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Abstract

This paper investigates the growth rates of the microalgae
Chlorella minutissima, Chlorella pyrenoidosa, Nannochloropsis oculata,
Isochrysis galbana and Pavlova lutheri as affected by differing
temperature and light conditions.

This study also looks at initial age of reproductive maturity, life
span, and the total offspring number of rotifer which feed on
Nannochloropsis oculata, The conclusions are as follows :

The growth-result of Chlorella minutissima showed the maximum value
of growth-rate as 0.72 mean growth-rates per day under conditions of
25°C., 4,000 lux. Cel! numbers showed 2,16x107 cells/al on the 10th
day.

The growth-result of Chlorella pyrenoidosa showed the maximum value
of growth-rate as 0.60 mean growth-rates per day under conditions of
25°C, 8,000 lux. | Cell numbers showed 2.75x107 cells/ml! on the 10th
day.

The growth-result of Nannochloropsis oculata showed the maximum
value of growth-rate as 0.70 mean growth-rates pér day under conditions
of 25°C, 8,000 lux. Cell numbers showed 3.43x107 cells/mal on the 10th
day.

The growth-result of Isochrysis galbana showed the maximum value of
growth-rate as 0.61 mean growth-rates per day under conditions of 25°C,
8,000 lux. Cell numbers showed 5.69x106 cells/al on the 10th day.

The growth-result of Paviova lutheri showed the maximum value of
growth-rate as 0.53 mean growth-rates per day under conditions of 21

‘C, 8,000 lux. Cell numbers showed 3.52x106 cells/m! on the 10th day.
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The initial offspring ages of rotifer L-type, S-type, Thai-type
appeared earlier at 29°C than at 25°C, in all species. Life span was
longer at 29°C than at 25°C, and longer under conditions of low
salinity. Fecundity was generally higher under conditions of low

salinity.
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Selvtetol N WERAEY MHAEC AIZYE AL 19704 RWikol
19865 FE& B LAkMel 7HrelolA Yo ¥ito] &M3) MmE AT o
of W& oArix] EXEH REY AREHLEC YK BRI U= XN
ojtt. Jeu MEEEY WML BRI H1UdE Yol Eo izl o
Ut o g de] o] &5 2 Q& rotifer, Tigriopus, Artemiad B 2% Bt
EFIEN HEY EYlE VIl BEXS R AN RHAS o]
|3 AAY olF Mol iy AWMU HREHol AU ®PS A oz
ool ARER Hol|YE BHRS HM3t rl.

B Hol4sy kol BY WRE: M EJFIEL Yol
Bt - R(1970), #(1970), *b %(1986), M(1984), 3(1981),
(1986), £(1986)c] U B EFEFIEL] ol FFo VY WR: *F
(1988), #(1989), #(1990)5 ¢ R 7} Qlct.

Bl 2] Epl ELIE] BY BWRE MHK(1961), HE - Ed
(1965), Z%(1966), Witt et al.(1981), Fabregas et al.(1984), MR
(1985), JIlo - EEER(1986), Spektorova et al.(1986), MR #(1990),
Herrero et al.(1991)%°] 3, B%H# EXI3EY ‘;’401%1‘5‘.-0!] ¥}Y d3e
H4 %(1979), Hirayama ct al.(1979), ¥*& %(1980), Snell et
al,(1983), WM - (1985, 1986), F¥ - T ¥(1983), FH(1989), MN
(1989), BT - Z1L(1989), Lubzens et al.(1990)Fo] B 5o glc},

X oM SHEHA HNMER BRY 21 F =2 22T Yol
Eo] ol njx:= HES ZAB}3 Nannochloropsis oculatag Ho|Z ¥
rotifer L-type, S-type, Thai-typegol ti¥ WERS, MEFE % RS
7124 =27 Fof tisle] K KRBV KM
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B A7 19919 8YolA 19923 8U7HA] M ABE HMEH ol ¥ E
WRERZIAN AAgch  RBol ALSY 5MY BHEREL 19885F RE Hils
2 Lab. AquaololA 4 M3t BAKE Chlorella minutissima®} Chlorella
pyrenoidosa, Nannochloropsis oculata, HaptoB&3E, Isochrysis galbana®}
KEWERE, Pavolova lutheri® 2 MEEEY ol rotifer,
Brachionus plicatilis Large(L)-type, Small(S)-type, Thailand(Thai)-type
L B&k EHABOAN SFdol MMEZRY Zoith BENEES] BMRES
Provasoli ESESMZ A 1 AL Table 13} rh Mo Mgy WK 1L
ol Provasoli ES ¥53E 2nl% ¥pn 3}t

Table 1. Composition of Media Provasoli ES*

NaNogs 105 g
Naz glycerophosphate 15 g
A Thiamine HCI o 150 mg
Vitamine Bj2 3 mg
Biotin 1.5 g
Distilled Water - 2,000 &
Fe{NH4 )2 (S04 )26H20 - 5.25 g
B Naz EDTA 4.95 g
Distilled Water 500 atl
NazEDTA 7.5 g
H3BO3 1.5 g
MnCl2 0.3g(4H20)
C CoCl1 7.5 mg
FeCls3- 6Hz0 0.075g
ZnCl; 37.5 mg
Distilled Water 500 &t

Provasoli ES* : modification of provasoli ES medium ( Provasoli, 1968)
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egmol] AHLH WAE 0.5um catridge filter& o] &3t WBAY #
121°C, 1.5%KE TFolA 204k ettt

