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Abstract
Annelids of the subclass oligochaeta are among the most cost-effective live feeds in lar-
viculture and aquaculture nutrition due to their balanced nutrient profile and ease of cul-
ture. Their inclusion in larviculture and aquaculture diets in different forms, such as live 
feed and frozen or processed forms, makes them feasible feed supplements in sustain-
able aquaculture production. As such, this review aims to discuss their biomass produc-
tion, benefits, potential risks, management challenges, and strategies. The first part of the 
review gives a brief overview of the significance of live feeds in larviculture and the aqua-
culture industry, and the second part discusses what we know about the different culture 
substrates used in the mass production of commonly researched oligochaetes, Tubifex sp. 
(sludge worms), Eisenia fetida. (earthworms), and Enchytraeus albidus (white worms), and 
their influence on oligochaete nutrient profile. Information on their essential amino acid 
profiles is given and compared to the dietary requirements of two important fish species, 
Oreochromis niloticus and Clarias gariepinus. The third part of the review delves into the 
influence of oligochaete dietary supplementation on fish growth performance, non-specific 
immunity, and flesh quality. Part four summarizes the associated potential risks in the mass 
production of oligochaetes, such as pathogen, parasite, and prion transmission, emergence 
of antibiotic resistance genes, and bioaccumulation of hazardous pesticides in cultured oli-
gochaetes. Lastly, management strategies and future research perspectives are discussed. 
The information given in this review will guide aquaculture farmers on safe and sustain-
able culture practices aimed at improving the biomass production and nutrient profile of 
oligochaetes.
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Introduction

Nutrition plays a significant role in the success of commercial larviculture and aquacul-
ture (Hoseinifar et al. 2023; Lahnsteiner et al. 2023; McKay and Jeffs 2023; Truong et al. 
2023). Growth performance parameters (i.e., specific growth rate (SGR), feed conversion 
ratio (FCR), protein efficiency ratio (PER), condition factor, and survival) and health of 
several aquaculture species reared have been linked to the nutritional quality, acceptance, 
and digestibility of the administered feed (Thongprajukaew et al. 2013; Devic et al. 2018; 
Ansari et al. 2021). As such, the poor growth performance of several aquaculture species 
has been partly attributed to the replacement of fish meal (FM) with other feed ingredients 
of lower nutritional composition that do not meet the dietary requirements of the species 
(Hussain et al. 2018; Gupta et al. 2020; Wang et al. 2020). Furthermore, the introduction 
of formulated dry feed in diets of different species of fish and shellfish larvae has been 
previously reported to hinder critical stages of larval development, leading to increased 
larval mortalities (Cahu and Infante 2001; Hamre et  al. 2013; McKay and Jeffs 2022). 
For the past three decades, several countries have explored the feasibility and sustainabil-
ity of supplementing aquaculture diets with highly nutritious worms to lower the cost of 
production. Among these feed alternatives, worms belonging to the subclass oligochaeta 
have shown great potential due to their rich nutrient composition in terms of crude protein, 
amino acids, vitamins, minerals, and polyunsaturated fatty acids content that are essential 
for the proper growth and development of fish and shellfish (Lietz 1987; Kolesnyk et al. 
2019; Musyoka et al. 2019). As such, they are competitive alternatives to others, such as 
squid meal, krill meal, and mussel meal, which contain similar or even higher percentages 
of macronutrients that are within the dietary requirements of several aquaculture species 
(Derby et al. 2016; Novriadi et al. 2017; Saleh et al. 2018; Sicuro et al. 2023). It is worth 
noting that these worms (oligochaetes) are cosmopolitan and thrive well in wild and or/
polluted environments (i.e., trenches, gutters, drains, ponds, rivers, agricultural soils, and 
sludge) and have been traditionally collected from the wild to be used as bait in capture 
fisheries (Kolesnyk et al. 2019). However, the mass production of these worms in differ-
ent culture media substrates has an impact on their nutrient composition, hence offering a 
viable alternative to supplement aquaculture diets.

