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Gt 8 1% (Daphnia carinata) i N i JE G ),
AL B BRI E WL AR A IR KR A
%K, REKY 1.5~3.8 mm, "J1E RN ARG K1
TR A7 A Ak e %o o 2 o M A8 K B i
(A5 E LARE T, (RS [ P o e 2 33 114 B i
it A i 0H

A 5T 1 B E K B (corn powder) | B B
(yeast) . /INER 3 ¥y (Chlorella sp.) . 2% 4% ¥
(Schizochytrium sp.) . L¢ERHE: (Chlorococcum sp.)Fl
TR ER #E (Nannochloropsis oculata)VE R THAELE: 77
REZ ik, e T PORBHR IS R L Js A 4 B0 e 1%

IR KRR ST, DU Jim S b 2 1 1 8 9 UK
TR R IR R U —E 1 BLIEAKE

1 #MBEFE

1.1 S

EA R H LIS, S0 aifhfs7EsE
IR AT RE IR R o B ORR O KB O 8 5 1 300
B o WA, BERE . NEREER (W T H) . 2w i
By (R T 1 i FRE, SRR R sk ek ok A
R A YV HBE R E, 6 FEBHE G2
B8 (Olympus BH2) il & i 222 50 L
* 1.
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Tab.1 The morphological parameters of six diets for Daphnia carinata

n=100; x £SD
(8 2 SN FEAE/pum AR /um? THARL 5 5 /(<107 particles/mL)
diet shape diameter volume diet density
Ky corn powder iﬁfiﬁfﬂjlg\?vijﬁl}?ifgular edge 14.51+4.12  1976.45+1524.21 6+1.29
Bt yeast EKJE spherical 5.21£0.78 79.00£35.14 157+6.27
INEREERY Chlorella sp. ERIE spherical 2.95+0.57 15.00+8.90 238+8.81
AT N Schizochytrium sp. EKJE spherical 7.46£1.25  235.29+110.55 19+2.38
LRERIE Chlorococcum sp. EKJE spherical 3.38+0.79 23.48+15.21 301+5.35
THEEER S Nannochloropsis oculata EKJE spherical 2.22+0.38 6.22+3.02 359+6.13

1.2 K&t

B A [R)— B33 250 1 R AR R H 8 2 i A
B AR, K 6 AERHUSE ELHI AL 50 mg DW/L
AR AR R T X A IR B 3 A TP AR,
T VE Rk 2 Bk i A o R 43 i) F R < A DR K A R
BILFEIRZE 3.01 x 10° FI 3.59 x 10° particles/mL
(2 EKBE, 16.6 pg DWlcell; fakEk#, 13.9 pg
DW/cell), FeZess A KIRMENS BE N 1 s 52
AL E KM . BERE . NEREERY . AT . &
R . MEEEREE 6 MOFRAL . B 100 mL & FhE
BB AT BIEEA 36 A/IVREdRHh, Rl EHE 6
NEE, ERARER TR 10 HIR gl it
TR g% . LA R L IS R A b b AT, IR
(30+1) C, Y3 40~60 pumol/(m?-s), JEJEM L
D=12 h: 12 h, 56 H] 45 K B 58 4 4 1 Ik
KR W, B H GRS T O, Wk A,

) K Bsf NBEAR T 3%t IE e T S i o B 45 b 3
MM PELEEIEMS 1B, 5 2 TR 3 lha 5
B 20 ind B B 5 R AHME BS54 T R R 2
7, it A BRAL W) A B 1 O A I I AT
B S WS I N Y T
1.3 EREFRRTNE

£EIKIEE(3000 r/min) AT 4EEK#EE(10000 r/min)
rAES G 10 min J5 & BT, BEe R K A
Ja, FRRE, BOEIRR VR T 48 h S8R AL
B o A BRI FiOR IR THEE 5~25 mg, #%
A 10 mL B0, A 5 mL 288K, WKKIBE
FEPCREE 20 min 5, B0 B EVE AT E R
B BOK LG Y& & 8 BUR AR AR -5
HEI e Bk AL A PSR R - e kU
WAE o 3 SFR BT 5 19 7EE 100~200 mg, R
S5 - Ek U T e g, 5 BFs HUER (kY
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W5 PR R ARG R, FH Agilent-7890A BISAH
AU A Agilent-5975C JRE AN % i il R 4
o AR 37 FhAE DR T R VR bR (Sigma, 47885U)
() 4 A P13 0 A B8 e RD, oA b B T R A T
FEPE, R U T AR H — R VR B 45 s T R 1 A
PONER/ = 1
1.4 KERME

5 S 303 ) 7 T 460 15 532 VAR 5 I RS 97 WK
FE, 28 0.45 pm BSR4 ey B g8 s, B8 pH H
pH I AE; 28 Fats ke kAR R R S
B 10~100 pL K FEAETC S F5 Bhe- P-4k B s,
P55 95 L8 TR (30£1) CHEFRMFRFE 60 h,
A TS 5
15 t&EFE
151 S£KEERMEBHSSEH WIS
05 A [ PR MR R ek v i A 0, I
AP AR A (T) . 5 R (Ry) . N ELHE KR
(r) PRI FRIG R H (D)

MR S e m, =1

x=0
FIPRIG K A = '
o, x S BELIR N H YL, 10 x H i B A7
2, m, Ry x BSR4 B R =AU
152 EmEFEEHD
_ NH;+NH;
1+10(pK,—pH)

=, pK,=0.09018+2729.92/T, T=273+¢, H:th pK,
SRR it B R, TR KAIRTR B TR IR, ¢ oK
AT R HE LG
16 #HiEE

SYR S5 F O B bR E 2 (X £SD)FRR, R
FH SPSS 25.0 #4175 K 2 J7 22 43 #T (One-way
ANOVA), H- %] Duncan K172 H LR K .
KA R 1S (version 3.6.3) 347 4H KA 43 M1 o
P<0.05 FIRFAETER ZEVEZE R, P<0.01 RIRFFALEN
nEMER.

