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Abstract

41

Live food organisms include all types of phytoplankton and zooplankton that are eaten by economically important aquaculture

species, which consist of the early stages of finfish and shellfish. Typically, zooplankton feed on phytoplankton, making phytoplank-

ton the foundation of the food chain. These live foods can swim in the water column and are consistently available to finfish and

shellfish and shellfish larvae, often triggering a feeding response. In natural settings, most finfish and shellfish larvae consume small

organisms of both phytoplanktonic and zooplanktonic types. The success of hatchery production of fish fingerlings for stocking in

grow-out systems heavily depends on the availability of suitable live food to nourish fish larvae, fry, and fingerlings. Live food organ-

isms are rich in vital nutrients such as proteins, lipids, carbohydrates, vitamins, minerals, amino acids, and fatty acids, which is why

they are often called "living capsules of nutrition." Providing the appropriate live food at the right time is essential for maximizing the

growth and survival rates of young finfish and shellfish.
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Introduction

The world population is growing at an exponential rate and
consequently the demand for food is increasing. Agriculture has
contributed significantly to solving the food problems, but the nu-
tritional standard of the vast majority of people in the developing
and under developed countries remains much below the average
level. There is an acute scarcity of animal protein in the diets of eco-
nomically poor people. To supply the food for these supplementary
masses there would be hardly any arable lands left for the expan-
sion of agricultural productivity [1]. Hence, in the future, mankind
would have to depend more and more aquaculture practices for
food production to meet the increased demand of the growing hu-
man population worldwide [1,2]. Feeding of the first early larval
stages of aquatic organisms appears to be a major constraint in
aquaculture [1,3,4]. In the last three decades, the intensive larvi-
culture of numerous finfish and shellfish species has developed
into a multimillion-dollar industry. While considerable advance-
ments have been achieved in understanding the dietary needs of
larvae from different aquaculture species, the large-scale cultiva-

tion of their early larval stages continues to depend on live feeds.

Live food organisms contain all the nutrients, such as proteins,
lipids, carbohydrates, vitamins, minerals, amino acids and fatty ac-

ids [5]. Hence, live feeds are popularly known as “living capsules of

nutrition” [6,4,1]. The suitable live food plays a most important role
in achieving maximum growth and survival of the juvenile of fin-
fishes and shellfishes. The size of cultivated live food for the larvae
also plays a key role. Also, live foods are able to swim in the water
column and are constantly available to finfish and shellfish larvae
that are likely to stimulate larval feeding responses [1,7]. However,
the feeding practice of fishes in natural water bodies is dissimilar
between the diverse species, but all the fishes need protein-rich
live food for their better growth, well-organized breeding and sur-
vival [4,8]. Early larval stages of fish and crustaceans are in need of
live food at some or all stages of their larval development. success-
ful fish culture and prawn hatchery operation primarily depend on
the use of suitable live feed [9,10]. Aqua-hatcheries currently uti-
lize three categories of live feed, which have been selected either
through trial and error methods or because of their ease of mass
production and application: various species of rotifer, crustacean
species of cladoceran, copepod and the anostracan brine shrimp

Artemia.

Live feeds, which can swim freely in the water column, are con-
sistently accessible to the larvae. In contrast, formulated diets tend
to either float on the water’s surface or sink rapidly to the bottom,
making them generally less available to the larvae compared to
live feed. Furthermore, the movement of live feed in the water is

likely to trigger feeding responses in larvae, as their evolutionary
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background has likely conditioned them to pursue moving prey in
their natural habitat. The zooplankton fauna exhibits remarkable
diversity and can be utilized in aquaculture practices by cultivating
them in laboratories for fish larviculture. In light of the increasing
production, the consumption of fish and fishery products has risen
in tandem with the exponential growth of the human population,
resulting in a significant gap between production and population.
To address these challenges, the culture of economically signifi-
cant fish species is essential [11,12]. Consequently, zooplankton
densities tend to decline due to food shortages and the predation
pressure exerted by fish [13]. The littoral zone is frequently the
most diverse section of lake or river ecosystems, typically sup-
porting a wide array of zooplankton, their associated microflora,
and numerous animal species. Any assessment of inland water
resources must consider the dominance of exponential human
growth and the utilization of freshwater resources. Small-sized
zooplankton become predominant as they are less susceptible to
predation by fish. Artificial larval feeds cannot compete with live
food organisms regarding acceptance, nutritional value, and oth-
er factors. The feeding habits of fish in natural water bodies vary
among species; however, all fish require protein-rich live food for

optimal growth, effective breeding, and survival [11,12].

