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Purpose - This document describes how to use the Home Range Analysis and Estimation (HORAE)
Toolbox developed for the free GIS OpenJUMP. The toolbox was originally created for the
evaluation of GPS collar data from grizzly bears (ursus arctos). However, as the base dataset
for the home range estimation is an ordered point dataset, i.e. the GPS locations from the
collar, GPS locations from other (slow moving) mammals obtained with GPS collars might be
analysed too. We will describe the functions that allow to estimate home ranges, returning a
geometry object for the home range, and functions for home range analysis. Currently the
toolbox contains the following functions:

Home Range Estimation Functions:
* Minimum Convex Polygon (MCP),
» Kernel Density Estimation (KDE), methods: (a) href, (b) LSCV, and (c) ad-hoc (region
split),
e Line-based KDE, scaled and un-scaled,
* Brownian Bridges,
* Line Buffer,
* Local Convex Hulls (LoCoH), methods: radius r, k-1 nearest neighbours, alpha region,
* Geo-Ellipse, also known as Potential Path Area.

Home Range Analysis Functions:
* Asymptote analysis for MCP, Point-KDE, Line-Buffer,
e (Calculate core areas,
» Classify home range parts,
» Derive the skeleton for a home range region,
* Analyze daily travel.

Keywords - home range analysis, kernel density estimation, movement analysis, GIS, open source
software

General Notes - As by now this manual is not aiming at describing the basics and details of home
range analysis we refer the interested reader/newbie on the topic to the ABODE manual that
we have made available here:

http://sourceforge.net/projects/mentaer.u/files/moveantools/ojhorae/laver_abode user _manu
al_2005.pdf

Also the manual assumes that you are familiar with the use and terminology of Geographic
Information Systems. If you have no previous GIS experience, then we recommend to read
“The Geospatial Desktop” by Gary Sherman®. Also we recommend going through an
OpenJUMP GIS tutorial as the HoRAE toolbox is an extension for OpenJUMP. OpenJUMP
tutorials are available here: http://sourceforge.net/projects/jump-pilot/files/Documentation/?
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2 The most actual tutorial is the OpenJUMP General Tutorial for OpenJUMP 1.5:
http://sourceforge.net/projects/jump-pilot/files/Documentation/OpenJUMP%201.5%20Docs/
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1. Download and Installation

The Home Range Analysis and Estimation (HORAE) Toolbox is an extension for the free and open
source GIS OpenJUMP (www.openjump.org). Hence, for the toolbox the same conditions on
supported operating systems, licenses and installation requirements hold as for OpenJUMP. We will
give the details on those below.

Supported Operation Systems

OpenJUMP HoRAE should run on Windows, Linux and MacOSX. There is only one edition for all
0S, since OpenJUMP is using the JAVA? platform.

Free Software License, Exclusion of Warranty, and Source Code

OpenJUMP and also the HORAE toolbox are distributed under the General Public License (GPL) Version
2.0 that can be obtained from here: http://www.gnu.org/licenses/gpl-2.0.txt. This license allows free
distribution of the program at no charge, and allows the modification of the source code and the
distribution of those modifications as long as the GPL 2.0 is retained and distributed as well. For more
information about Free and Open Source GIS (FOSS4G) software and licenses we refer the interested
reader to Steiniger and Hay (2009).

Please note that the paragraphs 11 and 12 of the GPL 2.0 state "THERE IS NO WARRANTY FOR THE
PROGRAM”, and contain the details to this statement.

The source code of the HORAE toolbox is (hopefully) contained in the java library named
movantools_XXX.jar in OpenJUMPs “/lib/ext/” folder (with XXX as a place holder for some
specifications in the file name, e.g. the release month). Renaming that file to “*.zip” should make the
source code accessible. However, the sources can be also obtained from the authors, in particular
Stefan Steiniger, by writing an email.

The source code for HORAE is available on OpenJUMPs project account on SourceForge in the
following SVN repository: https://jump-pilot.svn.sourceforge.net/svnroot/jump-pilot/plug-ins/horae. If
you want to view the code online use this link: http://jump-pilot.svn.sourceforge.net/viewvc/jump-
pilot/plug-ins/horae/

Download

We deliver the toolbox bundled with OpenJUMP to ease installation. To download the HORAE toolbox
go to:

http://gisciencegroup.ucalgary.ca/wiki/OpenJUMP_HoRAE

From that wiki page you can download a *.zip file that contains the latest OpenJUMP HoRAE edition.
The names of the file to download should be something like openjumpXXXmovantools_MonthYear.zip.

Before you can start working with OpenJUMP you need to make sure that you have JAVA installed on
your computer. OpenJUMP needs at least JAVA version 1.6; but depending on the utilized Sextante
toolbox, newer JAVA version might be necessary. On Windows you can check if Java is installed by
looking for a folder “C:\Program Files\Java” or “C:\Program Files (x86)\Java”. If you are not having
JAVA installed, then you can download it for Windows or Linux from the webpage
http://www.oracle.com/technetwork/java/javase/downloads/. If you are a MacOSX user you may go
to: http://support.apple.com/downloads/.

Installation and Starting

If you have (i) downloaded OpenJUMP HoORAE, and (ii) have made sure that JAVA is installed, you can
install and start the software. It"s done in 3 steps:

3 JAVA is a programing language and a platform that functions as an abstraction layer. The JAVA platform is
available for a range of operation systems. This way software programmed for/in JAVA can be run on all
supported operating systems for which the JAVA platform is available.
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1. Unzip the file openjumpXXXmovantools_MonthYear.zip to a folder of your choice.
2. Go to its unzipped subfolder named: /bin/ .
3. Start OpenJUMP using the appropriate start file:

o Under Windows use “openjump.exe” or in case it does not work use:
“0j_windows.bat”

o For Linux use “0j_linux.sh”
o MacOSX users click on the application icon that shows a kangaroo.

Please note that OpenJUMP has by default assigned 64 MB of memory as minimum and 512 MB as
maximum memory to work with. For larger point datasets or finer raster resolutions this amount may
be insufficient. To increase the values, e.g. to allow OpenJUMP to work with 1024 MB (= 1 GB) of
memory, you can modify the following files with a text editor: (i) Windows: openjump.ini when
starting with openjump.exe, otherwise oj_windows.bat, (ii) Linux: oj_linux.sh, (iii) MacOSX:
0j_linux.sh. Search in the file for the letter sequence -xmx512M and replace it with -Xmx1024M .
However, you cannot assign more memory than your computer has physical RAM. Also older JAVA
versions have a memory assignment limit of 2GB.

If OpenJUMP starts up in your mother language, but you prefer English, then you can do the
necessary changes in the same file as for the memory management. Search for the line
#JAVA LANG="-Duser.language=de -Duser.country=DE", remove the # in front, then
change the rest as follows: JAVA LANG="-Duser.language=en". Now (re-)start OpenJUMP.

Help and Support
If you have questions on the use of OpenJUMP, then it is best to send an email to OpenJUMP user

email list: http://groups.google.com/forum/#!forum/openjump-users. Writing to this list has a higher
chance of a timely response to your question.

However, If you have particular questions on how to use functions of the HoRAE toolbox then you
should send an email or post to: http://groups.google.com/d/forum/ojhorae-users.

Using the HoRAE Toolbox with a Newer OpenJUMP Version

It may be possible that the OpenJUMP HoRAE edition you downloaded does not come with the latest
version of OpenJUMP. You can check what your OpenJUMP version is by choosing in OpenJUMP the
menu entry [Help>About...]. In case there is a newer version of OpenJUMP and you want to use the
toolbox with that version, then you would need to download OpenJUMP PLUS edition that contains the
Sextante toolbox. HORAE needs Sextante because all raster functions use the Sextante framework for
processing and raster analysis. The OpenJUMP PLUS edition should also contain some other useful
plugins for example the Print plugin and the PostGIS plugin, of which the latter can be used to
connect to a PostgreSQL/PostGIS database. The latest versions of OpenJUMP GIS can be obtained
from here: http://sourceforge.net/projects/jump-pilot/files/OpenJUMP/ or from the OpenJUMP Wiki
http://sourceforge.net/apps/mediawiki/jump-pilot/index.php?title=Main_Page which is also the best
source for learning about OpenJUMP.




2. Loading Data

With OpenJUMP HoRAE you can load your GPS tracking data, as well as other types of geographic
data (i.e. mapping data) for analysis and map creation. We will describe the supported data formats
and the requirements for the movement data. However, we will start with loading an example
dataset.

Loading a Tracking Sample Dataset

OpenJUMP HORAE should come with a sample dataset. It contains about 14 artificial grizzly bear GPS
points. “Artificial” refers here to the coordinate of the points, not to the characteristics of the points to
each other or the time information. The real location was disclosed due to data restrictions that should
ensure wildlife protection. You can find the dataset in the subfolder “/testdata/” and the file with the
GPS data named: “gb_tracking_sampledata.jml”. The dataset is stored in OpenJUMPs own *.jml
format, which is a special Geographic Markup Language (GML) format. But, as we will outline below, it
is also possible to load points stored in *.shp files or *.csv files.

To load the dataset go to menu entry [File>Open...], select the symbol for “File” in the left sidebar,
and browse to the /testdata/ subfolder. Select the file “gb_tracking_sampledata.jml” and click the
[Finish] button. You should see now the image shown in Figure 1.
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l Number Selected: 0 [0, 0] 0 ... [31 MB Committed Memory | ((421279.1, 5346446.9)

Figure 1. OpenJUMP HoRAE with the sample data loaded. The menu *"MOVEAN” contains all the functions for
home range estimation and analysis that are added to OpenJUMP by the toolbox.

Please note that OpenJUMP in its current version (v 1.6) does not care about map projections or
coordinate systems. OpenJUMP will assume that all data loaded are in the same coordinate system.
For more information see below and the Notes section.

Supported Spatial Data Formats for Tracking Data

The tracking data to be evaluated in OpenJUMP HORAE should be stored as point data. HORAE can not
read GPS data directly from a GPS receiver. Hence, the tracking data needs to be readout out from



the receiver with another software® and prepared for loading in OpenJUMP. However, there exists a
GPS Extension for OpenJUMP that can load data from a receiver, please see the following link for
details: http://sourceforge.net/apps/mediawiki/jump-pilot/index.php?title=GPS_Plugin .

Besides the OpenJUMP specific *.jml format (i.e., JUMP GML) used for the sample dataset, other data
formats are supported by OpenJUMP. Among those are: (i) Shapefiles (*.shp), (ii) Feature
Manipulation Engine (FME) GML (*.gml), (iii) the Well Known Text (WKT) Format (*.wkt), and (iv) the
Comma-Separated Value (CSV) Format (*.csv). Similarly the reading of data in *.dxf format is
possible if the specific plugin is added (see the Notes section).

