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LEEIL NI B 4 1 N R R N R PG B PN 0 S
HEsEAR. B, 2. 4EF%. StEtyint.
R MR TR G EFRYT, 1ER BRI
% W £ 5% X VE (Abinandan et al, 2015), Horr, fE ek
gahsmiginAK . &5 ASERhEEE

* [E Z A& TR RS (2018YFD0901605) % B [This work was supported by the National Key Research and
Development Program of China (2018YFD0901605)]. X%, E-mail: liuruiqingd0@outlook.com

@ WilEE . EK#E, #4%, E-mail: chwang@njau.edu.cn

Weke H 1 2020-12-07, Weissioks H#9: 2021-01-11



18 oo B o i )R ERVEC

®1 REERES. BEFEME

Tab.1 Main species of sea cucumber and sea urchins in China
HEs IR & FFF E R 2% 3k
Species Current breeding situation Common juvenile bait Reference
BRI H ITRFINER S R fTE% Chaetoceros RMMESE, 2010

T4 05 B LU £h ¥ Dunaliella salina
4% Chrysophyceae

1 A 2538 ¥ Nitzschia closterium

Srongylocentrotus nudus

F ) BRI H B TLT. WK, NEE 41T % Chaetoceros gracilis HEELE, 2020,

Strongylocentrotus intermedius £ 3% FE5 Y ZET23%: Nitzschia TR, 1997
XY I #f 52 % Achnanthes biasolettiana

gl WiV . fRE SR IRV 43 Chrysophyceae JiE Pk S5, 2020

Anthocidaris crassispina KEFELRFA 1 &% Chaetoceros

wHZ A5 TRV M DXCSR A BT AL SFHIE 43 1sochrysis galbana Hu et al, 2010;

Stichopus variegatus Sempen Fi, A REELAFEME 23 Spirulina FHEtE, 2017

T VELL R B Phaffia rhodozyma
4 E % Chaetoceros

Uy ilE JUVGARXS . AP ERANPE AR 25JE ¥ Nitzschia F 14,2010
Holothuria metriatyla DA X, SHE % Navicula

RE-FEENENES
PIE~ b B, FRAEE R D. salina INEH, 2012
Apostichopus japonicus Selenka A% Sk il 24 WL EERE P. rhodozyma Shan et al, 2014

ffi &3 Chaetoceros

KRR (LS B4, 2010a), TERRBSHMIBDEIT b B 4534 (Skeletonema costatum) . FHE# . £ 41

HAT RS o A SOR Bl SERORAE B sh P A L &
T AR AR AR T LB Aol DR S 3h ) SR A
B R EAT 208, T X RO AE R B2 Sh W SR B8 P AE A
(TR T e 4 g i, DU i e sl iy 57 e 12
MEZHTTE,

1 WUEFERR R 0 7R E R

1.1 fREER

TR R KX IR AR K & B A EE S, Bkt
KRBTSR IR S AR, i —LeRsE KN, B
e A & AL, WFRESCRAEGRR, 2014), H
I, 12 M IRSR5 T e & B TR 0 R e
111 A T JE T B0 E A S, HLA R
feanfie, F2Em, TRFEARRFIREE R AR, Xk
TRE FR RS B 3 i W ORI kS 40 VR RE i A
JEERG R 8 - VRUFRE S 2 R sl W T e B 1) B DR
PR AT ik 7 O 2 O 2 0 0 A ) ) B ) S AR (S R
45 2010a), FEWER & EPA(Z Tk i4H2) 5 DHA
(b BRI R ) A5 K Bl 22 N N B I R (5 5 15 4%
2014), & HETHCAE A FREME . Bag, M
17 W B 45 71 G ff) B % (Chaetoceros muelleri),

% F1 — i # 48 7% (Phaeodactyl um tricor nutum) .,

112 &% SERAHMEE, MARUN, NS
AREMAE NREMRAROE, Gt hHEaganis
Wi A uE Ll ZHERIAE D 2, ek, H
M N AN 2 08 DL K DHA 55306 P49 o LA 81 2 1 JF
K Ar{E (Bonfanti et al, 2018), 4 H A MEE, K HE
K= AR, R, BT T K AR
r A, R RE O 2 4l AR R O RS T O A R
(Castilla-Gavilan et al, 2018),

