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ABSTRACT. The Cichlidae family is among the most diverse freshwater fish groups globally, with high
ecological, economic, and cultural value across Mexico and Central America. However, overfishing and habitat
degradation threaten wild populations, prompting interest in aquaculture as a conservation and production
strategy. This review examines the feeding habits and nutritional requirements of eight native cichlid species
with aquaculture potential, with a focus on trophic-level adaptations. High-trophic-level species, such as bay
snook (Petenia splendida), require 45-50% dietary protein with minimal plant protein inclusion (<20%) and 15-
20% lipid content from fish oil sources. In contrast, middle-trophic-level species, like the Mayan cichlid
(Mayaheros urophthalmus), accept 35-40% protein diets with higher inclusion of plant ingredients, such as
soybean meal, and 10-15% lipids. Carbohydrate utilization correlates with trophic level, with middle-trophic
species tolerating 30-35%, while high-trophic-level species exhibit reduced tolerance. Vitamin and mineral
requirements remain poorly defined, underscoring the need for future research. The review highlights significant
knowledge gaps, particularly in areas such as micronutrient needs, protein source digestibility, and trophic-
stage-specific feed formulation. Aligning feed strategies with trophic adaptations is key to enhancing
aquaculture growth performance, sustainability, and biodiversity conservation. This synthesis provides a
foundation for targeted research and practical feed development in native cichlid farming.
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INTRODUCTION

Cichlids are one of the most diverse families of
freshwater fish globally, with over 1,300 reported
species (Kullander 2003). These fish contribute to the
ecological balance of their habitats due to their varied
feeding habits and reproductive behaviors, acting as
population regulators for other organisms. Some
cichlids are known to feed on invertebrates and plants,
helping to control these populations and prevent
excessive algae growth, which could negatively impact
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water quality (Hulsey et al. 2010). Cichlids are also
valuable for commercial fishing and aquaculture. In
aquaculture, species such as the Mayan cichlid
(Mayaheros urophthalmus) and bay snook (Petenia
splendida) are cultivated due to their adaptability to
various environmental conditions and commercial
demand, making them a source of food and employ-
ment for communities (Russell et al. 2012, Arredondo-
Figueroa et al. 2013). The decline in wild populations
of these species could trigger an imbalance in aquatic
communities, affecting other species and the overall
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health of the ecosystem, which in turn could negatively
impact the fishing and aquaculture industries by
reducing the availability of an important source of food
and employment for local populations (Hulsey et al.
2010, Russell et al. 2012, Gracida-Juarez et al. 2022).
Aguaculture is a viable alternative to meet commercial
demand and replenish wild populations, presenting an
opportunity for research on native cichlids, which
remains limited to date. Their varied feeding strategies
directly influence aquaculture potential - high-trophic-
level species like bay snook (P. splendida) require
protein-rich diets (45-50%) with predominant animal
sources (fishmeal, FM) to prevent growth retardation
and spinal deformities, while middle-trophic-level
cichlids (M. urophthalmus) thrive on 35-40% protein
diets incorporating plant-based ingredients when
properly supplemented (Russell et al. 2012, Arredondo-
Figueroa et al. 2013). Inadequate nutrition manifests as:
a) 20-35% reduced growth rates from protein
deficiencies; b) increased disease susceptibility due to
compromised immunity; and c) metabolic disorders
like fatty liver syndrome when carbohydrate levels
exceed species-specific thresholds (25-35% depending
on trophic position). Proper feed formulation becomes
essential for improving production efficiency (feed
conversion ratio, FCR) in optimized diets and
maintaining genetic diversity in cultured stocks used
for restocking programs (Gracida-Juarez et al. 2022).
Meeting these nutritional requirements supports
sustainable aquaculture, which can alleviate fishing
pressure on wild populations (currently declining at 5-
8% annually in key Mexican watersheds), while
providing consistent yields for local markets
(Arredondo-Figueroa et al. 2013). Current research
gaps in nutritional requirements for native species
highlight the need for targeted studies to realize their
aquaculture potential fully.

Nutritional requirements are species-specific and
linked to digestive physiology, enzymatic profiles, and
energy metabolism. Inadequate diets-whether due to
unbalanced macronutrient ratios, low digestibility, or
inappropriate ingredient sources can impair nutrient
assimilation, compromise immune function, and lead to
metabolic disorders such as fatty liver or skeletal
deformities (Hemre et al. 2002, Jobling 2012). In
cichlids, whose digestive capacities vary with trophic
level, formulating stage- and species-specific diets is
essential to optimize protein utilization, minimize
nitrogen excretion, and enhance overall aquaculture
performance (Kaushik & Seiliez 2010, Kamalam &
Panserat 2016). When designing feeding protocols to
support sustainable aquaculture practices, these factors
must be considered.

Background

The Neotropical region of the Americas harbors
exceptional cichlid diversity, with over 600 species
across at least 68 genera, ranging from Uruguay to the
southern USA (Kullander 2003, Sparks 2004, Barreto
2009, Froese & Pauly 2024). In Mexico and Central
America, the Cichlidae family ranks as the second most
diverse among freshwater fishes, comprising 15 genera
and approximately 80 species, including 12 regional
endemics with restricted distributions in isolated basins
(Contreras-Balderas et al. 2008). Native cichlids
inhabit various freshwater environments and display
broad ecological plasticity, including remarkable
tolerance to environmental stressors and a wide range
of feeding strategies.

Feeding behaviors in cichlids are highly specialized
and morphologically supported. For example, M.
urophthalmus and Herichthys minckleyi, classified as
"picker" feeders, use rapid mouth movements to detach
and ingest prey from substrates. In contrast, "biter"
feeders, such as Thorichthys meeki, maintain contact
with the substrate while scraping food particles. Pelagic
feeders, such as Parachromis dovii, consume
zooplankton and suspended detritus in the water
column. High-trophic-level piscivores like P. splendida
exhibit a protrusible mouth and rapid buccal expansion,
facilitating suction feeding and efficient capture of
small fish and crustaceans (Winemiller & Kelso-
Winemiller 2003, Hulsey & De Le6n 2005, Marrero &
Olarte 2006, L6pez-Fernandez et al. 2010, Méndez et
al. 2011).

Several native cichlids, including M. urophthalmus,
P. splendida, and P. dovii, have shown biological and
physiological traits favorable for aquaculture
production (Arredondo-Figueroa et al. 2013, Valverde-
Chavarria et al. 2016, Calzada-Ruiz et al. 2019, Ulloa-
Rojas et al. 2022). These include competitive FCRs
(1.2-1.5 in M. urophthalmus vs. 1.6-2.0 in Oreochromis
niloticus), specific growth rates exceeding 2.5% per
day under optimal conditions, comparable to Salmo
salar, and remarkable tolerance to low dissolved
oxygen (<2 mg L), surpassing the tolerance of many
established commercial species (El-Sayed 2006,
Martinez-Palacios et al. 2008, Asche & Bjorndal 2011).
Although Nile tilapia (O. niloticus) remains the most
widely farmed cichlid due to its extensive domestica-
tion and international market development, native
cichlids offer wunique advantages for regional
aquaculture. These include ecological adaptation to
local conditions, potentially higher market value, and a
reduced environmental footprint. Moreover, their
cultivation supports biodiversity conservation and
provides alternatives to overexploited wild fisheries.
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Two key factors drive the growing interest in
farming native cichlids: 1) the critical conservation
status of several species due to habitat loss, invasive
species, predation, and overfishing (Rojas & Mendoza
2000); and 2) the increasing demand for sustainable
food production, which presents both a challenge and
an opportunity: developing efficient production
protocols for native cichlids that include optimized
nutrition, reproductive control, and low environmental
impact. A central aspect of this development is the
formulation of cost-effective diets with favorable FCRs
of <1.5, utilizing locally sourced ingredients that ensure
year-round availability, economic feasibility, and
sustainability.

Nutrition plays a fundamental role in aquaculture
biotechnology. Achieving an optimal nutritional
balance enables the formulation of feeds that meet the
physiological requirements of the species across all life
stages, thereby maximizing growth and health
(Martinez et al. 2011, Barletta et al. 2015).

Important advances have been made in the
controlled farming of native cichlids such as Vieja
bifasciata, M. urophthalmus, and Parachromis
managuensis (Toledo-Solis et al. 2020, Agostinho et al.
2021). These include the development of captive
breeding protocols (e.g. >85% larval survival in biofloc
systems), suitable stocking densities (15-20 fish m?3),
and tolerance ranges to temperature fluctuations (24-
32°C). However, detailed knowledge of their nutri-
tional requirements, particularly in terms of protein,
lipids, and carbohydrates, remains limited. Future
progress depends on a better understanding of their
ontogenetic feeding preferences and life-stage-specific
nutritional needs.

This review focuses on native cichlid species from
Mexico and Central America that present the greatest
potential for aquaculture, based on three criteria: 1)
availability of scientific literature on their reproductive
and nutritional requirements; 2) documented commer-
cial demand and market price exceeding that of
introduced species; 3) need for conservation due to
anthropogenic pressures. While other native cichlids
may hold promise, the selected species, particularly P.
splendida and M. urophthalmus, are already cultured in
southeastern Mexico, offering promising alternatives to
conventional aquaculture.

Their cultivation contributes to sustainable food
systems while reducing pressure on wild populations by
adopting sustainable fishing practices. It is important to
clarify that this selection does not exclude other
potential species but rather reflects the current state of

technological development and biological knowledge
that supports their viability under farming conditions.

