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Optimal Food and Concentration for the Growth of the Ultra-small
Rotifer Synchaeta kitina

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

We investigated the food-effect for ultra-small rotifer Synchaeta kitina cultured under a individual and com-
munity by several diets: 3 single trials (7Tetraselmis suecica, TET; Isochrysis galbana, 1SO; Marine Chlorella ellip-
soidea, CHL) and 3 trials with a mixture of 2 species. The rotifer was cultured on the different feeding
concentrations. In the individual cultures, the maximum number of offsprings and maximum lifespan of the female
investigated to 5.8 inds. and 12.7 days in TET trial, respectively. Values of the developmental phases of the rotifer
fed with 7. suecica were higher than those of trials without 7. suecica. Also it approached faster to maturation level.
In the community cultures, the maximum density of TET+CHL trial elevated up to 1,569 inds./mL. But, CHL
and ISO showed a poor growth rate and maximum density. The offsprings of the female increased continuously
when fed by 7. suecica trial, up to 10x10° cells/ind./day. As the quantity of supplied diet was lowered their lifespan
were decreased. But, the maximum density and growth rate in the community cultures showed the highest value
in the 10x10° cells/ind./day. The efficient food for mass culture of S. kitina was T. suecica, and optimum con-
centration of their food was 10,000 cells for an individual.

Keywords: Synchaeta kitina, food, concentration, Tetraselmis suecica

M

rhu

URFA O 2 rotifers HOlR F3H AEHO|YES FHol

w2} A2lEo] vhEA| YR, Blo] gl whe) A el <
TS wxE Ao® HuEI 9TkSnell et al, 1983;
Galkovskaja, 1987; James and Abu-Rezeq, 1988). “1%7] ufjiZ-
ol rotifers WiFEtell Q1o 150 HA HollE W A
o] g2 WA B3}, HAA rotifer Brachionus plicatilis
9 B. rowundiformiss skt Qo] el o]8Ha1 gl
2 ZHoYEZ = G4t Chlorella ellipsoidea, Nannochloropsis
oculata, Isochrysis galbana, Tetraselmis sp. 2! B} Chlorella
<+ SIth(Yufera and Pascual, 1980; Korstad et

A o] F7g-

=

vulgaris 5= €
al., 1989b; Park et al., 1999). £3] 0|52
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Chlorellaz Mo B& 5= Q& 8 ols 74
of whA gtefo] =2 Chiorella= rotifercll Al 310 S
o] Har Qlvk, 1 Foll X% TAE C.ovulgarise
717} AaL Agge] o A o]7] wiitel] ARk
gz o] g5 a1 ¢l o (Hagiwara et al., 2001), Tl rotifer
A -0 A7S 25l WA K (baker’s yeast)S} E3alo] Al-g-
Hofx)aL Slth(Lee et al., 2000). 3FA % o]23t Bo] 2 rjoks
FelA o HUFA §Hgo] 2|7] wiaell Apx]ofellA|
7] Aol WE=A rotifers S1AE C. ellipsoidea®. 27}
Aokl Q) th(Fukusho et al., 1984; Satuito and Hirayama,
1989). ©JA§ rotifere] AZ|FA S fls F= o§E oA
3= AEHO|ER = Chlorella sp7}t taEsolg) & 4= §lu),

et HE QJo] H2 Aoj5S 28l AEAl AT S
Synchaeta <72] S5 Chlorella sp.7} 2183814 &5 Ho|
e delA ok AS7HA Synchaeta 50l g 2] Ho]
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AE-2] A= w9 TReksle] S. litoralis LS. cecilia valentina
(Oltra and Todol, 1997; Bosque et al., 2001)= Tetraselmis
suecicas 3w Wl vjeke) 3RO, S. cecilia (Egloff,
1988)= N. oculata, Chroomonas salina 2 I. galbana ) Wl
ofol] axfHolefar Barslst). o)A™ rotiferdll &5 %= Ho|
7 4 Holo] A& ol rotifer A7l o w¢- Fask
Q1o 7 283t Q= Hlo|th(Korstad et al., 1989a).