113 #3% £ I — P JIC 40 L RE (7% B kR4 i
FAZEEZE, HAMAMEBEE AP, AT DATE SR AR R
TS, BAAEE R EIERE ) . B S H .
BN, 2B AR LR G R (Brown, 1991),
TE KSR A0 R AT RE M B b 403k B A W o5 1R T 5 M 1B
IR E (L%, 2008), HLAk, HhBE L hife
HETER AR PN A Y A ME DI RE , A T HE R SR A Bh L
WA BERE 1 (Bh 45, 2020). Basch(1996)#F5% %M ,
KL G R (Dunaliella tertiolecta) & ¥ 2 4h 4 1 3& 75
B, BEUS e R A E R IET .

12 HEMEFRMENER
WO L&A T BT & IR, H R R IR
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5 —SK 7= 5l W) i it R G R 2 B 23T (Brown, 1991).
foE P R B 22 A0 NG 5 TR A 7K = sl ) 1 S R 3R
By, HAEARKMEGE . BOBEME . MEETE . Sz be
257 T B PR AR AE T, BERE 4R S K s i A
TG PUEALBET) . PN ORI ARG 1) R ) (G 4
45 2016; Shahidi et al, 2018)., Qi ZF(2018) & P,
JI 7 TR AL % 2 S5 kb w0 B 7 JIEL R ' ek ok v I 3 2
PR I (MYP)RIEA B EZM, MYP 760 {A
WS FRB R AE . BB R . Y6 - R
FHEZAEM . T RIBRIE NSRS, B [T B
) MYP 3R b 3 5 Tk TG £ 38 R0 BR 55 ¥ 45 3
(Isochrysis galbana). [FIRT, $2H7EZAR TR KA
F7% EPA/DHA Fll EPA/ARA( .+ —# /S H R) HL 1B A
R T EREHEA ., UEW] T EPA. DHA Fl ARA 7Eif
NEPERR B 450G AR A, s & Ca. P
Mg. K. Na, Zn 1 Fe 0 ¥)IcK, BEMEI 2K 5)
Y)'E 37 >R (Levassor et al, 2020).

1.3 RUREBAK=HYWHRIRESN

s TR YR . 2 2 25
W5, REASHE SR HLAAR 4% 1 (Dineshbabu et al, 2019;
T, 2010b), fEAE SRHE MR, IFF R
AR EEEMRROER, Hrp, 08 MRIEN
HerEZE A TTIR, [RIEE AT AR S e 1 o 35 (6 735 B 4,
2012), fE#EAKF=sh¥ KA AT %, EH RS
QOI)HEIT T B-HE N Z IR ZXH IS4 K Kt
AALRE TR RZ N, & BLAE DT SR R I — R =1
B-iHE NE, KBRS M LIRS 100%, [FAf
PrEALRE A BT &, R Z X S5 R AL BE
b AT

K= sh B AL SR T i R EBURN R,
LT 245 40 B s S A () B e R T . Sl L 5
() R SR I T A R LA BU R 6, R SR A e v
AT DL RIS IO S B (R 4, 2019) . s 2 O Bk
WE R BB A YA e, Sh e 2R as i
il 4 €0 4 BR B R ik BRI 0] RE S R e 2 RS
F AT SRR SE A, et — i b e e A | R E
WG 4 L %) 45 Wi g ) (IS 948, 2006; Carballo et al,
2020, PR, 2020), 1F A —FhH By SR fIEGH BA
BRAEWEEGWE T, WMAESENPUERMSA, b
K= B ) 3 AR A B AT 1 S B

1.4 {305 CE A3 22 NI 7R B2 3 490 B B % 46 A

AN T P PERRE X g JEL A i B 7 T 2L 1l AT Y = 52 i)
(George et al, 2010; Cook et al, 2000), K, #EA