Ecology and trophic classification of native cichlids

The feeding habits of cichlids are largely influenced by
their geographic origin (Kullander 2003). In their
natural habitat, many cichlid species are middle-
trophic-level (Liem & Osse 1975); however, most show
a preference for specific types of food, ranging from
small crustaceans and fish to algae, organic matter, or
larvae from other cichlid species (Kullander 2003, Tan
& Lim 2008). One of the native cichlid species that has
attracted the attention of aquaculture producers is the
bay snook (P. splendida), known for its faster growth
rate compared to other cichlid species. Its flesh is
considered high-quality, with a texture and flavor that
are highly appreciated in the market for human
consumption. Additionally, it reproduces relatively
easily in captivity (Uscanga-Martinez et al. 2011). P.
splendida is considered a piscivorous fish, as it feeds
on small fish in the wild, including individuals of its
species (Trevifio et al. 2011). According to Valtierra-
Vega & Schmitter-Soto (2000), observations indicate
that juveniles prefer zooplankton and phytoplankton in
their early life stages. In adulthood, Alvarez-Gonzalez
et al. (2008) observed that their diet includes small
insects, crustaceans, and non-digested plant material,
consistent with findings by Infante & LaBar (1977),
who reported the presence of crustaceans, fish eggs,
and microalgae in the stomach contents of juvenile P.
splendida, noting a preference for small fish and
crustaceans, suggesting a shift towards piscivorous
feeding as the fish grows, facilitated by an increase in
mouth size, which aids in predation and allows for a
broader range of prey. Nonetheless, despite being
naturally piscivorous, there is evidence that the bay
snook can adapt to formulated diets in captivity
(Uscanga-Martinez  2020). Therefore, developing
formulated diets that meet the species' nutritional
requirements is essential to maximize its aquaculture
potential.

The Mayan cichlid (M. urophthalmus) is another
cichlid highly demanded by regional consumers and
has great potential for aquaculture. This species is
found in rivers along the Atlantic coast from Mexico to
Nicaragua (Kullander 2003) and has gained interest due
to its adaptability to captivity, tolerance of a broad
range of environmental conditions, including variations
in temperature, salinity, and dissolved oxygen levels-
as well as its fast growth rate and low feed conversion
ratio (Schofield et al. 2010). Additionally, conservation
efforts for the Mayan cichlid and the need to diversify
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regional aquaculture production have further driven its
study (Pérez-Sanchez & Paramo-Delgadillo 2008).
Regarding the Mayan cichlid's feeding preferences,
Martinez-Palacios & Ross (1988) reported wild
specimens with stomach contents comprising 62-68%
crustaceans, 21-25% fish, 7-9% organic detritus, and
<3% algae by volume, which aligns with observations
by Ldpez-Ramirez et al. (2011), who classified the
Mayan cichlid as high-trophic-level preferences (55-
60% animal matter) but with greater seasonal
variability (15-30% plant material during rainy
seasons), especially during its juvenile stage. In
contrast, Chavez-Lopez et al. (2005) found that the
stomach contents of Mayan cichlid larvae collected
from a lagoon in Veracruz, Mexico, contained between
71.41 and 98.30% plant matter, suggesting that this
phase may be primarily herbivorous, with only minimal
amounts of small mollusks and crustaceans present.
Kullander (2003) and Marrero & Olarte (2006) suggest
that the regional factors and food availability can
strongly influence the feeding habits of some cichlids,
positioning the species as a facultative high-trophic-
level consumer capable of middle-trophic-level
foraging when advantageous (Adamek-Urbanska et al.
2021).

Another Central American cichlid genus with
aquaculture potential is Vieja, which includes notable
species such as the redhead cichlid (V. melanura) and
the two-banded cichlid (V. bifasciata). These species
are distributed in the Atlantic, from the Papaloapan
River to the Grijalva and Usumacinta River basins in
Mexico and Guatemala (Kullander 2003). Although
studies on these species are limited, they have potential
for aquaculture due to their demand for ornamental
purposes and human consumption (Adamek-Urbanska
etal. 2021). An advantage of the two-banded cichlid for
aquaculture production is that, while its exact dietary
preferences are not well known, Frias-Quintana et al.
(2021) suggest, based on evaluation of enzymatic
activity, that it has a middle-trophic-level feeding habit.
This trait benefits aquaculture, as Tacon & Metian
(2008) state that lower trophic-level species offer cost
advantages and higher profitability in commercial
production because it is possible to reduce aquaculture
costs by 18-25% compared to high-trophic-level
species. Similarly, the redhead cichlid (V. melanura)
can reduce aquaculture costs by 18-25% compared to
high-trophic-level species. Still, species-specific
nutritional research for the two-banded cichlid (V.
bifasciata) is urgently needed.

The guapote cichlid (P. dovii) is another species
native to Guatemala and Honduras (Kullander 2003)

that has recently gained attention for its ability to accept
artificial feed in captivity, its disease resistance, and its
high value in sport fishing and consumption markets
(Tabash et al. 2000, Ulloa-Rojas et al. 2022). Ulloa-
Rojas et al. (2022) described the guapote cichlid as a
high-trophic-level species, consistent with findings by
Tabash et al. (2000), who classified it as piscivorous,
with a preference for tetras, poecilids, and even other
cichlids. Nevertheless, its diet may also include small
crustaceans and insects, aligning with observations by
Valverde-Chavarria et al. (2013) for juvenile and adult
specimens.

The firemouth cichlid (T. meeki) is of regional
importance and is highly sought after in Central
American fisheries. It is found in the Usumacinta River
basin and various water bodies in Mexico, Guatemala,
and Belize (Kullander 2003). The primary interest in
this species stems from its value in the ornamental fish
trade due to its attractive appearance (Gultekin &
Yilmaz 2023). Regarding its feeding preferences,
Valtierra-Vega & Schmitter-Soto (2000) describe it as
zooplanktivorous, primarily feeding on cladocerans
and copepods, with small fish and ostracods also found
in its stomach contents from May to July. Cochran-
Biederman & Winemiller (2010) suggest that, based on
its morphology and feeding habits, the firemouth
cichlid is middle-trophic-level, with a clear preference
for benthic invertebrates.

The three-spot cichlid (Amphilophus trimaculatus)
is a species native to Mexico, primarily found along the
coasts of Chiapas and Oaxaca (Toledo-Solis et al.
2020), as well as in some water bodies in Belize,
Guatemala, and Honduras (Kullander 2003). This
cichlid can adapt to various environmental conditions
and grows rapidly, making it a promising candidate for
aquaculture. It is considered a middle-trophic-level
consumer, feeding on benthic invertebrates (55-68%),
plant matter (22-30%), and occasionally small fish
(<10%) (Miller et al. 2005, Toledo-Solis et al. 2020).
Yafiez-Arancibia (1978) notes that this species may
exhibit carnivorous behavior during certain months,
particularly as a response to population density-related
movements aimed at avoiding competition or predation
in specific seasons. Toledo-Solis et al. (2015) suggest
that, based on the species' enzymatic activity, it can be
classified as a high-trophic-level consumer with
middle-trophic-level capacity when prey availability
decreases.

The eight-band cichlid (Rocio octofasciatus) is
distributed from Mexico to Guatemala and Nicaragua
(Pidlek et al. 2012, Mendoza-Palmero et al. 2017).
Although it is not commonly consumed as food, it holds



Feedings habits and requirements of native cichlids 507

significant importance as an ornamental species,
prompting some efforts to cultivate it under controlled
conditions. It is currently classified as a middle-trophic-
level consumer with detritivore supplementation,
predominantly feeding on small insects, eggs, and
larvae (Pashkov & Zvorykin 2009), as well as small
mollusks and organic matter remnants (Hinojosa-Garro
etal. 2013).

To provide a clearer overview of the trophic
classifications, dietary habits, and supporting evidence
for each native cichlid species reviewed, we summarize
the main feeding characteristics, trophic level
assignments, and available data types (Table 1).

Nutritional requirements of cichlids

Once a species with cultivation potential is identified,
it is necessary to establish the production protocols for
its cultivation, beginning with its dietary preferences
and nutritional requirements. Despite the potential for
cultivating some cichlid species, knowledge of their
nutritional needs is limited. Addressing these require-
ments is the first step in the research required to
formulate complete and environmentally friendly diets.
To develop functional feeding strategies, it is essential
to comprehend the relationship between the organism
and the trophic network in which it is naturally involved
(Pereira et al. 2004).

Possibly the most well-known and widely cultivated
species in the Cichlidae family is the Nile tilapia (O.
niloticus). Although considered an introduced species
in the water bodies of Mexico, Central America, and
many other parts of the world, it quickly gained
substantial economic and social value in the countries
where it was introduced. Today, production protocols
in various culture systems are well-established,
yielding excellent production intensity and output (Liti
etal. 2006, Pérez-Fuentes et al. 2016, Amin et al. 2020).
Knowledge gained from this species serves as a
foundation for developing and implementing
cultivation techniques for other species in the family,
including native cichlids from Mexico and Central
America, including aspects such as specific diet
development, nutritional requirements, physiological
and metabolic processes involved in nutrient
utilization, as well as considerations of palatability,
particle size, buoyancy, and nutrient and energy
concentration (Lovell 1989, Gutiérrez-Espinosa et al.
2019).