frim  RIHEEH
EINISE | 2 ZRE5HH
FETARE Ry =D I,.m, 21 BRAEERIIELRFERNZIN
0 . TEAA IR A BEARE T, A ] PR 35 5 i e 2
AR T = == BIOAETT R )0 B3R5 5 RIS, /BRI ALIE
110 - b )
100 - — aalldaa i n=6; 7+5D OEXKH corn powder
90| bap b O B yeast
bal B /NERBEN Chlorella sp.
Y 80 - b O AN Schizochytrium sp.
§ 70 B 4Bk Chlorococcum sp.
E O #4&%BR¥E Nannochloropsis oculata
% 60 - b
§ 50 - a
H
gz 40 ¢
&
30 - d
20+
b
10 [~ b
o ch
1 5 10 15 25
At E]/d time

B 1 SRR e 33 A7 1 S5 I R i)
(] — B ] SO (R RS Ah R - b5 A A (] B3R 7 2 i) 2% 7 1 3 (P<<0.05).
Fig. 1 The survival rate of Daphnia carinata fed different diets
Different letters on the column indicate significant differences among different diet treatments at the same time (P<0.05).
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REARIE 3 0 E LT H AR K 4 (P<0.05), HAR%&
M RN 100%. F5FR5H 10 KAf, 4410
LARAETE AR I T AR R T R, SReREEd
FEWRMEE R MM T d TR B E, (AL
FEE T ERB A ANER R 4L R ok Bk s 4
(P<0.05). }iFRes 15 KiF, SREREEH LR 1T
T 2% 5 5 (80.0%), Wb 3 = T H A 4% 41 (P<0.05),
K A IS R AR (13.3%), BEMRTHAKH
(P<0.05), SCEGHS 20 K}, SREREEAPELIRNALE
I %5.(58.3%) it 3 = T H AR A 41 (P<0.05), BEREA
A7 15 F.(16.7%) M SR BR 5 A7 15 H.(21.7%) 8 &
o T/ INER B LA 16 (3.3%) A A by 2 A7 T
F(1.7%)(P<0.05), EAKMAELED 2T,
REEE 25 KIF, SR P IR TETE %(28.3%)
B35 R TR (1.7%) Pk BR R (5.0%) (P<0.05),
/IR 2H IR A A 21 AR e 4 AR AE T
22 HBRAREERTELREEMN M

M 2 AN, AR 2R 3 UM DR 1]
¥k 3.0 d, AIETJC R 3 25 5 (P>0.05); /NERBEH
21 SR ER L R Ak R A P 1 R AR
[, ¥ 4.0 d, BT HAR 4L (P<0.05),
2495 Bk 4L OO TR R, e T A
K4 (P<0.05); B HUME T 7 FAEAE SR ER
2H(375.2 ind) SRR 41(359.1 ind)Z 8] JC i 3
EZ5, MHEHEER T HA (P<0.05), 25
20 B HOMERET- 287 AR B AR, X 25.8 ind,
H5EXK4H((30.3 ind) L EZE R, BB EKT/N

BRI 2 AN RE2H (P<0.05); KK 4 1 UA7
TR ERAR, KT H A4 (P<0.05), Zrakdedl
F A R i, 15 100%.
2.3 HBRAEIERITPEL BTSN

R 1 R 2 ZER, it 4l iR
B IRFRE SIS WL 3. TR E R L%
PIFPRE BN A o SR ERPE L Y FE R Ro fie =i, M 293.3,
H R s Bk (213.6), 83 m T H A A
(P<0.05), EERELAF/NEREERT AN Ry 227 A T
F, NEFEBA R (13.7) 8 F M T H b4
(P<0.05), /NERFMY A LR R HACET ] T f%
J(5.0 d), BEMTHALKSLL(P<0.05); Hk higk
PRV A AR ER B2, 240 B A A e 42 3 - 34 1
fREFTE] T ik (14.0 d), 3% & T HAh 4 (P<0.05).
R 28 TR A L R e, R BRI KR 4 FE /N BR
WM LH | SR BRIE AR AR BR e 4 2 1R X G i 2
5, H¥% 0 2 m T A A AR R DY BB R e, A
JEIBRIE KR 1 (P<0.05), 2447 i 41 [ 2R 1 Fh B Y
O g, AR BRI KR A 85 AIK
24 6MIERNEFRARS

X B BELR IR ) 6 i EARR () AE WS 755 5% 1 43 43
BraR i, &R B E F . BRI Aok ik &9
SRS EERGE 4. 6 FiERT, EAE
SRR N /INER R (41.3%), BARAY N Tk
(6.1%); JE W7 & & f i 1Y 0 2445 B K3 (42.0%),
TRA A BERE(3.1%); Bk AL & 4 & i die i B oK
$3(63.2%), AR A /NERBEER(14.9%).

®2 BREATEEMBELRHEEMERE

Tab.2 Reproduction characteristics of Daphnia carinata fed different diets

n=6; x £SD
e Kby s INERHEHY TR ZRER U (D33
item corn powder yeast Chlorella sp. Schizochytrium sp. Chlorococcum sp. Nannochloropsis oculata
B BR s E] /d 3.0+0.0 3.0+0.0 3.0£0.0 3.0+0.0 3.0+0.0 3.0+0.0
time for first maturity
B TACEE ]/d 5.0£0.8°  7.5+0.6°  4.0£0.0° 11.7+1.8° 4.0+0.0° 4.0+0.0°
time for first offspring
A UM VR G e /ind 30.3£7.6°  89.8+27.3" 97.0+21.2°  25.8+10.2° 375.2421.2° 359.1+£37.5°
offspring number per female
TRAETE R /% 78.3+5.8°  98.3+2.9°  86.7+2.9% 85.0£17.3® 100.0+0.0° 98.342.9°

survival on offspring

T R A7 B B AR [F) 2R 4 ) 22 5 1. 3% (P<0.05).

