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INTRODUCTICN

Home range has been defined as the area utilized by an
individual during its normal activities such as food
gathering, mating, and caring for vyoung (Burt 1943). The
methods for calculating this area can be classified as
statistical or non-statistical (Dixon and Chapman 1980). A&
variety of methods have been commonly used in the literature
including convex polygon (Hayne 1949) and non-circular home
range (Jennrich and Turner 1969). Recent papers have
identified several problems with these commonly used
techniques (Schoener 1981, Anderson 1982). Other techniques
employ the concept of calculating a utilization distribution
based on frequency of animal 1lccations (Anderson 1982, Ford
and Krumme 1979). The HOME RANGE program was developed to
provide home range estimates based on an extension of the
harmonic mean measure of activity (Dixon and Chapman 1980)
and other commonly used methods, and to test the assumptions
of these methods.

HOME RANGE differs from the original program of Dixon
and Chapman (1980) in several impcrtant ways: 1) animal
observations are relocated to a mean distance from the
nearest grid point, 2) this distanc2 is the mean radius of
the grid and thus harmonic calculations depend on the griqd
size, 3) a utilization distribution is produced from the

harmonic mean measure at grid points, 4) utilization

contours may be estimated as percentiles of this
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distribution, 5) biases resulting from changes of scaling
factors have been minimized, 6) density of grid points for
harmonic mean calculations may be increased, 7) outlier
locations are identified, and 8) core areas are identified
and plotted. In addition, the program computes the minimum
convex polygon, non-circular home range, and a rohust
non-circular home range (Samuel and Garton in prep) for
ccomparison. Animal locations may be tested for bivariate
normality using a two-dimensional Kolmogorov goodness-of-fit
test. The robust non-circular home range uses maximum
likelihood type estimators to identify possible outliers and
calculate home range. This weighted distribution may also
be tested for bivariate normality.

Dixon and Chapman (1980) recommended that observations
within one unit of distance to a grid point should be
biased by adding one. This procedure has several
disadvantages.' First, the bias is not independent of scale.
The addition of one wunit may be appropriate for swmall
harmonic valu=s, but inappropriate for animals with large
home rangese. Second, if observations are close to a grid
point the wuse of a small bias causes the bias factor to
overvhelm the harmonic calculaticn. A more suitable tias
should incorporate the scale c¢f the home range being
estimated. HOME RANGE relocates all observations to a mean

distance from the nearest grid point. This distance is the

radius that encompasses half the area of the grid. Thus,
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the bias automatically changes with grid size and scale
variations.

The determination of a utilization distribution
requires estimating the probability of use at any location
in the home range. The harmonic values at each grid pecint
may be used to calculate a utilization distribution. All
grid points with harmonic values that exceed the maximum for
any animal 1location are considered to be outside the home
range. These ar= excluded from the utilization
distribution. The potential utilization (observations/area)
is estimated at each grid point by dividing the total number
of animal 1locations by the squared harmonic value at the
grid point. Potential wutilization is summed over all grid
points within the home range and scalad to 1.0 to create a
utilization distribution. Percentages of the utilization
distribution are determined from the ordered sum of grid
points.

The concapt of core areas has recieved considerable use
in the ecological 1literature. The idea has generally taen
used to denote central areas of consistent or intense use
(Kaufmann 1962: 170). However, a quantitative definition is
noticably absent. Core areas in the HOME RANGE program are
defined as the maximum area where the observed utilization
distribution exceesds a uniform wutilization distribution.
The uniform distribution is used as the null model since it

indicates a lack of preference for areas within the hom=a

range. A Kolmogorov test (D+, p=.05) is used to datermin=
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if observed use is significantly greater than expected. The
test is made on the ordered cumulative distribution of the
observed data and the uniform model. Test criteria that
correct for samples size (Stephens 1974) are used in the
program. An illustration of the statistical test and
further description of the methods is presented in Samuel et

ale (in prep.).
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PROGRAM APPLICATION

Determination of an animal's dctivify patterns 1is an
iterative process. The nature of the 1location data,
sampling intensity, and scope of the home range analysis
deserve careful consideration. The delineation of activity
areas separate from the home range boundary necessitate a
more detailed consideration of sampling liases and
limitations. We have identified two areas wher=a
inappropriate data can strongly influence the size and shape
of estimated activity areas.

One concern is the data ccllection proceedure. Only
those locations that meet the implisd assumptions should be
included in the analysis. The first assumption requires
that locations be independent from each other. This
assumption is frequently violated when data are collected by
rapeated ohservations seperated by relatively short time
intervals. This problem is especially critical when sampling
efforts are not equally distributed through time. For
example: an animal was radio-located on two consecutive
days. On the first day the researcher spent the entire day
with the animal recording locaticns every hour. At the end
of the day 10 relocations were ccllected. On the second day
the researcher only located the animal once 1in the morning
and once in the evening; the rest of the day was sgent
locating other individuals. If all data were entered 12

relocations would define the animal's home range for thoss

N T 1 e ——
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two days. The data from the first day would weight the
importance of wuse on that area heavier than that for the
area used on the second day, when in fact an equal amount of
time (one day) was spent in each area.

A second related assumption is that the probabhility of
detecting an animal in any part of its home range is
proportional to the amount of time the animal spends in that
area. This assumption may be frequently violated when data
is collected while radio tracking from the ground in
relatively inaccessible areas. Data collected from animals
with large home ranges are also susceptible to violating
this assumption. when biologists are more apt to locate
animals that are close to roads or trails the estimate of
potential use for these accessible areas will be biased.
This should not be a significant problem with data collected
from an airplane. Similarly researchers may be tempted to
oversample ar2as where animals are easiest to locate (e.g.
nest or denning sites). The usual approach is to locate an
animal as many times as possible. While many relocatioans
are obviously desirable, effort must be tempered by
techniques that reduce the biases associated with sampling
procedures.

Locations which violates these assumptions cause areas
of high potential use to be identified, reflecting data
collection proceedures and not animal behavior. It 1is
extremely important that the user attempting to describe

activity areas identify sources of bias and remove

B o - i L i .




PAGE 7

inappropriate data from the analysis. If not results fronm
the HOME RANGE program may be tctally misleading.

Extreme locations is t he second area wherea
inappropriate data dramatically affects home range
astimates. Outliers frequently represent transiticnal
locations between seasonal use areas or one time excursions
to areas beyond the boundaries of the normal home rang=.
Outliers influence hom2 range estimates using convex
polygon, nonweighted prcobability ellipse, and harmonic mean
technigques. The inclusion of outlying points results in a
substantial area included in the home range boundary which
may be outside areas ncrmally used by the individual. The
HOME RANGE program helps to identify these outliers through
three different procedures: 1 va binomial test of
observation density, 2) ‘= weighted bivariate normal
technique, and 3) a 1list of points with large harmonic
values. We suggest that these procedures be used to
identify data errors and to assist in the identification of
observations that are outside the normal use area.

If the biologist is interested in identifying the area
in which an animal repeatedly confines it's daily
activities, outlying points should be excluded from the home
range analysis. By this definition occassional excursions
outside the ™normal"™ area of use is not considered part of

the home range (see Burt 1943). If on the other hand the

gdal is to define total areas of potential use outliers

should remain in the analysis. This latter approach was used
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to describe total seascnal use areas of moose by combining
data from multiple years (Pierce 1983). In this case the
objective was to identity yearly shifts of activity centers
within the total area of potential use.

Contours that are chosen based upon the utilization
distribution define areas that encompass a percentage of tha
total potential use. Outlying points have a dramatic affect
on the large percentage contours (e.g. 95%), but usually
have smaller influence on the selection of lower percentage
contours {e.9. 75%). Outliers tend to have less of an
influence with large sample sizes than with small sample
sizes, especially for the harmonic mean technique. Outliers
also affect the selection of core use areas.

