Supplemental Materials
Text S1. 
data {
    int<lower=0> n_tanks;
    int<lower=0> y[n_tanks];
    int<lower=0> S[n_tanks];
    int<lower=0> R[n_tanks];
    int<lower=0> T[n_tanks];
    int<lower=0> A[n_tanks];
    real<lower=0> D[n_tanks];
    real<lower=0> W[n_tanks];
    int<lower=0> n_total[n_tanks];
    real<lower=0> dose[100]; // vector of doses for which to evaluate probabilities
}

parameters {
  real beta_0;
  vector[4] beta_S;
  vector[2] beta_R;
  vector[6] beta_T;
  vector[24] beta_A;
  real beta_W;
  vector[4] beta_SD;
  
  real mu_S;
  real mu_R;
  real mu_T;
  real mu_A;
  real mu_SD;
  
  real<lower=0> sigma_S;
  real<lower=0> sigma_R;
  real<lower=0> sigma_T;
  real<lower=0> sigma_A;
  real<lower=0> sigma_SD;
}

transformed parameters{
  real s_S;
  real s_R;
  real s_T;
  real s_A;
  real s_SD;
  
  real p[n_tanks];
  
  real beta_0_adj;
  vector[4] beta_S_adj;
  vector[2] beta_R_adj;
  vector[6] beta_T_adj;
  vector[24] beta_A_adj;
  real beta_W_adj;
  vector[4] beta_SD_adj;
    
  beta_0_adj = beta_0 + mean(beta_S) + mean(beta_R) + mean(beta_T) +
  mean(beta_A) + beta_W + mean(beta_SD);
   
  beta_S_adj = beta_S - mean(beta_S);
  beta_R_adj = beta_R - mean(beta_R);
  beta_T_adj = beta_T - mean(beta_T);
  beta_A_adj = beta_A - mean(beta_A);
  beta_W_adj = beta_W;
  beta_SD_adj = beta_SD - mean(beta_SD);

  s_S = sd(beta_S_adj);
  s_R = sd(beta_R_adj);
  s_T = sd(beta_T_adj);
  s_A = sd(beta_A_adj);
  s_SD = sd(beta_SD_adj);

  for(i in 1:n_tanks){
    p[i] = inv_logit(beta_0 + 
    beta_S[S[i]] +
    beta_R[R[i]] +
    beta_T[T[i]] +
    beta_A[A[i]] +
    beta_W*W[i] +
    beta_SD[S[i]]*D[i]);
  }
}

model {
  beta_S ~ normal(mu_S, sigma_S);
  beta_R ~ normal(mu_R, sigma_R);
  beta_T ~ normal(mu_T, sigma_T);
  beta_A ~ normal(mu_A, sigma_A);
  beta_SD ~ normal(mu_SD, sigma_SD);
    
  for(i in 1:n_tanks){
  y[i] ~ binomial(n_total[i], p[i]);
  }
  
  sigma_S ~ cauchy(0, 2.5);
  sigma_R ~ cauchy(0, 2.5);
  sigma_T ~ cauchy(0, 2.5);
  sigma_A ~ cauchy(0, 2.5);
  sigma_SD ~ cauchy(0, 2.5);
  
  beta_0 ~ cauchy(0, 2.5);
  mu_S ~ cauchy(0, 2.5);
  mu_R ~ cauchy(0, 2.5);
  mu_T ~ cauchy(0, 2.5);
  mu_A ~ cauchy(0, 2.5);
  beta_W ~ cauchy(0, 2.5);
  mu_SD ~ cauchy(0, 2.5);
}

generated quantities {
  matrix[100, 4] p_vec;  // matrix of probabilities for each species at doses between 30 and 500 
  matrix[100, 4] logit_vec; // matrix of estimated logits for each species at doses between 30 and 500 
  vector[4] lc_50; // vector of LC-50s for every species  
  vector[4] lc_95; // vector of LC-95s
  real diff12;
  real diff13;
  real diff14;
  real diff23;
  real diff24;
  real diff34;
  real lc50diff12;
  real lc50diff13;
  real lc50diff14;
  real lc50diff23;
  real lc50diff24;
  real lc50diff34;
  real lc95diff12;
  real lc95diff13;
  real lc95diff14;
  real lc95diff23;
  real lc95diff24;
  real lc95diff34;


