Sex-specific effect of long-term fluoxetine exposure on inhibitory control in guppies (Poecilia reticulata)
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Supplementary Materials
Supplementary Tables
Table S1. Concentration of fluoxetine across the 12 mesocosms where focal guppies Poecilia reticulata were housed prior to and following the cessation of dosing.
	Concentration (ng/L)
	16/03/2022
	01/04/2022
last day of dosing
	29/04/2022
	31/10/2022
	30/01/2023

	Control 1
	< 2.0
	-
	< 2.0
	< 2.0
	< 2.0

	Control 2
	< 2.0
	-
	< 2.0
	< 2.0
	< 2.0

	Control 3
	< 2.0
	-
	< 2.0
	< 2.0
	< 2.0

	Control 4
	< 2.0
	-
	< 2.0
	< 2.0
	< 2.0

	Low 1
	43.7
	-
	< 2.0
	< 2.0
	< 2.0

	Low 2
	19.8
	-
	< 2.0
	< 2.0
	< 2.0

	Low 3
	33.2
	-
	4.4
	< 2.0
	< 2.0

	Low 4
	43.4
	-
	2.1
	< 2.0
	< 2.0

	High 1
	470
	-
	54.7
	5.43
	3.0

	High 2
	250
	-
	31.5
	5.6
	4.1

	High 3
	670
	-
	26.1
	4.9
	2.0

	High 4
	260
	-
	45
	6.7
	4.2





Table S2. Zero-part coefficients for hurdle lognormal mixed linear model predicting inhibitory control in male and female guppies. The model output is shown for fixed effects of fluoxetine (FLX) treatment (control, low, and high, abbreviated), the covariate trial number, and standardised body size. Estimates, standard errors (SE), and P values were obtained from the model summary and indicate the likelihood of inhibitory control being 0 (i.e. a fish did not approach the transparent barrier). Significant results are emboldened.
	Predictor of
Inhibitory control
	Estimate
	SE
	P
	χ2
	P (χ2)

	Males
	
	
	
	
	

	FLX (C:L)
	-0.27
	0.33
	0.41
	
	

	FLX (C:H)
	0.06
	0.31
	0.83
	0.41
	0.41

	FLX (L:H)
	0.34
	0.33
	0.30
	
	

	Trial
	0.17
	0.11
	0.12
	0.32
	0.12

	Body size
	0.29
	0.14
	0.03
	4.95
	0.03

	Females
	
	
	
	
	

	FLX (C:L)
	-0.32
	0.29
	0.26
	
	

	FLX (C:H)
	-0.15
	0.31
	0.62
	1.49
	0.47

	FLX (L:H)
	0.17
	0.29
	0.55
	
	

	Trial
	0.22
	0.10
	0.03
	4.76
	0.03

	Body size
	-0.12
	0.12
	0.32
	1.32
	0.25





[bookmark: _Hlk137116170]Table S3. Zero-part coefficients for hurdle lognormal mixed linear model predicting solving time in male and female guppies. The model output is shown for fixed effects of sex, fluoxetine (FLX) treatment (control 0 ng/L, low 30 ng/L, and high 300 ng/L, abbreviated), the covariate trial number and sex-standardised body size. Estimates, standard errors (SE), and P values were obtained from the model summary and indicate the likelihood of fish not reaching the goal zone within 300 seconds. Significant results are emboldened.
	Predictor of
Solving Time
	Estimate
	SE
	P
	χ2
	P (χ2)

	Sex (M)
	-0.86
	0.52
	0.10
	1.56
	0.21

	FLX (C:L)
	2.88
	2.8
	0.30
	
	

	FLX (C:H)
	2.13
	2.77
	0.44
	6.75
	0.03

	FLX (L:H)
	-0.75
	0.50
	0.13
	
	

	Trial
	-0.48
	0.23
	0.04
	3.28
	0.07

	Body size
	0.56
	0.26
	0.03
	4.09
	0.04





Methods and outputs of linear models
Abbreviations and terms used in the models include:
	sex
	Sex of a focal fish: male (m) or female (f)

	fluox
	Fluoxetine treatment: control 0 ng/L (c), low 30 ng/L, or high 300 ng/L (h)

	trial
	Experimental trail (1-4), continuous variable

	body
	Standard body length of a focal fish, continuous variable

	(1|id)
	Radom effect of unique fish ID

	(1|tank)
	Random effect of the experimental tank where a fish was tested (1 – 4)

	Conditional model
	Standard linear regression model ran with gaussian error family