Once the user decides which data to include in the
analysis he/she must determine the scale and grid density
that will be used when calculating harmonic mean home range
estimates. Decr2asing the grid density or increasing the
number of units/inch on the X,Y axes (i.e. scale) results in
locations being concentrated around fewer grid points. The
result is a reduced ability to distinguish between areas of
different potential use. Separate centers of activity
become increasingly difficult to distinguish by this effect.
Convsersely, the points may become so widely separated that
the observations have no influence on each other (see
Anderson 1982: fig. 1). As a general rule, we feel that

scale, units per inch, should first be selected to result in

a large dispersion of locations without exceeding the limit
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of the plotter boundaries and at a convient scale for
transfer to habitat maps or aerial photos. Next, grid
density should be selected to achieve an average of one
observation per grid point. This can b2 accomplished by th=
following algorithm.

a) calculate the number of effective points (EP) from

the total points (TP) and the number of points defining

the perimeter of the convex polygon home range.

EP = (TP - PP) + .25 (PP)

b) calculate the average area per grid point (AVG) from

the minimum convex polygon (MCP) area and the number of

ef fective points.

AVG = MCP area / EP
c) calculate the grid width (GW) per point by
GW = SQRT (AVG)
d) no. of grid points on the X axis is
(units per inch / GW) * 24
e) no. of grid points on the Y axis is
(units per inch / GW) * 10.5

The results are rounded to the lower intager value and input
on the program selection card (page 14). Also see example

4.,
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PROGRAM OVERVIEW

Five sections of program input and output occur during
a —run: program control, data input, priant output, data
output, and plot output. Program control consists of six
subsections that provide a title for the run, select progranm
options, provide scale informaticn to the program, report
the method used for entering animal locations, choose thea
plot offset, and determine the values of contours to be
plotted. Data input contains format specifications and
animal locations, according to the method selected 1in
program control. Printed output summarizes the options
selected, lists animal locations for verification, provides
data on harmonic values, and shows home range estimates for
the methods selected. Data output 1is designed for use in
secondary analysis of home range calculations. Two computer
files may be produced. One file contains the grid point
coordinates rescaled in inches from the plot origin. The
second file contains the harmonic values calculated at each
grid point. The final output is a plot of animal locations
and selected home range estimates. Each input and output

phase is described in the following sections.




PAGE 11

PROGRAM OPTIONS

The HOME RANGE program features seven basic options for
calculating various aspects of home range use patterns.
These features may be selected in total or in subsets as
specified on the SELECT card. The options chosen may vary
depending upon the quantity and quality of data acquired,
user objectives, and interpretational insight. A brief
discussion of each option and pertinent 1literature soutces

follows to aid in the selection process.

Utilization Contours

These contours are based on the harmonic means
calculated at grid points systematically located throughout
the animal's home range. Harmonic means are one of several
areal distributions described in detail by Neft (1966). The
advantages and applications of harmonic means as a measure
of activity are discussed by Dixcn and Chapman (1980). The
contours may be chosen as a specified harmonic valus (Dixon
and Chapman 1980) or as a specified percentage of the
animal's utilization distribution. The concept of
utilization distribution 1is discussed by Van Winkle (1975)

and Anderson (1982).

—_—_— e e e e e e e e e e ———

This technique is a variation of the standard
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non—-circular home range approach developed by Jennrich angd
Turner (1969). A bivariate normal distribution of animal
locations is assumed, but 1pci that are far removed from the
geometric center have a reduced 1influence on the home range
ellipse. The home range estimate uses the weighting
procedure reported by Randles et al. (1978). Details of the
procedure and an example of the influence of outlying points
on the size and orientation of the home range estimate is

given in Samuel and Garton (in prep.).

Core Areas

The existance of core areas within an animal's home
range was fofmalized by Kaufmann (1962). Ewer (1968)
provides additional description of these areas of intense
use. HOME BRANGE 1identifies core areas by comparing the
utilization distribution from harmonic mean calculations
with a uniform use model (Samuel et al. in prep.). The
identification of core areas is an effort to describe the

"internal anatomy" of home ranges (Adams and Davis 1967,

Leuthold 1977).

Qutliers

Extreme locations may have a substantial influence on
- the home range determination. OQutlier locations are
identified (but not excluded from analysis) by a statistical

confidence interval test. The test compares a relative

measure of location density between progressively 1lass
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extreme locations in the data. Significant changes in the
relative density are used to identify potential outliers.
Exclusion of these points from the input data set is
required to remove their influence on the home range

estimates.

Non-circular_ Home_Range

This is the traditional bivariate normal approach to
home range analysis developed by Jennrich and Turner (1969) .
Schoener (1981) and Anderson (1982) provide some valuable

critiques on the method.

Bivariate Distribution TIest

Animal locations may be tested for bivariate normality
or uniformity using a Kolmogorov goodness-of-fit test. The
two dimensional test 1is accomplished by transforming the
loci into principal component scores (Koeppl et al. 1975,
Morrison 1976: Chapter 8, Smith 1983). See Saunders and
Laud (1980) for a discussion of the appropriatness of using
the Kolmogorov test in a multidimensional context. Critical
values for the test are calculated using the more powerful
EDF procedures (Stephens 1974) rather than a chi-squared
test (Smith 1983). The traditional D statistic and a Kuiper
V statistic are calculated to test bivariate distributions.

A detailed example of the test and its application 1is

presented in Samuel and Garton (in prep.).
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Convex Polygon

The final home range calculation uses the convex
polygon estimator (Hayne 1949). The program reports the
area and perimeter points for this method. The home range

may be plotted by connecting the perimeter points.
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PROGRAM CONTROL

Program control is comprised of six input sections that
direct program execution and options. Cards must b2 ordered
in the sequence of title card, selection <card, scale card,

method card, offset card, and contour cards.

Title Card

*he. title card is an alphanumeric string of 40

characters that will be displayed on print and plot output.

Format (A5,5X,5A8)
ol L= 10 TITLE
Co) 11 = 50 Title
€ol 1-10, ¢TITLE®
Col_ 11-50. Alphanumeric string to he displayed on fplot
output.

The selection card indicates those options and

calculations that should be performed.

Format {R6,;4%,711,215)
Col 1 =30 SELECT
col 11 0" Only plot animal locations

| *1' To plot contours
*2' Suppress harmonic mean calculation
Col 12 '1* to plot weighted non-circular

home range

i . . et ol
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Col 13 *1* To plot core areas

Col 14 '1* To identify outliers

Col" 15 *1' To plot non-circular home range
Col 16 '1* To test for bivariate normality
Codi 1?7 "1%* To estimate minimum convex polygon
Col 18 - 22 No. of grid points on X axis

Ccol 23 =" 27 No. of grid points on Y axis

Col 1-10. *SELECT?

e e ———

Col 11. Animal locations are always plotted. When Col

11 = *1' the contours specified by the contour cards are
also plotted. Core areas will not be plotted if contours
are not selected. When Col 11 = *2*' the animal locations

are plotted, but calculation of harmonic means at each grid
point 1is suppressed. Contours and animal locations are
plotted in black ink.

ol _12x SO ) . LY = '1* then the 95% robust
non-circular home range 1is plotted in red ink. The rotust
non-circular home range will be calculated when Col 12 = *1¢
or Col 16 = *1*., Weighted points are identified.

Col 13. The maximum area that meets the definition of
a core area will be plotted. No plot will occur if the area
is not significantly different from uniform (p = .10). Core
areas are added to the list of contours to be plotted. Core
areas will not be estimated unless the contour cards specify
values less than 1.0 for all selected contours.

’ Col 4. When Col 14 = *1' apimal observations that may

be outliers are identified. Outliers are tested using a

R A AN R W b
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binomial mod=l of the percentage of error polygons
containing observations. Observations are testad in
decreasing harmonic mean order. A cne-tailed 95% confidence
interval test is made to identify significant changes in the
precent of error polygons with observations. Outlier points
are not removed from harmonic mean calculations. Outliers
will be identified cnly when all contours are percentiles of
the utilization distribution (contour values less than 1.0).

