Predators and genetic fitness: key threatening factors for the conservation of bettong species
Appendix D
Carlo Pacioni
Matthew Williams
Robert C. Lacy
Peter B. S. Spencer
Adrian F. Wayne
[bookmark: fitting-regression-models-with-n-as-dependent-variable-to-lhs-simulated-data-to-conduct-sensitivity-testing-on-demographic-parameters]Fitting regression models (with N as dependent variable) to LHS simulated data to conduct sensitivity testing on demographic parameters
# Load packages 
library(vortexR)
library(data.table)
library(pscl)
library(gamlss)
library(lmtest)
library(MASS)

# 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[, N])
[image: ST_LHS_analysis_N_500_files/figure-docx/unnamed-chunk-2-1.png] 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
Check the values of the predictor when N == 0:
lrun.LHS.no.base.SVs[N == 0, lapply(.SD, summary), 
                     .SDcols =c(paste0("SV", 1:7))]
##       SV1   SV2   SV3   SV4    SV5    SV6   SV7
## 1: 0.5030 1.090 1.070 1.000 0.1004 0.6000 1.000
## 2: 0.8818 3.425 3.736 2.493 0.1553 0.7034 1.497
## 3: 1.2300 4.467 4.617 3.896 0.2018 0.8012 2.042
## 4: 1.2490 4.254 4.430 3.741 0.2029 0.8010 2.019
## 5: 1.6270 5.279 5.359 4.998 0.2535 0.9038 2.555
## 6: 1.9970 6.000 6.000 6.000 0.3000 0.9984 3.000
We then fit a model with the first order of interaction only
ZIDN_pois <- zeroinfl(N ~ (SV1 + SV2 + SV3 + SV4 + SV5 + SV6 + SV7)^2 ,
                           dist="poisson",
                           data = lrun.LHS.no.base.SVs)
## Warning: glm.fit: fitted probabilities numerically 0 or 1 occurred
summary(ZIDN_pois)
