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WE: ARV ERMESHEERE DS (Hippocampus abdominalis) iR, Xf 20 HES4IHii{T 24 h
e, I FUEAR F) I AR (8] AR 2 U RS M . K4 A 18 C B B 22,
24, 25, 26, 27, 28 f1 30 C, 1FF 2 h MEIETHORAT NIRAS, T4 ST R] -3 B2 - 735 e 452 . Jlid Probit
BEAT, 13 S RESGERE (24 h-UILT50). RIS REEGLEE SR, KL 18 C HiEk#
F 21, 24 F127 °C, FEMIE 240, A HIAERE O 3. 6. 12 71 24 h BUEE, AL &I E AR
JEEFNAN [ B 8] iSRG B E P . 25 SRR, IR T 4l B AR T 2 B KR I T s AN BT A1, Lk
GBI 2753 Co 1F 24 h Stk snR MR 2, 21 CH 24 CTEE N BALEE (SOD) It
AACERE (CAT) G PEREAE I ) R UGB G THI A 27 CF, S YBA B AL AL S
B enass, 24h S THRA (18 C4l) (P<0.05). #IRJEHRHEILAES (T-AOC) HITFE
I ) 240 2 T L T - BT i e Ak, FLIRVEAE 12 h I MM SR, Fifi b BE415 — % (MDA)
Er R Y R BT E e, H 24 CARLERATHMNE 6 h 5T AARRMK. SCO0REA, Sk i e 1
JE S8 U A T R AR, LR DY PR R b R P TV e T SR AR T
FE R (ROS), HHifAN A RS2 RERN, RPN S0 T8 SORES . 27 CRbd
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Abstract: [Objectives] To investigate the effects of high temperature stress on Hippocampus abdominalis
seedlings, 20-day-old seedlings were subjected to acute high temperature stress for 24 h, and the survival rate
and antioxidant enzyme activity were measured at different temperatures and times. [M ethods] The seedlings
were transferred directly from 18 ‘C to 7 temperature gradients of 22, 24, 25, 26, 27, 28 and 30 C, and the
number of deaths and behavioral status were recorded every 2 h, and a time-temperature-survival model was
constructed. Probit regression analysis was used to determine the temperature at which the mortality rate
reached 50% in 24 h, which was considered the high initial lethal temperature (24 h-UILTsgy). According to the
results, the seedlings were directly transferred from 18 ‘C to 21 C, 24 'C and 27 ‘C for 24 h. Samples
were collected at stress 0, 3, 6, 12 and 24 h, respectively, and the antioxidant oxidase activities at different
temperatures and different time points were measured using biochemical kits. SPSS 26 software was used for
data processing, and one-way ANOVA and Duncan test were used for significance analysis. [Results] The
results showed that in the high initial lethal temperature experiment, the H. abdominalis seedlings did not die
between 18 - 25 °C, they began to die dightly at 26 ‘C, and died completely at 30 ‘C, and the survival rate
decreased with the increase of water temperature. Probit regression analysis showed that the high initial lethal
temperature was 27.53 C (Fig. 1, Table 1). The activities of superoxide dismutase (SOD) and catalase (CAT)
showed the same trend in the 24 h high temperature stress experiment. At 21 'C and 24 °C, the activities of
SOD and CAT first decreased and then increased. The activities of SOD and CAT increased at 27 C, and
were significantly higher than those of control group at 24 h (P < 0.05) (Figs. 2, 3). The content of
malondialdehyde (MDA) increased at the initia stage of stress, and did not change significantly at 21 C.
After 6 h of stress, the content of MDA began to decrease in the 24 °C treatment group, and after a period of
stress at 27 °C, the content was significantly higher than that in the control group (Fig. 4). In al temperature
groups, total antioxidant capacity (T-AOC) showed an increasing-decreasing-increasing trend with stress time,
and all decreased to the lowest level at 12 h (Fig. 5). [Conclusion] The experiment showed that acute high
temperature stress significantly changed the activity of antioxidant enzymes in H. abdominalis seedlings,
which were activated to eliminate reactive oxygen species (ROS) generated by high temperature stress, and
the content of MDA in H. abdominalis seedlings was significantly increased, indicating that the seedlings
were still under oxidative stress. There were significant differences in the trend of antioxidant enzyme activity
between the 27 “C treatment group and the other temperature treatment groups, indicating that H.
abdominalis seedlings could not adapt to the high temperature at 27 C.

