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Abstract: Phenotypic plasticity represents a crucial mechanism by which organisms adapt to environmental variability;
however, conflicting environmental pressures may place opposing demands on fish physiological functions. Understanding
how diurnal differences interact with predator effects to influence fish phenotypic traits is thus intriguing and essential. Fish
metabolic and behavioral phenotypes, which are important components of their eco-physiological functional traits, are
susceptible to diurnal physicochemical environmental changes, such as water temperature fluctuations, and also sensitive to

biological environmental changes, such as changes in feeding or predatory pressure. Fish physiology tends to be down-
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regulated at night due to lower temperatures compared to daytime; however, for some prey fish, increased predation
pressure at night places higher demands on physiological functions. In this study, a common garden experiment was
conducted for 6 months with a blank control group, a non-predator control group, and a predator treatment group, using
Rhodeus ocellatus , a widely distributed small fish in freshwater ecosystems, as the prey fish, and Channa argus as the
predator and Carassius auratus as the non-predator. After that, the metabolic characteristics, including routine metabolic
rate (RMR,,, ), maximal metabolic rate (MMR), metabolic scope (MS), and the anaerobic performance, including
exhaustive exercise time, excess post-exercise oxygen consumption ( EPOC) , EPOC recovery duration, EPOC magnitude,
as well as the spontaneous behavior and chemical alarm responses of R. ocellatus were measured under diurnal and nocturnal
conditions, respectively. The results showed that: (1) Both predator, day-night differences and their interactions had

(P<0.05) and non-significant effects on MMR ( P>0.05) of R. ocellatus. Besides, diurnal
differences significantly affected MS ( P<0.05) whereas predator treatment had no effect on MS (P>0.05) ; (2) Day-night

significant effects on RMR
differences significantly impacted EPOC recovery duration and EPOC magnitude ( P <0.05), while predator effects
eliminated the day-night differences in EPOC magnitude (P >0.05); (3) Both predator and day-night differences
significantly influenced bottom-dwelling time and the time spent on surface (P<0.05), with predator effects reducing
nocturnal bottom-dwelling time and increasing diurnal time spent on surface ( P<0.05); (4) Predator treatment imposed
significant influence on the chemical alarm responses of R. ocellatus ( P<0.05) whereas day-night differences had no effect
on the chemical alarm responses. The risky chemical cues led to a significant increase in motionless time of R. ocellatus
under all treatments ( P <0.05). The results suggest that the eco-physiological functional traits of R. ocellatus have
remarkable diurnal variation, which can be enhanced or eliminated by predator effects. We highlighted that both metabolic
and behavioral phenotypes of R. ocellatus are highly plastic and responsive to changes in community environments, such as

diurnal variation and predator effects.

Key Words: phenotypic plasticity; day-night differences; predator effect; metabolic rate; chemical alarm communication
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SFFRBURHE, DGE N ARRRE S X BRI AEAE T AR TR R A W A v 2 A R )
M ZALH T BFIE R, AT e R L B KRR = (30°C) WA R ¥ K 1 2R 855 ( Micropterus salmoides ) A
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Fig.1 Variation of water temperature in the ecological pool for 7 consecutive days during the experimental measurement period
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R O N e e R 900 6 O RE P65 3 Y F I IIL RMR 19 11090 F .
SCEREE RS I SIS AR T AR SE S RO AR 5 BE ( Condition factor, CF; 1),
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i SPSS 26.0 3K {2E4T B EE BT, T AERT SE I U i 47 IE A4 (Shapiro-Wilk test ) 6 56 Fl 77 22 55 14
R o AR 2 TSR R 7 22 551, SR FIBUA 3 5 22 430 BT ( Two-way ANOVA ) £ 95 B 1 22 5 M4 £ 3 3000
XS A R TR BRI, = PR TJ7 257007 ( Three-way ANOVA ) K 86 s 2 25 57 Al B0 A000 55 1027 5 B0 5
B f0 AL A TV TN B ¢ A8 A3 BT AN TR A B S 56 i AR S5 AL~ T A T N B R 22 57 . A B AN L 1E
AR 2550 A R IEF (R 4.0.2) FAY“ ImPerm” (03517 XA R 5 22 00 Mr Al = [ K 5 225087, Bl LASF
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®1 THREHSSHCFHEbRER)
Table 1 Morphological parameters of the experimental fish ( Mean+SE)

