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ABSTRACT

Cultured copepods have been successfully used in the larviculture of various finfish larvae. Over the past few years, there
have been several research articles published on copepod culture to cater to the needs of aqua hatcheries and discussed the
important role of copepods as suitable feeds for marine finfish larviculture. However, the upscaling of copepod cultures to the
commercial level is still a challenge. In this regard, the present review is focused on the culture of copepod utilizing various
micro-algal diets with single or in combination with multiple species, and evaluation of nutritional importance of copepods for fin-
fish larviculture. Therefore, the review article paves the way to improve the nutrition in copepod culture through ideal micro-algae
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andutilization in aqua hatcheries for better results in terms of larval performance in finfish larval rearing.
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INTRODUCTION

Hatchery rearing of commercially important finfish
and shellfish larvae is important for successful farming
of these species and live feed plays a vital role in this
regard.*Live feeds are phytoplankton and zooplankton.
They constitute the main component of the diet for finfish
and shellfish larvae especially marine finfish. They are re-
ferred to as living capsules of nutrition because they con-
tain essential nutrients such as proteins, lipids, carbohy-
drates, vitamins, minerals, amino acids and fatty acids.*In
marine aquaculture, the use of live feed can’t replace by
formulated diets in some cases. Artemia nauplii and ro-
tifers (Brachionus plications) are still the most commonly
used live feed. A good alternative is the use of copepods
for rearing finfish larvae with small Gabe which could
lead to the cultivation of new finfish species.>® Based on
the above rationale, the present review article discusses
the utilization of a micro-algae diet for copepods larvicul-
ture. Most research on copepods have focused on their nu-
trition, reproduction or physiological aspects, and culture
techniques using micro-algae culture have primarily been
developed at the laboratory scale.

NEED FOR ALTERNATIVE LIVE FEEDS

Past few decades, the marine hatcheries are largely depend-
ent on the production of rotifers and brine shrimp as they
could be cultured successfully and offered as traditional
live feeds for fish and crustacean larvae.”!° Rotifers are rel-
atively easy to culture and can rapidly achieve high culture
densities.!! Artemia can be obtained commercially in the
form of dry cysts and their nauplii exhibit a good tolerance
to culture conditions and handling.'? Research focusing
on the identification of alternative feed sources that over-
come the inadequacies of traditional rotifer and Artemia
live feeds is critical to increase the variety and survival of
species that can be successfully cultivated, and ultimately
enhance the growth, sustainability and economic perfor-
mance of the aquaculture industry.'*'® Copepods appear to
be the most valuable candidate for this role as they are the
most important natural prey for a vast majority of marine
finfish larvae'®!? and their inclusion as live prey in larvi-
culture may increase the number of fish species that can
be successfully reared. Table 1 summarize the size range
and main nutritional characteristics of copepods compared
to the rotifers and Artemialive feed. Copepod nauplii are
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generally smaller than the smallest strain of rotifers and Ar-
temia nauplii, and higher levels of the major nutrient also

indicated when compared to enriched rotifers and Artemia
nauplii.?*?

Table 1: The size range and main nutritional characteristics of copepods compared to the traditional live

feeds rotifers and Artemia nauplii

Name of the Live

feeds . .
Major nutrients HUFA
Artemia nauplii 400- Insufficient (enrich- ~ Very low
ment needed)
500 pm
Rotifer ~100- Insufficient (enrich-  Low
ment needed)
150 Hm
Copepod nauplii <8o um Higher-level com- Naturally
pared to Artemiaand  high level

rotifer

Main Nutrients characteristics Reference
DHA/ Lipids
EPA
<1% Mostly triacyglycerols 24-28
(enrichment needed)
<1% Mostly triacyglycerols 20-31

(enrichment needed)

>1% higher More phospholipids (>50%) 3, 12, 22, 32,
levelsof DHA  when compared to Artemia 33, 34, 35
and EPA when and rotifers

compared to

rotifers and

Artemia

For the past three decades, there has been continuing interest
in the development of mass culture techniques for copepods
to be used as live food in aquaculture.>” Copepods are the
most common metazoans in the marine environment, with
approximately 11,500 described species. Unlike traditional
live feed, copepod nutritional profiles are rich in essential
fatty acids, free amino acids and other essential micronutri-
ents.!* Moreover, the small size of copepod nauplii is vital
for the first larval feeding of various fish species (Table 2).

