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[bookmark: fitting-regression-models-with-expected-heterozygosity-as-dependent-variable-to-lhs-simulated-data-to-conduct-sensitivity-testing-on-demographic-parameters]Fitting regression models (with expected heterozygosity as dependent variable) to LHS simulated data to conduct sensitivity testing on demographic parameters
# Load packages 
library(data.table)
library(betareg)

# set working directory
setwd("C:/Users/30373314/Documents/Woylie/PVA/Analyses/Paper review 2013/Jan2014/Data/ST_LHS_500/VOutput/ProcessedData")
# Load data
load("./lrun.LHS.no.base.SVs.rda")
[bookmark: summary-of-predictors]Summary of predictors
· SV1 --> K
· SV2 --> Ad_Mor
· SV3 --> Juv_Mor
· SV4 --> PY_Mor
· SV5 --> SD_Mor
· SV6 --> Male_Breed
· SV7 --> InitPopSize
First we inspect the distribution of the data:
hist(lrun.LHS.no.base.SVs[, GeneDiv])
[image: ST_LHS_analysis_Het_500_files/figure-docx/unnamed-chunk-2-1.png]
lrun.LHS.no.base.SVs[, summary(GeneDiv)]
##    Min. 1st Qu.  Median    Mean 3rd Qu.    Max. 
##  0.0000  0.0000  0.0000  0.4495  0.9505  0.9836
Then check predictor values and re-scale where relevant:
lrun.LHS.no.base.SVs[, lapply(.SD, summary), 
                     .SDcols =c("N", "GeneDiv", paste0("SV", 1:7))]
##       N GeneDiv  SV1  SV2  SV3  SV4  SV5 SV6 SV7
## 1:    0  0.0000  500 1.00 1.00 1.00 0.10  60 100
## 2:    0  0.0000  875 2.25 2.25 2.25 0.15  70 150
## 3:    0  0.0000 1250 3.50 3.50 3.50 0.20  80 200
## 4:  551  0.4495 1250 3.50 3.50 3.50 0.20  80 200
## 5: 1107  0.9505 1625 4.75 4.75 4.75 0.25  90 250
## 6: 2018  0.9836 2000 6.00 6.00 6.00 0.30 100 300
# re-scale SV1,SV6 & SV7 
lrun.LHS.no.base.SVs[, SV1 := SV1 / 1000]
lrun.LHS.no.base.SVs[, SV6 := SV6 / 100]
lrun.LHS.no.base.SVs[, SV7 := SV7 / 100]
lrun.LHS.no.base.SVs[, lapply(.SD, summary), 
                     .SDcols =c("N", "GeneDiv", paste0("SV", 1:7))]
##       N GeneDiv   SV1  SV2  SV3  SV4  SV5 SV6 SV7
## 1:    0  0.0000 0.500 1.00 1.00 1.00 0.10 0.6 1.0
## 2:    0  0.0000 0.875 2.25 2.25 2.25 0.15 0.7 1.5
## 3:    0  0.0000 1.250 3.50 3.50 3.50 0.20 0.8 2.0
## 4:  551  0.4495 1.250 3.50 3.50 3.50 0.20 0.8 2.0
## 5: 1107  0.9505 1.625 4.75 4.75 4.75 0.25 0.9 2.5
## 6: 2018  0.9836 2.000 6.00 6.00 6.00 0.30 1.0 3.0
we 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 then fit a model with first order of interaction only
lrun.LHS.no.base.SVs$extinct <- factor(
   lrun.LHS.no.base.SVs$GeneDiv < 0.001,
   levels = c(FALSE, TRUE), labels = c("no", "yes"))

breg <- betareg(GeneDiv ~ (SV1 + SV2 + SV3 + SV4 + SV5 + SV6 + SV7)^2,
                          subset = extinct == "no",
                          data = lrun.LHS.no.base.SVs)
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 to the link function that obtained the lowest AIC score
print(deltalinkAIC <- linkAIC - linkAIC[which.min(linkAIC)])
