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PROLOGO

Os desafios contemporaneos relacionados ao uso dos recursos naturais, a
conservacdo da biodiversidade, as mudancas ambientais e a sustentabilidade dos
sistemas produtivos exigem abordagens cada vez mais integradas. Nas Ciéncias Agrarias
e Ambientais, essa integracao se torna especialmente relevante diante da necessidade
de conciliar producéo, conservacao, desenvolvimento territorial e uso responsavel dos
recursos, considerando tanto os processos ecoldgicos quanto as dimensdes sociais e
econdmicas envolvidas.

O oitavo volume de Estudos em Ciéncias Agrarias e Ambientais reline quatorze
capitulos organizados em quatro eixos tematicos: Territorio, mudancas ambientais e
conservacao; Solo, biodiversidade e agroecossistemas sustentaveis; Producao
sustentavel, manejo e organizacao dos sistemas produtivos; e Economia circular,
transformacgo6es ambientais e histdria da agricultura. Em conjunto, os trabalhos propdem
um percurso que parte de questdes ambientais e territoriais amplas e avanca em direcao
ao funcionamento dos agroecossistemas, as estratégias de producéo sustentavel e as
transformagdes historicas das relacdes entre agricultura, recursos e paisagem.

O primeiro eixo retine estudos voltados as mudangas ambientais, a vulnerabilidade
territorial, 2 soberania alimentar e a conservacao de areas naturais. As analises destacam
como clima, uso da terra, planejamento territorial, politicas de desenvolvimento e
participagdo comunitaria interferem diretamente na relagcéao entre sociedade e ambiente.
A vulnerabilidade de areas costeiras diante da elevagao do nivel do mar, por exemplo,
envolve ndo apenas fatores fisicos, mas também infraestrutura, uso do solo, planejamento
e capacidade adaptativa. Da mesma forma, a soberania alimentar & discutida a partir das
disputas pelo territorio, pela terra e pela agua e das diferentes formas de organizacao da
producao rural.

No segundo eixo, o olhar se volta ao solo, a biodiversidade e ao funcionamento
dos agroecossistemas. A agricultura regenerativa é apresentada como uma abordagem
sistémica voltada a recuperacdo da saude e da funcionalidade do solo, com principios
relacionados a reducao da perturbagéo, a cobertura permanente, a diversidade e a
integracao planejada entre componentes do sistema produtivo. Os estudos sobre fungos
micorrizicos, bactérias rizosféricas e recursos fitogenéticos ampliam essa discusséo
ao abordar diferentes dimensdes da biodiversidade e de sua importancia ecoldgica. As
interacdes entre organismos e solo, a participagcao de microrganismos nos processos de
transformagéo da matéria organica e a conservacao da diversidade vegetal evidenciam
a relevancia dos recursos bioldgicos para o funcionamento dos ecossistemas e para o

desenvolvimento de estratégias de conservacao e uso sustentavel.



O terceiro eixo aborda diferentes estratégias de aprimoramento dos sistemas
produtivos, considerando aspectos técnicos, ecoldgicos e organizacionais. Sdo discutidas
alternativas como a utilizagdo de microrganismos benéficos para reduzir a dependéncia
da fertilizacdo mineral, o emprego de alimentos vivos na aquicultura, o comportamento
e 0 manejo de bovinos autdoctones em sistemas extensivos de montanha e formas
coletivas de organizacdo e comercializacao entre pequenos produtores. Os trabalhos
demonstram que a sustentabilidade da producédo depende ndo apenas da eficiéncia no
uso dos recursos, mas também da adequacéo das praticas de manejo, da conservagao
da paisagem e das condi¢des de organizagdo econémica e social dos produtores.