Note: The different letter superscripts on the same line indicate significant differences among different diet treatments (P<0.05).
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Tab. 3 Population dynamlc parametersof Daphnla carinata fed different diets

n=6; X =SD
it H B S0 [Zat3 INERFE A EATel X ERIRUE [pESze:
item corn powder yeast Chlorella sp. Schizochytrium sp. Chlorococcum sp. Nannochloropsis oculata
HEIR R, 19.746.1°  50.846.8°  68.4+19.1° 13.7+4.1¢ 293.3+37.0° 213.6+26.8"
net reproductive rate
SERAR IHE T 8.6+0.8° 11.2£0.5°  5.0+0.2° 14.0+0.8° 6.6+0.2¢ 6.2+0.3¢
mean generation time
P ELHA K 0.3£0.1° 0.4+0.0°  0.9+0.1° 0.2+0.0° 0.9+0.0° 0.9+0.0?
intrinsic growth rate
JRIBRAG A 2 1.4+0.1° 1.4+0.0°  2.3x0.2° 1.2+0.0° 2.4%0.0° 2.4+0.1°

finite growth rate

T R Rl —A17 70 B AR R 3R 41 25 5 8.3 (P<0.05).

Note: Different letter superscripts on the same line indicate significant differences among different diet treatments (P<0.05).

x4 6MELZIEMHOERKS
Tab.4  Proximate composition of six dietsfor Daphnia carinata
n=3; x+SD; %

i BB iy e ERIH W) sk oo
item corn powder Chlorella sp.  Schizochytrium sp.  Chlorococcum sp.  Nannochloropsis oculata

ARG 6.1£0.3°  26.8+0.7°  41.3+2.5" 9.6+0.2° 24.4+0.3¢ 24.1+1.0°

protein content

=y iR 6.7+0.7° 3.1+0.2f 11.0+0.3¢ 42.0+1.4° 18.5+07° 16.6+01.0°

total lipid content

WKL & i 63.2+4.2*  37.0+3.1°  14.9+2.1" 21.10.7° 42.1+1.4° 28.6+1.0°

carbohydrate content

e B E AT TR AR AR F R 4 6] 25 7 3 (P<0.05).

Note: The different letter superscripts on the same line indicate significant differences among different diet treatments (P<0.05).

6%*’»’%49@55%%2&527{?&@%%%(%% 5), 6n3, 78.3%), HIK N C16 : 0 (16.7%); LRIRM
Fy e S IR (C18 : 2n-6, 50.2%), HK A S s IR NIFR N I RRFR (C18 : 3n3, 32. 9%), H;
YEE@&(CIS 01, 35.1%); BERE SRS IENTR KOV IEINER(26.0%); WMEkEREEE & EPA (C20 :
S C16 : 0 (34.8%), HUKH C18: 0 (24.3%); /N 5n-3, 49.6%). &Ik L, BEHEE & A A i iR
BRSPS R R E IR R N AR (43.1%), H  (60.0%), & & T HALGOR (P<0.05); HoAliH &
WM C16 = 0 (20.3%); 453 & & DHA (C22 - HE B 2 AR T
R 5 6FEELERIERHIAE I ER AR

Tab.5 Fatty acids compositions of six dietsfor Daphnia carinata
n=3; x £SD; %

it TRy i3s3 INERHEA B BN RERE D328

fatty acid corn powder yeast Chlorella sp.  Schizochytrium sp.  Chlorococcum sp.  Nannochloropsis oculata
Cl4:0 0.1£0.0°  0.3+0.0° 0.60.1° 0.7+0.0° 0.40.1° 1.7+0.1*
Cl15:0 ND ND 0.3+0.1° 0.2+0.0° 0.30.1° ND
Cl6:0 10.8+0.2°  34.8+1.0°  20.3+0.2° 16.7+0.0° 15.4+0.1¢ 10. 6+0.0°
Cl17:0 0.1£0.0°  0.3£0.0 0.3£0.0° 0.10.0° 0.4+0.0° ND
Ci8:0 1.70.1°  24.3+0.4° 1.3+0.2¢ 0.9+0.0° 3.540.1° 0.3+0.0°
C20:0 0.4+0.0®  0.4%0.1° ND 0.30.0° 0.10.0° ND
C22:0 ND ND ND 0.2:£0.0° ND ND

(f¥%% to be continued)
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(8235 Tab. 1 continued)
Jig 1y A2 ES S/ [Easy INER B e ) 2328 TRk BRI
fatty acid corn powder yeast Chlorella sp.  Schizochytrium sp.  Chlorococcum sp.  Nannochloropsis oculata
Cl4 : In5 ND ND ND 0.3£0.0° ND ND
Cl6: 1 0.3£0.0°  15.2+0.3° 3.3£0.1° 0.2+0.0¢ 3.240.0° 19.340.0°
C17 : 1n7 ND ND 0.5+0.0° ND 0.4£0.1° 0.4+0.0°
C18:1 35.1£0.1°  21.120.4° 8.0£0.0° 0.7+0.0° 43+0.1° 5.3£0.0¢
€20 : 1n9 0.2+0.1 ND ND ND ND ND
C16 : 2n6 ND ND 11.240.1° ND ND 0.2+0.0°
C16 : 3n3 ND ND 11.1£0.1° ND 12.6+0.1° ND
C18 : 2n6 50.2£0.2°  3.6+0.4¢ 43.1£0.1° 0.120.0° 26.0£0.1° 2.7+0.0°
CI18 : 3n3 1.240.0° ND ND 0.30.0¢ 32.940.1° 0.4+0.0°
C20 : 3n6 ND ND ND 0.3£0.0 ND ND
C20 : 4n6(ARA) ND ND ND 0.2+0.0° 0.5+0.0° 9.4+0.0°
C20 : 5n3 (EPA) ND ND ND 0.6+0.0" ND 49.6+0.2°
C22 : 6n3 (DHA) ND ND ND 78.3+0.1 ND ND
> SFA 13.1£0.4°  60.0£1.5°  22.8+0.5° 19.2+0.1¢ 20.1£0.4° 12.6+0.1°
> MUFA 35.6£0.2°  36.740.7*°  11.8+0.2° 1.3+0.0° 8.0+0.2¢ 25.0+0.1°
n-3 PUFA 1.2+0.0°  0.0£0.0 11.10.1¢ 79.1+0.1° 45.5+0.2° 50.1+0.2°
n-6 PUFA 50.2£0.3"  3.6+0.4° 54.3+0.2° 0.6%0.0° 26.5+0.1° 12.1x0.1¢

2 ND AR B Z A e i, Frb [ —17 55 BARA [ 375 4 18] 22 57 . 3 (P<0.05).
Note: ND means that the fatty acid has not been detected. The different letter superscripts on the same line indicate significant differences
among different diets (P<0.05).

