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ABSTRACT

Growth rate, first reproductive age, life span and total offspring numbers were measured
to study the effects of water temperature and salinity on the propagation of rotifer,
Brachionus plicatilis. Three types of rotifer, Large (L), Small (S) and Thailand Small
(TS)-types, were cultured in the 4x4 factorial culture conditions with four different
salinities (5, 15, 25 and 35%) at each of four different water temperatures (15, 20, 25 and
297C). The results are as follows;

Under the 4 different salinity gradients (5%, 15%, 25% and 35%) at 29T, the mean
growth rates of L, S and TS-type were 060, 084 and 096, respectively. The first
reproductive age of three types rotifer appeared to be early at high water temperature. The
total offspring numbers of the three types were higher at 25°C and 29C, with the maximum
value of 283 on the average at 29C for TS-type, and the minimum value at 15T for
S-type. Life span decreased with high water temperature and increased with low water
temperature. L-type and TS-type rotifer showed the longest life span of 135 days on the
average at 15, and S-type showed shortest 6.2 days on the average at 29°C.
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& gatez dHo| &34 HEJ JgHT si=3
Fol FRa diFujde] 7HE3Ely] WiRel FEA HolAER
E2 Wol o855 ri(Hirayama and Ogawa 1972).

o]2] 3t rotiferel AT WA < rotifers] A Qe nay £ A8 o
oW &7} rotifers] A m X s B2 477 d8E FHeE g¥EA dygEHe] o3 9l
tH(Hino and Hirano 1977 & 1988, %% - X F 1978 Lubzens et al. 1985; Snell 1986; Mustahal
and Hirata 1991; Hirayama and Rumengan 1993).

FHAME x(1980)8] 59 HEFLEo) AT Aot 8 - F(1985) 9] Hol B o 3ul g A
rotifer?] W78 A B3 AT, #(1989)28] Large-typed Small-type rotifere] W2 Aejol 3k
A1 2 Tomas 5(1993)0] 7QA M el gt &5 Hajo) B 2w} ok

Fukusho and Okauchi (1983)& ¥ Matsubaka city Kongoh % 479 #Ago] <2]go) 4
rotiferg THEEdte] FeiHQl vja g F& dPFA Large (L)-typedt 28 F<Q Small (S)-type
o8 FEIT .

2 A7) A L-type, S-types} A ©}-§3 Thailand’t Small (TS)-type rotifer= 1992430 %
2 T EUHAT, H o E S-type HUE L2 H(FEHR 12682149 umolm, HaHoe| wa}
tgeieke] 7hsstvtn Hasta IchEAR - &HE 1991).
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B AEo 283 rotifer 199249 49 42 R KENA E¥do}l AFgdtn F48a ol
EATFAMA i%F L-type, S-type, TS-type2 AML 3l 337 rotifere] P77 FI7)E Table 1
o Jebwict

Rotifere] 438§ 2487 3t 250 mé 442t flaskol 200 mB-J Hj ke )& rotifere] &
FTRET 1074A)/m= 3 7 1592 AbSstaA #Fssivh $&& 20£17C, 26%17T, 20+17TC, 2
T2 BB 5%, 5% 25%, B%hE ZA s 4974 2 "]d?i ARG, 25 1,800~2,000

luxZ d&x3 S AR "Hels Nannochloropsis oculata® 945213000 rpm, 10%)3te] )
F7)1ZHEQF 1.0x10°~20x 10° cells/md A st T, “*OI%E% Neubauer hemacytometerE o]-& 3}

F
o 19 33 w8 A5t PFstArt Rotiferel Al4= zt flask® 3 mE pipettingste] 10% =4
formalin®l] A 3§ & A$IH(No. 5608-B)2 /\}%OP"“‘ HEAu| Ao A MAFe} TR Q
e AFE AFdch
Rotiferé] 4748 (Specific growth rate: S.G.R)2 Stein (1973)9] W4 & o] &3t A&Ft)

2.3026 log (No/Ny)
X

S.GR = 1
0.6931 -t
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i3} #7yo] Rotifer, Brachionus plicatilis®) #gmol] wjd:= g3}