b HolREE rotifere] AYXEY AHIAE 71 (Snell
et al., 1983; Hotos, 2002), 223, 531218 3l AEAte} 22
A 237l 27821 S vAE Aoz By vk
(Starkweather, 1980; Korstad et al., 1989b). 53t Park et al.
(1999)2- rotifer 11U HljSkolA] AL Zu) Z wlo]7 A}y
= Bt 55 Covulgaris7h 73119 ©F 87%%5 AFAIslo] A%
ol gads 298t A5 vlodu R o]oix] A4 SHelA
5 o9 FedPtar 24813 21, Yoshimatsu et al. (1997
w2 oAl g wol= Hikre] 29 BE TENE AR
o] Tl o]2e dY +YS Wallsks A7) P2 dslo]
Hria Barsgict, o) -7l AA1A, 82 9 YA rotifer
o] digleks fEixE sl FuEE Yol s =
Al e HQU) Sl Aol

ol elA] A= o] Ze- ofF A=) 271 ¥
OJRYER o]F 7Vs7do] e 24 rotifer S. kitina (60~90 pm)
o] 2L Slsk H2e] wo B o) g IS FARI E
ek TRl 2 Ade] Qlof 2 9l R e AR AYE
ol EI3E, AgE0] 9F5d 20°C, 15 psu® Agsl] s}
Stk(Park and Park, 2008).
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F24:% rotifer S. kitina®] #2 Hol e} FEHS 1dSt
gt A3 A U= vrro] 3sISl).
Bof| o) g S. kitind= 7FAE TFEA] AEZAA 7 H
FTO = 20°C Y 15 psu Z=713}ollx] Al wljoket & ARE-3ISIT
Aulekell Qlojx] HolEH AP dllAL C. ellipsoidea
(CHL), T. suecica (TET) ¥ I. galbana (ISO)E ©]43133t}. 2
A= 7] d@ET-9) £33 371 (TET+SO, TET+CHL,
ISO+CHL)Z 313tk AFEU 5= 250 mL A2~ =1 (uiok
4 150 mL)°l 1070A)/mLE 3k ar vjekzAe 200C 2 15
psu® AA7g3let. Ho gk Ztzte] vlolE pltelalo] 55
AIZ1 5 rotifer 1,000 /A T AFHF 04 mgs 7Tl E 1Y
13] Fasisich. A3 13U7) o Fojiom B A3 33
HHESEITE, ZiAeF A8 W) st Ho]
2 24 cluster chamber (M%<~ 1 mL)ll %t 53}t S. kitina®)
neonates ¥ PR FEe § dgdA|, AREE 9 e
AFSFATt. ZH2te] Hol ¥ wE MA & T suecicas S

0.04 pg® = 71E3to] Fasksith.
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o] Tl we WM AP T suecicas AHE-310]
rotifer 717 = 2,500, 5,000, 10,000, 25,000 % 50,0004 =2
247} o] ARt 1 L H]o]7 (3l 900
mL)ell 107)A/mLE k3 w42 20C 2 15 psu= A
gatiet. A3 797 o] Foixlon BE A 33 NhES
Sk, Zleeke] Aee dxlueky) U sk AFFE 24 cluster
chamber (A< 1 mL)ol| %t 5318k S. kitina®] neonateE St
) HESt § g, AR 9 ES ARSI

UujerelX9] S. kitinad= Rico-Martinez and Stanley (1992)
o] "hHel uje} d74E(Specific growth rate, rys ARSI L
[r= (1/T) In(N:/No) (T= % 1% S. kitina’} H1AZe)] =
SZ17MA1S] vl No= T days®] S. kitina NWAIRE; No=
S. kiting®] AFUE)], WA MAGel FETE AR mL
F G D ERER JERG

A AL 200C 2 15 psu Z4dolx] Al wijeksha S.
kitina SolX A& ol th= S whE ] 838ke] 30
= HEoR 2k H3ld JNAE E1sk F 24 cluster chamber
of g e HEsto] A w7bA] LI ARV
zyzte] ilo] wakslz A7 R sfo] F3) AJFE 3 RA)
S A He ARVIAE A2 2 @Al (pre-reproductive phase),
A WA S g wFE 7R el vixe go) Fsled uf
TS <= A4 @A (reproductive phase), PFA|E Lo] H-3}5
SHE Z2F WA AR 7S 2] 5 WAl (post-reproductive
phase), ¥71 2] = (lifespan) X AE7|7F U9 F AR
(offspring). 717} v<iate] TEsIgivt. A2 A W= 1xRE
707 PEEglom, o] RE= 120K 0% EElgit).