25 $RIRA E9E #4 X b 2k 7R 3 H Ak (R oKk B R 48
EHER MW
PR [R RS BRI 1T IR H pH . NH3-N

A JR 4541 NH3-N 5 i B IR FFR AL, BR/NER
For T BE LA S 0 1 IR U K R NHa-N 5 40 g
AT AR, A5 MR LA TR 4 7 B 48 0 5 s K AR

i PN R ECE 3R 6 PR . SR KK |
T 25 7 B 55 SR R K R

—= S

JINER R RN 24 A7

ek |

NH;-N & 5 WA T 5 (P<0.05). T A THRHH Y 57
Fr IR AR TR RO X A SR IR R AR, R R

pHIEA BTt MRS BREE A R PR A e /NERUA) AR At b 2 7 T J50 05 % 08 4 ol K5
B WUR KR pH WA (R & HIEHRETRR .

®6 WRARERMELERFEKEKREL

Tab.6 Thechanges of pH, amonia and bacterium count in culture medium when the Daphnia carinata fed different diets

n=3;x £SD
KBTS B S 735 IR S45 Hy SrERe Tk Bk
parameter corn powder yeast Chlorella sp. Schizochytrium sp. Chlorococcum sp. Nannochloropsis oculata
RIS pH AD  8.07+0.06™ 8.03+0.06™ 8.10+0.00* 8.10+0.00* 8.00+0.00° 8.00+0.00°
BD  7.97+0.06° 7.90+0.00°  8.00+0.00° 7.90+0.00° 8.10+0.00° 8.10+0.00°
A /(mg/L)NH;-N AD  0.04+0.00° 0.02+0.00° 0.05+0.00" 0.03+0.00° 0.01+0.00° 0.01+0.00°
BD  0.00+0.00° 0.03+0.00" 0.08+0.00° 0.00+0.00° 0.00+0.00° 0.00£0.00¢
B B/(x10*CFU/mL)  AD  5.00+0.77° 2.24+0.19° 3.20+0.41° 5.13+0.64° 6.13+0.15° 4.90+0.18"
bacterium count BD 10.26£0.47° 7.0840.32° 30.60£0.64°  25.18+1.07" 10.75+0.59° 10.75+1.46°

TE: AD S35 IR IR 45 I E (8, BD Dy B SR W S S A g 8. SR [l —A7 B AR ) 37 40 ] 22 S 1. 35 (P<0.05).
Note: AD means the detected values after culture medium exchange, BD means the detected values before culture medium exchange. The
different letter superscripts on the same line indicate significant differences among different diet treatments (P<0.05).
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26 EMEFSELIEKEHAEMERMMED
BHEEMES

PHRL 5 37 R B 4 V3 1 A K BB 1 e KL Fh B o
BT I R, BRI R IR R AT R
SR ARA 5 2 5 0 35 A OG, 55 PRI i R
FIn-6 PUFA i 2t I 5 7 AHOC, SIHHRNMIR & &
R ARG S AR IR} n-6 PUFA
T A ARG, TR A A R R

TS 2R A R O B R B I ) -5
MERRIR B /KA 1 R 3 PR 1) 55 o 4 B W 3 O
FHOR; DY L AR ] R 1R 5 1R n-6 PUFA
AR B B B RO, AU RS
BHAY ARA &5 0 3 IEAHOC, B R 5 R
HARA R F B Y 18 W 38 IR AR OGBS E
AR S BB B B R B IE AR,
SR ARA AR IEARSC (K 2).

rl7

ﬁl
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Fig. 2 Correlation heatmap between diet nutrition parameters and growth,
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* means significant correlations (P<0.05). ** means very significant correlations (P<0.01).

3 i

TR AR K . RE . B
MRACIE T 5 B R R, B SR A B K I,
PR A F R S S AL EE N T, AR
PR 1 IR e 2R A B oS B AR Y, AR
W, TESERRAS TR H R —3(50 mg DW/L)
IEOLT, IR T 6 RS R R LR e A K %
A RE A5 .

TR T A5 /N e P AR A 2 5 A A1 25 2E
K2 F 2 N KL, Burns® B 2R BT 57 %
B, DR MER AN B KN BN, 8 R L
REIRE /N T 40 pm Y EY . FEARDIF T 6 Rl
TR RE R R RIE R, (H 6 FhERHR S 7K
PR ARG E PEAFTE 22 55 R B R B BR O S 1
TR, AR R PR BT, A 4 Fhay AR
W PEERE, WS T AR R (R R B R A



