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KR A AR R T & (SRR A
NH;) MBS T8 (NHy) /716, —FHREM 1L,
HH ] =2 TR EE A pH, o, JEE &
REZF R Y, B e p R, IR A
pH B AR R T2 AR A T i O, Xfk
A S AEE R BRI, KR &
W BRI EE S E WA RS (Apostichopus japoni-
cus) WG . THAL BT EALBE ) T I, A KA
REWZ RIS, B 5 TE LG
HE RS RBIIE T 52, ki =
Z RN AME TG, AT LG A 2 A AR s AR
FUURZRIGIN, W W AR FARE bl 2 B 1 2
R IR E M R A B AR, PR ES)
R ER A, I A R,

W 2 & B WY B 2 PR i 9 i Oe U R R it
ZHeJT, XE OB AR A E R AR S
HX, SR, HETECAG OC T AR I I 2
iR iRiE . S E NS ET, —K
T K OR AR BT, oK NS B K B
PO, T AR K e RN 2 B A 7 A
] ot 2 X i i i e i o AR SRR T 7K
HXTE RS E KR ATEE AR . RE
FFEE RS, IR R & & B B g iR k17
TRA SRS . M OGRS ] LU #R
WS AN T EFRMER AR

1 AR TR
L1 ERESFhahiE

F RS EART 20224E9 A 20 H R A
RN 75 6 38, (22°33'N, 114°33'E), RAli)5
7 RVEE % 28 v E B A4 B RO T AR 25 5
Bk, BT 500 L3¢ EEMAR B IR . B9
EPRFERFEE TR, B H R MR EK, 5k
I WEAS AR DL S, B % 0 TR) T /K OK iR R 27~
29 °C, Ny 30~31, pH Ny 8.0~8.1, T 9 f
25 H 3 B R AR ik AT N T AR =,
WG O SR & 2, W2 G R 78 =80
500 L (B BE AR Hh A THRAL , AL IR PR R SE
A, NGO SRR AR KR AR S T
K EEIEK ,, IFEAARHR 5 pm BYREAL
PB4 T uE . R [ ORI OK, BTAR KA R
200 L, & HHMT40K 200 L, RAHE N
1.0 ™~/mL. FFZMnRE 2/hE4KRE, FIH

RSB (Chaetoceros muelleri) i (2.00x10°~
2.50x10° /~/mL) 5 AR, (Saccharomyces cer-
evisiae) 2 (0.10 g/L, %4 1.50x10° >/mL) ¥%
PR 12 1 L EIE T e FESik R F
2RI YRR Bz R, H¥foKEHN 1/3, 1F
JRATI PR 1 I, AR 2 L PR (1L 22K
A BERCRT 1L T R RO . R H 4 i
ZROVAIMARBT B, HKER 172, BRI,
] 7K IR R 26~29 °C, #h Sk 28~31, pH K
8.0~8.1,
AHEFE T K 1 sl W) S B kAR T AR R R

W KELRm R E RS G
2022G030). fESLH I RE T, AE N GRS BN

(I ARAB LA AR ) MeEE, Jf
Fig IR AR A R S S W A8 B B 23 o E 1Y
R B AT

1.2 LA

Wy 9 A 27 HIFR BT BRI,
WCETE S G R AL T /ANE LR B, P3RS
(424.14+£50.48) um. KL KRR 21, ¥
AR [F B FRKAR— R 78 2 SR (-
#9=40 cm, JEHO=30 cm, H=50 cm) £ 32 L
ZIEEL, % 1.0 ~/mL, AR
WA 1Ak, 30 B 78 S AH 4l A 34 50
BIFEAKR T, B AR oK 1K, R
A2 300 H 7 45 X A% 7K 487 38 2k b e kA K,
oK A TR v 22 B 3 K AR s 8 0 o 14 40 4 i
W o ASCEIIRE 4 DK E K, H oK &
Sy 0L 174, 12 F0 3/4 KK, IR FRIC K
A~DH, BHIANER ., HH EFMTFF&E
M 150 mL 7ERL ([F] |), Y4k kE 2= hH44k
JE AW EIAE, B H B AR G AR i) B AR
SR K IR (26.62+£1.37) °C, R Hy (29.14+
0.57), pH A (8.05+0.03),

