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EEI 3.1 – Effects of Inbreeding and Maximum Age on 
Stochastic Simulations of Lasiorhinus krefftii 

 

ABSTRACT  
The Northern Hairy-nosed Wombat (Lasiorhinus krefftii) is one of the most endangered mammals in the 

world (Department of Environment and Heritage Protection [DEHP] 2016). The population viability 

analysis software VORTEX was used to model the effects of predation, initial inbreeding and maximum 

age on a population of Lasiorhinus krefftii. Initial inbreeding had a significant effect, with levels of 0.1 

and 0.2 decreasing the median time to extinction by 17.2% and 53.0% respectively. Maximum age had 

almost as great an effect, decreasing the median time to extinction by 48.9% when the maximum age 

was decreased from 20 to 15 years, and increasing it by 41.4% when the maximum age was increased to 

25 years. Accurately determining the current levels of inbreeding and the typical maximum age of 

Lasiorhinus krefftii will be necessary in order to create more accurate simulations.  

INTRODUCTION  
Evidence suggests that the Northern Hairy-nosed Wombat was uncommon prior to European settlement 

(Horsup 2004). Since European settlement, extensive habitat destruction and grazing competition with 

sheep and cattle has led to a significant decline in numbers (Taggart, Martin & Horsup 2008). By 1908, 

the Northern Hairy-nosed Wombat was only found in Epping Forest National Park, near Clermont in 

Central Queensland (Horsup 2004). 

Their numbers continued to decline, and 

by 1982, there was only an estimated 30 

individuals left (DEHP 2015). The 

exclusion of cattle from the national 

park in that year prevented the 

otherwise certain extinction of the 

species, and was followed by a steady 

increase in population size (Taggart, 

Martin & Horsup 2008). After the 

erection of a dingo proof fence in 2002, 

numbers have been rising quite rapidly 

(shown in Figure 1). Estimates from 

2012 put the population at 200 

individuals, as shown in Figure 1 (DEHP 

2015). However, there is still much 

uncertainty surrounding the species’ survival. The Northern Hairy-nosed Wombat has been listed as 

critically endangered by the IUCN since 1996, highlighting its plight (Taggart, Martin & Horsup 2008).  

Population viability analysis (PVA) is increasingly being used to predict the fate of threatened 

populations (Brook et. al 2002). However, there appears to be only one simulation of Lasiorhinus krefftii, 

Figure 1 – Estimates of the Northern Hairy-nosed 

Wombat Population (DEHP 2015) 
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Figure 2 - Correlation of Actual and Simulated Population Data 

Simulation Baseline 

Actual data from DEHP (2015) 

by Hoyle, Alpers and Sherwin in 1998, which is not freely accessible. In this study, the generic individual-

based PVA software package VORTEX, version 10.1, (Lacy & Pollack 2015) was used to create an original 

simulation of the population of Northern Hairy-nosed Wombats at Epping Forest National Park, in order 

to determine factors that may affect the population’s long term viability. The VORTEX software 

encompasses many of the deterministic, demographic, environmental and genetic stochastic events that 

affect threatened populations (Lacy, Miller & Traylor-Holtzer 2015).  

The effects of various factors such as initial inbreeding, length of maximum lifespan, continued dingo 

predation and different carrying capacities were simulated in order to determine their effects on the 

long term time to extinction.  

 

METHOD  
As there were no readily available PVA simulations of Lasiorhinus krefftii, an original simulation had to 

be created. Published data about the Northern Hairy-nosed Wombat was used wherever possible, 

however where this was not available, values were estimated based on data from other animals. The 

simulation was designed to model the population growth shown in Figure 1 (DEHP). Figure 2 shows how 

the simulation approximates the actual population growth from 1982 to 2012. An overview of the 

VORTEX simulation used is in Appendix 1, and complete details of how the simulation was created are 

available in the supplementary materials.  
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The year 1982 was designated as year 0 in the simulation, as it was the year with the lowest wombat 

population (figure 1; DEHP 2015). An initial population of 30 wombats was used, according to data from 

the DEHP (2015). The carrying capacity was set as 400 individuals, based on an estimate by Johnson 

(1991; reported in Horsup 2011). Inbreeding was modelled with a depression of 6.29 lethal equivalents, 

the mean combined effect of fecundity and first year survival for a number of mammals (O’Grady et. al 

2006; reported in Lacy & Pollack 2015). A harvest of 1.5 wombats per year was implemented up until 

year 20 of the simulation (when the predator proof fence was erected), to represent the effects of 

predation. The maximum lifespan and maximum reproductive age were both set to 20 years, which is 

probably a conservative estimate, as one wombat was recorded to survive to over 26 years (DEHP 2015). 

Annual mortality was entered as 5% for adults, the middle of the range reported by Horsup (2004), and 

25% for first year survival. This value was used, as it was necessary to allow the rapid population growth 

after 2002 (reported by the DEHP 2015). Two catastrophes, “bad year” and “good year” were created to 

simulate the effects of environmental variation. Further details can be found in Appendix 1.  

