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NFRe =R, J& E NS H K™ R,
25 85 2 DVE D% JBR W5 57 % K # 1 (Larimichthys
crocea) i fHLA i 52 i sk 42 BR, 40 mg/L 5T B iR
1) MS-222 fiis B T R B i gy a4 I [R]E i
TAHMERRE DI, 2R O,
AETK, HEZEN ST FE RS
V-2 TR A RIZIRIES &, R ZIREAN T R
TR 2 38 7 T 2 ST 22 ata BT
T TR 255 206 0 G R S0 (Procambar us
clarkii) (1 JBRIF RO, 45 5 38 W A 3R IS G Rk i LL 1=
T PR BT o K SR 2 B 2 2 N7 et 493 0, R R A SR
I 2- RS OBEABUR B UIRE, B, MR
JBE, ORISR, R T 2- R
SEUBUT BERN T A = A RR IR X 2 44 (Hucho
taimen) 2R, AF5E K BT 143 BCR 0.3%0 1Y 2-78
A GRS N R = HERS B X 2 7 fa 3 i i
P E R . AR — 2L 2RI, JF A
L PR 3 35 e Heasman 255 5 512
5515 455 E AL BE X 405 (Pecten fumatus) LA A
FATSICR, 7 R4 2 AN HE SR A VR o

18 FH T Bz 30 W 2 25 1 BRI 391 B A DG BiF 5
FEXTEE /D, BRI X G 210531 2 (Apostichopus
japonicus), H BRI FE ICHEB 43 1 FHAE 5 Jl SR K
(it U DL R i s U AR 2 v BRI E
ZR B T WS R BESE A I S Y ] fay S
SN AS TRIRREE . T &I 2-28 5 L BT 05 il
SIS PRRIERCR, WEoE s B B e 2 5 i = 4
SEAERREEA, FFHEHERIE W E 2 0.3~0.4 mol/L,
OB RRIBERT 1) R 1 he shybZIE— B85 T /KR
DL KRR R B IR B8 R 475 ) 2 38O R R, e B
FHARS 8 AR 0 R R AT 7 2 e At PR X ) 2 1) 3
BRIV B T v, (FL A TR B8 R e vk 88 I 42 il A
0.35 mol/L Lk PN HRRES A [RIANELEE 1 0.5 h, X 526
R FHE N S aG 4 AR 25 Bk . kRO
T WX 0 S 40 5 UE AT BRI S 86, W 5845 vk
FETE 4% LA PN 1 ey B XA R RRAS B4 45 0 S8R 458
WFIRRIRVE o RIS 3R, i T A — A4
A7 B50RR BER AN 1 — PP, [R] 00 JRR e 5510 7 A [R] 1 245
BE VA SAE RO F A AR PRICR o BRI i e —
g S 3 a0 R , (o L AE A A% A 185 2 o U

NGRS, 3 RS E il FE 2 e 2R, X
o B o3 K P RR SR 1 7 1 28 4 FH 24 R B L) Je
T BRI BE 01 T AN B 5 o

AR RN T B 2- KA OB Bk
BE MS-222 DL R AL EE TR RRES A X AL 2= 40 S
(PRI, DA B P2 Wk B L JRR e 5 5 T o)
B, RIS R ERE . S0 NAT
Sk DA B A B B) JRR A7 6 28, i ik HH S TR =
B AE i P RRIE R, DA A 6 ) S K B a2 A b
F14) PR B350 114 358 FH B it FH vk R B S 4

1 HRSHE

1.1 EIgsisl

SRS AARNBAITTE TGS,
¥ 1000 SKAEHN S 4 S A KTt (8 mx2 mx
0.8 m)HT, SCIG IR /K & 42 0t WD U IS A SR K,
KiR(Q9+2) C, $hE 301, FFEIRPELERS,
RERIIK 10 h, Tk 5 R SR A B
ARV B . DR MR hEi
PIRAM, A EM B BB RERE T8 W Eeer
BERESE(FR 1), A 10 h J58EK 18:00 #E0 1 K,
PR NI BIRTE Y 2%, SCHET 1 KA A,
B 7 Kbyt S DL B S 20

T, 2RO BIREE . MS-222 FIE
PR B A5 SRR AR W S 1 98 22 e Ak A AR R st
WA BRAF .

