The Computer Program RSWHAC

This program carries out the iterative maximum likelihood calculations described by
Arthur et al. (1996). The situation is that there are D types of habitat, and one or more
animals selects one of these habitats a number of times. However, the availability of
the habitats changes with each selection. The program estimates selection indices w;,
such that if the availability of habitat j is A;, then the probability of selecting habitat i is

P = Aw; / 3AWw;

Data Input

This takes the following format:

Here is an example:

Line
1 A title for the data
2 NB,NH, the number of animals and the number of habitats
3 NR(1), the number of observations for animal 1
4 Data for the first choice of animal 1 (see example below)
4+NR(1) | Data for the last choice of animal 1 (see example below)
5+NR(1) | NR(2), the number of observations for animal 2
6+NR(1) | Data for the first choice of animal 2 (see example below)
Etc.
Etc.

SEPTEMBER- OCTOBER 1990 DATA ON POLAR BEARS

54
11
9.97 15.94 17.03 57.06 0 1 0 0 Habitat availabilities followed
11.50 16.80 43.94 27.75 0 1 0 0 by 0-1 indicators to show the
0.80 17.94 39.61 41.66 0 1 0 0 choi ce actually nmade. The first
12. 67 24.81 30.89 31.63 0 1 0 0 four choices were habitat 2 here.
5.32 15.32 15.10 64.26 1 0 0 0
13.21 18.59 19.97 48.22 1 0 0 0
16.78 18.87 21.95 42.40 0 1 0 0
6.12 11.82 12.45 69.61 0 0 0 1
4.41 13.16 14.43 68.01 0 0 1 0
21.56 22.31 17.15 38.98 0 0 1 0
8.31 12.24 22.68 56.78 0 0 1 0
14
8.58 17.05 24.96 49.42 0 1 0 0
5.75 10.39 13.67 70.18 0 1 0 0
8.12 11.54 23.43 56.91 1 0 0 0
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The output from the data just shown is as follows:
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Computer Output
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#
#

# Estimation and sinul ati on of
# for situations where the habitat availability changes,

RSWHAC

iterative M. estination

# as in the paper by Arthur et al.
# (1996) .

#
#
#
Dat e:

Title:

in Ecology 77: 215-27,

Witten by Bryan F.J.
HHHHHHHHH B H B H B H R R R R R R

Nunber of aninals

17/ 7/ 2000 Tine

11:40

W ndows version 1.0 July,

20

Manl y

00

SEPTEMBER- CCTOBER 1990 DATA ON PCLAR BEARS
5 Nunber of habitat types =

HHHEHFHHFHR

Habi t at
Animal Trial Chosen Proportional Habitat Availability
1 1 2 0.10 0.16 0.17 0.57
1 2 2 0.12 0.17 0.44 0.28
1 3 2 0.01 0.18 0.40 0.42
1 4 2 0.13 0.25 0.31 0.32
1 5 1 0.050.15 0.15 0.64
1 6 1 0.13 0.19 0.20 0.48
1 7 2 0.17 0.19 0.22 0.42
1 8 4 0.06 0.12 0.12 0.70
1 9 3 0.04 0.13 0.14 0.68
1 10 3 0.22 0.22 0.17 0.39
1 11 3 0.08 0.12 0.23 0.57
2 1 2 0.09 0.17 0.25 0.49
2 2 2 0.06 0.10 0.14 0.70
2 3 1 0.08 0.12 0.23 0.57
2 4 1 0.050.19 0.33 0.43
2 5 1 0.10 0.25 0.42 0.24
2 6 1 0.09 0.14 0.14 0.63
2 7 2 0.16 0.20 0.25 0.39
2 8 3 0.050.09 0.13 0.73
2 9 3 0.03 0.14 0.16 0.67
2 10 2 0.21 0.24 0.24 0.31
2 11 3 0.18 0.19 0.23 0.41
2 12 3 0.23 0.15 0.20 0.43
2 13 4 0.06 0.21 0.14 0.58
2 14 3 0.05 0.07 0.12 0.76
3 1 2 0.15 0.13 0.14 0.58
3 2 2 0.11 0.14 0.21 0.54
3 3 2 0.07 0.11 0.17 0.64
3 4 2 0.07 0.16 0.21 0.56
3 5 2 0.050.19 0.42 0.34
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Resul ts of Estinmation

COOOOO0OO0OOO0OO0O0000000000000000000000000

08
10
08
06
07
13
06
04
22
21
29
12
14
09
06
08
08
09
08
12
12
16
11
06
13
08
13
20
05
00
00
06
06
08
09
25
04
04

