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# using map_dfr (basically a for loop without the for loop) 
# run through the custom function with as many iterations as defined above 
monte_carlo_sim_lots  = rep_id_val_list %>%  
  map_dfr(monte_carlo_sim_fun)  
 
monte_carlo_sim_lots 

## # A tibble: 10,480 x 9 
##      age     e  Pois    t0     k  Linf    Exp length_cm rep_id 
##    <int> <dbl> <int> <dbl> <dbl> <dbl>  <dbl>     <dbl>  <int> 
##  1     0  2.72    36 -2.27 0.176  75.7 -0.399      24.9      1 
##  2     1  2.72    36 -2.27 0.176  75.7 -0.575      33.1      1 
##  3     2  2.72    36 -2.27 0.176  75.7 -0.751      39.9      1 
##  4     3  2.72    36 -2.27 0.176  75.7 -0.926      45.7      1 
##  5     4  2.72    36 -2.27 0.176  75.7 -1.10       50.5      1 
##  6     5  2.72    36 -2.27 0.176  75.7 -1.28       54.6      1 
##  7     6  2.72    36 -2.27 0.176  75.7 -1.45       58.0      1 
##  8     7  2.72    36 -2.27 0.176  75.7 -1.63       60.8      1 
##  9     8  2.72    36 -2.27 0.176  75.7 -1.80       63.2      1 
## 10     9  2.72    36 -2.27 0.176  75.7 -1.98       65.2      1 
## # i 10,470 more rows 

#Plot data. This is what your True Population looks like. 
ggplot(data=monte_carlo_sim_lots, aes(x=age, y=length_cm, group=rep_id)) + 
  geom_line()+ 
  geom_point() 

#Dataframes for outputs (these will accumulate data from iterations after 
this). 
Dataframe_a = data.frame() 
Dataframe_b = data.frame() 
Dataframe_c = data.frame() 
Dataframe_d = data.frame() 
 
######Iterations##### Depending on values, this might take some time. If you 
change values or parts,in this code, run all parts excluding the "for(i in 
1:35)" part to make sure it works. If it doesn't work, this run through will 
tell you where the problem is and will not potentially lead to the process 
seemingly running forever (I assume it will eventually stop without forcing 
it to stop, but not sure based on some events). 
#To change number of iterations, change the second number in the parentheses. 
for(i in 1:35){ 
set.seed(NULL) 
 
#Sample 15 individuals(3.75% of pop) with an age cap (19 y old) for making 
the Known Age Model (KAM). This quantity is based off current dataset 
limitations we are trying to replicate. To change this, change number in 
first filter. To set it as a proportion, I'd recommend defining the 
proportion in a previous step and using the definition in place of number. An 
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age bias is added as length of studies and recapture rates limit these in our 
current datasets. However, a more perfect age bias would skew the selection 
to even lower proportions of the age range selected (e.g. in this case, 
greater chance of 1-3 y olds at higher proportion of than 15-19 y olds). Age 
cap can be changed in second filter. 
KAM_df <- monte_carlo_sim_lots %>%  
  filter(rep_id %in% sample(unique(monte_carlo_sim_lots$rep_id), 15)) %>% 
  filter(age <= 19) 
 
#Use remaining dataset for Unknown Age Model (UAM). Custom script allows the 
selection of all points not in KAM_df.  
'%!in%' = Negate('%in%') 
 
UAM_df <- monte_carlo_sim_lots %>% 
  filter(rep_id %!in% KAM_df$rep_id) 
 
#Delete all rows with age=0 in UAM. If we have age at 0 specimens, these 
would fall under the known age dataset for the species we use, the Northern 
Rubber Boa (Charina bottae). 
UAM_df2 <- UAM_df[UAM_df$age != 0, ] 
 
#Random sample of 5% of UAM dataset remaining to simulate incomplete 
observation history. To change this, change proportion in sample.frac(df, 
proportion) 
UAM_df3 <- sample_frac(UAM_df2, 0.05) 
 
#Keep data with only >2 obs per individual (it's not a recapture if there is 
only 1 datapoint) 
UAM_df4 <- UAM_df3 %>% 
  group_by(rep_id) %>% 
  filter(n()>=2) 
 
#Random sample of 80% of KAM data to simulate incomplete obs history; Change 
line below to change proportion of data sampled of KAM dataset. 
KAM_df2 <- sample_frac(KAM_df, 0.8) 
 
