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ABSTRACT

The Neotropical red discus fish, Symphysodon discus, originates from the Amazonian basin and has a
discoid body. Although this species is popularly used in aquaria and is exported as an ornamental fish, it
has not been intensively studied. The purpose of this work was to study the morphological and histological
aspects of the ovarian development in the red discus. Forty females of S. discus of varying body sizes and
different stages of gonadal development were used in this study. The ovaries were weighed and examined
macroscopically in order to observe the maturation stages. Histological staining of hematoxilin-eosin was
used for microscopic observations of the ovaries. Macroscopic observations showed immature, maturing,
mature and partially spent stages of ovarian development. Microscopic examination of the ovaries revealed
five stages and five phases of ovarian development. The ovaries of the mature females showed all the
different phases of oocyte development, indicating the multiple spawning habit of this species.

Keywords: Symphysodon discus, amazonian fish, Cichlidae, gonadal development.

RESUMO

Desenvolvimento ovariano do Acara Disco Amazonico,
Symphysodon discus Heckel (Osteichthyes: Cichlidae)

O acard disco, Symphysodon discus, € um ciclideo neotropical origindrio da bacia Amazdnica e seu
corpo apresenta formato discoidal. Embora esta espécie seja popularmente utilizada em aquariofilia e
exportada como peixe ornamental, ainda € pouco estudada. Este trabalho teve como objetivo estudar os
aspectos morfolégicos e histolgicos do desenvolvimento ovariano do acard disco. Para este estudo foram
utilizadas 40 fémeas de S. discus, de tamanhos diferentes, em vérias fases de desenvolvimento gonadal.
Os ovirios foram pesados e examinados macroscopicamente para observar os estddios de maturacao. Para
as observacgdes microscépicas dos ovarios foi utilizada colora¢do de hematoxilina-eosina. Os resultados
da andlise macroscépica apresentaram os estddios de desenvolvimento ovariano imaturo, em maturagao,
maduro e parcialmente esvaziado. A andlise microscépica dos ovdrios revelou cinco estddios e cinco fases
de desenvolvimento ovariano. Os ovdrios das fémeas maduras apresentaram todas as diferentes fases de
desenvolvimento ovocitdrio, indicando a desova multipla para a espécie estudada.

Palavras-chave: Symphysodon discus, peixe amazonico, Cichlidae, desenvolvimento ovariano.
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INTRODUCTION

The family Cichlidae (Order: Perciformes;
Class: Osteichthyes) consists of about 105 genera
with 1300 species of freshwater and estuarine fishes
(Keenleyside, 1991; Meijide & Guerrero, 1997).
Cichlids have a wide geographical distribution and
are natives of Africa (with 900 valid species and
more than 1300 estimated species), South America
(with 290 valid species), Central America (Cuba
and Hispania, with 4 valid species including some
estuarine species), North and Central America
(with 95 valid species), Asia (Southern India and
Sri Lanka, with 3 estuarine species), Madagascar
(with 17 wvalid species, some estuarine species),
Middle East (Jordan, with 4 species), Iran (one
species) and several regions of the USA (Kullander,
1998).

Kullander (1998) estimated that there are
290 valid species of cichlids in South America and
95 species in Central America. Lowe-McConnell
(1999) estimated around 400 species of Neotropical
cichlids grouped in 50 genera. The Neotropical
cichlids of South America are well represented in
the Amazonian/Guyanean region, in the Orinoco
region to the north and in the Paranean region
to the south, besides the rivers in eastern Brazil
(Keenleyside, 1991; Lowe-McConnell, 1991;
Kullander, 1997).

The Amazon basin includes an extensive
region covered by dense rain forest, an area
exceeding 2.5 x 106 km?, lying less than 200 m
above sea level. This complex basin forms a
heterogeneous environment, including lateral lakes
on the floodplain, nutrient-rich white water rivers
and nutrient-poor black water rivers. There are
also clear water rivers and rain forest rivers and
this region has a rainfall of 3000 mm. The cichlids
of the Amazon basin share its biotopes with non-
cichlid species (Keenleyside, 1991).

