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Abstract This study investigated the food value of Paracyclopina nana for flounder Paralichthys olivaceus larvae in two
feeding stages, rotifer (for 12 days) and Artemia (for 16 days). In the rotifer feeding stage, survival and growth of flounder
larvae in the only P. nana (nauplii) feeding experiment were higher than in the only rotifer feeding experiment on 12 DAH
(days after hatching). In the Arfemia feeding stage, the growth of flounder larvae in the only P. nana (C4-adult) feeding
experiment and mixture feeding experiment (P. nanatArtemia) were higher than in other experiments on 30 DAH, but the
survival of flounder larvae did not differ significantly among experiments. The n-3 HUFA contents of nauplius and C4-adult
were 4.0% and 5.4%, respectively. Overall the results of this study indicate that the brackish water cyclopoid copepod, P. nana,
is an effective live food organism for larval seedling production of marine fish.
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2.1 XXt rotifer
A e AET4C), nauplius$}

A FH(CR) ¥ ZFZ rotifer
HhE A3 50 L 4

>=EHAl

nauplius®F
rotifers 1:1% 33

v FEe AYFHR)Z Shed 3

Z(AHFSE 40 Lyl |A19] weba-S 1200704 58331
t} 29 & Baleda H3e-2 92.7+5.83%3it) olul
z7] Fslole] @ArlE A 2.740.15 mm, AF

0.73+0.05 mm%1 1L 7152 0.009+0.0003 mg©] %tk Al
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3.1 YX|Xto1Q] rotifer

Yz zpojo] AEELS P nana
33%)7} rotifer?t T 53 A F (R, 20%)H C}

31(P<0.05) rotifer®} P. nanas 1:12 &g
H(CR):= rotifer?t F53 AgFHU H A
HYAT 2= 281} f-9]4] <] zfo]i= HolX
(P>0.05; Fig. 1B). ©X|¢] A7]& 53} 1244,
A (6.3 mm), rotifer®} P. nanas
A (5.9 mm), rotifer?t g3 A
?ﬁ- (5.5 mm) =02 Ao 5 Bl o AEE rotiferth
Z3E AT 2 A TRT 24 JeERTt
(P<0.05; Fig. 1A). 58} 1297 Y% jolo] AZHe
P. nana®t 3w APT7F0.17 mgl® thE AFTH
t} =4 YeERETHP<0.05; Fig. 1A).
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Fig. 1. Growth (A) and survival (B) of Paralichthys

olivaceus larvae fed different diets (C, copepod
100%; CR, copepod 50% + rotifer 50%; R,
rotifer 100%) on 12 DAH (days after hatching).
Different letters indicate a significant difference
(P<0.05).
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e oL P nana®} Artemias E33 4

FHCA) 9+

B o]z 0] AJo]i= HolX OLOLEHP> .05; Fig. 2). HA1<]
AZFe 13 3044 P. nana &5 79 CA &F
7} 6.6 mgo & 71 = L]—E]—‘/]'E]—(P<0 05; Fig. 2).

WA o) AEEe BE 877 BAZ Aol wolA
01-01-1;]_

30 - —_ Eﬁﬂiiiii“ﬂ‘ 8

b b 4 Dry weight
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ab

Body length and width (mm)
Dry weight (mg)
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2. Growth of Paralichthys olivaceus larvae fed
different diets on 30 DAH (days after
hatching) [C, copepod 100%; CA, copepod
50% + Artemia nauplius 50%; A, Artemia
nauplius 100%; CAS, fed C from 14 DAH to
18 DAH and then A from 19 DAH] from 14
DAH to 30 DAH at Artemia nauplius feeding
stage. Different letters indicate a significant
difference (P<0.05).
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(nauplius: 3.4%; C4-adult: 3.2%)H ) Fodo=z =2
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(21.4%)Ht} A2l DHAS] $H1](28.9%)7F o =&
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HUFASQ] & H]&-2 o] 5 HolX] g9t o1L}(P>0.05), Table 3. Fatty acids composition (% of total fatty acids)

DHA®] 3ol 9lo] copepodit W= o2 FFat A9 of Pamli*chthys olivaceus fed different diets on

7 10.8%% rotifer T A3 2] 8.2%K %% H] 0 DAY

.o Fatty acid A CA’ c CAS’