	Zero-inflation model
	Hurdle model indicating the likelihood of a response variable being 0 (suggesting no time at the barrier or not reaching the goal zone in time)





Linear models for inhibitory control

Table S4. Output of a generalized linear-mixed effects model on the effect of trial order and a three-way interaction between sex, fluoxetine treatment, and body size on inhibitory control of guppies. The model includes a random effect of fish ID and experimental tank ID. Output was obtained from the model summary and a likelihood ratio test (‘Anova’ function). In line with our methods, the non-significant three-way interaction was dropped from the model, and a new model was run. 
	Predictor
	Estimate
	SE
	Z
	P

	Conditional model:
	
	
	
	

	sex(m)
	0.39
	0.28
	1.42
	0.16

	fluox(c:l)
	0.82
	0.26
	3.16
	0.001

	fluox(c:h)
	0.72
	0.28
	2.56
	0.01

	trial
	-0.06
	0.05
	-1.20
	0.23

	body
	-0.08
	0.20
	-0.38
	0.70

	sex(m):fluox(c:l)
	-0.40
	0.38
	-1.06
	0.29

	sex(m): fluox(c:h)
	-1.14
	0.39
	-2.92
	0.003

	sex(m): body
	-0.14
	0.32
	-0.44
	0.66

	fluox(c:l):body
	0.52
	0.25
	2.05
	0.04

	fluox(c:h):body
	0.17
	0.29
	0.57
	0.57

	sex(m):fluox(c:l):body
	-0.23
	0.39
	-0.59
	0.56

	sex(m):fluox(c:h):body
	0.03
	0.43
	0.07
	0.94

	Zero-inflation model:
	
	
	
	

	sex(m)
	0.18
	0.31
	0.57
	0.57

	fluox(c:l)
	-0.24
	0.30
	-0.79
	0.43

	fluox(c:h)
	-0.13
	0.33
	-0.40
	0.69

	trial
	0.20
	0.08
	2.61
	<0.008

	body
	-0.29
	0.23
	-1.26
	0.21

	sex(m):fluox(c:l)
	-0.04
	0.44
	-0.09
	0.93

	sex(m): fluox(c:h)
	0.20
	0.45
	0.44
	0.66

	sex(m): body
	0.65
	0.33
	1.97
	0.049

	fluox(c:l):body
	0.15
	0.30
	0.50
	0.62

	fluox(c:h):body
	0.40
	0.34
	1.16
	0.25

	sex(m):fluox(c:l):body
	-0.29
	0.43
	-0.67
	0.50

	sex(m):fluox(c:h):body
	-0.49
	0.48
	-1.01
	0.31

	Predictor
	[bookmark: _Hlk137133532]χ2
	df
	P (χ2)

	sex
	0.55
	1
	0.459   

	fluox
	10.90
	2
	0.004   

	trial
	1.45
	1
	0.228   

	body
	1.56
	1
	0.211   

	sex:fluox
	8.26
	2
	0.016   

	sex:body
	2.34
	1
	0.126   

	fluox:body
	4.88
	2
	0.087   

	sex:fluox:body
	0.62
	2
	0.735





Table S5. Output of a generalized linear-mixed effects model on the effect trial order and two-way interactions between sex, fluoxetine treatment, and body size on inhibitory control of guppies. The model includes a random effect of fish ID and experimental tank ID. Output was obtained from the model summary and a likelihood ratio test (‘Anova’ function). In line with our methods, because the two-way interaction with sex was significant, the model was split into one for males, and one for females.
	Predictor
	Estimate
	SE
	Z
	P

	Conditional model:
	
	
	
	

	sex(m)
	0.37
	0.27
	1.36
	0.17

	fluox(c:l)
	0.81
	0.26
	3.16
	<0.002

	fluox(c:h)
	0.68
	0.28
	2.45
	0.01

	trial
	-0.06
	0.05
	-1.21
	0.23

	body
	-0.03
	0.16
	-0.21
	0.83

	sex(m):fluox(c:l)
	-0.38
	0.37
	-1.01
	0.31

	sex(m): fluox(c:h)
	-1.10
	0.39
	-2.82
	0.005

	sex(m): body
	-0.24
	0.16
	-1.55
	0.12

	fluox(c:l):body
	0.42
	0.19
	2.18
	0.03

	fluox(c:h):body
	0.20
	0.21
	0.92
	0.36

	Zero-inflation model:
	
	
	
