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IR 5 45 % (Dicentrarchus labrax), N 44 Wi,

2 H R H i DO E AR SR sk —, B
5 Y 2 2] B ) AN AT D Al 98 1% (Covés et al, 2006;
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Tab.1 Correlation analysis of behavioral parameters
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TR S8 AH T2 2
Behavioral parameters Correlation Significance
3 JE & Distance moved (cm)  0.798" 0.001
U Velocity (cm/s) 0.810" 0.001
Jn3# ¥ Acceleration (cm/s?)
H/ME Minimum 0.634° 0.020
KA Maximum 0.865" 0.000
A/ Turn angle 0.833" 0.000
IR EE (M YKR) Activity (frequency)
FE#E: Highly active 0.882" 0.000
IR Active 0.784" 0.002
# 1l Inactive 0.823" 0.001
FF: *FANEE 0.05 ZU(WRE), **FRm7E 0.01 45 (W

F8), AROCHE R
Note: * at level 0.05 (double-tailed), ** at level 0.01
(double-tailed), the correlations are significant



108 woooor B % 3 R 42 %

0.05)41, HAhAT A28, WREhIEES | WEE . hnsk XFSZEG 2 (A RRT g YR A 10 min Py IR A 2
(FeKRAE) e AR AR BRBE 2 i I 3540 5 (P<0.01) . ATHRER, S5R UK 6 FrRn . BASkPE, Xz g)
@ 4501 _g pp ® 8- e FF
5400 —A—SF 7p —A—SF
B 3s0] = T
2 W OF
§ 300 - s T i
g 250} z, 1 i
7 8 4r
gl
g 150 &
2 -
21001 )
® 50l 1-
0 1 1 1 1 L 1 1 1 1 ] 0 1 1 1 1 1 1 1 1 1 ]
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
fist[A] (8] f§ Time interval/min Fit 5] [8] % Time interval/min
© _ @ _
320 ®— FF - 360 ®—IF
'» 280 - —&— SF » 320 F —A—SF
5 20l 5 80t
% 00} E g 2407
X £ £ 200
B g 160 - E 2 | -
i E = E 160 |- 7
B g 120 W g
=2 =S 120
]|E =g +
£ 80F < 80
© i)
5 40 <8 40
0 1 1 1 1 1 1 1 1 1 J 0 1 1 1 1 1 1 1 1 1 J
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Fif ] & B Time interval/min BfE]E] B Time interval/min
© 257 _q pr ® 20r -
20 A SF ) —A—SF
€ 16f
C 15t K¢
ERTY! . S5
I &2
g L 8
E 05 == 081
& 2%
B <
® 204l
—0.5 £
<
_1.0 1 1 1 1 1 1 1 1 1 J < 0 1 1 1 1 1 1 1 1 1 J
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
fistE] [a]f% Time interval/min Fif ] [E] B Time interval/min
@® 35 o FF (h) 40 FF
g % 25 g § 30 -
g5
ST Lyt s
Bo | 2% ol
22 ] g2
®e =W e 1St
B et |-
e =
(5] 5 | .3
< g 5k
0 1 1 1 1 1 1 1 1 1 ] 0 1 1 1 1 1 1 1 1 1 ]
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
fstA] [B] B Time interval/min FfA] [A] B Time interval/min

K6 YOI 10 min P RO £z SlbR 2 B s 1) [ B 14 22 4k
Fig.6 The changes of fish motion state within 10 min after the first met

T e /MBI A8 X (B, * 3R 22 57 Wi 7 (P<0.05)
Acceleration minimum values takes absolute value; * represents significant difference (P<0.05)



%21

B TAE R X RN T U B 40 04T BRI AR AR (Y 5 109

A Ak B ALY & #(&] 6), £ FF H1 SF AHi% 6 min
DS KRR AN U Y 1) | BE i 6= = D B3
a3 A R {E (%] 6a. 18] 6b FTIL 6d) o it o ik im o B (F%
/ME) R AR A A AT I LA (8] 6¢ FIA] 6e), BR
5 1 min PYRORTH Y % AR A AE I8 3 25 57 /N(P<0.05)
(K 6e), HAWSTH MM R LR ELER . UH
FF /7R, SFIREREE MR fbita# S FFARRI(A 6f |
I 6g FE 6h), 45 5 2 AT Bk A A9 45 58, A8 3~7 min
AR A FEAR —F (A 6f)

