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Effects of Temperature, Salinity and Diet on the Productivity of the
Cyclopoid Copepod, Apocyclops royi

Kyun-Woo Lee*, O-Nam Kwon' and Heum-Gi Park'

Korea Ocean Research and Development Institute, Ansan P.O. Box 29, 425-600, Korea
'Faculty of Marine Bioscience & Technology, Kangnung National Universiry, Gangneung 210-702, Korea

The productivity of cyclopoid copepod, Apocyclops royi fed by various diets (Isochrysis galbana, Tetraselmis
suecica, Phaeodactylum tricornutum, concentrated freshwater Chlorella and baker’s yeast) was investigated at the
different temperatures (16-36°C) with different salinities (5-34 ppt). A. royi was cultured in 6 ml vessels (12 wells
culture plate). Total production (188 inds.) and daily production (13.4 inds.) of nauplii by A. royi female at 32°C
were significantly higher than those of nauplii at the different temperatures (P<0.05). Development time from nau-
plii to copepodite and from nauplii to adult tended to increase with increasing water temperature up to 32. And
total production (169 inds.) and daily production (9 inds.) of nauplii by A. royi female at 10 ppt were significantly
higher than those of nauplii at the different salinities (P<0.05). The fastest development time from nauplii to
copepodite and from nauplii to adult was observed at 10 ppt and 15 ppt, respectively (P<0.05). The highest total
production of A. royi nauplii and fastest development time from nauplii to adult were obtained in females fed
Isochrysis galbana (P<0.05). These results may indicate that the optimum culture temperature and salinity for
A. royi are 32°C and 10 ppt, respectively, and Isochrysis galbana is one of the suitable diets for this copepod.
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Sloj Aol A A% BRaE Aslel A
ﬁz—g— &}7) w&-ol (Klein et al., 1990) 2}
A AEfA| ] AFx| o} B ZH7Re] Holh o2 w9 F 2 3FTH(Sun
and Fleeger, 1995; Pinto et al., 2001). ©]&{3 szt Q77 =

geksl Z718 7T S #ak o2 (Gapasin and Duray,

2001) 4t Apoje] FUH 27, &3] AW 872 SHA
o8 TIEAZ F e B2 AU IAE AU Qo At =}
o5 $I3t #He] Holg de|x] $iti(Watanabe et al., 1983;

Shansudin et al., 1997; Toledo et al., 1999). Lz } slj4to] &
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WU =T} v wd w2 harpacticoidoﬂ thaje] o=
ThH(Kahan et al., 1982; Uhlig, 1984; Nanton and Castell, 1999).
I}, harpacticoid £2FF+= XA 08 vl 2 Hio) Bz
EE TEE FAHOE A A AXloj7t A Ho]EH o
£5}17) ol & Fol 9vh(Kitajima, 1973; Park et al., 1998). ©]

o Hislo] TjFE9 calanoidet YH- cyclopoid S.7Hr= i
B RRAELEA L AR|olrt BlmA A HolRAM HHE
g 907] wiol] i mjdrlsel Wk A Bas] JE
h(Ste ttrup et al., 1986; Ohno and Okamura, .988; Ohno
1990; Schipp et al., 1999; Payne and Rippinigale, 2000;
Payne and Rippingale, 2001; Cheng et al., 2001; Lipman et al.,
2001). ©1&¢] A5 & cyclopoid 2.7+ = T
g eke] AL A Z e HJung et al., 1999), &3]
Apocyclops royie} A. borneoensis= 212+ grouper 2 silery black
seabream AFo] A1719] Artemia nauplius® TIA|3h= HolAE
2 7M7Y 52 2o B3 HIUTKSu et al, 1997; Cheng

et al.,

Q1 Apocyclops &
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et al., 2001; Sto ttrup and McEvoy, 2003). Z1&]t} o]& <]
oS gk FAHR] HA o g Aol B AE= v
gt Aol

et 2 Ate fEvEelA & BEg cyclopoid, A.
royi] & wjkS 918 712 ARE g H8)] o159 F
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A. royi®| &= 22|

A 80 um¢] QEHHIE pet9l 500 ume) E netZ
ol &3l Attt AT A oyis HEEE &7 F X3
gk A 1 whEli HEsted wigsilen A et
Aol SAEUY Fo] Ba-E sl HolR Isochrysis
galbana®} Tetraselmis suecica® st} FH39 2 42

