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Abstract: The purpose of this paper is to investigate the effects of different food and food densities on the
population dynamics of Fabrea salina. Commercial yeast and Dunaliella salina were provided to the F. salina.
The F. salina fed by D. salina had the higher growth rate (0.78 + 0.019 / d), and lower generation time (0.89 +

0.021 d). Its intrinsic growth rate is 1.49/d, and the Michaelis constant was 1 121.32. However, the growth rate
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of F. salina fed by commercial yeast was lower (0.36 &+ 0.001 / d), and the generation time was longer (1.93 +

0.007 d); its intrinsic growth rate was 0.51/d and the Michaelis constant was 2.68. One-way ANOVA test

results showed that the kind of food and food density had a significant effect on the population growth of

F. salina (P < 0.01). Feeding F. salina by D. salina with a density of 10 x 10 cells/L can achieve high-density

culture in a short period of time. While, yeast is suitable to feed F. salina to keep them in the laboratory for

longer time.
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JFAE ST B A B I v o 4 A
FIHLAL, GEIR THEE RS RG A EE
PEMAES L (CEMSF 2003, K AL4E
2007) o FEVER ) IE ARG U 4l R 55— MRS
BrBCt 0 B (Lee etal. 2018), A Kk A
BRAEEMENHEHEBE R AEEZ (RehSE
2011, Rasdi et al. 2016, Broach et al. 2017),
(EJE0 T — LB 4 ok UG, H AL TT AR
o BB UARUROR, R A o LI L A4
RN sh ) T BE A2 e B 0T VAR
AT AN T SR AE S T R VE Ve LA
( Gadus morhua ) « 4 & T W ( Lutjanus
erythopterus) 2515 I DR IS (von
Hebing et al. 2000, Mukai et al. 2016), £FFEH
VERIE S EZA R T, BONET#EIT
FEERE JER (RS 1984).

AT (Fabrea salina) FJE T4 EH
I'7 (Ciliophora) % 44 (Polyhymenophora)
5t EH (Hetootricha) #t & W J&E R E
2009), A E RN AT B3 4
KRR W& rEm, W DLEZ M B
%hH (Song et al. 2003, Pandey et al. 2004a).
#h T B AR il KAt AV TR I B
Je/2 B Morris T 1956 42, JEZMBT L
W], Ehdx G dnr UE A S E N e (L.
cyanopterus) T PFF R, FF H PGSR
A KRR 2 AF (Rhodes et al. 2008). 4=
PR RN R TR T > A e B, Eh 7 Tt B Ak
RILTART ARV B o, Ao aif
FEAL, EFRAEMMTEVF2lKET M
A K 7R (Pandey 2001, Pandey et al. 2004b).

ASCUA A T HUNSEIRN &, WHE AR
W ERIRLICEE (Dunaliella salina) FEEREE N
BV RS ) R RS, DU RERE N
G R RE IR FIH . GRFERT IR
PEILRT i -

1 MRS

1.1 HFERMBERRIER

ARSI £ 7R T 2016 4F 6 5% [ KT
JERIEHT IR (ERFE 45.29, /Kl 26.56 C),
ZIERFEE N AZ T (Song et al.
1997). SERHTE Eh A B B T4 0.22 um fL1E
JEREHIIE M EREE 50 N T K AT RE IR (K
YHTNAE 2001, LI [ AN R b T B RE 5331 5
M, ERRYTOREEFR, M DARE QA
BRI ) 5h 7 & AU E A BAE] 4 % 10° ind/L
A3 x 10" ind/L I, Jraf PRSI
AERE T b BRI Sh TR R B ml TR
BE B 2 B B A IR A F
1.2 STV

FEFEF PN 50 ml RS FR, ERhEL
ZEHSHE N 4 % 10° ind/L, pH N (8+0.2),
TR 9 I, Fo HR S0 B 1 S VDR FE AT
SEIGAEIRFE (28 £1) C. YGIEZRET 2 000 1x.
HIBEHHIL D = 14110 (BB 5B
N 14 h A1 10 h) BIFEIERE IR h ik T . Aseis
W 10 MAEEEA, M IKEMBEREE TS S
ANBERE, 350 2 % 107, 4 x 107, 6 x 107, 8 x
10°, 10 x 10° cells/L 1 6. 8. 10 12. 14 mg/L,
FoPAT I 3 AN EE LIRS 13 d, BERE 24 h
I 67 5 PR A B — Ik, 2R R 2%
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{100 13, T ] 9 e (RS2 5% 2011), 1 ml
TSI BETH G, THEE R WK, TR
ZEARTHERE 15% GFLLFI%F 2018),