650 Hh [ K R A

%30 &

U, Hop e R U A, R R R T
TE— R L RRARRE L I A R B, R T hR
T LI R G E FE ), Bl Lk R AR BUAE
D SR AT AR, X Rl RE S i A
FM LT A FAAE T RAR T A 9 B A
FRIE KA T 52 M) [ 2% 328 1) A A BB RN R
hiS. BB REPIFIT AR TR R K
() pH g 7~8, 4575 JEE IR T A 03 . [ R 1 Aol
FEIE K Y pH o 8.0~8.2, AHFFERY pH A8k E A
7.9~8.1, WEHIGEFEL R, EEFEARAVIEA
N5, SwEARGA, ERIET, XKAEDY
AT R E R B R 7 H S LR
AR ES T4 24 h B BUEHR E AT 1.3 mg/LP,
12 WA 52 BRI AR B T2 24 h 800k
1 6.95 mg/L FF & 9.47 mg/LP" W] WAL 20k
BTPEEA —EWEEEN GRS . fEATR
£ 24 h FHoKEEIT 100%, FRFE A4 4K T
PRAFAE TS B B, (EAS ) PR X 35 7 K AR 7K o
PR B M AS ] o ZE S M 4 Fh AR TR PRI T, K
& pH K 5 R ] 184 B A T B, 3X AT GRS
T I S B AN A S K AR A R WA FE A CO, 7
VILNCAE A - A U B3 S I e 3 S
WEPER R, KR pH 7K 5 Rl S ] S K A
T, IXATRE R T RGO 2O AR IR oK
TR CO, 1RGPS, 7 M I RE A/ N BR R A
AR R B - 21 B kA K S I B [ E 1 o
X AT e BRI /NEREE R v 8 T A e HL
A0 B LA K S BEcE 5% Lyu P85
R, MAEE T EWIE N 0.06 mg/L 1, 10%H 5
BiREBIH AR ) 2 B . TEAIRGE Y, EERELLAN
IINERGEE M 2 R 2 CEAR P R H S AR AR
BIIEFarpki AL ak ek il . 764 48 ks 57
WHT K BB b 7, R AR/ INER i 2H 7K A4
H R B R M 43 % 0.03 #10.08 mg/L, H. i
TR IR, 7] B S B I b
ZH RN /INBR R A R e TR AL A fk & AR B8 T
152 26 1 FHAR G RO B B AR, 36 filg Bk i D01,
T IR A A B AR B, BRARLAE KB
FETERE . FEVHRHE MRS, AdiK M 40 & 2 5

F A, Horh N BRE R 2 0 2L Bk A AT
IR ON B . APTIRE, ARSI i
B B (5 Lk 80%K, HoRAN R L B fig
FIBH, I, 3 AR /INBR R N R R Y e
LR B R RE AN TRk R R Bk AL, iR
A RE -G IR AR A R R AR A R AR A O

A B8 7175 23R BB B2 R R R R AR AL A%
OB BURZERIAATE R B2 SN IREE 1 52,
I E PSR A TR TH A7 102132,
A #1288 14 2R 5 1 U 52 S N SRR S [R5y, b2
T Mt 312 5 v EC A 7 i ) SR P R Y SR
T FRE A R R SR LR AR, 3
S AR T AR, A
HE BB — 2, (HA IR B 37 A AE
WY ZES, KR UIEDRLYE IR 4L nT RS e
2k R K B A B S . A BURBLIAR A
HE E2OREE, S 5ERNIMREILRNL,
FCIE, (e diMAE 5 e S A R R R 20 i S 30
HAEZIIGE, 4e5f THUAR AR A
RO S g AR 3 T A 1 B 1 R R IE
K. RE SR EE A ek
BN S B LR A K BB O SRR (8 2)
H R, B E O™ AU )5S R R
A E TR, (A EE R I BRIE R
RO AR MBS R S UDR R A 2 B IR
Ko FEARMITEH, TR IR0 Wby 8 55 i
AR, AT REAS AEW A2 LRI XT 3 A B FR T oK,
T T A R B B LR IR AR B N | RS K G

i e ML Y o SRRy, A5 H Sl e
YEZREAL, LEDLIR b 22 00 i O Ui 2 s i i
e T, B R R A A
SETIREN, DR RER B R 1 A XSS B
PR AR SR R R
JUPABE K & R BT, PRIt At v ) i i o G
FEARPE . FEARTRIT D, IR ST R R
DGR AR B R AIAE I R 5 DR DHA (EPA
HMNERRIR S n-3 ZR 50 Z2 AR A T R 75 42 Z W] 77
TEIEARSC, (HAHRMEAR B2 . HEOCT LR
JE W PR 5 oK i A b, HERE A BT o



%54

SRS AN T PRS0 [ 4 e 2 4 S S o ik 3l 25 1) 5 i 651

EPA fil DHA XA M1 28 0 A4 K B A HEAEH, 7T
P BRI AL KR A TR ™), B OEPA
ot £ 24 Tl RRE 188 K IR HE VR T OT, SR ER Y
EPA it im TR EkiE, (F45 VR fol i 1) e 4%
BT R NP RS R A B E R, XAThERE
T LRSS A T m W RER, BEEETHEES
i EPAML MR IR LR 3% EPA TR, ZE+E
LR TR R AR K B MR RE . AR, RS A
¥y DHA & aRE, (HIRMEL R4 K ZmbE

WEZETHAH, FHX—45RnfS DHA 1F
L0 BEE IR B AL S o BB R, T A
Je B A e A 1 AR P 1% e R v B SR A A T B
BRMERIA . AR P BELRNFE RS
PRI AR (18 : 2n-6) 75 1 Fl n-6 51 2 AN Al
N W & i 2 [RAEE B 3 A OC . X T AR S
YHRLH n-3 PUFA 5 n-6 PUFA fA7ESe Sl R A
%, n-3 PUFA 5 n-6 PUFA A REMHE 74k HAH B 3
G891 g A WP B n-6 PUFA ATREMHI T n-3
PUFA MRS, M T B8 5 T B o (L E AT
TR SR ARA(20 : 4n-6) & 5 L EAE G, %
Al g5 ARA ELA #4 BT 08 I RE 1A 26, 7E
JUAIE X RDOT | 0V H K A Sh i g K
B, ARA REfEIGsR Hpr ke 51, Mgt HA7
TR, A, LRI RS HENIER(18 : 1) at
W b 2 ARG (D 2), R fe itk —2455% o

4 it

Zi LRTIA, AW TR EELIER) 6 FhiH
B B IR SRS K A A 25 S RT
ARAG A L B 45 MR o K AR A I e 240 T o 14 52 )
1115 22 B AN [ B S5 R ACR o BDRLIY R 1 R o
I TR P9 2L P2 52 i VLA B S 2 JR A0 R ) i 2
PIER, 6 FhIHDRL SRR B IR L R B 1 TR

S5 ik

[1] Das P, Mandal S C, Bhagabati S K, et al. Important live food
organisms and their role in aquaculture[J]. Frontiers in
aquaculture, 2012, 5(4): 69-86.