FTFFIEI E 17 R R E

e o Measurement for metabolic characteristics Measurement for behavioral performance
i T T N s L T

° Sample Body Body Condition Sample Body Body Condition

size mass length factor size mass length factor

75 N R = N=12 3.01+0.08 5.33+0.07 1.99+0.05 N=48 2.25+0.04  4.89+0.04 1.93+0.04
Control group w N=12 2.68+0.11 5.06+0.04  2.06+0.06 N=48 2.15+0.05 4.84+0.05 1.91+0.04
e E A B N=12 3.23£0.08  5.19+0.07  2.32:0.08 N=48 2.24£0.05  4.80+0.04  2.05:0.05
Non-predator group w N=12 3.42+0.16  5.14£0.13 2.56+0.15 N=48 2.28+0.04  4.85+0.05 2.02+0.05
HEHH & N=12 2.73+0.09  5.25+0.06 1.91£0.10 N=48 2.24+0.07  4.91+0.06 1.89+0.04
Predator group w N=12 2.67+0.06  5.43+0.05 1.68+0.05 N=48 2.21+0.08  4.97+0.05 1.79+0.05

2 #HR

2.1 RIS RIS 2 5 A B RN
211 FEARFRMZL

JIVEIE By J5 45 4 5250 0 1 FE SRR S4TGB S A B I AE 20—30 min A4 KR 2 H
HACHHAK . #5 SEIRHAERT 30 min PIXRILE H MIFE SR & TR (F 2) (0S8 LA 5 4 B RT3 [E]
FEARIN 22 AN BN (B R AR h 20 Bzl 81 2)
2.1.2  fRHHREIE

E RN S0 2 5 K a2 HAE FA X 5286 RMR,,, 5200 B % (P<0.05; % 2), fiE&% 3%
RMR,,, & 715 (P<0.05) , H RMR,, A B 25 (P<0.05) , &% 4 HiE RMR 5 TR ( P<0.05;
B 3), Sl H RN MUK 22 S SE 8 fa i MMR JG B 3552 ( P>0.05; £ 2), BRZES BEF MS (P<
0.05; % 2) MR FH RN X MS 6B 501 (P>0.05; 2 2) , 4K IA MS A& T H E iy iasi (& 3) .
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Fig.2 Curves of oxygen consumption rate (MO, ) of the experimental fish in different treatment groups before and after exhaustive

exercise

Hi 30 min (R ) Dy Jy 3tz Sl B ACHHE, J5 30 min (e E) o Jyiis 35 QK 2 ih

R2 WHREVEMERE RIS R GFHHERN

Table 2 Day-night differences and the predator effects on metabolic characteristics of the experimental fish

K% H & AR HRACH R R4 1m]

Factor RMR,,, MMR MS

T B AU Predator effect F=20.650, P<0.001 F=2.449, P=0.090 F=0.054, P=0.948

B 2 5 Day-night differences F=91.333, P<0.001 F=0.154, P=0.696 F=9.368, P=0.003

I H RN x B 25 5 Predator effectxDay-night differences ~ F=3.203, P=0.047 F=0.012, P=0.989 F=0.297, P=0.744
RMR,,,,: H# L3 Routine metabolic rate; MMR : ft AfXi % Maximum metabolic rate; MS: f{i§f%2[f] Metabolic scope

213 NgizdhEid EAEE

T 00N ) S A ) 332 BN A] SB35 R (P<0.001) |, B 1% 22 SERSE IRt EPOC 1K B I Al EPOC f
HRZ L (P<0.05) , 3 38 HAEFIXT 5256 8 71 iz it (R AT EPOC B s i i # (P<0.05; #£3), #igH
4 Sz B A B R 25 5 (P<0.05) , HAR (8] 77 vz 2l i ] &5 125 (6 IR AR & #4041 (P<0.05; &l
4) o, EHEB FEELL M H [E EPOC B EIGMiA [ EPOC S/l [ F3 EPOC B iR 25 5511
4 (P>0.05) (Kl 4),
2.2 SLEHAT R RR IR 25 5 T E S
221 HETH