Col _15. If Col 15 = '1' then the 95% non-circular hom=
range is plotted in green ink. The non-circular home range
wil be calculated when Col 15 = '1' or Col 16 = ',

Col_16. A test for bivariate normality is made on Ltoth
the fobust and non-circular home ranges when Col 16 = '1°,
For the robust test a 90% truncated distribution is compared
to the unweightad observed distribution. A test for
bivariate uniform distribution is alsc calculated.

Col _17. The nminimum convex polygon area is estimated
when Col 17 = %1¢., The area and perimeter points are
calculated. The area is not plotted, but may be easily
drawn from the perimeter points.

Col _18-22. The number of grid points on the X-axis is

. set to 48 if this value is zero. A higher or lower grid
point density may be specified. Higher grid densities will
facilitate location of the harmonic mean center and more
accurate plotting of contour levels. It will also result in

an increase in CPU time necessary to make the calculaticns.

Changes from the default of 48 must be accompanied by a

- AR




PAGE 18

corresponding ratio change in the Y-axis. If the X-axis is
set at 72, Y must be set at 32, a 50% increase in both axes
(see Col 23-27 below). The maximum number of grid points on
the X-axis is 72.

Col_23-27. Same as Col 18-22, but for the Y-axis, The
default is 21 grid points. A change in grid density along
the Y-axis must be accompanied by a proportional change in

grid density on ths X-axis. The maximum number of grid

points on the Y-axis is 32.

Scale Card

\
The scale card supplies information on the units of

data measurement, the number of units per plot inch, and the-

error polygon size.

Format {AS 5%, 286, 1K P4, 1X P 1055)
Col 1 - 10 SCALE
Col 11°= 22 Units of measurement of X and Y

coordinates (ex. meters, kilom=ters)

Q
o]
[
L]
&=
|

30 No. of units per plot inch

O
(o}
—
W
9]
I

41 Min. distance between observations
=10, *SCALE!'
The dimension for the scale of the units of
measurement (egqg., feet, meters, or kilometers). Ar=as
reported in the program output are in these wunits squared
(square feet, square meters, or square kilometers).

Col 24-30. Number of measurement units per plot inch.

This parameter scales the length of the X and Y axes. The
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axes are 24 and 10 inches respectively. Data should be
input so that the greatest range in the data occurs along
the X-axis. Users should make the scale as large as

possible, but still include all observations and contours on

the plot.
Col J2=41. The minimum distance between observations
is required to estimate an average error polygon. Error

polygons are treated as simple squares with this distance
being equal to one side. The distance value must be greater
than 3 units, otherwise calculations for the harmonic means
will be biased. Distances are the same units of measure as

Col 11=22.

Method cCard
The method card indicates the manner in which the
animal locations were recorded. Oone of three differant

methods must be selected.

Format (A6 ,4X,A6)

Col A= 10 METHOD

ol 1 = 16 Method of data entry
*ENTER"
SEVAL 1°?
*EVAL 2°

Col 1-10. ‘*METHOD®

Col_11-16. The method of data entry describes how the

animal locations were recorded. The T'ENTER! method

indicates that the X,Y coordinates of the animal have
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already been calculated. The "EVAL 1' method assumes that
the X,Y coordinates of a station, the angle, and distance of
each 1location are recorded. *EVAL 2" assumes that two
stations and angles are recorded for each animal location.
See the Data Input section for a discussion of information

required for each method.

The offset card provides an option to either center the
animal locations in the plot or to offset the minimum animal

location relative to the plot origin.

Format (AB, X, F10.2,2X,;F10.2,2%x,16)

ol el =10 OFFSET

€el 11~ 20 X offset in same units of data
ol 23 = 32 Y offset in same units of data
Col 35 — 40 *CENTER' for automatic centering

Col 1-10., ‘'OFFSET®

o

Col 11-20. The number of units from the origin that

the location with the minimum X coordinate will be offset.
Col 23=323, The number of wunits from the origin that

the location with the minimum Y coordinate will be offset.
Col 35-40. If center is specified the animal locations
are centered on the plot. X and Y axis offsets are ignored

when centering is specified. The centering option requires

an interative procedure that increases run cost.
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Contour Cards

The first contour card defines the number of
utilization contours to be plotted. A subsequent card is
required for each contour level plotted. These cards define
the valus of the contours. When all contour values are less
than 1.0 they are treated as percentages of the utilization
distribution. For example, a single value of .95 plots the
harmonic mean contour that encloses 95% of the utilization
volume. Any value greater than or equal to 1.0 causes the
contours to be plotted as actual harmonic mean values.
Thus, specific harmonic mean ccntours may be requestad,
LeBey 20y H#0F and 60s A maximum of 100 contours are

allowed.

Format (A7 ,3%,13)

€ol 1 = 10 CONTOUR

Col 11.— 13 No. of ccntour levels

*CONTOUR"

Col _11-13. Number of contour levels tc be plotted.

e ————

Subseguent_contour_cards. As many cards as idicated in

Col 11-13 of previous card.
Format (F10. 4)

Col 1 - 10 Contour level
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DATA INPUT

Data cards 1immediately follow the last contour card.
The first input card is a format of the observations that
follow. A maximum of 1000 animal locations are allowed.
The number of elements contained on each data card is

determined by the program control method card.

This card specifies the format for reading all

subsequent data cards.

Format (A6 ,12A6)
Col 1- 6 FORMAT
Gl .7, — 78 Format of data to be entared

ol 1=6. *FOBMAT"

L S -

Col 7-78. Format for data input (see examples).

Data Cards
One card for each animal location. Up o . 1000
locations.
Format (Defined by format card)

Method Options

The three methods of data entry are described 1in the
program control section (Methcds Card). Each method
requires a different number of data elements that are

described below. Data elements should be input in the order
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specified. ID's are nct used 1in any program computations
and are designed for user convience only. An 1ID element
must be entered, but it may be a klank field.

ENTER__option. This option assumes that the grid
coordinates of the animal locations have already teen
calculated. Data elements are input as follows:

1) X coordinate
2) Y coordinate

3) observation ID

EVAL1_ _option. This option assumes that the X,Y

coordinates of a station, the angle, and the distance to the
animal's location are known. Trigonometric functions Aare
used to find the X,Y grid coordinates of animal locations.
Data elements are input as follows:

1) X coordinate

2) Y coordinate

3) angle (in degrees) measured counter-clockwise

from the positive X-axis
4) distance
5) observaticn ID
EVAL2 option. This option assumes that two stations

are us2d in determining animal locations. Each station is
assumed to triangulate to the animal location. Data is
input in the following crder:

1) X coordinate of first station

2). Y coordinate of) first station

3) angle (in degrees) wmeasured counter-clockwise




“4)
5)

6)

7)

PAGE 24

from the positive x-axis

X coordinate of seccnd station

Y coordinate of seccnd station

angle (in degrees) measured counter-clockwise
from positive X-axis

observation ID
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DATA OUTPUT

Print output and plot output are described below in th=2
Examples section. This secticn covers the computer
generated data sets that are available from the progranm.
The first output data file (22) provides a list of the grid
locations scaled in inches and the same points translated to
the plot origin. A second file (25) reports the calculated
harmonic values at each grid location. The grid point
harmonic values ‘lower than the maximum observation may be
squared and inverted (TOTAL CBSERVATIONS/L**2) to determine

the relative utilization volume associatad with each grid.

The first card reports the plotter inches per grid
point.
Format (21X ,F9.4,8x,F9.4)
Col 22 - 30 No. of plot inches per X-axis grid point
cCol 39 = 47 No. of plot inches per Y-axis grid point

Subsequent cards list the X,Y coordinate values.

Format (2%,12,2X,12,3X,F9.4,3%X,F9%.4)

col 3 - & I index

Cal ¥ = B J index

€4l .12 - 20 X(I,J) coordinate value in inches

Col 24 = 32 Y(I,J) ccordinate value in inches
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Harmonic Mean File ({25)

Each output card lists the harmonic means for each grid

location.