Tracking Datasets Requirements

The point datasets that are to be analysed need to fulfil some requirements:

e First, the point coordinates [x,y] should be in a mapping projection, such as UTM. The
coordinates should not be in geographic coordinates, i.e. not in latitude and longitude in
degrees. An indicator for lat & long values in degrees is when the first digits contain only
values between 0 and 360. If your data is stored in such lat & lon values they should be
transformed into UTM values, either with OpenJUMPs Coordinate Transformation Service
(CTS) Extension or for instance with Quantum GIS.

e Second, depending the type of home range estimator that should be used, different
requirements exists on the attributes that describes the observation time for each location.
The requirements for a particular analysis method are outlined in each sections that describes
use of a function. However, in general each location (i.e. point) should be described by the
following attributes:

o (i) animal ID,
o (i) location ID in order of the observation sequence,

o (iii) time of observation: the time may be needed in different granularity — i.e. year,
month, day, hours, minutes, seconds — with each time unit (y,m,d,h,s) stored as a
different attribute with the data type “Double”.

However, not all methods require all attributes. For instance the Minimum Convex Polygon
(MCP) estimator only needs the animal ID attribute.

Important Note: All the functions have been developed to analyse grizzly bear movement data.
Since grizzly bears are hibernating we had only datasets with locations from spring to autumn of one
year, and no movement tracks that spread over two years. Currently it is unclear how the analysis
functions of the toolbox react if movement data are analysed that extend over two or more calendar
years. A visual plausibility analysis should help to detect calculation errors. Also, data may be split
according to the year of recording.

Using Other Types of Geographic Data for Analysis

Since the home range toolbox is based on the GIS OpenJUMP, other types of data can be added in
the background to see the context of observations and animal movements. OpenJUMP is primarily a
vector GIS. Hence, it focuses on the display and analysis of vector data. So, if you have land use data
in vector format, e.g. Shapefiles, then you can load such data as well. Also, the display of aerial or
satellite images is possible. OpenJUMP can load TIF, PNG and JPEG images (but not all types of
TIFF)®, and under Windows MrSID and ECW images can be displayed as well. However, for image
data it is important that they are in the same map projection as your vector data to ensure proper
alignment of the different datasets.

* A GIS software that may support reading your GPS point data from a receiver is Quantum GIS (www.qgis.org).
You may also consider QGIS for creating maps of the home ranges for presentation purposes. QGIS can also
handle data from different coordinate systems. So you can use it to re-project your data.

> Note that there are two options for loading TIF images. Using [File>Open File...] is the standard way. But if
images should be analysed, then the use of [File>Open...] and choosing “Sextante Raster Image” in the sidebar
on the left side is necessary to load image data.



OpenJUMPs overlay analysis functions can be used to analyse generated home ranges together with
available background data. For instance, the percentage of different types of land-cover such as
wetlands and forest within an animal’s home range could be evaluated. Or, the overlap of home
ranges of different individuals (e.g. two solitary grizzly bears) can be calculated.

Loading Point Data from CSV & TXT Files

OpenJUMP is able to load comma-separated text files, also known as CSV format. In the Supplement
A, at the end of this user guide, you can find some data in this text format. These data contain the
same GPS points as the file “gb_tracking_sampledata.jml!”. With the copy & paste functions of your
PDF reader and your word processor you can create from that data a new *.csv or *.txt document
that we will call “"gb_points.txt”.

To load that dataset into OpenJUMP chose [File>Open...], and select the symbol for “File” in the left
sidebar. Then browse to the location of your csv file, i.e. where the gb_points.txt file is. Now, before
selecting the file, go to the file format chooser at the bottom of the dialog. There, select from the
drop down list the following entry: “Csv (set options) (*.txt, *.xyz, *.csv)”. Now select the file and
click on the [Next] button. A new dialog appears, see Figure 2, where you have to do some settings,
to be able to correctly load the csv data.

If you are loading the gp_points.txt file from Supplement A, then you should apply the following
settings: For the encoding type chose how you saved the text file before, or when in doubt, chose
“UTF-8". There is no need to set how comment lines start for the gp_points.text file. However, set this
option if your file contains commenting lines. Next, we need to set how column entries are separated.
In our example (Supplement A) we used a comma. Hence, chose for Field separator option the
comma entry: %,”. Leave the Header box ticked and also leave the Data Types box unselected. Next,
set for our example data: Column containing x value to “1"” and Column containing y value to “2". The
value for Column containing z value should be set to “-". If you are done with the settings, then click
the [Finish] button, and the data are loaded. What you should be seeing afterwards in the map are
the same points as in Figure 1.

Open...
Select File Options
Select the options for all the files or on each file individually

csv (set options)

File gb_points.txt
Project Encoding . UTF-8 :‘
]
Data 5(09'8 Layer Comment line (regex) AHHCOMMENTH##S 4
WMS Laye 7S
ver Field separator 7 v

Sextante Raster Image

Header (column names) v
,‘;\
o Data types =
PostGISOpenWizard
Column containing x value 1 -
Column containing y value e
Column containing z value - $
_ <Back ) [ Finish _ Cancel

Figure 2. Settings dialog when loading table data from a *.csv or *.txt file - with file format option “Csv file (set
options)”.

If the data are loaded, then you should check the attribute data types. Usually we need to convert
them from type Text to a numeric type, such as Double or Integer. Click on the layer just loaded (it
should carry the files name: “gb_points”), so we can make the layer editable. Therefore select from
the right-mouse-button menu the entry [Editable] (see also Figure 6). If the layer is editable, then a



check mark should appear in front of the entry and the layer nhame should now be displayed in yellow
color (indicating the editable status). Next, select from the layer context menu (i.e. the layer mouse
menu) the option [Schema>View/Edit Schema...] (see also Figure 7). For all attributes, where it
makes sense, change the attribute type from “String” to “Double” or “Integer”, by clicking in the data
type cell for each attribute and selecting from the drop down list. For our example dataset numeric
values should be assigned for the following attributes: Bears ID, location_n, loc_year, loc_month, and
loc_day - but not (!) the “"GEOMETRY" attribute. Now, click on the [Apply Changes] button, to
perform the type conversion. Note, that OpenJUMP cannot perform conversions from “String” data
type to “Date” type, since this is fairly complicated to implement. For that you may use a different
software.

Finally, you should save the dataset by using in the layer context menu the option [Save Dataset
As...]. Alternatively this function can be accessed from the File menu. Also, you should change the
editable status of the layer so that it cannot be edited anymore unwillingly. You can do this by
selecting again the [Editable] option in the layer context menu. In this case the check mark should
disappear and the layer name should be displayed in black color and not anymore in yellow font color.

Extracting Single Time Information Attributes from a DATE field

Several of the home range estimation methods in this toolbox require information about the time,
when the GPS point was recorded, such as the Line-KDE, Brownian Bridge and Geo-Ellipse estimators.
Often this information may be stored in an attribute of the data type “Date”. As this “"Date” data type
cannot be handled by the implemented analysis functions, it is necessary to extract the time
information into separate attributes, e.g. a separate day attribute, a month attribute, a year attribute,
a seconds attribute, etc. To perform the date format extraction into time attributes a function has
been written. This functions also aims at generating attributes in the form needed by the HR
estimation functions, e.g. a day attribute will be created that contains unique day values, and not only
the day of the month value, which is not unique.

How to perform the time attribute extraction will be demonstrated with the example data shipped with
OpenJUMP HoRAE. For this reason, load the file “gb_tracking_sampledata.jml|” as described

earlier in the beginning of Section 2. Then, you should check the attributes of the dataset. @
To do that, select first the layer in the layer tree view, and then clicking on the [Attribute

Table] button in the button bar on the top. If you browse now through the attribute | Attribute
columns (sideward to the right), then you will find a column/attribute called “full_date”. bTuattt’(')en
Entries in that column are for instance: “Aug 26, 2000” and “Aug 27, 2000". The data type

of “full_date” is "“Date”, as you can see from layer context menu using
[Schema>View/Edit Schema...].

To extract the time attributes select [MOVEAN>Create (unique) Time Attributes from Data
field...]. There, (i) select the layer, i.e. the example dataset, (ii) chose the field that contains
information in “Date” format, and (iii) chose the field/attribute that contains a unique, increasing
location ID, that indicates in what order the locations have been visited by the animal. Figure 3
displays the settings for the example dataset. If you are ready with the settings, then press the [OK]
button to extract the attributes.

Create Time Attributes

Given the time field in Date
format, the function will
create (i) year, (ii) month,
(iii) day (iv) unique day, (v)
hour of day, and (vi) unique
seconds fields for the

Anbnbcne Mata shn Fivme

Layer with (GPS) Points @ gb_tracking_sampledata c

Recording Time Attribute in 'Date' Format full_date ¢

“

4 | Location Attribute (for sorting) location_n
v

OK ) [ Cancel

Figure 3. The dialog to extract several time attributes from a “date"-type field.

After the function has been executed, you should find a new layer in the “Result” category that is
called “gb-tracking-sampledata-time”. Select this layer and open its attribute table via the [Attribute
Table] button. If you browse the table, you will see that the following numeric attributes/fields were



added to the original dataset: (a) “year”, (b) "month”, (c) “day”, (d) “unique_days”, (e) “hoursOfDay”,
and (f) “unique_seconds”. Thereby the first unique day that corresponds to the lowest location
number/ID value. The “unique_seconds” value is derived from the computer operating system’s
internal time®, which is counted in milliseconds but converted into seconds.

® For an explanation of computer system time have a look at Wikipedia: http://en.wikipedia.org/wiki/System_time
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3. Visualization Functions

OpenJUMP HoRAE offers two visualization functions for tracking data. We will describe those below
and then, in the next chapter, we will explain the home range estimation functions. From here on, all
toolbox functions will be described with the following structure: (i) purpose of the function, (ii)
working principle - if applicable, (iii) literature reference - if applicable, (iv) dataset attribute
requirements, (v) input data, (vi) running the function, and (vii) expected output.

General Styling of Layer Objects in OpenJUMP

In the OpenJUMP toolbar as well in the layer-context-menu you will find a ‘palette’ icon to [Change
Styles...] (see the image on the right side). Use this function to define how you like to have points,
lines and polygons displayed. The style dialog contains 5 tabs: (1) Rendering, (2) Scale, (3) Colour
Theming, (4) Labels, and (5) Decorations. Most important is the Rendering tab dialog to change the
line width, colours and point types. The Scale dialog allows you to define when at what

scales a layer is displayed. The Colour theming dialog allows to colour polygons by their

values — i.e. to generate choroplete maps. Different types of attribute classification
methods, such as “equal interval” and “maximal breaks”, are available. The Labels dialog Style
can be used to display attribute information as small labels in the map. For instance, the | button
number of an observation location or the names of rivers (if you have such data) can be
displayed. Finally, with the functions of the Decorations tab you can define the style of a line. For
instance, for the movement data it useful to change the style of a line in such a way that arrows are
shown, which indicate the direction of movement.

Display Movement Tracks

Purpose - Displays the tracks of animals, by converting the observation points to lines (Figure 4).
Principle — The observation points are ordered and then connected by lines.