24°C, A3 15 pptE FAEE WE7]oA w8t

A. royie| 21} &

Fe2-ofl W& A2l nauplius A4, AZE7]17F 9 nauplius
o] A&7 72 16, 20, 24, 28, 32, 36°CE AA3IAL 4
315 ppt= L SIATE Bgt HEol w2 A ] nauplivs A
AH, AE7)17 2 nauplius®] A&7)17HE AR 5, 10, 15, 20,
25 ppt 2 UREEI(34 ppE YA T2 28°CE IF
Stk ojm A7 Al ZEE 1,000 IXE 244 7F A4 2SI

A% 12 wells culture plate ©18-3+] 7} hole (45 5
ml)ell ZEZHE 24A|7ko] A UA] o2 1 1 vlEld 12 vl
NG 438lo] Fle]l 443 nauplius A2HES ZARSISIT
Nauplius A= 2487 3 wiekit W5 ghalma gakd
nauplius$ A8l 2™ A8 naupliuse holedl| A A 434
ok AL 9 7HE bFlo] HARE wizkx] AJ4kel naupliuse]
Z3o2 A=At ¢k A4HE nauplius®] HE717HE AL
3l7] Q18 #3} 3 24117k A upA] 94 nauplivus 1~27] 10 wl2]
A9 12 well culture plate H{%F 5 mlyell 585t 38 ]
7 &t Al nauplius 1~27]9141 copepodid 17129] He7kx] 2
g 713k Hz X A7 4™ 7170 718 43 |
olelg 42 nauplius 4R Ste trup and Norsker (1997)
o] 2of ofaf A= ATHP=(N/F)/T| (N=%-3H¢l nauplius®] 3
T F=3le] 47 =3 e] 717, Blole I galbanad A
23,500 rpm, 15%)%F & 34 HastdA 1 18] 3x10°

cells/females &3t}

A. royi®] HO|

Aglol AFRE Hole [ galbana, T. suecica, Phaeodactylum
tricornutum Gy 55 Chlorella (FF23)AE tAh 2 W g =9
t}. I galbana, T. suecica, P tricormutum- £/2 ¥ X](Guilard and

Ryther, 1962)°141 784171 & 22 9148)(3,500 rpm, 15)3}
of FE ¥ 34 HashiA Hol2 Ikt deage
FE, GE A T Yo dAsialen #23 9
& 27 28°C, 15 ppt= LG skiTh ol g 19 13] 7
glole] Az FHoR 73 ugd IHAT AEL G A
/d,

3k Z nauplius 79 €Y nauplivs T+ 2 AE7H,

S 24

2% AFR= one-way ANOVA-testE 2A1519] Duncan’s multiple
range test (Duncan, 1955)% #{g]sle] HF 7+] Zfolofl thgh
2] 4 (P<0.05y% SPSS program (Ver. 10.0)°0.2 AHA 3]
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Apocyclops royi®| & =21 H&

20| (2 MA|2| nauplius A4, =7 (7F 2 nauplius®
=iy

A. royi A &A g vl2lF F nauplius A2 42 32°C
oAX 188 A E 7P A VLS 28°C7T 132 TRA R ¥
MZ A Uepton o] 7haglel uel AME R 7HAE)
E Aem vepgth ey 36°CollME 62 A= 23lE
aste] 20°Ce] 92 AA Bk A GERSTHP<0.05). BESH A A
9 & U7) nauplius AR F AR 7H8 AR Ho
32°ColAl 134 MAE 71 =A vkl #20] Y-S5 7
28R ALS BIo 36°CAMe 5.97A R v e
of visl @A VERRThP<0.05, Fig. 1).
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Fig. 1. Effect of temperature on the daily production and total pro-
duction of nauplii of Apocyclops royi at 15 ppt. Vertical bars rep-
resent standard errors.
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Fig. 2. Relationship between temperature and development time from
nauplii to copepodite and from nauplii to adult of Apocyclops royi at 15
ppt. Vertical bars represent standard error.

