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S2 Text. R and BUGS codes for the fully integrated models

We provide the code to fit the models where: (i) data consistency is assumed, (ii) data consistency is tested, (iii) data
inconsistency is accounted for.

HUEHHHHHAHRH R BB HHAHRH BB RHHHH AR BB R HHAHRR BB BHHH R AR BB HHHH R AR BB HHHHHRH
#---——- 1) Fully integrated model: data consistency assumed ------ #
HERBHEHBHRHAHRHRHAAAAARARARRRHRHRHRHRHRHEHRHRHRHRHARHRHRRRRRRRHRHRARH
cat ("
model {
### PRIORS

for(cv in 1:4){ # detection coefficients

p-blcv]

14

dnorm(0,0.01)
}
for(cv in 1:2){ # density coefficients

d.b[cv] dnorm(0,0.01)

14

}
### Density
for(np in 1:nPix){
mu.d[np] <- exp(d.b[1] +
d.b[2] * d2core[np])
probs[np] <- mu.d[np] / EN
}
EN <- sum(mu.d[])
psi <- EN/M
### SIGMA
for(sx in 1:2){ # sex-specific sigma
al[sx] ~ dnorm(®,.1)
sigma[sx] <- sqrt(l/(2*al[sx]))
}
### SEX
psi.sex ~ dunif(0,1)
### LIKELIHOOD
for(i in 1:M){ # individuals
z[i] ~ dbern(psi)
sex[i] ~ dbern(psi.sex) # O=female
pick.s[i] ~ dcat(probs[])
s[i,1] <- G[pick.s[i],1]
s[i,2] <- G[pick.s[i],2]
for(k in 1:K){ # occasions

# SCR observations (hair traps and rub trees)
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for(j in 1l:ntraps){
dfi,j,k] <- sqrt(pow(s[i,1]
logit(pO®[i,j,k]) <- (p.b[1]
p.b[2]
p.b[3]
p.b[4]

scr.locs[j,1],2) + pow(s[i,2] - scr.locs[j,2],2))

* sex[i] +
* trap.typel[j] +
* time.elapsed[j,k])

pli,j,k] <- pO[i,j,k] * exp(-all[sex[i]+1] * d[i,j,k]*d[i,],k])

mu'p[i!jlk] <- Z[i] * p[iljlk]

* activel[j,k]

scrY[i,j,k] ~ dbern(mu.p[i,j,k])

# TELEMETRY observations
for(tel in 1l:n.obs.TEL[i,k]){

telY.x[tel,i,k] ~ dnorm(s[i,1], 1/(sigma[sex[i]+1]%2))

telY.y[tel,i,k] ~ dnorm(s[i,2], 1/(sigmal[sex[i]+1]%2))

}
# OPPORTUNISTIC observations

for(opp in 1l:n.obs.OPP[i,k]){

oppY.x[opp,i,k] ~ dnorm(s[i,1], 1/(sigma[sex[i]+1]%2))

oppY.y[opp,i,k] ~ dnorm(s[i,2], 1/(sigma[sex[i]+1]%2))

}
}} #k & i

### Derive population size (N) density (D)

N <- sum(z[])
D <- N/area
N_female <- N - N_male
D_female <- N_female/area
N_male <- sum(z[]*sex[])
D_male <- N_male/area
}
",file="integratedSCR.txt")

HARHHAAAARARBRRRRAAAAAAHAARRRRRRARAAAAAHRRRBRRRHRRRHAAAAHHRHRARRRRHRHHH

#--- 2) Fully integrated model: testing for data consistency ----#
tE I FE T EETETTETEETETIETEEIEL I E LT LT ELTELEETEETE LT ETEEEEETETEE L L LT

cat ("
model {
### PRIORS

for(cv in 1:4){ # detection coefficients

p.-bl[cv] ~ dnorm(0,0.01)



80

85

95

100

105

110

115

}
for(cv in 1:2){ # density coefficients
d.b[cv] ~ dnorm(0,0.01)
}
### Density
for(np in 1:nPix){
mu.d[np] <- exp(d.b[1] +
d.b[2] * d2core[np])
probs[np] <- mu.d[np] / EN
}
EN <- sum(mu.d[])
psi <- EN/M
### SIGMA
int.sigma ~ dunif(®,15)

beta.sex.hair ~ dunif(-3,3)