## 
## Call:
## zeroinfl(formula = N ~ (SV1 + SV2 + SV3 + SV4 + SV5 + SV6 + SV7)^2, 
##     data = lrun.LHS.no.base.SVs, dist = "poisson")
## 
## Pearson residuals:
##        Min         1Q     Median         3Q        Max 
## -2.753e+01 -1.771e-01 -1.108e-05  9.787e-01  1.429e+01 
## 
## Count model coefficients (poisson with log link):
##               Estimate Std. Error  z value Pr(>|z|)    
## (Intercept)  6.413e+00  8.650e-03  741.395  < 2e-16 ***
## SV1          4.852e-01  3.321e-03  146.132  < 2e-16 ***
## SV2          1.041e-01  1.306e-03   79.731  < 2e-16 ***
## SV3          1.641e-01  1.485e-03  110.531  < 2e-16 ***
## SV4          4.210e-03  9.772e-04    4.309 1.64e-05 ***
## SV5          5.538e-01  2.411e-02   22.970  < 2e-16 ***
## SV6         -2.446e-01  8.558e-03  -28.578  < 2e-16 ***
## SV7         -2.053e-01  2.349e-03  -87.393  < 2e-16 ***
## SV1:SV2     -1.600e-02  3.050e-04  -52.477  < 2e-16 ***
## SV1:SV3     -5.303e-03  3.560e-04  -14.899  < 2e-16 ***
## SV1:SV4      3.593e-02  2.463e-04  145.864  < 2e-16 ***
## SV1:SV5      2.615e-01  6.144e-03   42.552  < 2e-16 ***
## SV1:SV6      1.757e-01  3.034e-03   57.909  < 2e-16 ***
## SV1:SV7      6.251e-02  6.118e-04  102.160  < 2e-16 ***
## SV2:SV3     -1.843e-02  1.442e-04 -127.793  < 2e-16 ***
## SV2:SV4     -3.814e-03  9.456e-05  -40.337  < 2e-16 ***
## SV2:SV5      5.624e-03  2.335e-03    2.408    0.016 *  
## SV2:SV6     -1.400e-01  1.114e-03 -125.688  < 2e-16 ***
## SV2:SV7     -9.064e-03  2.315e-04  -39.156  < 2e-16 ***
## SV3:SV4      9.950e-03  1.078e-04   92.334  < 2e-16 ***
## SV3:SV5     -1.613e-01  2.650e-03  -60.876  < 2e-16 ***
## SV3:SV6     -1.466e-01  1.311e-03 -111.812  < 2e-16 ***
## SV3:SV7     -6.541e-02  2.838e-04 -230.504  < 2e-16 ***
## SV4:SV5     -2.060e-01  1.765e-03 -116.718  < 2e-16 ***
## SV4:SV6     -9.675e-03  8.684e-04  -11.142  < 2e-16 ***
## SV4:SV7     -1.323e-02  1.963e-04  -67.399  < 2e-16 ***
## SV5:SV6     -5.628e-01  2.181e-02  -25.798  < 2e-16 ***
## SV5:SV7      1.837e-01  4.331e-03   42.418  < 2e-16 ***
## SV6:SV7      3.958e-01  2.302e-03  171.925  < 2e-16 ***
## 
## Zero-inflation model coefficients (binomial with logit link):
##               Estimate Std. Error z value Pr(>|z|)    
## (Intercept) -119.24296   11.74350 -10.154  < 2e-16 ***
## SV1            3.30902    3.12727   1.058 0.290002    
## SV2           13.45336    1.44422   9.315  < 2e-16 ***
## SV3           18.28058    1.67519  10.913  < 2e-16 ***
## SV4            1.52227    0.80136   1.900 0.057485 .  
## SV5          116.26016   23.46826   4.954 7.27e-07 ***
## SV6           18.66525   11.32979   1.647 0.099466 .  
## SV7           -5.73089    2.49549  -2.297 0.021647 *  
## SV1:SV2        0.05930    0.40956   0.145 0.884874    
## SV1:SV3       -0.05724    0.43624  -0.131 0.895600    
## SV1:SV4        0.07869    0.08253   0.953 0.340379    
## SV1:SV5       -0.60807    2.15248  -0.282 0.777562    
## SV1:SV6       -3.16709    0.86768  -3.650 0.000262 ***
## SV1:SV7       -0.33829    0.16739  -2.021 0.043279 *  
## SV2:SV3       -0.40064    0.02415 -16.593  < 2e-16 ***
## SV2:SV4        0.30228    0.09861   3.065 0.002174 ** 
## SV2:SV5      -12.75449    2.89493  -4.406 1.05e-05 ***
## SV2:SV6       -1.12478    1.44323  -0.779 0.435774    
## SV2:SV7        0.74876    0.28965   2.585 0.009737 ** 
## SV3:SV4       -0.20606    0.12025  -1.714 0.086596 .  
## SV3:SV5      -16.18217    3.35494  -4.823 1.41e-06 ***
## SV3:SV6       -2.05757    1.64328  -1.252 0.210529    
## SV3:SV7        0.80810    0.31549   2.561 0.010424 *  
## SV4:SV5       -0.29223    0.56764  -0.515 0.606681    
## SV4:SV6       -0.20912    0.33775  -0.619 0.535821    
## SV4:SV7        0.11314    0.06021   1.879 0.060225 .  
## SV5:SV6       -9.69846    7.41286  -1.308 0.190762    
## SV5:SV7        0.77337    1.27341   0.607 0.543635    
## SV6:SV7       -0.60280    0.55872  -1.079 0.280630    
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
## 
## Number of iterations in BFGS optimization: 112 
## Log-likelihood: -2.328e+06 on 58 Df
We fit a model with negative binomial distribution
ZIDN_nb <- zeroinfl(N ~ (SV1 + SV2 + SV3 + SV4 + SV5 + SV6 + SV7)^2,
                           dist="negbin",
                           data = lrun.LHS.no.base.SVs)
## Warning: glm.fit: fitted probabilities numerically 0 or 1 occurred
summary(ZIDN_nb)
