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The effects of predation stress and chemical pheromones on individual and

collective behavior of crucian carp
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Abstract: External cues such as Chemical alarm cues (CAC) have been shown to have a profound impact on individual
behavioral responses of fish, yet the impact of such cues on collective fish behavior has received scant attention. Due to the
presence of predators in the habitat, fish are at great risk of predation, and predation stress has been proven to change the
behavioral response of fish at the individual level, thus affecting the group cohesion and coordination of fish. The aim of this
study was to investigate the effects of predation stress and chemical pheromones on individual and cluster behavior of

juvenile caucian carp ( Carassius auratus). The study measured the individual and cluster behavioral responses of juvenile
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crucian carp to four chemical pheromones (e.g., water, food, CAC, and predator information) under different predation
stress intensities ( predator-free and predator-present). Our results showed that: (1) In the predator-free stress treatment
group (control group), the introduction of water and food pheromones significantly decreased individual swimming speed
and activity duration, whereas predator pheromones significantly increased these parameters; following the introduction of all
four chemical pheromones, individual rest time notably increased. (2) In this control treatment, the individual swimming
speed and group movement speed of fish were significantly reduced by addition of water and food pheromones. The injection
of CAC and predator pheromones resulted in an increase in group movement speed, while the injection of CAC resulted in a
decrease in individual swimming speed synchronization and group polarity. (3) In the predator stress treatment group
(experimental group) , the addition of CAC and predator pheromone significantly increased the group movement speed and
group movement time ratio, while the addition of food pheromone and CAC increased the distance between individuals and
the nearest neighbor distance of fish. The addition of water and food pheromones decreased the synchronicity of speed, while
the addition of predator pheromones decreased the synchronicity of speed and group polarization. Our results suggested that
at the individual level, predation stress decreased the behavioral response to chemical pheromones, and at the population
level, predation stress and chemical pheromones both decreased the group cohesion and group coordination of crucian carp.
Crucian carp exhibited heightened sensitivity to chemical pheromones under predation stress as opposed to non-predator
stress conditions, and the group formation of fish under predator stress displayed increased disorder and dispersion in their

movement.

Key Words: Carassius auratus; chemical alarm cues; predatory stress; individual behaviour; group behaviour

MR AT N AR B 2 ) AT B N2 — BRA—2F L b 2ede HoAR s
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7.0 mg/L) , ANXl i it AR SEUIME W Ab FRZH Y SR £ A £ T B0 AT = Rk R B R UK YA
SR JSE WL S , o Jm B 97 T S A ) A A KM 2 o AN

F1 RBENEEMEK (n=240, FHHARMEDR)
Table 1 The body mass and body length of the experimental fish (7=240, Means+S.E)

SR IR Experimental treatment Xt HEZH Control treatment B F M Significance
Parameters R eI BRI R F P
FEAS T Sample size/n 20 20%5 20 20%5 / /
KT Body weight/g 3.93+0.08 5.15+0.34 4.55+0.07 5.98+0.45 1.089 0.344
4K Body length/cm 5.30+0.05 5.88+0.15 5.45+0.04 6.09+0.18 1.537 0.075

1.3 Frhaeiil
1.3.1 B X%

(1) 7K LU 785023 24 h OS2I Y A oK, 127K A T s S K - 15 92 56 91 P 3R 88 ok (A (4
—%,

(2) BYIME BEN & fl & aYs BE RO, B H 7 IEFRBNLH B Rk 4Rk 100 ¢ J5 8 A bS
e A 23 78 /0 B A7K 22 2000 mlL, ARYE FSL6 45 FI2 0 12 h 5 ad i 2 BRpukiy) i, il & A% 1:20 B9
ISR

(3) CAC il & . EHURI A (8 (/R H (5.124£0.22) g M (5.68+0.05) cm, n=45) HT CAC W4,
50, W BRI 5 S A DT Sk 358, IR AR IR A (UK 3R ) TR 30 B B AR W g Pk 4 4, IR 15 i A
SR T o5 8 I 118 Mg JOR A S AR S A oI G SRR 1 DR 7K T o0 T B 66 36 1 A B B e . N 5 0 Rt ok
YEHC B AR 20 ml/em® S A B CAC VTR, K il B A0V R 43206 3 0 () B 38R TP 0 5 1 - 20 C R VR UKAR A
A