REXBS & 17, 21 ¥ 25Co & 2= ZEEF 1,000, 2,000,
4,000 ¥ 8,000 lux® A A3ty 500nt R FetA o] 300al% HREE
219JA] €. minutissima, C. pyrenoidosa, N. oculata, I. galbana,
P. lutheri® 4& 17Cold L &4 3.0x105, 3.0x105, 4.5x105, 1.0x10%,
1.8x105 cells/ml, 4 21'ColAE 0.5x105, 2.0x105, 1.0x105, 1.0x105,
1.0x105cell/mt, 4& 25ColAlE 1.0x105, 2.5x105,1.0x105, 1.0x105, 1.0x
105 cells/mal, & £33 B4 32%. L : Dcycle 14 : 108 2202 X%k
stedch. 2= MES ANA-999 REFHE A 83dn, & 2= HIUHE
+50 lux@d om 422 HEyels £1CHTH

DE AW SYzUo) 4748 dA st FiHEE st & dHol
A EEARRE 47 43I Ao £718 383 TFAM Saty BRIt
10x XEg o] EE5tT Neubauer MERITWMEE A1E3] iy MESE 2
e Mt ¥ stAch

RERS Witt et al. (1981)°]) Nannochloropsis sp.ollA A1EH Kol

;s

K:(l/tz-tl)tn(Nz_Nl) ............ (KI)

K= BlEX
Ny = #8 % 1,8 BIMAES

N2 = 8 # t,82] BFAMES
ty - M & 18
t; = %M & 2H



REXR iy AE A2 —x4E(one-vay ANOVA)E A 2] 331 Duncan
(1955)28] Multiple Range Test® A7t HFHHES MESACL.
B 227t BER njxE AL 4] 3t QoY R ol &3stdct

102¢n(kz/ky)
Qg = ———————— (% 2)
T2 - T

Ki = 2% T oM BEXR
Ke = 2% Tz oM BREXR

rotifer WA Y EFHFEES 24-well flat botton(ZF & : 3al)ol rotifer
L-type, S-type, Thai-type?] o7& ##& 10u}e]®d] 3 Mt 1-welloj
1ote]4 Yol BMEsATH

oA ojulY A= REREHE L3N RFRY 37§ B
WD HolTM N, oculatad lal/welld st on oluje] WEE
1.0x106~2.0x108 cells/mlS| Al HeiEdlact, Wolo] x|, WA U EFK
B2 ojujgrg t1E flat bottomol] HAA MHEMMS ol &3t mid o}
2 108§} 4 108%0] WEE, FHHIIACH

ERAEL 25°Co 29ColN AAIFIED B BMEE &% 15, 25 9 35%,
2 43 sldoen A¥Y/Y TY ZEE 2,000 luxE #EIII L ;D
cycleZ 14 : 1022 EMEsict
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1. BEEEe] Kk

ERBEE 17, 21 9 25CY 3EMEEE dPstn & &xouich 1,000,
2,000, 4,000 ¥ 8,000 lux® ZEE TI2A 3t 5Me] BHEEHEE 108
b ujeste oid MES F7HE ARG KR otdg Zrh

C. minutissima®] BERERE Fig. 13 Zon, BEBE 17ColN EXK
# 10881 MXESLE 1,000 luxolA 5.20x108, 2,000 1lux, 1.01x107,
4,000 lux, 2.50x107, 8,000 lux, 2. 76x107 cells/al® Z%7} ®o} A&
M E47t F7t stddch

ERBE 21°CollA, £8 # 1082 MES$= 1,000 lux, 4.3x108€,
2,000 lux, 8.80x106, 4,000 lux, 1.31x107, 8,000 lux, 1.21x107 cells/al
2 27} std o 4,000 luxe} 8,000 luxold &2 43S Hach

ERBE 25ColM, #£E % 10872 NES£= 1,000 lux, 2.50x108,
2,000 lux, 1.09x107, 4,000 lux, 2.16x107, 8,000 lux, 2.34x107 cells/al
2 257 848 ME4LE F71819 o, 4,000 luxe} 8,000 luxe AHY
B A2 F71E Eoch

C. minutissima?] MEKREE & 25 XA KBEE 1,000~8,000
lux HelollME 2571 3718 8 AES2 F7lE wolxle AMAIAR
&E 21°C, 25Col A8} 4,000 lux} 8,000 lux: 2 xjo] glo] wlsq 4%
< Hdrch

C. pyrenoidosa®] EREEF = Fig. 29} ¥, BEBE 17ColM M #
108718 ME4E= 1,000 lux, 1.07x107, 2,000 lux, 2.43x107, 4,000 lux,
3.35x107, 8,000 lux, 3.48x107 cells/al® F7}3lgem 2,000~8, 000
lux HelolH BREFY 43E 293, 2o vl2] 1,000 luxol A A z=¥ct,

~7-



Xn7000°'8 ¢ V¥

000y X000 @ xn000°T : O

(Xn1 000°8 PUB 000 ‘F ‘000°'Z ‘000°I) SaI3Isusjul

IYBI] § 1B sunjesadwal JajBA JUAISJJIP € JAPUN UMOJE DWISS! INUIW D]]1310]YD) JO SIAIND ymodg 1 By

ITLYLELDT)
8 9

d04)0 skoQ

9
T

T

1 1

LI

i

|

iy
T8 & i |

atel gl

P!

