


ble 15. Aerial Observations of Porcupine Hills, February 3, 2017.
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# wtdeer$§ X<- wtdeer$GPS.UTM.Northing
# wtdeer§Y <- wtdeer§GPS.UTM.Easting
# crs<-"+proj=utm +zone=12 +datum=WGS84"
d1 <- wtdeer
str(d1)
#Code separate each animal into a shapefile or text file to use as "List" in
Cumming and Cornelis
# get input file
indata <- d1
innames <- unique(d1$SeasonBurst)# base off code above for seasonal choice
innames <- innames[59:87]#needs to be number of unique IDs *150 factors look
in environments* 176 from factors when running all
outnames <- innames
# begin loop to separate each deer into it's own file
for (i in 1:length(innames)){
data <- indata[which(indata$SeasonBurst==innames][i]),]
if(dim(data)[1] != 0){
#data <-data[c(-21)]
# export the point data into a shp file
data.xy = data[c("x", "y")]
coordinates(data.xy) <- ~x+y
sppt <- SpatialPointsDataFrame(coordinates(data.xy),data)
#proj4string(sppt) <- CRS("+proj=utm +zone=12 +datum=WGS84")
#writePointsShape(sppt,fn=paste(outnames|[i],sep="/"),factor2char=TRUE)
#sppt <-data[c(-22,-23)]
write.table(sppt, paste(outnames[i],"txt",sep="."), sep="\t", quote=FALSE,
row.names=FALSE)
write.table(paste(outnames[i],"txt",sep="."), sep="\t", quote=FALSE,
row.names=FALSE, col.names=FALSE, "In_list87.txt", append=TRUE)
#The write.table line above should only be run once to create the In_list.txt file
otherwise it writes all deer each time }}
B e
HH R R R R R
e e
#Brownian Bridge Movement Model (BBMM)
&
HH R R R R R R R R R
# 6.1 Working directory and upload of packages
library(adehabitatHR)
library(adehabitatMA)
library(maptools)
library(sp)
library(BBMM)
library(rgdal)
library(PBSmapping)
library(raster)
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library(caTools)
library(bitops)
date()
# 6.2. Reads and prepares the data
# 6.2.2. Reads the List file of GPS datasets
List<-read.table("In_list58.txt",sep="\t",header=F)
head(List) #List contains the filenames deer datasets
# Generation of results vectors
LOCNB<- rep(0,nrow(List))
AUC <- rep(0,nrow(List))
HR50 <- rep(0,nrow(List))#HOME RANGE SIZE IN SQUARE KILOMETERS
HR80 <- rep(0,nrow(List))
HRO95 <- rep(0,nrow(List))
ROWNB <- rep(0,nrow(List))
COLNB <- rep(0,nrow(List))
TIMEIN <- rep(0,nrow(List))
TIMEOUT <- rep(0,nrow(List))
# 6.3 BBMM computation start of loop
#1=1 (use to test code before doing full run)
for(i in 1:nrow(List)) {
coords<-read.table(as.character(List[1,]),sep="\t",header=T)
head(coords)
LOCNBJi]<-nrow(coords)
loc<-coords[,c("x", "y")] #CHANGE TO UTMN and UTME
coordinates(loc) = c("x", "y") # conversion to format SpatialPointsDataFrame
(necessary for count.cells)
#Coordinate system info may not be needed CHANGE TO NAD UTM 14N
proj4string(loc) = CRS("+proj=utm +zone=14 +datum=NADS83 +units=m
+no_defs +ellps=GRS80 +towgs84=0,0,0")
# 6.4. Generation of a reference grid around the location data
# 6.4.1. Reference grid : input parameters
RESO <- 30 # grid resolution (m)
BUFF <- 5000 # grid extent (m) (buffer around location extremes)
XMIN <- RESO*(round(((min(coords$x)-BUFF)/RES0),0))#CHANGE to
UTMn and UTMe
YMIN <- RESO*(round(((min(coords$y)-BUFF)/RES0),0))
XMAX <- XMIN+RESO*(round(((max(coords$x)+BUFF-XMIN)/RES0O),0))
YMAX <- YMIN+RESO*(round(((max(coords$y)+BUFF-YMIN)/RESO),0))
NRW <- ((YMAX-YMIN)/RESO)
NCL <- (XMAX-XMIN)/RESO)
# 6.4.2. Generation of refgrid
refgrid<-raster(nrows=NRW, ncols=NCL, xmn=XMIN, xmx=XMAX,
ymn=YMIN, ymx=YMAX)
##Get the center points of the mask raster with values set to 1
refgrid <- xyFromCell(refgrid, 1:ncell(refgrid))
# 6.5. BBMM computation
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TIMEIN[i]<-date()

