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FETT - SRR - PRAUEH - DRI - FIRR R - SRk
TTEbe RS Z B ek SR R A St se

[T

Ukl (Eleutheronematetradactylum) FREGHEHIF} (Polynemidae) » i H AT E 4 RT3t
it B R R T SO o AR B s R A L AR 2 B8 (stress) - ORISR fH 2 ]
BTG RBE N ECE RS (plasma cortisol) [FFAVEEZR » DUMA R ERHE R - iy BV URR RS HUREAN ]
PEERRRFTSZ B ESE - PIRRRGAL (15 g+ 2.9 ) SlREHEEE K soEmpE s - kR e Ry
1 min Jz 2 min ; SEERRFHEGE Ry 60 min > SHEEHRESGE R IK#RE 50 g L'~ dhi i 70 g L K
FE90 gL fEsEim - E AR - pH K NH: FUSMEAE R 2% - DUR S HIGRSBR B A 360 min
FIPRIERE Bt > SR ERFRHIRC SRIM AT BB AR - HREBUR - il Sl e ey PO S Sl 52 5 B s
T IRAEEE S 5] - R AN - iR VU S SR 2 IR R TIRAE 3 sk
TEPRAIRE IR > Ll ~ RS SR - AEEEmIRE] - KRR R H AR 210 - B
TN R S S BB ML 5 T NHs RIDE AR pH ARRFRFER I 2RI BURRIRAERSTErH

WL AKE o FEHIMERT KB BAG T380 & PRARIRF & R Ph R e gy -

RESEST - UFKRSER  RERS ~ 3558\ K&

.=

VU Sl (Eleutheronema tetradactylum) s
#, fourfinger threadfin %, blue threadfin (Zamidi et al.,
2012;Ismail etal., 2019) » ZEFH BT A BRE
2 H (Perciformes) fiErn H (Percoidei) F il &l
(Polynemidae) (Zhang et al., 2014) » = ENE
T 7K SRR B ] I BT ER S - DR
WEEM YR - B2 ~ REne ~ AR
R BT % P9 R R O b ER S Y vy i T B
(Janekitkarn et al. 1999; Newman et al., 2011) - POk
G B Ry M K [F] BE ME T 5B B (protogynous
hermaphrodite) » 55 - bt > EanalE S
LU E (Pember et al., 2005) - HA R PGEIR
M Wt 16 - 27 H - f2RHAEE] 20 mm (Horne
et al., 2011; Ballagh et al., 2012) » A BaR a5
1 m (Bibby and McPherson,1997) » . A'E HTBIA B
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fE% - BEREEENEEET (Motomura et
al.,2002) - Pk F5 50 & R AT BV SRR ERER -
H il 28 ol e it @ B R B il — -
POtk R S BR B A L ARBBURE - A BB Bh#ER ]
REEr R [ » RN BE TR » ARAEARIG
B N ZEE R - HE R RS R AR A - BUR
HIRA Z S BIS5E (stress) TZEZE B KIHLE—
T AN A 5 4 157 B 0 R By £ o BXOE e
(stress response ) Frsg 28y T B2 R FHRIIRE © &%
HEME MR - EE-E LR
(hypothalamic-pituitary- adrenal axis, HPA axis) £
HIEESE (Sayers, 1950) » DUEEIAHTIM R -
HEFFAEY)EE (homeostatic) HY{ER] - HPA axis 32
SR AG Y S M BRI BRS FR RS2 2 B B
HETNE - (el Hrie e EIR B HERR K
i (corticotropin releasing hormone, CRH) » CRH
A W BOS  ERe  (E B BRI B R
(adrenocorticotropic hormone, ACTH) HY43ih» &8t
R EZE  (adrenal cortex) #2327k H I T # f2
ACTH BYRIE% » BIEr il my e IR 5B iR
(glucocoricoid) « B |- [RME B R+ S fy FEH
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HEMELHEHCEEE (cortisol) - E R S Ay
BRI 52 (King and Hegadoren, 2002) » FAENY)
HER A EE R AT - HORet & 1 e
JBE ~ PR ~ MElT SR VB A B e s AR ~ 22
HiEEH b SEMEFHA (Leproult et al., 1997) o SR{EE
Pl 3 T AR s Y - 5 IR R B R
FEETE - S smpE R N e s e o B
CRH Jz ACTH WY » BB FBkA 70 5z
BfE (Bennett and Whitehead, 1983) - {H'E REHAE
JREEJIR » Ediil HPA axis DHREZSRLIHH - B
BRI - A [ RS LIS B ~ B
PRIA ~ BRFIRES T NIE ~ FEMIPSR ~ 55 BoPImfs &
fE 2 %K (Charmandari et al., 2005; Nicolson,
2008) - BGHI FERZE R HLINZRIRS - /)
B ECEIFR R - AR I RERENE R
RZ (Pitman et al., 1988; Kirschbaum et al., 1995) -
ERR TEESN » TR EEIRVETE - 18R ~ MR
DB~ R S K Rt 2 B B Y o W
(Robertson et al., 1987; Staufenbiel, 2013) °

