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Abstract

The Moina mongolica is an important live food organism in aquaculture. In order to explore effi-
cient and low-cost cultivation methods, two experiments on culture of M. mongolica were carried
out under indoor conditions in seawater with a water temperature of 21 ~ 26°C and a salinity of 15,
1) feeding Nannochloropsis salina (A1), sediments from shrimp tail water (B1), N. salina + sedi-
ments from shrimp tail water (C1), N. salina + organic acid (D1), and sediments from shrimp tail
water + organic acid (E1), and 2) feeding N. salina alone as the control group (A2) and adding 1000
mg/L (5 mL) (B2), 2000 mg/L (10 mL) (C2), 3000 mg/L (15 mL) (D2)volumes of organic acid si-
multaneously to the culture water as treatment groups. The initial inoculum density was 40 ind./L
for 22 d of continuous incubation. Results showed that 1) M. mongolica in the A1 group had the
highest maximum density, average daily growth, average daily growth rate, and final growth mul-
tiple with values of 4203 ind./L, 189.2 ind./(L-d), 21.2%/d, and 105.1 times, respectively. On the
22nd day, the highest total ammonia nitrogen (TAN) and nitrite nitrogen (NO:--N) concentrations
in the culture water were found in this group, which were 2.45 mg/L and 0.53 mg/L, respectively,
and were significantly higher than those in the other groups(P < 0.05). The DO content in the A1l
group was significantly lower than that in the other groups(P < 0.05); 2) M. mongolica in the D2
group had the highest maximum density, average daily growth, average daily growth rate, and fi-
nal growth multiple, with values of growth of 4543 ind./L, 204.6 ind./(L-d), 21.5%/d, and 113.6
times, respectively. On the 22nd day, the TAN and NO2~-N concentrations in the culture water were
the lowest in this group, which were 2.08 mg/L and 0.46 mg/L, respectively, and were significantly
lower than those in the other groups (P < 0.05). The DO content in the D2 group was significantly
lower than that in the other groups (P < 0. 05). These findings suggest that under the conditions of
this experiment, feeding N. salina favors the growth and development of the M. mongolica popula-
tion; feeding N. salina and addition of organic acid solution to aquaculture water can significantly
increase the population density of M. mongolica and improve water quality, enhancing the effec-
tiveness of cultivation.
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1. 58

Z¢ it BRIE & (Moina mongolica Daday, 1901)5J& 1715 i sh#1 ] (Acthropoda), H7¢ V[ J(Crustacea), fif
JEZM(Branchiapoda), 7 f12(Cladocera), 5+ /& H (Anomopoda), #1 &% F}H(Moinidae), #1575 & (Moina) [1].
[F AR AR AR LG, S8 PR IE I A AR e A AR KRR BRI i EAE KA R B T )
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SIS R MHGME EIRFE XK RFNE B Y B AR AR, 77 5 B Re
FEARFRIERRA[2] o EIE LR, [ Y Ah 2% 3 0 58 BRI R A ) 2 T A B 35 3 2 J K B 7L [3),
¢ TR R R A WLTG B [4] AR SRR DR [5] . AR ETHUK = 254[6] A it S 2R Ak
HW2] (71 ERRA B AE HUARIZ R M EEZ WAL —. S RIERELM R TR EEZ R T K
RS MR R, BREIRFEE HA G5 BRI ERE, RS KBRS TAE, bR, 268
T AR = AR B 5 P R SR IR SRR R . TR VS S (1010 7T 28 B, 4 4 I T 8 S50 25 o) 5 oy B R IO Fh
A IR EE FT AR RRIX — I G  FLA ZX Sh s 3k R 58 BRI R I AR K 5 A & A R AR A (1]
T R AR AT 0 55 € FH A0l SRR 75 AR AR 2%, G 7 Wi v e v, B P R P L 7 v Hh e ERUZELIE 15 % [12]
24, BRE NIRRT R AR — EAEELE, W TE L RE . M R MR IR AR R
ISR BA R SR E .