LITFIR )G, A4 A 3 RI10~20 R4k
W% B 1% LI A K, 7R B K BT E &R
GERIKIR . EREEA pH, JEHL 100 mL KEE, $%
R CHRE PR WIS ) 17 7 3k 7 0 5 45 21 2 /R
A A A B (AR BIE IS VR B S — LA .
B H XA W AR BT A B A TG %, 1T
A S SE SR AR K TR 2, BEMLEL 15 mL /K HE,
WEETF L AR, BAHER 3K, Hit5
SR SR L BOTHRAATE . AT — 2Ly
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22 15d, 210 A 12 HE5H,

BAM T F R EHFHER  10HSH
TR EAT TR B4 ik 2 M de v Sr e, IR ik
PR K (734.19+84.27) um. K5 7 AL A 14 2 14
W WRAR R, WIN T K 2% A 1.0 ~/mL,
TSI HBGER 3 /KR B H0A~ 1 LR rh B 17 8 1
SCHY, SEHG AT KA ORFETE | L ZIESab . R
FHHEEK SR L AT 250 ™Y, NH,CL(PE 2 4k)
i il R BE Ry 2 617.31 mg/L YRR, SZH I
Mok Bz BAak R, RIEILE, &
BOAXTIRALR S AN FRAL, ARIREBRIE N AL
Bl. Cl. DI, EI #l F1, Ab34 20 545 %t 50 a] B
WE AW, SCE 50 2.25, 3.38,
5.63. 10.09 1 17.76 mg/L, XFHA4} 0.01 mg/L,
B2 3 A PAT. LRI AN K, B
AR P44 1 mL EORE ([A] F)o 552 56 0 1] K i
A (28.48+0.19) °C, *h BE A (29.60+0.43), pH
9 (8.06+0.02).

SCWSTFIR I, R 4 h SR WL 1Y 5 B
oL, WHEBH L., FrR&WE 1R, B HXT
WIRIEAT IR, THEAT SRR AR K ARTR &), B
MLEL 15 mL K AR W8 4l R IF 1150, B ES
3, KBS RS PR AT BT SR AR
. ARNC T 24 F1 48 h B & A R B AETE R
AL FEE2d, £ 10 H 7 HE5H,

R RS KGR 2otk Atk 36 10 49
H I 1T R Ak 2 vk se s, it 4 ik
AR K (976.81478.99) pm, SEEGEE A |,
R 4 70 5 56 15— X BRI 5 A B, 4K
Whric N A2, B2, C2. D2, E2 fl F2, AbHi4
i S X B ) PR R A AR B, SEIAE A A
271, 3.52, 492, 6.75f19.57 mg/L, X} M4
9 0.01 mg/L, B 34T SE50 I E K &
(27.50+1.30) °C, #: E A (29.73£0.61), pH
7 (8.03+0.02).

SEWSTFRR T, BT 4 /)N S LB A AR A T
iGN, WEAEH L. FASMWE 1K 40l
105k 24 Fl 48 h BF AR A& %, 11407 XA
b YKEEREFRE 144 h, BRLFEHLEL 30~40 H 4
BRI LSRR B IEN . AL RFLL 6d,
10 H 15 HZ,

1.3 EREFNE

FIH YSI 556 MPS 22 Z: 0K 51 43 AU 5
K FREEFT pH o AU BR R A A 1 A

R 2% £ M 73 D66 B TR I R ACRE S R M A 25
R, KPR AR R = T R L i
M pH A5, FILUT ARG

[NH;] = [NH; +NH;]/[1 + 10®KaPH)]
A, pKa= 0.090 18+2 729.92/T; pKa N & fi#
WE, TR/ (T=t+273.15), t MG
T ER
1.4 HIESH

