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ABSTRACT

Rearing larval forms of fishes is a crucial and critical step in aquaculture practices.
Proper nurturing of juvenile forms is important to ensure their survival and growth.
Supplementary feeds have been used since long to augment growth and productivity of
fishes throughout the world. Despite, availability of a variety of advanced artificial feeds;
zooplanktons have been preferred over artificial feeds for their qualities like: better
digestibility, nutritional levels, preference by fish larvae and economic feasibility,
especially for rearing young fin and shell fish species. Conventionally, Artemia sp. (brine
shrimps) has been preferred among live feed organisms for rearing of fish larvae, but,
applicability of cladocerans has been less explored despite their several beneficial
features. Studies have reported most cladocerans species (esp., Moina sp. and Daphnia
sp.) are nutritionally rich comprising of a variety of essential fatty acids, amino acids,
digestive enzymes and micronutrients etc. Being an important component of trophic
structure in water bodies, they form a link between different trophic levels through food
chain relationships, ensuring nutrient dynamics. Their small size and jerky movements
make them attractive to larval fish forms. Moreover, their cost effective culture process
can be an efficient, feasible, economical and sustainable alternative to comparatively
costlier and less abundant Artemia feed. This article endeavours to review and highlight
the efficiency of cladocerans over Artemia feed for providing a viable and sustainable diet

in commercial aquaculture practice.


mailto:sourachak@gmail.com

Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 11(X), 2023:
http://dx.doi.org/ http://dx.doi.org/ 10.7770/safer-V11N1-art2423

Keywords: fish feed, live feed, Cladocera, Artemia, nutrition, zooplankton

RESUMEN

La cria de formas larvarias de peces es un paso crucial y critico en las practicas de
acuicultura. La crianza adecuada de las formas juveniles es importante para asegurar su
supervivencia y crecimiento. Los alimentos complementarios se han utilizado desde hace
mucho tiempo para aumentar el crecimiento y la productividad de los peces en todo el
mundo. A pesar de la disponibilidad de una variedad de alimentos artificiales avanzados,
se ha preferido el zooplancton a los alimentos artificiales por sus cualidades como: mejor
digestibilidad, niveles nutricionales, preferencia por larvas de peces y viabilidad
econdmica, especialmente para la cria de especies jévenes de aletas y mariscos.
Convencionalmente, Artemia sp. (camarones de salmuera) se ha preferido entre los
organismos de alimento vivo para la cria de larvas de peces, pero la aplicabilidad de los
cladéceros se ha explorado menos a pesar de sus diversas caracteristicas beneficiosas.
Los estudios han informado que la mayoria de las especies de claddceros (especialmente,
Moina sp. Y Daphnia sp.) Son nutricionalmente ricas y comprenden una variedad de
acidos grasos esenciales, aminoacidos, enzimas digestivas y micronutrientes, etc. Al ser
un componente importante de la estructura trofica en los cuerpos de agua, Formar un
vinculo entre diferentes niveles troficos a través de las relaciones de la cadena
alimentaria, asegurando la dinamica de los nutrientes. Su pequefio tamafio y
movimientos espasmoddicos los hacen atractivos para las larvas de peces. Ademas, su
proceso de cultivo rentable puede ser una alternativa eficiente, factible, econémica vy
sostenible a los piensos de Artemia comparativamente mas costosos y menos
abundantes. Este articulo intenta revisar y resaltar la eficiencia de los cladoceros sobre el
alimento de Artemia para proporcionar una dieta viable y sostenible en la practica de la

acuicultura comercial.

Palabras clave: alimento para peces, alimento vivo, Cladocera, Artemia, nutricion,

zooplancton

INTRODUCTION

In aquaculture practices, rearing of larval forms is the most critical and important
step in order to ensure better productivity. Successful rearing of larvae depends mainly
on the availability of suitable diets enriched with essential nutrients that readily get
consumed and efficiently digested (Giri et al., 2002). Proper nurturing of juveniles