() HEHEEZEN . T SE MM h R SRR EEE R A BYRENEL, N TR &
HAG BRI, AR F R BB UER & & (5 B IR AR X S B ), 1 ek i — A
T 08 (R 289.05 g, 44 33.7 em) # 1 ¢/150 mL () BEARF B TR H KK 24 h 5 &k
WP fE BT, WIEREE B RS S YL 8 AR R — B0, TR 5 085 RS 28 [RAARBUR /N g
SHERAKAFIRUL 24 h, BRI B A A3 3 50 mL A AR IR E T 20 C R IRAE A
1.3.2 WEH

AW 5T R 2 AN B3 3 e 15 KA (AR
50 em, BE S 20 cm, KR 8 em) VE N MEFIEEREFT MY
I B (B 1) o KR A RS 3 A0 P B A TG 3 1
G 2R, DA DA AR B € A0 K R JES 35 22 ] F B 6 25 5
RS S U0 2 BT R RS R AR KA
JAREE K A3.0m 558 1.5 m FlE R 1.5 m (X
OBF PR 1S moE R A AT, DR LR E 1)
SCUIREE , LERTE KA IE by % — A S AL
Y = i 1% 3k ( Logitech Webcam Pro 920,25 Mi/s) , H
TR s A AR = AL B R K IEA G A
PR REAT I IS AR KR DA B 2 18 HL K 45 H1 FREFANTHIFAREE
B AT T P [ 2 4 mm . K 1.5 m ) Fig.1 Behavioural test device used in the present study
REF T S48, L B4 IS o B B /K 087 0.5 em I HL 1 5
A P — ity 1 12 B A S NG
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DCHT , Soks fp R fa sl R M FFAS 12 24 h, KPR M0 (B ) 78 2 /KA GE 1 15 min, 386 W 45
Je FRERAR SR AT R £ (B AR ) IAT M RREAE SN 3 s B = FUKTE AT AR FA I ]2 5 min, B
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T 525 KR8 AR FF— 30, B0 1 A0 AR ) R A e & o 3 3, DU KR BE H IR
BHRAEFERER, BRA(BARE) 7E =M FRER(BYW . CAC HMEHEE) HUKIEARG AT A RIEY
FATEPIIR A7 ] 1 45 SE A PR R S 30 55040 A - 3 (B 3RATE
14 fTASHEHR

11 RUHA R 58 UR >R RS U (5.9.0) B4 B $0 85 i BUASURE A o AV ks 2 R A3 2 B 328 4
MIPEG , WUECH B:RD 25 Wi, SRS FIHT idTacker BPFI3Ar 4R A5 1 8 £ f Wit A9 AL BR800 . AT Tmage) (1.1.3.67)
B AT AR R ARG8T S AR RO S B A B, B THAE I B MR BRI AT S8 ARF
FEH AT FAR BT SEAT 5 min AESFS 09 5 min 20l . 580 AR bR A A SR B IS T R RIE AL A
{AciE Pk EE (Individual swimming speed ) |32 B[] L (percent time spent moving, PTM) | ## 1} [i] ( Freezing
time) /MAIZ BB E] (Total movement distance ) 5528, BERAT R RRAE AL A5 ARG DK RE A4 i vk 32 )
1 (Synchronization of speed) AMAE]HEES (1ID)  F VT AP B (NND) BEAE 33 FE ( Group speed ) BRI Z
A L ( Group PTM) BRI ( Group polarization ) 55544 NSRRI E i aa - X Il N

(1) MARGFIKGERE (v, em/s)

('xt_xt—l>2_< I t—l)2
ni(1)= e (1)
Ao x iy WIS 0 AR ¢ 2 RORE AARBRAE , x, Ry, 3Rt i 78 -1 I ZIA9RE DARBRE  d,
Mot ) s [B] TET B (1725 )
(2) MRUFIGEE R (S, , ToHAL)
S, PR BEA rP AN A vk EBE Y TR A A F 0—1 22 0],

vi—vj
S, =1- (2)

vty
St o, T, 0 BFEETES £ O
(3) /MR ES (1ID, cm)
11D 75 BEe A5 2 TP S0P () AP REGRSER Ty )
() =13, /Te () =50 7+ (1) = (D) T 3)

Sl Bl e A RERES i FAE ¢ IR AR PR sy, Py R S0RE 38 i 07 ¢ IO VAR s = 5
(4) FE4PEEES (NND, cm)
NND 275 66 5 2 i 5 00 U 7 5 P B 0 /M (o) , DA REREPAE 3 ) 27
NND ()= min, .,/ Tx,(1) =2,(0) TP +[y,(1) =y,(1) 17 (4)
S e e SR FRS i 1 o 0O RE R Ry 0y g TSR 0 LA ¢ IR LA B AL
() FEETL(G,, G))

_xl(t)+x2(t)+x3(t)+x4(t)+x5(t)

G.(1)= 5 5
G)‘(t):yl(t)+y2(t)+y3(5t)+y4(t)+y5(t> .

