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Fecundity and nutrition of copepods

Sung Jin Yang

Department of Fisheries Biology, Graduate School,

Pukyong National University, Busan, Korea

Abstract

In the natural food web, copepod constitutes. a major part of the diet for
marine fish larvae. .Recently, many studies on copepods as live food for
seedling production of marine fish larvae have -been performed, because
copepods have many advantages in terms of. various size and high nutritional
value compared to rotifer and Artemia nauplius.

This study was carried out not only to.investigate suitable copepod species, but
also to find optimum'Isochrysis strain for copepod feeding.

The growth rate and fatty acids content of Isochrysis cultured at' three different
temperature (25, 29, 33 ©) ‘were analyzed. Microalgae were: grown with /2 medium
in batch culture at 23. pstu and ‘eontinues, light with ‘80 -1imol photons m” s’
Microalgae were harvested in—stationary " phase-and analysed for fatty acid
composition. Among the Isochrysis strains, Isochrysis galbana (KMMCC-12) was
the best strain due to high growth rate and n-3 HUFA content.

In order to find suitable copepod as live food, size of nauplius, nauplius production,
amino acid and fatty acid content of 16 strains of copepods fed Isochrysis galbana
(KMMCC-12) were examined.

Sixteen copepods strains were divided into two size group: small (nauplius length
459~97.3 um) group and large (nauplius length 1196~187.6 um) group. Harpacticoid

copepod, Tigriopus japonicus and Nitokra spinipes showed the highest fecundity



with 151.1 and 139.6 nauplius production from a gravid female. With regard to
nutrient, the protein and essential amino acids were the highest in Cyclopoid
copepod, Paracyclopina nana and n-3 HUFA was the highest in P. nana and

Calanoid copepod, Pseudodiaptomus inopinus.
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ATH A TETL T 72472 copepodsi= 8| 2] HolrEo A zpx]of 9
HolPorw FQ3 9SS 3 (Nanton and Castell, 1998; Pinto et al.,
2001), D77 Eob st ApAoje] HolAwmm AT Aow deA
A TH(Sargent and Henderson, 1986; Fraser et al., 1989; Evjemo et al.,
2003). 53], n-3 HUFAQ!l DHAS$ EPAE @o| Ffata glom, e
9l Ble] $4-3 Ao m dHA glo] sEHo|AER de o&H i U=
rotifer®} Artemia Bt} AH 02 H& JUd7FX]7F Utk E3 copepods=
ol wl-% th¥Stal naupliusAI A AAGAZA o2 GAS AA A
dotrg ol &% & e FA7I7F mig- teFsieh

o]2] g copepods® LUWHATEH o Fu HZF FHAMNA Holz AR
Holow, & 50 =2 oldAs AdT

E MG X% dTo FEAMN 27]Ho|BERE o &8l ot
olg1gt o Jkx HFFo=m stofl Eike]  FAe At&str] 9%
copepods Hf Fulj Foll ¥7t A7} Calanoid copepod Hf el #3 A&
Ao g Ag7tA oY) B AFREEe s A7 Hol kxR of
2744 copepodsE HelAER AFPACcRE o 8HA RSt lo] oA
3] rotifere} Artemiadll 9] E3kal = A go]
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1. VA =/ AA

1.1 9

R ZF 4 strains® IsochrysisE @3kt (Table 1).

Al Fo 9 wigS 2L A7 e (s 1 Dl 23 psu (Park
and Hur, 2000)¢] {/2 (Guillard and Ryther, 1962; Table 2)9#| S Y i1
20°C ol A 80 pmol photons m ° s '¢] @& o=z 2577 Akl
t}.

Table 1. Microalgae species for the experiment

Sequence

_ KMMCC! _ Accession
Species Sources Size length
No. number
(18S rDNA)
Isochrysis Japan
12 . 3.7¢1.5 1635bp HQ877903
galbana (Institute)
Isochrysis North atlantic
R 4.611.2 1635bp HQ877911
aff. galbana (CCMP* 463)
. China
Isochrysis i
214 (Qingdao 3.7¢1.5 1635bp HQ877910
galbana ;
Institute)
Isochrysis Thailand
1072 3.611.1 1635bp HQ877920
sp. (2004-08-16)

'KMMCC : Korea Marine Microalgae Culture Center; *CCMP : Provasoli-Guillard

Nationnal Center for Culture of Marine phytoplankton.



Table 2. Chemical composition of the /2 medium (Guillard and Ryther, 1962)

Component Concentration
NaNO; 150.0 mg
NaH.PO4-9H,;0 8.69 mg
Ferric EDTA 10.0 mg
MnCl; 0.22 mg
CoCly 0.11 mg
CuSO047H20 0.0196 mg
ZnS047H0 0.044 mg
Na,SiOz9H-0 50:0 mg
Na:Mo0,-2H,O 0.012 mg
Vitamine B12 1.0 ug
Biotin 1.0 ug
Thiamine-HCI 0.2 ug

Filtered seawater

1 L8




1.2 248 HZE 3

2o wWE Isochrysis 4 strains® A A3 Q&) AXuSs A5
S 250 mL(u%ked 100 mL) Zf~=0 50%9] HEFo =z U3 23 psud

H
/20 Aol HFshe] AT i Aok T3 Wl A sl 225 25T, 29T,

ZA AL Ha AlE U A
7HA o] A7 A FE(specific growth rate, SGR)S T3+ tHGuillard,
1973). (SGR/day .= 3.322Xlog(Na/Ny1)/(t2-t1), Nai t2A] &) AXES Nit 1A

o AZF)

A WAk lipid classoll A &% A2 -S Metcalfe et al. (1966)2] HH o
u}2} BF3-methanol® methylation A2l % auto sampler’} &2 gas
chromatograph (6890 plus, Agilent, US.A)Z #4330 GCY +4=x=
722 column< o-wax column (30 mx0.1 mm LD length, 0.1 pm
thickness, Supleco, US.A)< AF&3tR i, i+ A4S 37 component
FAME mix. (Supleco, US.A)E AF&-3F59t} Carrier gas© N (30 mL/min)

2 A8, oven X 200ColA 230C7HA] 1C/min 5 7FA A L,



injector$} detector®] &% HEF 250CE A A stk
2. Copepods®] A7 ¢ wj

A& o] AEE copepodsE 2001 1€ H-E 20099 2¥€97bA ZAdxo] 9
2t 714 Ql AT} FHE FTHEE Hote] AR HAEpEE F
5

WA o vk Al 40 ume}

et e Jegdol ] FAHAT 54 E copepodst FA T
EELAEVBEERREV| R FEEHAE NS LA MEFFIE 1 LE

2 L a7l =g3te] 24 e A dEs skl 20TolA )

o2& 4 strains®] Isochrysis oA dl & Fe] &olstar g &7trt
=2 &< Isochrysis. galbana (KMMCC-12)E 743t {20AE A&
ato] 20T, 80 umol photons m > s oA 1 L AzFEet~a, 3 L 4243
a3, 20 L 98 ofad 32 w08 FaA o2 wY¥sklal copepods

o] wolZ 80x10" cells/mL# 2¢ 13 FH sttt



Table 3. Source of the copepods for the study

Order Species CCUMP Sampling Habitat
No. area

Calanoid Pseudodiaptomus inopinus C-1 Nakdong river Estuary
Pseudodiaptomus  inopinus C-5 Baeksu Salt pond
Pseudodiaptomus  inopinus C-10 Songjji lake Lagoon

Harpacticoid Tachidius triangularis C-83 Buan Lagoon
Tigriopus japonicus C-23 Haeundae Tidal pool
Amphiascus kawamurai C-26 Yeongduk Tidal pool

Amphiascus sp. C-30 Hwajinpo Lagoon
Nitokra spinipes C-28 Goseong Tidal pool

Nitokra spinipes C-29 Songjji lake Lagoon

Tisbe teuera C-65 Yongho bay Marine

Cyclopoid Paracyclopina nana C-12 Nakdong river,  Estuary
Paracyclopina. nana C-13 Baeksu Salt pond

Paracyclopina nana C-70 Wangpo Estuary
Paracyclopina ~nana C-73 Okgu Salt pond

Apocyclops royi C-79 Buan Estuary
Apocyclops sp. C-20 Taean Salt pond

'CCUMP: Culture Collection of Useful Marine Plankton.