In this review, we report on the three most commonly studied worm species belong-
ing to the subclass Oligochaeta (i.e., Tubifex sp., Eisenia fetida, and Enchytraeus albidus), 
their culture substrates, nutrient profile, and the influence of their dietary supplementation 
in larviculture and aquaculture nutrition on several growth performance parameters, flesh 
quality, and immune responses. Potential risks and production challenges are highlighted, 
and future research perspectives have been suggested for sustainable larviculture and aqua-
culture production.

Culture substrates and nutrient profile of oligochaetes

Culture media substrates for Tubifex sp., Eisenia fetida, and Enchytraeus albidus 
mass production

Tubifex sp., Eisenia fetida., and Enchytraeus albidus are the most studied worms of the 
subclass oligochaeta for their role in aquaculture nutrition. This is due to their easy culture 
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using different organic substrates, adaptability to various environments, and high protein 
content. Tables  1, 2, and 3 summarize the growth and yield response of Tubifex sp., E. 
fetida, and E. albidus, respectively, as affected by different culture media substrates. Their 
ability to grow and reproduce on organic matter wastes alone (such as cow dung, coffee 
husks, sludge, slurry, wheat bran, wheat straw, farm yard manure, and poultry manure) or 
in combination with different quantities of other animal feed ingredients (such as soybean 
meal, mustard oil cake, and fish feed) has prompted scientists to explore the effect of differ-
ent combinations of culture substrates on the nutrient composition, fecundity, and biomass 
yield of worms (Gunadi et al. 2002; Hossain et al. 2012; Begum et al. 2014; Fairchild et al. 
2017; Hasan et  al. 2019; Mashur et  al. 2021; Haque and Hasan 2022; Belmeskine et  al. 
2023). For instance, Mandal et al. (2016) investigated the influence of different agro-indus-
trial wastes (rice mill sludge (RMS) and dairy sludge (DS)) and raw cattle dung (RCD) 
on the protein and lipid composition of Tubifex tubifex worms. The authors observed high 
crude protein contents of 28.81% (6.38%, wet basis) and 27.44% (5.87% wet basis) in the 
carcass of worms cultured in RMS and DS, compared to those reared in RCD. Likewise, 
higher crude lipid contents of 13.64% (3.02% wet basis) and 6.03% (1.29% wet basis) were 
detected in the carcass of worms cultured in RMS and DS, respectively, compared to those 
cultured in RCD. In another study, Herawati et al. (2016) fermented different animal wastes 
(goat manure, chicken manure, quail manure, tofu, and rejected bread) using probiotic bac-
teria and assessed their influence on the nutritional composition of tubifex worms. Their 
results indicated that a mixture of 50 g/L quail manure, 100 g/L rejected bread, and 50 
g/L of tofu waste produced the highest protein (66.26%) and fat (12.79%) content. Hasan 
et al. (2019) elucidated the effect of wetting media (cattle blood, rice gruel, and water) of 
the culture media ingredients (a mixture of mustard oil cake, soybean meal, and mud) on 
the protein and amino acid content of tubifex worms. Their results suggested that worms 
cultured in cattle blood-wetting media exhibited the highest lysine, leucine, and arginine 
content. Moreover, the highest protein (58.20%) and fat (13.20%) contents were observed 
in the same wetting media. For E. fetida, Musyoka et al. (2020b) inoculated pre-composted 
matter of coffee husks (CH), barley wastes (BW), and kitchen wastes (KW) with E. fetida 
and vermicomposted it for 70 days under controlled environments. The authors observed a 
higher nutritional profile in terms of crude protein (57.53% and 51.03%) and crude lipids 
(3.80% and 5.57%) in worms cultured in BW and CH compared to those in KW. For E. 
albidus, Bahrioğlu et al. (2023) reported that culturing and feeding worms on a garden soil-
fish feed-based diet and peat-fish feed-based diets yielded higher protein contents (57.44% 
and 57.13%) in worms. Fairchild et al. (2017) also observed that culturing and feeding E. 
albidus on mixed produce yielded higher protein contents, reaching up to 69%. In addi-
tion to the composition of the culture substrate and feed, other factors such as temperature, 
moisture content, water flow, oxygen concentration, and pH have a significant influence on 
the growth and survival of oligochaetes (Degefe and Tamire 2017).