*1 ThSYHSERERL

Tab.1 Feed composition of juvenile Stichopus
monotuberculatus

TR A feed composition prtprJr/tj/gn

FUEB# ¥ Sargassum powder 22.4
¥R Hizikia fusiformis powder 22.4
HEZ#l juvenile sea cucumber feed 22.4
EBEJE diatomite 224
EM B effective microorganisms solution 6.4
JRIZ PR 1A Saccharomyces cerevisiae type 2

HWFPELT 2 EE Rhodotorula benthica 2

1.2 WA
121 MEFIREEERREFANERNSITAHN
BN MS-222 Ml 2-ZK4E L WFE H VA i B W IE T
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KRR B SR TR L . AL BRI R BV T
g 7K P 2R DR G A, S A X 7 A
Ja EV M G K AR RS T I . T A
AGETF K, JBR A e e U T S8 ik e
DAL 2 9 [ LI Al T J07K SRS PR T K o il
TS, K SRR I T A A A U R R A
40 min N FERIZ RERS HE A TR EERRBEFT BE, 20 min
WAETZ HE A S8 275 I8 B B, o v e 0L A
20 min LR ZHEATREEFRIERT BE, 60 min AL
RIZ PN SEA TR R B, 5 Mol PR 77 150 5 v J3E A
2.

x2 SHMEREARERE
Tab.2 Concentration settings of five anesthetics
PR P 41 M2 W3 44 A4S

anesthetics group 1 group2 group3 group4 group 5
MS-222/(mg/L)
tricaine
LB /(mol/L)
magnesium chloride
R EE/(mol/L)
magnesium sulfate
2- A LI /(mL/L)
2-phenoxyethanol
T Fih/(mL/L)

clove oil

100 150 200 250 300

0.05 0.1 0.15 0.2 0.25

0.05 0.1 0.15 0.2 0.25

0.5 1.0 1.5 2.0 2.5

0.1 0.2 0.3 0.4 0.5

L FH 5 A R R B A 6T A6 I 2 40 2 00 AT IRR
50T LSS, MRS R (1.66+0.22) g, HIAHTIL
FERAE R Z 4 2 0 ARIR 5 95 B A28 517 0
ik, CSRACH S 1 il TR AR IGO0 . A8 2 W BT 5
55 RN Bl P DL B A I B AR R
122 HEREMEBFNIFE ALBRE 3 A
PATH, R 5 SKAERIZ, MUAS R (1.60+0.21) g
TE 3R E (L5 Ly sl A 1.2 L #% B ik
JEER 2)ECHIE S P e BRI (1) 2 U i K o
Fp 2l BEMLE A R TS SR el =402 5 3k,
JPRIE 2 Wi B I 3 IR HCIRES T IR KA v
GWRAE, SRIGAE K P T IRIE . M AR 2412
PEA TR R BROIR A I, o HRR e i 1 A K o 42 )
B3 OTIC S RREERT ] . PR AR 240 & i3 IE
WK P HEAT IR, YL S 415 8k A 58 405 R
RAEE, EEWE 3 WHERE A RK I IE R 8
A 1]

123 RERBFAEEAREXNSHSKESH
FERTE MR ARSI E 3 A PAT4, T S
SLAERIZ:, MRS A (1.55+0.27) g R T E ki
AR TN, SR 1.2.2 Wil 3 Fh & Pk i
SR BT ) 3k D8V K o AL 326 BB At B 136 T 5 114 46 0
Z41Z, BIREERR D — el S 4 2817
SRR o 38 3k PR PR X A6 2 BRI 5 A7 S R AIE 7 )
W, 0 SRR S AR BE R I B . BE SRR it
BEFNURBE PRI o B i BoF 8] o PRI A8 0 S 40 Sk
FNIEF K P IR EE, 0 AL 0 S 0 AR SR B
Br . R IR B B R o8 4 I I B BT
1.2.4 RERKPHREREFIXAREMRIEL S KR
R B% Marking Z5USK 77 A 1y %6F BEAR R
FIPESR , PR el S 2RI . L gk B
WHE N DRk 2RI HI AL 245 ol '
(Ve B R b RV B, ¥ il B VR BE AR /N 10 1528
TRREE, Pl E 6 MRERE ., M4lRER
B 3T