Key words: Hippocampus abdominalis;, High temperature stress, Survival rate; Antioxidant enzymes,
Malondialdehyde

fZAEHE S (Hippocampus abdominalis) S X I OB Ve =2 s, Al EE KA R g
MUK e oy, S8 Ty 1 H (Geasterogteiformes) R X IR (P#ERLE 2020). 5 B EE
#e AL (Syngnathidae) #ELJE, & ILT#uis . MZTINME, WfEmZy (RS 2002). /K
TR IR OK X, EESM TR B (Jobetal. 2002) FEHFRH 5 (Lohetal.
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2016) &5 1H .

KR K R T R AR R R 2
—, —HBERMREEE, sax A
TEVEH L AT PR A B R AR M, I
s A KR B RS E S (BORRESE
2017) . WFFE R I, #)a i 5 5 5T K AR
], X IR B RS I B R B I As, 4
T BT B AR T, AR Ho A= B AR {4
FRr=tEggm, R 5| AR KAV IE
N (1) P 0 T i 2 S R P B e B & S
MR E, N R E (12, 24, 48, 96 5§
168 h 55) J&, AWMIRIET:ZIL 3] 50%0 1)k
FE, FRONmRL RS E (upper incipient lethal
temperature, UILTsy) (Kivivuori et al. 1996, L.
L5 2010, fE4E5E 2018) . PHE R AE
(2021) KM, HEESEST 22 CHEIRES
FETE UG, B AR ST i 52 8 B2 Y L 8 ~
24 °‘C (Woods2008), A WLy xt He 4 sz
(R FEARTE o ASBIF 5T R FH R A T il () 7 00T J
W 4l S AT e, s HARTE R R PUA AL
G e i N ARk, DA EE . 7
ST e il i R ()3 B AR S5 Bk
1 MelShk
1.1 SERHE

S 5 HOMAS 35— AR AT 20 H W 17
JEiED, FHIAE (0.049+0.005) g, “FHfk
K (25+0.3) cm, HFH SIFIEEFEEYEHSL
HIRA TR, WLEFHRTARE 1 m i 3 m’
FREEMA, RRERAA, JFAHEFRRIE . FEE
MBETAME, DURFFK REF. &K 9:00 AN
16:00 I} M 5 it (Artemia) L4k, Hik
PR EAZIEREE 1 m KA SR A5
~6ind it AINAEER, KiBRRFE (18
+0.2) C, /KMKEEE 31+£0.1. pH 7.9+ 0.2,
AR EAET 6 mg/lL.
1.2 SERT7E
121 HREBILEE (UILTs) £ WK
WHE 22, 24, 25, 26. 27. 28, 30 CH 74

BERRE .. WItE/KE N 18 C. SEIGHFRFHAE
£ 36em. % 28cm. fF 24 cm, FEASFRIEHA A
K 10 L, FpfErhoKiE B g R, K 30
B D4 MN 18 CIONFRIEA, Hids
THUASCIGIN ] o R B USSP A . &
HIEGNF B R TC B e SUORAET . SES T
M, WEAT IREMIETE N, g 2 hid
S, RSk 24 h, FETSAMAE R ERR . S
(B IR0, RREEs, &R% 6 h K /3.
H Probit [l BETIR L, 15 BIHLH miitah
HFOLESE
122 WiRMHESER R 24 h SlRAEGE
I (24 h-UlLTsp) MISER, SEIIHE 21, 24,
27 CILIMREERAIE, ¥4 18 CH & Jyxf i,
RN E R 3APAT, BN AT 30 il S 4,
3£ 360 . SERITMG AR IRIESH 18 C
T F 22 TR R R U /KR I R B AR IR RE
ZSIGAE R, SLIRMAMRNIE R A, HA&R 6 h
HoK U3, fEmEMNE 0. 3. 6. 12, 24h i,
A FRFEFEENLRAE 3 B4, LRI LT
FRICHIRATE R GRS 5% - 80 °C
IR OKFE IR, F TS 1 E
1.3 FEdmibE