Jibi 1 A500E FVE 1 25 S5 0 52 56 e JEC AV I ) AR /K T 16 sl s TR 52 10 3 ( P<0.05 3 36 4) , X i 1k I ) G 8 2%
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Fig.3 Day-night differences and the predator effects on metabolic characteristics of the experimental fish
B LU B B DR (Mean=SE) 7R , o 7R [l— AL BEH H IR 2257 5.3 (P<0.05) a—b AR REARIRIZE R H AR b 282 i) 22 5
3 (P<0.05) ;x—y FARFHREARRIFRBIA [RIAL BIZH (8] 2 57 % ( P<0.05)

SN (P>0.05; #4) o Al E % Ab HE GBS0 £00 48 5] 14 JER AP N 18] S22 25T AT Y [R] F) K T 375 2l Pk [ 2 2508 i ( P<

0.05; & 5),

K3 HEEANMERERWMIBENBENFITERAKNH

Table 3 Day-night differences and the predator effects on excess post-exercise oxygen consumption of the experimental fish

S J183Z By ] BB IE{ERT ] EPOC 1% it EPOC i ft

Factor Exhaustive time Time to peak EPOC recovery duration EPOC magnitude
B H Y Predator effect F=9.667, P<0.00l  F=0.305, P=0.738 F=1.208, P=0.305 F=0.204, P=0.816
BRI 25 Day-night differences F=1.090, P=0.300 F=0.061, P=0.805 F=5.979, P=0.017  F=52.535, P<0.001
B RO < B 2 5

F=5.136, P=0.009 F=0.583, P=0.561

Predator effectxDay-night differences

F=0.838, P=0.437 F=6.925, P=0.002

EPOC &K &E it . 11981z 8 )5 it S FE R K E I Excess post-exercise oxygen consumption recovery duration; EPOC Big . s sh e EREA

=N . . .
JL & Excess post-exercise oxygen consumption magnitude

R4 HEEUNMERERVMIKEBRITARZM

Table 4 Day-night differences and the predator effects on spontaneous behavior of the experimental fish

ESES [ialGaaL] JECATG E ] JKCTHT 185 Bl )

Factor Motionless time Bottom-dwelling time Time spent on surface
FHEEH RV Predator effect F=1.685, P=1.187 F=7.113, P=0.001 F=6.924, P=0.001

S35 Day-night differences F=0.291, P=0.590 F=46.735, P<0.001 F=4.908, P=0.028

RO B2 7

F=0.028, P=0.
Predator effectxDay-night differences 0.028, 0.973

F=1.724, P=0.180

F=2.016, P=0.135
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Fig.4 Day—night differences and the predator effects on excess post—exercise oxygen consumption of the experimental fish
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Table 5 Day-night differences and the predator effects on chemical alarm responses of the experimental fish

SN

Factor

i LI 1) 22 1

Change in motionless time

JECHVG IR [R] ) 22 £
Change in bottom-
dwelling time

K TR I S ) (28 4k
Change in time spent
on surface

SR Predator effect

JETE 75 Day-night differences

L2215 B, Chemical cues

T EF BN < B 22 5

Predator effectxDay-night differences

B2 E B

Day—night differencesXChemical cues

WEF B LEF R

Predator effectxChemical cues

T E B R 2 57 < A7 R

Predator effectxDay-night differencesxChemical cues

F=4.078, P=0.018
F=0.119, P=0.730
F=130.250, P<0.001

F=3.434, P=0.034

F=6.983, P<0.001

F=791, P=0.578

F=2.987, P=0.008

F=0.649, P=0.524
F=1.530, P=0.217
F=16.994, P<0.001

F=1.534, P=0.218

F=3.978, P=0.009

F=1.570, P=0.156

F=0.719, P=0.635

F=5.243, P=0.006
F=3.016, P=0.084
F=0.750, P=0.523

F=1.013, P=0.365

F=0.576, P=0.631

F=0.564, P=0.759

F=0.188, P=0.980
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