e FRE 2 ERGE - KEH HPA axis FiTE4:
R R E RS e H M AE R 7 (Iversen et al., 1998;
Semenkova etal., 1999) » FIJFIE &R AT LIAS S
W EAIMAR T BB RRREE - (s PAh B aR
) $5 2  (Wedemeyer et al.,, 1990; Barton and
Iwama, 1991; Barton and Haukenes, 2003) - ‘&
TESERE » BEEEE AR RRYESE - TR R
KIS FRa S R e A S B R DU Tt
(Ramsay et al., 2009) - g [F] £ 2 B 2B SR
& » NIRRT S B R H e B e
JBEFERY5r s (Hasan and Bart, 2007; Sampaio and
Freire, 2016) °

B SEZ LG ICSER AT - DURR IS
FETHAESRNE 2010 FFaEfE o o IR = 2.9
8T 1,643 mt > % 2017 4 FE{E Re 2 B BT
W 203 S50 10320 mt 0 JRE T 6-7 1% H
ARAEECRNES - & H A= E 1SR E
E A — o KL - ANiw 2 A TR S A
e AP EGHE - ST BRI FER
FAEE - [REER K Y FS Sl 4 S0 S - SRR
A A B EREM L DARE R R Bl S
SEIRIRE - BORy T —IEHE YRR SRR - A
FFEsE AMAR h BBl 2 S AR R FEAR SRl U

FEBGIS I ST S 2R BSEREE > I6LL pH
M b NH; /KBS M B UL ER 2% -

FORESEL /5 74

— ~ BRI

ABE AR R VURRIS AL - FR R AR R S
RIS - AR L ENRE RN EREE
152+29¢~ #8F 9.7+0.6cm EREEAA - K
dtse g KN E TR R A E R AR LA
AR A S IR BABRET TR 24 hr JEf T
HiE kAR

T~ MR e M5 BB e bl 7 ik

VYo g S5 LT VP i 5 R AR Y IR T AR 4G G
—EXE Ky 8:00 » DUEFR BT [FUAUERAS - A
E MRS RS B REAABRHIMA 0.2 ml < Ky
TS R £ R B LY T
JERERAE » 227% Ramsay et al. (2009) Kz Cunhaetal.
(2010) fiyk - HHMIATRREK S SME T &5
(eugenol) JHfFFFRIATIE/K (200 mg L) » R EE PRI
PR E A Lt kT CURIE » £E S sec PISEIEL
AR 4 ] (Yoshikawa et al., 1988)
A s e L 5e Rk eE S - BEENEIRE
TS > BEFRE AR B oW BT - WECR A B SRy
AR - BUSTIM B EIMAES - L Hennessy et al.
(1997) K51 - FEBE OIS BT SE R MR
REE R UK EORTE > &1L 3000 x g MLy 5 min
(Sandodden et al., 2001) EUEIMEE - [M5E DL 2Tk
(Merck) ZXHVRAN FEH - B =K Kk =X b
JE WA G LA R RIWHZRN SIS » EA-80°CUkAH
Hr iRl - #8 F Enzo Cortisol Elisa kits (Cat. ADI-900-
071, Enzo Life Sciences Inc.) [IEZZRBEAS Gy
5> Bt ik
ELISA) falfah iR & & -