requires food supplements with appropriate quantities of lipids, proteins, carbohydrates,
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vitamins, and minerals (Watanabe and Kiron, 1994). Zooplankton, since long, have been
utilised as live feed for culture of cultivable fin and shellfish species throughout the world,
owing to their augmented protein, lipid, carbohydrate, vitamin, mineral, carotenoid,
levels (New,1998; Rajkumar et al., 2008; Das et al., 2012). In aquaculture practices,
although live food is difficult to sustain and requires considerable space and expense
compared to several advanced formulated diets, however, survivability was found to be
higher in larvae reared with live feed organisms (Wang et al., 2005). Moreover, low
digestibility, feeding non-preference and nutritional quality have been the major
constraints for artificial feed over live feed, especially at larval stages (Carneiro et al.,
2003). Live feeds comprising of planktonic organisms are routinely used as starter feed
for many culturable finfish and shellfish species, mainly those which cannot be fed upon
artificial feeds (Kim et al., 1996). As most natural live feed organisms contain higher
nutritional composition of macro and micro nutrients (viz., proteins, lipids,
carbohydrates, vitamins, minerals, amino acids and fatty acids) they have been referred
to as “living capsules of nutrition” (Das et al., 2012; Radhakrishnan Kandathil et al.,
2020). Several non-algal live feed organisms including brine shrimps (Artemia sp.),
rotifers and the freshwater cladocerans, ostracods (Cypris sp.), copepods and their larvae
etc. are routinely used in aquaculture practices (Das et al., 2012). Most of these natural
live feeds can be cultured, have high reproductive potential, and the ability to attain a
massive population size in short period (Neelakantan et al., 1988). Rotifers are generally
preferred at fry and fingerling stage due to their small mouth size and sluggish
movement pattern while with growing size of larvae the food preference changes to brine
shrimp, cladocerans and copepods (Velasco and Corredor, 2011; Rasdi and Qin, 2016).
Although among zooplanktons, Artemia sp. (brine shrimp) is mostly favoured as live feed
in culture of fin and shellfishes (Sorgeloos et al., 2001; Rasdi and Qin, 2016); it has been
revealed that Cladocerans can be preferred over others as live feed for several reasons,
especially as larval feed of fin and shellfishes. Thus, the aim of this paper is to highlight
the suitability of cladocerans over Artemia sp. (brine shrimp) as a better live feed in

pisciculture practices.

NATURAL LIVE FEED IN AQUACULTURE

Natural live feed organisms are an important resource in aquaculture practices. Their
capacity to move along all the columns of water, smaller size, reproducibility and better
nutritional levels make them a better choice than artificial feed, especially at larval
stages. These organisms are enriched with most essential micro and macro nutrients,
viz., essential proteins, lipids, carbohydrates, vitamins, minerals, amino acids and fatty

acids (New, 1998), thus are nutritionally balanced. However, achieving optimum growth
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and survival of fish larvae is dependent on application of appropriate live feed organism
at appropriate life cycle stage, both qualitatively and quantitatively (Akbary et al., 2010).
Despite the large scale usage of artificial feed throughout the world, natural live feed has
been found to be essential for proper growth of juvenile forms owing to their higher
nutritional values and acceptance (Gogoi et al., 2016).

In the tropical countries, including India, natural live feeds mainly comprise of two
components: algal and non-algal. Non-algal components comprise of brine shrimps
(Artemia sp.), rotifers (eg., Brachionus plicalitis, Brachionus rotundiformis, Keratella sp.,
Asplanchna brightwelli, Polyarthra vulgaris, Filinia opoliensis etc.) and the freshwater
cladocerans (eg., Moina mongolica, Moina micrura, Daphnia carinata, Ceriodaphnia sp.)
ostracods (Cypris sp.), and copepods (Mesocyclops leuckarti, M. hyalinus, Microcyclops
varicans, Heliodiaptomus viduus etc.) and their larvae (Palanichamy,1996; Gogoi et al.,
2016; Radhakrishnan Kandathil et al., 2020). Choosing appropriate live feed organism at
optimum life cycle stage of fish larvae requires the consideration of the following criteria:
size of the feed, gape-size of the fry or fingerling’s mouth; the nutritional quality of the of
the feed and nutritional requirement of the larvae; the feed should essentially be rich in
highly unsaturated fatty acids (HUFA); feed should be perceivable and preferred by the
juveniles; should be easily digestible; feed organism should reproduce fast and increase
in number; and also should be sturdy and eurytolerant (Anuraj et al., 2015) . Although in
aquaculture practices brine shrimps and copepods are successfully utilised at different life
cycle stages, however, easily culturable cladocerans, owing to their jerky movement
pattern, are preferred by juvenile fish groups (Akbary et al., 2010; Gogoi et al., 2016).
Rotifers being small sized are also utilized at larval stages, however, their labour
intensive culture process have been a constraint for their wide usage. Copepods are
routinely used successfully in cold water fish culture (Dhont et al., 2013). Thus, a
comparison between two major live feed organisms Artemia sp. and Cladocera is

pertinent to highlight their suitability in commercial aquaculture.

