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The Erythrinidae trahira, Hoplias malabaricus (Bloch,
1794), is widespread throughout South America river basins
(OYAKAWA 2003). It is characterized by fractional spawning, nest
building in shallow and quite waters, parental care, low fecun-
dity and yielding low volumes of milt (QUEROL et al. 2003). Al-
though both parents build the nest for spawning, only the male
takes care of the offspring (SATO et al. 2003). The species exhib-
its a striking karyotype diversity which points out to a species-

complex with distinct evolutionary units (BERTOLLO et al. 2000,
VICARI et al. 2005).

Vertebrate testis shows a germinal compartment repre-
sented by seminiferous tubules (= seminiferous lobules), in which
two cell types are found: somatic and germinal. In most teleosts,
spermatogenesis takes place within cysts. All germinal cells within
a cyst are in the same developmental stage, bound by intercellu-
lar bridges and synchronically divided (VILELA et al. 2003). The
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ABSTRACT. The Erythrinidae trahira, Hoplias malabaricus (Bloch, 1794), is widespread throughout South America
river basins. We determined Sertoli cell supporting capacity (ratio of primary spermatocytes: Sertoli cells and
spermatids: Sertoli cells), meiotic index (ratio of spermatids: primary spermatocytes) and the number of sper-
matogonial mitotic generations of this fish. The fish were captured in the Igarapava reservoir, Grande River, Alto
Paraná River basin, Brazil. Testis fragments of three sexually mature trahiras were fixed in 5% buffered glutaralde-
hyde solution and embedded in glycol methacrylate. Serial sections of 2 and 3 µm in thickness were stained with
0.5% toluidine blue. Histological counts from cysts of primary spermatocytes and spermatids revealed, respectively,
326 ± 99 and 468 ± 73 nuclei of these cells. Sertoli cell supporting capacity was considerably higher for spermatids
(113.3 ± 16:1) when compared to primary spermatocytes (71 ± 5:1). Between eight and ten spermatogonial genera-
tions were formed to give rise to primary spermatocytes. These values were within the generation range of those
already found in freshwater teleosts of external fertilization. Correlation between the number of Sertoli cells and
primary spermatocytes per cyst, and Sertoli cells and spermatids per cyst were statistically significant (p < 0.05).
KEY WORDS. Sertoli cell; spermatogonial generations; teleost testis morphometry.

RESUMO. AAAAAvvvvvaliaçãoaliaçãoaliaçãoaliaçãoaliação morfmorfmorfmorfmorfométrométrométrométrométricaicaicaicaica dadadadada esperesperesperesperespermatogênesematogênesematogênesematogênesematogênese dadadadada trtrtrtrtraíraíraíraíraíraaaaa HopliasHopliasHopliasHopliasHoplias malabaricusmalabaricusmalabaricusmalabaricusmalabaricus (Bloch)(Bloch)(Bloch)(Bloch)(Bloch) (Char(Char(Char(Char(Characifacifacifacifacifororororormesmesmesmesmes,
ErErErErErythrythrythrythrythrinidae).inidae).inidae).inidae).inidae). A traíra, Hoplias malabaricus (Bloch, 1794), da família Erythrinidae, encontra-se espalhada pelas bacias
fluviais da América do Sul. Determinou-se a capacidade de suporte das células de Sertoli (espermatócitos primários:
células de Sertoli e espermátides: células de Sertoli), índice meiótico (espermátides: espermatócitos primário) e o
número de gerações mitóticas de espermatogônias desse peixe. Os indivíduos foram capturados no reservatório de
Igarapava, rio Grande, bacia do Alto Paraná, Brasil. Fragmentos dos testículos de três traíras sexualmente maduras
foram fixados em glutaraldeído a 5%, e incluídos em metacrilato. Cortes seriados de 2 e 3 µm de espessura foram
corados em azul de toluidina a 5%. Contagens histológicas feitas em cistos de espermatócitos primários e espermátides
revelaram, respectivamente, 326 ± 99 e 468 ± 73 núcleos destas células. A capacidade de suporte das células de
Sertoli foi consideravelmente mais alta para espermátides (113,3 ± 16:1) do que para espermatócitos primários (71 ±
5:1). Ocorreram entre oito e dez gerações de espermatogonias antes de darem origem aos espermatócitos primários.
Esses valores encontravam-se dentro da amplitude de gerações já registrada para teleósteos de água doce de
fertilização externa. Correlações entre o número de células de Sertoli por cisto e de espermatócitos primários e
entre células de Sertoli e espermátides por cisto foram estatísticamente signficativas (p < 0,05).
PALAVRAS-CHAVE. Célula de Sertoli; gerações de espermatogônias; morfometria testicular.
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cyst wall consists of Sertoli cell whose projections are related to
the germinal cells forming Sertoli/germinal cell units (SCHULZ &
MIURA 2002). In mammals, the ratio germinal cells: Sertoli cells
(which expresses the Sertoli cell supporting capacity) is relatively
defined for each species (FRANÇA & RUSSELL 1998). Compared to
mammals, Sertoli cell supporting capacity in the teleost Nile ti-
lapia is remarkably high (MATTA et al. 2002). The number of mi-
totic divisions during spermatogenesis to form primary sperma-
tocytes is also species-specific (SCHULZ & MIURA 2002). Although
the knowledge of the number of such mitotic divisions is impor-
tant to understand regulation mechanisms of the spermatoge-
nic process (DE ROOIJ & RUSSELL 2000), few reports are available on
the subject in teleosts. Considering the large fish fauna diver-
sity, quantitative data on the spermatogenic process, in teleosts
in general, are scarce, differently from other vertebrate groups,
especially mammals (FRANÇA & RUSSELL 1998, MATTA et al. 2002).

