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Abstract : Copepods are a major food source for marine fish larvae in nature. Many studies on copepods

culture have been conducted to develop a new live food for the seedling production of marine fish larvae.

But fish farmers still depend on rotifer and Artemia nauplii. This study was carried out to find suitable

copepods as live food for the larvae in hatchery. Eight species of copepods (1 calanoid, 2 cyclpoid, 5 har-

pacticoid) that were fed Isochrysis galbana were examined in terms of the size of nauplii, fecundity, amino

acids, and fatty acids contents. These species were divided into small (nauplii length 46-86 µm) and large

(nauplii length 120-188 µm) size group. Nitokra spinipes in the small group and Tigriopus japonicus in the

large group showed the highest fecundity with 151.1 and 139.6 nauplii production per gravid female,

respectively. With regard to nutrients, essential amino acids were the highest with 21.2% in cyclopoid

Paracyclopina nana in the small group and n-3 HUFA were the highest in calanoid Pseudodiaptomus

inopinus (8.5 µg/mg) in the large group and P. nana (8.8 µg/mg). In terms of the size, fecundity, and nutri-

tional value of copepods examined in this study, N. spinipes and P. nana seem to be suitable copepod spe-

cies to develop as a new live food for small mouth fish larvae.
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1. Introduction

Many microalgal species are secured as live food for

marine larval culture in the hatchery but zooplankton is

limited only to rotifer Brachionus spp. and Artemia.

These species have been widely used in seedling

production of marine fish larvae because they have the

advantage of being easily stored and culture. However, in

these species, contents of n-3 highly unsaturated fatty

acids (HUFA) such as eicosapentaenoic acid (C20:5n3,

EPA) and docosahexaenoic acid (C22:6n3, DHA), which

are essential fatty acids for marine fish lavae are low.

Thus, nutritional enrichment is required for these species.

In addition, their body sizes are usually too large to make

them viable targets for capture for fish lavae whose mouth

sizes are small such as groupers Epinephelus septemfasciatus

and rock sea-bream Oplegnathus fasciatus (Doi et al.

1997; Toledo et al. 1999; Yoo and Hur 2002; Rajkumar

and Kumaraguru 2006). 

Basically rotifers that inhabit freshwater or brackish

water and Artemia that inhabit salt ponds or salt lakes are

not oceanic zooplankton. Therefore, for the seedling

production of various marine fish, there is a need to

develop natural zooplankton as live food that inhabits the

ocean. Copepods play an important role as a food source

for larvae in the marine food chain. Especially, they have

a higher nutritional value in terms of DHA, EPA, vitamin

B1, etc. than rotifer and Artemia (Sargent and Henderson

1986; Fraser et al. 1989; Evjemo et al. 2003). Copepods

are also a highly diverse species and they grow through

several stages from nauplii till adults. They also come in

large sizes and are suitable for feeding purposes (Holt

2003; Fleeger 2005). Therefore, copepods are known to

be suitable live food in the seedling production of the

larvae (Nanton and Castell 1998; Pinto et al. 2001;

Rajkumar and Kumaraguru 2006). However, the use of*Corresponding author. E-mail : hurs@pknu.ac.kr
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copepods as live food through large scale culture has not

been commercialized yet though copepods directly

collected from natural water have been used as a larval

food for Atlantic halibut Hippoglossus hippoglossus and

Atlantic cod Gadus morhua (Naess et al. 1995; Berg

1997). Therefore, this study aimed to uncover basic

information in order to promote the mass culture of

suitable copepod species that can be substituted for rotifer

and Artemia nauplii in the hatchery by analyzing the size,

fecundity, and nutritional values of marine copepod

species. 

2. Materials and Methods

Culture and size measurement of copepods

The copepods used in the experiment were 8 species

(1 calonoid species, 5 harpacticoid species, and 2 cyclopoid

species) obtained from Culture Collection of Useful

Marine Plankton (CCUMP), Pukyung National University

(Table 1). The copepods were cultured with Isochrysis

galbana (KMMCC12) obtained from Korea Marine

Microalgae Culture Center (KMMCC) in 2 L beakers

with 1 L volume. This microalgal species was cultured in

the f/2 medium (Guillard and Ryther 1962) at 20o
C under

continuous illumination of 80 μmol photons m-2 s-1 in 20 L

carboy bottles. 