[2] Kandathil Radhakrishnan D, AkbarAli I, Schmidt B V, et al.
Improvement of nutritional quality of live feed for

aquaculture: An overview[J]. Aquaculture Research, 2020,

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(11]

51(1): 1-17.

Li Z, Chuai J, Zhang Q J, et al. Effects of microalgal species
and density on reproduction and population dynamics of
water fleas Daphnia hyaline[J]. Journal of Dalian Ocean
University, 2019, 34(4): 531-537. [Z51A, ik, ks, 4.
TEARHR 248 58 B % 3 W o A AR R SIS R A 0], R
SRR AR, 2019, 34(4): 531-537.]

Shi W, Liu Q G, Wu J, et al. Effects of different algae on the
survival and reproduction of Daphnia magna[J]. Chinese
Journal of Ecology, 2009, 28(6): 1128-1133. [52 3¢, XFHAR,
R, SF. N [FHSEN RBEAAE AAFE R[], A
2FZ4R, 2009, 28(6): 1128-1133.]

Wang L J, Cheng Y X, Wu X G, et al. Effects of Microcystis
viridis and other different feeding conditions on growth and
lipid composition of Daphnia magna[J]. Journal of Fisheries
of China, 2006, 30(6): 843-847. [EfilE, BUkIE, =BT,
. ORI R Y R B A K AR IS LA 1Y
AT K247, 2006, 30(6): 843-847.]

Choi J Y, Kim S K, Chang K H, et al. Population growth of
the Cladoceran, Daphnia magna: A quantitative analysis of
the effects of different algal food[J]. PLoS One, 2014, 9(4):
€95591.

Martinez-Jeréonimo F, Villasefior R, Rios G, et al. Effect of
food type and concentration on the survival, longevity, and
reproduction of Daphnia magnalJ]. Hydrobiologia, 1994,
287(2): 207-214.

Huang H T, Lei L M, Peng L, et al. Effect of Microcystis
aeruginosa and Cylindrospermopsis raciborskii on the
growth and reproduction of Daphnia similoides (large
sub-tropical cladoceran)[J]. Chinese Journal of Applied and
Environmental Biology, 2015, 21(2): 366-371. [FiGHE, &
FEHE, 58, 5. TR BRI A6 SR Y Raly KRS £ 248
UTRIE R (Daphnia similoides) =45 EFE 2 1], N H
52248, 2015, 21(2): 366-371.]

Repka S. Effects of food type on the life history of Daphnia
clones from lakes differing in trophic state. 1. Daphnia
galeata feeding on Scenedesmus and Oscillatoria[J].
Freshwater Biology, 1997, 38(3): 675-683.

Qian J, Li H W, Yang Z L, et al. Effects of different algae on
survival and reproduction of Daphnia mongolica[J]. Jiangsu
Agricultural Sciences, 2016, 44(7): 477-480. [4k 7%, Z=itik,
BT, & ORIREESEN S BRI E A TG A AR LS R ).
TLHRARNBIE, 2016, 44(7): 477-480.]

Alva-Martinez A F, Sarma S S S, Nandini S. Effect of mixed
diets (cyanobacteria and green algae) on the population
growth of the cladocerans Ceriodaphnia dubia and Moina
macrocopa[J]. Aquatic Ecology, 2007, 41(4): 579-585.



652

Hh K R

%30 &

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

Lu Z H, Yang J X, Wang X. Effects of food types and
temperature on the population dynamics of Oenanthe
flagelliforme[J]. Freshwater Fisheries, 2002, 32(3): 38-39.
[BIEAL, 558, £ BYFSERARERT & AR IEER
REShA R[] oK, 2002, 32(3): 38-39.]

Shi X B. Daphnia carinata and its culture[J]. Bulletin of
Biology, 2000, 35(4): 14-17. [NUBrHH. HeLik MR R).
WA R, 2000, 35(4): 14-17.]

Fu F F, Xu S L, Yuan Z, et al. Effect of feeding
microparticle laver powder on population growth of Daphnia
carinata[]]. Journal of Biology, 2014, 31(2): 5-8. [£7753E,
R, =i, % MRCESOR B FELR I8 (Daphnia
carinata) MEEER R[], A92F24aE, 2014, 31(2): 5-8.]
Lowry O, Rosebrough N, Farr A L, et al. Protein
measurement with the folin phenol reagent[J]. Journal of
Biological Chemistry, 1951, 193(1): 265-275.

DuBois M, Gilles K A, Hamilton J K, et al. Colorimetric
method for determination of sugars and related substances[J].
Analytical Chemistry, 1956, 28(3): 350-356.

Pruvost J, Van Vooren G, Le Gouic B, et al. Systematic
investigation of biomass and lipid productivity by microalgae
in photobioreactors for biodiesel application[J]. Bioresource
Technology, 2011, 102(1): 150-158.

Wen W, Huang X X, Chen Q K, et al. Temperature effects
on early development and biochemical dynamics of a marine
fish, Inimicus japonicus[J]. Journal of Experimental Marine
Biology and Ecology, 2013, 442: 22-29.

Ministry of Environmental Protection of the People’s
Republic of China. Water quality-Determinatiion of ammonia
nitrogen-Nesslers reagent spectrophotometry: HJ 535—
2009[S]. Beijing: China Environmental Science Press, 2010.
[HEEORA 8. KB BARME 94 IR 430t B vk
HJ 535—2009[S]. Jb5t: o EEFREERA R, 2010.]

