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Featuring the ovarian morphological of Cichla kelberi
Kullander & Ferreira, 2006 introduced in a Basin adjacent to
the Lencois Maranhenses National Park, Northeastern Brazil
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Abstract

Peacock bass (Ciclha kelberi) has been introduced in reservoirs in Brazil; however, information about its reproductive
aspects and gonadal maturation remains scarce. Studies on this field carried out in Maranhdo State, Brazil mainly
address information from lakes and specific regions. The aims of the present study are to feature the gonads
and female germ cells of C. kelberi captured in a basin by Lengdis Maranhenses National Park. Thirty specimens
were collected, euthanized and weighed. Their gonads were subsequently removed and taken to histological
processing. Females were classified as synchronous in multiple batches. Germ cells were featured as Primordial
Follicles, Primary Development, Cortical Alveoli, Lipid Vitellogenesis, Lipid-Protein Vitellogenesis and Complete
Vitellogenesis. Post-ovulatory and Atretic Follicles were also observed. The smallest cell (in diameter) was observed
in primordial follicle cells (16.7 pm) and the largest one was recorded for atretic follicle cells (453.5 pm). The
smallest cell area was 580.9 pm? and the largest one was 300,240.7 pm?. The collected data differed from those
recorded other reservoirs in Maranhdo State and for other locations in Brazil. This finding points out that this
species remains under adaption to the lotic environment in Preguicas River, at Len¢dis Maranhenses National Park.
Additional research is necessary to help better understanding the long-term reproductive and ecological aspects
of the assessed species in order to support the sustainable management of this basin.
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Resumo

Ciclha kelberi tem sido introduzido em reservatérios no Brasil e as informagoes acerca dos aspectos reprodutivos,
maturagdo gonadal da espécie ainda sdo escassas, No Maranhdo, tais estudos se encontram pontuais e restritos as
regides lacustres. O presentetrabalho objetiva caracterizar as gonadas e células germinativas femininas de C. kelberi
bacia adjacente ao Parque Nacional dos Leng¢dis Maranhenses, Brasil. Foram coletados 30 exemplares, estes foram
eutanasiados, pesados e posteriormente as gonadas foram retiradas e encaminhadas ao processamento histolégico.
As fémeas foram classificadas como sincronicas em lotes mltiplos. As células germinativas foram caracterizadas
como Foliculo primordial, Desenvolvimento primario, Alvéolo cortical, Vitelogénese lipidica, Vitelogénese lipidica-
proteica e Vitelogénese completa. Também foram observados Foliculos Pés-ovulatorios e Atrésicos. O menor
diametro celular foi em células de foliculo primordial 16.7 pm e o maior em foliculo atrésico 453.5 pm. A menor
area celular foi de 580.9 pm? e a maior 300.240,7 um?. Os dados observados no presente trabalho diferem de outros
observados em demais reservatérios observados no Maranhdo e em outros estados do Brasil, demonstrando que
a espécie esta em processo de adaptacdo ao ambiente 16tico do Rio Preguicas, no Parque Nacional dos Lengéis
Maranhenses. Pesquisas adicionais sdo necessarias para compreender a longo prazo os aspectos reprodutivos e
ecolégicos da espécie a fim auxiliar no manejo sustentavel da bacia.
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1. Introduction

Fish belonging to genus Cichla Bloch & Schneider,
1801 (Cichliformes: Cichlidae), which are popularly known
as Peacock bass, are native to the Amazon, Tocantins and
Orinoco basins, as well as to Atlantic slope rivers in the
Guianas and Suriname (Kullander and Ferreira, 2006).
These species are carnivorous and non-migratory. They
show parental behavior, which is highlighted by nest
building and offspring protection (Castro et al., 2020;
Gomiero et al., 2009).

Fish belonging to genus Cichla are among the species
most often introduced in river basins in Brazil (Gomiero and
Braga, 2004). This same process is also observed in North
and South America, Africa and Asia (Golani et al., 2019;
Sastraprawira et al., 2020) for sport fishing in reservoirs,
lakes and rivers (Castro et al., 2020).

These fish are known as predators belonging to family
Cichlidae. They are distributed in Neotropical river basins
(Kullander & Ferreira, 2006; Willis et al., 2007). Their
remarkable ability to adapt to the new environments they
are introduced in leads to significant impact on native
communities, including changes in food chain, reduced
potential prey populations and, consequently, risk of
endangering other native species (Menezes et al., 2012;
Pelicice and Agostinho, 2009). The Cichla spp. population
inrivers and lakes in Parana State is an example of it, since
it recorded severe reduction in native fish communities
(Zaret and Paine, 1973). Many of these communities had
not recovered, even after 45 years (Sharpe et al., 2017). This
phenomenon has been associated with the extinction of
native species living in river basins in the Brazilian Atlantic
Forest (Pelicice and Agostinho, 2009; Fragoso-Moura et al.,
2016; Catelani et al., 2021; Franco et al., 2022).