COMPARISON OF ARTEMIA AND CLADOCERANS AS LIVE FEED IN AQUACULTURE

A\Y

Artemia sp. (Leach, 1819), commonly known as “brine shrimps” or “sea
monkeys”, are the most routinely used live feed in aquaculture throughout the world
(Radhakrishnan Kandathil et al., 2020) (Figure 1). It is a primitive arthropod, closely
related to shrimp family belonging to the order - Anostraca of the class - Crustacea.
Their reproduction process depends on prevailing environmental condition, either by
producing nauplii (ovoviviparous mode) or by producing cysts (oviparous) (Criel and
Macrae, 2002). Harvested cysts can be preserved for years and can be reutilised

according to need. If hydrated in saline water, the quiescent larvae resumes arrested
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metabolism and hatches out as nauplii, which is used as feed (Dhont et al., 2013).
Although more than 50 strains of Artemia sp. have been identified few species are
routinely used viz., Artemia salina (Leach, 1819), harvested from Mediterranean area
and Artemia franciscana, collected from North, Central and South America (Sorgeloos et
al., 2001; Das et al., 2013; Dhont et al., 2013; Radhakrishnan Kandathil et al., 2020) .
They are mainly found in hyper saline habitats (Dhont et al., 2013). Around 90% of brine
shrimps are supplied around the world from Great Salt lake, Utah, USA (Das et al.,
2012). However, the main disadvantage is its cost, unavailability (Akbary et al., 2010)
and specific nutritional deficiencies (Radhakrishnan Kandathil et al., 2020).

Cladocera, generally called ‘water fleas’, is a superorder belonging to the class
Branchiopoda, super class Crustacea and phylum Arthropoda (Smirnov, 1971).
Freshwater cladocerans like Moina mongolica, Moina micrura, Daphnia carinata, Daphnia
lumholtz, Ceriodaphnia sp. etc. are commonly used as live feed (Palanichamy, 1996)
(Figure 1). Having high reproduction rates, jerky movements, wide temperature
tolerance and the ability to thrive in eutrophic water and organic wastes, they qualify as
an important live feed for aquaculture process (Mayer and Wahl, 1997). Inability to
tolerate salinity is one of the drawbacks of cladocerans feeds (Das et al., 2012).
Comparison between brine shrimps and cladocerans are highlighted to discuss suitability

of them as live feed in aquaculture.

GENERAL QUALITIES OF ARTEMIA AND CLADOCERANS AS LIVE FEED

Artemia sp. or brine shrimps are the most widely used non-algal live feed
organism. The main advantage for their wide usage is its storage capacity, as live nauplii
can be produced instantaneously “on demand” (Dhert and Sorgeloos, 1995; Sorgeloos et
al., 2001) from dry powder like form. In general, around 2, 00,000 to 3, 00,000 nauplii
can be hatched per gram of high quality cysts (Treece et al., 2000). Dormant forms of
brine shrimp seeds release free swimming nauplius larvae when kept in water and
sodium/calcium hypochlorite solution for standard time periods, (approximately 12-24
hours) (Anuraj et al., 2015). The free swimming nauplii regain their metabolic activities
and are of 0.14 mm in length on an average (Das et al., 2012). All stages of life cycle of
Artemia larvae can be used as feed for different fish species. Freshly hatched Artemia
nauplii appear to be a better food for the larvae of Penaeus monodon, P. indicus, P.
kerathurus, Metapenaeus monoceros, M. ensis, M. endevouri and Macrobrachium
rosenbergii (Neelakantan et al., 1988). Cryopreseved Artemia seeds can be stored for
long periods and transported long distances. It has been recorded that feeding fish larvae
with nauplii increases fish growth, development and survival chances (Gopalakrishnan et

al., 1976; Kadhar et al., 2014). It has been seen that size of Artemia larvae varies at
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different geographical locations. Indian variety of the species could not be successfully
employed owing to its smaller size. Thus, in India, Artemia seeds have to be imported,
increasing the cost of aquaculture (Das et al., 2012).

Cladocerans or water fleas are abundantly found in freshwater ponds with
moderate to high productivity levels. Two important genera, Daphnia and Moina, have
been successfully used as live feed in culturing fish larvae since long (Alikunhi, 1952; Das
et al., 2012).