The red discus, Symphysodon discus Heckel,
1840 is a Neotropical cichlid which originates
from the igarapes (streams) of the Amazonian
basin, restricted to the lower regions of the
Negro, Abacaxis and Trombetas rivers. S. discus
lives mainly in clean and tranquil waters and is
a slow swimmer. This cichlid species belongs to
the Order Perciformes and to the Heroini lineage
(Kullander, 1998). Its commercial importance lies
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in its extensive use in aquaria and exportation as an
ornamental fish (Ferraz, 1999).

This species is strikingly unlike the other
cichlids due toits discoidal and laterally compressed
body form (Camara et al., 2002). Its reproductive
behavior is complex, involving competition for
territory and mates, courtship and parental care.
The males establish breeding territories utilizing
aquatic plants with wide leaves, to which the
females are attracted. Males defending territories
are more aggressive and gain priority in courting
females. Courtship provides an opportunity for
mate choice and also fulfils several mutually
compatible functions, such as orientation to the
spawning site and synchronization of the spawning
activities, so that gametes are released at the same
time (Camara & Chellappa, 2002).

Ornamental fish culture is gaining popularity
and hence there is a growing need for information
on the ecology, diet, behavior and reproduction of
these fish. Although the Neotropical cichlids are
very popular ornamental fish, scientific information
about their gonadal development and reproduction
is very limited, as in the case of the angel fish,
Pterophyllum scalare (Dias & Chellappa, 2003).

The reproductive process is an essential part
of the study the biology of species (Silva & Esper,
1991). Fishes exhibit the whole spectrum of life
history strategies in relation to spawning frequency.
In contrast with the semelparous species, which
spawn once in their life span, different spawning
modes occur in the iteroparous species. Some
species spawn once a year for several years, as
in total spawners, whereas others spawn several
batches within an annual cycle, as in multiple or
partial spawners (Wootton, 1990; Rinchard &
Kestmont, 1996). As such, an understanding of
the gonadal development and reproductive cycles
of fishes is of fundamental importance for the
conservation of natural stocks and for fish culture
purposes.

Various phases of gonadal development of
fishes have been studied to clarify the dynamics
and regulation of oogenesis (Potts & Wootton,
1984). Sex determination is possible only by
examining the gonads of fish species that do not
present any apparent sexual dimorphism, as in
the case of S. discus. Macroscopic characteristics
of the gonads involve the size, coloration, degree
of vascularization and appearance of the oocyte
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clusters. However, such observations alone are
insufficient to clarify the dynamics and regulation
of oogenesis. Hence, the histological study of the
gonads is of vital importance.

This paper reports on the morphological and
histological aspects of the ovarian development in
the Amazonian red discus, S. discus.

MATERIAL AND METHODS

Study area and sample collection

Female fishes of Symphysodon discus (Fig. 1)
used in this study were collected, with the help
of the local fisherman, from the igarapes of the
Negro River of the Amazon basin. Forty females
of S. discus of different sizes were used and the
sample size was sufficiently large to allow the
various biometric and histological variables to be
accurately estimated without depleting the natural
population.

This study was conducted from April 2002
to July 2003 in the Ichthyology Laboratory of the
Department of Oceanography and Limnology,
Federal University of Rio Grande do Norte, Natal,
RN, Brazil. The fishes were weighed (Quimis
Semi-analitica, Modelo QI-3000, precision + 1 g)
and their total lengths determined (+ 1 mm).
They were then dissected, sexed and the location

and general appearance of the ovaries were
recorded. Both ovaries were removed and weighed
(SAUTER, Model D-7470, precision + 0.1 mg). The
gonadosomatic index (GSI) was used to assess the
reproductive status (Wooton et al., 1978). GSI = 100
(wet wt of gonads in g) / (total body wet wt in g).

Ovarian analysis

To avoid possible variations in the devel-
opmental stages of oocytes due to their position in
the ovaries, histological examinations were carried
out on sections from the anterior (cephalic), middle
(central), and posterior (caudal) regions of both
ovaries. The ovaries were preserved in Bouin’s
solution and, after 24 h, were transferred to 50%
ethanol. The preserved ovaries were embedded
in paraffin, sectioned into 10 pum thick slices, and
stained with hematoxylin and eosin (Michalany,
1990). Three slides were prepared from different
parts of each ovary of each of the 40 fish to determine
if oocyte development was consistent along the
length of the ovary. Ovarian developmental stages
were assessed microscopically with the help of a
light microscope (Taimin, model TM 800) coupled
to a video camera (Kodo Digital). In addition, the
relative frequency of the different sizes of oocyte
was estimated by enumerating a subsample of the
different sized oocytes of each ovary (West, 1990).