T BERAEKRORKRES 2014) Hu =
[In(C/Co))/t, K, pAEKZ, Co Ml C, (ind/L)
S ARNIIRA B RIPEER ¢ (D) BFEFERM
F5E,

H AL B d a2 7 S T A
KA GEES 20100, KL HAARETE (G)
H5MBAHREKE () ZHMKXRN G =
In(2/u), RN ERFMG wfl, CLIHE Go

21 U AR K R RN RR R B A7 7 — 8 3L
fE2% &, Montagnes (1996) {C4FEIRLE N 4FE
HAERKESHRIRERNRRERA, u =
[max(P ~ X))k + (P - x)], 2\, pRAEKE,
tmax 72 N ELAE KR, PORTERIIREE, x2AK
BUEAREE, EIAEKEFAET CRAEK) BFHEE
WEE, kA2 HH, MHENRE S x + kB, FER
VAR RN /25 K AR T & R I0EE
TR H, DLHCRA MR T E .

1.3 HgibE

Excel 2016 i &, il id SPSS 22.0 #E/T HLA]
R ZESHT, P<0.05H, ZRE#E, P<0.01
B, ZRREE.

2 R

2.1 HBBEHAASFERYZEFHFEFEK
AN [F) 5 P A DR ) i 5k e 7 P P I G
TR LR 5 N AP KR
600000 - 5510° cells/L
500 000 } —&— 4x10° cells/L
—a— 6x10° cells/L
400 000 | —a— 8x10° cells/L
—e— 10x10° cells/L
300 000 |
200 000 |

100 000

FORER

Population density (ind/L)

AR A FREOW. Faoe AN REE A DU A A
B R0 24 h SIS, AT
R, Hd, AR R 2 x 10 cells/L
HEEHE K HE K. 6 x 10° F1 8 x 107 cells/L &b
HLA B s B R R, HUOR 4 % 107,
10 x 10° #1 2 x 10° cells/L ALFEZH, 6 x 10°. 8 x
10°. 4 x 10°. 10 x 10°. 2 x 10°cells/L ZH (1)K
FHRESE > 58 (241 £0.26) x 10°, (3.43 +
0.13) x 10°, (7.10 £ 0.65) x 10*, (5.01 £0.20)
x10°. (6.20+0.22) x 10*ind/L (& 1),

2 x 107 cells/L £H 216 h A5 i ik FIsAi
264 h JEREANGEIRI, FRE IR R RN

(570 +0.54) x 10*ind/L; 4 x 10’ cells/L 0%

168 h M E LIS BIEAE, 216 h J5 ik NTEIR I,
FEM B TFHEEN (630 £ 0.60) x
10*ind/L; 6 x 10° cells/L 0% 144 h FhEEE5
IRBIEAE, 192 h JEHE NZER I, Fooe BRI P
B PBEN (226 £ 020) x 10° ind/L; 8 x
10° cells/L 1% 144 h Fiif s B ik B AE, 192 h
JEENFER I, FaE RPN (3.27 +
0.15) x 10% ind/L; 10 x 10° cells/L 1% 192 h
FhE s BETA B UG AE , 264 h 5 E N IR, FaE
AR BTSN (4.61£0.27) x 10° ind/L.
B R 35 T L o T B R 2% P RS R
B B = R

One-way ANOVA K345 &M, 2 x 10°
A4 x 10° cells/L [ FE2H £h % & ot 1R £t
KEEMe % EERARSE, Hib
TR 210 (1 B R 2 P R A e B 38 TR 3

0 1 1 1 1 1 1
0 24 48 72 96 120 144 168 192 216 240 264 288 312
B} 6] Time (h)

1 HEGRANFEEEH REA P RREEA KL
Fig. 1 Population growth curve of Fabrea salina fed by different density group of Dunaliella salina
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HFAEWEZZR (P<0.01) (& D,