Amino acid profile of oligochaetes and recommended requirements for Nile tilapia 
(Oreochromis niloticus) and the African catfish (Clarias gariepinus)

Although culture conditions influence the nutrient composition of oligochaetes, their 
amino acid profile remains essential for the proper growth and survival of fish (Musyoka 
et  al. 2019, 2020a). They play a significant role in protein synthesis, regulating FI, cell 
signaling, immune response, and fish metabolism. Any deficiency in the essential amino 
acids will disrupt protein synthesis, leading to adverse effects. Hence, critical care should 
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be taken when supplementing aquaculture feeds with feed alternatives to fulfill the dietary 
requirements of fish (Xing et al. 2024; Salamanca and Herrera 2025). Table 4 summarizes 
the concentration of essential amino acids (EAAs) in Tubifex sp., E. fetida, and E. albidus. 
These EAAs compositions are compared to the EAAs requirements of O. niloticus and 
those of C. gariepinus.

Influence of dietary supplementation of oligochaetes on fish 
and crustacean growth performance

Tubifex sp.

It is worth noting that successful hatchery production of fish fingerlings for stocking in 
grow-out production units largely depends on the availability of suitable live food organ-
isms as feed for fish larvae, fry, and fingerlings (Lim et al. 2003). Tubifex sp. is one of the 
most commonly used worms as a natural feed in commercial larviculture and aquaculture 
production. Live worms are preferred as aquafeeds in larviculture and other young growth 
stages of fish because their mouth openings are small and their digestive systems are not 
yet fully developed to efficiently digest artificial feeds (Nuswantoro and Rahardjo. 2018). 
Furthermore, live feeds are highly palatable and have a high nutrient content (crude protein 
and fat) that is required for the proper growth and survival of aquaculture species (Malla 
and Banik 2015). Moreover, live feeds stimulate the secretion of digestive enzymes, result-
ing in good growth and survival (Khanom et al. 2022). Vasagam et al. (2007) noticed better 
final weight, weight gain, fry yield, and weight of newly released fry in Poecilia latipinna 
(Lesueur, 1821) fed on live tubifex compared to those fed on formulated feed. Feledi and 
Ronyai (2013) also observed that when Sterlet (Acipenser ruthenus L) larvae are fed on live 
tubifex worms from the beginning of feeding, their survival improved compared to those 
fed on artificial feed. A previous study by Sarkar et al. (2006) showed that feeding Chi-
tala chitala (Hamilton) larvae on live tubifex worms enhanced their growth performance in 
terms of specific growth rate (SGR) and final mean weight. Apart from being administered 
as live feeds, tubifex can also be administered in different forms, such as dried tubifex, 
chopped, minced, or mixed with other feed ingredients. A reduction in growth performance 
was reported in Pterophyllum scalare (Kasiri et al. 2012) and Trichogaster fasciata (Nath 
et  al. 2022) fed on dry tubifex worms. This could be attributed to the reduction in food 
quality under the drying process and this could explain why live feeds are preferred to dry 
tubifex feeds. However, mixtures of dry tubifex worms and other commercial diets or feed 
additives could enhance the quality and nutrient content of the aquafeed, leading to better 
growth performance. For instance, Syamsunarno and Sunarno (2022) observed that feed-
ing post-larvae of Channa striata on a mixture of dry tubifex and commercial diet in the 
ratio of 50:50 improved the growth performance (feed conversion ratio (FCR), protein effi-
ciency ratio (PER), SGR, and survival) of fish larvae. In another study, Rawat et al. (2018) 
also found that the incorporation of freeze-dried tubifex worms in a mixture of FM, fish oil 
(FO), and freeze-dried earthworm among other feed additives at the rate of 5% in the diets 
of Ompok bimaculatus (butter catfish) improved the growth and survival of fish fry.

