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Al
WAX, Tk, ml#F, £ A, EF&, £ 5, #
QARG LRIk AR BA T A0, WA T8 266104)

N

% FH, A X

BE: RAHKSRE®R, FRTEA. LAARFIREER (T A, MS-222)5HK/R & 4 (6.44£0.59) g
HRANKEY GHRAERHRAEN A, FTHHIMNEXET SABEHEZSBC. 12°C. 16 C. 20 C.
24 C), 5 AN EME (15%0+ 20%0~ 25%0+ 30%o. 35%0), 6 AT Ak iR EAEE (0. 8. 16, 24. 32. 40 mg/L)
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18, HE 30% 0, HAFFHERERK, LEASAERALFEREAERBRENG; THHR
MS-222 ¥ aA AERR AN K EGHRAEFHRE, LF THEHOBIREAREZANI; THEBREA
24 mg/L B3R MS-222 % 20 mg/L BF T Kk~ K L TR AT, SOHAERMAETMK, AA L
HIRE R RRSNE GG S REFBMGGRAEREL, RFRATALELEN O | NI E N E 1477~24.11 2
B, RPAETBREFRBELMT, RKASNKEYH T2 HEQRFRERERE. RN, EEBFE.
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U AR Ak

1.1 ##

SEHG KU /S e fa i fa B H LR PR A o
BeZs il Uik e, 2K (7.940.8) cm, 1A (6.44+
0.59) g, A MASIREIER | IRBTEH: . o, ¢
WHIRRTRE SR 7 d, BFRAACHDUE A RIEK, KiRHh
(15+0.5) °C, ¥4 N(7.0£0.3) mg/L, R K 31%o0, pH Ny
(8.0+0.2), A} H i& wE MR K M % FH B A Ak

SO0 FH RIS T b A MS-222 I [ X0 %
Wil BR A EL T A T A0 &k 85%, Kt
FEBTE A 10 5 B LU A% TR I FR T /K B i Bl
BEWE; MS-222 A AR, ¥HY5 NaHCO; # 5T
R 1 LIREFETKECH S MS-222 Rl 52
6 B 3 I e R BB — B W BRI PR 4 .

1.2 Fik
121 ZREIH544

SR K P W0 28 3, S0 2 B L AR 0 2
1B ARSI 52 A, AR FAR R /N 2.5 L A#ETE R
YER SRS, SCORET K, IR EERS B, 7
WETCA, HRARER, REREFE+0.5 CH . %)
IR 1 d JEHFIRSEE, &R 4 AT,
5% 3 MBI AE R FAT)F 1 A2 B, R
A BN S B, =PRI, &S
RETRAER . SEITERDOGRME FEET, S0 1 h,
S5 E BRI RE 5L 3~5 K, LU IE KR N IE i B A A
¥, I T 5 A8 4 A RSB R AR AKAE, SR
FH Winkler FG vk A48 PG ik ) e £ R Ih A 2s
U A i SRR FE . FHIB AR T4 fa iR oK
gy, TERTFRE EREIREGEHE] 0.01 ).

SRS AR L IR SR R SRR EE, 40 )
J8°C. 12°C. 16 °C. 20 °C. 24 °C, &HhEKIAEL
JEYI R 31%0; EhEESCKE S BRI, 518 15%0 .
20%o0.25%o0.30%o . 35%o, 5 Hh 1 KL K (15£0.5) C;
PRI S50, Horh T A e 6 MR BEREEE, 5k
0. 8, 16, 24, 32, 40 mg/L, MS-222 &% 5 Nk
BERE, 70518 0. 10, 20, 30, 40 mg/L, £%4b¥iZH K
IR(15£0.5) 'C, FHEF 31%o.