Figure 1. Live feed organisms, a. Daphnia lumholtzi, b. Moina micrura, c. Artemia nauplii
(University of Alberta, 2018)

Use of Moina sp. (especially, Moina macrocopa and Moina salina) in culture of
larval and juvenile stage for finfish and shellfish has been increasing worldwide owing to
their rapid growth rate and nutritional quality (especially protein content) (He et al.,
2001; Ingram et al., 2009; Pefia-Aguado et al., 2009; Poynton et al., 2013). Moina sp.
has been a successful replacement of Artemia sp. for larval feed of finfish and shellfishes
(Dodson et al., 2010). Moina sp. can be found worldwide and cultured inexpensively.
Moina micrura is also used as supplement to artificial feed as well. They have been
routinely used in hatcheries and also for ornamental fish culture (Martin et al., 2003).
Daphnia sp., on the other hand, due to their hops and jumps in water are easily predated
and preferred by fish larvae. Most encountered species, Daphnia magna with a body
length of 5mm serves as a preferred food of planktivorous fishes (Lauridsen and Lodge,
1996; Ebert et al., 2005). Cladocerans, being filter feeders prey upon, nanoplankton,
phytoplankton, bacteria, algae etc. while themselves being devoured by fish larvae help
in recycling of nutrients and transference of energy to higher trophic level through
trophic chain relationship (Gogoi et al., 2014). Thus, they are an integral component for
trophic dynamics. Their high fecundity, ability to reach high densities in a short span,
broad level of tolerance, low productivity cost and ability to thrive in waste water makes

them beneficial as a live feed organism.
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NUTRITIONAL QUALITIES OF ARTEMIA AND CLADOCERANS AS LIVE FEED

The growth of any cultured organism depends on the nutritive value of the feed,
i.e., the quantity of protein, lipid, carbohydrate, vitamins and minerals (Neelakantan et
al., 1988). The significant nutritional property of Artemia nauplii is its essential fatty acid
(EFA) content, especially eicosapentaenoic acid (EPA) content. The value of EPA levels in
Artemia varies on the biogeographic region, climatic features, basis of diet provided,
from one strain to another, even between batches of a single strain, thus, estimation of
(n-3) HUFA EPA need to be given priority before selecting Artemia nauplii as live feed for
specific fishes. Otherly, nutrient enrichment of Artemia with EFA can be an alternative
step (Sorgeloos et al., 2001; Copeman et al., 2002; Zakeri et al., 2011; Navarro et al.,
2014). This may add or increase the levels of HUFAs, especially EPA (20:5n—-3) and
docosahexaenoic acid (DHA, 22:6 n—3) (Smith et al., 2002). Artemia nauplii also lack
long-chain PUFA and naturally low in essential HUFAs (Akbary et al., 2010). Ahmadi et
al., (1990) reported that Artemia nauplii contains a good percentage of C18:3n3 and
very low amount of C20:5n3 (EPA); therefore, it is considered useful for fresh water
applications (Ahmadi et al., 1990). The variation in total lipid and protein composition
from different strains of Artemia sp. is reported to be due to their genetic structure or
variation of their diet nutrients (Schauer et al., 1980; Agh and Hosseini Ghatre, 2002,
Agh and Sorgeloos, 2005). Artemia sp. is subjected to different natural algae
populations, marine oil emulsion combinations and other supplementary diets enrich their
nutrient levels (Woods, 2003; Palma et al., 2011; Figueiredo, 2012). Thus, several
enrichment technics (eg. microalgae, vyeasts, (heterotrophically grown) bacteria,
microencapsulated products, and emulsified products) are required for enhancing the

nutritional quality of Artemia sp., making it labour intensive and costly.

Table 1: Major nutritional components of Artemia sp, Moina sp and Daphnia sp
(Gladyshev et al., 2016; Cheban et al., 2017; Rocha et al., 2017).

Composition Artemia Moina Daphnia
Nauplii Adult

Protein 52.2 56.4 66.33 39.68

Lipid 18.9 11.8 10.82 24.99

Carbohydrate 14.8 12.1 19.83 -

Ash 9.7 17.4 3.02 28.15

The nutritional quality of commonly used Cladoceran genus Daphnia and Moina
varies depending on their life cycle stage, ingested diet, habitat type etc. In general,