A AIR= one-way ANOVA-testZ 4] $- Duncan's multiple
range test (Duncan, 1955)% A8t ] H 7+ F-2A4
(P<0.05y2 SPSS (SPSS Inc., 1997) program®.% AHAJ3}5}.
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ool e dulerelA S. kitina2) NA| /37w =t
E< Table 17} Fig. 19 YeRIQITE QAuleF Al Hud e
TET+CHL &3} T34 1,569 40A/mLE 2807 7}
& =A Vet ™ (P<0.05), 71 |2 TETHSO &3 3579}
TET @577} 527 UeRdth, whde] 1S02] w5} 1ISO+CHL
o] &3t FHTE RO WA UERE S H(P<0.05), CHL
s T A vl 2d Aol B walekGiT) Had s
o] W ¥ g0 A= TETHS0 &3 FETollA 25.0%
2 o)A o® 7 A ERITH(P<0.05). FHard Eel whE A
A A7E-(rye TET+CHL ¥ TETHSO02] &8 3379} TET
35 TE T FoF o A el Wbd, T suecica’t 51
7] ek TRE Ho] B el A o= WAl UERTH(P<0.05).

Holg ol W S. kitina®] NANFA ] gt
Al, AFE gl 4182 Table 201 YERAITE 94512 Ak 2
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Fig. 1. Population growth of S. kitina Gyeongpoho strain cultured at
the different diets; Tetraselmis suecica (TET), Isochrysis galbana
(ISO), Marine Chlorella ellipsoidea (CHL).
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Fig. 2. Population growth of S. kitina Gyeongpoho strain cultured at
the different food concentrations.

FEL T suecica® &3t ATV} 184 2 APTRG
Al vehhs A3e Bt 53] TET &5 337+ 127/
Aol 58U% FoF o 7 A YERITHP<0.05). RbHo
1S02] W5 I3} CHLHSO &3 337 72302 v
YR O (P<0.05), CHLE] W5 - ARuler wis} »ixt
A vl 204 B FAkegict. ofefsh ZAdke: okl e et
Al = R A4 A dAleh & A SAIOA T suecica
7} oIzt A7) 18R] 9k APRG 2 AdS B

Ho] ol whE WAuFolA S, kitina®) A 437} 3
-2 Table 33} Fig. 20 VFERASICE. AR uler Al Hard:
= 10,0004 /70A] 5374 298.971A/mLE 7214 02 7}

A=A VERITHP<0.05). HBEl 2,500 = 25,0004 3 /70 A)
FETE YA E B Ve ST (P<0.05), 50,0004|3E/71
A STl A9 ok 3ol BT wAlEIsict Hads
of b EFEL 50,0004/ TFT-E A BE A
TollA 2421 ApolE Holx] LhTh(P>0.05). Hard=el ot
B 7RA AFEL 5,000 2 10,0004 /A FFTollA 2k2)
0.911, 0.944% Fo]A o7 717 A YERdth(P<0.05).

Ho] el W S. kitina2] NAFA A, A
e gl e Table 40 YERSITE Bo] FEE A
Follx1e] A2 A DAl Holo] 7P 32 50,0004 2E/70 A
FarollA 19.977 e & T FA vElskeY 5,0004|3E /71
Al FETE ALlet vhE AdTeke] FolAd Alole HolA|
UTHP>0.05). = B2 TAIE 25,0004 Z/70A] Tl
2.8UR oA o® 7HE Al RO WH(P<0.05), 10,000 9L
50,0004122/704) F3T-eke] F2lAQ1 Afeli= Kol ekstrt
(P>0.05). 2] 5 D= 2,500 F/0A FFT= AT 5
£ A olA 19.5-23.087E0 % F2l Q) 2Jo)7} flo] vE}
WEH(P>0.05). BE3F Holgke whE o] Alsk 9 e
25,0004 22703 Tl 42t 7.170A18) 44492 Ao
2 7P A YEREOUHP<0.05), 10,000 2 50,0004 /7))
AFAtele] f-o]2Ql Aol HolX| ehkth(P>0.05). 18y ¥
olgko] 2L 2,500 9 5,000 E/MAS TF3 AE e ¢
T FFeE v YERTH(P<0.05).
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HolFitell W S. kitina®] WA H WRuieE A3elA T
suecicas 3w APT7F 1HA] 9k ATl vlal] Age]
et AR eI olef st Aul= S. lirtoralis (Bosque et
al., 2001)¢} S. cecilia valentina (Oltra and Todol, 1997) Hl
Fsl7] 15t HolWER T suecica’}t T3} 0)e= AT A&
g} LA YERE Aot ol& T suecicas 73S 714
I Sl AEEEAECRA EAAR rotifer} 19 AT
HolZ 3 RIETE #97] whie] 2o Ihevk(Salt, 1987;
Hotos, 2002). B=3F Egloff (1988)= S. cecilia®lAl T. suecica
AL)st 2 Hol W= 1. galbanas SH S W /3] 7