1
1
1

|
1
1

LT

el
ITTTH N

1
1

1

Dol

1

Dell

1
1

1

o

( 1w /3)199)s0qunu



xn000°8 ;W

B[ § 1B aunjedadwma) Jajem

ol 8 9

xn7000°F

Xn1000'2
“(XN[ 0008 PUR 000 '} ‘000°Z ‘000 ‘1) S8111susjul

xn7000 ‘1

+ O

JUBJaJJIpP £ JOpun umodd psoproussld v))a40)y) JO SaAINO Ymodg ‘7 ‘BIj

TLITCILEYLT
oL 8 9 v 2

40430

skoQ

14
17 17 1T 1T T

S DN N I DD D N B

Pl

1

1

Pyl

|

- Dol

1

L
—

0 O

et

Dol

1

pibl 1l

1

11

Ol

(o] |

1ned

( 1w/ 31199 ) 20qWnu



KEEBE 21°Col = 1,000 lux, 4.85x106, 2,000 lux, 1.50x107, 4,000
lux, 2.33x107, 8,000 lux, 1.59x107 cells/atE Z7}3ldoen Z% 1,000
luxol = M 249 Z7171 A28 oL} 2,000~8,000 lux HelolXE BRIFY
4 3& et

HRBE 25ColldE 1,000 lux, 5.5x106, 2,000 lux, 1.65x107, 4,000
lux, 2.97x107, 8,000 lux, 2.75x107 cells/atZ Z7}3l432 ZE7 7}
U 5 2S5 F7iE 2 AAE 2o

C. pyrenoidosal] EFE RS MY EA 17CoAHE RETH 2 2lo]¢lo]
M7 F7181E o1 25Colle Z2EL 2RI TR 4,000 luxe}
8,000 luxZtell&= vl¥ 4SS RaAch

N. oculata?] EEERES= Fig. 32} 3, BXEE 17ColAl+= 1,000 lux,
3.85x106, 2,000 lux, 1.70x107, 4,000 lux, 1.97x107, 8,000 lux, 3.68x107
cells/altE Z7}81%d 3 8,000 luxol A BEEY AR RAc)

EEBEE 21°CoAlHE 1,000 lux, 3.44x108, 2,000 lux, 1.14x107, 4,000
lux, 2.99x107, 8,000 lux, 2.19x107 cells/alZ AN X492 F71§ VelWln
4,000~8,000 luxol A RIF S Rrh

EEBEE 25CAlALE 1,000 lux, 2.69x108, 2,000 lux, 1.01x107, 4,000
lux, 3.07x107, 8,000 lux, 3.43x107 cells/alZ M XE47} Z713l93 2
Mol 43 xpojst Fstadct.

N. oculata®] Mo JRMelE & 5 ZAoM R Tol 3 3 ato]
7t 23 2xe] FUto] utel MESFY F7 2 AAE RN 12
o2 Z4E& 2 xole FHdArh 2z KXBEE 21~25C HeldAME
4,000~8,000 lux?] H2ZT oA wlE A& Lepulct

I. galvana®] EXBERS Fig. 49 3, BERBE 17CoA = 1,000
lux, 2.70x108, 2,000 lux, 3.21x106, 4,0001ux, 4.12x106, 8,000 lux, 5.08

x106 cells/alE MEF7} ZF713l43 ZEo] & Xojglo] A A3t

_10_



xn7000°8 : VW

ol 8 9 ¢ [

xn7000 ‘¥

uojjo|ndou}

oIl 8 9

HAV4

ITIT
4

Xn7000 ‘2
“(Xn[ 000°‘8 PUB 000'F ‘000°2 ‘000 ‘1) Sariisusjul
yB1] p 1€ aunjesadwe) Jajes juasajjIp € JIpun UROJE D10 N30 S15dOLo]YO0UUDN JO SIAIND Ylmodg ‘g ‘B4

sAnQg

xn7000 ‘1

: O

0 |

W

1

171Ut 11

T 11

e
st

I

(NS

1

(TN

|

Dol

1

1 ity

1

(o]

0ol

ol

1ed

( 1w/$)193 ) Jequnu

_11_



Xnj000'8 - V¥ 00y xn7000.2 : @ xn7000°t : O

(X[ 0008 PUB 000'F ‘000°Z ‘000 ‘1) SseljIsuaijul
sy ¥ 1 aunjedadwa] Jajem JUaI3}JIp € Japun umodd puDG DY S15L4YI05] JO SBAIND YIMOJD ‘b 814

uojipjnooul iey3p  skoQ

oo 8 9 ¢ 2 O 8 9 ¢+ 2 O e 9 ¢ 2
T T T T T 1T T 7T T 1T AT 1T T 7T 1T 7 1

el

TN

et

(o]

1
1

|
1

il
111111

(o]

|
I
I

DeG2

ol - Oo L1 -

111
1

110

(1u /81199 ) Jequnu

_12_



ERBE 21ColME 1,000 lux, 2.59x108, 2,000 lux, 3.63x106, 4,000
lux, 4.26x106, 8,000 lux, 4.26x106 cells/atE ZF7}slgd o 2% 2,000
~8,000 lux FsloiM Aol REFSIATE

ERBEE 25ColAl = 1,000 lux, 1.70x106, 2,000 lux, 4.28x10€, 4,000
lux, 5.24x106, 8,000 lux, 5.69x106 cells/mlZ ZF 7133 1,000 luxol A=
JAo] Mzt o 2,000 lux ol ol RIFY 4 3& YEluTh

I. galvana®] JEXFEEE B BRKE 25Col s A2 17C, 21
T ZZA v AR AHE Roln AAY 1o 4K E2E
1,000 luxofj A o] M 2§ HES HP 2,000 luxo] ol RHLY F
V& 2 rch

P. lutheri®] HREHRES Fig. 52 23, BERBE 17ColA = 1,000
lux, 2.73x106, 2,000 lux, 3.71x108, 4,000 lux, 4.46x106, 8,000 lux,
4.50x106 cells/at® Z7}319 3 ZE 1,000 luxg}l 2,000 luxoll A EEI 2}
o] Raon} 2,000 lux ol ol ME HLY HEMS Rach

ERBEE 21°CollA = 1,000 lux, 3.23x106, 2,000 lux, 3.87x108, 4,000
lux, 3.56x106, 8,000 lux, 3.52x106 cells/mlE ME47} 37131493 2%
Zto HhE alolglol RIFY B el E et olch