The relevance and potential of live food organisms in the rear-
ing of aquatic larvae have been greatly increased by recent devel-
opments in live food enrichment techniques. The availability of
suitable live food for the feeding of fish larvae, fry, and fingerlings
is the primary factor that determines the success of hatchery pro-
duction for fish fingerlings meant for stocking in grow-out produc-
tion systems [12,14]. The successful production of fry for at least
60 marine finfish species and 18 species of crustaceans has been
largely attributed to the provision of significant amounts of live
food organisms, such as freshwater/marine rotifers and Artemia
nauplii, to support the various stages of fry production. Adding mi-
croalgae (often known as “green water”) to intensive culture sys-
tems in addition to zooplankton prey is a routinely used technique
in the growth of fish and prawn larvae [12,15]. In aquaculture, the
large-scale seed production of commercially important species is

contingent upon the availability of suitable live feed organisms.
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Copepods and rotifers are both excellent food sources for fish and
crustaceans among the wide variety of live food creatures organ-
isms [12,16].

Significance of brine shrimp Artemia

Artemia, commonly known as brine shrimp, serves as an out-
standing live food source for various cultivable aquatic species. Its
demand is particularly high in shrimp hatcheries, fish hatcheries,
and ornamental fish culture farms. The genus Artemia is a cosmo-
politan taxon that has typically adapted to live in the stressful en-
vironmental conditions of higher saline habitats, such as salt lakes,
lagoons and solar salt works all over the world [17-19]. Artemia
populations have been discovered in approximately 600 natural
salt lakes and salt works situated along the coastlines of tropical,
subtropical, and temperate regions. Additionally, further survey ef-
forts are underway to locate more Artemia biotopes [19,20]. The
nauplii of Artemia are the most commonly utilized food source
among the various live diets employed in the larviculture of
finfish and shellfish. Brine shrimp and sea monkey are alternative

names for this organism.

The species Artemia salina is the most prevalent. Females can
produce eggs through both parthenogenesis and mating. Thin-
shelled eggs hatch immediately, whereas thick-shelled eggs can
remain dormant and transform into cysts that float on the sur-
face of the water, often being washed ashore by waves and wind
[11,12,19]. As long as they are kept dry, these cysts do not expand
because of their low metabolic activity. The biconcave cysts ab-
sorb water, become spherical, and the embryo inside resumes its
previously stopped metabolism when submerged in seawater.
The outer membrane of the cyst ruptures around twenty hours
later, revealing the embryo, which is covered by the hatching
membrane [1,11,21,22,23]. The hatching membrane ruptures, al-
lowing the nauplii to swim freely when they have fully matured
and the embryo is hanging underneath the empty shell. Artemia
(A. franciscana, A. salina, A. parthenogenetic, etc.) nauplii are com-
monly used as live food in aquaculture practices, due to their ease
of culture. However, the biggest disadvantages of Artemia have

been the marked variation in price and their physical properties
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such as size and nutritional quality among diverse sources. The
enriched Artemia nauplii have also shown their own problems, for
example, the biological composition of Artemia nauplii is not stable
after enrichment [1,24]. Zooplankton have been considered to be
“nutritionally superior live feeds” for fish larvae and the juveniles
of the cultivable species are able to meet their nutritional require-
ments, as zooplankton show that they have higher nutritional val-
ue than Artemia and hence they play a vital role in initial feeding

for survival and growth [1,25].

