or vice versa). 

DISCUSSION 

Social monogamy, especially in birds, does occur where a species forms a pair bond but 
may participate in copulations outside the pair bond, while genetic monogamy does occur where 
individuals participate only in copulations within a pair bond (see Taylor et al., 2003). According 
to these authors, genetic monogamy is rare in fish with only a few available records in the litera-
ture. Nevertheless, when this phenomenon does happen in fish, it is usually connected with social 
monogamy (e.g., due to a need for biparental defense of territories and/or care of offspring) (see 
Chapman et al., 2004). Microsatellite loci as markers can be useful for testing if social monogamy 
predicts genetic monogamy, as recently demonstrated in the largemouth bass Micropterus sal-
moides (DeWoody et al., 2000). Using the above types of markers for genotyping parents and off-
spring, Taylor et al. (2003) suggested that the biparental mouthbrooding cichlid fish, Eretmodus 
cyanostictus, from Lake Tanganyika, Africa, is both socially and genetically monogamous. 

Although the pirarucu is widely accepted as showing monogamous behavior, up to 
now there are no reproductive data available in the current literature which show with certain-
ty, whether or not this species displays social monogamy or genetic monogamy. Therefore, the 
present genetic findings point to the urgent need for future simultaneous research on genetics 
and ecology, with field observations of the monogamous behavior of pirarucu. In this respect, 
I absolutely agree with DeWoody (2005) who said, “as science becomes more integrative and 
complex, it is easy to envision a future where collaborations between geneticists (who may 
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not have the expertise to obtain the field samples) and wildlife biologists (who may not have 
the expertise and/or facilities to obtain the genotypes) are common and serve to answer both 
fundamental and applied questions”. 

The application of autosomal co-dominant polymorphic gene loci, which may 
show a series of segregating alleles when analyzed by electrophoretic techniques, should 
be extremely useful for solving problems concerning animal parentage and sibship (Jamie-
son, 1994). This author skilfully demonstrated the application of two general formulae 
developed for testing parentage and distinguishing sibs in natural random-mating popula-
tions, isolated subpopulations, or domesticated breeds. Thus, analysis of parentage based 
on single-locus polymorphisms, such as the transferrin (Tf) gene locus which is widely 
known to show a high degree of genetic polymorphism, displaying a series of autosomal 
co-dominant alleles in many vertebrate species, especially in fish (Jamieson and Turner, 
1978; Monostory et al., 1984; Teixeira and Jamieson, 1985; Jamieson and Birley, 1989; 
Teixeira et al., 1990; Teixeira et al., 2002), and apparently appearing to be polymorphic in 
pirarucu, may be very important in defining whether this species displays social or genetic 
monogamy. 

The usefulness of several molecular approaches and techniques for undertaking par-
entage analysis has recently been reviewed (Jones and Ardren, 2003; DeWoody, 2005) and 
appears to be extremely useful in answering innumerous questions concerned with wildlife 
and fishery biology.

There are continuing signs of the potential threat to pirarucu survival. The popu-
lations of this species around major Amazonian cities and in the center of its distribu-
tion are genetically depleted, and the entire population is in genetic disequilibrium (Hrbek 
et al., 2005). Therefore, it is advisable that population genetic analyses, using different 
types of genetic molecular markers, complemented with other fishery biology approaches, 
be urgently considered for practical management and future conservation of the species. 
Nevertheless, due to the monogamous behavior of pirarucu (Fontenele, 1948, 1953), the 
definition of electrophoretic genotype patterns of Tf, Est-1, Est-D1 or of any other protein-
isoenzyme marker to be included in future gene surveys, with the purpose of examining the 
population genetic structure of this species, will only be possible using adult fish popula-
tion samples from different areas in the Amazon leaving out the brood. Pirarucu juveniles 
caught together may be the offspring of a unique pair of fish, in which case the sample will 
certainly not be representative material for the total river population of this species. 

Our continuing aim is to find appropriate examples of protein and enzyme variant 
genes, which conveniently diagnose pirarucu and its genetic stocks, to help in the long-term 
management of this species in the Amazon region. 
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