1.2.2 FEERMHEERNN

FEAR . HEEDR . AALO  NIitE AR

ik
Ro =(Co1 —Co)xVI(Wxt),

RA=(Caa —Ca)xXVI(Wx1)
O : N=Ro/Rp
A Ro WFEH R [mg/(gh)]; Ry MHFE R [ng/(gh)];
Cor+ Cop 5350 LB 45 SR 25 1R AN A Qe v i 1
SEIRIZ(mE/L); Carv Car 73 S S5 SR 25 R
AREHH P AR ASE (ng/L); VoA SEHIAAR(L); WA
AR 2 £ B S BT (2); ¢ i SE B R (8] (h) o

1.3 #HELAHE

S 25 B35 R FHOF- 45 {45 1 2% (mean+S.D.)
7, F Excel 2010 5 SPSS 22.0 4k h AT 8048 883143
Mr, FIH 5K K 5 2 5 M7 (one-way  ANOVA) & &
Duncan £ & LA, WK 3N 0.05,

2 &R

210 ARBEMKASNKEY EREFE A

AN ERE X R PE ALt i RE AR . HER R
FAE AR RS B AnsE 1 Fis . 4 FE S R
KRBT e T SRR, 7E 8 CRTFEA R AR, 5
12 CH2Z 548 B (P>0.05), BEMT 16 C. 20 C
H1 24 CHFEE R (P<0.05), 20 °CHFEE R A F i
B, B 16 "CH1 20 CTHEZE 5 A B3 (P>0.05).

*1 AREEMXERZEHEHNEESENHFIERS

ALL(O @ N)BIE M
Tab. 1 Effect of temperature on oxygen consumption
rate, ammonia excretion rate, and O : N of

juvenile fat greenling H. otakii

BE/IC AR/ /[mg/(gh)] HEEHR/[pg/(gh)] O: N
8 0.259+0.031° 9.205+0.559*  24.114
12 0.290:£0.040% 12.843£0.610°  19.556
16 0.362+0.034% 17.757£0.738°  17.930
20 0.399:0.027° 21.603+0.713¢  16.654
24 0.364+0.027" 18.845+0.839°  16.964

W Rl =80, AR A R 2 R 6 3 25 7 (P>0.05), X
Z, WA 225 (P<0.05), T,

At HE S R BRI I T e T s R IR, 8 CHi
HERAU ] (9.20£0.56) pg/(gh), ST HAf iR A kS
JEE(P<0.05), 20 CHIHFZ#55(21.60+0.71) pg/(gh),
25 T HAB IR B (P<0.05).

Kk 8~24 CHI, Kk MarEA LR 16.65~
2411, B LFE IR .8 CHF O« N H{H i,
g 24.11,20 CH} O : N FAEHAE, } 16.65.
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22 FRHBEMKASKEY EHREEM
HAE Q"

AR ER BE X R SR ah fa AR AR . HER R
KRR MBI RSE FRNZ 2 iR, R 30% ) 4 fi
(RFE FUR IR AR, 6 B2 T = B BRI S B R T
Bro Ho, R 15%0 K TR 30%0 T HIFE SR
F(P<0.05), TMiEEE 20%0.25%0 1 35%of} 5 £5 B 30%o0
B A SR 25 S AN B B (P>0.05)

*2 FRABEMKERZEHEHNEEEX. HEXERS
FELO : N)BIE T
Tab. 2 Effect of salinity on oxygen consumption rate,
ammonia excretion rate, and O : N of juvenile
fat greenling H. otakii

AL FRZ (P<0.05), {H5WEEHN 24, 32 mg/L AALIE
ZEFAREE(P>0.05), HhfaHEE R MS-222 IR JE Y
ThE MREAR, Hrh DL 40 mg/L A BRLHFAG, WK T
0. 10 mg/L [ALFZH (P<0.05), FRET 11.73%, {H5
20, 30 mg/L ¥ FER 25 5 A8 i 2 (P>0.05),

x 3 TRIREMTEMH. MS-222 MRERZEHER
REE., HIEERERILO I NRZIE
Tab. 3 Effect of clove oil and MS-222 on oxygen con-
sumption rate, ammonia excretion rate, and
O : N of juvenile fat greenling H. otakii

HIE%  FAR/[mg/(gh)] HFEF/[ug/(gh)] O:N
15 0.382+0.007* 22.826+0.458°  14.773
20 0.376+0.019% 20.525+0.586°  16.025
25 0.365+0.014% 19.675+0.483°  16.150
30 0.352+0.016° 17.394+0.533°  17.786
35 0.364+0.014% 19.799+0.762°  15.980

HE 30%o 4l i Y HEE AR 0 E R T HAb TR

JE(P<0.05), Ff3hEE R FREAR, HEEFNA FF
RS FhEE 15%ofT HE 2 26 i 2 i T FL A R BE A
(P<0.05).

