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Abstract

In most Teleostei fish, the gametogenesis is a cyclical and seasonal event. The renewal of
gametes, through their differentiation, development, maturation and release causes several
changes in the morphological characteristics of the ovaries and testes throughout the annual
reproductive cycles. These alterations are used to recognize different phases in the
reproductive cycles. However, as the number of studies of fish reproduction increased, the
number of types of gonadal classification and nomenclatures also diversified. This may make
it difficult to communication between researchers and the aquaculture activity, since the
recognition of these phases is one of the most important parameters applied in the
management of fishery resources. In addition, the terminologies proposed in most of the
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current studies refer to reproductive stages applicable to marine fish, with marked and
defined seasonality characteristics. In this way, this report presents a recent proposal for the
recognition of reproductive phases originally developed for the Perciformes and here adapted
for the Neotropical Siluriformes, using as a biological model a freshwater catfish Rhamdia
quelen. In addition, we describe a brief characterization of the gametogenesis in this species.
We hope that the material presented can be used as an easy and practical guide of
identification for reproductive phases applicable to other neotropical freshwater fish, more
especially Otophysi, such as Siluriformes.

Keywords: reproductive phases, gametogenesis, gonads, freshwater fish, germinal
epithelium, Ostariophysi

1. Introduction

Teleostei fish are the group with the highest number of species and the most diverse of all
vertebrates. They dominate the world's rivers, lakes and oceans (Nelson, et al., 2016),
presenting a great diversity of habitat. As a consequence, they constitute an extremely
heterogeneous group in terms of anatomy, behavior and ecology (Nelson et al., 2016), in
addition to presenting several reproductive strategies (Mann et al., 1984; Vazzoler, 1996).
They are predominantly dioic and most of them have cyclical and seasonal reproduction, that
is, both gonadal development and maturation of the gametes occur mainly at a certain time of
the year, being frequently associated with a season (Vazzoler, 1996). Under favorable
conditions, the gametes are released in a single or parceled form, and the reproduction of the
species occurs. Thus, the gonadal development of the fish is cyclic and it accompanies the
annual reproductive seasons. Throughout each reproductive cycle, the renewal of germ cells,
their differentiation, development, maturation and release result in gonadal changes that
characterize different reproductive phases, which is one of the parameters used in the
management of fishing resources and reproductive handling of species (Lowerre-Barbieri et
al., 2011 for review).

Among Teleostei, about 24% of species occupy neotropical freshwater (Vari and Malabarba,
1998), with the neotropical region being the richest in the number of freshwater fish species
in the world (Albert and Reis, 2011). The neotropical ichthyofauna also represents the
greatest diversity of species in the world, with approximately 9000 species (Malabarba and
Malabarba, 2020).

The development of the neotropical fish gonads, as well as the other Teleostei, can be seen
macroscopically, and changes in the shape, size, color and texture of the ovaries or testes
have been used as parameters for the classification of the stage of maturation in which they
are found. In studies on the reproductive biology of neotropical fish, the gonadal
development of animals able for reproduction has been classified as: inactive, maturing,
maturation or spawning, and spent or partially spent gonads, depending on the type of
fecundity of the species considered (Vazzoler, 1996).

However, the histological analyses of these gonads has shown that the development of the
germ cells is often discordant with the macroscopic classification of the gonad, since the
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stages of oocyte development and spermatogenesis determine the different reproductive
phases, as well as the aspect of the gonad itself (Brown-Peterson et al., 2011 for review). In
this regard, most studies on gonadal morphology and reproductive cycle in neotropical fish
use standard terminology applied to non-tropical fish, often marine species, which have a
very defined reproductive cycle, according to the seasons. The reflection of the climate
changes on the gonadal phenotype throughout the seasons facilitates the classification of the
gonads in specific reproductive phases. In neotropical fish, this classification is difficult due
to the fact that the gonads do not present defined development patterns, as a consequence of
poorly defined annual seasons in tropical countries. Thus, in species that occupy neotropical
freshwater, the gametic cells are found in different stages of development, throughout the
reproductive cycle. Therefore, defining them in a specific reproductive phase becomes a
challenge.