[] i 2 9 3 2 Bl N TR i R el A IR R O
Carboni 45 (2012)%F Ho 17 A T Aa] Ak R e i X6 VA5 HE 4 i
BT 4 R 5, e BRI B4 ARG & B ok b2y
THFE—LLREE B BR IR o = 5 Bl A 7% 2 . DHA/EPA
A DA S5 EPA/ARA HEAY n-3LC-PUFA(n-3 K4%
Z ARG ) 22 AR KW fEd Ao Lin %
2007) WF 55 £ B, 4% =& LC-PUFA (DHA/EPA Al
EPA/ARA)Z A4 LU 5 B AT T 4 x) & i R AR E2E, H
R 20:3n-3 Al 20:4n-3 JKFEAFITURNE T
Ji R T AR ) S T 43, OB SR Lo B AR e 7
fibJii . Carboni 45(2013) &3, MIHAREI K1/ kA
M FIR RS L LC-PUFA: TR E&%i A LC-PUFA 4
Y& BRI IR DI IK ) (18:2n-6 F1 18:3n-3)5 B Al
FEPE IR P ) B B 2 8] Y OE AH O 2% (Eroldogan et al,
2013), FHHIX 2 P I IR 1 21 UK P32 1R K- 52
M, DA A — 2 5 i 4 R 5t

S A BE I 2 f R A3, B3R oy B A
PR . ZESRVESF(Q017)F S R, fAklH DHA
K- 5 2 S A I S AR R SR, ARV RS I — e
& DHA I}, Hi|Z{KEBEdh DHA . n-3 PUFA . DHA/EPA
Ml n-3/n-6 PUFA &3 LF, HAS[RIRREE MR & 1 o]
SIRBE IS R . WA . RS A SR &t
T & Z TR IIIR , A 1K shiy TRHE >k
PRI T, i = 7K™ s ot
1.5 RURMEFREKEIRE

PRie LG Hh, T RE S WOIOK 77 S B D (A HE
) CO, I N, PR, Il eaEHE LN O,, ik
| K 4K h “CO,-HCO3” °F- fif . pH -~V fif (19 2 2R
(Abinandan et al, 2015; Gongalves et al, 2017), ZF{#
LR, 3 AT K AR 8 TR A (PR 2R 25 44 5 5 i)
b FFa 2 IR A5 (Pankratova et al, 2008), A F|F /K43
YIr A, REA RS TR K AR EE, Ak
SHRVE SRR ARSI T A B A, FRE K R
BEERIK =, X TR F A K BT A AR
(H T 55, 2004)

1.6 R fESA AR

TUEERR T EAAE K™ s iis F RSN, A RE
Rty . flm, fEN AN TERCA TR IR, $Em
TR B IR (B A F AR, 2019; Frib 44, 2016),
Cirino%#(2017)FHURJE S . £ 2E(Ulvalactuca). TR
TR B FURHG A VRV RL, & B AE H AR IR B
Hf AR R AR RACR AT W IRPE AR & B 2 )
ik ) B dob 40, e AR e TG & DR LU SR R BE T e 1
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R AL T A B RSy, RO AT

ik B (2018)WF 5T & B, 8 i ffi (Pelteobagrus
fulvidraco)#% e & /NER 3 (Chlorella vulgaris) ¥ # it
L, xPEEa AR A DL R R TR WS
TEPRHRAR I 1.60% Nk BE R e 175 LA — AL A
BHFNOS)FKIA, 743 & 1 —FALA(NO), NO il
it NOS Z&— I H A i, Hod ik e 4 51 1Y)
IR BACK AN . B L e A AR 1A, R o
BUA AR R S PR S e (BT 2248, 2009) (s i 75 MR
&N} HASTH IF (Macrobrachium nipponense) . 4 ff.
(Carassius auratus) . AT f#(Oncorhynchus mykiss)% 7K
ey KA R EE (& EF 4, 1999; Rehulka,
2000), H AT w7k 7 s A iR Kb S Ak e
SR MR F1(Savoure et al, 1995; #XEIZE, 2015;
ZEYESE, 2016), S H A TEEAE S RS I SR 7E
Wz S 58 T i, (H R K7 sh ) ko 3k
B, TOBAE R S SR s oA )RR R RSk