Overall, the success of larviculture and aquaculture production depends on the avail-
ability of feeds rich in nutrients required for proper growth and survival. Table  5 sum-
marizes studies on the influence of the dietary inclusion of tubifex worms in aquafeeds on 
the growth performance, immunity, flesh quality, and coloration of different aquaculture 
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species. It is imperative to note that the replacement of commercial feed with cheaper, 
nutritious, and easily available feed alternatives is crucial in not only lowering the costs of 
production but also enhancing the growth performance and productivity of several aquacul-
ture species (Mugwanya et al. 2022). Previous studies have shown that replacing a certain 
percentage of commercial feed with tubifex worms improves the growth performance and 
survival of different aquaculture species (Hashim et al. 1993; Agustina and Mukti 2021; 
Amriawati et al. 2021; Alam et al. 2022; Syamsunarno and Sunarno 2022). Agustina and 
Mukti (2021) investigated the potential of improving the productivity of catfish (Clarias 
sp.) seeds by feeding larvae on a mixture of 75% commercial feed and 25% Tubifex sp. and 
observed improved growth performance (weight gain, absolute length, feed efficiency, and 
survival) in fish larvae. Syamsunarno and Sunarno (2022) conducted a study on the dietary 
inclusion of dried tubifex worms in aquaculture diets (a combination of tubifex worms and 
artificial feed at a 50:50 ratio) of post-larval snakehead (Channa striata) and observed bet-
ter growth performance in terms of PER, SGR, FCR, and survival. Amriawati et al. (2021) 
showed that feeding giant gourami (Osphronemus goramy) juveniles on a combination of 
artificial feed and tubifex worm in a biofloc system enhanced the digestive (protease activ-
ity, villi length, and surface area) and growth performance (average body weight, average 
body length, survival, and specific growth rate) of fish. Alam et al. (2022) also observed 
that the dietary inclusion of 50% tubifex worms in aquaculture diets improved the growth 
and survival of three ornamental fish species: Cyprinus carpio, Carassius auratus aura-
tus, and Carassius auratus. Likewise, a combination of tubifex worms with other feed 
ingredients such as groundnut oil cake, mustard oil cake, egg yolk, oyster meat, and water 
fleas has been shown to improve the growth performance of several aquaculture species 
(Vasagam et al. 2007; Saravanan et al. 2015; Wang et al. 2015; Chakraborty 2020).

Quality parameters such as the coloration and freshness of fish flesh are important indi-
ces that determine the market value of fish (Amaya and Nickell 2015). With the increasing 
prices of FM and FO, the search for alternative feed ingredients has become a priority 
for sustainable aquaculture production (García-romero et al. 2014). Utilization of tubifex 
worms in aquafeeds has been shown to improve the coloration and flesh quality in Cypri-
nus carpio L. (Nica et  al. 2020), Colisa lalia (Saha and Patra 2013), and Oreochromis 
niloticus (Pilot et al. 2014) respectively.

Eisenia fetida

Eisenia fetida belongs to the phylum Annelida, the family Lumbricidae, and to the subclass 
Oligochaeta, which is composed of more than 1300 species (Aguila Juárez et  al. 2011). 
E. fetida (Savigny, 1826) is known under several common names such as manure worm, 
red earthworm, brandling worm, panfish worm, trout worm, tiger worm, and red wiggler 
worm, among others (Aguila Juárez et al. 2011; Sharma et al. 2019). It has been widely 
used in aquaculture diets to improve the growth performance and survival of several aqua-
culture species (Chiu et al. 2016; Mohanta et al. 2016; Kumlu et al. 2018; Musyoka et al. 
2019, 2020a). Its successful utilization in aquafeeds is attributed to its high protein content 
that ranges from 50.1 to 70% (Bou-maroun et  al. 2013; Gunya et  al. 2016; Bhuvanesh-
waran et al. 2019; Musyoka et al. 2020b; Gunya and Masika 2022; Kavle et al. 2023), fat 
content from 5 to 14% (Gunya and Masika 2022; Kavle et al. 2023), and ash content 3% 
(Kavle et al. 2023) depending on the culture conditions. These worms have a high repro-
duction rate and can tolerate a wide range of environmental conditions (Moroasui et  al. 
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2022). Likewise, E. fetida is a surface dweller (epigeic) species; a trait that eases its mass 
production and harvesting (Musyoka et al. 2019).