FIFH SPSS 26.0 B AF Xt i #E AT 5 134T -
I FH 20K 2 5 22 50 BT (One-Way ANOVA) 4 55
[vi] — EURE ) 8] 45 AL S A IR IR K DL AT R 2
[B] 22 5 1) B &, I Duncan [ X 88 4T
ZE A, B R 20T O AR S IE 5% e
JE BTG AT, 4 SRR R R R R
fl . LIS R EZ (meantSD) 3R
TN P<0.05 FRZEFWE . R HBEFFALE IS
AT A Z RS F B G S T 4R Rk
B4k 48 h 19 BIEHK FE (48 h-LCs)*" FIH
Origin 2022 ¥ {AER .

2 4R
2.1 #IKSELE

K. R A pH SER AR A AL HA]
AR, FE AT pH Bl B[] B AR AL AN B 1 TR o
Ho, BT 9 K45 AL A K IR RS 2 7E 27~28 °C,
012 RIEBIER, KiR—FEREZR 24°C, ZfF
IKIRIZW T (B 1-a) 454 4E+57E 28~30,
e S T U B B R TR A AR B A, B
BT, AHIKH D AR ERIE T HA 3 H
(B 1-b) £54H pH ZE+57E 7.9~8.1, HHEE 12 K
240 pH BT B (E 1-¢).

RAA LA A R A BRAH AR = R
DAl 25 Uk B B st [ ) AR fb 25 IR o, XFF
[ — EORE S ], 7K A v 0 0 8 32 il o 46 K i
RO, o, SEERT 6 R AUKIEEA
W ¥IKT 0.02 mg/L, % 6~15 K, B~D 4%
RO B BT 12202 T, i A 2 20 0k B AR
WILE, B 15K, A~D AR AW E 5
IEFE T 091, 040, 0.26 fil 0.16 mg/L(IXl 2-a).

X [ —HORE RS [R]85 v KR P 0 A
AR EE BB E oK g mm AR, o, 52
Y5 I 6 K 45 ALK M W A 25 Ak E KT 0.05
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Fig.1 Temporal variations in water temperature,
salinity and pH at different water exchange

(a) water temperature, (b) salinity, (c) pH; the water exchange in treat-
ments A, B, C, and D are 0, 1/4, 1/2, and 3/4 per day, respectively; the

same below.

mg/L, 4 6~15 K45 24 Al 25 A e B st b 7
FH 1S KA, A~D 41 VAl 2 R 43 ik
F|T 3.77. 2.16, 1.43 fl 1.19 mg/L (& 2-b),

R AER N A A S 4R
TR BRI A E R R R (R 1) 258 6 RIF 4
HAE TG R IR B 3 25 R (P<0.05), Hir,
S A 6 KRBT AN K I A 2 ) IR AE T R IR
(93.33%+9.43%), i H K& 3/4 1) D 447G
FRIEAK (70.86%+8.36%) . 5 9 KUJF, H#eK
i 1/4 1) B AR R, HIZAFEREN
12 1 15 RH) 838 THA 3 41 (P<0.05), TfilF]
W H ok 12 19 C ARSI R —H ik
FE o FERAE R, HKE 3/4 1 D4l
YIRTFIE R T e, 255 15 RIZA IR
FALN (20.01%+6.51%).

