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Chemical alarm cue-induced behavioral responses and their relations with

reproductive physiological status in Rhodeus ocellatus

ZHANG Qiang, FU Shijian, XIA Jigang”

Laboratory of Evolutionary Physiology and Behavior, Chongqing Key Laboratory of Animal Biology, College of Life Sciences, Chongging Normal University,
Chongging 401331, China

Abstract; Chemical communication is a pervasive and dominant form of communication between animals in aquatic systems.
Epidermal-damage-released chemical cues ( hereafter referred to as chemical alarm cues or CAC) are typically released
during a predation event and, therefore, serve as a reliable indicator of immediate predation risk. Chemical alarm cues are
especially useful for species inhabiting aquatic environments when visual cues are limited, e.g. in deep or turbid water, at
night, and in complex habitats. By effectively responding to CAC, individuals may increase their probability of survival by
detecting and avoiding potential predators, whereas, adopting anti-predator behaviors incurs some cost stemming from
concurrent decreases in other fitness-related activities. Since warning communication and reproduction are vital life activities
that require high energy consumption, whether the responses of fish to CAC in the breeding season show energy-based trade-
offs ( cost-benefit) is a scientific issue worthy of attention. However, studies have demonstrated that some species of
spawning Ostariophysians seasonally lose their alarm pheromone cells and guarding responses to CAC, and little is known

about the relationship between the intensity of behavioral responses of prey to CAC and the physiological state of
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reproduction. In this study, we used rose bitterling, Rhodeus ocellatus, a small freshwater fish with special reproductive
strategies, as an experimental model to investigate the behavioral responses of different genders to CAC during reproductive
phase IV, and to determine the role of reproductive physiological status (i.e. gonadosomatic index, oviduct length, and
condition factors) in the guarding responses of R. ocellatus to CAC. We defined the behavioral responses of the experimental
fish to CAC and divided them into three grades, Grade I; change in spatial distribution in terms of bottom-dwelling time ;
Grade II; change in activity in terms of motionless time, swimming distance, and body fill; and Grade III; change in
escape behavior in terms of highly mobile time. The results showed that; (1) the spatial distribution ( Grade 1) and activity
(GradesllI) , but not escape behavior ( Grade III) , were significantly affected by CAC ( P<0.05); (2) there was no gender
difference in R. ocellatus in response to CAC (P >0.05); and (3) there was no significant correlation between the
behavioral responses to CAC and reproductive physiological status (P >0.05). We confirmed that R. ocellatus in
reproductive phase IV still showed moderate behavioral responses ( Grade I and Grade 1) to CAC. In view of reduced
swimming efficiency and increased energy cost in fish during the reproductive period, the non-significant change in escape
behavior ( Grade III) to CAC suggests that there may be energy-based trade-offs ( cost-benefit) in this species.
Additionally, although the males are brightly colored during the reproductive phase due to sexual selection, it remains to be
seen whether the changes in body color increase its predation risk. Overall, moderate behavioral responses to CAC were
observed in R. ocellatus in reproductive phase IV, but the intensity of behavioral responses to CAC was not affected by
reproductive physiological status and gender. These characteristics are hypothesized to be related to the special reproductive

strategies of this species.

Key Words: chemical alarm cues; anti-predation behavior; reproduction-survival trade-offs; gender difference; breeding

season; Rhodeus ocellatus
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FEAAT R IKISAE AR 2R DL AR AR R G R O A 2 B2 L, AR OG5 1E 3 A #45
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Table 1 The basic morphological and physiological parameters of Rhodeus ocellatus

. JIEL i85 3 PEARAE % .
51 b ek Ik i KR B
! Condition factor/ Gonado somatic .
Gender Treatment Body length/cm Weigh/ g 5 . Oviduct length/cm
(100 g/cm”) index
MM Female pagilesi) 3.17+0.071 0.69+0.046 2.14+0.097 4.56+0.42 0.90+0.068
ST LN 3.12+0.076 0.66+0.041 2.17+0.114 5.47+0.41 0.9420.056
et Male XT B2 3.30+0.069 0.81+0.062 2.19+0.107 2.04£0.27 —
ESiE LN 3.29+0.081 0.79+0.058 2.16+0.094 1.85+0.25 —
Bl LIS e bR IR R (n=20) .
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Table 2 The effects of chemical cues and gender on the behavioral parameters of Rhodeus ocellatus