##    probit   cloglog   cauchit    loglog     logit 
##  414.3894    0.0000 5589.0659 1028.1156  902.8285
Using AIC, we select the link function the received the lowest AIC and refit the model
names(lbreg)[which.min(linkAIC)]
## [1] "cloglog"
summary(lbreg[[which.min(linkAIC)]], type = "pearson")
## 
## Call:
## betareg(formula = GeneDiv ~ (SV1 + SV2 + SV3 + SV4 + SV5 + SV6 + 
##     SV7)^2, data = lrun.LHS.no.base.SVs, subset = extinct == "no", 
##     link = link)
## 
## Pearson residuals:
##      Min       1Q   Median       3Q      Max 
## -22.0071  -0.0104   0.3611   0.6502   1.8972 
## 
## Coefficients (mean model with cloglog link):
##               Estimate Std. Error z value Pr(>|z|)    
## (Intercept)  0.8735069  0.0521907  16.737  < 2e-16 ***
## SV1          0.1476800  0.0196252   7.525 5.27e-14 ***
## SV2          0.0118906  0.0080439   1.478 0.139352    
## SV3          0.0967373  0.0088003  10.992  < 2e-16 ***
## SV4          0.0521952  0.0059705   8.742  < 2e-16 ***
## SV5          0.6835749  0.1464282   4.668 3.04e-06 ***
## SV6          0.1656752  0.0523637   3.164 0.001557 ** 
## SV7         -0.2063809  0.0143983 -14.334  < 2e-16 ***
## SV1:SV2     -0.0340571  0.0018248 -18.663  < 2e-16 ***
## SV1:SV3     -0.0469683  0.0021497 -21.849  < 2e-16 ***
## SV1:SV4      0.0087923  0.0014471   6.076 1.23e-09 ***
## SV1:SV5      0.1926029  0.0361813   5.323 1.02e-07 ***
## SV1:SV6      0.0261652  0.0183680   1.425 0.154301    
## SV1:SV7      0.0832588  0.0036022  23.113  < 2e-16 ***
## SV2:SV3     -0.0143884  0.0008753 -16.438  < 2e-16 ***
## SV2:SV4     -0.0065991  0.0005916 -11.155  < 2e-16 ***
## SV2:SV5      0.0074365  0.0140371   0.530 0.596269    
## SV2:SV6     -0.1051978  0.0069056 -15.234  < 2e-16 ***
## SV2:SV7      0.0268649  0.0014275  18.819  < 2e-16 ***
## SV3:SV4      0.0010178  0.0006666   1.527 0.126824    
## SV3:SV5     -0.0895485  0.0163756  -5.468 4.54e-08 ***
## SV3:SV6     -0.0463382  0.0080319  -5.769 7.96e-09 ***
## SV3:SV7     -0.0154955  0.0017459  -8.875  < 2e-16 ***
## SV4:SV5     -0.1286457  0.0109681 -11.729  < 2e-16 ***
## SV4:SV6     -0.0193231  0.0054569  -3.541 0.000399 ***
## SV4:SV7     -0.0058563  0.0011594  -5.051 4.39e-07 ***
## SV5:SV6     -0.4994550  0.1319972  -3.784 0.000154 ***
## SV5:SV7     -0.0123536  0.0260096  -0.475 0.634812    
## SV6:SV7      0.1829040  0.0138701  13.187  < 2e-16 ***
## 
## Phi coefficients (precision model with identity link):
##       Estimate Std. Error z value Pr(>|z|)    
## (phi)  51.1565     0.3368   151.9   <2e-16 ***
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
## 
## Type of estimator: ML (maximum likelihood)
## Log-likelihood: 9.986e+04 on 30 Df
## Pseudo R-squared: 0.4105
## Number of iterations: 36 (BFGS) + 2 (Fisher scoring)
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