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By contrast, the gross anatomy of the testicular S. 
parahybae section differed clearly from the ovaries, 
showing normal mature testes. So, the present study has 
afforded the opportunity to observe the normal histological 
structures of the testes and described then. Although this 
study did not analyze the entire male reproductive cycle 
of S. parahybae, it was possible to distinguish easily the 
spermatogenesis process using criteria of size, shape, 
cytology and features of the nucleus of germ cells types, 
which were according to Brown-Peterson et al. (2002) and 
Schulz et al. (2010) classification. Gross testes histological 
morphology of S. parahybae indicates that the seminiferous 
tubules are intercommunicated and formed a network close 
to the testes periphery and throughout the whole gonads. 
These characteristic can be classified as “anastomosing 
tubular testes” (Grier, 1993; Parenti & Grier, 2004), and as 
spermatogonia were distributed along the entire extension of 
S. parahybae seminiferous tubules, it can also be classified 

as “spermatogonial unrestricted”, according to Grier et al. 
(1980). These features were similar to the pattern described 
for other Neotropical catfish species such as Conorhynchus 
conirostris (Lopes et al., 2004), Pseudoplatystoma fasciatum 
(Batlouni et al., 2006), Pimelodella vittata (Santos et al., 2010), 
Trachelyopterus striatulus (Santos et al., 2014), and others.

The spermatogenesis development in the testicular tissue 
of S. parahybae was practically complete since the majority 
of the ducts were filled with spermatozoa. This observation 
is in accordance with the sexual maturation dynamics of 
S. parahybae, considering that the present analyzes were 
performed in December, within the reproductive period of 
adult females of this species (Honji, 2011a; Honji et al., 2015). 
The presence of spermatozoa inside the duct testes, allow 
us to conclude that the males of this study were in the first 
testicular maturation, close to maturity, despite not having 
been observed spermiation when the abdominal region was 
slightly squeezed. 

Fig. 3. Micrographs of the ovotestes of Steindachneridion parahybae juveniles in captivity showing the different germ cell 
types. a) unrestricted spermatogonial testes with anastomosing tubular type, composed by numerous tubules (arrowhead); 
b) many spermatozoa inside the tubular lumen (arrowhead), separated by interstitial tissue (asterisk); c) gonads section 
showing perinucleolar oocyte (arrow) close to testicular tissue (arrowhead), containing spermatozoa inside the duct and 
many intratubular cists; d) ovotestes showing perinucleolar oocyte (arrow) close to spermatozoa inside the duct (arrowhead). 
Periodic-Acid-Schiff (PAS)/Weigert’s Haematoxylin/Metanil Yellow staining. Scale bars: 74 µm (a); 19 µm (b, d); 37 µm (c).
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Fig. 4. Karyotype in Giemsa in male (a), detail in (b), in female (c), detail in (d) and in intersex animal (e), detail in (f) of 
Steindachneridion parahybae from Unidade de Hidrobiologia e Aquicultura, Companhia Energética de São Paulo. See the 
text for more information about karyotype characteristics. Scale bars: 37 μm (a,c,e); 7,4 μm (b,d,f).
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Concerning the “IA” individual, occasionally this 
abnormal development of fish gonadal tissue is visible 
macroscopically but most often the gonads must be examined 
microscopically for detection. At the microscopy level, S. 
parahybae intersex gonads showed a great variation in the 
composition of female and male cells and their arrangement 
within the gonads. Although, the gonads showed macroscopic 
characteristic of ovaries, microscopically a large part of 
the gonads showed the composition of male cells. In “IA” 
sampled primary oocytes located within normally appearing 
seminiferous structure of testicular tissue were also revealed 
together. Therefore, this individual contained both male 
and female gonads, the ovarian part of the gonads was still 
young and filled with previtellogenic oocytes, whereas the 
male part contained mature gametes.