The present work was aimed at determining the number
of primary spermatocytes and spermatids held by the respec-
tive cysts of the trahira in order to estimate: i) germinal cells:
Sertoli cells ratio, ii) spermatids: primary spermatocytes ratio
and iii) number of spermatogonial generations leading to pri-
mary spermatocyte production. To our knowledge, this is the
first study aimed to establish the number of spermatogonial
generations in a Neotropical fish.

MATERIAL AND METHODS

The fish used in this study were captured in the Igarapava
reservoir, Grande River, Alto Paraná River basin, Brazil (19º59’
36”S, 47º45’32”W). Testis fragments of approximately 3 mm in
thickness of three sexually mature trahiras (420-970 g, body
weight; 31.6-42.3 cm, total length) were used. The fragments
were fixed by immersion in 5% buffered glutaraldehyde solu-
tion, 0.1 M phosphate buffer, pH 7.3, and then routinely em-
bedded in glycol methacrylate. Serial sections of 2 and 3 µm in
thickness were stained with 0.5% toluidine blue for histological
and morphometric analyses. The slides were analysed under a
light microscope Olympus CBA and the documentation per-
formed with a photomicroscope Olympus BX 50.

Nuclei of Sertoli cells, primary spermatocytes and sper-
matids at the intermediate phase of spermiogenesis were
counted in five cysts from each of the three fish used in this
study. The counts were performed in serial sections of 3 µm
thick for primary spermatocytes and 2 µm thick for spermatids
after selecting cysts entirely encompassed by the serial sections
(MATTA et al. 2002). Thirty primary spermatocyte and sperma-
tid nuclei were measured in each fish. Care was taken not to
count a same nucleus twice. The data allowed us to determine
the ratio of primary spermatocytes: Sertoli cells, the support-
ing capacity of Sertoli cells (i.e., the ratio of spermatids: Sertoli
cells) and the meiotic index (i.e., the ratio of spermatids: pri-
mary spermatocytes). The number of mitotic divisions (gen-
erations) based on the number of primary spermatocytes per
cyst was also estimated. The presence of apoptotic germinal

cells was recorded. The apoptotic cells were morphologically
characterised as darker staining cells as this is the usual condi-
tion for these cells embedded in plastic and stained with tolui-
dine blue (RUSSELL et al. 1990).

All basic statistic analyses were performed with the pro-
gram Minitab 12.2. The degree of linear relationship between
the number of germ cells and Sertoli cells per cyst was evalu-
ated with the help of Pearson’s correlation test. The signifi-
cance level (p) of 0.05 was adopted throughout.

RESULTS

Testis of adult, reproductive active trahiras showed cysts
of all germ cell types, i.e. spermatogonia (Fig. 1, SPG), primary
spermatocytes (Fig. 1, PST), secondary spermatocytes (Fig. 1, SST)
and spermatids (Fig. 1, SPD), randomly distributed in the semi-
niferous tubules (= lobules). Sertoli cell extensions made the cyst
wall (Fig. 1, S) and spermatozoa were in the lumen (Fig. 1, Z).
The nuclear sizes were 4.5 ± 0.2 µm and 2.3 ± 0.1 µm, respec-
tively, for primary spermatocytes and spermatids. The number
of Sertoli cells/cyst, primary spermatocytes/cyst and spermatids/
cyst is shown in table I. A few primary spermatocytes were seen
undergoing apoptosis. A significant correlation between the
number of primary spermatocytes and Sertoli cells per cyst (r =
0.87; p < 0.05) and spermatid and Sertoli cell per cyst (r = 0.80; p
< 0.05) was found.