Por fim, o quarto eixo estabelece um dialogo entre aproveitamento de recursos,
transformagao ambiental e histéria da agricultura. O estudo sobre a utilizagdo da casca de
noz para a producao de carvao ativado examina os requisitos técnicos e de investimento
associados a valorizacao de residuos agroindustriais, em consonancia com os principios
da economia circular. Os dois capitulos seguintes ampliam a perspectiva temporal
ao investigar as relagcbes entre agricultura, clima, desmatamento e transformacdes
sociopoliticas nas terras baixas maias, bem como os conhecimentos, as tecnologias
de manejo da agua e as intervengdes sobre a paisagem desenvolvidos no contexto da
agricultura andina e inca. Em conjunto, esses trabalhos permitem considerar diferentes
formas de utilizagao e transformacao dos recursos naturais, desde experiéncias historicas
de organizacdo agricola até propostas contemporaneas de valorizagcdo de materiais e
processos produtivos.

A diversidade dos capitulos reunidos neste volume evidencia que os desafios
ambientais e agricolas contemporaneos ndo podem ser compreendidos de forma
isolada. Solo, agua, biodiversidade, territério, producao, tecnologia e organizacéo social
constituem dimensoes interdependentes de sistemas em constante transformacao.

Ao integrar estudos sobre conservacao, sustentabilidade, producéo e histoéria da
agricultura, este volume contribui para ampliar o debate sobre formas mais equilibradas
de relagado entre sociedade, sistemas produtivos e ambiente, valorizando tanto a inovacao

cientifica quanto o conhecimento acumulado ao longo do tempo.

Boa leitura!

Eduardo Eugénio Spers
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ABSTRACT: The nutrition of aquatic
organisms in aquaculture determines whether
they reach their full potential or fall short. The
most common practice in fish farming is the
use of commercial processed feed. However,
during manufacturing, these foods undergo
industrial drying processes that denature their
nutrients. Live food is an excellent option for
use as a substitute or nutritional supplement
in aquaculture. These organisms provide the
optimal concentration of essential nutrients,
ensuring that fish grow at an appropriate
rate, display good coloration, and maintain an
effective immune system. In this chapter, we
present the production, use, and specifications
of these organisms and discuss the
advantages and disadvantages of their use in
aquaculture. Likewise, we propose innovative
options to complement feeding on aquaculture
farms. Cultures of these organisms are fast,
cost-effective, and can be supplied to fish
of all sizes. Transitioning from a diet based
solely on processed foods to one based on
live foods represents a significant step toward
high-tech, high-yield aquaculture. Meeting the
nutritional needs of fish not only ensures their
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survival butalso results in healthier animals with accelerated growth, greater reproductive
success, and more vibrant colors.
KEYWORDS: fish farming; ornamental fish; food fish; sustainable aquaculture.

EL GRAN DESCONOCIDO: USO DEL ALIMENTO VIVO EN LA ACUICULTURA

RESUMEN: La nutricion de los organismos acuaticos en la acuicultura determina si
alcanzan su maximo potencial o se quedan a mitad del camino. La practica mas comun
en el cultivo de peces es el uso de alimentos comerciales procesados. Sin embargo, al
fabricar estos alimentos, sus ingredientes se someten a procesos industriales de secado,
lo que provoca la desnaturalizacion de sus nutrientes. El alimento vivo es una excelente
opcion que puede utilizarse como sustituto o complemento nutricional en la acuicultura.
Estos comestibles aportan la concentracion optima de nutrientes esenciales que
garantizan que los peces crezcan a un ritmo adecuado, presenten una buena coloracion
y tengan un sistema inmunitario eficaz. En este capitulo mostramos la produccion, el uso
y las especificaciones y discutimos las ventajas e inconvenientes de estos organismos
utilizados en la acuicultura. De igual forma, se plantean algunas opciones novedosas
que pueden complementar la alimentacion en las granjas acuicolas. Los cultivos de
estos organismos se caracterizan por ser rapidos, rentables y pueden suministrarse a
peces de todos los tamanos. La transicion de una dieta basada unicamente en alimentos
procesados a otra basada en alimentos vivos representa un paso definitivo hacia una
acuacultura tecnificada y de alto rendimiento. Mantener las necesidades nutricionales de
los peces no soélo asegura su supervivencia, también se obtienen animales mas sanos,
con un crecimiento acelerado, mayor éxito reproductivo y colores mas vibrantes.
PALABRAS CLAVE: piscicultura; peces de ornato; peces de consumo humano; acuicultura
sustentable.