# Prior for data type effect

predictorsIn <- 1 + w

beta.type ~ dnorm(0,psuedoTau)T(-3,3)

tauV ~ dgamma(3.2890,7.8014)

psuedoTau <- ifelse(w==1,

1/((1/tauV) / predictorsIn),
0.01%*100)
# Priors for variable indicators
w ~ dbern(0.5)
### SEX
psi.sex ~ dunif(0,1)
### LIKELIHOOD

for(i in 1:M){ # individuals
z[i] ~ dbern(psi)
sex[i] ~ dbern(psi.sex) # 0 = female
pick.s[i] ~ dcat(probs[])
s[i,1] <- G[pick.s[i],1]
s[i,2] <- G[pick.s[i],2]
log(sigma_hair[i]) <- log(int.sigma) + beta.sex.hair * sex[i]
log(sigma_telopp[i]) <- log(sigma_hair[i]) + w * beta.type
al[i] <- 1/(2*sigma_hair[i]*sigma_hair[i])
for(k in 1:K){ # occasions

# SCR observations (hair traps and rub trees)

for(j in 1l:ntraps){
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dfi,j,k] <- sqrt( pow(s[i,1] - scr.locs[j,1],2) + pow(s[i,2] - scr.locs[j,2],2) )
logit(pO®[i,j,k]) <- (p.b[1] +
p.b[2] * sex[i] +
p.b[3] * trap.type[j] +
p.-b[4] * time.elapsed[j,k])
pli,j,k] <- p0[i,j,k] * exp(-al[i] * d[i,]j,k]*d[i,],k])
mu.p[i,j,k] <- z[i] * p[i,j,k] * active[j,k]
scrY[i,j,k] ~ dbern(mu.p[i,j,k])

# TELEMETRY observations
for(tel in 1:n.obs.TEL[i,k]){
telY.x[tel,i,k] ~ dnorm(s[i,1], 1/(sigma_telopp[i]*2))
telY.y[tel,i,k] ~ dnorm(s[i,2], 1/(sigma_telopp[i]*2))
}
# OPPORTUNISTIC observations
for(opp in 1:n.obs.OPP[i,k]){
oppY.x[opp,i,k] ~ dnorm(s[i,1], 1/(sigma_telopp[i]*2))
oppY.y[opp,i,k] ~ dnorm(s[i,2], 1/(sigma_telopp[i]*2))
}
1} #k & 1
### Derive population size (N) density (D)
N <- sum(z[])
D <- N/area
N_female <- N - N_male
D_female <- N_female/area
N_male <- sum(z[]*sex[])
D_male <- N_male/area
}
",file="integratedSCR_GVS.txt")

HUEHHHHAHARH BB HHAHRA BB RHBHAHHHR BB R HHH A AR BB HHHA A AR BB RHHAH AR BB HH AR R BB RS ##
#---- 3) Fully integrated model: accounting for data inconsistency ----#
HERBHEHBHBHEHAHRHRHRAARRRARARRRHRHRHRRRHREHRHRHRHRARARHAHARRRRRHRARARHRHH
cat ("
model {
### PRIORS

for(cv in 1:4){ # detection coefficients

p.-bl[cv] ~ dnorm(0,0.01)
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}
for(cv in 1:2){ # density coefficients
d.b[cv] ~ dnorm(0,0.01)
}
### Density
for(np in 1:nPix){
mu.d[np] <- exp(d.b[1] +
d.b[2] * d2core[np])
probs[np] <- mu.d[np] / EN
}
EN <- sum(mu.d[])
psi <- EN/M
### SIGMA
int.sigma ~ dunif(0®,15)
beta.sex.hair ~ dunif(-3,3)
beta.type[sx] ~ dunif(-3,3)
### SEX
psi.sex ~ dunif(0,1)
### LIKELIHOOD
for(i in 1:M){ # individuals
z[i] ~ dbern(psi)
sex[i] ~ dbern(psi.sex) # 0 is female
pick.s[i] ~ dcat(probs[])
s[i,1] <- G[pick.s[i],1]
s[i,2] <- G[pick.s[i],2]
log(sigma_hair[i]) <- log(int.sigma) + beta.sex.hair * sex[i]
log(sigma_telopp[i]) <- log(sigma_hair[i]) + beta.type
al[i] <- 1/(2*sigma_hair[i]*sigma_hair[i])
for(k in 1:K){ # occasions
# SCR observations Chair traps and rub trees)
for(j in 1l:ntraps){
dfi,j,k] <- sqrt( pow(s[i,1] - scr.locs[j,1],2) + pow(s[i,2] - scr.locs[j,2],2) )
logit(p®[i,j,k]) <- (p.b[1] +
p.b[2] * sex[i] +
p.b[3] * trap.typel[j] +
p.b[4] * time.elapsed[j,k])
pli,j,k] <- p0[i,j,k] * exp(-al[i] * d[i,j,k]*d[i,],k])
mu.pl[i,j,k] <- z[i] * p[i,j,k] * activel[j,k]
scrY[i,j,k] ~ dbern(mu.p[i,j,k])
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# TELEMETRY observations
for(tel in 1l:n.obs.TEL[i,k]){
telY.x[tel,i,k] ~ dnorm(s[i,1], 1/(sigma_telopp[i]*2))
telY.y[tel,i,k] ~ dnorm(s[i,2], 1/(sigma_telopp[i]*2))
}
# OPPORTUNISTIC observations
for(opp in 1:n.o0bs.OPP[i,k]){
oppY.x[opp,i,k] ~ dnorm(s[i,1], 1/(sigma_telopp[i]*r2))
oppY.y[opp,i,k] ~ dnorm(s[i,2], 1/(sigma_telopp[i]*2))
3
1} #k & i
### Derive population size (N) density (D)
N <- sum(z[])
D <- N/area
N_female <- N - N_male
D_female <- N_female/area
N_male <- sum(z[]*sex[])
D_male <- N_male/area
}
",file="integratedSCR_2.txt")