Dataset Attribute Requirements — Each observation point needs to have a unique location ID that
should resemble the observation sequence. The unique ID is used to sort the points. For each
point three time attributes for year, month, day need to be given as well. These time
attributes need to be of data type ‘Double’ — i.e. not of data type ‘Date’ as used in Shapefiles.

Input — A point layer, with the following attributes for each observation point: (i) animal ID, (ii)
location ID, (iii) observation year, (iv) observation month, (v) observation day.

Running the Function — use [MOVEAN>Display Movement Tracks]

* If you have the tracks of only one animal and therefore no animal ID attribute, you can
create such attribute as follows (see also the Section “Calculation of the Home Range
Area and Perimeter” below):

1. Create a new field “animal ID" of data type “Double” using [Schema >
View/Edit Schema] from the layer context menu (Don't forget to make the
layer ‘editable’).

2. Fill the “animal ID"” field with the same value for all points by use the function
[Tools>Edit Attribute>Auto Assign Attribute]. In the functions dialog: (i)
select the target layer, (ii) select the attribute to fill, (iii) uncheck “Auto-
increment”, (iv) check that the assigned value (it can be one or any other value),
and (v) press [ok].

Ill

e Option “one output layer per individual” — check this box if you have several animals in
one dataset and the tracks for each animal should be in its own layer. This option is useful
to split a dataset into several smaller ones for later home range calculations. Since the
home range estimators will process the data for only one animal.

e Option “generate single lines” — there exists the possibility to have one long line that
connects all points. However, this causes OpenJUMP to slow down during rendering (i.e.
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to become unresponsive), when zoom and panning operations are performed. Hence, it is
better to return each connection from one observation point to another observation point
as a separate ling, i.e. to leave the box checked.

Output — A new layer of lines that connect the observed locations. The date information for start and
endpoint are stored encoded in the attribute table for each line.

File Edit View Layer Customize Tools Raster MOVEAN Sextante Plugins Window Help
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Figure 4. Using the function [MOVEAN>Display Movement Tracks] will generate lines from the point data. To
see the movement direction, the “Decoration” options tab of the “Style” dialog were used (accessible via the

Display Day Travel Ranges

palette button).

Purpose - Visualizes the observation points of the same day by creating a Minimum Bounding
Rectangle (MBR) of the convex hull for each observation day. If there are only 2 points per
day, then a circle is drawn (Figure 5). Additionally the average daily travel distance is
calculated. The information on the average travel distance can be used as input parameter for

given.
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Figure 5. Rectangles created with [MOVEAN>Display Day Travel Ranges], indicating the daily travel distance of

an animal.

Principle — The function searches for all observations of the same day. Then it creates the so-called
convex hull of those observation points. Then based on the convex hull a minimum enclosing
rectangle is created to indicate the main travel direction.
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Dataset Attribute Requirements — each observation point needs to have a unique location ID that
should resemble the observation sequence. The unique ID is used to sort the points. For each
point the observation day needs to be given. This day needs to be unique per year and should
indicate the day of the year, e.g. Sun. 13" Nov. 2011 = 317" day. The information is used for
grouping and calculation of the average travel distance per day. For this purpose using the
day of the month as attribute would not work if the observations are spread over several
months, and several days have the same “identifier” (e.g. 7" May = 7" June).

Input - A point layer, with the following attributes for each observation point: (i) location ID, (ii)
observation day

Running the Function — Use [MOVEAN>Display Day Travel Ranges]

Output — A new layer of lines that connect the observed locations. A second layer showing rectangles
and eventually circles, with each rectangle indicating the approximate area the
animal traveled at a particular day. A separate graph is shown that displays the )
average daily travel distance. Finally, statistical data are presented in the output
window on the average travel distance per day. The output window can be ' Window
opened using the “window” button of the toolbar. button
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4. Home Range Estimation Functions

With respect to the input data type we can classify home range estimators into point-based home
range estimators and line- /or track-based estimators. Especially the latter are useful for GPS collar
data, as they can utilize additional information that comes with such type of data; for instance
information on recording time and the possibility to calculate velocity vectors between subsequent
GPS points. The toolbox contains point-based and line-based estimators that are described below.
However, as for most toolbox users it will be important to calculate area and perimeter of the
estimated home range polygon we will describe that procedure first. It will be the same for all
estimators if a home range polygon is the result.

Calculation of the Home Range Area and Perimeter

Purpose — Calculation of area and perimeter of a polygon geometry, e.g. a home range polygon

Principle — Standard computational geometry algorithms; for instance the area calculation can be
performed with the shoelace formula/Gauss’ area formula’. The perimeter of an area is
calculated by measuring the length of the outer shell plus the length of the boundary of holes.

Input — A layer with home range polygons (i.e. areal geometries)
Running the Function

1. Make the layer editable, that contains the polygons, by choosing [Editable] from the layer
mouse context menu (access with right mouse click on layer name in Windows — Figure 6)

= J Working
W [v]Bear272
v | hydro_dipped
[v] lnduse_cipped
- ) System
v | Fence
= ) Result
|| Bear272(dercity] (Boar 27 2[density] (2)_polygon_0.95
Boar272{derey)
® Boxr272{dersty] (2)
W [ Bear272{dercy)y ¥
Baar272{derety] 4

Rename Selacted Layer

Figure 6. Making a layer editable.

2. Create new attributes ‘area’ and ‘perimeter’ by
a. Choose [Schema>View/Edit Schema] from the mouse context menu

b. Click in the last field on the left side (i.e. the Field Name column) and enter ‘area’
(Figure 7)

c. Click on the corresponding filed on the right side and chose ‘Double’ in the Data
Type column

d. Do the same for perimeter; choosing ‘Double’ as data type as well
e. Press [apply changes], and close the dialog

3. Use the Matrix-Icon button from the toolbar, to display the attribute table for the
currently selected layer. You should see the new columns ‘area’ and ‘perimeter’

there and their fields should be empty. AtTt;iEI‘;te

button

’ The Shoelace algroithm is used in the JTS Topology Suite Ver. 1.13, which provides the geometric models and
algorithms underlying OpenJUMP horae.
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4. Go to the menu [Tools>Edit Attributes>Calculate Area and Lengths...] to open the
area and length calculations dialog (Figure 8)

Edit Schema: bear296-tracks (=] E’_\j
+ Field Name Data Type

geometry Geometry N
x individual_id Integer
A area Double
¥ fength Double

v

| apply changes | | Revert Changes \ [] Force invald conversions to .

Figure 7. Adding area and length (i.e. perimeter) attributes to the layer.

5. Set the correct Layer with your data, and chose the attributes that should be filled with the
area and length values; then press [0Kk]

6. Now, when you open the attribute table for the layer again, then you should see the area
and perimeter fields filled.

7. Note, the sum for area or perimeter of all polygons (or lengths of lines) that are in a layer
can be obtained using [Tools>Statistics>Layer Statics...]. To retrieve the sum of
values for attribute data for a single layer you can use [Tools>Statistics>Layer
Attribute Statistics...].

Calculate Areas and Lengths @
Layer M bear2%-tra... Vv
Calculate area
Area attribute name | area v

[v] Calculate length

Length attribute name | length v

[ OK H Cancel J

Figure 8. The dialog for area and length calculation.

Minimum Convex Polygon (MCP)

Purpose — Create home range polygons.

Principle — Creates the convex hull of all input points. The convex hull is a standard computational
geometry algorithm®. Since November 2012 the HoRAE toolbox also implements outlier
removal techniques as described in Harris et al. (1990) and Rodgers and Kie (2011). To not
include outliers in the convex hull calculation, it is possible to specify the ratio of points that
should be used. Thereby those points that are farthest away from the centre of all points are
considered outliers and excluded. The centre is calculated using the mean or median of all
point locations. The calculation uses a “fixed” mean or median method, in which the point
clouds centre is calculated only once - and not in an iterative fashion (i.e. after each removal
of the farthest point). Fixed and variable centres are described in Rodgers and Kie (2011).

Literature References — Burgman and Fox (2003), Nielsen et al. (2007), Harris et al. (1990)

8 A description of “Convex Hulls” on Wikipedia: http://en.wikipedia.org/wiki/Convex_hull
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Dataset Attribute Requirements - An attribute that contains the ID of an animal, so that several
animals can be processed within one file. To generate such an ID attribute see the section on
“Display Movement Tracks” or use [Tools>Edit Attributes>Auto Assign Attribute] directly.

Input — A point layer, with an animal ID attribute for each observation point.
Running the Function — Use [MOVEAN>HRE>Calculate Minimum Convex Polygon]

Check the box for “one output layer per individual”, if you have several animals in one file and
want to have the MCP for each animal in a separate layer.

The November 2012 version and later versions of the HORAE toolbox has additional options
that allow to define what fraction/percentage of points should be used for in the MCP
estimation. If you wish to exclude outliers, then check the box for “Calculate MCP for fraction
of points (...)", and eventually modify the number for the fraction (see Figure 9). The default
value is set to 0.95, which means 95% of the points are used, and the remaining 5 percent
are dismissed as outliers. Also, you can set the method that is used to calculate the point
cloud centre, i.e. the centre to which the point distances are calculated to identify the outliers.
The two methods available for centre calculation are the “Fixed Mean” method and the “Fixed
Median” method. Variable mean and median centres are not implemented.

MCP

Displays the MCP of animals
(converts points to convex
hull polygons)

Layer with Points @ gb_tracking_sampledata +

id Attribute _ Bears_ID v

__| one output layer per indiviual

\1 Calculate MCP for fraction of points (distance from centre)

Fraction of points to be used [0...1.0]

Select centre calculation method

0.95

use Fixed Median of points locations

a
v

OK

_ Cancel

Figure 9. Dialog for calculation of Minimum Convex Polygons for GPS point data using
[MOVEAN>HRE>Calculate Minimum Convex Polygon].

Output — A layer with the convex hull polygon (Figure 10).
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Figure 10. The convex hull of animal locations created with [MOVEAN>HRE>Calculate Minimum
Convex Polygon].
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Kernel Density Estimation (KDE) - with Parameter Estimators: h..s, LSCV, and ad-hoc -
and Creation of Probability Contours from a Density Raster.

Purpose - Create home range polygons.

Principle — A weighted kernel function is moved over a raster and point values summed. The shape
and the size of the kernel function, the latter often called “bandwidth h”, will influence the
result. To determine the ‘optimal’ bandwidth h several rules of thumb have been developed
that can allow to determine h in an automated or semi-automated way. Automated methods
for bandwidth estimation that we have implemented are h.y, Least Squares Cross Validation
(LSCV), and ad-hoc.

In general the KDE method will return a raster with each grid cell containing a “density” value,
and not home range polygons. To derive the home range polygons a contouring algorithm
needs to be applied. Assuming that density can be related to probability it can be said that a
grid cell (i.e. location) with some density value reflects a probability that the animal can be
found in that cell. If the value of a cell is zero, the animal is unlikely to be found there. Hence,
if we want the area that has a 95% probability of encountering the animal within, we will
calculate a contour line that encloses 95% of the density of all cells (volume).