FERF 3 L A WK = i A s & 48
BN T L 5 AS R B B DA% 22 4 SRR I 391 1) 3 08
WK, STERAIINA 1 L IEW K, B s
Sl ARSI E 3 A PATAL, BV (1.34+
0.68) g. THIME(3.48+1.13) g FIRIAR(5.62+1.77) g
MIAERNZ, BB B R B A T il A 3 A
RS T2 10 Sk, AIEFTE G AN 17K 1
JKYEM(8 mx2 mx0.8 m) i HEEPEAE KT, LA
PRSI R AR E K IR (30+1) C o B
SPBIfE 6h, 12h, 24h, 36h, 48h, 60h, 72h,
84 h. 96 h Bf[H] s T HF 4% (n=3), BULZIZITA
HRME K P IREE, L 12 h DA 582 IR R I bs ifE
FIE AW, DA SRR W R 5 R sl s &
AR HT, ARS8
(A5 2R
1.3 #HEHH ST

SCIKHE SR SPSS 25 BT SEITAHT,
GEITHE Y FF YR 2 (X £SD)RR, dH ) 22
SR ANOVA HLRIZR J7 2250 #r, T LA
5 2257 MR A LSD K giids, WSy 25 R 55 R
H Tamhane’s T2 #47 L5, DL P<0.05 £ 2257 0
% ., R H GraphPad Prism 8 #E17/EK
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2 #ERE5HH

2.1 5FhEEREETIX R ST ARSHI 0

i1 5 FhERREFIAL BAE R 2402 R, HRRRE
SR TR, PR 00 o 288 1) 6 46 2 B 42 52 i) )
WS RIS DRI T RS (B 1) iR 24
S AT S H BRI TE S RRAE, [ 2% 050 5
JPRIEEFNE IR 3 BBkl o, 4 48 02 RE I B
BRI oy e BE ORI B L B R I o B RN R
IR B B, K A6 0 S IR J I B B B X s
JEIRRERY B . R SRR Be A SE IR B .
AT B, iR sl AL BE Y 4h 2 R B ALY
MR AS s [ARE, fInA MS-222 5 2- 2K LK
2, RIHAPIT AR

L EEAT B TS BRSO AR SRR S
IR BE AT AR AE R A . Hodr, 7RI B,
AT i . FBACBE B REE 402, Bl R
WFT S F MR E R EE T2 ME, 915
B AR, A MS-222 Hl 2- K48 LR 4)
%, FAMGE, GIREBAIRES . 7R g

WrBLet, T AW, SRR BEAL g =, &
JETT A S, T MS-222 il 2-2K 48 L BEAL I 4 3,
LI ARIES) . BEE PEA R SR I BN 58 4 5
PR B, 5 FhRRERAL N2 S 2 R B AH R 917>
FRIE (35 3).
22 5MEIEREFITIERSREESRALLE
221 MEFIHSEKBZmE LREH, N
4 A LIS, FERREERY B, RIS T
B IR FE G AL 2 2h 2 0 R K 438K (P<0.05); %
e 15 ALEE(0.05 mol/LYF 0.1 mol/L BiFREEL Y
412 RIS PR 35 K (P<0.05), 171 78 Hh s vk B
0.15 mol/L. 0.2 mol/L 1 0.25 mol/L 41ZFkE¢)5 1A
KAMEAR B (P>0.05); MS-222 5 2- A L BERT A
W AL PREH ) 4 SR 34 45 75 (P<0.05).
TETNMEBY B, feim VB T A7 41(0.5 mL/L)
(%)) 2 95 BRI AR R R B (P>0.05); IRk B2 19 550
fE5£(0.05 mol/L)F1 0.1 mol/L BRFREEL 4hZE I
TR 5 1A K 249K . (P<0.05); MS-222 ) 150 mg/L Fil
2-RA LR 0.5 mL/L 5 1 mL/L S I a A

T &M

clove oil

IERRES

normal state

BRAREE

magnesium sulfate

moderate anesthesia

deep anesthesia

A " 5 el
magnesium chloride P “”iﬁv i 0
BRI SN SELVNEE
mild recovery moderate recovery complete recovery
MS-222 ' o
tricaine RIEIRRE .
deep anesthesia

2HETB

mild recovery

moderate recovery

SERTE

complete recovery

B 5 TR T FE000 2 22 BRI R I3 R 19 JE 2545 1IE
Fig. 1 Morphological characteristics of anesthesia and recovery of juvenile
Stichopus monotuber culatus under five anesthetics treatment
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Tab.3 Thebehavioral characteristics of Stichopus monotuberculatus at anesthesia
and recovery stages after application of five anesthetics

