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Interference effect of sertraline on phenotypic plasticity within- and trans-

generations of induced anti-predator defense in Daphnia pulex

LU Kai, ZHU Shuangshuang, GU Lei, SUN Yunfei, ZHANG Lu, YANG Zhou"
School of Biological Sciences, Nanjing Normal University , Nanjing 210023, China

Abstract: Phenotypic plasticity is the ability of an organism to show various phenotypes which is based on genetic basis and
mostly influenced by environmental heterogeneity. Research has shown that a change in environmental conditions could alter
the expression of traits during development (i.e., within-generational plasticity) as well as induce heritable phenotypic
responses that persist for multiple generations (i.e., trans-generational plasticity ). Cladoceran zooplankton often exhibit
plasticity of inducible defenses in response to fish predation risks. Given that inducible defense may depend to a great extent
on basic metabolic fitness of cladocerans, disrupting chemicals in homeostasis ( e.g. antidepressant sertraline) may therefore
modify the expression of inducible defense. Since sertraline has highly biological activity and longstanding persistent in
water, together with short generation time of cladocerans, there is an urgent need to understand the influence by
multigenerational exposure of sertraline on the within- and trans-generational inducible defense of cladocerans. The results
showed that two-generational exposure of sertraline modified the predator-induced phenotypic plasticity within-generation,

expressed as morphological enhancement of body-size reduction, relative-spine-length elongation found in predation-induced
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Daphnia pulex as opposed to predation-free animals. No predation-induced variation in D. pulex population fitness seemed to
be associated with the sertraline exposure. Furthermore, we found that two-generational exposure of sertraline mediated the
trans-generational inducible defense, expressed as enhanced morphological response but simultaneously a population fitness
cost. Collectively, our results denote that although long-term exposure to sertraline has marginal mortality to zooplankton, it
still negatively affects within- and trans-generational plasticity in the inducible defense of cladocerans as well as their
population abundance and may consequently dull antipredation response involved in the structure and function of ‘ prey-

predator’ interaction.

Key Words: zooplankton; antipredation; phenotypic plasticity; lifehistory; drug pollution
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Fig.2 Key traits and relative change rate at maturity of Daphnia
pulex F, generation under different sertraline concentrations with
or without fish kairomone
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Fig.3 Key traits and relative change rate of Daphnia pulex F,
generation at 9" day under different sertraline concentrations
with or without fish kairomone
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FERFHE 10 (F 6) , A BRI BEAE 20 pg/L B M HE T OO B R, B nf5 B2 B3 9 H i i 2 il
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SAFESPACE MMRIREES  A L T IEfE B R AL W5 B R BRI 9 H i AHX BRI B (P<0.05) , [F
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F1 FEREEEHMBRSLENZTRZF,REK ERK EANERK FEEE HRMEURMBENEIERENNERTESH
Table 1 Summary of two-way ANOVA on the body size, spine length, relative spine length, net reproductive rate, generational time and

intrinsic growth rate of population in Daphnia pulex F, simultaneously affected by fish kairomone and sertraline

18 FF Traits df F P FEFR Traits df F P
PERBA K BL at maturity 559 FAHXT R SB on 9th day

B FE A FK 1 1393.200  <0.001 || f5HE FA4LBE FK 1 329.202  <0.001
Ak BE SC 2 3.401  0.036 | &k SC 2 9.580  <0.001
FKXSC 2 10.723  <0.001 || FKxSC 2 2.843  0.062
PSRN SL at maturity> 58 7R Net reproduction rate

5 EELH FK 1 17.355  <0.001 || {5 & ZFAbH FK 1 39.474  <0.001
Ak E SC 2 0.839  0.434 | & liAkHBE SC 2 25.180  <0.001
FKxSC 2 2.045  0.133 || FKxSC 2 19.397  <0.001
PE BT A SB at maturity AL E] Generation time

R R FK 1 311.933  <0.001 || {5 E A3 FK 1 132.618  <0.001
Mk s SC 2 0.600  0.550 || <&k sC 2 89.835  <0.001
FKxXSC 2 0.103  0.902 || FKxSC 2 76.079  <0.001
%5 9 KM BL on 9th day FREE Y BLHG K IRP

R ELH FK 1 338.006 <0.001 || {5 HE AL FK 1 0.339 0.566
& bk SC 2 33.264  <0.001 || il EE SC 2 3.521 0.047
FKXSC 2 4283 0.016 || FKxSC 2 2.050  0.153
% 9 KEEHIHK SL on 9th day

F B FEALH FK 1 92.909  <0.001

E MYk EE SC 2 0.273  0.762

FKXSC 2 0.187  0.829

BL. {4 Body length; SL: FE#IlHK Spine length ; SB: A% FEE#IlH& Spine length/body length ; IRP . # Py 2L K 3K Intrinsic rate of population ; FK ;{5
B E A Fish kairomone ; SC A= AR Sertraline concentration