Fig. 1 — Red discus, Symphysodon discus Heckel, 1840.
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The diameters of oocytes from all the ovaries were
measured with an ocular micrometer.

The terminology wused for staging the
individual oocytes based on their histological
appearance was adapted from Palmer et al. (1995)
and Vazzoler (1996).

RESULTS

Length, weight and GSI of females

Female fishes up to an average total length of
130.87mm (xSD 8.11) and an average total weight of
136.52 g (= SD 16.00) were immature and presented
a low mean GSI (0.02) value. Females having an
average total length of 134.44 mm (= SD 6.41)
and an average total weight of 134.06 g (+35.14)
were maturing and showed a slightly higher mean
value of GSI (0.06). The mature females with ripe
oocytes had an average total length of 134.00 mm
(= SD 0.01) and an average total weight of 167.50 g
(£ 2.40), and presented a high GSI (0.10). The
partially spent females presented low GSI values
(0.01) although they were larger, with an average
total length of 139.00 mm (= SD 0.01) and an
average total weight of 155.70 g (+ 0.01). Table 1

shows the average values of total length and weight,
and the GSI values of females in different stages of
ovarian development.

Ovarian macroscopic characteristics

The macroscopic observations showed the
ovary as a long and fusiform-paired organ situated
in the posterior-dorsal part of the celomic cavity,
ventral to the kidneys and the swim bladder, to
which it was attached by the mesovary originating
from the peritoneum. The mesovary is covered
with a thin capsule of fibrous conjunctive tissue,
the albugine tunica, which internally separates
the ovigerous lamella. The ovaries are free in the
anterior region, but are united in the posterior
region, forming the short oviduct, which opens into
the urogenital papilla beyond the anus. The left and
right ovaries of the red discus were symmetrical
in size. The macroscopic observations of the
ovaries of S. discus showed four stages of ovarian
development, as described in Table 2.

Ovarian microscopic characteristics
Microscopic examination of histological
sections of ovaries revealed five stages of ovarian

TABLE 1
Total length (Lt), total weight (Wt), Stage of gonadal maturity and
Gonadosomatic Index (GSI) of the females of red discus, S. discus.

Lt (mm) (x + SD) Wt (g) (x + SD) Stage of gonadal maturity GSI (x + SD)
130.87 + 8.11 136.52 + 16.00 Immature 0.02 +0.02
134.44 + 6.41 134.06 + 35.14 Maturing 0.06 + 0.02
134.00 + 0.01 167.50 + 2.40 Mature 0.10 + 0.01
139.00 + 0.01 155.70 + 0.01 Partially Spent 0.01 +0.01

TABLE 2
Macroscopic characteristics of the ovarian developmental stages in S. discus.

Stage of maturation Description

Immature The ovaries of young females are small, occupying less than 1/3 of the coelomic cavity,
thread-like, translucent, light yellow, with superficial blood vascularization. Oocytes were
not visible to the naked eye.

Maturing The ovaries are larger, occupying about 1/3 of the coelomic cavity, varying from yellow to
pinkish-orange, and intensely vascularized. Small opaque oocytes were visible to the naked eye.

Mature The ovaries occupy 1/2 of the coelomic cavity. Oocytes become larger as the development
proceeds, taking on a dark yellow hue resulting from the accumulation of yolk granules.
Numerous larger opaque oocytes with intense superficial vascularization were observed.

Partially Spent The ovaries were rather flaccid, occupying about half of the coelomic cavity.
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development and five phases of oocyte development.
The oocyte diameter varied, according to the
various stages of development, from 100 um to
1000 um. According to the frequency distribution
of the oocyte diameters, they were grouped into
four different size categories (0 to 250 um, 251
to 500 pm, 501 to 750 um and 751 to 1000 um).
The oocyte development was consistent along the
entire length of the ovary, depending on the degree
of ovarian maturation.

Stage I — Immature

During the first growth stage, young germ
cells compactly filled the ovaries of young females
(Fig. 2a). The oocyte showed a well-defined
spherical nucleus with clear nucleoplasm, thin
filaments of chromatic material, and sometimes
contained two or more nucleoli. As the oocyte
grew, the initially clear cytoplasm acquired a
basophilic nature, which became accentuated with
the development of the cell. The occurrence of
young germ cells was observed (Phase I), along
with the reserve stock of oocytes (Phase II).

