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Appendix 4.  Cheetah population dynamics model

Description of the population dynamics model
The cheetah population dynamics model, created for this document with the considerable assistance of K.P. Erb at the Etosha Ecological Institute, is a deterministic spreadsheet model using Microsoft Excel Vers. 5.0.  It starts off with an initial population distribution with second year cubs, sub-adults, and adults of both sexes.  The user inputs the initial demographics to make a population of 100.  This population is multiplied by a user-defined variable to yield initial population size (e.g., a multiplier of 100 yields an initial population of 10,000 animals, including cubs).

Then births (first year cubs) are added.  The number of adult females in the initial population is multiplied by a user-defined variable for the number of cubs produced per female per year.

Sex-age specific natural mortalities are then subtracted.  The user defines the maximum permissible rate of natural mortality for each sex-age class.  The rate used for each particular year is calibrated according to the percentage of each sex-age class harvested that year.  In other words, when the number of adult male cheetahs removed by farmers that year is high, the number of adult male cheetahs dying natural deaths is low.  The relationship between removals and natural mortality can be adjusted by the user.

Harvested animals are then subtracted (removals).  The number of cheetahs removed each year from 1978-1995 was taken from MET permit office records (Table 6).  The number of cheetahs removed annually between 1960-1977 was extrapolated from the anecdotal data reviewed in Chapter 2 Section 4.1.  Table 4.1 shows the figures used .  The sex-age composition of the removals varies within user-specified boundaries according to the population sex ratio.  In other words, when there are more females than males in the population, the percentage of females in that year’s removals approaches the maximum level specified by the user and the percentage of males declines toward the minimum.  The percentage of males and females that are sub-adults vs. adults is a user-defined input.

The natural mortality and sex ratio-dependent removal functions are discussed in more detail below.

The number of cheetahs removed each year can be increased by a user-defined variable to account for under-reporting of removals to MET.  If the user thinks just 50% of removals are reported, a factor of 2 will double the removal level.

Table 4.1.  Inputs used for the number of cheetahs estimated to have been removed annually, 1960-1977


Year
Estimated number of cheetahs removed

1960
200

1961
200

1962
200

1963
250

1964
250

1965
300

1966
300

1967
350

1968
350

1969
400

1970
450

1971
500

1972
550

1973
550

1974
600

1975
650

1976
700

1977
700

After births have been added, and natural deaths and removals for that year subtracted, the remaining population is cycled over to the next year and the process run through again.

Population parameters used to make the graphs in Part 2.5
Period modeled

1960-1995

Initial population structure

Large cubs (2d year) 


Male:
20%


Female:
20%

Sub-adults (2-3 years)


Male:
10%


Female:
10%

Adults


Male:
20%


Female:
20% 

Although the sex ratio of the Serengeti cheetah population is approximately 2 adult females per male (Frame 1977: 78, Caro 1994: 399), the sex ratio of the starting population (1960) was set at 1:1.  Since sex ratios are equal at birth in cheetahs, the adult disparity in the Serengeti population was put down to different sex-specific rates of dispersal and mortality (Frame 1977).  Since the Namibian cheetah population is so large, dispersal-caused sex ratio disparity should not be so pronounced.  Moreover, due to the male bias of removals (Chapter 2 Fig. 12) and the increase in removals beginning in the mid to late 1960s, the population’s sex ratio soon changes to between 2-3 females per male as removals increase.  A lower number of males or higher rates of male natural mortality were unrealistic given the high level of male removals, leading to rapid extinction of males.  Unless the cheetah population is much larger than estimated, it appears that in the past heavy removal of males was largely compensatory for natural mortality.  In other words, a male cheetah would probably be trapped before it died of old age or accident or disease.

The proportions of sub-adults and 2d year cubs were based on the rates of fecundity and natural mortality discussed below.  1st year cubs are added separately in the fecundity variable.

Initial population size
A variety of sizes was modeled, but the one finally selected was a population multiplier of 68, leading to a population of approximately 3,500 adult and sub-adult cheetahs in the early 1960s (6800 cheetah in total, including cubs).

Fecundity (cubs produced per adult female per year)

Cheetahs can have up to eight cubs.  They have the largest litters of any big cat, and produce more cubs than most small cats as well, leading Caro (1994: 325) to conclude that cheetahs have evolved to reproduce rapidly.  Selection pressure for high fecundity has been stronger for the cheetah than for most other felids.  

The average litter size of cheetahs in captivity is 3.4.  The average litter size of wild cheetahs (avg. two weeks of age) in the Serengeti is 3.5.  Data collected by CCF (Marker-Kraus et al. 1996: 59) and Africat (pers. comm.) suggest a litter size between 3.1-3.5.  Previously, McVittie (1979) reported farmer-observed litter sizes at 4.2 for young cubs and 4 for large cubs.  Marker-Kraus et al. (1996: 59) suggest that this discrepancy implies increased juvenile mortality caused by inbreeding among a smaller population of cheetahs reduced by high levels of removals.  However, it is unlikely that inbreeding effects would be noticeable after only a decade, and moreover inbreeding effects are usually considered minimal in populations higher than 200 animals (CBSG 1996: 6).  An alternative explanation is that cub survival rates were higher in a population declining under the pressure of high removals (which began in the late 1970s), and are lower now that removals have decreased and competition for resources increases as the population increases.