ARSI I A5 MU BR T 5 0 R IR A R K T P S HL A, A R A WLER TR KA, I e 5 R
FEIFPHE R B K AR ORI b, BEANFE HHRIER&EHEE ., miER L2ZME LRt s%.
2. M5 7R
2.1. WA5net

Z IR B L T RO A B A R A T S, 3 UM AR T A AT . KA
TR T AL i GR35 152 9 400 x 108 cells/g), i F il A B I 4 T W (52 25 1 8 x 10° cells/mL),
XU /K DT A A XS U T 4 FRE 42 8] . R38BT F A WLER VW (Water Farm Brick) yid 7L 85 2E4)
BHEARAR M, 56 BR. KER. M1k KB ESYR . KK iELe s s,
LA 80 mg/L IR HIE IR TS, SR RANRE, 5.

22. A

2.2.1. HIRFEERX RERERMHRESKROFME

WGl 1R, WEeIE, RAKE 8 L /AMEABUKH, AKIEHhEANS LaddiE. HE. §
Ao EREEN 15 [UEK, ESTEA, EWEHROLIEETR, Kl 26 £ 3°C . SEE IR IPIAA HARE LY 40
ind./L, ZfETENBEZCIAFETR, SR BN RIRECH] G Rk R R EIRRATHIK 20%, &
W AR A 5T, WA 3 d B IRRE, HELEEIR 22d, R 3 MTATS

Table 1. Test groups
F= 1 iR NE

I ZH PR AEARL
Al 0.1g#H
B1 0.1 g YR EIKITER
c1 0.05 g #F A1 0.05 g KT R /KITARY)
D1 0.05 g #EE A1 0.05 g A HLER
El 0.05 g XHiF /K UTARYIFI 0.05 g A HLIE

FAH IR BTG, B 3 d ME KRR L. METT RN HBIERSRR SR N KRR, H
SRR BIR A5, A 100 mL BEARAE AR 1 2 vhoAs = AN 2 I REAT BORE BN AL ELHURE 3 UK,
FAERHBATICR, O a R AR B R KR h AR SR BEAT R 7R . S bR S a5, Ho:
No Al N 7355 2 38 B TH 5T 46 A48 SR 5275 BRIV X 2 L (ind. /L) Ny ZRo A8 16 I (] 14 52 o BRI
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HE(ind/L); t I R (d)-

KRS = NG /N, @
HIHKE = (N, - N,)/t 2
awﬁﬁ$:ﬂ&%@ﬁnm% @3)

B KRG KT 5, RS LKE 2 h ol . 865 i F (3 3% A4 i+ (METTLER
TOLEDO 738-ISM, - B4 2 A5 (L) A PR~ =) SE s pH RAMESE K pH 1H(PHB-1, _Eifg ={5
F] ) AR (DO) K 1% 3 [ Y SIS50A {8 385 3 i 20 5 A B a0 22 - & SU(TAN) IR R H]
AN EEIE I, TEASER ZU(NO, -N)IK K A - 1RO VLI & [13]

2.2.2. BHEEX RO RERMEEESKRHZNE

DA oy AR VR (S 45 M Rl oL ok g g i A ot R 2L (A2), DA% (RIS ) S 5 K A4 8 1000 mg/L (5 mL) (B2)+
2000 mg/L (10 mL) (C2). 3000 mg/L (15 mL) (D2) & &= MG HLERAFEAH, H41 3 M F1T,

TGS € T I L

2.2.3. BiEGIH 59
RIS Excel 2010 id 3 FF/EfM s Ab 2, @it SPSS 26.0 #f4 B[K & 77 % 43 H1 i (one-way
ANOVA)ATSiH 047, i Duncan £ B HL LR T AL 2 R AT . 45 P < 0.05, WA AAAAE B2
Z5%, GitERCFEE + EERERER.
3. BZREHh
3.1. BBRARIERNFRHEEEMEEE S5KRAFE
3.1.1. HIBARIERREREZMHEFEERNR M
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Figure 1. Changes of feeding strategies on the population density of M. mongolica
1 BRAEIEN R SRE S EENTK