R1 HREHSTS RERMEEENREN
P ) One-way ANOVA 3%
Table 1 The results of One-way ANOVA test of
Fabrea salina in both its maximum density and
average density fed on Dunaliellain its

stable density period

ik PR v 2
Ccells/L)
Dunaliella 3 x 10° 4x10° 6x10° 8x10°
density

2x10° — 0.55°

P {f P value

10 x 10°

<0.01°® <0.01® <o0.01°

4x10° 0.70° — <0.01° <0.01° <0.01°

6 x 10° <0.01* <0.01° — <0.01° <0.01°
8§x10°  <0.01" <0.01* <0.01* — <0.01°
10x10° <001 <001 <0.01° <0.01° —

a RAFEWI TP, b Rom i KR
a indicates the average density during the stable period; b

indicates the maximum population density.

AN [ 85 PR T ] ) e 8 R AR et [ A 1
AL, 5 ANEERH AR AR AT CE ARG K 1 DT
AN, BRI 24 h R4S G Bk N e Bk
KA, FRBORFREEm I ZR AR (B2, H
H, 10 mg/L Kb F B Bl KPR L,
ZJG, 6+ 8. 12 1 14 mg/L Ab¥ 4 5]} ik 31 5t
KABEZE, 43BN (29.00£1.77). (20.00 =
2.50)+ (23.00 £ 0.69)+ (33.00 £ 0.50) £ (35.00 +
0.94) ind/L.

40 000
35000
30000
25 000
20 000
15 000
10 000

T B (ind/L)
Population density

One-way ANOVA e fEM, 12 5
14 mg/L P RR2H $h % & (AP I K% FE A AR
W 2 IR, 6 5 8 mg/L FELE
HEBFGTHRPR T EEEREE (P <
0.05), At ik 55 25 [a] 1 g P 285 P58 ARG o 1A
S B AFAE R R M 22 7 (P < 0.01) (3R 2D,

FEIREEH AR REH AT e, RIMPIE AR K
BB i . FREO . FRE . IR AY
AN PIANERLE AT AE 24 h ek NFREUAEK
B, (R REAH R B R SR R] LU R
Fi. MERI, TR NP % i e
WP, TEREA M 3h 28 W ORI 2 S
FRE IR s P RR2H I 21 fe P 5 B (1) e (1]
A R, e REH 5 FTE 120 h B I8 B Fd
TR AR, AT P 2 A 0k B R B A e 1
JEAE 144 he
22 AREWMHEET BT RNMES) )%
REIE

b PR AN P B P A EDRL 2 Hp L 2 o R
AR ) 22 8K . B THRL FE I
B, SRV B8 2 R 2 P i) A L URP R AR
KKK A (030 £ 0.005). (0.41 + 0.016).
(0.68 £ 0.023)+ (0.74 £ 0.007)+ (0.78 £ 0.019)
1/d, FHMEHARE KN (2.28 + 0.035)
(1.68 + 0.068). (1.02 + 0.034). (0.93 +
0.009). (0.89 £ 0.021) d. FfEA: K RpEHEE
BRI K I BT, A R ) 2
TR 2 FER I 2B H . 10 x 107 cells/L

0 1 1 1 1 1 1 1 1 1 1 1 1 J
0 24 48 72 96 120 144 168 192 216 240 264 288 312

A 8] Time (h)

B2 #h#E SRR R A PR
Fig. 2 Population growth curve of Fabrea salina fed by different density group of yeast
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2 BREE AR AT
FEEIf) One-way ANOVA K4
Table 2 The results of One-way ANOVA test of
Fabrea salina in both its maximum density and

average density fed on yeast in its

stable density period
PR P 1§ P value
(mg/L)
Yeast density 6 8 10 12 14

6 — 0.02°  <001° <001° <o0.01°
8 <0.01* — <0.01°® <0.01® <o0.01°
10 <0.01* <0.01° — <0.01* <0.01°
12 <0.01* <0.01* <0.01° — 0.26°

14 <0.01* <0.01* <0.01° 0.46° —

a FoRFaE PR L b RN MRS .
a indicates the average density during the stable period; b

indicates the maximum population density.