Table 1. Maximum densities, fecundities and specific growth rates of Synchaeta kitina Gyeongpoho strain cultured at the different diets*

Diet' Maximum density (inds./mL) Fecundity (%) Specific growth rate (r)
TET+CHL 1,569.4+266.99° 18.7+1.60° 0.628+0.0165°
TET+ISO 993.3+74.09° 25.0+0.86¢ 0.591+0.0119¢

TET 998.8+157.49° 14.8+0.74° 0.624+0.0141%
ISO+CHL 35.745.25 14.6+1.97° 0.259+0.0060°

1SO 44.443.47° 18.2+0.62" 0.294:£0.0083°

CHL 10.0+0.00° 10.0+0.00? 0.000+0.0000"

ET, Tetraselmis suecica; 1SO, Isochrysis galbana; CHL., Marine Chlorella ellipsoidea.
*Values (MeantSE) in the same column not sharing a common superscript are significantly different (P<0.05).
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Table 2. The developmental phases, offsprings and lifespans of Synchaeta kitina Gyeongpoho strain cultured at the different diets*

Pre-reproductive Reproductive phase

Post-reproductive phase Number of offsprings

Diet! phase (hour) (day) (hour) (inds.) Lifespan (day)
TET+CHL 18.8+0.27° 4.0+0.29° 22.0+2.12° 10.0+0.88° 5.6+0.28°
TET+ISO 18.9+0.26" 4.2+0.24° 21.5+2.50° 12.3+0.93% 5.8+0.24°

TET 19.5+0.22° 4.1+0.28° 22.3+2.98° 12.7+1.02°¢ 5.8+0.27°
ISO+CHL 21.5+0.25¢ 0.5+0.04 15.7+2.11° 0.5+0.25° 2.1+0.10*

1SO 21.1+0.44¢ 0.8+£0.07° 21.6+2.23° 2.1+0.19° 2.6+0.08*

CHL 0.0+0.00° 0.0£0.00? 0.0£0.00° 0.0+0.00° 2.6+0.15*

TET, Tetraselmis suecica; 150, Isochrysis galbana; CHL., Marine Chlorella ellipsoidea.
*Values (Mean£SE) in the same column not sharing a common superscript are significantly different (P<0.05).

Table 3. Maximum densities, fecundities and specific growth rates of Synchaeta kitina Gyeongpoho strain cultured at the different food

concentrations*

Food concentration

(cells/rotifer/day) Maximum density (inds./mL) Fecundity (%) Specific growth rate (r)
2,500 115.0£0.94° 11.7+2.19° 0.774+0.0146¢
5,000 246.6+2.88° 13.2+1.92° 0.91120.0020¢
10,000 298.9+10.64¢ 12.3£1.21° 0.944:0.0060¢
25,000 97.2+22.0° 15.6£2.09° 0.645+0.2924°
50,000 10.0+0.00? 0.0+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, offsprings and lifespans of Synchaeta kitina Gyeongpoho strain cultured at the different food

concentrations*
Food concentration Pre-reproductive Reproductive phase  Post-reproductive phase ~ Number of off- Lifespan
(cells/rotifer/day) phase (hour) (day) (hour) springs (inds.) (day)

