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Chemical alarm responses of four freshwater fishes in breeding period and their

correlations with gonadosomatic index
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Chongqing 401331, China

Abstract; Chemical alarm cue (CAC) plays an important role in the fish predator-prey interactions and is closely related to
species fitness. In recent years, it has become a focus of behavioral ecology, conservation biology, and restoration ecology.
Epidermal-damage-released chemical cues (DCAC) are typically released during a predation event and, therefore, serve as
a reliable indicator of immediate predation risk. The sensitive avoidance of predation risk sources allows prey to increase
their probability of survival by detecting and avoiding potential predators but is costly in terms of reduced foraging or mating
opportunities if the emerging chemical cues do not represent an actual threat. Noteworthily, a small number of previous
studies have demonstrated that some species of spawning Ostariophysians seasonally lose their alarm pheromone cells and
alarm responses to DCAC. Moreover, the correlation between the intensity of chemical alarm responses and reproductive

physiological inputs (e.g., gonadosomatic index, GSI) remains largely unexplored. In view of the great energy demand for

EETR . HEARBEIESE FIH (31770442) KT ASRBHFIE ST H ( cstc2020jeyj-msxmX0701 ) 5 B P B 2% A 63 0] [0 A5 2 #:531
1 (x2019135) 3 B R ITTE R H AFR R A A B & 1140 (14CSBJO8)

175 B H#5:2020-02-22; ¥ £& HH kit B 8 :2021-05-20

# WM IHAEH Corresponding author. E-mail ; jigangxia@ 163.com

http ://www.ecologica.cn



6084 A E = 41 4

both breeding inputs and chemical alarm responses during breeding in fish, there may be trade-offs between the two based
on energy supply and demand. In this study, four freshwater experimental fishes during reproductive phase IV with
significant differences in breeding inputs and breeding strategies were used as the experimental models. They were rose
bitterling Rhodeus ocellatus (an egg-laying fish) with very low breeding input, zebrafish Danio rerio (an egg-laying fish)
with a bit high breeding input, guppy Poecilia reticulata ( a live-bearing fish) with abit high reproductive input, and mollie
Poecilia latipinna (a live-bearing fish) with very high reproductive input. The changes in behavioral parameters of the four
experimental fishes in response to DCAC were measured using EthoVision XT 9.0 video tracking software. The correlations
between the intensity of chemical alarm responses and GSI at different DCAC concentrations in the four experimental fishes
were determined. The results showed that the changes in most of the behavioral parameters (i.e., bottom-dwelling time,
motionless time, swimming distance, body fill, average speed during the movement and highly mobile time) in the four
experimental fishes were significantly affected by DCAC (P<0.05). No significant correlation was found bhetween GSI and
changes in the chemical alarm behaviors (P>0.05), except that GSI showed a significantly negative correlation with the
change in bottom-dwelling time in the species (i.e., P. latipinna) with the highest breeding input at the high concentration
of DCAC (P<0.05). This study answers the long-standing question of whether the chemical alarm communication in
breeding fish is weakened or even absent. The findings demonstrated that all four fish species with different breeding inputs
during reproductive phase IV had significant behavioral responses to DCAC and suggested that the GSI was not related to the

extent of chemical alarm responses in most fish species.

Key Words; chemical alarm cues; reproduction-survival trade-offs; reproductive input; oviparous-ovoviviparous fish;

fish behavior
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BR (Bt =) o SASIELL BB AR, A BT 5 2 M g 1A 5% e ( A= | SO AR AR ) (BE £ ( Danio rerio , B
e EHER A S FLAE L Poecilia reticulata , YORGHE , EHEBNBE =) L BR 4 ( Poecilia latipinna , WP G, %
FAAEAAR 7)) 4 FRAK AN ICH R G (B 1), IE 1 58 TV I S8 0 AN [V DCAC AT A i i A5 =
FERIT T 4 PRSI £ ) fb 2 e i b 5 Ho: iR 8 %2 ( Gonadosomatic index, GSI) Ay ICHEK