ATHERS RG24 RO LRI, B
il 3 R K SR B P R
TERZGEMAT W, (EIESHUER | (RUE, 39
SRR S e

2 RUENREIMEREZ TR

Rz S A G S A A g RRAZ RS DR IREAL BT U4
WG, iR TR EEMFETT, DI ARMA NG, JF
AU ARSI RO HERR , T R AR 2 AR R T
TEh R BIHERR , S0 AR5 v e s i — 2, 2]
A A DAV Ui TR % 0] JEE AVG 20 % (Sonnenholzner- Varasa
et al, 2018), S WHEL X —iFFE(Hu et al,
2013). FERDEANATT, RIZSAE TRl p B, F 245
VIR AN e HE ARDE AR BE S, 4 iR DB
TR A N R B B Y (FE 3K, 1989), 3 2
RS T ORISR IR S | W IRAIST , I A e X
Bt R AT . S 1A BT,

R2 TREMEXNES. BEERLZENM

Tab.2 Effects of different microalgae on the growth and development of sea cucumber and sea urchin

rif il

Species

TR

Microalgae bait

[pe3 A0 275 3k
Effects of microalgae feed Reference

%3 H Lytechinus variegatus ~ #:[GER#E D. tertiolecta

WEkiEENA Paracentrotus lividus A1 [GEh# D. tertiolecta

LERIEEAE P. lividus Z#IE ¥ Nitzschia

X JE % Halamphora coffeaeformis

47 Chrysophyceae
&3 Chaetoceros

25 A. crassispina

S Paviova viridis
Jm ¥ Platymonas subcordiformis

/NER#E C. vulgaris
Z2J% ¥ Nitzschia
FHE % Navicula

%% )} Rhaphoneis
WZZH: Surirella
WJE % H. coffeaeformis

MR 3R I ik H
Hemicentrotus pulcherrimus

gl /AL ie
A. japonicus Selenka Cylindrotheca fusiformis
2 4% Chrysophyceae

A. japonicus Selenka ¥ D. tertiolecta

i &% Chaetoceros

P2
A. japonicus Selenka

5] i 4 Coscinodiscus
FHE % Navicula
WU Amphipleuraceae

KE AR, diffikiig  George etal, 2004

R RETEM, 4 Luetal, 2007
SUYEE =

(UL IRAN K % 7, B2 % Castilla-Gavildn
R et al, 2020

N Tei) A X 255 1 JIEL 7 1 40 A
ERETIBRAZS, U
EW . MBI LT HE

JHE A, 2020

PS4 A, # Xing etal, 2007

AR KA R

R R RCR, A SR, 2014
B
REiZ 0, Mz [, 2018

AR ARA R R

RS RRAR,
SR %

EHFHEE, 2010a
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2.1 #§hE

Carboni(2012)BF 58 1 A 7] fk 388 X #0035k Vg AH A= <
KB RIS, &I R ] A R e AR g R AR 2
B T7, AEAS ) f P 15 MR 1) 6 A i 0 e A A K A A 2

5o Hdr, DI % (Cricosphaera elongate) 1}
LR AETE R LA ek = 3 A%, A K B 20%.
Carboni(2012)if & B, MERHANIA L FidfErh, WAHLh
IO E KA B2 5. Kelly 2520000 HEM, 1115 6l
458 1] e ST IRgh i BEE B 6, BT e Y B
Fo LI, AR AE SR AR 43 BC BB 0 RS R R
(Strathmann et al, 1992; Fenaux et al, 1994; Sato et al,
2006), HFFTFEIA, Tl B EREBE A% AR 47 i AL g IR &)y
IRIEFRT R .