Cichla representatives mainly feed on small fish and
invertebrates (Fugi et al., 2008), and it turns them, mainly
those living in reservoirs, into individuals with high
potential to disturb invaded communities (Zaret and Paine,
1973; Latini and Petrere Junior, 2004; Sabaj et al., 2020)

Peacock bass Cichla kelberi Kullander & Ferreira, 2006 is
endemic to the Araguaia and lower Tocantins River basins
(Kullander and Ferreira, 2006). Nevertheless, this species
has faced its extensive introduction in different regions
worldwide, including Central America (Sharpe et al., 2017),
North America (Shafland, 1999), Asia (Chong et al., 2010),
Africa(Welcomme, 1988), Oceania (Maciolek, 1984) and the
Middle East (Golani et al., 2019), due to its attractiveness
for sport fishing, ability to regulate other species and to the
quality of its meat. Therefore, it is essential understanding
this species’ features, mainly how its reproductive aspects
influence the settlement of sustainable populations
outside their native habitat (Pelicice and Agostinho, 2009;
Sharpe et al., 2017).

According to studies on the reproduction of C. kelberi,
this species reproduces in the warmest periods of the
year, from spring to summer. This reproductive strategy
was observed in studies carried out in Brazilian lakes and
rivers (Gomiero et al., 2009; Andrade and Pelicice, 2022;
Mattos et al., 2024). There are only few studies on this
species’ impact on native assembly in Brazil. The research
by Leal et al. (2021) stood out among studies in this topic
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because it showed significant decline in the richness of
native species in Rosana Lake reservoir, Parand State,
Brazil observed fish biodiversity loss in the Atlantic Forest
conservation unit where C. kelberi was introduced in. These
findings reinforce the need for efforts to gather further
knowledge to help developing management measures
applicable to this species.

Studies with peacock bass carried out in Pindaré River
basin, Maranhdo State, Northeastern Brazil, identified C.
kelberi (Limeira-Filho et al., 2023) in this basin. Cichla
monoculus Spix & Agassiz, 1831 and C. kelberi were found in
Preguicas River basin adjacent to the Leng6is Maranhenses
National Park (Brito et al., 2020; Mendes et al., 2022;
Monroe et al., 2023).

Despite some specific registers, there are gaps in
knowledge about C. kelberi distribution in the assessed
region, mainly when it comes to the ecological and
reproductive aspects of its exotic nature. Therefore, the
aims of the present study were to feature the reproductive
development and describe the gonadal morphology of
this species’ representatives in Preguicas River in order to
provide information focused on supporting management
measures applicable to them in this river and other basins
close to Leng¢6is Maranhenses National Park, Brazil.

2. Materials and Methods

Thirty female C. kelberi specimens were collected
from Preguicas River, Barreirinhas municipality, Leng¢dis
Maranhenses National Park (PNLM) region, Maranhdo
State - Brazil. The collection points were located at latitude
02°44’49” South and longitude 42°49'35” West (Figure 1).
Fish capture was authorized by the Ethics Committee on
the Use of Animals from Federal University of Maranhdo
(UFMA) (CEUA - UFMA), Process n. 23115.031745/2020-
32, and granted with license by IBAMA - ICMBio/SISBIO
License n. 74279-1.

Captures were made aboard a small aluminum boat
(16 to 19 feet in length) equipped with 25HP outboard
engine and 54 Ib electric motor due to the species’ predatory
feeding habits. The boat crew comprised 4 fishermen. They
used 5.6-feet carbon fiber rods, low-profile reels loaded
with 12 to 30 Ib multifilament lines and artificial baits
measuring from 6 cm to 11 cm (adapted from Moro, 2008).

Specimens were anesthetized right after capture
through submersion in water added with 3% Benzocaine
for 10 minutes, based on the methodology by Santos et al.
(2009). Fish were dissected and their gonads were removed,
weighed and examined to identify fish sex. Eviscerated fish
weight was recorded and gonads’ developmental stages
were macroscopically assessed in both sexes. The following
variables were taken into consideration for female fish:
turgidity degree, color, vascularization, gonads’ weight
and length in comparison to the space occupied by the
coelomic cavity (Vazzoler, 1996).