Literature References — among others we used: Silverman (1986), Powell (2000), Kie et al. (2010).
For the bandwidth estimation methods: h.s: Silverman (1986), LSCV: Worton (1995),
Sheather (2004), and ad-hoc: Berger and Gese (2007) and Jacques et al. (2009).

Dataset Attribute Requirements — An attribute that weights each location point for the density
calculation. The weight value w should be between w = 0 ... co, however, the standard value
for the calculation is w = 1. Weighting an observation point can be used to give some points
more priority (e.g., the den of a bear), or to exclude points that could be outliers. To generate
such a weight attribute see the section on “Display Movement Tracks” or use [Tools>Edit
Attributes>Auto Assign Attribute...] directly. But you should set the value that will be assigned
to 1.

Input - A point layer, with a weight value/attribute for each observation point.

Running the Function — Use [MOVEAN>HRE>Point KDE>Point Kernel Density] (figures 11 and
12) to create the density raster, and then [MOVEAN>HR Analysis>Create Probability
Contours from Raster] (figure 13) to create contours/home range polygons from that
raster.

It is important to note, that the KDE method should be used in an iterative/explorative fashion
to obtain a feeling about the selection of the bandwidth and its influence on the created
density raster. Only this way an “appropriate” bandwidth, and subsequently home range, for
each dataset may be found.

Kernel Density

Calculates Kernel Density Layer with Points @ gb_tracking_sampledata =
using a Sextante algorithm

(fixed Kernel). weight attribute weight =

Note 1: The retuned raster

values correspond to the | Determine Bandwith (h) with Least Squares Cross Validation

input units, and are not

density values f(t). __ Determine Bandwith (h) by identifying the Home Range split point (ad-hoc)

Note 2: If h is determined

using LSCV then the Biweight | Distance (h, Bandwidth, Radius) 4000.0

Kernel and no weights are

used for KD(h_opt). h_ref (normal Kernel) = 4027.751; h_ref (biweight Kernel) = 11197.148

Cell Size 200.0

Select Kernel Type (see Silverman (1986) and Wikipedia) Standard Sextante Biweight Kernel (w_max=1) ¥

__ Remove single points, distance: 2*h (eg. outliers, no matter what the weight is)

OK Cancel

Figure 11. The function dialog for [MOVEAN>HRE>Point KDE>Point Kernel Density].

17



A - Using the function Point Kernel Density:

After setting the input layer and assigning the attribute with the weight values you need to
decide how you want to set the kernel bandwidth h. The dialog gives you 3 options:

e To use Least Squares Cross Validation (LSCV), check the corresponding box. Note, we
do not recommend to use this method for datasets with more than 150 points.
Please see what we wrote on LSCV use in Steiniger and Hunter (2012).

e To use the ad-hoc method, check the corresponding box.

* Give a bandwidth value by using the “Distance” field. To help you selecting a useful
value, below the field are the values for h. for the “normal” Kernel and the
“biweight” Kernel displayed for this particular dataset. (NB: The smaller value for the
Gaussian/normal kernel should be used in a first step because the calculated contours
will reveal more detail.)

Chose next the Cell Size, because the point dataset will be rasterized. The default value of
25m can be too fine, i.e. cause long processing times. The cell size should be chosen based
on the extent of the point dataset. For instance if the points are distributed over 10km and
the cell size is set to 25m we will retain a 400x400 cells raster with 160’000 cells. In this case
choosing a cell size of 100m may be sufficient and will result in a 100x100 cell raster that can
be faster processed.

Finally you need to select the Kernel Type. According to Silverman (1986) the kernel type
has not so much influence on the results than the bandwidth selection, if the same bandwidth
is used. However, each kernel has a different maximum density value (w_max) leading to
slightly different contours. If the bandwidth is determined using LSCV then the Biweight
Kernel is automatically selected and no weights are used for the kernel density calculation (i.e.
w=1.0).

A further option allows to exclude outlier points that are further than twice the bandwidth
away from any other point in the dataset. Check this box if you feel comfortable, but we
recommend in any case to compare the results with and without removal of outliers.

Note, if you consider using the LSCV method to estimate the bandwidth h, then use first the
function [MOVEAN>HRE>Point KDE>Display LSCV Function for Dataset] to assess if
the calculated bandwidth values make sense. The graph will also help to see if an optimization
has taken place —i.e. @ minimum value was found.

For problems that we encountered with the parameter estimation, in particular with LSCV,
please see below.
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Figure 12. The density raster and the p=95% contour/home range for the sample dataset generated
with the function [MOVEAN>HRE>Point KDE>Point Kernel Density], using a bi-weight Kernel, 4000m
Bandwidth and 100m cell size.



B - Using the function Create Probability Contours:

If you have created a density raster with the Point KDE you can use this function to create
density contours that can be considered as home ranges. Select the Point KDE output raster
and then call the function (if no raster is selected the function cannot be used). The dialog for
this function is displayed in Figure 13. The functions lets you define a probability, i.e. a value
p = 0...1.0, for which the contour should be calculated. Typically the literature recommends a
value of p = 0.95 (Powell, 2000).

Check the box next to ““create polygon from contour” if you want the wished contour (i.e. the
95% contour) returned as a (home range) “polygon” in a separate layer.

For a better visualisation of the topography of the density grid, it can be also useful to check
the “create surface contours” option. Based on the generated contours it may be better
possible to identify areas with a high or low probability of use by the animal. Note, that the
values for those contours are not limited to the range of 0...1, but are corresponding to the
calculated density values. The value for the “Equidistance” field should be chosen based on
how many contours one wants to be displayed — for instance: if the calculated “min value to
display” is 0 and “max value to display” is 10, and 5 contours should be returned, then (10.0-
0.0) / 5 = 2.0; i.e. the equidistance value should be set to 2.0.

Convert X
Create probablty particular probability contour
contour ines and probabiity [0.0..1.0) 0.95)
polygons from raster,
Note, this function does [V] create polygon from contour
not work for rasters with
NoData values = [] creste surface contours (topographic, i.e. not probability) to get a feelng for the surface
99999.0
Equidstance
min value to display
max value to dsplay ‘
|

[ ok || concel |

Figure 13. The function dialog for [MOVEAN>HR Analysis>Create Probablity Contours from Raster].

Output — The function “Point Kernel Density” returns a raster layer with density values. However, the
retuned raster values will correspond to the input units, and are not (normalized) values of
the density function f(t). The function “Display LSCV Function for Dataset” presents a graph of
the LSCV function, and displays calculated values for hy, hiscy etc. in the bottom information
field (flashing yellow if the calculations are finished. Finally, the function “Create Probability
Contours from Raster” returns a layer with a probability contour and optionally another layer
with polygons, which can be considered as polygons that inscribe the home range (or the core
area; see below), if the probability value was appropriately chosen.

Notes on Parameter Choice — Different kernel functions have been implemented in the toolbox:
biweight, triweight, Epanechnikov, Gaussian, triangular, uninform and cosine functions (see
Silverman 1986). As noted by Silverman (1986, pgs. 43 and 86) changing the kernel function
does not change the results as much as changing the bandwidth. The implementation also
assumes an isotropic distribution, i.e. the bandwidth value h is equal for both coordinate
directions x and y.

Several automated methods for identification of bandwidth h are provided in the toolbox: (i)
the reference method follows Silverman (1986), href. =axy-n‘“6, and assumes a normal
distributed point cloud. (ii) The Least-Squares Cross Validation (LSCV) method returns h scy
derived using a step-wise minimization approach over a range of bandwidths. h scy is set to
the bandwidth that minimizes a relative loss function (Worton, 1995; Sheather, 2004). (iii) As

an alternative approach we implemented the ad-hoc method used in Berger and Gese (2007)
and Jacques et al. (2009). hag-hoc is the minimum bandwidth that retains a single home range
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polygon. If hag.ho is reduced further the home range will split into two patches. Kie et al.,
(2010) consider this approach repeatable and defensible if the proper biological questions are
asked before the analysis. In our implementation the algorithm determines at what value of h
the p = 99.5% contour/region splits, whereas in Berger and Gese (2007) and Jacques et al.
(2009) the p = 95% contour is used. Several authors (e.g. Powell 2000, Laver 2005) note that
h may also be chosen based on expert knowledge, for instance known location error, or the
radius of perception of an animal. As such, the user can opt out of the data-driven methods
described and apply an expert knowledge derived value for h.

Failure of LSCV and Numerical Limitations: The LSCV approach failed for all datasets that we
tested with more than 500 GPS points. hscy was estimated, but in all cases was extremely
small when compared with h.r. As a result the estimated home ranges consisted of small
circles around each GPS point. The potential for LSCV results to vary and possibly be not
usable has been also noted by Sheather (2004), Hemson et al. (2005), Huck et al. (2008) and
Kie et al. (2010). The problems may in particular be bound to datasets with more than 150
points and for clumped point distributions (Hemson et al., 2005). Aside from the LSCV failures
we encountered numerical problems when calculating the LSCV score CV(h) in our
implementation using JAVA and a 32-Bit operating system when following Worton’s (1995)
formulation. In particular the calculation of the expression e* will result in erroneous values for
CV(h) if x > 709 due to 32-bit precision limits. We note that this problem also occurs during
probability calculations for the Brownian Bridge approach.

Line-based Kernel Density Estimation (Line-KDE) — scaled and unscaled

Purpose - Create home range polygons.

Principle — The operating principle is the same as for the Point-based KDE. That is, a weighted kernel
function is moved over a raster and point values summed. However, for the line-based KDE
the function is not moved from cell to cell, but rather along the recorded GPS track segments
from the start-point to the end-point of each segment. We implemented a scaled and an
unscaled version. If contour lines are created, then the unscaled Line KDE results in a buffer-
like shape of the contours for a single segment. In the scaled Line KDE version the contours
will have a bone-like shape (see Figure 14). In theory different kernel shapes can be used as
for the Point KDE, however, in the current version we have implemented only the biweight
kernel.

Similar to the Point KDE this function returns a density raster. Consequently, home range
polygons are to be derived by applying the contouring function to the resulting raster.

Literature References — The algorithm is described in Steiniger and Hunter (2013) (implementation
was in Spring 2010). However, meanwhile articles by Benhamou (2011) and Benhamou and
Cornélis (2010) were published that present a similar approach for a moving kernel.

A: Line KDE B:Line KDE, scaling A | C:Line KDE, scaling B

Figure 14. Contour lines for the Line KDE unscaled and scaled — with scaling variants A and B. Scaling B
has a stronger scaling factor.

Dataset Attribute Requirements — Each location point needs to have a unique identifier that is
assigned according to the order of point acquisition (similar as for the “Display Movement
Tracks” function). Based on that ID the points can be connected to a track/line. In opposition
to the point KDE no weight attribute is needed since the weight is set internally to w = 1.
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Input — A point layer, with a unique ID for each point that is given according to sequence of
recording.

