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Supplementary Materials for EEI 3.1 – “Effects of 
Inbreeding and Maximum Age on Stochastic Simulations 

of Lasiorhinus krefftii”  

Settings for VORTEX program 
The settings for the program are listed below, along with the justification/process used to obtain the 

values. Each heading corresponds to a different section of the VORTEX program.  

Figure 1 (below) shows the correlation of the baseline scenario to the actual population data 

reported by the Department of Environment and Heritage Protection [DEHP] (2015).  

 

 

SCENARIO SETTINGS  
1. The number of iterations was set to 500 for the baseline, however time constraints meant 

that the number of iterations had to be reduced to 100. This is significantly less than the 500 

or 1000 iterations recommended by Lacy, Miller & Traylor-Holtzer (2015), however this 

could not be avoided.  

2. The number of years was set to 4000, as preliminary simulations showed that the median 

time to extinction of the baseline scenario was 2820 years. This allowed a buffer for any 

long-running simulations. 1982 was designated as year 0 in the simulation, as that was the 
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Figure 1 - Correlation of Actual and Simulated 
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year that the lowest population of Northern Hairy-nosed Wombats was recorded (DEHP 

2015).  

3. The duration of each year (in days) was entered as 365. This value is not actually used by the 

VORTEX program (Lacy, Miller & Traylor-Holtzer 2015).  

4. The simulation was not run as a population based model, as that would not include genetic 

modelling, including the effects of inbreeding depression (Lacy, Miller & Traylor-Holtzer 

2015).  

5. Extinction was defined as “only 1 sex remains”. This is a reasonable assumption for a 

sexually reproducing species (Lacy, Miller & Traylor-Holtzer 2015), as when there is only 1 

sex left then extinction is certain.  

6. Only 1 population was simulated, as the simulation is designed to simulate the wombat 

population in Epping Forest National Park (Epping NP). Simulating multiple sub-populations 

in Epping NP could be more accurate, as up to 50% of females undergo long term dispersal 

to other burrows, which would reduce the effects of inbreeding (Horsup 2004). However, 

this would be much more difficult to implement, as more accurate data about the dispersal 

between populations would be required.  

7. The annual sequence events in a VORTEX year was left as the default (EV, Breed, Mortality, 

Age, Disperse, Harvest, Supplement, rCalc, Ktrucation), as “changing the order of events can 

have complex effects” (Lacy & Pollack 2015).  

8. No optional output files were created, as they were not relevant to the purpose of the 

simulation.  

 

SPECIES DESCRIPTION 
1. The effect of inbreeding depression was set to 6.29, the mean combined effect of inbreeding 

on fecundity and first year survival for a selection of animals (O’Grady et. al 2006, reported 

in Lacy et. al 2015). Specific values for Lasiorhinus krefftii or any other wombat species was 

not available. Inbreeding depression could not be ignored in the simulation, as it a major 

effect on extinction time (O’Grady et. al 2006).  

2. The percent of inbreeding depression due to recessive lethal alleles was entered as 50%, 

based on Drosophilia data (Simmons and Crow 1977, reported in Brooks et. al 2002). 

Although the value for wombats is likely considerably different, this figure is “widely 

accepted as reasonable” and “no credible alternatives exist” (Brooks et. al 2002).  

3. The EV correlation between reproduction and survival was set to 0.5, the standard value 

suggested by the software (Lacy & Pollack 2015). There was no literature on this, however 

this value sounded reasonable, as better years for reproduction should be better for 

survival.  

4. The option sample EV from Beta distributions, rather than binomial was not selected, as it 

has little effect on the results (Lacy & Pollack 2015).  

 

STATE VARIABLES  
1. No global state variables were created.  
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2. A population state variable, PS1, was created to store the number of wombats killed by 

dingoes each year. The initialization function was “1.5”, and the transition function was 

“=PS1”, so PS1 remained at 1.5 wombats killed per year.  

3. No individual state variables were created, however IS1 was created by the software to store 

the number of dependent offspring.  

 

REPRODUCTIVE SYSTEM  
1. The type of breeding system was entered as “monogamous”, as Schober (1999) reported 

that hairy-nosed wombats are monogamous. It had to be assumed that Schober did not 

mean long term monogamy.  