1 #MREFE

1.1 SE5sh¥)

SEEG T 4 FhSLin AR CAE SR = KIS, X 4 IR R R TN  E LR E A TR TS
TRAE B IR A B s ST A PR LG A A AR A AR I T AR A BRI A PRIE S B I R AR —
ok, SEHHT B A LR A R SR T 12 > 24 L B FUIE PR KA (40 emx23 emx42 em, SEFR/KIRL) 26 cm; &
FRSE 035 3 AFAT) I T LI s 5 FOISRIE N 2 J5, PIF=HAIE], 5286 KRS 24 h DL EA FORZK, K
IR (24+1)C IBEMERT 6.5 mg/L, W 14 L:10 D, 4 H 51 (09:00 F120:00) LA K% K 22 85| ( Tubifex
spp. ) A LRI 1 AR ME 15 min J5, W A TR L FEEEIF 4 1/3 KK, YIFREGEA S, RS TR K/
T FLTRUAR A1 258 IV A AR F DCAC i85 LA K e AT Rk, ZEHR IV %) 0 1y L S 36000 e &5 o J X
PERR ) 2 RO AR | A B IV AR AH G e A T 48 it 537 o
1.2 DCAC #l%

W S8 A0 i o 5 TS AR BT IEAEARIR S5 (UK B ) U ) 5 A 0 000 Bz JER 28 20 EAE B 38 1 T R
KNSRI i 3R 25 11 B e 2 20 AR B A2 v i AGE 2 KK FE 0 BF S 6 3 1 A I e L N i i i i O
RARCHI AL 10 mL/em® &4 DCAC YRR, K45 FhSE5 6.9 DCAC B 43 3 B B 4326 245 T 10 mL f/h4%
HF-20C R RIRAT, — JE R T30 58 . MR DI SE 0 25 5 T R se S0 i 72, BRI LRP L 56 4.4 DCAC
SEFETER
1.3 LR HE

Xop RS20 8 P 10 mL [ 2RK (XFHRZH) (2.5 mL DCAC+7.5 mL [ k7K (fK¥& B DCAC 4H) .10 mL
DCAC (=¥ E DCAC 41) 3 b5 BAL AL Xk BE 43531 0,0.025 0.1 em®/mL 1) B2 ik 41 SU0FBE W
SN % £ M B ) T KA (60 emX 11 emX36 cm, SEFR/KER 26 cm) o K5 SLI6 M 55 78 = S KAl I
Y5 20 min B3 B (KIS BUSE IR AF 78 45 5 , 20 min J5 46 K 2 509256 10 R 08 R S K 441, R F R Ui
WORZS ) o ZEBEIA AN DCAC FIvKiR Ak, @ W 45 35 , F 1% 3k ( Logitech Webcam Pro 9000, 15 115/ )
TR S SE 6 8 B9 AT g W N AT E] S 5 min (Pretest) 5 25 , R FHUEST 8843 50K 10 mL 59 [ e K 8iA [ e
FE) DCAC T8 3 45 18 2% S8 HE A SEI6 /KM (ERVERTE] 9 20 s IFZ5F 20 s FOMAEBRAVEIR 30 5 3636 gk A% ic
5% 5 min(Posttest) , SEEG B 3 ANIK/KAE (>l f5 B BEREALE A 1 4, BioE 1 ANEE KT
A S KA v e 3 3 B ORJC DCAC DL IR A 225 EAR B . A0SR il 0 ), AR /K 5T 25 14 5 I3 3 ] £
Fr—k,

11RO EE H T 45 547 DR X 7 %) 552 35 £ ] MIS- 222 JBR T Ji e 51, A D0 G i SR bR 5 % 1
BUARREE A AT RO RO e A ARG MERR R, IR DL - S 805 P IR 4E £ (GSL, GSL=m//m x
100, 20H m' m S35 PERREAAT ) . ARG SR IA B g e T A T 258 IV B MR T4 b, &
A 2EA(E BAC R | AR BE L FLAE f0FN Kz BR A0 8 F TS FOREAS T 20 5018 n=28 .n=25 n=28,
n=28, 4 MSLE ) GSI 2R B E (K 1,% 1),

