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[bookmark: fitting-regression-models-to-lhs-simulat]Fitting regression models to LHS simulated data considering Initial N, Inbreeding and predation as predictors and expected heterozygosity as dependent variable
# Load packages 
library(data.table)
library(betareg)

# set working directory
setwd("C:/Users/30373314/Dropbox/woyliePVA/W37_Factors_LHS_N_500/VOutput/ProcessedData")
# Load data
load("./lrun.LHS.no.base.SVs.rda")
[bookmark: summary-of-predictors]Summary of predictors
· SV1 --> Initial N
· SV2 --> % of lethal equivalents
· SV3 --> Number of lethal alleles
· SV4 --> Predation (presence absence)
· SV5 --> Baiting (presence absence)
· SV6 --> Density dependent predation (presence absence)
· SV7 --> Initial heterozygosity
We rescale variable SV1 and subset the data to remove simulations where the population went extinct as the analysis of predictors that are responsible for extinction are catered for by the zero component of the analysis with population size as dependent
lrun.LHS.no.base.SVs[, SV1 := SV1 / 1000]
lrun.LHS.no.base.SVs$extinct <- factor(
   lrun.LHS.no.base.SVs$GeneDiv < 0.001,
   levels = c(FALSE, TRUE), labels = c("no", "yes"))

hist(lrun.LHS.no.base.SVs[extinct == "no", GeneDiv])
[image: Factor_LHS_analysis_Hetv2_files/figure-docx/unnamed-chunk-2-1.png]
lrun.LHS.no.base.SVs[extinct == "no", summary(GeneDiv)]
##    Min. 1st Qu.  Median    Mean 3rd Qu.    Max. 
##  0.0103  0.9499  0.9835  0.9485  0.9854  0.9898
Following a similar approach as for the analysis were the population size was the dependent variable, we first fit a model with predation.
Because the dependent variable is a proportion we can fit a beta regression using the package betareg.
breg <- betareg(GeneDiv ~ SV4, subset = extinct == "no",
   data = lrun.LHS.no.base.SVs)
summary(breg, type = "pearson")
## 
## Call:
## betareg(formula = GeneDiv ~ SV4, data = lrun.LHS.no.base.SVs, subset = extinct == 
##     "no")
## 
## Pearson residuals:
##      Min       1Q   Median       3Q      Max 
## -18.1007   0.2810   0.4041   0.4878   2.3187 
## 
## Coefficients (mean model with logit link):
##              Estimate Std. Error z value Pr(>|z|)    
## (Intercept)  3.718017   0.003750   991.3   <2e-16 ***
## SV41        -1.929306   0.004608  -418.7   <2e-16 ***
## 
## Phi coefficients (precision model with identity link):
##       Estimate Std. Error z value Pr(>|z|)    
## (phi)  55.1136     0.3179   173.4   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
## 
## Type of estimator: ML (maximum likelihood)
## Log-likelihood: 1.668e+05 on 3 Df
## Pseudo R-squared: 0.8766
## Number of iterations: 16 (BFGS) + 2 (Fisher scoring)
We test the fit of the available link function to select the most appropriate
# Create a function to fit the model with a different link function
update_breg <- function(link, breg) {
    breg2 <- update(breg, link=link)
    return(breg2)
}