Format (1X,7P10.2,1X,P10.2, 1X,73.0,1X,F3.0,1%,710. 3)
Godie 2= X(I,Jd) coordinate

Gol 13 = 22 Y(I,J) coordinate

Col 24 = 26 I index

Col 28 - 30 J index

Col 32 - 41 Harmonic (I,J) value

The harmonic mean file may be used to generate a
3-dimensional plot of the utilization distribution. Example
5 shows the SAS/GRAPH procedures necessary to produce a

utilization plot.
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EXAMPLES

Four examples are shown tc illustrate the options
available in the HOME RANGE program. All the examples are
based on the hcome range estimate of a single animal (mcose
33) during the summer. Data for the relocations are listed
in example 1, but deleted from all other examples. The data
from example 1 should to used toc check proper implementatidn
of the home range program. The year and julian date are
used as the observation id. The first example illustrates
the bivariate normal and minimum convex polygon approach.
The second example shows the use of a single contour to
encompass a percentage of the relocations. Example 3
chooses contours based on percentages of .the activity
distribution. Example 4 follows example 3, but shows the
home range by <choosing the grid density recommended in the
program overview section. Example 5 uses the SAS/GRAPH
procedure G3D (Council and Helwig 1981) to show the

utilization distribution in 3-dimensions.
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Example 1

Input
TITLE MOOSE 33 - SUMMER
SELECT 0100111
SCALE METERS 2000.0 200.0
METHOD ENTER
OFFSET 10000. 3000.0
CONTOUR 002
0.75
0.95
FORMAT (F7.0,2%X,F6.0,2X,A5)

5082400 624600 81230
5082500 623600 81231
5082400 623600 81232
5085000 628000 79176
5082000 625800 79184
5084200 625600 79189
5079400 624400 79199
5082400 625000 79204
5081600 624600 79211
5073200 620400 79219
5083200 626200 79224
5083000 625200 79227
5082600 626800 79240
5081400 625600 79247
5074800 619000 79255
5081200 626000 79261
5082200 625000 79269
5083900 625300 81175
5084200 625000 81182
5081200 625600 81189
5082700 625700 81203
5083600 626200 81210
5083100 625100 81215
5080700 623100 81222
5083100 625000 81229
5081500 625700 81238
5082600 625800 81244
5081300 625700 81251
5082000 625500 81257
5084000 624800 80183
5082800 624800 80183
5082500 624400 80189
5080800 623400 80202
5087400 623200 80227
5082400 625600 80234
5082900 626600 80263
5077000 622600 79158



5077600 622200 79159
5076200 622000 79162
5076000 622600 79163
5081200 624600 80125
5080600 624600 80128
5081200 624200 80129
5081800 625200 80160
5081700 625700 80167
5079600 625400 79136
5077800 622800 79142
5077800 623800 79151
5077600 623200 79156
5076000 622600 79164
5087800 621600 80138
5086900 621400 80147
5082300 624400 80156
5082000 625400 80167
5088400 620600 81126
5086800 623200 81133
5080600 622700 81147
5083900 624700 81152
5083900 624700 81155
5084400 625000 81162

»

*
»x
*
*
E 3
x*
*x
=
-
»
:

e o e ok e MR b kR b o o ok o ok ok e o ook e i ok e B ok e ke ook o ook ok ok o ok

This section displays the control cards for *
example 1. The relocation data for moose 33 *
follows the format card. The data are *
recorded in UTM grid coordinates. The X *

coordinate is recorded first, followed by the*
Y coordinate, and lccation id. The location *
id represents the year and julian date of the#*
observatione. Note: the listing*

of the relocation data has been deleted from *

all subsequent examgles. *
ke e ek ok k ko R R KR wk kN R R R R w ok ko oxdcw b ok g mok ok
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OQutput

ENTER TITLE

TITLE IS MOOSE 33 - SUMMER

ENTER OPTIONS FCR CONTOURS, WEIGHTED NON-CIRCULAR HOME RANGE, CORE AREA ,
OUTLIER OBSERVATIONS, NON-CIRCULAR HOME RANGE, BIVARIATE NORMAL TEST,
AND MINIMUM CONVEX PCLYGON AREA

ANSWER WAS 0 100 1 1 1

WEIGHTED NON-CIRCULAR HOME RANGE WILL BE PLOTTED
NON-CIRCULAR HCME RANGE WILL BE PLOTTED
LOCATIONS WILL BE TESTED FOR BIVARIATE NORMALITY
MINIMUM CONVEX POLYGON WILL EE ESTIMATED

NUMBER OF GRID POINTS ON X AND Y AXIS ARE ug 21

ENTER ONITS , PLOT INCH SCALE, AND MIN. DISTANCE BETWEEN OBSERVATIONS
2000.00 METERS = 1 INCH CN PLOTTER OR

1 METERS

I

0.0005 INCHES ON PLOTTER

MINIMUM MEASURED DISTANCE BETWEEN OBSERVATIONS = 200.00000 METERS

ENTER METHOD ({ENTER, EVAL 1, EVAL 2)

METHOD IS ENTER

ENTER OFFSET AND CENTERING OPTION

X OFPSET IS 10000.00 Y OFFSET IS 3000.00
WITH NO AUTOMATIC CENTERING

ENTER NUMBER OF CONTOURS

THERE ARE 2 CONTOURS WHICH ARE
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0.7500
0.9500

CONTOUR LEVELS ARE TREATED AS PERCENTILES OF THE ANIMAL UTILIZATION
DISTRIBUTION ¥

ke o e skl ok ok S i % e ook ok ook W o R ORI NI ko e ok ik ol e il oK e sk b ko
* This portion of the output describes the *
* input control cards that were specified to *

* execute Example 1. »
SR o e ok K K R YO O JO% Rk KO R ROK K AR o ok R O ok K

X AND Y COORDINATES AND IDS ARE READ IN WITH THE
FOLLOWING FORMAT (F7.0,2X,F6.0,2X,45)

THE DATA VALUES ARE

OBSR X COORD Y COORD 1D

1 5082400.00 624600.00 81230

2 5082500.00 623600.00 81231

3 5082400.00 623600.00 81232

59 5083900.00 624700.00 81155

60 5084400.00 625000.00 81162
XMIN= 5063200.00 YMIN= 616000.00
XMAK= 5078400.00 YMAX= 625000. 00
THE MINIMUM H VALUE IS 1208.43 AT 20,10

e T T T T

The x,y coordinates and id for each *
* relocation are listed in the crder of inputx
* The minimum and maximum for =ach axis is *
* calculated. The location and harmonic *
* value of the center of activity is shown. =
* Note: this portion of the output has *
* -
E *

been deleted from all subsequent examples.
A o o R R R OR HOK SOk R KO R OR OK RE OK  k oK Kok



GRID POINT HABRMONIC MEAN BY CBS

OBSR

—— -

L S

59
60

X-CORD

———— —— -

5082400.00
5082500.00
5082400.00

-

5083900.00
5084400.00

Y-CORD

——— i —

624600.00
623600.00
623600.00

624700.00
625000.00

120,432
1579.580
1579.580

1640.992
1640.992

e o e g s s ol oo e o wodke dOR me o ki ol e deooR Wk o e ol b ol e o ke o ke ko K Ok
The relocation coordinates and calculated *

harmonic values are listed in the same
sequence as the previous section.

this section of output

deleted from Example 3.
Ak sk w0k 0K KK ORIk ok R O o R R R R ko R ok R R

*
*
*
* Note:
*
»

OBSR

————

W i -

59
60

ok o o ok ol ok b ok ek ek o ok R ook ok R iR R O RO 30k sl kok ek ok ke

SORTED HARMONIC MEANS

X-CORD

5082400.00
5082400.00
5082200.00

5074800.00
5073200.00

624600.00
625000.00
625000,00

619000.00
620400.00

has been

1208.432
1208.432
1208.432

59135523
6314.781

Relocations are displayed in harmonic

mean ascending order.

represent average distance between points.¥
Lower harmonic values are close to the

Large harmonic values*
should be reviewed for extreme locations.

Harmonic values

Subsequent reference to observations is
based on the order of this sorted list.