In this context, in order to facilitate the understanding of the tools used in the studies of the
reproductive biology of neotropical fish, we describe here the main events that occur in the
gonads of Rhamdia quelen species, representing one of the main neotropical freshwater
teleosts. R. quelen is an Ostariophysi belonging to the order Siluriformes, known as catfish
(Bockmann, 1998). These representatives are quite hardy such and adaptable for artificial
spawning and handling. They possess many characteristics necessary for aquaculture
including relatively high fecundity, ability for artificial spawning, adaptability to earthen
ponds for culture and high tolerance to biotic and abiotic factors (Jin et al., 2016). These
characteristics make catfish one of the most popular groups of fish for aquaculture. Besides,
Siluriformes is one of the largest orders of Teleostei; they are highly diverse and distributed
worldwide containing approximately 4100 species, representing 12% of all Teleostei (Jin et
al., 2016; Nelson et al., 2016) and 37.1% of the neotropical fish fauna (Malabarba and
Malabarba, 2020). They are commonly found in inland or coastal waters of all continents,
being most abundantly distributed in the tropics of South America, Africa and Asia (Jin et al.,
2016).

In the same way, R. quelen has been widely recorded from the Brazilian Atlantic Coastal
rivers, being considered a species complex (Angrizani and Malabarba, 2018).

Thus, due to the worldwide distribution and diversity of the catfish, R. quelen is interesting
biological model to studies about reproductive cycle of neotropical catfishes. When
addressing the dynamics of the organization and development of the germ cells of R. quelen,
as well as the main parameters used in the classification of gonadal structure and germinal
epithelium in both sexes, we hope to provide a simplified study guide that facilitates the
identification of different cell types, structures gonadal and reproductive phases applicable to
neotropical freshwater species, more especially, Otophysi. The correspondences of the names
of the reproductive phases for the previously used names and their histological
characterization were also adapted here so that these phases can be applied to Otophysi.
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2. Method
2.1 Animals

The juveniles of Rhamdia quelen, obtained by artificial reproduction, were reared under
natural temperature and photoperiod conditions, and were fed daily with commercial feed
containing 32% crude protein, 9% crude fiber, 9% minerals, 6% lipids and 250mg/kg vitamin
C. The experiment was performed for 24 months (January 2012 — December 2013) and at
least 4 females and 4 males were randomly sampled every month, in a total of 200 specimens.
The sampling was initiated in animals with a year old. The fishes were anesthetized with
0.1% benzocaine and euthanized according to the institutional animal care protocols and
approval (375/2011 - CEUA - IBB/UNESP). The dissected gonads were fixed by immersion
in fixative solution for histological analyzes.

2.2 Macroscopic Characterization and Sample Preparation for Light Microscopy

After dissection of the gonads, the ovaries and testes of R. quelen were used for macroscopic
characterization of the reproductive phases. For histology, the gonads of R. quelen were fixed
by immersion in 2% glutaraldehyde and 4% paraformaldehyde in Sorensen’s phosphate
buffer (0.1 M, pH 7.2) for at least 24 h. Samples were dehydrated in ethanol and embedded in
Historesin (Leica HistoResin®). Cross sections (3um) were stained with Hematoxylin-Eosin.
The material was evaluated for developmental stages of the germinal epithelium and
characterization of reproductive phases, according to Brown-Peterson and collaborators
(2011). The gonads and sections were documented using a photographic camera (Sony Cyber
Shot Dsc-H10) and computerized image analyzer (Leica LAS Interactive Measurements),
respectively. Schemes were drawn based on the observed histological characteristics, using
an image editor (CoreDRAW Graphics-Suite-X5).

3. The Origin of the Gametes in Teleost Fish

In Teleostei, including Rhamdia quelen, the gametogenesis begins from oogonia (Figure 1) or
spermatogonia (Figure 2) in the germinal epithelium of the ovarian lamellae in female or in
the germinal epithelium of the seminiferous tubules (testicular tubules) in male, respectively
(Grier, 2002). In both sexes, undifferentiated oogonia surrounded by the cytoplasmic
projections of the pre-follicle cells (Quagio-Grassiotto et al., 2011) (Figure 1A-C, A’-C’), and
undifferentiated spermatogonia surrounded by the cytoplasmic projections of the Sertoli cells
(see Schulz et al., 2010 for review) (Figure 2 A-C, A’-C’) have a discontinuous distribution in
the germinal epithelium.