FEECHELH PR AE KR B, A A AR ]
e ( 3). One-way ANOVA #3645 B 1,
FEECTHE 5 AR 2H 2 8] ) A K R AT A W 3 3
R (P<0.01). HAAREE, 2 x 10° cells/L
HHABA IR GFIER D EEER (P <
0.01); 4 x 10° cells/L ZH[F F; 6 x 10° 55 8 x 10°
FIREAZ AFEREEZER (P<0.05); 8x
10° cells/L 5 10 x 10° cells/L #t K4 2 7] 2
RARE (3.

O 4K # Growth rates
W HARHTE] Generation time

e o
0 ©

0.7F

H K #& Growth rates (1/d)
SO O OO0
— N W A

5
] Generation time (d)

T T T T T

[=)

2 4 6 8 10
F GBS Density of dunaliella (x10° cells/L)

B3 HEIRASFEH REFEATH
TR AR AN AR T8
Fig. 3 Population growth rate and generation
duration of Fabrea salina fed on Dunaliella salina with

different densities

3 OAREEE B A MBS AR [
One-way ANOVA &5
Table 3 The results of One-way ANOVA test of
Fabrea salina fed on Dunaliella in both its maximum

density and average density in its stable density period

IR P18 P value
(cells/L)
D(‘i‘“alfeua 2x10° 4x10° 6x10° 8x10° 10x10°
ensity
2% 10° — <0.01° <001 <0.01® <0.01°
4x10° <0.01° <0.01° <0.01® <o0.01°
6% 10° <0.01* <0.01° — <0.01°® <o0.01°
8 x 10° <0.01* <0.01* 0.03° — <0.01°

10 x 10° <0.01" <0.01" <0.01" 0.16" —

a FoNFaE PR b RN MR .
a indicates the average density during the stable period; b

indicates the maximum population density.

B TR BE RS8R, AN R R B 2H b L
A G AR AR K AR O (0.27 + 0.017),
(0.29 + 0.004). (0.32 + 0.015). (0.35 +
0.003). (0.36 £ 0.001) 1/d, R ITHALHEA]
WUCA (2.60 £ 0.163) (2.39+0.034). (2.15+
0.067). (1.96+0.016). (1.93 +0.007) d. Fh
T AR KRBl TEDRL 2 FE IR 3 R 230 T (a3,
THEAR ST i) D 2 P TR R} 5 1 i 2 AT P
14 mg/L WREH MR T dRh AR KR
AH LR ARES 18] 5 52 (] 4D One-way ANOVA
KIS REH, 12 mg/L 5 14 mg/L BEREAL )
AT BRI AR KR E R AR ) |,

0 4 K& Growth rates

2 040 r m R} Generation time
Z 035¢f

§ 030}
2025¢
% 0.20 f
§ 015}
% 010}
X 0.05}
#H 9

8 10 12 14 =
2595 Density of yeasts (mg/L)

B4 HEGHRARNFBRSEEATEK
T FEAE A A A0 AR [H)

Fig. 4 Population growth rate and generation time of

6

Fabrea salina fed on Yeast in different densities
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10 F1 12+ 14 mg/L BEREZH 2 [8] 73 A7 AE 2 35
Z5 (P<0.05); 125 14 mg/L B BEH 2 8] %
AARE R4,

R4 EREEEAMBAERSM AR [ K
One-way ANOVA K5
Table 4 The results of One-way ANOVA test of
Fabrea salina fed on Yeast in both its period of
maximum density and average density in

its stable density period

1800

i RE 5 P 1 P value

(mg/L)

Yeast density 6 8 10 12 14
6 — <0.01° <0.01® <0.01° <0.01°
8 <0.01° — <0.01° <0.01° <001°
10 <0.01* <0.01° — <0.01°® <0.01°
12 <0.01* <0.01* 001" — 0.45°
14 <0.01* <0.01* 003"  0.63° —

a Ronta B P EIERE: b FoRBORF RS L
a indicates the average density during the stable period; b

indicates the maximum population density.