*
x
*
*
* center of activity.
*
ax
5
*

cde ok ok ook ok sk ale 0ok ok ke ok ook o i ko ok e K kR ok ok ok o ok ok Ko ko

»
.
-
*
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ESTIMATED PERCENTILE CONTOUR LEVELS

1 3992.%03
2 5763.356

0.750
0.950

W o i e e s b R o R o o e o R R R Rk ko s R K O RO
* Two contour levels were input to the

* program.

*

However, since the contcur option *

* yas not chosen, the contours were not drawn =
R 3 o o ke i O s b s MO o8 ke 0 k0wl Sl R 48 e O 5O i N OO O U R o ol e e o ol o

WEIGHTED NON-CIRCULAR HOME RANGE

75% = 21441248.64
95% = U6443137.85
SQRT DET S =  246388B4.95
XMEAN = 5081650.70
YMEAN = 624575.78
SXX/SYY = 3.194
SXY =  1785826.44
LIST OF WEIGHTED POINTS
X-CORD Y-CORD
5077000.00 622600.00
5076000. 00 622600.00
5076 000.00 622600.00
5077600.00 622200.00
5076200. 00 622000.00
5087400.00 623200.00
5086800. 00 623200.00
5085000. 00 628000.00
5086900. 00 621400.00
5087800. 00 621600.00
5088400, 00 620600.00
5074800. 00 619000.00
5073200.00 620400.00

AREA

WEIGHT

-

0.97082
0.81663
0.81663
0.98982
0.80681
0.50502
0.54736
0.75217
0.38700
0.36853
0.30512
0.45963
0.51279

PAGE 33

WEIGHTED NON-CIRCULAR HOME RANGE HAS BEEN PLOTTED

BIVARIATE NORMALITY TEST FCOR GOODNESS OF FIT
TEST USES K/S DMAX PROCEDURE (ALPHA=.1)

DMAX = 0.173

CRITICAL VALUE

= 0.118

TEST USES KUIPER STATISTIC (ALPH3=.1)

V=0.302

CRITICAL VALUE =

0.197
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FOR 47 OBSERVATIONS
HOME RANGE SIGNIFICANTLY DIFFERENT THAN BIVARIATE NORMAL

CRITICAL DMAX VALUES FOR ALPHA = .05, .025, .01 ARE
A28 0,137 D.148
CRITICAL V VALUES FOR ALPHA 05, 025, .01 ARE

0.212 0.226 0.2z41

e e ok o ok K 0k R K K R R K R K K KR sk K Rk ok ok Kk
The 75% and 95% robust bivariate home range *

* areas are estimataed. The 95% area is 46 sg -

* kme The SQRT DET S may be used to produce

* other percent estimates (see Jennrich and

* Turner 1969).

* The observations are tested for bivariate

* normality. Weighted points are removed and a

* truncated distribution is tested. Critical

* test statistics are set for alpha=0.1. The

* observations were found to be significantly

* different from robust bivariate normal.

* additional critical values are provided for

* other alpha levels. It is recommended that

* alpha = .10 be used for samples smaller than

* 30 locations and alpha = .05 be used for

*

*

samples greater than 30.
sk e R ok R R R K K R K K K KOR K KK R R ek R Rk ok

LR S O B B BN A R R B

JENNRICH/TURNER NON-CIRCULAR HCME RANGE AREA

75% = 43049356.86

95% = 93247704.39

SQRT DET S = 4946944, 29
XMEAN = 5081736.00
YMEAN = 624348.75
SXX/SYY = 3.304
SRR 1807639.83

NON-CIRCULAR HOME RANGE HAS BEEN PLOTTED

BIVARIATE NORMALITY TEST FOR GOODNESS OF FIT
TEST USES K/S DMAX PROCEDURE (ALPHA=.1)

DMAX = 0.175 CRITICAL VALUE = 0.104

TEST USES KUIPER STATISTIC (ALPHA=.1)
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v = 0.328 CRITICAL VALUE = 0.175
FOR 60 OBSERVATIONS

HOME RANGE SIGNIFICANTLY DIFFERENT THAN BIVARIATE NORMAL

CRITICAL DMAX VALDES FOR ALPHA = .05, .025, .01 ARE
0114 Us 12209 05N 2

CRITICAL V VALUES FOR ALPHA

= .05' 0025, -01 ARE
0.388 0D.201° QL2%4

3k R R K ek kR K K R R K F R ek ek ik ok ok ok Aok ok kR oK Rk
= The 75% and 95% home range areas for the

* bpivariate normal method are estimated. The
* 95% home range area is 93 sq km. The

* observations are tested for bivariate

* normality. Both Dmax and V tests excead the
* critical test values. Other critical values
*
E

are also provided.
o sk ok o ok ok ok ke ok %R kR 3o ok sk R ol kR ke ok ok ko ok ok ok ke

% % % % # N ¥ ®

TEST USES K/5 DMAX PROCEDURE (ALPHA=.1)
DMAX = 0.225 CRITICAL VALUE = 0. 155
TEST USES KUIPER STATISTIC (ALPHA=.1)
V= 0.419 CRITICAL VALUE = 0.204
FOR 60 OBSERVATIONS
RANGE SIGNIFICANTLY DIFFERENT THAN UNIFORM DISTRIBUTION

CRITICAL DMAX VALUES FOR ALPHA = .05, .025, .01 ARE
0.172 0.188 0.207

CRITICAL V VALUES FOR ALPHA = .05, 0.25, .01 ARE

| BIVARIATE UNIFORM TEST FOR GOODNESS OF FIT
HOME

:

0.220 0.235 0.252

Nk ok ok ok ok o i ook ke R N o ok Kk dk o okl ol ok b ok ok ok o ek w & ek Rk R kR

* A test for bivariate uniform distribution *
* is performed on the data. A bivariate uniform*
* distribution is rejected for both test *
* statistics. *

RN AR EEEERE R FF R mk bRk k kR kR R F hb ok ko x & ko Rk w ok kR




CONVEX POLYGON HOME RANGE

THERE ARE

—————————————— T ——— ————— ————————————————

5085000.00
5087400.00
5088400.00
5074800.00
5073200.00
5076000.00
5079600.00
5085000.00

628000.00
623200.00
620600.00
619000.00
620400.00
622600,00
625400.00
628000.00

- ——— ———————————— T —— i —— T —— ————————————_—

NOTE:

1.
2.

3.

THE AREA

ENCLOSED AREA

POINTS ARE LISTED CLOCKWISE.

THIS POLYGON ENCLOSES ALL

WERE EXCLUDED.
FIRST AND LAST POINTS ARE THE SAME TO CLOSE THE POLYGON.
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8 POINTS DEFINING THE PERIMETER OF THIS HCME RANGE.

60 POINTS, I.E., NO OUTLIERS

OF THIS CONVEX POLYGON HCME RANGE IS:

73320035.93

TOTAL AREA WITHIN CONTOUR

SQUARE UNITS

73320035, 93

SQUARE UNTITS

e 3ok ek ook ek gk ok O ik ook o ko ol ook ook 0k Ol ko R i i ke o ke sk e ok ok K b ok

The minimum convex polygon (MCP) home rang2

is calculated from the chservations. The

observation number and coordinates for each

*
*
*
* point on the MCP perimeter are identified.
*
=

The home range is 73 sq kmn.
s ok ok ok ok o o ok ok skok skl sk ok ok ok ok sk Sk ok ok ok kol o oK ok kR ok K ok

>
*
*
E
*
£



TH

< < < <

-~

E GRID COORDINATES ARE

COORD
COORD
COORKD
COORD

-

1)
2)
3)
&)

COORD ( 59)
COORD { 60)

n - un

5.600
9.600
9.500
9.300

5.800
5.000

COORD
COQRD
CCCRD
COORD

<l

Y COORD
Y COORD

—— — g—

1)
2)
3)
4)

( 59

(

60)

o ou

A o o o ok oo o i o S ok ok OK OK o ol kel RO RO o8 ki ol o b ke o o ok BOK O R ke
* The observations are plottedé by relative

* scale (inches)

i Note:
* epxamples.

from the x,y

(0;0) plot origin.