Brundu 55 (2016)0F 5% T 4l 42 . AL IREh BRI LT
YA EHE 3 FIGEETR A W AE S R X TR IR 4 A A 1
EBEWW, R AREHSRANEERER .
ZAGINEEE 10d )5, 3 FhiEaRIR A 4 i I 4h 14
KR e, SR BB R 17(79.947.8)%, {H4)1A
AFASHEW , 58 AR 2 B I HBAE TG 2N (4.243.5) %,
AR T A AL P2 (61.8+16.5)%~(78.4+10.2)%, 7%
W 3 FhsE TR A iR R I L & B AT A e e, 0
ANTE A AR AR A5 AR M, 33X T BB AN [R) e 25 )
L JBRAE 1 (Gross, 2003)43- 1 B AT ULRE T, (A B
Beek Ay, EOE AL R B AR AT BT A

BLAN, Tl T 1 A A 0 R B T R P i 4 4
I 4R FE A8 (Kawamura et al, 1995; Jimmy et al,
2003), Xing “(2007) LT 8 BT ik A R 1H kL
XU 5 1 2 1 E 1) ) I Al AR B A SR g, & B IR
A AR 32 T B A2 4% /135 (Rhaphoneis surirella) |-
) Bt % %58 B 40% , {H 7 ol ME XU 3 (Amphora
coffeaeformis)_I Bt & KA K 6.6% AF & HEMZ IS
S5 A W AN W R B SRR
Castilla-Gavilan 55(2020)/F 52K, A £ 508 BLIR)
YA B TR A SR, 2 BRI L)
FE X6 2l AR o 2 236 o 25 e 1 U e TR R A= g, o —
AUk B 22 S5 19 D DR T 6 PR T AR B R4 1) 22 5
TR A0 A R A W o R

22 #%

2B IR T RIS b TR B, B R K
PR =, RIS I8 E Tl B R o R R [
FEXTE S AR EBAIEIER- . PR W(2019) X%t I
FRPE AR S 5 R B R SO RO R 2SR L A
b 285 8 A A ek AR AR AT AT, R 3Tt 3 R =
HE S 1Y 7 it G 238 5 B A 2 L JRC A G P i 2R )

YIS . Shi ZF(2013) & B, B 14%0E 15 22T fa A
5 86% I YR TR A R B R 2 A R 47 1 Ak K 3R A
A A FOA S, R TR (2014) e BUE F= 4 I 5 1 T S 1)
Y ¥ 4 % (Dicrateria inornata) . /) ¥ A 3 E #
(Nitzschia closterium f. minutissima) A1 4 T 12 fiE 3
(Spirulina platensis)iE & ARSI 2, R BUIZ 1
AR R T AI T 85 B8 FR W o i AR 22 R R A
B2, EB KB, RIS 308 v 1) 28 R %
YR R A T RCRIR AR, WS 0T LUy W il i 25 T2
FRTFE 8 o 7K A= Sl ) TR0 200 L 9 25 P 1 S e S
T o ) LU R B R L AR I A T Y 4 i R
(Bitterlich, 1985), MARZFL A EE A | IR & &
A8, E HE 57 i o v A8 %) 2 R 22 R R A R PR Ok b T
BFE LA, R X % 58 00 2 1 ) 28 R A
(M5, 2012),

F A (2018) R FT T A [] ol 38 %5 il 2 0 e 41 A A=
Koo BsE | AL S E TR A S, R IR X o
S AR R R 53 8O R d i, (H ER 3 R A HR %)
IR B 28, DR T AR A e, FEL iR &
BV BY B2 2 i Ak - A0 B AR 2 K HAR S
PRE AR AR O e, XTSRRI B RAR 5 B Bk
EH . HBEE DIRIE RGBT, BERHRK
HoAl SR T B, Z2 e b BT I AR i 2 S AR i
I Ko