## 
## Call:
## zeroinfl(formula = N ~ (SV1 + SV2 + SV3 + SV4 + SV5 + SV6 + SV7)^2, 
##     data = lrun.LHS.no.base.SVs, dist = "negbin")
## 
## Pearson residuals:
##        Min         1Q     Median         3Q        Max 
## -2.251e+00 -7.889e-02 -1.552e-05  8.812e-02  2.786e+00 
## 
## Count model coefficients (negbin with log link):
##              Estimate Std. Error z value Pr(>|z|)    
## (Intercept)  6.000821   0.130774  45.887  < 2e-16 ***
## SV1          0.442774   0.049254   8.990  < 2e-16 ***
## SV2          0.179775   0.020228   8.888  < 2e-16 ***
## SV3          0.260903   0.022454  11.620  < 2e-16 ***
## SV4          0.033864   0.014615   2.317 0.020503 *  
## SV5          1.584760   0.359916   4.403 1.07e-05 ***
## SV6          0.159676   0.129717   1.231 0.218341    
## SV7         -0.283202   0.035142  -8.059 7.70e-16 ***
## SV1:SV2     -0.010342   0.004703  -2.199 0.027868 *  
## SV1:SV3     -0.016051   0.005473  -2.933 0.003359 ** 
## SV1:SV4      0.043175   0.003615  11.943  < 2e-16 ***
## SV1:SV5      0.662666   0.090027   7.361 1.83e-13 ***
## SV1:SV6      0.109953   0.045795   2.401 0.016350 *  
## SV1:SV7      0.091413   0.008893  10.279  < 2e-16 ***
## SV2:SV3     -0.023733   0.002209 -10.746  < 2e-16 ***
## SV2:SV4     -0.007183   0.001484  -4.839 1.30e-06 ***
## SV2:SV5     -0.128365   0.035661  -3.600 0.000319 ***
## SV2:SV6     -0.178509   0.017364 -10.280  < 2e-16 ***
## SV2:SV7     -0.021602   0.003614  -5.978 2.26e-09 ***
## SV3:SV4      0.005622   0.001720   3.268 0.001084 ** 
## SV3:SV5     -0.261314   0.041727  -6.263 3.79e-10 ***
## SV3:SV6     -0.195436   0.020274  -9.640  < 2e-16 ***
## SV3:SV7     -0.078989   0.004426 -17.846  < 2e-16 ***
## SV4:SV5     -0.213027   0.026943  -7.906 2.65e-15 ***
## SV4:SV6     -0.045970   0.013328  -3.449 0.000563 ***
## SV4:SV7     -0.007742   0.002806  -2.759 0.005797 ** 
## SV5:SV6     -1.556866   0.318005  -4.896 9.79e-07 ***
## SV5:SV7      0.110504   0.062962   1.755 0.079247 .  
## SV6:SV7      0.527481   0.033707  15.649  < 2e-16 ***
## Log(theta)   1.629846   0.006413 254.162  < 2e-16 ***
## 
## Zero-inflation model coefficients (binomial with logit link):
##               Estimate Std. Error z value Pr(>|z|)    
## (Intercept) -117.98240   11.73705 -10.052  < 2e-16 ***
## SV1            3.31411    3.12864   1.059 0.289471    
## SV2           13.31614    1.44348   9.225  < 2e-16 ***
## SV3           18.10847    1.67400  10.818  < 2e-16 ***
## SV4            1.51219    0.80121   1.887 0.059108 .  