BBMM <- brownian.bridge(x=coords$x, y=coordsS$y, time.lag=coords$timedift,
area.grid=refgrid, location.error=3, max.lag=1440) #check to make sure to
seconds or minutes try 24 hours to minutes

TIMEOUTTi]<-date()

# Volume contours computation

# Create a data frame from x,y,z values

BBMM.df <-
data.frame("x"=BBMMS$x,"y"=BBMMS$y,"z"=BBMMS$probability)

##Make a raster from the x, y, z values, assign projection from above, match the
resolution to that of the

#raster mask, note 100 is the cell resolution defined in evalPoints above

bbmm.raster <- rasterFromXYZ(BBMM.df, res=c(30,30), crs=proj4string(loc))

#crs=proj4string, digits=5)

##Cast the data over to an adehabitatHR estUD

bbmm.px <- as(bbmm.raster, "SpatialPixelsDataFrame")

image(bbmm.px)

bbmm.ud <- new("estUD",bbmm.px)

bbmm.ud@vol = FALSE

bbmm.ud@h$meth = "BBMM"

##Convert the raw UD values to volume

udvol <- getvolumeUD(bbmm.ud, standardize=TRUE)

proj4string(udvol) = CRS("+proj=utm +zone=14 +datum=NADS83 +units=m
+no_defs +ellps=GRS80 +towgs84=0,0,0")#CHANGE TO UTM

bbmm.50vol <- getverticeshr(bbmm.ud, percent = 50,ida = NULL, unin = "m",
unout = "km2", standardize=TRUE)#units out are km2

bbmm.80vol <- getverticeshr(bbmm.ud, percent = 80,ida = NULL, unin ="m",
unout = "km2", standardize=TRUE)

bbmm.95vol <- getverticeshr(bbmm.ud, percent = 95,ida = NULL, unin = "m",
unout = "km2", standardize=TRUE)

#write.table(paste(round(bbmm.95volS$area)), sep="\t", quote=FALSE,
row.names=FALSE, col.names=FALSE, "BBMM_95.txt", append=TRUE)

writetOGR(bbmm.50vol, dsn = ".", layer=paste(substr(List[1,],1,24),"50bbmm"),
driver = "ESRI Shapefile")

writetOGR(bbmm.80vol, dsn = ".", layer=paste(substr(List[1,],1,24),"80bbmm"),
driver = "ESRI Shapefile")

writetOGR(bbmm.95vol, dsn =".", layer=paste(substr(List[1,],1,24),"95bbmm"),
driver = "ESRI Shapefile")

HR50[1] <- round(bbmm.50volS$area, digits=4)

HR&80[1] <- round(bbmm.80vol$area, digits=4)

HRO95[1] <- round(bbmm.95volS$area, digits=4)

# 6.6. AUC computation using caTools and bitops package installed

# Number of points per raster cell

nlocrast<-count.points(loc,udvol)

#image(nlocrast,col=myPal(64))
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kerneldata <- udvol@data$n # vector containing volume contour (= predicted)
values

pointdata <- nlocrast@data$x

pointdata <- ifelse(pointdata>=1,1,0) # vector containing location (= actual)
values

AUCI1] <- colAUC(kerneldata, pointdata, plotROC=FALSE,
alg=c("Wilcoxon","ROC"))

ROWNBJi] <- udvol@grid@cells.dim[ 1]

COLNBJ1] <- udvol@grid@cells.dim[2]

#6.6.1. Graphs

filename<-paste(substr(List[1,],1,24),"BBMM","png", sep=".")