HERBHEHBHEHEHRHRHRHRARRARARRRARHRHRRRRRHRHRHRHEHRHRHAHHH AR AR
#--m - start part in common to all models -------------- #
HUEHHHAHARH BB BHAHAAB BB R HHHH AR BB HHHHAHRH BB HHAH R R BB HH AR AR RS
# Load R packages

library (scrbook)

library(secr)

library(car)

library(jagsUI)

library (abind)

# Starting data

load("bear_data_Tenan_et_al.RData")

# Data Augmentation

M <- 200

nind <- nrow(SCR.y)

aug <- M-nind

ntraps <- dim(SCR.y)[2]

K <- dim(SCR.y)[3]
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SCR.y <- abind(SCR.y,array(0,c(aug,ntraps,K)),along=1)

SCR.y[SCR.y>0] <- 1

sex <- c(sex,rep(NA,aug))

active <- ifelse(is.na(time.elapsed[,-1]1),0,1)

time.elapsed.sc <- time.e
time.elapsed.sc[] <- scal
time.elapsed.sc[is.na(tim
n.obs.TEL <- rbind(n.obs.
n.obs.0PP <- rbind(n.obs.
# Manipulate the state sp
all.obs <- cbind(c(SCR.tr
c(SCR. tr
cut.S <- apply(e2dist(xy,
xy.cut <- xy[cut.S,]
zz <- ifelse(!is.na(sex),
# Data
bugs.data <- list(scrY =
telY.x
telY.y
oppY.x
oppY.y
M =N,
ntraps
area =
scr.loc
n.obs.T
n.obs.0
sex = s
time.el
trap.ty
active
G = xy[
nPix =
d2core
# Initial values function
init.pick.s <- numeric(M)
for(i in 1:nind){
if (sum(bugs.data$scr
next

tmpDmat <- e2dist (bug

lapsed[, -1]

e(unlist(c(time.elapsed.sc)))

e.elapsed.sc)] <- 0

TEL ,matrix (0, aug,K))

OPP ,matrix (0, aug,K))

ace
aps[,2],c(TEL.y_x[TEL.y_x!=0]),c(OPP.y_x[OPP.y_x!=0])),
aps[,3],c(TEL.y_y[TEL.y_y!=0]),c(OPP.y_y[OPP.y_y!=01)))
all.obs),1,min)<=21000

1,NA)

SCR.vy,

= TEL.y_x/1000,
= TEL.y_y/1000,
= OPP.y_x/1000,
= OPP.y_y/1000,
K =K,

= ntraps,

nrow (xy)*4,#kmA2

s = SCR.traps[,-1]/1000,
EL = n.obs.TEL,

PP = n.obs.OPP,

ex,

apsed = time.elapsed.sc,
pe = trap.type,

= active,
cut.S,]/1000,
nrow(xy[cut.S,]),

= as.numeric(scale(d2core[cut.S])))

Y[i,,]) == ®

s.data$G,
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cbind(

rep(bugs.data$scr.locs[,1], apply(bugs.data$scrY[i,, ],1,sum)),
rep(bugs.data$scr.locs[,2], apply(bugs.data$scrY[i,, ],1,sum))

