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Optimal Salinity and Temperature Conditions for the Growth of the
Ultra-small Rotifer Synchaeta kitina

Jin Chul Park and Heum Gi Park*
Faculty of Marine Bioscience & Technology, Kangnung National University, Gangneung 210-702, Korea

We investigated the optimum salinity and temperature conditions for mass culture of ultra-small rotifer Syn-
chaeta kitina. Tn the salinity experiment of ranging within 5 and 30 psu, the population growth of S. kitina
increased continuously up to 20 psu, and then decreased over 20 psu. Their maximum density showed 390.1 inds./
mL at 5 psu. A pre-reproductive phase was shortened in low salinity than high salinity. Also, the maximum off-
springs and maximum lifespan and lifespan of the female were 13.4 inds. and 5.9 days, respctively at 5 psu. In
the temperature experiments of ranging within 16 and 32°C, the population growth of S. kitina increased con-
tinuously up to 24°C, and then decreased over 24°C. The highest maximum density showed 492.8 inds./mL at
16°C. Their offsprings increased significantly with temperature decrease, and the maximum number of offsprings
per female was 9.2 females. at 16°C. Their lifespan increased with temperatures decrease and the longest lifespan
was to 5.5 days at 16°C. From these results, we conclude that the optimum culture conditions of S. kitina is 5 psu

and 16°C.

Keywords: ultra-small rotifer, Synchaeta kitina, salinity, temperature

N B

A

e

aatol 7ol FEA) Qlo] 7] Ho|lER =
2ka1, e erol 7hseb, 9%k 7HEA7t
Brachionus plicatilis %1 B. rotundiformiss 71V 1o] ©]-88k1L
S1TtH(Lubzens, 1987; Lubzens et al., 1989; Hagiwara et al.,
2001). Z2e} Bl 2] 31571 o3FR1 K| Stephanolepis cirrhifer,
FW2] Epinephelus akaara, 57X | Siganus fuscecsens 2 &
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al., 1997; Kohno et al., 1997; Suchar and Chigbu, 2006).

FH ol Qle] A7P7F A2 o ®e] FEAAE fIs A Al
AR R W S 3k Yldl T2 nauplius B9 2.7}
A AAEEC] F R o] AEE ATt ojA]a itk
(Schipp et al., 1999; Nagano et al., 2000; Toledo et al., 2002;
Yoo and Hur, 2002). 184 2772] naupliuss ©| 52 Bl|%F
U7} grol djgkatel] W2 EAES 714)aL 9l (Payne
and Rippingale, 2001; Lee et al., 2006), AYEE2 Euplotes
sp. ¥ Fabra salina®t 322 7850] W=7 |52 AN
gk uielelol s AFshs 543 Alel SA4E &
225 7HaL Q7] whiell AfejellA] et dks v ZFsAdo] 9l
o] g o] §¥X]= K3kal Atk(Yoo, 1992; Lawrence and
Snyder, 1998).
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Synchaeta 42 712 Brachionus 53+ 21 -‘ﬂﬁ(lorica)ol
i Ao] E-olH, Synchaeta cecilia (123-188 um), S. oblonga
(225-250 pum), S. hutchingsi (165-200 um), S. littoralis (192-290
um), S. neapolitana (109-213 pm) 2 S. grimpei (400-520 um)
S Zol AZI7E vl A veFst Aow dHA SItHEgloff,
1986, 1988; Brownell, 1988; Shiel and Koste, 1993; Oltra and
Todol, 1997; Rougier et al., 2000). L&t} X 2714] Synchaeta
Sol AL F2 F B AT FRAH AT AL Fof

g 71%24Q1 Aol ATH e Ao AR Yo
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rotifer Synchaeta kitinai= 7§7|2) 2717} 80 um A= 7|E
O] Y& oW 3l Synchaeta 52] F5oll Blal 22 4 5%
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Z4% rotifer S. kitina®] 2] Gt W 25 1785 9
Sk A3 Ak} dAduljeke 2 o] $883ISITY. S. kitina
T 2004 3974 LT Al HEZ(25 psuyellA] AS)

=

o] =7 2T ¥ 20°C Z 15 psu F7A3telx] AlTh wiFe $
A3,
o Waujor A9 5 10, 15, 20, 25 2 30 psu® &