The salinity of the copepod culture was adjusted with

filtered sea water and distilled water as per the salinity of

the site at the time of collection and the culture was

maintained at 24
o
C with continuous illumination of

20 μmol photons m-2 s-1. The microalgal concentration

was maintained at around 80 × 10
4 
cells/mL in the culture

water by supplying sufficient foods once a day. Newly

hatched (1st stage) of the copepod nauplii and gravid

female were separately collected using a 100-180 μm

sieve and body length and body width from 50 individuals

were measured using a microscope in μm unit. The body

length was measured from the end of head to the end of

furca, whereas body width was measured as the broadest

cephalothorax. 

Fecundity of female copepods 

Each copepod species was contained in a 12 hole cell

chamber with 5 mL of culture water to accommodate a

gravid female in a hole with 6 replications. And the

culture was maintained under the same culture conditions

until the copepod died. Counting of nauplii was performed

with a microscope by collecting the reproduced nauplii

with a micropipette at the same time every day. The

reproduced nauplii, reproductive periods, and survival

days of a gravid female were examined. 

Analysis of amino acids and fatty acid 

The copepods used in the experiments were mass

cultured in a 20 L vessel using the same culture method.

Only adults were harvested using a sieve (120-300 μm) as

per the size of each species. Harvested samples were

rinsed with distilled water, filtered through GF/C filter

(0.45 μm), and then stored at -80oC until further analysis

was performed. Meanwhile, rotifer and Artemia nauplii

were also cultured as a control. The rotifer used as a

control was Brachionus plicatilis (CCUMP46) obtained

from CCUMP. It was cultured at 24oC and 20 psu with the

same feeding conditions as applied in copepods culture.

Artemia cysts from INVE (Great Salt Lake, USA) were

hatched with filtered seawater at 20
o
C and nauplii were

immediately harvested. They were stored using the same

storage methods for the copepods and then used for amino

acid and fatty acid analysis. 

For amino acids analysis, 20 mg of sample infused with

15 mL of 6 N HCl was heated, sealed, and hydrolyzed at

110
o
C for 24 h. The sample was then filtered and dried to

Table 1. Source of the copepods for the study

Order Species CCUMP
1 
No. Sampling area Habitat Salinity (psu)

Calanoid Pseudodiaptomus inopinus 5 Yeonggwang Salt pond 16

Harpacticoid Tachdius triangularis 83 Buan Lagoon 6

Tigriopus japonicus 23 Haeundae Tidal pool 33

Amphiascus sp. 30 Hwajinpo Lagoon 17

Nitokra spinipes 29 Songji Lake Lagoon 10

Tisbe teuera 65 Yongho Bay Marine 34

Cyclopoid Paracyclopina nana 70 Wangpo Estuary 15

Apocyclops sp. 20 Taean Salt pond 19
1CCUMP: Culture Collection of Useful Marine Plankton
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remove HCl. Twenty-five mL and the sample was set by

sodium dilution buffer (pH 2.2) and a portion of the

sample was analyzed by ninhydrin method using amino

acid analyzer (HSAAA, Hitachi L-8800, Japan). Conditions

of the analysis were as follows: column size, 4 × 150 mm;

absorbance level, 570 nm and 440 nm; reagent flow rate,

0.25 mL/min; buffer flow rate, 0.45 mL/min; reactor

temperature, 120oC; reactor size, 15 m; and analysis time,

65 min. 

For the analysis of fatty acids, 20 mg of a sample in a

15 mL flask was added to 2 mL of 10% BF3-methanol.

Nitrogen was added to the sample and heated at 85oC for

an hour and a half to draw out methyl ester (Morrison and

Smith 1964; Budge 1999). A gas chromatography (HP

6890N; Agilent, Santa Clara, CA, USA) equipped with an

Auto Sampler (Agilent) was used for fatty acid analysis.

A w-wax column (30 m long, 0.25 mm I.d., 0.25 μm film

thickness; Supelco, Bellefonte, PA, USA) was used for

separations. Nitrogen was used as the carried gas and the

flow rate was set at 30 mL min
-1
. The column temperature

profile was the same: standing at 200oC for 3 min,

increase to 1
o
C min

-1
 from 200 to 230

o
C, and then hold at

230oC for 25 min. Temperature of injector was 250oC and

flame ionization with the detector (FID) was held at

250oC. Fatty acid peaks were integrated using HP-6890.

