



























































































































































































































































































































































































































































































































































































































































































































































probabilities from zero up to and including the observed value ¢, . This is LP, the Lower
Probability. If this is small, we reject the null hypothesis. The two probabilities UP and
LP are calculated by means of binomial distribution under the null hypothesis. Thus the
UP is calculated as follows:

) § M \Y M Sy
oP = Y | V|| ———| | 1 - —L—
v \ V) My + M, M, + M,
The LP is calculated as follows:
4 M v M s-v
p=Y|%|——1-—1
v=o\ V)| M, + M, M, + M,

These probabilities can be calculated for all pairwise comparisons. In practise both UP
and LP should be calculated for each comparison, and the smaller one of these must be
chosen. As the alternative hypothesis is two-sided, i.e. that the basic frequency of males
may be smaller or higher than that of the females, the chosen probability is multiplied
with two. This value is called the significance probability. If this value is less than a
certain limit, the null hypothesis has been rejected for the actual comparison, and it is
concluded that the basic frequencies are different.

The probabilities can be calculated by means of the SAS programme package by using
the binomial probability function. This means that UP has to be calculated in the
following way:

’l_l M 14 M Lt
vp=1-Y ||| —— |1 - ——
Z\v)\ M, + M, M, + M,

Example 4

We will again refer to the data in Example 1. In the following table we consider the
comparisons of Scenting frequencies of Males and Females, Males and Cubs, and
Females and Cubs after presentations of the scent mark Pl Male at the outdoor
experiments in Copenhagen. In the table we give the following figures for each
comparison: M,/(M,+ M,), UP, LP, and the significance probability.

Tests for Copenhagen outdoor experiments with Pl Male scent mark

presentations
Comparison M,/M, + M,) UP LP Sign. prob.
Males-Females 0.385 0.00849 0.99752 0.017
Males-Cubs 0.238 0.00522 0.99826 0.010
Females-Cubs 0.333 0.67931 0.48181 0.964
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It is seen that the UP is the smaller one in two of the three cases. From these results we
may conclude that the basic frequency of Males is significantly larger than that of
Females and that of Cubs, but that there is no detectable difference between the basic
frequencies of Females and Cubs.

Such tests can be carried out for comparisons between the three categories of animals
for each type of scent mark in all four experimental series, and for comparisons between
the different types of scent marks for each category of lions in all four experimental
series. These calculations are done for Scenting and Flehmen, separately.

Significance levels for multiple tests

The statistical analyses consist in multiple pairwise comparisons as illustrated in the
example above. For such multiple tests there are problems with the choice of the
significance levels of the tests. If we are testing a null hypothesis H, against an
alternative hypothesis H, at a significance level 5%, this means that we reject the null
hypothesis with a probability of wrongly rejecting this hypothesis, i.e. erroneously to
conclude that H, does not hold and that the alternative hypothesis H, is correct. We have
chosen the level of significance and the critical limits such that even though the null
hypothesis is correct, then 5% of the obeservations will be so extreme that they will fall
beyond the critical limits and lead to the rejection of the hypothesis. On the other hand
95% of the observations will fall within the critical limits and will not lead to any
rejection of the null hypothesis.

Let us assume that we want to carry out 5 independent tests of null hypotheses, each one
at the level 5%. Assume that all 5 hypotheses are correct. Then the probability that none
of these hypotheses are rejected will be (0.95)° . The probability for wrongly rejecting
at least one of these 5 null hypotheses will then be (1 - (0.95)°) = 1 - 0.7738 = 0.2262.
This means that the total level of significance for this set of null hypotheses will be
22.62% and not 5%. This example illustrates that when we are carrying out multiple
tests, the probability of erroneously rejecting at least one of the hypotheses, will increase
strongly with the number of tests. If we instead choose 1% as the significance level of
the individual tests the total significance level will be (1 - (0.99)°) = 1 - 0.9510 =
0.0490. Thus by reducing the level of significance for the individual tests the total
significance level will also be decreased.

Our pairwise comparisons, as in the example above, are not independent. It can be
shown that if we have k individual tests each with a significance level a , then the
probability for wrongly rejecting at least one of them will be less than ko . Thus if we
decide that the total significance level for a set of tests should be o, , and we want all
individual tests to have the same significance level, then the significance level for the
individual tests will be ay/k .

We reject the null hypothesis of an individual test if the significance probability
calculated as described in the previous section is less than the chosen significance level
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Example 5

In Example 4 we made 3 pairwise comparisons. If we here choose the total significance
level 5%, the significance levels of the individual tests will be 5/3 = 1.667%. It is seen
that the significance probability for the comparison Males-Cubs is below limit, and we
reject the null hypothesis in this case. The comparison Males-Females is a border line
case, as the significance probability is very near to the significance level, while for the
comparison Females-Cubs we accept the null hypothesis.

For comparisons of the three categories of animals, the significance levels of the
individual tests will be one third of the total significance level. For comparisons of
effects of 5 different scent marks, we carry out in all 10 pairwise comparisons. Thus for
these tests the significance level of the individual tests will be one tenth of the total
significance level. Finally, for the comparison of 4 scent marks, as in Givskud outdoors,
there are six pairwise comprisons and the significance level for the individual tests is a
sixth of the total level of significance.