1. FEEDING IN AQUACULTURE

Proper feeding and nutrition are critical in aquaculture. The nutrition of aquatic
organisms in captivity determines whether they reach their full potential or fall short.
Today, the most common practice in fish farming is the use of commercial processed
feeds (Araujo et al., 2022). These pellets are practical solutions that have dominated the
industry for years; however, dry diets carry operational and biological costs that cannot
be ignored (Arce et al., 2018).

In nature, fish survival depends on visual cues from moving prey to trigger
predatory behavior (Fuiman & Magurran, 1994). In captivity, processed food can settle to
the bottom if not consumed. In this scenario, not only is the input wasted, but the edible
material also degrades in the aquatic environment, thereby affecting water quality and
putting the entire cultivation system at risk. On the other hand, during the manufacture of
these foods, the ingredients undergo industrial drying to facilitate commercialization and

storage (Araujo et al., 2022). This process denatures nutrients, drastically reducing their
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digestibility and absorption by the body (Evrendilek, 2024). Live food is a viable nutritional
substitute or supplement in aquaculture. Live food provides the optimal concentration
of essential nutrients, such as proteins, carbohydrates, lipids, vitamins, and minerals,
ensuring that fish grow at appropriate rates, display good coloration, and have an effective

immune system (Samat et al., 2020).

2. WHAT IS LIVE FOOD, AND WHY IS IT SO GOOD?

Live food consists of micro- and macroorganisms with sizes, shapes, and
consistencies suitable for consumption by farmed aquatic animals. This food is also
distinguished by its profitability, due to high cultivation densities, and by biological
advantages that commercial pellets cannot replicate, such as mobility (Franco et al., 2025).
For many species, especially during the fry stage, the instinct to hunt triggers feeding. A
stationary pellet may go unnoticed and sink to the bottom, whereas a small crustacean
swimming in the water column triggers an immediate biological response that ensures the
fish will feed on it. Therefore, live food is not just food but a functional biological package
necessary for our cultures to develop under optimal conditions (Arce et al,, 2018). The
nutritional quality of live food is primarily characterized by the percentages of proteins,
lipids, and carbohydrates (Table 1). On the other hand, this food has a broad profile of
essential amino acids for fish development: arginine, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, threonine, tryptophan, and valine. These must be supplied
in their diet and are crucial for optimal growth, as fish cannot synthesize them (Wilson,
1986). But these organisms not only provide enzymes and vital nutrients for proper fish
development, but they also contain pigments that enhance the coloration of these animals
in captivity (Arce et al., 2018).

Table 1. Nutritional content of the organisms used as live food (Franco et al., 2025).

Organism Proteins Carbohydrates Lipids
Phytoplankton 56% 17% 6%
Rotifers
51% 9% 33%
(Rotifera)
Vinegar eel
15% 10% 24%

(Turbatrix aceti)

Free-living nematode
62% 17% 24%
(Panagrellus redivivus)

Grindal worm
12% 10% 1%
(Enchytraeus buchholzi)
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Organism Proteins Carbohydrates Lipids

Water flea
50% 4% 19%
(Cladocera)
Artemia
57% 1% 16%
(Artemia sp.)
Amphipods
44% 9% 9%
(Amphipoda)
Beetle (Ulomoides
27% 35% 21%
dermestoides)
Fairy Shrimp
54% 7% 1%
(Streptocephalus mackini)
Tubifex
55% 4% 14%
(Tubifex tubifex)
Tenebrio
51% 5% 37%

(Tenebrio molitor)