Phase I — Chromatin nucleolar phase:
The small oocytes of germ lineage were found
embedded in follicular tissue as a result of
ovogonial differentiation. Clusters of oocytes were
found lying just beneath the ovigerous lamella, and
had a large nucleus occupying the greater part of
the oocyte. One or more nucleoli were observed
within the nucleus. The nucleus showed little
affinity to stains in comparison with the cytoplasm.
The immature oocytes had basophilic cytoplasm
and were characterized by the total absence of
yolk. A fine layer of conjunctive tissue surrounded
the oocytes.

Phase II — Perinucleolar phase: Oocyte
size increased and was more voluminous with
basophilic cytoplasm (Fig. 2b). Multiple nucleoli
were distributed around the inner part of the nuclear
envelope. Follicular cells surrounded the oocytes in
the form of a single layer.

The ovaries of maturing females showed two
distinct stages: maturing I and maturing II.

Stage II — Maturing

This stage began from the time the oocytes
became visible to the naked eye. The ovaries were
small, translucent and orangy-pink. As the oocytes
developed, their color gradually turned reddish-pink,

and at times even yellow. Maturing was characterized
by the presence of stock reserve oocytes (Phase II),
as well as oocytes with lipid droplets and cortical
alveoli (Phase III). Germ cells and ovigerous
lamellae, which form the basic structure of ovaries,
were observed in all the stages.

The oocytes in maturation were characterized
by the presence of cortical alveoli. They appeared
initially in the peripheral region of the oocyte,
while simultaneously occurring in isolation. The
cytoplasm gradually lost its basophile.

Phase III — The cortical alveoli phase:
This phase was characterized by the presence of
large round cells, voluminous nuclei and granular
cytoplasm, with the appearance of cortical alveoli in
the periphery. The cytoplasm showed the presence
of lipid droplets. The follicular layer showed an
external surface with cells flatter than the theca.

The end stage was characterized by the larger
diameter of the oocytes due to the presence of lipid
droplets and protein (Phase IV). Yolk granules
and oil vesicles were distributed in the cytoplasm.
The yolk granules began to appear initially in the
peripheral region of the cell as small bodies with an
affinity tostains. These granulesincreased in number
and size, becoming ovoid and gradually moving
to the periphery of the cytoplasm, in the direction
of the irregular nucleus. The nucleoli were still
observed. In this stage, the zona radiata appeared,
initially thin, with radiating lines developing as the
oocyte matured (Figs. 2c and 2d).

Phase IV — Early yolk phase: In this
phase the nucleus was still in the center and had
an irregular outer surface, numerous nucleoli
presenting larger cells, and the cytoplasm was filled
with yolk granules. The follicle was composed of
the zona radiata, followed by the granulosa in a
single layer of cells.

Stage Il — Mature

Mature females had swollen ovaries that
occupied half of the body cavity and had numerous
large oocytes as well as smaller ones. The color
was dark yellow due to the deposition of large
quantities of yolk. The mature oocytes were full of
yolk plates and showed nuclear migration close to
the micropyle region.

The surrounding layers were fully developed.
The mature oocytes were transformed from
rounded to polyhedral shapes as a result of a mutual
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()

Fig. 2 — Histological sections showing the ovarian development of Symphysodon discus a) Ovary in the immature stage,
showing young germ cells (arrow) (scale bar 100 um); b) Oocytes in the immature stage, with multiple nucleoli within the
nucleus (arrow) (scale bar 200 um); ¢) and d) Oocytes in the maturation stage, showing yolk granules (v) and zona radiata
(arrow) (scale bar 200 pm); e) Ovary in the partially spent stage, showing oocytes in various phases of development: perinu-
cleolar phase (II), cortical alveoli phase (III) and oocyte in atresia (V) (scale bar 500 um); and f) Ovary in the partially spent
stage, showing empty follicles (scale bar 200 um), immature and maturing oocytes. (Stained by Hematoxylin-eosin).

compression effect. In addition to the large quantity
of mature oocytes, oocytes were also present in the
other phases of development, such as immature and
maturation, besides the reserve stock of oocytes.
Phase V — Mature oocyte: This phase showed
the largest cells of the germ lineage. Numerous yolk
granules fused into yolk plates and oil vesicles
fused into oil droplets. The yolk granules gave the
cytoplasm of the oocyte a grainy appearance. Flat
cells formed the theca. The zona radiata and the zona
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granulosa were observed. The oocytes were retained
in this stage before completing final maturation.