=~ iR AR AR R B

227 Jentoft etal. (2005) &R /KRR
AZERAFRFL PR R - BRI E Ry 1| (M) ¢
2 min (M) » BEZKAE A% A FH R R BRI £ 52 DU AR

(enzyme-linked immunosorbent assay,
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% 3 R RIE AT R AR R
TSR IERA 8 A > 2 FERILLL 16 A TS AmAY
TRERT 150 L > LUFIB& SRR 3 s L i 2
‘B - BRI /KRRy 28°C ~ B Ry 28 psu -
PRERIRE B Ry ARIEIARE5 0~ 5~10~20~30 ~
60 ~ 120 Jz 360 min » fF—7FHFRE AR B2
IMERAE 3 EfaLIGEST 3 #HAF -

VY ~ g

HREPURR S DU S0 g L (D) ~ HrgE 70
gL' (Dv) KA 90 g L (Du) » 23R ALEH
10 L ik BB ki rhatife - REEEE % 3 HiLL
HETT 3 EEFE > 3 MR O A o KPIB KRS
H E1TBE (Barton, 2000) - fEfTBUMEIIE L H9FT
RHERFASAGET T3l 60 min 1T R3S -

(—) E@HERRIKE

FesEg AR 7K Fy 27.9°C - RS Ry 28 psu - 43
AAE 0 ~ 30 ~ 60 min A RFRIBREREERHHAIKER - bat
] pH (pH meter model SP-2300, Suntex, Taiwan)
#42, (indophenol colorimetric method) FzA% NH;
R (Whitfield, 1974; Khoo et al., 1977; Spotte and
Adams, 1983; Rasmussen and Korsgaard, 1996) °

(D) EHRBAMBREE

AN [F) R A R R o R R AR ik
18 RS 8t 24 > 3 B -
AR AERF P IR B b BB Bl - FLRAE
fORAF ~ PR T 2 R AT 5 8 7 1 b T L 252 57
B < P BRI -

o~ Mt

EEERT R DU K 723 R B T (one-way
ANOVA) WE  ERERSFSEREER (p<0.05)
IR - LIS H K% 8B (Duncan's multiple
range test) fRE A AHE 2 G EHEER (p<
0.05) -

i S B G

D vk S SR A 7 EE K T 5% IR 1z B I AR A
Table 1 fif7 » My Jz Mo AL R B i 4 5
AR & EHGE FrHEEE R (p<0.05) » M, fff
5 Mo e {H R AH ]G i EEE 72 5 (p>0.05) « My
KR My Ry K BREA I KR R85 - MERT 2 ] 722
FARERE (2 My AVE KAV A i E RS -

Table 1 The change of plasma cortisol levels of
Eleutheronema tetradactylum after an one-minute
period (M;) and two-minute period (M;) of net handling

Recovery period Plasma cortisol (ng mL™")

(min) M, M,
Control 4.73+0.48° 5.82+2.10%
0 52.86+19.43>*  42.28+11.39%*
5 44.99+18.29° 26.57+9.47¢
10 24.41+10.49° 24.67+14.64¢
20 21.08+10.55% 21.82+10.35"
30 18.05+6.71° 12.46+9.80%¢
60 8.23+16.07° 7.42+2.56%
120 5.39+0.62° 6.06+0.45%®
360 5.49+0.82° 4.92+0.10°

Data are (n=3) values with different superscripts in the
same column (a, b, ¢ and d) or same row (x) are
significantly different (p<<0.05)