among Cladocerans 50 % of the body dry weight is found to be protein, while fat content
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is 20-27% for adult forms (Rottmann et al., 2003; Gogoi et al., 2016). A comparison of
essential nutrients between Artemia sp. and cladocerans (Moina sp. and Daphnia sp.) is
depicted in Table 1. Comparison reveals Moina sp. contains better protein and
carbohydrate level whereas, Daphnia sp. contains better percentage of lipid and ash
content. In a study conducted on Moina macrocopa, fed with yeast diet, the protein
content was found to be 70.87% to 76.26% (Manklinniam et al., 2018). However, for
commercial production Moina sp. cultured with Chlorella gives the best nutritional
enrichment followed by yeast. Bogut et al., (2010) in a study on Daphnia magna as feed
of common carp reported the proportions of saturated and unsaturated fatty acids in
lipids as 18.70% and 66.20%, respectively. Among the unsaturated fatty acid types, the
omega-3 was recorded to be 27.30%. The ratio between omega-3 and omega-6 fatty
acids ratio was 5.68:1, while protein contents amounted to 39.24% of dry weight. This
satisfies the nutritional requirements of carp fishes (Bogut et al., 2010). In a study
conducted from samples collected from a natural reservoir the protein, carbohydrate and
fat content of Moina micrura was found to be 20.65%, 19.6%, 8.7% respectively (Dube
et al., 2017). In another study by Ovie and Ovie (2006), the amino acid profile, moisture
content and crude protein level was enumerated in Moina micrura, Diaphanosoma
excisum and Brachionus calyciflorus. According to the study, a total of 17 amino acids
(including 9 essential) were recorded. The crude protein levels were recorded as 52.4%,
and 57.3%, and 50.3%, respectively in the three cladocerans. In another study by Tong
et al., (1988), the composition of essential amino acids were found to be lower in Moina
mongolica than commonly used live feeds such as Artemia nauplii or fairy shrimps,
however the methionine composition was higher in the former (1.5% of total amino acid
content). Thus, M mongolica can be a good source of methionine amino acid for fish
larvae. Similarly, the content of 20:5w3 (EPA) in M. mongolica was higher (12.7%)
compared to other routine used live feeds (Tong et al., 1988). A comparison between
Artemia sp. and cladocerans (Moina sp. and Daphnia sp.) in fatty acid composition
between and percentage reveals Moina sp. and Daphnia sp. contains most essential fatty
acids components, which are important for fish growth in better amount compared to
Artemia nauplii (Table 2).

Table 2: Composition and percentage of fatty acids in Artemia sp., Moina sp. and
Daphnia sp. (Gladyshev et al., 2016; Rocha et al., 2017; Singh et al., 2019).



Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 11(X), 2023:
http://dx.doi.org/ http://dx.doi.org/ 10.7770/safer-V11N1-art2423

Fatty acids Artemia (%) Moina (%) Daphnia (%)
C14:0 0.47 4.25 0.19
C16:0 10.5 10.53 17.83
Ci6:1 1.46 21.67 3.05
C18:1 6.57 9.1 4.94
C18:1n-9 18.9 11.83 6.40
C18:1 5.34 - 3.64
C18:2n-6 5.29 2.35 12.05
C18:3n-3 31.4 20.19 26.22
C20:4n-6 0.48 2.66 1.20
C20:5n-3 2.19 3.04 0.65
C22:6n-3 0.39 1.31 0.05
C22:5 0.01 - -
CONCLUSION

Thus, live feed organisms are an essential component for larval stage of fin and
shellfish culture. The proper growth, survival and nutrition depend on the choice of live
feed used at specific stages of life cycle of fishes. Live feed organisms have many
beneficial features which make them a better choice over artificial feeds in aquaculture
practices. Routinely used live feeds include Artemia nauplii, fairy shrimps, rotifers,
cladocerans, copepods etc. Although, Artemia sp. has been the most preferred live feed
organism throughout the world, but due to high cost and low availability, other suitable
replacements, including cladocerans, have been studied for a considerable period.
Studies suggest, cladocerans have higher nutritional levels, better economic values,
better availability, high reproductive rate compared to Artemia nauplii. In addition to
that, due to jerky movement pattern and small size of cladocerans they are preferred
more by larval stages of fishes. They can be grown easily in eutrophicated water bodies
and also through mass culture techniques. Levels and variety of essential fatty acids,
amino acids, digestive enzymes and micronutrients are reported to be better in different
cladocerans species compared to Artemia feed. Moreover, survivability and growth rate
of frequently cultured fishes have been found to be better with cladocerans. Hence, with
inclusion of some diet enrichments, like use of different oil emulsions, algae, vitamin

sources etc., cladocerans can become a feasible replacement of costly Artemia sp. in
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freshwater aquaculture practices and their usage must be encouraged at all levels.
Culture and cultivation of cladocerans can thus be an economically beneficial, sustainable
and worthy practice in terms of live feed supply in commercial aquaculture. Thus, more
emphasis should be given to develop better mass culture and cultivation techniques of

cladocerans for betterment of aquaculture throughout the world.

ACKNOWLEDGEMENT

The authors would like to thank the Head, Department of Zoology, Vidyasagar
University, Midnapore, India for providing assistance in carrying out the study. The first
author would like to thank the Teacher-in-charge, Parimal Mitra Smriti Mahavidyalaya,

Malbazar, Jalpaiguri, India for extending cooperation during the study.