0.20 0.38 0.34
0.16 0.30 0. 44
0.13 0.20 0.60
0.11 0.12 0.70
0.13 0.14 0.66
0.14 0.18 0.56
0.11 0.13 0.71
0.13 0.15 0.67
0.27 0.24 0.27
0.20 0.28 0.31
0.18 0.20 0.33
0.24 0.15 0.49
0.19 0.18 0.48
0.10 0.12 0.68
0.10 0.16 0.68
0.11 0.14 0.66
0.14 0.37 0.41
0.22 0.39 0.30
0.21 0.31 0.40
0.20 0.30 0.37
0.15 0.20 0.53
0.16 0.17 0.51
0.12 0.17 0.59
0.11 0.11 0.71
0.13 0.12 0.63
0.13 0.29 0.50
0.14 0.27 0. 46
0.15 0.19 0. 47
0.11 0.14 0.71
0.01 0.28 0.71
0.00 0.00 1.00
0.11 0.14 0.69
0.14 0.48 0.32
0.20 0.39 0.34
0.10 0.11 0.69
0.14 0.14 0. 47
0.19 0.16 0.61
0.08 0.29 0.59

Devl and Dev2 are deviances at the start and end of iteration

Estimates of Beta Val ues

Anim Devl Dev2 lter

1 37.81 27.56 4

2 53.96 38.48 4

3 66.10 25.42 3

4 60.79 40.01 6

5 21.91 19.71 4

Al 240.57 168. 11 5
Model Devi ance
No sel ection 240. 57
Const ant selection 168.11
Vari abl e selection 151.20

0.32 0.45 0.20 0.03
0.46 0.27 0.26 0.02
0.00 0.72 0.28 0.00
0.19 0.62 0.16 0.03
0.30 0.39 0.22 0.09
0.22 0.52 0.23 0.03

Diff df p

72. 46 3 0.0000

16. 91 12 0.1529

Information for Examining the Fit of the Mdel

for Variable Sel ection

Bear Trial Used Probabilities & Residuals for Different Habitats
1 1 2 0.21 0.47 0.22 0.10 -0.51 1.07 -0.54 -0.34
1 2 2 0.18 0.36 0.43 0.04 -0.46 1.33 -0.86 -0.20
1 3 2 0.01 0.46 0.46 0.07 -0.12 1.08 -0.92 -0.27
1 4 2 0.18 0.50 0.28 0.04 -0.47 1.00 -0.62 -0.20
1 5 1 0.13 0.51 0.23 0.13 2.63 -1.03 -0.54 -0.39
1 6 1 0.23 0.47 0.22 0.08 1.81 -0.93 -0.54 -0.28
1 7 2 0.27 0.44 0.23 0.06 -0.62 1.14 -0.54 -0.25
1 8 4 0.17 0.45 0.21 0.17 -0.45 -0.91 -0.52 2.24
1 9 3 0.12 0.49 0.24 0.16 -0.36 -0.98 1.78 -0.43
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3 0.32 0.47 0.16 0.05 -0.69 -0.94 2.28 -0.23

3 0.18 0.38 0.32 0.11 -0.48 -0.79
2 0.25 0.29 0.41 0.05 -0.58
2 0.26 0.28 0.35 0.12 -0.59

1 0.27 0.22 0.44 0.07

10
11

1.46 -0.35

1.56 -0.83 -0.24
1.62 -0.73 -0.37

1.65 -0.54 -0.88 -0.28

1
2
3
4
5
6
7
8
9
10
11
12
13
14

1 0.13 0.30 0.52 0.05 2.57 -0.66 -1.04 -0.22

1 0.20 0.30 0.48 0.02
1 0.33 0.30 0.28 0.09

1.98 -0.65 -0.96 -0.14
1.41 -0.66 -0.62 -0.31

1.62 -0.69 -0.19

2 0.37 0.28 0.32 0.03 -0.76

1.32 -0.40
1.22 -0.36

3 0.23 0.27 0.36 0.14 -0.55 -0.61
3 0.12 0.36 0.40 0.11 -0.37 -0.76

2 0.43 0.28 0.27 0.02 -0.87

1.60 -0.60 -0.16

1.53 -0.19
1.73 -0.19

3 0.41 0.25 0.30 0.04 -0.83 -0.58
3 0.52 0.19 0.25 0.04 -1.04 -0.49

4 0.22 0.43 0.27 0.08 -0.53 -0.87 -0.61 3.51

3 0.25 0.23 0.36 0.15 -0.58 -0.55

1.33 -0.42

2 0.00 0.70 0.30 0.00 0.00 0.65 -0.65 0.00
2 0.00 0.63 0.37 0.00 0.00 0.76 -0.76 0.00
2 0.00 0.63 0.37 0.00 0.00 0.76 -0.76 0.00
2 0.00 0.66 0.34 0.00 0.00 0.72 -0.72 0.00

1
2
3
4
5
6
7
8

2 0.00 0.53 0.47 0.00 0.00 0.94 -0.94 o0.00
2 0.00 0.57 0.43 0.00 0.00 0.87 -0.87 0.00
2 0.00 0.58 0.42 0.00 0.00 0.84 -0.84 0.00

