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Growth of the Brackish Water Flea, Diaphanosoma
celebensis, on Different Foods and Food Concentrations

Jin Chul Park® and Heum Gi Park

Department of Marine Bioscience & Technology Graduate School,
Gangneung-Wonju National University, Gangneung 210-702, Korea

This study determined the optimum microalgae species and concentration for the brackish water flea,
Diaphanosoma celebensis, in individual and community cultures by feeding it several different diets. Six
single trials (Tetraselmis suecica, Isochrysis galbana, marine Chlorella ellipsoidea, freshwater Chlorella
vulgaris, Scenedesmus sp., Selenastrum sp.) were conducted at 10 psu and 30°C. The community and individual
cultures of the water flea were performed in 1-L beakers and 3-mL vessels (12-well culture plates), respectively.
In the community cultures, the maximum density and specific growth rate were highest for water fleas
fed T. suecica, reaching 60.0 individuals (ind.)/mL and 0.40, respectively. In the individual cultures, the
most offspring and greatest life span of females were 56.9 ind. and 24.3 days, respectively, in the T. suecica
trial. By contrast, diets of Scenedesmus sp. and Selenastrum sp. resulted in poor growth rates.

In the 7. suecica experiments examining a range of 10 to 200x 10° cells/indl. the specific growth rate
of the water flea tended to increase with the amount of supplement, while the life span decreased. The
maximum density and number of offspring of females was highest at 53.5 ind./mL and 38.8 ind. respectively,
at 40,000 cells/ind. These results suggest that the best microalgae species for the mass culture of D. celebensis
is T. suecica and the optimum concentration is 40,000 cells per individual.
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A7 B Ee A4S Poh T AEETG
B2 B8 HuF ‘3‘4 e gjol7t A = Holfo g o] 837
wiEol ol o]gAfo] vl BT Fo]t} (Urabe and

Watanabe, 1991; Fileto et al., 2004; Kumar and Hwang, 2008).
oleig BHFE molz HHE AREFAEY T
et ARG A3 AgEe] thEA vehdth (Gulati and
DeMott, 1997; Fileto et al., 2004). B¢+ # o] FFwirh A58t
Q) 4 garo] tham), oleld A Aol Azfel AAY
o= Y3ES v|AAl FT} (Urabe et al,, 1997; Sterner and Schulz,
1998; Fileto et al, 2004). WbA] EH &S Wkl Q1o 15
o] g 4 *ﬁ*‘o g A ol YL e vheAl dg
s} A= ufﬁé‘} Moina sp. 2 Daphnia sp. 52 ]k
7] gl8) ol A%, HAE B AA 57 e P
Holdue FEae] o s B980P (Ventura and
Enderez, 1980; Balasubramanian and Bai, 1994), ol &<
2F EW SR Moina macrocopa’s W #Bl skt 1o AlEe]
7|7} 25 AAHA GAE Chiorella sp2 71 Bo] o] &
8} AT} (Nandini and Sarma, 2000; Zhang et al., 2006). L2t}
7l 2o RSl . Hol g Bk AT o)
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w Fof) uf-$ =93 874220t (Duncan, 1989; Martinez-

Jeronimo and Gutiérrez-Valdivia, 1991). B3t Park et al. (1999)

2 FEHO|AE ] A ol HolEFulrt & ALt

7Au ] oF 87%% AA|sted A4 HolgFEs 2Hd B¢

HoldH| & o]o| ] A4 FHANME H% F stk A4
3}99.2.1, Yoshimatsu et al. (1997)2 HXA] ¢f11 Fe oEe
Hol= okl e d-S WA= i% EE HoldEe
FENE Aol A FFE Wales WAT] Fd dlo]
Ao Rausdck o)X # AAA, e 9 bgARl A7
T da e HeliMe 2EAA TEEHE Bole] FE