Pooling of individuals into groups

The groups of individuals considered so far are all those belonging to the same category
of animals and have been presented for the same scent mark in one of the four
experimental series. In the two outdoor series there are different females, which have
been observed individually. In the analysis considered here they have been pooled into
one group after statistical tests of the types considered in this appendix had showed that
their basic frequencies were not significantly different.
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Appendix 3. Scent presentation data by location for lions, tigers and
leopards. |

A Lion data: |
Location of scent presentations: Copenhagen Outdoor |

Observations \

Number of received stimuli:

Lion male | Lion female | Lion female estrous Tiger Leopard
Male 5 3 5 10 3
Female 8 4 7 20 10
Cub 16 8 16 40 20
Number of Scenting observed
Lion male | Lion female | Lion female estrous Tiger Leopard
Male 15 7 9 25 2
Female 8 5 7 31 2
Cub 18 6 7 54 13
Number of Flehmen observed
Lion male | Lion female | Lion female estrous Tiger Leopard
Male 0 0 1 0 0
Female 2 0 4 9 2
Cub 1 1 3 11 8
Estimated Frequency Parameters:
Scenting
Lion male | Lion female | Lion female estrous Tiger Leopard
‘ Male 3.000 2.333 1.800 2.500 0.400
‘ Female 1.000 1.250 1.000 1.550 0.200
| Cub 1.125 0.750 0.438 1.350 0.650
| Flehmen
} Lion male | Lion female | Lion female estrous Tiger Leopard
| Male 0 0 0.200 0 0
| Female | 0.250 0 0.571 0.450 0.200
Cub 0.063 0.125 0.188 0.275 0.400
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Location of scent presentations: Copenhagen Indoor

Observations

Number of received stimuli:

Lion male | Lion female | Lion female estrous Tiger Leopard
Male 15 18 10 3 3
Female 30 36 20 6 6
Cub 60 72 40 12 12
Number of Scenting observed

Lion male | Lion female | Lion female estrous Tiger Leopard
Male 12 9 11 4 5
Female 28 26 15 4 2
Cub 27 45 22 22 8
Number of Flehmen observed

Lion male | Lion female | Lion female estrous Tiger Leopard
Male 0 1 0 0 1
Female 0 2 2 1 0
Cub 3 8 5 8 2
Estimated Frequency Parameters:
Scenting

Lion male | Lion female | Lion female estrous Tiger Leopard
Male 0.800 0.500 1.100 1.333 1.667
Female 0.933 0.722 0.750 0.667 0.333
Cub 0.450 0.625 0.550 1.833 0.667
Flehmen

Lion male | Lion female | Lion female estrous Tiger Leopard
Male 0.000 0.056 0.000 0.000 0.333
Female 0.000 0.056 0.100 0.167 0.000
Cub 0.050 0.111 0.125 0.667 0.167
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Location of scent presentations: Givskud Outdoor

Observations

Number of received stimuli:

Lion male | Lion female | Lion female estrous Tiger Leopard
Male 15 8 - 4 2
Female 43 26 - 10 5
Cub 84 48 - 36 12
Number of Scenting observed

Lion male | Lion female | Lion female estrous Tiger Leopard
Male 4 0 - 3 0
Female 8 2 - 10 4
Cub i 5 - 8 3
Number of Flehmen observed

Lion male | Lion female | Lion female estrous Tiger Leopard
Male 2 0 - 3 0
Female 0 2 - 3 2
Cub 2 1 - 2 1
Estimated Frequency Parameters:
Scenting

Lion male | Lion female | Lion female estrous Tiger Leopard
Male 0.267 0.000 - 0.750 0.000
Female 0.186 0.077 - 1.000 0.800
Cub 0.131 0.104 - 0.222 0.250
Flehmen

Lion male | Lion female | Lion female estrous Tiger Leopard
Male 0.133 0.000 - 0.750 0.000
Female 0.000 0.077 - 0.300 0.600
Cub 0.024 0.021 - 0.056 0.083
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Location of scent presentations: Givskud Indoor

Observations

Number of received stimuli:

Lion male | Lion female | Lion female estrous Tiger Leopard
Male 30 36 6 20 12
Female 136 160 40 80 48
Cub 144 132 12 120 72
Number of Scenting observed

Lion male | Lion female | Lion female estrous Tiger Leopard
Male 3 6 2 6 3
Female 9 10 9 15 8
Cub 4 5 0 21 9
Number of Flehmen observed

Lion male | Lion female | Lion female estrous Tiger Leopard
Male 0 0 1 3 2
Female 0 0 0 6 4
Cub 0 0 0 12 4
Estimated Frequency Parameters:
Scenting

Lion male | Lion female | Lion female estrous Tiger Leopard
Male 0.100 0.167 0.333 0.300 0.250
Female 0.066 0.063 0.225 0.188 0.167
Cub 0.028 0.038 0.000 0.175 0.125
Flehmen

Lion male | Lion female | Lion female estrous Tiger Leopard
Male 0.000 0.000 0.167 0.150 0.167
Female 0.000 0.000 0.000 0.075 0.083
Cub 0.000 0.000 0.000 0.100 0.056

226




B: Tiger data.