RAL(P>0.05), 24, 20, 16°CE F&o| &2 A Yehyict
(P<0.05). ZL2u} 36°CollA 3= copepodid 171744 sl &
3ot 2% Al Nauplins 1~27104 &2 £28 w7}
2 gy 71708 32007 7298 MR wE wg g °
16°CollA 17.5Y 2 71 4] el 20 72480E v
717ko] -9 Aeke R ATHP<0.05, Fig. 2).

A royi AL 16°CoA 3042 71 7l S BT 36°C
oA 1YZ 7 we FALE B 20 $eFE A
EROUk(P<0.05) 28°CS}F 32°CE R2&Q Aol Rolx| &
ATHP>0.05, Fig. 3). '
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M=o12t
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Fig. 3. Relationship between temperature and longevity of Apocy-
clops royi female at 15 ppt. Vertical bars represent standard error.
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Fig. 4. Effect of salinity on the daily production and total production of
nauplii of Apocyclops royi at 28. Vertical bars represent standard error.

& HolA] FUYTHP>0.05). A 47 LU HF navplivs 43
AE 10 ppt7} 9 MAN=Z 7 Eﬁ"ﬂ} ‘/}'E}'M—L(P<O~O-‘i) vR]
BE ARTE 2olE RolRA) SUTHP>0.05, Fig. 4).
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royi®] ¥-3F ¥ nauplius 1~27]9l14] copepodid 177} 2]
7172 10 pptol A 2892 71 #A Rt et 15 ppt
o= ol & Holx] PL(P>0.05) 25 ppidt 34 ppreflAl <k
A7 ohE gl sl ZA Jeldth(P<0.05). Nauplius
1~27TelA H 2 2s wzkx] e 71748 10 pptst 1S ppt
7h 247y 7Y, 77U R wE Ues 590y 5 pptE AL
I FEC] BEFE W] AR HeEE Hed 25 ppt
34 ppell A ZF2) 9.1, 9.88 2 71 AA VERGTH(P<0.05,
Fig. 5).

A. royi &
FIL(P<0.05) YAl AE oM e
AFAUTHP>0.05, Fig. 6).
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Fig. 5. Relationship between salinity and development time from nauplii
to copepodite and from nauplii to adult of Apocyclops rovi at 28. Vertical
bars represent standard error.



AL 877, Apocyclops royi®) wielEa 55

25 o
o~
2‘ nr . . *
= - 4
N
= 15
= 15 b
& . y=18.203¢ 1%
U
& R'=00147
[~
10
&
z
=14}
§ st
-
0 L 1 1 'l .. 'l Il [
0 5 10 15 20 25 30 35 40
Salinity (%o)

Fig. 6. Relationship between salinity and longevity of Apocyclops
royi female at 28. Vertical bars represent standard error.
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A. royi 234 &3 g vlRIE & nauplius BYE L [ galbana
o} T suecica 3577y 742F 142, 127 AAZ 7V =4 Ve
B3, U202 P tricormstum FFT7} 103 AR e,
it FF Chlorella 35 23 A2 713 o Aate
& HAUHP<0.05). A ¢AF 4 H nauplius A=
I galbana 3577t 8.2 /AR 7178 &7 Vel whd ghamatk
FE Chlorella 3375 1.7 HARE 7Pg @& 4088 29
TH(P<0.05, Fig. 7).
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Fig. 7. Effect of diets on the daily production and total production
of nauplii by Apocyclops royi at 28, 15 ppt (ISQ, Isochrysis galbana;,
TET, Tetraselmis suecica; PHA, Phaeodactylum tricornutum; CHL,
Concentrated freshwater Chlorella; YEA, Baker’s yeast). Vertical bars
represent standard error.
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Fig. 8. Effect of various diets on the development time from nauplii
1o copepodite and from nauplii to adult of Apocyclops royi at 28, 15
ppt (ISO, Isochrysis galbana; TET, Tetraselmis suecica; PHA, Phaeodac-
tvlum tricornutum; CHL, Conceuntrated freshwater Chiorella; YEA,
Baker’s yeast). Vertical bars represent standard error.
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Fig. 9. Effect of various diets on longevity of Apocyclops royi female at
28, 15 ppt (SO, Isochrysis galbana; TET, Tetraselmis suecica; PHA,
Phaeodactylum tricornutunt, CHL, Coucentrated freshwater Chlorella,
YEA, Baker’s yeast). Vertical bars represent standard error.