3. HolAEE F3 copepods A H

3. 1 Nauplius$t A Ao =27 &H

Copepods®] Z} strain® nauplius®} AA e =7+ YAAR A 3ol A

A7) ZAd AFE® naupliusi 2 L B|AESSF 1 Lol a3 47 &
F83la 24C9 7 28 AAARAA [sochrysis galbanaZS 29 13] &
woto] stk vl 24417 = 120 um sieveE ARE-sho] A up2

Copepods®] nauplius AB4Fe 2 AE7|7ES ol H 7] -9l &) 1271 A9 9
A AR ¥ 16 strains€] eopepods= ©l-&eFTE HlY7F 5 mLE 12
hole cell chamberdl] zt EgHgE +Z 19FE] A S §F holed] 6HFE o2 &
ate] AR¥AIS] R o Z 24T, 20 umol photons m 2 s '] FEA Bl
otk Wol=E [ galbanaE 80x10%cells/mL= 19 13] FFatHA 1
AFE w7 s eFetith il sL 3 A gte] mlolaE FlE o] &5k
Az Nt F 7] AALE naupliusE W et A ol Al A A Sl A

A
Foga AR WEEE Tl AY B4 F velE FHSAh

ok

=S4 g502 7} copepods &F ¢t whEle] nauplius AbeHE ¥ AbEk7| 3

om, HARE wjzkA] o] AE7|bE 2AMS ST

ftlo
BN
>
>
ol
o
32



3.3 opul Atz AL B4
Ao ALEH 16 strains %, ¥ nauplius b3} =77 A e
Ao AFE¥ copepodst 2 L HIA@IEF 1 D)ol w5 9F& 2

T F 24T, 7t 3 AAGE R wiged Yol2E [ galbanaE
19 13] F&38] Tasti o, olEvttt 50%% $Fatdlal ofstA %7]
g AEE 309 ol wiFedth = Al 120 pm, 150 pm, 200 ym 17
il 300 pm sieves 2t F| 7] BHA AREste] AN ek ith

20 2= rotifer (Brachionus plicatilis, CCUMP-46)2} Artemia naupli

AH8-8H3H Rotifer= 20 L 9 o™ 204 15 D¢l 1 ind/mL

il

o 13 F23] THALeH, olEvtrk 50%2 st ofskAl £ 7] g
FHE 257 Y = ggste ARSIt Artemia  naupliust©
INVE(Great Salt Lake. USA)el A +48t Artemiaicystg F-3Hd kol €]
&l F3AIZ F Hsh5 10A1%Fe] A A1 naupliusE TSt £
of AF&3Fth 483 sampleS of¥si= A FH GF/C 2 (045 ym)
of A& § -80Ce ®yste] ofrmAta} A ik EA st

ot AR 50 mg & AlEdel ¥i 6 N HCl& 7hste] H&Edt §
110C® 2473kt 7k akoiek 1% % 002 N HCl 5 mLE ¥3 &
&3k F 045 pm syringe filter= o3} s3ivk. o3} § &85 20 pL 35}k
amino acid analyzer (HSAAA, Hitachi L-83800, Japan)Z ©]-&3&}o] ninhydrin

Wyon BAT. AWk nAxRe 5U wpen EAsgew,
QJUARL opul bt AP B AR 33 w8 BAs



4. TAAEY

2E 2A3¥ AyE One-way ANOVA testE AAsGow Hit 719
F2A (P €0.05)2 Duncan test (Duncan, 1955)% A3ttt B4 4
& SPSS program (ver 17.0)& AF-g&3te] 24319t}

10



m 2 3

1. AlAEFY A4
1.1 2= 4FE

=50 wWE J[sochrysis 4 strainse] AFAELS Fig. 1o YeER AT
Isochrysis & 25ColA 29C = wolgol met AgEo] =4 UESHA
RF 33TColM = 29CHT srolx= Ao® YebaArt

25Col A Isochrysis galbana (KMMCC=12)7} Al &&o] 0.2287= 2|3}
A 7HE =% 1(P<0.05);, 1 ©32 % Isochrysis sp. (KMMCC-1072)¢]
AAEo] 021245 =4 vebskth. Isochrysis galbana (KMMCC-213)$}
Isochrysis aff. galbana (KMMCC-214)= A*-Eo] Z+ z+ 0.14813} 0.1646
°o® 4 strains T AFEC HWA WA UEW o™, I galbana
(KMMCC-213):=-0.14818] &&= 2l a4l 7 vkt

29Col A Isochrysis sp.. (KMMCC-1072)¢}F I _galbana (KMMCC-12)9]
Aol 7ZF 7F 029049k 028118 frolstAl 7Hd =9kal, I galbana
(KMMCC-213)7} A#Ee] 021372 71 A Yel A9 Isochrysis
aff. galbana (KMMCC-214)9}+= 2t 2ol 7} gl it}

33Tl A= L galbana (KMMCC-12)7F Ad7E0o] 022772 flstAl 78
E=okal, 11 tS- 0 2 [sochrysis sp. (KMMCC-1072)¢] AAEo] 020072 =
A YebsSit}. Isochrysis aff. galbana (KMMCC-214)¢] A 358 0.1754
2 7P vA yEerstern, dAdEo] 0189791 I galbana (KMMCC-213)
b= g Afol 7k glATHP<0.05).

11



I galbana (KMMCC-213)&= A &% :3F (25T, 29T, 33T)ollA o

3 strains HEt} & AFES HYY. L galbana (KMMCC-12)¢k
Isochrysis sp. (KMMCC-1072)

s
2

4 ex oA thE Feol nlE) =e

=
BEE

o
T
2
H
w
w
3
Lo

ol M= WA ggel FA  dEht

al
Isochrysis = %= o] ¥ Zo] #$&A o= eyt

12



0.4

257
0.35 4
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KMMCC12 KMMCC213 KMMCC214
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=
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-

Specific growth rate
=]
[X]

KMMCC12 KMMCC213 KMMCC214
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a =
0.15 4
0.05

1] T T T

KMMCC1072

Fig. 1. Specific growth rate of Isochrysis species at 25C, 29, and 337TC.

KMMCCI12, Isochrysis galbana ; KMMCC213, Isochrysis aff. galbana
KMMCC214, Isochrysis galbana ; KMMCC1072, Isochrysis sp.

Different letter on the bar means significantly difference (P<0.05).
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1. 2 224 X =24

25C, 29T, 33Ce] 2olA wikdr I
Isochrysis sp. (KMMCC-1072)¢] A|®HAk 242 Table 4 < 2t} I
galbana (KMMCC-12)¢] 7% oleic acid (C18:1n9)7} # =% -7kl A
oF 23.84-37.03%= 7HF =& HE&ES HAth AWAE AR FlA
polyunsaturated fatty acid (PUFA)9] §=FS 33TCollA 25.25% = 71 =
Xal, 29TColA 1561%= 713 kt}d. Eicosapentaenoic acid (EPA,
C20:5n3)8H &2 33TolA 10.97% % 7Fd =i, 25T, 29Tl = 2 2
0.54%%F 0.51%% H]=stAl WERyth. Docosahexaenoic acids (DHA,
C22:6n3)8 =2 25CA A 537% = 71 =931, 33ColA 4.21%= 713
Skt n-3 HUFAS] &2 33ColM 1618% = 71 ==3kar, 25C, 29°C
o A= 5.31~591%= E}RE

Isochrysis' sp. (KMMCC-1072)+= 29Ceol 4] PUFA<®] 3FsFo] 24.93%=
7 %A\ 33TelA 1582% = 7HE Bkttt EPAS] FHEFE 29Tl A
345%= 71 =9ko 33T AA 0.28%= 714 vkt DHA 32 25T,
29CelA 2+ 2t 7.07%¢t 7.02% = VlsssbAl WELSar, 33T oA+ 4.44%
2 7h ekt n-3 HUFA® 29Tl A 10.47% = 7Hd =951, 33Tl A
A72% =2 7H vkt

I galbana (KMMCC-12)+= 25T, 29CelA EPA9 &2 05%= H]:
AR T 33CoNAE 1097%2 =olAE= AIdS =
sp. (KMMCC-1072)= EPA®] gheFo] 29T wf 3.45%-¢l H|3l 33T el A
T 028%% sk Aol YEEth DHAS 932 F F 25 25C
oA w 7P A desia 2x7F SUHeE dAske Aol vy