250 mL AFFEERAA (R 150 mL)ell 7] AFUEE 10
WA /mLE ko] 20°CE A% A EHl|F7|(EYELA, MTI-
202, Japan)oll A 3FSTE. Hol= rotifer 1,000 WA
Tetraselmis suecicas 19 13] 1.5x10° cellsZ Fa3F5om, 4
A TERATHA] BehA] o2 A 791t 33 wHESiglt JiA)
HjoF A3 Wxlueky FAs GEFE Asle] 24 cluster
chamber (Wl 1 mL)oll 2t 7315t S. kitina®] neonate= &t
vl FHEe & odda), Ak Bl S 2ASI8IT Ho)
FFHL T suecicas A & 3x10° cellsZ I3}
Fm2 Wulok AFE- 16, 20, 24, 28 W 32T 249 v}
A7 (EYELA, MTI-202, Japan)ellA] 250 mL AHzH&}
23 (=T 150 mL)ell 15 psus] Bl FHI8te] A
E7F MA/mLY RS AEs F SISt HolE rotifer
1,000 WA & T. suecicas 19 18] 8.0X 10° cells= &53F5%
o A3 1047F 23] whESISic), JRAF AEL A
S FAk A2 3t 24 cluster chamber (MR 1

mL)ell 7t #313F S, kitina®) neonateZ 3+ v HESH & b
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G, Atk 9 s AT A 208 15 psuellA
T. suecicas 7WAG 3X10° cells® 333l

RIS S. kitind= Rico-Martinez and Dodson (1992)
o] ¥hHef| w2} 475 (Specific growth rate, ry= AAFISI L
[r= (I/T) In(Nt/N) (T= "% ©15 S. kitina7} H 1 xo) &2
s717k4] 8] Wik dr; No= T days®] S. kitina /WA 55 Ne=
S. kitina®] FEFEE)], ML NATet TdT5 FAFS] mL
g AT W EEE JERYLT

RN AL Al v S, kiting F & 2L ThY
© S R He E3ke] 30 A eE 2 Fske JiA)
E 213t |, 24 cluster chambero]l gt vle)¥ HFsto] wA}
g w7l PRl AR71RRe o] hFlo) HiikelE Al
ZIMAR ste] F5h AR A A &5 G EHe AR
= A2 A A (Pre-reproductive phase), 3! WA 4= 2 v
8 AAEZZE Yol mpA]ut o] R3lst 7 E & A2 o
Al(Reproductive phase), WA= &o] F3}et $HE A7} 7
A )17MA S A82] % 7| (Post-reproductive phase), 45 2] =
"3 (Lifespan) 2 L7131 U]9] F A (Offspring) 2 2+ 7
R S o) L T E R 2 o2 Rl B P i oz KSR e e
o, o] ZREE 12417 IHA 0= AR FISIth

A8 A= one-way ANOVA-tests 4] 5 Duncan's multiple
range test (Duncan, 19555 AAIsl] Ag] it 7k /24
(P<0.05)% SPSS Version 12 (SPSS, Michigan Avenue, Chicago,
IL, USA) program® & 743} t}.

2 I

el W2 S, kitina®] Akl A A4 W EE
< Table 17} Fig. 1ol YERAITF. H %= 5 psuellA] 390.1
AA/mMLE & A3E )2 0% A YERTHP<0.05).
1 E® 10 psue] 272.270A/mLE A JeREow 15 2 20
psu AFTeRe] F22Q1 Afol= HolA] ekgttk(P>0.05). WHA
of] Bl #] 3141 25 W 30 psul] AP 242} 133.3, 1227
AA/mLE e APl va] Fe8om vA Vet

Table 1. Maximum density, fecundity and specific growth rate of
Synchaeta kitina Gyeongpoho strain cultured at the different
salinities*

Salinity (psu) I\/.[aximum Fecundity Specific

density (inds./mL) (%) growth rate (1)
5 390.1+£32.58° 9.0+0.70°  1.142+0.1386™
10 272.2+30.37° 14.9+1.83°  1.388+0.0308°
15 258.8+11.87° 18.9+1.29*  1.378+0.0117%
20 224.9+8.81° 15.6£0.76°  1.013+0.0544°
25 133.3+£5.08° 23.0+2.14°  1.203+0.0100®
30 122.745.79° 20.4+1.18°  1.071+0.0978°

*Values (Mean+SE) in the same column not sharing a common
superscript are significantly different (P<0.05).
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Fig. 1. Population growth of rotifer, Synchaeta kitina Gyeongpoho
strain cultured at the different salinities.
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Fig. 2. Population growth of rotifer, Synchaeta kitina Gyeongpoho
strain cultured at the different temperatures.