Caro (1994: 387) fixes the wild cheetah’s interbirth interval (length of time between successive births) at 22.5, just about two years.  Cubs become independent at the age of 1.5-2 years, and Namibian radio-collared females have been observed to give birth very soon after the dispersal of their previous litter, showing that they became pregnant while still with a litter of old cubs (Morsbach 1985, L. Marker-Kraus pers. comm.).   Karen Laurenson et al. (1992) observed the same in the Serengeti.

An average of 3.5 cubs born every two years is equivalent to the production of 1.75 cubs per adult female per year.  Increasing (2.0 cubs/female/yr) or decreasing (1.5 cubs/female/yr) this fecundity rate has a strong effect on cheetah population dynamics (Fig. 4.1).  
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Natural mortality
Maximum annual natural mortality rates were set as follows:

1st year cubs


Male
50%


Female
50%

2d year cubs


Male
10%


Female
10%

Sub-adults


Male
20%


Female
20%

Adults


Male
25%


Female
25%

Unfortunately there is no data available on sex-age specific rates of natural mortality in the Namibian cheetah population.  As more animals are radio-collared and monitored by the NGOs, though, this sort of information should emerge in the future.  None of the radio-collared cheetahs studied by Morsbach (1984-85) died of natural causes.  All deaths were due to removals, lending further support to the assumption used in this model that high levels of removals are largely compensatory for natural mortality.  A function was added to the model  to incorporate this assumption.  Natural mortality was reduced as the percentage of each sex-age class removed from the population increased.  Figure 4.2. shows the function for adult males.  Natural mortality is at its maximum (25%) when no adult males are removed.  It declines to close to 10% when close to 60% of the population of adult males are removed in a year.   A linear relationship was assumed in the absence of data.  The points on the graph show the distribution of annual natural mortality between 1960-1995.
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For adult females, which from the data are subject to a lower level of removals (Figure 12), the distribution of annual natural mortality looks quite different, being close to the maximum in most years (Fig. 4.3).
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A rate of 50% natural mortality for young cubs was chosen because it was assumed that the Namibian farmland rate would be lower than the rate of approximately 80% found in the Serengeti cheetah population, where cub deaths were mostly caused by lions or hyenas (Laurenson 1994, 1995).  It may be unnecessarily high: Morsbach (1986) suspected that natural mortality of cubs was low, finding that only two cubs out of four litters had died of natural causes (drowning in a reservoir and a broken leg) over his three year study period.  A much lower rate was selected for second year cubs, which are better able to protect themselves from predation and are in the process of learning to hunt for themselves.  A rate of 20% was chosen for sub-adults.  While Caro (1994) found that 50% of sub-adult and young adult males in the Serengeti died in intraspecific fights, the Namibian rate was set much lower because it is likely that removals of sub-adults are rather high.  They are clumsy hunters and thus more likely to prey on livestock, occasioning farmer retaliation, and as they are just coming into breeding age they are likely to frequent the play trees where farmers set their traps.

Cub and sub-adult removal-dependent natural mortality distributions are also shown (Figures 4.4 and 4.5).  The cub removal function is not smooth because first and second year cubs were combined for this graph, and the mortality rates differ between the two.
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Figure 4.6 compares the changes in natural mortality rates over time for adult and sub-adult males and adult females.  
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The sensitivity of the model to changes in maximum adult and first year cub mortality rates is shown in Figures 4.7 and 4.8.
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Sex-age composition of removals
As discussed previously, the MET Permit Office has not made sex or age a reporting requirement when issuing permits for cheetah removals, so there is no data on the actual sex-age composition of the permitted removals.  A function to make sex-age composition of removals dependent on the proportion of each sex-age class in the population was incorporated into the model.  The cheetah NGO’s sex-age data set (Figure 12) was used to set the boundaries of the function.

The following assumptions were made.  1) Removals were heavily male biased in the 1960s to early 1970s, based on three game dealer’s reports who estimated that removals were 90%, 75% and 66% male, respectively (Myers 1975: 42).  2) Removals should always be largely male-biased because traps are set at play trees, and males will visit the trees more than females as they search for available mates.  3) The percentage of removals which are males will decrease as the population’s sex structure becomes female-biased since so many males are being taken out.  The minimum adult and sub-adult male removal rate and the maximum rates for the other sex-age classes were based on Figure 12.