Gas chromatography software was utilized and identification

was made with reference to known standards (PUFA 37

component FAME Mix; Supelco).

Statistical analysis 

The results were analyzed by one-way ANOVA and

Duncan's multiple range test (Duncan 1955) was applied

for the significance level (P < 0.05). The SPSS version 17

(SPSS Inc., Chicago, IL, USA) program was used for all

statistical analyses.

3. Results

Size of nauplii and adults

The sizes of nauplii and adult copepods are shown in

Table 2. Copepods were classified into 5 species of a

small group and 3 species of a large group. In the small

group, the size of nauplii was 45.9-85.6 μm in terms of

body length and 42.2-87.7 μm in terms of body width and

the size of adults was 431.9-657.6 μm in terms of body

length and 125.2-238.4 μm in terms of body width. The

body length of Nitokra spinipes nauplii was the smallest

at 45.9 μm and Tisbe teuera nauplius was the largest with

a body length of 85.6 μm (P < 0.05). The smallest body

width was found in Paracyclopina nana with a body

width of 42.2 μm, and the largest in Amphiascus sp. with

87.7 μm. The smallest body length of adults was found in

Tachidius triangularis with a body length of 431.9 μm (P

< 0.05) and the largest body length was found among T.

teuera with 657.6 μm, but the difference was not

significant when compared with that of Amphiascus sp.

(656.0 μm). In the case of body width, the smallest was

found in N. spinipes with 125.2 μm, whereas the largest

was found in T. teuera with 238.4 μm (P < 0.05).

In the large group, the range of body length and body

width for nauplii were between 119.7-187.7 μm and 86.1-

101.7 μm, respectively, while those of the adults were

832.0-1157.8 μm and 311.6-341.7 μm, respectively. The

body length of Tigriopus japonicus nauplii was the

smallest with 119.7 μm, whereas that of Pseudodiaptomus

inopinus was the largest with 187.7 μm. The body width

of T. japonicus was the widest with 101.7 μm and the

smallest was found in Apocyclops sp. with 86.1 μm. The

smallest body length of adults was found in T. japonicus

with 832.0 μm and the largest was in P. inopinus with

1157.8 μm (P < 0.05). The smallest body width was T.

Table 2. Size of nauplius and adult of the copepods
 
in the study

Size 

group
Species

Nauplius Adult

Body length (µm) Body width (µm) Body length (µm) Body width (µm)

Small Tachidius triangularis 76.8 ± 8.8d 59.2 ± 6.2f 431.9 ± 16.9g 166.2 ± 7.1f

Amphiascus sp. 58.8 ± 7.9e 87.7 ± 8.7c 656.0 ± 14.9d 135.0 ± 10.3g

Nitokra spinipes 45.9 ± 5.9f 64.5 ± 6.0e 519.9 ± 24.4f 125.2 ± 8.0h

Tisbe teuera 85.6 ± 11.3c 70.8 ± 9.8d 657.6 ± 28.0d 238.4 ± 10.3d

Paracyclopina nana 81.9 ± 6.5d 42.2 ± 5.2g 537.4 ± 31.9e 178.2 ± 13.4e

Large Pseudodiaptomus inopinus 187.7 ± 8.3a 93.8 ± 10.2b 1157.8 ± 53.6a 330.7 ± 22.4b

Tigriopus japonicus 119.7 ± 9.8b 101.7 ± 10.0a 832.0 ± 27.6c 311.6 ± 8.6c

Apocyclops sp. 122.7 ± 10.2b 86.1 ± 7.0c 1017.4 ± 44.0b 341.7 ± 18.3a

Values in the same column not sharing a common superscript mean significantly different (P < 0.05)



202 Yang, S. J. and Hur, S. B.

japonicus with 311.6 μm and the largest in Apocyclops sp.

with 341.7 μm (P < 0.05).