ERBEH 15%0~35%olt, KNyt O« N I
HAMEIE A 14.77~17.79, S5 TR PR
Hor, EhEE 15% T O : N W EEAK, h 14.77,
30%0ff O = N Fuffififm,  17.79,

23 TRIREMRBANA KENK GG EFE
SR FHEAEN YA
NTRIHe BE B T 0 . MS-222 R Rk Zk g fa

AEECR . HEECR S A A LR m 25 R 3k 3 o,

0 FE SRR T A VR B 00 T g T R, L v

THRIMAABA BN 24, 32, 40 mg/L) B ELTFIK

WP T A AL AL (R 8. 16 mg/L)(P<0.05), H:

Ll 40 mg/L AbFRA AR, AHEL 0 mg/L B FRE T

46.37%. IIARIEHREE Y MS-222 Ji7, 4hfafa R

PUAFEFREE 0 TR, Hoh ik 40 mg/L iy AbHL]

KT 0 mg/L AL HE4L (P<0.05), FRET 17.62%,

HoAth b BE 2 [6] TG i 2% 2 5 (P>0.05)
gt HE R R T Al Wk B F MRS, T A

T R 40 mg/L BHHEZCR AR, AL 0 mg/L fy 4tk

PRLLRRE T 28.66%, H B #HKTFIRIEN 8. 16 mg/L

R R FEA R Hew %
/(mg/L)  /[mg/(g'h)] /[ng/(g-h)]

0 0.386+0.014* 16.544+0.586* 20.535

8 0.333+0.020° 14.471+0.511° 20.047

TE 16 0.306+0.021° 13206i0432: 20.071

24 0.234+£0.027° 12.750+0.451°¢ 16.329

32 0.218+0.025° 12.211+0.483% 15.586

40 0.207+0.025° 11.796+0.388¢ 15.668

0 0.386+0.014* 16.544+0.586" 20.535

10 0.345+0.027°° 15.735+£0.438%° 19.183

MS-222 20 0.336+0.026" 14.989+0.432" 19.540

30 0.340+0.023° 14.948+0.381° 19.761

40 0.318+0.025° 14.595+0.407° 19.417

20 T AR MS-222 RIS, 4hif O @ N [b{A
IR TE Horp Tk B 40 mg/L B O = N [
M, FRBERT S B 20.53 FFEZE 15.67; MS-222 ¥
JE 4 10 mg/L i O : N HAEEAR, WREFHT)S i 20.53
TREZE 19.18,

3 Wik
30 BEMKANKEY GHEFEFHLR
F ek

Rk 2 5 £ I I R R ik A543 B0 % e R
TR PO E AR, IR, R S
JrskikE, M. M. BIhAES R G R BLEE
TMBER, PR AT ARt Rl 2 3 U A
FERM, 7E 8~20 CyuflN, MEEE TF, KRk g
(AR WA, VAR K UE /S AT G 15 iGN
T S 3R I 30 85 T e T 88 I — SRR . AR IR AT
Ny, IR T 2 E IR LS, A A L
RE AR A AR, — AL RE A 2 PR Ay il B o £ A
OB NN SE TR 2| L) PN AVANES £ R R Bk SEN S
14~23 CUH ABFgEh 24 Ca 7 HE BTG, #64
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R — R L AR, BEITIR BN KU 7S 4 T
U AF A LR, E5ie 5SBERIRA Tt
(E. fuscoguttatus@ <E. lanceolatusS)"", 165 (Onco-
rhynchus mykiss)!'?! I BIBIF58 45 1 — 25,

NI A 25 I 228 40 (Rachycentron canadum)i
IR, FE— R FE N, RS, ik
Zx 5 A SR N ) Bl T MR O, Bl HEE R T
T 22 305 0 3 07 9 P s, R O Y Tl 2 2R R o i
P, M2 R A5, G5 RRINAHE R TR, A
TR 235 3 3¢ B KU 7 4k %) £ 1) HE 0 56 o ek B 1 A
IS 2 A, BI7E 8~20 CULEJLEN, HEER
WL T R R B TS, TR 24 Cle, R
—ERER T, SR, Savitz ZTFD Jobling 451
%) W5 88K BH i (Lepomis macrochirus) 1 BCIM E (P
platessa) 58 45 L /s HE 240 5 5 0B &2 I A OCO¢
R, AT HEERIEAR R TREES, X
AT RE 5 LI X R R 22 5 A K