Running the Function — Use [MOVEAN>HRE>Line KDE>Line-based Kernel Density for
Movement Points] (figure 15) or [MOVEAN>HRE>Line KDE>Scaled Line-based
Kernel Density for Movement Points] to create the density raster. Then use the function
[MOVEAN>HRE>Create Probability Contours from Raster] to create contours/home
range polygons from that raster. A description of the latter function can be found in the
section on the Point KDE function.

A - Using the function Line-based Kernel Density for Movement Points:

After calling the function set the input layer and then set the location ID attribute. Next you
need to decide if lines should be rasterized first (all segments are rasterized in a first step) or
segment by segment. The results for both methods will be different as described in Steiniger
and Hunter (2013). We recommend leaving the box unchecked, i.e. use the segment-wise
approach.

Then the bandwidth h needs to be set. The values for h, are displayed for the input dataset.
The smaller value for the Gaussian/normal kernel should be used in a first step because the
calculated contours will reveal more detail. However, an alternative is to use the median travel
distance obtained with the function [MOVEAN>Display Day Travel Ranges].

Finally choose an appropriate cell-size value as described in the Point KDE section.

Line KD for Movement | X

Crestes a densky raster Layer wth Ponts W Bear272 n
based on Ine-based
Kernel-Deray - wth
modfications for
movement tracks, The
Giference Lo noemal h_ref (normal Kernel) = 11656.001; h_ref (Baweight) = 32514,883
Lne-based KD & the
handiny of subsequent
track segments - to avosd
on

Location Attrbute (For sorting)  locstionn v

rasterize Ines Frst (note: resuls will be diferent)

Bandwadth 2907.0

raster ool 520 200.0

TOOO: maybe bandwacth should be obtained From travel dstance & velocky

o glemented so far, 2. besides h_ref the meandmedan travel dstance per day may be used?

Figure 15. The dialog for the function [MOVEAN>HRE>Line KDE>Line-based Kernel Density for
Movement Points].

B - Using the function Scaled Line-based Kernel Density for Movement Points:

This function provides almost the same options as the previous one. One difference is that the
rasterization approach cannot be chosen and is internally set by default to using the
“segment-wise” approach. The other difference is a new option for choosing the kernel scaling
function. This function defines how strong the bone-shape will occur. By default a smoother
scaling with factor values of [1.0 ... 0.707] is set. Unchecking the box will use scale values
[1.0 ...0.5] that result in a stronger bone-like shape.

Output — The Line KDE functions both return a raster layer with density values. However, the retuned
raster values will correspond to the input units, and are not (normalized) values of the density
function f(t). The function “Create Probability Contours from Raster” returns a layer with a
probability contour and optionally another layer with polygons, which can be considered as
polygons that inscribe the home range (or the core area; see below), if the probability value
was appropriately chosen.

Notes on Parameter Choice — With respect to choosing the bandwidth A we provide the function
[MOVEAN>Display Day Travel Ranges] that calculates the median of the average daily travel
distance (MTD) based on the track information. A requirement for the calculation of A,y is
that the recording day, e.g. the day of the year, for each GPS point is known. Alternatively,
the reference bandwidth h,rcan be used. However, in certain instances h;;; may be (much)
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larger than h.r If that is the case, then we recommend that users adopt A to retain more
detail in the resulting home range geometries.

The scaling function controls the (bone-)shape of the probability contours for each segment of
the GPS tracks. We undertook testing using four point datasets obtained from grizzly bear GPS
collars to compare the two built-in scaling functions; one with a scaling range of [0.5...1.0]
and a second with [0.707...1.0] (Steiniger and Hunter, 2013). The tests did not reveal major
visual differences for p = 95% contours. But further testing with additional datasets and data
from different species is necessary before a conclusive statement can be made.

Brownian Bridges (BB)

Purpose - Create home range polygons.

Principle — The Brownian Bridge estimator is based on a probability model that describes the possible

location of a particle that is constrained in space, i.e. consecutive GPS points, and time. The
particle has a certain amount of time to get from location 1 to location 2, and whose
movement is described by Brownian motion (Einstein 1905 in Turchin (1998)). For the home
range estimation the GPS locations are considered as observed particle locations.

Similar to the KDE functions this function returns a density raster. Consequently, home range
polygons are to be derived by applying the contouring function to the resulting raster.

Literature References — The method was proposed by Bullard (1991) and Horne et al. (2007)

published an article on parameter selection using a “Liker” function. An implementation is also
available in the adehabitat package for R (Calenge, 2006).

Dataset Attribute Requirements — Each location point needs to have a unique identifier that is

assigned according to the order of point acquisition (similar as for the “Display Movement
Tracks” function). Based on that ID the points can be connected to a track/line. Additionally a
second “Time Attribute” is necessary that contains the recording time in seconds. At what
point in time the “zero” value is set for the seconds is not important, as long as the time
difference between two consecutive points can be calculated correctly in seconds. Hence, a
value in seconds based on the first day of the year as “zero” point is possible if the track to be
analyzed is recorded within that one year and not over two years.

Input - A point layer, with the following attributes for each observation point: (i) location ID, (ii)

(relative) observation time in seconds.

Running the Function — The Brownian Bridge estimation contains three different functions. One

function for the parameter estimation: [MOVEAN>HRE>Brownian Bridge>Display Liker
Function for BB]. The two other functions to perform the BB calculations: (i)
[MOVEAN>HRE>Brownian Bridge>Brownian Bridge Home Ranges - Vector
Segment Version] for using the segment-wise rasterization approach (see our explanation
above in the Line KDE section), and (ii) [MOVEAN>HRE>Brownian Bridge>Brownian
Bridge Home Ranges — Raster Version] for using the rasterize-first approach. The
estimation functions create a density raster. Consequently use afterwards the function
[MOVEAN>HRE>Create Probability Contours from Raster] to create contours/home
range polygons from the density rasters. A description of the latter function can be found in
the section on the Point KDE function.

A - Using the function Display Liker Function for BB:

The BB estimation functions require, among others, two input parameters sigma; and sigma,.
Bullard (1991) and Horne et al. (2007) suggest that sigma, is set to the uncertainty, or
positional error of the observation point, e.g. sigma; = 30 m for GPS collar data. Assuming
that sigma, is fixed for the whole data set Horne et al. (2007) propose a likelihood function
and optimization routine to estimate sigma;. The implemented “Display Liker Function”
implements this step.
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After calling the function (figure 16) - the following parameters need to be set: the input layer
with the points and then the location attribute needs to be chosen. Next the time attribute
that contains the recording time in seconds needs to be set. However, in case that one wants
to test with a dataset that does not have such information, then one can check the box for
“equal time difference...”. In this case it is assumed that the points are recorded in the same
time interval. For the calculations internally is used a time difference of 10000 seconds.

Calculate Sigma 1 - Liker function X

Displays the Sigma 1 Layer with Points Bear272 v
Estimation Function for

the Brownian Bridge Location Attribute (for ordering points, i.e. cak time diff) location_n v

[ ] equal time dference between points, i.e. dT = 10000 sec

Time Attribute (double) dayandhour v
Sigma 2 - i.e. StDev of Point Accuraccy 30.0
Number of Grid Points to calculated LSCY Function values for 1000
Start value (note, value will be squared) 0.5
End value (note, value will be squared) 70.0

[ OK ‘ | Cancel

Figure 16. The dialog for the function [MOVEAN>HRE>Brownian Bridge>Display Liker Function for BB].

Then set sigma,, which can correspond to the accuracy of your GPS data. For instance in
general one can assume a GPS point accuracy of 30m. This is why we set 30.0 as default
value. Now you need to define the range and number of points within that range for which
the Likelihood function values are to be calculated. As the computation may need some time it
is better to choose less number of grid points in the beginning — e.g. 100 or 200, and then
later refine. The returned graph should contain a minimum value — which is the sought
parameter sigma, that is somewhere in the middle of the graph. To achieve this the search
range often needs to be iteratively refined by adjusting the start and end-values.

For the sample data delivered with the toolbox one can set the number of grid points to 200
and leave the range from 0.5 to 70.0.

After pressing [ok] the function then displays the Liker-Function graph (see also figure 18).
Also in the lower left corner (blinking in yellow) and the output window the calculated
minimum value for the function is given. For the sample data this will be sigma; = 30.515m
with 200 grid point values, and sigma; = 25.34m with 1000 values.

We note, that our software does not determines the minimum based on an optimization
routine as described by Horne et al. (2007), but by choosing the smallest value calculated
from all the points (e.g. for 200 or 1000 points, depending on the what value that was set
earlier for the number of grid points).

B - Using the function Brownian Bridge Home Ranges (segment-wise and raster version):

Both functions require the same input data and parameter settings (figure 17). Hence, set the
input layer with the GPS points, then set the location attribute. Next you should uncheck the
box for “equal time difference...” and set the time attribute. Use “equal time difference...” only
for testing purposes. Set sigma; (as obtained from the Liker function) and sigma, as used for
the Liker function calculation. Finally, choose the raster cell size appropriately as described in
the Point KDE section.

Output — The “Display liker function” returns a graph with the likelihood function calculated and a
minimum value that can be used for sigma; (Figure 18). The Brownian Bridge functions both
return a raster layer with probability values. The function “Create Probability Contours from
Raster” returns a layer with a probability contour and optionally another layer with polygons,
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which can be considered as polygons that inscribe the home range (or the core area; see
below), if the probability value was appropriately chosen.

~ Brownian Bridge Segment Version w
Creates a density raster Layer with Points [ Bear272 v
based on the Brownian . ; : : .

Bridge approach Location Attribute (for ordering points) location_n | v

(dze;.;;t))ed In Home et . [ equal time difference between points, i.e. dT = 10000 sec

Time Attribute (double value, with time in sec) dayandhour v

Sigma 1 - related to animal mobiity/speed [m] 16.865
Sigma 2 - related to location error [m]) 30.0
raster cell size SO0

[ OK H Cancel J

Figure 17. The dialog for the function [MOVEAN>HRE>Brownian Bridge>Brownian Bridge Home Ranges
— Vector Segment Version].

Notes on Parameter Choice — The earlier mentioned numerical problems for Kernel Density
calculations also occur during probability calculations for the Brownian Bridge approach, since
using a normal distribution requires evaluation of € as well. The issue is particularly evident in
the form of jumps when plotting the likelihood function (Figure 18). As a result the parameter
sigma; may be incorrectly identified as implemented.

Score

sigmal

Figure 18. Reaching the numerical limits for 32-bit computers causes jumps in the graph for the
Brownian Bridge score value calculations. The dot in the middle marks the minimum score value that
determines parameter sigma.

Line Buffer

Purpose - Create home range polygons.

Principle — The method uses positive and negative buffer operations on the movement trajectories.
Negative buffers are applied to remove portions of the home range stemming from
exploratory walks by the animal, i.e. occasional sallies. The method can deliver a simple home
range polygon, but is also able to create density surfaces based on buffer overlap counts.