Survival days and fecundity 

Survival and nauplii production days of a gravid female

are presented in Fig. 1. In the small group, the longest

survival period was found in Amphiascus sp. and N.

spinipes with 20.8 days and 20.5 days, respectively, whereas

the shortest survival period was found in T. teuera and P.

nana with 8.8 days and 8.5 days, respectively. Nauplii

production days were the longest in Amphiascus sp. and

N. spinipes with 20.6 days and 19.8 days each respectively,

whereas the shortest periods were in P. nana and T. teuera

with 7.5 days and 7.0 days, respectively, which revealed a

similar trend to that detected for survival periods. In the

large group, the longest survival period was in T. japonicus

with 18 days and the shortest was in -P. inopinus and

Apocyclops sp. with 10.5 days and 10 days each (P <

0.05). Similar to survival periods, nauplii production days

were the longest in T. japonicus at 16.3 days, whereas

Fig. 1. Survival (up) and reproductive days (bottom) of a

gravid female of copepods. Different letters on

the bar mean significantly difference (P < 0.05)

Fig. 2. Total (up) and daily fecundity (bottom) per gravid

female of copepods. Different letters on the bar

mean significantly difference (P < 0.05) 
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Apocyclops sp. (3.7 days) and P. inopinus (3.3 days)

showed significantly shorter nauplii production periods (P

< 0.05).

Fecundity per gravid female is presented in Fig. 2. The

total number of nauplii produced per gravid female was

the highest with 151.2 in the T. japonicus in large group,

followed by N. spinipes (139.7 nauplii) and Amphiascus

sp. (105.1 nauplii) in the small group. Total fecundity in

the rest of the 5 species was in a range of 10-45 nauplii,

but with no significant differences among them. The

fecundity of Apocylops sp. and P. inopinus in large group

was the least with 12.3 and 10.8 nauplii, respectively. 

T. japonicus in the large group also showed the highest

daily average fecundity with 8.9 nauplii followed by N.

spinipes in the small group with 7.3 nauplii. Daily average

fecundity was the least in T. triangularis (3.1 nauplii) in

the small group and P. inopinus (4.0 nauplii) in the large

group, which was similar to trends regarding nauplii

production days. 

Amino acids and fatty acids composition

The composition of amino acids from 8 copepods

species along with that of the control B. plicatilis and

Artemia nauplii are presented in Table 3. Glutamic acid

was the highest at 47-68 μg/mg, whereas cysteine was the

lowest at 2-3 μg/mg. Cysteine was not detected in P. nana.

In all copepods other than P. nana, arginine, leucine, and

lysine among essential amino acids were high as 27-

35 μg/mg, 24-37 μg/mg, and 23-34 μg/mg, respectively.

Artemia nauplii had the highest glutamic acid contents at

37.5 μg/mg, but this value was significantly lower compared

with those of other copepods (P < 0.05). Artemia nauplii

also showed low cystein contents at 2.6 μg/mg, which

was similar trend with other copepods. However, B.

plicatilis revealed a somewhat different trend with regard

to amino acid composition from Artemia nauplii - having

the highest glutamic acid content at 58.1 μg/mg and

methionine at 1.5 μg/mg. 

It was found that the essential amino acid composition

was significantly higher in P. nana at 21.2% compared to

other species (P < 0.05). A relatively higher amount of

essential amino acids composition was found in B.

plicatilis at 19.8%, while the lowest level was found in

Artemia nauplii at 14% (P < 0.05). Among the copepods,

the essential amino acid was the lowest in T. japonicus

and Amphiascus sp. at 15%. Total protein composition

was the highest in P. nana at 51.3% followed by P.

inopinus and Apocyclops sp. The protein composition of

other copepods was in a range of 37-43%. The protein

composition in the control Artemia nauplii was significantly

lower at 31.5% compared with that of the other species,

whereas the protein composition of the other control, B.

plicatilis, was 48.1%, which was similar to that of P.

inopinus. Total protein composition in copepods was far

higher than that of Artemia nauplii. 

The fatty acid composition of 8 species of copepod and

two controls B. plicatlis and Artemia nauplius are shown

in Table 4. Fatty acid C17:0 content among 7 copepods

species except N. spinipes, which between 2.7-5.2 μg/mg

in dry weight. But that of Artemia nauplii was high at

4.0 μg/mg and that of B. plicatilis was low at 2.0 μg/mg.