E. fetida can be administered as a feed in different forms. The mixture of E. fetida 
with other feed ingredients is the most widely used form, followed by worm meal and 
live worms. Meeting the dietary protein requirements of any aquaculture species without 
compromising the palatability of the administered feed is vital to maximize production. 
Depending on the species, size, growth stage, and stocking density, among other factors, a 
protein content of 30–40% in aquaculture feeds is sufficient for the growth and well-being 
of several aquaculture species (Radhakrishnan et al. 2020), and hence, care should be taken 
during feed formulation. Zakaria et al. (2012) investigated the optimization of protein con-
tent in earthworm-based feed formulation for C. gariepinus and observed that a mixture of 
25% earthworm powder, 25% soybean waste, and 5.95% chicken guts yielded an optimum 
protein content of 35.97% that was suitable for the growth and general wellbeing of the 
fish. In another study, Djissou et al. (2016) reported that a mixture of earthworm meal and 
maggots in the ratio of 2:5 yielded a protein content of 40% suitable for improved growth 
performance (FCR, PER, SGR, and survival) of C. gariepinus. Chiu et  al. (2016) also 
observed that fermentation of a mixture of soybean meal and earthworm meal (4:1 ratio) 
with Bacillus subtilis E-20 yielded a crude protein content of 37%, which was suitable for 
the proper growth of Penaeus vannamei. It is imperative to note that the successful utiliza-
tion of E. fetida in aquaculture diets depends on several factors, such as handling and feed 
processing techniques (Vital et  al. 2016; Musyoka et  al. 2020a). Generally, earthworms 
release a foul-smelling coelom fluid that comprises lysine and hemolytic factors that cause 
toxicity and unpalatability to fish (Kobayashi et  al. 2001; Musyoka et  al. 2020a). Their 
exoskeleton is composed of chitin, an antinutritional molecule that, if not broken down 
during feed formulation, would suppress the growth of aquaculture species (Musyoka et al. 
2020a). Therefore, the removal of the gut contents of E. fetida, boiling, drying, and milling 
is vital to improve the nutrient availability and acceptability of the final product. Table 6 
summarizes the results on the growth performance of different aquaculture species fed on 
different forms of E. fetida.

Enchytraeus albidus

The white worm (Enchytraeus albidus) belongs to the phylum Annelida, the family Lum-
briculidae, and the class Oligochaeta (Kolesnyk et al. 2019; Tamilarasu et al. 2020). There 
are about 40 species of white worms that come under different genera (Tamilarasu et al. 
2020). E. albidus are quite similar to the earthworm, but they are white in color and highly 
rich in protein (Tamilarasu et  al. 2020). Their protein content ranges from 42.8 to 70% 
(Memi et al. 2004; Fairchild et al. 2017; Holmstrup et al. 2020), fat content from 10 to 27% 
(Memi et al. 2004; Fairchild et al. 2017; Holmstrup et al. 2020), and ash content from 2.3 
to 8% (Memi et al. 2004; Fairchild et al. 2017; Holmstrup et al. 2020). They are considered 
a potential feed for both marine and freshwater aquaculture species (Fairchild et al. 2017; 
Kolesnyk et  al. 2019; Tamilarasu et  al. 2020), though they may need enrichment in n-3 
long-chain polyunsaturated fatty acids (Ruby et al. 2024). Despite their economic impor-
tance in both larviculture and aquaculture, there is very limited literature on the dietary 
inclusion of E. albidus in aquaculture diets. Furthermore, the most commonly reported feed 
form where the live feed compared to other forms, such as mixture and frozen feed form. E. 
albidus serves as an excellent alternative feed in commercial larviculture, especially during 
the late larval development stage, where the larvae need to feed on larger-sized live feeds 
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to obtain the necessary nutrients required for growth (Holmstrup et al. 2022). Utilization of 
E. albidus as an aquafeed has been documented in several aquaculture species to improve 
their growth performance, as shown in Table 7.

