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Abstract: In this study, using a continuous behavior measurement technique, the
short-term behavioral responses and tolerance limits of red seabream Pagrus major
fingerlings to sudden exposure to low salinity in a controlled environment were
observed. The activity of the fingerlings suddenly exposed to 21.4, 17.3, and 9.8 psu
increased temporarily at the initial exposure to show irregular swimming behavior,
but then recovered a stable activity pattern through rapid salinity adaptation. However,
the organisms suddenly exposed to 7.3 and 4.3 psu could not withstand the salinity
stress, and their swimming behavior was severely disturbed and all individuals died
within 48 hours. The findings suggest that red seabream underwent a temporary
salinity stress process at the beginning of the exposure to concentrations of 10.0 psu or
higher. At these concentrations, osmotic control was possible within at least 11 hours,
so stable metabolic activity was also possible. However, organisms suddenly exposed
to concentrations below 5.0 psu exceeded the tolerance to low salinity and the sub-
lethal limit. In red seabream exposed to this concentration range, severe behavioral and
metabolic disturbances were observed, and death was observed due to osmotic control
failure. In conclusion, a salinity range of 5.0 to 10.0 psu can be predicted to correspond
to a concentration range in which the osmotic control ability of the red seabream
fingerlings is lost, and sub-lethal reactions occur.

Keywords: sudden low salinity exposure, Pagrus major, behavioral response, tolerance
limit, sub-lethal reaction
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Noro 2018; Paiva et al. 2020). ©]°]] &5 AFAE=2 WA
Al T3t o] 7oA FE E T AW AR o
2 5 % AP 2EH A g2 AP, b Al
No] wek, N o] AYsteta] HE # FF vk g2
¥t Alsha Jh-g-o] 1t (Amin ef al. 2016; Lehtonen et
al. 2016; Kim et al. 2016; Harris et al. 2020; Kim et al. 2021).
ofddieh= 2 ds-Eut oyt HIHS HF o095
Wsto] dQtxld o ® T7|t ot AL HA 4ot
AE 4 AUk o] & Il AgtAol AAlot= BE2 &
AEY 2o oft A A weto] HAYst] B 2]
S 29| 3JustAY o] 50| ofet AE2 HARTe R
H ol Agtel 2 mlofE T 4= lvh(Komoroske et
al. 2016; Velasco et al. 2018; Paiva et al. 2020; Sundell et al.
2021). 55| 77|} 2ol FAIE o)A A ofF
+ 4%t st sl 4%, At AFE, AR
S} 5l 231940 ko] I W Aom HAIES)
T} (De Azevedo et al. 2015; Hamed et al. 2016). A=+ T
H ORE] dts S 9 A FAHNA AsEHE A
== e r g mhetshy] flgt 52og #PHQL
|, 2 A7 o] AL FFES U
4 AE B ARlE A FokE 4 gl
Sigeld it BRE IF Brhe = =
271884 2 A= A58 B7Isk] S8l 4
Hl=d, 2 A9 AE S5 dolu 2ol (=
A E W2 Ait ko] ue ok, A%E 2
WES 57475 (endpoint) 02 AAA5t] AP HATh
(NIWA 1998; USEPA 2002; Yoon 2016; Cong et al. 2021).
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o] 2 MEFFE7} toolZ 8% AT} (Kim et al.
2006; Steele et al. 2018; Li et al. 2019; Yoon 2021).

ofof & dFoll A= sd7HFE 2t Zol FF- 7T Al
e oA ST A E gl WhE AEd= A
g2 ks grtshr] Q19 W24, IE Pagrus
major 2|o1E HIo® AEAQ] 5 S47H2 o] &=t
A=) A5 9 obx| A HEI YARHAIE yEste] FA
2ol A AbgE= of 7ol A= AERe] dd= ot
ofstr] $1%t 7122 5E nhedstith

2 Ao AHgH FE Aol= 20219 SE 2 TH
HjFgell A Fale AEolw, £3t 5 sodo] At 20071
S B Tol AFAR &4 28 XA 42 200+
HHE 31.0£1.0 psu, pH 8.0£0.1 F 90.0% ©]4F 4t
Z3MsE S70A A A7 fAISHATE A E
2 13.5£0.8 cm, AT 54.2£9.3 gWWtE
.Hol= 14 23] Y& EP AFE (Otohime S1
Herame, Japan) & 35052, 2+ Ad4d &4 (=
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Behavioral responses of red seabream to sudden low salinity exposure