W& A RENFE BT K, PREREIF
03, R E SRR 10 9 In N AR B E K ST
B, WEEEJSPE 4 “CF 4000 r/min &0 10 min,
B - 20 CIRAF&H, FT-0E i A )
Bk (superoxide dismutase, SOD). T4 4k
S (catalase, CAT). MPpi%ALAE /) (tota
antioxidant capacity , T-AOC ) & 1§ — [
(malondialdehyde, MDA) & & . HI MR
H RRCAE ) T RERIE T i A 1 AR AR B e
gy BN NI IR (TR Uimg, T S
FLlumol/g Fx.
14 FHAE 5535

FIF Excel FAFRTECHE AT B, YRR
B - P A7 Y, X 7 AN SEI IR
FREE T 24 h 1) R AET-H & 4T Probit [5])5 73
B, ATLMSBIZETMEAR Dy 0.5 INF i B2 Al SR AE
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S 95%E S X ], RITS 2] 24 h i B %
(‘C) o KF SPSS 26 # A4 igidi 71 B 3k AT
PRI T 240 B (one-way ANOVA) #1 Duncan
RS, 43 ) 43 B A TR B i A R ] 2
Vi) LA B2 A ] B 5] A [0 35 P P 1 2 2 T ) Bty
EREEN, ¥ P<005K HEREE.

2 4R

21 iR R DT RS R R

GG S AEAS R N 2 L R 147 N
ZE5t, 22 F1 24 CHESLIGHFUR)G 4 h, $0i5
R YRS E AR LR B R A b, LT 1b e
BB, 12 h i B S R Bk
B, B TAEIRE, K2 STE 24
h JE W IHTEEK. £ 25 f1 26 C R 240 4 h
iR g, /D3RS R EBUE KT,
WA RS HAHE S, SRAETE G B #vik
0, S 4 AR X AN T R DA
Uf o 27 A1 28 “CHESZIE IR 5 AN it S 4R A0
S HAME U, 4K 1A T SR I A I 2210,
4Ah i K eSS HAMESE i, HErE K E
ST B, HUA DO TE R R, REIE
WK 12h B, RIS STE 27 CEMHT,
oy RS A, WAE B, DEURER
XTS5 MK, 1 28 CA4ME FEAHRES
YUK, MBIAZ) HAESLFN; 24h i, P
WS g SR ZE, KREHBTHMES
BE/KEZ . 30 CHE 2 h WA Bk A,
AHRAET

22, 24 F1 25 ‘CHhifl 24 h fE35 TR, 1
A 100%; 26 ‘C FHHE 2 h B 1 BoET:, 2
JEAEIE R TR £ 27 'CHl 28 C
T, WS4 12h WIRILCEET:, H
RE R, ATHASET R, 12 h 5
WM T R, EARNHIAET:, fAiERL
HaTP22,30 CAEMNA 2 h JFAAER N0 D).
22 BEBBILEE (24h-UlLTs) HIFEE

RIS T 41T 1) 24 A7 3% SR BE 5 /KR
() TF e T PR, 224 24 A1 25 CALAR HBIBET:,

26 CHAV 1JB%ET:,27 CHRIT 12 R L4E
T, 28 CH %t 17 J8skr:, 30 C4H 24 h N
AHRAETS (R D o XMIET-HGEAT Probit [H1)5
ST, B ERGEOEIR N 2753 C (H
T D .
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Fig. 1 Survival of Hippocampus abdominalis seedlings
under different temperaturetreatment and stresstime

x1 WEEDYEREMEBEERNL KRR
BE (24h-UlLTs)
Tablel Lethal effect of high temperature stressand
high initial lethal temperaturein Hippocampus
abdominalis seedlings