The Nile tilapia is a middle-trophic-level species
with a varied diet that includes phytoplankton,
zooplankton, algae, detritus, and occasionally small
invertebrates. Dietary diversity suggests that nutritional

requirements vary across different stages of
development. Still, it generally requires a protein-rich
diet (averaging 30-40% for optimal growth) and lipids
(5-10%) (Ng & Romano 2013, Ogello et al. 2014,
Meurer et al. 2024). Nile tilapia efficiently utilizes
carbohydrates, allowing for more economical plant-
based diets (Boonanuntanasarn et al. 2018). This
dietary flexibility is key to its success within the
aquaculture industry.

In the context of sustainable aquaculture, replacing
FM and fish oil (FO) with alternative ingredients is a
global priority (Tacon & Metian 2008). Studies with
native cichlids such as M. urophthalmus and P.
splendida have demonstrated partial tolerance to plant-
based proteins like soybean meal (SBM), meat and
bone meal, and sorghum, as well as to vegetable lipid
sources such as soybean lecithin (Calzada-Ruiz et al.
2019, Rodriguez-Estrada et al. 2020, Ulloa Rojas et al.
2022). However, the long-term effects on amino acid
balance, digestibility, and metabolic performance
remain underexplored. Developing diets with locally
available and cost-effective ingredients, such as insect
meal, fermented plant proteins, or algae, may reduce
environmental impacts and improve economic viability;
however, this requires further research tailored to the
specific trophic physiology of each species (Tacon &
Metian 2008, Li et al. 2018).

Proteins

Protein is one of the most important macronutrients for
life, serving as a fundamental cellular component and,
after water, the most abundant chemical group in cells;
as a nutrient, protein functions as both an energy source
and a structural element necessary for animal growth
(Vasquez-Torres et al. 2011). Proteins also play key
metabolic roles, acting as components of enzymes,
hormones, and antibodies, and they have regulatory
functions, such as aiding in nutrient assimilation,
oxygen transport in blood, toxic material elimination,
and regulating the absorption of fat-soluble vitamins
and minerals, among other roles (Kaushik & Seiliez
2010). It is essential to recognize that protein
requirements in aquatic organisms exhibit greater
variability (30-55% of the diet) compared to terrestrial
livestock (12-22% for poultry and swine), reflecting
fundamental metabolic differences. While fish effi-
ciently utilize dietary protein for growth (60-70%
protein retention vs. 30-45% in mammals), terrestrial
species preferentially use carbohydrates as energy
sources (Wilson 2003).

In the case of tilapia, their protein requirements
generally range from 30 to 40% in their diet (Kdpric
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Table 1. Comparative feeding ecology and trophic classification of native cichlid species with aquaculture potential. The

table summarizes the estimated percentages of animal and plant matter in natural diets, trophic level classifications, and the

types of evidence supporting each categorization.

Species T:’:\[/)QIIC ml:trt]é?q&) ma?tlearnZ% ) Evidence source Notes Reference

Petenia splendida (bay snook) High 80-95 <10 Stomach contents Piscivorous; accepts Trevifio et al. (2011)
formulated diets

Mayaheros urophthalmus Middle 55-60 15-30 Stomach contents Flexible omnivore with  L6pez-Ramirez et al. (2011)

(Mayan cichlid) seasonal variation

Vieja bifasciata (two-banded Middle Enzymatic activity Inferred herbivory; Frias-Quintana et al. (2021)

cichlid) limited data

Parachromis dovii (Guapote High 80-90 <10 Stomach contents + Carnivorousaccepts Tabash et al. (2000)

cichlid) behavior formulated diets

Thorichthys meeki (firemouth Middle ~70 ~30 Stomach contents Zooplanktivorous with Valtierra-Vega &

cichlid) benthic feeding Schmitter-Soto (2000)

Amphilophus trimaculatus Middle- 55-68 22-30 Stomach contents + Carnivorous with Toledo-Solis et al. (2020)

(three-spot cichlid) High enzyme data omnivorous capacity

Rocio octofasciatus (eight-band ~ Middle ~60 40 Stomach contents Detritivore tendencies; Hinojosa-Garro et al. (2013)

cichlid) ornamental use

& Ozdemir 2005, El-Sayed 2006). Unlike tilapia, few
reports have established the protein requirements for
native cichlids in Mexico and Central America.
Knowledge of protein requirements is crucial as a
foundation for initiating their cultivation.

Bay snook (Petenia splendida)

Alvarez-Gonzalez et al. (2008) and Uscanga-Martinez
et al. (2012) indicate that the protein requirement for
juveniles and adults of the bay snook is between 44 and
45% when casein, sardine meal, and whole grain
sorghum meal were used as the protein source. They
observed that the inclusion of integrated sorghum meal
up to 23% increased weight gain, specific growth rate,
and feed conversion factor; similar values, ranging
from 40 to 50%, were reported by Jiménez-Martinez et
al. (2009) and Arredondo-Figueroa et al. (2015), for
optimal growth in bay snook fry when SBM was
included up to 33% in the diet obtaining the best weight
gain results. Due to the bay snook’s high-trophic-level
physiology, its protein requirement is higher than that
of O. niloticus, which is an efficient plant protein
consumer, in contrast to P. splendida exhibits a limited
capacity for plant protein incorporation beyond 25-30%
due to constrained enzymatic adaptation. Current
research underscores the importance of comparative
studies examining isonitrogenous diets with varying
protein source ratios alongside investigations into
alternative animal protein substrates, such as insect
meals and single-cell proteins, which may offer
balanced amino acid profiles while reducing reliance on
conventional fishmeal.

Mayan cichlid (Mayaheros urophthalmus)

The Mayan cichlid is a middle-trophic-level species
whose reported protein requirements range from 38 to
45%, depending on the dietary source and feeding
strategy used (Nava et al. 1989, Martinez-Palacios et al.
1996, Ulloa Rojas et al. 2022). Studies using anchovy
meal as the sole protein source estimated an optimal
level of 38-40%. At the same time, other research
shows that including SBM, meat, bone meal, or
sorghum does not negatively affect growth (Ulloa-
Rojas et al. 2022). This flexibility reflects its
omnivorous feeding behavior and digestive capacity.
However, variability in the feeding regime (fixed rate
vs. satiation feeding) influences apparent protein needs,
reinforcing the importance of considering both the
source and feeding strategy in determining require-
ments (Tacon & Cowey 2012).

Guapote cichlid (Parachromis dovii)

Although little is known about the protein requirement
of the guapote cichlid, it is essential to consider that
Valverde-Chavarria et al. (2013) mention that the
ingredients used in diet formulations can affect
digestibility. In their study, fishmeal and meat-and-
bone meal were used as protein sources, which
promoted higher in vitro digestibility, characterized by
the highest protein hydrolysis and in vitro alkaline
digestibility. In contrast, all the vegetable meals tested
reduced the alkaline proteolytic activity of guapote
cichlid larvae, attributable to differences in protein
solubility and amino acid accessibility. These findings
underscore the need to evaluate protein requirements in
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conjunction with source-specific digestibility parame-
ters, particularly for essential amino acids such as
methionine and lysine. Another important aspect of
specific diet formulation is the enzymatic profile of the
species. Ulloa-Rojas et al. (2022) evaluated the activity
of alkaline proteases in cichlid guapote larvae fed four
diets with FM, meat and bone meal, and poultry by-
product meal as protein sources and different protein
levels: 38.3 to 43.7%. They concluded that the absence
of differences in growth and alkaline protease activity
demonstrated the digestive efficiency of the protein
sources and confirmed that it is a high-trophic-level
species with protein requirements similar to those of
other cichlids. Still, they require diets based on animal
protein sources.

Studying enzymatic activity in cichlid fish is useful
for understanding how they process dietary compo-
nents. However, it is essential to consider that
variations in protein levels in feed can induce
adaptations in enzymatic activity, particularly in
proteolytic enzymes (Hidalgo et al. 1999, Nguyen et al.
2009, Lazzarotto et al. 2018). The enzymatic activity
profiles provide foundational insights into the digestive
physiology of cichlids. Future studies must evaluate the
species-specific enzyme repertoires, particularly the
structural adaptations that determine substrate affinity
(Dimes & Haard 1994) and the actual digestion
efficiencies measured through in vivo apparent
digestibility coefficients (ADCs) (Bolasina et al. 2006).
In this regard, Toledo-Solis et al. (2020) report that
larvae of the three-spot cichlid (A. trimaculatus) fed
diets with four protein percentages (35, 40, 45, and
50%) showed the best growth and feed efficiency with
45% protein diet containing casein, FM, and sorghum
meal as protein sources. They also noted an increase in
alkaline protease activity with higher protein levels,
suggesting that the digestive system can adapt
enzymatic activity to enhance digestion and minimize
waste.

While M. urophthalmus demonstrates efficient use
of plant-based ingredients such as SBM and sorghum,
P. splendida and P. dovii show reduced growth
performance and digestive efficiency when vegetable
proteins exceed 25-30% of the total dietary protein due
to their limited enzymatic adaptation to such sources
(Valverde-Chavarria et al. 2013, Rodriguez-Estrada et
al. 2020).

Lipids
Lipids are commonly included in formulated diets for

aquatic organisms due to their numerous metabolic
roles. Lipids provide metabolic energy essential for

growth, reproduction, and energy storage, which is
especially important for species that undertake
migratory movements. They are crucial for maintaining
the structure, permeability, and stability of cell
membranes, aiding in nutrient transport, and serving as
precursors for hormones and other bioactive molecules
(Tocher 2003, Gutiérrez-Espinosa et al. 2019).