Stage IV — Ripening

In the mature stage the oocytes were mainly in
various stages of development (Phases I to V) with
an abundance of oocytes in Phase V. Among the
oocytes in the final maturation phase, the nucleus
of those in the most advanced stage moved toward
the micropyle region of the animal pole. These
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oocytes were ready for release. The mature females
showed the simultaneous occurrence of oocytes of
different sizes, indicating that each individual of
S. discus spawns more than once within a breeding
cycle (Fig. 2e).

Stage V — Partially spent

The ovaries of partially spent females appeared
somewhat flaccid with some haemorrhaging areas
and empty spaces. Only few small oocytes were
present in the ovaries of partially spent females,
besides some oocytes in maturation stage. Post-
ovulatory follicles, residual oocytes in the
reabsorbing process of atresia, and immature and
maturing oocytes characterized the partially spent
stage (Fig. 2f). Atretic oocytes were recognized by
their irregular shape, disintegration of the nucleus
and liquefaction of yolk granules.

DISCUSSION

The general morphology and microscopic
examination of histological sections of ovaries of the
red discus, S. discus, indicates that it resembles that
of the majority of teleost fishes. The left and right
ovaries of the red discus were symmetrical in size,
as observed in other cichlids such as the angelfish,
Pterophyllum scalare (Dias & Chellappa, 2003),
and Cichla monoculus (Chellappa et al., 2003).
The macroscopic classification of the ovaries of the
red discus suggests that there is a regular pattern
of ovarian development in each stage of maturity,
i.e., the immature, maturation, mature and partially
spent stages. These findings are consistent with
those of red hybrid tilapia, Oreochromis niloticus X
O. mossambicus (Camara & Chellappa, 2000) and
of Cichla monoculus (Camara et al., 2002, 2003).

Dias et al. (1998) discussed possible
omissions of the various gonadal developmental
stages due to macroscopic analyses and emphasized
the importance of histological studies involving
microscopic observations in order to correct such
omissions, since macroscopic analyses of gonads
provide only gross information and may involve
errors and omissions. Our macroscopic analyses
of the ovaries revealed four developmental stages
of S. discus, i.e., immature, maturing, mature and
partially spent. The microscopic analyses enabled
us possible to identify five stages of ovarian
development involving five phases. These were

phases I and II (corresponding to the immature stage
of development), phases III and IV (corresponding
to the maturing stage), and phase V (corresponding
to the mature stage), ripening stage and the partially
spent stage with some empty follicles, mature
oocytes in re-absorption, and large numbers of
immature and maturing oocytes.

Ovaries of S. discus in the immature stage
were characterized by the occurrence of young
germinative cells and ovogonia, whereas the
ovaries in maturation showed young and maturing
oocytes in the ovigerous lamellae. Barbieri et al.
(1981) observed a similar pattern for another
cichlid, Geophagus brasiliensis.

The present study on S. discus found that the
mature female simultaneously contains oocytes of
varying sizes in every developmental stage, which
is typical of a multiple spawner. Other cichlids, such
as the red hybrid tilapia, Oreochromis niloticus X O.
mossambicus (Camara & Chellappa, 2000), Cichla
monoculus (Camara et al., 2003) and the angelfish,
Pterophyllum scalare (Dias & Chellappa, 2003)
also display partial spawning and spawn more than
once within a breeding cycle.

Multiple spawners are characterized by the
temporal pattern of macroscopic ovarian stages, the
regular occurrence of partially spent ovaries, and
the oocyte development pattern, with the release of
mature oocytes in batches, as in the case of Cichla
monoculus (Chellappa et al., 2003). The multiple
spawning pattern of red discus can be represented
by an inner cycle (composed of ovulation, spawning
and redevelopment) within the general reproductive
cycle. The inner cycle continues throughout the
spawning season. Due to the multiple spawning
pattern of red discus, the GSI does not clearly
indicate peak spawning activity.
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