L wioA] FHEE a7 98 Aot
ol#] 3l JAA B A= 7|53 EWE D, celebensis

i) okS 8] ol8e] A HolHEH 1o E FHHE
FAPSFA T
e 9wy
712k B 291 D, celebensisS] A Hol & 57
o} e FFES Esh] St AL I Y 7HXﬂHH
Yo = o] kTt
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Y Holz ALEH AEEFIEL £HE AU
Fhan) 2R o 2 RE  RBre  S4Ab  Chiorella
ellipsoidea (KMCC-C-39, SCH), Isochrysis galbana (KMCC-
H-9, ISO), Tetraselmis suecica (KMCC-P3, TET)9} 7 7| th &t
2R ol A BPe B4t Chlorella vulgaris (FCH),
Scenedesmus sp. (SCE) ¥ Selenastrum sp. (SEL)& ©]-&3}5th.
AESHAEL ] L vidsle] ©E FETE T8t
Ak DRk A1 L vl RS 500 mLyol 570 A)/mL
2 HF3t 10 psy, 30C 273N FRHU. Ho] FFeF
< EHE 1,000 MA B Ho] AZRFH 2 mgd 71EO
19 18] FF3lAth A8 2597k o] Foj o RE 2
< 33 yhEEt A d9e Ay SY3
2102 12 wells culture plate (W) %= 3 mL)9ll
D. celebensis®] o1& F-AS T ol Hz3 &
ARk B S ALY ol Lok A o)A
HAF YeEbhd SCE ¥ SEL A3 e A Ysigh

Ho| FFae & AL 74 ax4gg) Holgdd 1
suecica® A3t ZRA T 10,000, 20,000, 40,000, 80,000
2 200,000 cellsZ vHro] B3HT HELLE 2 L BA
(M= 500 mLyoll SAHA/mLE b3 ¥ %=L 10 psu,
30CE HAAslA) AP 15Ut o] FolFom RE AYe
33 WhRalHth S 3dvith AFPTE Patgon, X
7le M2 AAFA Lok ARk A3 @ ) ok}
Tdg AATE 12 wells culture plate (BF%S5 3 mL)l| 3¢
AHEE D, celebensis®] o) FA1E 3§ nlE)d AES T vk
A, A 2 B 2A Y
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& (Specific growth rate, r)< Rico-Martinez and Dodson (1992)
of ol wheh AVt e A AE- Aoyt
31 D. celebensis S04 A2 o2 23 4AL Wz
g 83te] 30 A0 2 g AgE o /A8 E9)
3h ), 12 wells culture plate (P} 3 mLyell 3+ vha) ¥ M2}
of HAr W7hA] JFEATE APV 2] gAlo] H)
Atete AZIZMAR ste] o FAGARE A HA &S
ATt AFOE fAS Al AIIAE A4 A g
(Pre-reproductive phase), 3 WA FAS 21&g T 4 o
viA e fA8 S A g7l S ¢ A4 @Al (Reproductive
phase), ¥AH | 8 2 F A 2tz TR B23E1Y
o A A A Gl AT Ee 2 gaEaslgon,
o] FEH T 12A17F THF o2 2ASY T

EE A¥ A one-way ANOVA-testS 2 Al & Duncan's
multiple range test (Duncan, 1955)8 A8} i 7+e] §-9
/3 (P<0.05)& SPSS program (Ver. 14.0)2.2 A3 A}
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D celebensisQ| =& SO 2
HolFHe wE WRukel 7|54 BEWE p
celebensis®] D=8} U NANALEL Fig 17 29 ERNQ

o A3ETs TET A PoA] vled 1495 60.070 A /mL=E
FeH ez B =4 vEeH (P<0.05), 1 FE SCH
AET7 Mg 159A 483MAMLE B4 dEikt
(P<0.05). ¥t 1SO, FCH A3 7+ TET 2 SCH A gl
Hlgl frojF ez gA VERT (P<0.05). 8 SCE ¥ SEL
ART= AF 744 BT dAxbete Ao AT H1
Ao M2 MARZZE (1) TET 2P TolA 04022 {9
Mo R Fe Ghs BYon, SCE ¥ SELS R 713
W & HERRIT (P<0.05).
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Fig. 1. Population growth of D. celebensis fed the different
foods; Tetraselmis suecica, TET; marine Chlorella
ellipsoidea, SCH; Isochrysis galbana, 1SO; freshwater
Chlorella vulgaris, FCH; Scenedesmus sp., SCE; Selenastrum
sp., SEL.
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Fig. 2. Specific growth rate of D. celebensis fed the different
foods; marine Chlorella ellipsoidea, SCH; Isochrysis galbana,
ISO; Tetraselmis suecica, TET; freshwater Chlorella vulgaris,
FCH; Scenedesmus sp., SCE; Selenastrum sp., SEL.

