SUPPLEMENT (Taskinen, Choo, Mironova and Gopko))
1) Mussels size and its relationship with a cercariae shedding probability.
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Fig S1. As could be easily seen from the histogram and the boxplot, mussels from the River Haajaistenjoki population were smaller than from the River Kuusaankoski one. Interestingly, there was no difference in sizes between shedding and non-shedding mussels. Length was measured in the beginning of the experiment.
Descriptive statistics is presented in the table below:
	Table S1
	Mean mussel length±SE, mm
	Sample sizes

	
	Haajaistenjoki
	Kuusaankoski
	Haajaistenjoki
	Kuusaankoski

	No shedding
	61.2±0.79
	78.1±0.67
	181
	212

	Shedding
	63.0±1.01
	76.4±1.37
	109
	69


To check differences between groups formally, we used a general linear model, where mussel’s initial length was a response variable, while mussel’s origin and shedding status along with the interaction of these variables were predictors. The results were the following:
	Table S2
	Mussel size vs predictors

	Source
	Estimate
	 Std. Error
	    t-value
	 p-value

	Shedding status (shedding)
	1.83
	1.26
	1.45
	0.15

	Origin (Kuusaankoski)  
	16.91
	1.05
	16.08
	<0.0001

	Shedding*Origin
	-3.52
	1.91
	-1.83
	0.07


Interestingly, the interaction was close to the significance level, which reflects the fact that shedding mussels from Kuusaankoski were larger than non-shedding ones while shedding mussels from Haajaistenjoki were smaller than non-shedding ones (see the table above).
	Table S3
	Mean mussel length±SE, mm
	Sample sizes

	
	Haajaistenjoki
	Kuusaankoski
	Haajaistenjoki
	Kuusaankoski

	High temperature
	61.2±1.1
	  78.3±1.1
	87
	93

	Intermediate temperature
	  62.2±1.1
	 76.8±1.1
	96
	93

	Low temperature
	  61.7±1.1
	77.9±1.0
	95
	95


2) Proportion of mussels shedding cercariae in different treatments.
	Table S4
	Number of mussels shedding cercariae in different treatments

	
	No shedding
	R. campanula
	R. fennica

	High temperature
	99
	11 (20)
	70 (79)

	Intermediate temperature
	140
	17 (18)
	32 (33)

	Low temperature
	154
	28 (30)
	8 (10)


Values in parentheses were obtained after including double infected mussels. When double infected mussels were added to the dataset, results were similar to those presented in the main text of the ms. There were no statistically significant differences in R. campanula, while for R. fennica differences on the whole table and all paired comparisons between treatments were statistically significant (Fisher exact test: p > 0.2 for all cases and p < 0.0003 for all cases respectively).
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Fig. S2. Mosaic plot of proportions of mussels shedding cercariae in different treatments. Mussels shed both R. campanula (RC) and R. fennica (RF) are included.
3) Mean cercariae emission in R. fennica vs mean temperature (zero emission values are included).
There was a positive influence of both temperature and seasonality on the shedding of R. fennica cercariae (Table S5), however, the interaction was not significant (F1 = 0.72, p = 0.79) most probably due to the strong effect of zero-emission points under low temperatures at the beginning of the vegetation season. The influence of these points makes the modifying effect of the season less pronounced. The response variable was Box-Cox transformed (ytrans = y + 1).
	Table S5
	Cercariae emission vs temperature and day in R. fennica

	Source
	Estimate
	Std. Error
	t-value
	p-value

	Mean temperature
	0.415
	0.046
	9.10
	<0.00001

	Day
	0.014
	0.004
	3.48
	0.0014
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Fig. S3. Relationship between temperature and cercariae production in R. fennica, when zero-emission data are included. A – ‘raw’ data, where a number of zeros at low temperatures and abnormally low autumn observations are clearly seen. B – residual plot accounting for the seasonality.
4) Mean cercariae emission in R. campanula vs mean temperature.
When an outlier (see Fig. S4B) is included, the model did not have any significant predictors (Table S6).
	Table S6
	Cercariae emission vs temperature and day in R. campanula (outlier included)

	Source
	Estimate
	Std. Error
	t-value
	p-value

	Mean temperature
	0.160
	0.112
	1.42
	0.17

	Day
	0.010
	0.025
	0.38
	0.71

	Temperature*Day
	 -0.0014
	0.0018
	-0.74
	0.46


When we fitted the model including zero values, the results were very similar to those presented in the main text (Table S7, Fig. S4A). The outlier was also included.