7R B 212 1 galbana® T, suecica FT-7} 2t 7.0,
724 98 A% vis) wEA Jehday W 88 35
<= 91942 7P A JERTHP<0.05, Fig. 8).

A. royi G FHE T suecica®h P tricornuum 2377}
747t 23U 25U 2 7 -2 Bl wbd @it 5% Chiorella
FTRTE 4YE 7P mE JARE BTHP<0.05, Fig. 9).
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dtoz 22 g4Fe) Ak F el g
vz 7P Fa gt 29lojw(Corkett and McLaren, 1970;
Landry, 1975; Checkley, 1980; Kimoto et al.,, 1986a; Kimoto
et al., 1986b; Uye, 1988), A ¢k#)e 2204 Ln)E= o
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T2 FAAURA = Waol AME = e AUAE FoEA
FFoh(Williams and Jones, 1999). ¥3F Miliou and Moraitou-
Apostolopoulou (1991)= Tishe holothuriae®] 28] A2be &
nauplius A4F ¢} ¥ P2 Foo] A furt 7V ¢
S u Ay By B AlX Al royi R S
9] % nauplius A2FE 3} A A F LY nauplius BAHE7F
32°ColA 71w AE RS 32°CHRT =2 36°CH 1
ol3le] FolAs o] BAUFE YolAlE IS Bt
olefdt A= A. royi®) FHAujgr0] 30°Ce] FLFLolgtal
B8 Cheng et al. (2001)2] A3 FARES BT weba
A. royi 33 319 nauplius 3 WA & 32°CE AE
o, 27 £&21 32°C Bt AV 22 Helole A &
A& 3l fEE gl Ale] F7E= Q18] 24219 nauplius
AarEo] HAadt Zie g drkdr

F&& 27kRe ddd] & vl P F8F 84 F
2] shtol (Kimoto et al, 1986a; Kimoto et al, 1986b), T
o] FyHgel wat a7bRe| e Frleke AEE B
(Kimoto et al, 1986a; Kimoto et al, 1986b; Laabir et al., 1995;
Uye, 1988; Uye and Sano, 1998; Halsband-Lenk et al., 2002).
B Ao ME F20] Y&FE nauplius BANA copepodid
SAZEA 2k nauplius ©AONA AA7ER| o] B A|7ho] F-ofs}
A AA delst.

Payne and Rippingale (2000)2 calanoid 87+ 2 Gladioferens
imparipes7t 25°CRT} 20°Colx] AEE] 7] Vet B
Tl Th T3 Kang (1997)2 ML=134.258x10%%"T [ML&
] 9 (day)°] L, TS LS (0)18F 22 AA A 28] 2%
7} Z718k) wel A AolA kst Ak A28 2 ZHF Acartia
steueri A FF 2 Hu] FHo| FolHoiy Ruslgor o
2 Aol A AR o] AP A Fke] HojzziolA vk
Z}Y2 Calanus sinicus= 20] Z715H) w2} 252 Huj
o] golHth(Uye, 1988). & SAollM = A royi A 43
T 7o) WS 4AA YEhsth
HEZATHE A A WAl JEe vA]7) wiiel I
UM ES B30 4L vXE M £9F 24 59 shy
o]t}(Cervetto et al., 1999). Cheng et al. (2001 A. royi®] 73
%S 93 HA JEERALE =L 30°CIA] 10 EE 20 pptEk
I BIEAT B ArdA s o B B9 A A9
st A royi QA Y219 F nauplius AAHEF AJA A
2 U nauplius AAHFE 10 ppeld 7HF B4 Uepton
nauplius&+#] ¢l 4] copepodid @A 7142} nauplius F3} $-of| A]
A7 o] e 71Z2E2 10 ppoll X 7 &A Vet AL royi
9] HH FEL 10 ppt= TAET. T A oy AR GR9
% nauplius A= A 4 F €Y nauplius AAaE
15~34 ppt HHNA ZFo)E Ho|A] %9h7] wjEe] A royi=
Z19] nauplius Al olA Bl FHAHA Ae=E
Hof, &gt gE dist .24 oHle WE/IE RE
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2 HeH7] Wi Aoz AdE,