[FIRERER S th 284 7F Svobodova et al. (1999)
DAIARIRYBE K Il #Ef. (Cyprinuscarpio) -
ZI FRF ] e (R L A A 25 ARG 1 I 5% B B I 3
B HoTRER R AT Ry S AR R IR R /K S AR
Hr> HESHNFEHPIRE (primary reaction) 3t
ABIXHZFE (secondary reaction) H: =45 ] HEE
PR B (exhaustion stage) » 7 BIEE=E T
5 o TESMEIBIER TR R BT T Ry - AEWJHE/K 1 min
IRf - HRBLEAGMEG JIn9iHL - BEE R R HEER]
2 min - A]DURZEBICIRE LRI SERITET) - B
IEAEY SRR — 2 TR/ BkE) - BEAR AR I

7 o FHATABFZERIRZ ST T Rettam - DURRIS BT RE
AN RSE B 5 J TR fafE - My je Mo %
ARG MR B A TS - RIS AE
PRAR ST BB s L BRI - 2o 2 REIRE R 457



Table 2
transportation at different densities

The plasma cortisol levels of Eleutheronema tetradactylum different recovery periods after 60 min

Recovery period

Plasma cortisol (ng mL™")

(min) D. (50 g L") Du(70 g L) Dy (90 g L)
Control 8.71+2.14° 10.261+5.13° 10.261+5.13°

0 90.94+35.58"* 90.94+35.58%¢% 90.94+35.58%Y
5 194.74+55.08¢ 194.74+55.08" 194.74+55.08°
10 183.01+39.95° 183.01+39.95« 183.01+39.95
20 156.16+53.35> 156.16+53.35¢ 156.16+53.35°¢
30 156.25+28.64 156.25+28.64¢ 156.25+28.64
60 96.04+54.63" 96.04+54.63¢ 96.04+54.63"
120 21.68+9.282 21.68+9.28" 21.68+9.28
360 36.07+8.33% 36.07+8.33® 36.07+8.33%

Data are (n=3) values with different superscripts in the same column (a, b, c and d) or same row (x and y) are significantly

different (p<0.05)

8 T % - Ramsay et al. (2009) ¥fBf H & (Danio
rerio) METTHEKKERRUR - FREAERIE RSB R
15 min fZERELH BT A NEREVIInE RS
Jentoft et al. (2005) #HHI & (Oncorhynchus mykiss)
K@M (Perca fluviatilis) FirstefTiEkEEE -
s AR A R THRIREATEEY - ASBERTR R
I/ =& iy 2B BB A 72 52 - HEH
GEHE—PHET - My FEIRAE RIS 10 min [=]45
F T A & A A5 (p>0.05) Mo HIZ
F 755 20 min A [EHEEHIEHE R (p>0.05) » 8
R M Bb M TR B L R R TS - HERmaLER
LAJHERE M b My SZEFERIEEEFTEL -
—HEAERE 60 min £ - B AMKIEATREAIIY Rk
RS - I R B 2 B AS SRA Table 2 i » fif
P A EL R 2 B8 - I R B A PR IR 26 O min
FIUE RGHAH LY 2 BB BT (p<0.05) - Hrh»
Dy 883 Dy ¢ DL Ryim (p<0.05) » BRI
JEE T TS i 3 DO o R i 7 AR BRI 8558 - —H
L IMAR BB R & & R B Lt A —4 - Do
1 Dm 2285 ETFHE NREAYHEISY - AT Barton
(2000) 34T fies ~ SEINFT L (Salvelinusfontinalis)
ZRWIHRLEGfE (Salvelinus namaycush) <5 a1 T5E
A MM Rz B EE ST R H BAAE L « T Barton
and Haukenes (2003) fEBYIE {25 (Stizostedion
vitreum) SE S B2 IR AR I AR R B P

T #IRY 3 hr 2B EFHAUHIES > 24 hr BRIKIE 24
7K HE o $8 - R] %1 Dol Du FYITAE KB s b2
i BV FIRGSR © Dw M4 K2 BREAERS A KRR
TR 30 min SRR E/KAE - ERA 2HIRE MR
Y - T Do IMAR BB BEERS ARG 209 5
min FREGESA R /KM - BURM Du kb DL 468
25 min [MAZZEEEA FIHEREARE o FIFT -

