Appendix S2: R codes for the bootstrap to estimate of the standard error of the transience-corrected population size

We generated 500 pseudo photographic and genetic male and female data sets by resampling with replacement 500 times the capture histories.

data.csv=function(data=data)(data=read.csv(file.choose(),header=F))

target=data.csv()

library(RMark)

T<-dim(target)[2]

bootstrap = 500
popsize = matrix(NA,bootstrap, T-2)

tau = rep(NA,bootstrap)

det.p = matrix(NA,bootstrap,T-1)

trans = matrix(NA,bootstrap, T-1)

n.CJS<-matrix(NA,bootstrap,T)
for (k in 1:bootstrap)

    {

          new.bootstrap = sample(1:nrow(target),replace = T)

          newtarget = target[new.bootstrap,]

                # Number of marked individuals

                m<-rep(0,T)

                # Number of unmarked individuals

                R<-rep(0,T)

                # number of captured individuals

                n<-rep(0,T)

                # Total number of marked individuals

                M<-rep(0,T)

                # Population size

                N<-rep(0,T)

                # Number of individuals not captured at time t but seen before and after

                z<- rep(0,T)

                # Number of individuals captured at time t that are recaptured later

                r<-rep(0,T)

                # Calcul of the number of individuals not captured at time t but seen before and #after


for(i in 2:(T-1))

    

  {


         for(j in 1:nrow(newtarget))

                   

{




            v=newtarget[j,]




   if((v[i]==0)&(sum(v[1:(i-1)]==1)!=0)&(sum(v[(i+1):T]==1)!=0)) {z[i]=z[i]+1}




   }

     

 }

# Calcul of the number of individuals captured at time t that are recaptured later


for(i in 1:(T-1))

     
 {



for(j in 1:nrow(newtarget))

                  
{




               w=newtarget[j,]






if((w[i]==1)&(sum(w[(i+1):T]==1)!=0)) {r[i]=r[i]+1}

                      }

      
}

# Calcul of the number of unmarked R & marked m individuals


for(i in 1:T)

   
 {



if (i==1)



{

                      R[i]=sum(newtarget[,i]==1)

                      m[i] = 0



}



if (i==2)



{

           

 for(j in 1:nrow(newtarget))

                 

 {

                                        w=newtarget[j,]



 if ((w[i]==1)&(w[i-1]==0))  {R[i] = R[i] + 1}

                    if ((w[i]==1)&(w[i-1]==1)) {m[i] = m[i] + 1}




}



}



if(i>=3)


  {




 for(j in 1:nrow(newtarget))

                

  {

                      w=newtarget[j,]

                      if ((w[i]==1)&(sum(w[1:(i-1)]==1)!=0)) {m[i] = m[i] + 1}

                      if ((w[i]==1)&(sum(w[1:(i-1)]==1)==0))  {R[i] = R[i] + 1}




}

                 
}



# Calcul of the number of captured individuals

            

n[i]= m[i]+ R[i]



# Jolly-Seber estimates of number of marked individuals and population size:

           

 M[i]=(z[i]*(n[i]+1))/(r[i]+1)+m[i]




       N[i]=(n[i]+1)*M[i]/(m[i]+1)

   
 }

popsize[k,]<-N[-c(1,T)]

n.CJS [k,]= n
########### Get data in the format required by RMark:

newlytarget = matrix(NA, dim(newtarget)[1], dim(newtarget)[2])

for (j in 1:dim(newtarget)[1])
{
    whale = c()
    for (i in 1:dim(newtarget)[2])
    {
        whale = paste(whale, newtarget[j, i],sep = "")    
    }
    newlytarget[j,] = whale
}

newertarget = newlytarget[,1]
freq = rep(1, length(newertarget))
bestwhale = data.frame(ch = newertarget, freq)
bestwhale$ch = as.character(bestwhale$ch)

############ run RMark and fit model {
[image: image1.wmf]f

 (a2./.)p(.)}

bestwhale.process = process.data(bestwhale)

bestwhale.ddl = make.design.data(bestwhale.process)

bestwhale.ddl=add.design.data(bestwhale.process, bestwhale.ddl,parameter="Phi", type="age", bins=c(0,1,8),name="ageclass",right=FALSE)

Phiage=list(formula=~ageclass)

pdot=list(formula=~1)
ptime= ptime=list(formula=~time)
#whale.phiage.pdot=mark(bestwhale.process,bestwhale.ddl,model.parameters=list(Phi=Phiage,p=pdot), #output = FALSE)
whale.phiage.ptime=mark(bestwhale.process,bestwhale.ddl,model.parameters=list(Phi=Phiage,p=ptime), output = FALSE)

## estimation of 
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tau[k] = 1- whale.phiage.ptime$results$real[1,1]/ whale.phiage.ptime$results$real[2,1]

#det.p[k] = whale.phiage.pdot$results$real[3,1]

det.p[k,] = whale.phiage.ptime$results$real[3:8,1]

###### calculate transience 
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 in whole pop using m and R at time t

for (i in 2:T)


{



trans[k,i-1] = tau[k] * R[i]/(R[i]+m[i])

}

  }

##### END of bootstrap loop

##### to correct pop size:

cor.abun = popsize

JS.trans = trans[,-(T-1)]

for (i in 1:nrow(popsize))

    {

      cor.abun[i,] = popsize[i,] - popsize[i,]* JS.trans[i,]



      }

new.n.CJS = n.CJS[,-1]

CJS.popsize = matrix(NA, bootstrap, T-1)
for (i in 1:nrow(CJS.popsize))

    {

      CJS.popsize[i,] = new.n.CJS[i,] / det.p[i,] * (1-trans[i,])



      }

The standard deviation 
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 was obtained as: 
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 is the corrected population size estimate at time t and iteration i, 
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 the average corrected population size at time t and n the number of iterations.

## to obtain the standard errors

bootsd = apply(cor.abun,2,sd)


               bootsd.CJS = apply(CJS.popsize,2,sd)
The confidence intervals displayed in the results were log-transformed approximation such that 
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 (Burnham et al. 1980). 
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