#Use KAM_df2 to create Known Age VB Growth Model. A lot of the Von 
Bertalanffy script portions are from or adapted from Dr. Derek Ogle's 
webpages, vignettes, and book. 
 
df<-KAM_df2 
min_age<-min(df$age) 
max_age<-max(df$age) 
 
( vb <- vbFuns(param="Typical") ) 
 
function(t,Linf,K=NULL,t0=NULL) { 
   if (length(Linf)==3) { K <- Linf[[2]] 
                         t0 <- Linf[[3]] 
                         Linf <- Linf[[1]] } 
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   Linf*(1-exp(-K*(t-t0))) 
   } 
 
( f.starts <- vbStarts(length_cm~age,data=df) ) 
 
f.fita <- nls(length_cm~vb(age,Linf,K,t0),data=df,start=f.starts) 
 
coef(f.fita) 
 
f.boot1 <- Boot(f.fita) 
 
confint(f.boot1) 
 
predict(f.fita,data.frame(age=min_age:max_age)) 
 
ages <- min_age:max_age 
predict2 <- function(x) predict(x,data.frame(age=ages)) 
 
predict2(f.fita) 
                                 
f.boot2 <- Boot(f.fita,f=predict2) 
 
preds1 <- data.frame(ages, 
                     predict(f.fita,data.frame(age=ages)), 
                     confint(f.boot2)) 
names(preds1) <- c("est_age","fit","LCI","UCI") 
                                 
#Cleaning dfs 
UAM_df5<- UAM_df4 %>% 
  select(rep_id,age,length_cm) 
 
Preds2 <- preds1 %>% 
  select(est_age, fit) 
 
#Make Estimated Age Model (EAM) dataset from using KAM predictions in UAM 
dataset 
 
int_brks <- Preds2$fit  
Est_Age <- Preds2$est_age 
 
EAM_df1 <- UAM_df5 %>% 
  mutate(Age_est = cut(length_cm, 
                       breaks = c(-Inf,int_brks,Inf), 
                       labels = c(Est_Age[1],Est_Age))) %>%  
  # remove NA 
  drop_na() 
 
#Recapture period column (organize data for following f(x) to work properly) 
EAM_df2 <- EAM_df1 %>% 
  group_by(rep_id) 
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EAM_df2 <- EAM_df2 %>% arrange(age, .by_group = TRUE) 
 
#Change factor to integer 
EAM_df2$Age_est <- as.integer(as.character(EAM_df2$Age_est)) 
head(EAM_df2) 
 
#Create Recapture period 
EAM_df3 <- EAM_df2 %>% 
  group_by(rep_id) %>% 
  mutate(y_recap = age - age[1]) 
 
#Create Age for subsequent recapture events after estimate 
EAM_df4 <- EAM_df3 %>% 
  group_by(rep_id) %>% 
  mutate(Min_Age_est = Age_est[1] + y_recap) 
 
#Remove alignment point; slice(X:Y) keeps points from X to Y and removes 
others. In this case, it removes the first data point for the individual 
which is the alignment point. Removing the alingment point removes the data 
that has been directed affected by the model. Data after this is less 
affected by that as it includes known growth over time. This might just be a 
feel good gesture, and although it has noticeable effects on the future 
outputs, I haven't tested to see if that is due to data reduction of the 
Estimated Age data points relative to Known age data points rather than 
alignment points. 
EAM_df44 <- EAM_df4 %>%  
  group_by(rep_id) %>%  
  slice(2:n()) 
 
#Woohoo, we have Age estimates based off both Initial Est of Age  
#and subsequent recapture periods 
#Now simplify dataset to needed variables 
 
EAM_df5 <- EAM_df44 %>% 
  select(rep_id, Min_Age_est, length_cm) 
 
#Match selected columns and their names for rbind 
KAM_df3 <- KAM_df2 %>% 
  select(rep_id, length_cm, age) 
KAM_df3 <- KAM_df3 %>% 
  rename(Min_Age_est = age) 
 
#rbind to complete Estimated Age Model (EAM) dataset 
 
EAM_comp1 <- rbind(EAM_df5, KAM_df3) 
 
#Run VBGM on the completed EAM dataset to get the Estimated Age Model 
 
df2 <- EAM_comp1 
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min_age2<-min(df2$Min_Age_est) 
max_age2<-max(df2$Min_Age_est) 
 
( vb <- vbFuns(param="Typical") ) 
 
function(t,Linf,K=NULL,t0=NULL) { 
  if (length(Linf)==3) { K <- Linf[[2]] 
  t0 <- Linf[[3]] 
  Linf <- Linf[[1]] } 
  Linf*(1-exp(-K*(t-t0))) 
} 
 