The gonads were dehydrated in increasing alcohol
series, diaphanized in xylene, impregnated with and
soaked in paraffin blocks, sectioned into 5-pum sections
in a microtome and stained with Hematoxylin-Eosin (HE)
on the slides (Yoshida, 1964). These procedures were
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Figure 1. Preguicas River location in Len¢dis Maranhenses National Park, Maranhdo State, Northeastern Brazil.

conducted at the Animal Morphophysiology Laboratory
of State University of Maranhdo (UEMA).

The microscopic feature of female gonads’ maturation
stages was performed based on the nomenclature
established by Lowerre-Barbieri et al. (2011). This procedure
was performed under Zeiss AXIO LAB A1 binocular
microscope, on Zeen Blue software. Photographic records
were also made.

2.1. Statistical analysis

Non-normal distribution diameter and oocyte area
variables were analyzed on Statistica application through
Student’s T-test. The significance level of 5% was adopted
to reject HO (null hypothesis); i.e., classificatory variables
effects and their interactions were taken into consideration
when significance level was lower than 0.05 (P<0.05).

3. Results

Captured specimens recorded mean length 32.9+3.2 cm
(variations ranged from 24.7 to 41.9 cm).

The gonads of female C. kelberi were classified as
paired organ that was often whitish in individuals at early
maturation stage and yellowish or reddish-yellow in mature
individuals (Figure 2). Oocytes could be seen at naked eye
at these stages. They present white to yellow structures,
and spherical appearance. Blood vessels in this organ are
barely visible in females at early maturation stage. Highly
branched neovascularization was observed at the mature
stage; however, it became disorganized and hemorrhagic
at the emptied stage (Figure 3).

Germ cells were featured as Primordial Follicle (PF),
Primary Development (PD), Cortical Alveoli (CA), Lipid
Vitellogenesis (Vtg1), Lipid-Protein Vitellogenesis (Vtg2)
and Complete Vitellogenesis (Vtg3). Post-Ovulatory
Follicles (POF) and Atretic Follicles (AF) were also observed
(Figure 2). It was possible classifying the species’ spawning
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Figure 2. Cichla kelberi specimen collected in Barreirinhas, Maranhdo
State, Northeastern Brazil. Scale bar =1 cm.

as synchronous in multiple batches and it ranged from
Primary Development to Atretic Follicles due to germ
cells’ organization pattern (Figure 4).

3.1. Oocyte developmental stages and morphological
description

The detailed description of different oocytes and
follicular morphological findings observed in C. kelberi
ovaries were based on a histological study that followed the
Haematoxylin-eosin staining technique (Figures 4 and 5).

Primordial follicles (PF) in C. kelberi presented
basophilic cytoplasm; and large, poorly stained, rounded
and centralized nucleus with a single central nucleolus
attached to the inner face of the nuclear envelope.
The nucleus occupied the largest part of the oocyte in
comparison to the cytoplasm at this stage. The total areas
recorded for the cell and the nucleus at this stage were
580.9 pm? and 166.5 pm?, respectively.
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Figure 3. Macroscopic and Histological Comparison of Female C.
kelberi Gonads. Maturing gonad (A), mature gonad (B) and emptied
gonad (C). HE Staining. Scale bar = 500 micrometer.

Primary Development (PD) cells had basophilic,
granular and scarce cytoplasm, and their nucleus occupied
more than half of the cell. The nucleus was large, spherical
and centralized, with numerous nucleoli attached to the
inner face of the nucleolar envelope. The cells were slightly
larger than the primordial follicles in the total cell and the
nucleus areas were 2,273.6 um? and 322.9 pm?, respectively.

The nucleus had irregular central contour or was slightly
eccentric, with flattened or rounded nucleoli in the cells
at the cortical alveolar stage (C.A.). These cells were at
secondary growth and their cytoplasm often occupied more
than 50% of their volume. The nucleus presented cortical
alveoli and vesicles with glycoprotein content, which were
not crowned and organized in the cytoplasm bordering
the plasma membrane. Zona radiata could be visualized;
it was thin and strongly eosinophilic in color. The areas of
the cell and nucleus at this phase were 8,385.7 pm? and
1,265.6 pm?, respectively.

The nucleus of cells at the lipid vitellogenesis (Vtg1)
stage was centralized or slightly eccentric, with slightly
irregular contour and flattened or rounded nucleoli,
which could be visualized, or not. Lipid deposition in the
cytoplasm showed increasingly abundant unstained oil
droplets. The vitelline membrane became thicker, and
follicular cells grew and became more elongated and
clearer in the surrounding areas. The cell and nuclei areas
were 45,507.9 nm? and 2,761.8 nm?, respectively.