	

	sex(m)
	0.13
	0.30
	0.42
	0.68  

	fluox(c:l)
	-0.28
	0.30
	-0.96
	0.34  

	fluox(c:h)
	-0.14
	0.32
	-0.42
	0.67  

	trial
	0.20
	0.08
	2.61
	0.01  

	body
	-0.17
	0.19
	-0.91
	0.36  

	sex(m):fluox(c:l)
	0.01
	0.43
	0.02
	0.99  

	sex(m): fluox(c:h)
	0.19
	0.44
	0.42
	0.67  

	sex(m): body
	0.40
	0.18
	2.19
	0.03  

	fluox(c:l):body
	0.01
	0.21
	0.04
	0.97  

	fluox(c:h):body
	0.15
	0.24
	0.63
	0.53

	Predictor
	χ2
	df
	P (χ2)

	sex
	0.53
	1
	0.466  

	fluox
	10.86
	2
	0.004  

	trial
	1.47
	1
	0.226  

	body
	1.57
	1
	0.211  

	sex:fluox
	8.23
	2
	0.016  

	sex:body
	2.40
	1
	0.122  

	fluox:body
	4.91
	2
	0.086





Table S6. Output of a generalized linear-mixed effects model on the effect of trial order and two-way interaction between fluoxetine treatment and body size on inhibitory control of male guppies. The model includes a random effect of fish ID and experimental tank ID. Output was obtained from the model summary and a likelihood ratio test (‘Anova’ function). In line with our methods, because the two-way interaction between the body size and fluoxetine was not significant, this interaction was dropped from the model to interpret the main effects.
	Predictor
	Estimate
	SE
	Z
	P

	Conditional model:
	
	
	
	

	trial
	-0.05
	0.08
	-0.58
	0.56  

	fluox(c:l)
	0.42
	0.26
	1.61
	0.11  

	fluox(c:h)
	-0.40
	0.26
	-1.53
	0.13 

	fluox(l:h)
	-0.82
	0.26
	-3.12
	0.002

	body
	-0.13
	0.23
	-0.57
	0.57  

	fluox(c:l):body
	0.19
	0.28
	0.67
	0.50  

	fluox(c:h):body
	0.10
	0.30
	0.35
	0.73

	Zero-inflation model:
	
	
	
	

	trial
	0.17
	0.11
	1.56
	0.12 

	fluox(c:l)
	-0.28
	0.33
	-0.83
	0.41  

	fluox(c:h)
	0.07
	0.32
	0.22
	0.82  

	fluox(l:h)
	0.35
	0.33
	1.04
	0.30

	body
	0.38
	0.25
	1.51
	0.13  

	fluox(c:l):body
	-0.15
	0.33
	-0.47
	0.64  

	fluox(c:h):body
	-0.11
	0.36
	-0.29
	0.77

	Predictor
	χ2
	df
	P (χ2)

	trial
	0.34
	1
	0.563  

	fluox
	9.51
	2
	0.009  

	body
	0.00
	1
	0.946  

	fluox:body
	0.46
	2
	0.795





Table S7. Output of a generalized linear-mixed effects model on the effect of trial order, fluoxetine treatment, and body size on inhibitory control of male guppies. The model includes a random effect of fish ID and experimental tank ID. Output was obtained from the model summary and a likelihood ratio test (‘Anova’ function). 
	Predictor
	Estimate
	SE
	Z
	P

	Conditional model:
	
	
	
	

	trial
	-0.05
	0.08
	-0.56
	0.57

	fluox(c:l)
	0.39
	0.26
	1.53
	0.13

	fluox(c:h)
	-0.41
	0.26
	-1.58
	0.11

	fluox(l:h)
	-0.81
	0.26
	-3.08
	0.002

	body
	-0.01
	0.11
	-0.08
	0.94

	Zero-inflation model:
	
	
	
	

	trial
	0.17
	0.11
	1.56
	0.12

	fluox(c:l)
	-0.27
	0.33
	-0.82
	0.41

	fluox(c:h)
	0.07
	0.32
	0.22
	0.82

	fluox(l:h)
	0.34
	0.33
	1.03
	0.31

	body
	0.29
	0.14
	2.11
	<0.03

	Predictor
	χ2
	df
	P (χ2)

	trial
	0.32
	1
	0.574

	fluox
	9.50
	2
	0.009

	body
	0.01
	1
	0.940





Table S8. Output of a generalized linear-mixed effects model on the effect of trial order and two-way interaction between fluoxetine treatment and body size on inhibitory control of female guppies. The model includes a random effect of fish ID and experimental tank ID. Output was obtained from the model summary and a likelihood ratio test (‘Anova’ function). In line with our methods, because the two-way interaction between the body size and fluoxetine treatment was not significant, this interaction was dropped from the model to interpret the main effects.
	Predictor
	Estimate
	SE
	Z
	P