EEBE 25CollAME 1,000 lux, 6.47x105, 2,000 lux, 1.89x10°, 4,000
lux, 1.76x106, 8,000 lux, 2.39x106 cells/alE M XEF7} F713td oy 17
‘C, 21'Cel ul3f AAMF o2 o] M 23T

P. lutheri= &% 25Colgoll A& o] ARt 220 ZF A

folo g rv}elyic

_13_
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2. REX%

C. minutissima®] vjd F7I¥ MESE AR KR 1o whe} ALY 315 F
MEZEY s & 4¥ &S VehiA Fig. 63} At HoidZ2 25ColA &
T+ dden ofF& HF T 6Y olufel dojutrt. Z AP FolM HhEdHE
2 104 LS BLY 1Y BFEE L Table 221 Yrl

oL} BIAHAES AR 22V FY +£F wolXs RS
Rt

Table 2. The Maximum and Mean Growth Rates of Chlorella minutissima

Cul tured

Division Lux 17°C 21°C 25°C
1,000 0.344 0.659 0.471

Max. cell 2,000 0.418 0.696 0. 605
4,000 0.498 0.784 0.868
8,000 0. 606 0. 900 0.902
1,000 0. 2892 0.517a 0. 3612

Mean cell 2,000 0.3172 0.5712 0.527b
4,000 0.434b 0.678b 0. 720¢
8,000 0. 455k 0. 709> 0.697¢

Values are means from replicate groups and means in each row with a
different superscript are significantly different (17, 21, 25C :
P<0.01).

£ 22 AP iy Fo48 AAZ 2= 17C 21°Coll M= 2,000
o) 32} 4,000 lux o]AtollA R2xt8& BHA3 25ColA= 1,000} 2,000 lux,
2,000} 4,000 luxolAd Fox15 R Acl

_15-



17°C

Growth rate(cell div. /day)

12

Days after inoculation.

21C
08-

0.8r

0.2

i 1

0 1 i 1
[¢] 2 4 ] 8 10 12

Days after inoculation.

Growth rate(cell div./day)

25°C
0.8+

0.6~

0.4

0.2

G L 1 1 A 1
0 2 4 -} 8 10 12

Days after inoculation.
Fig. 6. Growth rates of Chlorella minutissima cultured in the P. ES medium
under the various light intensities controlled salinity 32%, and
L : D cycle 14 : 10. Growth rate is calculated by the equation of
K = (1/t2-t1)In(N2-Ny).

Growth rate(cell div./day)

—— 1,000 lux 2000 lux ¥ 4,000 lux —©- 8,000 lux
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227t BEEdZE vxe d¥S R 20 wet 4C U 8C TP
Qo0& 3ttt Table 301A C. minutissima®] Qo UL BY 17~21C
M= 2 UL Ueh: 2x7 Z3iA =& 2 ddotAct. 21~25C F
oAl E 4,000 luxoll M Eom 17~25C FollA = 2,000 luxolld A 2

7t BA+F LU

Table 3. Temperature Coefficients(Qio) of Growth Rates Calculated for
4 and 8°C Temperature Intervals at Four Different Irradiances

Temp. (°C) 1,000 lux 2,000 lux 4,000 lux 8,000 lux

17 ~ 21 4.280 4.354 3.050 3.031
Mean 21 ~ 25 0. 407 0.818 1.162 0.958
17 ~ 25 1.321 1.888 1.883 1.704

C. pyrenoidosaol 9loj A Uzt A2 Fig. 7oA R& uiel 23 Hcojyd
B2 17CY 8,000 luxolA & = 2ldon i FF F 54 o|fol dof
st AR HF Y AR L Table 404 B wie} Ul

ANH PP A LS £ 25C7IAE 227 BolA+E &2 US H4ch

% 22 ZPgol WE K48 AFFHE 17CH FZE A Y7ol
A 8,000 luxol Mgt felatE Hocl. 21ColME A2 AHEFAAA 1,0002
2,000 luxoliollA elxt7h vhepytch. 25°CollA+ 1,000 2,000 lux,
2,000} 4,000 luxol M #2218 Rt
AN AJE2E FholAM 1,000 luxF7} ThE ZEFo vl3le] W& gz f
ARE&} BE8HEE LIELChH
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Fig. 7.

1.2
17°C

0.8

0.4

0.2

1 1 L

G 1 1
o] 2 4 ] 8 10 12

Days after inoculation.

Growth rate(cell div, /day)

1.2
21°C

0.8

Growth rate(cell div./day)

12

Days after inoculation.

1.2
25°C

1 -
08}
0.6

0.4

0.2

Growth rate(cell div. /day)

o n (
0 2 4 8 8 10 12

Days after inoculation.
Growth rates of Chlorella pyrencidosa cultured in the P, ES medium
under the various light intensities controlled salinity 32%, and
L : D cycle 14 : 10. Growth rate is calculated by the equation of
K = (1/7tz-t1)In(N2-Ny ).

——1,000 lux — 2,000 lux % 4,000 lux S 8,000 lux

_18_



Table 4. The Maximum and Mean Growth Rates of chlorella pyrenoidosa

Cul tured

Division Lux 17°C 21C 25°C
1,000 0.510 0.338 0. 354

Max. cell 2,000 0.517 0.497 0. 485
4,000 0.530 0.604 0.711
8, 000 0. 847 0. 651 0.763
1,000 0.387a 0.2332 0.281a

Mean cell 2,000 0.453a 0.418b 0. 380
4,000 0.4312 0. 449> 0. 548¢
8, 000 0.583b 0. 452b 0. 595¢

Values are means from replicate groups and means in each row with a
different superscript are significantly different(17, 21, 25C
P<0.01).