(P<0.05). H A7 2) Het EHEL 25 pswellA] 23.0%=
=7 YEREO L 15 E 30 psu AETeF2] F-2)2Q1 Aol B
oA QISITH(P>0.05). H U714 2] A AHE (> 10 psu
ATl 1.3880% A VRO 15 psu APT9] #
2]A Q1 Aol= YELFA] 2EUTHP>0.05).
Gitoll W S. kitina] FNANEIA] BETA, Al B
& Table 20 YERASITE B2 A Wl Gie] W&
07 TEEE F8S Hol 5 psuollA] 1824702
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oflx] 3.9U% FolFoR A veho), 9 A 2ol
oo FrotA 30 psuellA] 1.64E 7S WAl vebsct
(P<0.05). 782] - THAIE B AP TolA 27 22.9~30.54%F
o7 FoARl A7t gl Ao UERGITHP>0.05). Aol
i G G Ak 9 2 5 psuellA] 13.4703019)F 509 %
A VR G ATeke] 7278 AfolE B ATHP<0.05).

Foll W S. kiting®) BRMNFANA A AJg T EREES-
Table 33} Fig. 2] YRSt Hard e 16°C A ollA
492 8/A/mMLE F-2)8 02 A VEREA| T 0] 5718k
we} Aa f-o)F o Yoba] 28°CollA 72.070A /mLE 71
S YERTH(P<0.05). 3HE 32°C A8 AE 2 vl &
F ARSIt Hard ek o] Hak IS 16°CollA] 17.8%
2 oz A veRgon 20 2 28°C Adeke] £9]

A9l ZJoli= Ho|A| AUTH(P>0.05). T3t w7412 7]
A 2975 24°CelA FelF o = YEeRd vbdel] 17221
28 W 32°CelA= B Ao R ZAREQITH(P<0.05).

Tl W S, kitina®] WAL A, Al d
582 Table 401l YRS, 4218 JlAm)ofo A 2] A2
s FEo] H55E Fo2 0% dE5EE &S o 28°C
oA 1534130 7 Bl Ve TH(P<0.05). <= 282 &
© 16°ColA] 3.69% fFelHo® 7P A JEed F
2 A3 gEo] FoF o7 golKs A4S Kol 28°Ce]
A 0.99% SA FATEICH(P<0.05). A4 F A BE
ATolA Z17F 20.0~28 3410 R 2 ZQl Afo]E Ko
A UTHP>0.05). 2ol S A T At 9 e
AgoA] A e A8 2o 16°CollA 9.2/ 9}
55972 Fodog 7 =4 YERSTH(P<0.05). b
28°Coll A= 0.870A19) 2298 Fo)Fow A Yeykor
32°C AT Y vRPHE HE 2 whel] BT
HAFst et

o #H

R wjokAd A}, 5-30 psucllA] BE D o] s
H 248 rotifer S. kitina= FH/d Folgt ET). T8y
TPER 30 psuellA] S ALES B &5 G T2
ofufr], ©x] Gl thst Wid=lo] Qlvk= ARdE & 7 QS
t}. Miracle and Serra (1989)] X1l S8V B. plicatilis®]
Aol g WAaHe AP Al el Y ol Mg} &
& 7)1 A9 R} A9 LA eA] AFE Ao] o] Asirhar &
v}, W3 Gmez et al. (1995)= S. littoralis?} AR D 322 A

RS 5~64 psu ¢ FH LAl RS %]9lo.
ZA olefgt 3ol Aj2lal] wiiel GE-wstel wE vl g o]
itk Bt vbael S, cecilia valentina 2 S. cecilia
= 27 13, 18 psus] 717 FAlelA] AR E o] il thgt
ypdeglo] efste] delAl= ko] & o] FolR|A] ekrtar
3IITHEgloff, 1988; Oltra and Todol, 1997). ¥ ¢1-tol|x] A}
9 AES S kitinad= QA 18] A4 92 As A
of| A AF ¥ Folw, ek AR B A = v A A8 (5~10
pswd W SN} =2 Ao 7 FAE O] Egloff (1988) 2
Oltra and Todol(1997)2] A7-A T} e} FAlsE H3S Hl Ao
2 g},