2,500 20.6£0.34" 1.3+0.09° 39.0+3.70° 2.1+0.19° 3.5+0.14°

5,000 21.1£0.59° 2.0+0.20 22.0+1.71° 3.7+0.43" 3.9+0.21%
10,000 20.1+0.37® 2.5+0.16° 20.5+2.44° 6.8+0.60° 4.2+0.16™
25,000 20.2+0.22 2.8+0.14° 19.5+1.88" 7.1+0.43¢ 4.4+0.16°
50,000 19.9+0.21° 2.6+0.16° 23.0+2.49° 6.0+0.59° 4.4+0.15°

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

FETtaL Rkt & AT [ galbanas &3 2
HTolA o] 7R & Bot L galbanac S. kitina®)
HEHo]ZA] A}go] 7hsgk Ao R ArET

Tet AL C. ellipsoideas H4 2 AAIF A3 ol A
AE 294 B wHrlels AeE Bol] whitel # FellA
of AgslA] ¢k HolEolet dkdnt, ofe|gl ol f2 =
off mhE A= 2] A, AR 9l Feljma o] Zolel] &gt
O 7 P}, Chlorophyceae ol E31= Chlorella sp.8] A3
B2 o] 742] T2 cellulose® ©F17] WHH, Prasinophyceae
of| &3z Terraselmis spi= 7F vPEZol 772 cellulose Al
galel| thecaol2kal E]-9+= AESHE 7HA) AL 9lo] +
T AW Tz} AT e ACRE BarE AL QIuk(Sze,
1986; Boney, 1989; Maruyama et al., 1997). 53} theca® ©]
F31 Q= 972 galactose & galacturonic acid® /33| §J
VX Chilorella sp.8} 2}o)7} Q= A o2 A4 TH(Becker
et al., 1989). 22 Chun et al. (1996Y> Brachionus %=
peptidoglycanase”} Q17| wit-of] MlaZB]o] the2] peptidoglycan

o7 o]Fo\X Chlorella sp& A1 2814 7 Qttal Bal

sl o xO

“

I
=54

STk, et A3 AR T2 Brachionus 401 B3
olefgh Eafj i &/do] e A §l7] wiiiell C. ellipsoidea
< B3l glolA] o] WSkA Ao w wdEr, o] B
of tisixe F7H R o]&2] and WS o8t THo]
gt o7 gk}

IJFEeE BTkl A T duekelr ] Hades
TET+CHL &% &5l Fo2 0% 7P s=A) vl
Ol S. kitina®] Ho| Aedo] ZJslo] AprleA A3et T, suecica
S AFE A} BT Egloff (1988)% 377141¢] Ho)
= 7 Ads Belsls o 2-3714]¢] wo|ito] S, cecilia
7ol Y v)A Holdge| glo wilg- 117ES A A
o B A= ou|AFE B3l C. ellipsoidea & T. suecica
£ o] ¥l Fol AARE B A, duRHoR T

suecicas U o] AHse S AT ¢ AU T
TET+CHL &% &57°lA T. suecica®l Ho| Fa3%> TET

3l TETHISO 35-7-2] wolgel] vl =551 ¢ksk7] miie]
Aele A A skl Aow
WA Brachionus %2) E5-2 HolEel wt A 9
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el AR s W= A 0% B s 31 QUK Yufera and
Pascual, 1980; Korstad et al., 1989b; Park et al., 1999; Lee et al.,
2000). o] et AR H: ATl 23l Synchaeta SANE &
Atk A 07 kR 11 SICHEgloff, 1988; Oltra and Todol, 1997;
Bosque et al., 2001). ©]2|3F Ho]EFroll ujE 47 1l P29 )
ol A= o] el S0l YTt vhE] wEel AoR
s TH(Snell et al., 1983). ¥ Q1] W 2 7Aool A Z}
zke] Wol g v Fals W] e e B, 2 T
suecica’t TR T Blojo)] vlgl] & 33 AAES Holu
Utk ol A=l 3 F2] A3l oy T suecica’t THE BO)
of njal] AR o itk AMLS GRINA F= Aot
SRA rotifers Mol Qlof A wolgS el A
-9~ F a3k HAR) g 4= Stk A7 wolgke] 1 o) dou o]
SIZ TaE Afolle AE, XHE 2 AEEC IYIS v
%]7] wjZo]th(Halbach and Halbach-Keup, 1974; Stemberger
and Gilbert, 1985; Rico-Martinez and Dodson, 1992). ¥ &1
o] 1A 2 Ak A E T suecicas WA & 10,000
AR Fast APV v ATl vlal] 2 4E, A
e 2 e 2o A HolRk2 A 2 10,0004 2
O ekt e WA Al 10,0004 71A] o))
o] FaTrellAlE AdAdo] vha WA vrEbd v, Aokl A]
= AR W o] maAQl ZoR FAlE o] 7 AELE