Table 50 A] C. pyrenoidosa®] Qio $h& BB 17~21'C FoM = 4,000
luxol  ®2 e UERR 913, 21~25C FolA & 8,000 luxollA 1.988
2 718 w2 e uEhHch 17~25C FolMe 2=V B3 +F wolHd
4,000 luxolld w2 3t& ViEtsich

Table 5. Temperature Coefficients(Qjo) of Growth Rates Calculated for

4 and 8°C Temperature Intervals at Four Different Irradiances

Temp. (°C) 1,000 lux 2,000 lux 4,000 lux 8,000 lux

17 ~ 21 0.281 0.817 1.107 0.529
Mean 21 ~ 25 1.597 0.787 1.645 1.988
17 ~ 25 4.318 5.586 2.507 1.802

_19_



N. oculatao] QlojAe] UYL Fig. 8ol LIept uiet Zroh Hogd%
< 21°C2| 2,000 luxoll X Bed oifg FFF 58 ol vetytc

YA NS A& FFE &L Table 60 Leplct, X g &2
17°C%} 25 ColM e ZE7 Bold+E 2US By 21CoHME 2,000
luxol M H2Zt& Vet FZEPELEL ALEF RN 2271 & +F
w¥UE BATh

Table 6. The Maximum and Mean Growth Rates of Nannochloropsis oculata

Cul tured

Division Lux 17°C 21°C 25°C
1,000 0.264 0.693 0.693

Max. cell 2,000 0.363 1.098 0.693
4,000 0.398 0.693 0.797
8, 000 0.495 0.752 0.986
1,000 0. 2042 0. 4002 0. 3962

Mean cell 2,000 0. 302t 0.536ab 0.533ab
4,000 0.321b 0.563b 0.641bc
8,000 0.387b 0.631b 0.701¢

Values are means from replicate groups and means in each row with a
different superscript are significantly different(17, 25°C : P<0.01, 21
‘C : P<0.05)

% Z2xe] 4R E&o wE FE AA¥ZAAE 17°CH 1,0002 2,000 lux
ol ol M H2ldtd, 21ColAE 1,0002} 4,000 lux, 1,000z} 8,000 luxoi]
A R E Boch 25°CollAE 1,000 4,000 lux, 1,0003} 8,000 lux,
2,0002} 8,000 luxoll A Ro}x}l7} Lielytt}, Table 7o} A N. oculata?] Qo
A& B 17~21C Tt 1,000 lux EREANN %S Ve 93
21~25C FolM = 4,000 luxolld ¥&3& Jehiz glch. 283 17~25C
FoAME 4,000 luxol H E3t& LER Uth,
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Fig. 8. Growth rates of Nannochloropsis oculata cultured in the P. ES medium
under the various light intensities controlled salinity 32%, and
L : Dcycle 14 : 10. Growth rate is calculated by the equation of
K = (1/t2-t1)1n(N2-Ny).
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Table 7. Temperature Coefficients(Qjo) of Growth Rates Calculated for
4 and 8°C Temperature Intervals at Four Different Irradiances

Temp. ('C) 1,000 lux 2,000 lux 4,000 lux 8,000 lux

17 ~ 21 5.383 4.196 4.073 3.394
Mean 21 ~ 25 0.975 0. 986 1.383 1.300

17 ~ 25 2.291 2.034 2.374 2.101

I. galbanaol Qlo]AMe] YA Fig. 9ol4 R vis} Po| Hujgd R
25°C, 8,000 luxolld & = A3 A=A 34 ool Yelktct.

AN YL BFAAEL Table 80 Vel UNHchE P L2
H 2LEFVAM 227 £EFE wA Ul BFEYEE 2L A
B o} 21°CFolAE 4,000 lux®} 8,000 lux:s ZA Uebytct

Table 8. The Maximum and Mean Growth Rates of Isochrysis galbana

Cultured
Division Lux 17°C 21C 25C
1,000 0. 390 0. 502 0.488
Max. cell 2,000 0. 485 0. 650 0. 640
4,000 0.509 0.754 0.876
8,000 0.597 0.876 1.006
1,000 0.2982 0. 366 0. 3602
Mean cell 2,000 0.348ab 0. 451 0.523b
4,000 0.361b 0.529 0.517b
8,000 0. 481t 0.529 0.607b

Values are means from replicate groups and means in each row with a
different superscript are significantly different(17, 25°C : P<0.05,).

- 22_



1.2
17°C

L 1 1

Growth rate(cell div./day)

0 2 4 6 8 10 12
Days after inoculation.

1.2 5
21C

0.8

0.4}

0.2+

0 2 4 ] 8 10 12
Days after inoculation.

Growth rate(cell div. /day)

[=}

~ 1.2
> .

5 25:C |
~ 1+

R

o o8f

—

0 o06f

Q

3 ot

= 0

=

5 o02f

£ 3

8 0 1 1 1 1 i

© 0 2 4 6 8 10 12

Days after inoculation.
Fig. 9. Growth rates of Isochrysis galvana cultured in the P. ES medium under
the various light intensities controlled salinity 32%, and L : D cycle
14 : 10. Growth rate is calculated by the equation of
K = (1/t2-t; ) In(N2-Ny ).
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% 2] PP & ME FE AF A 17CHl 1,0002} 4,000 lux,
1,0002} 8,000 luxolA] f&j3leix, 21ColME 2ME HelolA FAXE
Holz] elgtr}. 25°ColA= 1,00034 2,000 lux o]olA F2E RHoAch