Dy [M#E R EREAE 120 min [E115 2 B IHHKAE (p>
0.05) » {fl Dm AELE] 360 min A [a145 = AeHH Kk #E
(p>0.05) » #E/~H, Dm bt Dy 7558 # 32 21 5E 5811
258 > RIS EE 2R A REEIE 2 E I
7K #£(Hasan and Bart, 2007) » #Xifij > Dy [5% J7 & i
A2 IAA Dy K DL RNEIRTHEES > 1288 ATKIRARRY
5 min [RFINUEE B RERIC B RHE (p<0.05) > 2
RPERERE FREEE 120 min A fRE 22 EHIFHHAY
7KHE IR G EIFHIARERE R (p>0.05)°
Iversen et al. (1998)7E A PGt (Salmosalar) Ry
R B - RO~ EAREERAE L - R Eim R
138 1% B2 B B /K HE R 2 IRF ] B R T RERY
5 » BRI Du IMAR BB RA E AR EES - 2R
AEERE T IRE: Tversen et al. (1998) LUl
RN E] Ehi 2= 52 - 1 DA A B Ry bl - (2
EAGRESIIHAS SR Iversen et al. (1998) ANFHL » 3%
Ty L BEG A 2B R a2 22 /] - T Hasan
and Bart (2007) 7% [F]RE 1725 B R R IR ]
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REERH B SRR R R R E R e 2 E
SRR ARESE - S E R R R - 4
SRR A R R ) B A S BR K R
IR ERT > PRAR AR L I A R B R S e &
EFIZ R > B R B R I i - 98 e -
Dy EE AR T2 211 BSH A nT e A -
SRR R B E I TR IS i AT T g
R ERAERE A G R B R K
SEL > 1A% R B P K HE T IR PE 3K e > s TTRE S
57 FEE 1) B S e 6 T A B R R S I G v s
(Svobodova et al., 1999) » HEFR I E LHIHFFE 4
58 o PRRR VUMK RS SRl B BRI BE1% (Tables
1&2) - [Mi145% BB P VR A 2 S R 7K e il e R
[l > My B Mo #&PRAE 20 min 4% - 4% B BT RS /K HE
TS AR 7258 (p>0.05) » [fii Du ~ Du
Fe DL ANEEE] 120 min DI APRAE 25 BRI K HE
(P> 0.05) [HBE I~ R IR S i 2250 T B e A e 3
Bt /K #{E » Schreck et al. (1989) A & Z 4R fif
(Oncorhynchus kisutch) #&38i£% fis i & 44 FRF T e
SEP IR RO - A EER TR - 38
o ZEEEPURR S SR TIE R R A T R o IR
PRAR LA X E R RE B GaHAEE T A e R
R EHAESS -

EER KB L2 A SR TR R EE
EIgHuRageE - i B RS2 @i nyig & > K8
AIRERF MBS B2 - 7F Fig. 1| BUR=FEAFH%
FERE 60 min SRRV S > HEAK IR
MMEFE A RE 2R (p<0.05) =F LM
WAMAEEEAER (p<0.05) - HEEhEE Hinky
filifn b7t > Hrp Du iR RS > Du X2 > D=
G RAR > BT s R AR B R -

pH 7EA% 60 min i1 - FEE E iR i
HEBARHI/KAE (Fig. 2) [ JFR > Do~ Dy Jz D

R EF R ER (p<0.05) > =1Lk
WHMEEE R (p<0.05) - BURH AR

9 CO. fiff pH "I » LR B[R A 2 2 pH /Y
51K > DL~ Dm % Du Y pH 6 &R HARIAYEE 30 min
PR CER] FIRE/IREE » B2 60 min #HZHAK
) KR AT e R B BGURE iR M - 7F
A B H R /K B8 TR NFSE R R RS S -l
DIAHER Grottum etal. (1997) HYEEAZURAE - pH
A LARE I PR FFAEAH R K HE -

Total ammonia (mg L")

0 ——

0 30 60
Time (min)
Fig. 1 The change of total ammonia during 60 min
transportation of Eleutheronema
different Different
superscripts are significantly different (p<<0.05).

simulated

tetradactylum  at densities.