R S 8| TR R O L NN
RKAE g g R, 5 6 KHE/KE N 341 D
MK B EMRT H A4 34 (P<0.05)(A 3).
9 K, HKEEHEKE CHM D AR K5
A (672.79+35.08) 1 (610.0+21.43) um, i FH AL
THA 2 41 (P<0.05), Ry B> S50 10 1] 0800 59
HIRRARME . 25 9~15 K, C 421 D ALKIKKIT
R, B 12 RIG S AN IRIRK TG
Z5 (P>0.05),

22 RAMEEESHENZM

TS KB, £ RIS IR R A 2
FEAE W BT 2, X A A2 R
S E R AR RTEIK R RAF, AR,
e R R B A T AR TG R, Rk, ASHF
FANH LR RN S T H R E LR 50

AR F IR GE R S A
HAARLETE R R R, RS & T H
IR TG R B I R T R e (K 2), Hor,
524 /NI AR E R = B9 DI, E1FI F1 414)
R BIUUR LS, I H & R s U 8L
LM A 48 /NEE, E1ZHAN F1 HANAE 4
TRBET 40l , et B T2 iRsR .

BRI KREYHRAERG TR YIETF
TERGER IR, 24 /N0, BRERKE RS
() F2 ZH A7 15 S (60.95%+16.00%), H.&#B4>
R T VORI AL, RS AR A
= AR R (3R 3). 2 48 /NBY, AR
) D2, E2 Ml F2 hahfRsbT- R, HHEA
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Fig.2 Temporal variation in NH3;-N and NO, -N concentrations at different water exchange

(a) NH3-N, (b) NO, -N; different letters indicate significant difference among treatments at the same sampling time (P<0.05); the same below.

®1 WKENERESSHEEERNTM

Tab.1 Effect of water exchange on survival of the H. leucospilota larvae

A% /% survival rate

Eib|

group 3d 6d 9d 12d 15d
A 100.00+0" 93.33+9.43° 68.59£16.13" 58.69+3.00° 57.28+7.89°
B 97.78+3.85" 80.64+5.96™ 88.82+8.64" 87.06+10.75" 73.41£7.32°
C 94.95+8.75" 78.44+7.53% 55.06+11.85% 56.68+3.65° 58.09+4.46°
D 96.08+6.79* 70.86+8.36° 40.33£15.95° 21.45+£2.31° 20.01£6.51°

DURBLG . MPURL RS LB, H e
TCAFWH A A A AR AIE o AT TR AR TR 4
RS IER A REAT I, P i R 2 (A A7
IR n] R AE— E R B B A o

1000 0OA OB @C @D
a
900 | a a
a
= a aa aaa ‘I‘a
= L a
£% 800 : J[{L % —F
L3 a? b
£ 700 [Ty, b
O
b
600 H
500 s s
3 6 9 12 15
i) /d
time

B3 HKkEXNEEESHIFKEIFNT
Fig. 3 Effect of water exchange on body length of

the H. leucospilota larvae

geitor R, thEYRFR B4R 15
T3 o AL AR B (v) 5 B R R B X ()
EHZEA (Bl 4), H, 7TEMTEERES
T, RELER G RZ R TrhEYgR, R
PEPEM A S B F AN £ RS HhHE A KHL)
1Y 48 h LB KK N 2.66 1 6.22 mg/L,
A B 200 th BRR H R Y 48 h L BUEHk
52k 0.19 A1 0.45 mg/L,,

AR KRFSDAREE 4 Hh S 6
K (ZHE20d) B, SHMEEBEERER,
A2~F2 R E LA LB 53510 55.88% . 69.23% .
53.06%. 54.55%. 40.98% Fl 7.41%(n=30~40);
PSR S o091 B v 1 R X BB 2 A2 (11.76%), 2
J5 f& D2 4 (3.03%) F1 B2 41 (2.56%), i C2.
E2 Fll F2 PR MEL BRI AR . F il 4l ik
Fb 9] B el Y N IR ZH A2(17.65%), 2 f2 B2
4 (7.69%), C24H (2.04%), T D2, E2 Fl F2 41
PIAR G T T4 A (5] 5) AWFIORE I LA
T B EREE R gl A E O TC R B W 14h i (-
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*2 ARRKENEEESHEHEHIME

Tab.2 Effect of NH;-N concentrations on survival of the H. leucospilota larvae at mid-auricularia stage