N JE 3¢ Y oo F37 AASF
Nt 8% ¢ d g HF AAS
1: 4% % 1d

2: 4% ¥ 29

Rotifer®] FxAlahd®, 248 $£HE A7) Yt AF3-87184 24 hole-microplate (3 mé
/hole) & *]—%0}9\’17 15%1C, 20+17T, 25+£1TC 2 29+1CTE 47}R] F2Z27ddA zF 24 uzt
BE-S 5%, 16%0, 25%0, DUy T2 TE3 AP 5 ZEFE 1,800~2,000 lux BHEA ALz
B AR 7T rotifers 24 @A 2ottt GEHZ 10709 holed ZzHzh 1ARAlY Q&

I AES AAHY. Holes Nannochloropszs oculata® 1.0x10°~20x10° cells/m 2 $x51goH
FTEE 1247 ZHAo 2 FFPIYct Az @%8 M AR BESP o, s Fi
T golwgA 12417+ tAoE #AF Zﬂ—r % rotifer AAlE A2 plateo] E-AHTH

S G W A& A} one-way analysis of variance (Nie et al. 1975)° 93} 95
% TTANA BAHL Fo94 BAAE A

Table 1. Sizes of three types of the stock cultured rotifer, Brachionus plicatilis cultured at 25C

Temperature Size (tm)
Types of rotifer
() Length Width
L-type 25 265.64119.34 17426+£11.63
S-type 25 15551 +18.31 129.97+£15.59
TS-type 25 136.94+24.24 11097£15.09
b= B

.98 8

5%, 15%0, 25%0 % 35%S] BETAM 20~29Ce 2=z0< DI ed 3FF rotiferd] F
3A&< Table 29} 7t}
L-typed] Z+ A&7 *’3*‘“&5; 25Cet 20ToNA 053~0712 A 4FS vetder, 20

TolAE 026~0302 #& & Bt 4Y £ T e 439 Foldl @ F497% 2
S T OUEAH AL AR BSOS 005).
Spes] A% AR 20T, BT W DA wE e drhion AT A2E U9

= 29TCAA 081~0872 =A vehwta, 20CAAE 017~ 036°i < s UrE}k‘iE}.
TS-type2 L, S-typedll B8] A L=F7hollA Hlw3 £ **R.}%a Rolx 95, HEAAS o
= 29T oA 092~1.042 =951, 20T E 063~0822 ¥t
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Table 2. Mean specific growth rates of three types of rotifer, Brachionus plicatilis, cultured at 4
combined salinities with 3 kinds of temperatures

Salinity Temperature
Types of rofiter

(%0 20°C 25°C 29°C

5 0.26™ 054 0.53°

L-type 15 0.32° 0.56° 0.71°
2% 0.39° 059" 058"

35 0.32° 053 057

5 0.31° 0.48° 0.82°

S-type 15 0.36" 053" 0.85°
2% 0.31° 057 087

35 017° 052 0.81°

TS-type 5 0.82° 0.84° 0.95*
15 063° 0.76™ 1.04°

25 0.69° 0.85° 0.94°

35 064" 063 0.92°

* Different superscripts indicate significance (P< 0.05).

42 25 15T, 20C, 26C % 29C= +

{0

AEE 5%, 15%, 5% B %72 DA &
B3to] rotifere] #Hz AFIR, FAE £, FY F ArstA Tk,

Hz As#a#E e E3laiFe] AR o 4dst 38 o 7149 A8/AHE AEIIYE, 1
A3 Table 35 2th L-typeodl 3ol 2} A8 Hw Hx AA—FAH S 15T, 20T, 25T, 29Tl
A Z+zy 107.7, 669, 356 L 283A1tol ATt H 2 ARkl A wWE A ETE 15%T, 29T A
27MZU R, 7HF B ANEFE B%T, 15TAA 12242 2ko] Rt

S-typed] FF Az ATFAHE 15T, 20T, 25T 2 20TohA 27 1354, 592, 31.8 L 24343t
oI, 7Y WE AETE 15%T, 20THA 182, 713 & AFTE %7, 15T
A 161417k 2 L-type®} FAFeH A&t