HolFFdd wt& AAu]ekol A Az o] BEdA|, ek

52 Table 1o Jeiieh A4 A dA= TET
2 ISO AFT7F T FH Aol glo] 1 W 4teke 3k
Aoz Yehdt} (P<0.05). = A4 ©A= TET 4d471 199
A2 foF oz kdtv)zte] 74 ZAA JeRTh (P<0.05).
A @ pue] Aow TET AE o)A 242 569704,
243UE FHo 2 71 w& AoE VeI (P<0.05).
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Table 1. Reproduction and life span of D. celebensis fed

the different foods*

Foods' Pre-reproductive Reproductive Offspring  Life span
phase (day) phase (day) (ind.) (day)
SCH 4.8+0.16" 11.9£0.87° 22.8+0.95* 17.7+0.55°
1ISO 3.6+0.16° 13.7£1.39°  24.4+1.71* 18.320.59°
TET 3.4+0.26 19.941.99° 56.9+7.18° 24.3+2.37°
FCH 4.5+0.25" 11.641.15° 20.0£2.41° 17.121.117

*Values (mean+S.E.) in the same column not sharing a
common superscript are significantly different (P<0.05).
'SCH, marine Chlorella ellipsoidea; 150, Isochrysis galbana,
TET, Tetraselmis suecica, FCH, Freshwater Chlorella
vulgaris.

D celebensise| =& Ho| Z=Z=2k

®HolQl T suecica® FHE w2 Agujcko| s p.
celebensis 2] AL MAHIE Fig 391 Jehich Hauw
T2 JHA B 40,000 cells® 53 AF T4 W 14U
53470 A/mLE FoHog 3 =
S22 WA F 80,000 2 200,000 cellsE FHFS A7}
fro)AQl AFo] glo) 43.77RA/mLE A VERETH (P<0.05).
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Fig. 3. Population growth of D. celebensis at the different

food concentrations of 7. suecica. Vertical bars represent
standard errors.
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Fig 4. Specific growth rate of D. celebensis at the different
food concentrations of 7. suecica. Vertical bars represent
standard errors.
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gkl 10,000 B 20,000 cellsS] FFT-= FdHoz A
Uehd o (P<0.05). Hadsol 42 AAAE 1) Holy
FaEo] ZNEEE HolAE AEE B AR F 200,000
cells®] FaTolA 043202 74 =4 Uebutth (P<0.05, Fig.
4). 21891t 40,000 2 80,000 cells F-F-9ke] A2 Aol
Holz] ekttt (P>0.05).
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Fig. 5. Reproduction and life span of D. celebensis at the
different food concentrations of 7. suecica. Vertical bars
represent standard errors.
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(P>0.05). B FHE Holigo] ASFE oA /A <
20,000 cells TFTolA 33292 Felzoz A4 54 Ug
W W (P<0.05), 200,000 cells FFTE 1854 R Fojdo=w
7Hg A JElETE (P<0.05).

3, W AEE A)A 3 40,000 cells FET-9 4 38.87)
AZ 7P =4 YEREe Ly} (P<0.05), 20,000 2 80,000 cells
FET9Y F9AQ Aol= BolA ettt (P>0.05, Fig. 6).
vk wo)gko] 7hd =2 200,000 cells T3 18.7/0A =
748 G vehg T (P<0.05). FE3F Y7 Albgkrel] QlojAa
HA F 40,000 cells FFT-NA 23MAZ 71 w2 %S
Bo Holgo] b we 10,000 cells TF 7= 08714
2 92 kg JEIT (P<0.05).
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Fig 6. Effects of food concentrations on the daily production
and total production of nauplii of D. celebensis at 10 psu.
Vertical bars represent standard errors.