Even though the present study described for the first 
time, only a single individual under an intersex condition, the 
functional significance and the reproductive consequences 
of this anomaly in S. parahybae remain to be determined 
and/or suggesting that this species may be susceptible to 
endocrine disruption. Moreover, there is evidence that in 
some gonochoristic fish species low occurrence of intersex 
might also happen spontaneously (Bahamonde et al., 2013) or 
simple should be considered as an exceptional case. However, 
there are many studies reporting the increased occurrence of 
intersex in gonochoristic of teleost fish as a result of exposure 
to EDCs (Devlin & Nagahama, 2002; Godwin, 2010; 
Bahamonde et al., 2013), even in other catfish species, for 
example, Pangasius nasutus, Heteropneustes fossilis, Clarias 
gariepinus (Rodriguez et al., 2012). Intersex condition can also 
be attributed to environmental conditions, i.e., thermolabile sex 
determination (Baras et al., 2000; Strüssmann & Nakamura, 
2002; Hurley et al., 2004). The region of S. parahybae 
distribution, the Paraíba do Sul River Basin, is impaired by 
the presence of chemicals that are used in agriculture (i.e., 
pesticides and herbicide and their metabolites) and/or other 
chemicals from domestic or industrial pollution, therefore 
we cannot exclude the possibility of intersex occurrence 
due to endocrine disruption. Additionally, S. parahybae has 
undergone intensive conservation aquaculture condition with 
artificial induced spawning (with hormonal manipulation, 
which interfere with hypothalamic-pituitary-gonads axis) 
and may have caused the unusual intersex condition found 
here. Moreover, there was no intentional sexual reverse 
practice at this fish farm. On the other hand, the discovery 
of the S. parahybae intersex occurred during examination of 
samples collected to study on “Environmental influences on 
the mechanisms of sex determination and differentiation in 
teleost fish” (Honji, 2011b); therefore, this intersex condition of 
S. parahybae cannot rule out the possibility that environment 
factors may have caused the sexual “abnormality”.

According to Devlin & Nagahama (2002) and Strüssmann 
& Nakamura (2002), sex determination and sex differentiation 
in teleost fish is a plastic process with respect to evolutionary 
patterns observed among families and genera, and within 
individuals it is subject to influenced by environment 

factors. These influences can affect both somatic and germ 
cells within the primordial gonads, including the action of 
genetic (Hattori et al., 2007), environmental (Strüssmann 
& Nakamura, 2002), behavior and physiological factors 
(Devlin & Nagahama, 2002). Therefore, in the present case 
of S. parahybae intersex, the origin of factors that could lead 
to the observed intersex gonads remains undetermined and 
insight into the initial events that eventually lead a germ cell 
within the primordial gonads to become an oogonium, a 
spermatogonium or both, should be also conducted. 

Since 2003, our group has been working with S. 
parahybae within a conservation program undertaken by 
CESP (CESP, 2006a), when the first artificial breeding was 
achieved (Caneppele et al., 2009), and subsequent monitoring 
of the juveniles until maturation showed, for the first time, 
which S. parahybae male become mature at one year, 
unlike the S. parahybae females, which in the present study 
did not show signs of the first maturity in the first year of 
life. These females showed only signs of primary growth 
stage of oocytes. Additionally, morphological indices such 
as GSI and HSI have been used as quantitative indices of 
physiological conditions of individuals (Vazzoler, 1981, 
1996). The application of these indices, analyzed together 
with the gonads maturation of the reproductive cycle, total 
length and/or seasonal time (summer, autumn, winter and 
spring) are important to detect the spawning season due to 
weigh changes during reproductive process and/or may be 
indicative of the dynamics of energetic substrates in the 
gonads and liver (Vazzoler, 1981, 1996; Marcano et al., 
2007). As the present study did not analyze these indices over 
seasonal time or reproductive cycle or with metabolic data 
of S. parahybae, we cannot draw any conclusion. However, 
GSI values changes during reproductive cycle of adult S. 
parahybae were already described by Honji et al. (2015).

Despite the Siluriformes order is a large and diversified 
group as cited above, according to Oliveira & Gosztonyi 
(2000), only about 13% of this order was karyotyped. For the 
Steindachneridion genus these data is even scarcer, because 
only two species had their karyotype studied, the S. scriptum 
(cited as S. scripta) and the S. parahybae (respectively Swarça 
et al., 2005 and Moraes Neto et al., 2011). The karyotype 
data found in the present study for S. parahybae corroborate 
the data obtained by Moraes Neto et al. (2011) for the same 
species; however, these authors analyzed other lot of breeding 
of the CESP. Both studies showed a diploid number of 56 
chromosomes with FN = 104 for S. parahybae and the found 
karyotype macrostructure does not differ from that seen in 
others Pimelodidae species (Oliveira & Gosztonyi, 2000; 
Swarça et al., 2005; Moraes Neto et al., 2011), supporting the 
hypothesis that this modal number is verified in most catfish 
families (Oliveira & Gosztonyi, 2000).

In conclusion, this cytogenetic and histological study is 
the first report on the presence of intersex in the endangered 
S. parahybae juvenile from Paraíba do Sul River Basin, as 
well as intersex fish at CESP conservation fish farm. Our data, 
together with the findings previously described by Caneppele 
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et al. (2009) and Honji et al. (2012a, 2013, 2015), will be 
important to improve specific conservation management 
for this endangered catfish by providing biological tools to 
conservation biologist. This information, resulting from 
field- and laboratory-based researches, is also essential to 
ensure the success of S. parahybae controlled breeding 
programs in this basin, and the establishment of a more 
effective re-introduction program, as well as an investigation 
of its potential for fish farming and also could be proposed 
as a new sentinel species in the Paraíba do Sul River Basin.
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