Table 1. Score distribution for each of the three behavioral vari-
ables applied to the behavior index calculation

Factor Distance Speed Fractal
score (pixel) (pixel/sec) dimension
0.00 0.00 0.00 0.00
0.10 0.40 4.00 0.20
0.20 0.80 8.00 0.40
0.40 1.60 16.00 0.80
0.50 2.00 20.00 1.00
0.60 2.40 24.00 1.20
0.70 2.80 28.00 1.40
0.80 4.00 35.00 1.60
1.20 5.00 40.00 1.70
2.00 6.00 45.00 1.80
4.00 700 50.00 1.90
6.00 8.00 55.00 2.00
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Fig. 1. Schematic (not to scale) of the apparatus used to observe
behavioral patterns in the test organisms. 1: Reservoir container,
2: aqua pump, 3: water support chamber, 4: test chamber, 5: tem-
perature sensor, 6: light-emitting diode (LED), 7: camera tracking
the direction, 8: web camera, and 9: computer for data storage.
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AR 82 7] a8 Aol ARAIs] AR of itk
(Kwak et al. 2002; Yoon and Park 2011; Yoon 2021).
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Table 2. Experimental conditions for measuring the behavior response of red seabream in the six experimental regimes. Red seabream
Pagrus major (n=200) measured 13.5£0.8 cm in total length and 54.2+9.3 gWWH1 in wet weight. Statistical values were computed for
each batch from 17389 -34,560 data points measured. The values are the mean+ SD.

Treatment ranges of salinity (psu)

Normal 31.0—-214 31.0 - 173 31.0—-98 31.0—-73 310—-43
Temperature (°C) 20.0+0.1 20.8+0.2 19.940.1 19.9+0.1 19.8+0.3 20.1+£0.1
pH 78104 79105 78104 79104 79+0.3 78+0.3
Oxygen saturation level (%) 90.0> 90.0> 90.0> 90.0> 90.0> 90.0>
Chamber volume (L) 11.5 11.5 11.5 11.5 11.5 11.5
Volume of test seawater (L) 75 75 75 75 75 75
Flow rate (mL min™") 416.7 416.7 416.7 416.7 416.7 416.7
Duration of the experiment (h) 48.0-19.1 95.3-96.0 95.6-96.0 95.7-96.0 90.5-91.2 770-78.3
Number of points measured (n)  17389-18,422 34,537-34,560 34,519-34,559 34,256-34,558 32,688-33,125 27744-28,123
Total length (cm) 13.5+£0.9 13.4£0.9 13.7£0.5 13.7£0.6 13.7£0.4 13.7£0.5
Wet weight (QVWW\1) 549+74 54.6+5.8 56.7+5.2 58.3+6.7 544423 56.8+4.5
Number of experiments (n) 3 3 3 3 3 3
Total number of test animals 12 12 12 12 12 12
3 10 60 30
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= £ < 20E g
H e = e
0 | | I 0 0 + U + 0
0:00:00 12:00:00 24:00:00 36:00:00 48:00:00 0:00:00 12:00:00 24:00:00 36:00:00 43:00:00
Run time (h) Run time (h)
2 30 0.2 30
(C) ——  Fractal dimension (D) ——  Behavior index
e T Temperature " s+ T Temperature
‘E o sam e . # 2 . 20 g e 20 g
£ e W i ik e i SRR T 25 o = P i =
2 e — - . 2 < i 2
= Z g2 5 2
E — /A /\’\\ —— Fall g E % L 10 g
= o~ Az _~~7 & 2005 &
0 e ey ey iy 0 : : ¢ 0
0:00:00 12:00:00 24:00:00 36:00:00 48:00:00 0:00:00 12:00:00 24:00:00 36:00:00 48:00:00
Run time (h) Run time (h)

Fig. 2. Behavior patterns (A: distance, B: velocity, C: fractal dimension, and D: behavior index) of four red seabream Pagrus major under
constant temperature and salinity.