3 Sl = o728
s 24N RIICE SAIEOE oo m
K CC) ) HE B EE o) RCe)
" iy Cumulative Highinitid
Water Number of uleJ) 'er Igl etlhrgll 95%
) number o ;
temperature tséﬁ? df)'Sh deathsat 24 h temperature C?EI:\?;CG
(ind) 24 h-UlLTso
22 30 0
24 30 0
25 30 0
26 30 1 27.53 27.24 - 27.88
27 30 12
28 30 17
30 30 30

23 miRMEX RS DS E AR
I

231 BEAYBAEEEE oIRAEE
Ly 2y v R A B T A % I (] R TE
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F#ER (P>0.05); 21 ‘CHl 24 CAFRZL &
LA BARG T A ss, Ho 21 C41rE
g 12 h JE R AR, BERTHAZH (P<
0.05), BfJETE 24 hBHRFHE, 24 CHriad
Bk 12 h 5% A 38 22 Ak, 08I ) B
WAK; 27 Crd b gtk 27 sk, 76
3 h. 6 hIfARLARIIE, 56t iR4] 2 (At 70 &
F#ER, f£12h, 24h B EETE CRTH
&2, 3.

7] — e i Ta) R, A A RS A
AR T BA Z R, K & REHLEIE 3h
WAL AR, A 6hisy, 24 CHI27 CHE
SHRAZ [ R, H 21 CHEZEKT
24 ‘CH1; fhitt 12 hisF, 21 CAbHEZH B 3 A,
24 CHI 27 CHbEEAHIY R EF; Wid 24 h
i, 21 ‘CH1 24 “CAbFE2H 55 %t FE 2H 22 8] TE BH 5
ZE 5, 27 “CAbPRZH 5 H At I B2 4 A HE ZHAH b
BEE (K2, B4, 5.

232 WEWEEEME AR A, 21 C
Ab PR A 5 I BR S S B S AR AL, A 6 h
Ik B ARAE, 7€ 6 h A1 12 h s} 5 HoA & ) a]
R EL S35 A, 24 C AL TR AL BRARFRAG, i
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Aa Aab
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T

BEAYISALEE (SOD)
=
S W O

Superoxide dismutase activity (U/mg)

o
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T

=]

3h G EH AT R E T 27 CRIEA %
RS ETHES, E24h I BET e, HAm
HEEETN (BFHR6, 7.

TEAHF AL B ], B 3h i), 21 Chb

A 5 X IR T B 5 AR Ik, 27 CALFRA B 3%
HT 24 CHREE4L; 6h AT 12h i, 21 CTHI
24 CHEFRLH Z (RTG53 722 5, S0 BRAH AR B
WK, 27 CAPRA 5T TR E Z 5,
il 24 hink, SxFIR4LAHEE, 21 CAbF4 T
B AL, 24 CAROPRA B ZEFFK, 27 ChPE
ABETE (K3, BTHats, 9.
233 WIEEE (EARMHERET, 21 C
AHRHAE SIS S R LR EER, [
i 550 R 2H 0 B 35 22 s 24 C b HEAH LA
RIS T G BRI AR, e 6 h B IA B
i, HEZE ST 0hAl3h, HE 12h Al 24 h
B S RT3 2 5 27 CCANERAH TN g
B R R T, 6 h BhE e B T
24h BE TR (PR 10, 10,

A —am e, NS R EAREE
T ER, HhfE6hi, 24 CEEST 21 C
WhFEAH, 27 CRAFEHABXRHAEEE; 12h

CJI18°C CJ21C mm24°C mmm27°C

Aa Ap

3

6 12 24

JhiE Et ] Stress time (h)
K2 miEmEx e D ihEa ey siiuEs (SOD) ¥EfErINE
Fig. 2 Effect of high temperature stress on superoxide dismutase (SOD) activity in

Hippocampus abdominalis seedlings

FEIR B _EAN RN - RE 3 7 AH [ AL B2 A6 A R[] S B35V 2257 (df =4, P <0.05); ARIKE = RERRAH [ I 1] 04N [F] LS AL

Hia EBENZER (df=3, P<0.05); wELREIFHE.