The copepod cultivation methods establishment with cost-
effective protocols for mass production is still a challenge.
Copepods have mostly been used at a pilot-scale or in loca-
tions where the abundant collection of natural zooplankton
is possible. Still, the use of copepods as live feeds for marine
fish larvae has generally led to considerably better results
in terms of larval performance and quality, when compared
with rotifers and Artemia nauplii.”The copepod nauplii may
be produced in the rearing tanks or separate tanks and ponds.
It has also been proposed that mass production of copepod
resting eggs could facilitate the availability of copepod nau-
plii for aquaculture. However, research is needed on storage
conditions of resting eggs concerning the survival and nutri-
tional value of nauplii.!836-3

UTILIZATION OF MICRO-ALGAL DIET FOR CO-
PEPODS LARVICULTURE

In aquaculture, micro-algae are used as a direct food source
for various filter-feeding larval stages of organisms. They
are also used as an indirect food source, in the production of

copepod culture which in turn is used as food for the carnivo-
rous larvae of many of the marine finfish species presently
farmed.***! The intensive rearing of bivalves has so far relied
on the production of live micro-algae, which comprises on
average 30% of the operating costs in a bivalve hatchery. For
culture of marine finfish larvae according to the green wa-
ter technique the micro-algae are used directly in the larval
tanks.*This technique is nowadays a normal procedure in
marine larviculture. It has been widely reported to improve
fish larval growth, survival and feed ingestion which showed
that micro-algae seemed to provide nutrients directly to the
larvae that contribute to nutritional quality as it plays an im-
portant role in the microflora diversification of both the tank
and the larval gut.?> Whenever micro-algae are used as a di-
rect food source or indirect food source in the production of
copepods, the growth of the animals is usually superior when
a mixture of several microalgal species is used. The micro-
algae diets of copepods culture are listed in Table 2.

NUTRITIONAL IMPORTANCE OF MICRO-ALGAE

Increasing the needs for protein and the high cost of fish
meal in recent years has led to the search for new alterna-
tives, as animal and plant sources of protein for sustain-
able aquaculture.”” One such accessible and relatively in-
expensive food component that could respond successfully
to the challenging question raised by aquaculture is algae.
Cultivation of microalgae is mandatory in hatchery as it is
a basic and nutritious diet for live feed organisms, specifi-
cally the zooplankton.”! However, factors such as manpower
requirement, infrastructure facilities and other related costs
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involved in the high-density culture escalate the price of the
production. For the cost-effective production of micro-algae,
new approaches have to be adopted with an improvised cul-
ture environment. Micro-algal species can vary significantly
in their nutritional value, and this may also change under
different cultural conditions.”>*

In the laboratory-scale production of micro-algae, light plays
a fundamental role in the development of microalgae through
photosynthesis.”** It is one of the major environmental fac-
tors which control the performance of micro-algae through
phototrophic growth and productivity. However, the extreme
light intensity may result in photoinhibition which reduces
the photosynthetic rates and growth. In the indoor culture
based on the light-dark cycle periodicity duration of L D 12:
12 illumination, it could be modified to 14:10 L D or a maxi-
mum of 16:8 LD for optimizing photosynthesis of micro-
algae For some microalgae and diatoms it has been reported
that changes in the frequency of light-dark cycle enhance ex-
ponentially rate of photosynthesis. Some aquaculture hatch-
eries adopt a longer dark period compared to the light period
for enhancing photosynthetic competence.”®*