The self-renewal (by mitosis) of these undifferentiated germ cells ensures the continuous
production of gametes in the females and males of teleost fish (Schulz et al., 2010;
Quagio-Grassiotto et al., 2011, 2013). Oogonia and spermatogonia resulting from mitotic
divisions are progressively enveloped by pre-follicle cells (Nakamura et al., 2010, 2011;
Quagio-Grassiotto et al.,, 2011) and by Sertoli cells (Schulz et al., 2010), respectively,
forming germline cysts (Figure 1 D-E, D’-E’ and 2 C-D, C’-D’). Within the cysts of females
and males, the now differentiated oogonia and the generations of undifferentiated and
differentiated spermatogonia continue undergoing mitosis, forming a cluster of
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interconnected cells, called germline cyst in females (Pepling et al., 1999) and spermatocyst
in males (see Grier and Uribe-Aranzdbal, 2009 for review). After a certain number of mitotic
cycles, still inside the cysts, the differentiated oogonia, as well as the latest generation of
differentiated spermatogonia, enter meiosis, giving rise to the oocytes and spermatocytes,
respectively, which remain interconnected by intercellular bridges (Schulz et al., 2010;
Quagio-Grassiotto et al., 2011, 2013).

In females, the meiosis of the oocytes progresses (Figure 1 F-L, F’-D’) and it is stationed in
late diplotene, when intercellular bridges are broken by pre-follicle cells, with consequent
individualization of the oocytes (Quagio-Grassiotto et al., 2011), giving rise to ovarian
follicles (Mazzoni et al., 2010; Mazzoni and Quagio-Grassiotto, 2017). These cells, now
called follicle cells, synthesize their own basement membrane (Fran@ et al., 2010; Mazzoni
et al., 2010), In this way, the follicle cells remain attached for a certain extent to the basement
membrane of the lamellar epithelium. Cells from the ovarian stroma surround the ovarian
follicles forming the theca. The oocytes accumulate yolk globules, develop and mature inside
the follicles, segregated from the ovarian stroma by the basement membrane (Grier et al.,
2009; Nakamura et al., 2010; Quagio-Grassiotto et al., 2010; Mazzoni and Quagio-Grassiotto,
2017). Meiosis is resumed at the end of maturation and it is only completed with fertilization.
Ovulation occurs near the shared region of the basement membrane between the ovarian
follicle and the lamellar epithelium. The oocyte development in R. quelen is illustrated in the
Figures 3, 4 and 5.

In R. quelen males, as in most teleost fish, the meiosis is completed within the spermatocysts
(Figure 2). Then, the differentiation of gametes occurs, even inside these cysts (Grier and
Uribe-Aranzdbal, 2009; Schulz et al., 2010). In some species, spermatogenesis is semi-cystic.
In this case, the cysts open at the end of meiosis and spermatocytes are released into the
luminal compartment of the testis. Thus, the spermatogenesis is completed in testicular lumen
(see Jamieson, 2009 for review). The opening of the cysts can also occur during
spermiogenesis, and the final sperm differentiation is finished in the luminal compartment
(Quagio-Grassiotto et al., 2012). In males, regardless of the type of spermatogenesis (cystic
or semi-cystic), all gametes development occurs segregated from the interstitial compartment
of the testes by the basement membrane (Grier and Uribe-Aranz&bal, 2009; Schulz et al.,
2010; Mazzoni et al., 2014). The spermatogenesis in R. quelen is illustrated in the Figure 2.