Table 9ol A 1. galbana®] Qo U2 17~21C FAlME 1.268~2.5992]
& UERI Q3 4,000 luxol A 2328 e VeI Qrt}. 21~25C F
oM 2,000 luxol M &-23& el 17~25C FoAH X 2,000 luxof A
¥ U UEIYL 257} ZAS4F FAHc)

Table 9. Temperature Coefficients(Qio9) of Growth Rates Calculated for
4 and 8°C Temperature Intervals at Four Different Irradiances

Division Temp. ('C) 1,000 lux 2,000 lux 4,000 lux 8,000 lux

17 ~ 21 1.671 1.912 2.599 1.268
Mean 21 ~ 25 0.959 1.448 0.944 1.410
17 ~ 25 1.267 1.663 1.567 1,338

P. lutheri®] Y222 Fig. 100 uehd wiel o] Hroigd L 21T,
8,000 luxoll A & 4 APoo] ch¥& 3¢ ojufol Ltelytct.

YRR &3} FFE &S Table 103} Ych LA EFEL 17C
o, 4,000 luxol M UIEIRET 21°C8F 25°Coll M= 8,000 luxolld ®Qtch H
Z4BE&E 17ColM 4,000 luxold ®A Yeldz|gt 21ColBellA &
8,000 luxolM wA UElN: xdM B 25ColgolN Zastes fFA
£ R4r)
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Fig. 10. Growth rates of Pavlova lut heri cultured in the P. ES medium under the
various light intensities controlled salinity 32%, and L : D cycle
14 : 10. Growth rate is calculated by the equation of
K = (1/t2-t1)1In(N2-Ny ).
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Table 10. The Maximum and Mean Growth Rates of Pavlova lutheri

Cul tured

Division Lux 17°C 21°C 25°C
1,000 0.286 0.464 0. 604

Max. cell 2,000 0.385 0.622 0. 445
4,000 0.925 0.756 0.572
8, 000 0.464 0.766 0.713
1,000 0.195 0.384 0.2732

Mean cell 2,000 0.318b 0. 480 0. 362ab
4,000 0.404? 0.529 0.438b
8, 000 0.341? 0.534 0. 459b

Values are means from replicate groups and means in each row with a
different superscript are significantly different(17, 25°C : P<0.01).

% ZEZY AR wE 48 ABAAE 17CoAME 1,000 lux}
2,000 luxo]Atoll Al R 217t Leldt oL} 21ColE AT HeolAd #2x
7} YElLR] oketch. 25°Cmii= 1,000z 4,000 lux, 1,0002} 8,000 luxollA
o 2tE RAch

Table 116]A P. lutheri®] Qo UL Y HSXE 1721CFAME
1,000 luxold &3S ‘el 21~25CoMe 2B 2xoN w2UL
Letdch 22]3 17~25°CFoll A& 1,000 luxol A ¥-23& UEeldch

Table 11. Temperature Coefficients(Qjo) of Growth Rates Calculated for
4 and 8°C Temperature Intervals at Four Different Irradiances

Division Temp("C) 1,000 lux 2,000 lux 4,000 lux 8,000 lux

17 ~ 21 5. 441 2.799 1.961 3.068
Mean 21 ~ 25 0.426 0.493 0.623 0.684
17 ~ 25 1.523 1.176 1.106 1.450
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3. rotifer?] WA U H EHN

rotifer®f AU HS = 250C, 29°Coll ol B HHE 15 25 W 35%
2 dAq PERS U B, BEFRE 2 B BRE Table 12,
130] utepylich,  25CollA 15, 25 9 35%,8 ZAR flat bottomo] N
L-type, rotifer®] WFERSE 50412, 45X, 57X L], S-type
rotiferof QlojM& 33, 46 I 503, Thai-type 30, 34 B 41A]3 o] %
c}.

29°CollA 15, 25 2 35%,2 ZAF ¥ flat bottomo] A} 8] L-type rotiferd]
DERSS 36, 48 T 604 Ztolgd 3, S-type} Thai-type rotifer= A F 7t
ol 24x] 7t B LlElWt o, 3-type?] rotifer= W Q2T 29°CollA WER
4o] wEAH Yelkict.

rotifer?] MM 25°C7t 29°CHT} 3-type2F Z AR FAtFol glojy
£ 25°C7F 22 29Crul @2 Holdcrt i typed A4 E vl
3 2H L-typeRC} S-type, Thai-typeo] ®2 A& Liepulch.

rotifer WiZtA 7o) QUojA i 25ColM L-type 169~312um(253+35)
S-type 113~185um(156+21), Thai-typel08~170um(146+18)=% Thai-type
o] S-typeRTtE ZtA LIE}%ic

&5 29CoME L-type 165~290um(236+36), S-type 107~180um(148+
21), Thai-type 96~165um(132+14)2 9 A] Thai-typeo] Z}AIL}E}RECE.

et soutE rotiferA7| S v 23R H 22¢Q 29°C7} 3-type BF 3}

A Uetsich
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Table 12. Results of the Growth Parameter Observation of the Rotifer
Brachionus plicatilis Cultured under 25°C Conditions
(L : Large, S : Small, Thai : Thailand)

Strain Salinity Initial offspring Life span Total offspring
(%o) ages(hour) (day) number

15 50 11 18
L-type 25 45 10 17
(169~312um) 35 57 8 12
15 33 8 18
S - type 25 46 8 18
(113~185um) 35 50 8 17
15 30 8 19
Thai-type 25 34 7 18
(108~170um) 35 41 7 18

Table 13. Results of the Growth Parameter Observation of the Rotifer
Brachionus plicatilis Cultured under 29°C Conditions
(L : Large, S :' Small, Thai : Thailand)