Cells at the lipid and protein vitellogenesis (Vtg2)
stage had central or slightly eccentric nuclei with irregular
contour, poorly clear nucleoli. Globules starting from
cytoplasm periphery towards the nucleus presented
acidophilic proteins. Cells with migrating-protein globules
could also be observed. The vitelline membrane was thicker

Figure 4. C. kelberi oocytes. (A) Oocytes at lipid vitellogenesis (Vtg1) stage, primary development (DP), cortical alveolus (AC), post-
ovulatory follicle (POF arrow); (B) primary development oocytes (DP), cortical alveolus (AC), Vtg1 and Vtg2; (C) Lipid granules (G.L),
protein granules (G.P); (D): Highlighted atretic follicle (F.A), cell adhesion zones (Z.A).
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and visible. The cell and nucleus areas were 76,821.1 pum? and
4,248.5 pm?, respectively.

The nucleus was barely visible or had irregular and
dispersed shape in the follicle at the complete vitellogenesis
(Vtg3) stage due to yolk granules’ increase and position
in this species; therefore, it could not be measured.
The vitelline membrane observed under 100x magnification
in binocular microscope presented radially arranged
striations and higher thickness. The oocyte showed mean
cell area equals 57,619.7 pm? at this stage.

Post-Ovulatory Follicles (POF) were observed. They
often originated from emptied follicular structures that
evaginate to shape a body formed by contiguous cells
cords that, in their turn, highlight the species’ spawning.

Atretic follicles (AF) derived from oocytes that
were subjected to degenerative processes. They were
disintegrated and diffused through the interstitium

Ovarian features of Cichla kelberi

featuring cell residues. The cells presented turgidity loss
and, consequently, zona pellucida or vitelline membrane
fragmentation. A cord of prismatic cells at varying sizes
was observed close to the cell membrane. Cell nuclei were
stained with hematoxylin and featured as adhesion zone
in oocytes. They were most commonly found in ovaries at
the mature and emptied stages, besides often being the
largest cells at the developmental stage in female gonads
recording mean total area of 300,240.7 pm?.

Eight (8) stages (table 3) were categorized based on
the morphological developmental pattern observed in
oocyte cells of individuals belonging to the C. kelberi
lineage (Figure 5).

The metrics of areas and diameters recorded for cells
and nuclei are described in Tables 1 and 2. There was
significant difference between them at different oocyte
stages: p=0.1 and p=0.05, respectively.
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Figure 5. Cichla kelberi oocyte’s developmental stages. DP: Primary development; AC: Cortical aoveolus; Vtg1: Lipid vitellogenesis; Vtg2:
Lipid and protein vitellogenesis; Vtg3: Complete vitellogenesis; FA: Atretic follicle; POF: Post-ovulatory follicle. Hematoxylin-Eosin HE

staining, 200 micrometer and 50 micrometer.

Table 1. Cichla. kelberi mean cell and nucleus diameter at different developmental stages.

Cell diameter pm

Nucleus diameter pm

PF 26.7+5.2
PD 243.6 £92.0
CA 91.6 £304
VTG1 172 £112
VTG2 203.5+99.4
VTG3 258.5+110.2
AF 453.5 £2479

14+4
18.8+73
31.8£11.19
48.6 £22.6
65.9 +27.1
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Table 2. Mean area of Cichla kelberi oocytes nucleus cell at different developmental stages.

Cell Area
Nucleus Area pm?
pm?

PF 580.9 +227.8 166.5 £ 97.4

PD 2,273.6 £ 1,876.8 3229 +251.8

CA 8,385.7 +5,718.1 1,265.6 £ 874.3
VTG1 45,507.9 £ 23,504.7 2,761.8 £ 511.5
VTG2 76,821.1 £ 58,359.1 4,248.5 + 3,406.4
VTG3 57,619.7 £9,222.4

AF 300,240.7 +37,249.8

Table 3. Morphological features of C. kelberi oocytes.

Developmental
stage

Oocyte cell features

Primordial follicle

Primary
Development
Cortical Alveolus

Lipid Vitellogenesis

Lipid/protein

Small cell, scant basophilic cytoplasm, large rounded central nucleus with single central nucleolus.

Cytoplasm occupies 50% of cell volume, rounded nucleus with spherical and basophilic nucleoli attached
to the inner face of the nucleus.

Cytoplasm occupies more than 50% of the cell, with cortical alveoli bordering the membrane. Slightly
eccentric nucleus with irregular contour, and nucleoli attached to the periphery.

The cytoplasm occupies a larger cell volume, and lipid droplets are arranged throughout it. The nucleus
is eccentric with irregular contour, and the nucleoli are flattened and peripheral. The plasma membrane
is thick.