The ratio of primary spermatocytes:Sertoli cells and
spermatids:Sertoli cells and the meiotic index are presented in
table I. Sertoli cells could support approximately 62% more
spermatids (113.3 ± 16: 1) than primary spermatocytes (71 ± 5:
1). One primary spermatocyte gave rise to almost two sperma-
tids. The number of primary spermatocytes/cyst, i.e. 326 ± 99
(Tab. I) suggested that theoretically at least eight spermatogo-
nial generations (range = 8-10) were completed before giving
rise to primary spermatocytes.

Table I. Cell parameters of trahira primary spermatocyte and
spermatid cysts (mean ± standard error; three fish, five cysts of
each germinal cell type/fish; values in parenthesis indicate range).

Parameter Value

Cysts of primary spermatocytes

Number of Sertoli cells 4.5 ± 1.1 (1-9)

Number of germinal cells 326 ± 99 (129-627)

Cysts of spermatids

Number of Sertoli cells 4.3 ± 0.8 (1-12)

Number of germinal cells 468 ± 73 (150-970)

Sertoli cell supporting capacity

Primary spermatocytes: Sertoli cell 71 ± 5: 1

Spermatids: Sertoli cell 113,3 ± 16: 1

Meiotic index

Spermatids: primary spermatocyte 1.9 ± 0.8: 1
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DISCUSSION

The cystic arrangement of the trahira testis was similar
to that found in most teleosts (BILLARD 1986, MIURA 1999, GRIER

& NEIDIG 2000) and its histology corresponded to the descrip-
tion given by MARQUES et al. (2000). The seminiferous tubule
arrangement is of the anastomosing lobular type (PARENTI &
GRIER 2004) in which the germinal compartment does not end
in the testis periphery but forms highly branched loops or tu-
bules. The number of germinal cells supported by the Sertoli
cell is a good indication of the functional efficiency of this
somatic cell (MATTA et al. 2002). The ratio spermatids: Sertoli
cells in the trahira of the present work was very similar to that
of the teleost Nile tilapia Oreochromis niloticus (MATTA et al. 2002).
Our findings corroborated the statement that the teleost cystic
arrangement is more efficient than that of mammals in which
the Sertoli cells are dispersed in the seminiferous epithelium
(MATTA et al. 2002, VILELA et al. 2003). In the Nile tilapia, ap-
proximately 2.5 spermatids are formed from each primary sper-
matocyte, which represents less than 40% of cell loss (MATTA et
al. 2002). In trahira, cell loss reached a higher value being
slightly above 50%. In mammals, apoptosis of germinal cells is
part of the physiological spermatogenesis activity, occurring
spontaneously in several stages of cell development (ROOSEN-
RUNGE 1977). It plays an important role in homeostasis during
the spermatogenic process leading to spermatic production
characteristics of different animal groups (FRANÇA & RUSSELL 1998,
CHAVES-POZO et al. 2005, SASSO-CERRI et al. 2006). The occurrence
of apoptosis in primary spermatocyte cysts of the trahira rises

the question, not addressed in this paper, of its role the sper-
matogenic process of this teleost.

Knowledge of the number of spermatogonial generations
is essential to better understand the regulatory mechanisms of
spermatogenesis (DE ROOIJ & RUSSELL 2000). In mammals, from
two to six mitotic divisions are necessary to produce primary
spermatocytes (FRANÇA & RUSSELL 1998). Studies of teleosts with
external fertilization indicate that the process takes five to ten
generations of spermatogonia to produce primary spermatocytes
(MIURA 1999, MIURA et al. 1991, ANDO et al. 2000, MATTA et al. 2002).
In the guppy, Poecilia reticulata, a species of internal fertilization,
14 spermatogonial divisions are necessary to produce primary
spermatocytes (BILLARD 1986). Concerning primary spermatocytes,
approximately 50% of the trahira cysts contained a number of
cells derived from, at least, eight mitotic divisions; in the remain-
ing cysts such numbers were either nine or ten. It is still not clear
whether the number of mitotic divisions is environment-con-
trolled and/or an inherent property of stem-spermatogonia (MIURA

1999). Determination of the spermatogenic efficiency in differ-
ent groups of fish would be valuable to better understand their
reproductive strategies and related ecological issues.
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Figure 1. Transverse section of a seminiferous tubule (= lobule) of
trahira Hoplias malabaricus. Cysts of spermatogonia (SPG), primary
spermatocytes (PST), secondary spermatocytes (SST) and
spermatids (SPD) in the trahira seminiferous tubule wall; Sertoli
cell nuclei (S) located at the cyst periphery; seminiferous tubule
lumen contains few spermatozoa (only spermatozoon heads,
stained in black, are seen, Z). Bar = 25 µm.
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