PUFA®] &2 [ galbana (KMMCC-12)+ 25CH T} 33ColA 7 8k 1,

o

HbH  [sochrysis

14



kAol Isochrysis sp. (KMMCC-1072)& #2433tk n-3 HUFA &% [
galbana (KMMCC-12)& 25Cel #H]3] 33TColAl oF F v o] =kA|nk
Isochrysis sp. (KMMCC-1072)& 29C <Y | ghaFo] 7} =9kar 33T oA
© 25CHT YA YEEth

15



Table 4. Fatty acid composition (% of total fatty acids) of Isochrysis species

at 25C, 29,C and 33T

Isochrysis galbana Isochrysis sp.
Fatty acid (KMMCC 12) (KMMCC 1072)

25T 29C 33T 25T 29T 33T
C14.0 10.89 11.62 13.89 11.14 9.08 14.89
C15:.0 1.36 1.98 2.42 1.23 1.07 3.03
C16:.0 2097 21.98 16.17 21.62 21.01 22.34
C16:1n3 0.09 - 0.16 0.04 - 0.09

C16:1n5 0.75 - 0.06 0.1 - -
C16:1n7 3.45 5.2 5.7 5.61 8.59 8.34
C16:1n9 - 0.15 0.26 0.3 0.26 0.23
Cc16:2 4.88 - 1.06 0.77 6.38 1.45

C17.0 0.27 - 1.13 0.06 0.26 -
C17:1 0.75 0.92 0.82 0.84 - 1.04
C18.0 0.94 1.33 2.32 1.17 1.03 3.06
C18:1n7 3.25 3.99 7.66 36.66 3.21 4.55
C18:1n9 3475 37.03 23.84 2.18 29.05 26.06
C18:2n4 2.16 2.07 2.76 0.14 1.9 3.24
C18:2n6 0.19 0.14 0.05 0.19 0.16 0.32
C18:3 0.06 - - 0.08 - 0.1
C18:4 7.28 8.09 6.2 7.61 6.02 5.98
C20:0 - 0.19 - 012 0.1 0.18
C20:5n3 0.54 0.51 10.97 0.37 3.45 0.28
C22:.0 0.73 - 0.07 0.75 1.41 0.32

C22:1n11 1.07 - 0.25 1.57 - -

C22:5 0.21 - - 0.3 - -
C22:6n3 5.37 4.8 4.21 7.07 7.02 4.44
C24:1n9 0.06 - - 0.07 - 0.07
Saturated 35.16 371 36 36.09 33.96 43.82
Monounsaturated 44.17  47.29 38.75 47.38 41.11 40.38
Polyunsaturated 20.69 15.61 25.25 16.53 24.93 15.82
n-3 HUFA 591 5.31 15.18 7.44 10.47 4.72

HUFA: highly unsaturated fatty acid (C=20).

16



2. HolWEZ 23 copepods A
2. 1 29 nauplius®t A9 =7

2lglo] AF8% copepods 16 strains® nauplius®} A A =7]+= Table 5
o} #t}. Copepodst #d Zolo wel 10 strains®] small size group
(S-group)¥} 6 strains®] large size group (L-group)o= &3t}
S-group® 74 nauplius® A2 459~973 ym, #& 421~87.7 um
HAFT, A e Hee 431.8~707.3 um, #E-2 1251~238.3 pm
H AT S-group % nauplius® I =71+ Amphiascus sp. (C-30)7}
45.92 ym= oA 7 A YERREP<0.05). el #elstAl 71
A Yebd straine Paracyclopina nana (C-12)& 97.33 ymith. #E&
P. nana (C-70)7} 4216 yme = 7} 23l Amphiascus sp. (C-30)7}
87.72 ym= 7Fg it}

S-group A TS Tachidius triangularis (C-83)7} 431.87 ym=
o3 A 7+ 2RI (P<0.05), Nitokra spinipes (C-28)7} 707.39 ym=
71 Ao E e A9 N spinipes(C-29)7F 12519 ym= 7} #a1,
Tisbe teura(C-65)% 238.35 ym=zZ 7Hg ZA Yepyt

StH L-group? strain® 749 nauplius #3<¢ HY+= 119.6~187.6 um,
&S 829~101.6 ym 3, AA+= o] 832~1157.8 ym, =2 299
~382.1 yum9] WAt L-group? strains nauplius 432 Apocyclops
royi (C-79)7F 11968 ym= 7} Al Yebg A wk 7ol 119.72 uym<!
Tigriopus  japonicus  (C-23)¢F= o3k Xol7t A THP<0.05).
Pseudodiaptomus inopinus (C-5)= 7+7#o] 18765 ym= 714 o, 7

ZFol 186.32 umel P. inopinus (C-10)9} +9J3F xpol= YR bk}

17



(P<0.05). &2l A$ T japonicus (C-23)7F 101.68 ym= 7} a1, P.
inopinus (C-1)7F 82.96 ym= 7}% Z-kc},

L-group® AA #3 Z7|= T japonicus (C-23)7} 832.03 ym= 7}
2k9kal, P. inopinus (C-5)7F 115784 ym= 74 # oy zHe] 11562 pm
ol P. inopinus (C-10)¢} #2]3+ poli= IATHP<0.05). #<+2 P. inopinus
(C-D7F 299.03 ym= 7} 231, A. royi (C-79)7} 382.12 ym= 714 =2
A YRR
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Table 5. Size of nauplius and adult of the copepods in the study

Nauplius Adult
Size. CCUMP 54y length Body width Body length Body width
group o (um) (um) (um) (um)
Large  C-1 167.28+8.30° 82.96+5.18°  1128.87+49.12° 299.03+36.21°
C-5 187.65+8.30°  93.84+10.16°  1157.84+53.55° 330.73%22.41°
C-10 186.3247.05°  89.08+10.00°  1156.20+46.73° 310.51+24.72°
c-23 119.724¢9.77°  101.68+10.01°  832.03+27.55°  311.60+8.61°
C-79 119.68+7.05°  89.76£10.16°  1075.29+26.44° 382.12+16.62°
C-20  122.73+1021%°  86.10+£7.06°°  1017.35+44.02° 341.67+18.31°
Small  C-83 76.84+8.78' 59.16+6.22"  431.87+16.86"  166.19+7.12
C-26 64.23+5.73 85.55+9.06°°  680.60+37.24° . 139.13%9.75'
C-30 58.82+7.89" 87.72+¢8.72%  656.00+14.92"  135.03+10.27'
C-28 61.202.68" 83.98+6.39°  707.39+25.75"  149.79+8.32"
C-29 45.92+5.94' 64.51¢5.99°  519.88+24.42' ~ 125.19+8.04™
C-65 85.55+11.33° 70.79£9.75  657.64+28.03" . 238.35+10.31"
C-12 97.33%4.50° 49.00+3.05' 587.12424.89  214.29+11.349
c-13 91.33+3.46' 49.00¢4.03' ~ 645.61+16.39"  201.72+10.68"
C-70 81.92+6.52" 42.16+5.18 537.37+31.85°  178.21+13.44
C-73 90.67+2.54' 52.00+4.07' 613.91£18.62  197.35+6.79"

Values (mean+SD of 50 replications) in the same row mean not sharing a

common superscript are significantly different (P<0.05).
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EZekek 7lo] AE7IM AR Fig. 29 3o Uehdldch A&7
A Foll whet Aozt wow ZE FAXHE strainel] wel o2 A
vebdth AE71 7S Amphiascus sp. (C-30)7F 2084 2 #2134 7 2
O W(P<0.05), N. spinipes (C-29), T. japonicus (C-23)¢] =02 ZAA el
P. nana® 7% 4 strain(C-12, C-13, C-70, C-73) = C-70& tt& 3
strain®l W3] A=A #ZA YERd AR S= Amphiascus  sp.
(C-30)7F 206¥= o8kl 7P 2213u(P<0.05); N. spinipes (C-29), T.
Japonicus (C-23) o= ZAA Yeht AELFe} fANSE AdS Bk Akt
Q47 7H BA YERE straing P, inopinus(C-1, C-5, C-10)2+ Apocyclops
sp.(C-20)2.2 At = 2~3L o] AT}
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Fig. 2. Survival days of a gravid female of copepods
C-1,5,10 : Pseudodiaptomus inopinus; C-83 : Tachidius triangularis; C-23
Tigriopus japonicus; C=26.: Amphiascus kawamurai; C-30 : . Amphiascus sp.;
C-28 : Nitokra spinipes; C-29. : Nitokra ~spinipes; C-65 : Tisbe teura;
C-12,13,70,73 : Paracyclopina—nana;, C-79-: Apocyclops royi; C-20
Apocyclops sp.