Significance of Crustacean Zooplankton

In the natural environment, a primary food source for fish lar-
vae is zooplankton. Common categories of zooplankton include
protozoans, rotifers, cladocerans, copepods, ostracods, and the lar-
val forms of various invertebrates. Among these, rotifers and cope-
pods are two of the most abundant groups of zooplankton. These
two types are the most frequently used live feeds by aquaculturists
and are the preferred prey for fish and shrimp [1,23,26]. The inten-
sive larval culture of most marine finfish depends on a large sup-
ply of zooplankton to feed the delicate larvae, juveniles and even
adults of fish, prawn and shrimp. In nurseries and grow-out ponds
protein-rich and naturally occurring zooplanktonic organisms are
essential. Different types of zooplankton like larval forms of brine
shrimp (A. salina), rotifers (Brachionus sp.), cladocerans (Moina
sp., Daphnia sp., Ceriodaphnia sp.), copepods (calanoid, cyclopoid
and harpacticoid) and larval forms of different aquatic organisms
are considered as natural food for the shellfish and finfish are mass
cultured for hatchery use [1,22]. Zooplankton, in conjunction with
an artificial diet containing 25% protein, was provided as nour-
ishment for fry and fingerlings [1,11,12]. Acknowledged as a vital
source of natural food, zooplankton supports both the larval and
adult stages of various aquaculture species. Numerous fish and
prawn species rely on zooplankton at different stages of their life
cycle, while certain species are entirely dependent on zooplankton

for sustenance throughout their lives.

This organism is an abundant source of protein, amino acids,
lipids, fatty acids, minerals, and enzymes [12,21,22]. Zooplankton
serves as the primary prey for nearly all fish larvae as they shift
from dependence on their yolk sacs to external feeding. Stomach

content analyses of fingerlings from Clarias gariepinus and Clarias
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angularis reveal that, during the early weeks of life, zooplankton
is the main food source [1,4,27]. Live zooplankton are crucial for
the feeding of cultivable fish species, as well as rotifers and cope-
pods. Among the most widely accepted are rotifers, cladocerans,
and brine shrimp, which are effectively employed in hatcheries due
to their high nutritional value, rapid generation time, capacity to
thrive in dense populations, and ease of mass production under
controlled conditions [4,12,28]. The use of wild zooplankton as
a live food source for the rearing of early larval stages of shrimp
or fish species has three obvious advantages: it is a natural food
source, and its nutritional profile is likely to satisfy the dietary re-
quirements of predator larvae, especially with regard to essential
fatty acids and free amino acids. The diverse species and develop-
mental stages of wild zooplankton guarantee that the best prey
sizes are constantly available, allowing predators to consume them
efficiently during the larval rearing process [1]. The costs of har-
vesting this live food may be less than those of the infrastructure
and production of the previously listed live food items, depending
on the harvesting potential in the vicinity of the hatchery facility
[1,23,27].

Significance of Rotifers

Rotifers were considered a dangerous species in Japan in the
early 1960s. Many biologists developed methods to prevent them
from multiplying since they consume large amounts of phytoplank-
ton, which is essential for maintaining equilibrium in lake environ-
ments. In ponds, the growth of rotifers causes the water’s oxygen
content to drop. It was acknowledged by the late 1960s that Bra-
chionus plicatilis was a suitable live food supply for the early larval
stages of marine fish. Rotifers are often preferred as a food source
by fish larvae right after they have fed on algae. All other plank-
tonic species are larger than rotifers. The use of rotifers as live food
throughout the early stages of growth for a variety of freshwater
and marine fish and shellfish species has been documented in nu-
merous studies [29]. Significant benefits for hatchery operations
come from their size and ability to be cultivated at high popula-
tion densities. Because of their euryhaline nature, planktonic traits,
high rate of reproduction, compatibility with controlled mass cul-
ture, ability to thrive and reproduce in high-density cultures, and
the possibility of artificially manipulating their nutritional proper-

ties, rotifers are a great first food source [13]. Optimizing partheno-
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genetic (amictic) reproduction while avoiding conditions that lead
to sexual (mictic) reproduction which produces smaller males and
resting eggs is crucial in any rotifer culturing procedure where in-
creasing the number of individuals is the aim. One significant class
of live food organisms used in aqua hatcheries is rotifers. Approxi-
mately 2,500 rotifer species have been identified in freshwater,

brackish water, and seawater worldwide.