 for(k in 1:100){
  logit_vec[k, 1] = 0;
  p_vec[k, 1] = 0;
    for(j in 1:4){
      logit_vec[k, j] =  
       beta_0 + 
       mean(beta_A) +
       mean(beta_R) +
       mean(beta_T) +
       beta_W*5.45 + // average weight in dataset is 5.45
       beta_S[j] +
       beta_SD[j]*dose[k];
  
      p_vec[k, j] = inv_logit(
       logit_vec[k, j]
       );
    }
  }
  for(j in 1:4){
    lc_50[j] = (log(0.5 / (1-0.5)) - (beta_0 + beta_S[j] + mean(beta_A) + mean(beta_R) + mean(beta_T) + beta_W*5.45)) / beta_SD[j];
    lc_95[j] = (log(0.95 / (1-0.95)) - (beta_0 + beta_S[j] + mean(beta_A) + mean(beta_R) + mean(beta_T) + beta_W*5.45)) / beta_SD[j];
}

  // contrasts of interest
  diff12 = beta_SD[2] - beta_SD[1];
  diff13 = beta_SD[3] - beta_SD[1];
  diff14 = beta_SD[4] - beta_SD[1];
  diff23 = beta_SD[3] - beta_SD[2];
  diff24 = beta_SD[4] - beta_SD[2];
  diff34 = beta_SD[4] - beta_SD[3];

  // contrasts of interest
  lc50diff12 = lc_50[2] - lc_50[1];
  lc50diff13 = lc_50[3] - lc_50[1];
  lc50diff14 = lc_50[4] - lc_50[1];
  lc50diff23 = lc_50[3] - lc_50[2];
  lc50diff24 = lc_50[4] - lc_50[2];
  lc50diff34 = lc_50[4] - lc_50[3];

  // contrasts of interest
  lc95diff12 = lc_95[2] - lc_95[1];
  lc95diff13 = lc_95[3] - lc_95[1];
  lc95diff14 = lc_95[4] - lc_95[1];
  lc95diff23 = lc_95[3] - lc_95[2];
  lc95diff24 = lc_95[4] - lc_95[2];
  lc95diff34 = lc_95[4] - lc_95[3];

}

library(rstan)
load("data/alldat.RData")

modeldat <- NA
modeldat$species <- as.integer(dat$Species)
modeldat$trial <- as.integer(dat$Trial)
modeldat$tank <- as.integer(dat$Tank)
modeldat$day <- as.integer(dat$day)
modeldat$dose <- dat$Concentration
modeldat$avg_wt <- dat$avg_wt
modeldat$avg_length <- dat$avg_length_imputed ## use the imputed lengths
modeldat$y <- dat$n_dead
modeldat$n <- dat$numberintank

stan <- stan_model(file = "code_Rscripts/model_redun_co2.stan", model_name = "model", rstan_options(auto_write = TRUE)):w
##compile stan model

data <- with(modeldat, list(n_tanks=nrow(dat), y=y, S=species, D = dose, 
                           R = trial, A = day, T = tank, W = avg_wt, 
                           #L = avg_length, # length not used as a predictor due to missing data, see model_redun_co2_old.R for code with length variable
                           n_total = n, dose = seq(30, 500, length = 100)))

## initial values from mixed effects model
inits <- function(){return(
  list(beta_0=rnorm(1, -13, 2), beta_S=rnorm(4, 3, 2), beta_R=rnorm(2), 
       beta_T=rnorm(6),
       beta_A=rnorm(24), beta_W=rnorm(1, 0.04, 0.01), 
       #beta_L=rnorm(1, 0.009, 0.001), 
       beta_SD=rnorm(4, 0.03, 0.01)
)
)
}

set.seed(2018) ## set random seed so results can be reproduced

sim.samps <- sampling(stan, chains=4, iter=20000, data=data, init=inits,
                      control=list(adapt_delta=0.95, max_treedepth=14, mc.cores = parallel::detectCores())) #posterior draws


# linear model for fish weight
lm_wt_noint_1 <- lm(avg_wt ~ Species * Trial/day.n1 + Tank - 1, data = dat)
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