REFERENCES
Agh, N. and Hosseini Ghatre, S.H. 2002. Determination of protein, lipid and fatty acid
profile of Artemia urmiana at different growth stages. Pajouhesh and Sazandegi
54:85-89.

Agh, N., & Sorgeloos, P. 2005. Handbook of protocols and guidelines for culture and
enrichment of live food for use in larviculture. Urmia-Iran: Ediciones Artemia &

Aquatic Animals Research Center, 60.

Ahmadi, M.R., Leibovitz, H and Simpson, K. 1990. Nutrient composition of the Iranian
Brine shrimp Artemia urmiana). Comparative Biochemistry and physiology 95(2):
225-228

Akbary, P., Imanpoor, M., Sudagar, M. & Makhdomi, N.M. 2010. Comparison between
live food and artificial diet on survival rate, growth and body chemical composition

of Oncorhynchus mykiss larvae. Iranian Journal of Fisheries Sciences 9(1): 19-32.
Alikunhi, K.H. 1952. On the food of young Carp fry. J. Zoo. Soc. India 4: 77-84.

Anuraj, A., Angel J.R.]., Thakur, V.R., Sivaramakrishnan, T, Ratheesh, A.K.O, Baruah,
A.]J. , Kirubasankar, R. and Dam Roy, S. 2015 Live food organisms in aquaculture.
CIARI, Port Blair, 23.

Bogut, I., Adamek, Z., Puskadija, Z., & Galovi¢, D. 2010. Nutritional value of planktonic
cladoceran Daphnia magna for common carp (Cyprinus carpio) fry feeding. Croatian
Journal of Fisheries: Ribarstvo 68(1): 1-10.

10



Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 11(X), 2023:
http://dx.doi.org/ http://dx.doi.org/ 10.7770/safer-V11N1-art2423

Carneiro, P.C.F., Mikos, 1.D., Schorer, M.O, Liveira Filho, P.R.C. & Bendhack, F. .2003
.Live and formulated diet evaluation through initial growth and survival of jundi a

larvae, Rhamdia quelen. Scientia Agricola 60: 615- 619.

Cheban, L., Hrynko, O., & Marchenko, M .2017 .Nutritional value of Daphnia magna
(Straus, 1820) under conditions of co-cultivation with fodder microalgae.

Biolohichni systemy 9.

Copeman, L.A., Parrish, C.C., Brown, J.A., & Harel, M. 2002 .Effects of docosahexaenoic,
eicosapentaenoic, and arachidonic acids on the early growth, survival, lipid
composition and pigmentation of yellowtail flounder (Limanda ferruginea): A live

food enrichment experiment. Aquaculture 210(1): 285-304.

Criel, G.R. & Macrae, T.H. 2002 .Reproductive biology of Artemia. In Artemia: Basic and
applied biology. Springer, Dordrecht. 39-128.

Das, P., Mandal, S.C., Bhagabati, S.K., Akhtar, M.S. & Singh, S.K. 2012 .Important live

food organisms and their role in aquaculture. Frontiers in aquaculture 5(4): 69-86.

Dhert, P. & Sorgeloos, P. 1995 .Live feeds in aquaculture. Infofish International 2(95),
31-9.

Dhont, J., Dierckens, K., Stgttrup, J., Van Stappen, G., Wille, M., & Sorgeloos, P. 2013
.Rotifers, Artemia and copepods as live feeds for fish larvae in aquaculture. In

Advances in aquaculture hatchery technology. Woodhead Publishing. 157-202.

Dodson, S., Rogers, C. & Rogers, C. 2010 .Cladocera and other branchiopods.In J.
H., Thorp & A. P. Covinch(Eds.), Ecology and classificationof North American

freshwater invertebrates (3rd ed) ,Academic Press. 773-827.

Dube, P., Shelar, S., and Mokashe, S. 2017 .Biochemical composition of freshwater
zooplankton (Brachionus calyciflorus, Mesocyclops luekarti and Moina micrura).
Bioscience Discovery 8(2-b): 13-16

Ebert, D. 2005) Ecology, epidemiology, and evolution of parasitism in Daphnia. Bethesda,
MD: National Center for Biotechnology Information (US).

Figueiredo, J., Baird, A.H., Cohen, M.F., Flot, J.F., Kamiki, T., Meziane, T,Yamasaki, H.
2012. Ontogenetic change in the lipid and fatty acid composition of scleractinian
coral larvae. Coral Reefs 31(2): 613-6109.