Of all the rotifers, B. plicatilis is the most well-known. It is the
perfect first food for the early larval stages of many freshwater
and marine fish and prawn species. The species most frequently
utilized to feed fish larvae in hatcheries worldwide is B. plicatilis
[23,30]. It is a tiny, euryhaline rotifer that swims slowly and has a
high nutritional value. Because of its parthenogenic development
and ability to withstand a wide range of climatic conditions, it is
very suitable for mass culture. The size of the several strains of the
B. plicatilis species varies. Small (50 to 100 um) or large (100 to
200 pm) rotifers are utilized, depending on the size of the mouths
of the larvae of the cultivated organisms. Many aquatic creatures
have relied on the rotifer, B. plicatilis and B. rotundiformis, as a live
food source for mass larval rearing [23,30]. The rotifers’ feeding

supply determines how nutritious they are for fish larvae.

Significance of Crustacean Cladoceran

A significant group of primarily freshwater and marine zoo-
plank- ton, cladocerans (Water flea), are primarily female and
the product of parthinogenic development. In the freshwater/
marine aquacul- ture and ornamental fish industries, the genus
of Daphnia, Moina, and Ceriodaphnia are crucial food sources. All
around the world, these cladocerans can be found in freshwater
lakes, tanks, and ponds. They use their two large antennules to jerk
quickly while swimming. Daphnia includes a wide range of diges-
tive enzymes that function as exoenzymes in the gut of fish and
prawns, including cellulase, amylase, lipase, peptidases, and pro-
teases. Because it is bigger than Moina and Daphnia is used as live
food by fish in their advanced stages. Moina mostly lives in make-
shift ponds or ditches. Because of its smaller size (0.5 to 2 mm)
and 70% higher protein content than Daphnia, it is the perfect sub-
stitute for Artemia in aquaculture. Additionally, many hatcheries
have used Moina extensively as live food for the upkeep and culture

of commercially significant aquarium fishes [1,23,31]. Among the
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benefits of cladocerans are their high rates of reproduction, broad
tolerance to temperature, and capacity to flourish on organic waste
and phytoplankton. Since they are primarily freshwater zooplank-
ton, the majority of cladocerans are typically absent from brackish
water and cannot withstand salinities greater than 3 ppt. The eury-
haline cladoceran species Diaphanosoma celebensis can withstand
salinity levels of 1-42 ppt and has a size range of 400 to 800 pm
[23,32].

This species has been successfully raised in backyard hatcher-
ies and its application in the rearing of fish larvae is expanding.
Other marine cladoceran species that are thought to be potential
candidates for mass culture include Evadne tergestina, Penilia avi-
rostris, and Podon polyphemoides. Immediately after sea bass fry
are weaned from Artemia, they are fed the cladoceran Moina mac-
rocopa before being fed minced fish flesh in Southeast Asia. In fin-
fish culture, Moina salina, a similar cladocera, has been employed.
Moina’s nutritional value varies significantly based on their age and
the foods they eat. On average, Moina’s protein content is 50% of its
dry weight. For female adults, the total fat content per dry weight
is 20-27%, while for juveniles, it is 4-6%. Moina was once the most
widely utilized live food organism for fish larvae in ornamental fish
cultivation. The chemical makeup of the cladoceran’s food source
has a significant impact on its nutritional value. The low levels of
essential fatty acids, particularly (n-3) HUFA, in freshwater cla-
doceran species make them unsuitable prey for marine creatures
[1,23,31].