R HE Michaelis-Menten 77 F£f1 Lineweaver-
Burk WUEIHAE RS, (EEE S RAEARFREYIE
BRI RXUE R 2 (B 5), sRIEGA TR
H B AEKE R k H, &SHUEENE S,
£ 6. G, EUHE RS IEA N
ARKEL HE K FMES AN 1.49/d, 1121.32,
A K BME K EE A 100.20 mg/L (AR S &),
BERFAHL N B AR KRk XM 0.51/d 2,68
0.22 mg/L (AR il
3 Wik

W SRR I 4T B U B T X T fdii
PRI AT B RIE PRI AE S R A TG AN
REEVLANHIE A EEE L. MEEERA
WAEAEF BRI, 48 o A EEET
WA RIERE . BYIRE. RIE. L%
oA EBRMERK, L RAERKPEER
R TP A 5 (Salt et al. 2017) . £F B B Fh

a
1600 |
_ 1400}
S1200f ©_3
£ 1000}
g ggg [ y=0.6718x+753.32
2 —
200l R*=08543
200 }
0 L L J
0 500 1000 1500
YR
Prey concentration (mg/L)
20
18 F b
16 |
~14F
éu-
5 10
< 8f y=1.961 4x+52499
X6 R2=09911
4 -
2 -
0 1 1 1 J
0 2 4 6 8
BYWRE
Prey concentration (mg /L)
Bs HhBETREHKE () FEERE (b)
7 5] 25 B 4R H XU 4 i 2k

Fig. 5 Double reciprocal curves of Fabrea salina fed
on Dunaliella (a) and Yeast (b) in different density
Plu R OWIRES A KR, YRR L ah S &it.
P/u is the ratio of prey concentrations to growth rate, prey

concentrations have been converted to carbon.

£5 HBFCTAREHRKRERNFAEBEHFHSHE
Table 5 Parameter values of Fabrea salinain

different density groups of Dunaliella

Yk B o A A
precsnay VIR CABREEL
i) (mg/L)
Ccells/L) . /d>
. Prey concentration, P Plu (d- mg/L)
Dunaliella Growth
density (have been converted rates,
to carbon) ?
2x10° 264 0.303 6 869.456 1
4x10° 528 0.4116 1282.8570
6 x 10° 792 0.6829 1159.8395
8 x 10° 1056 0.7417 1423.8275
10 x 10° 1320 0.783 0 1685.750 2

Plu REEIR S KA K LA, SR BER LA b ik

it

P/u is the ratio of prey concentrations to growth rate, prey

concentrations have been converted to carbon.
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6 HETREBSARZEEHATHSEME
Table 6 Parameter values of Fabrea salinain

different density groups of Yeast

BEVIREE (LB &

R (mgy ) (ML) /b
ity P tration, P Piy (d-mg/L)
Yeast density rey concentration, Growth
(have been converted rates, 1
to carbon)

6 2.8200 0.266 8 10.567 9
8 3.760 0 0.290 3 12.9512
10 4.700 0 0.3223 14.5817
12 5.640 0 0.353 4 15.960 3
14 6.580 0 0.3599 18.282'1

Plu R RTPIIR LS A KRR EE, Rk R LR h R
Gt
Plu is the ratio of prey concentrations to growth rate, prey

concentrations have been converted to carbon.

FAEKEEFEEZHTFEKIE RATNSE
20010 ARIFERY], $HEE RIEA R YA
5] B A FE () N g /K b R AR K3 75 608
WK 2, R AR TR Fa 8k
B, FRE AN IR, (H P B K
B F20E P32 FEAEAS R B 22 30K,
TR 2EL 1) e M 5 PS8 RN AR 0 U3
KT W BRI de R 85 B AN A E P 3318
SER AR R, WM, R R AR
BVIREIG R RIS, HIEFBEH I 3
T P Ve PR IS (B T AL IR . X 5 A RIRE
TR R 22 . (Uronema marinum) (
2156 2015) 7K D FEAF L Pseudocohnilembus
persalinus) CJLIRIREE 2014) FIFMEEAE KB FC
GERFEAR—F, EUMEEE b S ALY
R BE KA . SeB G = A 1 R i) e =2
IR BERT A B s g H At BR | R
ITEOL T, TR 2R IR FER R R AP K
(7K 2012), B RREFRMREEXT PR
KEMEYE AN EEW, £ EEEN,
FE IR FE RGO R AR KA R ER (£
M5 2003).