## SV5          111.97262   23.44576   4.776 1.79e-06 ***
## SV6           18.44226   11.32774   1.628 0.103512    
## SV7           -5.87871    2.49885  -2.353 0.018644 *  
## SV1:SV2        0.05163    0.40982   0.126 0.899741    
## SV1:SV3       -0.06376    0.43657  -0.146 0.883889    
## SV1:SV4        0.07671    0.08260   0.929 0.353103    
## SV1:SV5       -0.50085    2.15130  -0.233 0.815909    
## SV1:SV6       -3.14001    0.86756  -3.619 0.000295 ***
## SV1:SV7       -0.33533    0.16747  -2.002 0.045248 *  
## SV2:SV3       -0.39942    0.02413 -16.550  < 2e-16 ***
## SV2:SV4        0.30134    0.09856   3.057 0.002233 ** 
## SV2:SV5      -12.24625    2.89159  -4.235 2.28e-05 ***
## SV2:SV6       -1.11880    1.44283  -0.775 0.438089    
## SV2:SV7        0.76417    0.29010   2.634 0.008435 ** 
## SV3:SV4       -0.20654    0.12022  -1.718 0.085795 .  
## SV3:SV5      -15.60393    3.35090  -4.657 3.21e-06 ***
## SV3:SV6       -2.03373    1.64272  -1.238 0.215707    
## SV3:SV7        0.82431    0.31591   2.609 0.009071 ** 
## SV4:SV5       -0.22459    0.56693  -0.396 0.691995    
## SV4:SV6       -0.20749    0.33755  -0.615 0.538761    
## SV4:SV7        0.11365    0.06024   1.887 0.059203 .  
## SV5:SV6       -9.59440    7.40755  -1.295 0.195245    
## SV5:SV7        0.80601    1.27413   0.633 0.527000    
## SV6:SV7       -0.57394    0.55856  -1.028 0.304173    
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
## 
## Theta = 5.1031 
## Number of iterations in BFGS optimization: 69 
## Log-likelihood: -3.733e+05 on 59 Df
We then compare the two models and indeed the nigative binomial distribution has a better fit.
AIC(ZIDN_pois, ZIDN_nb)
##           df       AIC
## ZIDN_pois 58 4656284.9
## ZIDN_nb   59  746726.4
ZIDN_nb_NoInter <- zeroinfl(N ~ (SV1 + SV2 + SV3 + SV4 + SV5 + SV6 + SV7)^2 -1,
                           dist="negbin",
                           data = lrun.LHS.no.base.SVs)
## Warning: glm.fit: fitted probabilities numerically 0 or 1 occurred
summary(ZIDN_nb_NoInter)
## 
## Call:
## zeroinfl(formula = N ~ (SV1 + SV2 + SV3 + SV4 + SV5 + SV6 + SV7)^2 - 
##     1, data = lrun.LHS.no.base.SVs, dist = "negbin")
## 
## Pearson residuals:
##        Min         1Q     Median         3Q        Max 
## -2.201e+00 -7.998e-02 -1.334e-05  1.259e-01  2.666e+00 
## 
## Count model coefficients (negbin with log link):
##             Estimate Std. Error z value Pr(>|z|)    
## SV1         1.231582   0.045293  27.192  < 2e-16 ***
## SV2         0.646511   0.017524  36.893  < 2e-16 ***
## SV3         0.789630   0.019275  40.966  < 2e-16 ***
## SV4         0.228963   0.013538  16.912  < 2e-16 ***
## SV5        11.050083   0.292358  37.796  < 2e-16 ***
## SV6         4.982481   0.082175  60.632  < 2e-16 ***
## SV7         0.604299   0.029250  20.660  < 2e-16 ***
## SV1:SV2    -0.041888   0.004735  -8.846  < 2e-16 ***
## SV1:SV3    -0.062186   0.005530 -11.245  < 2e-16 ***
## SV1:SV4     0.039083   0.003713  10.526  < 2e-16 ***
## SV1:SV5    -0.015294   0.090680  -0.169    0.866    
## SV1:SV6    -0.282974   0.046498  -6.086 1.16e-09 ***
## SV1:SV7     0.037858   0.009025   4.195 2.73e-05 ***