Significance of Crustacean Copepoda

Copepoda forms the largest group of animals belonging to the
class Crustacea comprising over 10,000 different species inhabit-
ing many different ecological niches. Many copepod species are par-
asitic; others swim freely as planktonic forms, while others are still
benthic or meiobenthic forms. Few free-living copepods ex- ceed 2
mm in length as adults. Few free-living copepods exceed 2 mm in
length as adults. Three major groups of free-living copepods are the
calanoida, primarily free swimming planktonic animals, the cyclop-
oida, which may be planktonic or demersal, and the harpac- ticoida,
which are entirely benthic. Few free-living copepods ex- ceed 2 mm

in length as adults. Three major groups of free-livingcopepods are
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the calanoida, primarily free-swimming planktonic animals, the
cyclopoida, which may be planktonic or demersal, and the harpac-
ticoida, which are entirely benthic. Copepods with little exception
are sexually reproducing and pass through many distinct larval
stages. They emerge from an egg as nauplii, usu- ally 100-150 pm
in length. After six nauplius stages (N1 - N6), with growth between
each stage, the body shape changes and a series of usually six co-
pepodid stages follow (C1 - C6). The last of these stages is the adult
in which different sexes can be identi- fied [23,33]. The copepods
constitute an important component of the food chain in aquatic
system. Copepods are of great ecological significance and serve
as a major food source for numerous organ- isms including fish
and crustaceans [4,12,34]. Copepods are natu- ral feed for larvae
and juveniles of many finfish and crustaceans and it is generally
believed that copepods can meet the nutritional requirements of
fish larvae [1,23,35]. Copepods are excellent food sources and high

nutritional value for planktonic larvae of finfishes and shellfish.

Copepods are high in proteins and essential amino acids (EEAs),
according to biochemical research, which may promote larval
growth. Copepods typically have a high protein content (45-55%).
The majority of marine fish larvae in the wild spend their first few
weeks of life feeding on copepod eggs and nauplii. Copepods are
a great food source for first-feeding larvae because some species
have extremely small larvae that can contain very high levels of
HUFAs and other vital nutrients [1,23,36,37]. The three main cope-
pod suborders that are found in brackish water are harpacticoids
(Tisbe and Tigriopus spp.), cyclopoids, and calanoids (Acartia,
Calanus and Pseudocalanus spp.). Herbivorous copepods usually
consume very small particles and are mostly filter feeders. How-
ever, they have an advantage over rotifers since they can consume
larger particles. Copepods can consume debris as well. They do not
reproduce asexually, which sets them apart from rotifers and Arte-
mia. After reaching adulthood, copepods mate, and the female pro-

duces 250-750 fertilized eggs (rotifers generate 15-25 per female).

Copepods have a lifespan of 40 to 50 days, but rotifers have a
lifespan of 5 to 12 days. They also have a longer generation time
(5 to 12 days for copepods and 1 to 3 days for rotifers). The com-

mercial cultivation of copepods is more challenging than that of
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rotifers. Only a few number of copepod species, including Tigrio-
pus japonicus, have been successfully cultivated in large quantities.
Even this technique uses baker’s yeast or omega-3 yeast as feed in
addition to rotifer culture. Large copepod production is possible
with certain outdoor production systems, although the quantity of
copepods per liter of culture water is quite inefficient. The repro-
ductive biology and food and feeding habits of the copepod spe-
cies being considered for culture should be sufficiently understood
in order to establish a copepod culture procedure. It is generally
known that copepods, particularly the harpacticoid, are used in the
culturing of marine fish. Onychocamptus bengalensis has the poten-

tial to be used as live food for marine fish larvae [23,37].

Conclusion

Growing their larvae with suitable live feed is the only method
for generating high-quality finfish and shellfish seeds, which are
necessary for aqua-hatchery operations and sustainable aquacul-
ture. While many zooplankton species have had their biology stud-
ied, mass culture methods for species other than microalgae and
Brachionus species are still in their infancy. Using a wide variety
of freshwater and marine copepod and cladoceran species as live
feed could be very beneficial for aqua-hatcheries. To meet the need
for growing freshwater and marine fish larvae with small mouths,
further research is needed on copepods and cladocerans that allow
economically relevant finfish larvae and shellfish post-larvae crus-

taceans to have a range of sizes and nutritional values.
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