Many algae have been found to contain good nutritional
properties. Several factors can contribute to the nutritional
value of a micro-alga, which include their size and shape,
digestibility, biochemical composition, nutrients profile and
enzymes. These factors satisfy the nutritional requirements
of the larvae feeding on the algae. Many studies have at-
tempted to correlate the nutritional value of micro-algae with
their biochemical and nutritional profile.'®1%! In the primary
growth phase of the micro-algae, they contain 30 to 40%
protein, 10 to 20% lipid and 5 to 15% carbohydrate®' and the
high dietary protein provided the best growth for Oithona
davisae.'"™ The major nutritional composition (Carbohy-
drates, Protein and Lipid) of some commercially important
micro-algal species is comparable with the available feed in-
gredients which are used in the aquafeed.

For the supply of sufficient nutrient for primary and sec-
ondary consumers, micro-algae should have the nutrient
profile of protein (6—52%), carbohydrate (5-23%) and lipid
(7-23%). Most microalgal species have a similar amino acid
composition with enriched essential amino acids and high
concentrations of ascorbic acid (1-16 mg g™' dry weight) and
riboflavin (20—40 ug g™").'® Further high percentage of nutri-
ent contents, carbohydrates, proteins and lipids were record-
ed in common micro-algae.!**!% Microalgal protein could
be a plausible alternative to fishmeal protein because of its
desired quality and amino acid profiles comparable with
that of other reference protein sources.!” There are several
studies on the utilization of biomass of Arthrospira sp.''°,
Chlorella sp."' Scenedesmus sp.''? Nanofrustulum sp.'
and Tetraselmissuecica 'as valuable supplementary protein
sources.

Lipids have a role as high energy storage molecules. Oil con-
tent in micro-algae can exceed 60% by weight of dry bio-
mass, while levels of 20 to 50% are common. PUFAs derived
from micro-algae such as docosahexaenoic acid (DHA), ei-
cosapentaenoic acid (EPA) and arachidonic acid (AA) are
known to be essential bioactive molecules for various larval
cultures.!”® Dunstan et al.,"!¢ reported the most micro-algal
species to have moderate to high percentages of EPA (7 to
34%) as in the case of major micro-algae species such as
Pavlova spp. and Isochrysis sp. A high amount of DHA (0.2
to 11%) is present inNannochloropsis spp. and diatoms con-
sisting of the highest percentages of AA (4%).

Vitamins are essential micronutrients and their content can
vary in different micro-algae. Brown and Miller!'” reported
that ascorbic acid shows the greatest variation (1 to 16 mg
g!) in different micro-algae. The B-carotene content ranged
from 0.5 to 1.1 mg g'. The vitamin B complex is rich in
micro-algae and amount of different compounds of this vi-
tamin showed variation in their levels (thiamin 29 to 109 pg
g riboflavin 25 to 50 pg g'; niacin (0.11 to 0.47 mg g';
pantothenic acid 14 to 38 pg g!'; pyridoxine 3.6 to 17 pug g';
biotin 1.1 to 1.9 pg g'; folates 17 to 24 pg g'; cobalamin
1.8 to 7.4 pg g'). The a-tocopherol content of micro-algae
ranged between 0.07 and 0.29 mg g

NUTRITIONAL IMPORTANCE OF COPEPODS

Copepods can consume different unicellular micro-algae and
also capable of feeding on filamentous algae which might
provide all necessary nutrients. Several studies have dem-
onstrated correlations between zooplankton productions and
some amino acids and fatty acids content in dietary algae.!'®
The free-living copepod nauplii more particularly those of
harpacticoid are highly suitable starter feed for marine fin-
fish larvae due to their small size and nutritive value. The
larvae of dolphinfish(Coryphaenahippurus) fed with harpac-
ticoid copepod (Euterpinaacutifrons) nauplii showed desir-
able growth, survival and biochemical profile in the hatchery
rearing. The mass culture system using micro-algae for the
production of benthic marine harpacticoid copepod described
by Sun and Fleeger could be an ideal starter feed for rearing
larvae of many marine finfish with small mouth size.!"