4. Reproductive Phases

The nomenclatures used for each reproductive period are still quite diverse, although there is
a certain worldwide consensus considering the events that occur during the reproductive
stages in fish. Thus, in an attempt to universalize these nomenclatures Brown-Peterson and
collaborators (2011) presented a proposal for characterizing the Reproductive Phases of the
teleosts, considering together macro and microscopic aspects of the gonads throughout the
reproductive cycle.
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Figure 1. Folliculogenesis in Rhamdia quelen. A-L) Histological sections of the ovary,
showing the cell nests region in the germinal epithelium. A'-L") Schemes of the steps of the
Folliculogenesis presented in A-L. A and A') Undifferentiated oogonium surrounded by
epithelial cells. B and B') Proliferation of undifferentiated oogonium. C and C') Nest
formation, consisting of numerous undifferentiated oogonia. D and D') Differentiated oogonia
surrounded by pre-follicle cells, forming a germline cyst. E and E') Cyst of differentiated
oogonia, delimited by pre-follicle cells. F and F') Cyst of leptotene oocyte. G and G') Cyst of
zygotene oocyte. H and H') Cyst of early pachytene oocyte. Note that the cyst is still
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delimited by pre-follicle cells. Staining: HE. | and I) Cyst of late pachytene oocyte being
invaded by pre-follicle cells. J and J') early diplotene oocytes already individualized by
follicle cells. K and K") Newly formed follicles, formed by diplotene oocytes and follicle
cells. L and L") Diplotene oocyte leaves the cell nest to enter into primary growth. Note in
A'-L' the presence of the basement membrane. The folliculogenesis process occurs above the
basement membrane, in the germinal epithelium. Ovarian lumen (lu), epithelial cell (ec),
undifferentiated oogonia (ung), primary growth oocyte (pg), metaphase (m), nest (ne),
differentiated oogonia (dg), pre-follicle cell (pf), cyst (cy), leptotene oocyte (lo), zygotene
oocyte (zo), early pachytene oocyte (epo), late pachytene oocyte (Ipo) , early diplotene oocyte
(edo), follicle cell (f), diplotene oocyte (do), nucleus (n), nucleolus (nu), basement membrane
(bm), cytoplasmic bridge (cb). Staining: HE.

As a result of an extensive revision work in the area, these authors proposed 4 sequential
phases throughout the reproductive cycle of individuals able to reproduce: Developing,
Spawning-capable, Regressing and Regenerating Phases, considering only sexually mature
animals. Thus, according to these criteria, immature gonads would be disregarded, since they
belong to individuals who are not able to reproduce yet, that is, young individuals, who do
not show a current reproductive cycle (Brown-Peterson et al., 2011).

This proposal was initially developed for seawater Perciformes, although it is easily
adaptable for the other Teleostei. However, especially among neotropical species, the
researchers find some resistance in using it, either due to lack of knowledge of the proposal
or even due to the difficulty in applying the data of its species to these reproductive phases.
This fact is mainly due to the difficulty in classifying the gonadal stages of species from
tropical regions, that present poorly defined seasons. For example, the gonadal stages of
species that have multiple and asynchronous spawning (Winemiller, 1989), as in the case of
Rhamdia quelen (Narahara et al., 1989) are confused due to the different characteristics
presented by the gonads in the same period of the reproductive cycle. Thus, in making small
adaptations to the proposal of Brown-Peterson and collaborators, this work can provide a
great benefit to studies related to the reproductive biology of neotropical species, such as
catfish. In this report, the correspondences of the names of the reproductive phases, according
to Brown-Peterson and collaborators (2011) for the previously used names and their
histological characterization were transcribed, adapted and illustrated so that these phases can
be applied to Ostariophysi in general, using a representative of the order Siluriformes, the
catfish R. quelen. A previous report described by this same research group was proposed for
other neotropical Otophysi (Siluriformes and Characiformes) (Quagio-Grassiotto et al., 2013),
showing that this adaptation is perfectly executable.

Different structural aspects of male and female gonads are used to classify gonadal stages
throughout the reproductive cycle. However, these aspects are not the same when analyzing
an ovary or testis. For example, the characterization of the reproductive phases in the
Teleostei females does not use the same criteria applied to males that considers the changes
of the male germinal epithelium (alternating from continuous to discontinuous epithelium)
throughout their reproductive cycle.
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Figure 2. Spermatogenesis in Rhamdia quelen. A-1) Histological sections of the testis,
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showing the spermatocysts and male gametes cells in the germinal epithelium. A'-L')
Schemes of the steps of the Spermatogenesis presented in A-L. A and A") Seminiferous tubule,
showing the luminal compartment with spermatozoa. The germinal epithelium is continuous,
formed by distinct spermatocysts. B and B') Isolated undifferentiated and differentiated
spermatogonium. C and C') Cysts of spermatogonia, formed by undifferentiated and
differentiated spermatogonium. D and D') Differentiated spermatogonium surrounded by
Serloti cell, forming a cyst. Cyst of primary spermatocytes. E and E') Cyst of spermatocytes,
with a larger number of cells. Note the presence of undifferentiated spermatogonia in the
germinal epithelium. The germinal epithelium rests on basement membrane. F and F') Cysts
of primary and secondary spermatocytes. Secondary spermatocytes can be recognized by the
nuclear division figures. G and G') Cyst of early spermatids. H and H') Cyst of late
spermatids. Note that flagella in formation of the spermatids can be observed. I and I')
Luminal compartment of testicular tubule (seminiferous tubule) completely filled with
spermatozoa. The germinal epithelium shows discontinuous. Germinal epithelium (ge),
testicular lumen (lu), interstitium (in), spermatozoa (z), spermatocyte (c), undifferentiated
spermatogonium (ung), differentiated spermatogonium (dg), Sertoli cell (S), nucleus (n),
primary spermatocyte (pc), secondary spermatocyte (sc), basement membrane (bm),
metaphase (m), spermatid (st), early spermatid (est), late spermatid (lst), discontinuous
epithelium (de), nucleolus (nu). Staining: HE.