Nagaraj (1988), Nagaraj (1992y= Z}Z} Eurytemora velox2}
E. affinis?] Y 7|7bo] 23} Qe 9] FEL wgkom
o) o] o YL vl B IS, Kimoto et al.
(1986a)2 Sinocalanus tenellus® W& JEHC} 29 ¢
T FEE etk Bugh v ik B A ME A royidl
Ela= R e R R e v A= o P
AXTh =A Vet g 2l i W) 3 A
g Holz ZoR Yeht 49 e diEEte S
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WA O 2 harpacticoid 847 T2 A4 /7] HHE 24
=z

=

8
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M 5 AAA oot A
] naupliust} copepodidd-2 A9 A7E A= &

Ao 7 7+ 7 IokSte ttrup and McEvoy, 2003). Chang
and Lei (1993)& A. royi7b g Z7) @rllM & 22)4doln
%71 copepodid @AM = FE SAdo = A= RS
st B AdME 4 F/H A =2F
ROH A, royi®] GFL HIE Yol FHel whl Zfol= UAA
g Aol AE-S BE Ho|Z W ao] 7FE3 T naupliusel
A QANA e R B
o} webd A royie] H <)
7, dHeglo} 2 FEA Ho|AE 2 T
der g die] FIHHORE olRojxjol & Ao R ditty]
o 53] g el AES] Dol naupliusol] e 34
7F&7d (Payne and Rippingale, 2001)2 t) &ujjfollq vt o
ko 2 ZIg]7] uifol ol gt A e A0 AIRHTH

Isochrysis galbana, Tetraselmis suecica R Phaeodactylum
tricornutume- DHAS} EPA 7+& A dp4b §hgfo] Bl w3 2
WA ZE 2 48 lch(Laabir et al, 2001; Lacoste et al.,
2001). YHHR o2 9 7HRo] AL Holo] et Ao &
#2091, n-3 HUFA 53] DHAS} EPA7L AJatels) o) v
o oA 2g3ity BE Y rk(Payne and Rippingale,
2000; Lacoste et al., 2001). W2t & A4 = DHAS EPA
7} 538 I galbana, T, suecica 2 P. tricormutum 3577}
D2t 55 Chlorellad) WERETH & A48 we dd
S Bel Ao=w AR}
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1 3
9 o
=

& HEFE 2750 22 TEEYAE] W4

gk oR| Y o2 SR Temora stylifera 738 8.
7—f W] 2L J3E vAE FoE 4EA Jo
(Carotenuto et al., 2002) o2t Y12 F2F W aldehyde’}
Q7bRe] v g Aaielr] il Zies geiA
et al., 1999). e} B A F27<2 P+
3 FUA = Ta7-9 A royi®]
nauplius A2l el I galbana®}t T. suecica BF7HT &
ojFog v AFE HIH AL olH3 Ygle g wAdHr)
e A gle] Fe sloide 2318 P ricornuum®

A

FHS HATIY T osuecicaZ ZF3 BETE A3 & 9

i)

ﬂ.lo>1 o

(‘ r[o 5

It Miralto
ricornutum® $-

B3 P tricornutum B

ol 5t Ao ulg] AA JElS P tricornutume A &
Z¢] YAE 93 Holz e 935]8] Fisk Aoz T}

27} linolenic acid, 18:3n-30.21E] EPAS} DHAS 3
P Skeid

9% T U= 8L 72 th(Norsker and Ste ttrup, 1994;
1997; Klein Breteler et al., 1999; Nanton and
Castell, 1999; Lacoste et al, 2001), ZZ&|L} & Agfojx g
A &5 Chlorella®t &R F5377} linolenic acid7} F5%
(Maruyama et al., 1997; Lee et al., [999)l|= &8ty W
Azl =l wrgh g 1ol A8 Gt 22 Chlorella®) W&

Desvilettes et al.,

20} celluloseE FAROE 3= TS AEuiol A5y} ¢
817 RP7] Wil Rez ggdd,

2 ATE sl £ 0, cyclopoid 221791 A. royi= H)
£ At st gy el s Afolzt AT H)wA 32, A4
A Ao gokEn & A AMg-g BE Holg Hojge
2 4T 7 e 20 Hol g H% F83 A

RE Ao AR AEHOZ A royi®] HF g
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