32 HEMKRAESKEREEFHRAEY

B

AL BRI K 00245 A T KT ) B SR [
T, B AR £ | 0 24 R R A R 7R A A
AT ARG R, KL ML AR 30%
b, 6 S5 R HE S SR A A K O, £ BE T
K2 FHRE A BRI TIE . K AL AT
U A U B 72 Al B T i 5 G A 9 S AT
T R R AT M 10248, HC A 77 PR (8 BE LR,
st £ 25 R 0 K 303 IO LA SR K h RE SR A
PR EEAR, T i 25 6 B 45 BE I 41 55 B6 B8 1361 6 g

S, SRR R ARMHEE AR T o SN A,

AN JLZES | Norman ZEUSRIdk = R 2NN (Mugil
cephalus). ¥ (Rhabdosargus sarba)F1 %S 5 fii
(Plectropomus Leopardus) i HF 5% £ 3% B #6530
B MFE R R MR AL A 2 EH U, R
WA AR 328 0% R T AERR AR A2 ), AR
7R R, AETE AR B TR o, H
R A RN, X T — 2 Eh PRk M2, 18
MEARER R AR K R . AR RISl
41 0 AR S S R HE 22 S Bl B B B AR R I R R 1Y
B i HHAE T ER BN 15%0~40%0, # HH1E B 5
EEARK, BT RI R, B KN fE
RO, AN ECR R ER BE 00 7 i A AR 3,
PR AR,

I &

33 RBASAAESNKREEEEFERE

Lo R

T 10032 i 2ok A% vl R RR 5 70— 7 1 AT DA RS AR I
W AR, BRI SO AR, b R A SR R,
Y RF R AP KT, R A BT 8 T BY; 5 — i L
A DU R R e, FRARTE S AE ), o S R PR 5
WS | RS R A AR LRI 5 A ST 4G R
T, BINT FEH MS-222 J5, KA
() FE S8 R AR R4 BT T W, 100 B 5 R e 57 2
AL AT B R AR I I AR S R 3 RIS, 2847 2 AR,
i AP R REE A S, i T s AR IR g8, Xt
AL 7 R B, 3 0 R 2x ARG B AR v £
A AZ U O3 10 RS

BRI 791 3 Ao 08 22 AR R E A AR R, B D
il W 0 B BT, PR R T SRR T RN, eSS AR
FH T8, 100 40 S 500 o aok SR Bl A FH B ) a4 25 TR &
T, PRI R I YRR AR AR 2 I 2 TR e ) X e
ZRGEANFFAE G AAER, ARR R A
6] B4 T R RR AR, BRI B PR 4 33k S 1 Ay 3% B JOR 1
FERESY 0 6 AL 4), Hoh, 2 2 MR EEE
BTN Ry 2 3 A B AR . T A S B R 1
LTI 5 BRI M B B AR G, AR5 rhadE a4 R W
K, RMKGANLaharE T HMKE 24 mg/L
MS-222 ¥R 20 mg/L B K752k a4 0 b T IR B4
EMGEE 2 1), MFERFMHEERETORE, Lk
Toft JRF e 751 P10 3k 38 o R 00 7 2 £ 4 £ R SR R N HE R
Yo 5 AR TR B AL B, T v e AL FR A 25 AN
W35 L, ARPFFIAHTEKIR(15+0.5) °C, #hEE 31%0
21T, 24 mg/L. 20 mg/L 432 T FF il Al MS-222
T K S gtagh o b fas i ol e i . KIENZk
O AEFRBRVE R XA RO RN, BRI AR 5%
FERR A N AT, KRB IR bris il f P i . =
5 S DR R X P R QA ), 0E— 2B AR5 T IAR
SEBRE O, AR B S i PR B A T A OGS

ANTR] SRR TSS9 % 0 24 ) RIS R A AR 25 570 RS
SRR, BT AR TR, KU N T AR
R REE, 7 MS-222 7RIk <40 mg/L BIFFI TR
IREANBR R . AR, TR H 0 715 40 mg/L
Ja, HAERRMHEE R B T T 46.37%H1 28.66%,
M ZF, FIWER MS-222 WAL R T 17.62%F1
11.73%, R EIAUHIIAH L MS-222, T FF il Kk
INER A 0PI R AIRAICR B e, X 55 e
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x4 BRESHEBXRITHEFE

Tab. 4 Behavioral characteristics of fish on each stage of anesthesia

JRR 33 fi b P LA 5K -1l % GRS H/E

55 1 (R EE 1) + + + + EH#
55 2 W (R B B 1) - - + + % 2R A1 FHF— i f00 i
55 3 WP IR 1) — - - - T
55 4 W ORRBE) - — — - Fh s iR A e (Hibp
55 5 I (OR B2 R - — - — ] O 7 BV 5
55 6 W (CREREIRR ) - — — - 1k TIEWE, BET:

Vb FORIEW, -7 Rk, 2 RoRNEK.