In females of R. quelen, as in the other Teleostei, the female germinal epithelium that borders
the ovarian lamellae is always discontinuous throughout the reproductive cycle, since
oogonium is dispersed in the lamellar epithelium, as well as the cell nests, resulting from its
proliferation by mitosis and/or entrance into meiosis. These cellular aggregates form cell
niches, i.e., regions formed by undifferentiated oogonia, cysts containing differentiated
oogonia and cysts containing the early prophase oocytes. Thus, as a consequence of the
existence of a permanently discontinuous female germinal epithelium, the reproductive
phases in females are defined mainly based on the stages of oocyte development (Taylor et al.,
1998; Brown-Peterson et al., 2011), although the proliferation and entry into meiosis of the
germline cells begin gradually during Regressing Phase. In addition, these cell events are
more intense in some specific phases of the reproductive cycle such as Regenerating and
Development, and rarer during the Spawning Phase (Wildner et al., 2013). This means that
the expansion of the cell nests occurs during the renewal of the ovarian tissue, after the end of
a complete reproductive cycle and resumption of the process for a new spawning. The
classifications and associated terminologies to describe female reproductive development in
fishes has been adapted to R. quelen (Table 1).

In males, the histological characterization of the reproductive phases is based on the changes
that occur in the epithelium of the seminiferous tubules throughout the reproductive cycle,
considering the presence or absence of spermatocysts and the type of germ cells contained in
these present spermatocysts. When the germinal epithelium of the testicular tubules is
completely taken up by spermatocysts, it is said to be continuous. As the gonad develops and
spermatogenesis advances and it is completed, the spermatocysts break open to release the
spermatozoa in the testicular lumen. As a result of the non-replacement of the spermatocysts,
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the germinal epithelium gradually becomes formed only by Sertoli cells and, in this case, it is
said to be discontinuous (Brown-Peterson et al., 2002; Grier and Uribe-Aranzabal, 2009;
Brown- Peterson et al., 2011). Based on these changes in the germinal epithelium, the male
reproductive phases were defined here for R. quelen, extending to the other neotropical
Ostariophysi. The classifications and associated terminologies to describe male reproductive
development in fishes has been adapted to R. quelen (Table 2).

Figure 3. Oogenesis in Rhamdia quelen. A-D) Primary growth oocyte. C) Detail of B,
showing the follicle envelopes of oocyte. At this stage, the follicle cells are squamous. Note

the loss of cytoplasmic basophilia throughout primary growth. E) Secondary growth oocyte
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with initial vitellogenesis. F) Detail of E, showing the oocyte wraps. Note the presence of a
small amount of secretion vesicles in the follicular cells. G) Oocyte in secondary growth with
intermediate vitellogenesis. H) Detail of G, showing the follicle envelopes of oocyte. Note
the presence of secretory vesicles in the follicle cells, which become cubic. 1) Secondary
growth oocyte (full-grown oocyte), with final vitellogenesis. The nucleus remains central. J)
Mature oocyte, with eccentric nucleus. K) Detail of I, showing the follicle envelopes of
oocyte. Both oocytes shown in I and J have cylindrical follicle cells, with a large amount of
secretory vesicles. Its nucleus is basal. L) Postovulatory complex formed after release of the
female gamete. The complex is formed by follicle cells, basement membrane and thecal cells.
M) Atretic follicle, with irregular contour and partially liquefied yolk globules. Note the
breakdown of follicle envelope. Germinal epithelium (ge), nucleus (n), nucleolus (nu),
follicle cell (f), follicle complex (fc), Balbiani body (Bb), blood vessel (bv), theca (t), yolk
globule (y), zona pellucida (zp), cortical alveolus (ca), ovarian lumen (lu), postovulatory
complex (poc). Staining: HE.