)
)

tmp.s <- which.min(apply(tmpDmat,1,min))

init.pick.s[i] <- tmp.s
}
init.pick.s[init.pick.s==0] <- sample(sum(init.pick.s==0),l:nrow(xy[cut.S,]1))
zst <- c(rep(NA, nind), rbinomCaug, 1, 0.5))
HEHHHHAHAARHRBHHBHAHAARRBHHHAARRR BB HHHAARARBRHHAHARR BB R HHHARAH RS
#--mo end part in common to all models -------------- #

RERHAAAAHAABRRRRRRRAAAAAHH R BB R BB R AR RAAAAHH AR BB R RRRRHAAAHHHHH

HUERHHH AR AR BB HHAH R AR BB HH AR AR BB HHH AR AR BB HH AR R AR BB HHHH R AR RS ##
#-----———- 1) Fit model with data consistency assumed -------- #
HERHHHARAARBRHHAHRARRBHHHAARRRRRHHHAARR BB HHAHRAR BB HHHARARRRHH#
# initial values
inits <- function() {
list(psi.sex=runif(0.5),
sex=c(rep(NA,nind),rbinom(aug,1,0.5)),
al= c(0.007,0.005),
p.b = c(-1,0.1,-60.1,0.1),
d.b c(-6,0),

pick.s = init.pick.s,
z = c(rep(1l,bugs.datas$M)))
}

# parameters to monitor

parameters<-c("N_male","N_female","sigma","p.b","d.b", "psi","psi.sex")
# MCMC settings
n.adapt <- 1000
n.burnin <- 2000
n.iter <- 30000
thin <- 1
chains <- 3
# Fit the model
out.all <- jags(data = bugs.data,
inits = inits,

parameters.to.save = parameters,
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model.file = "integratedSCR.txt",
n.chains = chains,

n.adapt = n.adapt,

n.iter = n.iter,

n.burnin = n.burnin,

n.thin = thin,

parallel=T)

HERBHBHBHRHEHRHRHRARARRARARRRHRHRHRRRRRHRHRHRHEHRH AR AHRRARARA
#--mmm - 2) Fit model for testing data consistency --------- #
HUERHHHHHRH BB R B HAHHH BB HHHH AR BB HHH A A AR BB HHHH AR BB HHHH AR R RS H#
# initial values
inits <- function() {
list(psi.sex=runif(0.5),
sex=c(rep(NA,nind),rbinomCaug,1,0.5)),
tauV = runif(1,0.1,1.1),
int.sigma=runif(1,5,8),beta.sex.hair=0,beta.type=0,
p.b = c(-1,0.1,-60.1,0.1),
d.b = c(-6,0),
pick.s = init.pick.s,
z = c(rep(l,bugs.data$M)))
}
# parameters to monitor
parameters<-c("N_male","N_female","int.sigma","beta.sex.hair",
"beta.sex.telopp","beta.type","p.b","d.b",
"psi","psi.sex","w")
# MCMC settings
n.adapt <- 1000
n.burnin <- 2000
n.iter <- 30000
thin <- 1
chains <- 3
# Fit the model
out.all <- jags(data = bugs.data,
inits = inits,
parameters.to.save = parameters,
model.file = "integratedSCR_GVS.txt",
n.chains = chains,

n.adapt = n.adapt,



360

370

375

380

385

390

395

n.iter = n.iter,
n.burnin = n.burnin,
n.thin = thin,

parallel=T)

HEHHHAARAARRHHHAARARRRHHHHAARRRRHHHARAARRRHHAARARRBHHHAARARRRHH

#-—————- 3) Fit model accounting for data inconsistency ------ #

HUERHHHHARR BB HHAH R AR BB R HHH R AR BB B R B A AR AR BB HH AR R AR BB HHHH AR R RS ##

# initial values

inits <- function() {

list(psi.sex=runif(0.5),

sex=c(rep(NA,nind),rbinom(aug,1,0.5)),
int.sigma=runif(1,5,8),beta.sex.hair=0,beta.type=0,
p.b = c(-1,0.1,-0.1,0.1),
d.b c(-6,0),

pick.s = init.pick.s,
z = c(rep(l,bugs.data$M)))
}
# parameters to monitor
parameters<-c("N_male","N_female","int.sigma","beta.sex.hair",
"beta.sex.telopp","beta.type",
"p.b","d.b", "psi","psi.sex")
# MCMC settings
n.adapt <- 1000
n.burnin <- 2000
n.iter <- 30000
thin <- 1
chains <- 3
# Fit the model
out.all <- jags(data = bugs.data,
inits = inits,
parameters.to.save = parameters,
model.file = "integratedSCR_2.txt",
n.chains = chains,
n.adapt = n.adapt,
n.iter = n.iter,
n.burnin = n.burnin,
n.thin = thin,

parallel=T)
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