A3 A5 xHH (Weighted least-squares error method) EFf %Q'(Kim et al. 2006). ZA= glo|g go2HE 7t
2 Mgt ARG B AFR AL ARTPeB g 7o 1uF QY B4 e AFelglen], B4 e B
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Behavioral responses of red seabream to sudden low salinity exposure

0.5 30

——  Behavior index
04 e Temperature
a SR L Ly "--...------‘-"""---n.________.--"""'"-u:720 %)
w a2 ~
o 03—+ v
-
2 Z
= 32.0 psu 21.4 psu =
< 02 2
S 024
2 | Lo E
2 =
0.1+
T
0 } + t 0
0:00:00 24:00:00 48:00:00 72:00:00 96:00:00
Run time (h)
0.5 30
( ) ——  Behavior index
04+ e ‘Temperature
= s
< ISR 20 &
a<
§ 03+ ¢
5 2
s 32.0 psu 17.3 psu R g
=02+ E-
£ 03
m
0 | = 1 —+0
0:00:00 24:00:00 48:00:00 72:00:00 96:00:00
Run time (h)
0.5 30
( ) ——  Behavior index
0.4+ Jusssmesn Temperature
= —
) 20 ¥
3 034 o
= )
£ 32.0 psu 9.8 psu 2
5 ! :
D
S 02+ ] =
] : E
3 [ T8
m
0 + + U 0
0:00:00 24:00:00 48:00:00 72:00:00 96:00:00

Run time (h)

Fig. 3. Behavior patterns of four red seabream Pagrus major fin-
gerlings at 32.0 PSU and after transfer to 21.4 (A), 173 (B), and 9.8
(C) psu salinity.

AR FdAT et SxtE 173psudll EH AT 24
Bk 22} 94.6%2F 94.0% S7Fotalom, maeh 2hed gt

E
A HRES Bl & BE fEHs P2 kS AR tha
A AEEAOU RS FEEE E A} JARE 5
w02 FRETE 2 Aol Bl kF Aol= 0.02~
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Table 3. Comparison of the behavior change patterns of adapted saline water red seabream Pagrus major before and after sudden changes
in salinity from 32.0 to 21.4 psu, 173 psu, and 9.8 psu. The values are means £ SD.

32.0psu — 21.4 psu

Control (A) Treatment (B) After (C) % = [(B-A)/AIx100 % =[(C-A)/AIx100
Distance (el 0.10-2.00 . 0.20-2.20 ) 10.0-100.0
P (0.61+0.28) (0.76+0.33) (24.6%7)
Velocity (oixel/sec) 2.00-40.00 ) 4.00-44.00 . 10.0-100.0
i (12.20+5.56) (1451 £6.58) (18.9%1)
-~ 0.00-0.13 ) 0.00-0.14 ) 0.0-77
(0.35+0.22) (0.46%0.24) (31.4%1)
- 0.01-0.12 . 0.02-0.16 ) 33.3-100.0
(0.04+0.01) (0.05+0.02) (25.0%1)
Dead inds.*** (n) 0 - 0 - -
32.0psu — 173 psu
Control (A) Treatment (B) After () % =[(B—AVAIx100 % =[(C—AVAIx100
Distance (el 0.30-1.30 0.40-2.30 0.30-1.60 333-769 00.0-23.1
P (0.56+0.18) (1,094 0.55) (0.77+0.25) (94.6%1) (375%1)
Velocity (oixel/sec) 5.00-26.00 9.00-46.00 6.00-32.00 76.9-80.0 20.0-23.1
i (11.24+3.63) (21.80+10.91) (15.28+4.97) (94.0%1) (35.9%1)
o 0.00-1.20 0.10-1.30 0.00-1.30 0.0-83 0.0-83
(0.48+0.18) (0.74+0.26) (0.57+0.18) (64.2%1) (18.8%1)
- 0.02-0.08 0.04-0.27 0.03-0.09 100.0-2375 12.5-50.0
(0.04+0.01) (0.08+0.06) (0.05%0.01) (100.0%1) (25.0%1)
Dead inds.*** (n) 0 0 0
32.0psu — 9.8psu
Control (A) Treatment (B) After (C) % = [(B-A)/AIx100 % = [(C-A/AIx100
Distance (el 0.30-1.60 0.40-3.60 0.40-1.40 33.3-125.0 —12.5-333
P (0.81+0.24) (117£0.66) (0.73+0.17) (44.4%1) (-9.9%)
Velocity (ixelsed) 6.00-31.00 8.00-72.00 700-28.00 33.3-132.3 -9.7-16.7
i (16.11 £4.67) (23.41+13.11) (14.65+£3.32) (45.3%1) (-9.0%)
-~ 0.00-1.30 0.10-1.60 0.10-1.20 0.0-23.1 -77-0.0
(0.59+0.23) (0.73+0.24) (0.59+0.17) (23.7%1) 0.0%)
- 0.03-0.10 0.03-0.41 0.03-0.08 0.0-310.0 -20.0-0.0
(0.05+0.01) (0.0940.08) (0.0520.01) (80.0%1) 0.0%)
Dead inds.*** (n) 0 0 0