Giri, S.S., Sahoo, S.K., Sahu, B.B., Sahu, A.K., Mohanty, S.N., Mukhopadhyay, P.K., &
Ayyappan, S.2002 .Larval survival and growth in Wallago attu (Bloch and

11



Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 11(X), 2023:
http://dx.doi.org/ http://dx.doi.org/ 10.7770/safer-V11N1-art2423

Schneider): effects of light, photoperiod and feeding regimes. Aquaculture 213(1-
4), 151-161.

Gladyshev, M.I., Makhutova, O.N., Kravchuk, E.S,, Anishchenko, 0.V., & Sushchik, N.N.
2016. Stable isotope fractionation of fatty acids of Daphnia fed laboratory cultures

of microalgae. Limnologica-Ecology and Management of Inland Waters 56: 23-29.

Gogoi, B., Safi, V. & Das, D.N. 2016. The Cladoceran as live feed in fish culture: A brief

review. Research Journal of Animal, Veterinary and Fishery Sciences 4(3): 7-12.

Gopalakrishnan, K. 1976. Larval rearing of red shrimp Penaeus marginatus (Crustacea).
Aquaculture 9: 145-154.

He, Z.H., Qin, J.G., Wang, Y, Jiang, H. & Wen, Z. 2001. Biology of Moina mongolica
(Moinidae, Cladocera) and perspective as live food for marine fish larvae: Review.
Hydrobiologia 457(1): 25-37.

Ingram, B.A. 2009. Culture of juvenile Murray cod, trout cod and Macquarie perch
(Percichthyidae) in fertilised earthen ponds. Aquaculture 287(1): 98-106.

Kadhar, A., Kumar, A., Ali, J. & John, A. 2014. Studies on the survival and growth of fry

of Catla catla (Hamilton, 1922) using live feed. Journal of Marine Biology 1-7.

Kim, J., Massee, K.C. and Hardy, R.W. 1996 .Adult Artemia as food for first feeding Coho
salmon (Onchorhynchus kisutch). Aquaculture 144: 217-326.

Lauridsen, T.L. & Lodge, D.M. 1996. Avoidance by Daphnia magna of mfish and
macrophytes: Chemical cues and predator-mediated use of macrophyte habitat.

Limnology and Oceanography 41(4): 794-798.

Manklinniam, P., Chittapun, S., and Supiyanit, M. 2018. Growth and nutritional value of
Moina macrocopa (Straus, 1820) fed with Saccharomyces cerevisiae and Phaffia
rhodozyma, Crustaceana. 918: 897-912.

Martin, D.F., Arenal, L, Fajardo, ], Pimental, E, Hidalgo, L, Pacheco, M, Garcia, C,
Santiesteban, D. 2003. Complete and partial replacement of Artemia nauplii by
Moina micura during early post larval culture of white shrimp Litopenaeus schmitti.
Aquacult. Nutr., 12(2): 89-96.

Mayer, C.M. and Wahl, D.H. 1997 .The relationship between prey selectivity and growth
and survival in larval fish. Can. J. Fish. aquat. Sci. 54: 1504-1512.

12



Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 11(X), 2023:
http://dx.doi.org/ http://dx.doi.org/ 10.7770/safer-V11N1-art2423

Navarro, J.C., Monroig, O. & Sykes, A.V. 2014). Nutrition as a key factor for Cephalopod
aquaculture. In J. Iglesias, L. Fuentes, & R. Villanueva (Eds.), Cephalopod culture.
Dordrecht, The Netherlands: Springer. 77-95.

Neelakantan, B., Naik, U.G., Prasad, P.N., & Kusuma, M.S .1988. Hydrobiology of Kali
estuary and adjoining brackish water systems, Karwar. Environment and Ecology
6: 139-147.

New, M.B. 1998. Global aquaculture: current trends and challenges for the 21st century.

Anans do Aquacult. Brasil 1: 2-6.

Ovie, S.I. and Ovie, S.0. 2006. Moisture, protein, and amino acid contents of three
freshwater zooplankton used as feed for aquaculture larvae and post larvae. Isr. J.
Aquacult. - Bamidgeh 58(1): 29-33.

Palanichamy, S. 1996. Continuous mass culture of live feed to feed different stages of
prawn and fishes. Bull. Cent. Marine. Fish. Res. Inst 48: 117-119.

Palma, J., Bureau, D.P. & Andrade, J.P. 2011. Effect of different Artemia enrichments and
feeding protocol for rearing juvenile long snout seahorse, Hippocampus guttulatus.
Aquaculture 318(3): 439-443.

Pefla-Aguado, F., Nandini, S., & Sarma, S.S5.S. 2009. Functional response of Ameca
splendens (Family Goodeidae) fed cladocerans during theearly larval stage.
Aquaculture Research 40(14): 1594-1604.