Yin and Zhao (2008)°l 213V B. plicatilis*ll 911 &
S X 9 Qs AskE olojtkaL sigith ¢
A = A Gl 5 psuclia] Adgo] EE R
o] S7VSE HudE, X398 9 eSS foHew
o= ATFE Ko U AYE d& 5 At =3
plicatilis2] 735~ 10~20 psu®] 7154 oA A2E 4 /g
Eo| 714 st ®ar) 9l o™ (Miracle and Serra, 1989),
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Table 2. The developmental phases, offsprings and lifespans of Synchaeta kitina Gyeongpoho strain cultured with Tetraselmis suecica at

the different salinities*

Salinity (psu) Pre-reproductive Reproductive Post-reproductive Number of Lifespan (day)
¥ P phase (hour) phase (day) phase (hour) offsprings (inds.) P Y
5 18.2+.20° 3.9+0.21¢ 28.9+£2.57° 13.4+0.75¢ 5.9+0.25¢
10 19.4+0.20° 3.2+£0.19¢ 30.5+3.06* 9.0+0.66° 5.3+0.20°
15 20.5+0.29° 3.2+0.18° 24.0+2.23° 7.3+0.89° 5.1x0.18°
20 22.2+0.24¢ 3.4+0.17° 22.9+2.60° 7.7+0.43¢ 5.3+0.16°
25 25.6+0.20° 2.6+0.14° 25.5+£2.17° 5.1£0.44° 4.8+0.16°
30 26.3+0.15" 1.6+0.13* 27.4+2.88" 3.0+0.29° 3.9+0.11°

*Values (MeantSE) in the same column not sharing a common superscript are significantly different (P<0.05).

Table 3. Maximum density, fecundity and specific growth rate of Synchaeta kitina Gyeongpoho strain cultured at the different

temperatures*
Temperature (°C) Maximum density (inds./mL) Fecundity (%) Specific growth rate (r)
16 492.8+10.40° 17.8+0.65¢ 0.846+0.0340°
20 392.2+40.30° 15.240.89™ 1.187+0.0204¢
24 259.2+43.74¢ 12.4+0.57* 1.372+0.0430°
28 72.0+17.26 17.443.27™ 0.503+0.0146°
32 10.0+0.00° 10.0+0.00° 0.000+0.0000°

*Values (Mean+SE) in the same column not sharing a common superscript are significantly different (P<0.05).

Table 4. The developmental phases, number of offsprings and lifespans of Synchaeta kitina Gyeongpoho strain cultured with 7etraselmis

suecica at the different temperatures*

Pre-reproductive Reproductive phase

Temperature (°C)

Post-reproductive

Offspring (ind.) Lifespan (day)

phase (hour) (day) phase (hour)
16 23.3+0.20° 3.6+0.15¢ 23.2+1.98° 9.2+0.61°¢ 5.5+0.13¢
20 20.8+0.19¢ 2.6+0.31° 28.2+4.10° 7.6+1.05° 4.7+0.29¢
24 17.8+0.13° 1.8+0.13¢ 28.3+£2.01° 4.4+0.42° 3.7+0.15¢
28 15.3+1.18° 0.9+0.07° 20.0+2.39° 0.8+0.20° 2.2+0.10°
32 0.0+0.00° 0.0£0.00° 0.0+0.00° 0.0+0.00° 0.0+0.00°

*Values (Mean+SE) in the same column not sharing a common superscript are significantly different (£<0.05).

23t o] f-2 AF7AE Wik 17-25 psulld] T2 YA 1
SITHFu et al., 1997; Lubzens et al., 1997). = A HoM T 5-20
psug] 7157e] AAellA A7e] 25 W 30 psul] 119 HUF
Al YERY S. kitinais SEE 715912] SRo R Hjekshs Alo]
U aopae Zo= gt

= A WA E AelA neonate”} Ad<53to] Ekelr]
AR 2] B A e gl RS dEEHe %S B
o] 5 psuellA] 71 ©hAZte)] S BTt sk = A T
Al AR 9 FEE dio] Woldas olAle BEE B
o Oltra and Todol (1997) ¥ Bosque et al. (2001)2] A+ =}
T} FUT AAE S 5 U3 g o]F2] AT ApEell
oJahA 25 psu, 20°C] F7A8tOlA S, littoralis B S. cecilia
valenting 552 83} A= 22} 3.8~7.34Y, 6.1~9.271A
2 Yepdtial Basiled 22 #Ex0) 2 Ak
247} 519, 489702 YRt o)5 Foll vlsf o vk 2o
2 ARG o]ef gt o] 2 & AR e e] Ho s A &
T. suecicas 3x10° cells® 33t WP S. cecilia valentina 2
S. littoralis®] “AF o= WA & 1.5~15x10* cells® &3]

