Supplementary Material for “Filtration and respiration responses of mussels (Mytilus edulis) to trematode parasite infections (Renicola roscovita) and transient heat exposure”
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Supplementary Table 1. Average and standard deviation of the food concentration (Rhodomonas salina cells mL-1 S -1± SD) around the mussel during the experiments.
	
	Infected
	Uninfected

	Experiment 1
	3354.555 ± 875.4777
	2936.058 ± 592.4666

	Experiment 2 – Small
	4989.427 ± 126.2731
	2306.182 ± 273.8527

	Experiment 2 – Large
	6273.018 ± 338.4091
	5601.979 ± 3050.871



Supplementary Table 2. The difference in scaled filtration rate of infected mussels with R. roscovita metacercarial and uninfected mussels throughout the post-fluctuation phase (>1700 min) was investigated using Generalized Additive Mixed Models (GAMMs).
	
	
	Small mussels

	Scaled filtration rate
	A. parametric coefficients
	Estimate
	Std. Error
	t-value
	p-value

	
	Intercept (Uninfected)
	0.3926
	0.0802
	4.895
	< 0.0001

	
	Infected - Uninfected
	-0.1319
	0.1236
	-1.068
	0.286

	
	B. smooth terms
	edf
	Ref.df
	F-value
	p-value

	
	s(Time): Uninfected
	1.890
	1.988
	7.422
	0.00128

	
	s(Time): Infected
	1.001
	1.001
	4.053
	0.04435

	
	s(replicate)
	16.918
	17.000
	206.540
	< 0.0001

	
	R2
	0.95










Supplementary Table 3. Generalized additive mixed models were used to model the relationship between respiration rate and parasite intensity in small and large mussels of Experiment 2.
	
	
	Small mussels
	Large mussels

	Respiration rate
	A. parametric coefficients
	Estimate
	Std. Error
	t-value
	p-value
	Estimate
	Std. Error
	t-value
	p-value

	
	Intercept 
	0.04820
	0.00104
	46.35
	<2e-16
	0.183161
	0.003138
	58.38
	<2e-16

	
	B. smooth terms
	edf
	Ref.df
	F-value
	p-value
	edf
	Ref.df
	F-value
	p-value

	
	S (Number of parasites)
	1.002
	1.003
	2.594
	0.108
	1.548
	1.795
	0.514
	0.57

	
	s(total-min)
	1.002
	1.004
	0.346
	0.557
	1.002
	1.004
	42.931
	<2e-16

	
	R2
	0.445
	0.0423






Figures legend of supplementary
[image: ]
Supplementary Figure 1. Generalized Additive Mixed Models were used to model scaled filtration rate of mussels during post-warming phase. GAMMs explained 95% of variation. Each point represents filtration or respiration measurement per 5 minutes (shaded areas represent 95% CIs).



[image: ]Supplementary Figure 2. Generalized additive mixed model were used to model the relationship between respiration rate and parasite intensity (number of metacercariae) in small (A) and large (B) mussels. Line represent model prediction and shaded band represents 95 % CIs conditioned on the average time points.


Supplementary R Scripts
Experiment 1
Filtration rate:
# for autocorrelation consideration
df <- start_event (df, column="total_min", event=c("replicate"), order = TRUE, label.event="Event")
# order factor
df$infection_status <- as.ordered(df$infec_status) 
contrasts(df$infection_status) <- "contr.treatment"
contrasts(df$infection_status)
#Model
simp_bam_RIS = bam (filt_ml_per_min_S ~ infection_status + s (total_min, k=11) + 
s (total_min, by=infection_status, k=11) + s (replicate, bs='re'), family=gaussian, data=df, method = "REML")
gam.check(simp_bam_RIS, rep=100)
#Consider autocorrelation of residuals
r1 <- start_value_rho (simp_bam_RIS, plot=T)
simp_bam_RIS_AC <- bam (filt_ml_per_min_S ~ infection_status + s (total_min, k=11) +s (total_min, by=infection_status, k=11) + s (replicate, bs='re'), family=gaussian, data=df, method = "REML",rho=r1, AR.start=df$start.event)
summary(simp_bam_RIS_AC)
gam.check(simp_bam_RIS_AC, rep=100) 
check_resid (simp_bam_RIS_AC, split_pred="AR.start", ask=FALSE)
diagnostics (simp_bam_RIS_AC, ask=FALSE)