For cichlids, except for Nile tilapia, the lipid
requirement for most native species from Mexico and
Central America typically ranges from 5 to 20%,
depending on their life stage. These species can
efficiently utilize a variety of lipid sources, including
FO and vegetable oils such as soybean, canola, and corn
oils. For example, high-trophic-level species show
constrained  biosynthesis of long-chain  poly-
unsaturated fatty acid (LC-PUFA) from plant sources
and FO for essential fatty acid requirements. In
contrast, middle-trophic-level species display efficient
metabolism of plant-based lipids and soybean oils.
These metabolic adaptations directly inform feed
formulation strategies for regional cichlid aquaculture
operations (Villarreal et al. 2011, Li et al. 2018,
Calzada-Ruiz et al. 2019, Rodriguez-Estrada et al.
2020). Understanding lipid requirements is crucial for
formulating balanced diets, as both excess and
deficiency in lipids can lead to various health issues
(Sargent et al. 2003). Campeche et al. (2018) noted that
an excess of lipids in aquaculture diets can lead to
excessive visceral fat storage, alter lipase activity, raise
triglyceride and cholesterol levels, and even slow
growth rates.

Bay snook (Petenia splendida)

The bay snook is a high-trophic-level carnivorous
species whose lipid requirements have been evaluated
in various studies. Rodriguez-Estrada et al. (2020)
reported that juveniles benefit from diets containing 5
to 20% lipids when FO and soybean lecithin are
primary lipid sources. The optimal lipid level for this
species was estimated at 16.2%, supporting enhanced
growth and survival. However, the authors also
observed that fish fed 5% lipids exhibited a superior
FCR, suggesting more efficient nutrient utilization at a
lower energy density.

While 5% lipid diets promoted better FCRs, higher
inclusion levels (15-20%) were associated with optimal
growth and physiological conditions, indicating a trade-
off between energy efficiency and the capacity to meet
essential fatty acid and metabolic demands. This
finding is consistent with the species' reliance on high-
energy prey in the wild, which is rich in LC-PUFAs,
such as EPA and DHA, essential for maintaining
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cellular membrane integrity, hormone synthesis, and
modulating inflammation (Tocher 2003). Furthermore,
dietary lipid level influences the activity of digestive
enzymes such as lipase and trypsin, which regulate
nutrient assimilation and support metabolic flexibility
in carnivorous fish (Guo et al. 2019). Consequently,
diets for P. splendida should prioritize the inclusion of
marine-derived lipids during early growth stages to
ensure adequate development while adjusting levels in
later stages to balance performance and cost-
effectiveness.

Mayan cichlid (Mayaheros urophthalmus)

The Mayan cichlid is a middle-trophic-level species
with significant nutritional flexibility, particularly in
lipid requirements and source utilization. Calzada-Ruiz
et al. (2019) evaluated the lipid requirements of larvae
using diets with 10, 15, 20, and 25% total lipid content
derived from FO and soybean lecithin. They
determined that 15% of total lipids supported optimal
growth and survival, and notably, 100% of the FO
could be replaced by soybean lecithin without
negatively affecting performance. This finding demon-
strates a physiological adaptation in M. urophthalmus
to plant-based lipid sources, likely reflecting its
omnivorous feeding behavior and digestive plasticity.

The ability to metabolize vegetable lipids such as
soybean or canola oil has also been linked to enhanced
endogenous enzymatic capacity, particularly involving
desaturases and elongases required for the biosynthesis
of LC-PUFAs from precursors such as linoleic (LA)
and alpha-linolenic acid (ALA) (Turchini et al. 2009).
This metabolic flexibility allows M. urophthalmus to
support growth, immune function, and membrane
homeostasis without relying exclusively on marine-
derived lipid sources.

Moreover, lipid levels and types can influence the
activity of digestive enzymes. For example, fish-fed
diets with soybean lecithin have shown increased bile
secretion and lipase activity, which enhance lipid
digestibility and nutrient assimilation (Ng & Romano
2003). These physiological responses support the
formulation of more sustainable feeds for M.
urophthalmus, with reduced reliance on FO and
improved environmental compatibility.

Three-spot cichlid (Amphilophus trimaculatus)

The three-spot cichlid is a native species with
promising aquaculture potential due to its fast growth
and tolerance to captivity. Toledo-Solis et al. (2020)
assessed the dietary lipid requirements of larvae using

diets with varying lipid levels (16 and 22%) composed
of FO and soybean lecithin. They found that the best
growth performance and feed efficiency occurred with
a diet containing 22% lipids, highlighting the species'
apparent high tolerance to energy-dense feeds.
Additionally, fish fed this high-lipid diet exhibited
increased activities of lipase and trypsin, suggesting
that A. trimaculatus can physiologically adapt its
digestive system to process better elevated dietary lipid
levels, consistent with its partially carnivorous nature,
which may require higher lipid intake to meet energy
demands while preserving dietary protein for growth
and tissue development. The positive response to high-
lipid diets likely reflects the species' natural dietary
habits in the wild, where prey such as benthic
invertebrates and small fish contribute significantly to
their lipid content (Miller et al. 2005). These findings
underscore the importance of formulating energy-
balanced diets for A. trimaculatus, particularly during
the larval and juvenile stages, to prevent growth
depression or metabolic imbalance due to under-
supplementation or excess visceral fat storage.

In addition to providing energy for metabolic and
structural functions, lipids act as a protein-sparing
mechanism. Balancing protein, lipid, and carbohydrate
levels in the diet improves digestibility and optimizes
nutrient utilization (De Silva et al. 1991, Pratoomyot et
al. 2010, Li et al. 2012). Therefore, studies are essential
to establish integrated requirements for species at
different life stages. For example, Olvera-Novoa et al.
(1996) observed optimal growth in juvenile
Cichlasoma synspilum = Vieja synspilum when fed
diets containing 40-50% protein and 8.5-13.2% lipids.
When cod liver oil and soybean oil were used, a marked
decrease in growth and FCR was observed at lower
protein and lipid levels and a maximum of 30%
nitrogen-free extracts (NFE). For blood parrot's cichlid
(a hybrid of Amphilophus citrinellus and Paraneet-
roplus synspilus), Li et al. (2018) found that 11.7%
lipid was the most efficient dietary level using FO and
soybean lecithin, based on a polynomial regression
analysis of diets with lipid contents between 7.4 and
16.8%. An interesting aspect of the study was the
coloration of individuals: fish fed with 12.7 and 11.2%
lipids exhibited more intense reddish coloration and
brightness, which is advantageous in the ornamental
market, suggesting that lipids may play a role in
pigmentation and commercial value for this species that
is classified as a medium-trophic-level species, it is
possible to implement plant lipid sources in greater
quantities compared to other high-trophic-level
cichlids.
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Several studies have shown that optimal protein and
lipid levels are crucial for efficient growth in aquatic
species (Rahimnejad et al. 2021). However, diet quality
depends on the quantity of these nutrients, the specific
sources, their fatty acid and amino acid profiles, and
energy content. Nutritional imbalances impair nutrient
utilization through three primary mechanisms: first,
excess dietary energy from lipids or carbohydrates
triggers protein catabolism rather than anabolism,
reducing protein efficiency ratios; second, suboptimal
calcium: phosphorus ratios (<1:1) form insoluble
complexes that decrease mineral bioavailability; and
third, disproportionate amino acid profiles limit hepatic
protein synthesis, forcing deamination and increasing
ammonia excretion by 2-3-fold. These metabolic
disruptions manifest as reduced specific growth rates
and elevated FCRs, directly impacting production
economics (Wang et al. 2006, Jobling 2012, Li et al.
2012).

In wild ecosystems, the natural prey of high-trophic-
level cichlids (e.g. small fish and crustaceans) tends to
be rich in LC-PUFAs, particularly from the n-3 series
(e.g. EPA and DHA), which are essential for membrane
fluidity, hormone production, and anti-inflammatory
responses (Tocher 2003), which underlines the
importance of maintaining fish oil or marine-derived
lipid inclusion in diets for species like P. splendida and
P. dovii. In contrast, middle-trophic-level species like
M. urophthalmus show better adaptation to vegetable
lipid sources, likely due to higher endogenous enzyme
capacity for fatty acid elongation and desaturation
(Rodriguez-Estrada et al. 2020). Future studies should
assess the specific lipid class requirements (e.g.
phospholipids vs. neutral lipids) and fatty acid profiles
necessary during the larval and juvenile stages for
optimal development.

Carbohydrates

Although carbohydrates are not considered essential
nutrients for fish, they are commonly used in aquafeeds
due to their low cost and functional properties, such as
pellet binding and energy provision. Their utilization
depends on species-specific digestive capabilities and
the chemical nature of the carbohydrate source.

Mayan cichlid (Mayaheros urophthalmus)

The Mayan cichlid, a middle-trophic-level species,
demonstrates moderate to high tolerance to dietary
carbohydrates. Studies have shown that juveniles can
effectively utilize diets containing up to 35% NFE,
especially when using carbohydrate sources such as
gelatinized corn or wheat flour. The species exhibits a

relatively high amylase-to-protease ratio, indicating
enzymatic adaptation for carbohydrate digestion
(Toledo-Solis et al. 2020). Carbohydrates also support
energy balance in low-protein diets, provided they are
digestible and well-processed.