A2, (0) (1) s (1) 2y (1) s (1) 2350008 5 R ATE ¢ NP RIREARARAE v, (1) v (1) wys (1) vy (2) Jys () 2350
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H 5 BMTE W2 HAEBRE,
(6) FARIZZhH L (G, em/s)

G.(1)-G,(t=1) I’+[ G (1) -G, (t-1) ]*
[G.(1)-C (¢ Jd+[ (1)=G,(t=1) ] -
K, 6,(0) G, (1=1) S FIR B OTE ¢ =1 I ZIPBEARARE ; G, (1) B G (1=1) 23 SRR A TR0 AE ¢
= 1B ZN A DAL R 1E 5 d, Z270 PP R ) RTBR ( 1725 s)
(7) Bf{ARiz gt ] e ( Group PTM, % )

G.(1)=

moving

GroupPTM = x100 (8)

total

KM, T RN RS T (G, =1.75 em/s) BRI T, F8 WAL AREAY BT (300 5) o

(8) BEARAME ( Group polarization, P)

WAET i SR HRS B FF R A T 0—1 ZI0), e b BT A A LA 1) 26 % — 2505 1] HES I, P
{ER 15 S b A AR L7 A B 58 20 i 5 X HES B P AER 0,

ZORE D10 (9)

oo, (0) MR i BB ] IS Bl i 38 B T TR N o= 1 B 20 AR BR s A8 1] ¢ B2 AR AR A n =5

(9) PR3N S (TSD, cm)

TSD, = % v, (1) X At (10)

b, Ar ZHE]ERE (1/25 s) 3300 AR E] (s) o

(10) Fr 1EBS 8] ( Freezing time, s)

LIRS B0 T o A2 4 BRI f0 BT IS B BE /N T 1.0 em/s BFAAT R ARAS | AR ) 2 78 R AR
T LR TR A B B[RSV
1.5 HdEgit5 00

AHFFE A SE AR Excel (Office 2020) 84 i#E 478 #ITH AN SPSS 25.0 #1748 it 53 4. R H—#%
LMK S B a8 AL 2405 B R MARAT AT I e, AR B 8 Ak A5 B R I
DU B T Ay [ 257, AP RTREAAR AT o4 1 S 850 Can A IR Tk B S R I Dk 8 B ) 20 1 | e b BoF 1) SRS
BRI EE RS O AR B BERER B IS 2 I [R] LU IR PR ) S LA AR AE (BP 100 x (R ZfH -
VIR TED) /WG 1) VE by R A8 ok, 7 4 8] a8 20 P9 A 2 5 U)ok FH B IR 3R 5 22 43 17 ( One-way ANOVA ) Jf:fifi
Duncan’s Z H BRI T35 LR, RATECRT T K560 FE GRS S0 S B T 22 2% . IrE St E
BIPLSE-BE AR IR (MeanSE ) " 8, E MK E N P < 0.05,

2 HR

2.1 e WA Rk 2E (S B L fa R T R AR

FEICAE a4l K A E Y (5 B3R AT S 20 R IR A B4 £ AN A i kB AN PTM 3 I 2 A1, 1L
S EHE A BRI S T B R I ) )y £ A A K GH B AT PTM, I EUIMA B (5 B R 5 B R I Y
By £ A AR VK GHURE RN PTV AR R AR T AR B35 15 2R BT SR B T PTM(P<0.05, 181 2,38 2) , &
Joip6 %o B N 3y B 0y £ A PR VKGR BE R PTML ¥ 6520 ( P>0.05, 81 2,38 2)