	Table S7
	Cercariae emission vs temperature and day in R. campanula (outlier included)

	Source
	Estimate
	Std. Error
	t-value
	p-value

	Mean temperature
	0.150
	0.030
	5.05
	0.00002

	Day
	-0.014
	0.003
	-5.45
	<0.00001
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Fig. S4. Relationship between temperature and cercariae production in R. campanula. A –  zero-emission values are included. B – without zero-emission points (similar to Fig. 3 in the main text of the paper, but when the outlier is included). Even at the log-scale, the point, which we considered an outlier lies very far from the main cloud of points.

5) Effects of temperature, population and mussel size on the shedding traits of cercariae and host mortality.
	Table S8
	Models testing for the effect of temperature, host population and host length on the cercarial shedding traits in R. fennica (RF) and R. campanula (RC). Most parsimonious models selected by AIC or F-test are presented (see the Methods). RV stands for the response variable. Intercepts are not shown.

	a. Model description
	RV: log-transformed emission start in RF. Model: GLM with a Gaussian error structure

	Source
	Estimate
	SE
	t-value
	p-value

	Length (centered)
	  0.011
	0.003
	3.70
	0.0003

	Intermediate temperature
	 0.37
	0.066
	5.57
	<0.0001

	Low temperature
	 0.62
	  0.113
	5.44
	<0.0001

	Length*Temperature (Interm.)
	-0.010
	 0.006
	-1.87
	0.064

	Length*Temperature (Low)
	 -0.010
	 0.012
	-0.80
	0.423

	Tukey contrasts (adjusted p-values reported)

	Intermediate – High
	0.37
	0.07
	5.57
	<0.0001

	Low – High
	0.62
	0.11
	5.44
	<0.0001

	Low – Intermediate
	0.25
	0.12
	2.07
	0.096

	b. Model description
	RV: emission end in RF. Model: GLM with a Gaussian error structure

	Length (centered)
	0.34
	0.14
	2.50
	0.014

	Intermediate temperature
	29.02
	4.07
	7.14
	<0.0001

	Low temperature
	41.90
	6.22
	6.73
	<0.0001

	Population (Kuusaankoski)
	0.77
	3.77
	0.20
	0.84

	Intermediate*Kuusaankoski
	10.98
	7.08
	1.80
	0.07

	Low*Kuusankoski
	-16.16
	11.98
	-1.35
	0.18

	Tukey contrasts (adjusted p-values reported)

	Intermediate – High
	29.02
	4.07
	7.13
	<0.001

	Low – High
	41.90
	6.22
	6.73
	<0.001

	Low – Intermediate
	12.88
	6.59
	1.95
	0.12

	c. Model description
	RV: emission duration in RF. Model: zero inflated model with a negative binomial count part and a binomial zero probability part

	Count model coefficients

	Source
	Estimate
	SE
	z-value
	p-value

	Intermediate temperature
	0.23
	0.15
	1.52
	0.13

	Low temperature
	-0.46
	0.21
	-2.15
	0.032

	Population (Kuusaankoski)
	0.05
	0.13
	0.40
	0.69

	Intermediate*Kuusaankoski
	-0.06
	0.22
	-0.26
	0.79

	Low*Kuusankoski
	0.26
	0.52
	0.51
	0.61

	Zero-inflation model coefficients

	Intermediate temperature
	1.27
	0.80
	1.59
	0.11

	Low temperature
	-15.26
	2662.93
	-0.01
	0.995

	Population (Kuusaankoski)
	1.81
	0.69
	2.60
	0.009

	Intermediate*Kuusaankoski
	-3.26
	1.36
	-2.41
	0.016

	Low*Kuusankoski
	15.76
	2662.94
	0.01
	0.995

	d. Model description
	RV: day-degrees needed to start cercariae release in RF. Model: negative binomial model

	Length (centered)
	0.011
	0.003
	3.09
	0.002

	Intermediate temperature
	0.24
	0.066
	3.68
	0.0002

	Low temperature
	0.40
	0.115
	3.46
	0.0006

	Population (Kuusaankoski)
	0.10
	0.65
	1.54
	0.12

	Length*Temperature (Interm.)
	-0.012
	0.006
	-2.08
	0.04

	Length*Temperature (Low)
	-0.004
	0.012
	-0.34
	0.74

	Tukey contrasts (adjusted p-values reported)

	Intermediate – High
	0.24
	0.066
	3.68
	<0.001

	Low – High
	0.40
	0.115
	3.46
	0.002

	Low – Intermediate
	0.15
	0.12
	1.25
	0.41

	e. Model description
	RV: emission start in RC. Model: zero inflated model with a negative binomial count part and a binomial zero probability part.