TS-type2 15T, 207, 25°C, 29TolA 24zt 1221, 405, 34.3 2 218717t x, 71 wE Ay
e 5%, 29ColA 188A1z0l e, 1 & AP FE %7, 15CAA 165AF22 S-type
oly} L-typeETh= T =%t}

233 IAAY A $4E 5 Table 49F 2tk L-typed] 2% 15T, 20T, 25T 2 29T
Az dB g7 BT A4 = 242 71, 207, 151 € 19702 et e 25%7, 20T
A 241MA 2 71 Be Ad 5 BRI, 5% 15TAAE 472 A Ze g Ve
t}, WA L-typed AF29 15CTE AdS ohE 4A2E HYMAME 453 A74E Bk

S-typed A$ & 2ETFoMe HF A £ 38, 120, 265, 245MAE JEg e, a5
791 25T 29Tl Zbzh 2669 24524 Tkt Hm, A2 15T 20CANA Zhzh 38+
12022 @& e JEpdth

TS-typedl e F20] H&4+E thiles 4TS Bgon, 29TN A WBIIMNAE HuAg
YErTh
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Table 3. First reproductive ages of three types of rotifer, Brachionus plicatilis cultured under

combined conditions with 4 different salinities and 4 kinds of temperatures

First reproductive ages (hours)

Types of Salinity
rofiter (%) 15T 20C 25T 29T

L-type 5 121.3+28.3 728+5.9 40.7%+9.8 29676
15 91.8%£106 714%x44 34.0%6.3 227%22

25 95.3%£22.7 59.0t4.2 31.0t54 276x30

35 122.4+108 64.2+47 36.6+9.0 33.2t46

Mean 107.7£18.1 669%48 35676 28.3+44

S-type 5 138.2£26.7 524x 85 36.8+12.3 24056
15 1194109 534% 76 263+ 25 18.0£39

25 122.4+279 62.0%20.9 316* 6.2 256162

35 161.4£280 69.0£215 326+ 31 204198

Mean 135.4%234 592£146 31.8% 6.0 24364

TS-type 5 896t146 294%50 263+ 25 188%36
15 97.8%£10.3 408*39 286+ 49 216+3.0

25 1358+188 427%35 368+ 94 22.0%32

35 165.0+24.9 492+87 453%11.1 249+69

Mean 122.1%£17.2 405%5.3 343 70 21.8%t42

Table 4. Total offsprings from an individual of three types of the rotifer, Brachionus plicatilis

cultured at various conditions

Total offspring numbers (ind.)

Types of Salinity
rofiter (%) 15T 20T 25°C 29T
L-type 5 47136 206+83 126*41 21.8+3.0
15 10.7x34 18.0%£5.0 180%£35 19.0£6.0
25 58+18 241150 17.0+38 19.1+20
3B 72%08 200%45 127x20 187+5.0
Mean 7124 20.7+5.7 151%34 19.7£4.0
S-type 5 43121 18947 36.5+13.2 290100
15 48+21 17.8%£9.1 220+ 75 23.1%120
25 43%17 71+46 25.0£10.2 268%+12.0
3H 1.8%£09 40x25 226x 7.7 189+ 70
Mean 38%17 12.0£5.2 265+ 97 245%10.3
TS-type 5 71x36 23.8*+64 32.1%156 31.3£12.0
15 11.0%40 21.0%£37 26.0+13.2 324%110
25 78+23 22.1+21 278% 45 20.7£120
35 51%*13 13.3+44 206+ 80 197 7.0
Mean 78128 20.0£4.2 2661103 2831105
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2} Qe wE F2E rotiferd FHL F2o ¥SFE FoXE FFL Rgon 1 AR
Table 58 2t} L-typeol Aol 15T, 20T, 25T, 29CHA zZ+t Q8 g1 Hyg F9He 47
135, 128, 7.8 & 6592 el on] Fo] 7 #AUW APTE 5%, 29CA 559 19T,
7V ARE AL 5%, 15T A 1639 oAtk

S-type®l A$ B #2Z2ddA Z AdTd Fit FHL 2447 104, 81, 76 % 629 w02
AFLo BAFE o] g, AF2Me ZA el on 5%,7, 20T 11942 714 2%
i, 35%7 29CA 5442 7 Fsih