B 15, AL ZH. CL AN DI AR R A% 2 s, BEEIRFRM MK, 755 22 d
ISR KA, 2> BIN(4203 £77) ind./L. (2848 + 150) ind./L. (3068 + 157) ind./L. B1 201 E1 4Rt a5
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BEETHA 3 4, 7555 10 d AR AH S, RN, AL A RIERAFEERS, REaT
HoAth %5020 (P < 0.05). TEIRIGLE RIS, AL HMWHBBKERK, BFm T HMEHEP <0.05). ALA
Hgm KR i, NQ21.2 £0.1) %/d, WEET BL4l. CL4. D1 41f1 E141(P < 0.05). MK %%k
A, AL ARSI, (105 + 2)ff, MHAL S 4HA % B &M% 7 (P < 0.05) (% 2).

Table 2. Effects of feeding strategies on the population density of M. mongolica

= 2. IR RIER R RIS 2 E AR

e A (ind.- LY HEEKE/(nd.-Ld™?Y)  HSEEKR/(%-d?) K A5
Al 4203 + 77 189 + 4° 21.2+0.1° 105 + 2°
B1 825 + 53¢ 82+1.1° 7.7+05° 5.5 +0.6°
C1 2848 + 150° 128 + 7° 19.4 £0.3° 712 +£3.7°
D1 3068 + 157" 138+ 7° 19.7 £0.2° 76.7£3.9°
El 495 + 45° 128+1.5° 9.4 +0.4° 8.1+0.8°

H: RS RRE A E R RANE BEERP <0.05), FrEMFTFEEEFRRANLEEEEZRP >005), T
[ .

3.1.2. IR EERX R LRI RIE TR K RS M

WIGHIR, AL 20, C1 Z4HR1 D1 2058 BRI I F7 /K A4 i 20 (D O Wk 52 I 5 B TR] PR3 K17 PAEAEG, %
RIGAAEVIIENT, DO WJE i, AL 4L, C141LA D1 HAERIGSE T, DO IKEIERIfRAK, Al 4l DO K
JE B EAR T HoAh & 40(P < 0.05), BLZTESE 13 d I DO K 4RI A%, A 7.43+0.03 mg/L, E1ZH7ELE 10
d iF DO VKR JE % EI5RAIK, 4 7.44 +0.03 mg/L (& 2).
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Figure 2. Effects of feeding strategies on DO concentration in the water column

Bl 2. #IRTEIERIXEF KR BERERIEN

I, FRI04H pH 2BV, BRI 4d B, AL pH AR K(E, J8.77+
0.02, BEmTHAFSIRIA(P <0.05), BLArEIRIL W 22d i, pHIARIHK(E, 7E58 10d, BL4A
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(1) pH X%, 4 8.20 £0.01, WFE(KT HALKKIEH (P < 0.05) (4 3).

WRIGHIE], AL 4. C14A D1 AR E(TAN)IKE A 2 BT, HYILh TAN IRERK, Al
. CLZLM D1 AERIS A NA 22d, TAN IREEf &, Hdb AL ZH TAN B2 2 m T HoAth %5 4 (P <
0.05), Bl 4HFH ELZH7ESE 10d TAN IRE LB & s, 25 2IMEE N EEH A 4).
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Figure 3. Effects of feeding strategies on pH in the water column
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Figure 4. Effects of feeding strategies on TAN concentration in the water column

4. FRIRTEIERIEF K RRRE R0

o1& 5w, BEGHE], AL 41, C1ZHM D1 252 i BRI IR 77 K A4 I AH R (N O, -N) RO B2 B k52
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I, BRHEVILEN, NO, -N WKERIL, ALl ZH. Cl1 41 D1 A RIEEE R/, NO, -N Wik
P, HAo AL 4 NO, -N R JE B 25 T HAL &6 4L (P < 0.05). B1 411 E1 4H7E 5 13 dNO, -N K&
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Figure 5. Effects of feeding strategies on NO, -N concentration in the water column
5. IR EIERIXTIEFR KA NO, -N K E RIS