Different letter on the bar means significantly difference (P<0.05).
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Fig. 3. Reproductive period of a gravid female of copepods
C-1,5,10 : Pseudodiaptomus inopinus; C-83 : Tachidius triangularis; C-23
Tigriopus japonicus; C=26.: Amphiascus kawamurai; C-30 : - Amphiascus sp.;
C-28 : Nitokra spinipes; C-29. : Nitokra ~spinipes; C-65 : Tisbe teura;
C-12,13,70,73 : Paracyclopina—nana;, C-79-: Apocyclops royi; C-20
Apocyclops sp.

Different letter on the bar means significantly difference (P<0.05).
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3 47 3 AADG F nauplius ArEE I A 2HFHHE Fig 4 9 5
of Yeliddh A g wiElrt F A4FSE naupliuse] = T, japonicus
(C-23)7F 151L1HAZ FestA 71 =hom(P<0.05), 1 2= N.
spinipes (C-29)¢} Amphiascus sp. (C-30)7} 247+ 139.670 4 ¢+ 105.171 A
2 =Y. P inopinus (C-10)E % nauplius Aol 9370A= 74
A Jeb A v T japonicus (C-23), N. spinipes (C-29) 1@ il
Amphiascus sp. (C-30)5 A¢]3 U™ A straind} F2l3F xfo]E Ho|A
L FTHP<0.05). ¥4 A&HEE= T japonicus (C-23)7} 8IMAZ 74 =

kil e o 2N, spinipes (C=29)7} 7370 A = = A vhelwk
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Fig. 4. Fecundity of a gravid female of |copepods
C-1,5,10 : Pseudodiaptomus  inopinus; C-83 : Tachidius triangularis; C-23
Tigriopus japonicus; C-26-: Amphiascus kawamurai; C-30 : Amphiascus sp.;
C-28 : Nitokra spinipes;- C-29-.: Nitokra rspinipes; C-65 : Tisbe teura;
C-12,13,70,73 : Paracyclopina—mnana; C-719-— Apocyclops royi;, C-20
Apocyclops sp.

Different letter on the bar means significantly difference (P<0.05).
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Fig. 5. Daily fecundity of a“gravid female of copepods

C-1,5,10 : Pseudodiaptomus inopinus; C-83 : Tachidius triangularis; C-23
Tigriopus japonicus; €-26": Amphiascus. kawamurai; C-30 : Amphiascus sp.;
C-28 : Nitokra spinipes, C-29-.. Nitokra—spinipes; C-65 : Tisbe teura;
C-12,13,70,73 : Paracyclopina nana; C-79 : Apocyclops royi; C-20
Apocyclops sp.

Different letter on the bar means significantly difference (P<0.05).
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2. 4 ofH|:=Akd A AE 2A

9%9] copepods®} W FEwtel rotifer (Brachionus plicatilis)®}  Artemia
nauplius®] opv]=2F AT} dhal A sheke Table 69 YER|SITE 9F9]

copepods®] HA| ofw] Ak FA] F glutamic acid”’} 47~68% % 7F =& %
A5 HArh Cysteined 2~3%% 7F¢ @& XS BYoW P nawa
(C-70)oN M= HEHA ZAUTh P onana (C-70)5 AL Y= 8F <]
copepods®] 749 HFrolu| 2t Fo A= arginine°®] 27~35%% 7 =

& " golAal, P nana (C-70)= leucine®] 374%% 714 H& Z2AS H
]_

é?

ATt Artemia naupliuss AA| obv| At 245 glutamic acid’} 37.5% %

AN

7} =31 cysteine®] 2.6%= 74 Yrokeopepodset FARSE H IS H X
vt B. plicatiliss methionine®] 15%=% 7}4& ol xlo]lZ wH it} Fgro
" qb S Ponana (C-70)7F 21.2% % 7F8 =tow, B. plicatilis, P.
inopinus (C-5)¢] =22 =4 YEGAIRE = F37He] {23 Aol&= gl
tH(P<0.05). Artemia naupliusi= ZFopu| b ghafo] 14%&2 714 wok
a1, copepods ool 5= ~T. japonicus (C-23)2} Amphiascus sp. (C-30)7} <F
15%=2 7 vkokrth, @l S=Ee Ponana (C-70)7F51.3% =2 7FHg =9ka

B. pliaatilis, P. inopinus (C-59 o= =4 yYeyd. 2 99
copepods®] wulA dheke 37~45%F W23l 1L, Artemia naupliusis

31.5% = 7hd wEakt

-
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Table 6. Amino acids composition (%) of nine copepod species, Artemia

nauplius and Brachionus plicatilis

Amino Pseudo- L . .
ids diaptomus Tachidius Tigriopus Amphiascus
acl
(ug/mg) ) P . triangularis Japonicus sp.
ng/mg inopinus
Threonine 19.8+0.29° 19.8+0.80° 16.8+0.29¢ 16.8+0.47°
Valine 21.7+0.31° 22.4+0.91% 19.0+0.73' 20.6+0.73°
Methionine 8.7+0.22° 4.5+0.18" 5.8+0.59° 3.7+0.69°
Isoleucine 16.8+0.29° 15.9+0.65° 13.4+0.63% 12.1+0.45°
Leucine 31.940.33° 30.6+1.24° 24.9+0.71" 24.3+0.92"
Phenylalanine  18.6+0.25° 17.0+0.69° 17.7+0.38° 15.0+0.43°
Lysine 30.6+0.48" 26.7+1.08% 24.10.45%" 23.30.79
Histidine 10.4+0.12° 9.4+0.38¢ 8.4+0.23' 8.0+0.119
Arginine 35.7+0.33° 31.1£1.27 27.4+0.61° 29.8+1.67°
Aspartic acid’  39.2+0.33° 35.2+1.43¢ 32.7+0.63° 32.0+1.22°
Serine 19.2+0.26° 18.9+0.77% 16.5+0.44°% 15.9+0.73"
Glutamic acid ~ 59.5+0.88" 54.3+2.21° 50.9+1.49° 47.3+2.76°
Glycine 26.4+0.31° 22.1+0.90% 21.7+0.71%  23.1+1.62%
Alanine 29.0+0.40" 29.6+1.21% 22.60.60° 23.440.63°
Cystein 3.5+0.16° 2.5+0.10% 3.5+0.14° 2.4+0.39™
Tyrrosine 19.5+0.30° 17.4+0.71° 18.10.30° 13.9+1.36°
NH3 5.1+0.09° 5.1+0.21° 4.6+0.21° 4.6+0.19°
Proline 22.7+0.23° 24.6+1.00° 27.2+0.07* 23.0+0.329
EAA (%) 19.4+0.22° 17.7+0.72% 15.7+0.32' 15.4+0.54'
Protein (%) 46.5+0.57" 43.0+1.75° 39.5+0.79° 37.7+1.62°

EAA ; essential amino acid.

- ; not detected.

Values in the same row means not sharing a common superscript are

significantly different (P<0.05).
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Table 6. continued

Amino . ) )
i Nitokra Tisbe Paracyclopina  Apocyclops
acldas
(ug/ma) spinipes teuera nana royi
ug/mg
Threonine 18.8+0.11° 18.9+0.16° 22.7+0.57°  20.0+0.47°
Valine 23.2+0.18° 22.5+0.20% 25.0+0.63° 21.60.38°
Methionine 4.7+0.18% 4.0+0.15% 2.4+0.06' 4.8+0.62°
Isoleucine 13.1£0.40' 14.0+0.37% 20.3+0.512 15.9+0.34°
Leucine 27.5+0.27° 26.9+0.47° 37.4+0.94°  29.1+0.58°
Phenylalanine 18.6+0.74° 16.9+0.24° 23.1+0.58° 17.4+0.32°
Lysine 25.0+0.13% 27.60.59° 34.5+0.87° 27.7+0.52¢
Histidine 9.9+0.08° 8.8+0.19° 12.0+0.30° 9.8+0.36™
Arginine 31.1%£0.20%° 30.1+0.53° 34.3+0.87°  31.4+1.10™
Aspartic acid -~ 34.2+0.38% 36.8+0.35° 47.0+1.19°  34.1+0.82%
Serine 16.9+0.10% 17.2+0.36° 21.9+0.55° 18.3+0.16°
Glutamic acid 51.2+0.41¢ 53.6+1.26™ 68.8+1.74% ' 53.3+1.21“
Glycine 24.1+0/16" 21.9+1.82% 24.7+0.62°  120.2+0.25'
Alanine 27.8+0.30" 27.4+1.05° 30.8+0.78%  27.9+0.68“
Cystein 3.4+0.29° 2.8+0.60" - 2.7+0.05>
Tyrrosine 17.0+0.84¢ 19.3+0.22° 24.0+0.61*  20.1+0.34°
NH; 5.1+0.18° 5.1+0.13° 6.1+0.15° 4.8+0.06
Proline 27.9%0.13° 24.7+0.21 26.240.66"  26.0+0.87°
EAA (%) 17.2+0.15% 17.0£0.14° 21.2+0.53*  17.8+0.35™
Protein (%) 42.1+0.34° 42.1%0.61° 51.3+1.29°  42.8+0.80°
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Table 6. continued