	Count model coefficients

	Intermediate temperature
	0.70
	0.27
	2.65
	0.008

	Low temperature
	0.59
	0.25
	2.34
	0.019

	Zero-inflation model coefficients

	Intermediate temperature
	-0.54
	0.78
	-0.69
	0.491

	Low temperature
	-0.47
	0.72
	-0.66
	0.512

	f. Model description
	RV: emission end in RC. Model: GLM with a Gaussian error structure.

	Source
	Estimate
	SE
	t-value
	p-value

	Length (centered)
	-0.58
	0.27
	-2.13
	0.038

	Intermediate temperature
	18.54
	10.39
	1.78
	0.080

	Low temperature
	23.17
	9.52
	2.43
	0.018

	Tukey contrasts (adjusted p-values reported)

	Intermediate – High
	18.54
	10.39
	1.78
	0.18

	Low – High
	23.17
	9.52
	2.43
	0.047

	Low – Intermediate
	4.64
	8.19
	0.57
	0.84

	g. Model description
	RV: day-degrees needed to start cercariae release in RC minus 115 (to create zero values). Model: zero inflated model with a negative binomial count part and a binomial zero probability part

	Count model coefficients

	Source
	Estimate
	SE
	z-value
	p-value

	Population (Kuusaankoski)
	-0.40
	0.35
	-1.14
	0.26

	Zero-inflation model coefficients

	Population (Kuusaankoski)
	-18.52
	2619.52
	-0.007
	0.99

	h. Model description
	RV: host mortality. Model: logistic regression

	Source
	Estimate
	SE
	z-value
	p-value

	Intermediate temperature
	1.41
	0.38
	3.67
	0.0002

	Low temperature
	1.69
	0.44
	3.88
	0.0001

	Tukey contrasts (adjusted p-values reported)

	Intermediate – High
	1.41
	0.38
	3.67
	<0.001

	Low – High
	1.69
	0.44
	3.88
	<0.001

	Low – Intermediate
	0.28
	0.47
	0.59
	0.823
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g. S5. Proportions of alive mussels in different temperature treatments presented on the mosaic plot.
6) Cercarial release at the individual host level and differences between parasite species.
	Table S9
	Models testing for the effect of temperature treatment, host length accounting for parasitic species on the cercarial shedding traits. Most parsimonious models selected by AIC or F-test are presented (see the Methods). RV stands for the response variable. Intercepts are not shown.

	a. Model description
	RV: emission start. Model: zero inflated model with a negative binomial count part and a binomial zero probability part

	Count model coefficients

	Source
	Estimate
	SE
	z-value
	p-value

	Length (centered)
	  0.0043
	0.0032
	1.33
	0.18

	Species (R. fennica)
	1.04
	0.10
	10.01
	<0.00001

	Intermediate temperature
	0.64
	0.12
	5.55
	<0.00001

	Low temperature
	0.57
	0.11
	5.10
	<0.00001

	Length*Species (R. fennica)
	0.0073
	0.0030
	2.44
	0.015

	Length*Temperature (Interm.)
	-0.011
	0.0021
	-5.16
	<0.00001

	Length*Temperature (Low)
	-0.0062
	0.0034
	-1.92
	0.056

	Species *Temperature (Interm.)
	-0.24
	0.12
	-2.05
	0.04

	Species *Temperature (Low)
	0.039
	0.12
	0.33
	0.741

	Zero-inflation model coefficients

	Length (centered)
	0.015
	0.044
	0.347
	0.73

	Species (R. fennica)
	-20.82
	3784
	-0.006
	0.99

	Intermediate temperature
	-0.58
	0.76
	-0.96
	0.34

	Low temperature
	-0.73
	0.76
	-0.96
	0.34

	Length*Species (R. fennica)
	0.0079
	248.5
	<0.001
	1.000

	Length*Temperature (Interm.)
	-0.017
	0.057
	-0.30
	0.77

	Length*Temperature (Low)
	-0.054
	0.056
	-0.96
	0.34

	Species *Temperature (Interm.)
	0.600
	6593
	<0.001
	1.000

	Species *Temperature (Low)
	0.727
	10970
	<0.001
	1.000

	b. Model description
	RV: emission end. Model: GLM with a Gaussian error structure