FETCHE R A, A = Ah A2 A5 B R K 5 SR Ik e 1 B ] 25 (2 3 8m (P <0.05, &1 3, %
2) , A 3h EBE B A1 8 & AR (P<0.05, (81 3, 3% 2) . TEA Al rh , 7E VR oK J5 o R i v i e
A B ] S S R I (P<0.05, 181 3, 3% 2) BAE A {5 B R AU & (5 B Z FUKJE R I A 84~ 455 5
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#H 45 &

BRIE B B E AR (P<0.05,81 3,3 2)

®2 WEEMEBNLZESEINNHEMITARMNSEITER

Table 2 Statistical results of the impact of predatory stress and chemical pheromones on individual behaviour of juvenile crucian carp

TISH i pee P sl AR R ZHAEM
Experimental parameters Predator Chemical pheromones Interactions
AMATE YK E B Individual swimming speed/ (em/s) F=1.968, P=0.162 F=5.274, P=0.002* F=1.130, P=0.337
& Zf A H Percentage time on moving/% F=1.017, P=0.314 F=5.035, P=0.002* F=0.792, P=0.499
# 1A} ] Freezing time/s F=0.166, P=0.684 F=2.921, P=0.035" F=1.186, P=0.307
AMAE B EEE B Total movement distance/cm F=0.742, P=0.390 F=5.364, P=0.001" F=0.756, P=0.520

Ox e KCAC O Hed

2.5 ¢ 160
= 140
E
S 20rF 120 |
* o
E - b < 100 F *b
2% 3 80
22 Vi o 2
g g 4&&) ) 60
E=le o=
=5 10t BE 40f
<o ab BE
s *abh *a ®E 20F
Z a &~ L1
z 05 SER L T
il i T
3
0 ! g 40|
IR B xR B 60 wap ab
N N 80
Before injection After injection -100 L X 2R Sy
Control group Experimental group
60
120
£ s0f 00k *b
e
g - *b 2
2 g 40 1 E 60
= § / 2B
22 30f| | Sg 30
E ‘3 ab .E g T
| RE O
: "ab 92
5 *g 3930} J
£ 10} 5
o
ﬁ 5 -60 | ab
o
O Il 1 ! *ab
R Sl R4 KRl or *a
FENHT N 0l el it
Before injection After injection Control group Experimental group

B2 RN T 84N E B A0S 3 e i) B A A E
Fig.2 Changes in individual swimming speed and group percentage time spent moving of juvenile crucian carp tested in individual fish
* FREBIALZA05 B RGBS E0E 57 (P<0.05) , ARVNE FREFOR R — A A A 84 0 AE S AL 205 B3R5 A 35 22 5% (P<0.05) ;
CAC: LT

2.2 HEWE S B XL LR T R R

FETCHEE W aa gl YRR I 7 0 S5OE (A 3K 1 680 4 0 A (R Y Dk 28 38 R AR A2 okt B 347 I 35 FRAIG
(P<0.05,18 4,3 3) ;7 EA CAC FHH & #1525 FEAR DL () 80 2)y £0 3 (42 2 3R 34 1 3 14 hn ( P<0.05, 1]
4,32 3) , IATKJE BRI B4 o (A Sl a] L A, (E2: 23 i A& R & 38 15 5 28 5 BRI 3
()4 e R EARSZ B B) EE A (P<0.05, 814,26 3) .
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Table 3 Statistical results of the impact of predatory stress and chemical pheromones on the shoaling behaviour of juvenile crucian carp

Z Gl E] LI T

3]

FISH b A5 BAL 3 2EHAEH
Experimental parameters Predator Chemical pheromones Interactions
AT Individual swimming speed/ (cm/s) F=12.192, P=0.001" F=1.539, P=0.205 F=2.106, P=0.099
HEAAZ 3133 Group speed/ (cm/s) F=12.729, P<0.001* F=2.145, P=0.095 F=0.910, P=0.437
FEAAIZ B E] L Group percentage time on moving/ % F=14.398, P<0.001* F=2.395, P=0.068 F=1.689, P=0.169
AMAENIE B Inter—individual distance/cm F=0.015, P=0.904 F=1.069, P=0.363 F=2.834, P=0.038"
B4R B Nearest neighbor distance/cm F=17.963, P<0.001* F=0.867, P=0.459 F=4.699, P=0.003"
AU PKH BE [ 25 Synchronization of speed F=10.125, P=0.002" F=1.105, P=0.347 F=3.705, P=0.012*

AR Group polarization

F=26.619, P<0.001"

F=4.141, P=0.007"

F=3.310, P=0.020"
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