TR 1k iz B R AAS B[
] Tﬂ' fiid . i 1] LZ'JJ e AR A TE s 51 s 1]
Bottom-dwelling Motionless Swimming Body fill/% Highly
time/ % time/ % distance/ cm ody mobile time/ %
. , H=1.120 H=0.530 H=0.920 F= 0.005 H= 2.786
ST ) Y , s ’ i i
B Pretest IHRRC) p_ 03 P=0.467 P=0.339 P=0.945 P=0.099
FERICG) H=0.420, H=0.130, H=0.018, F=0.660, H=0.152,
7 P=0.519 P=0.718 P=0.894 P=0.421 P=0.698
CXG H=0.560, H=0.001, H=0.360, F=0.006, H=0.261,
P=0.457 P=0.976 P=0.551 P=0.940 P=0.611
iS5 . H=8.600, H=18.500, H=9.450, H=8.690 , H=0.760,
fL#ER(C) . . _
Posttest P=0.004 P<0.001 P=0.003 P=0.004 P=0.386
HER(G) H<0.001, H=0.027, H=0.190, H=2.830, H=0.940,
P=0.983 P=0.870 P=0.664 P=0.097 P=0.335
CxG H=2.210, H=0.047, H=0.029, H=0.037, H=0.440,
7 P=0.141 P=0.829 P=0.865 P=0.848 P=0.511
DRI A A A2 fE (O H=0.656, H=16.688, H=14.215, H=5.191, H =5.240,
Posttest-Pretest R P=0.421 P<0.001 " P<0.001 " P=0.026" P=0.025"
PERI(G) H =1.121, H=0.051, H=0.005, H=0.104, H=0.066,
! P=0.293 P=0.822 P=0.943 P=0.748 P=0.798
CxG H=0.133, H=0.357, H=0.321, H=0.279, H=0.573,
P=0.717 P=0.552 P=0.573 P=0.599 P=0.452

% P<0.05, 2 5 i %
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Table 3 The relationships between reproductive physiological status and the changes of behavioral responses to CAC in Rhodeus ocellatus

JEEARG i ]

GAlsUn ]

BB

1w LI i ]

Pa:g
Bottom-dwelling Motionless Swimming Q’MKZ:E A Highly mobile
. . . Body fill/ % .
time/ % time/ % distance/cm time/ %
" ) ) . r=0.247, r=-0.204, r=-0.208 , r=0.005 , r=-0.048 ,
WEHE Female  HERRISHC P P=0.294 P=0.387 P=0.380 P=0.985 P=0.842
CAC r=0.023, r=-0.306, r=-0.242 r=-0.192 , r=—0.445
P=0.925 P=0.199 P=0.304 P=0.418 P =0.049"
o e 1 o r=-0.124, r=-0.190, r=0.033 , r=0.097 , r=-0.072 ,
TN PW P=0.601 P=0.423 P=0.889 P=0.683 P=0.764
CAC r ==-0.070, r=0.249, r=-0.035, r=-0.050 , r=0.137 ,
P=0.771 P=0.289 P=0.882 P=0.835 P=0.563
- r=-0.308, r=0.194, r=-0.159, r=-0.071 , r=-0.097 ,
3 [ig P
AL W P=0.187 P=0.413 P=0.502 P=0.767 P=0.683
Ac r=0.111, r=0.086, r=-0.015, r=—0.083 , r=—0.308 .
P=0.640 P=0.719 P=0.950 P=0.729 P=0.186
=0.029 r=-0.132 r=-0.019 r=-0.225 r=-0.177
HEAE Mal RS p ! ’ ’ : ’ .
R Male e W P=0.904 P=0.578 P=0.938 P=0.340 P=0.454
CAC r=-0.038, r=-0.081, r=-0.109, r=-0.151 , r=-0.179 ,
P=0.872 P=0.734 P=0.647 P=0.524 P=0.451
. r=0.107, r=0.150, r=0.060, r=-0.070 , r=—0.043 ,
Y [ I:)
AL W P=0.654 P=0.527 P=0.801 P=0.769 P=0.858
CAC r=-0.423, r=0.047, r=0.308, r=0.029 , r=0.046 ,
P=0.063 P=0.845 P=0.186 P=0.902 P=0.848

% P<0.05, 25 03

3 iTit
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Fig.3 The effects of chemical alarm cues and gender on the
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Fig.4 The relationships between gonado somatic index and the changes of behavioral responses to chemical alarm cues in

Rhodeus ocellatus

RAFAESFAREAAF Y R, Bachman 1993 &3, CF KA Belding's #u# 5 ( Spermophilus beldingi ) 5 1
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