Pigmentation is one of the clearest indicators of health and quality. Living
organisms are often rich in natural pigments, such as carotenoids (canthaxanthin, beta-
carotene, lutein, astaxanthin, taraxanthin, zeaxanthin, and echinenone) (Maoka, 2020).
Microalgae, crustaceans, and insects naturally acquire these pigments, and when
consumed by fish, they are incorporated into chromatophores, the cells that reflect them.
Notably, these natural colorants are incorporated more efficiently into fish tissues than
artificial colorants and produce tones such as red, yellow, and orange (Sathyaruban et
al., 2021). The result is more intense, natural coloration, a key factor for species of high
ornamental and commercial value. Live food has several properties that make it the best

choice for aquaculture. But what about its diversity, cultivation, and availability?

3. FOOD FOR THE INITIAL PHASES

Microalgae, or phytoplankton, are the primary food source for small fish. These
photosynthetic microorganisms are found in aquatic systems, and phytoplankton is
commonly known as “green water”. Rotifers, on the other hand, are microscopic animals
and constitute the main component of zooplankton. Both groups are rich in proteins,
lipids, and carbohydrates and can reach up to two millimeters in length, an ideal size for
fry to feed on them (Napiorkowska-Krzebietke, 2017). Their extensive cultivation involves
reproducing various species of these microorganisms in a single space, typically in water-

filled containers placed outdoors to ensure the microalgae can photosynthesize, providing
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food for the rotifers. In the end, this green water can be used as food for the fry in our
culture (Image 1).

Image 1. Outdoor cultivation of phytoplankton and zooplankton.

Another microscopic organism well suited for feeding fish in the early stages is
the vinegar eel (Turbatrix aceti). This nematode measures less than two millimeters long
and feeds on bacteria that ferment sugar and fruit. Unlike phytoplankton and zooplankton,
this organism has higher lipid than protein concentrations. Cultures are grown in glass
containers with openings that should be covered with mosquito netting to prevent
contamination by other organisms. The main requirement is apple cider vinegar mixed
with water, and the primary consideration is to rinse it with water before adding it to the
fish culture, as its acidity can alter the pH (Franco et al., 2025).

The free-living nematode (Panagrellus redivivus) and the annelid Grindal worm
(Enchytraeus buchholzi) are widely used in aquaculture. The cultivation of these organisms
is very similar, as it is carried out in plastic or glass containers with openings to ensure
oxygen entry, and the openings should be covered with mosquito netting to prevent the
entry of other organisms (Figueroa, 2009). In free-living nematode cultivation, commercial
oats and water enriched with powdered milk are used to optimize the culture medium
(Image 2). In Grindal worm cultivation, the most common substrate is coconut fiber, in
which pet food pellets or pieces of ham or sausage are placed for feeding and subsequent
reproduction (Image 3). Both cultures must be kept moist to support reproduction. It is
advisable to carefully collect live food and rinse it with clean water before feeding it to the
fish to avoid contaminating the cultures (Franco et al., 2025).
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Image 2. Cultivation of free-

T

ing nematodes in a plastic container.

Image 3. Cultivation of Grindal worms on coconut fiber.

4. MENU FOR ALL SIZES

Water fleas (Cladocera) and amphipods (Amphipoda) are protein-, lipid-,
and carbohydrate-rich crustaceans that inhabit freshwater, brackish, and terrestrial
environments. These groups include species of various sizes, making them suitable as
food for fish of different sizes. These crustaceans are filter-feeding aquatic animals
that feed on organic matter; they can be cultured in aquariums or ponds (Image 4). The
containers should be exposed to direct sunlight to support microalgae photosynthesis,
which provides their food (Image 5). Various organic fertilizers, such as chicken manure or
rice bran, can be used to ensure adequate organic matter in the culture. During the rainy
season, it is advisable to cultivate in a covered or shaded area, as rain can cause substrate
movement and alter water quality (Franco et al., 2025).
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Image 4. Amphipods of the genus Gammarus observed under a microscope.