After an initial trial, it was determined that the median time to extinction for the baseline was <3500 

years, so each scenario was simulated for a 4000 year period. The baseline scenario was run for 500 

iterations; however time constraints meant that the other scenarios were run for only 100 iterations 

each.  

The scenarios investigated were: continued predation (after year 20), initial inbreeding in the starting 

population, and the length of the maximum lifespan.  

 

RESULTS  
Table 1 shows a summary of the simulation results.  

Table 1 – Summary of Simulation Results  

Scenario Run Time 
(yrs) 

Median Time to 
Extinction (yrs) 

Percent of Baseline Change in Median 
Time to Extinction 

Baseline 4000 2820 100.0% 0 

No Inbreeding 4000 0 0.0% 0 

Continued Dingo 
Predation 

4000 2530 89.7% 11.3% decrease 

Initially Inbred by 0.1 4000 2336 82.8% 17.2% decrease 

Initially Inbred by 0.2 4000 1324 47.0% 53.0% decrease 

Lifespan of 15 Years 4000 1441 51.1% 48.9% decrease 

Lifespan of 17 Years 4000 2039 72.3% 27.7% decrease 

Lifespan of 23 Years 4000 3535 125.4% 25.4% increase 

Lifespan of 25 Years 5000 3986 141.4% 41.4% increase 

Lifespan of 30 Years 5000 4995 177.1% 77.1% increase 
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The baseline scenario was run for 500 iterations, in order to ensure that it was accurate enough to use 

as a reference point. The baseline is shown in Figure 3 (blue line), along with a scenario where the 

effects of inbreeding were ignored (red line).  

Figure 4 shows the effects of continued dingo predation.  

The effects of inbreeding in the starting population are shown in Figure 5.  

Figure 6 shows the effect of maximum lifespan.  
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Figure 2 – Baseline Showing Effects of Inbreeding 

Figure 4 – Simulation of Continued Dingo Predation 

Figure 3 – Baseline Simulation Showing Effects of Inbreeding 
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Figure 5 – Effect of Inbreeding in the Original Population 

Figure 6 – Effect of Maximum Lifespan  
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The median time to extinction was determined for all simulations (shown in Table 1). Figure 7 illustrates 

how the median time to extinction is strongly related to the maximum lifespan.   

 

 

DISCUSSION 
The median time to extinction for the baseline scenario was 2820 years, which is much longer than 

expected. The simulation does not allow for many of the factors that threaten Lasiorhinus krefftii 

populations, such as disease, wildfire, competition with kangaroos, and further loss or destruction of 

habitat (Horsup 2004). As such, the simulation does not provide a realistic estimate of the actual time to 

extinction for the Northern Hairy-nosed Wombat population in Epping NP; however the simulation is 

still useful for determining the relative effects of various factors on extinction time.  

Virtually all of the extinctions in the simulation were due to inbreeding effects, as the scenario with no 

inbreeding showed no visible decrease in population size over a 4000 year period (see Figure 3).  

Continued predation of 1.5 head per year had a moderate effect, reducing the median time to extinction 

by only 11.3% (see Table 1). This is mainly due to the fact that the predation in the simulation is fixed at 

1.5 head per year, rather than a percentage of the population. Using a percentage would be much more 

realistic, as in real life dingo numbers would increase as wombat numbers increased. A preliminary 

simulation (10 iterations) of 2.5% predation per year showed a decrease in median extinction time by 

30%. Further simulations are necessary in this area, however these simulations illustrate the importance 

of maintaining the predator proof fence around Epping NP.  
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Figure 7 - Median Time to Extinction is Dependent 
Upon Maximum Lifespan 
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Inbreeding in the original population had quite significant effects on extinction time (figure 5). Initial 

inbreeding levels of 0.1 and 0.2 decreased the median time to extinction by 17.2% and 53.0% 

respectively. These results support the premise that nearly all of the simulation extinctions are caused 

by inbreeding. They also highlight the importance of determining the genetic diversity of the remaining 

Northern Hairy-nosed Wombat population in order to calculate their current inbreeding levels, as this 

information is necessary for more accurate simulation of wombat populations. Lack of genetic diversity 

is reported by Horsup (2004) as being one of the major threats to the survival of Northern Hairy-nosed 

Wombats.  

Out of all the simulations, one of the greatest effects on extinction time was due to changing the 

maximum age (Figure 6). Decreasing the maximum age from 20 to 15 years caused a 48.9% decrease in 

median extinction time, whereas increasing the maximum age to 25 years led to a 41.4% increase (table 

1). Most of this variation probably lies in the fact that the maximum reproductive age was set to equal 

the maximum age, which would increase the number of offspring from each wombat due to a longer 

lifespan. The median time to extinction forms an almost linear relationship with maximum lifespan (R2 = 

0.995; shown in Figure 7), demonstrating its reliance upon the maximum age.   