F)/I\EXL stage

TR degree

FRIEF T2 types of anesthetics

17 M¥#1E behavior characteristics

JRR B B

anesthesia stage

A0 IEHFIRES
A0 normal state

Al B2 PR

A1 mild anesthesia

A2 H U RR T

A2 moderate anesthesia

A3 REERR
A3 deep anesthesia

T clove oil

AR EE magnesium sulfate

& fb#E magnesium chloride
MS-222 tricaine

2-K4H £ % 2-phenoxyethanol

T#& clove oil

AR % magnesium sulfate

& fb#: magnesium chloride
MS-222 tricaine

2-K 46 £, 2-phenoxyethanol
TH&l clove oil

iR EE magnesium sulfate
ZALEE magnesium chloride
MS-222 tricaine

2-2K % L 2-phenoxyethanol

i Ak g . B AR R iR N A S B A R R
HHA MR

il T feh g A b SN R TR ), SRS R P
Vi) A7 R 0 R R N R O B A R R PR LA R
B i
fih - 1 45
R .
i F-IoAh g, JF AR, R R ),
JEAE Y. ARG B AR R NS, A AL S L
B 15 E R ORI AR R

fih FIEAR G, 2R, R 5. A%
J5 B AR A M I I Ak, AL

b T ARG, se R, R T, A28
N FHIBIE B R TE R N, B AR .

fih T-TE A4, BRSO A A R W ) 5,
PO ARG ICIR R 7. A SR B PR S BRR

RN R A R 3 A R TG

SRR B
recover stage

T1 REIR
T1 mild recovery

T2 RS
T2 moderate recovery

T3 SERIRHE
T3 complete recovery

THFH clove oil

i fREE magnesium sulfate
ZALEE magnesium chloride
MS-222 tricaine

2-2K % L[ 2-phenoxyethanol

T#&M clove oil

iR EE magnesium sulfate
b8 magnesium chloride
MS-222 tricaine

2-2K % L 2-phenoxyethanol

THU clove oil

iR EE magnesium sulfate
b8 magnesium chloride
MS-222 tricaine

2-2K % L 2-phenoxyethanol

fih T A A4 R TWRM Sy, JTIRGE . AR
TG B RGBS Al

fih T AR 4, 2R, H RS TWM T, A
2. AR S gt i, B

fuh A AR . AR ) 55, IR SE . A
UR B VR SRR e ELAT R HL

i T fih i e, R GRS B, T AR ICRE. A S
B 5 it ELAT KU R L

R4 5FAREFXER SERKRIT

Tab. 4 Effectsof five anesthetics on body length of Stichopus monotuberculatus

n=15; X +SD
R WIS EEEK/em REFEK/em HEEERK/em  FRBERKERT Y% RRRERKAEE %
n
anesthetics concentration normal body body length after  body length percentage change in body  percentage change in body
group length anesthesia after recovery length after anesthesia length after recovery
1 3.51+£0.48¢ 2.43+0.30° 3.21+0.44° 69.23+0.63 91.45+0.92
2 3.21+0.60° 2.30+0.40° 2.95+0.52° 71.65+0.67 91.90+0.87
Eﬂi;ﬁif 3 3.62+0.45° 2.39+0.36" 3.09+0.43° 66.02+0.80 85.36+0.96
4 3.20+0.49°¢ 2.09+0.42° 2.54+0.39° 65.31+0.86 79.38+0.80
5 3.08+0.47¢ 1.78+0.45° 2.48+0.39" 57.79+0.96 80.52+0.83

(f¥2% to be continued)
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(8t# 4 Tab. 4 continued)

P WEAN EWAEK/em BREERK/om FEEEK/om  BRESEAKALE % TR AR E A %
anesthetics concentration normal body body length after  body length percentage change in body  percentage change in body