3.2. ANBRMRERIEEMHERESKRNRNE

321 ABRMRGREEMHHEEN

5,000 -
4,500 A
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Figure 6. Changes in population density of M. mongolica in each group supplemented

with organic acids
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B 6 RI, BB FRET A, S0 AR R B 2 AWK, Bk R b EaRET
LR, o 22 d HU B N R . IRERLE RN, D2 452 ISR A S i, (4543 £ 164)
ind./L, H¥MKERKA, HWHEKRRES, HEESTHMSAP < 0.05). MEKEHCKRE, D24
R4 1 B v » 2 i T LAt A 41(P < 0.05), A2 1R B2 ZH R R K A% Hh 2 T\] 22 57 9 R B2 (P > 0.05)
(# 3).

Table 3. Effects of add organic acid on the population density increasement of the M. mongolica

= 3. RMBNERN KR E R R KRR

B A (ind.- LY HEKE/(nd. L™ d™Y)  HABKR/(%-d? HRARH
A2 3990 + 80° 180 + 4° 209+0.1° 100 + 2°
B2 4065 + 66° 183+3° 21.0+0.1> 102 + 2°
c2 4265 + 114° 192 + 5 212+0.1° 107 +3°
D2 4543 + 164° 205 + 8° 215+0.1° 114 + 4°

3.2.2. AYERXREREEIEFKENF

RIS, B RIEEEIE TR K DO ik FE B IS () 3G K17 FEAIC, o D2 46 DO K FE B K T3
564 (P < 0.05), A2 201 C2 42 [A]47-7E i 2 1 2 55 (P < 0.05), A2 411 B2 41, B2 441 C2 42 [F] ¢
SEMERP >0.05) (5 7).
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Figure 7. Effects of organic acid on DO concentration in the water column
E 7. BNBIHEF KA RERE R
IR, SR pH B 2B, A2 HIERE S 13 d B, pH AR EmE, BE&ST
HAth 25 4H.(P < 0.05), D2 HAE % 16 d I pH 1A B R AIKAE , 4(8.26 + 0.02), FHH A &-2H £ 2 2 P 7 7:(P < 0.05)
(&1 8).
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Figure 8. Effects of organic acid on pH in the water column
[ 8. BHLERFTEFRIKME pH BRI
ISR, S5 RIS K AR TAN R BEAE I Rl K 8 BT, fERlinaiin, A2 4
TAN R e, AHAZ TAN IREAAE R ZE M Z 5 (P < 0.05), D2 41 TAN iR/E & E KT HAMZHP <
0.05) (4 9).

3.50 A2

--¢--B2

-&-C2

——Dm
38
=
g =
s =
m [
)
¥ 5
22

<

S <
=
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it [Eltime (d)
Figure 9. Effects of organic acid on TAN concentration in the water column
9. BANBEXIEFKFERREFN
IR, &2 5 BRI RS IR /K A& NO, -N Bk BE RS I (R i BT, AEikga g sy, A2 41
NO, -N ¥ /& f =y, 1 B2 41 2% S M AN i3 (P > 0.05), D2 40 NO, -N R B Ik, &2 (K T HAh & 4(P < 0.05)
(K 10).
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Figure 10. Effects of organic acid on NO, -N concentration in the water column

10. AHIBERTEFIK A NO, -N SREEHIEZNT
4. g
4.1. BN ERHEERFMEEESKRNEE

BRI R s, ERESHIA M, & T, Bha. B, fBES/KET[14], A'
Y b BRI . AR, WA E WM B AR TR, T SERUARAL . (R AR IR —
LA T 9 e, G H BRI K 2 ] ) O R 2 KT