9.0
& Control
-
-+ Dy
- Dy

pH

1.0

0 3[; 6[;

l'ime (min)
Fig. 2 The change of pH during 60 min simulated
transportation of Eleutheronema tetradactylum at
different Different
significantly different (p<0.05).

densities. superscripts  are

NH; XA JEafE T 2 SR - ZEKAEEY)
HIEESMEAVIREE - REERMEE - B - BE K
pH 55 4 IHBHIREMZK - Fig. 3 BURHAEARE 60
min SEF KT NH; 2 - =R AR
i 2B 225 (p<0.05) > Do AT Dy i fiEf
SHEAF AR (p<0.05) H=F R E0EE i

’



IRF RIS 0 = AT RIS - NHs (KR A S AEAR pH
b PR AAEATE oy NHL ™ KT I v A R Sy o 2 2R 1Y
CO fifl pH K - 3&E L 1 A F B SR 2 IR Dy
H NH; Al g =#F &EREiE: - i1 DL ALEHE
FrixEy NH; - RSB BAE Barton and
Haukenes (2003) #1 Gomes et al. (2003) HYHf3E2
o AHFSE RS I RO R e - (KT NH AE 2R
BRI MRS A E SR EAEGE - HE
USRS AT IR e T 5 w208 NH [y B 22
M (Sampaio and Freire, 2016) » 2R AEIHAPY
ok 5 BAGE A AT 2 7 ) G T LA B A 7 4
(Sandodden et al., 2001; Suprapto et al., 2017) » [#
B R (Coyle et al., 2004) - DL K [¥ % i 5
(Grottumetal., 1997) <575k » FI FH kiR G Bk
1B NH; sHERFE R IR K E -

.20+

& Control a
&/, D
- Dy
0,15 ¥ Dp

NH, {mg L)

0.10

0,05

SR

] 3 60

Time (oin)
Fig. 3 The change of NH; during 60 min simulated
transportation of Eleutheronema tetradactylum at
different  densities.  Different  superscripts — are

significantly different (p<<0.05).
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G5 EESENE - JH S % 7 2 R
2R EEGIRTE o i S R G R ] Er AR A
SR SRR EREAL KL iﬁﬂl%ﬂ’i%%Lﬁ
AR I DUMERF 7K B Sl B T 58 B TR A R ] 2R Y
I B E R A E -

225 30k
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Effect of Net Handling and Simulated Transportation on Stress of
Eleutheronema tetradactylum
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ABSTRACT

The fourfinger threadfin (Eleutheronema tetradactylum) is an important aquacultural species in the southern
coastal district of Taiwan, which is easily subjected to capture and transport stress. Due to the stress caused cortisol
increase in fish, therefore, the plasma cortisol levels are used as an indicator to measure the stress of different
treatments in E. tetradactylum (15 g = 2.9 g). The trails were an 1min and 2min period of net handling , and a 60
min transportation at different densities (50 g L, 70 g L}, 90 g L!); during simulated transportation, the water
quality parameters (total ammonia, pH, NH3) were periodic detected during transport . After treatments, fish were
moved to the recovery environment and were periodic detected the plasma cortisol levels for 360min duration.
The results showed that the treatments of net handling and simulated transportation caused plasma cortisol increase
in E. tetradactylum, howerer, the tendencies of recovery were more or less differences. The recovery time of stress
in E. tetradactylum after transport trail took more time than handling trail; the recovery time at medium density
was much more than that at high and low densities. The total ammonia was accumulated continuously during
transport and was proportional to stock densities, which revealed that the high density transportation would
deteriorate the water quality. In contrast, the NH3 was inversely proportional to transport densities in term of pH,
which showed that the more acidic environment result in better water quality. In conclusion, to maintain good

water quality and appropriate recovery time are beneficial to the transport of E. tetradactylum.
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