1.4 HdlEatr

& H Noldus zh¥)iz sh#1 BRER B (EthoVision XT 9.0, Noldus, Netherlands) X} A sg il AR AT 7347
T 3 0 S 6 £ 2 () AT RS AR AV B[] A, R 7 B 22 S 56 /KA RS 3R S em S TR PN H B P[] ) 3% BROIR 25
(VAFR IR ] G2 Bl R R G2 31 1 B A B AN E 5 B SRAE e L oDR 28 1 S W s o Sy S 56 00 1) BT 5 %
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PERITT 22550 R AR Z P07 22081 (LA GSI AR &) Fil Tukey’s HSD £ LKL 36 25 57 i &£ |, Pearson
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Fig.1 Diagram of the morphology and gonadosomatic index of the four experimental fishes

x1 AMTBENESSBEERER
Table 1 The morphological parameters and gonadosomatic index of the four experimental fishes

(ESER

SEYn (SIS (NS 4 Ji . AR

. . . R Gonadosomatic ;
Fish species Body length/cm Weigh/g Gonadal weight/g . Sample size

index ( GSI)

FREEER Rhodeus ocellatus 3.81+0.035 1.19£0.035 0.034+0.002 2.67+0.142a 84
BE £ Danio rerio 3.44+0.030 0.884+0.028 0.134+0.006 15.2+0.536bc¢ 75
L&A Poecilia reticulata 4.39+0.029 2.08+0.030 0.298+0.011 14.3+0.458h 84
W ERfa Poecilia latipinna 3.10£0.029 2.26+0.042 0.410£0.022 17.9+0.862c 84

B LIS B AR R ER s A F/NS FRE0R ST AU ) 22 57 8 3%

2 #R

2.1 AREETVES BN 4 BRI 0 04T A e R )5 e

DCAC X 4 Fps o o 1 16 2% T8 A7 0 B4 352 W), N 8] 28X DCAC W AT R I 228 AN )R A ] (3% 2,
K2), R, DCAC T3040 RS I [E] A& 1 BB ( P<0.05) S0 3G ka3 12 o B g A SRR &
B W (P<0.05) i 180 R, DCAC Xz ol 72 3 B 0 i 2 %2 0 ( P>0.05) , BRFL4E f4h DCAC X
HAZ Bl A [A]JC 2 50 (P>0.05) o LA, e BE MR DCAC b BN B B R AN T A B LIAMO T S8
PT6 0 2500 ( P>0.05) .
2.2 4 FPSCE fafh A TV I N 5 GST Y OGHK

B T R DCAC AbFRZL B2 BR A1 GST -5 RGP s 8] 9 28 46 Ik 2 A0 ¢ (r=-0.405, P<0.05,3% 3) , 7E L
BAIRA LA S e R R R GSI 5 Ak 2= iU e 1 S AR A B 3 AR OCHE (P>0.05,38 3)
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Table 2 The effects of chemical cues and gonadosomatic index on the behavioral parameters of the four experimental fishes

. A BFTY g
N AiEEhE . A FHiE
A TR /s X A sz A BIER R/ (em/s) FIREs)

A F 1R /s B/ cm N 6] /s

Bottom- . . L HEE/ % Average speed .
L Motionless time Swimming ) . Highly

dwelling time . Body fill during the S

distance mobile time
movement

e P peac M= 0926, H = 3.602 H =189 F = 24.90 H = 0.010, H=0.225
Rhodeus ocellatus P = 0.400 P =0.032 P =0.157 P<0.001 P = 0.990 P =0.799
sl H = 0.098 H = 0.001 H =0.793 F = 1.052 H = 2382 H = 1.653
P = 0.755 P = 0.974 P = 0.376 P = 0.308 P =0.127 P =0.202
B DCAC F =9.709 H = 6.745 F =4242 H = 6.259 H=1.116 H = 1.047
Danio rerio P<0.001 P = 0.002 P =0.018 P = 0.003 P =0.333 P = 0.356
sl F = 0.496 H = 0.060 F =0.019 H = 4817 H = 0.362 H = 0917
. P = 0.484 P = 0.807 P =0.891 P = 0.031 P = 0.550 P = 0.341
L DCAC H = 1.261 H = 5.345 F =9.074 H = 5734 H = 2543 H=4732
Poecilia reticulata P =0.289 P = 0.007 P<0.001 P = 0.005 P = 0.085 P =0.011
sl H = 0.270 H = 0.856 F=0.112 H = 0.270 H<0.001 H = 0.003
P = 0.605 P = 0.358 P =0.739 P = 0.605 P = 0.996 P = 0.960
gkt peac  H= 1186 H=18.78 F = 14.64 F=1539 H=0484 H =139
Poecilia latipinna P<0.001 P<0.001 P<0.001 P<0.001 P =0.618 P =0.253
Gl H = 1.056 H = 0.006 F = 0.386 F =0.203 H = 0.746 H = 0.151
’ P = 0.307 P =0.937 P = 0.536 P = 0.654 P =0.390 P = 0.698