3 it

A A S —M, B E A0
Sy, Hodp2E o) ek — ol B R A R W AE
(Brown et al, 2003; Laland et al, 2003), a2 i 2% >]
AT, LIS N JE Y 2R 5T AR fE (Kieffer et al,
1992), k3t [ B M4 1 g (Warburton, 2003) L4 2
T PEEFEHLF (Rystrom et al, 2019)4% , 7EARIFEH,
T ST AEAEA I f0, AF I SF i 5ot 18 38 7 I i)
TIM)HS B =T T2(t2), R ESETHRT,
AF Il SF 124> B I R BUB AR, D28 LR &
i 2R SE AT 55 IIRCR , X R BT B N A £ B e
(B AR I M 1 5 . FEREA IR R, AF R SF
WEIE 1R, ARSI AF FI SF 7EiE 118
2 ZHT, 4 1 AGEE 1 2 W 2k, JEHR AT
A J £ 2% 5 L PR BE PR, T B R — E A XU
(Huntingford et al, 2010), MAidid R B KR K T it
J Bl 2R 5% (Braithwaite, 2006) .

B R TR, AL8RRAAE] LSS 0
2246 1A (Reebs, 2000), JoZ8 56 MA & AE IR BTN
) JE R 1T BB SR ) AT 28 50 1) A2 2], ] g R AR L
AW B iR R E (Bshary et al, 2014), 7EAHISE
o, ARt 2 AN S2E6 d AF RN SF @S IE 1 aE il 2
F R R HEAT oA, S5 R LR 2= (K 4), 3 SFiE
T3 I8 AR IE] 2 29 AF @ G GE R R T2 1 12, %
B 2056 AR I 77 76 BRI 7F — o R B L 2 va RROH
Wt gl f (24 S e, B2 32 5 MR e RE S 4R
2B AR SE AT 55 B R (Webster et al, 2017).
BRIz Ah, A | X EREE RN RE ) B B
S AE R X AT N RAA B K M
(Sneddon, 2003; Millot et al, 2014), K JH A J5 7
R T ARAG A B A R P — i KR T 2 A A
1) 356 45 3k 7 JXUI: (Chapman et al, 2010), Mamuneas 25
(2015) #F 5% . & B, 5 % 25 1Y fil f4 (Gasterosteus
aculeatus)tf Fb, R HH A 3 £2 58 2 B B MR LA 8L

PR E TR, X AT RRIE 5L 1 S AR A AF S8R
155 B 0] 22 S 5 K0 J PR G A 2 A IR ) SR R
T ILRD, iR g RN T 1 h).

B 5. K 6 Mk Lo REaR, B ko
i 10 min NAEIE R EGRE, [FIRE, JLEkAT o H
AR RSB, AU AR LG AT, il AL
Xf 02 [0 ] BEAAAE AR B AL, HEMIZm SF Y2 2] 5
BN FAHAT MR Y Ok, 2 2 R A BT,
ST M2 S8 2 BT R L A A
b, B, 0 £ R B GEE R R 30 £ fY kS L R
Pérez-Ruzafa 55 (2014) 78 XF R & 2 fifi £ 7 ok A 25 2 0t
FIFoet 230, BRI 1 R HAT i i, i,
eI SF 3 Ao 8 T A R AR A R, TS A T A )
Ak, HWE AR H TR A S8 JiSh, B
AR R, 2]t 4 ROk RS A B
(Strandburg-Peshkin et al, 2013; Lemasson et al, 2018),
M SE R [ B AT AU o A Uk i 25 28
N, FEZH Y, FFEIRY SF G S2IRTR
TLIR1MEIR 32, X—17 AT AgE T SF 5
V=D N S = ol I V[ 1 I O AN (S
(Rosenthal et al, 2015). X Bl X} ()47 R 22 BEEA 70
ZEMPIA K B, OO TE B ARSI, FF {4 B8
RE”, BEJG 2212 5L SF A FLER AL s 2, AR
WAL ER M, MR WEE M E S . s .
WL AE S Efb2= 5, IR (Keller-Costaet al, 2016) .
JIH£E (Buchinger et al, 2014)%5 #1715 B L%, (HiX—
IR R AR M NG RE T Ak SL T R AH OC SC 5 N
DL HIE o

AR, G L5 1A RRES W To 2 5 A Y
AR, BB NMAERZAE W LR T, 35
AT RESSARAR A AR 5 0 o 5 S0 U1 1 W o0t £ 22 [
5 S 7 L, BT R — e, B
RS bR A N0 Ty T A BRE LA, XSS R R M T
Ve R it — 4 R AR S %

Alcazar RM, Hilliard AT, Becker L, et al. Brains over brawn:
Experience overcomes a size disadvantage in fish social
hierarchies. Journal of Experimental Biology, 2014, 217(9):
1462-1468

Benhaim D, Péan S, Brisset B, et al. Effect of size grading on sea
bass (Dicentrarchus labrax) juvenile self-feeding behaviour,
socia structure and culture performance. Aquatic Living
Resources, 2011, 24(4): 391-402