Another crustacean widely used in aquaculture is Artemia (Artemia sp.),
perhaps the most famous organism in aquaculture feeding. It reaches a size of two
centimeters in its adult stage, while in the nauplius stage it measures just 400 microns.
Like water fleas and amphipods, Artemia varies in size throughout its life cycle and

can be used as feed for fry, juvenile fish, and adults (Image 6). This organism is widely
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distributed and commercially cultivated in aquaculture for its high protein content
and adaptability to various salinity levels (Madkour et al., 2023). For extensive, non-
technified cultivation, open-top tanks or tubs are used to ensure exposure to sunlight.
The solution concentration is 15 grams of non-iodized coarse salt per liter of water.
Artemia cysts are added to this medium, where they hatch, allowing the crustaceans
to grow and reproduce. Artemia can affect the hardness and salinity of the fish
water, so it should be rinsed with water before feeding. Another consideration is that
excessive distribution of this food can cause intestinal blockage in fish due to the
chitin present in crustaceans, so it is recommended to feed to satiety rather than in

excess (Franco et al., 2025).

Image 6. Artemia observed under the microscope.

5. MAIN COURSE FOR THE BIGGEST

For breeding or juvenile fish of large size, tenebrio (Tenebrio molitor) and
beetles (Ulomoides dermestoides) are excellent live food options. These organisms
are orange-brown beetles in the larval stage and black as adults. They are high in
protein and carbohydrates and go through the four stages of metamorphosis: egg,

larva, pupa, and adult. The larvae can reach up to three centimeters in length, and
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during this stage they are eaten by fish (Image 7). They can be cultivated in plastic
containers of various sizes with small openings to ensure adequate oxygen. Wheat
bran and bread are their primary food sources, and they obtain water from pieces of
fruit or vegetables. The containers should be longer than they are tall to provide space
for movement. Because these beetles exhibit cannibalism, it is recommended to keep
the cultures separated by stage: one for larvae, another for pupae, and another for
adults (Franco et al., 2025).

Image 7. Tenebrio larvae ready to be supplied as live feed for cichlid fish.

-

Finally, another little-known species: the fairy shrimp (Streptocephalus mackini).
This crustacean inhabits temporary freshwater bodies because it is highly vulnerable
to predation by fish and other aquatic organisms in permanent waters (Image 8). Fairy
shrimp are an important source of protein and produce embryos in the form of cysts
that can remain dormant for long periods. During drought seasons, these cysts remain
viable until environmental conditions trigger their hatching. Cultures can be maintained
in aquariums or open-air ponds without an aeration system. The cultivation of fairy
shrimp should include a layer of soil at the bottom for these organisms to lay their eggs.
Frequent cleaning is unnecessary given their feeding habits; it is recommended to feed
them phytoplankton, as they are filter feeders (Salaza et al., 2007).
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Image 8. Fairy shrimp observed under the microscope.

6. THE BEST, A MENU THAT CARES FOR OUR FISH AND THE PLANET

The wide variety of organisms and their diverse cultures provide aquaculturists
with a broad range of live food. This resource can be used to replace commercial foods or
to supplement their farms. The best part is that it benefits not only fish but also our natural
ecosystems. Live food reduces water pollution on farms and in aquariums by avoiding
the use of commercial feed. Additionally, using live foods helps mitigate global warming,
since producing dried foods generates large amounts of greenhouse gases. Transitioning
from a diet based solely on processed foods to one based on live foods is a significant
step toward high-tech, high-performance aquaculture. Maintaining the hunting instinct
and meeting the species’ nutritional needs not only ensures survival but also produces
healthier animals, faster growth, higher reproductive success, and more vibrant colors.
Recognizing that live food is a complete biological package, not just an input, is key to
ensuring that the organisms in our care not only survive in captivity but also reach their

maximum genetic and commercial potential.
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