#NOTE:Numbers after "List[i,] need to encompass possible lengths of output
name (i.e., D19.txt is 6 characters)

png(filename,height=20,width=30,units="cm",res=300)

par(mar=c(6,6,3,3))

nf<- layout(mat=matrix(c(1,1,2,1,1,3),nrow=2,ncol=3,byrow=T),respect=TRUE)

#layout.show(nf)

#6.6.2. Plot

myPal <- colorRampPalette( c("red","orange","yellow"))

udvoltmp<-udvol

udvoltmp@data$n<-ifelse(udvoltmp@data$n>=99.9,NA ,udvoltmp@data$n)

udvoltmp<-raster(udvoltmp)

image(udvoltmp,col=myPal(64),frame.plot=FALSE)

points(coords[,c("x","y")],pch=3,cex=0.2)

title(main=paste("BBMM",substr(List[1,],1,24), sep="."),line=0,cex.main=1)

# 6.6.3. Colorbar

ncolors<-64

rangev <- (0:(ncolors - 1))/(ncolors - 1)

rangebar <- matrix(rangev, nrow = 2, ncol = 64, byrow = TRUE)

image(z = rangebar, axes = FALSE, col = myPal(64), frame.plot = TRUE)

axis(side = 2, (0:5)/5, labels = ¢("0", "", "", "", "","100"))

title(ylab=expression("Volume contours [%]"),line=2, cex.lab=1)

# 6.6.4. Graph AUC
#NOTE:Run code once to get figures then turn these on if separate ROC graphs
are needed
#tilename<-paste("AUC",substr(List[1,],1,9),"png", sep=".")
#png(filename, bg = "white", restoreConsole = TRUE)
colAUC(kerneldata, pointdata, plotROC=TRUE, alg=c("Wilcoxon","ROC"))
dev.off()
}
# 6.7 Results and output table
AUC<-as.data.frame(AUC)
RESULT<-
cbind(List, LOCNB,AUC,HR50,HR80,HR95,ROWNB,COLNB, TIMEIN,TIMEO
UT)
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colnames(RESULT)<-
c("ID","NBLOCS","AUC","HR50","HR80","HR95","NBROWS","NBCOLS","T
IMEIN","TIMEOUT")

RESULT

write.table(RESULT,"OUT_AUC_BBMM.txt", sep="\t")

date()

APPENDIX D. TABLE OF ALL ELK HOME RANGES ESTIMATED USING
BBMM

Table 20. 95% and 50% mean home ranges for each elk by herd, season, and time
of day, km?.

Herd # Season # Time # HR95
Bottineau | 1 archery |1 Day 0 km?
Pembina |2 calving |2 Night 1
Sioux 3 gun 3

summer |4

winter 5
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elk# herd season time HRS50 HR95

1 2 1 0 1.66 9.82
1 2 1 1 5.31 28.28
1 2 2 0 1.27 7.02
1 2 2 1 3.93 15.85
1 2 3 0 3.22 21.37
1 2 3 1 8.75 48.11
1 2 4 0 6.16 44.68
1 2 4 1 10.21 | 62.06
1 2 5 0 3.61 27.78
1 2 5 1 4.5 48.15
2 2 1 0 1.95 10.61
2 2 1 1 1.51 12.46
2 2 2 0 0.9 5.77
2 2 2 1 1.65 13.86
2 2 3 0 3.69 33.52
2 2 3 1 5.82 44.33
2 2 4 0 2.51 9.7

2 2 4 1 3.05 18.36
2 2 5 0 1.12 13.47
2 2 5 1 4.55 34.38
3 2 1 0 3.32 22.6
3 2 1 1 1.82 15.3
3 2 2 0 6.43 51.72
3 2 2 1 12.22 | 83.74
3 2 3 0 4.22 24.74
3 2 3 1 9.93 49.47
3 2 4 0 4.88 27.23
3 2 4 1 5.29 35.58
3 2 5 0 4.73 32.84
3 2 5 1 11.9 73.82
4 2 1 0 1.11 6.56
4 2 1 1 1.74 11.65
4 2 2 0 1.75 10.99
4 2 2 1 3.83 23.15
4 2 3 0 8.64 57.43
4 2 3 1 13.86 | 78.42
4 2 4 0 1.59 7.76
4 2 4 1 2.1 11.53
4 2 5 0 NA NA
4 2 5 1 NA NA
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