Literature References — no earlier reference, but applied in Steiniger et al. (2010).
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Dataset Attribute Requirements — Each location point needs to have a unique identifier that is
assigned according to the order of point acquisition (similar as for the “Display Movement
Tracks” function). Based on that ID the points can be connected to a track/line. For a more
reasonable selection of the buffer radius time information is helpful by using the average
travel distance per day. To utilize this option for each point the observation day needs to be
given. Import is that this day should be unique as described in the “Display Day Travel
Ranges” requirements.

Input - A point layer, with the following attributes for each observation point: (i) location ID, and if
possible: (ii) observation day

Running the Function — Use [MOVEAN>HRE>Line Buffer-based Home Ranges] (Figure 19) to
obtain the home range polygons. If you select the option to create a density grid, then you
can use [MOVEAN>HRE>Create Probability Contours from Raster] to create
contours/home range polygons from the generated density raster.

After calling the function set the input layer and the location ID attribute. Then set the buffer
size value. However, if you also have attribute data for the day of recording for each point you
can check the box for “Obtain buffer size from travel distance”. This will allow you set the
attribute for the recording day and to check the box for “use mean instead of median”. The
latter option was added to see how different the results would be if the mean of for all daily
travel distance is used instead of the median value. However, we recommend to leave the box
unchecked as the ‘median’ is more robust than the ‘mean’ against outliers in the daily travel
statistics.

If you check the box for the option “create usage density grid...”. Then the function also
returns a density raster and you need to provide a raster cell size. For appropriate selection of
the cell size see the Point KDE section.

_, Line Buffer HR &3
Create home ranges based on Layer with Points @ bear272_man | v
the tracks by applying buffer

operations. The buffer distance Location Attribute (for sorting) OBJECTID |¥

is calculated based on average
daily travel and length of the MBR v| Obtain buffer size from travel distance

of the convex hull (day).

Buffer size [m]

Day Attribute (for avg. travel distance, no string fields, ungiue per year!) |OBJECTID v

use mean instead of median

create usage density grid - so probability contours can be calculated later

raster cell size for density grid

OK Cancel

Figure 19. The dialog for the function [MOVEAN>HRE>Line Buffer-based Home Ranges].

Output - The function returns a range of results. If no additional options are checked it will return the
movement track, the final home range polygons, as well as the intermediate processing
results for the positive buffering and the negative buffering (called ‘erosion’). If the buffer size
is calculated based on the daily travel, then the associated minimum bounding rectangles (one
for each) are displayed as well and the used buffer value (the median travel distance) is given
— also in the output layer name. Finally if the density grid option was checked a raster layer is
returned that can be used with the contouring function.

Notes on Parameter Choice — We note that the buffer size for the erosion operation is derived by
taking the input buffer size and multiplying it with -1.10. Erosion is applied to remove sallies.

Local Convex Hulls (LoCoH) — Methods: radius r, k-1 nearest neighbours, alpha region

Purpose - Create home range polygons.
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Principle — The Local Convex Hull (LoCoH) method is essentially a localized version of the MCP
approach with some post-processing, i.e. unioning of the hulls. Getz et al. (2007) present
three different methods to define the neighbourhood of a point to construct the local hulls: (i)
a so-called adaptive LoCoH uses all those points within sum distance of the center point for
the local convex hull where the sum of distance between the points and the center point is
smaller than a distance g, (ii) a k-nearest neighbour approach using all k nearest points from
the center point, and (iii) a radius-based LoCoH using all points within a circle of radius r from
the center point to build the local convex hull.

Literature References — The approach was proposed in Getz and Wilmers (2004) and refined in Getz
et al. (2007)

Dataset Attribute Requirements — No attribute requirements, but in opposite to the MCP function it is
assumed that the location data are only from one individual.

Input - A point layer with the observed locations.
Running the Function — Use [MOVEAN>HRE>LoCoH Home Ranges].

In the function dialog (figure 20) choose the input layer with the observations. Then select
one of the three methods that should be used to define the neighbourhood for each local
convex hull. Provide the corresponding input parameter in the field. Finally you can select if
isopleths/contours should be generated as output as well.

LoCoH Home Ranges

Creates home ranges based Layer with Points M gb_tracking_sampledata +
on LoCoH (Getz 2007).

LoCoH-R : union of convex (*) LoCoH-R [radius in meter]

hulls of points within circle

of radius r [meter]. LoCoH-K : () LoCoH-k [number of points]

union of convex hulls of k-1

neighbour points. LoCoH-a :  LoCoH-a [distance in meter]

union of convex hulls of

neighbour points those sum Parameter Value 0.0

of distances <= a [meter].
| check to calc 10%, 30%, 50%, 70%, 90% isopleths

OK Cancel

Figure 20. The dialog for the function [MOVEAN>HRE>LoCoH Home Ranges].

Output — The function should return three layers: (i) a layer that contains the home range polygons
(i.e. the 100 percent isopleth), (ii) a layer that contains all generated local hulls (called single
hulls): an intermediate processing result, and (iii) if the isopleth option was selected, then the
10%, 30%, 50%, 70% and 90% isopleths will be included in the result layer as well.

Notes on Parameter Choice — The toolbox doesn’t include automated methods for parameter
estimation, hence, the parameter must to be set manually. Generally, an iterative approach
based on qualitative (e.g. number of holes in the home range) or quantitative criteria (e.g.:
values for area and shape index) should be used. Getz et al. (2007) make suggestions for
initial parameter values.

Potential Path Area / Geo-Ellipse

Purpose - Create home range polygons. Estimation of the maximal travel area / roaming area.

Principle — The method creates ellipses around two consecutive points of a movement track. The two
GPS track points at the end of each sub segment are the focal points for each ellipse. The
dimension of each ellipse is determined by the possible movement speed and the time the
animal took between the two GPS points. The movement speed can be given or estimated
based on the data. The sum of all ellipses delineates the possible home range and the
maximal roaming area that can be visited for a given movement speed. Hence, all other home
range methods should estimate a smaller or equally sized home range.
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Literature References — The algorithm is described in Long and Nelson (2012). However, a similar

algorithm is described in Downs (2010) and in Downs et al. (2011). The latter authors
combine the potential path area with the kernel density method and therefore they can create
density grids. Our implementation does not perform such combination but calculates some
type of density grid that is based on ellipse-overlap counts (similar to the LoCoH and line-
buffer grids).

Dataset Attribute Requirements — Each location point needs to have a unique identifier that is

assigned according to the order of their visit (similar as for the “Display Movement Tracks”
function). Based on that ID the points are connected to a track/line. Furthermore, for each
point one needs to know the recording day and the recording hour — stored as two different
attributes. Based on this information the movement time and speed can be estimated and the
ellipse dimensions can be calculated.

Important Note: The functions assumes/requires that data are provided in metric coordinates
as the movement speed is requested and calculated in Kilometers per Hour (km/h). This
means, that point coordinates need to be given in meters, which is usually the case with data
in UTM, Lambert conical or Gauss-Krliger projections. Point coordinates in degree will lead to
wrong results (as for all other methods), and coordinates in feet or miles may lead to wrong
results as well.

Input — A point layer, with the following attributes for each observation point: (i) location ID, (ii)

observation day (unique day), and (iii) observation time in hours (of the day).

Running the Function — Use [MOVEAN>HRE>GeoEllipse...].

In the function dialog (Figure 21) the different parameters that need to be set are shown.
After assigning the input layer, also assign the location-ID field, the recording day field and
the recording hour fields. Chose if you want to see all single geo-ellipses or all single geo-
ellipses merged together, the potential path area. Chose further if you: (a) want to provide a
maximum movement speed value, by unchecking the box for “Calculate max. movement
speed ...” and typing the value in the field, or (b) want that the maximum speed value is
estimated from the input data (in this case leave the box checked). Further, you can decide to
create a density grid that reflects the number of ellipses that overlay a grid cell. If you choose
this option, then you need to provide the grid cell size.

CeoEllipse HR

Creates Geo-Ellipse polygons | Layer with Points [ gb_tracking_sampledata +
after Long & Nelson (2012),
i.e. so-called Potential Path Location Attribute (for sorting) location_n v
Areas. 8
Day Attribute (for time difference, no string fields, ungiue per year!) = loc_day =
Hour Attribute (for time difference, no string fields) loc_hour v

Output

L/ Merge all Geo-Ellipses

V! Calculate max. movement speed from data after Robson and Whitlock (1964).

Maximum movement speed [km/h]

__ Create usage density grid - so probability contours can be calculated later

Raster cell size for density grid (in m)

OK ) [ Cancel

Figure 21. The dialog for the function [MOVEAN>HRE>GeoEllipse...].

— The Geo-Ellipse functions returns a vector layer containing the geo-ellipses and,

if selected, a raster layer with density values. Also, if the option was chosen to 0
estimate the movement speed from the data (instead of providing a maximal
movement speed value), then the calculated speed estimate is displayed in the = Window
output window. Figure 22 shows the potential path area, i.e. the geo-ellipse-based | >“%°"
home range for the sample dataset that comes with OpenJUMP HoRAE. For this
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sample set the movement speed was estimated to be 1.57 km/h.

Please be aware that a single ellipse can become very large if the two points have been
recorded several days apart. Because, given a reasonable movement speed, the animal can
wander very far and return to its starting point. Hence, the ellipse will cover all the area that
can be traveled within that time without any recordings.

Notes on Parameter Choice — We provide a function to calculate a movement speed estimate based
on an equation by Robson and Whitlock (1964), which was proposed for use with the
potential path area calculation in Long & Nelson (2012). Please check the estimated value for
plausibility, and in case it is found to be too high, uncheck the automated speed calculation
and type in the box your own maximum speed estimate.

faNoO ., Project 1
¥ [ Working
m M gb_tracking_sal

] System
v [ Result

= [ gb_tracking_sai

@ ™ gb_tracking_sal

Figure 22. Potential Path Area for the example point dataset, with a maximal movement speed of 1.57
km/h that was estimated from the sample dataset.

Home Ranges Calculated for Point KDE, Line KDE and BB for the Sample Dataset

In Figure 23 we show results for different home range estimators for the sample dataset that comes
with the toolbox.

A: Original Reference Dataset B: Point KDE C: Line KDE, no scaling, segment-wise ' D: Brownian Bridge, segment-wise

7NN
(@®) ;'/f o\ )

NG

E: Scaled Line KDE (scaling A)

Figure 23. Reference point dataset and 25, 50, 75 and 95 percent contours for probability of utilization with
point-KDE, line-KDE (rasterize-first and segment version), scaled line-KDE (scaling A and B), and Brownian Bridge.
The dashed circles in image A mark important configurations, i.e. i - acute angle, ii - parallel tracks, iii - crossing
tracks.
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5. Home Range Analysis Functions

The toolbox does not only provide functions for estimation of home ranges. Several functions for the
analysis of movement data as well as for the analysis of the created home range polygons exist. We
will introduce these functions in this section. All functions are to be found in the menu [MOVEAN>HR
Analysis].