Hogke]] wE xjo] wiEql AC® dekET). Schimid-Araya
(1991)8] R X = B. plicatilis 2 Encentrum linnheioll 7l &
o]l whE AAMES Bk A, HolgFo] WoldgE Alsh
T7F FoAE AR Kol Blo|go] Aldgrel] ARARl P
< vH AHoFE Bsigict,

2 G Al 2 A duokollA S, kitina®] 437 W 4
2?1 5 psuellA] 7P A vERsk o o] ol ol
o] Gl gk WS Hole s B J4e] A8t
YERHE ol & Adsigellx] AREE AolellA 35d
o] AstElo] Apoi7} 2 AHAFH s Eehs wAIR
U Zlolut, 8] whigel] ko w W
slof] W oZ2] X A-3ol| vt Ajo] e Zlow k)

=

22 B. plicatilis B B. rotundiformis2| 737¢3} AJ2le] @
2 QS w|HTH(Galkovskaya, 1987). Park (1998)2] }sio]]

°J8Pd B. plicatilis®] 2] /3742 20~25°Ce1™ B. rotundiformis
= 30°CEar Barsisiv), 3t Kang et al. (1997)°1 28Pd B.
calyciflorus®] TS 213t H2) 3% 72 22~25°Co)H
F20] FopdgE A es|e Askdcta sigith. 1
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Rico-Martinez and Dodson (1992)2 =20| Fol&+= B,
calyciflorus®] S21E0] A W 30°CelA 7Fd 52 54
ES Hvial Rasigich 2 a2 ddeioF Adelx
HjeF7171o] Aapd s 2221 16°CelA] Adgo] =3k
28 W 32°Ce] IF2eAE Aol Ao R sholA|&
S Kol Kang et al. (1997)8] o1 A3}e} EUstA Vet
whek. ghA BEodRuok Addel] glo] o] mobda = Hard
57} S vERd AL 0] oS rotifer 540l o+
& vAE A W o] 23lEA] ok QR Yol FE(NH;s-
N Q3 w2 Ao F FeFE th(Schiter and Groeneweg,
1985; Yu and Hirayama, 1986; Yoshimura et al., 1994). w2}4
U kT o] §EAA E NH-N 53 22 318h] @
QlEol oJgt F7H4)] Ado] e Zlow k.

B 2 sAuokellA] neonate’} Ad<slo] Ebsl] A7k
A A2 A DA} = B Bl o] FoldaeE
Y AES Hoj ofe] AT el FARE Ao E YT
(Awass and Kestemont, 1992; Oltra and Todol, 1997; Bosque
et al,, 2001). o1& 3t o]FE L el whE ARTAFES] 2}o]
7} rotifer®] #3743} Aol S vzl A o 2 ATt (Miracle
and Serra, 1989). $3 Bosque et al. (2001)2] A7l &3l
20 psu®] FF 781N S, littoralis] 2FE7eL 412 25°C
(4.4~4.79, 7.0~7.8/0ANEL} 20°C (6.3~7.3Y, 8.5~9.17H])el]
A =9k, Oltra and Todol (1997)2] S. cecilia valentina.
24°C (3.2~4.7Oé, 2.1~6.27Hiﬂ)°ﬂ v]3f 20°C (4.0~5.3°;_], 5.6~7.9
AANDIA Bt 352 ghS BArkaL 315t 2 A% A
2ATE FYHO0E =2 ghs o] fARE S Hole A
O AT Ty )5t S elx] AR 2 Aqme] Al
el S S, cecilia valentina 2. S. littoralis 0 B38| o}
A W et ol 2] MR o F) AelE Alolrt
285k 7 0 2 FebEth(Oltra and Todol, 1997; Bosque et al.,
2001). 374t rotifer Brachionus <ol T43742] A7)7F A2
Y2 B. plicatilis®} B. rotundiformis®] RS}l B 138190+
d](Fukusho and Okauchi, 1982; 1983), ©|52 Z}7] & Fo
B e gt AR v Aed 54 7 A vkl s
UH(Gmez et al., 1995). ¥ A& ALSE S. kitina S. littoralis
9 S. cecilia valentina®} A8] T SO RA o] gt A
24 zpo)7b 285k A 0= ket
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