Supporting Information: Code

Supplementary S1: Example of R and BUGS code for the models used in estimating the
parrot’s geographic range. The code includes the CAR component of the model,

accounting for effort and site covariates.

## Extract the spatial adjacencies:
muni = readOGR ("DISTRIBUTION.shp") #read the municipality shapefile
muni.centroids <- getSpPPolygonsLabptSlots (muni) #extract the centroids

make grid <- function(x, cell diameter, cell area, clip = FALSE) {
if (missing(cell diameter)) {

if (missing(cell area)) {
stop ("Must provide cell diameter or cell area")
} else {

cell diameter <- sqrt(2 * cell area / sqrt(3))
}
}

ext <- as(extent(x) + cell diameter, "SpatialPolygons")
projection (ext) <- projection (x)
# generate array of hexagon centers
g <- spsample (ext, type = "hexagonal", cellsize = cell diameter,
offset = ¢(0.5, 0.5))
# convert center points to hexagons
g <- HexPoints2SpatialPolygons(g, dx = cell diameter)
# clip to boundary of study area
if (clip) |
g <- glntersection(g, x, byid = TRUE)
} else {
g <= glx, ]
}
# clean up feature IDs
row.names (g) <- as.character(l:length(g))
return (g)

hex <- make grid(muni, cell diameter = .5)
hex.centroids <- getSpPPolygonsLabptSlots (hex)

cell.id <= c()

for (a in l:nrow(muni.centroids)) {

cell.id[a] <- which.min (sqrt((hex.centroids[,1]-
muni.centroids[a,1l]) "2+ (hex.centroids([,2]-muni.centroids([a,2])"2))

}

## Convert the polygonal representation into a neighborhood list
hex.nb = poly2nb (hex)

num <- sapply(hex.nb, length)

sumNeigh <- sum (num)

adj = unlist (hex.nb)



#Data object specification in R
data <- list(munil = dat$IDENT, muni2 = dat2$IDENT, muni3 = dat3$IDENT,
muni4 = dat4$IDENT, Y1 = datsA_VINACEA, Y2 = dat2$A_VINACEA, Y3 =

dat3$AVINACEA, Y4 = dat4$A VINACEA, nMuni = length(muni), nObsl

nrow (dat), nObs2 = nrow(dat2), nObs3 = nrow(dat3), nObs4 =
nrow (dat4), TObs = dat$EFFORT_MIN/60, SSee = dat2$NSPECIES, TObs2

= dat2$DURATION.M/60, RLen = dat2$EFFORT.DIS, NPho =

dat3$NPIC,

NAud = dat3$SNSONG,NAud2 = dat4SNSONGS, VegCover = VegCover,

ArauCover = ArauCover, Alt = Altitude, nCell =

nrow (hex.centroids), cell.id = cell.id, nMuni = length (muni), adj

= adj, num = num, sumNeigh = sumNeigh)

# Model specification in BUGS language
cat (file = "model.txt","

model {

#CAR prior - spatial random effect

for(j in l:sumNeigh) {weights[j] <- 1}

spacesigma ~ dunif (0,5)

spacetau <- 1/ (spacesigma*spacesigma)

delta[l:nCell] ~ car.normal (adj[],weights[],numl[], spacetau)

### data model

for

(1 in 1:nMuni) { #loop over sites
mul[i] <- alphalcell.id[i]] + betal[l] + beta[2]*VegCover[i]

beta[3] *ArauCover[i] + betal[4]*Alt[i]

for

for

for

for

mu.lim[i] <= min (10, max (=10, mu(i]))
logit(psi[i]) <- mu.lim[i]
z[1i] ~ dbern(psi[i])

(n in 1:n0bsl) { #loop over observations - Count Data
el[n] <- BETA[1l]*TObs[n]

Pl[n] <- 1l-pow((1-0.5), el[n])

zP1l[n] <= Pl[n]l*z[munil[n]]

+

Y1[n] ~ dbern(zPl[n])

(J in 1:n0Obs2) { #loop over observations - eBird Data

e2[j] <- BETA[2]*SSee[j] + BETA[3]*TObs2[j] + BETA[4]*RLen[j]
P2[j] <= 1l-pow((1-0.5),e2[31)

zP2[j] <= P2[jl*z[muni2[j]]

Y2[j] ~ dbern(zP2[j])

(k in 1:n0bs3){ #loop over observations - Wikiaves data

e3[k] <- BETA[5]*NPho[k] + BETA[6]*NAud[k]
P3[k] <= l-pow((1-0.5), e3[kl])

zP3[k] <= P3[k]l*z[muni3[k]]

Y3[k] ~ dbern(zP3[k])

(h in 1:nObs4){ #loop over observations - Xeno-Canto data



ed[h] <- BETA[7]*NAud2[h]
P4[h] <- 1-pow((1-0.5), ed4d[h])
zP4[h] <- P4[h]*z[munid[h]]
Y4[h] ~ dbern (zP4[h])
}

beta[l] ~ dunif (-10,10)

betal[2] ~ dunif(-10,10)

beta[3] ~ dunif (-10,10)

beta[4] ~ dunif (-10,10)

for (b in 1:7){
BETA[b] ~ dnorm(0,0.0001)I(0,10000)

#compute the mean detection probability of each dataset:
muPl <- mean (P1[]

( )
muP2 <- mean (P2[])
muP3 <- mean(P3[])
muP4 <- mean(P4[])

#Back to R language:

#Specification of Initial Values

inits = function() {list(z = rep(l, data$nMuni))}

params <- c("beta", "psi", "z", "alpha", "muPl", "muP2", "muP3", "muP4",
"muP5", "muP6", "muP7", "muP8", "Y2", "v4", "yg", "y§",
"spacesigma", "delta")

#MCMC settings
nc <- 3; nb <- 150000; ni <- 200000; nt <- 100

out <- bugs(data = data, inits = inits, parameters.to.save = params,
model.file = "model.txt", n.chains = nc, n.iter = ni,
n.burnin = nb, n.thin = nthin, debug = TRUE)



Table S1: Compilation of the available counts for Amazona brasiliensis with the
respective reference.