	Conditional model:
	
	
	
	

	trial
	-0.08
	0.07
	-1.213
	0.23

	fluox(c:l)
	0.83
	0.28
	2.993
	0.003

	fluox(c:h)
	0.76
	0.30
	2.523
	0.01

	fluox(l:h)
	-0.07
	0.28
	-0.24
	0.81

	body
	-0.05
	0.21
	-0.262
	0.79

	fluox(c:l):body
	0.55
	0.27
	2.048
	0.04

	fluox(c:h):body
	0.1
	0.31
	0.325
	0.75

	fluox(l:h):body
	-0.45
	0.29
	-1.56
	0.12

	Zero-inflation model:
	
	
	
	

	trial
	0.22
	0.10
	2.13
	0.03

	fluox(c:l)
	-0.27
	0.30
	-0.88
	0.38

	fluox(c:h)
	-0.16
	0.33
	-0.50
	0.62

	fluox(l:h)
	0.10
	0.30
	0.35
	0.73

	body
	-0.27
	0.23
	-1.20
	0.23

	fluox(c:l):body
	0.13
	0.29
	0.45
	0.65

	fluox(c:h):body
	0.37
	0.33
	1.11
	0.27

	fluox(l:h):body
	0.24
	0.31
	0.77
	0.44

	Predictor
	χ2
	df
	P (χ2)

	trial
	1.472
	1
	0.225

	fluox
	8.365
	2
	0.015

	body
	3.302
	1
	0.069

	fluox:body
	4.879
	2
	0.087





Linear models for boldness

Table S9. Output of a generalized linear-mixed effects model on the effect of trial order and a three-way interaction between sex, fluoxetine, and body size on boldness in guppies. The model includes a random effect of fish ID and experimental tank ID. Output was obtained from the model summary and a likelihood ratio test (‘Anova’ function). In line with our methods, the non-significant three-way interaction was dropped from the model, and a new model was run. 
	Predictor
	Estimate
	SE
	Z
	P

	trial
	-0.10
	0.03
	-3.60
	< 0.001

	sex(m)
	-0.29
	0.16
	-1.81
	0.07  

	fluox(c:l)
	-0.22
	0.15
	-1.43
	0.15    

	fluox(c:h)
	-0.16
	0.17
	-0.94
	0.35    

	body
	0.19
	0.12
	1.67
	0.10  

	sex(m):fluox(c:l)
	0.47
	0.22
	2.13
	0.03  

	sex(m): fluox(c:h)
	0.02
	0.23
	0.09
	0.93    

	sex(m): body
	-0.17
	0.17
	-1.04
	0.30    

	fluox(c:l):body
	-0.06
	0.15
	-0.38
	0.70    

	fluox(c:h):body
	-0.02
	0.17
	-0.12
	0.90    

	sex(m):fluox(c:l):body
	-0.05
	0.22
	-0.21
	0.83    

	sex(m):fluox(c:h):body
	-0.14
	0.25
	-0.58
	0.56    

	Predictor
	χ2
	df
	P (χ2)

	trial
	12.98
	1
	< 0.001

	sex
	2.18
	1
	0.140

	fluox
	2.26
	2
	0.323

	body
	1.17
	1
	0.279

	sex:fluox
	6.29
	2
	0.043

	sex:body
	6.28
	1
	0.012

	fluox:body
	0.72
	2
	0.696

	sex:fluox:body
	0.35
	2
	0.840





Table S10. Output of a generalized linear-mixed effects model on the effect trial order and two-way interactions between sex, fluoxetine treatment, and body size on inhibitory control of guppies. The model includes a random effect of fish ID and experimental tank ID. Output was obtained from the model summary and a likelihood ratio test (‘Anova’ function). In line with our methods, because the two-way interaction with sex was significant, the model was split into one for males, and one for females.
	Predictor
	Estimate
	SE
	Z
	P

	trial
	-0.10
	0.03
	-3.60
	0.001

	sex(m)
	-0.30
	0.16
	-1.90
	0.06

	fluox(c:l)
	-0.23
	0.15
	-1.51
	0.13

	fluox(c:h)
	-0.15
	0.17
	-0.91
	0.37

	body
	0.22
	0.09
	2.34
	0.02

	sex(m):fluox(c:l)
	0.48
	0.22
	2.19
	0.03

	sex(m): fluox(c:h)
	0.01
	0.23
	0.04
	0.97

	sex(m): body
	-0.23
	0.09
	-2.51
	0.01

	fluox(c:l):body
	-0.08
	0.11
	-0.73
	0.47

	fluox(c:h):body
	-0.09
	0.12
	-0.76
	0.45

	Predictor
	χ2
	df
	P (χ2)