Figure 4. Scheme of the oogenesis in Rhamdia quelen. A-C) Primary growth oocytes. At this
stage, the follicle cells are squamous. Note the loss of cytoplasmic basophilia throughout
primary growth. D) Secondary growth oocytes with initial vitellogenesis. E) Secondary
growth oocyte with intermediate vitellogenesis. F) Secondary growth oocyte (full-grown
oocyte), with final vitellogenesis. The nucleus remains central. G) Mature oocyte, with
eccentric nucleus. Nucleus (n), nucleolus (nu), follicle cell (f), Balbiani body (Bb), follicle
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cell (), theca (t), yolk globule (y), zona pellucida (zp), cortical alveolus (ca).

A\\ Mac rOth i “k Agquatic Science and Technology

Figure 5. Scheme of follicle complex envelope of the oocyte during the oogenesis in
Rhamdia quelen. A) Follicle complex of a primary growth oocyte (A-inset), formed by
squamous follicle cells and a thin basement membrane. Pre-thecal cells will differentiate into
theca when they contact the ovarian follicle. B and C) Follicle complex of a primary growth
oocyte with cracked cytoplasm (B-inset, C-inset), formed by squamous follicle cells and thin
basement membrane. Follicle cells initiate the production of secretory vesicles. The theca is
formed by two layers: internal theca (vascularized layer) and external theca. D) Follicle
complex of a secondary growth oocyte with initial vitellogenesis (D-inset). The complex is
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formed by follicle cells, basement membrane and theca cells. E) Follicle complex of a
secondary growth oocyte with intermediate vitellogenesis (E-inset). The complex is formed
by cubic follicle cells, basement membrane and theca cells. F) Follicle complex of a
full-grown oocyte, with final vitellogenesis (F-inset). The complex is formed by cylindrical
follicle cells, basement membrane and theca cells. Note the large amount of secretory vesicles
in to follicle cells, that present basal nucleus. Nucleus (n), follicle cell (f), basement
membrane (bm), pre-thecal cell (pt), blood vessel (bv), internal theca (it), external theca (et),
zona pellucida (zp), yolk globule (y), cortical alveolus (ca), secretory vesicles (sv).
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Figure 6. Characterization of the Female Reproductive Phases of Ramdia quelen. A-D)
Developing Phase. A) Macroscopic view of the ovary in longitudinal and cross section. B)
Cross section of the ovary. C) Detail of B, showing the ovigerous lamellae of the ovary,
composed of oocytes in different growth stages (primary and secondary growth oocytes). D)
Scheme of an ovary region in the Developing Phase, composed of primary and secondary
growth oocytes. E-H) Spawning-capable Phase. E) Macroscopic view of the ovary in
longitudinal and cross section. F) Cross section of the ovary. G) Detail of F, showing the
ovigerous lamellae of the ovary, composed mainly of full-grown oocytes (in final
vitellogenesis). H) Scheme of an ovary region in the Spawning-capable Phase, composed
mainly of full-grown oocytes. Note the presence of primary growth oocytes (pre-vitellogenic
oocytes). I-M) Actively Spawning Subphase. 1) Macroscopic view of the ovary in
longitudinal and cross section. J) Cross section of the ovary. K and L) Details of J, showing
an oocyte with eccentric nucleus (mature oocyte) in K and a large amount of postovulatory
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complexes in L. M) Scheme of an ovary region in the Actively Spawning Subphase,
composed mainly of mature oocytes and a large number of postovulatory complexes. Note
the ovarian stroma more developed in relation to the previous phase. N-Q) Regressing Phase.
N) Macroscopic view of the ovary in longitudinal and cross section. O) Cross section of the
ovary. P) Detail of O, showing the ovigerous lamellae of the ovary, composed of a large
amount of pre-vitellogenic oocytes and some atretic follicles. Q) Scheme of an ovary region
in the Regressing Phase, composed mainly of pre-vitellogenic oocytes, some atretic follicles
and postovulatory complexes. Note the developed ovarian stroma. R-U) Ovary in the
Regenerating Phase. R) Macroscopic view of the ovary in longitudinal and cross section. S)
Cross section of the ovary. T) Detail of S, showing the ovigerous lamellae of the ovary,
formed only by pre-vitellogenic oocytes. U) Scheme of an ovary region in the Regenerating
Phase, composed of pre-vitellogenic oocytes. Ovary (ov), tunica albuginea (ta), ovigerous
lamellae (la), ovarian lumen (lu), germinal epithelium (ge) , secondary growth oocyte in early
vitellogenesis (esg), secondary growth oocyte in intermediate vitellogenesis (isg), secondary
growth oocyte in final vitellogenesis (full-grown oocyte) (fg), primary growth oocyte (pg),
nucleus (n), mature oocyte (mo), postovulatory complex (poc), ovarian stroma (0s), atretic
follicle (af). Staining: HE.