FFUFAT B R =E B A AR Y e v e i H
BB AIPLE, MAKZRE VA B R A

FE71. BRI )1 EE SR AR
[] DA S T 25 AR AL AU A2 B AR S 2 T R
BRH, KRR K S B DL AT
o ARG AL (1) 3 7 17 150, 45 7 T FARIE 7 LA 420Kk
HEZE Y (RREL 2014). ASLBEI, A
() VELRRZH 1 A R 2 AT A 8] 22 S 0K, R IR
B AERKRE RS TREANAERKSE, it
AR ) e 3 K T R 4L, e, G4 10 x
10° cells/L 4HANEERFH T 14 mg/L 3% P34 (1
A KR AR HARET [ . X bz
T, 10 x 107 cells/L FFE RIS & B 92 4h &
Sl PIAEELA A, TR BEARES, B
FREEA K218 HEE /DN, AR, AR
K, BB BB R A Kz EAT R,
AT RIS R B RIENEE .. &
Yy n e B RS SRR IR LA, MU KRR
B VLA P 8 o i 184K

21 U AR KR B T R B 1) AR Ak 2 S T
N BT R B 2, TRV R R AR
ML R 3 B K, EENR
MR, AKRBEZ K, MR B A A
KF—eHUER, FiE TR 14k K,
KRR —HE R e S E 20T FiE
#, WA KRIOINEAEKE (), W
FISRAE R ER TR ERE O (R E %
2014, Reid etal.2018). Montagnes (1996) &
Uiz K I 7 R SR F 8% Ui 41 6 HUR Al A=
K, IR A KR YRR A&
IR, BEIT 4 FhAFE R AE K AR L. o,
kB P St W7 Sk 0 s A VDR PR R
AR S0 A5 R EC AL P P B AR KR A k(Y B
ER TR, X5 Montagnes (1996) W4T
SGERFEAR—F, RS EERIH LA IR E
FAVE 2 B R 9% 3k A T R oY

HhaE E BUEAER A, BAWRSR R R
W77, WARBESEIL KRR IR, KA R TEK
1 FRPEML I K E (Morris 1965, Barnabé 1974,
TIAMEE 1987), KEZEFILFE R A 5
SRR G ARAL SN R, R EES
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YE N /K A ER, S$hRERERET
AERTZENFEHEGRE, FI7EE AR
1 R LKA R AL Tl R BT AE TG )
YRR R Z 8. LR EIR, HE T
HPELLEEE N 10 x 10 cells/L fIAE KA 29
I FR P ARSI, XAlRe S A T R
TR Wi K. B 7L I A R B 5 Ll
BRbRC R, PP AE SR A A e R
JURRPERHT PR35 B I icF, R A) # i 16 B f 4F
HAEYFR: R (Lee etal. 2018). Xf#h&x = Mt
A0 5T I SR T Y N AR IR
i, NIEDEIBERT (2% ~ 5%) FUFER
VD ARSI 1) /NERBE ( Chlorella salina) (Pandey
etal. 2004a). WFFAR I, FERELE R KA LR
W, P RZARKTEE M EREERAE, 1EKIRE
b R AR IS TR ANAE L, i DUE A4k
x| 2L (Brine Shrimp) PL & P 58408 ( Daphniopsis
tibetana) FEH I (Moina mongolica) %%
AR AR AT (XEZES 2004, #H7E
S S IRER R AEREIEMHR, £
W3 AEl6 Ahfukt, HILEE R
FIFER A KRN ET R, BN TR IR
R ERNRE TR, HIKESHEEYIE
o

ANFI W) S % B #h A & A AR
KAWL, Forh DA FE A 10 % 10 cells/L
(R DR BE 5 MR T N 1) PN Sk A & A
HEERE AR, MEE SR Eh S E TR
IR Fh TAE
B R b O  JE AE Bh S = A
AR I B SIS SR I TR I S H

Z % X W

Barnabé G.. 1974. Mass Rearing of the Bass Dicentrarchus labrax L.
// Blaxter J H S. The Early Life History of Fish. Springer Berlin
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