TS-typed] A4% e FL&2AsNA Zt AT AT 8L 247t 135 99, 80 ¥ 64U=
el o, 9o 71 #UE AETE 3B%T, 29TAA 53 olUxm, 7 2AE AdEFE 5%
T, 15CAAM 163l Th

Table 5. Life span of three types of rotifer, Brachionus plicatilis cultured at various conditions

Life span (day)

Types of Salinity

rofiter (%0) 15 207 25T 29C
L-type 5 139%4.0 12033 70%15 6.7%£2.1
15 11726 10.8%20 76+1.1 6.1£2.3
25 11.9x24 137140 82*038 55%14
35 16.3+4.3 146+24 83*19 75%19
Mean 135£3.3 128%29 78*13 6519
S-type 5 11.1+29 119£238 88+2.8 6615
15 103+22 83*+17 6.9+22 6.4%20
25 10.1+34 63131 70+1.7 64%21
35 101%31 57*1.3 76*1.9 54%17
Mean 104£29 8122 76122 6.211.8
TS-type - 5 11.1£27 97144 74%17 6318
15 125*38 100+24 74128 74*19
25 16.3+26 111£15 89*16 6.7t1.6
35 13.9%25 87%1.1 84114 53%17
Mean 13529 99+24 80*19 64%18

U

Rotifer& <Aoo= dFujdetd H& -’}‘"}_%%94 &7] HelHERAM o]&3] HAAME
rotifer Bl lo] AESH 54 2 A Meo] #Ag FEG Aol HAsirh UutH O 2 rotifer
ol Wao] 43S piXE FHgUReRE ARE vRdld $£& R £2 L FEYE 5L 5
F et

HAatolF EHAAMNA F8 Ho] o] &HE rotifer= A small-type# large -typeol®] £ AF
ol A% Thailand*t small-type® 1992 Thailandol X QEL AH £Usom, ofdz] WA
Ao B3 d7RnE v AFolt) o]z rotiferd] 42 ez EAI F4H2d o}
2} J3g Aolg Kol QItHYiifera 1982).



A7} Hi%o| Rotifer, Brachionus plicatilis®] %5l vix)e o8}

Rotiferi= dutd oz 25Cold9 m4E W olHE S-typeo] =& AALE Holm, ¥y A
< YoM E L-typeo] %3 *é’é}:% E"J I deHA gk AedE 20| rotiferd] WS
At (BEE 1979), S-type®] 7% 30TColdolA o] Fisty _T'_—"i—%fli U2 A Sil
(Hagiwara et al. 1988), AIEA &l o] AFEL7)dE L-typeol, m427)0l= S-typeo] 3
o2 Yele ZFo] dvh(Kokura et al. 1982). #(1989) HA) 22~27TC9 48 u~r]°ﬂ’\1 "7-3—"1]*1
= S-typed] AFE&o] vtz w3 ¥ uF 9ok

2 @7dM HT 4EE&LE L-typed YoiME F& 20T2ANA ZF QET)A 053~071 (H
TIE e, S-typed 0.81~087 (&), TS-typed 092~1.04 (FH)Z e} 7] HA=}
ol7b Falste] Ly EAA S-typeo] L-typed] Hls Ago] machs oMo muel At
%ot # Hirayama and Rumengan (1993)< rotifer®] W2 %A 43t auix] 2 @A} ¢
Oz Buda o] g I st HEF Fart gdu Aztdn, FUS 2AA
TS-type®] 7% & FF3 2 A Yo] wa} "yt habujas & & Q= 7F5He Ho}
E 4 9l :

Mustahal and Hirata (1991)& L-type (YL #)& ThE Fd| )3 AEEH 198 BF
4 Yehdo] M e F33 2ol HAS 4 AUt Rogo B dTqME o
e /‘é’é" fol= S-typest TS-typeel 1ol 20TIA L7 Folatrt AAEYARIT, L-type
Z