Different lowercase letters on the bar chart indicated that there were significant differences at different time points in the same temperature

treatment group (df = 4, P < 0.05); different capital letters indicated that there was significant difference between different temperature treatment

groups at the same time point (df = 3, P < 0.05); error bar indicates standard deviation.
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124 h i}, 21 ‘CH1 24 CARFRA SR FAIMHER ], S PtE b EE 7B ) 2500 & -
TR 2, 27 C AR 5 H At I B Ab FE 2 AN FEAR- T A e s, Hod 21 CH 27 Chb
X RRZEAE LU S 3 T (B 4, PR % 12, 13). FHLEMNE 3h Al 6h LR E %R, 12h B[S
234 RyiEMES) FA—REAHHAES REKE, 21 CAEAH 24h B BEFm, 27 C

0.8 - CJ18°C CJ21°C Em24°C mmm27C
Aab Aa
# Aab
o 8
ES 0.6 | g-g Asb Bab
— == =1Ba
]
5 ,%‘ BcBb Bchb
v% 04 | Cb
B
W 2
§§ 02|
jﬂ &)
0
3 6 12 24

B A [E] Stress time (h)

B3 miEMaxtZEESaEtEStams (CAT) JEKm
Fig. 3 Effect of high temperature stress on catalase (CAT) activity of Hippocampus abdominalis seedlings
FEIR B _EANRNG SRR AH IR AL B AE A RIS 8] S B35V 2 57 (df =4, P <0.05); ANRIKE 5 BEL A [ 18] A (R B AL 2
Al BEEZER (df=3, P<005); BRELNEIMEE,
Different lowercase letters on the bar chart indicated that there were significant differences at different time points in the same temperature
treatment group (df = 4, P < 0.05); different capital letters indicated that there was significant difference between different temperature treatment

groups at the same time point (df = 3, P < 0.05); error bar indicates standard deviation.
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Fig. 4 Effect of high temperature stress on malondialdehyde (MDA) content in
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Hippocampus abdominalis seedlings

FER B LA NS G B A )i R A B A A [ ) 8] s R 2 5 (df =4, P <0.05): ANFIKE - BER AR [] I 18] 2 A ) I B2 Ak 28
HlRE REEER (df=3, P<0.05); RELREEE.

Different lowercase letters on the bar chart indicated that there were significant differences at different time points in the same temperature
treatment group (df = 4, P < 0.05); different capital |etters indicated that there was significant difference between different temperature treatment
groups at the same time point (df = 3, P < 0.05); error bar indicates standard deviation.
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AbERAH B TE R, IR S 24 CAbEEA
1E 3 h F B =l G T UR PR, 12 h i 25 ¢
RIEIA B BARME, 24h B BAFFE, HER
EMER (BT 14, 15,

AR ek JEE A B A [ £ Pl B[] L e
A it AEESs, HfpbHaehit, 24 C
AbFRA IO R ZH B R FRAIC, 21 "Cfl 27 “CAb#E
HEN AT B2 12h i, 21 CA#AH
X BATEEZER, 24 T 27 CRFHZ
T R 2 R, (HIN R B3 R F%; 24 h
i, 21 CACPRZA B A 3 TH R, T 24 C
27 CHREFRA I BEART X R (B 5, HF
M=% 16, 17
3 Wik
31 iR EX IR D4 S R R

TELFE RS K AR LE A 5 A K ) E R
SR, ao e e AR 1 i Ak LA AR
ER—E MPREIER, A AER, AL
W, TERRMNE 24 h & 0F R, IR ST
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HRART 50%, PN S SOt ELE 27 ~

e
n

N
FS

Aa Aab

|

e o
N w

NyiEaeds (T-A0C)

Total antioxidant capacity (U/mg)