Amino Control
i Apocyclops

acids sp. Artemia Brachionus
(ug/mg) nauplius plicatilis
Threonine 20.1+0.51° 14.9+0.34° 20.0+0.40°
Valine 22.0+0.56¢ 14.7+0.57° 28.6+0.58°
Methionine 5.6+0.14° 4.6+0.26% 1.5+0.03¢°
Isoleucine 16.4+0.42 14.2+0.47¢ 19.9+0.40?
Leucine 29.6+0.75% 23.5+0.60° 37.1£0.75°
Phenylalanine 18.6+0.47° 13.3+0.49' 24.2+0.49°
Lysine 29.3+0.74° 25.6+0.39° 29.9+0.60"
Histidine 9.7+0.24° 7.0£0.17" 8.6+0.17°
Arginine 32.6+0.82° 22.3+0.62° 28.3+0.57¢
Aspartic acid 35.4+0.89™ 25.1+0.95° 39.2+0.79°
Serine 18.0+0.46° 16.3+0.60" 26.5+0.53°
Glutamic acid 54.8+1.38° 37.5+1.56' 58.1+1.17°
Glycine 21.3+0.54° 14.6+0.33" 16.5+0.33¢
Alanine 28.7+0.72" 16.9+0.42° 20.9+0.42'
Cystein 3.1£0.08% 2.60.31% 2.3+0.05¢
Tyrrosine 20.3+0.51° 8.4+0.66° 13.1+0.26°
NH; 5.1+0.13° 3.7+0.11¢ 6.310.13°
Proline 35.4+0.89° 18.60.39" 52.2+1.05°
EAA (%) 18.4+0.46° 14.0+0.37° 19.8+0.40°
Protein (%) 45.1+1.14° 31.5+0.99' 48.1+0.97°
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Copepods 9% 3} rotifer 18]3l Artemia nauplius® A¥AF Z2AS
Table 7 Yerdh dA A4k 24 <5 CI17:00] N. spinipes (C-29)2}
T. teura (C-65)& AQIg yUwA| 7FoA HExFTZFF 2~5 ng/mgl=
7V =9kew, N spinipes (C-29)%} T. teura (C-65)% linoleic acid
(18:2n6)7} 2.2~3.8 ng/mgl = 7F4 =9kth. Palmitic acid (16:0) 3o
Apocyclops sp. (C-200914 2 pg/mg= 74 =4 YeElwtew A royi
(C-79), T. teura (C-65), T. japonicus (C-23)¢] =02 =4 YEPEA T 3
T fodt zol= AATHP<0.05). Stearic acid (18:0)2] =2 P. nana
(C-70)7F 29 pg/mg= 71 =3k, & FTEJAA = vl et A YES S
W B plicatilisol M= A=A &tk Oleic acid (18:1n9) =2 T,
teura (C-65)9¥ T. triangularis (C-83)7} 1.1~1.7 pg/mg= 7} =k}
Linoleic acid (18:2n6) &2 P. nana (C-70)7} 4.3 pg/mg= 713 =7
Uel oy, T teura (C-65)9 38 ug/mgd= Folsk #o)7t qlAth
(P<0.05). a-Linoleic acid (18:3n3) €= P inopinus (C-5), P. nana
(C-70) 18] 3L Artemia napliusell A 26~3 ng/mgo = 7} =93, Yy
A FEoAM = g Aol 7 UEUA ek

Arachidonic acid (20:4n6) S$F=F2S  Artemia naupliusel 4 0.6 pg/mg=
Amphiascus sp. (C-30)¢] 04 ug/mgHth +9&A =4 velyron
Wz FoME HAEFEA EJdtd. EPA d#ES P onana (C-700¢ T
japonicus (C-23)°l4  1.7~18 ug/mg® FY3tA b4 =ka, T
triangularis (C-83)°14 0.6 png/mg® 7}4 SUtHP<0.05). YH A =
Ztolli= EPA gHake] 23k 27 gl vh(P<0.05). DHA $&2 P. nana
(C-70)°1 A 43 pg/mg= frolstA 7Hd =3ka(P<0.05), o= P
inopinus (C-5)7} 3.8 ng/mg= =3ttt DHA %2 B plicatilisoll Al 7+

A vretow Artemia naupliusol A= A& A & gkh



= ANA sEe P oinopinus (C-5), P. nana (C-70) 1¥]il Artemia
nauplius®l A 79~96 ug/mg® 7F4 =4 Yebw

E sk WAk (saturated fatty acids) 82 P. nana (C-70)°A1 15 pg/mg
o2 fFoA 7HE =ka(P<0.05), P. inopinus (C-5)7F 12.1 pg/mge
2 ggoz =4 velyroew, B plicatilisol A 7HE gtk B3}
A Hmonounsaturated fatty acids) 32 Artemia naupliusell A 11.9 pg/mg -
2 7P =3, umA FE 2 7Y% Zolrt I HHP<0.05). tHHE
E 3 A2 polyunsaturated  fatty acids) %2 P nana (C-70), P.
inopinus (C-5), Artemia nauplius® o2 A Yelwoy 3 F719
fFoet ztolE flATHP<0.05). n-3 HUFA &2 P.nana (C-70)9 P.
inopinus (C-5)°ll4 Z+ 7 88 pg/mg¥ 85 ng/mgl & F93tA4 714 =

kil Artemia naupliusolA 35 ng/mg= 74 A vEFSECH(P<0.05).
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Table 7. Fatty acids contents (ug/mg in dry matter) of nine copepod species,

Artemia nauplius and Brachionus plicatilis

Pseudo-

Fatty acids diepf Tachidius Tigriopus Amphiascus
laptomus
(ng/mg) ingpinus triangularis Japonicus sp.
C14:0 3.4+0.15° 1.3+0.08% 1.4+0.38% 1.0+0.10°
C14:1 1.1+0.09° - 0.7+0.20° 0.4+0.06°
C15:1 - - - -
C16:0 - 1.1+0.12" 1.6+0.46% 0.9+0.18%
C16:1 - - - 0.3+0.07°
C17:0 4.0£0.11° 2.8+0.05% 2.8+0.61% 2.7+0.16°%
C18:0 1.1+1.00° 0.9+0.08° 1.240.34° 0.8+0.10°
C18:1n9 2 1.1£0.12% 0.7+1.17* 0.9+0.19°
C18:2n6 2.4+0.15° 2.1+0.07™ 1.7£0.42° 2.0+0.06™
C18:3n6 2.8+0.08° 1.6+0.07™ 2.5+0.63% 1.9+0.08"°
C18:3n3 3.0+0.08° 1.3+0.06° 1.5+0.35° 1.6+0.07°
C20:0 2.6+0.16° 1.0+0.08% 1.2+0.33%% 0.8+0.26°
C20:1 1.6+0.08° 0.8+0.04° 0.8+0.22° 0.8+0.18°
C20:2 5 a - -
C20:4n6 i ¥ - 0.4+0.08°
C21:0 1.1%0.15° - - -
C20:5n3 1.7+0.25° 0.6+0.05" 1.7+0.36° 1.2+0.08%°
C22:6n3 3.8+0.10° 2.6+0.17% 2.5+0.55% 2.0+0.14%
Saturated 12.1+0.85° 7.0£0.41° 8.2+2 12% 6.1+0.54™
Monounsaturated 2.7+0.16° 1.9+0,15° 22+1.59° 2.4+0.44°
Polyunsaturated ~ 13.7+0.50° 8.2+0.36" 9.84+2.29° 9.10.35"
n-3 HUFA 8.5+0.29° 4.6+0.24% 5.6+1.25% 4.8+0.29°
DHA/EPA 2.2+0.32° 4.3+0.40° 1.5+0.02°®  1.6+0.03b°*®
Total lipid
(ug/mg dry 79.9+42.8%° 4814219  56.7+16.7°"  49.1+3.01%
matter)

HUFA ; highly unsaturated fatty acid (C=20).