Berdahl A, Torney CJ, loannou CC, et al. Emergent sensing of



110 ook B

E %4245

complex environments by mobile animal groups. Science,
2013, 339(6119): 574-576

Braithwaite VA. Cognitive ability in fish. Fish Physiology, 2006,
24(5): 1-37

Brown C, Laland KN. Social learning in fishes: A review. Fish
and Fisheries, 2003, 4(3): 280288

Bshary R, Brown C. Fish cognition. Current Biology, 2014,
24(19): R947-R950

Buchinger TJ, Li W, Johnson NS. Bile salts as semiochemicalsin
fish. Chemical Senses, 2014, 39(8): 647654

Cai L, Taupier R, Johnson D, et al. Swimming capability and
swimming behavior of juvenile Acipenser schrenckii. Journa of
Experimental Zoology Part A: Ecological Genetics and
Physiology, 2013, 319(3): 149-155

Chapman BB, Morrell LJ, Krause J. Unpredictability in food
supply during early life influences boldness in fish. Behavioral
Ecology, 2010, 21(3): 501-506

Coves D, Beauchaud M, Attia J, et al. Long-term monitoring of
individual fish triggering activity on a self-feeding system:
An example using European sea bass (Dicentrarchus
labrax). Aquaculture, 2006, 253(1-4): 385-392

Frommen JG Aggressive communication in aquatic environments.
Functional Ecology, 2020, 34(2): 364—-380

Giaguinto PC, Volpato GL. Chemical communication, aggression,
and conspecific recognition in the fish Nile tilapia. Physiology
and Behavior, 1997, 62(6): 1333-1338

Goodey W, Liley NR. The influence of early experience on
escape behaviour in the guppy (Poecilia reticulata). Canadian
Journal of Zoology, 1986, 64(4): 885-888

Hsu Y, Earley RL, Wolf LL. Modulating aggression through
experience. In: Brown C, Laland K, Krause J. Fish cognition
and behaviour. John Wiley and Sons, 2006, 96-113

Huntingford FA, Andrew G Mackenzie S, et al. Coping strategies
in a strongly schooling fish, the common carp Cyprinus
carpio. Journal of Fish Biology, 2010, 76(7): 1576-1591

Keller-Costa T, Saraiva JL, Hubbard PC, et al. A multi-component
pheromone in the urine of dominant male tilapia (Oreochromis
mossambicus) reduces aggression in rivals. Journal of
Chemical Ecology, 2016, 42(2): 173-182

Kieffer JD, Colgan PW. The role of learning in fish behaviour.
Reviews in Fish Biology and Fisheries, 1992, 2(2): 125-143

Kozak GM, Boughman JW. Experience influences shoal member
preference in a species pair of sticklebacks. Behavioral
Ecology, 2008, 19(3): 667—676

Laland KN, Brown C, Krause J. Learning in fishes: From
three-second memory to culture. Fish and Fisheries, 2003,
4(3): 199-202

Lemasson B, Tanner C, Woodley C, et al. Motion cues tune
social influence in shoaling fish. Scientific Reports, 2018,
8(1): 9785

Liu LL, Zheng XX, You YL, et al. Experiment on the artificial
propagation of Acrossocheilius hemispinus. Freshwater

Fisheries, 2010, 40(2): 57-61 [XIARTR, ¥Rk, JLkFE,
45 PR T 2R, ok, 2010, 40(2):
57-61]

Lucon-Xiccato T, Santaca M, Petrazzini MEM, et al. Guppies,
Poecilia reticulata, perceive a reversed Delboeuf illusion.
Animal Cognition, 2019, 22(3): 291-303

Mamuneas D, Spence AJ, Manica A, et al. Bolder stickleback
fish make faster decisions, but they are not less accurate.
Behavioral Ecology, 2015, 26(1): 91-96

Manassa RP, McCormick MI. Sociad learning and acquired
recognition of a predator by a marine fish. Animal Cognition,
2012, 15(4): 559-565

Millot S, Cerqueira M, Castanheira MF, et al. Behavioural stress
responses predict environmental perception in European sea
bass (Dicentrarchus labrax). PLoS One, 2014, 9(9): €108800

Pérez-Ruzafa A, Marcos C. Ecology and distribution of
Dicentrarchus labrax (Linnaeus 1758). Biology of European
Sea Bass, 2014, 3-33

Ramasamy RA, Allan BJM, McCormick MI. Plasticity of escape
responses. Prior predator experience enhances escape
performance in a cora reef fish. PLoS One, 2015, 10(8):
€0132790

Reebs SG Can a minority of informed leaders determine the
foraging movements of a fish shoa? Anima Behaviour,
2000, 59(2): 403-409