# Vector with available link functions in betareg
links_list <- c("probit", "cloglog", "cauchit", "loglog")
  
# Apply different link functions
lbreg <- lapply(links_list, update_breg, breg=breg)

# Add the model with the logit link 
lbreg[[5]] <- breg
names(lbreg) <- c(links_list, "logit")

# Extract AIC scores 
linkAIC <- sapply(lbreg, logLik)
inspect the difference between AIC scores respect the link function that obtained the lowest AIC score
print(deltalinkAIC <- linkAIC - linkAIC[which.min(linkAIC)])
##       probit      cloglog      cauchit       loglog        logit 
## 0.000000e+00 0.000000e+00 5.820766e-11 5.820766e-11 5.820766e-11
Using AIC, we select the link function the received the lowest AIC and refit the model
names(lbreg)[which.min(linkAIC)]
## [1] "probit"
summary(lbreg[[which.min(linkAIC)]], type = "pearson")
## 
## Call:
## betareg(formula = GeneDiv ~ SV4, data = lrun.LHS.no.base.SVs, subset = extinct == 
##     "no", link = link)
## 
## Pearson residuals:
##      Min       1Q   Median       3Q      Max 
## -18.1007   0.2810   0.4041   0.4878   2.3187 
## 
## Coefficients (mean model with probit link):
##              Estimate Std. Error z value Pr(>|z|)    
## (Intercept)  1.982593   0.001553  1276.7   <2e-16 ***
## SV41        -0.916678   0.002145  -427.4   <2e-16 ***
## 
## Phi coefficients (precision model with identity link):
##       Estimate Std. Error z value Pr(>|z|)    
## (phi)  55.1136     0.3179   173.4   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
## 
## Type of estimator: ML (maximum likelihood)
## Log-likelihood: 1.668e+05 on 3 Df
## Pseudo R-squared: 0.8436
## Number of iterations: 15 (BFGS) + 2 (Fisher scoring)
[bookmark: no-predation]No predation
We then subset the data to exclude simulations with predation
sel_nopred<-lrun.LHS.no.base.SVs$SV4==0
To have a consistent approach we fit a model with the first order of interaction only
breg <- betareg(GeneDiv ~ (SV1 + SV2 + SV3 + SV7)^2, 
                subset = extinct == "no",
   data = lrun.LHS.no.base.SVs[sel_nopred,])
As for before we test different link functions and select the one with the lowest AIC score:
# Apply different link functions
lbreg <- lapply(links_list, update_breg, breg=breg)

# Add the model with the logit link 
lbreg[[5]] <- breg
names(lbreg) <- c(links_list, "logit")

# Extract AIC scores 
linkAIC <- sapply(lbreg, logLik)

print(deltalinkAIC <- linkAIC - linkAIC[which.min(linkAIC)])
##    probit   cloglog   cauchit    loglog     logit 
##  36.65129   0.00000 467.01692  86.67459  83.68489
names(lbreg)[which.min(linkAIC)]
## [1] "cloglog"
summary(lbreg[[which.min(linkAIC)]], type = "pearson")
## 
## Call:
## betareg(formula = GeneDiv ~ (SV1 + SV2 + SV3 + SV7)^2, data = lrun.LHS.no.base.SVs[sel_nopred, 
##     ], subset = extinct == "no", link = link)
## 
## Pearson residuals:
##      Min       1Q   Median       3Q      Max 
## -10.1305  -0.5419   0.1309   0.6971   2.6854 
## 
## Coefficients (mean model with cloglog link):
##               Estimate Std. Error z value Pr(>|z|)    
## (Intercept)  1.335e+00  5.847e-03 228.358  < 2e-16 ***
## SV1          4.783e-02  2.824e-03  16.934  < 2e-16 ***
## SV2          1.060e-02  1.185e-03   8.941  < 2e-16 ***
## SV3          4.571e-02  1.761e-03  25.958  < 2e-16 ***
## SV7          3.442e-02  8.126e-03   4.236 2.28e-05 ***
## SV1:SV2     -9.403e-05  1.608e-04  -0.585    0.559    
## SV1:SV3     -2.116e-03  2.466e-04  -8.581  < 2e-16 ***
## SV1:SV7     -2.594e-02  3.867e-03  -6.709 1.95e-11 ***
## SV2:SV3      4.403e-04  9.450e-05   4.659 3.17e-06 ***
## SV2:SV7     -1.507e-02  1.602e-03  -9.409  < 2e-16 ***
## SV3:SV7     -3.529e-02  2.398e-03 -14.716  < 2e-16 ***
## 
## Phi coefficients (precision model with identity link):
##       Estimate Std. Error z value Pr(>|z|)    
## (phi)  4730.09      29.94     158   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
## 
## Type of estimator: ML (maximum likelihood)
## Log-likelihood: 2.449e+05 on 12 Df
## Pseudo R-squared: 0.4189
## Number of iterations: 23 (BFGS) + 2 (Fisher scoring)
[bookmark: predation]Predation
Lastly, we subset the data to select only simulations with predation
sel_pred<-lrun.LHS.no.base.SVs$SV4==1
Note that we cannot include the variable SV6 because there are no simulations where the population doesn't go extinct when the predation is not modelled as density dependent as it can be easily checked with the line of code below:
lrun.LHS.no.base.SVs[extinct == "no" & sel_pred, summary(SV6)]
##     0     1 
##     0 17088
Again, we fit a model with the first order of interaction only
breg <- betareg(GeneDiv ~ (SV1 + SV2 + SV3 + SV5 + SV7)^2, 
                subset = extinct == "no",
   data = lrun.LHS.no.base.SVs[sel_pred,])
As for before we test different link functions and select the one with the lowest AIC score:
# Apply different link functions
lbreg <- lapply(links_list, update_breg, breg=breg)