® b

o ez Hir
o® 2 rlo
fr 82

- Zé7d°ﬂ*1 &]_’é’{l’%?ﬂ‘%‘é B a9l 29C°ﬂ*1 L-type& 2843}, S-type 2447,
TS-type 22A3k0 2 TS-typeell 4] 7bd w2 A el s, 2429 15CAA L-type 108X7F,
S-type& 135712, TS-type 122A%tC.2 L-typeold 71 meEA BAHUYOH, 3 type BF o
TEAA Wton Hp2oT ZFE AW =W AYS Bt} o)gs A= Mustahal et dl.
(1991)= i(1992)9] A+ Ao} FAH AL Jeh 2 Yk

FAdFE AQRAAN 3, nGE2ANME @A dehuE L-typedl oJAE rotifere] AE
o met ezke] zte]7b 471w (Mustahal and Hirata 1991), AGETQ 15% 7oAl 3 type &% =
A veEthn Bosta Yok 1992). £ ATFNME S-typedt TS-typed) 7<% 25T, 5%l A
72 365, 21MAE BAL, 3B5%TolME 242t 226, 2067AE Bl AARTNA tha =4 U
Bhstth. 28y L-type 5%, 35% oA 2tz 126, 12742 w43 AEFE Bgrh

Mustahal et al. (1991)< L-type, S-type ZF 25ColA Ztz} 24704, 237442 st A 1
A 2=d we & Aole AR @entn B3 dgoy B dToME L-typed 20To)A
210A, S-type& 25TCelX 27MAZA B Yebtos, TS-typee 29CoIA 283MAM=A 3 type
FoA A E Uetdch ojeld 4L Fo HAEXN ut ex7Ao] Aot e n]
ih:}‘:- 7-1 ° %_} 2= )lt:]_

WA O 2 rotifere] +HL nEE 2AFNAM BT, A5 ZHNNE Avtn L Foh A
F520) WE rotifere] ¥ L-typedt S-type BF ALL(15T)dA 14(35C)Holx 2~3uj)
2 Mustahal et al. 1991).

< A7 ZHIME L-type 15T, 20T, 25C 2 29ColA 247} 1359, 128%, 789, 6542
LFEo2 FFE FHo] HAon S-type AHE 15CHA 10492 713 2gom, 29ToA] 62
4= 7HE &L £9E BAD, TS-typeol AME 15CE 29Tol vl8) P 20 S Smo] A
Yeht 47 23k 9XEa 9ok 223 Mustahal and Hirata (1991)9] #51 92484 A8
A S-typeell W3] L-typee] $9e] Atn B3 A%, 70(1992)9) ATNHE o)} FAs A
g 2ugoh 2 AdFNME L-typed TS-typed 6~13U% H|L3 2me no) uby S-type® 6
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~1092 #&A et delAe Bast dAE Aot

ojglgt AAE ZHAM TS-typed AL, AGEZRAINNE 5& AAFE B L-type, S-typedl
vla] BF¢840) Boa BuEn, o2 YTE Ao #F FAHA A7 APARY 5 B
FHQ Zdo FHANE FEG HEVL o] FolHel @ Aoz Jzdn

2 o

Aol F EFRAMA 27|97 HolBZA Wo| o|&= 1 Q& rotifer, Brachionus plicatilis 2]
large (L)-type, small (S)-type, thailand small (TS)-typedl i@t F27 F&8E £28, H24H
A8, 45 L AP Fo B 2AE AAe g 2ok

zt QB %, 15%, 5%, 35%)°] wE MAT HFL L-typeL 25T 29ToM WZA F5d
AL peon HFAFAFEL 053~0.7101%07, S-type?} TS-typed 29ColA Zrz} 0.81~087,
092~1.0452t}.

HEAFARL 3 type EF AIGR, n522HoA #gton L-typed 15%7, 29CA 2274
7+ S-typed 15%F, 20Tl A 18412k TS-typed 5% T, 29CollAl 1881zl ATt

ZAPEE 3 type BF 25T 29CZAS A cAbatd s, TS-typeol o] 29TelA HaE 283
AAZ APANE JERRT, S-type 15TA HF 78MAR Mg e ARFE Uehlloh
sge n4eaME 1, AFLdHdE 2on L-typed TS-typeol 1ol 15CeA B 1359
2 718 2Q3, S-typed 29CoA BT 6292 7+ #@ch
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