& BTHP<0.05; Table 2). 73} 30 A 2+ A= 20:503 232113 20080417 1624027 232+125°

7} FaE WA zpoje] A Wik Aol A EPAE Artemia 22:6n3 13£0.06°  6840.67  124+091°  24+0.13"
= AE A9 CAS A7 25 23.2%2 CA A n-3HUFA'  24.6£1.07°  27.040.80  287+1.27°  25.8+0.94'

19 Popgna W= TETRU =4 Yehton EPA+DHA  25.1£1.07°  26940.74°  29.1+1.17° 25.6+L.18"

(P<0.05), P. nana &= *“:"——r"(C)ﬂ- 16.2%% 7P & 'HUFA ; highly unsaturated fatty acid (C=>20).

- - ; trace amount (<0.05).
S S By = Ay [} 2}
= dHIE HAIth DHAE C 2977 124%2 71 ’C : copepod 100%, *CA : copepod 50% + Artemia nauplius 50%, ‘A

=) e o802 CA A7) 6.8%9] S| = . Artemia nauplius 100%, *CA5 : fed C from 14 DAH (days after

4 23] - o o hatching) to 18 DAH and then A from 19 DAH.
welon A AFT CAS 237 47 1.3%9F 2.4% "Values (meants.d. of triplication) in the same row not sharing a

2 3 ‘/]'E}'b\‘:]'(P<0.O5). n-3 HUFALE C /nalsﬂq:rLﬂ_ common superscript are significantly different (P<0.05).
28.7%= o2 AT R A YERATHP<0.05; Table
3).

mmmm DHA

5 —3 EPA

Table 1. Fatty acids composition (% of total fatty acids) = Others

of food organisms fed to the flounder
Paralichthys olivaceus larvae. Rotifer and

n-3 HUFA content (% dry weight)

Artemia were enriched with Al Super Selco. 3
Copepod nauplii and adults were cultured with )
Tetraselmis suecica’
Artemia Paracyclopina  nana 1
Fatty acid Rotifer
nauplius Nauplius C4-Adult 0
. 5 " - R A PN-N PN-A
20:5n-3 8.3+0.96 11.1+0.22 3.4+1.16 3.2+0.20
22:6n-3 831016 81102  21.4+093"  28.9+0.51° Diets
1 a a a b .
n-3 HUFA 23.340.72 20.4+1.00 24.8+2.09 32.1+0.71 Fig. 3. n-3 HUFA contents (% dry welght) of food
EPA+DHA  16.5£0.80" 1924079  24.842.09°  32.120.71° organisms fed to Paralichthys olivaceus
DHA/EPA 1.0£0.14*  0.70.11° 6.7+2.01°  9.0:039° larvae. Rotifer and Artemia were enriched
Total lipid ~ ILI£1.70°  142+148°  183+0.71"  18.8+0.78" with Al Super Selco .Copepod nauplii and

"HUFA : highly unsaturated fatty acid (C>20). adults were enriched with Tetraselmis suecica.

- @ trace amount (<0.05).
Values (meants.d. of triplication) in the same row not sharing a
common superscript are significantly different (P<0.05).

4, 0 F

Table 2. Fatty acids composition (% of total fatty acids)
of Paralichthys olivaceu.s ffd different diets on B A A YR zpele] =7Ho|2M P nanas B
e o o — Fe A9 rotifer FHRA} drtemia A BT
20:5n3 8.0£0.99 87:038 804036 oA rotifertt Artemias &H3s WHT Hxe] 4H
2:6n3 82:0.67" 9.10.10" 10.8+1.16° o Aol o ZAHYA ZoE YERITE Fat snook
n-3 HUFA' 16.241.65 17.8+0.47 18.9£1.51 (Centropomus parallelus) A} A Acartia tonsa <
EPA+DHA 17.1£1.65 17.8£047 192+1.40 =, pink snapper (Pagrus auratus)®} West Australian
'"HUFA : highly unsaturated fatty acid (C>20). dhufish (Glaucosoma hebraicum)?| Al Gladioferens

- @ trace amount (<0.05).