28 ‘Czlal, DHELRLS (2021) G SR
FEM 2 T 7L R, 16 CrRBOEFFHEEE, &
T 16 CHf AT F 2K, {4 Woods
(2008) MHft LRI H7E 12 ~ 21 C%
PR AR IR R I, X AL 18 C
21 CHIFFR 4R —8. BAKT 25 CHZIE
SRR HIAET, Ul TR IR
FIRBIMZ R, THEEREZ N &, S
W B P A7 R T R, HE R R s A
TERERAR, I 5 R iR T ) R4 T I AR
BN, SRR A B 5 A Rgt &
filo MO, IR LA LE 22 ~ 25 CARHIL
FET- LI 24 h 45 R, RGN AT 7k
W TR, JHERR P AEARE. &
T A S A (R 5 e A AR A
32 WEMEXEEED S E R ELEER
A

Y R T IR IE S5 R, AR AR
SR EHEE (EESHEE 2013), HPE AR
Heil AR B o, URRIE RS (reactive
oxygen species, ROS) (Halliwell et al. 1999).
A A 3 1 SRR R O DR R AE B B K

C118C 21 C mm24°C mmm27C
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Fig.5 Effect of high temperature stress on total antioxidant capacity (T-AOC) in

Hippocampus abdominalis seedlings

FEIR B _EANRNG - B AH R AL B2 AE A RIS 1] S B35V 2 57 (df =4, P <0.05); ANRIKE 5= BER A [ 18] A (R B AL 2

MiEA EEEER (df=3, P<0.05); i#ELARIFHEE.

Different lowercase letters on the bar chart indicated that there were significant differences at different time points in the same temperature
treatment group (df = 4, P < 0.05); different capital |etters indicated that there was significant difference between different temperature treatment

groups at the same time point (df = 3, P < 0.05); error bar indicates standard deviation.
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T IR A A T TR . E R
AT 2 SE A RS AL LA A A
fL N (Parihar et a. 1995, Lushchak et al.
2006), M5 1 i 52 - 85 1 5 1 DNA(Bougrier
et a. 1995). BEfEAN—RRFRIE AR (H %
AN 2006), 1E SN R A E 1 AR
H, HAHe b rEE R ROS it EEEH .
TR VAR B R ) B SR AT A 1) R I
T o SR ST, TR R AR
S TR AEEZ 2R . R, RS BUARAL
BALE R IEL T BOFE FIALEE, ATLOR AN T M nt
IS 38 T
321 EiRMMEXEEA LB R
A AL B AL & — PR BE 5K A= P 1k A 4
R LA AR AR AL A AL, 7E
YRR AL S PR T 1l J T E 1
RIS 2021) . 4AEPik 2 B3R5 30
I, N T I 2 1R R A LRI AL
B, A P9 S T R B 2 (i A5 A SR A
WBEE R (GUERSE 2013). AsLid, 21 C
A1 24 CHpiE N IR S %)) i 8 A A4 B AL B
TV RBUERRICE T s, KRR
2 Joih 36 A9 3 I 4y T R D FE V0 N e R A
55, HARAMPTAL RGRENE], BEE
[ RE K, g B i T A S AR EE B, B
WG T RIS, HARN PR R G
FUKE, ARSI BT Ol
B 2021, X—IR5MYH (Sniperca
chuats) #ifa (GKRIESE 2021) FidE P dEf
(Oreochromisniloticus var) (#tIh4% 2014)
LR R . 15 27 CEil NIEIIE DY)
B A A T P I T A 2 T
Ay, FELR RNV IG SRR, AT
EHREZRNEEE, AT —RAESHAL
B L B B (BRI SE 2023) . ANFlR
JE R A A B AR RS PR AR ER B, B E IR
FE R, A2 B AL RO, I X
UM B AL O B AR 3
322 wmiEMENITEAEAEREE JH