Three-spot cichlid (Amphilophus trimaculatus)

Like M. urophthalmus, A. trimaculatus has shown
growth responses to carbohydrate inclusion levels of up
to 35%. Toledo-Solis et al. (2020) reported no adverse
effects on growth or feed efficiency at these levels
when using processed plant carbohydrates. The species'
digestive enzyme profile supports moderate
carbohydrate levels, making it suitable for partially
plant-based diets when properly balanced with protein
and lipids.

Bay snook (Petenia splendida)

P. splendida, a high-trophic-level carnivore, cannot
digest and metabolize complex carbohydrates.
Rodriguez-Estrada et al. (2020) reported suboptimal
growth and potential hepatic lipid accumulation when
dietary carbohydrate levels exceeded 20%. The species
prefers energy sources from protein and lipids and is
less efficient in using non-protein energy from starch or
NFE. Therefore, carbohydrate inclusion in bay snook
diets should be restricted and based on easily digestible
sources.

Physiological considerations

The ability of cichlid species to utilize dietary
carbohydrates is influenced not only by trophic levels
but also by the chemical nature of the carbohydrate
source. Simple sugars and gelatinized starch are more
readily digested than complex non-starch polysaccha-
rides or insoluble fiber, which can impair nutrient
absorption and gut health (Stone 2003). Carbohydrase
activity, particularly amylase, varies among species and
developmental stages and must be considered when
formulating diets to ensure efficient energy use without
compromising growth or health.

Micronutrient gaps and future perspectives in
native cichlids

Little is known about the specific vitamin and mineral
requirements of native cichlids from Mexico and
Central America. Most nutritional guidelines in
aquaculture are based on studies conducted with tilapia
(O. niloticus), carp (Cyprinus carpio), or salmonids,
and their extrapolation to native species is questionable
due to differences in physiology, trophic level, and
environmental adaptations (NRC 2011). Among native
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cichlids, no peer-reviewed studies have yet quantified
optimal levels of essential vitamins or trace minerals
such as selenium (Se), zinc (Zn), or vitamin E.

Some insights can be drawn from ornamental
cichlid species, such as the blood parrot or angelfish
(Pterophyllum scalare), which have demonstrated
improved immunity and pigmentation with dietary
vitamin C (100-200 mg kg?!) and vitamin E
supplementation (Lim & Lovell 1978, Li et al. 2018).
Similarly, Se and Zn play antioxidant and reproductive
roles in other freshwater fish, but their specific
requirements in native cichlids remain unexplored.

Given the expanding interest in culturing native
cichlids, particularly P. splendida, M. urophthalmus,
and A. trimaculatus, future research should prioritize
the definition of species- and stage-specific requirements
for fat-soluble and water-soluble vitamins, as well as
bioavailable mineral sources (e.g. chelated forms). This
knowledge is essential for optimizing performance,
immune function, and skeletal health under intensive
farming conditions.

CONCLUSIONS

This review highlights the trophic and physiological
diversity of native cichlid species from Mexico and
Central America, which directly influences their
nutritional requirements and capacity to utilize various
dietary components. Species such as P splendida and
P dovii exhibit high protein and lipid requirements
(=45 and >15%, respectively), limited tolerance to plant
ingredients, and low carbohydrate digestibility (<20%),
consistent with their carnivorous feeding habits. In
contrast, M. urophthalmus and A. trimaculatus, which
occupy intermediate trophic levels, demonstrate greater
flexibility in using plant proteins, vegetable lipids, and
digestible carbohydrates (up to 35%), supported by
higher carbohydrase activity and omnivorous tenden-
cies.

Although protein and lipid requirements have been
quantified in some species, major gaps persist regard-
ing micronutrient needs, digestibility of alternative
protein sources, and the effects of diet on immune
function and pigmentation. The development of
balanced diets must be species-specific, considering the
trophic level, digestive physiology, and life stage of
each species. Future research should focus on
characterizing micronutrient requirements, validating
functional ingredients (e.g. probiotics, prebiotics,
organic minerals), and defining digestible energy
thresholds to support the sustainable farming of native
cichlids. This knowledge will be essential for

advancing commercial aquaculture and reducing
pressure on wild populations.

Credit author contribution

J.M. Ramirez-Ochoa: conceptualization, methodology,
formal analysis, writing-original draft; M.P. Hernandez-
Vergara: funding acquisition, methodology, validation,
supervision, review, and editing; C.I. Pérez-Rostro:
methodology, wvalidation, supervision, review, and
editing; J.P. Alcantar-Vazquez: methodology, formal
analysis, review and editing. All authors have read and
accepted the published version of the manuscript.

Conflict of interest
The authors declare no conflict of interest.

ACKNOWLEDGMENTS

This review was supported by institutional resources
from the Tecnol6gico Nacional de Mexico (TecNM)
project: 19287.24-P. J.M. Ramirez-Ochoa acknowl-
edges the scholarship granted by SECIHTI number
1073539 for his postgraduate studies. The constructive
comments of the anonymous reviewers greatly
contributed to improving the quality of the manuscript.

REFERENCES

Adamek-Urbanska, D., Kasprzak, R., Tyszkiewicz, M., et
al. 2021. Negative effects of artificial diets on growth
and the digestive tract of 1-month-old redhead cichlid
(Vieja melanura, Giinther, 1862). Aquaculture Re-
search, 52: 4889-4896. doi: 10.1111/are. 15323

Agostinho, A.A., Ortega, J.C.G., Bailly, D., et al. 2021.
Introduced cichlids in the Americas: distribution
patterns, invasion ecology, and impacts. In: Abate,
M.E. & Noakes, D.L. (Eds.). The behavior, ecology
and evolution of cichlid fishes Fish & Fisheries Series,
40: 313-361. doi: 10.1007/978-94-024-2080-7 10

Alvarez-Gonzalez, C.A., Marquez-Couturier, G., Arias-
Rodriguez, L., et al. 2008. Avances en la fisiologia
digestiva y nutricion de la mojarra tenguayaca Petenia
splendida. In: Cruz-Suérez, L.E., Ricque-Marie, D.,
Nieto-Lopez, M.G., et al. (Eds.). Avances en nutricion
acuicola IX. Universidad Auténoma de Nuevo Leoén,
Monterrey, pp. 255-275.

Amin, M., Musdalifah, L. & Ali, M. 2020. Growth
performances of Nile tilapia, Oreochromis niloticus,
reared in recirculating aquaculture and active
suspension systems. IOP Conference Series: Earth and
Environmental Science, 441: 012135. doi: 10.1088/
1755-1315/441/1/012135


https://doi.org/10.1111/are.15323
https://doi.org/10.1007/978-94-024-2080-7_10
https://doi.org/10.1088/1755-1315/441/1/012135
https://doi.org/10.1088/1755-1315/441/1/012135

Feedings habits and requirements of native cichlids 513

Arredondo-Figueroa, J.L., Nufiez-Garcia, L.G., Pérez-
Vega, M.H., et al. 2013. Culture of founders and
breeding of the bay snook Petenia splendida (Pisces:
Cichlidae) in a recirculation aquaculture system.
European International Journal of Science and
Technology, 2: 123-132.

Arredondo-Figueroa, JL., Ponce-Palafox, J.T,
Matsumoto-Soule, et al. 2015. Effects of protein and
lipids on growth performance, feed efficiency and
survival rate in fingerlings of bay snook (Petenia
splendida). Aquaculture, 446: 283-289.

Asche, F. & Bjorndal, T. 2011. The economics of salmon
aquaculture. John Wiley & Sons, New Jersey.

Barletta, M., Cussac, V.E., Agostinho, A.A., et al. 2015.
Fisheries ecology in South American river basins. In:
Craig, J.F. (Ed.). Freshwater fisheries ecology. John
Wiley & Sons, New Jersey, pp. 311-348.

Barreto, M.S. 2009. Ecomorfologia de los ciclidos en la
selva Lacandona (Rebima), Chiapas, México. Tesis
Doctoral, El Colegio de la Frontera Sur, Campeche.

Bolasina, S., Pérez, A. & Yamashita, Y. 2006. Digestive
enzymes activity during ontogenetic development and
effect of starvation in Japanese flounder, Paralichthys
olivaceus. Aquaculture, 252: 503-515. doi: 10.1016/j.
aquaculture.2005.07.015

Boonanuntanasarn, S., Jangprai, A., Kumkhong, S., et al.
2018. Adaptation of Nile tilapia (Oreochromis
niloticus) to different levels of dietary carbohydrates:
New insights from a long-term nutritional study.
Aquaculture, 496: 58-65. doi. 10.1016/j.aquaculture.
2018.07.011

Calzada-Ruiz, D., Alvarez-Gonzalez, C.A., Pefia, E., et al.
2019. Lipid requirement using different oil sources in
Mayan cichlid Cichlasoma urophthalmus larvae
(Percoidei: Cichlidae). Latin American Journal of
Aquatic Research, 47: 331-341. doi: 10.3856/vol47-
issue2-fulltext-13

Campeche, D.F.B., Andrade, D.H.D.H., Souza, A.M.D., et
al. 2018. Dietary protein: lipid ratio changes growth,
digestive enzyme activity, metabolic profile, and
haematological parameters in hybrid surubim
(Pseudoplatystoma fasciatum * Leiarius marmoratus).
Aquaculture Research, 49: 2486-2494. doi. 10.1111/
are.13708