*Fractal dimension
**Behavioral index

***Number of dead idnviduals

Fo, SRR Aol 003~009 W FaStd Akl i Aol MALh A ke F 1 AE Aol
oh BB BLAE FY WL kF T OETHI  BEFS FAQ AF Wskgle] UL WEs PE
1000% Z7HIE.0M, £2 Al 25,0071 Zastdet  A5x deld egE 9 WAL A5tk (Fig 3C)

(Table 3).

9.8psu®] A@Eo| =EH BEY] PF2 17.3psu e E
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Fig. 4. Behavior patterns of four red seabream Pagrus major fingerlings at about 32.0 psu and after transfer to 73 (A) and 4.3 (B) psu salinity.

stgoml, AN o= §9 o
b). 25 Hole] we ¢

| W] qu (Fig. 3C_
U5 9.8psull mEH F 10.941%F

59 28] WEE |, 27ell= ) A= et
A ko g 59Kt Folls EeTol gEete] #
o el mEetaltt. dAH o2 HAE ks olF
A=) FYLE2 109417 B 2 WH-S W=7 A
sAY ABtR o] Fshe 5 DA et A= B9
o g7 Aee AX Folle s Aol ¥EE #
Q e AR pEE RAISIAT 9.8 psu ke E F 9
1w SEHAE W2 1094%F FRF A= 7979 2 &
e eE AET 44.4%9) 45.3% S7FSFR o 0% 242}
-9.9%%t -9.0% % Aot FFHFE Tl AEH
Bli= =& ¥ 80.0%7HA] B45] A5t 2 o] % 0.0%

2 Haste] Zo] FEe-S 2= (Table 3).
’6;?!1 73psucll leEH HE XlOH 635 %—8— e A
L LI =
o LEH § B=2] Bl T;Lﬁ oP7ﬂ %%0}04 141713t &
F FASHA S7Fstl e, % vieel S+t ERt
& Holm & o2 A3kt o] Al7jof A&
1 3tE 0.01~0.40 HLIZ FASHA A5ste] Hdf %1
6‘}6} 379] Bl AH o] BAE QL B

i]"ﬂ /J—E i\_EEﬂ/\E o]OH oé] 7Z¥7r e A}

El

& B =
(Flg 4A c) 7.3 psu h;%% T 35 Aol f9AY, £
9 T Y gk A H O R L E 27l -100.0~

3.5%7HA ot oy QRAEYAE B2 141417 F
o e ZAZF —7.4%, -5.5% D -13.3%= A4 oL}

BIE 12.5% 57153 TH(Table 4). AEE AEH AR P
weto] T 141417 B9 AF A ] 25.0%7F AFgS
9.0, 48 A7t A3} $ 100.0% AFYSFAT
43psudll LEE7] A A= 5}5%?%
OU\] oz A}Ag}oﬂ o ur ] ;\1;\1 ] 3]_
elS fA5} I:]'(Flg 4B). 1 4.3 psul
T HE Ao1e] gAY kE 5 12
4 =

e 9

XN,

2 o
2o ol
[> ox B

=

01‘

A

X
[\*)
)
e oft o it

= 2EY A HEgo] ot °§°
‘:}(Flg 4B d) J=0] =
L6AITE 53t S ASHA 4 %ﬂ"i :
FALH, Bl 7171 12241t 57t #W=A
Shch B8 Aol wE A7) Arhte] et 4%
o mRaE A7kl F7lelgon], Bauto] £t
gog e Aol 7kt o A7le] AgEL
58.0%7F AFgsteict. Z1eiut S 4% AHE (4.3 psu) = F
F AL 22 B/ AW AT 2B A TS B
o, o] % FEA-Zol Aufisto] k& 324413 § B 7
A7F AFgobadet. M 43 psudll eEH & AEFEIA
7}