2. The age of first offspring was set to 3 years for both males and females. Sexual maturation is 

thought to occur at 2-3 years in males and at 3 years in females (Horsup 2004), and as the 

gestation period is only 21 days (Horsup 2004), the age of sexual maturation is 

approximately equal to the age of first offspring. As VORTEX only accepts integers for this 

value, the male age of first offspring was rounded up to 3 years.  

3. The maximum age of reproduction was set to 20 years for both males and females, as this 

was the maximum age. There was no literature available on maximum breeding ages, so it 

was assumed that the wombats could breed up until the year that they died.  

4. The maximum lifespan was entered as 20 years. One wombat has survived 26 years in 

Epping National Park (DEHP 2015), so this value may be a little on the conservative side.  

5. The maximum number of broods per year was set to 1, as Northern Hairy-nosed Wombats 

breed in the wet season, and the offspring stay with their mother for about a year (DEHP 

2015).  

6. The maximum number of progeny per brood was set to 1, as the DEHP (2015) reported that 

the wombats have 1 young at a time.  

7. The sex ratio at birth was entered as 50% male. There was no literature available on the sex 

ratio for wombats, however Lacy, Miller & Traylor-Holtzer (2015) stated that this value is 

typically very close to 50%.  

8. The offspring were made dependent on their dam for 1 year, as the young stay with their 

mother for ~ 1 year (DEHP 2015). Moreover, the joeys are helpless at birth, and remain in 

the pouch until 8 or 9 months (DEHP 2015). As VORTEX only accepts integers for this value, it 

had to be rounded up to 1 year.  

9. The density dependent reproduction option was not selected, to keep the simulation 

simpler.  

 

REPRODUCTIVE RATES  
1. The % of adult females breeding was entered as 65%, which is around the middle of the 

various ranges given for a good year: 50-75% (Horsup 2004), 56-83% (Crossman 1988, 

reported in Horsup 2011), and 50-80% (DEHP 2015). The simulation assumes that every year 

is a good year, unless a “bad year” catastrophe is present.  

2. The SD in % of females breeding due to EV was set to 10.7. This value was estimated using 

the technique described by Lacy, Miller & Traylor-Holtzer (2015), which is dividing the 
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observed range by the expected range for a normal distribution. The dataset from Horsup 

(2004) was used because it was the only data that provided the number of observations that 

the range was based on. The observed range of the dataset was 25% (75-50%), from 5 years 

of observations, and the expected range for a normal distribution of 5 observations is 2.33 

(Lacy, Miller & Traylor-Holtzer 2015). Therefore, the SD = 25/2.33 = 10.7.  

3. The distribution of broods per year was set to 100% consisting of 1 brood. This assumes that 

every breeding pair is successful. This may not be accurate, however there was no literature 

available.  

4. The exact distribution of the number of offspring in each brood was specified to be 100% 

consisting of 1 offspring, as the DEHP (2015) reported that northern hairy-nosed wombats 

give birth to one offspring at a time.  

 

MORTALITY RATES   
Note: the mortality rates in this section are the rates for good years. The only literature on mortality 

rates of sub-adults that could be located was by Lavery & Kirkpatrick (2011), who reported a 43% 

survival rate to sub-adult for the period 1985-1988. During this 4 year period, the net population 

rose from approximately 57 to 64 individuals (data extrapolated from graph by DEHP 2015), an 

increase of only 7 individuals. Later, from the period 2009-2012, the population rose by an estimated 

50 individuals (data extrapolated from graph by DEHP 2015). From this it can be seen that the 

survival rates reported by Lavery & Kirkpatrick (2011) are not accurate for the time period after the 

predator fence was erected around Epping NP in 2002.  

1. The mortality from age 0 to 1 was set to 25%. Based on the data from Lavery & Kirkpatrick, 

the mortality was calculated/estimated to be around 49%; however when this value was 

used in the simulation, the mean population size after 30 years was only 55 individuals. 