Chavez-Lopez, R., Peterson, M.S., Brown-Peterson, N.J.,
et al. 2005. Ecology of the Mayan cichlid, Cichlasoma
urophthalmus Gunther, in the Alvarado lagoonal
system, Veracruz, Mexico. Gulf and Caribbean
Research, 17: 123-131. doi: doi: 10.18785/gcr.1701.13

Cochran-Biederman, J.L. & Winemiller, K.O. 2010.
Relationships among habitat, ecomorphology and
diets of cichlids in the Bladen River, Belize.
Environmental Biology of Fishes, 88: 143-152. doi:
10.1007/s10641-010-9624-y

Contreras-Balderas, S., Ruiz-Campos, G., Schmitter-Soto,
J.J., et al. 2008. Freshwater fishes and water status in
Mexico: a country-wide appraisal. Aquatic Ecosystem
Health & Management, 11: 246-256. doi: 10.1080/
14634980802319986

De Silva, S.S., Gunasekera, RM. & Shim, K.F. 1991.
Interactions of varying dietary protein and lipid levels
in young red tilapia: evidence of protein sparing.
Aquaculture, 95: 305-318. doi: 10.1016/0044-8486
(91)90184-R

Dimes, L.E. & Haard, N.F. 1994. Estimation of protein
digestibility I. Development of an in vitro method for
estimating protein digestibility in salmonids (Salmo
gairdneri). Comparative Biochemistry and Physiology
- Part A: Physiology, 108: 349-362. doi:10.1016/0300-
9629(94)90106-6

El-Sayed, A.F.M. 2006. Tilapia culture. CABI Publishing,
Wallingford.

Frias-Quintana, C.A., Pefla-Marin, E.S., Ramirez-
Custodio, C.D., et al. 2021. Comparative characteriza-
tion of digestive proteases in redhead cichlid (Vieja
melanurus) and twoband cichlid (Vieja bifasciata)
(Percoidei: Cichlidae). Neotropical Ichthyology, 19:
€200095. doi: 10.1590/1982-0224-2020-0095

Froese, R. & Pauly, D. (Eds.). 2024. FishBase. World
Wide Web electronic publication. [www. fishbase.org].
Reviewed: October 10, 2024.

Gracida-Juarez, C.A., Ioannou, C.C. & Genner, M.J. 2022.
Competitive dominance and broad environmental
tolerance favor invasive success of Nile tilapia.
Hydrobiologia, 849: 1161-1176. doi: 10.1007/s10750-
021-04778-5

Giiltekin, H. & Yilmaz, E. 2023. Fire mouth cichlid
(Thorichthys meeki Brind, 1918) embryonic and larval

development. Aquatic Animal Reports, 1: 65-81. doi:
10.5281/zenodo.8229232

Guo, J.L., Zhou, Y.L., Zhao, H., et al. 2019. Effect of
dietary lipid level on growth, lipid metabolism and
oxidative status of largemouth bass (Micropterus
salmoides). Aquaculture, 506: 394-400. doi: 10.1016/j.
aquaculture.2019.04.007

Gutiérrez-Espinosa, M.C., Velasco-Garzon, J.S. & Leon-
Morales, C.A. 2019. Revisién: necesidades
nutricionales de peces de la familia Pimelodidae en
Sudamérica (Teleostei: Siluriformes). Revista de
Biologia Tropical, 67: 146-163. doi: 10.15517/rbt.
v67i1.33627

Hemre, G.I, Mommsen, T.P. & Krogdahl, A. 2002.
Carbohydrates in fish nutrition: effects on growth,
glucose metabolism and hepatic enzymes. Aquacul-
ture Nutrition, 8: 175-194. doi: 10.1046/j.1365-
2095.2002.00200.x


https://doi.org/10.1016/j.aquaculture.2018.07.011
https://doi.org/10.1016/j.aquaculture.2018.07.011
https://dx.doi.org/10.3856/vol47-issue2-fulltext-13
https://dx.doi.org/10.3856/vol47-issue2-fulltext-13
https://doi.org/10.1111/are.13708
https://doi.org/10.1111/are.13708
https://doi.org/10.18785/gcr.1701.13
https://doi.org/10.1080/14634980802319986
https://doi.org/10.1080/14634980802319986
https://doi.org/10.1016/0044-8486(91)90184-R
https://doi.org/10.1016/0044-8486(91)90184-R
https://doi.org/10.5281/zenodo.8229232
https://doi.org/10.1016/j.aquaculture.2019.04.007
https://doi.org/10.1016/j.aquaculture.2019.04.007
https://dx.doi.org/10.15517/rbt.v67i1.33627
https://dx.doi.org/10.15517/rbt.v67i1.33627
https://doi.org/10.1046/j.1365-2095.2002.00200.x
https://doi.org/10.1046/j.1365-2095.2002.00200.x

514 Latin American Journal of Aquatic Research

Hidalgo, M.C., Urea, E. & Sanz, A. 1999. Comparative
study of digestive enzymes in fish with different
nutritional habits. Proteolytic and amylase activities.
Aquaculture, 170: 267-283. doi:10.1016/S0044-
8486(98)00413-X

Hinojosa-Garro, D., Arceo-Gomez, J., Zambrano, L., et al.
2013. Fish diet composition in permanent and semi-
permanent pools in tropical wetlands of the Yucatan
Peninsula. Neotropical Ichthyology, 11: 881-890. doi:
10.1590/S1679-62252013000400016

Hulsey, C.D. & De Le6n, F.G. 2005. Cichlid jaw
mechanics: Linking morphology to feeding specializa-
tion. Functional Ecology, 19: 487-494.

Hulsey, C.D., Hollingsworth, P.R. & Fordyce, J.A. 2010.
Temporal diversification of Central American cichlids.
BMC Evolutionary Biology, 10: 1-12. doi: 10.1186/
1471-2148-10-279

Infante, O. & LaBar, G.W. 1977. Some aspects of the
biology of Petenia krausii Steindachner (Pisces:
Cichlidae) in Lake Valencia, Venezuela. Journal of
Fish Biology, 10: 243-249. doi: 10.1111/j.1095-
8649.1977.tb05129.x

Jiménez-Martinez, L.D., Alvarez-Gonzalez, C.A.,
Contreras-Sanchez, W.M., et al. 2009. Evaluation of
larval growth and survival in Mexican mojarra,
Cichlasoma urophthalmus, and bay snook, Petenia
splendida, under different initial stocking densities.
Journal of the World Aquaculture Society, 40: 753-
761. doi: 10.1111/j.1749-7345.2009.00295.x

Jobling, M. 2012. Nutrient requirements of fish and
shrimp. Aquaculture International, 20: 601-602. doi:
10.1007/s10499-011-9480-6

Kamalam, B.S. & Panserat, S. 2016. Carbohydrates in fish
nutrition. International Aquafeed, 9: 20-23. doi:
10.13140/RG.2.1.4570.6645

Kaushik, S.J. & Seiliez, 1. 2010. Protein and amino acid
nutrition and metabolism in fish: current knowledge
and future needs. Aquaculture Research, 41: 322-332.
doi: 10.1111/.1365-2109.2009. 02174.x

Kopriicii, K. & Ozdemir, Y. 2005. Apparent digestibility
of selected feed ingredients for Nile tilapia
(Oreochromis niloticus). Aquaculture, 250: 308-316.
doi: 10.1016/j.aquaculture.2004.12.003

Kullander, S.O. 2003. Family Cichlidae. In: Reis, R.E.
(Ed.). Check list of the freshwater fishes of South and
Central America. EDIPUCRS, Rio Grande do Sul, pp.
605-654.

Lazzarotto, V., Médale, F., Larroquet, L., et al. 2018.
Long-term dietary replacement of fishmeal and fish oil
in diets for rainbow trout (Oncorhynchus mykiss):

Effects on growth, whole body fatty acids and
intestinal and hepatic gene expression. Plos One, 13:
€0190730. doi: 10.1371/journal.pone.0190730

Li, X, Jiang, Y., Liu, W., et al. 2012. Protein-sparing effect
of dietary lipid in practical diets for blunt snout bream
(Megalobrama amblycephala) fingerlings: effects on
digestive and metabolic responses. Fish Physiology
and Biochemistry, 38: 529-541. doi: 10.1007/s10695-
011-9533-9

Li, M., Rahman, M.M., Lin, Y.C., et al. 2018. Effect of
dietary lipid on growth, expression of canthaxanthin-
based coloration, digestive enzymes activities and
immunity in blood parrot cichlid Amphilophus
citrinellus x Paraneetroplus synspilus. Aquaculture
Nutrition, 24 : 277-284. doi: 10.1111/anu.12556

Liem, K.F. & Osse, JJW.M. 1975. Biological versatility,
evolution, and food resource exploitation in African
cichlid fishes. American Zoologist, 15: 427-454. doi:
10.1093/icb/15.2.427

Lim, C. & Lovell, R.T. 1978. Pathology of the vitamin C
deficiency syndrome in channel catfish (Ictalurus
punctatus). Journal of Nutrition, 108: 1137-1146. doi:
10.1093/jn/108.7.1137

Liti, D.M., Mugo, R.M., Munguti, J.M., et al. 2006.
Growth and economic performance of Nile tilapia
(Oreochromis niloticus L.) fed on three brans (maize,
wheat and rice) in fertilized ponds. Aquaculture
Nutrition, 12: 239-245.  doi: 10.1111/j.1365-
2095.2006.00397.x

Lopez-Fernandez, H., Winemiller, K.O. & Honeycutt,
R.L. 2010. Multilocus phylogeny and rapid radiations
in Neotropical cichlid fishes (Perciformes: Cichlidae:
Cichlinae). Molecular Phylogenetics and Evolution,
55:1070-1086. doi: 10.1016/j.ympev.2010.02.020

Lopez-Ramirez, G., Cuenca-Soria, C.A., Alvarez-
Gonzalez, C.A., et al. 2011. Development of digestive
enzymes in larvae of Mayan cichlid Cichlasoma
urophthalmus. Fish Physiology and Biochemistry, 37:
197-208. doi: 10.1007/s10695-010-9431-6

Lovell, T. 1989. Nutrition and feeding of fish. Springer,
New York.