2 A7 HolFHE 2 2 AANLGE 49 24, b,
celebensis2] 37l Qo 71 438 Wol= T suecica (TET)
2l Ao & Vel TETE o] &3 4379 29, dyuid
Alolle Azt A ZE] A vebon, 7fAn) ek
Aol A7 F A B ey o) g Ao viE)
T2 AR ZAEH O] D. celebensis 2 & Hol W o
wEy, o]#3 A= Segawa and Yang (1988)7} D.
aspinosum (=D. celebensis) & wdsl7] Y3k HolAER
Tetraselmis sp.7t E3-Aolgts A+ A7 S FY5HA Vet
Aolth, 1 o)9] thE AFTA A C ellipsoidea (SCH),
I galbana (1S0) B B2t C vulgaris (FCH) A8+ TET
AP va ok v S B o) ulEh ko] ohd
F BE FEAME D. celebensis F2] REHo|Z A Apg-0]
7Vsatelel Sk ol SCE © SEL A3 e EE BkE
TolA A Halkshe Aoz ehd B At S weksl
Ro] FAAG golEZ ZAFHIG o]y Zhzhe] wolyd
o M} 7154t BHE D, celebensisi= X2 TFE A4S Hol
= AS® e, ol dol U ddstEl x310] 7
g57] W&l AR goEnt. Holl AEZHTE] g

o
of RESW N5 HFE % ANES PaFhe A7

AT
ok
)

} (Urabe et al., 1997; Ferrfio-Filho and Azevedo, 2003)7} <
g, 21 ZME B4 a =B XX (53], EPA 2 DHA)
9] ghgko] RESPA AFo] Sropzithe thre] Haso] vt
(Miiller-Navarra, 1995; DeMott and Miiller-Navarra, 1997;
Joseph et al., 2003). Oka et al. (1982)= Ho|Ql AEEFAEY]
A4ke) M. macrocopa®] VA= HES WIOEAM T F8
AL ZxaREd, 19 A g2y Hol ) =5 ¥ 3}
AHbaro] 918 Wl M macrocopa= 2~E# 22E Wrol A9
Az ootk W st} EEF Kim et al. (2001)0l] 2J3}
W M macrocopa Z9 AR Aol Fragilaria sp.<}
Cryptomonas sp.= 38 EHE B vHA G2
Microcystis sp. 2 Oscillatoria sp.= S22 A A EAHE
vebdg s Agsie) ol e Alolw Al FES BEIA
uhate] =4 g8 A= EAL 7P 2FHolH, $4
F F2FY A AolA aFFe] At o] o]Fof
271 shy Aoigo] b 27/ vis W @) wEd a=
EH 2o A FAHAA a9= ok stk