- ; not detected.

Values in the same row means not sharing a common superscript are

significantly different (P<0.05).
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Table 7. continued

Fatty acids Nitokra Tisbe Paracyclopina  Apocyclops
(ng/mg) spinipes teuera nana royi
C14:0 1.4+0.06% 1.4£0.27% 3.7£0.41° 1.5+0.16%
C14:1 0.7+0.04° 0.740.15° - -
C15:1 - - - -
C16:0 0.5+0.83% 1.7+0.38%° - 1.7+0.20%°
C16:1 - - - -
C17:0 1.9+0.04° 3.5+0.38" 5.2+0.25° 2.740.22°¢
C18:0 1.2+0.08° 2.2+0.34° 2.9+0.42° 1.3£0.14°
C18:1n9 - 1.7£0.41° - -
C18:2n6 2.2+0.03" 3.8+0.52° 4.3+0.42° 1.940.16>
C18:3n6 1.8+0.03"° 1.4+0.18" 2.3+0.23" 1.3+0.11°
C18:3n3 1.7£0.01° 1.3+0.20° 2.840.23° 1.5+0.14°
C20:0 1.3+0.08% 1.320.23% 3.1+0.44° 1.320.16%
C20:1 0.9+0.02° 0.8+0.14° 2.0£0.22° 0.9+0.10°
C20:2 - - - -
C20:4n6 - - - -
C21:0 0.7+40.06° - - 0.4+0.33°
C20:5n3 1.2£0.11% 1.4+0.16™ 1.8+1.53° 1.0£0.21%°
C22:6n3 1.7+0.08° 2.9+0.40° 4.3+0.24° 2.1+0.24°

Saturated 7.1£0.61°" - 10.1£1.58"™ 15.0¢1.52° . 8.7+0.58°%

Monounsaturated-.  1.5+0.07° 3.3+0.71° 2:0£0.22° 0.9+0.10°
Polyunsaturated ~ 8:6+0.09" 10.8+1,44° 15.540.52° 7.94+0.85°

n-3 HUFA 4.6£0.10 5.6+0.75" 8.8+1.08° 4.7+0.59*

DHA/EPA 1.320.15% 2.1£0.10™ 1.1+£0.92%' 2.1£0.18™

Total lipid

(ug/mg dry 48.4+1.57°  67.7+10.4" 91.0+3.96°  49.0+4.08%
matter)
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Table 7. continued

Fatty acids Apocyclops - Control -
(1g/mg) sp. Artemia Brachionus
nauplius plicatilis
C14:0 1.840.18° 1.0£0.15° 2.240.21°
C14:1 - 0.8+0.16° 1.1£0.13°
C15:1 - 0.6+0.10 -
C16:0 2.0+0.28° 1.2+0.15" -
C16:1 - 0.6+0.10° -
C17:0 4.14£0.08° 4.0+1.23° 2.0+0.12%
C18:0 1.5+0.18° 1.0£0.15° -
C18:1n9 s 1.4+0.21%° -
C18:2n6 2.5+0.17° 2.6£0.71° 2.2+0.23"
C18:3n6 1.5+0.09 7.1+2.34° 1.5+0.12>
C18:3n3 1.6£0.09° 2.6+0.82° 1.7£0.12°
C20:0 1.5+0:19° 0.9+0.13° -
C20:1 0.90.09" 8.6+3.16° 1.1£0.12°
C20:2 £ 0.3+0.27 -
C20:4n6 s 0.6+0.10° -
C21:0 5 0.5+0.08° -
C20:5n3 1.6£0.11% 0.9+0.20%° 0.8+0.73%
C22:6n3 2.9+0110° - 1.1+0.13"
Saturated 10.9+0.91" 8.5+1.86% 4.2+0.33°
Monounsaturated 0.9+0.09" 11.9+3.71° 2.2+0.26°
Polyunsaturated 10.2+0.57° 13.7+4.16° 8.9+0.07°
n-3 HUFA 6.1£0.31° 3.5+1.01° 5.3+0.31%
DHA/EPA 1.940.07°* - 0.5+0.45"
Total lipid
(ug/mg dry 61.3+4.42%° 96.3+28° 43.0+1.74°
matter)
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V. 7 #F

1. %9 W& Isochrysisd A#ZE

HolZ A= A ZRFE EFoR A7) siAe SeolA i )
= Slof shAINE o]y gt K9 thEFuj ol A & AAxol o Eaf of
3l EA " o] dth(Richmond et al, 1993). 34wk wjFwo] wE W]

AzFo AFEe o xolg ddels straind wel o27] Wi

a2 Age s e Aggk Fo AHAEe v Fasth(Park and
Hur, 2000).

ool A arErlel kAl S| RS syl s = 25T <]
el AT wj kol Zo]dk Folojof skt T2} Aol A HjF 7}
T8 A5 HolHES woksl AFo|M I galbanas A= 2ol A g
A7 AdE o] A dom F Zol7F §la(Hur, 199D 25CY Wl Isochrysis
sp.o] MELE7F 7F =20 (Grima et al. 1994), 33C 2 %7} =o}
Aol whelk Al D=7 S48 Fastel 35T AdehA X3
1 315 9 th(Renaud et al. 2002).

= Aol o] &¥ Isochrysis® A% 4F BT wgLE7F 26TCTY "R
th 29C Y wf Huld=7Ae] JFEo] TrteAAT 33CY W= AGE

T
o] 723t th Claquin et al. (2008):= 35 psu f/2 HiA|

i
(o]
S

m
150 mL AZFZ ek~ =304 130 pmol photons m° s ' ¢ A&EZEH o= wj
% Al I galbana $t Isochrysis aff. galbana®l 7o) z+ z+ 227 ¢} 30T
oA 7t Edvta st B Aol At zolE HAT 1Ey
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Renaud et al. (2002)2 Isochrysis sp.”} 27ColA Ao 714 453
om 30CHE = Aol AA3] st 33T ool = HAFsAthar
st B A Aol vl=d Aok ol ek 22 Aol straine] WE
ARl Afolef mjFeA o] Aol wFo = E ¢ vk i Aol A 4 strins
9] Isochrysis & I galbana (KMMCC-12)¢} Isochrysis sp. (KMMCC-1072)+=
Isochrysis aff. galbana (KMMCC-213)¢} 1. galbana (KMMCC-214)°l Hl&f
SETA AFEC] oM, 33T oM R Bl Z e} gh=e] o
T SejFu g AgE For AdH A

1989; Roessler, 1990; Renaud.et al., 2002).
BooAJoA 2 FC) Isochrysise] EIA AR Sl M I galbana
(KMMCC-12)& H &% 3ol A 35-37%= H =<3t A el on EPA
A 33CoAA v& %ol Hlsf w9 =A vkt Z12v DHA
9] e 3TN 7 | YEeltt}. Isochrysis sp. (KMMCC-1072)+=
33Col A A AL o]l 7HE =4 vErw e, EPA 3 29T
A 7PE =4 vERsth DHASH S 33TColA 78 SHA vebstal v
A F 2o A= M8 A UEFY Y Renaud et al. (2002)2 Isochrysis
sp.2] EPA &=Fo] 25TelA 7 E=om DHASTES 30TCAA 71 =
o Hauste] 2 A Ayl xol7b AR, arachidonic acids (AA,
C20:4n6)= HEH A Fol 2 AdZA e dA A

o} 2

=
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I galbana (KMMCC-12)¢] EPA &2 2%7F S7HS45 =4 UE
o, Isochrysis sp. (KMMCC-1072)% 33CY uwf 29Col wa] =LA
olA = A'S ®th. DHA & [ galbana (KMMCC-12)¢] 2% #
2= TR A B @A [sochrysis sp. (KMMCC-1072)+ 33C¢] a1
AN = ol 2A oAl Ao r YE

n A Z2F+= Aol o] Wol(Reitan et al, 1997), ¥ 3L rotifere}
copepods #2 FEEFAEY HolZk ARE-FtH(Watanabe, 1983; Volkman

et al, 1989) copepods+= % A4S 98l thr7bE XA HAHPUFA)S 8-

N

3} (Stottrup and Jensen,-1990), 1 & LE=EXZIX|HAHHUFA)Q! EPA
9} DHAT copepods® AAb=E 3 o e FQ35kA 2183t S|4t
copepodsE 9|8F B4 JFAE d#HA oh(Lacoste et al, 2001; Pinto
et al, 2001). ¥ A+ A= E u] [sochrysis 4 strain s I galbana