Martinez, A.U., Lépez, F.M., Alvarez-Gonzalez, C.A., et
al. 2011. Aplicaciones a la mejora de la utilizacion
nutritiva del alimento en ciclidos cultivados en
México. Universidad Autonoma de Nuevo Leon,
Monterrey.

Martinez-Palacios, C.A. & Ross, L.G. 1988. The feeding
ecology of the Central American cichlid Cichlasoma

urophthalmus (Giinther). Journal of Fish Biology, 33:
665-670. doi: 10.1111/j.1095-8649.1988.th05512.x


https://doi.org/10.1016/S0044-8486(98)00413-X
https://doi.org/10.1016/S0044-8486(98)00413-X
https://doi.org/10.1590/S1679-62252013000400016
https://doi.org/10.1590/S1679-62252013000400016
https://doi.org/10.1111/j.1095-8649.1977.tb05129.x
https://doi.org/10.1111/j.1095-8649.1977.tb05129.x
https://doi.org/10.1111/j.1749-7345.2009.00295.x
https://doi.org/10.1111/j.1365-2109.2009.02174.x
https://doi.org/10.1016/j.aquaculture.2004.12.003
https://doi.org/10.1007/s10695-011-9533-9
https://doi.org/10.1007/s10695-011-9533-9
https://doi.org/10.1111/anu.12556
https://doi.org/10.1093/icb/15.2.427
https://doi.org/10.1093/icb/15.2.427
https://doi.org/10.1111/j.1365-2095.2006.00397.x
https://doi.org/10.1111/j.1365-2095.2006.00397.x
https://doi.org/10.1016/j.ympev.2010.02.020
https://doi.org/10.1111/j.1095-8649.1988.tb05512.x

Feedings habits and requirements of native cichlids 515

Martinez-Palacios, C.A., Harfush-Melendez, M., Chavez-
Sanchez, C., et al. 1996, The optimum dietary protein
level for the Mexican cichlid Cichlasoma
urophthalmus (Giinther): a comparison of estimates
derived from experiments using fixed-rate feeding and
satiation feeding. Aquaculture Nutrition, 2: 11-20. doi:
10.1111/j.1365-2095.1996.th00003.x

Martinez-Palacios, C.A., Salgado-Garcia, R.L., Racotta,
I.S., etal. 2008. Effects of salinity on eggs, larvae, and
juveniles of blacknose silversides from Lake Chapala,
Mexico. North American Journal of Aquaculture, 70:
12-19. doi: 10.1577/A06-026.1

Marrero, C. & Olarte, D.R. 2006. Notas sobre
alimentacion y el habitat de algunos ciclidos en el
Parque Nacional Aguaro-Guariquito (Edo. Guarico,
Venezuela). Acta Biologica Venezuelica, 26: 53-63.

Méndez, A., Garcia, M.E. & Lozano, L. 2011. Sistematica
del pez Petenia splendida (Perciformes: Cichlidae) en
el lago Petén Itzd, Guatemala. Revista de Biologia
Tropical, 59: 1205-1216.

Mendoza-Palmero, C.A., Blasco-Costa, I., Hernandez-Mena,
D., et al. 2017. Parasciadicleithrum octofasciatum n.
gen., n. sp. (Monogenoidea: Dactylogyridae), parasite
of Rocio octofasciata (Regan) (Cichlidae: Perciformes)
from Mexico characterized by morphological and
molecular evidence. Parasitology International, 66:
152-162. doi: 10.1016/j.parint.2017.01.006

Meurer, F., Novodworski, J. & Bombardelli, R.A. 2024.
Protein requirements in Nile tilapia (Oreochromis
niloticus) during production and reproduction phases.
Aquaculture and Fisheries, 10: 171-182. doi: 10.1016/
j.aaf.2024.03.004

Miller, R.R., Minckley, W.L. & Norris, S.M. 2005.
Freshwater fishes of Mexico. University of Chicago
Press, Chicago.

Nava, A.F., Novoa, M.O. & Cristiano, A.G. 1989. Effects
of stocking density on the growth rates of Cichlasoma
urophthalmus (Giinther) cultured in floating cages.
Aquaculture Research, 20: 73-78. doi: 10.1111/j.1365-
2109.1989.tb00442.x

Ng, W.K. & Romano, N. 2013. A review of the nutrition
and feeding management of farmed tilapia throughout
the culture cycle. Reviews in Aquaculture, 5: 220-254.
doi: 10.1111/raq.12014

Nguyen, T.N., Davis, D.A. & Saoud, I.P. 2009. Evaluation
of alternative protein sources to replace fish meal in
practical diets for juvenile tilapia, Oreochromis spp.
Journal of the World Aquaculture Society, 40: 113-
121. doi: 10.1111/j.1749-7345.2008.00230.x

National Research Council (NRC). 2011. Nutrient
requirements of fish and shrimp. National Academies
Press, Washington D.C. doi: 10.17226/13039

Ogello, E.O., Munguti, J.M., Sakakura, Y., et al. 2014.
Complete replacement of fish meal in the diet of Nile
tilapia (Oreochromis niloticus L.) grow-out with
alternative protein sources: A review. International
Journal of Advanced Research, 2: 962-978.

Olvera-Novoa, M.A., Gasca-Leyva, E. & Martinez-
Palacios, C.A. 1996. The dietary protein requirements
of Cichlasoma synspilum Hubbs, 1935 (Pisces:
Cichlidae) fry. Aquaculture Research, 27: 167-166.
doi: 10.1111/j.1365-2109.1996.th00981.x

Pashkov, A.N. & Zvorykin, D.D. 2009. Some
morphoecological specific features of cichlasomine
Rocio octofasciata (Perciformes, Cichlidae) from the
population in Lake Staraya Kuban. Journal of
Ichthyology, 49: 383-389. doi: 1134/S00329452090
5004X

Pereira, C.C.G.F., Smith, W.S. & Espindola, E.L.G. 2004.
Habitos alimenticios de nueve especies de peces del
embalse de Trés Irmdos, Sdo Paulo, Brasil. Uni-
versidad y Ciencia, 1: 33-38.

Pérez-Fuentes, J.A., Hernandez-Vergara, M.P., Pérez-
Rostro, C.I., et al. 2016. C:N ratios affect nitrogen
removal and production of Nile tilapia Oreochromis
niloticus raised in a biofloc system under high-density
cultivation. Aquaculture, 452: 247-251. doi: 10.1016/
j-aquaculture.2015.11.010

Pérez-Sanchez, E. & Paramo-Delgadillo, S. 2008. The
culture of cichlids of southeastern Mexico. Aquacul-
ture Research, 39: 777-783. doi: 10.1111/j.1365-
2109.2008.01929.x

Pialek, L., Ri¢an, O., Casciotta, J., et al. 2012. Multilocus
phylogeny of Crenicichla (Teleostei: Cichlidae), with
biogeography of the C. lacustris group: species flocks
as a model for sympatric speciation in rivers.
Molecular Phylogenetics and Evolution, 62: 46-61.
doi: 10.1016/j.ympev.2011.09.006

Pratoomyot, J., Bendiksen, E.A., Bell, J.G., et al. 2010.
Effects of increasing replacement of dietary fishmeal
with plant protein sources on growth performance and
body lipid composition of Atlantic salmon (Salmo
salar L.). Aquaculture, 305: 124-132. doi: 10.1016/j.
aquaculture. 2010.04.019

Rahimnejad, S., Dabrowski, K., Izquierdo, M., et al. 2021.
Effects of dietary protein and lipid levels on growth,
body composition, blood biochemistry, antioxidant
capacity and ammonia excretion of European grayling

(Thymallus thymallus). Frontiers in Marine Science, 8:
715636. doi: 10.3389/fmars.2021.715636


https://doi.org/10.1111/j.1365-2095.1996.tb00003.x
https://doi.org/10.1111/j.1365-2095.1996.tb00003.x
https://doi.org/10.1016/j.parint.2017.01.006
https://doi.org/10.1016/j.aaf.2024.03.004
https://doi.org/10.1016/j.aaf.2024.03.004
https://doi.org/10.1111/j.1365-2109.1989.tb00442.x
https://doi.org/10.1111/j.1365-2109.1989.tb00442.x
https://doi.org/10.1111/raq.12014
https://doi.org/10.1111/j.1749-7345.2008.00230.x
https://doi.org/10.1111/j.1365-2109.1996.tb00981.x
https://doi.org/10.1016/j.aquaculture.2015.11.010
https://doi.org/10.1016/j.aquaculture.2015.11.010
https://doi.org/10.1111/j.1365-2109.2008.01929.x
https://doi.org/10.1111/j.1365-2109.2008.01929.x
https://doi.org/10.1016/j.ympev.2011.09.006
https://doi.org/10.1016/j.aquaculture.2010.04.019
https://doi.org/10.1016/j.aquaculture.2010.04.019

516 Latin American Journal of Aquatic Research

Rodriguez-Estrada, U., Méndez-Marin, O., Pérez-
Morales, A., et al. 2020. Lipid requirement of bay
snook (Petenia splendida Giinther, 1862) juveniles.
Latin American Journal of Aquatic Research, 48: 674-
685. doi: 10.3856/vol48-issue4d-fulltext-2429

Rojas, C.P. & Mendoza, R. 2000. El cultivo de especies
nativas en México. Instituto Nacional de Pesca,
Ciudad de México, pp. 445-489.