Economic feasibility of oligochaete worm production

As sustainable aquaculture and agriculture gain momentum, the economic prospects of 
oligochaete production are likely to continue improving. For instance, E. fetida produc-
tion, commonly known as vermicomposting, not only generates worm biomass that can 
be used as an animal protein but also generates a valuable organic fertilizer whose appli-
cation has been shown to improve the soil physiochemical properties and crop yields 
(Helena et al. 2015; Gebrehana 2018; Getachew et al. 2023). Moreover, vermicomposting 
has been reported as one of the sustainable ways to reduce organic waste in the environ-
ment (Alshehrei and Ameen 2021; Kauser and Khwairakpam 2022). As such, for small-
scale and medium-sized farms with access to large quantities of organic wastes, integrat-
ing vermicomposting to generate earthworm meal for on-farm feed formulations is one of 
the most cost-effective ways to reduce aquaculture and agriculture production costs. For 
instance, Belewu et al. (2023) showed that replacement of 50% FM with earthworm meal 
in the diets of the African catfish (C. gariepinus) results in a higher profitability index of 
2.74, rate of return on capital of 1.02, and marketing margin of 6.30 compared to the con-
trol (100% FM). In another study, Garcia et  al. (2025) showed a 5.8% reduction in feed 
costs with hydrolysed earthworm meal in O. niloticus. Musyoka et  al. (2020a) reported 
improved economic returns and profit index in O. niloticus fingerlings fed on 100% earth-
worm bedding meal compared to the control diets due to the low costs of producing earth-
worm bedding. For Tubifex sp. and E. albidus our literature search did not yet any results 
on the profitability index and economic returns of these species hence more studies are 
needed to elucidate the economic feasibility of their mass production.

Potential risks and production challenges

One of the major challenges in live feed production, especially for oligochaetes, is the qual-
ity of the substrate used to culture these worms. Manure of animal or poultry origin has 
been used as part of the substrate in combination with other materials to grow these worms 
(Munnoli and Bhosle 2009; Ngosong et  al. 2020; Ferraz Ramos et  al. 2022; Chaudhari 
and Barot 2024). However, the existence of residual antibiotics in manure poses a serious 
threat to the emergence of antibiotic resistance genes (ARGS) in larviculture and aqua-
culture production systems (Muziasari et  al. 2017; Zhou et  al. 2020; Wang et  al. 2024). 
Moreover, increased concentrations of commonly used human and veterinary antibiotics, 
such as sulfonamides, tetracyclines, and fluoroquinolones, lower the abundance of worms 
as well as alter their gut microbiome (Narciso et al. 2023). A previous study by Zhao et al. 
(2022) showed that exposing earthworms to a multi-antibiotic contaminated agricultural 
soil derived from a long-term manure exposure resulted in a significant decrease in the 
biomass of earthworms, especially for oxytetracycline and famethazine. In another study, 
Parente et al. (2021) observed that earthworms (E. andrei) exposed to high concentrations 
of enrofloxacin and ciprofloxacin present in poultry manure for 48 h not only exhibited an 
“avoidance behavior” but also died 7 to 14 days post-exposure. Dairy and sewage sludge 
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are among the most commonly used substrates in the biomass production of Tubifex sp. and 
E. fetida. However, these substrates could introduce potentially pathogenic microorganisms 
that can lead to a decline in biomass production (Jezierska-tys et al. 2010; Frac et al. 2017). 
Additionally, a variety of toxic heavy metals can be found in sewage sludge (Geng et al. 
2020; Alengebawy et al. 2021), whose intake and accumulation in cultured worms could 
pose a serious health risk to fish (Garai et al. 2021; Shahjahan et al. 2022).