Reiriz L, Nicieza AG, Brafita F. Prey selection by experienced
and naive juvenile Atlantic salmon. Journal of Fish Biology,
1998, 53(1): 100-114

Rosenthal SB, Twomey CR, Hartnett AT, et al. Revealing the
hidden networks of interaction in mobile anima groups
allows prediction of complex behavioral contagion.
Proceedings of the Nationa Academy of Sciences of the
United States of America, 2015, 112(15): 4690-4695

Rystrom TL, Bakker TCM, Rick IP. Mate assessment behavior is
correlated to learning ability in female threespine sticklebacks.
Current Zoology, 2019, 65(3): 295-304

Shettleworth SJ. Animal cognition and animal behaviour. Animal
Behaviour, 2001, 61(2): 277-286

Shohet AJ, Watt PJ. Female guppies Poecilia reticulata prefer
males that can learn fast. Journal of Fish Biology, 2009,
75(6): 1323-1330

Sneddon LU. The bold and the shy: Individual differences in
rainbow trout. Journal of Fish Biology, 2003, 62(4): 971-975

Strandburg-Peshkin A, Twomey CR, Bode NWF, et al. Visual
sensory networks and effective information transfer in animal
groups. Current Biology, 2013, 23(17): R709-R711

Swaney W, Kenda J, Capon H, et al. Familiarity facilitates
social learning of foraging behaviour in the guppy. Animal
Behaviour, 2001, 62(3): 591-598

Vega-Trejo R, O'Dea RE, Jennions MD, et al. The effects of
familiarity and mating experience on mate choice in
mosquitofish, Gambusia holbrooki. Behavioral Ecology,



%2 B AR R XN T U B 4 AT O ORI PR R AR Y 5 111

2014, 25(5): 1205-1211

Warburton K. Learning of foraging skills by fish. Fish and
Fisheries, 2003, 4(3): 203-215

Ware DM. Predation by rainbow trout (Salmo gairdneri): The
effect of experience. Journal of the Fisheries Board of
Canada, 1971, 28(12): 1847-1852

Webster MM, Whalen A, Laland KN. Fish pool their experience
to solve problems collectively. Nature Ecology and
Evolution, 2017, 1(5): 0135

Zhang PF, Chang Q, Chen SQ, et al. Diet feeding rhythm and
analysis of gastric evacuation associated mathematical

models in juvenile Thamnaconus septentrionalis. Progress
in Fishery Sciences, 2020, 41(1): 104-111 [k K, #%&,
WRVOYE, A5, fxfig O il 2y s g5 B N B R
RIWEST. b R#dE R, 2020, 41(1): 104-111]

Zhou CW, Le L, Deng XX, et al. Cloning, tissue expression

profiling, functiona characterization of corticotropin-releasing
hormone (crh) on feeding in gibel carp (Carassius auratus
gibelio). Progress in Fishery Sciences, 2019, 40(3): 69-79
UElsfe, 0%, XBERE, . R0 crh ATk, A4
PRV B A R . il BLE g, 2019, 40(3):
69-79]

(% BIER)

Effect of Experience on Behavior and Parameter Correlation in
Juvenile Seabass (Dicentrarchus labrax)

HU Yu™ LIU Ying"? FAN Jize*?, ZHOU Cheng"? ZHANG Zhigiang*?, MA Zhen'?"

(1. Dalian Ocean University, Dalian  116023;
2. Key Laboratory of Environment Controlled Aquaculture, Ministry of Education, Dalian  116023)

Abstract Learning and information transfer are two important parts of fish cognitive processes. This
study aimed to compare the time and behavioral parameters of juvenile seabass (Dicentrarchus labrax)
with or without experienced individuals under a specific environmental condition. The experimental
device was “L"-shaped and consisted of three 60 cmx60 cm test compartments made of PV C material.
The two adjacent compartments were connected by a cylinder channel with an inner diameter of 12 cm
(i.e., first channel and second channel). The experiment comprised two trials: The first tested the time and
behavior of an aone fish (AF) to complete the task, and the second tested the time and behavior of
inexperienced fish (SF) in the presence of experienced fish to complete the task and the correlation of
behavioral parameters between pairs of fish. The results showed that the time for the AF and SF to pass
through the second channel was significantly lower than that through the first channel (P<0.05),
regardless of the presence of experienced fish. Over the entire experiment, no significant difference was
observed between the times taken for AF and SF to pass through the second channel (P>0.05), but less
time was taken in the second trial. The pairs of fish showed similar motion trends within 10 min after they
first met and kept the relative movement distance within one total length. There were significant
correlations between the pairs of fish in terms of the distance moved, velocity, acceleration, turn angle,
and activity. These results suggested that inexperienced fishes behavior might be influenced by an
experienced individual, and that inexperienced fish might obtain more complex information in the process
of exploring their environment.
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