Strain Salinity Initial offspring Life span Total offspring
(%o) ages{hour) (day) number
15 36 7 16
L - type 25 48 10 13
(165~290um) 35 60 8 11
15 24 7 16
S - type 25 24 6 15
(107~180um) 35 24 6 12
15 24 7 18
Thai-type 25 24 7 16
(96~165um) 35 24 6 16




V% %

NESFIAE wdel AN 29 25 ZAE Aulste Fo% 22
2 sjupelrt. et ol RAELS M—pyo] obd HEEA 23 2%

£(1990)2 & dF2 A¥EYAEQ C. minutissima§ Provasoli ES ¥
& AHE3l £ 1721CollAH ZEHEZ AHES AAY Z2 4,000 luxo] 4
ol gReol AMciy HIstdd, EI FAZHAM 4 20+1C, L : D
cycle 14 : 10, X 4,000 lux®] ZZdA 7d7 wjRsted BFAHAE 0.71
2 RI3ct. B dFoME= RAEHBE £ 21C, L : D cycle 14 : 10,
ZE 4,000 lux?] zZolM 1047 wirdled 0.689] HF 4P el
Ut MzA FAPoL HY Sxojrh 4,000 luxol oM w2 FL B
o] Qolx o] ZAztel Yxjsta qrh

¥, £(1988)2 C. pyrenoidosad ZITA ujotedolM 2% 20C, RS
3,500 lux, A&z 2AolA 1042 viPste 0.769) BIFHPYLE B2
3t 3, £(1990)2 RAME Provasoli ESM|A|E 4& 23+1°C, L : D cycle
14 : 10, 2X 5,000 luxe] ZZAA 0.562] BFAHALES Basgr}.

2 dFoN, 2% 21 Ce 25ColA, ZX 4,000 lux, L : D cycle 14 :
108] ZZolA 1047 vyt BFEAEL 0.45 0.552 A 3, £(1988)0
vl = A ZEF oLt £(1990)9] AtE= B|USIA Yelydcl,

Nannochloropsis oculatao] #¥¥ AF 2= FR - FK(1987)0 )3} Nanno-
chloris oculataoA N. oculata® WHS AN, ¥ %$(1989)2 +& 267,
ZE 5000 lux, L : Dcycle 24 : 08] ZAN HIFHAL 1.072 RIFY
4RE& Rastdn, MR $(1990)2 & 25C, 2% 3,000~4,000 lux, L
: Dcycle 24 : 0, BH% 30% ZZAo)A Guillard and Ryther(1962) wjotey g
Atg3te] 7t ey A BEAHEEL 0.880] 2t}
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2 dFoMNE £ 25C, ZE 4,000 lux, L : D cycle 14 : 10, W%
32% ZZ o)A Provasoli ES wjgdoz 7¢Zt wiyyt Az HFIFHALL
0.642A glolxe] Huet vay of A2Y 4F&E Bded oJ& L D
cycle] o], & ZFA|Zte] & zlojolA EEY oz Qzgr)

I. galbana®] 43 Helel thdle] Ukeles(1961)& 15°CollA 713 A4
ol kot 24~25CollA 4ol FA "t 2o vt Kain et al.
(1958)& 20~25°C7} A 2H¢lelxr 3tel, W(1984)= 15~25CE TN
HEH oA 2z wetd ZAge] AA WelHAM 200C% 25CoA
th o] 3,000 luxollA 4% &o] Hcighd RAX| g 15C-3,000 lux7t X
o 7t HolM B of wiry ZAojelx AP e 9,000 luxol A
t BB &o] AL X HERKO el sty

o] dFolHe 2= 17~25C HslolM 228 fd AAA 2,000~
8,000 luxd #loll A FxE Holx| ¢fo} M(1984), Kain et al.(1958)0] =]
AL 29 15~25°C, 3,000 luxol EHE AT, o]Fo] R 15C,
9,000 luxol M 2] ¥ HERKS, 2T 17~25C, 8,000 luxZ AN
t ¥ 7 A

A %(1986)2 P. lutheri® 2% 20°C, 5,000 luxZ ALGZEHA 14
At 2T tolA 15Uzt widyt A, AL 0.29, 0.218 Azsgx
X BERAKS Rolx] foltin stdon PR HA&o] ol AL
MEL] RERM7IA 4 H &S T3t B wFoletn st

& AdFeME 21°C, 1,000 lux, 14A]2F 2 3tolla B4 322 0.38
o] 31, 4,000 lux, 14A] ZF oML 0.5328 2RE7} 271 48 4%
% F71std ot X HERKLS Holx ¢t:, 25T, 4,000 luxo M= B
HERBE 0.448 YolA 27t A aUo g e}y



ol ZF 5F2] wANE FUstd 2AUSIAE C. minutissimao] glojA
t 2% 17~25ColM ZE 1,000~8,000 lux7tz]2] ANHQA HFA Ao
M 21CollN &otxgh, Hoighe 25°C, 4,000 luxolld HFEAE 0.728
1= 3748

C. pyrencidosacr] 2% 17~25CollM e 4HL 27t F7igol ule}
MES7} w2 F7tstol 2E 25°C, 8,000 luxollA BFEHE 0.6028
712 gA Jehd dzlel vistey 12, IXTM o wE dHL HYr}

N. oculatas Yo N2FoT dA Y FAZA oo
Maruyama et al.(1986)2 & 25C, @& 15~30%, 2 & 12 KIx9 Zo]
drtz Eastdct.  XPRAME 25C, 8,000 luxoly HFA 3L 0.70,
HolER& 0.992 71 wE A4S RYo2 A Yol Raet EAUY #&
m& Boch

Chlorella sp., N. oculata?] v ABolA cjidAgo] LEILIE A]7)
v B2F 6 oA, o2 WA %(1990)°] N. oculatad] wjgold &
25C, R 3~4 Klx, 94295 ZZdoA A A& 0.928 A4 5~7¢ o]
el elyttiE B3l o3t gl