(KMMCC-12)7} &9 Ql 25Col4 EPASt PUFAY Z= =1 A%

ON

o

o]
Z£7] W&ol copepods?] Heo|BEZ Al o] &8 A3tk =]

At

of\

P E

il

3. Yol WEZA 33 copepods A

3. 1 Nauplius¢ A A =27

r]I.
2
o
fr
o\
kd
o
~
>
i
2
=2
>,
12
o
of
|l
rlo
—
o
=
=
D
=
l
2
g
[
3
)
=)
Q
=
C,
c
wm
l

o} XF7HA Holg o] o] &%= B. plicatilis®t B. rotundiformis®] =



717 AgstAl HEoto] oK B A2 HolAlEeo]l a4 Y dE
So] Jo] & FAo]F(Duray and Kohno, 1988., Duray te al., 1997)<}
E%(Park and Hur 1999)¢ lojA&= 71E9] rotifer2th o 22 oAl
ol o] agHH

4 copepodst= EFF/7F Wl ThYstal %7] naupliusoll Al A A 7EA A
e w oy A GAE AXER I A7 gFEA ARl AR
Ao stEol Ad3 Ar]E AdEee] ¥ 4 7F dnkHolt, 2003;
Fleeger, 2005; Rajkumar and Kumaraguru, 2006). Schipp et al. (1999)-
red snaaper (Lutjanus argentimaculatus):= rotifer®.t} =7|7} 2
Calanoid copepod®) Acartia sp.2 HolZ FHF AL W7} rotifer 5T X
o AEEo] O wHaL B sl

Copepods®] A7+ Foff wet @l A7|el wdd7| 7t th27] df o
thokst Al vhebdth 2@ FLo A copepods® naupliuset A A Y A7)
dwt4 o 2 Calanoid+, Cyclopoid, Harpacticoid® =22 #A YE
Mckinon (2003)¢] 23} §-AFaFdth Nauplius =713 16 strains % 10
strains®] small group® A-F #FHEe =717F 50~1007 pum=  S-type
rotifer) B. rotundiformis (120150 ym) 2.tk &l YER)y B rotundiformiss
A7l ]io] 22 offF Apofell AjHE Azlel Mol Aokt 6 strains®]
large group & A. royi (C-79)¢} Apocyclop sp. (C-20)= 7F%e] 112~130
ume.2 B. rotundiformis¢} H528HAl YEVEAL, P. inopinus (C-1, 5, 10)&
°k 160~190 um= B. rotundiformisBE.tt= A YERSEAYE L-type
rotifer®! B. plicatilis (200~250 ym)¢} vl =3k A] LHERS:

Copepods®] 749 Artemia nauplius®t rotiferol] W3] JFAH o=z -3}
], ofF zojAl7le]l Qlo] Holo 423 E F& YF 4% daYs ¥

St o 2 2 (Munilla-Moran et al,, 1990), 2 =7]9] rotifers &5
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frh o F Apojo] JF} AEEo] ¢ Eold Fo=E pehETh
R ofF Aol o] x7] Akl Qo] MigALE &w A7FA ] |
Al wel HA 2717 2 s dAlY HoldE Fael das,
copepods®] A% =77} ZFS nauplius @ AI5-E copepodite ©AES A A
A ol27I7M A vgd AV]E THABE, Aolo] A ste wad

A9l copepodsE HolZ FHdts Wot: w#s Harvt AdS Aol
3.2 4AY AT
11,500¢1%°l o]Z+ copepods= =l Calanoid%, Cyclopoids, Harpacticoid &

o 2 WA Humes, 1994). o] < Calanoid copepod®} Cyclopoid copepod

FAoH Holw 2 ABSFaES W AstH, IR FUsH

rlr
X

}= WhA Harpacticoid copepodi #21AlolH tfF-& 3o F-=35}
F4E 7H o A7 o] el gt copepods®] Bl Yol tidk AG7F B2

ATAE] o) A% =HUATH(Mauchline, 1998; Rhodes, 2003; Peck

M
e
Ol

s

and Holste, 2006; Jepsen et al., 2007; Steenfeldt,-2008), 1 % ™ol &
2 ol &3trlel AgslH, wiEwl o) ATSE T FUF g Ao

(stottrup, 2006).

HolAEZ o] 857 falAe g Al B2 FEs A& T dojof st
2 ool ok At kA A Ak o] ol oEFu o] &l Fo
Aol st B AFoAE 16 strains® copepods ¢ 3 mlg] ¢

% nauplius AAHES ZAFsE A3 Harpacticoid copepod®! T. japonicus
(C-23), N. spinipes (C-29) 1¥]3 Amphiascus sp. (C-30)7} 100~150
MAZ 74 =4 yehdon g o2 Cyclopoid copepod?! P. nana$t A.
royi7b 30~507 A2 =4 YeERykoe™ Calanoid copepod$! P. inopinusi= 10
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MAR 7P SA vt 288 §He] Akebr] 3kt AE7]REE Harpacticoid
copepod®! T. japonicus (C-23), N. spinipes (C-29), Amphiascus sp.
(C-30)7F oF 16~20¢= 7}F¥ Ao Calanoid copepod?]l P. inopinus
(C-D7} 3¢ = 71 &A etk

Rhodes (2003)+= Harpacticoid ¢! Nitokra lacustris® 735 266 L %
HjE Al Skl Hdl 69wk AR D& 4 Adokal sk9lal, Cyclopoid
copepod®! Apocyclops panamensis= ¥ Al 9S 4 A& nauplius 7}
773 ind/LZ A3 FAo|A #l¥3st Calanoid copepod®! Arcatia tonsa®)
325 ind/L Rt} =vhar BaE #f 1o} (Lipman, 2001) 2 A9} {fAFSHA
LhERsE

Copepods®] FHth w7} U= Harpacticoid copepod”}. 10000 ~400,000
ind/L (stottrup, 2003), Cyelopoid copepodZ} 5000 ind/L (Phelps et al., 2005;
Su ea al., 2005), Calanoid copepod”} 100~1000 ind/L (stottrup and Mcevoy,
2003)Z HaugEnpgl=d o) # AgolA FARSE Abere o] Aol FAle A
golQit). o] =A<l Harpacticoid copepod®] 7-%- T2 &2} copepod .t}

g

CHlE Al O

ditq oz ol e ZhAd Wid FAd Hrh= 259 3erE 24

Beisol gtk B A Wyolul ke ol Aole] gl glo]
=z

8% 4L o0, JUAAOR AR I HAF Aol A
4% vude guel UREe AAsmE, A4AA 4L s
o] F4HI W olF, APy wold TAsE WA wug
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3} obwi=b FHol T EH(Rennestad et al, 1999; Wright and Fyhn,
2001; Aragao et al, 2004). Naess et al. (1995)% copepods®] w12 3}
ofn] .= AF SEkS Artemia naupliusel] V8] €53 =vha B, E
Ao A% copepods 9F X+ Artemia nauplius®] 31.5%0°] H]3} iz
ol oF 6~20% =A YEtw e, A5 op ik R 9] m=A UE
X

JH Y B. plicatilis®] 7% Drillet et al. (2006)2 copepodsX.t} a2
Ioopr Ak FHeFe]l B A vUEhdda Busila, B =l E 9F
9] copepodss 8F¢] copepodsoll Al B. plicatilis®l] v a3} opw]
Ab gheko]l Al yEhy FARSE A3 S 19Tl Cyclopoid copepod?] P.
nana®l 7o @i d s} dagopn kel oheko]l Zh Zf 219%9¢ 51%® 4
El, B. plicatilis®] @9 A3 dSolm] ik 3FekQl 19%9F 48% H.TF = 7|

UEFLUA A Foef A& 9% 9] copepodsE G EZH A7 HH E=oia

S Sfate], ApH| ol Al A BEs flei = EPASH DHAZ S
n-3 HUFAE &4 HHAto 2 g elti(Watanabe, 1982; Koven et al.,
1990; Rainuzzo et al., 1992; Sargent et aly 1999). dut=x oz 3g|ito] 5

o] A% C180 A Wite 22X n-3 HUFA®F n-6 HUFA 22 1=&8¥
SRS A SEA] Zal slatel o A S ElAE olE Z&
AAkE FE8 FEste Aol wWlg F83th(Sargent et al, 1997;

Olivotto et al., 2008). ©]

ol
)
-
>

i
Y
2
o,

o
o
2
o
>,
o,
=2
ng
&
N
ofr
K-y

tH(Mcevoy et al., 1998).
Furuita et al., (1998)¢] A3 dlA EPA¢F DHA #H7F Al |x]o A4

AEZo] EolAE= Ao® YEY O™ Payne and Rippingale (1998)-&
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pipe fish (Stigmatopora argus)®l 745 EPA® DHA 3r=fo] v
Artemias “olZ &3 Al A& AEEo] Hrha &31a, n-3 HUFA

o] glaFo] seabass (Lates calcarifer) AFo19] 443 AEL JTFES 7]
Aok B vk 9l vh(Rajkumar, 2003).