DCAC; 3 BB BER i AL A T 5 Damage-released chemical alarm cues; GSI. PEIRFEEL Gonadosomatic index; P<0.05, %5 %

R3 4TIREAUFZTE WL S ERRIEHAY B

Table 3 Correlation analyses of the behavioral parameters and gonadosomatic index in the four experimental fishes

NESHFY
AJRHERELs  ABRIERHE/s  AGEEIEERS/em A AR R/ (em/s) ;E/L
Bottom-dwelling Motionless Swimming EAE/ % Average Hiehl Sb‘]
time time distance Body fill speed during & V mobre
the movement time
N r=0.266 r=0.203 r=-0.122 r=-0.330 r=0.021 r=-0.082
s IR Gl P.=0.171 P,=0.301 P,=0.536 P.=0.086 P,=0.915 P,=0.680
Rhodens ocelams [EREE DCAC r=0.070 r=—0.123 r=0.140 r=-0.161 r=0.074 r=0.102
: P.=0.723 P.=0.534 P.=0.477 P.=0.413 P,=0.709 P.=0.607
o r=—0.241 r=—0.143 r=0.180 r=0.322 =0.203 r=0.221
RV DCAC P,=0.217 P,=0.469 P,=0.359 P,=0.095 P,=0.299 P,=0.259
_— - o (70010 r=0.098 r=0.001 r==0.290 r=0.011 r=0.119
= ' P,=0.964 P,=0.640 P,=0.997 P,=0.160 P,=0.957 P,=0.571
P P r=0.293 r=0.227 r=—0.164 r=-0.020 r=0.016 r=0.193
: P,=0.155 P,=0.275 P,=0.433 P,=0.926 P.=0.939 P,=0.355
— r==0.110 r=-0.203 r=0.226 r=-0.085 r=0.292 r=0.243
P,=0.600 P.=0.330 P,=0.277 P_=0.685 P,=0.157 P,=0.242
" B r=0.206 r==0.010 r=0.037 r=0.013 r=0.119 r==0.090
flit XA oSl P.=0.292 P.=0.960 P.=0.853 P.=0.947 P_=0.545 P.=0.649
o ) r=0.185 r=0.219 r=-0.247 r=-0.256 r=-0.156 r=-0.186
Poecilia retieulata [T DCAC P,=0.346 P.=0.263 P,=0.205 P,=0.188 P.=0.428 P=0.343
. r=-0.104 r=0.059 r=0.042 r=0.022 r=0.086 r=0.105
PV DCAC P,=0.598 P,=0.766 P,=0.831 P,=0.910 P,=0.664 P,=0.595
) r=0.073 r=0.334 r==0.192 r=-0.295 r==0.003 r=0.186
Bkt XA oSl P.=0.710 P_=0.082 P,=0.328 P,=0.127 P.=0.978 P,=0.344
b . r=—0.143 r==0.315 r=0.215 r=0.072 r=-0.286 r==0.098
Poccilia latipinna ffek i DEAC P_=0.468 P.=0.102 P,=0.272 P,=0.714 P.=0.140 P.=0.620
ST DCAC r=-0.405 r==0.061 r=0.188 r=0.123 r==0.060 r=0.102
P,=0.033" P,=0.759 P,=0.339 P,=0.534 P.=0.761 P.=0.604