For respiration rate:
simp_bam_RIS_resp = bam (resp_ymolO2_per_min_S ~ infection_status + s (total_min, k=13) + s (total_min, by=infection_status, k=13) + s(replicate, bs='re'), family=gaussian, data=df, method = "REML")
gam.check(simp_bam_RIS_resp, rep=100)
# consider autocorrelation of residuals
r1 <- start_value_rho(simp_bam_RIS_resp, plot=T)
simp_bam_RIS_AC_resp <- bam (resp_ymolO2_per_min_S ~ infection_status + s(total_min, k=13) +s(total_min, by=infection_status, k=13) + s(replicate, bs='re'), family=gaussian, data=df, method = "REML",rho=r1, AR.start=df$start.event)
summary(simp_bam_RIS_AC_resp)
gam.check(simp_bam_RIS_AC_resp, rep=100) 
check_resid(simp_bam_RIS_AC_resp, split_pred="AR.start", ask=FALSE)
diagnostics (simp_bam_RIS_AC_resp, ask=FALSE)
Recovery potential:
# Making reference_scaled_filt & resp
df_total = data.frame()
for (i in unique(df$replicate)){
  print(i)
  df_rep=df[(df$replicate==i), ]
  df_ref=df[(df$total_min<300), ]
  ref_filt=mean(df_ref$filt_ml_per_min_S)
  ref_resp=mean(df_ref$resp_ymolO2_per_min_S)
  df_rep$filt_ref_scaled=df_rep$filt_ml_per_min_S/ref_filt
  df_rep$resp_ref_scaled=df_rep$resp_ymolO2_per_min_S/ref_resp
  df_total <- rbind(df_total,df_rep)
}
head(df_total)
df=df_total
#revising variable types
df$replicate = as.factor(df$replicate)
df$infec_status <- as.factor(df$infec_status)
df$temp = as.numeric(df$Temp_C_x)
df$total_min = as.numeric(df$total_min)
df$resp_ymolO2_per_min_S = as.numeric(df$resp_ymolO2_per_min_S)
df$filt_ml_per_min_S = as.numeric(df$filt_ml_per_min_S)
df$filt_ref_scaled = as.numeric(df$filt_ref_scaled)
df$resp_ref_scaled = as.numeric(df$resp_ref_scaled)
df_paras = subset(df, df$infec_status == 1)
df_paras <- as.data.frame(df_paras)
df_paras_rec = subset(df_paras, df_paras$total_min > 1700)
df_paras_rec <- as.data.frame(df_paras_rec)
df_paras_rec$replicate = as.character(df_paras_rec$replicate) 
df_paras_rec$replicate = as.factor(df_paras_rec$replicate)
df_paras_rec <- start_event(df_paras_rec, column="total_min", event=c("replicate"), 
order = TRUE, label.event="Event")
unique(df_paras_rec$replicate)
simp_bam_relative_filt = bam(filt_ref_scaled ~ s(total_min, k=3 + s(num_par, k=3) + s(replicate, bs='re'), family=gaussian, data=df_paras_rec, method = "REML")
r1 <- start_value_rho(simp_bam_relative_filt, plot=T)
simp_bam_relative_filt_AC<- bam(filt_ref_scaled ~ s(total_min, k=3) +s(num_par, k=3) + s(replicate, bs='re'), family=gaussian, data=df_paras_rec, method = "REML", rho=r1, AR.start=df_paras_rec$start.event)
gam.check(simp_bam_relative_filt_AC, rep=100)
summary(simp_bam_relative_filt_AC)
check_resid(simp_bam_relative_filt_AC, split_pred="AR.start", ask=FALSE)
Experiment 2
Filtration rate small and large:
simp_bam_RI_Filt = bam (filt_ml_per_min_S ~ infection_status*total_min + s (replicate, bs='re'), family = gaussian(), data=df, method = "REML")
# consider autocorrelation of residuals
r1 <- start_value_rho(simp_bam_RI_k3_Filt, plot=T)
simp_bam_RIS_AC_Filt <- bam (filt_ml_per_min_S ~ infection_status*total_min + s (replicate, bs='re'), family=gaussian(), data=df, method = "REML",rho=r1, AR.start=df$start.event)
Respiration rate small and large
simp_bam_RI_Resp = bam (resp_ymolO2_per_min_S ~ infection_status*total_min +s(replicate, bs='re'), family=gaussian(), data=df, method = "REML")
#consider autocorrelation of residuals
r1 <- start_value_rho(simp_bam_RI_k3_Resp, plot=T)
simp_bam_RIS_AC_Resp <- bam(resp_ymolO2_per_min_S ~ infection_status *total_min + s(replicate, bs='re'), family=gaussian(), data=df, method = "REML",rho=r1, AR.start=df$start.event)


# Filtration versus Number of parasite small /large
df_paras = subset (df, df$infec_status == 1)
df_paras <- as.data.frame(df_paras)
simp_bam_RI = bam (filt_ml_per_min_S~ s (num_par, k= 3) + s (total_min, k= 3), family=gaussian(), data=df_paras, method = "REML")
r1 <- start_value_rho (simp_bam_RI, plot=T)
simp_bam_RIS_AC <- bam (filt_ml_per_min_S~ s (num_par, k=3) + s (total_min, k=3), family=gaussian(), data=df_paras, method = "REML", rho=r1, AR.start=df_paras$start.event)
summary(simp_bam_RIS_AC)
# Respiration versus Number of parasite small / large
df_paras = subset (df, df$infec_status == 1)
df_paras <- as.data.frame(df_paras)
simp_bam_RI = bam(resp_ymolO2_per_min_S ~ s(num_par, k= 3) + s(total_min, k= 3), family=gaussian(), data=df_paras, method = "REML")
r1 <- start_value_rho(simp_bam_RI, plot=T)
simp_bam_RIS_AC <- bam (resp_ymolO2_per_min_S ~ s (num_par, k=3) + s (total_min, k=3), family=gaussian(), data=df_paras, method = "REML", rho=r1, AR.start=df_paras$start.event)
summary(simp_bam_RIS_AC)
# Curve difference plots for large mussel
plot_diff(simp_bam_RIS_AC_k3_Filt, view="total_min", comp=list(infection_status=c("0", "1")),rm.ranef=T, xlab = '', ylab = "", main = "Difference Non-infected/ Infected",alpha=0.1, sim.ci=T, set.seed(100), hide.label = T)
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