g, 7]1£9 B A7FAEL o3 A=E XA WLt
ZoME E3)] EPAS 84S HEIIAY (Brett and
Miiller-Navarra, 1997; Gulati and DeMott, 1997). Miiller-
Navarra (1995)¢] X2.11o) 23pd, 2o] V] EPA 332 EHS
o) Daphnia galeata 2] 7483 vl 2Xg AV oL
AFslach 2287 wiEo] EPA ko] HE Scenedesmus
obliquuss B2 THFFE oW HAFEE WA Heidrsl
Stath =& Alam et al. (2008) 2319, Moina micrura®l Al
FEFY AEE TS AP TS Chiorella®) WERE EF
sto] FEe 2dF7e) AFAE v B A7, EH S
Ao Aate] HololA 1 #A Yehdtii Busigint o
B A 9J&) Y ueBE Atk gFo] o vl
golol] 93 n-3 HUFAS] &o] 71k, 2 oAM=
53] EPAS] o] 2} Holof ula] Wi 7] wfEol
MAZ7+2 olo]R Aole} AF3ATH o}, Joseph et al.
2003y Daphnia 48] 75, Ho] U] EPA &k e} &85
o] A3 &of Aatel]l e HHTHE fARE AFEAE
DRt B AP qx o) et J o] 283t AA Ay
Ab 3hek 2o A EPAY) 5~11% % Bl@ A EA EIl (Reitan
et al., 1994, Montaini et al., 1995; Reitan et al., 1997) = o]
Qe TET Y TolA 22 A4S B2 Aolgl wureTh
EE Teraselmis sp.& 58S 7L e AEEFAES
224 AR EHEo] #9& 3l HolE FE Wt
=7) wWEol Ao FFAA FFE FUAAT (Salt,
1987; Hotos, 2002), TRtz Ho] ] EPA Jafo] w2
QS A B Aol AAE AL NS Tetraselmis
sp. Bl FH3 EPA FEHe Y] DHAY e
0~0.5%= -9 7] v E o]t} (Reitan et al., 1997; Lee et al.,
2006). ]+ DHA ¥&Fo] 03%% & utdl EPA T
13.3~29.5%% =A Bl (Hur et al., 1989; Lee et al., 2006)
3 Qe SCH A oMz 2L AHo) 7hsajzich, oyt
SCH®] EPA o] TETS] &R TH o= Bl A%

=



o] Y AL Chiorella®) T4 MLy 4] Qﬁ o ok 9
F57F AR o] FAAA ¢hghy] WEQ] Aoz detE o]zl

E}(Lee et al., 20006).

SHA, EPA S (0.7-0.9%)E. T} DHA 3HeF (11.2~25.7%)°)
A Bl (Reitan et al., 1997; Nanton and Castell, 1998; Lee
et al,, 2006) F1 A 1SO AP T E T AAo] vA
UebstET, ol EWEe] A4S ol 2lojA DHARG
EPAE U5 o] o] &3l7] wjiolet Hehet}. & 9lolA
AFsRAT AAF7E FdAd 434S 9siA= DHA,
EPASH 22 1B ak-S 873t} 8423t Joseph
et al. (2003)%] Daphnia sp. %-9] FE% EPAY F2A4S 1}
U% Zxsta glo] olygl Aozt E Aoy e 243t
Zolg} BetElol A, of&-d, DAt C vulgaris$] FCH A3

P A9E RA G ANUEE R, o2l o2
et C owulgaris®] 7%, AIE W 18:20-6 B 18:3n-39] &
= A FeFe] of 40% AA T YT wlS T ubd EPA
2 DHAS] e A8 HAmR e o2 deA 9o
(Brett and Miiller-Navarra, 1997; Maruyama et al., 2006), ~Lo]
wE G APEAL FAR AEed 23l Bojo] AH7}
&shA) 59y ] w72 Ao w A AT Chiorella sp.8)
M e FAE- cellulose R o] Fo|A glo} &244% 2 BH
9} 2 vA& ZFEL Chiorella sp.& B)FS 633]'7q L
itk olell wksl rotifer, Brachionus %9 7§~r—t— pepti-
doglycanase?t 217] wjZ-ol Ml3zelo] t}aFe] peptidoglycan -
2 o} FolF Chlorella sp. T |GA A23AZ 5 e Ao g
H31E5 9tk (Chun et al, 1996). 2L} 2 AFA 30l AL
H D. celebensis F-& Brachionus ol B8} o238 Ha)E A
o) w9 A ofel] I317) WEo Tt C vidgarisS
A2 3 w\‘ﬂ/‘ﬂ 47o] Wt Aog wedrt
ggt, Geak EWHE9 M macrocopa & v FE o=

b oz Gt C ovidgarisE BO)E FEshe HS ok
e gkog o] F Fo] A3} 54 WS o) &gt o

Hag Roz A=A}

Sk Scenedesmus sp. (SCE) 2 Selenastrum sp. (SEL) 23
TollA Aol FA Wskd A& EPA, DHA o) A<l
HEHH Bl A FejstAel A wFole} duw
t}. Makulla (2000)° I3V, Scenedesmus sp. T2 AA Ant