The high content of lipid is reported from many marine
copepods and docosahexaenoic acid (DHA; 22:6n-3), ei-
cosapentaenoic acid (EPA; 20:5n-3) and the saturated fatty
acid (16:0) constituted predominant fatty acids. In Temora-
longicornis andEurytemora sp. total lipid content reported
between 7% and 14% of the dry weight of which DHA ac-
counted 26- 42%, EPA 15-24% and Palmitic acid (16:0)
8-12%. Comparable lipid content of DHA, EPA and Palmiti-
cacid ranging between 21% and 32.5%,15- 21% and 9-15%
of total fatty acids, respectively is also reported from another
calanoid copepod, Calanus finmarchicus.”
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Table 2: Cultivation conditions and micro-algal diets for Copepod culture

Name of the copepods Cultivation conditions Reference
Temperature Salinity Photoperiod Food diet
(2C) (PPT) (Light: Dark) (Micro-algae)
Parvocalanuscrassirostris 260 C 36 PPT 16:8 hrs Isochrysissp., 43
Chaetocerosmuelleri

Thalassiosiraweissflogii

Parvocalanuscrassirostris 260 C 36 PPT 16:8 hrs Isochrysissp. 44
Oithonadavisae 200 C 36 PPT 12:12 hrs Oxyrrhis marina 45
Rhodomonas salina
Acartiatonsa, Pseudocalanuslon- 150 C 35 PPT 24 hrs** Skeletonemamarinoi 46
gatus, Temoralongicornis
Macrosetella gracilis, Pseudodi-  26-300 C 28-34 PPT 12:12 hrs Chlorella marina 47
aptomus sp.
Oithonarigida
Pseudocyclopsumbraticus 240 C 35 PPT 24 hrs** Chaetomorphalinum 48
Tetraselmissuecica
Pavlovalutheri
Isochrysisgalbana
Acartiatonsa 260 C 35 PPT 12:12 hrs Chaetocerosmuelleri 49
Isochrysisgalbana,
Nannochloropsis oculata.
PseudocyclopsXiphophorus 240 C 35 PPT 24 hrs** Skeletonemamarinoi 50
Tetraselmissuecica
Pavlovalutheri
Isochrysisgalbana
Acartiatonsa, Acartia clause 180 C 2-33 PPT 12:12 hrs Thalassiosiraweissflogii 51
Acartiasinjiensis 300 C 33 PPT 12:12 hrs Tetraselmischuii 52
Isochrysissp.
Bestiolinasimilis 260 C 30 PPT 12:12 hrs Isochrysissp. 53
Pavlova salina
Tetraselmischuii
Chaetocerosmuelleri
Bestiolinasimilis 260 C 30PPT 12:12 hrs Isochrysissp., 54
Pavlova 50
Tetraselmischuii
Chaetocerosmuelleri
Temorastylifera and 200 C 30 PPT 12:12 hrs Isochrysisgalbana 55
Centropagestypicus Prorocentrum minimum
Temorastylifera 200 C 30 PPT 12:12 hrs Thalassiosirarotula 56
Skeletonemamarinoi
Prorocentrum minimum
Eurytemoraaffinis 150 C 15 PPT 12:12 hrs Rhodomonas marina 57
Isochrysisgalbana
Acartiatonsa 170 C 34 PPT 24 hrs** Rhodomonas salina 58
Acartiatonsa 17.60 C 34 PPT 24 hrs** Rhodomonas salina 59
Macrosetella gracilis 26-300C 28-34 PPT 12:12 hrs Chlorella marina 60
Pseudodiaptomus sp.
Oithonarigida
Nitokraaffinis 28-320C 30-34 PPT 12:12 hrs Isochrysisgalbana 61

Nannochloropsis salina
Chlorella marina
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Table 2: (Continued)

Name of the copepods Cultivation conditions Reference
Temperature Salinity Photoperiod Food diet
(2C) (PPT) (Light: Dark) (Micro-algae)
Temorastylifera 200 C 35 PPT 12:12 hrs Pseudonitzschiadelicatissima 62
Skeletonemamarinoi

Prorocentrum minimum

Parvocalanuscrassirostris 260 C 36PPT 16:8 hrs Isochrysissp. 63
Chaetocerosmuelleri

Macrosetella gracilis 26-300 C 28-32PPT 12:12 hrs Chlorella marina 64
DunaliellaSp.
Isochegrusisgalbana
Nannochloropsis Sp.