The use of agricultural waste biomass, such as rice straw, wheat straw, and or/leaf litter, 
could introduce pesticide residues in the culture media that can harm the worms (Pelosi 
et al. 2021; Nkontcheu et al. 2023). Even though these worms survive, the risk of their bio-
accumulation in the food chain is high, which could pose a danger to fish and consumers. 
Additionally, the use of plant-based feed in Oligochaeta nutrition could result in reduced 
feed intake and growth. This is because plants contain anti-nutritional inhibitors that could 
interfere with nutrient assimilation in oligochaetes. Likewise, plants lack certain essential 
amino acids, hence not the best source of protein for cultured oligochaetes (Musyoka et al. 
2019). Another potential risk would be the transmission of blood parasites (Zazouli et al. 
2021) and prions, especially in culture media consisting of cattle blood as a wetting agent. 
Nematodes have been reported to ingest and excrete infectious prions, which could pose a 
danger to other organisms (Pritzkow et al. 2021).

Besides the above-mentioned potential risks, improper infrastructure could hinder the 
large-scale production of oligochaetes. In their review, Enebe and Erasmus (2023) dis-
cussed the limitations of several vermicompost production systems and concluded that 
certain vermicompost technologies, such as the batch scale, could still incur higher costs 
of labor and anaerobiosis development in the reactor, which could hinder fecundity and 
survival. Aquatic oligochaetes such as Tubifex require a continuous water flow under opti-
mum oxygen and temperature (22–27 °C) conditions (Jewel et al. 2016). Such conditions 
could be challenging to maintain, especially in arid and semi-arid regions due to extremely 
high temperatures and water scarcity. Moreover, the energy costs to run pumps and aera-
tors could increase the cost of production. Furthermore, using other water sources, such as 
municipal wastewater, requires chlorination to disinfect the water before downstream use, 
which might introduce chlorination byproducts (e.g., trihalomethanes and haloacetic acids) 
that are toxic to aquatic life forms (Parveen et al. 2024; Li et al. 2025).

Management strategies and future research perspectives

Effective management strategies involve periodic monitoring of the environmental con-
ditions and health status of worms. For aquatic oligochaetes, monitoring of water qual-
ity parameters such as ammonia, temperature, dissolved oxygen, and pH is essential for 
growth maintenance. Water filtration to remove suspended solids and aeration to maintain 
optimum concentrations of dissolved oxygen will reduce the pathogen transmission and 
outbreak of diseases. It is imperative to note that the sterilization of oligochaetes, such as 
Tubifex and white worms, before being fed to fish larvae is paramount in the prevention of 
contamination and disease outbreaks. As such, farmers should be taught proper steriliza-
tion techniques, feeding strategies, and disease identification to optimize production. Addi-
tionally, farmers should be sensitized against using certain wetting agents, such as cattle 
blood in the culture media of oligochaetes, as this would increase the risk of parasite and 
pathogen transmission. Utilization of fish pellets as a feed for oligochaetes reduces the risk 
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of pathogen and parasite transmissions while promoting a well-balanced nutrient profile in 
worms.

As mentioned above, culture substrates have a profound influence on the nutrient profile 
of oligochaetes. For example, white worms are deficient in highly unsaturated fatty acids 
(HUFAs); thus, more studies are needed to improve the fatty acid content in white worms. 
Microalgae are rich sources of fatty acids, especially the highly unsaturated fatty acids 
(HUFAs) (Remize et  al. 2021; Rojas et  al. 2023). Hence, their inclusion in the diets of 
white worms will improve their fatty acid content, which, when fed to fish larvae, will fulfil 
their dietary fatty acid requirements. More studies are needed to understand the impact of 
the fermentation of plant-based feed sources and microalgae on the growth performance 
and nutrient profile of oligochaetes.

Conclusions

The utilization of oligochaetes as feeds in larviculture and aquaculture nutrition offers 
profound benefits, including improved growth performance, survival, and cost efficiency. 
In spite of the fact that there are certain production challenges and associated risks, with 
proper management and feeding strategies, oligochaetes can become a feasible, sustain-
able, cost-effective solution for aquaculture farmers. However, more studies on the eco-
nomic feasibility of Tubifex sp. and E. albidus production are needed.
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