Figure 7. Characterization of the Male Reproductive Phases of Rhamdia quelen. A-D)
Developing Phase. A) Macroscopic view of the testis. B) Longitudinal section of the testis. C)
Detail of B, showing testicular tubules. The germinal epithelium of the tubules is continuous,
consisting of cysts of spermatogonia, spermatocytes and spermatids. There are no sperm in
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the testicular lumen. D) Scheme of a testis region in the Developing Phase. Note the
basement membrane separating the germinal and interstitial compartments. E-H)
Extruding-capable Phase. E) Macroscopic view of the testis. F: Longitudinal section of the
testis. G) Detail of F, showing testicular tubules. The germinal epithelium of the tubules is
continuous, formed by cysts of spermatogonia, spermatocytes and spermatids. There are a lot
of sperm in the testicular lumen. H) Scheme of a testis region in the Extruding-capable Phase.
Note the basement membrane separating the germinal and interstitial compartments. 1-L)
Actively Extruding subphase. I) Macroscopic view of the testis. J) Longitudinal section of the
testis. K) Detail of J, showing anastomosing testicular tubules. The germinal epithelium of
the tubules is discontinuous, formed by few germline cysts. There are a lot of sperm in the
testicular lumen. L) Scheme of a testis region in the Actively Extruding Subphase. Note the
discontinuity of the germinal epithelium. M-P) Regressing phase. M) Macroscopic view of
the testis. N) Longitudinal section of the testis. O) Detail of N, showing testicular tubules.
The germinal epithelium of the tubules is continuous, formed mainly by cysts of
spermatogonia. Residual sperm are noted in the testicular lumen. Note the interstitial
compartment more developed in relation to the previous phase. P) Scheme of a testis region
in the Regressing phase. Note the continuity of the germinal epithelium and the presence of
residual sperm. Q-T) Testis in the Regenerating Phase. Q) Macroscopic view of the testis. R)
Longitudinal section of the testis. S) Detail of R, showing testicular tubules. The germinal
epithelium of the tubules is continuous, consisting only of cysts of spermatogonia. There are
no sperm in the lumen, which is quite small. Note the developed interstitium. T) Scheme of a
testis region in the Regenerating Phase. Note the continuity of the germinal epithelium,
formed only by spermatogonia. Fringes (fr), spermatic duct (du), spermatogonia (g),
interstitium (in), spermatocyte (c), spermatid (st), spermatozoa (z), continuous germinal
epithelium (ce), Sertoli cell (S), testicular lumen (lu), discontinuous germinal epithelium (de),
basement membrane (bm), metaphase (m). Staining: HE.

\ MacrOthi“k Agquatic Science and Technology

Although the reproductive period of both R. quelen and any other species may vary according
to water conditions, temperature, food, management, etc., it is a consensus among the authors
that this catfish shows two reproductive peaks per year (spring and summer) and multiple
spawning (Narahara et al., 1989; Gomes et al., 2000). In other words, although the
reproductive period may vary, depending on the conditions of the study, the gonadal
morphological events and changes that classify the reproductive phases are very similar.