Poynton, S.L., Dachsel, P., Lehmann, M.]., & Steinberg, C.E.W. 2013. Culture of the
cladoceran Moina macrocopa: Mortality associated,with flagellate infection.
Aquaculture 416-417: 374-379.

Radhakrishnan Kandathil, D., AkbarAli, I., Schmidt, B.V., John, E.M, Sivanpillai, S. &
Thazhakot Vasunambesan, S. 2020. Improvement of nutritional quality of live feed

for aquaculture: An overview. Aquaculture Research 51(1): 1-17.

Rajkumar, M., Kumaraguru Vasagam, K.P., Perumal, P. 2008. Biochemical composition of
wild copepods, Acartia erythraea Giesbrecht and Oithona brevicornis Giesbrecht,
from Coleroon Coastal Waters, Southeast Coast of India. In: Sakhare, V.B. (Ed.),
In: Advances in Aquatic Ecology, 2. Daya Publishing House, New Delhi, India. 45-
57.

Rasdi, N.W., & Qin, J.G. 2016. Improvement of copepod nutritional quality as live food

for aquaculture: a review. Aquaculture Research 47(1): 1-20.

13



Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 11(X), 2023:
http://dx.doi.org/ http://dx.doi.org/ 10.7770/safer-V11N1-art2423

Rocha, G.S., Katan, T., Parrish, C.C. & Kurt Gamper, A. 2017. Effects of wild zooplankton
versus enriched rotifers and Artemia on the biochemical composition of Atlantic cod
(Gadus morhua) larvae. Aquaculture 479: 100-113.

Rottmann, R.W., Graves, S.]J., Watson, C., Roy, P. and Yanong, E. 2003. Culture
techniques of Moina: The ideal Daphnia for feeding freshwater fish fry. CIR 1054,
FAO, Rome. 2-9.

Schauer, P.S., Johans, D.M., Olney, C.E. and Simpson, K.L. 1980 Lipid level, energy
content and fatty acid composition of the cysts and newly hatched nauplii from five
geographical strains of Artemia. The brine shrimp Artemia. Vol.3. Universa Press,
Wettern, Belgium. 365-373.

Singh, K., Munilkumar, S., Sahu, N.P., Das, A, & Devi, G.A. 2019. Feeding HUFA and
vitamin C-enriched Moina micrura enhances growth and survival of Anabas
testudineus (Bloch, 1792) larvae. Aquaculture 500: 378-384.

Smith, G.G., Ritar, A.]., Phleger, C.F., Nelson, M.M., Mooney, B., Nichols, P.D., & Hart,
P.R. 2002. Changes in gut content and composition of juvenile Artemia after oil

enrichment and during starvation. Aquaculture 208(1): 137-158.

Sorgeloos, P., Dhert, P., & Candreva, P. (2001). Use of the brine shrimp, Artemia sp., in
marine fish larviculture. Aquaculture, 200(1-2): 147-159.

Tong, S.Y., Liu, C.H. and Wang, X.T .1988. Appraisement and analysis of nutrient

composition for Moina mongolica Daddy. J. Dalian Fish. Univ.11: 29- 33.

Treece, G.D. 2000. Artemia Production for Marine Larval Fish Culture, SRAC Publication
No. 702, Texas A & M University, Sea Grant College Program.

University of Alberta, Department of Biological Sciences. 2018. Brine shrimp under a

microscope.

Velasco, S.Y. and Corredor, S.W. 2011. Nutritional requirements of freshwater
ornamental fish: A review. Rev. MVZ Cordoba 16(2): 2458-2469

Wang, C.S., Xie, K, Zheng, X., Zhu, W., Lei,Y., Yang, S, Liu, J .2005 Effects of live food
and formulated diets on survival, growth and protein content of first-feeding larvae
of Pelteobagrus fulvidraco. J. Appl. Ichthyol. 21: 210-214.

Watanabe, T. and Kiron, V. 1994. Prospects in Larval fish dietetics. Aquaculture, 124:
235-251.

14



Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 11(X), 2023:
http://dx.doi.org/ http://dx.doi.org/ 10.7770/safer-V11N1-art2423

Woods, C.M.C. 2003. Effect of stocking density and gender segregation in the seahorse
Hippocampus abdominalis. Aquaculture 218(1): 167-176.

Zakeri, M., Kochanian, P., Marammazi, J.G., Yavari, V., Savari, A., & Haghi, M. 2011.
Effects of dietary n—3 HUFA concentrations on spawning performance and fatty
acids as Aquaculture 310(3-4): 388-394.

Received: 12t February, 2021; Accepted: 21st April, 2021, First distribution: 20%
September, 2021.

15