It

T

N

E!
o} Al AE

pi,

d

H“
HHNI
Sk it

o:

>
FIO 0|

Ry
0® kI

o Mr r

ol
o @ 1P m 2

=
‘el

rd
i

o

N
=

ﬂ

s
f

2 i
u) H‘E o
olt

jus)
—

s
E,‘:.
—

N

o
%

AEH FY5E, A © maE 2 ke ZH —99.1%,
-99.8% ¥ -97.3%= FASH 74592 ™, BI 32

- 85.7%2] - gho] AEE| 1T (Table 4).

s Aolo] BI W% HlE EAZET 214 psudll =E
&) Bl e E F 25.0% S7FotR o FEIgh o
EfA §h3-2 Holz] gt (p>0.05). 17.3psu &
A4, Bl 27]0] AIHOR st k& A
37Vt o A2 ol wWEA &35t

e doord

> |> o

Hr}t 100.0%

http://www.koseb.org 501



Korean J. Environ. Biol. 39(4) : 495-506 (2021)

Table 4. Comparison of the behavior change patterns of adapted saline water red seabream Pagrus major before and after sudden changes
in salinity from 32.0 psu to 7.3 psu and 4.3 psu. The values are means = SD.

31.9psu — 73 psu

Control (A) Treatment (B) After (C) % = [(B-A)/Alx100 % =[(C-A)/Alx100
Distance (pixel) 0.70-2.90 0.10-2.80 0.00-2.00 -85.7--3.5 -100.0--31.0
P (1.35+£0.34) (1.28+0.55) (0.03£0.06) (=74%) (=978%)
Velocity (pixel/sec) 14.00-59.00 2.00-55.00 0.00-5.00 -85.7--6.8 -100.0--915
v (2704 +6.77) (25.59+10.87) (0.68+1.07) (-5.5%]) (=979%)
FD* 0.10-1.50 0.00-140 0.00-0.60 -100.0--6.7 -100.0--60.0
(0.83+£0.21) (0.72+0.28) (0.03+0.07) (=13.31%) (-96.4%])
Bl* 0.05-0.14 0.01-0.40 0.00-0.02 -80.0-185.7 -100.0--85.7
(0.08£0.01) (0.09£0.07) (0.01£0.01) (12.5%1) (-875%)
Dead inds.*** (n) 0 3 9
32.1psu — 4.3 psu
Control (A) Treatment (B) After (C) % = [(B-A)/Alx100 % =[(C-A)/Alx100
Distance (pixel) 0.50-2.30 0.10-5.40 0.00-0.30 -80.0-134.8 -100.0--30.4
P (1.16+0.30) (1.06£0.91) (0.01+£0.02) (-8.6%) (=99.1%])
Velocity (pixel/sec) 9.00-46.00 3.00-78.00 0.00-5.00 -66.7-69.6 -11.0--89.1
v (23.21£6.02) (21.12£18.21) (0.05+0.36) (=9.0%]) (=99.8%])
FD* 0.10-1.50 0.00-1.50 0.00-0.50 -100.0-0.0 -100.0--66.7
(0.75+0.22) (0.62+0.33) (0.02+0.02) (=173%) (=973%)
Bl* 0.04-0.19 0.01-0.48 0.00-0.02 -75.0-152.6 -89.5--100.0
(0.07£0.02) (0.09£0.11) (0.01£0.01) (28.6%1) (-85.7%])
Dead inds.*** (n) 0 7 5
*Fractal dimension
**Behavioral index
***Number of dead idnviduals
150.0
100.0 [ Sudden salinity exposure & After stress
500

—

Behavioral index change rate (%)

-100.0

y=-33.39x +75.53

N

R*=0.38437

4.3psu

-130.0

Fig. 5. Percentage of Bl variation of red seabream Pagrus major fingerlings exposed to various salinity concentrations.
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