w

*

this output is omitted from subsequent®

W

0k ok ROR ROR R Ok Rk ok R ROR e ok R RO R R R O o R R R ok ok
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4,300
4.500
4,500
4.600

1.500
2,200
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Plot
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Input
TITLE MOOSE 33 - SUMMER
SELECT 1000000
SCALE METERS 2000.0 2C0.0
METHOD ENTER
OFFSET 10000. 3000.0
CONTOUR 001
5750.
FORMAT (F7.0,2X,F6.0,2X,A5)

A0 W 0k ok ok o i ik ol ek v ke ko ook sk ke ok kol ok R ok RO sl R xR R ROk e ok ¥ g

| * Input control cards for Example 2. The *
¥ observation data (listed in Example 1) has been=
¥ deleted. i

e e ol oo ok ek o i o e ok Sl ook ook ook kO K R R ol 0k ok Rk R o ok kR ol o ke
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Output
ENTER TITLE

TITLE IS MOOSE 33 - SUMMER

ENTER OPTIONS FOR CONTOURS, WEIGHTED NON-CIRCULAR HGOME ERANGE, CORE AREA ,
OUTLIER OBSERVATIONS, NON-CIRCULAR HOME RANGE, BIVARIATE NORMAL TEST,
AND MINIMUM CONVEX POLYGON AREA

ANSWER WAS 1 0 0 0 0 0 O

CONTOURS WILL BE PLOTTED

NUMBER OF GRID POINTS CN X AND Y AXIS ARE 48 21

ENTER UNITS , PLOT INCH SCALE, AND MIN. DISTANCE BETWEEN OBSERVATIONS
2000.00 METERS = 1 INCH CN PLOTTER OR

0.0005 INCHES ON PLOTTER

1 METERS

MINIMUM MEASURED DISTANCE BETWEEN OBSERVATIONS = 200.00000 METERS

ENTER METHOD (ENTER, EVAL 1, EVAL 2)

METHOD IS ENTER

ENTER OFFSET AND CENTERING OPTION

X OFFSET IS 10000.00 Y OFFSET 1S 3000.00
WITH NO AUTOMATIC CENTERING

ENTER NUMBER OF CONTOURS
THERE ARE 1 CONTOURS WHICH ARE

5750.0000

o ok s ook ok Sk Bk ok ok ke ko ook sk ox ol ke kb ok ko ke ko Row ko koo Rk K
* The input control cards for Example 2 are -

* listed. One contour at 5750 will be plotted. *
L e
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CCNTOUR LEVEL = 1 H MEAN = 5750.000

THE FOLLOWING LINES WOULD BE DRAWN

LINES= 122

MOVE TO 6,000 2.479
DRAW TO 5.990 2. 490
DRAW TO 6.185 R i e
DRAW TO 6.000 2.479

ENCLOSED AREA = 117197087.16 SQUARE UNITS

TOTAL AREA WITHIN CONTOUR = 117197087.16 SQUARE UNITS

O R T T T T R R e

The 5750 contour is plotted with the b
* preceading plotter pen instructions. Locations*
* are given in inches from the plct origin. Ar=a¥
* within the coutour is estimated using the k
»*
E 3

cartographers fcrmula. *
O MO ek RO oo ok o) i oo o ok ook e ke ok kO o S B Rk i p. o RO 0K KW o o
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Plot
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Example_ 3

Input
TITLE MOOSE 33 - SUMMER
SELECT 1011000
SCALE METERS 2000.0 200.0
METHOD ENTER
OFFSET 10000. 3000.0
CONTOUR 002
0.75
0.95
FORMAT (F7.0,2X,F6.0,2X,A5)

2 ek e e o e ok ol ok wek ko e e ol ol i i il o K Kk oy 3 ok 3 3R Dl e Nt o o oK N W ol ok i

* The input control cards for Example 3 are *
* listed. Two contours encompassing 75% and S5% *
* of the activity use will be drawn. Th= "
* observation data is listed in Exanmple 1. *

e g o o D ol ol i ke 390 W e RO o W N ol e o O RO i i o ol Rk ke o o i sk ok b i o ok
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OQutput

ENTER TITLE

TITLE IS MOOSE 33 - SUMMER

ENTER OPTIONS FOR CONTOURS, WEIGHTED NON-CIRCULAR HCME RANGE, CORE AREA ,
OUTLIER OBSERVATIONS, NON-CIRCULAR HOME RANGE, BIVARIATE NORMAL TEST,
AND MINIMUM CONVEX POLYGON AREA

ANSHWER WAS 1 0 11 0 0 O

CONTOURS WILL BE PLOTTED
CORE AREAS WILL EE PLOTTED
OUTLIERS WILL BE IDENTIFIED

NUMBER OF GRID POINTS ON X AND Y AXIS ARE 48 21

ENTER UNITS , PLOT INCH SCALE, AND MIN. DISTANCE BETWEEN OBSERVATIONS

2000.00 METERS = 1 INCH CN PLOTTER OR

1 METERS 0.0005 INCHES ON PLOTTER

MINIMUM MEASURED DISTANCE BETWEEN OBSERVATIONS = 200.00000 METERS
ENTER METHOD (ENTER, EVAL 1, EVAL 2)

METHOD IS ENTER

ENTER OFFSET AND CENTERING OPTION

X OFFSET 1S 10000.00 Y OFFSET IS 3000.00
WITH NO AUTOMATIC CENTERING

ENTER NUMBER OF CONTOURS

THERE ARE 2 CONTOURS WHICH ARE

0.7500
0.9500
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CONTOUR LEVELS ARE TREATED AS PERCENTILES OF THE ANIMAL UTILIZATION
DISTRIBUTION
oo ok v ok w ok 0 i ok ook s ke o ok kol ol o gl A R e i o ok ol i ok ok b ooy O iR o ke ke
* The input control cards read by the program *
* are displayed with the options chosen. ¥
Mo o K R R ok ook ke kR koK ok e ok R R KR ok ok kR Rk ok ok ko Kok
SORTED HARMONIC MEANS
OBSR X-CORD Y-CORD H-MEAN
1 5082400.00 624600.00 1208.432
2 5082400.00 625000.00 1208,432
59 5074800.00 619000.00 5913.523
60 5073200.00 620400.00 6314.781
POINT 5086900.00 621400.00 WAS CLASSIFIED AS AN OUTLIER
POINT 5087800.00 621600.00 WAS CLASSIFIED AS AN OUTLIER
POINT 5088400.00 620600.00 WAS CLASSIFIED AS AN OUTLIER
POINT 5074800.00 619000.00 WAS CLASSIFIED AS AN OUTLIER
POINT 5073200.00 620400.00 WAS CLASSIFIED AS AN OUTLIFER

S0 e e o e e ok ok wek ek e e ke el kxR ok M ek Rk R o ok xRk ko kb k¥ X

L B B B R R 3

*

The harmonic values for each cbservaticn are =*
listed. A bivariate test comparing the density=
of observations is used to identify potential =
outliers. This list may be used to review
points that may be extreme locations or data
errors. These points sh?uld not be arbitrarily#

removed. *
o ok ok e e o o ek el ol i a0 R i W e ek i b R Oy of R o e ke ok ok o o % w0

-
w»
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ESTIMATED PERCENTILE CCNTOUR LEVELS

3992908 0.750
2 5763.356 0.950
3318.868 ESTIMATED CORE AREA WITH 24.6 PFRCENT OF AREA

AND 61.3 PERCENT OF UTILIZATION VOLUME

ek o bl sk ook dom sk o e ol o o ok ke i ke ok ol okl ol R R K 0 b ok kel b ke sk e ke
* The 75% and 95% activity contours will ke x
* plotted at the indicated harmcnic values. A *
* gignificant core area was found and will be .
* plotted. The estimated percent of area and *

-

*

* use volume are estimated for the core area.
ek ok o e ok ol ok o s s sk ook ok o o e O e ROk i kel Sl ook sk ol v O O ok