I. galbana2}l P. lutheriz= 17°C8} 25°ColM 8] ZE¥ #x1: 1,000

Ir

2,000 luxol 4ol Al LFE}WE3, 21°Coll M= 1,000~8,000 lux7tx] 52127} U
Ehuba] e Zle® Hol MEKH Hrhs SEZ o] 4Rl o AA Y
3o, I, galbanats 25°C, P. lutherit= 21°Cold 24 %ol wA Uelwt
t}.

i Aol oA M(1984)7} 1. galbanad] iyt wlR A PolN &%
15~25°C, ZX 1,000~9,000 lux®] ZZAojM i3 ZA3} AdRL 2§
3Y olulo] etk stdz, 4 %(1986)2 P. lutheri§ % 20C, &
£ 1,000~5,000 luxoll X L2 A3} 14417 2B dPAQME 3

g Bol 3 o2 ietkiria Rasidcl,
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AB®Eo)| UoAME . galbana, P. lutheri® F 17~25C, Z&E
1,000~8,000 lux, L : D cycle 14 : 108] ZZAolA ujdyt Az} 2 cfA 3o)
25 3¢ o|UlE Yty oo} dolAe] Bt dx|3ta gt

2E7t BIEEBE vlAls F¥E U7 flstd ZAY Qo U2
C. minutissimao] QlojAxe &5 17~21°C, 2,000 luxolA 73 & A YEPG
ol u|3led, C. pyrenvidosat 21~25°C, 8,000 lux2A XA} w2 X
=& 27stgct

W(1984) &= . galbanad] wiRA Bl Uebd Qo8] UL, 15~20CAlN
£ 3,000 lux, 20~25°'ColA £ 9,000 lux, 15~25ColA = 3,000 luxolA
A vtepstcia stodch. A iy £ A Aol = Table 9o LteRd n}
o} o] X 17~21'Col A, 4,000 lux, 21~25'ColA =, 2,000 luxs} 8,000
luxoll Al &otew, 17~25CollM+ 2,000 luxollA &A e} #9(1984)2)
B} vy RS 2l P. lutherio] QlojM: &% 17~21C,
1,000 luxollA 5.442 & xFojM &2 RS RAr].

rotiferoll QlojA % 25°C, 29°Ce R QoA L-type, S-type, Thai-type
o] XA L Table 129} 130 Ll vie} o] 25°Ceoll A, L-typed 45~
5712, S-type 33~504| 27}, Thai-type 30~41A]7t2 2 Thai-typeo] A 7}
wh2 Al Ve, 2% 29ColMXE L-type 36~60A]Zt, S-type 244]ZL,
Thai-type24A| 2t 2 2 S-type?} Thai-type?} w}E2A e}y, &% 25C#%
29°CE o233 29CoA wl=2A ey, o|RL Mustahal et
al. (1991)8] 2xA o AFoAN 22X wEA Yetgtzn, Aoy 3}
= B3¢ dA3ta Qlch

rotifer#Mrol cti3}lo] Mustahal and Hirata(1991)3= L-typeo] S-typeX
ChATI 3R, Mustahal et al. (1991)2 AM{2Eo] wE £ EfRo
A A3, MEolAM modctz Eadtgct & dFoME L-typeo] S-typeR
t} o ZA ulejL}, Mustahal and Hirata(1991)2] X329} x)|31d 3, Al
25 AT 3-typeEF 25ColA 29 CHr} ool ZA LI}ElL} Mustahal et
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al, (1991)2] R 19} ofx|3tc}.

REMFEA sty FIIKBMARE(1982)2 +=22 BAC]l A «F
slti R 28l 3, Mustahal and Hirata(1991)e] 23} w2 d EEL oA
w3, ®HES solMe WHSEE uepdctn st 2 dFodME
3-typeRF 25ColM Eton, BELSBE oM E 3-typeRF, 15% B
oM wA Ve oMol 29t dx]staglct

FEPREL A7lof chdtol BHT(1983), Mustahal et al.(1991)L {EBo)A
A3, HBAAA AAodttn 23R, & AFME 3-typeRF, BE 25C
7b 29CRTt of 3A el deMe Bt XY ANE BAcL
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VE B

BB, C. minutissima, C. pyrenoidosa, N. oculata, . galbana,
P. lutherig HBESY REH#HA & HES RHESACE =¥ A
oculatag Yol 2 3} rotiferd] WERS, BH U REFH 5& AXEY
BRE o g

1. C. minutissima®] RERREE 25°C, 4,000 luxols BMFEHEER
0.72% Huigt& 2 A 1080l MM 2.16x107 cells/alo] Tl

2. C. pyrenoidosas 25°C, 8,000 luxold HMEIFEBRERS 0.6005 2
TS AT 10dxRe] M Z4E 2.75x107 cells/ato] gt}

3. N. oculata 25°C, 8,000 luxolX YNHFLAE 0.7022 Hoh
RAD MNESLE 10GR)oll 3.43x107 cells/altE Z7}3c}.

4. 1. galbanats 25°C, 8,000 lux #&#&olM BMFHRER 0.612 2
UL BPT, 1087 M ESE= 569x106 cells/ato] Q).

5. P. lutheri®] & 21°C, 8,000lux ZAolA BMFEHRERS 0.53
ol 10Y4=f2] M E4x= 3.52x106 cells/ato] git}.

6. rotifer L-type, S-type, Thai-type RE oA 25CRT} M 29
CHElol M WMER S| galct, BHS 2E25CollA 29°CRT} A3, Wy
REE EESA Felolr e Algich Jejn MEFKE EES(15%)

A SESE ZVe 2odrt
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