3 BRI A E R B R
B S AT

31 WENREZSRE Y FEPFERNEE K

il

B ) P9 R B sl 37 BN B TV 5 TR, i e
AR H AR 3. i T2 | AR R AR5 £ AE ) A1
T, BERRE RS, FEAS R I X ERL oS SR B
SRR, ZOREE XA [ A 2l A5 IR f SRR P B 42
Pl SR B (H 2 BOK ™ IR E A A A B T8 1
AR P TR, X LA AL e it STV 2R . H AT
[ AP XTIES: IR AR KT 08 SR SRR 5 TRl
TR 5 77 N1 B AR GRS AN AL, QL BELAS 1 AR B
AACE IR TR IT R R A R A #E R . S35, B
YRR SRR PR B BUR, B IR T EON
WA IR, WRESSEERMAAL . DIRERS
18 RIAL 25 T AT G AR AE — R B, Pk, s
LR S R Bz Sl 4y A7 39 e 75 BO PR, H™ AL TR
SR R B S v AL BRI AN R Z —. H
BT, T AR R Al I Y SRR BA 4
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SRIFTE , A TF A RE SR T LU AR 1] 8 it JoT 1
BHRMEIEREE . [FIRE, R RO 008 R R i AR
FUIRE, FRIRUE A M E AR, 5 e
LA o Bl B A s A S D RS T
LAE IR B4 77 5 A e 14 SO PO o e o A
IE= Y, WERE R 28, BEESE, MR N
H, TR R S ) BEARRE TS, NIRATR
YU R WA AT e

SEAN, HH AT b I T oo B B R AR SR G
IR I B SR A S 2 T ) T R i R A HAE R
o BUA RSB BOR A = T2, 51 S e R Tk
ARG A A T, A T 2R e STt R B4 1 o R
JE o S EURE 7 il (8 O S ) — T3 THG 0 T A R
L PUPRER L SRR A AR, SRR IR T2k
B AR A 72 A 5 573 — T 1l DU 2 58 002 B it Aol 7
T SR A IO, U PR 3L 7 R 7 ) PR o X
e, FUOER S BB sh Y 5 W BB A BE AR ) T 2
PRl B o R GO L B T A RIAR AL,
AP RHRO8E 15 97 PSR ) S U T A 77 A, A fE
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Y ar s it — 2 KR
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Progressin Research on Application of Microalgae Bait in Echinoderm Culture

LIU Ruiqingl’z, HE Meilin'?, WANG Changhail’z’m

(1. College of Resources and Environmental Science, Nanjing Agricultural University, Jiangsu Key Laboratory of Marine Biology,
Nanjing 210095; 2. Jiangsu Collaborative Innovation Center for Solid Organic Waste Resource Utilization,
Nanjing Agricultural University, Nanjing 210095; 3. Co-Innovation Center of Jiangsu Marine
Bio-Industry Technology, Ocean University of Jiangsu, Lianyungang 222005)

Abstract Echinodermata are important aquatic animals of commercial value in China. Enriched in
proteins, amino acids, unsaturated fatty acids, and other physiologically active substances, they are
considered healthy food with increasing consumer demand. Therefore, there is an urgent need to develop
and industrialize echinoderm breeding. However, the high mortality rate, slow growth rate, and low
nutritional quality during echinoderm breeding are the main bottlenecks limiting the development of the
echinoderm industry. It is well known that marine animals require certain essential fatty acids, particularly
n-3 and n-6 polyunsaturated fatty acids, for their normal growth, development, and immunity. Essential
fatty acids can directly affect the development and survival of juvenile of echinoderms grown in
aquaculture. To meet the nutritional needs of juveniles and adults, the supply of high-quality bait is
essential to overcome these bottlenecks. Microalgae are rich in proteins, carbohydrates, vitamins,
carotenoids, polyunsaturated fatty acids, and other nutrients, and have attracted increased attention in the
development of new aquatic feed resources. Fresh bait for young animals is significantly better than
artificial bait in promoting growth and improving survival rates. It is also widely used in breeding
echinoderms. In this paper, the research progress on the application of microalgae and bioactive chemicals
in typical commercial echinoderm (sea cucumber and sea urchin) farming and breeding were reviewed
with respect to their effects on the growth, development, and impact on the larval growth. We have
summarized the microalgae species commonly used in economic echinoderm breeding and the effects of
microalgae on the fatty acid composition and immune status of sea cucumbers and sea urchins were
analyzed. Furthermore, the challenges limiting the application of microalgae bait in echinoderm breeding
and farming are discussed, and alternative solutions are offered for sea cucumber and sea urchin culture in
China.
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