Lacy, Miller & Traylor-Holtzer (2015) reported that changing the maximum age usually has little effect 

on VORTEX simulations, as most animals will die from other causes before reaching this age; however 

these results show that this is not a valid assumption with wombats. The results also highlight the 

importance of accurately determining the maximum age of Northern Hairy-nosed Wombats in order to 

create more realistic simulations.  

 

CONCLUSION 
The simulation results show that all the factors investigated have a noticeable impact upon the median 

time to extinction. Continued predation of 1.5 wombats per year decreased median extinction time by 

11.3%, however preliminary simulations suggest that predation could actually reduce extinction times 

by 30%. These results emphasise the importance of maintaining the predator proof fence around Epping 

NP, and creating fences around any areas where Northern Hairy-nosed Wombats are introduced to.  

Initial inbreeding levels of 0.1 and 0.2 decreased median extinction time by 17.2 and 53.0% respectively, 

suggesting an exponential relationship between the inbreeding level and decrease in extinction time. 

Further genetic sampling needs to be undertaken in Northern Hairy-nosed Wombats in order to 

determine how closely related the current population is, as this will have a significant impact on their 

survival.  

Changing the maximum age also had drastic effects, decreasing median extinction time by 48.9% when 

the maximum age was reduced from 20 to 15 years. Conversely, increasing the maximum age to 25 

years increased median extinction time by 41.4%. These results illustrate the necessity for further 

fieldwork to accurately determine the typical maximum age of Northern Hairy-nosed Wombats.  

Along with other information, determining the initial inbreeding and maximum age will be vital in order 

to create more accurate simulations of Lasiorhinus krefftii.  
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APPENDIX 1 – Summary of the VORTEX Simulation  
Following is a summary of the baseline scenario used. Further details are available in the supplementary 

materials.  

Number of iterations: 500 (for baseline, 100 for other scenarios)  

Number of years: 4000  

Duration of each year in days: 365  

Extinction definition: only 1 sex remains 

Number of populations: 1 

Inbreeding depression (lethal equivalents): 6.29 

EV correlation between survival and reproduction: 0.5 

State variables: PS1 = 1.5; transition function: = PS1 (PS1 is the number of wombats killed by dingoes 

each year)  

Reproductive system: monogamous  

http://www.ecologyandsociety.org/vol6/iss1/art16/print.pdf
http://www.ehp.qld.gov.au/wildlife/threatened-species/endangered/northern_hairynosed_wombat/
http://www.ehp.qld.gov.au/wildlife/threatened-species/endangered/northern_hairynosed_wombat/
http://www.ehp.qld.gov.au/wildlife/threatened-species/endangered/northern_hairynosed_wombat/
https://www.ehp.qld.gov.au/wildlife/threatened-species-week/brigalow-belt.html
http://www.environment.gov.au/system/files/resources/3158b181-9e07-4e69-b47d-184b3e4d40db/files/l-krefftii.pdf
http://www.environment.gov.au/system/files/resources/3158b181-9e07-4e69-b47d-184b3e4d40db/files/l-krefftii.pdf
http://www.vortex10.org/Vortex%2010.aspx
http://vortex10.org/Vortex10.aspx
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T11343A3269797.en
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Age of first offspring: 3 (for both males and females)  

Maximum age of reproduction: 20 (for both males and females)  

Maximum lifespan: 20  

Maximum number of broods per year: 1  

Maximum number of progeny per brood: 1  

Sex ratio at birth - % males: 50  

Make offspring dependent on their dam for: 1 year  

% adult females breeding: 65  

SD in % breeding due to EV: 10.7 

Distribution of broods per year: 100% consisting of 1 brood  

Specify exact distribution of number of offspring per female per brood: 100% consisting of 1 offspring  

Mortality from age 0 to 1: 25 (for both males and females)  

SD in 0 to 1 mortality due to EV: 3.9 (for both males and females) 

Mortality from age 1 to 2: 5 (for both males and females)  

SD in 1 to 2 mortality due to EV: 3.9 (for both males and females) 

Mortality from age 2 to 3: 5 (for both males and females)  

SD in 2 to 3 mortality due to EV: 3.9 (for both males and females) 

Annual mortality after age 3: 5 (for both males and females)  

SD in mortality after age 3: 3.9 (for both males and females)  

Number of catastrophes: 2 (“Bad Year” and “Good Year”)  

For “Bad Year”: frequency = 21.4%, reproduction severity = 0.6, survival severity = 0.968  

For “Good Year”: frequency = 15.5%, reproduction severity = 1.23, survival severity = 1.03  

% males in breeding pool: 100%  

Initial population size: 30  

Age distribution: used stable age distribution determined by VORTEX program  

Carrying capacity (K): 400  

SD in K due to EV: 0  

Population harvested: yes  

First year of harvest: 0  

Last year of harvest: 20  

Interval between harvests: 1  

Number of females of each age to be harvested: age 1 to 2 = 0, age 2 to 3 = 0, after age 3 = 0.17*PS1  

Number of males of each age to be harvested: age 1 to 2 = 0, age 2 to 3 = 0.17*PS1, after age 3 = 

0.17*PS1  

 