group length anesthesia after recovery length after anesthesia length after recovery
1 3.13x0.50° 2.70+0.62° 3.28+0.52° 86.26+1.24 104.79+1.04
A 2 2.94+0.55° 1.94+0.29° 2.70+0.54° 65.99+0.53 91.83+0.98
;;fifé;ﬁimnol 3 3.36+0.48° 2.53+0.31° 3.08+0.45" 75.30+0.65 91.66+0.94
4 3.16+0.33° 2.56+0.41° 2.81+0.69° 81.01=1.24 88.92+2.09
5 3.60+0.38" 3.02+0.57° 3.25+0.49° 83.89+1.50 90.27+1.29
1 2.98+0.52° 4.68+0.69° 3.70+0.75° 157.05+1.33 124.16+1.44
2 2.93+0.53° 4.05£0.57° 3.47+0.58° 138.23+1.08 118.43+1.09
T 3 3.10+0.24° 3.94+0.41° 3.35+0.40° 127.10£1.71 108.06+1.67
clove oil 4 2.99£0.46°  4.14+0.51° 3.46£0.52 138.46+1.11 115.7241.13
5 3.25+0.36" 4.48+0.63° 3.93+£0.47° 137.85+1.75 120.92+1.31
1 2.68+0.64° 3.32+0.64° 2.90+0.55° 123.88+1.00 108.200.86
2 2.71£0.64° 3.360.50° 2.88+0.38° 123.99+0.78 106.27+0.59
Eszihnn 3 2.99+0.38° 3.09+0.36° 3.21£0.57° 103.34+0.95 107.36+1.50
sulfate 4 3.10£0.56° 3.06+0.39° 3.05+0.43° 98.71+0.67 98.39+0.77
5 2.54+0.53" 3.07£0.66° 2.79+0.56™ 120.87+1.25 109.84+1.06
1 2.84+0.43° 3.38+0.53° 2.93+0.44° 119.01+1.23 103.17£1.02
A 2 3.19+0.51° 3.88+0.63" 3.49+0.53° 121.63+1.24 109.40+1.04
ﬁii;ﬁiiun] 3 2.92+0.49° 3.62+0.55° 3.25+0.49° 123.97+1.12 111.30£1.00
chloride 4 3.02+0.42° 3.56+0.49° 3.32+0.46° 117.88+1.17 109.93+1.10
5 2.36+0.40° 2.62+0.65° 2.42+0.54° 111.02+1.63 102.54+1.35

e FATAS AR RS 22 57 ik 35 (P<0.05).

Note: Different letters in the same row indicate significant difference (P<0.05).

K AR 52 B I IR 25 (P<0.05), 1 2- 4 A 2 B
2mL/L Ml 2.5 mL/L M4h3 95 B 5 R K Rk &
(P>0.05).

222 MEFXHSREER AR BN S
2R R, BREILEESL, FLA PRI e ARk
Ab 3 H B 2 4 N TR FEE JRR I B[R] 78 AN [] Ve B 20 (1]
K, TRV BE (0.1 mol/L) S Ak BE 4 1Y 4 2 i
A TR BE JRR I 1 B TR AE AN (W) ok B 2 ) o K
0.05 mol/L [ R BE 1 2l 2 37F A T 8 PR I ) ) ]
K, N(34.13+3.77) min (& 2d, P<0.05), 42k
N TR JRR B 1 o 6 B [ 22 H0 B AE 5 i RR T 741) 1) e
e, Hod 0.5 mL/L T AR I AT R R S TR
%, N(6.04+1.24) min (& 2¢, P<0.05),

3 WoRjita ] 5 BRI R 40 2 05 3 58 42 U i
PIRF RIS O #E S FRRREESRI 1, 0.05 mol/L M E L
B S0 MR ) e JE, (10.01£1.36) min
(Kl 3e, P<0.05); 0.25 mol/L BRI A LIS 5% 4

75 BE I ] B K, A (60.39+5.28) min (& 3d,
P<0.05), 150 mg/L MS-222 #H 42 58 4 I B i
)56}, H(18.80+5.35) min (&l 3a, P<0.05), T &
wiZHh 0.2 mL/L . 0.3 mL/L 1 0.4 mL/L #4125
4 I R I ) A 258 B B2 (1] 3¢, P>0.05).
23 REMBFIRENHSILARERESH
T By B B 18 ) 2 i)

T R R X 2l 2 D IE IR 2 B A 5 R e
Al BB Dyt ) e B R (E] 4al, P>0.05);
R EE T A AL N 43 O EERREE A2 BBt
SR VR BERREE A3 B B I #E 2% (1 s ) BH S 4 (14
4A1, P<0.05), ¥ 0.2 mL/L 1 0.3 mL/L T &
AL PER 22 P SRR T2 B BEF 524 IR T3 AR
AFTE T BB ] 5 0.4 mL/L ¥k 5 b BRZH TG 31
£ 58 4a2, P>0.05).