Paracalanusparvus 26-300 C 28-32 PPT 12:12 hrs Chlorella marina 65
Dunaliella Sp.,
Isochrysisgalbana
Nannochloropsis Sp.,
Tetrasilmis Sp.
Skeletonemacostatum

*%*

Pseudodiaptomus annandalei 24.60 C 30 PPT 24 hrs Isochrysisgalbana 66

Acartia clause 25-260 C 13-85 PPT 12:12 hrs Isochrysisgalbana 67
Chaetoceroscalcitrans

Acartiatonsa 200 C 30 PPT 16:8 hrs Thalassiosiraweissflogii 68

*%

Acartia clause 180 C 32 PPT 24 hrs Thalassiosiraweissflogii 69

RhodomonasSp.

*k

Centropagestypicus 14.70 C 35 PPT 24 hrs
Temoralongicornis

Oxyrrhis marina 70

Acartiasinjiensis 280 C 34 PPT 12:12 hrs Nannochloropsis Sp. 71
Rhodomonasmaculata
Isochrysis Sp.
Tetraselmischuii

Pseudodiaptomus euryhalinus 270 C 35 PPT 12:12 hrs Chaetocerosmuelleri 72
Nannochloropsis oculata
Isochrysisgalbana
Tetraselmissuecica

Acartia clause 320C 34 PPT 12212 hrs Isochrysisgalbana 73
Chaetocerosaffinis
Chlorella marina

Temorastylifera 200 C 34 PPT 12:12 hrs Prorocentrum minimum 74

Oithonarigida 26-300 C 28-34 PPT 12:12 hrs Coscinodiscuscentralis 75
Skeletonemacostatum
Chlorella marina
Chaetocerosaffinis

Oithonarigida 280 C 30 PPT 16:8 hrs Chlorella marina 76
Isochrysisgalbana
Dunaliella salina
Tetraselmissuecica
Nannochloropsis salina
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Table 2: (Continued)

Name of the copepods Cultivation conditions Reference
Temperature Salinity Photoperiod Food diet
(2C) (PPT) (Light: Dark) (Micro-algae)
Nannocalanus minor 26-300 C 28-32 PPT 12:12 hrs Chlorella marina 77
Dunaliella salina,
Isochrysisgalbana,

Nannochloropsis Sp.,
Coscinodiscuscentralis,
Chaetocerosaffinis
Skeletonemacostatum

Acartia spp. 280 C 3034 PPT 1212 hrs RhodomonasSp., 78
TetraselmisSp.
IsochrysisSp.

Acartiatonsa 200 C 30 PPT 12:12 hrs Thalassiosiraweissflogii 79
Chaetocerosmuelleri
Isochrysisgalbana

Parvocalanuscrassirostris 260 C 36 PPT 16:8 hrs Chaetocerosmuelleri 8o

Acartiatonsa 180 C 34 PPT 12:12 hrs Rhodomonasbaltica 81
Thalassiosiraweissflogii
Rhodomonasbaltica
Dunaliellatertiolecta

Acartiatonsa 200 C 30 PPT 14:10 hrs Isochrysisgalbana 82
Rhodomonasbaltica
Rhinomonas reticulata

Acartiatonsa 18-190 C 30 PPT 24 hrs** Rhodomonas salina 83

Tisbe sp., 18-380C 18 -38 PPT 12112 hrs Chlorella marina 84
Dunaliella salina
Isochrysisgalbana
Nannochloropsis salina
Tetraselmissuecica