CONTOUR LEVEL = 1 H MEAN = 3992.903

THE FOLLOWING LINES WCULD BE DRAWN

————————————— ——————

LINES= 98
MOVE TO 6.500 2.861
DRAW TO 6.419 2.919
DRAW TO 6.500 2. 861
ENCLOSED AREA = 54593444.82 SQUARE UNITS
TOTAL AREA WITHIN CONTOUR = 54593444.82 SQUARE UNITS

o w R 2 e i ol doo o W OR8N 0w o ae wom icor el ek ik ko ek W 0 R ok ke e e o
* The pen instructicns are listed to show the =
*x contour chosen and the enclosed area. This »

* l]ist illustrates the 75% contcur. *
e i kol ko 3 e e ok ol ke o w ok o ok v o ook Rl g o ok ok ool ow koK o e ok
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CONTOUR LEVEL = 2 H MEAN = 5763.356

THE FOLLOWING LINES WOULD BE DRAWN

i ————— —— ———— —————— ————————————

LINES= 124

MOVE TO 6.000 2.467
DRAW TO 5.983 2.483
DRAW TO 6.000 2. 467

ENCLOSED AREA = 117705572.13 SQUARE UNITS
TOTAL AREA WITHIN CONTOUR = 117705572.13 SQUARE UNITS

e ek ok 3 SOk o ol s ok ok ok o o S o e ok ok o R ok ke ok ok W ok e

* The 95% percent contour is shown. %
HRE KN AR KX IR R R R TR R R R kAR kR e g >k

CONTOUR LEVEL = 3 H MEAN = 3318.4868

THE FOLLOWING LINES WCULD BE DRAWN

——————————— ———— - —————————————— - —

LINES= 70
MOVE TO 7.000 3.074
DRAW TO 6.752 3.252
DRAW TC 7.000 3.074
ENCLOSED AREA = 34200988.77 SQUARE UNITS
TOTAL AREA WITHIN CONTOUR = 34200988.77 SQUARE ONITS

A N K A K N R i R ol e ke N R K e e i ol o 8w kiR N % w0 o o K ok e

* The core area contour area €stimate is shown. =~
ke e ok 3 ko ook ke i ook O i ol e e o e e i R i ok e e e e i N el i o ol e ol ol e o ke o
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Plot




Input
TITLE MOOSE 33 - SUMMER
SELECT 1011000 41 18
SCALE METERS 2000.0 200.0
METHOD ENTER
OFFSET 10000. 3000.0
CONTOUR 002
0.75
0.90
FORMAT (F7.0,2X,F6.0,2X,A5)

R R S ok e v e 3 ot ok ol ol N MK SR ROR 080 ok o 3ok ok e ok ke i ko gk ok k&
The control cards are shown. The input data =
cards have been deleted. See example 1. *
Note: a change in grid density was made in *
this run. *
The number of X and Y grid points are *
calculated bzlow (refer to algorithm - page 7).%
EP = 589 = {60 - 8) & 25 (8) -~ page 29 *

AvG = 1,357,778 = 73,320,036 s 54 - page 29 =
GW = 1165 = SQRT(1,357,778) e

No. of grid points on the X axis is *
41 = (2000 , 1165) * 24 *

No. of grid points on the Y axis is *
18 = (2000 / 1165) * 1C.5 *

*

***#**‘*iﬂtttttt*4**t#*i*tt*tt'****!**l!*t!*i-t*t

LR B B B B S S
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Cutput
ENTER TITLE

TITLE IS MOOSE 33 - SUMMER

ENTER OPTIONS FOR CONTOURS, WEIGHTED NON-CIRCULAR HOME RANGE, CORE AREA
OUTLIER OBSERVATIONS, NON-CIRCULAR HOME RANGE, BIVARIATE NORMAL TEST,
AND MINIMUM CONVEX PCLYGON AREA '

ANSWER WAS 1 011 000

CONTOURS WILL BE PLOTTED
CORE AREAS WILL BE PLOTTED
OUTLIERS WILL BE IDENTIFIED

NUMBER OF GRID POINTS CN X AND Y AXIS ARE 41 18

ENTER UNITS , PLOT INCH SCALE, AND MIN. DISTANCE BETWEEN OBSERVATIONS
2000.00 METERS = 1 INCH CN PLOTTER OR

1 METERS = 0.0005 INCHES ON PLOTTER

MININDM MEASURED DISTANCE BETWEEN OBSERVATIONS = 200.00000 METERS

ENTER METHOD (ENTER, EVAL 1, EVAL 2)

METHOD IS ENTER

ENTER OFFSET AND CENTERING OPTION

X OFFSET 15 10000.00 Y OFFSET IS 3000.00
WITH NO AUTOMATIC CENTERING

ENTER NUMBER OF CONTOURS
THERE ARE 2 CONTOURS WHICH ARE

0.7500
0.9000
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CONTOUR LEVELS ARE TREATED AS PERCENTILES OF THE ANIMAL UTILIZATION
DISTRIBUTION

ook b ok oo e ko Sl kol ok b b o ok b ke i ok ac ok s oo ke i ol O ok ROR oW mor ol R Rk
* This section recaps the options selected. e

* See previous examples. -
dr o ok e ook deole dk ke ve ok ook el g ke ok ok kool R O R K S i ol ol e i TR ok kv & W ek

GRID POINT HARMONIC MEAN BY CBS

OBSR X—-CORD Y-CORD H-MEAN
1 5082400.00 624600.00 1559.568
2 5082500.00 623600.00 2323, 177
3 5082400.00 623600.00 2323. 177

59 5083900.00 624700.00 2171.275
60 5084400.00 625000.00 1827.098

A e ke ok i e e s ok SN 3 i o o ok g v ook K oKk ke i Kl ok W R ek sk ko
* The harmonic mean values for each location *
* are listed. Note: these values are slightly=*
* different from those in example 3 due to the =
* change in grid density. *
e ook N e 3 ok HOR e A KK O 3 i K SR ok ok o o ok ok ok ke ok ok sk ok



SORTED HARMCNIC MEANS

OBSR X-CORD Y-CORD H-MEAN
1 5082000.00 625800.00 1224.862

2 5082400.00 625000.00 1224.862

3 5081400.00 625600.00 1224.862
59 5074800.00 619000.00 5932.335
60 5073200.00 620400.00 6057.500
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POINT 5086900.00 621400.00 WAS CLASSIFIED AS. AN OUTLIER

POINT 5087800.00 621600.00 WAS CLASSIFIED AS AN OUTLIFR

POINT 5073200.00 620400.00 WAS CLASSIFIED AS AN OUTLIER

35 o ok o o O i sk ol ok ok R 3 R e 3K e w kR R ol e i i ki e sk ok

* The sorted harmonic values for each location =
* are listed and outliers are identified. See *
* example 3 for more discussion. *

oo o e ook e e ok b kg ook ok o ol ol e ol o o i R R ko e i ok iR o R ow ok W o K ke

ESTIMATED PERCENTILE CONTOUR LEVELS
¥ 391406408 0.750
2 5651.121 0.950

ESTIMATED CORE AREA WITH 24.7 PERCENT OF AREA
AND 60.2 PERCENT OF UTILIZATION VOLUME

3256.425

o e ok Mk e ok o ke ke R 0w Mok Mo R Oy K 0 ok ke ok ol e o ok R i i o O e ek
* The contours for 75% and 95% of the activity ¥
* distribution are estimated. A core area contour*
* is also estimated.
*
-

Note: these contours are *
slightly different than e2xample 3 due to changes*
in grid density. *

=k o op ook o e i e o ok e ko ke kol d o sk ol ol or R ek kO Ok O ROk R ok ok & e R
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CONTOUR LEVEL = 1 H MEAN = 3914.618

THE FOLLOWING LINES WOULD BE DRAWN

e ——— i —————————————————— —————— - — -

LINES= 78
MOVE TO 6.439 2.926
MOVE TO 6.438 24927
ENCLOSED AREA = 51674224. 85 SQUARE UNITS
TOTAL AREA WITHIN CONTOUR = 51690368.65 SQUARE UNITS

;;**;**untr*nt*tv*tt**t*g;*tt*»*tt*t;t*t;t*t.gv*t:
* The contour for the 75% activity area is e