## SV2:SV3    -0.019853   0.002268  -8.752  < 2e-16 ***
## SV2:SV4    -0.012960   0.001507  -8.598  < 2e-16 ***
## SV2:SV5    -0.532915   0.035385 -15.060  < 2e-16 ***
## SV2:SV6    -0.519607   0.016173 -32.127  < 2e-16 ***
## SV2:SV7    -0.053653   0.003624 -14.804  < 2e-16 ***
## SV3:SV4     0.001194   0.001759   0.679    0.497    
## SV3:SV5    -0.686316   0.041855 -16.397  < 2e-16 ***
## SV3:SV6    -0.564668   0.019225 -29.372  < 2e-16 ***
## SV3:SV7    -0.113446   0.004488 -25.276  < 2e-16 ***
## SV4:SV5    -0.386338   0.027471 -14.064  < 2e-16 ***
## SV4:SV6    -0.146989   0.013504 -10.885  < 2e-16 ***
## SV4:SV7    -0.029021   0.002817 -10.300  < 2e-16 ***
## SV5:SV6    -6.688694   0.307431 -21.757  < 2e-16 ***
## SV5:SV7    -0.693099   0.062037 -11.172  < 2e-16 ***
## SV6:SV7     0.036205   0.032967   1.098    0.272    
## Log(theta)  1.584931   0.006388 248.120  < 2e-16 ***
## 
## Zero-inflation model coefficients (binomial with logit link):
##          Estimate Std. Error z value Pr(>|z|)    
## SV1      -9.12857    2.89948  -3.148 0.001642 ** 
## SV2      -0.69964    0.27400  -2.553 0.010666 *  
## SV3       2.03220    0.41734   4.869 1.12e-06 ***
## SV4      -1.26191    0.73744  -1.711 0.087045 .  
## SV5      39.97270   21.70046   1.842 0.065472 .  
## SV6     -63.87477    7.79758  -8.192 2.58e-16 ***
## SV7     -17.85585    2.34846  -7.603 2.89e-14 ***
## SV1:SV2   1.37968    0.39011   3.537 0.000405 ***
## SV1:SV3   1.37534    0.41894   3.283 0.001027 ** 
## SV1:SV4   0.21246    0.08265   2.571 0.010150 *  
## SV1:SV5   2.17289    2.11532   1.027 0.304321    
## SV1:SV6  -1.45270    0.86361  -1.682 0.092545 .  
## SV1:SV7  -0.10503    0.17292  -0.607 0.543601    
## SV2:SV3  -0.40389    0.02371 -17.035  < 2e-16 ***
## SV2:SV4   0.38087    0.09213   4.134 3.56e-05 ***
## SV2:SV5  -3.80352    2.67086  -1.424 0.154423    
## SV2:SV6   8.24681    1.05193   7.840 4.52e-15 ***
## SV2:SV7   2.14627    0.27622   7.770 7.83e-15 ***
## SV3:SV4  -0.08342    0.11307  -0.738 0.460660    
## SV3:SV5  -6.17802    3.08693  -2.001 0.045355 *  
## SV3:SV6   9.03284    1.16977   7.722 1.15e-14 ***
## SV3:SV7   2.27382    0.30062   7.564 3.92e-14 ***
## SV4:SV5   0.96085    0.53178   1.807 0.070785 .  
## SV4:SV6   1.34386    0.29425   4.567 4.95e-06 ***
## SV4:SV7   0.27917    0.06107   4.571 4.85e-06 ***
## SV5:SV6  -6.95576    7.19927  -0.966 0.333956    
## SV5:SV7   1.46712    1.32294   1.109 0.267437    
## SV6:SV7   0.83140    0.52082   1.596 0.110412    
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
## 
## Theta = 4.879 
## Number of iterations in BFGS optimization: 67 
## Log-likelihood: -3.745e+05 on 57 Df
AIC(ZIDN_nb, ZIDN_nb_NoInter)
##                 df      AIC
## ZIDN_nb         59 746726.4
## ZIDN_nb_NoInter 57 749033.1
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