Year Counted number of individuals Source of information

1989 1,581 Scherer-Neto, 1989

1993 1,550 Martuscelli, 1995

1994 1,988 Scherer-Neto and Toledo, 2007
1995 3,672 Scherer-Neto and Toledo, 2007
1996 2,294 Scherer-Neto and Toledo, 2007
1997 1,548 Scherer-Neto and Toledo, 2007
1998 1,965 Scherer-Neto and Toledo, 2007
1999 2,512 Scherer-Neto and Toledo, 2007
2000 3,452 Scherer-Neto and Toledo, 2007
2003 3,657 Galetti et al., 2006; SPVS, 2003
2004 6,589 Galetti et al., 2006; SPVS, 2004
2005 4,870 SPVS, 2005

2006 3,000 SPVS, 2006

2007 4,821 SPVS, 2007

2008 4,100 SPVS, 2008

2009 5,099 SPVS, 2009

2010 5,000 SPVS, 2010

2011 6,412 SPVS, 2011

2012 4,141 SPVS, 2012

2013 6,086 SPVS, 2013

2014 7,451 SPVS, 2014

2015 9,176 SPVS, 2015

2016 8,380 SPVS, 2016

2017 7,339 SPVS, 2017

2018 9,112 SPVS, 2018

2019 7,493 SPVS, 2019




Table S2: Compilation of the available counts for Amazona pretrei with the respective

reference.
Year ,COl,m,t ed number: of Source of information
individuals
1971 10,000-30,000 Forshaw and Cooper, 1978; cited by Varty et al., 1994
1972 10,000 W. Belton in Silva 1989; cited by Varty et al., 1994
1975 5,000 Silva, 1981
1980 1,000 Silva, 1981
1981 10,000 R. Reis verb to N. Varty; cited by Varty et al., 1994
1983 10,000 Belton, 1984
1986 8,000 COA pers. commun. to N. Varty; cited by Varty et al., 1994
1988 10,000 COA pers. commun. to N. Varty; cited by Varty et al., 1994
1989 9,500-14,000 E}?éafte;;iﬁf?;;: to N. Varty/Scherer Neto 1991; cited
1990 30-70 ].' Mabhler pers. commun. to N. Varty/Scherer Neto 1991;
cited by Varty et al., 1994
1991 15-200 E}?éaff;‘se.tci;?lrr;;:. to N. Varty/Scherer Neto 1991; cited
1992 7,000-7,500 Varty et al., 1994
1993 7,500-8,000 Varty et al.,, 1994
1994 8,000-8,500 Varty et al., 1994
1995 8,593 Martinez and Prestes, 2008
1996 11,590 Martinez and Prestes, 2008
1997 19,141 Martinez and Prestes, 2008
1998 19,913 Martinez and Prestes, 2008
1999 19,517 Martinez and Prestes, 2008
2000 16,232 Martinez and Prestes, 2008
2001 16,897 Martinez and Prestes, 2008
2002 18,418 Martinez and Prestes, 2008
2003 17,162 Martinez and Prestes, 2008
2004 16,772 Martinez and Prestes, 2008
2005 20,437 Martinez and Prestes, 2008
2006 21,598 Martinez and Prestes, 2008
2007 18,800 Martinez and Prestes, 2008
2008 21,311 Schunck et al., 2011
2009 15,658 Schunck et al., 2011
2010 16,657 Schunck et al., 2011



2011 21,653 Schunck et al., 2011

2014 15,685 Tella et al., 2016 citing unpublished data
2017 20,128 ICMBio, 2020
2018 18,425 ICMBio, 2020
2019 19,872 ICMBio, 2020

Table S3: Compilation of the available counts and abundance estimates for Amazona
vinacea with the respective reference.

Counted number of Estimated number of

Year individuals individuals Source of information

2001 464 — Abe, 2004; Cockle et al., 2007
2002 899 — Abe, 2004

2003 906 — Abe, 2004

2004 514 — Abe, 2004

2005 123 B gzzlljzeztoilg 2007; Segovia and
2007 203 — Segovia and Cockle, 2012

2008 214 - Segovia and Cockle, 2012

2009 214 — Segovia and Cockle, 2012

2010 125 — Segovia and Cockle, 2012

2011 911 gzecsl’jes, eztoeilz., 2014; Segovia and
2012 747 - Prestes et al., 2014

2013 728 - Prestes et al., 2014

2014 1,752 — N. Prestes, pers. commun.

2015 3,160 — N. Prestes, pers. commun.
2016 3,888 7,789 (ci. 6,586- 9,184 Zulian et al., 2020

2017 4,084 8,483 (c.i. 7,181-9977) Zulian et al., 2020

2018 4,758 - ICMBio, 2020
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