	trial
	12.96
	1
	< 0.001

	sex
	2.17
	1
	0.140

	fluox
	2.26
	2
	0.323

	body
	1.17
	1
	0.280

	sex:fluox
	6.29
	2
	0.043

	sex:body
	6.28
	1
	0.012

	fluox:body
	0.72
	2
	0.696





Table S11. Output of a generalized linear-mixed effects model on the effect of trial order, fluoxetine treatment, and body size on boldness of male guppies. The model includes a random effect of fish ID and experimental tank ID. Output was obtained from the model summary and a likelihood ratio test (‘Anova’ function). 

	Predictor
	χ2
	df
	P (χ2)
	Predictor

	trial
	-0.09
	0.04
	-2.088
	0.04

	fluox(c:l)
	0.27
	0.17
	1.536
	0.13

	fluox(c:h)
	-0.11
	0.17
	-0.653
	0.51

	fluox(l:h)
	0.07
	0.13
	0.506
	0.61

	body
	-0.11
	0.17
	-0.677
	0.50

	fluox(c:l):body
	-0.18
	0.19
	-0.958
	0.34

	Predictor
	χ2
	df
	P (χ2)

	trial
	4.36
	1
	0.04

	fluox
	5.20
	2
	0.07

	body
	0.18
	1
	0.67

	fluox:body
	0.96
	2
	0.62





Table S12. Output of a generalized linear-mixed effects model on the effect of trial order, fluoxetine treatment, and body size on boldness of male guppies. The model includes a random effect of fish ID and experimental tank ID. Output was obtained from the model summary and a likelihood ratio test (‘Anova’ function). 

	Predictor
	Estimate
	SE
	Z
	P

	trial
	-0.08
	0.04
	-2.068
	0.04

	fluox(c:l)
	0.27
	0.17
	1.549
	0.12

	fluox(c:h)
	-0.12
	0.17
	-0.712
	0.48

	fluox(l:h)
	-0.39
	0.17
	-2.23
	0.03

	body
	-0.03
	0.08
	-0.420
	0.67

	Predictor
	χ2
	df
	P (χ2)

	trial
	4.28
	1
	0.039

	fluox
	5.17
	2
	0.08

	body
	0.18
	1
	0.68





Table S13. Output of a generalized linear-mixed effects model on the effect of trial order, fluoxetine treatment, and body size on boldness of male guppies. The model includes a random effect of fish ID and experimental tank ID. Output was obtained from the model summary and a likelihood ratio test (‘Anova’ function). 

	[bookmark: _Hlk137131249]Predictor
	Estimate
	SE
	Z
	P

	trial
	-0.12
	0.04
	-3.17
	< 0.001

	body
	0.19
	0.11
	1.76
	0.08

	fluox(c:l)
	-0.22
	0.15
	-1.54
	0.12

	fluox(c:h)
	-0.17
	0.16
	-1.07
	0.29

	fluox(c:l):body
	-0.06
	0.14
	-0.39
	0.69

	fluox(c:h):body
	-0.02
	0.17
	-0.13
	0.89

	Predictor
	χ2
	df
	P (χ2)

	trial
	10.05
	1
	0.002

	body
	7.28
	1
	0.007

	fluox
	2.33
	2
	0.31

	fluox:body
	0.17
	2
	0.92





Table S14. Output of a generalized linear-mixed effects model on the effect of trial order, fluoxetine treatment, and body size on boldness of female guppies. The model includes a random effect of fish ID and experimental tank ID. Output was obtained from the model summary and a likelihood ratio test (‘Anova’ function). 

	Predictor
	Estimate
	SE
	Z
	P

	trial
	-0.12
	0.04
	-3.16
	0.002

	length_sc
	0.16
	0.06
	2.70
	0.007

	fluox(c:l)
	-0.21
	0.14
	-1.51
	0.13

	fluox(c:h)
	-0.16
	0.16
	-1.02
	0.31

	fluox(l:h)
	0.05
	0.14
	0.38
	0.70

	Predictor
	χ2
	df
	P (χ2)

	trial
	9.97
	1
	0.002

	body
	7.29
	1
	0.007 

	fluox
	2.33
	2
	0.311