* shown with area estimation. *
e e ok ek sl o e o e ke ok e o ok R O ok ok o ok o sk ok Rk W RO RO SOR Rk RO ok ko ok ¥

CONTOUR LEVEL = 2 H MEAN = 5651.121

THE FOLLOWING LINES WOULD BE DRAWN

e —— i ————————————————

LINES= 104

MOVE TO 5.854 2.777
DRAW TO 5.778 2. 851
DRAW TO 5.854 2. 717

ENCLOSED AREA = 113107732.77 SQUARE UNITS

TOTAL AREA WITHIN CONTOUR = 113107732.77 SQUARE UNITS

3w o ok 3k e ok ke o 2 i sk K 3O ok e i o ok K K 30k o R OK e w o e ok ok %

* The 95% activity contour and area are shown. *
***t*tt*tt*t-*ttt*rtttt#xttt**m#t#ttttt*m*:**mtttu
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CONTOUR LEVEL = 3 H MEAN = 3256.425
THE FOLLOWING LINES WOULD BE DRAWN
LINES= 62
MOVE TO 7.024 3.240
DRAW TO 6.868 3.356
MOVE TO 10.537 3512
ENCLOSED AREA = 31115875.24 SQUARE UNITS
DRAW TO 10.537 3.512
DRAW TO 10.537 3.512
ENCLOSED AREA = 915.53 SQUARE UNITS
TOTAL AREA WITHIN CONTOUR = 31116882.32 SQUARE INITS

B a0k ok e o ok el i Ol ok kol oK o ok sl ok e ok ool oloR B ok kol ek o ok X

* The core area contour is shcwn.

-

e o ok o i kool ko ok kol ofe e ke sk b ke o i ol e kol o ok o ok o o ok e ok ek ok Row hoR R
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Plot




PAGE 56

Example 5
This example illustrates the wuse of data from the
harmonic mean file (25) to produce a 3-dimensional picture
of the wutilization distribution. The SAS/GRAPH procedur=
G3D (Council and Helwig) is used to produce the plot cn a
Tektronics u4662.
Input

DATA PLOT;
RETAIN CUT 6058.0;
INPUT X Y NX NY HMEAN;

IF HMEAN GT CUT THEN HMEAN = 0.0;
ELSE HMEAN = ((1 / HMEAN) *= 2);

CARDS;

5063200.00 616000.00 1. 1. 19802.879
5063200.00 617170.69 1. 2. 1$333.383
5063200.00 " 618341,44 1. 3. 18933.066 -
5063200.00 619512.19 1. 4. 18607.141
5110029.00 633560.94 41. 16. 29490.410
5110029.00 634731.69 41. 17. 29880.391
5110029.00 635902.44 41. 18, 30310.992
PROC G3D DATA=PLOT;

PLOT Y*X = HMEAN / ROTATE=15 NOAXES;

TITLE .C=BLACK .F=TITALIC .H=2 UTILIZATION DISTRIBUTION;
FOOTNOTE .C=BLACK .F=TITALIC .H=2 MOOSE 33 - SUMMER;
GOPTIONS DEVICE=TEKU662;

s ke o ook R Sk O oKW R ok o Nk K Rk Ok ok xSk S R R e ok
* The value assigned to CUT is slightly above ¥
* the largest harmonic value of all observations.*
* This causes all grids with greater harmonic *
* values to be set to zero. Input data is from *

* the harmonic mean file (25). *
B T L T
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Plot
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JCL EXAMPLES

The first example illustrates a FORTHKAN compilation of
the HOME RANGE program. A load module is created and stcred
for subsequent execution. Some JCL and system library

conventions may be unique to the U of I computer system.

//JHOMRAN JOB (USERID, 123-45-6789) ,NAME
//STEP1 EXEC FORTGCL
J//FORT.SYSIN DD *

Home range program code

/t

//LKED.SYSLIB DD

s DD DSN=5YS1.PLOTLIE,DISP=SHR

//SYSLMOD DD DSN=WLSAMUEL.HOMRAN(HCMER) ,SPACE=(TRX, (20,5,2) ,RLSE),
74 DCB=SY51.LINKLIB,DISP=(NEW,CATLG) ,UNIT=DISK

/7

The second example illustrates the JCL requirements for
program execution. This example assumes that a load module

has been previously created (see previous 2xample).

//JSAMPLE JOB (USERID,123-45-6789), NAME
//STEP1 EXEC PGM=HOMER
//STEPLIB DD DSN=WLSAMUEL.HOMRAN,DISP=SHR
//7FET13F001 DD DSN=PTAPE,UNIT=TAPE,DISP=(,KEEP),
o DCB= (RECFM=U,BLKSIZE=512,DEN=2) , LABEL=(,NL)
//FT06F001 DD SYSQUT=A
//FTO07F001 DD SYSCUT=EB
,//FT22F001 DD DUMMY
//FET25F001 DD DUMMY
//ETOSF001 DD =
Program control cards
Data input cards

s
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PROGRAM DETATLS

The program consists of a main routine and 16
subroutines excluding standard FCRTRAN intrinsic functions
and required plct routines. The program contains
approximately 2300 cards, including numerdus comrment carcds
to aid in following program flow. Execution requires
approximately 300K for the code without overlay structure on

an IBM system 0S5/Vs1.

Dimension_ Limitations

Program array dimensions allow a maximum of 1000 animal
locations to be processed, up to 100 contour levels may be
specified, and the number of grid points cannot =2xceed 72 on
the X-axis and 32 on the Y-axis. The majority of program

arrays and arithemetic operations are 1in IBM single

precision with approximately 7 decimal digits of accuracy.

Run_Costs

Run costs vary by th2 number of animal locations and
the options selected. A typical cost with most options in
effect and 40 locations is approximately $5.00 on the
University of Idaho 1IBM 4341 0S/VS1 system and requires 30

seconds of CPU time.

The costs of individual runs may be controlled by

judicious selection of program options on the SELECT card.
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A substantial amount of program time may be required to
compute the harmonic means at each grid point. This
calculation should be suppressed when only convex polygon or
bivariate home range estimates are regquired. The centering
option, while convenient, requires additional computer tinme.
This cost may be avioded by determining appropriate X,Y
values for the OFFSET card. Finally, it may be possbile to
reduce I/0 costs by not writting to files 22 and 25 (see JCL

example 2) or not plotting the output tape.

The program 1is written in IBM FORTRAN IV level G so
that it should function on most trands of digital computers
with minor or no modifications. Plotter capabilities are
required. The program 1s designed to produce CALCOMP
plotter instructions on an output file (13). Conversion of
plot instructions will be required for different r[lot
devices. A software routine (ELIPS) available for CALCOMP
plotters was used to produce bivariate probability ellipses.
A substitute routine developed at Oregon State University is
listed in the next section to accommodate users without

equivalent software.
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The following generalized ellipse routine was developed

by Eric Rexstad and Scott Lutz at O0SI.

REPLACEMENT OF CALCOMP "ELIPS' ROUTINE. GENERALLY BORROWED
FROM 'MICROCOMPUTER GRAPHICS' BY MYERS 1982.

plaplleRo

ROTAT = ANGLE * 3.1415926 / 180.
SINROT SIN{ RCTAT )
COSROT COS( ROTAT )

USE POLAR COORDINATES TO GENERATE 200 POINTS ON EERIMETER
OF ELLIPSE

aaan

DO 400 THETA = 0., 6.2831853, 0.0314159
X = RMAJ * COS( THETA )
Y = RMIN * SIN( THETA )
XPT = X * COSROT - Y * SINROT + ( XMEAN - XMIN ) * XSCALE
YPT = X * SINROT # Y * COSROT + ( YMEAN - YMIN ) * XSCALE

IF THIS IS-FIRST POINT GENERATED, LIFT PEN TO PERIMETER OF
ELLIPSE

Q Q) G

IF ( THETA .EQ. 0. ) THEN
EALE PLOT { XPT, YPE, 0, 09
ELSE
CALL PLOT( XPT, ¥YPT, 1, 0 )
END IF
400 CONTINUE
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