215 HH/(mg/L) JEB T &/ (mg/L) TE1E#R /%  survival rate

group NH;-N NH; 24h 48h
Al 0.01+0 0 74.8£10.98 70.4248.13
Bl 2.25+0.35 0.16+0.03 93.06+4.63 51.94+9.63
Cl 3.38+0.53 0.25+0.04 73.61+26.85 38.06+14.6]
D1 5.63+0.75 0.41+0.05 66.07+13.10] 12.26+1.51]
El 10.09+1.01 0.73+0.07 72.22+18.50| 0
F1 17.76+1.25 1.29+0.09 73.81+£17.40] 0

Ee JFRYIEBILNL N

Notes: | indicates sinking of the larvae, the same below.

x3 SEREXNERBSRENFFEERNZM

Tab.3 Effect of NH;-N concentrations on survival of the H. leucospilota larvae at late-auricularia stage

S5 A AU(mg/L) B T &U/(mg/L) fHm#/% survival rate

group NH;3-N NH; 24 h 48 h
A2 0.01+0 0 95.83+5.56 85.034+3.82
B2 2.71+0.06 0.20+0 93.33+8.89 73.89+4.81
C2 3.52+0.13 0.26+0.01 83.33+22.22 80.45+15.26
D2 4.92+0.10 0.36+0.01 94.44+7.41 55.56+18.52]
E2 6.75+0.16 0.49+0.01 90.48+12.70 63.10+15.54|
F2 9.57+0.83 0.70+0.06 60.95+16.00| 38.1+15.87]

8~9), #iit, A2~F2 AL B W HKILEI 5 HIa BRI

B 14.71% . 20.51% . 44.90% . 42.42%. 59.02% SEIFAR I, AR (AR 14 d) RA B
92.59%. £ TR, MEERKETEAERER  MECIRIERZEH (BI-1). LR 6 KA, 4541
Fhim, WIRNRRETRE, TREEIGIEL RSB, HAARR s, R

T S o S b 2R A I T (KL E-2~5); 441k EL
mid-auricularia late-auricularia 2ot NAIE W AR 85 B F ik B, H4E

il P A5 DR B O T 2 1R, SR BB 2

u‘g 7t Ro09349 B, IERBEASE, NS M AR N2,
ﬁ% 6l s {ELBROMR VAT WA T UL (PR iR-3~5), o, A2 414
aimg o, //a/ IRAR SR i, HRAR S 1 YR I o0 75 T 1%
I /20246. s IR, R (FIRL-2); HXEF A2 41,

4t " R=0.846 2 BRAWEBARN B2 HR AR T, Hak

3 . . . . . FIESTCIH B WY, Kok & LT

02 04 OI;(NH g)g Lo 12 (FIRRE-5); &0k BE i1 C2 A1 D2 20 4 ik ik

4 ﬁﬁmgxmsiﬁsﬁ%;muxﬁzm 48h i ﬂ%ﬁﬁﬁﬁm L@g%ﬂ%%%’ @%g%‘%{s
Tt A R Mol IEAT A IR A (BIW-6~7), R BHIX 41

ﬁk N E{Eﬂ:m?{s‘#n,ﬁ,lr Io/j

Fig. 4 Relationship between the logarithm of NH;-N /21”21: Uy 2547 {% A2 H A i 52 ij i ﬂij =
A=Y v R =Eas I =

concentration and the probability unit of 48 h mortality FUAC B R 9 B2 A F2 41 B R B EE 4k

3 SN
in mid- and late-auricularia larvae of H. leucospilota (@Hﬁ-8~9) , k%ﬁﬁaﬂﬁﬁu 1Tj‘7 o
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[ Y& S R RIS 3 fif F4hik
larvae without pentactula
development potential

O W44 0 SR H- Al
doliolaria late-auricularia
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<& 60
=5 - T
2 &
g, 40 +
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0 L L L
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4zl
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E5 FTEESRAKEFHTEEESELKEMRLIFLLS