AARIR I AN R O VERL S 20 A P MR S8 v BRI, IR0 LA . K E SR S TR R . 75N
1 22 d (I AR b, PMEACILEREE 1) 5 o BRI VR R A I H i K B T A A, SRR
BRI S IR ROE A AR BEFAR, B RRE B I R T R EREE, TR s SRR
HEEWE, B MEMA, 3§ BREF[15]. REZE[L6]IRTT T A FEET 5  ARIE iR s, R B
SREEREE, SRR AR . 8 BRI 5 A J (e HURD R B R R S R e T
IR [17]. SR, MR = MAAETREE N8R 287 A AN RS2 [18] [19] [20], 3R BHTEHE Fr & 15 R o0 AN
AR LA R I R R AR KB R T, SN R E IR, T B Y 2 R B 21] [22]
[23] [24] [25]. FREAXNT SINHRMY) W fAE K, BN KREG FEMI, B IEIRES, AR TKAEEY
(R B EHE[26]. ABREEFT F XTI /K UTRR AR K, A5 aTidad 300 H iiigs Wit 3 Tk, HEF
PEREAEE T RESC IR | 5 ARG B . N> EA VIR BN B A, EHIEA BRI R, A Re
WS R AE KB T B, I AR S 2D, FrUAR RS BT AL 4.

IR B A 2 25905 Ji7 o R AR A A G I 2 1, IR AE IR, BRI TR s e AR, 1A
BHOF 2 0%, BFRIERAR[27]. K= 25 K B PEAY B 224845 TAN A NO, -N IR FE[28]. ik
FERT TAN 207K A A Wi AR KRR & = AR ST s, FGmT 28 3% S ) 20 R RS R 7K 7 AR i 495 35 [29] . 1
NO, -N ¥R it by, FREE AV R 7B TS, AT 5 37 50 R A AR Bl K B [30] -

ATRIGR 5 T AR RE TR A AT T SR A, % 41K K TANL NO, -N IR B Sk 2 A
¥ 1, BT AL4. Cl4H. DI AFEEEAWTHE, Rz ibz, FibKE$r TAN,
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NO, -N K JEREZ 80, KB, 755 22 d, AL AMBERE &K, TAN fINO, -N kRS &R EE T
HAthdH . BL MR XFUR B /AKTURR A 23K A i) TAN AT NO, -N P2 A5, BT ARG NO, -N iR B %
i AHSEFPREE AN, JF HAR AW/ KA, R TAN A NO, -N IR ARG/ . IR/ &AL
FR eSO K I, I FLASIREE S kb, PR 2E BE BRI, A rh AR AU = %o 7K B D 5 )t 22 ik
X T W [3L]7E HAE 70 Fi HH AN BETE I 2 72 0 R 8 77 75 L1 [ I, SCRERS L ik IR B /K PR 7K 5 1) 24
o TEIRIR IS AR b A R S B IR, A 5 1 UK K R S AL

4.2. BN REREEMHEESKRERE

AARIE AR HLERE) A2 IR FhRE % S5 S TR FMIS TR INA HLER ) B2, C2. D2 H. #ikin
ISINFR R, S8 R IR A R R . D2 ZH 1) R KR SR I SR DR T e K AR IR LR, &I
B N TR, IRRZ PG PR Fe® M SiO, &0 Mt R & B R Z, A HLERTE K i 375
TR RIRIME R, T DA B A Rk VA [32] . A, A HLERRESE Sih P I i T i I I 5
BTG, WM RESS AL P A 2 o RN A LR VA VR R 8118 13k 58 AR AR B A= P4l sk 9
BN R FET % [33]

A2 HARISINE NI, KR TAN IREE B35 & T HAR S 4. 3 B2 A TlINANER S 25D, 5 A2
H NO, -N IRFET R E X 5. D2 HIRINANERE RN, KI&F TAN F1 NO, -N B 2 K T HAh %
H, RHBIN—E & ERANLER W] LAE L A0 H] KA TANL NO, -N IR EE RIS K . DA /R M,
A PR T DM EKAR ) B ThRe, (2 & Z AN E R, FEECE AR T, (dkfa DR
A, AR, HAKETENR S ERZ, BERL BRSO R 1 R SUR[34].

43 REREEEFIZNMRK

AR I R AR e BRI, XS I R R T (O KR R, iR R K,
FORESE R EUAR S B, AU P48 22 K 7 2575 BB AL, (345 DO IKFEAT pH IR, LA TAN.NO, -N
WRERMIN, AR KRR T . AL, SRR R, G20 CARIRIE TR, 2%
SRR TR A IR AR R BRI, ot IR R D, TR SRS I, HE T K A
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