R : rotifer 100%, *CR : copepod 50% -+ rotifer 50%, “C : copepod 100%. imparipes= ow 223 A *“‘Lﬂ(EZacatmuS figar O)Oﬂ
"Values (meants.d. of triplication) in the same row not sharing a 7-” iHZHH:s_]» Jq_z]—%_g. Ta3 4 J,]. rotifer &9+ EI:]. )\4

common superscript are significantly different (P<0.05).
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A AEe] 43 AHE AJATH11-13]. EFF West
Australian 3|7},  Hippocampus  subelongaus©l| 7|
Gladioferens imparipess 3+, B-57tel Amphiprion
clarkii| Al Tisbe spp.& 3, U Atlantic codll Al |
At QAFE FF3 A rotiferdt Artemias 353
& o B} Qg AEe] o e e Bagk np
SITh[2, 14-15]

7] Asole) Aol ok A A7k

d

&7 24, i+ e
Ak F DHAE 3291 417 ekt 715l a8
o 53] Ajoje] Wiy} Aelo] o7 oee o

Aoz A i3], Yellowtail flounder (Limanda
ferruginea)®] 73-5-, DHAV} &2 Ho|& H2 Aol
23743 AEgol EA e 9HE, DHA $afo] vS-
W HolE B2 ztolE A AEE0] FoHo
A Uehdth4]. B A3 ME P, nana’= DHA H]$&
o] 20%°] 2.2 rotifert}t Artemia®l W3] J33] =S
W oolyzgl 125 9 DHA $¥% nauplius®} C4-4
A 47 3.5%9 4.8%% n-3 HUFAS] jH-&8 21|35}
At =3 P. nana®) n-3 HUFAT nauplius®} C4-adult
47 4.0%8} 5.4%5 3ol Apolo] ARl s
918 n-3 HUFAS QI 3-4%5 273 A0 = Ve
(Fig. 3).

AURbA o 2 B4k o) F ApojE ApAAL ofghe] W
copepod®] A A 2 djFE At of 7 zpo] A4
o]°] DHA:EPA H]¢1 ©F 2:191 #o]Z 2 T&THI].
21 o] A} DHA:EPA H]:= Al Super Selco™% %78}

H rotifere] 7%, McEvoy et al. (1998)[3]] A& olA
0.59 H]S:3k 1,002 v A5 W9, Artemia® 73
$-%= McEvoy et al. (1998)[ 191 AgeA 0.7-0.8,
Payne and Rippingale (2000)[2]2] A& o)A 0.2¢} 1]z
sHAl 072 WA Yk 22y Poonanad 7T,
nauplius} C4-"3 4 217+ 6.77} 9.00.= uH = e}
wrh dulEo g copepod= A A zlo] Z1X3 dby
Artemia™ /A Qo] FH-alch E F4
o] 7)2AR1 AstA RN TE A A 25tE HIAZ
ookt zoizt 7 gGAl k3t :
copepod W DHA & I |pake oJok7tslyl
Artemia nauplius®] F4A14 W A2k #Foirt
Al st A3, 16-19]. wWEbA & A FeA
3k 3044 |x19] ofAlel g Ak el 4] DHA

:J_

r}u: 12
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o] e vl P.onanas AEH R IFT AL
6.8-12.4% % Artemia 57 2 CA5S AT HT} &
g Hls BATHP<0.05). e #E Bar|AE, |A

':ﬂEHO}i T AAE A A FE YRR Folrb
o] olFdhE T g FEfA WeEer Sl F9A
ol A AXAEE vHy 7] wito] A2 AL HeldH =
o]l &3 wlAA 20l 2 AFAA gAY
Artemia FA AFoNA FH3 P. nana C4-FA= &
F-f74<21 nauplivs¢b= @] A7 FEske FAE ok
o] wiitell gx]| ARGz o] Hol Yol Fxe i
B FH5A49 drtemiaol ¥)E| FRulE T 15 B2}
Stk wEbA {1 e /\]715 A FAAE Wao}
= Al7lolB2 A BRAQ Artemias &3 AE
T Y= P nanas 3w AP B Hel HF
213)7F v AYE Qo o] e Artemia 3T

34 Asl alo] H3le 7hedel e Aow v

(1

[2]

B3]

[4]

Sy

—,OJ Ao Z YePto™ P onanas %
= Al rotifert} Artemia®t 50%%F &35}
Z82g Aoz Aoy}
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