However, we note that OpenJUMPs GIS functions for vector analysis and raster analysis can also be
helpful in the evaluation of movement data in conjunction with other geographic datasets. For
instance overlay analysis functions in [Tools>Analysis>...] and statistics tools in [Tools>Statistics>...]
should be considered. Raster analysis tools are available using the Sextante toolbox
[Sextante>Toolbox].

Asymptote Analysis

Purpose — Asymptote analysis allows to determine if the area of the home range exhibits asymptotic
behaviour if more (GPS) points are added to the dataset. Analysing this can be helpful in two
instances: (a) it shows if the number of sampling points (observations) is sufficient for home
range estimation, or if more points are needed. That is, more points are needed if no
asymptotic behaviour occurs. (b) An asymptote plot (figure 24) allows the user to study
movement behaviour of one animal between seasons within a year. For instance, with sample
data used during development we could see that during the summer months, for some
animals, home ranges were substantially larger than home ranges observed during spring or
autumn. The toolbox allows asymptote analysis for sequential data with three home
estimators: MCP, Line-Buffer and KDE. Asymptote analysis using random points has only been
implemented for MCP.

Principle — A home range estimator is used to calculate the home range for a given set of observation
points. The program starts with 3 points, estimates the home range and calculates the area
for the home range. Then a few points are added sequentially or randomly and the estimation
and area calculation is done again, then more points are added, and so forth. Finally, a graph
showing the number of points vs. the area is drawn for visual analysis (figure 24).

Literature References — Asymptote analysis is discussed in Harris et al. (1990), Laver (2005)

Dataset Attribute Requirements — What type of attributes are needed for the calculations depends on
what home range estimator is chosen, i.e. MCP, Line-Buffer or Point KDE. However, all
methods will require a location ID attribute to order the point set according to the recording
sequence. The line-buffer method needs additionally an attribute that contains the recording
day to calculate the median travel distance. For the details we refer to corresponding
estimator function descriptions above.

Input — A point layer, with the following attributes for each observation point: (i) location ID, and if
the line-buffer estimator is used, then (ii) observation day.

Running the Function — Use [MOVEAN>HR Analysis>Asymptote Analysis]
Chose the layer with your observation data and set the attribute that contains the location ID.

The check box “point data are track data” is important to decide if points are added randomly
or sequentially. If you recorded the points in a sequence, e.g. as recorded with a collar, then
points should be added according to the sequence. However, if you have observation data
where the recording time is unknown, then uncheck the box and the points to be added will
be selected randomly. In the case of non-sequential data for each point more 10 draws are
taken and, consequently 10 geometries are created. Then the median area value is used for
the statistics.

Next chose one of the methods that can be used for estimation of the home range. We
implemented MCP, Line-Buffer and Point KDE as these are comparably fast. Each of those
functions will be executed a few dozens to hundred times, depending on the size of the
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dataset. Hence, preforming an asymptote analysis with computational expensive home range
estimators will take days.

If you chose the Line-Buffer estimator you need to provide the attribute that contains the
recording day. If you chose the Point KDE estimator, then you need to select if hs is
adaptive, i.e. is calculated for each 10 points more, or is used for the whole dataset. Also the
provision of the raster cell size is necessary (see the notes in the Point KDE section for
choosing this value). Other parameters for the Point KDE estimator, such as kernel type and
probability value to create the home polygon have been fixed, i.e. biweight kernel, hf, p =
95%. To have fewer calculations for the point KDE points are added in chunks of 10.

area

A | .
“ ‘J\ - L ! mher of points

Figure 24. An asymptote graph generated with [MOVEAN>HR Analysis>Asymptote Analysis]. The blue
graph shows the change of area if more observation points are evaluated. The red line displays the
difference between two consecutive home range evaluations with n and with n+x points (with usually
x=1) from the blue graph. Hence, the red line can be used to identify strong changes in the home range.
Note that a right-mouse click on a line in the graphics returns the x-value/number of points.

Output — Two outputs are produced by the function: (i) a layer with all the generate home ranges
that can be used as input for the Asymptote Movie function, and (ii) a graph showing how the
area changes if points are added to the dataset (figure 24, for an interpretation of the graph
we refer to literature mentioned above).

Asymptote Movie

Purpose — To show in a simple animation how the home range (i.e. the polygon geometry) changes
over time. This function is only useful if the original observation dataset was sequentially

recorded.

Principle — Displays each home range polygon calculated with [MOVEAN>HR Analysis>Asymptote
Analysis], ordered by the number of points that have been used to create the home ranges.

Literature References — no references

Dataset Attribute Requirements — needs the output layer from the function [MOVEAN>HR
Analysis>Asymptote Analysis] and its attribute “number of points”. However, the animation
makes only sense for sequentially recorded data.

Input — A layer with home range polygons and an attribute that allows to order the polygons of the
layer in time.

Running the Function — Use [MOVEAN>HR Analysis>Asymptote Movie].
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Select the layer generated with the function [MOVEAN>HR Analysis>Asymptote Analysis]
described above as “Layer with Home Rages”. In the field “time attribute” chose “*numpoints”
from the drop down list.

Note that it may be useful to display topographic data in the background to better interpret
movement behaviour. E.g. Grizzly bear movements in the Rocky Mountains are for instance
constrained by topographic features, such as mountain ridges, passes and lakes.

Output — An animation showing how the home range changes/evolves over time. Note that the play
time of the animation depends on the number of points (i.e. home ranges) of the dataset.
Rewind, pause and fast forward are not implemented.

Create Core Area from Density Raster

Purpose — Identify areas of the home range that are used more frequently by an individual.

Principle — The determination of the core area is based on evaluation of the density of use surface
generated with one of the estimators, such as Point KDE and Line KDE. The definition for
“more frequent use” is based on comparing an area of the home range (i.e. a cell) to a
uniform and random utilization of home range space (Powell, 2000). Obtained is a probability
Pcore, Which defines the core area. The contour line formed by peore Will divide the home range
into (i) frequently used areas and (ii) areas that may have been used by chance (uniform).

The methods we implemented are based on the evaluation of a graph that displays probability
of use vs. area of use. The first method generates a graph by evaluating the
density/probability of use for each cell of the raster grid as described in Seaman and Powell
(1990). We will call this the “cell-based method”. The second method is partly described in
Harris et al. (1990) and is based on the calculation of contours for certain probability values,
e.g. p = 2.5...97.5% in steps of 2.5%, and the area that the contours enclose. We will call
this method the “contour-based method”. The approach for choosing the core probability from
these generated graphs was proposed in Seaman and Powell (1990): plot the curve of area
vs. probability of use, and select the probability where this curve and a diagonal line,
representing random use, from (area = 100%, probability = 100%) to (area = 0%,
probability = 0%) are most distant from each other (figure 25).
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Figure 25. The graph for the core area calculation as obtained with the toolbox and with additional
explanations. The graph is for the method that evaluates the area for a range of probability contours as
described in Harris et al. (1990). However, core area probability is not derived from the inflection point

but from the maximum distance proposed in Seaman and Powell (1990).
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Literature References — Powell (2000) can be used as a general introduction into the thematic. Samuel
and co-authors (1985; 1988) first described an approach to quantitatively estimate the core
area based on point data. However, we implemented two different methods as described by
Seaman and Powell (1990) and Harris et al. (1990). See also Laver (2005) for more
information.

Dataset Attribute Requirements — To perform the calculations a raster is needed, in which the raster
values should correspond to density or probability of occurrence.

Input — A raster with density values generated with the Point KDE or the Line KDE estimator. Also the
resulting raster of the Brownian Bridge estimator can be used, but see the notes below.

Running the Function — Use [MOVEAN>HR Analysis>Create Core Area from Density Raster]
while having selected the density raster that was returned from one of the estimator function
(if you don't select the raster, the function will not be accessible).

Select if you want a polygon to be created from the derived value for p.re Otherwise only a
layer with the contour line is returned.

Output — Two graphics that display “area” vs. “probability/density of use” are generated; one for each
method. In the output window the calculated values for peyr. for both methods are
returned. The value “Calculated Contour Value” gives not the probability but a value
that corresponds to the values of the input raster. Additionally, a layer with the core O
contour is displayed. However, that core contour is based on the value derived with ' window
the cell-based method. To generate the contour or core polygon with the value ' button
obtained with the contour-based method use the function [MOVEAN>HR
Analysis>Create Probability Contours from Raster]. As the graphics may contain many points,
it may take time to move those graphics around. So please be patient.

Notes — Computation time & resources — The method based on the evaluation of contour lines is fairly
time intensive. So please be patient. Also, if the rasters are very big (remember: a 1000 x
1000 raster contains 1 million cells), then it may occur that the program will run out of
memory when the raster cells are evaluated.

Different results for both methods - We observed that in our experiments both methods, i.e.
the raster-cell based by Seaman and Powell (1990) and the contour-based by and Harris et al.
(1990), often returned different probabilities for the core area. However, when there are large
differences, e.g. 10% or more, then we suggest using the value from the contour-based
method as its computation is more intuitive.

Failure of Core Area Calculation for Brownian Bridge Results — When calculating peore based on
the (density) surface produced with using the BB approach, we occasionally obtained values
close to or larger than p = 95%, when they should be much smaller. Both calculation
methods, but in particular the cell-based method, returned high p values. The reason for this
behaviour may be the shape of the generated density distribution, i.e. if a profile of the
probability surface perpendicular to a single track segment is drawn (you can do this with the
function [Raster>Profile Graph...]), then very long tails are visible. This may also explain why
Huck et al. (2008) found the calculated home-range for the p = 90% contours nonsensical,
i.e. too big, and instead used the p = 40% contours. As a consequence care needs to be
taken when knowledge gained from other methods developed for KDE are applied to BB
results.

Skeletonization of HR

Purpose — To create a skeleton of an existing home range polygon. A skeleton resembles the essential
movement paths of a home range’ (figure 26). They can be used to compare more easily if a
home range of one individual changed significantly over time or, if the home ranges of two
individuals are similar.

® The skeletonization process is sometimes also referred to as medial axis transform:
http://en.wikipedia.org/wiki/Topological skeleton
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Principle — The function takes a home range polygon, converts that polygon to a (binary) raster and
derives the skeleton of that raster by application of morphological operators. As the
skeletonization result is a raster as well, the skeletons are vectorized to return a vector layer.
Raster-vector conversion and skeletonization is performed with functions of the Sextante
Toolbox (Olaya, 2010).

Literature References — There are no references existing on the use of skeletons for home range
analysis.

Dataset Attribute Requirements — No attribute requirements.
Input — A layer with (home range) polygons.
Running the Function — Use [MOVEAN>HR Analysis>Skeletonization of HR].

Chose the layer with the home range polygons and define the raster cell size. The latter is
necessary since the skeleton extraction is not performed as a vector but a raster operation.