The sex ratio-dependent removal function is illustrated in Figure 4.9.  When the number of adult+sub-adult males is equal to the number of adult+sub-adult females in the population, there is a strong male bias in removals (75%).  When the sex ratio declines to four females per male, the maximum percentage of adult+sub-adult females is removed (25% of removals) and the minimum percentage of males (35%).  Intermediate sex ratios yield intermediate removal rate values.
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Of the proportion of adult+sub-adult males and females removed, the proportion of sub-adults was set at 40% based on the CCF and Africat data (slightly higher than that shown in Figure 12 because it appears that Africat may have underestimated sub-adult females).  Because of the difficulty of distinguishing between adults and sub-adults, a user-defined sub-adult removal rate factor was incorporated into the model.  

This function results in an estimated sex-age composition of cheetah removals from 1960-1995.  This is shown in Table 4.2 and  Figures 4.10-11.  Figure 4.10 shows the data as the numbers of cheetahs removed.  Figure 4.11 shows the data as the proportion of each sex-age within the total number removed.  The model predicts that male removals are at their lowest, and female and cub removals at their highest, in the early 1980s when removals were at their highest.

Table 4.2.  Sex-age composition of cheetah removals predicted by the population's sex ratio








Year
M cubs
M subad
M adult
F cubs
F subad
F adults
Total

1960
25
51
77
25
8
12
199

1961
25
51
77
25
8
12
199

1962
26
52
77
26
9
13
202

1963
32
63
95
32
11
16
249

1964
33
63
95
33
11
17
252

1965
39
75
112
39
13
20
298

1966
40
75
112
40
14
21
301

1967
46
86
129
46
16
24
348

1968
47
86
129
47
17
25
351

1969
54
98
147
54
19
29
401

1970
61
109
164
61
22
33
450

1971
69
120
180
69
25
37
500

1972
76
130
195
76
28
42
547

1973
77
129
193
77
29
44
550

1974
85
139
209
85
32
48
599

1975
93
149
223
93
36
54
648

1976
102
157
235
102
40
60
696

1977
104
154
231
104
41
62
696

1978
142
205
307
142
57
86
939

1979
133
170
254
133
57
85
831

1980
134
164
246
134
58
87
824

1981
130
155
232
130
57
85
789

1982
170
200
300
170
74
111
1025

1983
148
140
210
148
69
104
819

1984
131
132
198
131
60
90
743

1985
118
124
186
118
54
80
680

1986
71
77
115
71
32
48
413

1987
65
84
126
65
28
42
410

1988
60
82
122
60
25
37
384

1989
67
95
142
67
27
41
438

1990
62
88
132
62
25
38
408

1991
36
52
77
36
15
22
238

1992
24
37
55
24
9
14
163

1993
24
39
59
24
9
13
168

1994
20
35
52
20
7
11
145

1995
25
45
68
25
9
14
186










* Totals do not always add to the number shown in Chapter 2 Table 7 because of the rounding off of percentages
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The sex-age composition of removals in the 1990s is not in proportion to the sex-age composition of the Africat- and CCF-handled cheetahs in the same period.  As stated previously, it is thought that this data may be artificially female biased, as farmers may be more likely to contact the NGOs when faced with the prospect of killing a trapped female with cubs, as opposed to adult or sub-adult males.  With this model, it was virtually impossible to achieve a scenario where the male population is still very low in the 1990s, resulting in a lesser degree of male removal.  The fecundity rate must be set low (or cub mortality set high) and male natural mortality strongly increased, otherwise males tend to recover when removals decline.

Removal rate factor
As discussed previously, it is widely believed that cheetah removals reported to MET are under-reported to some degree.  The model incorporates a factor to compensate for under-reporting.  An input to increase removals by 1.4 (70% reporting rate) was selected for this exercise based on the 1982 data referred to previously in this chapter in the section on cheetah removals.  The sensitivity of the model to the removal rate factor is illustrated in Figure 4.12.
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Limitations of the models
A model is only as good as the data that is put into it.  Except for the removals, much of the data inputs used in this document are best described as educated guesses.  This is not necessarily a bad thing: modelers often encourage biologists to make “educated, insightful guesses” about the parameters their models require (Harris and Allendorf 1989, CBSG 1996).  Models can help to highlight aspects of population biology in need of further research.  They can also help to indicate what level of priority such research should be assigned.  They help managers to grasp more clearly what is happening with the populations under their charge, and they help define probabilities.  For example, the cheetah population dynamics model indicates that the cheetah population should recover quickly when removal levels drop.

However, models can be wrong.  Not only could the input parameters used in these simulations be way off, but the model itself lacks a number of complex biological variables.  There is no allowance for density-dependent reproduction.  There is no allowance for random variation in any of the parameters.  The model appears to be too sensitive to small changes in input parameters.

Therefore, the graphs in Chapter 2 should not be taken as a representation of what did happen to the cheetah population from 1960-1995, but what could have happened.

It is hoped that these models will be useful for managers in the future.  Annual removals can continue to be put in, and the population parameters can be refined as further data is collected by the NGOs and MET.  Disk copies of the models can be obtained from the MET Directorate of Specialist Support Services in Windhoek.