Stearic acid (18:0) content was as the highest in P. nana at

2.9 μg/mg, while that of the other species was in a range

of 1.0-2.2 μg/mg. Stearic acid was not detected in B.

plicatilis. The content of linoleic acid (18:2n6) and α-

linolenic acid (18:3n3) in P. nana was significantly higher

at 4.3 μg/mg and 3.0 μg/mg, respectively. The α-linolenic

acid in Artemia nauplii was 2.6 μg/mg which was not

significantly different from that of P. inopinus and P.

nana, but this value was significantly higher in comparison

to that of B. plicatilis (1.7 μg/mg). The particular distribution

characteristics of γ-linolenic acid (18:3n6) was observed

and while Artemia nauplii showed the highest γ-linolenic

acid content at 7.1 μg/mg, this fatty acid content was very

low in the other species -in a range of 1.4-2.8 μg/mg. 

Arachidonic acid (AA, 20:4n6) content was found only

in Artemia nauplii and Amphiascus sp. at less than 0.6 μg/

mg. But EPA was found among all the experimental plots.

While T. triangularis and two controls showed low EPA

in a range of 0.6-0.9 μg/mg, P. nana, P. inopinus, and T.

japonicas showed high EPA in a range of 1.7-1.8 μg/mg.

DHA content was significantly higher in P. nana at

4.3 μg/mg (P < 0.05), followed by P. inopinus at 3.8 μg/

mg. DHA content was also low in B. plicatilis at 1.1 μg/

mg, and it was not detected in Artemia nauplii.

The content of saturated fatty acids was significantly

higher in P. nana at 15 μg/mg among all the experimental

plots (P < 0.05) and P. inopinus showed the next highest

fatty acid content at 12.1 μg/mg. The content of these

acids in Artemia nauplii was relatively higher at 8.5 μg/

mg in comparison with that of B. pilicatilis at 4.2 μg/mg.

The content of monounsaturated fatty acids was the

highest in Artemia nauplii at 11.9 μg/mg, and there was

no significant difference in the other species with readings

between 0.9-3.3 μg/mg (P < 0.05). The content of polyun-

saturated fatty acids (PUFA) was significantly higher in P.

nana, P. inopinus, and Artemia nauplii - in a range of

13.7-15.5 μg/mg - than other species (8.2-10.8 μg/mg) (P
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< 0.05). The content of n-3 HUFA was also significantly

higher in P. nana and P. inopinus at 8.8 µg/mg and 8.5 µg/

mg, respectively, while it was the lowest in Artemia

nauplii at 3.5 µg/mg (P < 0.05). The ratio of DHA/EPA of

copepods was in a range of 1.1 (P. nana) and 4.3 (T.

triangularis), while B. plicatilis had a very low ratio at

0.5. Total fat content was the highest in Artemia nauplii, P.

nana, and P. inopinus in a range of 79-96 µg/mg, while

the lowest value was found in B. plicatilis at 43.0 µg/mg. 

4. Discussion

In this study, the body length of Apocyclops sp. nauplii

in the large group was similar to that of just hatched B.

rotundiformis, which is known as small type rotifer

having a body length of ca. 120 µm. The body length of P.

inopinus nauplii in the large group was similar to that of

just hatched B. plicatilis (ca. 190 µm), which is known as

a large-type rotifer (Yun and Hur 2011). The body length

of nauplii of 5 species in the small group was in a range of

46-86 µm which was smaller than that of B. rotundiformis

(131-166 µm) (Park 1997). It has been reported that when

calanoid copepod Acartia sp. nauplii, which are smaller

than rotifer, was supplied to red snapper larvae Lutjanus

argentimaculatus, survival of the larvae increased (Schipp

et al. 1999). Therefore, from the standpoint of size, the

copepod nauplii of the small group in this study seem to

be adequate and suitable live food for the larvae having

small mouths such as groupers and rock sea-bream.

High reproduction rate is an essential condition for live

food (Cutts 2002; Fleeger 2005). Total nauplii production

per gravid female of copepods in this study was the

highest at 100-150 nauplii in harpacticoid such as T.

japonicus, N. spinipes, and Amphiascus sp., whereas

cyclopoid P. nana produced 46 nauplii, and calanoid P.

inopinus produced less than 11 nauplii. Harpacticoid

Nitokra lacustris nauplii produced, up to nauplii around

22,000 ind./L a day (Rhodes 2003). Cyclopoid Apocyclops

panamensis produced more nauplii (773 ind./L) than

calanoid Arcatia tonsa nauplii (325 ind./L) under the same

culture condition (Lipman 2001). Also, the maximum

culture density of copepod was reported as 10,000-

400,000 ind./L for harpacticoid (Støttrup 2003), as 5,000

ind./L for cyclopoid (Phelps et al. 2005), and as 100-1,000

ind./L for calanoid (Støttrup and Mcevoy 2003). The

culture densities differ according to the order of copepods.