Cytoplasm with protein granules starting from cell periphery. Centralized or eccentric nucleus, weakly

vitellogenesis

Complete

Vitellogenesis membrane.

Atretic follicle
adhesion zones.

Post Ovulatory
Follicle

evident nucleoli. Thick vitelline membrane, presence of follicular cells at the edge of the oocytes.

The nucleus is scarcely visible, and the cytoplasm is full of yolk and protein granules. Thick plasma

Oocytes in degenerative process resulted in cell turgidity loss, plasma membrane rupture and clear

Empty follicles that evaginate and appear as thin cell cord.

4. Discussion

The non-native species C. kelberi found in the Preguicas
River, Lengdis Maranhenses region, Northeastern Brazil, was
classified as synchronous with oocytes at all developmental
stages in multiple batches. Spawning batches were also
reported for C. kelberi distributed in freshwater reservoirs
throughout Brazil, as described in the study by Guedes et al.
(2021), which was carried out in Lajes reservoir, Rio de
Janeiro, Southeastern Brazil, and by Souza et al. (2008),
who conducted a research in Lobo reservoir, Sdo Paulo,
Southeastern Brazil, and observed that this species tend
to repeat the aforementioned spawning pattern. This
same spawning pattern has been observed in some other
species in Brazil, such as Cichla monoculus, which was
introduced in a dam in Campo Grande City, Northeastern
Brazil (Chellappa et al., 2003), and Cichla ocellaris Bloch &
Schneider, 1801 and C. monoculus, which were introduced
in Volta Grande reservoir, Southeastern Brazil (Gomiero
and Braga, 2004).
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Long-term spawning in sequential batches over the year
helps reducing competition between larvae and, later on,
between juveniles. It also allows increased fertility and
reduces the risk of losing offspring due to predation or to
the unfavorable environmental conditions faced by some
species introduced in new environments (Barros et al.,
2017; Delariva and Neves, 2020). Although most cichlids
are capable of multiple spawning over the year, this
mechanism depends on variations in food resources and
on the availability of spawning sites (Gomiero et al., 2009).

The diameter of Cichla kelberi oocytes varies in studies
carried out in several river basins in Brazil. Germ cells
ranging from 306 pm to 2,815 pm were observed in Cichla
ocellaris and C. monoculus. Diameters ranged from 90 pmin
primary development cells to 770 pm in vitellogenic cells in
C. kelberi. The same species were introduced in an artificial
lake in Sdo Paulo State and recorded diameter variation
from 61.2 pm to 2,203.2 pm. This finding is different
from that in the present study, according to which, germ
cells ranged from 27.6 pm in diameter at initial stages to

Brazilian Journal of Biology, 2025, vol. 85, 291248



453.5 um at final vitellogenesis stage (Gomiero and Braga,
2004; Guedes et al., 2021; Gomiero et al., 2009).

Specimens found in other studies showed little variation
in length in comparison to records in the current research.
Therefore, reduced oocytes can point out this species’
adaptation to the lotic environment, which imposes higher
energy costs on habitats that, in their turn, present constant
water flow and tidal influence, such as Preguicas River
(Guedes et al., 2021). Another likely influence would be
native food stocks and bioavailable energy exhaustion. It is so,
because C. kelberiincreased its population after its introduction
in the new environment (Moreira and Silva, 2023).

Fish reproductive adaptation is a life history trait
necessary for species’ colonization and stability in different
habitats, since colonizers can vary depending on new
environmental conditions (Moyle and Marchetti, 2006).
They can create self-sustaining populations after initial
colonization if the introduced species heavily invest in
reproductive attributes (Blackburn et al., 2011). However,
the exact time of this species’ introduction in Preguicas
River Basin is unknown, although this information could
help better understanding aspects of both introduced
specimens’ reproductive changes and adaptation to
current populations.

The species assessed in Preguicas River basin showed
divergences in gonadal morphological features in
comparison to other species belonging to this genus that
are also distributed in Brazilian river basins. The species in
Preguicas River is classified as native predator and it has
impact on its populations (Latini and Petrere-Junior, 2004).

Oligosarcus solitarius Menezes, 1990 (Characiformes:
Acestrorhamphidae) disappearance is an example of
C. kelberi impact on native biodiversity. This species is
endemic to lakes in Preguicas River Basin (Vieira, 1994).
However, the consequences of C. kelberi introduction in
this basin remain unknown. Studies on this species’ biology
and behavior, such as feeding, shelter and nesting sites,
as well as dispersal forms, remain necessary to develop
conservation measures applicable to native fish species and
to help managing the introduced species in the long term.
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