2k g 2o palmitic acid7} 40%§ H-E& A3 EPAE
0.19%= vi-§- SobaL SFth WEk Acharya et al. (2005)%
Scenedesmus sp. EN 4 DHAE doi HAEA] et §HH

ey A A

t}. DeMott (1998)°l 2318, Scenedesmus vetulusE T 33
s o %tﬁ%al 4-e wekou, EPA ¥ DHAVE &2
Cryptomonas sp-& B5 =o|2 Arls) & 799l A7) &7}
ghohal ®Harshs ek AR 238 Boersma and Vijverberg
(1996)y= Hole] AA w9 okzxle] = o)A Chlamydomonas
sp.ol BI&] S verulusE T TFI FAEL u) BB
Ceriodaphnia pulchella®) 73733} A2 b3S —%E}L Els
o Scenedesmus sp % AR oz A H ) EI o]
71Ee] AFAELS Hol gy W Av|m A7hFe Ho

Wol B FEY 27 135

A& AFEd A IS vHT Bkl

(Hessen and van Donk, 1993). 34+ X251 Penilia avirostris
T 15 pm Bk F AL HFHHA Fethe B3t 9l
(Gore, 1980; Turner et al., 1988), £ 2l8lof o]-8-H Scenedesmus
sp. 2 @Av)Astell A BEEAS W SGAET}F oA T B

e FAFolA o, Selenastrum sp= BEEO T o]Fo]F

Tl 718 S w3l Ideh olA" AlREe] Feprt 23
o} 1 ole] HelE W =77} & meFolehd X 2hHe]

/\ﬁ}%}%e vhalsle @9l o2 &-8-31A ) (Fileto et al,
2004). B AP o]#3 Felx 23] Holo vl gadQl
A= Oloi?q ool AYE dolubA] KAy e
Ho|E d&3] 4231 £t oA Axm =HE 47l
otod gk w2l Ao 7 APdEoZIT) (Stemer and Schulz, 1998;
DeMott et al., 2001).
olate] A= 34| & w, 714t BEHERI D, celebensis
5 o ) ST Ao Heldee A 44Fel
220 T suecica ©|8} HHETH
A5l A dRbE o w Holo o] FrFakH s A
o] ?"?}*JQ.L, J&:717be] golAw, o] A4kt 3
pese S42 ok Fokede Bl sl
(Duncan, 1989; Vijverberg, 1989; Rose et al., 2000). 5 , =718
Hol & I3 A A2 Bk g2 qUAE 01%?'{3}“
olvlol 7| slt}, 2#j} Peters (1987)0l )3}, Hol&
S jnbg, elabd A S WS A7l 9, 31y
2 Qg 2shie B e wole] Al g 5
5o) A7} fslo] 30 4HE ATk sk
§ 498 Busan. geb Ao 43S FE
HE mold] g Fol £49 AYHT B
574 wolgRge) A} WA BRa
Lampert (1977a)= Daphnia pulex F& 7}Aal $& H
Frox AAHIE =48] B 43, 27) Dlo]g] o 7}-§-&
Lol A ES] Frkshe AWe ot a5 A we
3 A& FejE Wi ek o] Hekel] A= Alge 2
o] wo] A|5FeFEF (incipient limiting level, ILL)o]&} 58153
=, ILL ot & Holo] FE7}t tf otA A ¥ Daphnia
sp.o] Akl dEke A Aoka RAEET (Lampert,
1977b). TG 7| F o] Holgo] AL o= AR 71}
gholl lox Hak Al FFol FAaghaL skt o)A
Hojo] RFo = 3 AW T a7t AFHA 7]
Aeie Hage wlo] Fwrt HastA Hed, olE
‘threshold food concentration (TFCy ©]2} AF3FE T (Lampert,
1977¢). ©] B &9 A7|etr} tpdstd, o] Hol Fx4
TFCE Hiol £7] wao] e Fre AT EI 3
(Hardy and Duncan, 1994). TFCE o33218 st A 4H
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