Location of scent presentations: Copenhagen Outdoor

Observations

Number of received stimuli:

Tiger male | Tiger female | Tiger female estrous Lion Leopard
Male 3 3 4 3 -
Female 3 4 2 2 -
Number of Scenting observed

Tiger male | Tiger female | Tiger female estrous Lion Leopard
Male 57 19 29 20 -
Female 9 14 4 6 -
Number of Flehmen observed

Tiger male | Tiger female | Tiger female estrous Lion Leopard
Male 13 6 10 6 -
Female 0 0 0 0 -
Estimated Frequency Parameters:
Scenting

Tiger male | Tiger female | Tiger female estrous Lion Leopard
Male 19.00 6.33 7.25 6.67 -
Female 3.00 3.50 2.00 3.00 -
Flehmen

Tiger male | Tiger female | Tiger female estrous Lion Leopard
Male 4.33 2.00 2.50 2.00 -
Female 0.00 0.00 0.00 0.00 -
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Location of scent presentations: Copenhagen Indoor

Observations

Number of received stimuli:

Tiger male | Tiger female | Tiger female estrous Lion Leopard

Male ] 18 4 12 3
| Number of Scenting observed

Tiger male | Tiger female | Tiger female estrous Lion Leopard
Male 109 85 24 74 21
Number of Flehmen observed

Tiger male | Tiger female | Tiger female estrous Lion Leopard
Male 14 5 2 2 1
Estimated Frequency Parameters:
Scenting

Tiger male | Tiger female | Tiger female estrous Lion Leopard
Male 6.41 4.72 6.00 6.17 7.00
Flehmen

Tiger male | Tiger female | Tiger female estrous Lion Leopard
Male 0.82 0.28 0.50 0.17 0.33




Location of scent presentations: Knuthenborg Outdoor

Observations

Number of received stimuli:

Tiger male | Tiger female | Tiger female estrous | Lion Leopard
Castrate 18 - - 21 -
Female 6 - - 3 -
Cub 24 - - 28 -
Number of Scenting observed

Tiger male | Tiger female | Tiger female estrous Lion Leopard
Castrate 0 - - 51 -
Female 14 - - 14 -
Cub 7 - - 17 -
Number of Flehmen observed

Tiger male | Tiger female | Tiger female estrous Lion Leopard
Castrate 0 - - 16 -
Female 3 - - 4 -
Cub 7 - - 7 -

|
| Estimated Frequency Parameters:

Scenting

Tiger male | Tiger female | Tiger female estrous Lion Leopard
Castrate 0.00 - - 2.43 -
Female 2.33 - - 4.67 -
Cub 0.29 - - 0.61 -
Flehmen

Tiger male | Tiger female | Tiger female estrous Lion Leopard
Castrate 0.00 - - 0.76 -
Female 0.50 - - 1.33 -
Cub 0.29 - - 0.25 -
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| C: Leopard data.

Location of scent presentations: Copenhagen Outdoor
Observations

Number of received stimuli:

Leopard male | Leopard female Lion Tiger
Male 3 - 5 5
Female 3 - 5 5
Cub 6 - 10 10
Number of Scenting observed
Leopard male | Leopard female Lion Tiger
Male 4 - 13 13
Female 4 - 5 9 |
Cub 2 - 4 2 |
Number of Flehmen observed
Leopard male | Leopard female Lion Tiger
Male 2 - 7 5
Female 3 - 3 3
Cub 1 - 1 0
Estimated Frequency Parameters:
Scenting
Leopard male | Leopard female Lion Tiger
Male 1.33 - 2.60 2.60 ‘
Female 1.33 - 1.00 1.80
Cub 0.33 - 0.40 0.20 ‘
Flehmen i
Leopard male | Leopard female Lion Tiger |
Male 0.67 i 1.40 1.00 |
Female 1.00 - 0.60 0.60 |
Cub 0.17 . 0.10 0.00 |

230




Location of scent presentations: Copenhagen Indoor

Observations

Number of received stimuli:

Leopard male | Leopard female Lion Tiger
Male 6 3 7 5
Female 6 3 7 5
Cub 12 6 14 10
Number of Scenting observed

Leopard male | Leopard female Lion Tiger
Male 5 0 5 3
Female 10 2 6 1
Cub 2 2 1 0
Number of Flehmen observed

Leopard male | Leopard female Lion Tiger
Male 2 0 2 1
Female 4 0 2 0
Cub 0 0 0 0
Estimated Frequency Parameters:
Scenting

Leopard male | Leopard female Lion Tiger
Male 0.83 0.00 0.71 0.60
Female 1.67 0.67 0.86 0.20
Cub 0.17 0.33 0.07 0.00
Flehmen

Leopard male | Leopard female Lion Tiger
Male 0.33 0.00 0.29 0.20
Female 0.67 0.00 0.29 0.00
Cub 0.00 0.00 0.00 0.00
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