B Ao EPA %2 T. triangularisE A3k 2= copepods ol
A Artemia nauplius®} rotiferol]l W]s| =A YElWew, I F P. nana,
P. inopinus, T. japonicus?} AZSH9 1.7~18 ng/mgo = 7F4 =9k}
T. triangularis= EPA3SI=o] 0.6 pg/mgl = Artemia nauplius®} rotifer
9] 0.8~09 pg/mgHth wEoktl. DHA 82 P. nana$t P. inopinus’} Zt
7} 4.3 pug/mgd 3.8 ng/mgl = 7} =9kal rotifer/k 1.1 ng/mg= 7+
vkttt Artemia nauplius®] -5+ DHAVF HEEA - &Fkow, N
spinipes= 1.7 ng/mg#® copepodszol DHA d&#o] 73 vkt
Todelgo et al- (1999)=> Calanoid copepodS! Pseudodiaptomus sp.2}¢
Acartia sp.2] 745 EPA®} DHAZS 80| Artemia nauplius®} rotifer 2.t} 2
~3u) 7hE wvha Husto] 2 Ad A3k fAFs At

3t AAYE Amphiascus sp.E A3 BE FolA AFHA Fgd=d

w0
E = ehal, AA gEFel 04 ng/mgE WER=H ol Aol A
o= ¥ Ade= dddr
AnkH o & |4k o] {F Apoli= DHAEPA HI7F ¢F 2:11%] Hol& 83t

Aog de#lx grthHMcevoy te al, 1996; Sargent et al, 1997). & 23
oA rotifer®] DHA:EPA H]+&= Mecevoy et al., (1998)e] A& oA 0.59

U3 052 Fe FX= BAY. Copepods® A5 T, triangularis7} 4.3
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o2 7M E=kom Apocyclops sp., A. royi, T. teura, P. inopinus’} 1.9
~22% vebdch 28y P nana = DHAEPA Hl7} 112 7FF 9 A e
S, o] Lee (2004)¢] AddlAel P. nana A< DHAEPA H]<l 9.0
of Hlg} & ZpolE EHAUIL, o] HolE Fud HAZRF Tl wE Aol
= e

B A% A} copepods WOl ZE 4 strains® Isochrysis & Isochrysis
galbana (KMMCC-12)7} 3/ olW =B XA B4 3HFe ol H o]
2 Agsttar AaE At Copepodse 7] =H A3} small size group
9] copepods (T. triangularis,Amphiascus sp., N-spinipes, T. teura, P. nana)
+ nauplius®] =717} 50~100 ym= S-type rotifer?! “B. rotundiformis=
= AbFol odE ol FE Aol x7] HoldER Attt Add
o} T3 large size group® copepods (P. inopinus, T. japonicus, A.
royi)E nauplius =7]7F 110~200 ym= B. rotundiformis®t =717} ¥
3 o] = WAlst7lol A¢d 272 AhE

E st I SfAY Ak S small size group copepods T ol A= N.
spinipes7} 7} 3= kal; large size group coepods & ol A+ T. japonicus
7 7Pg =4 JEg T, Esk deolmleAl ShaEyl HUFAS 3hebe
small size group copepods =A== P..nana’t 7V =4 vEhkow,
large size group coepods ol A= P. inopinus?t 7F4 = A e

AEZX O 72 small size group copepods?] N. spinipes®t P. nana™= S-type
rotifer?] B. rotundiformise sw3t7]1e] oJ#% s 7o v 59 Ao
o] A8 7}Fs3lH, large size group coepods$! 7. japonicus®t P. inopinuste
Aol FHol Z Ao AFSell o] rotiferet Artemia naupliusE thA|5}7]
of Agtsitta FETh AFo= B A A b3S copepodsE Yo A

717 R ofF Aol oz HolEa NS FAT BT} 9
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V. & ¢

Rotifere} Artemias thAst7] 9138 copepods F& 7NEst7] $18)
copepods®] A% 93te] T3 copepods £ A7), AFgHE JUAE
& XA TH

4 strains®] Isochrysis & #&7dolw AWt kel =2 Isochrysis

galbana (KMMCC-12)Z A 3}le] copepods

lo,
12
s
fr
o
Al
ol
ol
52
s
o
—
)

strains®] copepods® nauplius®} A Aol Hdy 7E LTI gAY A
717, At S F Ak 9 dd AbdE & 2ASY Y. F nauplius
ArEE sl 9% (Pseudodiaptomus - inopinus, Tachidius
triangularis, Tigriopus japonicus, Amphiascus sp.. Nitokra spinipes,
Tisbe teuera, Paracyclopina nana, Apocyclops royi, Apocyclops sp.)=
AAete] ofm At AARS FASEAAL v o2 AME-¥ rotiferst
Artemia nauplius®] @ G v wl kT,

Copepods+ naupliuse}t A Al #Z&ol zZ z} 45.9~97.3 um<e} 431.8~
7073 pm<! small~size” group (1. triangularis, Amphiascus kawamurai,
Amphiascus sp., N. spinipes, T. teuera, P. nana)®} nauplius¢} A
ol ZzF 1196~187.6 pmet 832~1157.8 um<l large size group (P.
inopinus, T. japonicus, A. royi, Apocyclops sp.)& TE%H At} o] & P.
inopinus® nauplius =717} 187 um= 7} ZA YEhoew, N,
spinipes® nauplius =71+ 45 ym= 7F¢ ZFA veRykh

E T3 Ao AEV Y @Y= Harpacticoid 9] copepods”F ©F

10~204 & 714 AQom tt& o7 Cyclopoid ¥, Calanoid =9 0]

=
ozl & AT 4 Ar&E-E Harpacticoild %<1 T, japonicus2} N.



spinipes?t 2k S/WAZ 71 =kl & nauplius BAMES T japonicus <t
N. spinipes7} 2F 100~150 7RA = 7P =gow, 1 tfS 2 =2 Cyclopoid
=2l P nana®t A royi7t ¢F 30~50 /WAZ eSS, Calanoid =<
P. inopinus7t 10742 7} wEokt),

9%l copepods®] of| Akt AL A lojA @Ay FH of
Ak 3 Ponana ol A ZH7E 51.3%¢F 21.2% = 7MY =%

o 2 AMgH Artemia naupliusell A Z+ZF 315%9F 14%= 714 wkt} =
A A S P oinopinus, P. nana ~1¥ 1l Artemia naupliusell A 79~96
ug/mgo. = 7hd =gttt rbE S A| WA 52 P, inopinus, P. nana
18] 3l Artemia naupliusell 4] 13~15 pg/mge = 7} =9kth. EPA =
2 P. inopinus, T japonicus 18]3l P. nana,°l* 17~18 ng/mg= 7}
A =kow, T triangularisol A 0.6 pg/mgl & 7} wektk DHA 3=
2 9% 9] copepods EF thE2 rotifer®t Artemia nauplius®.t} 2] s}
A =A YebdeHP<0.05), L 5 P. inopinus®t P. nana°l A 3.8+~4.3 ug/mg
o7 7V A Jehwrow, Artemia naupliusol A= DHAVE 7AZE5 A

ke 2 smallisize group -copepods s A= N. spinipes

b
)
o
o
N\
Lo
>

7V 7H =9ko ™| large size-group copepods T olA+= T. japonicus7t

Fg =7 yEbet Bpobn| ity e B XA AL RS small size

N

group®} large size group°lX Z+ 2t P. nana$} P. inopinus’} 7F3 =7
YElY N. spinipes®t P. nanat S-type rotiferE thAs}7]o] 2 3gtslcta
Hd= T japonicus®t P. inopinusi rotifer®} Artemia naupliusS o
Ast7] ol A7 copepods Fo.2 dEE T
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