	Source
	Estimate
	SE
	t-value
	p-value

	Length (centered)
	-0.53
	0.20
	-2.73
	0.007

	Intermediate temperature
	35.23
	3.85
	9.15
	<0.00001

	Low temperature
	30.43
	3.69
	8.26
	<0.00001

	Species (R. fennica)
	32.63
	4.59
	7.10
	<0.00001

	Length*Species (R. fennica)
	0.90
	0.25
	3.57
	0.0005

	c. Model description
	RV: emission duration. Model: zero inflated model with a negative binomial count part and a binomial zero probability part

	Count model coefficients

	Source
	Estimate
	SE
	z-value
	p-value

	Length (centered)
	-0.0038
	0.0021
	-1/78
	0.08

	Species (R. fennica)
	-0.28
	0.047
	-6.01
	<0.00001

	High temperature
	0.039
	0.056
	0.69
	0.49

	Low temperature
	0.17
	0.045
	3.70
	0.0002

	Length*Species (R. fennica)
	0.0076
	0.0025
	2.98
	0.0029

	Length*Temperature (High)
	-0.0069
	0.0026
	-2.69
	0.007

	Length*Temperature (Low)
	-0.0035
	0.0028
	-1.28
	0.22

	Species *Temperature (High)
	-0.23
	0.069
	-3.30
	0.001

	Species *Temperature (Low)
	-0.80
	0.098
	-8.21
	<0.00001

	Zero-inflation model coefficients

	Length (centered)
	-0.016
	0.075
	-0.21
	0.83

	Species (R. fennica)
	17.01
	2600.31
	0.007
	1.000

	High temperature
	16.24
	2600.31
	0.007
	1.000

	Low temperature
	16.24
	2600.31
	0.006
	1.000

	Length*Species (R. fennica)
	-0.042
	0.061
	-0.70
	0.49

	Length*Temperature (High)
	0.098
	0.051
	1.92
	0.06

	Length*Temperature (Low)
	0.054
	0.083
	0.66
	0.51

	Species *Temperature (High)
	-16.63
	2600.31
	-0.006
	1.000

	Species *Temperature (Low)
	-16.50
	2600.31
	-0.006
	1.000

	d. Model description
	RV: emission start temperature. Model: robust regression with Huber weights

	Source
	Estimate
	SE
	F-value
	p-value

	Intermediate temperature
	1.08
	0.52
	3.77
	0.054

	Low temperature
	0.48
	0.48
	1.06
	0.31

	Species (R. fennica)
	10.13
	0.44
	570.47
	<0.00001

	Species *Temperature (Interm.)
	-3.80
	0.59
	37.13
	<0.00001

	Species *Temperature (Low)
	-4.85
	0.69
	49.23
	<0.00001

	e. Model description
	RV: log-transformed day-degrees needed to start the emission. Model: GLM with a Gaussian error structure

	Source
	Estimate
	SE
	t-value
	p-value

	Length (centered)
	0.0065
	0.0033
	1.97
	0.051

	Intermediate temperature
	0.32
	0.097
	3.27
	0.0013

	Low temperature
	0.32
	0.12
	2.63
	0.0095

	Species (R. fennica)
	1.58
	0.10
	15.66
	<0.00001

	f. Model description
	RV: emission end temperature. Model: robust regression with Huber weights

	Source
	Estimate
	SE
	F-value
	p-value

	Intermediate temperature
	-2.49
	0.78
	9.92
	0.002

	Low temperature
	-4.16
	0.71
	31.81
	<0.00001

	Species (R. fennica)
	-0.17
	0.65
	0.06
	0.81

	Species *Temperature (Interm.)
	-0.69
	0.89
	0.58
	0.45

	Species *Temperature (Low)
	-2.30
	1.03
	4.64
	0.03


[image: image8.png]Dead

Alive

Survival in different treatments

Low Intermediate High





Fig S6. Emission start temperature (left), end temperature (middle) and day-degrees needed to start the emission in both species and three treatments (right). RC – R. campanula, RF – R. fennica.
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Fig. S7. The patterns of shedding R. fennica by individual A. anatina mussels at high temperature (HT), intermediate temperature (IT), and low temperature (LT). The solid line indicates the cercarial shedding period (lasted until the mussel death or the end of the experiment), the dotted line represents the non-shedding period.
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Fig. S8. The patterns of shedding R. campanula by individual A. anatina mussels at high temperature (HT), intermediate temperature (IT), and low temperature (LT). The solid line indicates the cercarial shedding period (lasted until the mussel died or the experiment ended), dotted line represents the non-shedding period.