3 0.00 0.62 0.38 0.00 0.00 -1.27
3 0.00 0.70 0.30 0.00 0.00 -1.51
3 0.00 0.71 0.29 0.00 0.00 -1.57

1.27 0.00
1.51 0.00
1.57 0.00

10
11
12
13
14
15
16
17
18

2 0.00 0.66 0.34 0.00 0.00 0.71 -0.71 0.00

3 0.00 0.68 0.32 0.00 0.00 -1.46

1.46 0.00

2 0.00 0.69 0.31 0.00 0.00 0.67 -0.67 0.00
2 0.00 0.75 0.25 0.00 0.00 0.58 -0.58 0.00
2 0.00 0.65 0.35 0.00 0.00 0.73 -0.73 0.00

2 0.00 0.71 0.29 0.00 0.00 0.65 -0.65 0.00

3 0.00 0.80 0.20 0.00 0.00 -1.99
3 0.00 0.73 0.27 0.00 0.00 -1.63

1.99 0.00
1.63 0.00

2 0.15 0.53 0.16 0.16 -0.42 0.94 -0.44 -0.44
2 0.10 0.52 0.21 0.16 -0.34 0.97 -0.52 -0.44
2 0.12 0.55 0.18 0.15 -0.37 0.90 -0.47 -0.42
2 0.09 0.51 0.34 0.07 -0.31 0.98 -0.71 -0.27

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

1 0.07 0.62 0.27 0.04 3.56 -1.26 -0.61 -0.20
2 0.07 0.63 0.24 0.06 -0.28 0.77 -0.56 -0.25
2 0.11 0.61 0.23 0.05-0.35 0.81 -0.55 -0.23

1 0.14 0.57 0.20 0.09 2.47 -1.15 -0.49 -0.32

2 0.18 0.58 0.16 0.08 -0.47 0.85 -0.43 -0.30
2 0.15 0.54 0.19 0.12 -0.43 0.93 -0.48 -0.37
3 0.10 0.58 0.15 0.17 -0.33 -1.17 2.39 -0.46
3 0.17 0.56 0.13 0.13 -0.46 -1.14 2.56 -0.38
2 0.10 0.51 0.30 0.09 -0.33 0.98 -0.65 -0.32

3 0.15 0.53 0.25 0.08 -0.41 -1.05

1.74 -0.29

3 0.22 0.53 0.18 0.08 -0.53 -1.05 2.17 -0.29
4 0.08 0.56 0.19 0.17 -0.28 -1.14 -0.48 2.19

4 0.00 0.09 0.63 0.29 0.00 -0.31 -1.30

4 0.00 0.00 0.00

1.58

1.00 0.00 0.00 0.00 0.00

1.64 -0.49 -0.84
1.69 -1.01 -0.41

2 0.12 0.27 0.20 0.41 -0.37
2 0.09 0.26 0.51 0.14 -0.32

1
2
3
4
5
6
7

1 0.11 0.35 0.39 0.15 2.91 -0.74 -0.80 -0.42

19
90

1

4 0.18 0.25 0.16 0.41 -0.46 -0.58 -0.44
4 0.37 0.26 0.15 0.22 -0.76 -0.60 -0.42

1

3 0.07 0.41 0.20 0.32 -0.28 -0.83 2.01 -0.68

3 0.07 0.19 0.40 0.34 -0.27 -0.49

1.24 -0.73

654

Random Nunber Seed =

Beta Val ues Used for Simulation

10.32 0.45 0.20 0.03
2 0.46 0.27 0.26 0.02
3 0.00 0.72 0.28 0.00
4 0.19 0.62 0.16 0.03
5 0.30 0.39 0.22 0.09

Bear

Simul ation Results
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Each row contai ns devi ances and significance indicators
foll owed by estinmates of beta values for bear

of the sane paraneters for all

Isim Devl Sigl Dev2 Sig2
10 88.98 1 27.92 1
20 53.45 1 29.52 1
30101. 00 1 16.06 0
40 76.77 1 35.50 1
50 59.13 1 36.98 1
60 59. 64 1 38.25 1
70 86.85 1 25.54 1
80 77.94 1 32.01 1
90 96.61 1 24.91 1

100 99.71 1 22.62 1

Mean 74.28 1.000 28.13 0.860
SD 12.18 0.000 7.14 0. 347

Bear Mean and SD for Beta

1 0.29 0.18 0.44 O.
2 0.42 0.15 0.28 O.
3 0.00 0.00 0.70 O.
4 0.20 0.11 0.61 O.
5 0.25 0.24 0.40 O.
Al l 0.22 0.07 0.52 0.
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Arthur, S.M., Manly, B.F.J., McDonald, L.L. and Garner, G.W. (1996). Assessing
habitat selection when availability changes. Ecology 77: 215-27.
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