Lin C S. The theoretical and laboratory studies of animal
population dynamics ii. a study of innate capacity for
increase (rm) of Tribolium confusum (H.) under certain
experimental conditions[J]. Acta Zoologica Sinica, 1964,
10(3): 323-338. [#RE 3. shFEECE AR 3h i HlE 55
WIE . 229 Tribolium confusum(H.)I¥) N BLHA K fE
(rm)IBEFEN]. SR, 1964, 10(3): 323-338.]

Emerson K, Russo R C, Lund R E, et al. Aqueous ammonia
equilibrium calculations: Effect of pH and temperature[J].
Journal of the Fisheries Research Board of Canada, 1975,
32(12): 2379-2383.

Burns C W. The relationship between body size of
filter-feeding Cladocera and the maximum size of particle

ingested[J]. Limnology and Oceanography, 1968, 13(4):

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

[32]

675-678.

Porter K G, Gerritsen J, Orcutt J D Jr. The effect of food
concentration on swimming patterns, feeding behavior,
ingestion, assimilation, and respiration by Daphnial[J].
Limnology and Oceanography, 1982, 27(5): 935-949.

Weng X L, Zuo D, LiJ Y, et al. Effects of temperature and
pH on the population dynamics parameters of Daphnia
carinata[J]. Chinese Journal of Zoology, 2011, 46(1): 1-6.
(R, Zoil, 25558, 45 WEER pH WRELRERK
HEFHRYREMA]. Si)~A2A, 2011, 46(1): 1-6.]

Dong Y B, Jia J, Liu Y, et al. General situation of research
on toxicity of ammonia nitrogen to aquatic animals[J]. Hebei
Fisheries, 2010(6): 42-45. [ X}, T, XI58, & Ad
R KT B Yy B e R BT[], L, 2010(6):
42-45]

Xiang F H, Yang W, Chen Y F, et al. Acute toxicity of nitrite
and ammonia to Daphnia similoides of different
developmental stages: Using the modified Gaussian model to
describe[J]. Bulletin of Environmental Contamination and
Toxicology, 2010, 84(6): 708-711.

Wei J, Zhao W, Li D H. Effects of temperature, salinity and
NH;-N on survival, reproduction and population growth of
Moina mongolica acclimatized for different periods[J].
Journal of Dalian Ocean University, 2010, 25(6): 495-501.
(BN, B30, 2. iR, . eIk
I T 2 T BRI A |« AR ARIAN RS IS [T]. KIEE
BERZFAR, 2010, 25(6): 495-501.]

Razzak S A, Ali S A M, Hossain M M, et al. Biological CO,
fixation with production of microalgae in wastewater-A
review[J]. Renewable and Sustainable Energy Reviews, 2017,
76: 379-390.

Lyu C, Cao H S, Wang Q Q, et al. Differences in long-term
impacts of unionized ammonia on life-history traits of three
species of Daphnia[J]. International Review of Hydrobiology,
2013, 98(5), 253-261.

Huang Y H, Liang Y, Li Y M, et al. The effect of acute
ammonia exposure on selected immunological parameters of
Daphnia similoides (Cladocera)[J]. Crustaceana, 2018, 91(4):
403-411.

Knops M, Altenburger R, Segner H. Alterations of
physiological energetics, growth and reproduction of Daphnia
magna under toxicant stress[J]. Aquatic Toxicology, 2001,
53(2): 79-90.

Wenzel A, Bergstrom A K, Jansson M, et al. Survival,
growth and reproduction of Daphnia galeata feeding on
single and mixed Pseudomonas and Rhodomonas diets[J].
Freshwater Biology, 2012, 57(4): 835-846.



%54

SRS AN T PRS0 [ 4 e 2 4 S S o ik 3l 25 1) 5 i

653

[34]

[35]

[36]

(37]

[38]

[39]

[40]

[41]

[42]

[43]

Xu D Q, Liao X L. A preliminary study on the development,
growth and reproduction of Daphnia carinatalJ]. Current
Fisheries, 1981, 6(2): 6-10, 34. [{F8LBR, BEHEIR. FELFM
RE . AKGAFMPET. WIRK TR, 1981,
6(2): 6-10, 34.]

Huang X F. Effect of temperature on the development, growth
and egg production in Moina affinis (Cladocera, Moinidae)[J].
Acta Hydrobiologica Sinica, 1983, 7(1): 105-112. [E#E K.
TREEXE RN . A RMBR YA P R ). 7K
AR AE T, 1983, 7(1): 105-112.]

Jiang X D, Li Q M, Zhao S Y, et al. Temperature reaction
norms of Daphnia carinata fitness: The effects of food
concentration,
Journal of Freshwater Ecology, 2014, 29(1): 25-36.

population density, and photoperiod[J].
Nesara K, Paturi A. Nutritional requirement of fresh water
prawn and shrimps: A review[J]. Journal of Entomology and
Zoology Studies, 2018, 6(4): 1526-1532.

Mai K S. Nutrient Requirements of Fish and Shrimp[M].
Beijing: Science Press, 2015, 115-116. [ZERR. M2k 5H
FEICE ST EM]. dbnt: BlaE b, 2015: 115-116.]
Lee C, Lee K J. Dietary protein requirement of Pacific white
shrimp Litopenaeus vannamei in three different growth
stages[J]. Fisheries and Aquatic Sciences, 2018, 21(1): 30.
Goimier Y, Pascual C, Sanchez A, et al. Relation between
reproductive, physiological, and immunological condition of
Litopenaeus setiferus pre-adult males fed different dietary
protein levels (Crustacea; Penaeidae)[J]. Animal Reproduction
Science, 2006, 92(1-2): 193-208.

Kainz M, Arts M T, Brett M T. Lipids in Aquatic Ecos-
ystems[M]. New York: Springer-Verlag New York, 2009.
Zhou Q C, Li C C, Liu C W, et al. Effects of dietary lipid
sources on growth and fatty acid composition of juvenile
shrimp, Litopenaeus vannamei[J]. Aquaculture Nutrition,
2007, 13(3): 222-229.