A0l FE 6% 4 4 L A £ 3 S S A 2 iR K
M T, REMRR ) Z AR H 2 —
(X R Z4E 2009, THE¥S%E 2016). WA E
Pl V5 P P A A T T DL S e R A AR A 52 SRR
SR IE I R S BRAS DRI AT FH SR PPl E 555
XAV U RS 2013). ASLiH,
AL A B ETEAE 21 CCHI 24 C BT
SRERCHES, ST MU, iR
RANBAAFAR N BT RN, e —
BN TR f5, 21 C TR A A e PR B A = 1
s, AR i ) B e R A S A P
3, HPtE ZRE DRI IRIRE . 1 24 CF
SRR AN AR e S ISR N B R o 1 i 2
AN AL BEE TS R B T 7 A T RE R
FALE, HE AR A 2 DL iR X L S Ak
2 NI T HiE RN, 27 C Fidk ALk
G VR I TR B AR T Ea s, IR
[ERS IR AVA) Cila W oI e A U=
A LAAERF DR I AR T . X — IR
5 HAZEXHIF (Marsupenaeus japonicas) (%
i 2019) K & 74 Jefifk (Paramisgurnus dabryanus)
(Mg s 20200 SEWFFL4 R —8. KEAH
A BRI ERTT, BB pad
AHEMES T, AT E AR A
A BUKFIEAR, It S A 7 PR
i B A B AL Bl ) AR AT AR A (ZF 5 A
2008) . A= 51256 et A8 Ak S M AR A B
AT 1) AR A A e AR — B, R S 4
H AR E R IR AR RS B 2 (R AEE — AN B A
(-, 1 27 CF AP TS AR R S
FoAh R B AP E I R 200, ke TRt =i
EF, HEN S m iR A AR R AR B L
Pl v 1 )0 0, %o 2 M S 4 e LA AR T
PP .

323 HiRMENF BRI R
7 A 2 I 20 R )47, R R LA R
A0 NN R PR S A B AR B R AR (Lepage
etal. 1991, #EE[T4% 2018). N A ERE
g 1) 45 S I ZH 2R BT AE A RE D 5SS, FORFEIY
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N — E R L B T LR K B
SETCVEMA BT R, 18 R T A1 (Lushchak
2011). SEEGREL 21 CLHN B & I I
i, HSXTHRATGRE 2R, UL
LY I, T 24 CHN R & 81E
J BT Ty, 2RI S Al AE 52 B i
SRR, ARBUS FACFEEE G 5R, e 6 h
P I Bk B S TF ARG, £ 24h it
XT3 2 5, Rl T PiEAL
VIBGE VR AE R R N A B IR IP T, FEARAR
FUSEAFRRE, T S e iE — Bt A 5
PR AR K, X 5 I B X LG I o R
(Litopenaeus vannamei) (Xu et al. 2018) A
TS R R A5 R — 3 27 CAHBEE
I A SE G ) I B R T s, X AR
%1% (Eriocheir sinensis) CR#AEZE 2004) T
JRRAE IR SR TN i B —3, R
WG S w32 B SR RIS R TS I IR PR A
i HURTEIE JNE R, S8R pUd A Al ™,
U 7 HIGVRIE N 27 C i
324 WERMEXNSAEMLELREE B
PUEARE T 2 — T RE 08 S LR LA R G
HIAE B2 22 40 1 9 I Sk b FE K 25 5 1R
Fr, AR SR B AR PR (HARER
& 2012). SEEG KIS mim AL FAH S hU A L R
N R E-FRAC- T E B, X5 K4
(Crassostrea gigas) (i) Hi%F 2019) &PiA
e e il e R AR R AR — B,
JiR PRI RT B A N2 I 1 ) v 00 v e
T S PUARE T B R e S A 45
WU YRR IE AT & S Yk
P BRI S 1l 248 1) 8 A ) o I s T ) S
KIZ#RIE, MI-SFESPUEARE SRS, 52
B5 25 RN R ARBEE YA B, (HKE B3I
TR, R (R iR e F T T AR
P, SRS BRI KRR, Bt
AAGRE IS -

BFMF BTPHE 1~ 17 ARSI 4R
Chttp://dwxzz.ioz.ac.cn).
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