BAEO | E g PR R ARG I KB T
(Siganus canaliculatus) . 17 B8 (Micropterus salmoides)
FIRE SR Ty i Takifugu obscurus) I WA 5T 45 - — 2.
3.4 RERVRSH

A0 + NG S AT Y IR Y 2 2
¥, HBUE N et 1 5T IR T Fns K AL & WITESh )
RE S HER o5 Y L 3RS Bl oE 4 ol 2R 1 L AR A
O : N HfEHN 7~10, 4nff & H B AR D A L it ig,
O : N BN 24, WARod4 LR Aok ik & v iikae,
O = N HAAEM 225 KT 55 K, WiddowsP Ak, O« N
OB 5 BB A B R 07 BB ARG, TR A HLA
T N I R TR —TdE bR . KR 8~24 CHY, Rl %k
il O = N HAHEAALIERE Y 16.65~24.11, HEBEIRETH
e I A I, 50 PP P B DRl 7S 4 £ LA 1 B A
U5 L BE, BEIRE TS E A B .
15%0~35%oft}, K7\ gefaglith O : N HlEELIEH
14.77~17.79, MEHIE B EEFS, O« N LUl R,
BT F T 3 o T A MS-222 T A R
FALATEE O : N FAE TR, & A BAH e f I &

4 Hip

TER AL G ARG B i, AR BUE B [
IR YERR A AR AR DL R VR N IE B R R I ) 4 O 5K
RRAR LR I A i 42 s i G R . AR SR 5%
R, THM . MS-222 TRk AL sz
W RIE W B 3 5 24 mg/L. 20 mg/L, PHFPRREE
FUAHEE, T 7 ok P R AR 35 e T 14 oA AR 3550 R o 4
E R FE AT, Rik/sgfaghfa 25 &
B ARSI R Ak e o
e
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Influence of temperature, salinity, and anesthetics on the oxy-
gen consumption and ammonia excretion rates in fat greenling
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Abstract: The effects of temperature, salinity, and anesthetics (clove oil and MS-222) on the oxygen consumption
and ammonia excretion rates of fat greenling (Hexagrammos otakii) juveniles, with a body weight of 6.44 + 0.59 g,
was evaluated using the standing water respiratory chamber method. Temperature (8°C, 12°C, 16°C, 20°C, and 24°C),
salinity (15%o, 20%o, 25%0, 30%0, and 35%o), clove oil (0, 8, 16, 24, 32, and 40 mg/L), and MS-222 treatments (0, 10,
20, 30, 40 mg/L) were evaluated. The results showed that temperature, salinity, and anesthetics have significant effects
on the oxygen consumption and ammonia excretion rates. At 8°C, the oxygen consumption and ammonia excretion
rates were lowest, increased with an increase of temperature, peaked at 20°C, and decreased at 24°C. At 30%o salinity,
the oxygen consumption and ammonia excretion rates were lowest and increased with an increase or decrease in salin-
ity. Both oxygen consumption and ammonia excretion rates were reduced effectively by clove oil or MS-222 and clove
oil was more effective. The optimal concentrations for clove oil and MS-222 for the H. otakii juveniles to survive
transportation were 24 mg/L and 20 mg/L, respectively, at which the fish were in deep sedation and oxygen consump-
tion and ammonia excretion rates were low. The O N ratio was in the range of 14.77~24.11, indicating that the juve-
nile fish obtained energy mainly from protein and fat under suitable conditions of temperature and salinity. According
to this study, the respiratory and metabolic activity of the H. otakii juvenile was low under moderate temperatures,
natural salinity, or optimal concentrations of anesthetics—of which clove oil was more effective than MS-222. The

results provide theoretical support for the transportation of high quality H. otakii.
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