# P<0.05, L7 0%
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Fig.2 The effects of chemical alarm cues on the behavioral parameters of the four experimental fishes
DCAC: K EMARBEIA AL T {5 B, Damage—released chemical alarm cues ; AN[F)/ING 7 2R [l —Fh S 56t A9 7l o2 £ S A TR H [R] 22 5
B3 (P<0.05)

2 U 3 TR £ 288 X Al £ XU, — A 8 ) A A5 SR, AR T, #0285 DCAC 177 A S AT g I 28 B
Je— PP FERE M A B A A R FEAS IR A T 0 B BEEURR E AE BIDIRAS R A AR A 1 I O T R
T - AR ZEAE (Trade-offs ) o 140, Brown 2811 % B, B8 Sk B 461 ( Pimephales promelas)
U 48 h 54T DCAC AT RN, i B AL A LA (12 h DAPY ) RS2 58 fa 2 s s e 2 i 1k 2
TRUEAT Ay (AT T 4 ot P s i) 384 T P 8 2 Witk A B AT T R 45 ) 5 JAbt , McCormick 2617 R B, R A&
VI35 1) B YEGY ( Asterropteryx semipunctatus ) B DCAC ANBEWS 5 & [RIFh AN ) Al 27 T2 0w B, T 2R B 1 & P50
AR DCAC AVRERS T BURIFh A A A 1 25 i A2 00 17, B2/ B W3 35 3R 2 2 -4 X #28 DCAC (1Y
FEAE LA AT RN 28 1 AR SE A, Ak, & B RO FLAE (A g AR X R A B CAC AT R 2,
HAR 14 d J5 A IR W2 0947 Jy [l skkmm 57, $2 75 & & R A K0 e i SR M P RE B0 A 2 T RIS &
B,

AN BHLRS T ER m MR R A | RERAE A DA 2 MEVE RE 5 2 AN S IR S5 iz — , RA
A7 T RS RE R A AR REIE A SRR GST 38 B Bl A 1028 B0l A PR A A% O 5 4 T AR G T
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P T SRR R Y GST A A 3 Bt AR 8 3 ke, 30 HL 2 B RERE IR IR ks a7 A
I 0 BRIV A7 B R TR 5 A S R O B T S £ 2 10 BB A PR AR A 2 TV e 1o 44 EA
PR OK , & AT REAF R T RE LR A Ar-BOi AU . IR 4, Bht It 2R i fb 7 TVEA Ty R BB
fafwe e FLIBI0Y — BRI 5T A RS IR £ A5 — BB R 0 S BRI DCAC (1977 2 B ATl i B s ok o ol
BB IR SR AR DCAC (38 KB AR AR BB | T3 7= 2 DCAC, {H e A7 v 368 5k otk At = 22
SEBE WA [R) 50 /4 il 1 21 ( Campostoma anomalum) 724 DCAC 3 B2 B R 40 34 K B 2 | Jo ik F= A IR i i
) DCAC™™" ; Pollock %51 & B, B R A0 X H A I Rl 0 MM SR 1) DCAC AT i 17 TGtk 25 2%
St B A RO S R AT A TG 2R S ARG RS A AT AR AU DG A AR &
B, DCAC X iRty B Eyfh fLAsfh JeBRen 4 B[] S50 A= BB (BHH XS 5K ) 1 52 30 fa (0 fb 7 BUE ATy
A 0B | AT S e BB AN 1) B BR A A 2 TR W) O AN A A i 2R T EL AT S35 4k, ST 4 SR AN SCH
AR AN ANIE BR T VR EE DCAC A FRZH Bz Bk £ Y GST 5 LR AV i [ 1) 7428 b 52 30 1 2 670RH G, 76 B2 BR
B A ERA DL 2R th AR B GSI 5 k2 T e 10 2 B0 AR A A i B AR DGR A5 SRR R v B
TN A A A 08 A 23 T i) 1 ] BB A7 BT A5 A - IR AR | (s PR Al AN v XU BR 58 T (51
W IE DCAC) BEAFTE, W4 R DA O TR 0L R SR i —7
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