( f.starts <- vbStarts(length_cm~Min_Age_est,data=df2) ) 
 
f.fitb <- nls(length_cm~vb(Min_Age_est,Linf,K,t0),data=df2,start=f.starts) 
 
coef(f.fitb) 
 
#Input output into dataframe (this data accumulates over the iterations) 
Dataframe_a = rbind(Dataframe_a,coef(f.fita)) 
colnames(Dataframe_a)<-c("Linf", "K", "t0") 
Dataframe_b = rbind(Dataframe_b,coef(f.fitb)) 
colnames(Dataframe_b)<-c("Linf", "K", "t0") 
 
#Make datasets to compare Est Age and True Age 
dfcomp <- EAM_df5 %>% inner_join(monte_carlo_sim_lots,  
                                   by=c('rep_id','length_cm')) 
dfcomp2<-dfcomp %>% distinct(rep_id, .keep_all = TRUE) 
Dataframe_c = rbind(Dataframe_c,dfcomp2) 
 
#Estimate Ages of Individuals with EAM 
 
f.bootb <- Boot(f.fitb) 
 
confint(f.bootb) 
 
new<-data.frame(Min_Age_est=min_age2:max_age2) 
new 
predict(f.fitb,new) 
 
ages2 <- min_age2:max_age2 
predictb <- function(x) predict(x,data.frame(Min_Age_est=ages2)) 
 
predictb(f.fitb) 
 
f.bootc <- Boot(f.fitb,f=predictb) 
 
predsb <- data.frame(ages2, 
                     predict(f.fitb,data.frame(Min_Age_est=ages2)), 
                     confint(f.bootc)) 
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predsb 
names(predsb) <- c("est_age","fit","LCI","UCI") 
 
int_brks2 <- predsb$fit  
Est_Age2 <- predsb$est_age 
 
EAM_dfb <- UAM_df5 %>% 
  mutate(Age_est = cut(length_cm, 
                       breaks = c(-Inf,int_brks2,Inf), 
                       labels = c(Est_Age2[1],Est_Age2))) %>%  
  # remove NA 
  drop_na() 
 
 
#Create dataset for testing EAM Age estimation. This data accumulates over 
iterations. 
dfcompb <- EAM_dfb %>% inner_join(monte_carlo_sim_lots,  
                                  by=c('rep_id','length_cm')) 
dfcompb2<-dfcompb %>% distinct(rep_id, .keep_all = TRUE) 
 
Dataframe_d = rbind(Dataframe_d,dfcompb2) 
 
 
} 
 
#Save outputs to CSV 
write.csv(Dataframe_a, file="C:/Users/Mark Leppin/Desktop/Boa growth 
simulations/1.5_VB_Varied_Large/VG_simc_var_est_KAM.csv") 
write.csv(Dataframe_b, file="C:/Users/Mark Leppin/Desktop/Boa growth 
simulations/1.5_VB_Varied_Large/VG_simc_var_est_EAM.csv") 
write.csv(Dataframe_c, file="C:/Users/Mark Leppin/Desktop/Boa growth 
simulations/1.5_VB_Varied_Large/VG_simc_estage_comp.csv") 
write.csv(Dataframe_d, file="C:/Users/Mark Leppin/Desktop/Boa growth 
simulations/1.5_VB_Varied_Large/VG_simc_EAM_estage_comp.csv") 
 
#Save select df's to csv 
write.csv(KAM_df, file="C:/Users/Mark Leppin/Desktop/Boa growth 
simulations/1.5_VB_Varied_Large/KAMc_df.csv") 
write.csv(KAM_df3, file="C:/Users/Mark Leppin/Desktop/Boa growth 
simulations/1.5_VB_Varied_Large/KAMc_df3.csv") 
write.csv(UAM_df, file="C:/Users/Mark Leppin/Desktop/Boa growth 
simulations/1.5_VB_Varied_Large/UAMc_df.csv") 
write.csv(UAM_df5, file="C:/Users/Mark Leppin/Desktop/Boa growth 
simulations/1.5_VB_Varied_Large/UAMc_df5.csv") 
write.csv(monte_carlo_sim_lots, file="C:/Users/Mark Leppin/Desktop/Boa growth 
simulations/1.5_VB_Varied_Large/cmonte-carlo_sim_lots.csv") 


































