# Add the model with the logit link 
lbreg[[5]] <- breg
names(lbreg) <- c(links_list, "logit")

# Extract AIC scores 
linkAIC <- sapply(lbreg, logLik)

print(deltalinkAIC <- linkAIC - linkAIC[which.min(linkAIC)])
##    probit   cloglog   cauchit    loglog     logit 
##  292.7980    0.0000 1726.1022  670.2355  516.7682
names(lbreg)[which.min(linkAIC)]
## [1] "cloglog"
summary(lbreg[[which.min(linkAIC)]], type = "pearson")
## 
## Call:
## betareg(formula = GeneDiv ~ (SV1 + SV2 + SV3 + SV5 + SV7)^2, data = lrun.LHS.no.base.SVs[sel_pred, 
##     ], subset = extinct == "no", link = link)
## 
## Pearson residuals:
##      Min       1Q   Median       3Q      Max 
## -11.6249  -0.2457   0.2329   0.6633   2.6046 
## 
## Coefficients (mean model with cloglog link):
##              Estimate Std. Error z value Pr(>|z|)    
## (Intercept)  1.135543   0.082240  13.808  < 2e-16 ***
## SV1         -0.281517   0.054523  -5.163 2.43e-07 ***
## SV2          0.029202   0.013360   2.186   0.0288 *  
## SV3         -0.411878   0.022194 -18.558  < 2e-16 ***
## SV51        -0.004692   0.048373  -0.097   0.9227    
## SV7         -1.535620   0.108216 -14.190  < 2e-16 ***
## SV1:SV2      0.017426   0.002538   6.866 6.59e-12 ***
## SV1:SV3     -0.017771   0.004306  -4.127 3.67e-05 ***
## SV1:SV51    -0.045164   0.007859  -5.746 9.11e-09 ***
## SV1:SV7      1.038043   0.069732  14.886  < 2e-16 ***
## SV2:SV3      0.001727   0.001052   1.641   0.1008    
## SV2:SV51     0.019744   0.002205   8.956  < 2e-16 ***
## SV2:SV7     -0.097055   0.017883  -5.427 5.72e-08 ***
## SV3:SV51     0.045173   0.003518  12.840  < 2e-16 ***
## SV3:SV7      0.447235   0.029147  15.344  < 2e-16 ***
## SV51:SV7     0.434887   0.062714   6.934 4.08e-12 ***
## 
## Phi coefficients (precision model with identity link):
##       Estimate Std. Error z value Pr(>|z|)    
## (phi)  42.7398     0.4625    92.4   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
## 
## Type of estimator: ML (maximum likelihood)
## Log-likelihood: 2.678e+04 on 17 Df
## Pseudo R-squared: 0.6179
## Number of iterations: 24 (BFGS) + 2 (Fisher scoring)
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