Ir

=2

—r

Mz 2k Aats el olEd o) WAk Al ¥
HHE Holo] o] §A43] FTIeI7] wiEel Aow ek
Uh AW 0 7 rotifere] /3787 WAL Blo]9] izel] 244
A FEFE o, I7 Qe sspleels I WA dvk
(Schlosser and Anger, 1982; Rothhaupt, 1990). ¥ ¢1-ollxi=

Holgg /Al T 25,000 50,0004 2 FF3tiEdl ol
AARE Alells 2 A7 §le el FEEeldond Uy
Higkoll = HolE 1Y 132 FwsiSly] wiel dh7wlel 2
=gk &fo] Eoi7t Aol of &S vzl Aow Ty, o]
A9 gl Holgke Aol rotifer 22317152 ol], 2 <]
Holadd wipd = F7tel whE wikrd ofsh ARE T i
FsEle] Ast 9 v g g2l FIE FoR vk QU
w] Z-o]th(Halbach and Halbach-Keup, 1974; Pourriot, 1977;
Starkweather and Gillbert, 1977; Starkweather, 1980).

kA S, fittoralis (Bosque et al., 2001)2} S. cecilia valentina
(Oltra and Todol, 1997)% 717} 7)AHek &S v wlo]ake Ak
grolls F&e PR v, el S vIRA o= A
07 BaESu), o]#lst A3k rotifer Encentrum linnheisr ©]
£ AFeME FU3HAl HERITHSchmid-Araya, 1991). B
Sl Bosque et al. (2001)2} Oltra and Todol(1997)°l4 .
littoralis 2 S. cecilia valentina®] 31 =171 180~238 umo]
Fom A A Al HolE T suecicas NA &
15,000~150,00041 3% 5813t} “12]u o]2] g Ho e 1]
228 51719 B. plicatilisS /WA 85 w2] Hol=l 500,000

M3 /7 A (Carmona et al., 1994; Serra et al., 1994) Bt} wjl-$-
AL Fom Al A il Agelvt HolE o] ggte s
A AR QS 713 Aol AES i vk Stk 11
el & WA Aol o)) At Axnr wolgko] 4
g W Akl B s wRl Zow vt olesh A
IR= rotifer T ol A7)(F7)e Ho ol whE Ak i
olg} Tk th(Stemberger and Gilbert, 1985). ¥ A &oflx] A}&-
B 8. kitina= S. littoralis 2 S. cecilia valentina HX}x 71 =
717} 1/2~1/42] =01m, 1% el o] AHFo] A3l A
o ke, wpa] 2 sfAleE AddelA B HolRe
S. kitina®] 583 g el glo] EA7E i wEe) SRS
o]$31 1% <13} Bosque et al. (2001) %! Oltra and Todol(1997)
o] AT ARETRE vk W2 3k Bl Ao ® gk

2 ATS T B, S, kitina®] TRkl Slof 7Hg
AR HA 9] Blo)= T suecica )™, 10l WHE 532 70
A Bl et A =2 AL RS AES 22D 10,0004
FNA TR AR Aow ke

(=) OF
I =1

2 AT o] #R2 o e 2] HolWER o8 7
o] Q&= FA4H rotifer Synchaeta kitina® TJFYS 13t o]
=9 H2 Hollw 9 B ekl 1 FAo) Qlvk &
2% rotifer S. kitinas UYIO R 717 UE 72 HolE ol
(TET, ISO, CHL, TET+HISO, TET+CHL % ISO+CHL)%] 23
TR o] o)59) Audy, ¥e-E, AE, W, e
4 T 52 ARSI HolErell e dAdulekelx] #ar
e, ¥3E W ALEL T suecicas T B 23 359
A7 28] 2 Aol vlsl =2 o= vERtE &
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