2.2.3  FPREIE G BEAROCHE bR

TSR T A MR B A X F, AR A R 04 v S A 8] JE 28 AR, (F2 % Y 22
BRI EAE (B 73 2) o A=A AR EE T M T J0M5 B2 4L, B {E B 2 B 40 A e AR
), 005 bR v B | LA SRR P B K R (P<0.05 ), BRTTT, ARG AR AL 3R a1 . i S AR 2 % 1 <4 il bRk
TR SO 32 PP DA S 3R N DL R TR s 1) 4 it 1 7 B I I PR 52 e ( P>0.05)

2.3 KR T & Moot F A5 328 B A R n] ¥ 52 i
2.3.1  PERCAM B

HEEPARE B R AL TR AR X FL AR SRS B R A B, B A A BAR
(E5;%2), FE=AEIARKRET T TE B R4, B nfs B 21 0280/ # R Rk K, W
B, AR AR A ZR A 25 S 7 AR LT R 07 & b0 222 R T 20 pe/L & MOk BE S 350k b 2B
B0 R A B B A AR s/ AR B S 2 i (1] 55,P<0.05)

PR INME B R A FAE AR A X F AR AR R KA BRI (B 5,32 2) o 430l =A
ST A T E B R, LM I BRI A B mERH (P>0.05) ; 7TEAXT 2
FHCBE (B 5) = A AR EE N A LT IC(E B R4, FEE 2e i rh a5 B 2= 34 0 2 0 F, PR sy
AT I BE (P<0.05) |, [R] B A X B2 sl 114 A8 T 5 A0, Bl 2 2 2 AR pib bR 6 e 8 388 n v =7 (T 55 P<
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Fig.5 Body length, spine length and relative spine length at maturity of Daphnia pulex F, generation and relative change rate under

different sertraline concentrations with or without fish kairomone
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Fig.6 Body length, spine length and relative spine length at the 9" day of Daphnia pulex F, generation and relative change rate under

different sertraline concentrations with or without fish kairomone
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Fig.7 Net reproduction rate, generation time and intrinsic rate of population growth of Daphnia pulex F, generation and relative change

rate under different sertraline concentrations with or without fish kairomone
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Table 2 Summary of two-way ANOVA on the body size, spine length, relative spine length, net reproductive rate, generational time and

intrinsic growth rate of population in Daphnia pulex F, simultaneously affected by fish kairomone and sertraline

fpynr e RBRAT S
i Within-generational plasticity Trans-generational plasticity
frait df F P df F P
PEREAVA K BL at maturity
5B FE AR FK 1 239.320 <0.001 1 757.798 <0.001
& AR EE SC 2 267.935 <0.001 2 35.790 <0.001
FKXSC 2 268.481 <0.001 2 41.707 <0.001
PR R SL at maturity
B FE A FK 1 30.579 <0.001 1 3.612 0.059
& AR EE SC 2 48.452 <0.001 2 0.784 0.458
FKXSC 2 41,707 0.940 2 0.564 0.570
PE RGBT HIK SB at maturity
5B Z A FK 1 501.621 <0.001 1 127.379 <0.001
& kv B Sc 2 36.953 <0.001 2 18.514 <0.001
FKXSC 2 8.382 <0.001 2 8.341 <0.001
%5 9 KKK BL on 9th day
F B AL FE FK 1 331.488 0.070 <0.001 664.872 <0.001
& AR L SC 2 32.365 <0.001 <0.001 45.935 <0.001
FKXSC 2 8.433 0.577 <0.001 10.978 <0.001
% 9 KJEHHE SL on 9th day
HE R FK 1 9.394 0.003 1 55.354 <0.001
& bR SC 2 35.755 <0.001 2 0.0656 0.937
FKXSC 2 1.469 0.236 2 0.664 0.517
55 9 KAHXS A SB on 9th day
(EISE SN 1 137.613 <0.001 1 450.901 <0.001
bk B SC 2 34.868 <0.001 2 14.355 <0.001
FKXSC 2 14.541 <0.001 2 2.988 0.05
HrEFE R Net reproduction rate
FEEALH FK 1 160.692 <0.001 1 59.174 <0.001
kv B SC 2 38.151 <0.001 2 0.000196 1.000
FKXSC 2 2.139 0.14 2 4.242 0.026
HH:ARAF[E] Generation time
{5 B F A3 FK 1 80.495 <0.001 1 60.764 <0.001
kv B2 SC 2 6.640 0.005 2 2.139 0.140
FKxSC 2 0.914 0.414 2 1.196 0.320
FRE A BTG K% IRP
{5 B F A3 FK 1 118.147 <0.001 1 46.245 <0.001
kv BE SC 2 52.171 <0.001 2 2.039 0.152
FKxSC 2 0.347 0.711 2 7.906 0.002

3.1 RGP AT BB A

PP T I PER T 20— B DA A AR W e R 77 S R P U R B A B 0, She IO o) JRT 30 9 R A AR AR iy S A
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PAFERIMER , fEADITE R P S 02E B R BRI R, A 46 S ARG e 8, T ] 30 4 (3¢
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