Fig. 5 Proportional composition of H. leucospilota
larvae at different developmental stages at

different NH;-N concentrations

>

3 TR

WZE R KRR R & A A LR
1) 43 A 25 el BSLZKAR , R0F T A A5 ZR Ak 3 ol T
R, MR AR K BRI ) R8T B, fESLbR
FEH, B KA H K ERSE Y 30%~50%14
AAFFREY], HokK e BRE B RGN K A
Yy ZANRIREE R EE I, R, O AR K X
R B et , I TR R IR DR A il K
55 6 K HT A5 4 A A NI fiF A Uk B H AR
HZB B IC T K s 5 9~15 R /K R & i
KEPZRAMUAESRKE, H, DEEsEr
A ABI, 5 0~15 R¥KEH K CHM DA
FAE RS T2k R T 0.02 mg/L, 546G K
FbRME AEE F2<0.02 mg/L)™", 2 WA /K o
Pk BB/ AL B AL, HAES FZKE D
BILEHS 9 M 15 Klfihx.

RAAABRMETENE, T5LEKAES)
Vs . EEh I REE R T, FEREB T
o R BE 1Y NH, 73873 U Na R KOO sl 280 2
Ak, FSRE Ca¥ N, N-FEE-D-KIA R
TR IS 2 R (N-methyl-D-aspartate-type glutamate,
NMDA) 52 1 FVES AL 8 11 i lid &t A9 0TS
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Plate  Effect of NH3-N on development of the H. leucospilota larvae

1. the larvae at 0 day; 2-4. the late-auricularia, doliolaria and pentactula larvae in group A2; 5. the late-auricularia, doliolaria larvae in group B2; 6-7. the

late-auricularia larvae in group C2 and D2; 8-9. the larvae without development potential in group E2 and F2; sto. stomach, hs. hyaline sphere, cb. ciliary

band, tcb. transverse ciliary band.
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Effects of water renewal rate on water quality of the hatchery system and
larval survival, growth, and development of
the sea cucumber (Holothuria leucospilota)

CEN Yikun, WU Hong, HONG Zesen, WANG Dong, HUANG Zhaolei, YU Zonghe "
College of Marine Sciences, South China Agricultural University, Guangzhou 510642, China

Abstract: In this study, four water exchange (0, 1/4, 1/2 and 3/4 per day, respectively) were used in sea cucumber Holothuria
leucospilota hatchery. The water quality of the hatchery system and the larval survival, growth, and development of the H. leu-
cospilota was tested to evaluate the optimum water renewal strategy. The results showed that the high water renewal rate could
pose adverse impacts on larval survival and growth in the early stage. In contrast, the low water renewal rate correlated with
high level of ammonia nitrogen (NH3-N) and nitrite (NO, -N) in the hatchery system in the later stage, which could also pose
adverse impacts on larval survival and growth. The biological toxicity experiments were carried out to test the effects of (NH;-
N) on mid- and late-auricularia larvae at water temperature of 27.99 °C and pH of 8.05. The results showed that both of the sur-
vival and development potential larvae were negatively correlated with the high NH;-N concentration level. The 48 h-LCs, of
NH;-N on mid- and late-auricularia were 2.66 and 6.22 mg/L, respectively. While the 48 h-LCs, of un-ionized ammonia (NH3)
on mid- and late-auricularia were 0.19 and 0.45 mg/L, respectively. In summary, water quality was important for H. leucospi-
lota hatchery and effective measure must be taken to control the concentration of NH;-N in the culturing water. It is recommen-
ded that no water change should be carried out at the early-auricularia stage, moderate water renewal at the mid-auricularia

stage and high water renewal at the late-auricularia stage.
Key words: Holothuria leucospilota; breeding; water quality; ammonia nitrogen; un-ionic ammonia; acute toxicity
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