Actual population data from the DEHP (2015) shows a population of 200 individuals after 30 

years, so the value for mortality from age 0 to 1 was reduced incrementally until the 

population growth of the simulation was sufficient to reach over 200 individuals by year 30. 

Therefore this value is not very accurate, as it was found experimentally. However, no 

literature was available other than that by Lavery & Kirkpatrick (2011), so there were no 

reasonable alternatives. Moreover, such a low value for mortality is necessary to model the 

rapid population growth after year 20, as anything higher will not allow the simulation to 

produce such rapid growth.  

2. The SD for first year mortality was set to 3.9, the same as the SD for adult mortality. This 

value is probably not accurate; however there was no data available.  

3. The mortality from age 1 to 2 was entered as 5%. There was no literature available on this 

(other than Lavery & Kirkpatrick), so the same value as adult mortality was used. Although 

younger wombats might be more susceptible to some mortality causes, such as predation, 

they could also be healthier, and less susceptible to disease.  

4. The SD for second year mortality was set to 3.9, the same as the SD for adult mortality. This 

value is probably not accurate; however there was no data available.  

5. The mortality from age 2 to 3 was entered as 5%. There was no literature available on this 

(other than Lavery & Kirkpatrick), so the same value as adult mortality was used. Although 
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younger wombats might be more susceptible to some mortality causes, such as predation, 

they could also be healthier, and less susceptible to disease.  

6. The SD for third year mortality was set to 3.9, the same as the SD for adult mortality. This 

value is probably not accurate; however there was no data available.  

7. The annual mortality after age 3 was entered as 5%. This is the average adult mortality rate 

for good years reported by Horsup (2004), from a range of 0-14%. Adult mortalities were 

also estimated at less than 8% p.a. by Johnson (1991, reported in Horsup 2004).  

8. The SD in mortality after age 3 was calculated to be 3.9 using the technique detailed by Lacy, 

Miller & Traylor-Holtzer (2015). As the simulation is for good years, a range of 0-8% was 

used, from a sample size of 4 points - <8% from Johnson (1991, reported in Horsup 2004), 

and 0%, 5% average and ~8% from Horsup (2004). The SD was calculated by dividing the 

observed range (8%) by the expected range for a normal distribution dataset with 4 

observations (2.06, from Lacy, Miller & Traylor-Holtzer [2015]). SD = 8/2.06 = 3.9. This is not 

a very accurate value, as the data points had to be estimated; however the full report by 

Johnson (1991) was not readily accessible.  

9. The mortality rates of males was set to equal the mortality rates of the females, as there was 

no literature to suggest otherwise.  

10. Delaying first year mortality was not selected, as there was no reason to do so.  

 

CATASTROPHES  
1. Two catastrophes were created: a “bad year”, and a “good year”. Based on breeding rates 

from Horsup (2004) and rainfall records from the Bureau of Meteorology [BOM] (2016), 

these were defined as having <400 mm and >800 mm of rainfall, respectively.  

2. The frequency of “bad year” was set to 21.4% (approximately once every 5 years), as annual 

rainfall data from the BOM (2016) for Epping Downs showed 22 years with <400 mm from 

the past 103 years of valid data.  

3. The severity of “bad year” on reproduction was entered as 0.6, as this value reduces the 

average % of females breeding from 65% to 39%. This is significantly higher than the 25% 

value reported in 1999, when there was a rainfall of 455 mm (Horsup 2004, BOM 2016), 

however when the severity was lowered, the simulation no longer fit the DEHP data (2015). 

Thus the value for the severity of the bad year on reproduction is not very accurate; 

however this value was necessary to fit the population graph.  

4. The severity of “bad year” on survival was entered as 0.968, as this value increases the 

average adult mortality rate from 5% to 8%, which is the maximum adult mortality rate 

reported by Johnson (1991, reported in Horsup 2004). The maximum mortality rate reported 

by Horsup (2004) is 14%, so this is a conservative estimate.  

5. The frequency of “good year” was set to 15.5%, as annual rainfall data from the BOM (2016) 

for Epping Downs showed that 16 out of 103 years of valid data had a rainfall of over 800 

mm.  