Even the growth rate of copepods also varies according to

the microalgal species used as live food and level of

population density in mass culture, and this tendency was

similar to the results on fecundity in this study. 

The potential and suitability as live food depends on

their nutritional compositions (Cabrera and Hur 2005;

Rajkumar and Kumaraguru 2006). Sufficient protein

supply is very important in the stage of first feeding after

absorption of yolk (Rønnestad et al. 1999; Wright and

Fyhn 2001; Aragao et al. 2004). Protein and amino acids

contents in copepods are far higher than those in Artemia

nauplii (Naess et al. 1995). This was confirmed in this

study also as all 8 species of copepods showed higher

protein contents (37.7-51.3%) than that of Artemia nauplii

(32%). B. plicatilis has been reported to have higher

protein contents than copepods (Drillet et al. 2006). In this

study also, B. plicatilis showed higher protein contents

than the copepods except for P. nana. But P. nana had

significantly higher total protein (51.3%) than that of B.

plicatilis (48.1%), which means that P. nana seems to be

an acceptable species to substitute for the rotifer in terms

of protein supply. 

For normal growth and development of marine fish

larvae, n-3 HUFA like EPA and DHA as essential fatty

acids is required (Watanabe 1982; Rainuzzo et al. 1992;

Sargent et al. 1999). It is very important to supply sufficient

fatty acids for marine fishes since they cannot synthesize

n-3 HUFA and n-6 HUFA from C18:0 fatty acids (Sargent

et al. 1997; Rajkumar and Kumaraguru 2006; Olivotto et

al. 2008). Especially, DHA is involved in normal nerve

development and its functions in fish larvae particularly

play an important role in retina development and vision

(McEvoy et al. 1998). 

In this study, EPA contents of the copepods other than

T. triangularis (0.6 µg/mg) were higher than those of

Artemia nauplii (0.9 µg/mg) and B. plicatilis (0.8 µg/mg),

while DHA contents in P. nana and P. inopinus were

4.3 µg/mg and 3.8 µg/mg, respectively, which was a far

higher level than that in B. plicatilis (1.1 µg/mg) and in

Artemia nauplii (not detected). Todelgo et al. (1999) has

reported that EPA and DHA contents in calanoid

Pseudodiaptomus sp. were higher by around 2-3 times

than those in Artemia nauplii and B. plicatilis, which was

similar to the results in this study. Meanwhile, AA which

is a precursor of prostaglandin and plays an important role

in ion transportation and osmotic pressure regulation in

marine fishes and invertebrates (Castell et al. 1994) was

detected in any of the species except Amphiascus sp. in

this study. In fact, only Amphiascus sp. had AA contents

at a level 0.4 µg/mg even the same food was supplied for

all copepods. 

Generally, marine fish larvae require food with a
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DHA:EPA ratio of around 2:1 (Mcevoy et al. 1996; Sargent

et al. 1997). In this study, DHA/EPA in B. plicatilis was

found to be 0.5, which confirmed the result of Mcevoy et

al. (1998). However, DHA/EPA in the copepods T.

triangularis was as high as 4.3, while that from Apocyclops

sp., T. teuera, P. inopinus, and P. nana was in a range of

1.8-2.4. Especially, P. nana revealed a DHA/EPA ratio of

2.4 which was lower than that fed Tetraselmis suecica

(9.0) and I. galbana (11.5) (Lee 2004; Lee et al. 2006).

This difference might be due to the types of microalgae

supplied as food (Yang and Hur 2012). 

Considering the results on size, fecundity, and nutrition

of the copepods in this study, N. spinipes and P. nana

seem to be suitable new live food for small mouth fish

larvae such as grouper and rock sea-bream. These copepods

could replace rotifer and Artemia nauplii at the hatchery.

In the future, further detailed investigation is needed

concerning the dietary value of these copepods with regard

to marine fish larvae with various mouth sizes. 
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