Xie S W, Wei D, Fang W P, et al. Optimal dietary lipid
requirement of postlarval white shrimp, Litopenaeus
vannamei in relation to growth performance, stress tolerance
and immune response[J]. Aquaculture Nutrition, 2019, 25(6):
1231-1240.

Sperfeld E, Wacker A. Maternal diet of Daphnia magna

affects offspring growth responses to supplementation with

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

particular polyunsaturated fatty acids[J]. Hydrobiologia,
2015, 755(1): 267-282.

Brett M T, Miiller-Navarra D C, Ballantyne A P, et al.
Daphnia fatty acid composition reflects that of their diet[J].
Limnology and Oceanography, 2006, 51(5): 2428-2437.
Ravet J L, Brett M T, Miiller-Navarra D C. A test of the role
of polyunsaturated fatty acids in phytoplankton food quality
for Daphnia using liposome supplementation[J]. Limnology
and Oceanography, 2003, 48(5): 1938-1947.

Gladyshev M, Sushchik N, Dubovskaya O, et al. Influence of
sestonic elemental and essential fatty acid contents in a
eutrophic reservoir in Siberia on population growth of
Daphnia (longispina group)[J]. Journal of Plankton Research,
2006, 28: 907-917.

Nikolai N S. Physiology of Clandoceran[M]. 2nd edition.
Russia: Academic Press, 2017: 71-74.

Lyu H'Y, Zhou Y, Shu H, et al. Effects of dietary different
n-3 PUFA/n-6 fatty acid ratio on the growth performance
and antioxidant capacity of juvenile freshwater gient prawn
(Macrobrachium rosenbergii)[JJOL). Journal of Fisheries of
China: 1-13. [2023-02-24]. http://kns.cnki.net/kcms/detail/31.
1283.5.20220408.1725.005.html. [ 21T, JEi#, &7 8%,
Tkt n-3 PUFA/n-6 PUFA LL{EXF % [CIRURANIRA: Kk
BEAIBTAALRE /I IRZMI[I/OL). ZKF=2F4R: 1-13 [2023-02-24].
http://kns.cnki.net/kems/detail/31.1283.S.20220408.1725.00
5.html.

Castro L F C, Tocher D R, Monroig O. Long-chain
polyunsaturated fatty acid biosynthesis in chordates: Insights
into the evolution of Fads and Elovl gene repertoire[J].
Progress in Lipid Research, 2016, 62: 25-40.

Gonzalez-Félix M L, Perez-Velazquez M, Quintero-Alvarez
J'M, et al. Effect of various dietary levels of docosahexaenoic
and arachidonic acids and different n-3/n-6 ratios on
biological performance of Pacific white shrimp, Litopenaeus
vannamei, raised in low salinity[J]. Journal of the World
Aquaculture Society, 2009, 40(2): 194-206.

Koven W, van Anholt R, Lutzky S, et al. The effect of
dietary arachidonic acid on growth, survival, and cortisol
levels in different-age gilthead seabream larvae (Sparus
auratus) exposed to handling or daily salinity change[J].
Aquaculture, 2003, 228(1-4): 307-320.



654 Hh K R £ 30 %

Effects of different diets on growth, reproduction, and population
dynamics of Daphnia carinata

ZHANG Ya', XUE Yucai', CHEN Huicong', SHU Huang', MU Liangliang', JIANG Gang', WANG Weilong"*>,
HUANG Xuxiong"*?

1. Centre for Research on Environmental Ecology and Fish Nutrition (CREEFN) of the Ministry of Agriculture and
Rural Affairs, Shanghai Ocean University, Shanghai 201306, China;

2. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs; Shanghai
Ocean University, Shanghai 201306, China;

3. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai
201306, China

Abstract: To identify a suitable diet for the cultivation of Daphnia carinata, an experiment was conducted to
investigate the effects of different diets on the growth, reproduction, and population dynamics of D. carinata. Corn
powder, yeast, Chlorella sp., Schizochytrium sp., Chlorococcum sp., and Nannochloropsis oculata were used as
dietary sources. The nutritional composition of each diet, culture water quality, and bacterium count were also
assessed. The results showed that the survival rate of D. carinata was highest when fed Chlorococcum sp. The
Chlorococcum sp. and N. oculate groups had significantly higher first offspring times (4.0 d) compared to other
groups, with the highest offspring number per female found in the Chlorococcum sp. group (375.2 ind).
Conversely, the survival rate of offspring was significantly lower in the corn powder group than in the other
groups. D. carinata treated with Chlorococcum sp. exhibited the highest net reproductive rate (R, 293.3), and the
mean generation time of D. carinata in the Chlorella sp. group (5.0 d) was significantly lower than that in other
groups. Although there was no significant difference in intrinsic growth rate r,, and finite growth rate A among the
Chlorella sp., Chlorococcum sp., and N. oculate groups, all of them were significantly higher than those in the
other groups. Correlation analysis between diet nutrition compositions and the growth, reproduction, and
population dynamics of D. carinata showed that dietary protein content was significantly negatively correlated
with time for first offspring but positively correlated with intrinsic growth rate, finite growth rate, net reproduction
rate, and reproductive capacity. The dietary carbohydrate content was positively correlated with the time of first
maturity. The dietary arachidonic acid (ARA, C20 : 4n-6) content was significantly positively correlated with
reproductive capacity, survival rate, and net reproductive rate. The dietary linoleic acid (C18 : 2n-6) content was
positively correlated with the time of first maturity but negatively correlated with the survival rate. The dietary
oleic acid (C18 : 1) content was extremely negatively correlated with the survival rate of D. carinata. In

conclusion, the protein content, carbohydrate content, and fatty acid composition of the diet were the key factors
affecting the culture effect of D. carinata. Among the six diets, Chlorococcum sp. was found to be more suitable
for the cultivation of D. carinata.

Key words. Daphnia carinata; diet; growth and reproduction; population dynamics
Corresponding author: HUANG Xuxiong. E-mail: xxhuang@shou.edu.cn