6. The severity of “good year” on reproduction was entered as 1.23, as this increases the 

average % of females breeding from 65 to 80%, the maximum value reported by the DEHP 

(2015), and close to the maximum value of 83% reported by Crossman (1988, reported in 

Horsup 2011).  
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7. The severity of “good year” on survival was set to 1.03. This value decreases the average 

adult mortality rate from 5% to 2.15%, which is close to the lower limit of the 0-14% range 

reported by Horsup (2004).  

 

MATE MONOPOLIZATION  
1. The % of males in the breeding pool was set to 100%. There was no literature available on 

mate monopolization, so it was assumed that all males have an equal chance of breeding.  

 

INITIAL POPULATION SIZE  
1. The initial population size was entered as 30 individuals, which is the population size for 

1982 (year 0 in the simulation) reported by the DEHP (2015).  

2. A stable age distribution (determined by the VORTEX) program was used, as there was no 

literature on the age distribution of the Northern Hairy-nosed Wombat population in 1982. 

The stable age distribution created 15 males and 15 females, with each group containing: 2 

wombats of age 1, 2 of age 4, and 1 each of age 2, 3, 5, 6, 8, 9, 10, 12, 14, 16 and 19 years. 

This is probably not a very accurate dataset, however there were no alternatives.  

 

CARRYING CAPACITY   
1. The carrying capacity (K) was set to 400 individuals, as Johnson (1991, reported in Horsup 

2011) suggested that the habitat at Epping Forest National Park was capable of supporting 

300-400 wombats. The upper value of this estimate was used, as habitat rehabilitation 

outlined by Horsup (2004) has likely increased the amount of suitable habitat.  

2. The SD in K due to EV was set to 0, as no fluctuations in carrying capacity were simulated. 

This allowed for more accurate use of data.  

3. No future change in K was modelled, to keep the simulation simpler. Habitat rehabilitation 

may increase the carrying capacity in the future, however it would be difficult to estimate 

how much the carrying capacity would increase due to this.  

4. No other special options relating to K were selected.  

 

HARVEST   
1. A harvest of 1.5 wombats per year was implemented (controlled by the value of PS1). The 

harvest simulates dingo predation, from the beginning of the simulation until the dingo-

proof fence was erected. The number of wombats harvested was found partly by trial and 

error, and partly estimated from information that a dingo pack killed 10 wombats in 2000-

2001 (Horsup 2011).  

2. The first year of harvest was set to 0, the start of the simulation.  

3. The last year of harvest was set to 20, as that is the year 2002, when the predator-proof 

fence was erected around Epping NP.  

4. The interval between harvests was set to 1, so the harvest occurred annually.  



Supplementary Materials for EEI 3.1, Joel Johnson Yr 12, 16/3/16  Page 7 of 8 

5. The optional criteria for harvest and optional criteria for individuals were both set to 1, so 

that the optional criteria were discounted.  

6. The number of females harvested from age 1 to 2 was set to 0. Data for this section was 

based on reports by Horsup (2011) that out of a sample of 6 carcasses, 4 were adult males, 1 

was an adult female, and 1 was a sub-adult male. Thus a ratio of 1 adult female: 4 adult 

males: 1 sub-adult male was used in the simulation. Although these data are likely very 

biased due to the small sample size, they were used instead of creating new ratios to use.  

7. The number of females harvested from age 2 to 3 was set to 0. 

8. The number of females harvested after age 3 was set to 0.17*PS1. This formula gives a 

number less than 1, however VORTEX uses probabilistic rounding to determine whether a 

wombat is harvested or not (Lacy, Miller & Traylor-Holtzer 2015).  

9. The number of males harvested from age 1 to 2 was set to 0. 

10. The number of males harvested from age 2 to 3 was set to 0.17*PS1. It was assumed that 

the sub-adult male was from age 2-3 instead of from age 1-2.  

11. The number of males harvested after age 3 was set to 0.67*PS1.  

 

SUPPLEMENTATION   
1. No supplementation was implemented, as there are no other Northern Hairy-nosed 

Wombats that could be used to supplement the population in Epping NP.  

 

GENETICS   
1. Nothing in the genetic section was utilised, to keep the simulation simpler.   
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