WeBE 0.15 mol/L Ay PR B AL 340 %)) 2 M
JRRIE A2 [ BE itk AR BEJRRIE A3 [ BL 28 Iy (R st (] L
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40 a _ 50-b B 30 C B
n=15;x+£SD n=15; x+ SD n=15;x £ SD
240 8
301 ggm 2
£4 £% EH20
E% = &30r £ 8
E S =g 2
=% Z% =8
&g & 820 & = b
2 g Z210f c
£E 10 g c & § ¢
: % ) %
0 - .
150 200 250 300 0.5 1.0 1.5 2 0 25 0.1 0.3 0 4 05
MS-222 [ B #¢ i /(mg/L) 2- A L B (mL/L) TR B/ (mL/L)
MS-222 mass concentration volume concentration of 2-phenoxyethanol clove oil volume concentration
40rd a _ 50 e _
l n=15;x£SD a n=5;X+SD
-2 : -2 40
. E 30+ b g g
E% £ 8
= & EEY
S 20 =g
m © j==d
&5 =520
=5 oL £
E 210
oL . oLt ==
0.05 010 0.15 o. 20 0.25 0.05 0.10 0.15 020 025
BRAREEVR B /(mol/L) GULBEYR I /(mol/L) ,
molar concentration of magnesium sulfate molar concentration of magnesium chloride
Kl 2 FERIZANZEHT 5 ol bR R A TR 2 JRR e B 1 1]
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Fig. 2 The time of deep anesthesia for juvenile Stichopus monotuberculatus after 5 kinds of anesthetic application
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Fig. 3 The time of full awakening for juvenile Stichopus monotuberculatus after 5 kinds of anesthetic application
Different letters indicated significant difference between groups (P<0.05).
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Fig. 4 The effect of safety anesthetics on time of anesthesia and recovery of juvenile Stichopus monotuberculatus
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Selection of an optimal anesthetic for safe transportation of juvenile
Stichopus monotuberculatus and evaluation of anesthetic effects

FENG Haoran"2, HUANG Lianghual’ >3 7ZHENG Bojunl’ 2 HUANG Maoningl’ 2, WU Junhao'?, XU Qiangl’ 2
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2. Hainan Key Laboratory of Tropical Aquatic Biotechnology, Haikou 570228, China;
3. Institute of Marine Drugs, Guangxi University of Chinese Medicine, Nanning 530200, China

Abstract: Juvenile flower ginseng Sichopus monotuberculatus are highly sensitive to environmental changes and
anthropogenic stimuli, resulting in significant stress and high mortality during transportation of hatchery-reared
juveniles. Developing an effective anesthetic method can alleviate stress responses and reduce mortality during
transport. This study compared the anesthetic effects of five commonly used aquatic anesthetics, i.e., clove oil,
2-phenoxyethanol, magnesium sulfate, MS-222, and magnesium chloride, on juvenile Sichopus monotuberculatus.
A behavior-based evaluation method for anesthetic and recovery stages was established, dividing the entire process
into six phases: light anesthesia, moderate anesthesia, deep anesthesia, light recovery, moderate recovery, and full
recovery. The results showed that clove oil, magnesium sulfate, and magnesium chloride effectively anesthetized
juvenile Sichopus monotuberculatus. Clove oil at a concentration of 0.2 mL/L exhibited the best anesthetic effect,
whereas concentrations of 0.02 mL/L and 0.04 mL/L significantly improved survival rates during prolonged
transportation. Clove oil at 0.5 mL/L induced the shortest anesthesia duration of (6.04+1.24 min). Using
magnesium sulfate at 0.05 mol/L resulted in the slowest time to achieve deep anesthesia [(34.13+3.77) min], while
magnesium chloride at 0.05 mol/L produced the fastest full recovery of (10.01£1.36) min and magnesium sulfate
at 0.25 mol/L produced the slowest time to full recovery [(60.39+5.28) min]. High concentrations of magnesium
chloride and magnesium sulfate caused no significant changes in the body length of juvenile Sichopus
monotuberculatus before and after anesthesia, whereas MS-222 and 2-phenoxyethanol were ineffective as
anesthetics. This study identified clove oil at a concentration of 0.02 mL/L as the most suitable anesthetic for
juvenile Sichopus monotuberculatus, ensuring effective recovery and high survival rates after 60 hours of
long-distance transport. These findings provide critical technical support for the safe transportation of juvenile
Sichopus monotuberculatus over long distances.
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