5. Conclusions

The proposal presented here for the use of a new classification of reproductive phases applied
to neotropical fish hopes to facilitate the identification of gonadal structures in species that do
not have reproductive cycles divided into defined reproductive periods. We hope that the
schemes of the reproductive phases, as well as the drawing of the gametic cells can clarify
understanding of the gonadal structure of the most diverse species of neotropical teleosts.
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Table 1*. Macroscopic and microscopic descriptions of the phases in the female reproductive
cycle of Rhamdia quelen

Previous
Terminolo . . . -
PHASE gy Ovaries - Macro and Microscopic Characteristics
(reproductive
period)
IMMATURE Immature Small and clear ovaries. Only oogonia and primary growth
u
(never reproduced) oocytes present; no atresia. Thin tunica albuginea.
Maturing
Early
DEVELOPING Vitellogenesis Enlarging ovaries, blood vessels becoming more distinct.
(fish are not ready to Primary growth oocytes and early vitellogenic oocytes
reproduce) Final present. No evidence of postovulatory complexes or
Figure 6A-D Vitellogenesis full-grown oocytes. Some atresia can be present.
(late winter /
early spring)
Mat Large ovaries; blood vessels prominent. Individual oocytes
ature
SPAWNING visible macroscopically. Full-grown oocytes present.
CAPABLE . Some atretic follicles and postovulatory complexes can be
. Spawning
(fish are able to present.
reproduce in this .
(spring / early . ) . . .
cycle) ) Actively Spawning Subphase: final maturing oocytes; its
summer
Figure 6E-H nucleus becomes eccentric.
Figure 61-M
Spent
REGRESSING . . . . .
. . Flaccid ovaries, blood vessels prominent. Atretic follicles
(cessation of Post-spawning . .
. and postovulatory complexes present. Vitellogenic oocytes
spawning)
. . can be present.
Figure 6N-Q (late spring
to early autumn)
Regressed
REGENERATING . . . .
Small ovaries, thick tunica albuginea, blood vessels
(sexually mature, . .
. Inactive reduced. Only oogonia and early prophase oocytes present.
reproductively . .
L Atretic follicles and postovulatory complexes may be
inactive)
) (autumn / present.
Figure 6R-U .
winter)

The reproductive period reported here is in agreement with the data observed by Barcellos et
al. (2001) in females. *Adapted from Brown-Peterson et al. (2011) and Quagio-Grassiotto et

al. (2013).
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Table 2*. Macroscopic and microscopic descriptions of the phases in the male reproductive
cycle of Rhamdia quelen

Previous
Terminolo . . -
PHASE gy Testes - Macro and Microscopic Characteristics
(reproductive
period)
IMMATURE | ; Small testes, often clear and threadlike. Only
mmature
(never reproduced) spermatogonia present. Reduced testicular lumen.
Maturing
Early Small testes but easily identified. Beginning of
DEVELOPING . . .
. developing spermatogenesis. Spermatocysts of spermatogonia,
(fish are not ready to . .
duce) primary and secondary spermatocytes and spermatids
reproduce
. P Ripening present. Spermatozoa not present in testicular lumen.
Figure 7A-D . - .
Germinal epithelium continuous throughout.
(late winter /
early spring)
Large and firm testes. Spermatozoa in testicular lumen. All
Mat stages of the spermatogenesis (spermatogonia,
ature
EXTRUDING spermatocytes and spermatids) can be present in the
CAPABLE S . spermatocysts throughout testis. Active spermatogenesis.
awnin
(fish are able to P g Germinal epithelium can be continuous or discontinuous.
reproduce in this .
(spring / early . . . .
cycle) ) Actively Extruding Subphase: spermatozoa in testicular
summer
Figure 7E-H duct. Milt released with gentle pressure on abdomen
(macroscopic).
Figure 71-L
Spent
Small and flaccid testes, no milt release with pressure.
REGRESSING Regression Residual spermatozoa present in testicular lumen and duct.
(cessation of Scattered spermatocysts near periphery. Little
milt extrusion) Post-spawning spermatogenesis. Spermatogonial proliferation and
Figure 7TM-P regeneration of the germinal epithelium in periphery of
(late spring testes.
to early autumn)
Regressed Small testes, often threadlike. Testicular lumen often
REGENERATING . . . .
nonexistent. Proliferation of spermatogonia throughout
(sexually mature, . . o .
. Inactive testes. Germinal epithelium continuous throughout. No
reproductively . .
inactive) spermatocytes or spermatids. Small amount of residual
inactive
. (autumn / spermatozoa occasionally present in testicular lumen and
Figure 7Q-T .
winter) duct.
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The reproductive period reported here is in agreement with the data observed by Barcellos et
al. (2002) in males. *Adapted from Brown-Peterson et al. (2011) and Quagio-Grassiotto et al.
(2013).
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