Russell, D.J., Thuesen, P.A. & Thomson, F.E. 2012. A
review of the biology, ecology, distribution and control
of Mozambique tilapia, Oreochromis mossambicus
(Peters 1852) (Pisces: Cichlidae) with particular
emphasis on invasive Australian populations. Reviews
in Fish Biology and Fisheries, 22: 533-554. doi:
10.1007/s11160-011-9249-z

Sargent, J.R., Tocher, D.R. & Bell, J.G. 2003. The lipids.
In: Hoover, J.E & Hardy, R.W. (Eds.). Fish nutrition.
Academic Press, Cambridge.

Schofield, P.J., Loftus, W.F., Kobza, R.M., et al. 2010.
Tolerance of nonindigenous cichlid fishes (Cichlasoma
urophthalmus, Hemichromis letourneuxi) to low
temperature: laboratory and field experiments in south
Florida. Biological Invasions, 12: 2441-2457. doi:
10.1007/s10530-009-9654-6

Sparks, J.S. 2004. Molecular phylogeny and biogeography
of the Malagasy and South Asian cichlids (Teleostei:
Perciformes: Cichlidae). Molecular Phylogenetics and
Evolution, 30: 599-614. doi: 10.1016/S1055-7903(03)
00225-2

Stone, D.A. 2003. Dietary carbohydrate utilization by fish.
Reviews in Fisheries Science, 11: 337-369. doi:
10.1080/10641260390260884

Tabash, B., Farid, A. & Guadamuz, S.E. 2000. A
management plan for the sport fishery of Parachromis
dovii (Pisces: Cichlidae) (Gunther, 1864) in Hule lake,
Costa Rica. Revista de Biologia Tropical, 48: 473-485.

Tacon, A.G.J. & Cowey, C.B. 2012. Protein and amino
acid requirements. In: Tytler, P. & Calow, P. (Eds.).
Fish energetics: new perspectives. Springer Science &
Business Media, New York, pp. 155-183.

Tacon, A.G. & Metian, M. 2008. Global overview on the
use of fish meal and fish oil in industrially
compounded aquafeeds: Trends and future prospects.
Aquaculture, 285: 146-158. doi: 10.1016/j.aquacul-
ture.2008.08.015

Tan, HH. & Lim, K.K.P. 2008. Acarichthys heckelii
(Miiller & Troschel), an introduced cichlid fish in
Singapore. Nature in Singapore, 1: 129-133.

Tocher, D.R. 2003. Metabolism and functions of lipids and
fatty acids in teleost fish. Reviews in Fisheries
Science, 11: 107-184. doi: 10.1080/713610925

Toledo-Solis, F.J., Uscanga-Martinez, A., Guerrero-
Zarate, R., et al. 2015. Changes on digestive enzymes
during initial ontogeny in the three-spot cichlid
Cichlasoma trimaculatum. Fish Physiology and
Biochemistry, 41: 267-279. doi: 10.1007/s10695-014-
0023-8

Toledo-Solis, F.J., Martinez-Garcia, R., Galaviz, M.A., et
al. 2020. Protein and lipid requirements of three-spot
cichlid Cichlasoma trimaculatum larvae. Fish
Physiology and Biochemistry, 46: 23-37. doi:
10.1007/s10695-019-00692-9

Trevifio, L., Alvarez-Gonzélez, C.A., Perales-Garcia, N.,
et al. 2011. A histological study of the organogenesis
of the digestive system in bay snook Petenia splendida
Giinther, 1862 from hatching to the juvenile stage.
Journal of Applied Ichthyology, 27: 73-82. doi:
10.1111/j.1439-0426.2010.01608.x

Turchini, G.M., Torstensen, B.E. & Ng, W.K. 2009. Fish
oil replacement in finfish nutrition. Reviews in
Aquaculture, 1: 10-57. doi: 10.1111/5.1753-5131.2008.
01003.x

Ulloa-Rojas, J.B., Valverde-Chavarria, S. & Herrera
Campos, M. 2022. Growth and alkaline digestive
proteases activity of Parachromis dovii larvae fed live
prey and formulated diets with different protein
sources. AquaTechnica, 4: 75-84. doi: 10.33936/at.
v4i2.4610

Uscanga-Martinez, A. 2020. Estudios de la funcion
digestiva y evaluacion de ingredientes proteicos en tres
ciclidos (Petenia splendida, Mayaheros urophthalmus,
Oreochromis niloticus) cultivados en México. Ph.D.
Dissertation, Universidad de Las Palmas de Gran
Canaria, Las Palmas.

Uscanga-Martinez, A., Alvarez-Gonzélez, C.A., Contreras-
Sanchez, W.M., et al. 2012. Protein requirement in
masculinized and non-masculinized juveniles of Bay
Snook Petenia splendida. Hidrobiologica, 22: 219-
228.

Uscanga-Martinez, A., Perales-Garcia, N., Alvarez-
Gonzalez, C.A., et al. 2011. Changes in digestive
enzyme activity during initial ontogeny of bay snook
Petenia splendida. Fish Physiology and Biochemistry,
37: 667-680. doi: 10.1007/s10695-011-9467-2

Valtierra-Vega, M. T. & Schmitter-Soto, J.J. 2000. Habitos
alimentarios de las mojarras (Perciformes: Cichlidae)
de la laguna Caobas, Quintana Roo, México. Revista
de Biologia Tropical, 48: 503-508.

Valverde-Chavarria, S., Alvarez-Gonzalez, C.A., Brais-
Medina, M., et al. 2016. In vitro digestibility and
proteases inhibitory effect of several feedstuffs for
Parachromis dovii juveniles and P. dovii hybrid larvae.


https://dx.doi.org/10.3856/vol48-issue4-fulltext-2429
https://doi.org/10.1016/S1055-7903(03)00225-2
https://doi.org/10.1016/S1055-7903(03)00225-2
https://doi.org/10.1080/10641260390260884
https://doi.org/10.1080/10641260390260884
https://doi.org/10.1016/j.aquaculture.2008.08.015
https://doi.org/10.1016/j.aquaculture.2008.08.015
https://doi.org/10.1111/j.1439-0426.2010.01608.x
https://doi.org/10.1111/j.1439-0426.2010.01608.x
https://doi.org/10.33936/at.v4i2.4610
https://doi.org/10.33936/at.v4i2.4610

Feedings habits and requirements of native cichlids 517

Fish Physiology and Biochemistry, 42: 1767-1776.
doi: 10.1007/s10695-016-0256-9

Valverde-Chavarria, S., Alvarez-Gonzalez, C.A., Ulloa-
Rojas, J.B., et al. 2013. Ontogenia del sistema
digestivo del guapote lagunero Parachromis dovii
durante el periodo larval y seleccion de ingredientes
para su alimentacion. In: Cruz-Suarez, L.E., Ricque-
Marie, D., Tapia-Salazar, M., et al. (Eds.).
Contribuciones recientes en alimentacion y nutricion
acuicola. Universidad Auténoma de Nuevo Leodn,
Nuevo Ledn, pp. 320-355.

Vasquez-Torres, W., Pereira-Filho, M. & Arias-
Castellanos, J.A. 2011. Optimum dietary crude protein
requirement for juvenile cachama Piaractus
brachypomus. Ciencia Rural, 41: 2183-2189. doi:
10.1590/S0103-84782011001200023

Villarreal, C., Gelabert, R., Gaxiola, G., et al. 2011.
Crecimiento de alevines de Cichlasoma urophthalmus
con dietas basadas en diferentes niveles de inclusion

de proteina de soya y gluten de trigo. Universidad y
Ciencia, 27: 53-62.

Received: December 9, 2024; Accepted: May 13, 2025

Wang, Y., Kong, L.J., Li, C, et al. 2006. Effect of
replacing fish meal with soybean meal on growth, feed
utilization and carcass composition of cuneate drum
(Nibea miichthioides). Aquaculture, 261: 1307-1313.
doi. 10.1016/j.aquaculture.2006.08.045

Wilson, R. 2003. Amino acids and proteins. In: Halver,
J.E. & Hardy, R.W. (Eds.). Fish Nutrition. Academic
Press, Cambridge, pp.143-179.

Winemiller, K.O. & Kelso-Winemiller, L.C. 2003. Food
habits of tilapiine cichlids of the Upper Zambezi River
and floodplain during the descending phase of the
hydrologic cycle. Journal of Fish Biology, 63: 120-
128. doi: 10.1046/j.1095-8649.2003.00134.x

Yafiez-Arancibia, A. 1978. Taxonomia, ecologia y
estructura de las comunidades de peces en lagunas
costeras con bocas efimeras del Pacifico de México.
UNAM, Ciudad de México.


https://doi.org/10.1590/S0103-84782011001200023
https://doi.org/10.1590/S0103-84782011001200023
https://doi.org/10.1046/j.1095-8649.2003.00134.x

	Latin American Journal of Aquatic Research, 53(3): 503-517, 2025