Parastenhelia sp. 280 C 32 PPT 12:12 hrs Isochrysisgalbana 85

Nannocalanus minor 280 C 32 PPT 12112 hrs Chlorella marina 86
Dunaliellasp.,
Isochrysisgalbana
Nannochloropsis sp.,
Coscinodiscuscentralis

Chaetocerosaffinis
Skeletonemacostatum
Tigriopus japonicas 250 C 34 PPT 12:12 hrs Tetraselmistetrathele 87
Cyclopina sp. 270 C 26 PPT 12112 hrs Tetraselmissuecica 88
Pseudodiaptomus hessei 220C 27 PPT 12:12 hrs Isochrysisgalbana 89
Tetraselmissuecica
Nitocraaffinis 28-300 C 30 PPT 12:12 hrs Chlorella marina 90
Isochrysisgalbana

Dunaliella salina
Nannochloropsis oculata
Tetraselmissuecica

Oithonarigida 16-360 C 10-40 PPT 12:12 hrs Ichlorella marina 6
Isochrysisgalbana
Dunaliella salina
Tetraselmissuecica
Nannochloropsis salina

*PPT - Parts Per Thousand; **24 hrs in a dark place
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The calanoid copepods especially Acartiatonsa are a rich
source of essential highly unsaturated fatty acids (HUFAs)
such as docosahexaenoic acid and eicosapentaenoic acid.*?
The fatty acid composition of Acartiatonsacontain high
amount of monounsaturated fatty acid (411 mg g'), and
polyunsaturated fatty acids (360 mg g™'). A large amount of
DHA and EPA (170 and 96 mg g™!, respectively) reported in
this species.'?® Several marine copepods have a high content
of both docosahexaenoic acid (DHA) and eicosapentaenoic
acid (EPA) (60% of total fatty acids).” Also, the copepods are
natural sources of the antioxidant, astaxanthin and vitamins
C and E.*? The powerful antioxidants found in copepods can
protect the HUFA’s against peroxidation and are also consid-
ered beneficial to the health of fish larvae.” An exogenous
supply of free amino acids (FAA) is necessary to support
growth and survival in first feeding finfish larvae.'*! Cope-
pods contain higher levels of free amino acids when com-
pared to rotifers and Artemia nauplii.** Copepods generally
contain more vitamins and trace minerals than traditional
live feeds.!”> Copepods are rich in vitamin E and ascorbic
acid, suggesting a high antioxidative capacity and making
them particularly suitable for larvae with potential for high
growth rates.*> Furthermore, copepods are rich in pigment
content, particularly astaxanthin, which may be an important
source of retinoids for larval fish.*> A copepod diet has been
reported to promote correct pigmentation in Atlantic halibut
larvae, with 55% of the copepod fed larvae exhibiting cor-
rect pigmentation of the ocular and blindsides as compared
to only 13% in those fed Arfemia nauplii.'” Thus it is gener-
ally accepted that many copepods are the valuable nutrient
source of live feed for marine larval finfish rearing. With
varying food and feeding habits and reproductive strategies
among even in closely related copepod species it necessary
to venture in to establish their mass production protocols.
Further such research is needed to identify the copepod spe-
cies which matches nutritionally and in size spectrum with
the requirement of specific marine finfish larval rearing.

CONCLUSION

This review reveals the importance of micro-algal for the
culture of copepods, nevertheless, such studies are mostly
of small scale level and to reach cost-effective commercial-
scale production, attempts should have made to enumerating
new species for mass production. They have to be mass cul-
tured with the knowledge of their reproductive potentials and
reproductive strategies. Considering copepod suitability for
successful rearing of many finfish larvae further research is
urgently needed to assess the culture potential of more can-
didate copepods as prey for the rearing of early stages of
marine finfish larvae which in turn might greatly benefit the
mariculture industry.
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