Output — A vector layer with the skeletons. If a home range polygon will not have a skeleton (because
it may be too small with respect to the raster cell size), then this will be reported in the output
window.

o —

Figure 26. A skeleton for the home range polygon of the sample dataset produced with the function
[MOVEAN>HRE Analysis>Skeletonization of HR]. The grey lines delineate the home range and the black
lines are the skeletons.

Calculate Buffer Distance for HR Classification

Purpose — To calculate a buffer distance, i.e. the distance between the core area contour and the
home range contour. The value can then be used for the classification of home ranges with
the functions [MOVEAN>HR Analysis>Extract Core, Patch, Edge] and [Extract Corridors].

Principle — Matches a given home range with its given core area (both obtained with other functions
from the toolbox). Then it calculates the average distance between home range contour and
core area contour for several matches.

Dataset Attribute Requirements - No attribute requirements.

Input — Two polygon layers are needed: (i) one layer that contains the home range polygons, and (ii)
a layer that contains the core area polygons.

Running the Function — Use [MOVEAN>HR Analysis>Calculate Buffer Distance for HR
Classification].

Select the input layers as necessary. Optionally you can choose to output the distance
measurements in a layer.
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Output — The calculated distance between core and home range boundary are returned in
the output window. If it was chosen to output the single measurements, then a 0]
layer with lines is shown (figure 22). The difference between two lines next to each

other corresponds to one measure. Window
button

\

S —

Figure 22. Measurements (in black) used to calculate the distance between home range boundary and
core area boundary using [MOVEAN>HR Analysis>Calculate Buffer Distance for HR Classification].
Brown and hatched are the core areas and grey the home range areas.

HR Classification 1: Extract Core, Patch, Edge

Purpose — Classify a home range polygon into core areas, edge areas and patches. Patches are
solitary home ranges that are too small to contain a core area. Additionally distinctions are
made between inner edges and perforated edges (surrounding small holes in the home
range).

Principle — Knowing the distance between home range boundary and core area boundary allows the
application of buffer-operations to identify the three classes of home range areas. The three
classes and their calculation with raster and vector methods are discussed in Steiniger (2009).

Literature References — Upon publication there is no literature on the use of the classification in home
range analysis. However, there is a publication by Vogt et al. (2009) for the analysis of animal
movements that where generated with a simulator.

Dataset Attribute Requirements - No attribute requirements.
Input — The layer containing home range polygons.
Running the Function — Use [MOVEAN>HR Analysis>Extract Core Patch, Edge].

Select the layer with the home range polygons and then set the buffer distance. A meaningful
buffer distance can be obtained with the function [MOVEAN>HR Analysis>Calculate Buffer
Distance for HR Classification].

Output — A polygon layer that contains the classified home range into core and edge areas,
as well as patches (figure 23). Use can use the styles dialog and the tab “colour

theming” to assign the classes different colours, based on the ‘ptype’ attribute. Sty
e
button
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Note — If one compares the core area generated with this method and generated with the function
[MOVEAN>HR Analysis>Create Core Area from Density Raster] then the areas may be quite
different. The core area generated with this method should be seen as an approximation for
the core area generated with the surface based method.

50 Ca
O

o

Figure 23. The classification result for a home range using [MOVEAN>HR Analysis> Extract Core
Patch, Edge]. The red line delineates the original home range. In green are edge areas, in grey a core
area, and in blue is one patch. Inner edges and perforated edges, which both surround holes in the
home range, are not separately displayed in this image.

HR Classification 2: Extract Corridors

Purpose — To extract from a home range polygon corridors, branches, shortcut areas, and patches.
Corridors are hereby defined as narrow areas within the home range polygons. Branches may
be exploratory areas when the shape of the home range is assumed to be convex. Patches
are again — as for the previous function — home range areas that are smaller than a certain
minimum area.

Principle — Similar to the “Extract Core, Patch, Edge” function the parts are detected by buffer
operations and overlay analysis described in Steiniger (2009). Here as well knowing the
distance between home range boundary and core area boundary is helpful for the selection of
the buffer distance and is helpful to retrieve meaningful results.

Literature References — Vogt et al. (2009) use a similar classification for the analysis of animal
movements that where generated with a simulator.

Dataset Attribute Requirements - No attribute requirements.
Input — The layer containing home range polygons.
Running the Function — Use [MOVEAN>HR Analysis>Extract Corridors]

Select the layer with the home range polygons and then set the buffer distance. A meaningful
buffer distance can be obtained with the function [MOVEAN>HR Analysis>Calculate Buffer
Distance for HR Classification]. Optional it is possible to check the box, so that very small
branches are removed by the function immediately.
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Output — A polygon layer that contains the classified home range into core and edge areas, as well as
patches (figure 24). Similar as for the other classification function to detect cores and edges,

one can use the styles dialog and the tab “colour theming” to assign the classes different
colours. Use the ‘ptype’ attribute for that.
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Figure 24. The classification result for a home range using [MOVEAN>HR Analysis> Extract Corridors].
The red line delineates the original home range. In grey are the home range areas, in green are
corridor areas, and blue are patches. Branches are shown in purple.

Note — The idea for the detection of corridors and branches is somewhat experimental and has not
been tested with different individual and species data. We often discovered that using the
distance between core area and home range boundary may not be successful to detect

corridors. Hence, it seems to be advisable to rather choose the buffer distance parameter
based on expert knowledge about a species.
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6. Notes
Comparability of HORAE Results with Home Range Tools (HRT) Results

Thanks to Christine Richter (Géttingen, GER), we got aware of the fact that results calculated with the
Home Range Tools for ArcGIS'® by A.R. Rodgers and J.G. Kie cannot be directly compared with results
calculated with OpenJUMP HoRAE. If you use the same bandwidth parameter h for HRT and
OpenJUMP HoRAE, then the results (i.e. contours) will be much more detailed than those from HRT.
HRT generated contours will be much smoother. However, if you take the bandwidth parameter from
HRT (e.g. 63m) and multiply it with about 2.78 (e.g. 2.78 * 63 = 175m) and use this value (i.e.
175m) for HORAE, then the contours should be about the same. The reason for these differences and
the need to multiply the values is that in ArcGIS/HRT such multiplication of h.s is performed. This is
done, as the general h.s equation is an estimate for a Gaussian function/kernel that is applied to a bi-
weight Kernel (in HRT). As you can see in HORAE and on Wikipedia!, both kernel functions have
different maximum values and properties. Internally HORAE does not perform a scaling so one can
directly compare density results. The multiplication with the value of 2.78 for the Gaussian-based his
value that will be used with a bi-weight kernel will, however, result in comparable density estimates
(see Silverman 1986).

Temporary Storage of Data

As mentioned earlier OpenJUMP HORAE uses Sextante toolbox functions. These functions sometimes
produce intermediate vector and raster files in the temp folder (e.g. on Windows Vista:
"C:\Users\YourLoginName\AppData\Local\Temp\"). Subsequently the temp folder needs to be cleaned
once in a while.

Adding other Extensions and Plugins to OpenJUMP for Enhancing its Functionality

OpenJUMP comes with a plugin system that allows adding functions to the OpenJUMP Core
distribution. This is for instance used by the OpenJUMP Plus edition and OpenJUMP HoORAE to add the
Sextante toolbox, printing functions and the home range analysis tools. To make the functions of a
plugin or extension'? available in OpenJUMP you need to place the *.jar files'®, which contain the
additional functions, into the Open]JUMP subfolder named “/lib/ext/”. In this place is also the
movean*.jar file that contains the home range analysis and estimation functions. If you have place
the library file (i.e. the *.jar file) into the mentioned subfolder, then you need restart OpenJUMP
HoRAE, so it can load the additional functions. A list of most of the plugins available for OpenJUMP is
given here: http://sourceforge.net/apps/mediawiki/jump-pilot/index.php?title=Plugins_for_OpenJUMP

Projections and Coordinate Systems in OpenJUMP

When loading data into OpenJUMP HoRAE information on used coordinate systems and projections is
discarded, even if it is available. That means, in its current version, OpenJUMP does not care about
map coordinate systems. It will assume that all data loaded are in the same coordinate system.
However, for OpenJUMP exists a Coordinate Transformation Services (CTS) Extension that allows to
transform vector data from one mapping projection to another one. More information on the CTS
extension can be found here:
http://sourceforge.net/apps/mediawiki/jump-pilot/index.php?title=CTS_Extension

10 HRT can be found here: http://flash.lakeheadu.ca/~arodgers/hre/

11 Kernel function entry on Wikipedia:
http://en.wikipedia.org/wiki/Uniform_kernel#Kernel_functions_in_common_use

12 An OpenJUMP Extension consists of several Plugins.

13 * jar files are a type libraries used in JAVA programs. If you rename the ending of these files to *.zip you can
see what functions are in the library.
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8. Supplement A — GPS Point Data in CSV Format

Below you find some GPS points in the csv format. This table like dataset can be used to explore how
to load csv/text files in OpenJUMP. To do so, you need to create an empty *.txt (or: *.csv) file and
copy & paste the lines below into that file.

We note, that the use of MS Word, Open Office, or some other word processor is possible. In this
case, create a new text document in the word processor. Then copy the text below in the document
and save it in “Plain-Text” (.txt) format. If you save it in other formats, from within a word processor,
then be aware that additional formatting information may be part of the document. In this case,
loading of the csv/txt files into OpenJUMP will fail.

X,Y,Bears_ID,location_n,loc_year,loc_month,loc_day
430539.0,5956546.0,265,463,2000,8,26.0
438404.20207490976,5951121.953195488,265,466,2000,8,27.0
439717.765788113,5952033.162477285,265,467,2000,8,27.0
435183.0,5955180.0,265,464,2000,8,27.0
416204.0,5961627.0,265,461,2000,8,26.
432544.0,5956162.0,265,459,2000,8,25.
422932.0,5957658.0,265,460,2000,8,26.
440436.0,5952332.0,265,458,2000,8,25.
435178.0,5955214.0,265,465,2000,8,27.0
441694.22352405,5953143.779336577,265,469,2000,8,27.0
439817.8896390743,5954623.832004668,265,468,2000,8,27.0
441161.0,5953076.0,265,457,2000,8,25.0
422724.0,5961402.0,265,462,2000,8,26.0
441687.22352405,5953132.779336577,265,470,2000,8,28.0

0
0
0
0
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9. Revision Notes:

16.

18.

July 2012:

- Changed description for the diagonal line in Core Area Calculation (pg. 24) from “a diagonal
line, representing random use, from (area = 100%, probability = 0%) to (area = 0%,
probability = 100%)” => “a diagonal line, representing random use, from (area = 100%,
probability = 100%) to (area = 0%, probability = 0%)” : because in the diagram we have
actually displayed the inverse probability.

Feb 2013:

Added section on loading CSV data.

Added section on extracting time attributes from date type data.

Adding text to section on MCP, with respect to using only a percentage of points.
Adding section on how to use Potential Path Area / Geo-Ellipse method.

Adding Supplement A section, containing GPS points as CSV.

Added help & support info on new HoRAE users email list.

Added notes on comparability of HORAE with HRT results.

General edits/improvements to text.
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